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Abstract

The aim of this study was to review the existing literature on game-based digital interventions for depression
systematically and examine their effectiveness through a meta-analysis of randomized controlled trials (RCTs).
Database searching was conducted using specific search terms and inclusion criteria. A standard meta-analysis
was also conducted of available RCT studies with a random effects model. The standard mean difference
(Cohen’s d) was used to calculate the effect size of each study. Nineteen studies were included in the review, and
10 RCTs (eight studies) were included in the meta-analysis. Four types of game interventions—psycho-education
and training, virtual reality exposure therapy, exercising, and entertainment—were identified, with various types
of support delivered and populations targeted. The meta-analysis revealed a moderate effect size of the game
interventions for depression therapy at posttreatment (d= —0.47 [95% CI —0.69 to —0.24]). A subgroup analysis
showed that interventions based on psycho-education and training had a smaller effect than those based on the
other forms, and that self-help interventions yielded better outcomes than supported interventions. A higher effect
was achieved when a waiting list was used as the control. The review and meta-analysis support the effectiveness
of game-based digital interventions for depression. More large-scale, high-quality RCT studies with sufficient

long-term data for treatment evaluation are needed.

Introduction

DEPRESSION IS A HIGHLY PREVALENT mental disorder
worldwide.! According to the World Health Organiza-
tion,” more than 350 million people of all ages suffer from
depression. Depression significantly decreases quality of life,
and is reported to be a major risk factor for suicide.® How-
ever, many people are unable or reluctant to access and en-
gage in effective treatment due to barriers such as personal
stigma, high costs, waiting lists, and a shortage of trained
professionals.” In recent years, the home computer boom has
triggered a flood of research on the development of novel and
cost-effective technologies for mental health therapy.’
Among these innovative technologies, recent decades have
witnessed the increasing use of digital interventions with
game-like components to treat mental disorders. Initially de-
veloped for entertainment, a ““game’ is generally considered
to be an activity with the key features of challenge, motivation,
and reward. Game-based digital interventions have been found
to have practical effects in addressing the main barriers of
access and engagement in the healthcare domain, particularly
for the young.® Evidence from neuropsychological research
further suggests the therapeutic value of game-based digi-
tal interventions in depression therapy, finding that positive

game-playing experiences trigger the release of hormones
such as endorphins and striatal dopamine’® that are respon-
sible for feelings of pleasure and well-being.”'® Guided by
reasoning, game-based interventions have specific potential
for reducing depression through the natural benefits afforded
by the game elements involved. Preliminary results from some
early attempts to use this approach in the field have supported
this claim by showing the effectiveness of individual games in
reducing depression levels'""'? and enhancing social support.'?

As digital game interventions for mental health is a rela-
tively new research area, systematic reviews and meta-
analyses of their effectiveness in treating depression are
scarce. A few recent reviews have focused on computer-
based or Internet-delivered psychological interventions for
depression disorders,'*™'” but they did not specifically focus
on digital intervention with a game component. Previous
reviews that have targeted the use of video games to en-
courage health improvement'®2° have not covered the ef-
fects of such treatment on depression. Further research is
thus required to determine the overall effects of digital game-
based interventions compared with other treatments. We
aimed to conduct a systematic review of trial studies that
emphasized game-based digital interventions and depression
improvements in a categorized fashion, thus identifying the
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current research trends and contributing to knowledge in this
field. A meta-analysis of randomized controlled trials
(RCTs) was also conducted to discover the true power of
game applications as depression therapy, and to examine
further the effects of different game types, support types,
target users, and comparison conditions on treatment out-
comes, which has not previously been undertaken.

Method
Identification and selection of studies

The scope of the systematic review was limited to studies
that investigate the effect of game-based digital applications
for depression. A qualifying intervention was defined as
therapeutic technology that includes interactive game com-
ponents. We excluded most of the current interventions in
computerized cognitive behavioral therapy (CCBT) without
game elements involved. A search of seven main health and
technology databases® was conducted to identify studies
published in English before May 2013. Studies were iden-
tified using key search terms selected following guidance
from informatics experts, and included combinations of the
terms ‘‘digital games,” ‘“‘computerized game intervention,”
“video games,” ‘“‘therapeutic games,” “‘game-based treatment,”
and “‘depress*,” “stress,” ‘‘anxiety,” ‘“‘mood,” ‘“‘mental dis-
orders,” and ‘‘mental health.” We also searched for papers
included in earlier reviews and the reference lists of the in-
cluded studies.

Eligible studies had to contain an evaluation of the treat-
ment’s effects on participants’ depression symptoms using a
reliable and valid depression scale. There were no limitations
on the participants’ age or the significance of the depression
symptoms. However, studies with different age groups were
reviewed separately where appropriate.

Meta-analysis procedure

The meta-analysis only included RCTs that encompassed
a controlled condition (such as waiting lists, treatment as
usual, or other active treatments). Trials were excluded if
they (a) did not involve an appropriate control group, or (b)
lacked interpretable or complete data for the meta-analysis.
We used the Review Manager 5.2 software®! for the data
analysis. To estimate the effects of game-based digital in-
terventions on depression, we applied the standard mean
difference (Cohen’s d) to calculate the effect size for each
study in the posttreatment period, weighted by sample size,
using a random effects model. The effect size reflects the
outcome difference between an intervention and the control
treatment, with 0.8 indicating a large effect, 0.5 a moderate
effect, and 0.2 a small effect.?? Endpoint data on the trial
completers were used for the effect size when intention-to-
treat (ITT) data were not available. If studies did not report
means and standard deviations, we used other statistics,
such as the F value or p value, to calculate the effect sizes.
For studies that used two instruments to measure depres-
sion, both trials were included in the meta-analysis due to
the limited number of suitable studies found in the litera-
ture. Effect sizes in the follow-up period were not calcu-
lated because the number of eligible trials was too small,
and the follow-up periods also differed greatly among the
included trials.

LI ET AL.

The heterogeneity of the studies was assessed by the I*
statistic and Q statistic. The I* value describes the percentage
of total variation across trials attributable to their heteroge-
neity rather than by chance, while the p value in the Q sta-
tistic indicates whether the variability among effect sizes is
greater than that which would result from subject-level
sampling error alone.”®> An I* value of >50% or a p value
of <0.1 was considered suggestive of heterogeneity.**

A priori subgroup analyses were conducted according to
the types of games, types of support, target population, and
comparison conditions. A mixed-effects model was applied
in the subgroup analyses, whereby the studies within each
subgroup were pooled in a randomized effects model and the
significant differences between subgroups were calculated
with a fixed-effects model.

Two reviewers were involved in the assessment of the
methodological quality of each study, following Cochrane’s
method for assessing the risk of bias.?> Six individual types
of risk of bias were considered: (a) sequence generation, (b)
allocation concealment, (c) blinding of participants and
personnel, (d) blinding of outcome assessors, () incomplete
outcome data, and (f) selection outcome reporting. The six
domains were given one of three quality ratings: “‘low risk of
bias,” “‘unclear,” or ‘‘high risk of bias.””?®

Results

The search yielded a total of 1,179 articles, with 19 studies
meeting the criteria for inclusion in the final review. For the
meta-analysis, 7 out of the 19 studies were excluded because
they did not involve RCTs,“’B’2€F30 three were excluded due
to uninterpretable or incomplete findings,*'> and one was
excluded because its control conditions were also game-based
digital applications.> Thus, eight studies involving a total of
636 participants in 10 RCTs were eligible for inclusion in the
final meta-analysis. Figure 1 shows a flowchart of the selec-
tion of studies into the systematic review and meta-analysis.

Results of the review

Table 1 outlines the selected characteristics of the 19 studies
included in the review. They were divided into four categories
based on the game types they involved: (a) psycho-education
and training, (b) virtual reality exposure therapy, (c) exercising,
and (d) entertainment. Six studies introduced game appli-
cations with a psycho-education and training function to re-
duce depression. Fleming et al.'* and Sally et al.>> developed
and evaluated the effectiveness of SPARX,b an interactive
3D fantasy game developed to deliver CBT to teenagers with
clinical depression. Likewise, Reach Out Central (ROC),” a
web-based interactive educational game with “‘real-life”” sce-
narios and role-playing features, was shown to improve psy-
chological distress among young adults.”® Other studies used
game-based computer programs that used interactive, multi-
media techniques (video, audio, graphics) to enhance patients’
engagement and to teach them to consolidate skills to address
major depression disorders*®>” or depressive symptoms caused
by specific phobias.*®

Virtual reality exposure therapy was the second type of
game-based digital application for the treatment of depres-
sion. These therapeutic play interventions used virtual reality
computer games to enable participants to be immersed in a
virtual environment and create a sense of ‘‘being there’’ with
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Records identified through Additional records from
databases searching Reference lists & earlier reviews
(n=1143) (n=36)
W A4
All screened records (including duplicates)
(n=1179)
Records excluded after key term search, title
>| and abstractscreening (n=1140)
A4 FIG. 1. Flowchart of the
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Studies included in meta-analysis
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the heI%) of visual, sound, olfactory, or tactile stimuli. Three
studies'?”* indicated that virtual reality exposure therapy
was very effective for war posttraumatic stress disorder
(PTSD). Significant reductions in depression were also found
when interventions were used for specific driving phobia®
and acrophobia.®® In a clinical trial conducted among chil-
dren hospitalized with cancer, Li et al.*® also identified that
virtual reality computer games had an effect on reducing
children’s depression symptoms in comparison with a con-
trol group in usual care.

Two studies introduced therapeutic interventions using
exercising video games to treat depression.”®** Both were
aimed at older adults, and used the Nintendo Wii device to
encourage body motions during game playing. Lastly, five
studies were identified that assessed the feasibility and effi-
cacy of entertainment gaming technology for mental health
improvement. Ferguson and Rueda®® and Valadez and Fer-
guson®* suggested that players’ depression decreased when
playing offline violent games, and Longman et al."* used
World of Warcraft to show that massively multiplayer online
games led to fewer negative psychological symptoms.® Ca-
sual games for relaxation, such as Bejeweled II,e’3 ! Freeze-
Framer 2.0, and Journey to the Wild Divine,"! were also
found to be useful in depression therapy.

Following Glasgow and Rosen,** we categorized the stud-
ies based on their support types: eight studies were defined as
examining self-administered therapy, with no support from a
therapist or other health professional; four studies covered
predominantly self-help, with limited therapist contact in
teaching patients to use the interventions; three studies in-
volved minimal contact therapy, in which a therapist was
actively involved but less intensively than in traditional ther-
apy; and four studies covered predominantly therapist-
administered treatments, with a therapist keeping in regular
contact with patients during the therapy. In terms of target
groups, the majority of the studies (11) focused on general

adults, four were aimed at adolescents younger than 18 years,
and two targeted elderly people older than 65 years (two
studies did not mention the participants’ ages). However, it is
important to note that 11 of the studies were aimed at ““young
people”” younger than 30 years if we change the classification
of the target population. Eleven out of the 19 studies recruited
a small number of participants, with fewer than 50 people in
each trial. Twelve out of the 19 studies involved between-
group experiments with at least a control condition, whereas
the other seven applied other methodologies such as a single-
group study or case study. A wide range of different self-
reported scales was used to measure depression in the trials,
among which the Beck Depression Inventory was the most
popular (used in 7 out of the 19 studies). Some scales were
applied for particular age groups, such as the Children’s De-
pression Inventory and Child Depression Rating Scale Re-
vised (CDRS-R) for adolescents, and the Geriatric Depression
Scale for elderly people.

Results of the meta-analysis

Across the 10 comparisons (eight studies) and a total of
387 game-based digital intervention groups and 388 control
groups, there was a moderate effect size of d=—0.47 [95%
CI -0.69 to —0.24]; Fig. 2) for self-reported depres-
sion posttest, which was statistically significant (Z= —4.09,
p<0.0001). Heterogeneity among the depression outcomes
was moderate (12:47%; Table 2). However, inspection of
the forest plot suggested that one comparison was a possible
outlier.® After removing the outlier, the effect size changed
to —0.35 [95% CI —0.53 to —0.16] and the heterogeneity
decreased significantly to a low level (I*=18%).

Several subgroup analyses were conducted to evaluate the
effect size by type of game, type of support, target population,
and control condition (Table 2). Games in the virtual reality
exposure therapy group (d= —0.67 [95% CI —1.19 to —0.14])
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Study names Statistics for each study Std diff in means and 95% CI
Stddiff Lower Upper Z-value p-value
in mean limit limit
Alvarez et al. (2008) -0.95 -1.85 0.05 -2.06 0.04
FIG. 2. Meta-analyses of Emmelkamp et al. (2002) -0.32 -1.01 037 -091 0.36 —
studies examining the effect nmng‘ leming . :L'- gg:g; :;":: 'f?g 'g:;‘l’ "‘1’-?2 ggg == |
of game-based digital appli- Knox, etal, (2011) 043 124 037  -105 029 —]
cations for depression at Li, Chung, & Ho (2011) 088 125 050 457 000 ——
posttreatment. Note: For Proudfoot et al. (2003) -0.54 -0.94 20.15 2,69 0.01 —
studies with two depression mkudﬂn :‘L ﬂ(-z 521021)2 ) j-i‘: jﬁ g-i: j-;g g-:: |
: y, et a . .. . . ——
measures, both comparisons — cun o oay 023 051 006 - 154 012 —
were included in the analysis.
Random 047 069 024 409 000 L 4
-2 -1 1 2

Favors [intervention] Favors [control]

seem to achieve the biggest effect size, followed by the
entertainment (d=-0.42 [95% CI —1.23 to 0.39]) and
psycho-education and training groups (d= —0.41 [95% CI
—0.67 to —0.14]). However, the results should be interpreted
with caution, as both the entertainment and exercising groups
have only one trial for comparison. In terms of type of
support, interventions with therapist involvement were
shown to have a weaker effect size than those without ther-
apist involvement (d= —0.44 vs. d=—0.54), despite there
being no heterogeneity between the two subgroups. Studies
aimed at adults were recorded as having the strongest effect
size (d=—0.54 [95% CI —0.86 to —0.21]) in the subgroup
analyses of target population, with no heterogeneity in the
three trials included in the subgroup. Although the effect size
was quite low for the elderly population (d= —0.24 [95% CI
—0.86 to 0.39]), the estimate is probably not meaningful, as it
was only based on one study. Lastly, the findings also
demonstrate that studies that used a waiting list control
condition yielded a greater effect (d= —0.66 [95% CI —1.14

to —0.18]) than those using treatment as usual (d=—0.39
[95% CI —0.68 to —0.11]) or active treatments (d = —0.53
[95% CI —1.10 to 0.03]) as controls.

In many cases, due to incomplete reporting, several do-
mains of the included studies were rated as unclear when
their methodological quality was assessed. For example,
many of the studies used only a simple statement such as
“we randomly allocated” or ‘‘using a randomized design”’
without indicting clearly the process of randomization, in-
dicating that selection bias may have been a problem. One
study had a high risk of bias in random sequence genera-
tion,*" and two had a high risk of bias due to incomplete
outcome data.*®**' Figure 3 shows the methodological
quality of the studies included in the meta-analysis.

Discussion

The aim of this study was to conduct a systematic review
of the existing literature on game-based digital applications

TABLE 2. SUBGROUP ANALYSES AT POSTTREATMENT

Type of subgroup® Neomp d 95% CI Z I’ Subgroup differences
Overall studies 10 —-047 [-0.69, —0.24] 4.09%%** 47%
One possible outlier removed”® 9 —-0.35 [-0.53, —0.16] 3.68*%*** 18%
Type of game =119, p=0.75, PF=0%
Psycho-education and training 6 —-041 [-0.67, —0.14] 3.00%***  48%
Virtual reality exposure therapy 2 -0.67 [-1.19, —0.14] 2.49%*** 49%
Exercising 1 -0.24 [-0.86, 0.39] 0.74 —
Entertainment 1 —-042 [-1.23,0.39] 1.02 —
Type of support 7>=091, p=0.34, F=0%
Nontherapist involved (SA+PSH) 3 —-0.54 [-0.86, —0.21] 3.27%*%** (0%
Therapist involved (MC+TA) 7 -044 [-0.73, —0.15] 3.00*%**  60%
Target population =108, p=0.58, F=0%
Adolescents (M < 18) 6 -047 [-0.80, —0.15] 2.85*%**  66%
Adult (18 <M <65) 3 -0.54 [-0.86, —0.21] 3.27*%¥** 0%
Elderly (M > 65) 1 -0.24 [-0.86, 0.39] 0.74 —
Control condition 72=1.80, p=0.41, F=0%
TAU 5 -0.39 [-0.68, —0.11] 2.70*%**  66%
WL 3 -0.66 [—1.14, —0.18] 2.72%%** 9%
Active treatment 2 —-0.53 [-1.10, 0.03] 1.85%%%* 6%

2All subgroup analyses were conducted in mixed effects analyses. °Li, Chung, and Ho (2011). **%p <0.01; ***¥p <0.001.
CI, confidence interval; M, mean of age; Ncomp, Number of comparisons; MC, minimal-contact therapy; PSH, predominantly self-help;
SA, self-administered; TA, therapist-administered; TAU, treatment as usual; WL, waiting list.
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for depression therapy, and to examine their effectiveness
through a meta-analysis of available RCTs. In the 19 studies
included in the review, four categories of game types were
identified and described, of which psycho-education and
training and virtual reality exposure therapy were identified
as the most popular types of game application for depression.
The psycho-education and training interventions were de-
veloped mainly from traditional CBT, which is a widely used
and effective form of depression therapy with a particular
focus on problem-solving skills.*> With the interactive plat-
form and game elements involved, psycho-education and
training interventions may have further advantages in activating
patients’ motivation in the learning process and increasing the
efficacy of teaching instrumental actions to deal with stressful
situations.'” In addition, the self-help features of this type of
digital intervention reduce therapist time and effort during the
education and training process.** According to Caillois” well-
known taxonomy of games, virtual reality exposure therapy is a
typical “mimicry” game type.*> By simulating a real envi-
ronment and contexts, this type of intervention can lead to a
sense of illusion and the delimitation of space and time.** The
unique experience of virtual reality exposure therapy was re-
ported to be partlcularly effective for reducing depression
caused by fear.”’*?* Compared with exposure in vivo, which
requires going outside, virtual reality exposure therapy is more
cost effective, and allows therapists to control the appropriate
exposure stimuli for patients. The other two types of digital
game therapies, exercising and entertainment, share the same
purpose of relaxation. These games provoke sensations of
pleasure,* further resulting in behavioral or cognitive distrac-
tion in individuals toward external stressors. As distraction is a
significant way of managing negative emotions,*® exercising
and entertainment interventions have the potential to reduce
depression by suspending reality.

The majority of the studies were aimed at young people
aged younger than 30 years. This is in line with Ceranoglu’s
study,*” which demonstrated that game-based applications
have found their way into the mental healthcare for young
people in clinical treatment. Given that digital games are
popular among young people,*®*° they have a high potential
to become valuable tools for mental therapy for teenagers
and young adults. Two studies were identified that presented
interventions specifically for older adults older than 65 years.
Increasing evidence shows that a high percentage of such
adults actively play digital video games in daily life.’>>' The
health benefits of digital videogames for older adults have
been supported by a recent review,’” and Wilkinson et al.>°
further suggested that the elderly population is an important

group that merits attention from therapeutic game develop-
ers. As only 2 out of the 19 studies focused on the elderly,
there is clearly a research demand for future studies on the
development and evaluation of digital game-based inter-
ventions tailored specifically to address elderly depression.

The findings of the meta-analysis suggest that game-based
digital applications in general have a moderate effect size
(d=0.47) as depression therapy. It is important to note that
after the removal of a possible outlier,* the effect size of the
other nine trials did not change significantly, but the hetero-
geneity decreased significantly to a low level. This finding
indicates that the majority of the included studies had a mod-
erate effect on depression. This is similar to findings in other
recent meta-analyses of computerized interventions for de-
pression, such as d=0.41 in Andersson and Cuijpers’ study,'’
d=0.51 in Spek et al.’s study,'® and ¢=0.56 in Richards and
Richardson’s study.'® The results reveal that game-based ap-
plications do not differ much from other forms of computer-
ized interventions in terms of effectiveness in depression
treatment. However, in this study, the nontherapist supported
interventions were reported to have a greater effect size than
those with therapist support (d=0.54 vs. d=0.44), which is
inconsistent with the results presented in these three previous
reviews. This is probably attributable to the fundamental
characteristic of game-based applications, and thus the effect
may be superior if the game intervention was in a self-
administered condition. In line with previous research,'®'” our
review also shows the influence of the control condition on the
final effect size of the interventions, with higher effects when a
waiting list was used as the control condition. The effects of the
trials with a waiting list control were superior to those with
active treatment controls (such as antidepressants). This may
be because no treatment is worse than some treatment. An-
dersson and Cuijpers'’ compared the effects of computerized
interventions based on CBT and those based on other psy-
chological treatments, but found no significant difference. In
the study, it is interesting to note that there was a big variance
between two trials from Fleming et al.’s'? and Sally et al.’s*
studies (d=—1.20 vs. d=—0.11; see Fig. 2), which in fact
applied the same intervention (SPARX) under the same de-
pression measurement (CDRS-R). The variance might reflect
that game-based psycho-education intervention has higher ef-
fect on treating depression among adolescents excluded from
mainstream education (Fleming et al.’s trial), rather than typ-
ical young people (Sally et al.’s trial). Sample size is another
possible explanation, with Sally et al.’s trial involving nearly
six times as many participants than Fleming et al.’s trial (187
vs. 32 participants).



526

It is important to note that most of the studies were con-
ducted with a small number of participants, and thus suffer
from the risk of bias. As RCTs are considered to be standard
for evidence-based study, more large-scale and high-quality
RCT studies are needed in future to discover the true power
of game-based digital interventions as depression therapy.
There is also a significant lack of data on the long-term
effects of such interventions. In our meta-analysis, only the
RCT studies by Emmelkamp et al.*® and Proudfoot et al.*’
reported some remaining benefits at the 6 month follow-up.
As research on game-based digital interventions in depres-
sion therapy is still in its infancy, more studies with longer
follow-up evaluations are particularly needed.

This review has several limitations. As game-based digital
applications for depression therapy is a rather new research
area, only a small number of studies met the inclusion cri-
teria, which also led to relatively few RCTs being identified
for the meta-analysis. In addition, as the review involved
studies with a broad range of target groups, support types,
and significance of depression symptoms, there was con-
siderable heterogeneity across the studies. This heterogene-
ity can be seen as an advantage because it allowed us to
investigate the differences among the studies, but it does
mean that the results are of limited generalizability and
should be interpreted with caution. Finally, we did not
present data on attrition rates in the meta-analysis, which is a
common concern for interventions that offer no support.”

Conclusion

This study presents a systematic review of existing re-
search on game-based digital interventions for depression.
Four categories of game interventions were identified that
had an overall medium effect size, as supported by a meta-
analysis of available RCTs. Subgroup analyses were con-
ducted to compare the effectiveness of different types of
games, levels of therapist support interventions, populations,
and comparison conditions. Due to the limited number of
studies in this new and important area of game-based digital
interventions, further research is needed, in particular to
confirm the effectiveness of larger scale and longer term
RCTs, and the use of this treatment in an aging population.

Notes

a. PubMed (www.ncbi.nlm.nih.gov/pubmed/), PsycINFO
(www.apa.org/psycinfo/), EMBASE (www.elsevier.com/
online-tools/embase/), Cinahl (www.ebscohost.com/
cinahl/), Web of Science (http://portal.isiknowledge
.com/), Cochrane Central Register of Controlled Trials
(CENTRAL) on the Cochrane Library (www.thecoch
ranelibrary.com/), and ACM Digital Library (http:/dl
.acm.org/).

. http://sparx.org.nz/

www.reachoutcentral.com.au/

. http://us.battle.net/wow/

www.popcap.com/games/bejeweled2/online/
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