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Abstract

Background: Depression is common among adolescents, and available treatments
with antidepressants and psychological treatments have small to moderate effects.
Moreover, approximately one third of adolescents with depression do not respond
to current treatments, highlighting the need for new treatment options. Exercise is
recommended as a treatment for depression in adults and early studies show
promising results also for adolescents, but the quality of the evidence is weak due
to methodological limitations. The aim of this thesis is to compare group-based
aerobic exercise with group-based leisure activities for adolescents with mild to
moderate depression in a randomized controlled trial (RCT), using a sample
recruited from regular child and adolescent mental health services. The thesis also
includes qualitative studies of adolescents’, parents’, and healthcare professionals’
experiences of the exercise intervention and analyses of how adolescents with
depression understand health.

Methods: The thesis includes four studies. Studies I-1l were based on the
multicenter RCT. Study | presented the study protocol and Study Il evaluated
whether exercise was superior to leisure activities for adolescent depression. Study
111 included participants from a pilot study and used a qualitative latent content
analysis to describe adolescents’, parents’, and healthcare professionals’
experiences of the group exercise intervention. Study 1V included participants from
the pilot study and the multicenter RCT and used a phenomenographic approach to
explore how adolescents with depression understand health.

Results: Group exercise (n=62) was not superior to group leisure activities (n=63)
on the primary depression severity outcome, or any secondary outcomes. Among
adolescents with >50% attendance and no changes in antidepressant medications
(n=75, 60%), the exercise group improved more in aerobic capacity. In post-hoc
analyses, adolescents in the exercise group were also more often classified as
responders and improved more on the core depression symptoms of irritability and
sadness. Adolescents, parents, and healthcare professionals experienced group
exercise for adolescent depression as promoting empowerment and engagement in
everyday life. Adolescents’ conceptualizations of health could be summarized into
four metaphors: establishing sound routines, connecting to others, managing
depression symptoms, and attaining inner drive.

Conclusion: Exercise was not more effective than leisure activities for adolescents
with depression, although there were some indications of beneficial effects among
those who adhered to the intervention. Exercise was experienced as promoting
empowerment and engagement in everyday life and contributing to sound routines
and connection to others, which were also described as important aspects of health
among adolescents living with depression.
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Sammanfattning pa svenska

Bakgrund

Depression ar ett tillstdnd som ar karakteriserat av ett ihallande sankt stamningslage,
minskad lust for vardagliga aktiviteter (anhedoni), eller hos barn och ungdomar en
ihdllande irritabilitet som varar i minst tva veckor. Depression foljs av andra
symptom sa som minskad energi, forandrad aptit, somnsvarigheter,
koncentrationssvarigheter, kanslor av vardeloshet, psykomotorisk oro eller
langsamhet, eller tankar pa doden. Depression ar vanligt i tonaren och flickor ar mer
drabbade &n pojkar. Dagens behandlingar mot depression i form av antidepressiva
lakemedel eller psykoterapi har begrénsad effekt och upp till en tredjedel av
ungdomar med depression svarar inte pa behandlingen. Det finns darfor ett behov
av nya behandlingar och tréning har visat sig vara ett alternativ och &r
rekommenderat som behandling for lindrig till medelsvar depression hos vuxna.
Studier visar pa att traning ocksa kan vara effektivt mot depression hos ungdomar,
men dessa studier har metodbrister som gor att resultaten har hdg risk for bias och
att det darmed &r for tidigt att rekommendera traning som behandling.

Syfte

Syftet med denna avhandling &r att jamféra aerob grupptraning med lugna
gruppaktiviteter for ungdomar med lindrig till medelsvar depression genom en
randomiserad kontrollerad studie med ett kliniskt urval av deltagare. Avhandlingen
innehaller ocksa kvalitativa studier om hur ungdomar med depression, deras
foraldrar och personal inom barn och ungdomspsykiatrin (BUP) upplevde
traningsinterventionen, samt hur ungdomar med depression uppfattar hélsa.

Metod

Avhandlingen innehaller fyra studier. Studie I och Il baserar sig pa en multicenter
randomiserad kontrollerad studie. Studie | bestar av studieprotokollet for studien.
Studie Il jamfor aerob grupptraning med lugna gruppaktiviteter for 125 ungdomar
med depression i dldern 13-17 ar. Studie 11 &r en kvalitativ studie med deltagare
fran en pilotstudie, som foregick multicenterstudien, dér vi anvande en kvalitativ
innehdllsanalys for att utforska ungdomars, fordldrars och BUP-personals
upplevelser av tréning som behandling mot ungdomsdepression. Studie 1V &r en
kvalitativ studie med deltagare fran bade pilotstudien och multicenterstudien, dar vi
genom en deskriptiv kvalitativ design utforskade pa vilka olika satt halsa kan
upplevas for ungdomar med depression.

Resultat

Tréning i grupp var inte mer effektivt &n lugna aktiviteter i grupp avseende
forbattring i depressionsgrad for ungdomar med lindrig till medelsvar depression i
ett kliniskt urval. Traning var inte heller mer effektivt for sekundara matt sa som
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depressionens svérighetsgrad, forbattringsgrad, funktionsniva, sjalvskattade
depressionssymptom eller sjalvskattat valmaende. | en analys pa de deltagare som
deltog i minst hélften av sessionerna och hade stabil antidepressiv medicinering,
forbattrades traningsgruppen mer vad galler kondition. De forbattrades ocksa mer
avseende nedstamdhet och irritabilitet och de svarade oftare pa behandlingen i post-
hoc analyser. Kvalitativa analyser visade att ungdomar, féraldrar och BUP-personal
upplevde att traning i grupp framjade egenmakt och engagemang i vardagen.
Ungdomarna upplevde sin halsa pa olika sitt, vilket tolkades i fyra metaforer: att
etablera sunda rutiner, att knyta an till andra, att hantera depressionssymtom och att
uppna inre drivkraft.

Slutsatser

Tréning i grupp var inte mer effektivt &n lugna aktiviteter i grupp for ungdomar med
lindrig till medelsvar depression, men bland de som hade hogre narvaro svarade
ungdomar i traningsgruppen oftare pa behandlingen och deras nedstamdhet och
irritabilitet minskade. Traning framjade egenmakt och engagemang i vardagen och
bidrog till sunda rutiner och kontakt med andra, vilket beskrivs som viktiga aspekter
av hélsa bland ungdomar som lever med depression.
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Overview of papers

Table 1. Overview of papers

Paper |
Aim Rationale for the study
Methods Rationale for methods used in the multicenter RCT on exercise versus leisure

Data source

activities for adolescents with depression

Main findings -

Paper Il

Aim Determine if exercise is more effective than leisure activities for adolescents with
depression

Methods RCT

Data source

Multicenter RCT, n=125

Main findings No statistically significant between-group differences were observed for the
primary outcome (CDRS-R) or any secondary outcomes in the intention to treat
analysis. In the per protocol analysis for adolescents who attended =50% of
sessions and with no new or increased dosage of antidepressants (n=75), the
exercise group improved more in aerobic capacity, were more often classified as
treatment responders and improved more on items sadness and irritability in post
hoc analyses.

Paper Il

Aim Explore experiences from adolescents, parents, and healthcare professionals
from an exercise intervention for adolescents with depression

Methods Latent qualitative content analysis

Data source Pilot RCT, n=19

Main findings Exercise for adolescent depression promotes empowerment and engagement in
everyday life:

1) Exercise alleviates depressive symptoms,
2) Exercise contributes to balance in life,
3) Exercise promotes self-esteem

Paper IV

Aim Explore how adolescents with depression understand health

Methods Descriptive qualitative design with a phenomenographic approach

Data source

Main findings

Pilot RCT + Multicenter RCT (cohort 1), n=33

Metaphors describing the understanding of health:
1) Establishing sound routines,

2) Connecting to others,

3) Managing depression symptoms,

4) Attaining inner drive
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Abbreviations

5-HT
ADHD
BDNF
BMI

BPI
CAMHS
CBT
CDRS-R
C-GAS
CGl-I
CGI-S
CRP
DSM
ECT
GABA
HP
HPA-axis
HRmax
HRV
IGF-1
IL-1
IL-6

IPT

ITT
K-SADS-PL

KYNA
LMM
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5-hydroxytryptamine (Serotonin)
Attention-Deficit/Hyperactivity Disorder
Brain-Derived Neurotrophic Factor

Body Mass Index

Brief Psychosocial Intervention

Child and Adolescent Mental Health Services
Cognitive Behavioral Therapy

Children’s Depression Rating Scale-Revised
Children’s Global Assessment Scale
Clinical Global Impression-Improvement
Clinical Global Impression-Severity
C-reactive Protein

Diagnostic and Statistical Manual of Mental Disorders
Electroconvulsive Therapy
Gamma-aminobutyric acid

Healthcare Professional

Hypothalamic Pituitary Adrenal-Axis
Maximum Heart Rate

Heart Rate Variability

Insulin-like Growth Factor 1

Interleukin-1

Interleukin-6

Interpersonal Therapy

Intention To Treat

Kiddie Schedule for Affective Disorders and Schizophrenia-Present
and Lifetime Version

Kynurenic Acid
Linear Mixed-effect Models



MDD
NEQ
NICE
NMDA
NNT
ORS
PP
PTSD

QIDS-Ayr-
SR

RCT
SAE
sIL-2R
SMD
SSRI
TMS
TNF-a
VEGF
VOzmax
WHO

Major Depressive Disorder

Negative Effects Questionnaire

National Institute for Health and Care Excellence
N-methyl-D-aspartate

Number Needed to Treat

Outcome Rating Scale

Per Protocol

Post-Traumatic Stress Disorder

Quick Inventory of Depressive Symptomatology Adolescent
version-17 Self Report

Randomized Controlled Trial

Serious Adverse Event

Soluble Interleukin-2 Receptor
Standardized Mean Difference
Selective Serotonin Reuptake Inhibitor
Transcranial Magnetic Stimulation
Tumor Necrosis Factor-Alpha
Vascular Endothelial Growth Factor
Maximal Volume of Oxygen Uptake
World Health Organization
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Introduction

Depression is common among adolescents and the prevalence is increasing,
especially among girls.»?> Adolescent depression is characterized by persistent
symptoms of sadness, irritability, or diminished interest or pleasure.® Depression is
a leading cause of disease burden among adolescents worldwide* and can lead to
educational impairments,® substance misuse, self-harm,® and suicide.® It is also a
risk factor for early cardiovascular disease and atherosclerosis.’

Available evidence-based treatments for adolescents with depression, such as
psychological treatments or antidepressants, have modest effects.®® One third of
adolescents with depression will not benefit from standard treatments®® and novel
treatments are needed.

Physical activity improves mental health in adults!* and is recommended as a
standalone treatment for mild to moderate depression in adults.!?*® Available studies
on physical activity for adolescent depression have several methodological
limitations and physical activity is not yet recommended as a treatment for
adolescent depression due to insufficient evidence.?*°

The aim of this thesis is to compare group-based aerobic exercise with group-based
leisure activities for adolescents with mild to moderate depression in a randomized
controlled trial with a clinical sample recruited from routine care. By comparing
exercise with an active control group in a population with mild to moderate
depression and substantial comorbidity, it will contribute to the understanding of
whether aerobic exercise is effective for adolescent depression in a child and
adolescent mental health outpatient setting. The thesis will also evaluate
perspectives on health and depression and experiences from participating in the
exercise intervention.
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Background

Depression

Clinical presentation

Depression varies in degrees of symptoms and impairment and is sometimes
described as a spectrum; from normal fluctuations of low mood, to subthreshold
depression (not meeting criteria for a diagnosis), to major depressive disorder
(MDD).? MDD is characterized by at least one of the core symptoms of sadness (or
irritability for children and adolescents) or diminished interest or pleasure
(anhedonia), along with associated symptoms (Table 2). Five or more symptoms
need to be fulfilled during a period of at least two weeks together with either
clinically significant distress and/or a loss of functioning to meet criteria for an
MDD.? The severity can be graded into mild, moderate or severe MDD, based on
number of criteria, severity of symptoms and degree of functional impairment.®
Furthermore, the Diagnostic and Statistical Manual of Mental Disorders (DSM)-5
add specifiers such as depression with anxious distress, with melancholic features,
and with seasonal pattern.®

Table 2. Abbreviated diagnostic criteria for MDD according to DSM-5.2
Diagnostic criteria for MDD

A. Five or more of the following symptoms have been present during the same 2-week
period and represent a change from previous functioning; at least one of the symptoms is
either (1) depressed mood or (2) loss of interest or pleasure.

. Depressed mood (or irritable mood in children and adolescents)
. Diminished interest or pleasure (anhedonia)

. Change in appetite or weight

. Insomnia or hypersomnia

. Psychomotor agitation or retardation

. Fatigue or loss of energy

. Feelings of worthlessness or inappropriate guilt

. Diminished ability to think or concentrate

. Recurrent thoughts on death

B. The symptoms cause clinical distress or impairment of functioning

C. The episode is not attributable to the psychological effects of a substance or another
medical condition.

D. Not better explained by psychotic disorders
E. There has never been a manic or hypomanic episode

O©CoOoO~NOUWNE
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Epidemiology

Depression affects people across all ages. The prevalence is about 1% among
children under the age of 13, with no difference between genders.!” Depression
becomes substantially more common in adolescents, with a 12-month prevalence of
around 11%, and girls are more affected than boys.?!® Adolescence is commonly
defined as the period between 10 and 19 years of age.'® However, this thesis will
focus on adolescents aged 13-17, reflecting the age range of study participants.

The prevalence of depressive symptoms!® and diagnosed depression among
adolescents has increased in the past decades and especially among girls.»2% The
one year prevalence of depression increased from about 8% to 11-15%,%? while not
all studies identify an increase.?® It is unclear whether an increase is due to
sociocultural changes or improved identification.'® Depressive symptoms continued
to increase in both children, adolescents?*?? and adults?® during the Covid-19
pandemic. Recent prevalence rates indicate that 7-15% of adolescents experiences
depression each year*?2425 and 20% before adulthood.102

Symptom presentation and etiology

MDD is more common among adolescents with a family history of depression*® and
is thought to be caused by both genetic and environmental factors.?® The onset of a
depression can be triggered by stressors such as bullying, conflicts, and other
stressful life events.162

Besides depression being more common in girls than boys after puberty, it is also
more common among older adolescents and among those with lower socioeconomic
status, those with special educational needs, and those suffering from chronic health
problems.®

Depression is a heterogeneous condition and may be viewed as a construct involving
changes in mood, behavior and physiological parameters.?” Depression in childhood
is more heterogeneous than adult depression.? Since MDD is a diagnosis based on
a combination of diagnostic criteria, it allows for different combinations of
symptoms and presentations. Over one thousand unique symptom profiles were
identified from a large depression study.? The agreement between two clinicians on
a depression diagnosis is lower than for other diagnoses, implying the difficulty of
capturing the condition.?® Heterogeneity in symptoms and in etiological aspects
indicate that treatment response might also be heterogeneous.® It is suggested that
for some, biological vulnerability due to family history is the main vulnerability
leading to depression, while it is mainly environmental factors that triggers
depression in others.*® Proposed pathophysiological mechanisms include
involvement of biomarkers such as brain-derived neurotrophic factor (BDNF),!
serotonin,® and low grade inflammation.®® Presently, there are no definite
depression subcategories, but studies on molecules, neuroimaging and new
treatments are adding knowledge to the research field.

22



‘All happiness is alike, but each pain is painful in its own way’

Haruki Murakami, 1Q84, 2012
(A rephrased interpretation of Leo Tolstoy’s Anna Karenina)

Comorbidities

Adolescents with MDD often suffer from other psychiatric conditions, and about
half meet criteria for two or more comorbidities.?® The most common comorbidities
are anxiety disorders, attention-deficit/hyperactivity disorder (ADHD), behavior
disorders, and substance use disorders.>%* Comorbidities are more common in
severe MDD and is associated with poorer long-term outcome and more severe
impairment.®

Burden and course

Depressive disorders are a main cause of morbidity and disease burden in
adolescents world-wide.*** Beyond the psychological suffering, depression is also
associated with impaired educational achievements,>? increased risk of self-harm,®
alcohol, and drug use.'?® Depression is also a major risk factor for suicide among
adolescents®!®35 and suicide is one of the most common causes of adolescent
death.1®3% Depression also affects the physical health of adolescents and is a risk
factor for development of atherosclerosis,” early cardiovascular disease,”!® and
obesity.’® Onset of depression in adolescence is associated with persistence into
adulthood and a larger degree of severity,'® such as a chronic course,?® recurrent
depressions later in life,'62% and a higher risk of bipolar disorder.626

About one third of adolescents with depression will not improve in spite of adequate
treatment trials with antidepressants and psychotherapy, sometimes referred to as
treatment resistant depression.’® An even larger proportion achieve only a partial
response, meaning they remain depressed despite some improvement after
treatment.3®3” Thus, there is a clear need for new treatment options for adolescent
depression.’®

Lived experiences of depression

Experiences from living with depression in adolescence are identified from
gualitative studies, with themes involving feelings of misery, anger, a bleak view of
life, isolation, and with a negative impact on education.® A qualitative systematic
review identified adolescents experiencing depression as social disconnection,
overwhelming distress, altered sense of self, low mood, negative outlook, anger,
fear, and fatigue.®® Another study described adolescents struggling to make sense of
their situation.® Notable is that many studies identified lived experiences such as
anger and isolation that are not diagnostic criteria for depression, and further
emphasize the complexity of capturing the heterogeneity of depression. 383941
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Treatments for adolescent depression

The recommended psychological and pharmacological treatments for adolescent
depression have, unfortunately, only modest effects. The evidence mainly relies on
four large studies: the Treatment of Adolescents with Depression Study (TADS)*®
and the Treatment of Resistant Depression In Adolescents (TORDIA)*, both
conducted in the United States, and the Adolescent Depression Antidepressants and
Psychotherapy Trial (ADAPT),*? and the Improving Mood with Psychoanalytic and
Cognitive Therapies (IMPACT),* conducted in the United Kingdom.

For mild MDD in adolescents, international guidelines often recommend a stepped-
care approach, with initial supportive interventions,# followed by psychological
treatment if needed.** For moderate to severe MDD, psychological treatment, in the
form of cognitive behavioral therapy (CBT) or interpersonal therapy (IPT), and/or
antidepressants are recommended.'>?4* The British NICE guideline recommends
psychological treatment with CBT or IPT for four to six weeks followed by
antidepressants, primarily fluoxetine, if there is insufficient clinical improvement or
if depression remains moderate to severe,* while the guideline from American
Academy of Child and Adolescent Psychiatry states that psychological treatment
with CBT or IPT, or fluoxetine can be used in no specific order.®®

Psychological treatments

CBT includes behavioral activation and cognitive restructuring. Behavioral
activation aims to increase engagement in meaningful and rewarding activities and
reduce withdrawal and avoidance, with the long-term goal of improving mood and
daily functioning. Cognitive restructuring is a process in which the therapist helps
the patient become aware of negative cognitive distortions and the patient learns to
identify, challenge, and modify negative thoughts.™

In IPT, interpersonal relationships are the primary focus and are thought to
contribute to the onset or maintenance of the depression. The goals of IPT are to
increase social support, reduce interpersonal stress, improve processing of
emotions, and strengthen social functioning.'®

Psychotherapies generally have small effect sizes for adolescent depression
compared to control conditions.®# Meta-analyses suggest effect sizes ranging from
SMD 0.05 to 0.41 for CBT versus controls.*®#® In the landmark TADS study, CBT
was not superior to pill placebo.®

Comeparative evidence suggests that CBT and IPT are among the better-supported
psychotherapies for adolescent depression, but there is no clear evidence that one is
consistently superior to the other. In one network meta-analysis, IPT showed a larger
estimated effect than CBT when each was compared with psychological control
conditions,*® although this should not be interpreted as evidence of superiority in
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direct comparison. Other studies and meta-analyses have not found consistent
differences between CBT and IPT.* This uncertainty is also reflected in the large
UK IMPACT trial, where CBT and short-term psychoanalytic psychotherapy were
not superior to a brief psychosocial intervention among adolescents treated in
specialist services.** Overall, psychological therapies can be helpful, but a
substantial proportion of adolescents with depression do not respond; one meta-
analysis estimated that more than 60% of youth receiving psychological treatment
did not meet criteria for treatment response.>°

Qualitative studies with adolescents receiving CBT have emphasized the
importance of the relationship with the therapist, adapting CBT to the adolescent’s
specific difficulties, using check-ins during therapy, and considering how
depressive symptoms can affect the therapeutic process.>* The importance of the
therapeutic relationship has also been highlighted in other qualitative studies on
CBT for adolescent depression.5252 One of these studies also showed that attending
and engaging in CBT sessions may be challenging for some adolescents.®

Pharmacological treatments

The pharmacological treatment with antidepressants for adolescent depression
consists mainly of selective serotonin reuptake inhibitors (SSRIs).1*>* Fluoxetine
has shown most consistent effects®®%® and is the preferred antidepressant for
moderate to severe MDD today.#!%44% Serotonin, also known as 5-
hydroxytryptamine (5-HT), is important in regulation of fear and stress,'® and
involved in the pathophysiology and treatment of mood disorders.>® The proposed
mechanism of an SSRI is to inhibit the pre-synaptic reuptake of serotonin in the
brain, which increases the levels of serotonin in the synaptic cleft between two
neurons.'®%® Increased levels of serotonin lead to downregulation (reduced number
of receptors) or desensitization (reduced sensitivity) of serotonin autoreceptors (5-
HT1a).2>% The 5-HT1a autoreceptors responds to serotonin by inhibiting the firing
of serotonergic neurons.>” Thus, the downregulation and desensitization of these
autoreceptors is thought to increase the firing of serotonergic neurons and serotonin
release with an increased serotonergic signaling.!>%” These adaptive changes take
time and may explain the delayed clinical effect.’>% Besides downregulation of
serotonin receptors, SSRIs also increase synthesis of neurotrophic factors such as
BDNF.% It is still unknown how SSRI affects the developing brain and much of
what we know are based on adult studies.%® One downside with SSRIs is potential
serious side effects, such as agitation, hypomania, increased suicidal thoughts,
suicidal behavior, and the serotonin syndrome.'® SSRIs are also believed to reduce
growth in children and adolescents, especially during puberty.5%:6

Antidepressants have small to moderate effect sizes ranging from SMD 0.12 to
0.5184855681 compared to placebo for the treatment of adolescent depression. The
combination of antidepressants and psychological treatment is often
recommended,’3154462 pyt it is still unclear whether combination treatment is
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superior to antidepressants or psychological treatment alone.%6426283 For adult
depression, a network meta-analysis found that combination therapy was more
effective than either treatment alone.® However, for adolescents, a Cochrane review
found no significant differences between antidepressants, psychological treatment,
or their combination,®? while another large meta-analysis found that the combination
of CBT and fluoxetine was more effective than CBT alone, but not compared to
fluoxetine alone.”® TADS found combination therapy superior to either treatment
(CBT and SSRI) alone.® However, the ADAPT study, recruiting more severely
depressed adolescents, did not reveal any benefit of adding CBT to SSRI,*? in line
with another RCT finding no further effect of combining SSRI and CBT.% Thus,
currently, there is no clear consensus on whether the combination of antidepressants
and psychological treatment is superior to either treatment alone.

In qualitative studies, adolescents have described several negative connotations of
SSRIs such as ‘perceived threat to autonomy’, “a sign of severity’, ‘a support, not a
solution’, and ‘an ongoing process of trial and error’.% Adolescents also describe
that SSRI was not a quick fix, but could give tools to improve mental health, that
the net outcomes of symptoms needs to be weighed against side-effects, that taking
SSRI confers a social stigma, and is a proof of a mental disorder.%® Adults have
described emotional blunting, reduction of both positive and negative emotions,
feeling less like oneself, and having difficulties to stop treatment.5":68

Swedish guidelines

In Sweden, the recommended treatment for adolescent depression starts with a brief
psychosocial intervention (BPI), regardless of depression severity.'*1460 BP|
includes giving the family information about the depression diagnosis and a
rationale for how difficulties arose and are maintained.®® BPI also focuses on
increasing the patient’s level of activity, emphasizing routines for eating and
sleeping. Furthermore, BPI addresses family and school stress, such as relationship
issues, too high demands in school, or bullying.13436°

For mild to moderate MDD, BPI continues for four to eight weeks.'*%° If BPI is not
sufficient, treatment continues with CBT or IPT for mild MDD.31480 For moderate
MDD, if BPI is not sufficient, it is recommended to proceed with antidepressants
and/or CBT or IPT.**% For severe MDD, BPI is recommended for only two weeks,
followed by antidepressants if BPI is not sufficient.!4

Other treatments for depression

Electroconvulsive therapy (ECT) should be considered for adolescents with severe
MDD and psychotic symptoms, catatonia or treatment resistance.10:13264460 FCT
aims to rapidly reduce depressive symptoms in this severe condition.® Through
ECT, an electric current is used to induce a brief and controlled epileptic seizure.®®
The treatment is given under general anesthesia® and often in series three times a
week for up to four weeks.”®™ The seizure starts localized near electrode sites,
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progresses to a generalized seizure, and terminates by inhibition from cerebellum,
and is thought to reset the corticolimbic dysfunction seen in depression.®® The
precise mechanism is still unknown, but higher inflammatory markers such as TNF-
o and IL-6 before ECT predict a better outcome’ and BDNF increases after
ECT.%" There are no randomized controlled trials (RCTs) on ECT for adolescent
depression,’® and recommendations are based on observational studies or RCTs of
adult depression,*® where the short term effect of ECT is large compared to
simulated ECT."

Repetitive transcranial magnetic stimulation (TMS) is approved for treatment-
resistant depression in adults.’®*®* Through TMS, cortical neurons are stimulated
with magnetic pulses™ which gives an electrical stimulation but with lower
amplitudes than ECT and no seizures.” This is suggested to modulate cortical
gamma-aminobutyric acid (GABA)-ergic and glutamatergic imbalances. However,
much is still unknown regarding the mechanism and biomarkers involved.” Today,
there are mostly open trials on TMS for adolescent MDD.”#"® One larger RCT on
TMS for treatment resistant MDD in adolescents did not show any difference
between active TMS or sham TMS.”” TMS is not yet included in the Swedish
guidelines for adolescent MDD, but recently approved in the U.S.™

Ketamine is a novel pharmacological alternative that is well supported in adults'®*®
but recently also in adolescents and recommended on par with ECT for more severe
presentations.®® Ketamine is an N-methyl-D-aspartate (NMDA)-receptor antagonist
that is proposed to be rapid acting for depression.” Besides inhibiting NMDA-
receptors, ketamine is also thought to be involved in several other pathways through
GABA, serotonin, dopamine, opioid, and cholinergic receptors,® as well as
involved in synaptic plasticity including BDNF.”® Ketamine is given as an
intravenous infusion or in the form of esketamine intranasally.!® Esketamine
intranasally is not yet recommended in Swedish guidelines and partially due to the
risk of sensitization to abuse and its limited evidence.!31460

Health

World Health Organization (WHO) defines health as a state of complete physical,
mental, and social well-being and not merely the absence of disease or infirmity.8
In qualitative studies, adolescents describe that, for them, health consists of
physical, mental, and psychosocial aspects, and the importance of these domains
have differed between studies.®® Adolescents also describe physical health as
exercising regularly, eating healthy, and avoiding risk factors such as obesity,
alcohol, tobacco, and substance use,®28 and mental health as avoiding stress,%28
having a high self-esteem,® and a positive thinking.® Psychosocial aspects of health
according to adolescents include the importance of engaging in activities®®% and a
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social belonging.8% Girls describe social relationships as more important than boys
do.®

Physical activity

Physical activity is defined as any bodily movement produced by skeletal muscle
that requires energy.®®" Exercise is a subset of physical activity, and defined as
planned, structured, and repetitive with the aim to improve or maintain physical
fitness.8” Aerobic exercise, also called endurance exercise or cardio exercise, is the
rhythmical movement of the large muscle groups in the body, such as walking,
running, bicycling, or swimming.® Aerobic exercise leads to increased heart rate.®
The intensity of exercise is often divided into light, moderate, or vigorous, based on
the amount of energy required (Figure 1). Percentage of maximum heart rate
(HRmax) ranges from 50-63% for light intensity, 64-76% for moderate intensity,
and 77-93% for vigorous intensity.2® A light intensity activity is for example
walking slowly, while power walking is at moderate, and running at vigorous
intensity.® Muscle-strengthening exercise, also called resistance training or
weightlifting, is when the muscles work or hold against a weight.%®

Light intensity Moderate intensity Vigorous intensity
50-63% of HR max 64-76% of HR max 77-93% of HR max
Walking slowly Power walking Running
Pilates Jogging Circuit training
Yoga Dancing High intensity interval training

Figure 1. Overview of exercise intensities, with examples of activities at each intensity level.

Cardiorespiratory fitness, also known as aerobic capacity, is defined as the capacity
of the body’s circulatory and respiratory systems to supply oxygen to the skeletal
muscle mitochondria for energy production during physical activity. Aerobic
capacity is defined as maximal oxygen uptake (VO:max), which refers to the
maximal oxygen flux through the lungs, transported by the circulation to the
mitochondria in the exercising muscle. The gold standard for measuring aerobic
capacity is through measuring respiratory gases during a cardiopulmonary maximal
exercise test. The maximal test requires lab facilities and is very demanding for the
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participant. A more feasible proxy is estimation of aerobic capacity (VOzmax)
through a submaximal exercise test.%

Heart rate variability (HRV) refers to the changes in interval between heart beats,
which is a sign of the heart’s autonomic function through the interaction between
cardiac sympathetic and parasympathetic activity.®* HRV is a sign of current health
status and low HRYV is associated with increased risk of mortality in adults.®29?

WHO and U.S. physical activity guidelines recommend 60 minutes of moderate- to
vigorous- intensity activity daily for adolescents.®8 Adults are recommended at
least 150 minutes per week of moderate intensity activity or 75 minutes per week of
vigorous intensity activity.®#® Global data shows that up to 81% of boys and girls
aged 11-17 years do not meet recommendations of physical activity, and that girls
are more inactive than boys.!! Only half of boys and a third of girls are reported to
have healthy cardiorespiratory fitness.® Studies are also showing a decline in
VO;max among adolescents over the last decades.®*%

Health risks with sedentary behavior and screen time

Sedentary behavior is defined as any waking behavior with a low level of energy
expenditure while sitting or lying. Sedentary behavior occurs not only in leisure
time but also occupationally and at school. Children and adults spend over 7 hours
per day being sedentary. Sedentary behavior appears to have health risks and
increases risk of mortality among adults.® For adolescents, sedentary behavior has
been associated with both depression and lower psychological wellbeing, such as
poorer life satisfaction and lower happiness.®

Recreational screen time is time spent with screens without educational purpose.®
Adolescents today interact with screens in various ways and the relation between
social media and mental well-being show mixed results.®**® Recreational screen
time is associated with less physical activity and sleeping problems.®* Some
evidence support that screen time is associated with depressive symptoms,® and that
time spent on social media is associated with higher risk for depression among
adolescents.1%192 Other studies claim that it is premature to conclude a relation
between time spent on social media and mental health.*>°¢ Being physically active
seems to decrease the vulnerability of depressive symptoms from a high level of
screen time.% Furthermore, high level of screen time is associated with poorer
fitness and cardiovascular health, overweight, and obesity.**'% The American
Academy of Pediatrics do not set any time limit for screen time in their guideline,
but argue the importance of considering the quality of interactions with digital
media.'® The Public Health Agency of Sweden recommend a time limit of 2-3 hours
screen time daily for adolescents,’® and recently recommended to avoid
smartphones before age 13.1°7 More research is warranted on both quantity and
quality of screen time and its influence on well-being in adolescents.'%®
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Health benefits from physical activity

Physical activity entails several health benefits for adolescents as well as for adults.
Immediately after physical activity, benefits include reduced blood pressure,
improved sleep, increased insulin sensitivity, improved cognitive function, reduced
anxiety and stress, and enhanced mood.#1% After weeks or months of regular
physical activity, benefits can be observed through improved cardiorespiratory
health, muscular strength, bone health, a sustained reduction of blood pressure, and
lower risk of obesity.3% Cardiorespiratory health is improved from exercise as
indicated by increases in VO,max and HRV.%!0-112 Physjcal activity improve
aerobic capacity through improved oxygen transport and increased cardiac output,
secondary to increased blood volume, myocardial contractility, and angiogenesis.
There is a small to moderate association between exercise and VO.max in
adolescents, but also a possible genetic component to VOzmax according to adult
studies.*

Physical activity levels are associated with mental health in adolescents. Sport
participation in childhood and adolescence is correlated with better self-esteem, a
sense of belonging, and less anxiety and depressive symptoms.1!3 Current levels of
physical activity are also negatively associated with depression'4, and the most
active adolescents have a lower risk for depression in early adulthood.''* Moreover,
cardiorespiratory fitness (i.e. aerobic capacity) is associated with better academic
achievement and mental wellbeing.®

Physical activity as a treatment for depression

Physical activity as a treatment for depression in adults

Physical activity provides improvement in depression symptoms on par with those
of antidepressants and psychological treatment for adult depression'? and is
recommended for adults with mild to moderate MDD.}213 Meta-analyses on
exercise for adult depression reveal moderate effect sizes, including Hedge’s ¢
values (a small-sample corrected SMD estimate) from 0.621%6 to 0.79'', and an
SMD of 0.66.118

However, effect sizes for exercise for depression among adults are based on studies
with high risk of bias, for example, lack of masked outcome assessors and risk of
publication bias.'® When restricting the analysis to studies with low risk of bias, the
effect size decreases to an SMD 0.11.18 Risk of bias was regarded as substantial
with a strict method from Cochrane!!® while another meta-analysis did not find a
substantial risk of bias.'’

A large network meta-analysis found a dose response relationship, where the effects
of exercise were proportional to the exercise intensity.!*® The guidance from the
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European Psychiatric Association states that exercise at a moderate to vigorous
intensity gave larger effect sizes than light intensity exercise for MDD.!2 In contrast,
one study found no difference between low, moderate, or high intensity, indicating
that even a low intensity exercise is beneficial for depression.!®

Exercise supervised by exercise professionals have larger effect than exercise
delivered by mental health staff, and is recommended for reaching optimal outcomes
and to reduce dropouts.*? Similarly, supervised exercise achieved higher adherence
compared to unsupervised exercise in a study on adults with medical conditions, but
not MDD.!? A study on sedentary adults found that personalized exercise
prescription based on HRV was as effective as group training led by a personal
trainer.'?!

An umbrella review examining the association between physical activity, MDD and
HRYV found that HRV, a measure for cardiac fitness, was lower in individuals with
MDD compared to non-MDD individuals. **2 Further, physical activity seemed to
improve HRV in individuals with MDD, in addition to also reducing depressive
symptoms.!'? An association between improved VO,max and reduced depression
severity has also been described.!??

To summarize, primarily supervised physical activity is recommended for adults
with depression?®, with effect on par with antidepressants and psychotherapy,*? but
the effect is smaller in studies with low risk of bias.'!8

Physical activity as a treatment for depression in adolescents

Meta-analyses on exercise for adolescents with depression?*3! indicate small to
large, but mostly moderate, effect sizes, ranging from SMD 0.41'% to 1.14.12” Thus,
exercise is suggested to have an effect size comparable to, or larger than, current
treatments with SSRIs® or psychological treatment,® for which meta-analyses report
SMDs of 0.12-0.51848%61 and 0.05-0.41,%*® respectively. However, treatment
guidelines have graded the evidence for exercise as low because of methodological
limitations and have not yet recommended physical activity as a treatment for
depression.’3> A newer guideline states that children or young persons with
depression should be given advice about exercise on a regular basis** and such
advices are also included in the Swedish BPI approach to adolescent depression.®°

As stated above, the certainty of the existing evidence is low due to methodological
weaknesses, which risk overestimating effect sizes and reducing generalizability.
First, among seven RCTs with clinical participants,**3 two studies lack an active
control group, one study compared exercise to treatment as usual,** and another to
no treatment.!* One study had exercise as add on to CBT and SSRIs given to the
control group.*®” Active control groups have included group stretching exercises,*3*
board games,**® and social relaxation,®*® or other physical activities, but with less
sessions than the exercise intervention.'*? Studies comparing exercise to passive
controls, such as waitlist or treatment as usual, can examine an effect on depression
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but does not distinguish specific effects of exercise from other factors such as
attention, group participation, and expectancy. Use of weak control conditions risk
overestimating the effect of exercise and the selection of comparator is important
when designing intervention trials.**

Second, outcome measures have often been collected through self-reported
depressive symptoms, 132133135137 with only two studies using clinical interviews
with masked assessors.’*13 The use of unblinded assessors or self-reports risk
overestimation of the results.

Third, sample sizes have often been small, with existing trials including between 27
and 87 participants,32136138 except from a Chinese study with 138 participants.*3’

Fourth, some RCTs do not describe comorbidities,**233137 or have only included
participants with few comorbidities.!31%13 psychiatric comorbidity is common
among adolescents with depression,?® and not describing comorbidity patterns in
trial samples hampers the understanding of the study population and limits the
generalizability of the findings to other populations. Moreover, samples with few
comorbidities might overestimate the effect of exercise due to increased attendance
compared to Child and Adolescent Mental Health Services (CAMHS) samples.

Fifth, some studies do not describe any diagnostic verification.132135138 \While some
studies have confirmed depression diagnoses using clinical interviews,341%6137 gne
study relied on self-reported depression scales.*** Other RCTs include non-clinical
participants with depression!*®14 or even participants with only depressive
symptoms or subthreshold depression.'#5-14 Again, including participants where a
diagnosis of depression is not confirmed hampers the generalizability of the results
to clinical settings.

Because studies on clinically representative samples are lacking, it is difficult to
generalize current findings on exercise to patients in a routine CAMHS setting,
where comorbidity is common and severity often higher, potentially affecting both
treatment response and adherence. An open feasibility study of an aerobic exercise
intervention with moderate to vigorous intensity for adolescents with depression and
extensive comorbidity in CAMHS found the intervention to be feasible.1*°
Depression symptoms were alleviated after the intervention and further
improvements were seen at the one-year follow-up. Aerobic capacity improved
during the intervention but did not differ between baseline and one-year follow-
up.}® A three-armed RCT of inpatients with MDD compared medication and
exercise to medication and TMS or medication alone and found that adjunctive
treatment with either exercise or TMS significantly reduced depressive symptoms
compared to medication alone. No differences were seen between the exercise and
TMS conditions.™°

Dose-response analyses between exercise and depression among adolescents
usually favors 40-50 minutes of exercise, three times a week for 12 weeks.!® A U-
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shaped curve has also been observed,*®! indicating that too low or high doses of
exercise were less beneficial than a moderate dose.

Qualitative studies on exercise for depression among adolescents illustrate several
beneficial experiences. Exercise contributed to joy of living through commitment
and empowerment.’®> Group exercise was experienced as manageable,
comprehensible, and meaningful.®®* Also a preferred (low) intensity exercise
brought improved mood, enjoyment, and achievement.*** Continued exercise one
year after start was facilitated by increased self-esteem, by having companionship,
by reaching exercise results, and by having a supportive environment, while barriers
to continue exercising were disease burden and a lack of support.*>

Potential mechanisms of physical activity on depression

Potential biological mechanisms

The mechanisms behind the effects of physical activity on depression is
incompletely understood and often extrapolated from animal studies.-*°6157 Some
hypotheses link the effects of physical activity on the brain to biomarkers of
neuroinflammation (Figure 2).1%® There is a suggested alternation in levels of
biomarkers that is associated with physical activity and depression, but also a
possibility of stressful events leading to epigenetic modifications that alter the
expression of genes encoding for some of the proposed biomarkers.**® In the future,
biomarkers related to depression may help verify depression diagnoses, predict
treatment response, guide treatment selection, and monitor treatment effects.

Serotonin (5-HT) is a neurotransmitter possibly involved in the underlying
mechanisms of the positive effects of exercise on depression. Levels of serotonin
are thought to be lower in neuronal circuits in individuals with depression!®® and
serotonin is a target for the most common antidepressants.> Serotonin is known to
increase neurogenesis (i.e. the growth of new neurons in the adult brain) and adult
cellular proliferation, which is the process when a cell grows and divides itself into
two daughter cells.®> Other neurotransmitters such as dopamine and norepinephrine
have also been proposed to be related to depression, illustrated by the findings that
different antidepressants act through increasing the levels of these
neutrotransmitters in the synaptic cleft.!®® Exercise can release serotonin in the
brain, increase the sensitivity of serotonin-receptors,’” and increase serotonergic
fibers in the brain in older adults.®

The kynurenine pathway is the way through which most of tryptophan is
catabolized. Tryptophan is an amino acid known as a precursor in the biosynthesis
of serotonin.™ The kynurenine pathway catabolizes tryptophan into different
neuroactive kynurenines, linked to both inflammation and depression.'*°¢° The
imbalance between neurotoxic and neuroprotective metabolites of this pathway is
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suggested to play a role in the development of depression.®! ECT, ketamine, and
exercise alter kynurenine metabolism, suggesting kynurenine metabolites to be a
possible mechanism behind and/or a marker for treatment response.¢°

Neurotransmitters
Kynurenine pathway
BDNF
Inflammation
HPA-axis
VEGF
Endorphins

Exercise Depression

Routines
Social interaction
Behavioral activation
Self-esteem
Empowerment

Figure 2. Mechanisms possibly involved in the relationship between physical activity and
depression.

BDNF is a neuropeptide involved in synaptic development, which is the formation
of connections between neurons. BDNF is also involved in the plasticity of the
brain, i.e. the brain’s adaptation to change,® and is thought to promote cell
survival.™®® Decreased levels of BDNF is associated with depression in adults.®
However, there is less evidence for an association between BDNF and depressive
symptoms in children and adolescents.’®® BDNF is suggested to be involved in
antidepressant mechanisms,® and one proposed mechanism is through the
upregulation of BDNF synthesis.’®® Depression is also associated with smaller
hippocampal volumes.**® Hippocampus is an area in the brain involved in emotional
processing and stress regulation, often affected in people with depression.®
Decreased levels of BDNF is also linked to hippocampal atrophy.%® Antidepressants
seems to increase BDNF®:1%:1%8 and to reverse the hippocampal atrophy seen in
depression.’® ECT is suggested to increase levels of BDNF.” Likewise, the
antidepressant effect of ketamine is associated with a rapid increase of BDNF."98
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Exercise also increases hippocampal size and seems to increase levels of BDNF and
reduce depression, 32156157

One theory behind development of depression is low-grade inflammation, 58162163
Adults with depression have been shown to have increased levels of pro-
inflammatory markers, such as interleukin-6 (IL-6), interleukin-1 (IL-1), tumor
necrosis factor alpha (TNF-a), C-reactive proteins (CRP),* and soluble interleukin-
2 receptor (sIL-2R).1% Insulin-like growth factor 1 (IGF-1) is a hormone involved
in neuroprotective processes.’®® Proinflammatory cytokines regulate endocrine
systems in a bi-directional way and imbalances in this regulation may be a factor
for development of depression.®® For adolescents with depression, only increased
levels of IL-6 and CRP have been observed.*812 Inflammation is also suggested to
dysregulate BDNF.'%® Increased levels of inflammatory markers have been
suggested to predict a poorer response to SSRIs among both children, adolescents,
and adults.’® Interestingly, anti-inflammatory medications have been shown to
decrease depressive symptoms,® and there is an association between nonsteroidal
anti-inflammatory drug use and lower incidence of suicide in females.'®” Exercise
can reduce inflammation in the body and lower the levels of inflammatory factors
such as IL-6 and CRP,* and increase levels of IGF-1, which is thought to have an
anti-inflammatory effect.' This anti-inflammatory effect may also be a mechanism
through which exercise alleviate depressive symptoms, 33163

Dysregulation of the hypothalamic-pituitary-adrenal (HPA)-axis is another
suggested explanation of the pathophysiology of adult depression.*® Depression in
adults can lead to stress-induced hyperactivity of the HPA-axis and high levels of
cortisol.?®® Association between HPA-axis dysregulation and depression is also seen
among adolescents. %16 |t has been suggested that stress in early life affect the
HPA-axis and increases the risk of depression.'*® Acute effects of exercise elevates
cortisol levels, while over a long-term, regular exercise lowers baseline resting
cortisol levels, possibly by enhancing HPA-axis function with a more rhythmic
secretion of cortisol.t’%"* Thus, changes in the regulation of the HPA-axis is a
possible explanation of the antidepressant effect from exercise.®®

Vascular endothelial growth factor (VEGF) is a protein that stimulates the formation
of blood vessels. VEGF is also known to increase neurogenesis, which is the growth
of new neurons in the adult brain. It is suggested that decreased neurogenesis in
adults is linked to depression.®? Increased signalling of VEGF in the hippocampus
is a suggested mechanism behind the effect of ECT on depression.” Exercise is
known to improve cerebral blood flow, probably through angiogenesis, the
formation of blood vessels.® Exercise leads to increased levels of VEGF.3233.1%0

Endorphins are endogenous opioids, thus produced by the body itself, and similar
to exogenous opioids such as heroin and morphine. Endorphins are involved in
various processes in the body, such as mood, pain, motivation, and addiction.'®” Beta
(B)-endorphins is one type of endorphin that is seen to influence neurogenesis® and

35



to have an antidepressant effect.’> Endogenous endorphins are released during
exercise and enhances mood and relieves pain.®’

Potential psychological mechanisms

Beyond the possible linkage between exercise and reduced depressive symptoms on
a biological level, there are also several psychological mechanisms suggested to
play important roles (Figure 2). Participating in exercise sessions regularly may
have a direct effect on depressive symptoms, through establishing routines, meeting
group leaders and other adolescents, similar to behavioral activation® in CBT for
depression. Behavioral activation has an effect on depression!’? and aims to engage
the patient in rewarding activities that reduce withdrawal and avoidance.®® Group
exercise leads to social interactions and support which in itself may be beneficial
for people with depression.’®® Several studies suggest that exercise leads to
increased self-esteem, which may also have an effect on depressive
symptoms.331521%3 Exercise is also proposed to enhance self-efficacy, the belief that
one can achieve a task,*** and empowerment!®2, the perception of personal control
and a proactive approach to life,!”® both of which may help reduce depressive
symptoms.
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Rationale for the thesis

There is a clear need for new treatment options for adolescent depression. Exercise
is recommended for adults with depression and may have an effect also for
adolescent depression, but because the certainty of the evidence remains low, it is
not yet recommended.'®*® The rationale for this thesis is to address methodological
weaknesses in the existing evidence by conducting an RCT comparing exercise to a
structurally matched active control condition with the same amount of sessions and
social contact, with the goal to evaluate the specific effect of exercise for adolescent
depression. We will also use masked assessors for evaluating outcomes, a large
sample, recruit participants from specialized services with common comorbidities,
and use interview-confirmed depression diagnoses to secure the quality of the study,
and to increase generalizability to CAMHS settings. The thesis will further address
lived experiences by adding qualitative aspects of adolescents’, parents’, and
healthcare professionals’ (HPS’) experiences of the exercise intervention and
analyses of how adolescents with depression understand health.
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AIms

The overall aim of this thesis was to compare group-based aerobic exercise with
group-based leisure activities for adolescents with mild to moderate depression
using an RCT and a sample recruited in a naturalistic clinical setting. The thesis
further included qualitative studies on the experiences of adolescents, parents, and
HPs after an exercise intervention, along with how adolescents with depression
understand health more broadly.

Paper I: The aim was to describe the rationale for the multicenter RCT.

Paper Il: The aim was to compare changes in clinician-rated symptoms of
depression, global improvement and functioning as well as self-reported symptoms
and well-being after 12 weeks of moderate to vigorous group aerobic exercise versus
group leisure activities at 13 weeks and 26 weeks post-randomization.

Paper I11: The aim was to explore the experiences of adolescents, parents, and HPs
of how a group exercise intervention affected adolescents with depression.

Paper 1V: The aim was to explore different ways of understanding health among
adolescents with mild to moderate depression.
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Methods

Randomized controlled trial (RCT) (Paper I-11)

Study design

Papers I-11 were based on a multicenter RCT including 125 adolescents diagnosed
with mild to moderate depression from different CAMHS in Sweden between 2022
and 2025, with Paper | being a protocol paper outlining the study rationale and
design. Prior to the multicenter RCT, we conducted a pilot RCT (n=14) in 2021 with
an identical design.

The aim of the RCT was to compare 12 weeks of group-based aerobic exercise with
12 weeks of group-based leisure activities as an active control condition for
adolescents with mild to moderate depression from a routine clinical sample.

Recruitment and participants

Participants were recruited from CAMHS and identified from administrative
systems. Those who consented were assessed with Kiddie Schedule for Affective
Disorders and Schizophrenia Present and Lifetime Version (K-SADS-PL) and
inclusion and exclusion criteria were reviewed before baseline. Inclusion and
exclusion criteria are presented below.

Inclusion Criteria
Adolescents aged 13-17 with mild to moderate depression according to DSM-5
Having attended at least three clinical visits

Not showed clear response assessed from clinical records, that is at least 50% of
depressive symptoms remaining
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Exclusion Criteria
Eating disorder
High risk of suicide
Intellectual disability
Physical activity on a level of at least 150 min per week of moderate intensity or 75 min
per week of high intensity
Adjustment of antidepressant medication within 4 weeks or stimulants within 2 weeks
from baseline measures
In need of interpreter
Social circumstances interfering with a regular exercise schedule
Concomitant psychotherapy
Somatic illness precluding exercise
Substance misuse

Intervention

Patients were randomized 1:1 to group-based exercise or group-based leisure
activities, each delivered as 60-minute sessions three times a week for 12 weeks.

The exercise sessions were supervised by a personal trainer and supported by HPs
from CAMHS. Sessions started with a short check-in on current emotional state and
recent significant events. HPs were allowed to listen and validate feelings but not to
give any interventions. Each week there were three types of sessions: one pure
aerobic session, one session with strengthening exercises also designed to increase
heart rate, and one mixed session. Exercise intensity increased progressively and
aimed for a heart rate at a moderate to vigorous level, corresponding to 80-85 % of
maximum heart rate for the first half and 85-90% for the last half of the 36 sessions.

The leisure group activities were led by the same HPs from CAMHS on the same
days and hours as the group exercise. The sessions started with a similar check-in,
followed by having a snack, playing games and cards, painting, or watching a movie
together in a group. These activities were designed to avoid elevating heart rate.

Assessments

Two psychiatrists conducted video interviews at baseline, week 13, and 26 using
the Children’s Depressive Rating Scale-Revised (CDRS-R), the Children’s Global
Assessment Scale (C-GAS) and the Clinical Global Impression — Severity (CGI-S),
and — Improvement (CGlI-I) scales (Figure 3). The outcome assessors were masked
to treatment allocation. Participants could not be masked due to the nature of the
intervention.
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The participants also filled out web-based questionnaires, including the Quick
Inventory of Depressive Symptomatology Adolescent Version-17 Self-Report
(QIDS-A17-SR), and the Outcome Rating Scale (ORS) every 2 weeks from baseline
to week 12 and then monthly to week 26.

Aerobic capacity (VOzmax) was assessed through a submaximal aerobic test at
baseline and at week 13.

Participants also completed additional physical tests and provided blood samples,
and parents completed forms related to cost-effectiveness; these data are not
included in this thesis. An additional follow-up was conducted at week 52, but
outside the scope of this thesis.

* K-SADS-PL * CDRS-R * CDRS-R * CDRS-R
« Demographic * C-GAS * C-GAS * C-GAS
data + CGI-S * CGI-S * CGI-S
* C-GAS * QIDS-A,;- + CGH-l + CGI-l
SR * QIDS-A,;- * QIDS-A,;-
+ORS SR SR
* VO,max * ORS * ORS
* VO,max

Figure 3. Assessment points for outcome measures
QIDS-A;7-SR and ORS were also assessed every two weeks during the intervention and monthly from
weeks 13 to 26.

Children’s Depression Rating Scale-Revised (CDRS-R)

The CDRS-R is a commonly used interview for assessing depressive symptoms in
children and adolescents in clinical research. The interview has 17 items ranging
from 1 to 5 or 1 to 7, giving a total score from 17 to 113, which are rated by
intervieweing the child or adolescent.'™* A score of >40 indicates depression while
a score of <28 indicates remission or a non-clinical level of depressive symptoms.1’
Response is typically defined in depression studies as a reduction of at least 50%
from the baseline score.}’®* CDRS-R has shown good psychometric properties for
adolescents with depression in American'”®, European!’’ and Asian’81"
populations. However, no validation has been conducted in a Swedish or
Scandinavian population.
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Children Global Assessment Scale (C-GAS)

The C-GAS is an instrument for clinician-assessed general functioning during the
last month on a scale from 1 (worst) to 100 (best) among persons aged 4-20 years. &
A Scandinavian review of C-GAS describes satisfactory evidence for convergent,
discriminant, and predictive validity, as well as for interrater reliability.'8!

Clinical Global Impression (CGI)

The CGI is an overall clinical measure of the patient’s symptoms and functioning.
CGl consists of two measures, CGl-severity (CGI-S) and CGl-improvement (CGI-
I). The CGI-S assesses the patient’s severity of psychopathology from 1 to 7, using
the following prompt: ‘How mentally ill is the patient at this time?’ based on
symptoms, behavior and functioning during the past 7 days, where 1=normal/not at
all ill, 2=borderline mentally ill, 3=mildlyill, 4=moderately ill, 5=markedly ill,
6=severely ill, and 7=among the most extremely ill patients. The CGI-I assesses the
change from the start of treatment to the assessment point from 1 to 7, using the
following prompt: ‘Compared with the patient’s condition at admission to the
project, this patient’s condition is: 1=very much improved since the initiation of
treatment, 2=much improved, 3=minimally improved, 4=no change from baseline,
5=minimally worse, 6=much worse, and 7=very much worse since the initiation of
treatment’.'® Response is typically defined as a CGI-I score <2, i.e. much or very
much improved.®® There is a relationship between CGI-I scores and changes on
CDRS-R and QIDS-A;7-SR.17

Quick Inventory of Depressive Symptomatology- Adolescent version-17 Self
Report (QIDS-A17-SR)

The QIDS-A17-SR is a self-report assessment with items that covers the nine DSM-
5 symptoms of depression. The answers of the items are rated on a scale from 0
(none) to 3 (highest) with a total score of 0-27. Mild depression corresponds to a
score of 6-10, moderate 11-15, severe 16-20, and very severe 21 and above.!8
QIDS-A17-SR has high internal consistency and a discriminant diagnostic validity
for measuring depression in adolescents.3* However, there is no validation of the
instrument in a Swedish setting.

Outcome Rating Scale (ORS)

The ORS is a self-reported visual analog scale assessing functioning in four
domains: individual, interpersonal, social, and overall ‘sense of well-being’ aspects.
The scale is numerical from 0 (worst) to 100 (best).!® ORS is feasible since it is
very brief but has also shown good internal consistency and moderate concurrent
validity in adults and adolescents.8%8 There is no known validation in a Swedish
population.
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Aerobic capacity (VO2max)

The aerobic capacity was measured with a submaximal cycle ergometer test on an
indoor bicycle according to the Astrand test.'® The aerobic capacity was expressed
as maximal oxygen uptake (VO:max), that is, the total amount of oxygen
metabolized per minute per kilogram of body weight (mL/kg/min). VO,max is
higher among boys than girls and increases with age in youths.*® Reference values
for VO,max based on a Swedish cohort aged 14-16 years indicate mean 41.6
ml/kg/min (SD £8.5) for boys and mean 38.1 ml/kg/min (SD +7.7) for girls. % The
values are in line with estimations from a Canadian cohort aged 13-17 years.*
Suggested cut-offs for cardiorespiratory fitness are based on gender and age, and for
15 year old boys 43 ml/kg/min and for girls 34 ml/kg/min.**® Not meeting these cut-
offs were associated with higher odds for high cardiometabolic risk and unhealthy
weight status.®® Instead it is sometimes referred to percentiles for age and gender
where the lowest 5" percentile can be considered as pathological, and <20™"
percentile as very poor, and 20-40" percentile as poor cardiorespiratory fitness.1%!

Maximal exercise testing which requires a high motivation was deemed too difficult
to use in this population, as also identified by a previous study which showed that
the Astrand submaximal test to be more feasible for adults with MDD.'*? The
Astrand test has been evaluated in children with a strong correlation among girls
and a moderate correlation among boys compared to the maximal exercise test.%

Outcome measures

The primary outcome measure was CDRS-R at 13 weeks post-randomization with
intention-to-treat (ITT) analysis, meaning that all randomized participants were
included in the analysis.

Secondary outcomes with ITT analysis were CDRS-R at week 26, C-GAS, CGI-S,
CGlI-l, QIDS-A17-SR, and ORS at week 13 and 26, and VO,max at week 13 only.
Further secondary outcomes included per protocol (PP) analyses on participants
with adherence of >50% of sessions and stable antidepressants regarding all
outcomes above.

Post hoc analyses included response rates, numbers needed to treat (NNT) for
response, and analyses of items capturing the core depressive symptoms of sadness,
irritability, and anhedonia, according to CDRS-R and QIDS-A17-SR at week 13 and
26 with ITT and PP analyses.

Statistics

The statistical power calculation for the multicenter RCT was based on data from
the pilot study conducted in 2021. This study showed a 7.5-point difference on
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CDRS-R favoring the exercise intervention (SD 12.9 points). The power
calculation, based on p=80% and 0=0.05, indicated that 92 patients were required
to complete the RCT phase until week 13 for the primary outcome. Due to an
expected dropout rate (from the pilot study) of 25%, a total of 122 participants were
needed to be recruited to the multicenter RCT, making this one of the largest RCTs
on exercise for adolescent depression to date. The study was preregistered on
ClinicalTrials.gov (2021-09-30, NCT05076214), and the RCT study protocol paper
reported all prespecified primary and secondary outcomes in accordance with the
registration. Any post hoc analyses were clearly identified as such.

For paper I1, we used descriptive statistics to summarize demographic data. We used
linear mixed-effect models (LMM) to analyze change in outcome variables
following the interventions at week 13 and 26. Time was specified as a fixed effect
parameter (assessment points at baseline, week 13, and week 26). Random effect
parameters were in intercept and linear slope terms. Tests were two-tailed, and a set
to 0.05 to indicate statistical significance. Cohen‘s fwere used as effect size
measure of the interaction (time*group), where 0.1 indicated small, 0.25 medium
and 0.4 large effect sizes.'®® Cohen’s d were used to estimate effect sizes within a
group over time, where 0.2 indicated small, 0.5 medium, and 0.8 large effect sizes.**
Mann Whitney U-test was used to determine differences in CGI-1 between groups,
since the value in itself describes a change over time.

ITT analyses were performed using all 125 randomized participants. PP analyses
were performed on participants adhering to the protocol, defined as attending >50%
of sessions and with no increased dosage or change of antidepressant medication
during the intervention. PP analyses included 75 (60%) participants at week 13 (38
in the exercise group and 37 in the leisure group) and 58 (46%) participants at week
26 (31 in the exercise group and 27 in the leisure group). Although we achieved the
planned recruitment target, fewer than expected adhered to the intervention,
resulting in a smaller PP sample and reduced statistical power.

Response rates were calculated based on reduction of >50% on total CDRS-R or
CGI-I <2, or both, at week 13 and 26 respectively. Remission was defined as a
CDRS-R score of <28.

Qualitative content analysis approach (Paper I11)

In Paper 111, we used a latent qualitative content analysis with an inductive approach
to explore adolescents’, parents’, and HPs’ experiences of a group exercise
intervention for adolescents with depression.

This method was chosen because it allowed us to analyze the participants’
experiences of the exercise intervention not just on a manifest level, but also to
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explore the underlying (latent) meaning. Since qualitative research on exercise
interventions for depression is still limited, we chose an inductive approach,
allowing for exploring participants’ experiences and capturing new insights.

Recruitment, participants and intervention

Participants were recruited from the pilot RCT, conducted prior to the multicenter
RCT. Participants were identified from administrative systems except for three
participants who were recommended by staff at the local CAMHS. Inclusion and
exclusion criteria were identical to those in the multicenter RCT. In total, 14
adolescents were randomized in the pilot study, but five dropped out. The nine
adolescents who completed the intervention, their parents and the two HPs were
invited by phone to qualitative interviews about their experiences. Nine adolescents,
eight parents, and the two HPs chose to participate, resulting in 19 qualitative
interviews.

Data collection

Qualitative interviews were performed by two researchers: one experienced
gualitative researcher and one clinical psychologist and PhD student. Participants
were interviewed individually, except for one adolescent who wanted her mother to
be present. The five adolescents randomized to group exercise were interviewed
after the 12-week intervention. The four adolescents randomized to leisure activities
performed exercise after week 26 or had participated in an open trial with identical
group exercise before. Two of them were interviewed directly after the exercise
intervention but two had exercised about 6 or 12 months earlier. All parents and HPs
were interviewed mostly 5 months after the exercise session due to a pending ethical
approval for interviewing also parents and HPs.

A semi-structured interview guide (provided as a supplement to Paper I) was used
during the interviews to explore adolescents’, parents’, and HPs’ experiences of the
exercise intervention. For example, adolescents were asked ‘Has exercise led to any
changes? How?’ Parents and HPs were asked, for example: ‘How do you perceive
that group exercise has affected your child’s/the participants’ depression?’

Data analysis

The data analysis followed Graneheim and Lundman’s steps for latent qualitative
content analysis.'®® The transcripts were read through, and parts associated with the
aim, that is, exploring adolescents’, parents’, and HPs’ experiences of the impact of
group exercise on adolescents with depression, were identified as meaning units.
We identified 508 meaning units that were labelled with codes, briefly describing
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their content. Codes were grouped into nine sub-categories based on their
similarities and differences at a manifest level. The nine sub-categories were
grouped into three main categories, and the latent meaning of the content was
abstracted into an overarching theme.

Phenomenographic approach (Paper V)

In Paper IV, we used a descriptive qualitative design with a phenomenographic
approach to describe qualitatively different ways in which adolescents with
depression understand health.

A descriptive design was used to provide insight into a phenomenon and to describe
participants’ conceptions of health.’®® A phenomenographic approach was chosen
to describe variation in how individuals understand or conceptualize a phenomenon,
with the focus placed on variation in conceptions of health within the group rather
than on individual conceptions as such.'®” This method enabled us to describe
gualitatively different ways in which adolescents with depression understand health,
without using predefined theories.

Recruitment, participants and intervention

Participants were recruited from the pilot study and from the first cohort of the
multicenter RCT, resulting in a sample of 33 adolescents diagnosed with depression
who had participated in either the group-based exercise or the group-based leisure
activities intervention for 12 weeks.

Data collection

Data were collected through qualitative interviews performed by one experienced
qualitative researcher and two clinical psychologists. We used the same semi-
structured interview guide as in Paper 111, but with a focus on questions regarding
health and conceptualizations of health. Questions used were for example; ‘What is
health for you?’, ‘How do you perceive your health?’, “What do you do to
maintain/promote your health?’, and ‘How does exercise (or leisure activities) affect
your health?’
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Data analysis

The data analysis followed the steps for phenomenographic analysis described by
Larsson and Holmstrom.'®® The interviews were first read repeatedly to gain
familiarity with the material. Meaning units related to adolescents’ conceptions of
health were then identified and descriptions of each adolescent’s dominant way of
understanding health were formulated, and similarities and differences between
these descriptions were compared. Based on this comparison, categories were
constructed to represent qualitatively different ways of understanding health. Each
category was then assigned a metaphor to symbolize how health was understood by
adolescents with depression. Finally, the relationships between the categories were
described as an outcome space.

Ethical considerations

The study obtained ethical approval from the Swedish Ethical Review Authority;
for the pilot study with no. 2020-03364 and an amendment application due to
extension of qualitative interviews to also include parents and HPs with no. 2021-
04029, and for the multicenter RCT with no. 2021-05307-01, and amendment
application due to minor changes (such as new study sites, postponed end-date, and
added self-rating scales) with no. 2024-04975-02.

All adolescents and caregivers were provided with oral and written information
about the study. Informed consent in writing was collected from adolescents aged
15 and above and caregivers of participants below 15 years of age for the RCT. For
the qualitative study (Paper Il1), written informed consent was obtained also from
caregivers and HPs for their participation in the study.

Participants were free to withdraw from the study at any time. The local CAMHS
were notified when the intervention was completed at week 13 or when the
participant had withdrawn from the study, to make sure they got further care if
needed.

Ethical reflection

An ethical dilemma with a superiority RCT is that one treatment often is
hypothesized to be more effective than the other. Thus, it may be considered
ethically questionable to keep participants randomized to a control group instead of
the supposed effective intervention. To compensate, we offered all participants
randomized to the leisure group to participate in an identical exercise intervention
after week 26. However, the leisure group was not thought to be completely
ineffective, like a waitlist control, since it was designed as an active control group.
Participants in the leisure group met other adolescents three times per week and
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socialized, resembling aspects of behavioral activation and therefore potentially
reducing depressive symptoms.

Another ethical difficulty with the study design is that concomitant psychological
treatment and change of medication were exclusion criteria for participation. This
may lead to some adolescents opting to end their psychological treatment or avoid
changes in medications prior to inclusion. Likewise, randomization to the leisure
group might be less helpful than continuing evidence-based standard care. However,
the adolescents filled in self-rated symptoms of depression regularly and had short
check-ins about mood at each group session, and distinctly worsened mood or
increased suicidality were noticed and assessed by the Principal Investigator for
further actions. Participants were also free to withdraw from the study at any time.

A third ethical dilemma regarding research on adolescent depression is that even
though participation is voluntary, it is possible that participants feel pressure or
expectations from their parents to participate. However, they were free to withdraw
from the trial at any time and the participant information clearly stated that
participation was entirely voluntary and that they did not have to participate even if
their parents wanted them to.

Use of Artificial Intelligence (Al)

During the preparation of this thesis, | used generative Al tools (Copilot, ChatGPT)
for limited language support, including checking grammar, punctuation, and
abbreviations, and improving wording and flow of individual sentences. All outputs
were critically reviewed, and | take full responsibility for the content of the thesis.
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Results

Results in numbers - RCT (Papers I-11)

Main findings

The multicenter RCT on group-based exercise versus group-based leisure activities
resulted in a final sample of 125 adolescents with mild to moderate depression
recruited from routine CAMHS. Participants had a mean age of 15.2 years
(SD=1.28), 102 (82%) were girls, with a depression duration of a mean of 21.8
months (SD=18.7), and 48 (38%) had at least one previous depressive episode. More
than half (59%) had ongoing antidepressant medication and about a third (30%) had
a history of two or more antidepressants despite still being depressed, often defined
as treatment resistance.'° Most participants had other psychiatric comorbidities such
as anxiety disorders (63%), ADHD (58%), and Post-Traumatic Stress Disorder
(PTSD) (8%).

After randomization, 62 participants were allocated to exercise and 63 participants
to leisure activities. Attendance was mean 52% (18.8 sessions) in the exercise group
and 55% (19.6 sessions) in the leisure activities group. Equally, 63% of participants
from both groups attended at least 50% of sessions, and 60% did neither change or
increase dosage of antidepressants and were included in the PP analyses.

The primary outcome, change in CDRS-R, at week 13 did not differ significantly
between groups in the ITT analysis (p=0.348, Cohen’s £=0.085, 95% CI: 0-0.261)
(Figure 4). However, both groups improved over time between baseline and week
13; with a 12.45 point decrease in mean CDRS-R score for the exercise group
(p<0.001, Cohen’s d=0.92) and a 10.12 point decrease (p<0.001, Cohen’s d=0.73)
in the leisure group.
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Figure 4. Linear mixed model graph illustrating change in CDRS-R for the ITT analysis

For the secondary outcomes, aerobic capacity (VO.max) was significantly improved
in the exercise group compared to the leisure group at week 13 in the PP analysis
(p=0.026), but not in the ITT analysis (p=0.118). No other secondary outcomes
(CGI-S, CGlI-I, C-GAS, QIDS-A17-SR and ORS) were significant at either week 13
or 26 inthe ITT or PP analyses.

Post-hoc analyses

Response rates according to a >50% reduction of CDRS-R and CGI-I <2 at week
13 in the ITT analysis were 25.8% for the exercise group and 14.3% for the leisure
group (p=0.107), giving a number needed to treat (NNT) of 9. Response rates at
week 26 in the ITT analysis were 43.5% in the exercise group and 33.3% in the
leisure group (p=0.240), with an NNT of 10.

In the PP analysis, response rates at week 13 were 28.9% in the exercise group,
which was significantly higher than the leisure group’s 10.8% (p<0.05) with an
NNT of 6. The PP analysis showed a response rate at week 26 of 32.3% in the
exercise group and 11.1% in the leisure group, which was not significantly different
(p=0.054), with an NNT of 5.

Remission rates were low, 8.1% and 9.5% in the exercise and leisure group,
respectively, at week 13 in the ITT analysis, and did not differ between groups
(p=0.773).
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When analyzing core depressive symptoms, significant results emerged for the item
irritability according to CDRS-R at week 13 in the ITT analysis (p=0.017) and
according to QIDS-A17-SR at week 13 in the PP analysis (p=0.025) in favor of the
exercise group. Sadness according to CDRS-R was significantly improved in the
exercise group compared to the leisure group in the PP analysis at week 13
(p=0.038) and week 26 (p=0.046), but not according to QIDS-A17-SR. There were
no significant differences between groups on the item anhedonia on CDRS-R or
QIDS-A17-SR.

Harms

Adverse events were assessed from three different sources during the intervention
period: the HPs’ attendance lists, self-reported harms, and through questions on self-
harm and suicide from clinician interviews.

Fatigue (p=0.003), muscle/joint pain (p<0.001), fever (p=0.045), menstruation/
menstruation pain (p=0.030), and stress about sessions (p=0.027) were more
common in the exercise group compared to the leisure group. The exercise group
reported less increased thoughts about self-harm (p=0.039) and about suicide
(p=0.026). Suicide attempt was considered as a severe adverse event (SAE), and 5
were identified in the exercise group and 6 in the leisure group according to self-
reports, and did not differ between groups (p=0.797), neither did non-suicidal self-
injury.

Qualitative experiences of exercise for depression (Paper

1)

Main findings

Adolescents’, parents’, and HPs’ experiences of the exercise intervention were
abstracted into an overarching theme: group exercise for adolescent depression
promotes empowerment and engagement in everyday life. The theme was based on
three main categories: exercise alleviates depressive symptoms, exercise contributes
to balance in life, and exercise promotes self-esteem (Table 3).
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Table 3. Overarching theme, categories, and subcategories exploring adolescents’, parents’, and
healthcare professionals’ experiences from exercise for adolescent depression.
Group exercise for adolescent depression promotes empowerment and engagement in
everyday life

Categories: Sub-categories:

Exercise alleviates depressive symptoms Physical symptoms
Emotional symptoms
Cognitive symptoms

Exercise contributes to balance in life Daily routines
Sociability
School performance
Leisure activities

Exercise promotes self-esteem Sense of accomplishment
New attitude to bodily health

Adapted from Mortazavi et al. Empowered and engaged: Group exercise for adolescent depression —

perspectives from adolescents, parents and healthcare professionals. SAGE Open Med. 2024 Feb
3;12:20503121231225340. Licenced under CC BY. Layout modified.

Alleviation of depressive symptoms was experienced through changes in physical,
emotional, and cognitive symptoms. Participants described improved strength and
energy, but also fatigue. Some participants experienced less sadness and irritability,
while others felt more stress from the interventions and the schedule coinciding with
school. Cognitive symptoms were improved for some through better memory and
concentration, according to parents and adolescents, but not mentioned by HPs.

Exercise was reported to contribute to balance in life by daily routines, sociability,
school performance, and leisure activities. The impact on balance in life could be
both positive and negative. Some adolescents experienced better routines for eating
and sleeping, while others had more difficulties falling asleep after exercise.
Adolescents, parents, and HPs agreed that the exercise schedule brought structure
to everyday life. Some adolescents found it easier to be social after participating in
the group exercise intervention. Parents and HPs described how the adolescents
supported each other in the group. There were both positive and negative impacts
on school performance; some experienced better attendance while others reported
more stress about school because of the exercise schedule. Some reported improved
leisure time and more commitment in leisure activities after participating in the
exercise intervention.

For some, the exercise intervention improved self-esteem through a sense of
accomplishment after managing to participate in an exercise intervention and by
gaining a new attitude towards bodily health. Adolescents and parents described
improved confidence and self-acceptance, while HPs noticed adolescents
developing improved self-esteem. Adolescents were more motivated to continue
taking care of their bodies and maintaining exercise after the intervention. The
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findings also showed variation, as not all participants described improvements from
exercising.

Quialitative understanding of health among adolescents
with depression (Paper 1V)

Main findings
Adolescents with depression described health in different ways, which were

represented by four metaphors: establishing sound routines, connecting to others,
managing depression symptoms, and attaining an inner drive (Figure 5).

Establishing sound

routines

Health
Attaining Connecting
inner drive AMEEERRESSENS to others

with depression

Managing depression
symptoms

Figure 5. The outcome space for the understanding of health among adolescents with
depression. Adapted from Danielsson et al. Depression in adolescence and the understanding of health-
A phenomenographic study. PLoS One. 2025 Jan 27;20(1):e0318061. Licenced under CC-BY 4.0.
Colors and layout modified.

Establishing sound routines concerned the ability to manage everyday life. Health
was understood as having routines and balance related to diet, sleep, physical
activity, and distracting activities.

Connecting to others concerned access to social resources. Adolescents described
social support and connection to others as important for health, including supportive
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family members or friends who understood their situation. Social competence was
also described as an aspect of health.

Managing depressive symptoms concerned control over mental illness. Health was
understood as finding treatments and strategies to get rid of depressive symptoms
and to gain control of depression. Adolescents also described both physical and
mental well-being as important for health.

Attaining inner drive concerned experiencing joy in everyday life and included a
sense of meaning, purpose, and self-worth. This could involve having a dream or
goal, or finding joy and meaning in leisure activities or relationships. Motivation
and energy were also considered important for health, and were often something the
adolescents were lacking during a depressive episode.

The outcome space illustrated the relations between these four metaphors,
describing how they together represented adolescents’ understanding of health.
They were understood as parts of a whole without being hierarchically ordered.
Health could be understood in different ways, and not all adolescents described all
four understandings. The four understandings could also support and depend on
each other in different ways.
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Discussion

Is exercise effective for adolescent depression?
(Paper I-11)

Exercise was not superior to leisure activities

Group-based exercise was not superior to group-based leisure activities for
adolescent depression severity in this multicenter RCT, although both groups
improved over time during the 12-week interventions. Post hoc findings revealed
greater improvement on irritability for the exercise group and for sadness, with the
latter only being significant in PP analyses. Aerobic capacity was significantly
improved and the response rate was higher in the exercise group compared to the
leisure group at week 13 in PP analyses.

Our result differs from previous RCTs in the field, who indicate that exercise is
superior to control groups for adolescent depression.'®>1% Previous meta-
analyses'?*13t suggests small to large, but often moderate effect sizes, ranging from
0.41'%° to 1.14,%2" compared to our Cohen’s f = 0.085, corresponding to an effect
size approaching the threshold for a small effect with a SMD of -0.17.

The discrepancy regarding the effect size compared to other studies may be due to
several reasons. Previous RCTs have methodological limitations which can explain
their larger effect sizes for exercise. First, few studies compare exercise to an active
control group that receives the identical amount of sessions and social contact, as in
our study.®*1%.138 QOther studies compared exercise to treatment as usual**® or no
treatment.’*® Comparing exercise to treatment as usual or wait-list control probably
enhances the effet size because these comparator conditions are associated with less
improvement. Further, without a structurally matched comparator, it is difficult to
distinguish the specific effect of exercise from non-specific factors such as
behavioral activation, attention, social interaction, and expectancy. The selection of
comparator is important when designing a trial, for being able to answer the research
question.t

Second, most studies lack blinded outcome assessors and use self-reported
symptoms, 132133135137 nossibly overestimating the effect of exercise and making the
results more uncertain.
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Third, previous studies have often included small sample sizes!321%:138 gand not all
have included clinical participants.'*1%¢ From studies including clinical
participants,’®13 only some use clinical interviews to confirm the depression
diagnosis.3#138137 ‘We recruited clinically referred adolescents with mild to
moderate depression and substantial comorbidities, in routine CAMHS, while prior
studies often lack detailed information about the study sample, making comparisons
difficult. However, our sample is in line with that in the TADS study® regarding
depression severity at baseline, but with longer depression durations and higher
frequency of comorbidities. Scores on depression severity, functioning and self-
rated depression measures may be influenced by the substantial comorbidities in our
sample, thereby limiting participants’ improvement and reducing the likelihood of
achieving remission. Moreover, our sample being more severely affected may have
contributed to the generally low adherence to the interventions. Despite our large
sample size compared to previous studies, the RCT might have been underpowered.
The exercise group improved slightly more in numerical terms, but the difference
was not statistically significant according to most outcomes. The numerical
differences were generally larger in the per protocol analyses, indicating that the
study might be underpowered to detect smaller effect sizes. Our power calculation
was based on the pilot study, to detect an improvement of a mean of 7 CDRS-R
points in favor of the exercise group after 12 weeks of intervention. The multicenter
RCT produced smaller between group differences of 2.33 points in the ITT analysis
and 3.74 points in the PP analysis. The power calculation was thus not based on
finding such small between-group differences and would have required a larger
number of participants to do so. It is also unclear whether such a small between-
group difference is clinically meaningful. However, this difference is similar to the
3.23 points difference between SSRI and placebo in TADS® and the 2.84 points in
a network meta-analysis® that today’s depression treatment guidelines are largely
based upon.t>44

Fourth, the challenge with scales being less sensitive to change in a cohort with
comorbidities is recognized in previous studies on depression.1*2% Another sign of
a harder-to-treat sample than in previous studies is the rather small improvement in
our active control group, which is even smaller than in the TADS placebo group.®
Many (59%) of our participants had already tried at least one antidepressant, which
is similar to the TORDIA study that included adolescents not responding to an
SSRI.*” In TORDIA, as in our study, there were no difference between groups
regarding change in the CDRS-R or self-rated depression symptoms, but a
difference was found for response, which was defined equally as in our study using
a CGl-1 <2 and at least a 50% reduction on the CDRS-R.*’

Fifth, since many (59%) of participants already had antidepressants, the exercise
intervention became more of an add-on treatment to treatment resistant MDD, and
could be a reason for the small effect. This phenomenon is recognized from adults
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with depression, where lower remission rates are seen when more treatment steps
have been tried.?

It should be noted that the reported mean differences and effect sizes between
exercise and leisure activities represent average treatment effects, and some
individuals may experience substantially greater improvement. Thus, it is important
to further understand for whom exercise is most suitable. Despite no significant
differences on overall depressive symptoms, exercise still led to higher response
rates among adherent participants and a larger improvement in sadness and
irritability compared to leisure activities. The improvement in core depressive
symptoms could indicate an antidepressant effect that is partially masked on broader
depression scales by high levels of comorbidity. For example, having ADHD and
anxiety may not allow for changes on some items on the depression scales.
Similarly, adult studies on SSRIs for depression without effects on total depression
scales, found significant results when restricting the analysis to the single item of
depressed mood.%°

Both intervention groups improved over time

Both intervention groups improved over time, with a 12.45-point improvement in
the exercise group and a 10.12-point improvement in the leisure group in the ITT
analysis from baseline to 13 weeks. This is a rather small improvement compared
to other RCTs on adolescent depression, both in the exercise trial using CDRS-R3
and studies on antidepressants and psychological treatment.*®*” The small
improvement may be due to the burdened sample, as discussed above.

Improvement in both groups could be partly due to behavioral activation from
meeting other adolescents regularly. Behavioral activation aims to increase
engagement in meaningful and rewarding activities and to reduce withdrawal and
avoidance, with the long-term goal of improving mood and daily functioning.’®
Thus, meeting others and establishing new friendships through both interventions
may be a mediator, especially for adolescents with prior difficulties with peers or
experiences of bullying. The leisure group possibly received more social interaction
from conversations and interaction than the exercise group, which may influence
the results and lead to an underestimation of the effect of exercise.

The small improvement in both intervention groups in this more burdened sample
could also be due to the seasonal variation in sunlight in Sweden. When including
participants in March with a follow up in May and August, there might be a seasonal
variation in mood that influence depression severity.?? Seasonal variations in mood
may also exist due to comorbidity with ADHD. The long summer break from
schools may affect the follow up in August and seasonal variations in ADHD show
lower symptoms in August, which probably influences the depression rating scales
as well.? However, the modest improvement observed in both groups over time
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suggest a higher degree of chronicity in our sample and likely a reduced influence
of seasonal variation.

Another possible explanation for both groups improving over time is regression to
the mean, which is a statistical phenomenon where high scorings tend to naturally
move closer to the group’s mean during repeated assessments. This phenomena
could look like an treatment effect, but is rather a spontaneous improvement.?%
However, the smaller improvement over time compared to previous depression
studies makes regression to the mean a less likely major factor for improvement, but
can still contribute.

Furthermore, a placebo effect, that is the expectancy of improvement and
the context of the interventions, could explain both groups improving over time.
Placebo effects are common in psychiatry studies,?®® especially in depression
studies,?® and among adolescents with depression.®%6! Placebo response rates in
studies on adolescent depression are as large as 30-60%.%° Well-designed
psychotherapeutic placebo control groups with identical number and duration of
sessions is nearly as effective as an active psychotherapeutic treatment.?” Our active
control group with leisure activities improved about half of the pill placebo group
in TADS according to change in CDRS-R, which contradicts a large placebo-
response in our study.*® However, we cannot rule out that the numerically smaller
improvement in the leisure activities group could be a possible placebo effect.

Exercise compared to available treatments for depression

According to depression scores

The difference in symptom improvement between the groups was, 2.33 points (not
statistically significant) on the CDRS-R for the ITT sample, and 3.74 points (not
statistically significant) for the PP sample, at week 13 in favor for the exercise
group. These differences are in line with the 2.46% and 2.84% point differences
between antidepressants and placebo in psychopharmacological meta-analyses on
adolescent depression, and the 3.23%¢ point difference in TADS. When comparing
psychological treatments to placebo, CBT did not improve significantly more than
placebo in TADS.*® In a clinical practice guideline®® (based on a systematic
review)?®® CBT was shown to be superior to waitlist but the evidence was
insufficient when comparing to active control or pill placebo. Other meta-analyses
include a mix of active and passive controls and do not report changes in depression
SCOFeS.9’45’46’48

According to effect sizes

Effect sizes of available treatments for adolescent depression are overall small to
moderate. Effect sizes for antidepressants range from SMD 0.12 to 0.51,3435561 gnd
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for psychological treatment from SMD 0.05 to 0.41, compared to control
conditions.®*>*8 As described earlier, there is no consensus whether the combination
of psychological treatment with antidepressants are superior to either treatment
alone. However, combination of antidepressants and CBT versus placebo enhances
effect sizes to SMD 0.73* and Hedge’s g 0.98,% according to some studies. Our
study approaches a small effect size corresponding to an SMD of 0.17, which is
within the range of effects typically observed for adolescent depression. Previous
meta-analyses on exercise for depression arrived at mostly moderate!23-126:128-130
sometimes large®?” 13! effect sizes, with SMD between 0.41'%° to 1.14.22” Effect sizes
are influenced by the choice of comparator for the active treatment.?% Using passive
controls (such as waitlist) often yield larger effect sizes than active controls (such
as placebo).?”® Pharmacological studies with active controls often use pill placebo,
while psychological treatment studies can be an arm in these studies or use waitlist
or psychological controls.®364861 The larger effect sizes in previous exercise trials
are probably partially due to the use of passive controls,3313¢ or active controls with
fewer sessions.® The effect size may further be larger if participants did not use
medication at baseline as in our study. According to studies on adults with
depression, when more treatment steps are required, remission rates decrease.?

According to number needed to treat (NNT)

Response rates for participants who adhered to at least 50% of sessions were 28.9%
in the exercise group and 10.8% in the leisure group (p<0.05) at week 13, with an
NNT of 6. At week 26, the NNT decreased to 5, but with borderline significance
between groups, still suggesting a potential trend. Previous studies on
antidepressants have shown NNTs ranging from 4% to 10.26%1% A meta-analysis on
psychological treatments for children and adolescents with depression presented an
NNT of 6.2 for response compared to control conditions®, while TADS arrived at
an NNT of 12 for CBT alone.*® NNTs in studies on adolescent depression are
typically influenced by high placebo responses.?® Taken together, the effect of
exercise in our study is largely in line with recommended treatments for depression
regarding NNT for response. However, still 71% did not respond from exercise in
our trial in the PP analysis at week 13. TADS had higher response rates, but based
on CGlI-1 1-2 alone. Using only the CGI-I criterion, our study had a response rate of
50 %, which is in line with TADS, where 60.6% responded to SSRI and 43.2% to
CBT.3®

Strengths and limitations of the RCT

Our multicenter RCT address several limitations from earlier studies on exercise for
adolescent depression. First, we used an active control group with the same number
of sessions and social interaction, enabling us to distinguish the specific effect of
exercise from other factors associated with participating in a group intervention,
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which is in line with recommendations for selection of comparators in behavioral
intervention trials.’®® Second, we used outcome assessors who were masked to
treatment allocation. Third, we used DSM-5 diagnoses verified through clinician-
administered interviews. Fourth, we recruited a consecutive clinical cohort with
common comorbidities from routine CAMHS, strengthening representativeness to
clinical practice. Finally, a strength is the reporting of harms and SAEs that is
uncommon in prior exercise trials for adolescent depression.

However, our results should be interpreted in the light of several limitations. First,
although our sample was larger than those of previous exercise trials, it was still
underpowered to detect small between-group differences. The low attendance rates
compared to other exercise trials further aggravates this issue, with only 60% of
participants meeting criteria for being included in the PP analysis. Previous RCTs
on clinical patients had attendance ranging from 70-77%,33134136.138 phyt several
studies have not reported attendance rates.*>1%513” The lower attendance in our
study is possibly due to the more burdened sample, as discussed above. The exercise
sessions aimed for a vigorous intensity level, which possibly were too high for this
sample, which may have reduced attendance further. Using a more personalized
exercise program, with lower intensities when needed, could potentially have
enhanced attendance with maintained antidepressant effect.!!® The baseline mean
CDRS-R score dropped about 1.4 points and C-GAS increased about 1.3 points for
the exercise group from the ITT analysis when compared to the PP analysis, which
may indicate that more depressed adolescents had difficulties attending the exercise
sessions.

A second limitation when recruiting a consecutive cohort from CAMHS with mild
to moderate depression is that we ended with a rather chronic sample who had not
responded to ongoing clinical care. The sample thus corresponds to a mix of initial
treatment for depression as in TADS % and patients who already tried at least one
antidepressant as in TORDIA.* This is a strength in that the cohort is representative
to the CAMHS setting, but improvement from exercise might be larger in a less
affected sample or as an initial treatment.?

A third limitation is the use of depression scales such as CDRS-R and QIDS-A1-
SR in this burdened sample, since the total score probably is influenced by
comorbidities and thus not as sensitive to change from interventions for
depression,199:200

Fourth, depression is heterogeneous?® and especially with onset in childhood.?®
Combinations of symptoms can vary and exercise may be beneficial for participants
with certain symptom presentations. It is therefore important to further investigate
which participants respond to exercise.

A fifth limitation is that even though we verified depression diagnoses through K-
SADS-PL interviews, it can sometimes be difficult to differentiate treatment
resistant depression from emotionally unstable personality disorder, since K-SADS-
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PL does not contain supplements for personality disorders.?!! The inclusion of
adolescents with traits of personality disorders might decrease the effect seen from
exercise on depression, since it is known that personality difficulties predict a poorer
outcome with shorter time to recurrence of depression.?'?

Does exercise bring added values to depressed
adolescents? (Paper I11)

"Not everything that can be counted counts, and not everything that counts can be
counted"”

William Bruce Cameron, 1963

Not every improvement can be measured by numbers. By combining quantitative
measures with qualitative studies, it enables us to grasp important experiences not
shown from instruments measuring depression severity. The qualitative study on
adolescents’, parents’, and HPs’ experiences from the exercise intervention for
adolescent depression showed us that exercise promoted empowerment and
engagement in everyday life through alleviated depressive symptoms, balance in
life, and promoted self-esteem.

This study brings new insights from adding interviews with parents and HPs. The
results are in agreement with previous qualitative studies on exercise for adolescent
depression, showing the importance of daily structure,®*** improved mood,*%?1°*
and self-esteem, 152155

The structure and improved balance in everyday life from a regular exercise
schedule resembles the behavioral activation part of CBT, known as an effective
treatment for adolescent depression.®?'® Behavioral activation is the part of CBT
where the engagement in activities, and especially social activities, aims to improve
mood over time.?:* Thus, by regularly engaging in exercise together with others, the
adolescent may gain an effect on their depressive mood despite the possible effect
of the heart rate increasing activity itself. This may also be a part of the explanation
of why the control group improved over time in the RCT, however with a small
improvement compared to other depression studies.*

Some adolescents experienced improved mood and alleviated depressive symptoms.
The qualitative methodology does not allow us to grasp if this is by the exercise
intervention itself or through mediating factors such as the activation. Others
experienced stress and fatigue from the exercise. Even for an adolescent without
depression, exercising three hours a week is probably demanding and further so in
our study sample. The exercise intervention is unlikely to benefit all adolescents
equally and may require a certain level of functioning to attend sessions regularly.
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Future studies are important for investigating for which severity of depression or
level of functioning exercise is most suitable and manageable.

Participating in the exercise intervention also promoted self-esteem through a sense
of accomplishment and a new attitude towards bodily health. Adolescents felt proud
for managing to participate in the exercise intervention. They became more aware
of exercise as a way to take care of their bodies and got more motivated to exercise.
This is an interesting additional value that came up from the qualitative interviews
that the other instruments in the RCT did not reveal. The increased self-esteem and
moreover the empowerment and gaining of confidence to control one’s life and
health may be important when it comes to continuing exercise regularly and possibly
keeping the depression in remission.

Exercising in a group is probably adding values compared to exercising alone at a
gym or at home. First, the group setting was experienced to give a sense of support
and togetherness, which may also have encouraged continued attendance. Second,
meeting others also contributes to behavioral activation as mentioned above.
Guidelines on depression treatments in adults recommend leader led exercise for
mild to moderate depression.*?*® Supervised exercise sessions results in lower drop
out,'? and thus may contribute to a more regular exercise schedule. Leader-led
sessions may further enable participants to attain higher exercise intensities.

Adolescents today report higher levels of loneliness than in previous years.?
Loneliness is correlated to negative affect?* and increases risk for depression.?%®
Thus, the group interventions in our study may be important also for bringing
adolescents together. This is highlighted by the participants themselves through
improved sociability and the support they experienced from the group.

Do we measure the right thing? (Paper 1V)

Depression trials primary measures depressive symptoms through self-rated
depression scales or clinician interviews.14176183 CDRS-R is the most widely used
instrument,?%® and is based on the Hamilton Depression Rating Scale,*” while the
items on QIDS-A17-SR directly correspond to the DSM-5 criteria for depression.
However, some adolescents suffer from treatment-resistant depression with long
durations and no improvement from available treatments. In our sample,
participants in general had long durations of depression, many with recurrent
episodes, and without substantial improvement from previous treatments. Maybe
reaching remission is not the initial goal, but finding relief from what is burdening
them the most. In order to grasp what is most essential for those adolescents, it is
important to understand how adolescents suffering from depression understand
health.
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When adolescents with depression expressed what health is, they described the
importance of establishing sound routines, connecting to others, managing
depressive symptoms, and attaining inner drive. Quantitative depression scales
mainly capture symptom-related aspects of health, while the adolescents’
descriptions also included routines, social connection, meaning, motivation, and

Joy.

The importance of routines was also expressed in the study exploring experiences
of the exercise intervention, as well as in a study on parents’ view on health for
adolescents with depression.?” Exercise could be a way to establish sound routines,
and was also experienced to improve eating and sleep habits according to some
adolescents. Scheduled sessions, not particularly exercise, but maybe also leisure
activities, could act as a way to establish better daily routines.

Social isolation,®#8 social exclusion,??® or disconnection® are associated with
adolescent depressive symptoms, and could explain why some adolescents find
connecting to others as an important aspect of health. Social exclusion or bullying
can also contribute to the development of depression.! Regardless of whether social
withdrawal is a vulnerability leading to depression or a consequence of the
depression, the importance of connecting to others are highlighted by adolescents
living with depression. Connecting to others could be achieved by the increased
sociability from group exercise or other group activities. Social support can also be
enhanced through interventions in other settings, such as sport activities, school
interventions, or other group leisure activities. The social aspect was not explicitly
analyzed in the RCT, but since adolescents highlighted its importance, future
analyses could consider the CDRS-R item ‘social withdrawal’.

Both routines and social aspects are aspects that are unlikely to be directly
influenced by treatment with antidepressants, but were perceived as important for
health according to depressed adolescents.

Attaining an inner drive is an aspect of health seeming to come from within,
described as a feeling of joy, motivation, and a sense of meaning or purpose.
Feelings of joy and engagement in meaningful activities was also experienced by
parents as important for health among adolescents with depression.?*” Adolescents
without depression also highlight meaningfulness as an aspect of health.??® This
aspect is difficult to capture with commonly used depression rating scales, but the
lack of motivation and joy may be recognized as anhedonia. Anhedonia is a core
criterion of depression, also known as diminished interest or pleasure.® The absence
of anhedonia may allow for feelings of joy and meaningfulness, described as
important for health according to adolescents with depression.
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Strengths and limitations — qualitative studies (Paper 111-1V)

Trustworthiness is a way of describing the quality of qualitative studies, where
concepts commonly used in quantitative research, such as validity, reliability, and
generalizability are not always directly applicable.’® Trustworthiness can be
described through the concepts of credibility, dependability, confirmability, and
transferability.?2

Credibility indicates how well the data reflect the focus of the research and whether
the findings are grounded in the data.’®>??? It is influenced by the selection and
number of participants for obtaining a rich variation of experiences,'*® sometimes
referred to as saturation.??® Credibility was strengthened in both studies by using a
purposive sampling and sufficient numbers of participants (n=19 and n=33) with
variation in age, gender, and depression severity, to ensure a rich data with a variety
of aspects, and thus reaching saturation.

Dependability is the aspect focusing on data acquisition and stability of findings
over time.1*® Dependability can be influenced by the researchers’ pre-understanding,
when it comes to interviewing and interpretation of data into codes and categories.??
Dependability was strengthened by the use of individual interviews, via phone or
video calls, using an interview guide while allowing for open-ended follow-up
questions. However, using digital tools for interviews might limit the quality of the
contact between the participant and the interviewer compared to interviews in
person. We used two and three interviewers respectively in each study, which both
can enhance dependability by increasing variation in the interviews, but might also
be considered as a limitation because it can reduce consistency through interviews
with differences in interviewer style and interaction between interviewer and
participant.

Confirmability describes how well the findings can be confirmed by other
researchers, and is enhanced by a neutral interpretation of data.??? Credibility and
confirmability were strengthened through discussions of data within the research
groups, consisting of researchers with different backgrounds and experiences.
Participants were not asked to read the transcripts for correcting possible
misunderstandings, which is a weakness.

Transferability describes how well the findings can be transferred to other settings
or groups, and is enhanced by a clear description of the study sample and context.1%
One limitation in paper Il is that participants were recruited from a single site in
the forthcoming multicenter study, possibly influencing the transferability to other
settings or sociodemographic contexts. However, the findings are probably
transferable to other CAMHS in Sweden. A further limitation in study IV is that
participants were interviewed after randomly having participated in an exercise or
leisure activities intervention, possibly influencing their view on health. In the end,
it is up to the reader to judge the trustworthiness of a study, based on the
methodological decisions and descriptions.%
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Advantages and disadvantages with exercise as a
treatment

Despite the effect from exercise as described above, a further advantage is the few
serious adverse events recorded, which overall did not differ significantly between
exercise and leisure activities. Exercise seems to have mild harms, such as fatigue,
muscle/joint pain, fever, and menstrual pain, when comparing to antidepressants
with potential harms including agitation, activation, hypomania and increased
suicidality.? In our study exercise even seemed to have a protective effect on
thoughts on self-harm and thoughts on suicide, compared to the leisure activities.
Furthermore, exercise is known to contribute to cardiorespiratory health, muscular
strength, bone health, and a healthier weight.3*8 Additional physical tests have been
conducted in our project, but not yet analyzed and are not part of this thesis.
Exercising in a group seem to promote empowerment, self-esteem, and contribute
to balance in life among adolescents with depression. Balance in life was
experienced through features such as daily routines, which is further described as
an essential aspect of health according to adolescents living with depression. Group
interventions such as group exercise bring adolescents together and counteracts
isolation, recognized as a common issue when living with depression. 383941

A disadvantage with exercise as a treatment is mainly the difficulty attending to
sessions regularly, which is a consequence of a rather demanding treatment. For
adolescents living with depression and maybe suffering from fatigue, it is easy to
imagine difficulties adhering to exercise sessions three times a week compared to
taking an antidepressant. Adolescents with depression describe psychological
treatment as challenging when it comes to engaging in sessions and completing
homework, possibly a similarity with exercise in that it requires more effort.*
Barriers for maintaining exercise from a previous qualitative study described factors
as disease burden due to fatigue, social anxiety, a lack of drive, and a lack of a
supportive environment.* Exercise might be more suitable for milder depressions
or for adolescents with higher motivation or a certain level of functioning, enabling
exercising more regularly. Motivational factors are known to influence the effect of
exercise,?** indicating the importance of involving adolescents when choosing
treatment.
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Conclusion

Exercise was not superior to a structurally matched active control condition with
leisure activities according to depression severity in a clinical sample of adolescents
with mild to moderate depression participating in a 12 week intervention three times
a week. Both intervention groups improved over time. The multicenter RCT
addressed several methodological limitations from previous studies on exercise for
adolescent depression, indicating that larger effect sizes from previous meta-
analyses might reflect comparisons with weaker and passive controls and unblinded
outcome measures. However, the not statistically significant effect size from
exercise in our study is in line with the effects of recommended treatments with
antidepressants and psychological treatments for adolescents with depression.

Among participants with attendance to at least half of the sessions and no change of
antidepressants, the exercise group responded more often and improved in aerobic
capacity, as well as on the core depressive symptoms irritability and sadness.

Exercise had few serious adverse events and mild harms. Exercise promoted
empowerment and engagement in everyday life, and contributed to sound routines,
and connection to others, described as important aspects of health among
adolescents living with depression.

Planned additional research within the project

We are planning to conduct a prediction study where, based on baseline variables,
we want to evaluate who benefited the most from exercise as a treatment for
depression in this sample of clinical patients with MDD. We further want to assess
how exercise compared to leisure activities affects wvarious physiological
parameters, including muscular strength, body mass index, and body composition.
We also plan to assess the effect of exercise on biomarkers from blood sampling.
Additionally, we want to evaluate cost-effectiveness comparing the two
interventions. Lastly, we will conduct a one-year follow up study, after the
randomization is broken, and where all participants have been offered to participate
in an exercise intervention.
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Recommendations for future research

Depression is a heterogeneous condition and exercise is possibly more effective for
some individuals than others. Future research is needed to better understand which
subgroups benefit most from exercise. Promising avenues include examining
exercise at a primary care level with adolescents with less comorbidities and higher
levels of functioning, as well as exploring whether exercise is more effective for
those with poor aerobic capacity, elevated inflammatory markers, or higher level of
motivation that may support adherence.
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