Internet-delivered therapist-guided physical activity for mild to
moderate depression: A randomized controlled trial
Objective: Physical activity has been shown to be an effective treatment for mild to moderate
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depression in some studies.

Methods: This study was a randomized nine week trial of an Internet-administered treatment based on
guided physical exercise for Major Depressive Disorder (MDD). A total of 48 participants with mild to
moderate depression, diagnosed using the Structured Clinical Interview for DSM-IV Axis I Disorders ,
were randomized either to a treatment intervention or to a waiting-list control group. The main
outcome measure for depression was the Beck Depression Inventory -II (BDI-II), and physical activity
level was measured using the International Physical Activity Questionnaire (IPAQ). The treatment
program consisted of nine text modules, and included therapist guidance on a weekly basis.

Results: The results showed significant reductions of depressive symptoms in the treatment group
compared to the control group, with a moderate between-group effect size (Cohen’s d = 0.61). No
difference was found between the groups with regards to increase of physical activity level. For the
treatment group, the reduction in depressive symptoms persisted at six months follow-up.

Conclusions: Physical activity as a treatment for depression can be delivered in the form of guided
Internet-based self-help.

Trial Registration: The trial was registered at ClinicalTrials.gov (NCT01573130).
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Introduction
The World Health Organization (WHO, 2001) predicts that depression will be one of
the three most burdensome diseases in the world in 2020. With the advancement of
communication technologies, new ways of providing and delivering psychological
treatments have emerged (P Carlbring & Andersson, 2006). The Internet has made it
possible to reach people over great distances and provide psychological interventions
to a vast number of patients at a low cost due to shorter treatment time per person
(Andersson, 2009). Internetdelivered treatments also have the opportunity to increase
accessibility for patients in remote geographical locations and to make support
available for people who would not otherwise seek care (Newman, Szkodny, Llera, &
Przeworski, 2011). Furthermore, Internetdelivered treatments have the possibility of
giving patients quick feedback and presentation of material in a stepbystep basis
(Titov, 2011).
Currently, several studies have investigated the effects of Internetdelivered
treatments for depression (Johansson & Andersson, 2012). A large part of these
studies have been based on cognitive behavior therapy (CBT) as the main theoretical
framework, but there are exceptions (Johansson et al., 2012). Andersson and Cuijpers
(2009) did a metaanalysis and found a significant difference between supported (d =
0.61) and unsupported (d = 0.25) depression treatments. In a more recent
metaanalysis, a similar result was found by Richards and Richardson (2012). In
addition, Johansson and Andersson (2012) found a strong and significant association
between support and effect size with a Spearman correlation of ρ = 0.64, indicating
that more support yields larger effects.
Since the beginning of the 20th century, a large amount of research has been
conducted concerning the effects of physical activity on clinical depression. Several
studies have found treatment effects ranging in size from moderate to large (Barbour,
Edenfield, & Blumenthal, 2007; Silveira et al., 2013). However, there is still no
consensus about the mechanisms of change that mediate reductions in depressive
symptoms following psychotherapy (Lundh, 2009), and there is also limited
knowledge regarding mediators of change following physical activity for depression,
apart from the physiological effects of increase activity.
A metaanalysis by Davies et al. (2012) investigated the effects of Internetdelivered
interventions to increase physical activity levels. The result showed generally small
but statistically significant increases in physical activity levels in the 34 studies
reviewed. To our knowledge, there are few studies, if any, on guided
Internetdelivered physical activity for major depression.
The purpose of the present study was to evaluate a treatment for major depression
based on physical exercise administered via the Internet. The treatment program was
intended to decrease depressive symptoms and to motivate participants to increase
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their level of physical activity. The treatment group was compared to a waitinglist
control group.
The main hypothesis was that the results would show a larger reduction in depressive
symptoms for the treatment condition compared to the control, as measured by the
Beck Depression Inventory: Second Version (BDIII; Beck, Epstein, Brown, & Steer,
1988) and the MontgomeryÅsberg Depression Rating Scale: Short Version
(MADRSS; Svanborg & Åsberg, 2001). In addition, it was hypothesized that the
treatment condition would show reductions of anxiety symptoms as measured with
the Beck Anxiety Inventory (BAI; Beck et al., 1988), and increase the level of
physical activity compared to the control as measured with the International Physical
Activity Questionnaire (IPAQ; Craig et al., 2003). Moreover, we expected that
participants in the treatment condition would show a larger increase in quality of life
compared to the control, measured with the Quality of Life Inventory (QOLI; Frisch,
Cornell, Villanueva, & Retzlaff, 1992).
Method
Information about the study was advertised in a major Swedish newspaper, online
with Google AdWords, and at an online service site containing information about
ongoing research projects on Internet therapy. The participants were recruited
between January and February 2012. Exclusion was based on the following criteria:
subclinical depressive symptoms, severe depressive symptoms, dysthymia as a
primary diagnosis, elevated suicide risk, high levels of physical activity prior to
treatment, recent changes in medication and/or somatic illness making physical
exercise inappropriate.
The eligibility screening process consisted of selfreport questionnaires regarding
depressive symptoms, anxiety, and level of physical activity, and a clinical interview
via telephone to investigate the primary diagnoses of the participants. The screening
questionnaires used were the MADRSS, BAI, and IPAQ. The telephone interview
was based on the Structured Clinical Interview for DSMIV: Clinical version
(SCIDICV; First, Gibbon, Spitzer, & Williams, 1997). A full description of
participant recruitment is included in Figure 1, and a demographic description of the
participants at pretreatment is presented in Table 1.
 INSERT TABLE 1 ABOUT HERE 
 INSERT FIGURE 1 ABOUT HERE 
The study included 48 participants meeting the criteria for MDD. A person
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independent of the research group, using a true random number service on the
Internet (www.random.org) randomly allocated the participants to two conditions:
treatment intervention or waitinglist control . Participants’ levels of depression as
well as anxiety, physical activity, and quality of life were measured at pre and
posttreatment, as well as at a 6months followup. The study was conducted between
February and April 2012, and the followup measurements were collected in October
2012.
The main outcome measure for the assessments of depression and depressive
symptoms was the BDIII with reported reliability estimates (coefficient α) for
Swedish samples between α = .88 and α = .92 (Per Carlbring et al., 2007). As a
secondary measure of depression, we used the MADRSS, which has a reported
reliability estimate of α =.84 (Fantino & Moore, 2009). The psychometric properties
of the Internet versions of these instruments have proved to be equivalent to the
paperandpencil versions (Hollandare, Andersson, & Engstrom, 2010). For
evaluating changes in anxiety, physical activity, and quality of life, the BAI, IPAQ,
and QOLI were administered; all of them showed satisfactory psychometric
properties (Lindner, Andersson, Öst, & Carlbring, in press; Ekelund et al., 2006).

Intervention
The treatment used in this study was a guided selfhelp program administered through
an Internetbased system. The program consisted of nine text modules developed by
the authors, consisting of 72 pages in total. Participants were given one text module
every Monday over nine weeks. At the end of each week, the therapists gave written
feedback on home assignments included in the modules. Message exchange and the
delivery of the treatment modules used were transmitted via an encrypted webbased
system. Some material, such as the pedometer given participants in the treatment
condition, and the written form of consent, were sent using the postal service.
The modules consisted of selfhelp texts about how to become more physically
active. Each module ended with 35 essay questions where the participant was asked
to report on the progress and the weekly planning of the exercise. The core principles
of the program were inspired by Haase and coworkers (2010) and were intended to: 1)
maximize the likelihood for participants to increase and maintain physical activity; 2)
maximize the likelihood of participants remaining engaged in the program; 3) focus
on the participants’ preferences and needs, taking particular notice of the challenges
faced by people with major depression; 4) promote physical activity in a broad sense
in accordance with the WHO´s guidelines for physical activity (Mendes, Sousa, &
Barata, 2011), including all types of activity in everyday life; 5) increase selfefficacy
for physical activity; and 6) help participants to master challenges faced with when
trying to get more active. The study was examined and approved by the regional
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Statistical analysis
The data were analyzed using the statistical programming language R, version 3.0.0.
Reproducible code can be found in the supplemented file (Progredi.Rmd).
Significance testing of group differences regarding demographic data in Table 1 and
pretreatment measurements was conducted using Welch’s two sample ttest for
continuous data and chi2tests for nominal data.
Differences between the groups in pre and postmeasurements were analyzed using a
twoway mixed analysis of variance model (ANOVA), with treatment condition and
time used as independent variables.
Data was analyzed using an intentiontotreat approach. The response rate for all
outcome measures was 100% (48 of 48) for pre and posttreatment measurements,
and 87.5% (21 of 24) for the 6month followup. Due to the small number of missing
data, we did not impute the missing data at 6month followup, but used baseline
carried forward as an estimate for the three missing data points.
Participants who changed their medication or began psychological treatment during
the study were considered unchanged in the analysis to control for effects from other
treatments (treatment n = 1, control n = 3, NS). Two participants gave inadequate
answers on the IPAQ pretreatment, and were therefore excluded from the analysis on
that measure.
Clinically significant change on the main outcome measure, BDIII, was calculated
according to Jacobson and Truax (1991), with testretest data from Sprinkle et al.
(2002), and clinical cutoff scores in accordance with the BDIII manual (Beck &
Steer, 1996). Reliable change (RC) was calculated with 95 % confidence intervals.

Results
As evident from Table 1, participants were predominantly female (83%), currently
married or cohabiting (46 %), had attained college or higherlevel education (71%),
and had previous experience of psychotherapy (62%).
As evident from Table 1, the treatment and the control group should be considered
equal on all demographic characteristics with all p´s > .25 (For sex χ21= 0.0, p = 1.0;
age t46 = -0.25, p = .80; marital status χ32 = 2.92, p = .40; highest educational level
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χ52 = 4.12, p = .39; medication, χ22 = 2.28, p = .32; and psychotherapy χ22 = 0.0, p =
1.0.).
During the treatment period of 9 weeks, 14/24 (58 %) of the participants in the
treatment group completed all treatment modules. The remaining participants did not
complete the program within the given time frame, or dropped out. Reasons given for
not completing the program were that participants believed they did not have
sufficient time for physical activity (n=4), the program was perceived as noneffective
(n=2), or that changes in life events or sickness made it impossible for participants to
complete the program (n=1). Some participants ended the program without giving
any reason for termination (n=3).
Table 2 includes means, effect sizes and tests of significance for group, time, and
interaction effects on all outcome measures. No significant difference was found at
pretreatment between groups on all measures. Posttesting indicated that the
treatment condition was superior to the control on both measures of depression
(MADRSS & BDIII), with significant interaction effects and medium effect sizes.
No significant differences were found between groups on measures of anxiety (BAI),
quality of life (QOLI), and physical activity level (IPAQ). Both groups achieved
significant decreases in depressive symptoms and anxiety, and increases in quality of
life and physical activity level during the study.

 INSERT TABLE 2 ABOUT HERE 
Followup after 6 months
As seen in both Table 2 and Figure 2, the treatment effects were maintained at the
6month followup. Actually, on the general measure of anxiety (BAI), there was a
continued improvement between post and followup (t23=2.51,p<.05). The mean post
to followup withingroup effect size was d=0.17 with a low of 0.04 (IPAQ) and a
high of d=0.35 (BAI).
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 INSERT FIGURE 2 ABOUT HERE 

Clinical significance
At posttreatment, 17/24 (70.8 %) of the participants in the treatment group were
considered reliably improved on the main outcome measure, and 9/24 (37.5 %) as
both reliably improved and recovered. In the control group, 8/24 (33.3 %) were
considered improved, and 1/24 (4.2 %) reliably improved and recovered (Figure 3).
 INSERT FIGURE 3 ABOUT HERE 

Discussion
The aim of this study was to develop and evaluate a treatment program for mild to
moderate major depressive disorder based on physical activity administered via the
Internet. The hypotheses were that participants in the treatment condition would have
reduced their depressive and anxiety symptoms and at the same time increased levels
of physical activity and quality of life compared to the control participants. In
addition, a correlation was expected between reductions in depressive symptoms and
increased levels of physical activity for all participants.
Results showed a statistically significant interaction effect at posttesting favoring the
treatment condition compared to the control condition, with a moderate
betweengroups effect size of Cohen’s d = 0.62 (95 % confidence interval: 0.041.20)
and d = 0.67 (95 % confidence interval: 0.091.25) on selfreported measures of
depression, MADRSS and BDIII. Withingroup effect sizes for the treatment group
were large, with Cohen’s d = 1.30 (95 % confidence interval: 0.671.92) and d = 0.89
(95 % confidence interval: 0.671.92) respectively.
The effects found in the current study are in line with efficacy outcomes from other
wellestablished evidencebased psychological treatments. For example, Silveira et al.
(Silveira et al., 2013) reviewed the effects of physical activity for depression and
found an effect size of d=0.61 for depressive symptoms compared to the control in all
the studies included in the analysis. In addition to this, Andersson and Cuijpers
(Andersson & Cuijpers, 2009) found a betweengroup effect size of d = 0.61 for
supported computerized CBT treatments for depression, with a majority being studies
on Internetdelivered CBT.
However, results in this study showed no significant difference between the groups on
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secondary measures of anxiety, physical activity, and quality of life (BAI, IPAQ, and
QOLI). One possible reason for the lack of significant results on the secondary
measures is the general regression to the mean effect, and possible spontaneous
remission in the control group. Withingroups effect sizes on all secondary measures
in the control group were between Cohen’s d = 0.24 and d = 0.79, and significant
time effects were found on all measures. This might be due to factors such as positive
climatic changes during springtime, Hawthorne effects from being a part of the study,
or placebo effects.
Another explanation for the nonsignificant result on the secondary measures could
be the low statistical power of the study due to a small sample size of N = 48.
Calculations made prior to the study indicated that a sample size of N = 80 would be
required to find significant interaction effects if they exist. The main reason for the
small sample size was in part the limited amount of participants registering their
interest in the study (N = 159), and in part the large percentage of excluded
participants (69.8%). The main reason for this exclusion rate was high selfrated
levels of physical activity at baseline for participants registered for the study. Finally,
in line with the results in this study, a similar trial found no relation between reduced
depressive symptoms and secondary measures such as changes in quality of life
(Dozois, Dobson, & Ahnberg, 1998).
The most surprising findings were the nonsignificant interaction effects on IPAQ.
Two explanations for these results should be considered. Firstly, a large amount of the
participants in the study showed moderate or high levels of physical activity at
pretreatment (60.5%). This ceiling effect in the sample provided small opportunities
for increased levels of physical activity. Ideally, only participants with a low level of
physical activity should have been included in the study since those individuals were
expected to gain most from the treatment. However, such a rigorous exclusion would
have left few participants for the study. Secondly, the IPAQ has several issues in need
of consideration. Ekelund et al. (Ekelund et al., 2006) found that people significantly
overestimate their physical activity using the IPAQ compared to using an objective
measure. This brings some uncertainty to the results found in this study. It is possible
that people in the treatment condition overestimated their physical activity less at
posttreatment, than people in the control condition, since the treatment included
detailed monitoring of physical activity. Also, data cleaning was needed due to
unreasonable answers. This was done to answers from eight participants according to
principles from the International Physical Activity Questionnaire Group (2005). This
process may have led to misinterpretations of the intended answers of the
respondents. Lastly, four participants gave incomprehensible answers to questions on
the IPAQ, indicating misunderstandings of the instructions.
In summary, the findings in this study indicate that physical activity is effective for
depressive symptoms for people with major depression, but there is no evidence of
effectiveness in raising levels of physical activity. Since the effects found for

PeerJ reviewing PDF | (v2013:07:662:0:0:NEW 19 Jul 2013)

8

Reviewing Manuscript

depressive symptoms cannot be explained by changes in physical activity, questions
are raised concerning the active ingredients in the treatment.
Some researchers state that there is no doseresponse relationship between levels of
physical activity and depressive symptoms (Kesaniemi et al., 2001). This implies that
other aspects than the frequency, duration, and intensity of physical activity mediates
changes in depressive symptoms. Considering this, it seems unlikely that improved
fitness and related physiological changes account for reduced depressive symptoms in
this study. Rather, it seems that other aspects of the treatment account for the obtained
effects.
Firstly, earlier research has shown that selfhelp programs in which support is
provided are more effective than programs without support (Spek et al., 2007;
Palmqvist, Carlbring, & Andersson, 2007). In this program, feedback based on
motivational interviewing principles (cf. Miller & Rollnick, 2002) was given each
week. This could possibly explain the positive outcome to some extent.
Secondly, the program included features of behavioral activation strategies such as
exercise planning and monitoring. This was introduced early in the program and
continued until the end. Research shows that behavioral activation is an effective
treatment for depression (Dimidjian, Barrera, Martell, Munoz, & Lewinsohn, 2011)
which can be administered over the Internet (P. Carlbring, Hagglund, et al., 2013).
The planning and monitoring of exercise could account for some of the positive
outcome effect on depressive symptoms.
Thirdly, a reoccurring feature of the treatment was that participants set their goals
independently. Participants were encouraged to set efficient goals every week and to
achieve them. Studies have shown increased levels of selfefficacy in people striving
for and achieving their goals (Biddle & Fox, 1998). To obtain goals and to enhance
selfefficacy for physical activity can be seen as positively reinforced behavior.
According to the spiral model, based on the same principles as behavioral activation,
this can be a way to break depressive patterns and inactivity (Waller & Gilbody,
2009).
A pedometer was also sent to each participant in the treatment condition. The purpose
was to increase adherence to the program and to maximize the likelihood of
participants engaging in physical activity. However, it could be argued that the
pedometer that was sent free of change was simply a way of enhancing a possible
placebo effect (Sliwinski & Elkins, 2013).
A majority 58 % of the participants in the treatment condition completed all nine text
modules on time. This adherence rate is a cause for concern, but is in line with earlier
reviews of Internetbased treatment studies which found that just over half of the
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participants complete all sessions during the treatment period (Eysenbach, 2005).
All participants included in the study completed posttesting, which is uncommon for
studies of this kind (Christensen & Mackinnon, 2006). Usually, the last observation
carried forward principle is used for missing data. Having a complete dataset for both
pre and posttesting for both conditions increases reliability and validity of the
results. Since it is feasible that other active treatments influence outcome measures in
this study, a conservative way of handling data was preferred.
There were significantly more females than males in the study. This is common for
studies on depression, but should be considered as a limitation for the generalizability
of the results. In addition, the mean age in the sample was high (Table 1), with only
10 participants under 40 years of age.
Future research could dismantle the different parts of the treatment, such as physical
activity, therapist support, and selfefficacy, for example, to estimate to what extent
they influence the outcome (cf. P. Carlbring, Lindner, et al., 2013). Studies should
include objective measures of physical activity as well as measures of mediating
factors to distinguish between active ingredients of the treatment.
This study has introduced a new, potentially effective Internetbased treatment for
depression based on a physical activity intervention. The treatment program may be a
valid alternative to traditional treatments for depression for people unwilling to use
antidepressant medication or psychotherapy. Because of the Internetdelivered nature
of the program, it may be considered costeffective and not limited by large
geographical distances (Hedman, Ljotsson, & Lindefors, 2012).
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