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Strengths and limitations of this study

 ► To our knowledge, this is the first study to exam-
ine the effectiveness and cost efficiency of exercise 
therapy for patients with depressive symptoms and 
its implementation into healthcare services as a 
low- threshold, quickly accessible treatment option.

 ► Implementation of a pragmatic trial design ensures 
that the methodological features of the trial are as 
closely aligned with routine practice as possible, 
by following medical and psychological guidelines 
while still adhering to the methodological require-
ments of a rigorous randomised controlled trial re-
search design.

 ► Cost efficiency analysis complements evidence on 
effectiveness and provides valuable economic in-
sights to guide decisions regarding resource allo-
cation. Anticipated limitations include: open- label, 
single- blind study design, lack of patient public in-
volvement in the development of the study protocol 
and exercise regimen, and a comparison which is 
based on the intervention period (16 weeks).

AbStrACt
Introduction Although exercise therapy has widely 
been shown to be an efficacious treatment modality 
for depression, evidence for its effectiveness and 
cost efficiency is lacking. The Sport/Exercise Therapy 
for Depression study is a multicentre cluster- 
randomised effectiveness trial that aims to compare the 
effectiveness and cost efficiency of exercise therapy and 
psychotherapy as antidepressant treatment.
Methods and analysis 480 patients (aged 18–65) with 
an International Classification of Diseases diagnosis 
associated with depressive symptoms are recruited. 
Up to 30 clusters (psychotherapists) are randomly 
assigned to allocate patients to either an exercise or 
a psychotherapy treatment as usual in a 2:1 ratio. 
The primary outcome (depressive symptoms) and the 
secondary outcomes (work and social adjustment, 
quality of life) will be assessed at six measurement 
time points (t0: baseline, t1: 8 weeks after treatment 
initiation, t2: 16 weeks after treatment initiation, t3/4/5: 
2, 6, 12 months after treatment). Linear regression 
analyses will be used for the primary endpoint 
data analysis. For the secondary endpoints, mixed 
linear and logistic regression models with fixed and 
random factors will be added. For the cost efficiency 
analysis, expenditures in the 12 months before and 
after the intervention and the outcome difference will 
be compared between groups in a multilevel model. 
Recruitment start date was 1 July 2018 and the planned 
recruitment end date is 31 December 2020.
Ethics and dissemination The study protocol was 
approved by the ethics committee of the University of 
Potsdam (No. 17/2018) and the Freie Universität Berlin 
(No. 206/2018) and registered in the ISRCTN registry. 
Informed written consent will be obtained from all 
participants. The study will be reported in accordance 
with the Consolidated Standards of Reporting Trials 
and the Recommendations for Interventional Trials 
statements. The results will be published in peer- 
reviewed academic journals and disseminated to the 
public.
trial registration number ISRCTN28972230.

IntroduCtIon
According to WHO,1 depression is ranked 
as the single largest contributor to disability 
worldwide, affecting over 300 million 
people and accounting for 7.5% of all years 
lived with disability.2 Beyond the personal 
suffering, depression is associated with high 
unemployment and reduced performance 
at work.3 Among the treatments for major 
depression disorder (MDD) in medical care, 
psychotherapy is one of the main therapeutic 
approaches.4 Although its effectiveness has 
widely been proven and accepted,5 6 psycho-
therapeutic treatment is often associated with 
long waiting times for patients (3–6 months 
in Germany)7 and substantial costs for the 
healthcare system.8 These challenges in the 
standard care of MDD illustrate the need for 
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other potential treatment strategies. In this regard, exer-
cise therapy has been proposed as an useful intervention 
option for several years, as it is easily accessible,9 improves 
physical health (in a population at higher risk of comor-
bidities)10 and does not have the side effects that come 
with antidepressants, especially in the treatment of mild- 
to- moderate depressive symptoms.9 However, much of 
the supporting evidence for exercise interventions has 
come from strictly controlled efficacy trials under ideal 
conditions (phase III trials), and information on the 
effectiveness and cost efficiency of exercise therapy under 
conditions of actual use (phase IV trials) compared with 
psychotherapy in routine clinical practice is lacking.9

Efficacy of exercise as a treatment for Mdd
The German National Supply Guideline for Unipolar 
Depression (S3 Guideline)11 and the European Psychiatric 
Association12 recognise exercise therapy as a complemen-
tary treatment option for MDD. Several recent meta- 
analyses have demonstrated moderate- to- large effects of 
exercise in the treatment of depression.13–19 While the 
antidepressant effect of aerobic exercise has the stron-
gest empirical evidence, recent meta- analyses suggest that 
strength training is also effective18 20 and that the combi-
nation of strength and aerobic exercise might result in 
the largest effects.15 Other forms of physical exercise, like 
yoga, that can be classified as mindfulness- based exer-
cise forms, were also shown to be moderately effective in 
the treatment of depression.21 Regarding the underlying 
mechanisms, there is correlational evidence for an associ-
ation between exercise, performance in general cognitive 
domains and specific emotional regulation capacities.22 
In fact, it has been shown that physical exercise can 
improve performance in a subsequent working memory 
test.23 Moreover, improved working memory results in 
better emotional regulation with regards to both psycho-
logical and biological markers.24 25 Studies that translate 
these presumed mechanisms to the effect of exercise on 
depressive symptoms are missing. When it comes to the 
method of delivery, larger effect sizes and lower dropout 
rates were found for exercise therapies that were super-
vised by professionals14 (ie, exercise physiologists, exer-
cise therapists, physiotherapists, etc). This is consistent 
with previous findings that compared with home- based 
trainings, the supervision of exercise treatment is a key 
predictor of successful treatment outcome in depression 
trials.26 Regarding a direct comparison between exercise 
and psychotherapy, empirical evidence is sparse to date 
with methodological constraints and a comparison with 
psychotherapy in routine care is missing.

There is several evidence in the literature for the 
long- term effect of exercise therapy on depression, 
with pragmatic randomised controlled trials (RCTs) 
following rigorous methodological guidelines and with 
the follow- up periods ranging from 3 month, 6 months 
or even 12 months.27–29 However, on the other hand, the 
remission rate of psychotherapeutic treatments in MDD is 

lower than 50%,30 31 which inevitably affects its long- term 
effect.

Limitations of efficacy trials and the need for pragmatic 
effectiveness trials of exercise treatment for Mdd
The current evidence base for efficacy trials is fraught 
with some methodological limitations that concern 
several of the participants, interventions, comparisons, 
outcomes, and study designs (PICOS) criteria,32 which 
need to be considered in order to clearly understand the 
impact of exercise on depression (for a critical review).9 
In particular, most studies have adopted restrictive 
inclusion and exclusion criteria for participants, with 
the result that the participants differ substantially from 
those seen in primary care (ie, self- selection bias).9 With 
regard to comparison groups, most efficacy trials typically 
compare exercise treatment groups to control groups 
with different exercise modalities and/or intensities, 
whereas non- physically active comparison groups are 
preferred to minimise treatment crossovers (ie, change of 
patients from the experimental arm to the standard arm 
after treatment initiation) and to curtail the underestima-
tion of the effects of exercise interventions.9 In terms of 
outcomes, the majority of studies tend to choose outcome 
measures that do not reflect most of the real- life concerns 
of patients, clinicians and policy- makers: more pertinent 
outcome measures such as quality of life, return to work, 
readmission to hospital, cost, and so on, did not receive 
the attention they deserve.33 Taking treatment cost as 
an example, to date little is known about the practical 
question of the cost efficiency of exercise therapy. Cost 
efficiency is an important measurement of programme 
resource use, complementing evidence on efficacy and 
providing valuable economic insights to guide decisions 
regarding resource allocation and priority setting.34 Lastly, 
concerning study design, pragmatic trials that allow scal-
able replication and implementation in routine practice 
are scarce. Ensuring the pragmatic effectiveness of a treat-
ment modality in regular healthcare services depends not 
only on the efficacy of the treatment, but also on multiple 
additional factors, such as patient adherence, diagnostic 
accuracy and provider compliance.35 Another limitation is 
the short time span in which outcomes are measured and 
the lack of a sufficient follow- up period after the interven-
tion. Due to the high frequency of relapse and remittance 
in patients suffering from depressive disorders,36 longer 
follow- up assessments can provide the needed key infor-
mation about the lasting effects of exercise intervention 
programs.

In short, based on the PICOS criteria, the current 
evidence on efficacy is insufficient to guide physicians 
and policy- makers in choosing the optimal treatment 
for patients. Therefore, conducting methodologically 
rigorous, pragmatic RCTs to investigate the effectiveness 
of exercise treatment in usual care settings is important. 
It fills the implementation gap between evidence and 
practice and provides crucial information about the treat-
ment’s generalisability in the healthcare system.
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Figure 1 Study design procedure.

Pragmatic effectiveness trial of exercise as a treatment for 
depressive symptoms: the StEP.de study
The Sport/Exercise Therapy for Depression (STEP.
De) study is a multicentre cluster- randomised effective-
ness trial. The aim is to evaluate exercise therapy as a 
treatment strategy in community- based healthcare in 
comparison to standard- care psychotherapy. Addition-
ally, underlying mechanisms are examined during the 
treatment period via ecological momentary assessment 
(EMA). We examine the following hypotheses: (1) after 
16 weeks of intervention and at 2- month, 6- month, and 
12- month follow- up, both intervention groups (IGs) 
show significant improvement in their depressive symp-
toms, the ability to work, health- related quality of life 
and psychopathological symptoms. (2) After 16 weeks 
of intervention and at 2- month, 6- month, and 12- month 
follow- up, exercise therapy is not inferior to psycho-
therapy (a) in decreasing depressive and other psycho-
pathological symptoms, (b) in increasing patients’ ability 
to work and health- related quality of life, (c) in remission 
rates and (d) in its economic cost efficiency. Based on 
EMA, we expect to confirm that (3) physical activity has 
an immediate positive effect on patients’ emotional state, 
cognitive and emotional regulation capacities, and (4) 
symptom improvement (over 4 months of treatment) is 
driven by improvements in emotion regulation, which 
is itself driven by improvements in cognitive control 
following physical activity.

MEthodS And AnALySIS
Study design
In order to ensure the concealment of allocation, a 
blinded independent researcher will randomly assign up 
to 30 clusters (psychotherapists), stratified by location, to 
one of two groups: one group directs their patients to an 
exercise therapy group (IG) which provides supervised 

exercise therapy. The other group of psychotherapists 
provides individual cognitive behavioural or psychody-
namic psychotherapy (control group, TAU). In total, 
480 patients will be randomly allocated in a 2:1 ratio 
to either the exercise treatment or psychotherapy as 
usual by two groups of psychotherapists for the duration 
of the study. Both interventions will take place over 16 
consecutive weeks and participants in each treatment 
arm will receive follow- up assessments for 12 months in 
total. At six measurement time points (t0: baseline, t1: 8 
weeks after treatment initiation, t2: 16 weeks after treat-
ment initiation, t3/4/5: follow- up 2, 6, and 12 months 
after treatment, respectively), primary and secondary 
outcome measures will be assessed via online assessment 
and structured telephone interviews. An overview of the 
study design is shown in figure 1. During the treatment 
period, patients will participate in a smartphone- based, 
extensive EMA employing regular evening assessments 
(every 2–4 days), working memory tests (every 5–9 days), 
and continuous mobile sensing (see table 1). EMA is 
administered using the mobile apps movisensXS, presen-
tation and StepProcess (in- house application) installed 
on the participants’ phones if possible (Android) or 
study phones otherwise (phone ownership will be added 
as a covariate to the analyses). In addition, during 3 
periods of 7 days each (first and last treatment weeks, 
one random week in between), questions will be sampled 
at a higher rate (four times a day) and will be accom-
panied by continuous accelerometry (using GENEActive 
devices).

The study will be an open- label study and the therapists 
and patients will not be double blinded to the group affil-
iation. Assessors conducting telephone assessments will 
be blinded to the group affiliation of the participants. 
Nevertheless, all involved parties, including patients, 
psychotherapists, exercise professionals and assessors will 
be informed and aware of the evidence- based assumption 
that the two treatment modalities are similar in terms of 
their treatment effect, so they will expect both treatments 
to be equally helpful in reducing depressive symptoms.

The study protocol is designed, constructed and 
reported according to the recommendations given in 
the Standard Protocol Items: Recommendations for 
Interventional Trials37 and Consolidated Standards of 
Reporting Trials (CONSORT)38 statements, especially 
its adapted extensions for pragmatic trials,39 cluster 
RCTs (CRCTs)40 and non- inferiority trials41 (see online 
supplementary tables 1, 2). To ensure the quality of the 
study, the Pragmatic- Explanatory Continuum Indicator 
Summary 2 tool42 (the present trial gets a score of 5, that 
is, high pragmatic quality), the Physiotherapy Evidence 
Database scale43 (the present trial gets a score of 5–8, ie, 
low risk of bias) and WHO Trial Registration Data Set will 
be used (see online supplementary tables 3-5). The study 
is entered in the ISRCTN registry (https:// doi. org/ 10. 
1186/ ISRCTN28972230) and the CONSORT extension 
for journal abstracts is attached (see online supplemen-
tary table 6) and will be used (see online supplementary 
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Table 1 Overview of outcome measures

Measures Instrument Abbreviation

Measurement time points

t0 t1 t2 t3 t4 t5

Primary outcome

Depression severity Beck Depression Inventory51 BDI- II X X X X X X

Secondary outcome

Work and social adjustment Work and Social Adjustment Scale53 WSAS X X X X X X

Health- related quality of life EuroQol Five- Dimensional 
Questionnaire62

EQ- 5D X X X X X X

Health- related quality of life 12- Item Short Form Survey56 SF-12 X X X

Basic psychological needs 
frustration and satisfaction

Basic Psychological Need Satisfaction 
and Frustration Scale54

BPNSFS X X X

Sports motivation 12- Item Short Form Behavioral 
Regulation Questionnaire60

BRQ-12 X X X

Mindfulness Mindfulness Attention Awareness 
Scale63

MAAS X X X

Self- efficacy General Self- Efficacy Scale58 GSE-6 X X X

Healthcare climate Health Care Climate Questionnaire59 HCCQ X X X

Work ability WHO Disability Assessment Schedule 
2.047

WHODAS 2.0 X X X

Depressive symptoms Hamilton Rating Scale for Depression48 HAM- D X X X

Psychopathological 
symptoms

Symptom Checklist 90 scale49, * SCL-90 X X X

Physical activity International Physical Activity 
Questionnaire50

IPAQ X X X

Process evaluation Collected through Measurement time points

Physical activity Accelerometry Continuously during 3 periods of 7 days each 
(first and last treatment weeks, one random 
week in- between)

Emotion Ecological momentary assessment At four random time points per day during 
3 periods of 7 days each (first and last 
treatment weeks, one random week in 
between)

Emotional regulation Ecological momentary assessment

Cognitive control Ecological momentary assessment

Depressive symptoms Ecological momentary assessment At evening assessment twice per week during 
the entire intervention periodEmotional regulation Ecological momentary assessment

Physical activity Ecological momentary assessment

Cognitive control Ecological momentary assessment

Self- efficacy Ecological momentary assessment

Therapy motivation Ecological momentary assessment

Therapy progress Ecological momentary assessment

Adverse effects Ecological momentary assessment

Quality of life Ecological momentary assessment

Physical activity Mobile sensing Continuously during the entire intervention 
periodSmartphone usage Mobile sensing

Phone calls Mobile sensing

Text messages Mobile sensing

*The following subscales of the SCL-90 were used: organic syndrome, anxiety, insomnia, aggression, compulsion, pain, somatic 
symptoms and trauma.
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Figure 2 Recruitment flow chart. *Structured diagnoses are 
verified in a subgroup, because SCID documentation is not 
available for evaluation. SCID, Structured Clinical Interview 
for DSM; STEP.De, Sport/ Exercise Therapy for Depression.

tables 3, 4). Informed written consent will be obtained 
from all participants.

Participant eligibility
The study will recruit 480 outpatients (aged 18–65 years, 
both female and male). Patients will be recruited through 
four local health insurance carriers in Berlin, Germany. 
Case managers from the health insurance companies will 
contact insured people diagnosed with any of the inclu-
sion diagnoses (F32.0, F32.1 (mild or moderate depres-
sive episode), F33.0, F33.1 (recurrent depressive disorder, 
current episode mild or moderate), F34.1 (dysthymia), 
F43.2 (adjustment disorders), F43.8, F43.9 (reaction to 
severe stress), F48.0 (neurasthenia) and F41.2 (mixed 
anxiety and depressive disorder)) according to a general 
practitioner in combination with an existing incapacity 

for work and ask whether they are interested in informa-
tion regarding a programme to relieve depression. If they 
agree, the STEP.De study and programme will be intro-
duced and some exclusion criteria will be requested. Based 
on a predefined list of consecutive random numbers (free 
permutation two codes (in the ratio 2:1) within blocks of 
120 numbers), the case manager will then allocate the 
patient to one of the two treatment conditions (exer-
cise or psychotherapy) and make an appointment with a 
psychotherapist from the respective IG. During an initial 
interview with the psychotherapist, indication for therapy 
is evaluated and eligibility criteria are confirmed: patients 
who are currently receiving ongoing outpatient psycho-
therapeutic treatment or long- term care or are under 
legal guardianship will be excluded from participating in 
the project. Additionally, patients with physical disabili-
ties for whom exercise is not suitable and patients with 
other serious mental or neurological illnesses or current 
severe substance use disorders, as well as patients on long- 
term medication with benzodiazepines, opiates (several 
weeks), or high- dose (>70% of the maximum daily dose) 
pharmacotherapy (tricyclics, antipsychotics and neuro-
leptics) will also be excluded. A further inclusion criterion 
is the ability to engage in exercise therapy according to an 
adjusted German version of the Physical Activity Readi-
ness Questionnaire.44 In addition to the practitioner’s 
diagnoses, psychotherapists provide a second clinical 
diagnosis based on their interview. Psychotherapists are 
instructed to use the Structural Clinical Interview I for 
Diagnostic and Statistical Manual of Mental Disorders 4 
(DSM IV), Structured Clinical Interview for DSM (SCID) 
I, Axis 1, Section A, E and I. A subgroup of patients will be 
asked for a (second) SCID interview performed by trained 
undergraduates to evaluate consistency (see figure 2 for 
the detailed recruitment process).

Interventions
Exercise therapy participants will take part in a 16- week 
multicomponent exercise programme supervised by 
specifically trained exercise professionals (sport scien-
tists, exercise therapists or physiotherapists with a bach-
elor’s or higher degree in sport sciences or equivalent). 
Therapy group meetings take place twice a week, each 
session lasting 60 min. Patients can participate in a 
maximum of 32 exercise sessions over the treatment 
period. The two centres that are conducting the exercise 
therapy in the study have the same framework conditions 
(eg, same equipment) for providing exercise therapy. 
The number of participants per group ranges from 4 to 
12 participants, in such a way as to enable the exercise 
professionals’ individual instruction and supervision. 
Exercise professionals are required to be experienced 
in the specific field of exercise therapy/health exercise 
training (minimum of 3 months of professional expe-
rience). Additionally, they will receive a qualification 
training (16 units of training related to mental disorders 
with a focus on depression and emergency management) 
and a psychological qualification training (16 units of 
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training related to basic psychological needs support, 
motivational communication). The exercise therapy 
regimen is based on the following guidelines and empir-
ical findings: the design of the aerobic exercise interven-
tion follows the official guidelines of the American Heart 
Association45 for aerobic exercise. Furthermore, recom-
mendations from comparative meta- analyses in MDD13–15 
regarding the type, duration, intensity, frequency and 
content of exercise are taken into consideration. The 
exercise therapy starts with an entrance test implemented 
by the exercise professionals. The entrance test includes 
a physical history (mainly orthopaedic) and physical tests 
(balance analysis, strength and core stability testing) to 
enable the implementation of an individual training 
schedule. Each exercise therapy session is divided into 
three parts: 20 min of aerobic exercise with a bicycle 
ergometer or jogging/nordic walking, 20 min of strength 
training, and a flexible segment of 20 min including coor-
dination, relaxation, flexibility or perception- based and 
mindfulness- based exercises (eg, myofascial training, 
breathing techniques and elements of yoga) chosen by 
the exercise professionals according to the specific needs 
of the group and the individual participant. Our research 
conclusions may be confounded to some extent as a result 
because mindfulness- based exercises have been shown to 
have significant effect on depression (see Introduction). 
However, we expect that the main effect of the exercise 
therapy programme is caused by the physical exercise 
itself and will be able to test this effect on a process level 
using objective accelerometry data. In addition, our 
results may also be influenced by other factors such as 
the supervision from the exercise professionals and the 
social interactions/contact among the patients during 
the intervention. Psychotherapists attend the exercise 
intervention period with 30 min telephone conversations 
once every 4 weeks to evaluate whether the current treat-
ment still meets patients’ individual needs or whether 
treatment change is needed (eg, crisis intervention, 
stationary treatment). After 16 weeks of treatment, the 
exercise therapy will be completed with a closing meeting 
led by an exercise professional to evaluate the goals that 
were set and prospects of including the exercise into the 
patients’ daily lives. In a closing meeting with the psycho-
therapist, further psychotherapeutic care will be assessed 
and reviewed.

Over 16 weeks of intervention, participants in the 
psychotherapy group will receive psychotherapeutic 
treatment as usual in standard care. This includes prepa-
ratory sessions and psychotherapeutic treatment sessions. 
Sessions take place once a week and will last for 50 min. 
Mainly Cognitive Behavioral Therapy (CBT) will be 
implemented, but also other forms of psychotherapy that 
are approved by the state healthcare system (eg, psycho-
dynamic therapy).

Sample size calculation
Sample size was calculated for a non- inferiority trial with 
parameters as follows: the non- inferiority margin was set 

to three points on the Beck Depression Inventory (BDI- II) 
sum score at the time of post treatment which represents 
0.3*SD (with SD=10, according to baseline data in the 
current study). This is close to but slightly higher than 
the minimal important difference of 0.24 suggested 
by Cuijpers et al6 for use in depression trials. The slight 
liberalisation is supported by similar margins of about 
0.3 to 0.4*SD in other trials on activity- related treatment 
of depression (eg, 0.35*SD in Rhodes et al46; 0.39*SD in 
Richards et al47). Moreover, it accounts for the possibility 
that effect sizes in exercise therapy might specifically 
depend on individual patient indication and hence the 
criterion for non- inferiority was chosen not too conser-
vative. Using the R package ‘SampleSize4ClinicalTrials’48 
with a 2:1 ratio of participants in exercise ad psycho-
therapy IGs, a true effect of zero (non- inferiority), alpha 
error rate of 5% and 80% power, as well as non- inferiority 
margin of 3 and SD 10 (see above) a total of 312 patients 
will be needed to test for non- inferiority between groups 
at the time of post treatment. Accounting for additional 
25% of dropout, n=390 are planned to be included in the 
study. Note that intracluster correlation (ICC) is expected 
to be very small in psychotherapy49 and particularly small 
in the present case, where patients in the exercise treat-
ment condition are only seen once by their psychother-
apists. However, a total of n=480 included patients (384 
entering the analysis after dropout) would still account 
for a small ICC of 0.01 in clusters of max 24 patients each 
using the cluster correction and design effect as described 
by Donner and Klar.50

Measures
An overview of the primary and secondary outcome 
measures and the assessment process is given in table 1. At 
each of the six measurement time points (t0–t5), patients 
will undergo an online self- assessment using a specific 
online assessment programme for clinical trials (secu-
Trial). At t0, t2, and t4, patients will additionally complete 
a telephone interview with external trained raters to 
assess work ability (WHO Disability Assessment Schedule 
(WHODAS) 2.051), depressive symptoms (Hamilton 
Rating Scale for Depression (HAM- D)52), psychopatho-
logical symptoms (Symptom Checklist 90 Scale (SCL-
90)53), physical activity (International Physical Activity 
Questionnaire (IPAQ)54), previous depressive episodes 
(single item, assessed only at t0), physical comorbidities 
(assessed only at t0) and medication (assessed at t0, t2, 
t4).

Primary outcome
The primary outcome is depression severity. The German 
version of the BDI- II55 will be used to assess the severity of 
depression.

Secondary outcomes
Secondary outcomes include the depressive symptoms 
(assessed by the HAM- D,56 t0, t2, t4, via external tele-
phone rating), work ability (assessed by the Work and 
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Social Adjustment Scale57, t0–t5, and WHODAS 2.0,51 
t0, t2, t4, via telephone assessment), psychopathological 
symptoms (assessed by predefined subscales and items 
of the SCL-90,53 t0, t2, t4 via telephone assessment), 
psychological needs satisfaction and frustration (assessed 
by the Basic Psychological Need Satisfaction and Frustra-
tion Scale,58 t0, t2, t4), and health- related quality of life 
(assessed by the EuroQol Five- Dimensional Question-
naire,59 t0- t5, and the SF-12,60 t0, t2, t4). Physical activity 
(assessed by the short form of the IPAQ,61 t0, t2, t4), self- 
efficacy (assessed by the General Self- Efficacy Scale,62 t0, 
t2, t4), healthcare climate (assessed by the Health Care 
Climate Questionnaire,63 t0, t1, t2), sports motivation 
(assessed by the 12- Item Short Form Behavioral Regula-
tion Questionnaire,64 t0, t2, t4) and mindfulness (assessed 
by the Mindfulness Attention Awareness Scale,65 t0, t2, t4) 
will be assessed in the present study as process variables.

Cost efficiency
Health insurance cost data will be collected to assess the 
cost efficiency. Costs per case, that is, expenditures in 
the 12 months before and after the intervention will be 
included. Selected additional covariates will be used to 
carry out exploratory subgroup analyses on the sustain-
ability of the two interventions. For the subgroup anal-
yses, the progress of further psychotherapy (degree, 
short- term therapy, long- term therapy, group therapy) 
will be categorically assessed, as well as the specific diag-
nosis in each case.

Process evaluation
Evening assessments of the continuous EMA include 
three depressive symptoms (mood, anhedonia, fatigue/
loss of energy), frequency and success of four emotion 
regulation strategies (reappraisal, suppression, distrac-
tion, rumination), three categories of physical activity 
(low, moderate, high) and three questions regarding 
cognitive control (organisation, planning, concentra-
tion), as well as single items on adverse effects of the 
treatment, quality of life, self- efficacy, therapy motiva-
tion and progress. Higher sampled EMA will focus on 
five emotional states (anger, sadness, joy, anxiety, guilt), 
emotion regulation strategies and cognitive control. All 
items will be presented in a pseudorandom blockwise 
order (eg, emotional regulation strategies will be queried 
in pseudorandom order but always together). The n- back 
paradigm will include 4 blocks of 2- back and 3- back each, 
as well as 2 blocks of 0- back (control condition). Blocks 
will be presented in pseudorandom order (no more than 
two repetitions) and include 5 targets and 11 non- target 
trials (stimulus duration 500 ms, intertrial interval 1200 
ms). Mobile sensing will include continuous assessment 
of physical activity (using Google’s activity recognition 
API) as well as phone usage, call and text message activity. 
Objective Assessment of physical activity will be based on 
accelerometer data measured with GENEActive devices at 
50 Hz with a minimum wear time of 70%, and mainly focus 
on the Euclidian Norm Minus One (ENMO) metric. Due 

to individual potential overtaxing, the process evaluation 
is not a requirement to participate in the study. Also, the 
outcome evaluation can be reduced to a minimum on 
request from the participants at any time.

Planned statistical analyses
All statistical analyses will be carried out on an intention- 
to- treat basis. Thereby, all participants that completed 
baseline data are included in the analyses with the last 
observation carried forward. If people drop out, we call 
them and ask for the main outcome at that moment. 
The analysis of the primary outcome will be blinded to 
ensure the independence of the evaluation (ie, the stat-
istician will be blinded as to which group signifies IG and 
TAU). For the primary endpoint (severity of depression 
measured by BDI- II), linear regression analyses with 
cluster adjustment will be used. To account for the depen-
dence of the measurements within a cluster, generalised 
linear estimation equations will be used. For secondary 
endpoints, mixed linear and logistic regression models 
with fixed and random factors will be added to estimate 
cluster heterogeneity. Values   at baseline and differences 
in baseline data are considered as confounders in the 
model estimates. For health economic analyses, costs 
per case will be determined in a difference- in- difference 
approach from the perspective of the statutory health 
insurance. To determine the cost efficiency, expenditures 
in the 12 months before and after the intervention and 
the outcome difference (improvement on the BDI- II) 
will be compared between groups in a multilevel model. 
Continuous time models66 and linear mixed models will 
be applied to analyse process data from EMA, mobile 
sensing and accelerometry over 16 weeks.

Key methodological issues
Key methodological issues are: (1) the use of a CRCT 
design, (2) implementation of a pragmatic RCT and (3) 
application of a non- inferiority trial.

Cluster RCT
Since the STEP.De study is aimed not only at patients 
but also at units within the health services that involve 
the restructuring of healthcare delivery, the implemen-
tation of a CRCT rather than an individual- level RCT is 
preferred.67 The CRCT allows the study of relevant effects 
at the level of health services (at the level of the psycho-
therapists, in this case). It can be used to determine the 
comparative effectiveness of two or more therapy options 
under conditions of actual use by incorporating existing 
clinical and administrative variables (eg, existing infor-
mation about the participants, treatments and outcomes, 
along with existing service provision data). This approach 
offers considerable cost and time efficiency by simplifying 
the logistics of implementation.68 Importantly, CRCTs 
also circumvent the problem of the treatment effect 
being dependent on the skills of the individual health 
professional delivering it and reduces the risk of contam-
ination.69 70 However, compared with the individual- level 
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RCT, a CRCT is more difficult to perform, which requires 
more participants to obtain the same statistical power 
and necessitates more complex statistical analysis40 (eg, 
adjustment for the ICC coefficient of the cluster rando-
misation). Thus, in the present study, a relatively large 
sample of participants will be recruited to address these 
stipulations and a more rigorous data analysis strategy will 
be implemented (as discussed in the Planned statistical 
analyses section).

Pragmatic RCT
Taking into account the important limitation of efficacy 
trials that they are typically too far from usual conditions 
and therefore their external validity is questionable,9 the 
STEP.De study will implement a pragmatic RCT to ensure 
that the methodological features will be as closely aligned 
with routine practice as possible. However, pragmatic 
trials with high external validity may face the pitfall of 
compromising their internal validity. Therefore, a fine 
balance will be needed between interfering as little as 
possible with routine practice while still adhering to the 
methodological requirements of a rigorous RCT research 
design. Furthermore, contrary to traditional RCTs that 
typically run double blind, the STEP.De study will be 
an open- label study. In a pragmatic trial, therapist and 
patient biases are not necessarily viewed as detrimental 
but are rather accepted as part of the therapists’ and 
patients’ responses to the treatment and are included in 
the overall assessment.71 In the present study, all involved 
parties including patients, psychotherapists, exercise 
professionals and researchers expect both treatments 
to be equally helpful in reducing depressive symptoms. 
Therefore, the placebo effects will be comparably distrib-
uted between both conditions.

Non-inferiority trial
The implementation of a non- inferiority trial in the STEP.
De study aims to demonstrate that the difference between 
exercise and psychotherapy treatment modalities is small 
enough (ie, lower than a predefined acceptable margin) 
to support the conclusion that exercise therapy is as effec-
tive a treatment strategy for patients with depressive symp-
toms as psychotherapy. However, the use of non- inferiority 
trials has received some critique over the years on the 
grounds that they merely study a new marketable treat-
ment without offering any advantages over the existing 
treatment,72 and ‘they disregard patients’ interests, are 
therefore unethical’73 because there needs to be an effec-
tive treatment that provides a benefit to the patients. 
In the current study, the non- inferiority of the exercise 
treatment compared with psychotherapy treatment is of 
interest on the premise that exercise treatment has some 
advantages over psychotherapy, such as greater availability, 
lower thresholds, quicker accessibility, relatively lower 
costs and benefits for both psychological and somatic 
health conditions. An active control (ie, psychotherapy 
as usual care) will be used in the present trial to address 
the ethical concern of using a placebo or a no- treatment 

control group. It will be ensured that the psychotherapy 
control group receives TAU and, at the same time, the 
designed exercise therapy regimen will be based on treat-
ments that have been proven to be effective to ensure that 
all participants receive adequate treatment to prevent any 
ineffective, unsafe or inferior treatments. Compared with 
the majority of previous studies, the high quality of the 
individually tailored, structured and supervised exercise 
therapy from the qualified exercise professionals features 
one of the main characteristics of the present study (for 
a detailed description, see the Interventions section). 
Nevertheless, after the exercise therapy, the psychother-
apists allocated to the exercise group will decide whether 
further psychotherapeutic treatment (based on clinical 
assessment of treatment need) is needed for the exercise 
group participants to ensure treatment without a gap.

Patient and public involvement
This study protocol was written without patient involve-
ment. Patients were not invited to comment on the study 
design and were not consulted to develop patient rele-
vant outcomes or interpret the future results. Patients 
were not invited to contribute to the writing or editing 
of this document for readability or accuracy. However, 
we did include acceptability and tolerability data from an 
ongoing RCT of a comparable exercise intervention in 
patients with depressive disorder.74

EthICS And dISSEMInAtIon
The trial will be conducted in compliance with this study 
protocol and the Declaration of Helsinki. Participa-
tion in the study will be on a voluntary basis. Informed 
written consent will be obtained from all participants and 
study- related materials will be handled correctly. All the 
professionals involved in the study will undergo specific 
trainings. The study will be reported in accordance with 
the CONSORT statement, especially its adapted exten-
sions for pragmatic trials, CRCTs and non- inferiority trials. 
The results will be published in peer- reviewed academic 
journals and disseminated to the public.
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