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Abstract

Background: Due to the high prevalence of depressive disorders, it is mandatory to devel op therapeutic strategies that provide
universal access and require limited financial and human resources. Web-based therapeutic approaches fulfill these conditions.

Objective: The objective of our study was to assess the feasibility, acceptability, and efficacy of a supervised, individualized
8-week Web-based exercise intervention conducted for patients with moderate to severe depression.

Methods: We recruited 20 patients with unipolar depression and randomly assigned them into 2 groups (intervention, exercise
program group, n=14, and control, treatment-as-usual group, n=6). At baseline, depressive symptoms were rated via the Quick
Inventory of Depressive Symptomatology (QIDS) by patients themselves (QIDS-self-report, QIDS-SR) and by a blinded
psychiatrist (QIDS—clinician rating, QIDS-C). In addition, performance diagnostics (lactate analysis, spiroergometry during a
treadmill walking test) were conducted. Quality of life was assessed viathe Short Form-36 questionnaire (SF-36) and sel f-efficacy
via the General Self-Efficacy scale (GSE). In addition, habitual physical activity (HPA) was determined via the Baecke
guestionnaire. Participants of the intervention group received exercise schedul es once weekly with endurance and strength training
instructions. Rating of depressive symptomswas repested after 6-12 days and 8 weeks; performance diagnostics and the completion
of al the questionnaires were repested after 8 weeks only.

Results: The severity of depression subsided significantly in the intervention group after 8 weeks (median changein QIDS-SR:
-5; interquartile range, IQR: -2 to —10), although it was already evident within the first 6-12 days (median change in QIDS-SR:
-6; IQR: —2to —8). During the intervention, participants undertook a median of 75 (IQR: 63 to 98) minutes of endurancetraining
per week or 84% (16 [IQR: 9 to 19] of 19 [IQR: 15 to 21]) recommended endurance unitsin total. In addition, 9 (IQR: 4 to 12)
of 10 (IQR: 8 to 13) recommended strength training exercise units were conducted during the 8 weeks. Performance diagnostics
reveal ed asubstantial increase in the maximum output in Watt for the intervention group after 8 weeks. Moreover, theintervention
showed a favorable effect on SF-36 items “emotional well-being” and “social functioning” as well as on GSE and HPA scores.

Conclusions: Our individualized Web-based exercise intervention for moderate to severe depression was highly accepted by
the patients and led to a significant and clinically relevant improvement of depressive symptoms.

Trial Registration: ClinicaTrials.gov NCT02874833; https://clinicaltrials.gov/ct2/show/NCT02874833 (Archived by WebCite
at http://www.webcitation.org/72ZUURA4tE)

(JMIR Ment Health 2018;5(4):€10698) doi: 10.2196/10698

http://mental .jmir.org/2018/4/€10698/ JMIR Ment Health 2018 | vol. 5 | iss. 4 | €10698 | p. 1
(page number not for citation purposes)


mailto:patrick.jung@unimedizin-mainz.de
http://dx.doi.org/10.2196/10698
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH

KEYWORDS
depression; exercise; Web-based intervention; eHealth

Introduction

Unipolar depression or major depressive disorder (MDD) isthe
worldwide leading cause of disability [1] with a life time
prevalence of around 17% [2]. MDD is commonly treated with
either antidepressive medication or psychotherapy or both [3].
However, side effects of and an often skeptical attitude toward
pharmacotherapy lead to poor compliance[4]. In addition, about
30%-50% of patients do not respond adequately to
antidepressants [5,6]. On the other hand, personalized
psychotherapy requires high persona effort, especially for
highly prevalent diseases such as MDD. However, such high
personnel expenses cannot be implemented, especially in rural
areas. The resulting imbalance of supply and demand leads to
waiting periods of several months [7]. Thus, the development
of easily accessible, cost-saving, ubiquitous, and effective
treatment strategies, well accepted by patients, is of great
importance in health politics. In this study, we exploited such
an innovative form of therapy in terms of an individualized,
supervised, Web-based exercise therapy in patients with MDD
and moderate to severe depressive symptoms. We chose this
approach because physical activity is currently recommended
as a safe and effective adjunctive therapy in the treatment of
MDD in numerous national guidelines[8-10].

To the best of our knowledge, this is the first Web-based
exercise approach inthe treatment of MDD. Previous Web-based
trials on depression have focused on self-help and cognitive
behavioral therapy (CBT) [11-13]. Meta-analyses assessing the
effectiveness of these interventions on depression severity have
reported variable results[14,15]. However, moderate effectson
depressive symptomswere reported when Web-based CBT was
offered in an individually tailored form [16]. Accordingly, our
Web-based exercise program was monitored and individually
adapted for each patient.

So far, Web-based exercise therapy has been applied to avariety
of patient groups such astype 2 diabetes patients[17,18], breast
cancer survivors [19], or osteoarthritis patients [20]. The
outcomes in the respective studies were promising in terms of
improved blood sugar parameters[18], reduced fatigue[19], or
an enhanced activity level [18-20]. Thus, Web-based exercise
interventions have a remarkable potential for improving
health-related outcomes.

In the last years, exercise has garnered growing interest as a
component in the treatment of depression. Evidence suggests
that exercise may lead to a marked reduction in depressive
symptoms, comparable with pharmacotherapy, after 16 weeks
[5,21]. The latest Cochrane Review [22] reported a moderate
clinical effect of exercise on depressive symptoms. However,
if only studies with high methodological quality were
considered, the effects of exercise were shown to be only small
to moderate, in line with the meta-analysis of randomized
controlled trials by Krogh et al [23] and Josefsson et al [3]. In
contrast, amore recent meta-analysis supported the assumption
of an underestimation of exercise effects on depressive
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symptoms due to publication bias [24]. In sum, further
standardized studies are needed to give arobust estimate about
the therapeutic effect size of exercise.

It has not yet been clarified which type, duration, and intensity
of exercise is most effective in depression [22] and whether
there are exercise-specific physiological changes that mediate
antidepressive effects [25]. The specific psychological or
biological mechanisms through which physical activity may
lead to positive effects on depressive symptoms remain amatter
of current research. However, exercise seemsto be apromising
adjunctive therapy option for depression, given that there exists
no specific monomodal therapy that is effectivein every patient
[21].

In contrast to previous exercise studies on depression [5,26,27],
we developed an individualized Web-based approach that did
not schedule attendance exercise sessions. The purpose of this
study isto evaluate (1) the feasibility and (2) the antidepressive
effects of our Web-based exercise program.

Methods

General Information and Ethics

The multidisciplinary single-center trial was a collaboration
between the Department of Psychiatry and Psychotherapy and
the Institute of Sports Medicine of the University of Mainz. The
study was designed as a feasibility study, which would be
continued with higher sample sizes and under participation of
multiple centersif the study provided promising outcomes. All
procedureswere approved by theregional Ethical Board Mainz,
Germany. Previous and ongoing treatment was not affected by
study participation.

Inclusion Criteria

Patients who fulfilled the following criteria were included in
the study:

1. Ability to understand the purpose and risks of the study and
provide signed and dated informed consent and
authorization to use confidential health information in
accordance with national and local subject privacy
regulations

2. Sufficient computer or internet literacy to get along with

our internet platform

Aged 20-65 years, inclusive, at thetime of informed consent

4. Montreal Cognitive Assessment [28] >18 to exclude
moderate to severe cognitive impairment

5. Apart from a clinical diagnosis of major depression or
bipolar affective disorder, the subject must bein good health
as determined by the investigator based on medical history
and physical examination.

6. Quick Inventory of Depressive Symptomatology (QIDS)
scores >5

7. No changesin antidepressive therapy in the 4 weeks before
study entry

w
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For detailed exclusion criteria, pleaserefer to Clinical Trials.gov
(NCT02874833).

Participants and Randomization

Participants were recruited offline between July 2016 and
October 2017 through local outpatient psychiatrists. Two
patients disclaimed our offer to participate in the study. A total
of 20 participantswith depressive symptomswere enrolled after
2 of 22 patients were excluded due to myocardial inflammation
and pregnancy. Patients did not receive any compensation for
participating in the study.

For randomization, numbers between 0 and 1 were randomly
computer generated and used for assignment to either the control
group (values <.3) or intervention group (IG; values of >.3). At
baseline (TO), depressive symptoms were rated by patients
themselvesand by ablinded psychiatrist (SL or CK). Thereafter,
patients were subjected to performance diagnostics (lactate
diagnostics, spiroergometry), which was followed by either an
8-week supervised, individualized Web-based exercise program
(IG) or treatment as usual (control group). Within 6-12 (median:
9) days after TO, the rating was repeated (T1). The final
examination, including clinical rating and performance
diagnostics, took place after 8 weeks (T2). Controls underwent
all examinations, while any other form of existing therapy (eg,
antidepressive medication) was not affected (Figure 1).

Intervention and I nternet Platform

| G patients gained access to our home page (Figure 2) and were
provided with a heart rate monitor (Polar FT1; Polar Electro,
Buttelborn, Germany) and 4 different types of resistance bands
(Thera-Band, Akron, OH, United States). The platform was
designed to be user friendly [29]. Message function was used
to send exercise schedules to the patients once weekly. After
each week, motivational feedback was given to improve
adherence [30,31].

Schedules included the recommended extent of exercise with
a maximum of 3 endurance and 2 strength training units per
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week. An additional group training session was offered biweekly
by a sports therapist. At the end of each week, patients were
expected to upload a protocol of their weekly activity on our
platform, making the protocol availableto the supervisor. Based
on this response, training goals were individually adapted in
the duration and intensity for the following week to keep
motivation high and prevent patients from overload and
frustration.

Structure of Weekly Exercise

Endurance exercise recommendations were based on heart rate
(baseline +1.5 mmol model [32]) with a duration of 30-60
minutes per unit; this has been proven to be effective in the
reduction of depressive symptoms [5,27,30]. However, as
suggested by Craft and Landers[33] and in linewith guidelines
[34], it was necessary for some untrained or unexperienced
subjects to start with a more moderate duration of 20 minutes
per session and 2 units per week. Patients with a poor exercise
capacity were recommended to start with walking instead of
jogging. By taking these personal preferences and individual
conditions into account, we aimed at achieving high adherence
[27,30]. Furthermore, adjustment and weekly progression of
the endurance training were assessed viaBorg scale[35] (Figure
3) to keep the intensity in a moderate to vigorous range
according to common guidelines and recommendations[8,9,30].

If patients reported Borg valuesto be <4, training intensity was
moderately increased [36] in terms of an expanded duration of
approximately 10 minutes per week or by recommending a
higher average heart rate, leading to a higher intensity. In case
of fatigue or injury or if exercise was too hard (Borg>7),
intensity and duration were reduced according to patients
request. In this case, alternative units such as relaxing were
recommended. Furthermore, strength training exercises for
major muscle groups were performed at home following the
detailed instructions provided on our home page. Progression
was ensured with increased sets and repetitions or by changing
the type of resistance band.
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Figure 1. Flowchart of the study.
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Figure 2. Design of our home page with chat and message function, training videos, and upload area for training schedules.
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Figure3. Activity protocol of one participant; patients responded after each week by uploading their filled protocol either asascan or aWord document.
In this example, intensity and duration of the endurance training was recommend to be increased, wheresas the intensity of the strength training was

advised to be decreased.
Training from: 03-12-2018 to 03-18-2018
Monday Tuesday Wednesday | Thursday Friday Saturday Sunday Subjective perceived intensity
Endurance training 0 nothing at all
duration (in minutes) 32 30 1 very, very weak
subjective intensity (0-10) 2 3 2 very weal
average heart rate (bpm 125 121
=S P 3 muoderate
highest heart rate (bpm) 158 157
4 somewhat strong
complaints (pain, problems....)
. . 5 strong
other (particularities)
]
oL 3 Sets, 12 strong
Strength training ! Ve
subjective intensity (0-10)
complaints (pain, problems.... )
other (particularities)

Evaluation of Primary Outcomes

Adherence

Adherence has been defined as attendance, lack of dropout,
participation rate, or the fulfillment of predefined goals [37].
IG patients dropped out if no protocol was uploaded for >2
weeks. Controls, however, dropped out if they failed to attend
the final examination at T2 [38]. The participation rate in our
exercise program was defined as (1) training units conducted
and (2) the ratio of training units conducted and training units
recommended [21,38]. Data were extracted from the weekly
protocols of participants (Figure 2). All unitsthat did not count
to regular, prescribed strength or endurance exercise, such as
hiking or relaxing, were counted as alternative units. In addition,
after T2, using a self-devel oped questionnaire among patients,
we evaluated satisfaction with our program and reasons for not
meeting our exercise recommendations.

Depression Scales

The severity of depressive symptoms was determined using
QIDS (clinician rating, QIDS-C, and self-report, QIDS-SR)
[39]. Rating was conducted at baseline, at T1 within 6-12 days,
and after 8 weeks. QIDS scores can range from 0 to amaximum
of 36. QIDS showed good internal consistency (Cronbach
alpha=.86), and QIDS-SR16 total scores highly correlated with
IDS-SR30 (r=.96) and HAM-D24 (r=.86; [39]).

Evaluation of Secondary Outcomes

Sdf-Efficacy, Quality of Life, and Habitual Physical
Activity

The Short Form-36 (SF-36) Quality of Life questionnaire [40]
was filled out by every patient at baseline and after 8 weeks.
SF-36 items show high reliability (Cronbach alpha>.85,
reliability coefficient>.75) and construct validity [41]. In
addition, the General Self-Efficacy scale (GSE) [42] and habitual
physical activity (HPA) [43] were assessed at TO and T2.
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Physiological Parameters

After clinical rating and answering questionnaires, all patients
performed atreadmill walking test until exhaustion to determine
peak oxygen uptake (VO, peak) and lactate threshold. Slope
and vel ocity wereincreased stepwise after 3 minutes of walking
at atime, as described elsewhere [36]. Lactate samples were
drawn after every step to determine lactate threshold using the
baseline +1.5 mmol model [32]. Maximum output in Watt was
determined using the formula: 9.81 x weight (kg) x velocity
(m/s) x sina.

Statistical M ethods

For statistical analysis, we used IMP13 (SAS, Cary, NC, USA),
SPSS 23 (IBM, Chicago, IL, USA), and the software package
R, version 3.4.2 (2017-09-28, R Foundation for Statistical
Computing, Vienna, Austria). Differences in baseline
characteristicswere examined using Mann-Whitney U test. The
correlation between QIDS-SR and QIDS-C was calculated using
Spearman’'s rank correlation coefficient. In addition,
comparisons at different time-points were determined using
Wilcoxon signed-rank test and Bonferroni correction for
multiple testing. To evaluate the influence of the intervention
compared with that of the control condition, analysis of
covariance (ANCOVA) was performed for each outcome. The
outcomes at T2 served as dependent variables and the ones at
TO as covariates. To exclude a violation of ANCOVA
preconditions, wetested for normal distributionin the residuals
of the dependent variable and for homogeneity of regression
dopes by analyzing the interaction term of independent variable
x covariate. Furthermore, P<.05 was considered as statistically
significant.

For the explorative analysis of the trajectories of the QIDS-SR
and QIDS-C measures, wefit multilevel linear models. Hereby,
the number of training unitsin the actual number of daysinthe
program after TO was used as covariates, and the observations
for individuals were nested in the respective groups, that is,

JMIR Ment Health 2018 | vol. 5 | iss. 4 | €10698 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH

intervention or control. Furthermore, the log-linear
transformation of the response variables QIDS-SR and QIDS-C
showed better model fit, hinting at an exponential decay over
time. For the covariate analysis, missing data were dealt with
by using the last observation carried forward method. In the
explorative multilevel analysis, missing datawere omitted from
the dataset.

Results

Patients Characteristics

All patients included were diagnosed with major depression,
none with bipolar affective disorder. Of al, 14 patients were
assigned to the |G, while 6 patients served as controls. Table 1
outlines the clinical characteristics of the patients at baseline.
Of note, 15% (3/20) patients dropped out after T1 and before
T2, which were dl |G patients, while all 6 controls completed
the study. Dropouts were because of missing responses for >2
weeks after T1 (Figure 1). Medication did not change over the
course of the study, except for 1 1G subject for whom a dosage
reduction of an antidepressive drug was prescribed by the
treating physician.

At baseline, patients rated their depressive symptoms with a
mean QIDS-SR score of 16, that is, severe depressive symptoms,
whereas QIDS-C was rated dightly lower at 14, representing
moderate depressive symptoms [39]. QIDS-SR and QIDS-C
scores were correlated with each other (r=.64, P<.001). The
mean physical fitness in terms of VO, peak was determined at
26 mL/min/kg, which matches the predicted values of healthy
subjects, adjusted for sex, age, and weight [44].

Adherence

The dropout rate for IG was 21% (3/14), while al controls
completed the study. In the |G, a median of 75 (interquartile
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range, IQR: 63 to 98) minutes of endurance exercise was
performed per week. Overall, 84% (16 [IQR: 9 to 19] of 19
[IQR: 15t0 21]) recommended endurance unitswere completed.
In addition, patients undertook 90% (9 [IQR: 4 to 12] of 10
[IQR 8to 13]) recommended strength training units during the
intervention. Four (IQR: 2 to 28) optional, alternative training
units, such as relaxing, hiking, or yoga, were furthermore
executed during 8 weeks. The offer to join group training with
a sports therapist was accepted by 1 patient only.

Self-reported reasons for missing the prescribed training were
as follows: orthopedic problems (n=4), depressive symptoms
(n=4), illness (n=3), or work (n=2). Moreover, our questionnaire
revealed that 9 of 11 patients did not fear any injury, al of the
11 patients saw no risk during exercise, 9 of 11 patients
perceived communication through our platform as “personal,’
and 10 of 11 patients assessed the number of weekly training
instructions as adequate.

Effects on Depressive Symptoms After 8 Weeks

Figure 4 outlines scores of the depression scales QIDS-SR und
QIDS-C a TO and T2 in both groups. Depressive symptoms
significantly decreased in I1G during the 8-week intervention,
asreflected in both QIDS-SR (median change: -5; IQR: -2 to
-10; P=.001) and QIDS-C (median change: -5; IQR: -2to -7;
P=.02) scores. However, symptom relief was not different to
controls. A reduction in depressive symptoms of >50% was
shownviaQIDS-SRin 36% (5/14) |G patientsand viaQIDS-C
in 21% (3/14) |G patients. ANCOVA revealed no statistically
significant difference between the IG and control group.
However, 1 patient in the control group showed a striking
improvement in depressive symptoms from a QIDS-SR score
of 22 at baselineto 2 at T2.
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Characteristics Exercise group Controls Total
Gender, n (%)

Male 4(29) 3(50) 7(35)

Female 10 (71) 3(50) 13 (65)
Age (years), mean (SD) 43 (14) 51 (12) 45 (14)
Height (cm), mean (SD) 171(8) 168 (7) 170 (8)
Weight (kg), mean (SD) 77 (17) 88 (11) 80 (16)
Body mass index (kg/mz), mean (SD) 26.5 (5.6) 31.3(4.3) 27.0(5.6)
Depression scores, mean (SD)

QIDS-SR? 16 (3) 17(4) 16 (3)

QIDS-CP 14(3) 15(1) 14(3)
Montreal Cognitive Assessment, mean (SD) 26 (2) 26 (3) 26 (2)
Spiroergometry, mean (SD)

VO, peak® (mL/min/kg) 27.0(7.6) 23.8(5.9) 26.0(7.1)

Maximum output (Watt) 112 (37) 110 (55) 112 (42)
Treatment at study entry, n (%)

Psychotherapy alone 2(14) 0(0) 2(10)

Psychopharmacotherapy alone 7 (50) 3(50) 10 (50)

Psychotherapy and psychopharmacotherapy 3(21) 3(50) 6 (30)

3QIDS-SR: Quick Inventory of Depressive Symptomatol ogy-self-reported.
bQI DS-C: Quick Inventory of Depressive Symptomatol ogy-clinician-rating.

%0, peak: pesk oxygen uptake.

Figure4. Depression scoresof the controlsand intervention group (1G) on the Quick Inventory of Depressive Symptomatol ogy-self-reported (QIDS-SR;

left) and QIDS-clinician rating (QIDS-C,; right) at baseline (TO) and after 8 weeks (T2).
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Figure5. Depression scoresof the controls and intervention group (1G) on the Quick Inventory of Depressive Symptomatol ogy-self-reported (QIDS-SR;
left) and QIDS-clinician rating (QIDS-C; right) at baseline (TO) and after 6-12 days (T1; median: 9 days).

25

20 —|—

TO T1

Early Antidepressive Response

Figure 5 shows depression scores of T1 after 6-12 days
compared with the baseline. Depressive symptomsin |G were
significantly reduced, as reflected in both QIDS-SR (median
change: -6; IQR: -2 to —8; P=.003) and QIDS-C (median
change: —3; IQR: -2 to —6; P=.04) scores. ANCOVA showed
an estimated advantage for IG at T1 in the QIDS-SR score of
-3.1 points (coefficient B). However, this effect was not
statistically significant (P=.06; Ete?, effect size=0.2). An early
response of >50% reduction was observed for 36% (5/14)
patients in QIDS-SR scores and for 21% (3/14) patients in
QIDS-C scores. A depressive symptom reduction of 220% [45]
was observed for 71% (10/14) patientsin QIDS-SR scores and
for 50% (7/14) patientsin QIDS-C scores, while only 33% (2/6)
controls showed an early response of 220%in boththe QIDS-SR
and QIDS-C scores.

Sdf-Efficacy, Quality of Life, and Habitual Physical
Activity
Figure 6 shows the effect of the intervention and treatment as

usual on GSE. ANCOVA reveded a positive influence of the
intervention on SF-36 quality-of-life items “emotional

well-being” (P=.02, Eta?=0.29) and “social functioning” (P=.04,
Eta’=0.23), whilethe total quality-of-life score (P=.07) and the

item “mental health” (P=.08) showed an estimated advantage.
Asexpected, |G showed ahigher level of physical activity than

controls, reflected in total HPA (P=.007, Eta’=0.36) and HPA
items “leisure time” (P=.02, Eta’=0.27) and “sport” (P=.001,
Eta’=0.51).
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Effects on Physiological Performance Parameters

Figure 7 illustrates the physiological parameters in terms of
VO, peak and maximum output in Watt. |G patients showed an
improvement in VO, peak of 0.7 mL/min/kg while VO, peak
of controls declined by 1.6 mL/min/kg. The maximum output
in Watt was improved by 4% in the |G, while that in controls
declined by 9% after 8 weeks. Compared with controls,
ANCOVA revealed no statistically significant influence on the
|G regarding VO, peak (P=.07) and lactate threshold (P=.09),
but showed a significant influence on the maximum output in

Watt (P=.006; Eta’=0.37; B=14.1).

Explorative Multilevel Analysis

With respect to QIDS-SR, the multilevel analysis showed a
statistically significant effect of day of the measure (estimate:
-0.01 on the log-linear scale, P<.01) and number of training
units (estimate: —0.07 on the log-linear scale, P=.05) aswell as
their interaction term (estimate: 0.001 on the log-linear scale,
P=.04). Similar effects could be determined for QIDS-C with
respect to the day of measure (estimate: —0.01 on thelog-linear
scale, P<.01) and its interaction term with training units
(estimate: 0.001 on thelog-linear scale, P=.05). The number of
training units did not show a statistically significant effect on
QIDS-C (P=.07).

Side Effects of the I ntervention

Beside minor orthopedic problems in 4 cases, no side effects
of regular exercise were reported by the patients.
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Figure 6. General self-efficacy scores at TO (baseline) and T2 (after 8 weeks). Analysis of covariance reveaded a favorable effect on the General
Self-Efficacy scale for the intervention group (IG) compared with the controls (P=.02, Et&2=0.28).
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Figure 7. Peak oxygen uptake (VO2 peak; left) and maximum output in Wett (right) at baseline (TO) and after 8 weeks (T2) for the intervention group
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Discussion

Principal Findings

Due to the high prevalence, high personnel expenses, and
therapeutic costs of MDD, it is desirable to have therapeutic
strategies at hand that are effective and provide universal access
with limited financial and human resource requirements.
Web-based and computerized therapeutic approaches have been
found to be promising to fulfill these claims [46]. To date, the
focushasbeen on CBT [11,47] or self-help [12] internet therapy.
Exercise has been suggested as an augmentation or alternative
therapy for depressed patients[9,22]. Here we show for thefirst
time that an 8-week Web-based exercise intervention with
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individualized weekly training schedulesisfeasible and effective
in patients with moderate to severe depressive symptoms.

Adherence

During the 8-week intervention, patients conducted 84% (16/19)
of recommended endurance units and 90% (9/10) strength
training units, which exceeds [48] or is comparable to the
adherence reported in previous studies regarding attendance
[5,27] or home-based exercise, that is, exercising at home with
regular contact to the supervisor [21].

The depression severity in this study was moderate to severe,
that is, higher than that in previous trials that investigated the
effects of exercise on depressive symptoms [21,26,27].
Christensen et al [38] reported that the probability of adherence
in Web-based therapeutic trials decreases with the severity of
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depression. It is, thus, somewhat surprising that adherence in
this study was comparable to that in previous ones [5,21,27].
The dropout rate in our study was 21% in the 1G, comparable
to personalized psychotherapy [49] but probably lower than
that for psychotropic drugs. Up to 50% do not adhere to their
antidepressants [50].

The high therapeutic adherence in our study might partially be
attributed to the preferential recruitment of patients with a
relatively high interest in sports. Our patient sample reached
the predicted VO, peak values[44], in contrast to the expected
lower physical fitness values in depression [51]. This suggests
that the physical fitness of our participants was
higher-than-average for patients with depression. The
Web-based exercise might, therefore, be apreferred therapeutic
option for patients with depression who were physicaly active
before the manifestation of the depressive disorder.

Efficacy in Major Depressive Disorder

| G patients showed asignificant declinein depressive symptoms
after 8 weeks in both self- and clinician rating. Moreover, the
intervention led to a significant improvement in self-efficacy
and quality-of-life items “emotional well-being” and “social
functioning.”

Interestingly, we had already observed asignificant |G response
within 6-12 days of the commencement of the study. Both
QIDS-SR and QIDS-C scores were reduced by >50% in 36%
(5/14) and 21% (3/14) patients, respectively. An early reduction
of 220% in depressive symptoms was assessed in 71% (10/14)
patients in QIDS-SR scores and in 50% (7/14) patients in
QIDS-C scores, which is comparable to the response rate to
selective serotonin reuptake inhibitors (78%) within thefirst 14
days of treatment reported in a previous study [45]. However,
the early response rate to selective serotonin reuptake inhibitors,
as described by Tadic et a [45], is likely to be overestimated
asit was evaluated under conditions of inpatient treatment that
entails multimodal therapy with several putative antidepressive
factors.

Because it is unlikely that exercise results in physiological
adaptationswithin 2 weeks, an early improvement in depressive
symptoms may rather be attributed to the increased self-efficacy
and/or further factors such as personal contact, care, motivation,
ongoing monitoring, and patient expectations toward a positive
effect [21,30], that is, factors that are suggested to contribute
to placebo effects. Early antidepressive effects of exercise may
be mediated by these placebo effects[52], but they may also be
explained by the following: (1) disengaged higher-order
functions of the prefrontal cortex to keep unhelpful emotional
processes from compromising optimal motor execution
(transient hypofrontality hypothesis [53]); (2) the dual-mode
theory of affective responses to exercise [54]; or (3) the
opponent-process theory of emotion [55]. However, even if
placebo effects were mainly responsible for the early positive
effects of exercise, this would not devalue exercise as a
therapeutic option because placebo effectsarelikely to constitute
a large proportion of the response to antidepressants as well
[56].

http://mental .jmir.org/2018/4/e10698/
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In contrast to the initial antidepressive effects, the sustained
reduction in depressive symptoms after 8 weeks could be
attributed to physiological adaptations triggered by exercise.
Regular physical activity over several weeks might have
provoked acomplex interaction of psychological (eg, increased
self-efficacy) and neurobiological (eg, increased serotonin
synthesis in the brain) adaptations [31]. As the explorative
multilevel analysis revealed, an exponential decay model can
be expected for the treatment. Thus, both a time-function and
the number of training units per time should be included in
future analyses to model the trgjectories of the QIDS-SR and
QIDS-C variables.

Comparison to Web-Based Cognitive Behavioral
Therapy

Computerized CBT (cCBT) is highly accepted [57] and has
garnered increasing attention due to its capability to deliver a
potentially effective and efficient therapeutic method to large
numbers of people with depression. However, independent
evaluations of cCBT have failed to prove relevant clinical
benefits in depression [15] unless offered in an individually
tailored form [16]. In this study, depressive symptoms declined
with individualized Web-based exercise therapy. This
therapeutic approach has, thus, asimilar potential asindividualy
tailored cCBT. However, in contrast to cCBT, it has the
advantage of being cognitively little demanding. In this study,
40% of depressive participants showed a Montreal Cognitive
Assessment score of <26, indicating mild cognitive impairment.
In depression, attentional and executive functions are often
affected, which limits the patients' capability to follow the
cognitive demanding instructions of cCBT. Another advantage
of exercise is its positive influence on cardiovascular risk
factors, theimmune system, bone metabolism, and others[58],
which helps prevent somatic disorders such as cardiovascular
and cerebrovascular diseases and type 2 diabetes mellitus [26],
to which patients with chronic depression are more vulnerable
than others. However, a Web-based exercise program has the
disadvantage that people must be motivated and physically able
to perform exercise therapy. This is a particular challenge in
depression because people with depression are, on average,
physicaly little active [59,60]. Thus, it is likely that
individualized Web-based exercise will be accepted by a
subgroup of depressive patients only. However, patients
acceptability can be enhanced by starting with alesser number
of exercise units (2 instead of 3) with individually adapted
moderate intensity and by providing regular motivational
feedback.

Study Limitations

One objective of this study was to evaluate the acceptability of
individualized Web-based exercise therapy and its effects on
depressive symptoms. The study was, thus, designed as it is
appropriate for afeasibility study. Hence, the sample size was
rather small, especially for the control group (n=6). Furthermore,
1 participant in the control group showed full remission at T2
from severe depressive symptoms at study entry, entailing a
probabl e overestimation of antidepressive effectsin the control
group. Thus, comparisons between the intervention and control
groups should be considered as little valid.
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Another limitation of this study isits duration of 8 weeks. The
exercise duration of 8 weeks with constant 3 endurance units
per week usually resultsin animprovement of al physiological
performance parameters (VO, peak, lactate threshold, and
maximum output in Watt) [61] On the basis of the results
reported by Blumenthal et a [21], we expected that patients
with MDD would be able to perform constantly 3 endurance
exercises per week. However, most of our patients with MDD
were only capable of starting with 2 endurance units per week.
Thus, our 8-week exercise intervention led merely to a
significant increase in the maximum output in Watt but not in
VO, peak and lactate threshold. We, hence, recommend
performing regular endurance exercise for, at least, 10 weeks
to achieve an improvement in al physiological performance
parametersin future MDD studies. Thisisinlinewith aprevious
recommendation for the prescription of exercisein MDD [30].

|G participants performed, on average, 75 minutes of weekly
endurance exercise over the 8 weeks. This only meets the
minimum level of required exercise for both heathy and
depressed subjects [9,34,62], which in combination with the
short intervention may haveled to anonsignificant improvement
of physiologica performance parameters. Nonetheless, patients
also benefit from a.small amount of physical activity [63].

Follow-up data were not obtained in this feasibility study.
Hence, dataon thelong-term effects of our exerciseintervention
aremissing. Follow-up dataon the long-term effects of exercise
in MDD are limited in literature, but they indicate a sustained
benefit on depressive symptoms [64,65], with a significant
number of patients continuing exercise on their own [66].
Babyak et a [65] showed that the antidepressive effects of
aerobic exercise were sustained over a follow-up period of 6
months; interestingly, patients in the exercise group had also
significantly lower relapse rates than those in the medication
group during the follow-up.

No study has hitherto examined the effects of a Web-based
exercise intervention. Web-based apps show a trend toward

Haller et al

nonusage over time, including nonavailability for follow-up
[67]. For these reasons and the risk of relapses in depression
[68], we strongly recommend including follow-up measurements
in future studies.

In sum, this study proved that an individualized Web-based
exercise program of 8 weeks is feasible and well accepted. In
addition, the exercise program led to asignificant and clinically
relevant improvement of depressive symptoms in the IG.
Expensive performance diagnostics might be dispensable if
exercise starts with only 2 endurance units per week of low
intensity. Furthermore, exercise recommendations for the
upcoming week can then be given on the basis of the
performance in the last week (Figure 3) according to a strict
algorithm.

Moreover, the coherence between self-rated and clinician-rated
depressive symptoms was high. Thus, rating by a physician is
redundant. Regular motivational feedback and goal-setting—key
factors to high adherence, especialy in Web-based settings
[12,30,31,38]—can also be generated by a\Web-based therapist.
As a consequence, rating of depressive symptoms as well as
exercise recommendations could be given without the
involvement of a physician. If such modifications are
implemented, our exercise program is suitable for full
computerization.

Conclusions and Implicationsfor Further Research

We showed for the first time that an individualized, Web-based
exercise program is feasible and effective in patients with
moderate to severe depression. Our program could be an option
for (1) patients who do not respond to or do not want to apply
pharmaceuticals or psychotherapy and (2) patients who are
motivated and physically able [33] to complete a structured
exercise program over several weeks. In addition, the study
gives important implications for future randomized, fully
computerized, and individually tailored exercisetrialsin MDD.

Acknowledgments

We would like to thank Dr Daniel Wollschl&ger of the Institute of Medical Biostatistics, Epidemiology and Informatics Mainz

for helping in statistical analysis. DP designed the home page.

Conflictsof Interest
None declared.

Multimedia Appendix 1
CONSORT - EHEALTH checklist (V 1.6.1).

[PDE File (Adobe PDF File), 248K B-Multimedia Appendix 1]

References

1.  World Health Organization. Depression - Fact Sheet 2018 27 URL: http://www.who.int/news-room/fact-sheets/detail/

depression[WebCite Cache |D 6yEQWIL ge]

2. Kesser RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime prevalence and age-of-onset distributions
of DSM-1V disordersin the National Comorbidity Survey Replication. Arch Gen Psychiatry 2005 Jun;62(6):593-602. [doi:

10.100)/archpsyc.62.6.593] [Medline: 15939837

http://mental .jmir.org/2018/4/e10698/

IMIR Ment Health 2018 | vol. 5 | iss. 4 | €10698 | p. 11
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mental_v5i4e10698_app1.pdf&filename=61e241f38812e4008785c2cec16ae5d1.pdf
https://jmir.org/api/download?alt_name=mental_v5i4e10698_app1.pdf&filename=61e241f38812e4008785c2cec16ae5d1.pdf
http://www.who.int/news-room/fact-sheets/detail/depression
http://www.who.int/news-room/fact-sheets/detail/depression
http://www.webcitation.org/

                                            6yE0WlLge
http://dx.doi.org/10.1001/archpsyc.62.6.593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15939837&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Haller et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Josefsson T, Lindwall M, Archer T. Physical exercise intervention in depressive disorders: meta-analysis and systematic
review. Scand J Med Sci Sports 2014 Apr;24(2):259-272. [doi: 10.1111/sms.12050] [Medline: 23362828]

Anderson |, Tomenson B. Treatment discontinuation with selective serotonin reuptake inhibitors compared with tricyclic
antidepressants: a meta-analysis. BMJ 1995 Jun 03;310(6992):1433-1438 [ FREE Full text] [Medline: 7613276]
Blumenthal JA, Babyak MA, Moore KA, Craighead WE, Herman S, Khatri P, et al. Effects of exercise training on older
patients with major depression. Arch Intern Med 1999 Oct 25;159(19):2349-2356. [Medline: 10547175]

Gerber M, Holshoer-Trachder E, Piihse U, Brand S. Exercise is medicine for patients with major depressive disorders: but
only if the “pill” istaken!. Neuropsychiatr Dis Treat 2016;12:1977-1981 [FREE Full text] [doi: 10.2147/NDT.S110656]
[Medline: 27540294]

Fuhr K, Fahse B, Hautzinger M, Gulewitsch M. [Implementation of an Internet-Based Self-Help for Patients Waiting for
Outpatient Psychotherapy - First Results]. Psychother Psychosom Med Psychol 2018 Jun;68(6):234-241. [doi:
10.1055/s-0043-122241] [Medline: 29351710]

DGPPN, KBV, AkdA, BApK, DAGSHG,, DEGAM, DEGAM, D, DGPs, DGRW. S3-L eitlinie/Nationale VersorgungsL eitlinie
Unipolare Depression. Aufl, Vers 2, Nov 2015. [doi: 10.6101/AZQ/000266]

National Institute for Health and Clinical Excellence. Depression: The Treatment and Management of Depression in Adults
(Updated Edition). Leicester (UK): British Psychological Society 2010. [Medline: 22132433]

Gelenberg A, Freeman M, Markowitz J, Rosenbaum J, Thase M, Trivedi M, et al. Practice guideline for the treatment of
patients with major depressive disorder third edition. Am J Psychiatry 2010.

Spek V, Cuijpers P, Nyklicek I, Riper H, Keyzer J, Pop V. Internet-based cognitive behaviour therapy for symptoms of
depression and anxiety: a meta-analysis. Psychol Med 2007 Mar;37(3):319-328. [doi: 10.1017/S0033291706008944]
[Medline: 17112400]

Andersson G, Bergstrom J, Hollandare F, Carlbring P, Kaldo V, Ekselius L. Internet-based self-help for depression:
randomised controlled trial. Br J Psychiatry 2005 Nov;187:456-461. [doi: 10.1192/bjp.187.5.456] [Medline: 16260822]
Meyer B, Berger T, Caspar F, Beevers C, Andersson G, Weiss M. Effectiveness of a novel integrative online treatment for
depression (Deprexis): randomized controlled trial. JMed Internet Res 2009 May 11;11(2):e15 [FREE Full text] [doi:
10.2196/jmir.1151] [Medline: 19632969]

Josephine K, Josefine L, Philipp D, David E, Harald B. Internet- and mobile-based depression interventionsfor people with
diagnosed depression: A systematic review and meta-analysis. J Affect Disord 2017 Dec 01;223:28-40. [doi:
10.1016/j.jad.2017.07.021] [Medline: 28715726]

Gilbody S, Littlewood E, Hewitt C, Brierley G, Tharmanathan P, Araya R, REEACT Team. Computerised cognitive
behaviour therapy (cCBT) as treatment for depression in primary care (REEACT trial): large scale pragmatic randomised
controlled trial. BMJ 2015 Nov 11;351:h5627 [FREE Full text] [Medline: 26559241]

Twomey C, O'Reilly G, Meyer B. Effectiveness of an individually-tailored computerised CBT programme (Deprexis) for
depression: A meta-analysis. Psychiatry Res 2017 Dec;256:371-377. [doi: 10.1016/].psychres.2017.06.081] [Medline:
28686935]

McKay H, King D, Eakin E, Seeley J, Glasgow R. The diabetes network internet-based physical activity intervention: a
randomized pilot study. Diabetes Care 2001 Aug;24(8):1328-1334. [Medline: 11473065]

Kim C, Kang D. Utility of a Web-based intervention for individuals with type 2 diabetes: the impact on physical activity
levels and glycemic control. Comput Inform Nurs 2006;24(6):337-345. [Medline: 17108753]

Galiano-Castillo N, Cantarero-Villanueva |, Fernandez-Lao C, Ariza-Garcia A, Diaz-Rodriguez L, Del-Moral-AvilaR, et
al. Telehealth system: A randomized controlled trial evaluating the impact of an internet-based exercise intervention on
quality of life, pain, muscle strength, and fatigue in breast cancer survivors. Cancer 2016 Oct 15;122(20):3166-3174 [FREE
Full text] [doi: 10.1002/cncr.30172] [Medline: 27332968]

Bossen D, Veenhof C, Van BK, Spreeuwenberg P, Dekker J, De BD. Effectiveness of aweb-based physical activity
intervention in patients with knee and/or hip osteoarthritis: randomized controlled trial. JMed Internet Res 2013 Nov
22;15(11):€257 [FREE Full text] [doi: 10.2196/jmir.2662] [Medline: 24269911]

Blumenthal JA, Babyak MA, Doraiswamy PM, WatkinsL, Hoffman BM, Barbour KA, et al. Exercise and pharmacotherapy
in the treatment of major depressive disorder. Psychosom Med 2007;69(7):587-596 [ FREE Full text] [doi:
10.1097/PSY.0b013e318148c19a] [Medline: 17846259]

Cooney G, Dwan K, Mead G. Exercisefor depression. JAMA 2014 Jun 18;311(23):2432-2433. [doi: 10.1001/jama.2014.4930]
[Medline: 24938566]

Krogh J, Nordentoft M, Sterne JAC, Lawlor DA. The effect of exercisein clinically depressed adults: systematic review
and meta-analysis of randomized controlled trials. JClin Psychiatry 2011 Apr;72(4):529-538. [doi: 10.4088/JCP.08r04913blu]
[Medline: 21034688]

Schuch F, Vancampfort D, Richards J, Rosenbaum S, Ward P, Stubbs B. Exercise as atreatment for depression: A
meta-analysis adjusting for publication bias. J Psychiatr Res 2016 Jun;77:42-51. [doi: 10.1016/j.jpsychires.2016.02.023]
[Medline: 26978184]

http://mental .jmir.org/2018/4/€10698/ JMIR Ment Health 2018 | vol. 5 | iss. 4 | 10698 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1111/sms.12050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23362828&dopt=Abstract
http://europepmc.org/abstract/MED/7613276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7613276&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10547175&dopt=Abstract
https://dx.doi.org/10.2147/NDT.S110656
http://dx.doi.org/10.2147/NDT.S110656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27540294&dopt=Abstract
http://dx.doi.org/10.1055/s-0043-122241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29351710&dopt=Abstract
http://dx.doi.org/10.6101/AZQ/000266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22132433&dopt=Abstract
http://dx.doi.org/10.1017/S0033291706008944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17112400&dopt=Abstract
http://dx.doi.org/10.1192/bjp.187.5.456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16260822&dopt=Abstract
http://www.jmir.org/2009/2/e15/
http://dx.doi.org/10.2196/jmir.1151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19632969&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2017.07.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28715726&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=26559241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26559241&dopt=Abstract
http://dx.doi.org/10.1016/j.psychres.2017.06.081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28686935&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11473065&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17108753&dopt=Abstract
https://doi.org/10.1002/cncr.30172
https://doi.org/10.1002/cncr.30172
http://dx.doi.org/10.1002/cncr.30172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27332968&dopt=Abstract
http://www.jmir.org/2013/11/e257/
http://dx.doi.org/10.2196/jmir.2662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24269911&dopt=Abstract
http://europepmc.org/abstract/MED/17846259
http://dx.doi.org/10.1097/PSY.0b013e318148c19a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17846259&dopt=Abstract
http://dx.doi.org/10.1001/jama.2014.4930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24938566&dopt=Abstract
http://dx.doi.org/10.4088/JCP.08r04913blu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21034688&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychires.2016.02.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26978184&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Haller et al

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

DeMoor MHM, Boomsma DI, Stubbe JH, Willemsen G, de Geus EJC. Testing causality in the association between regular
exercise and symptoms of anxiety and depression. Arch Gen Psychiatry 2008 Aug;65(8):897-905. [doi:
10.1001/archpsyc.65.8.897] [Medline: 18678794]

Hallgren M, Helgadottir B, Herring M, Zeebari Z, Lindefors N, Kaldo V, et al. Exercise and internet-based
cognitive-behavioural therapy for depression: multicentre randomised controlled trial with 12-month follow-up. Br J
Psychiatry 2016 Dec;209(5):414-420. [doi: 10.1192/bjp.bp.115.177576] [Medline: 27609813]

Dunn A, Trivedi M, Kampert J, Clark C, Chambliss H. Exercise treatment for depression: efficacy and dose response. Am
JPrev Med 2005 Jan;28(1):1-8. [doi: 10.1016/j.amepre.2004.09.003] [Medline: 15626549]

Nasreddine Z, Phillips N, Bédirian V, Charbonneau S, Whitehead V, Coallin |, et al. The Montreal Cognitive Assessment,
MoCA: abrief screening tool for mild cognitive impairment. JAm Geriatr Soc 2005 Apr;53(4):695-699. [doi:
10.1111/j.1532-5415.2005.53221.x] [Medline: 15817019]

Pfirrmann D, Haller N, Huber Y, Jung P, Lieb K, Gockel I, et a. Applicability of a Web-Based, Individualized Exercise
Intervention in Patients With Liver Disease, Cystic Fibrosis, Esophageal Cancer, and Psychiatric Disorders: Process
Evaluation of 4 Ongoing Clinical Trials. IMIR Res Protoc 2018 May 22;7(5):€106 [FREE Full text] [doi:
10.2196/resprot.8607] [Medline: 29789277]

Rethorst CD, Trivedi MH. Evidence-based recommendations for the prescription of exercise for major depressive disorder.
J Psychiatr Pract 2013 May;19(3):204-212. [doi: 10.1097/01.pra.0000430504.16952.3¢€] [Medline: 23653077]

Strohle A. Physical activity, exercise, depression and anxiety disorders. JNeural Transm (Vienna) 2009 Jun;116(6):777-784.
[doi: 10.1007/s00702-008-0092-x] [Medline: 18726137)

Roecker K, Schotte O, NiessAM, Horstmann T, Dickhuth HH. Predicting competition performance in long-distance running
by means of atreadmill test. Med Sci Sports Exerc 1998 Oct;30(10):1552-1557. [Medline: 9789858]

Craft LL, Landers DM. The Effect of Exercise on Clinical Depression and Depression Resulting from Mental 1llness: A
Meta-Analysis. Journal of Sport and Exercise Psychology 1998 Dec;20(4):339-357. [doi: 10.1123/jsep.20.4.339]

Haskell W, Leel, Pate R, Powell K, Blair S, Franklin B, et a. Physical activity and public health: updated recommendation
for adults from the American College of Sports Medicine and the American Heart Association. Med Sci Sports Exerc 2007
Aug;39(8):1423-1434. [doi: 10.1249/mss.0b013e3180616b27] [Medline: 17762377]

Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc 1982;14(5):377-381. [Medline: 7154893]
Pfirrmann D, Tug S, Brosteanu O, Mehdorn M, Busse M, Grimminger P, et a. | nternet-based perioperative exercise program
in patients with Barrett's carcinoma scheduled for esophagectomy [iPEP - study] a prospective randomized-controlled trial.
BMC Cancer 2017 Jun 14;17(1):413 [FREE Full text] [doi: 10.1186/s12885-017-3400-8] [Medline: 28615010]

Robison JI, RogersMA. Adherenceto exercise programmes. Recommendations. SportsMed 1994 Jan; 17(1):39-52. [Medline:
8153498]

Christensen H, Griffiths K, Farrer L. Adherence in internet interventions for anxiety and depression. JMed Internet Res
2009 Apr 24;11(2):€13 [EREE Full text] [doi: 10.2196/jmir.1194] [Medline: 19403466]

Rush A, Trivedi M, Ibrahim H, Carmody T, Arnow B, Klein D, et a. The 16-1tem Quick Inventory of Depressive
Symptomatology (QIDS), clinician rating (QIDS-C), and self-report (QIDS-SR): a psychometric evaluation in patients
with chronic major depression. Biol Psychiatry 2003 Sep 01;54(5):573-583. [Medline: 12946886]

Ware JJ, Sherbourne C. The MOS 36-item short-form health survey (SF-36). |. Conceptual framework and item selection.
Med Care 1992 Jun;30(6):473-483. [Medline: 1593914]

Brazier J, Harper R, JonesN, O'Cathain A, ThomasK, Usherwood T, et a. Validating the SF-36 health survey questionnaire:
new outcome measure for primary care. BMJ 1992 Jul 18;305(6846):160-164 [FREE Full text] [Medline: 1285753]
Cheung SK, Sun SY. Assessment of optimistic self-beliefs: further validation of the Chinese version of the General
Self-Efficacy Scale. Psychol Rep 1999 Dec;85(3 Pt 2):1221-1224. [doi: 10.2466/pr0.1999.85.3f.1221] [Medline: 10710976]
Baecke JA, BuremalJ, Frijters JE. A short questionnaire for the measurement of habitual physical activity in epidemiological
studies. Am J Clin Nutr 1982 Nov;36(5):936-942. [doi: 10.1093/ajcn/36.5.936] [Medline: 7137077]

Hansen JE, Sue DY, Wasserman K. Predicted values for clinical exercise testing. Am Rev Respir Dis 1984 Feb;129(2 Pt
2):$49-S55. [doi: 10.1164/arrd.1984.129.2P2.549] [Medline: 6421218]

Tadi¢ A, Wachtlin D, Berger M, Braus D, van CD, Dahmen N, et al. Randomized controlled study of early medication
change for non-improversto antidepressant therapy in major depression--The EMC trial. Eur Neuropsychopharmacol 2016
Apr;26(4):705-716. [doi: 10.1016/j.euroneuro.2016.02.003] [Medline: 26899588]

Andersson G, Carlbring P, Berger T, Alml&ouml;v J, Cuijpers P. What makes Internet therapy work? Cogn Behav Ther
2009;38 Suppl 1:55-60. [doi: 10.1080/16506070902916400] [Medline: 19675956]

Ebert D, Zarski A, Christensen H, Stikkelbroek Y, Cuijpers P, Berking M, et al. Internet and computer-based cognitive
behavioral therapy for anxiety and depression in youth: a meta-analysis of randomized controlled outcome trials. PLoS
One 2015;10(3):€0119895 [ FREE Full text] [doi: 10.1371/journal.pone.0119895] [Medline: 25786025]

Hallgren M, Kraepelien M, Ojehagen A, Lindefors N, Zeebari Z, Kaldo V, et al. Physical exercise and internet-based
cognitive-behavioural therapy in the treatment of depression: randomised controlled trial. Br J Psychiatry 2015
Sep;207(3):227-234. [doi: 10.1192/bjp.bp.114.160101] [Medline: 26089305]

http://mental .jmir.org/2018/4/e10698/ JMIR Ment Health 2018 | vol. 5 | iss. 4| €10698 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1001/archpsyc.65.8.897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18678794&dopt=Abstract
http://dx.doi.org/10.1192/bjp.bp.115.177576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27609813&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2004.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15626549&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15817019&dopt=Abstract
http://www.researchprotocols.org/2018/5/e106/
http://dx.doi.org/10.2196/resprot.8607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29789277&dopt=Abstract
http://dx.doi.org/10.1097/01.pra.0000430504.16952.3e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23653077&dopt=Abstract
http://dx.doi.org/10.1007/s00702-008-0092-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18726137&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9789858&dopt=Abstract
http://dx.doi.org/10.1123/jsep.20.4.339
http://dx.doi.org/10.1249/mss.0b013e3180616b27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17762377&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7154893&dopt=Abstract
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-017-3400-8
http://dx.doi.org/10.1186/s12885-017-3400-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28615010&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8153498&dopt=Abstract
https://www.jmir.org/2009/2/e13/
http://dx.doi.org/10.2196/jmir.1194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19403466&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12946886&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1593914&dopt=Abstract
http://europepmc.org/abstract/MED/1285753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1285753&dopt=Abstract
http://dx.doi.org/10.2466/pr0.1999.85.3f.1221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10710976&dopt=Abstract
http://dx.doi.org/10.1093/ajcn/36.5.936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7137077&dopt=Abstract
http://dx.doi.org/10.1164/arrd.1984.129.2P2.S49
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6421218&dopt=Abstract
http://dx.doi.org/10.1016/j.euroneuro.2016.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26899588&dopt=Abstract
http://dx.doi.org/10.1080/16506070902916400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19675956&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0119895
http://dx.doi.org/10.1371/journal.pone.0119895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25786025&dopt=Abstract
http://dx.doi.org/10.1192/bjp.bp.114.160101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26089305&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Haller et al

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

Swift J, Greenberg R. Premature discontinuation in adult psychotherapy: a meta-analysis. J Consult Clin Psychol 2012
Aug;80(4):547-559. [doi: 10.1037/a0028226] [Medline: 22506792]

Trivedi MH, Lin EHB, Katon WJ. Consensus recommendations for improving adherence, self-management, and outcomes
in patients with depression. CNS Spectr 2007 Aug;12(8 Suppl 13):1-27. [Medline: 17986951]

Boettger S, Wetzig F, Puta C, Donath L, Miller HJ, Gabriel H, et al. Physical fitness and heart rate recovery are decreased
in major depressive disorder. Psychosom Med 2009 Jun; 71(5):519-523. [doi: 10.1097/PSY.0b013e3181a55303] [Medline:
19414614]

DesharnaisR, Jobin J, Coté C, Lévesque L, Godin G. Aerobic exercise and the placebo effect: acontrolled study. Psychosom
Med 1993;55(2):149-154. [Medline: 8475229]

Dietrich A, Audiffren M. The reticular-activating hypofrontality (RAH) model of acute exercise. Neurosci Biobehav Rev
2011 May;35(6):1305-1325. [doi: 10.1016/j.neubiorev.2011.02.001] [Medline: 21315758]

Ekkekakis P. The Dua-Mode Theory of affective responses to exercise in metatheoretical context: I1. Bodiless heads,
ethereal cognitive schemata, and other improbable dualistic creatures, exercising. International Review of Sport and Exercise
Psychology 2009 Sep;2(2):139-160. [doi: 10.1080/17509840902829323]

Solomon R. The opponent-process theory of acquired motivation: the costs of pleasure and the benefits of pain. Am Psychol
1980 Aug;35(8):691-712. [Medline: 7416563]

Kirsch I, Sapirstein G. Listening to Prozac but hearing placebo: A meta-analysis of antidepressant medication. Prevention
& Treatment 1998 Jun 26;Volume 1(Article 0002a).

Rost T, Stein J, Lobner M, Kersting A, Luck-Sikorski C, Riedel-Heller S. User Acceptance of Computerized Cognitive
Behavioral Therapy for Depression: Systematic Review. JMed Internet Res 2017 Sep 13;19(9):e309 [FREE Full text] [doi:
10.2196/jmir.7662] [Medline: 28903893]

Rowe G, Safdar A, Arany Z. Running forward: new frontiers in endurance exercise biology. Circulation 2014 Feb
18;129(7):798-810 [FREE Full text] [doi: 10.1161/CIRCULATIONAHA.113.001590] [Medline: 24550551]

Kopp M, Fleischhacker W, Stiirz K, Ruedl G, Kumnig M, Rumpold G. Poor health behaviour and reduced quality of life
of people treated with psychotropic drugs. Hum Psychopharmacol 2011 Mar;26(2):161-167. [doi: 10.1002/hup.1190]
[Medline: 21462268]

Knapen J, Sommerijns E, Vancampfort D, Sienaert P, Pieters G, Haake P, et al. State anxiety and subjective well-being
responses to acute bouts of aerobic exercise in patients with depressive and anxiety disorders. Br J Sports Med 2009
Oct;43(10):756-759. [doi: 10.1136/bjsm.2008.052654] [Medline: 19019899

Jones AM, Carter H. Theeffect of endurance training on parameters of aerobic fitness. Sports Med 2000 Jun;29(6):373-386.
[Medline: 10870864]

Thompson PD, Arena R, Riebe D, Pescatello LS, American College of Sports Medicine. ACSM's new preparticipation
health screening recommendations from ACSM's guidelines for exercise testing and prescription, ninth edition. Curr Sports
Med Rep 2013;12(4):215-217. [doi: 10.1249/JSR.0b013e31829a68cf] [Medline: 23851406]

Wen C, Wa J, Tsai M, Yang Y, Cheng T, Lee M, et a. Minimum amount of physical activity for reduced mortality and
extended life expectancy: a prospective cohort study. Lancet 2011 Oct 01;378(9798):1244-1253. [doi:
10.1016/S0140-6736(11)60749-6] [Medline: 21846575]

Hoffman B, Babyak M, Craighead W, Sherwood A, Doraiswamy P, Coons M, et al. Exercise and pharmacotherapy in
patients with major depression: one-year follow-up of the SMILE study. Psychosom Med 2011;73(2):127-133 [FREE Full
text] [doi: 10.1097/PSY.0b013e31820433a5] [Medline: 21148807]

Babyak M, Blumenthal J, Herman S, Khatri P, Doraiswamy M, Moore K, et al. Exercise treatment for major depression:
maintenance of therapeutic benefit at 10 months. Psychosom Med 2000;62(5):633-638. [Medline: 11020092]

Singh N, Clements K, Singh M. The efficacy of exercise as along-term antidepressant in elderly subjects: arandomized,
controlled trial. J Gerontol A Biol Sci Med Sci 2001 Aug;56(8):M497-M504. [Medline: 11487602]

Eysenbach G. Thelaw of attrition. JMed Internet Res 2005 Mar 31;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11]
[Medline: 15829473]

Kesser R, Bromet E. The epidemiology of depression across cultures. Annu Rev Public Health 2013;34:119-138 [FREE
Full text] [doi: 10.1146/annurev-publhealth-031912-114409] [Medline: 23514317)

Abbreviations

ANCOVA: analysis of covariance

CBT: cognitive behavioral therapy

GSE: Genera Self-Efficacy scale

HPA: habitua physical activity

IG: intervention group

MDD: major depressive disorder

QIDS-C: Quick Inventory of Depressive Symptomatology-clinician rating
QIDS-SR: Quick Inventory of Depressive Symptomatol ogy-sel f-reported

http://mental .jmir.org/2018/4/€10698/ JMIR Ment Health 2018 | vol. 5 | iss. 4 | 10698 | p. 14

(page number not for citation purposes)


http://dx.doi.org/10.1037/a0028226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22506792&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17986951&dopt=Abstract
http://dx.doi.org/10.1097/PSY.0b013e3181a55303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19414614&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8475229&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2011.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21315758&dopt=Abstract
http://dx.doi.org/10.1080/17509840902829323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7416563&dopt=Abstract
http://www.jmir.org/2017/9/e309/
http://dx.doi.org/10.2196/jmir.7662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28903893&dopt=Abstract
http://europepmc.org/abstract/MED/24550551
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.001590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24550551&dopt=Abstract
http://dx.doi.org/10.1002/hup.1190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21462268&dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2008.052654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19019899&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10870864&dopt=Abstract
http://dx.doi.org/10.1249/JSR.0b013e31829a68cf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23851406&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(11)60749-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21846575&dopt=Abstract
http://europepmc.org/abstract/MED/21148807
http://europepmc.org/abstract/MED/21148807
http://dx.doi.org/10.1097/PSY.0b013e31820433a5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21148807&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11020092&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11487602&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://europepmc.org/abstract/MED/23514317
http://europepmc.org/abstract/MED/23514317
http://dx.doi.org/10.1146/annurev-publhealth-031912-114409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23514317&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Haller et al

Edited by G Eysenbach; submitted 09.04.18; peer-reviewed by S Zipfel, C Botella; comments to author 17.05.18; revised version
received 13.06.18; accepted 28.06.18; published 12.10.18

Please cite as:

Haller N, Lorenz S, Pfirrmann D, Koch C, Lieb K, Dettweiler U, Smon P, Jung P

Individualized Web-Based Exercise for the Treatment of Depression: Randomized Controlled Trial
JMIR Ment Health 2018;5(4): 10698

URL: http://mental.jmir.org/2018/4/e10698/

doi: 10.2196/10698

PMID: 30314962

©NilsHaller, SonjaL orenz, Daniel Pfirrmann, CoraKoch, KlausLieb, Ulrich Dettweiler, Perikles Simon, Patrick Jung. Originaly
published in IMIR Mental Health (http://mental.jmir.org), 12.10.2018. Thisis an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in IMIR Mental Health, is properly
cited. The complete bibliographic information, alink to theorigina publication on http://mental.jmir.org/, aswell asthis copyright
and license information must be included.

http://mental .jmir.org/2018/4/e10698/ JMIR Ment Health 2018 | vol. 5 | iss. 4| €10698 | p. 15
(page number not for citation purposes)

RenderX


http://mental.jmir.org/2018/4/e10698/
http://dx.doi.org/10.2196/10698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30314962&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

