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A B S T R A C T

Background: Recent meta-analytic reviews suggest exercise can reduce depression severity among adults with
major depressive disorder (MDD); however, efficacy studies with depressed youth are limited. Few studies have
investigated the efficacy of multi-modal exercise interventions in this population, addressed treatment en-
gagement, or explored the differential effects of exercise on depressive symptom profiles.
Objectives: This paper describes the study protocol and recruitment pattern for an assessor blinded, two-arm
randomised controlled trial investigating the efficacy of an integrated motivational interviewing (MI) and multi-
modal exercise intervention in youth diagnosed with MDD. Associations between depressive symptom profiles
(cognitive, somatic and affective) and psychological, physiological (fitness), and biological (blood biomarker)
outcomes will also be examined.
Methods: Participants aged 15–25 years with current MDD were recruited. Eligible participants were randomised
and stratified according to gender and depression severity to either an immediate or delayed (control) group.
The immediate group received a brief MI intervention followed by a 12-week small group exercise intervention
(3 times per week for 1 h), all delivered by personal trainers. The delayed control group received the same
intervention 12-weeks later. Both groups were reassessed at mid-treatment or mid-control, post-treatment or
post-control, and follow-up (12 weeks post-treatment).
Results: 68 participants were recruited and randomly allocated to an intervention group.
Conclusion: This trial will increase our understanding of the efficacy of multi-modal exercise interventions for
depression and the specific effects of exercise on depressive symptom profiles. It also offers a novel contribution
by addressing treatment engagement in exercise efficacy trials in youth with MDD.

1. Introduction

1.1. Background

Major depressive disorder (MDD) is a heterogeneous disorder
characterised by a diverse symptom profile [1,2]. MDD is highly pre-
valent in youth [3,4] and associated with comorbid eating [5,6], an-
xiety and substance use disorders, and increased risk of suicide com-
pletion [4,7–9]. Established treatment approaches for youth are limited
by accessibility to psychological therapies and side-effects of

antidepressant medications [10,11]. Exercise has physical and psy-
chological benefits, with antidepressant effects documented among
adult populations [12–14]. A small number of studies have reported
similar benefits among youth populations [11,15]; however, metho-
dological issues have constrained the generalisability of findings
[10,16,17]. Benefits have been established for aerobic exercise pro-
grams but not for those combining aerobic exercise and resistance
training in a multi-modal approach [18–20]. Exercise studies across the
lifespan have also predominately focused on change in global depres-
sion severity scores and little is known about the impact of exercise on
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depressive symptom profiles (cognitive, somatic and affective) or the
relationship between depressive symptoms and psychological, physio-
logical and biological factors.

Establishing the effectiveness of exercise for MDD is further con-
strained by high dropout rates particularly among people with more
severe depressive symptoms [21]. Interventions that enhance readiness
and engagement in exercise programs and address potential barriers
may help address motivational constraints [13]. Substantial research
supports the effectiveness of Motivational Interviewing (MI) in mod-
ifying health behaviour [22]. Recently, MI has also been applied as an
effective pre-treatment engagement strategy [23,24], but to the best of
our knowledge its benefits as a pre-exercise intervention strategy
among youth with MDD are yet to be determined.

We recently conducted a pilot study investigating the feasibility of
integrating a pre-exercise MI intervention designed to engage young
people with MDD in exercise training and assessed the effects of the
intervention on depression symptom profiles [25]. In the current study,
the pilot MI intervention was adapted for delivery by personal trainers
and integrated with an exercise intervention in the context of a ran-
domised controlled trial.

1.2. Objectives and hypothesis

The primary aim of this study is to evaluate the efficacy of a 12-
week integrated MI and multi-modal exercise intervention on depres-
sion diagnosis and overall depression severity in youth diagnosed with
MDD. Secondary aims are to determine whether there are: 1) differ-
ential changes in depressive symptoms (cognitive, somatic and affec-
tive); 2) persistence of treatment effects over 24 weeks (from recruit-
ment) and any consequences of delaying treatment; 3) changes in
anxiety symptoms; and 4) associations between changes in depression
symptoms and program adherence, as well as changes in physical fit-
ness, psychological and blood biomarker measures. It is hypothesised
that the exercise program will improve overall depression severity
scores in the intervention group relative to the control group, differ-
entially effect depressive symptom subscales, and that these benefits
will persist at follow-up.

2. Research design and methods

2.1. Study design

This is an assessor blinded, two-arm, randomised controlled trial
(RCT) examining efficacy and differential depressive symptom effects of
an integrated MI and multi-modal exercise intervention in youth with
MDD. Participants were stratified by gender and overall depression
severity and randomised either to the immediate (IM) intervention or
control/delayed (CTRL/DL) group. A flow chart illustrating the study
design and participant recruitment is presented in Fig. 1. Assessments
were conducted at baseline (T1), mid-treatment or mid-control (T2,
Wk6), post-treatment or post-control (T3, Wk12) (which doubled as the
pre-treatment for DL), mid-treatment for DL (T4, Wk18), follow-up for
IM or post-treatment for DL (T5, Wk24), and follow-up for DL (T6,
Wk36). Data from the CTRL/DL group served both as a control condi-
tion (T1 to T3) and as a basis for evaluating treatment maintenance
effects (T3 to T6) when combined with IM group data (T1 to T3, and
T5). This research study was prospectively registered with the Aus-
tralian New Zealand clinical trials registry (ANZCTR:
ACTRN12613000638730) and approved by the University of New-
castle, Human Research Ethics Committee (H2012-0114) and the
Hunter New England Local Health District Human Research Ethics
Committee (15/04/15/4.05). The design, conduct and reporting of this
study will comply with the Consolidated Standards of Reporting Trials
(CONSORT) guidelines [26,27].

2.2. Participants: eligibility, screening and recruitment

Participants were recruited from the local community and
University population and fell within the World Health Organization
youth age range of 15–25 years. They had to have current MDD, as
assessed by a clinical psychologist utilising the structured clinical in-
terview for DSM-IV Axis 1 disorders (SCID-1 Research Version) [28].
The SCID is widely regarded as the gold standard interview for diag-
nosis of depression. The eligibility and exclusion criteria for the study
are detailed in Table 1. Individuals were excluded if they had medical
contraindications to exercise or significant psychiatric co-morbidities
such as bipolar or psychotic disorders or eating disorders where ex-
ercise was contraindicated. Participants were included whether or not
they were receiving other treatment for MDD (counselling, pharma-
cotherapy), or if they reported engaging in modest levels of physical
activity; this was intended to increase the generalisability of findings in
this age group within the context of usual clinical practice.

2.2.1. Recruitment
Recruitment occurred across three waves between May 2013 and

September 2015. A range of strategies were adopted to target recruit-
ment of individuals with varied levels of depression severity (mild to
severe). Strategies included: advertisements on community television,
social media, YouTube, newspapers, community radio, University
website, flyers on University and community notice boards, emails and
letters to clinicians working across a range of local, youth health ser-
vices, general and psychology practices. All participants were recruited
from the Newcastle region of New South Wales, Australia.

2.2.2. Screening
Participants expressing interest in the study were screened using a

specifically designed phone screen to determine their initial eligibility.
This phone call was used to provide information about the study and
collect relevant screening information using a structured interview.
Verbal consent was obtained prior to screening. Participants were asked
to provide relevant sociodemographic data (e.g., age, gender), preg-
nancy and current depression status. They were screened for current
and past treatment of depression, suicidality, any associated co-
morbidities and family history of depression. Participants were also
screened for any major medical problems that may interfere with their
capacity to engage in exercise. Current physical activity and anthro-
pometric information (estimated weight and height) were also col-
lected.

2.2.3. Psychological screening assessment measures and suicide risk
protocol

Participants were screened for current depression using the Beck
Depression Inventory-Fast Screen (BDI-FS) [29] administered during
the phone screen. The BDI-FS is a seven-item version of the Beck De-
pression Inventory (BDI-II) designed to assess depressive symptoms in
accordance with DSM-IV criteria for a major depressive episode in
adolescents (> 13 years) and adults. The BDI-FS provides a valid and
reliable measure of cognitive and affective depressive symptoms with
item scores ranging from 0 to 3 and a maximum total score of 21 [29].
Participants who reported current suicidal ideation were further as-
sessed to determine intent/plan for suicide using a specifically designed
suicide risk assessment protocol. Participants considered to be at im-
minent risk of suicide were referred to relevant mental health services
and/or authorities were contacted and they were excluded from the
study. Participants were also screened for anxiety symptoms using the
Generalised Anxiety Disorder Scale (GAD-7) [30]. The GAD-7 is a
seven-item brief measure linked to DSM-IV criteria for assessing gen-
eralised anxiety symptoms, which has demonstrated reliability and
validity [31].
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2.3. Assessments

Psychological, physiological (physical fitness) and biological as-
sessments were conducted (see Table 2). The incidence of depression
was assessed by the SCID and overall depression severity and depressive
symptom subscale scores were assessed by the BDI-II. Additional out-
come variables included a comprehensive range of psychological
measures, physiological (fitness) assessments and biological (blood
marker) measures (see Table 2).

2.3.1. Online questionnaires
The week prior to each psychological evaluation (T1, T3, T5, T6),

participants were emailed a secure link instructing them to complete
sociodemographic questions and pre-evaluation self-report

questionnaires on the day prior to their evaluation appointment. An
information statement describing the study and consent form were also
emailed prior to the first appointment. All participants were asked to
provide written, informed consent prior to proceeding with the study.
Parental consent was required for participants under the age of 18
years. To reduce participant burden, shorter versions of established
measures were adopted where possible. The questionnaires used are
described below.

2.3.2. Exercise related questionnaires
Exercise Readiness. For this single-item readiness to exercise measure

[32], participants are provided with a definition of regular exercise:
“Regular exercise is any planned physical activity (e.g. brisk walking,
aerobics, jogging, bicycling, swimming, rowing etc.) performed to increase

Fig. 1. Study design and participant recruitment for the
intervention (IM) and control/delayed (CTRL/DL) groups.
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physical fitness. Such activity should be performed 3–5 times per week for
20–60 min per session. Exercise does not have to be painful to be effective
but should be done at a level that increases your breathing rate and causes
you to break a sweat”. They are asked to indicate if they have been
engaging in exercise in accordance with that criteria using a 5-point
rating scale ranging from to 1 = ‘no and I do not intend to in the next 6
months’, and 5 = ‘yes I have been for more than 6 months’ which can
be used to characterise participants along a stage of change continuum
(pre-contemplation, contemplation, preparation, action and main-
tenance).

Exercise Self-Efficacy Scale (ESES) [33]. The ESES is an 18-item
measure assessing confidence to exercise despite barriers, presented
across 6 specific domains. Items are rated on a 5-point scale ranging
from 1 = ‘not at all confident’ to 5 = ‘completely confident’. Higher
scores indicate higher rates of exercise self-efficacy.

Barriers Self-Efficacy Scale (BARSE) [34]. The original BARSE is a 13-
item exercise specific questionnaire assessing confidence to participate
in exercise in the light of specific barriers. Items are rated on a 10-point
scale ranging from 0 = ’not at all confident’ to 100 = ‘highly con-
fident’. In the current study, we adapted the original scale by adding 9
additional barriers related to psychological symptoms such as depres-
sion and anxiety.

Confidence to Exercise. We created a single-item measure asking
participants on a scale of 0–100% how likely it is that they would attend
all their exercise sessions and get at least 30 min of moderate to vig-
orous exercise on all the days of the week over the next 3 months if they
were in the immediate or delayed (control) group.

Social Support and Exercise Survey [35]. This 12-item measure as-
sesses frequency of support for exercise and is completed twice; once for
family and once for friends. Each item is rated on a 5-point scale ran-
ging from 1 = ‘none’ to 5 = ‘very often’. The scale has 3 subscales:
family participation, family rewards and participation, and friend par-
ticipation. The scale has demonstrated reliability and validity [35].

2.3.3. Program and outcome expectations
We developed a four-item measure to assess participant's expecta-

tions about how they may benefit from the exercise program and its
likelihood of success. Participants were asked to rate: 1 ‘How logical
does the idea of exercise as treatment seem’, 2 ‘How successful they
think the program will be in reducing their depression symptoms’, 3
‘How confident they would be in recommending this program’, and 4
‘How much improvement they expect to see/have seen?’. An additional
eight-item measure was also created asking participants about outcome
expectations. Each item is rated on a 5-point scale ranging from
1 = ‘strongly disagree’ to 5 = ‘strongly agree’. Participants are asked to
rate how strongly they agreed or disagreed with statements about the
outcomes of participating in the program. Sample questions included:
‘Regular exercise has helped me have a more positive outlook’ and ‘I

have slept better when I got regular exercise’.

2.3.4. Psychological functioning measures
The Single Item Self-esteem Questionnaire (SISE) [36]. The single-item

‘I have high self-esteem’ is rated on a 5-point Likert scale ranging from
1 = ‘strongly disagree’ to 5 = ‘strongly agree’. The SISE has demon-
strated convergent validity with the Rosenberg Self-esteem Scale [36].

Eating disorder questionnaire (EDE-Q) [37]. The EDE-Q is a self-report
version of the Eating Disorder Examination Interview that is widely
regarded as the instrument of choice for assessing eating disorders. The
22-item EDE-Q focuses on the past 28 days and is rated on a 7-point,
forced choice rating scheme. There are 4 subscales (restraints, eating
concerns, weight concern and shape concern) as well as a total score.
The scale has demonstrated reliability and validity [38].

Table 1
Inclusion and exclusion criteria for the study.

Inclusion criteria

•Aged 15–25 years

• Meet diagnostic criteria for current MDD

• Willing to participate in an exercise program for 12 weeks

• Able to access the internet for routine monitoring

• Able to attend the University sports centre for training
Exclusion criteria

•Any other psychiatric illness (e.g. Schizophrenia, bipolar disorder, mania) or
brain injury

• Have a health condition or physical injury that would interfere with ability to safely
undertake the exercise program

• Unlikely to reside in the study region for 6 months

• Currently pregnant or trying to become pregnant

• Eating disorder where exercise is contraindicated (restrictive type with
overexercising)

• Imminent risk of suicide

Table 2
Main outcome indices and measures across the study phases.

Main outcome indices and
measures

Screen Baseline Mid- Post- and
Follow-up

Initial screening and study eligibility
Phone screen protocol (incl.

medical comorbidities)
x

Depression (BDI-FS) x
Anxiety (GAD-7) x
Inclusion/exclusion criteria
SCID assessment (incl. psychiatric

comorbidities)
x

Sociodemographic data x
Online questionnaires
Exercise related measures
Physical activity levels x x x
Exercise readiness x x
Exercise self-efficacy and barriers

(ESES; BARSE)
x x

Confidence and support for
exercise (SSES)

x x

Program and outcome expectations x x
Resolve x x (Wk4

& 8)
x

Sedentary behaviour (Sitting Time
Questionnaire)

x x

Psychological functioning measures
Self-esteem (SISE) x x
Eating disorder behaviours (EDE-

Q)
x x

Quality of life and (Q-LES-Q-SF) x x
Life satisfaction (SWLS) x x
Physical self-concept and physique

anxiety (PSDQ-S; SPAS)
x x

Alcohol and other drug use
(AUDIT)

x x

Psychological assessment
Depression and associated factors
SCID assessment for current MDD x x
Depression severity (BDI-II) x x x
Anxiety (BAI) x x
Cognitive changes (ATQ; DASF1 &

DASF2)
x x x

Behavioural activation (BADS-SF) x x x
Somatic symptoms (DSSS; PHQ-

15)
x x x

Physical fitness and physiological assessments
Exercise and Sports Science

Australia (ESSA) screen
x x

Sedentary behaviour (Sitting Time
Questionnaire)

x x

Exercise history x x
Developmental maturation x x
Maximal aerobic capacity x x
Muscular strength endurance x x
Anthropometrics (e.g., BMI, body

composition)
x x

Biological markers
IL6, BDNF, blood samples stored x x

Y. Nasstasia et al. Contemporary Clinical Trials Communications 9 (2018) 13–22

16



Quality of life enjoyment and satisfaction questionnaire–short form (Q-
LES-Q-SF) [39]. The Q-LES-Q-SF is a 16-item questionnaire assessing
satisfaction and enjoyment across a number of areas of functioning
including mood, social relationships, and physical health. Items are
rated on a 5-point, Likert point scale ranging from 1 = ‘very poor’ to
5 = ‘very good’. The scale has demonstrated reliability and validity
[40].

Satisfaction With Life Scale (SWLS) [41]. The SWLS is a five-item
questionnaire assessing satisfaction with life. The 5 items are rated on a
7-point, Likert scale ranging from 1 = ‘strongly disagree’ to
7 = ‘strongly agree’. The scale has demonstrated reliability and validity
[42].

Physical self-description questionnaire short form (PSDQ-S) [43]. The
PSDQ-S is a 40-item measure that retains all of the 11 subscales from
the original PSDQ 70-item form. It assesses aspects relating to physical
self-concept including: activity, appearance, body fat, endurance, co-
ordination, flexibility, health, sport competence, strength, global phy-
sical self-concept, and global self-esteem. The PSDQ-S, has a 6-point
rating scale with evaluative statements rated as ‘False, mostly false,
more false than true, more true than false, mostly true and true’. The
scale has demonstrated reliability and validity [43].

Social Physique Anxiety Scale (SPAS) [44]. The SPAS is a 12-item
questionnaire assessing anxiety associated with physique. It is rated on
a 5-point scale ranging from 1 = ’not at all characteristic of me’ to
5 = ‘extremely characteristic of me’, with total scores ranging from 12
to 60. Higher scores indicate higher levels of physique anxiety. The
scale has demonstrated reliability and validity [44].

The Alcohol Use Disorders Identification Test (AUDIT) [45]. The
AUDIT is a 10-item questionnaire which assesses current alcohol use,
with two supplementary questions. The AUDIT has demonstrated re-
liability and validity [46].

To assess other drug use, participants were asked if they had ever
used tobacco products, about usage in the past 3 months and about how
many cigarettes they smoke each day. They were also asked similar
questions about cannabis, and other substances such as cocaine, am-
phetamines and opioids.

2.3.5. Psychological evaluation
Following completion of the online questionnaires, eligible partici-

pants (as determined by initial screening) attended a baseline psycho-
logical assessment with a clinical psychologist (Y.N.) to confirm full
study eligibility. Prior to the clinical interview, participants completed
a number of additional self-report questionnaires that assessed overall
depression severity, anxiety symptoms and cognitive, behavioural and
somatic symptoms (see Table 2).

2.3.5.1. Overall depression severity and depressive symptom
subscales. Beck Depression Inventory (BDI-II) [47]. The BDI-II is a 21-
item self-report measure of depression symptoms corresponding to
DSM-IV diagnostic criteria for MDD. The BDI-II measures overall
depression severity via an assessment of the presence and severity of
cognitive, affective and somatic depressive symptoms. Each item is
rated on a 4-point scale (0–3), with higher scores indicating greater
severity of depression. The BDI-II demonstrates good psychometric
properties [47].

2.3.5.2. Anxiety symptoms. Beck Anxiety Inventory (BAI) [48]. This is a
21-item measure of anxiety symptoms rated on 4-point Likert scales
ranging from 0 = ‘not at all’ to 3 = ‘severely’. Higher scores indicate
greater severity of anxiety. The scale has good reliability and validity
[49].

2.3.5.3. Cognition and activation. Automatic Thoughts Questionnaire
(ATQ) [50]. The ATQ consists of 30 self-report items assessing
frequency of negative automatic thoughts. Scores range from 30 to
150, with higher scores reflecting increased negative cognitions. The

ATQ is a widely used measure with strong psychometric properties
reported [51].

Dysfunctional Attitude Scale (DASF1 and DASF2) [52]. The original
DAS-A is a 40-item measure that assesses dysfunctional attitudes in
depression. We used the shorter versions of the scale: DASF1 and the
DASF2. Each scale is comprised of 9 items rated on 4-point scales
ranging from 1 = ‘totally agree’ to 4 = ‘totally disagree’. The authors
conclude the shorter scales are strongly correlated with the original 40-
item version, have adequate internal consistency, reliability and are
strongly associated with each other [52].

Behavioural Activation for Depression Scale (BADS-SF) [53]. The
BADS-SF is a measure of behavioural activation (activation and
avoidance). This nine-item measure has a total score ranging from 0 to
54, with higher scores representing increased activation (and less
avoidance). The authors report that the scale has an internal con-
sistency of 0.82, with demonstrated construct validity and predictive
validity [53].

2.3.5.4. Somatic symptoms. Depression Somatic Symptom Scale (DSSS)
[54]. This 22-item questionnaire assesses depressive and somatic
symptoms and consists of two subscales: depression and a somatic
symptom subscale. Items are rated on 4-point scales ranging from
1 = ‘absent’ to 4 = ‘severe’. The DSSS has acceptable convergent,
factorial and distinct group validities [54].

Physical Health Questionnaire (PHQ-15) [55]. The PHQ-15 is a 15-
item subscale questionnaire assessing somatic symptoms over the past 4
weeks. Items are rated on 3-point Likert scales ranging from 1 = ‘not
bothered at all’ to 3 = ‘bothered a lot’. It is derived from the Patient
Health Questionnaire and is a reliable and valid measure routinely used
in clinical practice [56].

2.3.5.5. SCID assessment. The participant was then interviewed by the
psychologist using the SCID to confirm that they met current diagnostic
criteria for MDD and whether they met any of the study's exclusion
criteria (see Table 1). The procedure set out in the suicide risk
assessment protocol developed as part of initial screening was
repeated for participants who reported current suicidal ideation.
Participants who met full study criteria were offered a place in the
study. They completed a physical fitness assessment and blood test,
which was scheduled as soon as possible following acceptance into the
study.

2.3.6. Physical fitness, physical activity and maturation assessments
Physiological and fitness assessments were all undertaken in the

Human Performance Laboratory at the University of Newcastle. All
researchers performing the assessments were trained to follow stan-
dardised assessment protocols. Prior to the baseline fitness assessment,
the Exercise and Sports Science Australia (ESSA) adult screening tool
[57] was used to assess risks associated with exercise and any re-
quirements for medical clearance. Exercise history and recent exercise
participation were recorded. To assess sedentary behaviour participants
completed the Sitting Time Questionnaire [58]. This is a five-item
measure that assesses time spent sitting (hours and minutes) on a
weekday and a weekend day in the following domains: 1 ‘Travelling to
and from places’; 2 ‘At work’; 3 ‘Watching television’, 4 ‘Using a com-
puter at home’; and 5 ‘For leisure’. The authors report acceptable re-
liability and validity, particularly for weekday sitting times [58]. Se-
dentary behaviour was reassessed at post-treatment and follow-up (see
Table 2). Participants were asked if they had finished growing in height
and the age at which final height was reached. Participants self-assessed
their biological maturation status rating their secondary sex char-
acteristics against Tanner reference diagrams [59]. Maturation was
only reassessed if the participants indicated they had not reached ma-
turation at their baseline assessment.

Maximal aerobic capacity. Maximal aerobic capacity (VO2max) is
assessed using an incremental treadmill exercise test (GXT) (Powerjog
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JM100 treadmill, Expert Fitness UK) and indirect calorimetry (Vmax
Spectra, CareFusion SensorMedics, USA or K4b2, COSMED, Italy). The
same instruments were used at each time point. The electrocardiograph
is monitored continuously in each participant using a portable 12-lead
system (Quark T12, COSMED, Italy) and used to obtain heart rate (HR)
data. Participants commence with a 4 min warm-up starting at 5 km/h,
with speed increasing every 30 s until a heart rate between 60 and 70%
of their age-predicted maximum is reached. That speed is maintained
until 4 min has elapsed, after which the speed is increased every minute
until the participant cannot run any faster, then the incline is increased
by 2% every minute until exhaustion.

Upper and lower body muscular strength endurance. Upper body mus-
cular strength endurance is assessed by the number of successful re-
petitions in the YMCA Bench Press Test. This test is a reliable and valid
test of upper body muscular endurance. Lower body muscular strength
endurance is assessed by measuring the number of repetitions on a
horizontal seated leg press until fatigue with the load as 95–100% of
their body mass in kg. This protocol was developed because no stan-
dardised test to assess non-isokinetic lower body muscular endurance
has been established as safe for this group of novice lifters. The leg press
is a machine guided, safe exercise requiring minimal skill. Participants
are assessed on their ability (yes/no, repetitions) to leg press 95–100%
of their body mass.

2.3.6.1. Anthropometric measures. Height in cm is measured without
shoes on a Holtain stadiometer calibrated before each assessment
session. Height is assessed twice with acceptable values within
0.3 cm, otherwise a third measure is taken. Weight in kg (to two
decimal places) is measured without shoes and in light clothing on a
calibrated digital scale. Weight is measured twice with acceptable
values within 0.1 kg otherwise a third measure is taken. Body Mass
Index (BMI) is calculated using the formula: weight (kg)/height (m2).

Waist circumference was measured in cm at the mid-point between
the bottom rib and iliac crest at the end of a normal expiration. Waist
circumference was assessed twice with acceptable values within 0.5 cm
otherwise a third measure was taken. Hip circumference (maximum
gluteal) was measured in cm and was measured twice with acceptable
values within 0.5 cm otherwise a third measure was taken.

The final height, weight, waist and hip circumference estimates
were the average of the respective two acceptable measures.

Body composition is measured in kg and percentages with a multi
frequency bio-impedance device (InBody 720; Biospace Co., Ltd., Seoul,
Korea). This device uses an eight-point tactile electrode system with
demonstrated validity and reliability for skeletal muscle mass and
percentage body fat [60,61]. Measurements were taken in light clothing
without shoes.

2.3.7. Blood biomarker measures
Venous blood samples are collected between 8:00 a.m. and 10:00

a.m. at each assessment in suitable vacutainers with EDTA as antic-
oagulant to obtain plasma and without additive to obtain serum for
possible future investigation. Plasma and serum are obtained after
centrifugation (15 min, 1000g, 4 °C). All samples obtained are stored at
−70 °C until measurements are performed. Concentrations of brain-
derived neurotrophic factor (BDNF) and Interleukin 6 (IL-6) are de-
termined in serum using commercially available ultrasensitive solid-
phase sandwich enzyme-linked immunosorbent assays (Quantikine
Immunoassay, R&D Systems, Minneapolis, USA) with a spectro-
photometric plate reader (Bio-Rad, Hercules, CA).

2.3.8. Intervention monitoring and compliance to the intervention
To monitor the effects of the intervention, the BDI-II and several

online questionnaires assessing behavioural, cognitive and somatic
factors were re-administered during week 6 of the exercise intervention
(see Table 2). During weeks 4 and 8 of the exercise intervention a brief
online survey was also completed assessing participants' goal

evaluation and confidence in adhering to the exercise program. The
seven ‘Resolve’ items were rated on a 7-point scale ranging from
0 = ‘strongly disagree’ to 7 = ‘strongly agree’. Sample questions in-
clude ‘Since starting the exercise program I have more confidence that I
can exercise more regularly’ and ‘I feel that I am meeting my goals’.

Participants were asked to complete an online daily monitoring
questionnaire and to rate their mood, sleep quality, energy levels and
muscle soreness, as well as record their participation in the exercise
program and/or any other physical activity. Participants were also
asked to include how many hours spent in front of a screen (study/work
and leisure), as well as the number of hours sleep they had the night
before. For each participant, attendance rate in the intervention group
was recorded as the average number and percentage of overall atten-
dance at the supervised exercise sessions with the personal trainer.

2.3.9. Randomisation and blinding
Participants were randomly assigned to the IM (intervention) or

control/delayed (CTRL/DL) group. A website-generated block rando-
misation procedure was used with variable block lengths from 4 to 8.
Randomisation was concealed from the researchers by using numbered,
opaque, sealed envelopes. Other than the 12-week wait period for the
delayed group, participants across both groups were treated in the same
way. Independent psychologists conducted the post- and follow-up
psychological assessments (including the SCID), blinded to treatment
allocation and baseline assessment scores. Personal trainers (PTs) pro-
viding the MI intervention were blinded to which group the participant
was initially allocated (IM or CTRL/DL). Researchers conducting the
physiological (fitness) assessments were also blinded to group alloca-
tion. All data were de-identified and preliminary data analyses were
conducted using coded data with no identification of participants.

2.3.10. Participant reimbursement
Participants were provided with gift certificates as partial re-

compense for their travel and parking expenses at the rate of $5 per
training or assessment session attended. All aspects of the study were
free of charge.

2.4. Integrated MI and exercise intervention

The intervention comprised two components: an initial, brief MI
intervention; and a 12-week multi-modal exercise training intervention,
all designed to be delivered by the personal trainer (PT). The first phase
of the intervention required the participants to attend an individual, 30-
min, face-to-face MI intervention developed specifically to enhance
participant motivation to engage with the exercise program. PTs used
MI approaches to establish a positive working relationship with the
participant, focus the conversation on exploring past experiences with
exercise, exercise-mood link, and barriers to exercise. An ‘elicit-pro-
vide-elicit’ approach [62] was used in order to strengthen participants'
intentions to exercise by helping increase their confidence that they
could address barriers. PTs collaboratively developed an individualised
exercise contract and elicited commitment from the participant. Within
the MI framework, commitment to exercise was evoked from the par-
ticipant rather than imposed. PTs used a specifically designed, one-page
prompt sheet and exercise contract template to help facilitate the MI
discussion. They were also encouraged to use MI communication ap-
proaches throughout the exercise intervention.

The MI intervention protocol ‘Train your mood: Exercise as Treatment
for Depression’ was initially developed as a pre-exercise engagement
strategy for young people with MDD and piloted as part of a previous
study by the same researchers [25]. The revised MI protocol used in this
trial “Exercise as treatment for depression: A guide for personal trainers”
was adapted for delivery by PTs to increase engagement effects and the
MI intervention was shortened to 30 min to promote dissemination and
real-world application. The MI intervention was also adapted and
streamlined to be consistent with industry approaches, including for
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example, use of contracts, and goal setting and monitoring.

2.4.1. MI treatment fidelity and integrity
The PTs received a 6-h MI training workshop led by a clinical psy-

chologist (Y.N.) trained and experienced in the delivery of MI, utilising
specifically developed MI training modules to ensure standardisation.
The training provided a brief introduction to depression and working
with clients with MDD. Five foundational MI elements were introduced
based on the work of Miller and Rollnick [62] with regular interactive
approaches including practice sessions, demonstrations and discussions
provided throughout the training: 1) Background to MI; 2) Nature of
change, ambivalence, and the righting reflex; 3) Spirit of MI; 4) Core MI
skills (OARS: open questions, affirmations, reflections, and summary
statements); and 5) Change talk and responding to sustain talk. The
trainers were provided with a copy of the MI intervention protocol to
allow additional practice of skills before their first MI session with a
participant. Following the training, PTs received two, 1-h, in-
dividualised coaching sessions with the psychologist who provided the
training. With verbal permission from the participants, PTs were asked
to record all of their MI sessions using a specifically provided, digital
audio recorder. The first two MI audio sessions with participants were
reviewed as part of the coaching sessions. PTs were encouraged to draw
on MI principles when interacting with participants throughout the
exercise intervention.

In accordance with practice recommendations for the measurement
of MI fidelity in clinical trials [63], the remainder of the recordings
were reviewed as part of a fidelity assessment utilising the Motivational
Interviewing Treatment Integrity (MITI) code version 3.1 [64]. Fidelity
assessments were conducted to test how closely PTs adhered to the MI
intervention. The fidelity assessments were performed by two in-
dependent psychologists (coders) both trained in MI and in the use of
the MITI. All available recordings were double coded in their entirety
(these were approximately 30 min sessions) to ensure we were re-
presenting PT skill level across time. Prior to coding the study sample,
coders participated in six practice sessions to promote adherence to the
MITI and to calculate interrater reliability. Coders only proceeded to
rate the study sample after they had achieved adequate inter-rater re-
liability. Fortnightly face-to-face supervision was also provided to the
coders to discuss questions and reach consensus when any difficulties
emerged in coding.

2.4.2. Multimodal exercise intervention
Following the MI intervention, participants commenced a 12-week

multi-modal exercise intervention at the University gym. The PTs were
suitably qualified and experienced in the provision of individual and
group based exercise programs. Participants exercised in supervised
small groups (3–5 people) three times per week for 1 h. The structured
exercise training protocol included resistance training for the devel-
opment of local muscular strength, endurance and power and aerobic
exercise for the development of cardiorespiratory fitness (aerobic fit-
ness) across 4 blocks of progressive intensity (A, B, C and D), and ad-
hered to National Strength and Conditioning Association guidelines
[65]. In novices, progressive resistance training provides a form of
exercise where progressive improvements are almost always observed,
and this provides positive feedback about accomplishments to partici-
pants. Resistance training was monitored throughout the intervention
period by recording work (sets x repetitions x load) performed at each
session. For the resistance training component different blocks involved
different types of exercises. This included leg press, leg curl, calf raise,
leg extension, shoulder press, chest press, seated row, lat pull down,
tricep push down, bicep curl, bench press, back extension, plank holds,
bench squats, static lunges, dumbbell flys, dumbbell single arm pull,
push ups, hammer curl, assisted chin ups, squat press, kettle bell
swings, walking lunges, medicine ball slam/sprawl, bar bell overhead
press, and supine pull up.

The aerobic exercise component incorporated interval training on

cardio equipment: treadmills, stationary bikes, recumbent bikes, cross
trainers, step machines, rowing machines. Aerobic conditioning was
monitored using heart rate, rating of perceived exertion (RPE) for each
session and the duration of each session. High intensity interval training
(HIIT) was offered in block D to maximise improvement in aerobic
fitness. Target heart rates were determined during initial exercise
testing and used to maintain the relative intensity of activity over the
training period. Heart rates were monitored using the heart rate
monitors on the gym equipment and via a Polar team monitoring
system interfaced to an iPad while performing resistance exercise.
Ratings of perceived exertion for the session were recorded at the end of
each exercise session by the PT.

Throughout the 12-week exercise intervention participants were
asked to wear a pedometer each day and to record their steps in the
daily online monitoring questionnaire. Step counts were measured
using the Yamax SW200 pedometers (Yamax Corporation, Kumamoto
City, Japan). The pedometers were provided to participants at their first
personal training session and they were instructed on how to wear them
(remove when sleeping, showering or swimming) and record their step
counts using the daily online monitoring survey. Participants were
encouraged to engage in some form of physical activity (walking, cy-
cling, swimming etc.) on their non-group supervised exercise days. To
help facilitate this, participants received a free, unlimited 12-week gym
membership at the University Sports Centre with access to the pool and
a range of exercise classes in addition to their supervised training
during the intervention.

2.5. Statistical considerations

2.5.1. Sample size calculation
A sample size calculation was performed on the primary outcome

measure of change in depression severity. Based on pilot work [25], a
large differential effect was anticipated (effect size = 1), from which it
was estimated that retention of 26 participants per group would pro-
vide 80% power to detect a post-treatment change in depression se-
verity, using 0.01 level, two-tailed significance tests; conventional two-
tailed significance tests were adopted as we would feel obliged to ex-
plore observed differences in the unexpected direction. Consequently,
anticipating a retention rate of 75%, we planned to recruit 35 partici-
pants per group.

2.5.2. Data analysis
All statistical analyses will be performed using IBM SPSS software

(Version 23: SPSS, Chicago, IL, USA). We will use multiple imputation
to address any key missing data and, where appropriate, undertake
sensitivity analyses comparing imputed and non-imputed data sets.
Data will be analysed using an intention-to-treat equivalent analysis
strategy to investigate change in outcome measures pre-to post-treat-
ment and to assess the dosage effect of exercise participation on re-
ductions in symptom severity across time points. Baseline clinical and
demographic characteristics will be compared across the two groups.
Participant baseline psychological, physiological and biological char-
acteristics will be presented using descriptive statistics stratified by
overall depression severity (mild/moderate versus severe). The primary
statistical analyses will utilise generalised linear mixed models, and
specifically generalised estimating equations (GEE), for examining both
initial treatment effects (efficacy analyses) and the persistence of
treatment effects across time points. This analysis strategy will use all
available data for each participant, whilst accounting for individual
variation (i.e., within-subject effects) and the cross-over aspects of the
design. Planned comparisons will be used to examine change across
assessment time points (baseline, 6 weeks, post-treatment, follow-up).
We will also examine relationships between program engagement (e.g.,
session attendance and concurrent physical activity monitoring) and
changes in depression symptoms in the combined post-treatment data.
The significance level for all tests has been set at p ≤ 0.01 to partially
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control for potential Type 1 errors associated with multiple compar-
isons, with statistical trends also noted at p ≤ 0.05; this is the
equivalent of a Bonferroni-adjusted family-wise error rate with 5
members per family (e.g., depression diagnosis, overall depression se-
verity and cognitive, somatic and affective depressive symptom sub-
scales).

3. Results

3.1. Recruitment patterns

Participants were recruited across three waves over a 2.5-year
period from community, clinical and University settings (Wave 1: June
to September 2013; Wave 2: February to October 2014; and Wave 3:
February to October 2015). Recruitment was set to coincide with the
start of school terms or University semesters and to finish before the
end of year breaks when participants or families could be away on
holidays. Across the three recruitment waves, there were 162 initial
enquiries of 70, 56 and 36 respectively, with 131 participants con-
firming interest and participating in an initial phone screen. Of these,
99 participants proceeded to the next phase of the study and completed
assessments and 32 were excluded (see Fig. 1). Reasons for exclusion
included: did not meet age criteria (n = 11), met study exclusion cri-
teria (n = 5; e.g., bipolar disorder, medical condition, or at imminent
risk of suicide), and declined to participate (n = 16). Of the 99 parti-
cipants who completed psychological, physiological and biological as-
sessments, 31 participants were excluded. Reasons for exclusion in-
cluded: not meeting MDD criteria (n = 12), meeting study exclusion
criteria (n = 3; i.e., medical condition, suicide risk, bipolar), and de-
clining to participate (n = 16).

The 68 recruited participants were stratified according to gender
and overall depression severity and randomised to the IM (n = 34) or
CTRL/DL groups (n = 34) (see Fig. 1). Thirty-four (48.5%) participants
were randomised during Wave 1 (M = 6, F = 28) with an average age
of 20.8 years. Nineteen (33.9%) participants were randomised during
Wave 2 (M = 5, F = 19) with an average age of 20.6 years. Fifteen
(41.6%) participants were randomised during Wave 3 (M = 4, F = 11)
with an average age of 20.7 years. Across the waves, 43 (63.2%) par-
ticipants had baseline BDI-II scores in the severe range (M = 8, F = 35)
and 25 (36.8%) in the mild to moderate range (M = 7, F = 18).

4. Discussion

MDD is a highly prevalent, heterogeneous disorder with a diverse
symptom profile affecting mind, body and behaviour [1,66]. Prevalence
rates are as high as one in five young people experiencing MDD before
their 18th birthday [7] with many receiving limited or no treatment
[10]. Given the comorbidities, costs and risks associated with depres-
sion [4,7,9], developing effective adjunctive treatments which support
conventional treatment/s or offer an alternative where treatment is
either unavailable or has limited efficacy [10,67,68] is a clinical and
research priority. Several decades of research suggest exercise offers
physical and psychological health benefits which extend to the treat-
ment of depression, either as an adjunctive or stand-alone treatment
[12,69–71]. However, at this stage, the mechanisms of action are un-
clear, with researchers proposing both biological and psychological
explanations for treatment effects [72,73]. It is also not clear if treat-
ment effects extend to younger age groups as the vast majority of ef-
ficacy trials have focused on adult and older populations. Promisingly,
there have been a number of recent studies which suggest exercise may
benefit young people, but, existing research is limited by methodolo-
gical issues such as the use of non-clinical samples and an overreliance
on self-report measures [16].

One unique aspect of this trial is the use of a combined exercise
intervention, which incorporates both aerobic and resistance training
exercise. A recent review [14] strongly supports the use of aerobic

exercise interventions as treatment for depression in adults but con-
cluded that there was insufficient evidence to evaluate the effects of
resistance training or combined (multi-modal) exercise interventions.
We chose a multi-modal intervention on the basis that it may have
wider appeal to young people, and that the short-term gains in per-
formance common when commencing resistance training may be en-
couraging and help maintain motivation.

High rates of non-compliance are commonly reported in exercise
trials among individuals with severe depressive symptoms and this
constrains research seeking to determine the efficacy of exercise for
depression [21]. Individuals with depression are less likely to engage in
exercise and report lower intention to exercise and reduced self-efficacy
compared with non-depressed individuals [74,75]. Symptom barriers
such as motivational deficits [76] and somatic complaints may present
additional constraints. To benefit from an exercise program, individuals
need to be able to move beyond symptom barriers to engage in exercise
on a frequent basis for a period of time [75]. Strategies which enhance
intention to exercise, address exercise barriers and help generate coping
skills may help increase exercise compliance [75]. Previous research
has sought to increase compliance to exercise by using health educa-
tion, with variable success. Other strategies have included goal setting,
self-monitoring, enhancing social support, and modifying cognitions
during exercise [77].

The current trial offers a unique contribution to existing research
investigating efficacy of exercise in youth with MDD by addressing
treatment engagement to help improve the outcomes of an exercise
intervention among young people with a MDD. Our study seeks to de-
termine if a single session of MI delivered as a pre-exercise intervention
strategy increases engagement and improves the outcomes of an ex-
ercise intervention among young people with a MDD. The trial builds
on previous pilot work conducted by the same research team, which
integrated MI delivered by a psychologist with a multi-modal exercise
training intervention delivered by a PT among youth diagnosed with
MDD. In the current trial, a PT delivered both the MI and exercise in-
tervention to the young person to help develop a collaborative and
supportive environment to increase treatment engagement and reten-
tion.

This study will also add to our understanding of any differential
effects of exercise on depressive symptom profiles and their relationship
to cognitive, behavioural and biological factors. At this stage, little is
known about how exercise targets depressive symptom domains in
young people with depression. Preliminary results from our pilot study
suggests exercise differentially targets depressive symptoms with lar-
gest overall improvement observed in the affective subscale followed by
cognitive and somatic subscales [25]. Different depressive symptoms
may show different response rates to exercise and understanding this
may offer important insights into the potential mechanisms of action of
exercise on mind, body and behaviour. Similarly, a closer examination
of relationship between depression and depressive symptom subscales
and exercise adherence will improve our understanding of the dose
response relationship between exercise and depression. Exploring re-
lationships between changes in cognitive variables such as automatic
thoughts, dysfunctional attitudes, behavioural activation and somatic
symptoms will also help build our understanding of the specific effects
of exercise. Biomarkers such as markers of inflammation and BDNF are
increasingly associated with depression and inclusion of these indices is
another strength of the study.

Our trial includes an objective assessment of depression with a
current clinical diagnosis of MDD addressing a key methodological
constraint of previous research. We targeted recruitment of participants
with varied depressive severity levels and our pragmatic design allowed
young people who were currently exercising or receiving treatment to
participate, increasing the generalisability of results to real-world
clinical practice. We successfully recruited 68 participants across three
waves and our recruitment strategy maximised youth participation in
the study by actively recruiting during school or study terms to mitigate
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against the adverse impact of holiday disruptions.
Despite these strengths, there are a number of important limitations

to this study. This includes potential bias, due to the 2.5 year time
period over which the sample was recruited, to enable recruitment
during school or study terms to mitigate against the impact of holiday
disruptions. However, our results suggest that participant character-
istics such as age and gender were similarly represented across waves
minimising potential recruitment bias. It also highlighted the im-
portance of considering family support and engagement in treatment
when recruiting youth into exercise studies, where an ongoing com-
mitment is also required from family members to support the young
person in treatment (e.g. transportation to and from the training
venue). To enhance treatment engagement, the MI intervention was
integrated with exercise; however, a study design incorporating as-
sessment of a third group who do not receive the MI component is re-
quired to further delineate the relative effects of MI on exercise en-
gagement. Further, our study recruited young people with current
MDD, some of whom were experiencing severe depressive symptoms
and were at risk of imminent suicide. Notably almost two thirds of our
recruited participants; disproportionately females, reported depression
severity rates that fell into the severe range. Ensuring we were appro-
priately assessing suicide risk and linking young people to appropriate
youth mental health services required careful consideration. The de-
velopment of our suicide risk protocols from the first point of phone
contact helped identify and support young people who were at risk of
harm; however, it also increased the time required to conduct the initial
phone screens, as depression is often associated with suicidal ideation.
Similarly, the psychological evaluations also incorporated a detailed
suicide risk assessment and were often time intensive. Despite these
challenges, this work was an essential part of the study in order to
ensure the safety of the young people who approached researchers as
part of recruitment to the trial.

Although closely monitored, our pragmatic study design did not
exclude participants who were currently participating in some form of
physical activity or treatment for their depression, as we aimed to es-
tablish adjunctive exercise benefits for this age group and increase
generalisability of findings. However, the synergistic effects of com-
bined treatment effects cannot be ruled out. As a final point, given the
limited number of youth efficacy trials in this field, our research sought
to investigate the effects of the intervention from a psychological,
physiological and biological perspective. This will help increase our
understanding of specific treatment effects not only as they relate to
depression diagnosis and severity but also by helping to identify specific
information about how exercise targets depression symptom domains,
the impact of exercise on other outcomes of interest, and how these
characteristics interrelate to moderate or mediate treatment outcomes.
However, to do this required extensive assessments and may have in-
creased participant burden and reduced study acceptability, con-
tributing to the longer time required for recruitment.

5. Conclusions

Given the limitations and accessibility of current psychological and
pharmacotherapy treatment approaches, there is an urgent need to
extend treatment options for youth with MDD. Data from this trial will
provide additional information about the efficacy of an integrated MI
and exercise intervention for the treatment of depression in youth, both
in the short-term (post-treatment) and longer-term (three month
follow-up) across both groups. It will contribute to our understanding of
differential effects of exercise on depressive symptom profiles and their
relationship to cognitive, behavioural and biological factors. This will
help increase our understanding of the benefits of exercise across psy-
chological, physiological, biological domains and determine the re-
lative merits of exercise for treating depressive symptoms, which may
be helpful to treating professionals and their young patients.
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