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Abstract

Background: Recently, many studies have been conducted to investigate the effects of exergames on the social well-being of
older adults.

Objective: The aim of this paper is to synthesize existing studies and provide an overall picture on the social effects of exergames
on older adults.

Methods: A comprehensive literature search with inclusive criteria was conducted in major social science bibliographic databases.
The characteristics of exergames, participants, methodology, as well as outcome measurements were extracted from the relevant
studies included in the review. The bibliometric and altmetric outreach of the included studies were also investigated.

Results: A total of 10 studies were included in the review, with 8 studies having used the Nintendo Wii platform. Most of the
studies recruited healthy older adults from local communities or senior activity centers. Three groups of social-related outcomes
have been identified, including emotion-related, behavior-related, and attitude-related outcomes. A metric analysis has shown
that the emotion-related and behavior-related outcomes received high attention from both the academic community and social
media platforms.

Conclusions: Overall, the majority of exergame studies demonstrated promising results for enhanced social well-being, such
as reduction of loneliness, increased social connection, and positive attitudes towards others. The paper also provided implications
for health care researchers and exergame designers.

(J Med Internet Res 2018;20(6):e10486) doi:10.2196/10486
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[2,3]. Older adults often suffer from several common negative

events, such as a lack of close family ties (eg, living alone), loss
of a loved one, a decline in mobility, or a reduction in active

Introduction

Significant population aging has been experienced by countries VRO i o )
worldwide. In 2015, a report from the United Nations [1] participation in social activities. The accumulation of these
negative events could result in inadequate social support or

impaired social interaction [4,5]. Some studies have indicated
that a lack of social interaction led to frequently experienced
social problems and disorders, such as social isolation and
loneliness [6-8]. Given the potential harmful effects of social
isolation and loneliness, it is important to develop social

indicated the number of older adults aged 60 and above was
901 million, which equated to 13% of the entire population.
The report predicted that this number is expected to double by
2050, reaching nearly 2.1 billion people. Population ageing has
become a major global demographic trend and has subsequently
raised many public concerns on the well-being of older adults
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interventions to reduce emotional damage to older adults and
inappropriate health and social service usage.

With the advent of digital technology, exergames, which
combine digital gaming and physical exercise, are commonly
used as daily exercise programs [9]. Despite being originally
designed for entertainment, exergames are increasingly used
for health promotion. There is a rapid growth in the popularity
and use of exergames as health programs in public settings,
such as in communities [10], school, and work environments
[11]. Many previous studies [12,13] have assessed the potential
benefits of exergames on participants’ physical, cognitive, and
psychological well-being. For example, evidence from a 2-week
pilot study demonstrated that exergames were able to
significantly improve upper extremity function for poststroke
patients [14]. A pilot study from Chan et al [15] showed that
older adults in virtual reality cognitive training programs had
better improvements in repetition and memory retention than
those in usual programs. Albores et al [16] reported that older
patients with chronic obstructive pulmonary disease showed
significant improvements in their emotional well-being after a
12-week Wii Fit training program.

The social effects of exergames have drawn considerable
attention from researchers [17-19]. Exergaming is a social
experience which gives the players opportunities to interact
with each other. This can in turn foster social networking and
friendships among the players. Results from a study published
by Kooiman and Sheehan [17] showed that exergaming over
the internet increased students’ social relatedness in physical
education. Social interaction was reported as the most important
motivation for adolescents in a 20-week exergaming intervention
[20]. In addition to the positive effects experienced by the
younger generations, recent research on exergames has also
extended to investigate of the social effects of exergaming to
the older population [21,22].

Considering the major concerns regarding older adults with
social disorders, it is important to have an overview on whether
exergames may serve as an effective intervention for the social
well-being of this group of people. In the literature on
exergaming, many systematic reviews examined only on the
physical and cognitive benefits of exergaming on older adults
[23-25]. Some studies have reviewed the psychosocial effects
of exergames, however, these studies are focused on
psychological changes, such as the effect of exergaming on
depression, mood, and enjoyment of exercise [26-29]. Therefore,
an overall picture on the social effects of exergames on older
adults is required. With increasing research efforts in the field
of exergaming, the current systematic review was conducted
with the aim of synthesizing the existing literature and to provide
implications for improving social well-being in older adults
using exergaming. Additionally, the review also investigated
the bibliometric and altmetric outreach of the included studies
in this systematic review, to understand their impacts in both
academic and nonacademic (social media) platforms.

Methods

The current review adopted the definition of an exergame from
Oh and Yang [9] who defined it as “an experiential activity in
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which playing exergames or any videogames requires physical
exertion or movements that are more than sedentary activities
and also include strength, balance, and flexibility activities.”
The studies included in the systematic review should thus
involve exergames, according to the above definition, as the
primary intervention of the study. Other inclusion criteria were:
(1) the study should incorporate measures of social outcomes
such as social connection, social bonding, or loneliness; (2) the
study should target participants aged 55 or above; (3) the study
should report original research in English. The term “older
adult” commonly refers to a person having a chronological age
of 65 years and older [30] but extensive studies indicate that
insights into the needs of future older adults could be provided
if pre-elderly adults aged 55 to 64 were included in the
investigations [31,32]. Therefore, the current review included
studies with participants aged 55 and above. The current review
has a restriction to English-only articles because non-English
publications do not appear in major bibliographic databases. In
order to achieve a complete picture of exergaming effects on
social outcomes, there were no constraining criteria applied
with regard to the study design. Thus, the review included
studies which used both qualitative and quantitative methods.

A comprehensive literature search was conducted in major social
science bibliographic databases, including PsycINFO, PubMed,
CINAHL, and ScienceDirect. Potential studies were identified
by the combination of exergame terms (exergame OR Wii OR
Kinect OR active video game), social terms (socia* OR social
support OR social interaction OR social bonding OR
communicat*), and ageing terms (aging OR aged OR elderly
OR older OR senior). Reference lists of the included studies
and relevant reviews were also inspected for additional studies
to be included in the current systematic review. A total of 319
articles published before 22 January 2017 were retrieved for
review and analysis. All articles were assessed using either the
title, abstract, or full text to determine their eligibility in the
systematic review conducted in this paper. The articles without
full texts in any of the databases listed above excluded if the
full texts could not be retrieved using online search engines or
by contacting the authors directly. After identifying the final
list of included studies, the characteristics of exergames,
participants (country, sample size, age, and profile),
methodology (study design and duration), as well as outcome
measurements were extracted from the studies. Screening and
data extraction was performed mainly by one reviewer, while
a second reviewer was assisted by checking and editing the
extracted data.

To investigate the bibliometric score (in terms of citation count),
the altmetric score, and the social media presence of the articles
included in the systematic review, we collected citation counts
from Scopus [33], as well as usage and capture data from PlumX
[34] before 31 April 2017. We also collected Tweet counts,
number of Mendeley readers, and the Altmetric Attention Score
from Altmetric [35] for each included article. Altmetrics can
be described as new or alternative measures of the impact of
research objects, based mainly on social media data sources
[36]. The Altmetric Attention Score is a weighted aggregate
metric comprising diverse online sources from news outlets,
policy documents, blogs, Wikipedia, Twitter, Facebook,
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YouTube, and other social media sources. Usage data from
PlumX is a combined metric incorporating counts from
downloads, views, library holdings, video plays, clicks,
collaborators, and other usage metrics. Capturing data from
PlumX comprises counts from bookmarks, favorites, followers,
readers, subscribers, watchers, exports or saves, and code forks.
The 2015 QS world university rankings [37] were used to
determine the prestigious universities. Prestigious universities
were defined as those listed in the 2015 QS world university
rankings. We used a logarithmic scale for a better visualization
of the data. These metrics gave us an insight into the outreach
and impact of the included studies in this systematic review.

Results

Study Selection

According to the inclusive criteria, a total of 10 studies were
eligible to be included in the final review process. Figure 1
illustrates the flowchart of the systematic review process for
the selection of the included studies. Tables 1 and 2 outline the
key characteristics of these 10 studies.

Characteristics of the Studies Included

Exergame Types

Of the 10 studies investigated, 8 investigated social effects of
exergames using Nintendo Wii, while 2 studies used Microsoft
Xbox Kinect. Both platforms are the most popular exergaming
platforms in the current market, and both offer console-based
devices and games which make exergaming possible in the
home setting. In terms of game topics, it is interesting to note
that half of the studies (n=5) applied games from Nintendo Wii
Sports package [39-43]. The Wii Sports game package allows
participants to play virtual sport games (such as tennis, bowling,
baseball, golf, or boxing) by performing body motions that they
would do in actual sports. Another study from Wu, Li, and
Theng [45] also used a virtual bowling game, but from the
Microsoft Kinect Sports game package. Two studies used
exercise games from Nintendo Wii Fit, or its successor Nintendo
Wii Fit U [21,38]. Wii Fit exergames are different to Wii Sports
games as they aim to improve players’ physical fitness through
exercise activities such as strength training, aerobics, yoga, and
balance games. Besides those simulating actual exercise,
exergames with topics from daily life activities were also found
in two studies [39,43], such as cookery simulation-styled
Cooking Mama and party simulation-styled Wii Party.

Participants

Most of the studies recruited healthy older adults from local
communities or senior activity centers. There were 2 studies
[38,44], however, that investigated the social effects of
exergames on older adults with physical or social problems,
such as those with impaired balance, with a disability, or those
who were socially isolated. Six studies included participants
with Western cultural backgrounds, including the US, Australia,
and Canada. Among the studies focused on Western cultural
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backgrounds, one study focused on African American
participants [21]. Four studies were conducted in the context of
Asia, all of which were conducted in Singapore. The majority
of the studies had a small sample size with less than 50
participants.

Methodology

Five of the 10 studies applied poststudy qualitative methods to
assess the social effects of exergames, such as semistructured
interview, semistructured group interview, or focus group
discussion. Among those applying quantitative methods, 4
studies tested the effects between exergames and other control
conditions. For example, Wu et al [45], Jung et al [39], and
Kahlbaugh et al [40] compared exergames with traditional
activities such as playing board games, watching television
programs, or performing normal exercise. Xu et al’s [22] study
is an exception which compared the effects among 3 exergame
conditions (playing alone vs playing with elderly vs playing
with youths). One study [43] applied a within-group experiment
method to compare the effects before and after the exergame
intervention. The duration of the intervention period ranged
from 1 to 12 weeks, while most of the studies involved 8
sessions or more. Two reviewers independently applied the risk
of bias tool from Cochrane Collaboration [46] to assess the
methodological quality of 4 studies with control conditions.
Table 3 shows the results of the quality assessment of the 4
controlled studies. According to the Cochrane recommendations
[46], 2 studies [22,45] were identified to have “High Risk of
Bias,” while the other 2 studies [39,40] were identified to have
“Moderate or Unclear Risk of Bias.”

Social Outcomes

The findings of the included studies have identified several
social-related outcomes. Based on the different natures of the
outcomes, they were categorized into three groups:
emotion-related, behavior-related, and attitude-related.

Emotion-Related

Loneliness was identified to be the main emotion-related social
outcome affected by exergames. Jung et al conducted a study
to assess the potential of Nintendo Wii in improving the quality
of life among older adults in a long-term care facility [39]. Their
results indicated that elderly participating in the Wii condition
group had a significantly lower level of loneliness than those
participating in the other condition group, who played traditional
board games. Similarly, another between-group study in the US
also reported that playing Wii rather than watching television
programs led to a lower level of loneliness [40].

Additionally, Xu et al found a significant decrease in loneliness
among older adults after exergaming, although little differences
were found across different play types or age groups (young-old
vs old-old) [22]. In the same study, social anxiousness was also
found to have significantly declined, however, this was noticed
only in the young-old participants who played exergames with
youths [22].
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Figure 1. Flowchart of the systematic review process for the included studies.
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(n=305)

Records identified through keyword
searching among databases

Additional records from
Reference lists & earlier reviews
(n=14)

All screened records

Full-text articles assessed for eligibility

Articles excluded mainly due to (n=237):
- No exergame intervention (n=132)
- Not older adult participants (n=105)

Studies included in systematic review

Articles excluded mainly due to (n=72):

- No social-related outcome measures (n=62)
- The article is only a protocol (n=4)

- Not able to find the full text (n=6)

Table 1. Characteristics of the included studies (exergames and participants).

Study Exergames Participants
Country Sample size  Age in years Profile
Agmon et al [38] Wii Fit Exergames (basic step, soccer US 7 84 (5) e Older adults with impaired balance
heading, ski slalom, and table tilt) e  From care retirement communities
Chao et al [21] Wii Fit U (balance games, yoga pos- US 12 64.17(6.74) * Healthy older female adults aged 55
es, strength training, aerobics, and years and above
dance games) o From African American community
Jung et al [39] Wii Sports (tennis, bowling, baseball Singapore 45 56-92 e Local healthy older adults
and boxing) and Cooking Mama o  From senior activities centers
Kahlbaugh et al [40]  Wii game (Wii bowling) Us 35 82 (9.8) e Healthy older adults
o  From independent living residential
apartments
Keogh et al [41] Nintendo Wii Sports Australia 34 83 (8) e Healthy older adults
e  From residential aged care centers
Millington [42] Exergame such as Wii Bowling Canada 8 N/AP e  Healthy older persons
o From retirement centers
Theng et al [43] Wii games such as “Wii Sports,” Singapore 28 >60 e Healthy older adults
“Cooking Mama,” and “Wii Party” o  From a seniors’ activity center
Wollersheim et al [44] Wii games Australia 11 73.5 (9) e Older women with a disability or
who are socially isolated
Wu et al [45] Kinect Sport Bowling with a partner  Singapore 113 >55 o Healthy old adults
o  From senior activity centers and
community clubs
Xu et al [22] Three Kinect exergames Singapore 89 75 o Local healthy older adults

. From senior activities centers

#Age presented as mean (SD).
PN/A: not available.
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Table 2. Characteristics of the included studies (methodology and outcome).

Lietal

Study

Methodology

Study design®

Duration

Outcome

Measurement

Effect

Agmon et al [38]

Chao et al [21]

Jung et al [39]

Kahlbaugh et al [40]

Keogh et al [41]

Millington [42]

Theng et al [43]

Wollersheim et al [44]

Wu et al [45]

Xu et al [22]

Within-group, poststudy interview

Within-group, poststudy interview

Between-group, 2 conditions:

«  Playing exergames (N=30)

¢  Playing traditional board
games (N=15)

Between-group, 3 conditions:

«  Playing exergames with a
partner (N=16)

«  Watching television pro-
grams with a partner (N=12)

e No visits (N=7)

Within-group, poststudy interview

Within-group, poststudy interview

Within-group, pre- and poststudy
measurement

Poststudy focus group discussion

Between-group, 4 conditions:

«  Playing collaborative ex-
ergame (N=26)

«  Playing competitive ex-
ergame (N=24)

«  Playing collaborative tradi-
tional exercise (N=25)

«  Playing competitive tradition-
al exercise (N=20)

Between-group, 3 conditions:

¢  Playing exergames with their
peers (N=31)

e  Playing with an adolescent
(N=26)

e  Playing alone (N=31)

3 sessions per week;
12 weeks

2 sessions per week;
12 weeks

3 sessions per week;
6 weeks

1 session per week; 10
weeks

8 weeks

Wii constant use at
one center; 1 to 2
times per month for
another two centers

6 sessions

2 sessions per week;
6 weeks

2 sessions per week;
4 weeks

3 sessions per week;
1 week

Socialization: semistruc-
tured interview

Social connection:
semistructured interviews

Loneliness: UCLAP Loneli-
ness Scale

Loneliness: UCLA Loneli-
ness Scale

Socialization: semistruc-
tured group interview

Social engagement: Inter-
view

Positive attitude: semantic
differential scale

Social bonding: focus group
discussion

Social presence: The Social
Presence in Gaming ques-
tionnaire

3 measurements:

. Loneliness: UCLA
Loneliness Scale

. Social anxiousness: the
interaction anxiousness
scale

o Sociability: sociability
scale

Six out of 7 participants described
that they enjoyed playing Wii Fit
with their grandchildren

The program encouraged partici-
pants to get connected with others

Exergame group versus control
group: #43=5.34, P<.01

Exergame group versus television
group: F 30=6.24, P<.005

“Several (P5 and P4) found that
having a ‘new face’ to interact
with and someone who would sit
and listen was something to look
forward to.”

“Virtual bowling can bring people
together in communal spaces while
also ‘getting them up’ and active”

Mean positive attitude towards
youth: increased from 4.06 (SD
0.78) to 4.27 (SD 0.43)

“Many of the women noted that
being more technologically adept
allowed them to be more connect-
ed to their grandchildren.”

Exergame group versus traditional
exercise group: beta=—20, P<.10
(in general intention model)

3 effects:

¢  Loneliness: significantly de-
creased after playing ex-
ergames, ] g3=.57, P<.05

o Social anxiousness: did not
change significantly,
F183=1.58, P=212

o Sociability: significantly in-
creased after playing ex-
ergames, Fy g3=3.95, P=.050

3For social outcomes.

SUCLA: University of California, Los Angeles.
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Table 3. Results of quality assessment of four controlled studies included in the review.
Citation Random sequence  Allocation Blinding of participants Blinding of out-  Incomplete Selective  Other bias
generation concealment  and personnel come assessment outcome data  reporting
Jung et al [39] Low bias Unclear Unclear Unclear Low bias Low bias  Low bias
Kahlbaugh et al [40] Low bias Unclear Unclear Unclear Low bias Low bias  Low bias
Wu et al [45] High bias High bias Unclear Unclear Low bias Low bias  Low bias
Xu et al [22] High bias Unclear Unclear Unclear Low bias Low bias  Low bias

Attitude-Related

Wau et al [45] presented a study which examined the exergame
effects on social presence, which was defined as the sense of
connecting or being with others in a media-mediated
environment. Their results found that older adults in the
exergame setting had a significant lower social presence than
those in traditional exercise. Another Singapore study from
Theng et al [43] showed that playing exergames with youths
led to improvement in older adults’ positive attitude toward the
younger age group.

Metric Analysis

Currently, the study from Agmon et al [38] has received the
most attention from the scholarly community to date, with a
total of 105 citations, 27 of which came from prestigious
universities. The study published by Wollersheim et al [44] has
also received a good amount of attention with a total of 63
citations, of which 8 were from prestigious universities. Most

Figure 2. Overview of the bibliometric outreach of included studies.

Jung et al.
2009

Wollersheim etal.
2010

Kahlbaughetal.
2011

Agmon etal.
2011

Theng et al.
2012

Keogh et al.
2014

Exergame Studies

Wuetal.
2015

Milington
2015

Xu et al.
2016

Chao etal.
2017

of the citations of these two studies came from articles published
between 2014 and 2016, and mainly from papers published in
the fields of Medicine and Computer Science. Since the studies
from Xu et al [22] and Chao et al [21] were only recently
published (they were published in December 2016 and January
2017 respectively), no citations could yet be found for these
articles. Figure 2 shows the bibliometric outreach of the
exergame studies.

Figure 3 gives an overview of the altmetric outreach of the
exergame studies. The study with the highest Altmetric Attention
Score was Theng et al with a score of 29 [43]. This high score
was attributed to 3 mentions on news outlets in March 2017,
naming this study as an example of how Nintendo’s motion
control system has helped to make gaming accessible to new
groups of users. Kahlbaugh et al had a very high PlumX usage
count of 5300, and a high PlumX capture count of 498 [40].
These were mainly due to abstract views, clicks on outbound
links, and exports or saves on EBSCO [47].

m Scopus Citation Count
(not from QS top universities)

® Scopus Citation Count
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Figure 3. Overview of the altmetric outreach of included studies.
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Agmon et al had a high count of 180 Mendeley readers, but
since Altmetric.com does not include Mendeley readers in its
score, this is not reflected as this study had a score of 3 [38].
Again, two recent studies [21,22] did not yet have any altmetrics,
however, one tweet could already be found for the article from
Chao et al [21], giving this article an Altmetric Attention Score
of 0.5. Tweet counts were however low across all studies, with
Milington [42] and Agmon et al [38] having the highest count
of 5 tweets each.

Discussion

Principal Findings

While previous reviews have synthesized the psychosocial
effects of exergames [26,28,29], the current review focused
specifically on social benefits and extended to the ageing
population. The systematic review shows an increasing interest
in using exergames to improve the social well-being among
older adults, with 9 out of 10 included studies published after
the year 2010. Nevertheless, the small number of identified
studies also calls for more investigation in this new research
area. Several systematic reviews had similar findings in the area
of exergames for mental health, with 12 and 9 studies found in
the reviews published by Spek et al [48] and Li et al [28]
respectively. Overall, the majority of exergame studies
demonstrated promising results for enhanced social well-being
in older adults, such as a reduction of loneliness, an increase in
social connection, and positive attitudes towards others.
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Social Benefits of Exergames

Although the social benefits of exergames are often discussed
in the literature on exergames, there has been no particular
review found on this topic. By summarizing the existing original
studies, the findings from the current review showed that
exergames could be an effective intervention for social
improvements among older adults. The review supported the
finding that exergames were able to reduce the loneliness level
among older adults. The decrease in loneliness was perhaps not
due to playing the exergame itself, but rather due to the increased
interactions between the participants and other players. In a
large sample survey study, Lee and Ishii-Kuntz [49] indicated
that doing an activity with other people reduced loneliness
among older adults. Furthermore, many of the included studies
suggested that exergames provide opportunities for social
interaction and connectedness with peers and family members
[38,41,44]. In addition to loneliness, older adults often lack the
motivation to engage in exercise. Chao et al indicated that these
behavior-related social outcomes of exergames may increase
exercise motivation and adherence among older adults [27]. A
metric analysis has shown that the emotion-related and
behavior-related outcomes of exergames received a lot of
attention in the academic community as well as on social media.

Attitude-related social outcomes are a new finding which have
not been reported in previously published exergame reviews
(eg, those published by Chao et al [27] or Matallaoui et al [29]).
Exergames were found to affect a sense of being with others
[45] and positive attitudes towards others [43], similar to
findings in recent research on persuasive video gaming [50,51].
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An experiment from a study published by Alhabash and Wise
[50] found that video game role-play led to a change in students’
explicit and implicit attitudes toward Palestinians and Israelis.
In another study, students who played the persuasive social
impact game had an increased positive attitude towards the
homeless [51]. Results from this review further supports that
active video games, such as exergames, have the potential to
affect older adults’ attitudes towards other groups of people.
Although attitude-related social outcomes currently have a low
academic impact in the exergaming research area, they have
begun to receive a certain amount of discussion on social media.

Implications for Future Study

This review showed that that Nintendo Wii was the most
frequently used exergaming platform in the included studies.
This finding is supported by another review [27], which reported
that the Nintendo Wii is one of the most accessible and popular
exergames for seniors. Chao et al [27] further indicated the high
attendance rates among older players in Wii exergames
programs. Although the evidence may suggest Wii to be a
suitable platform for older adults to perform exergames, there
have been no studies conducted which investigate the difference
in effect between exergaming using a Wii and other platforms,
such as the Microsoft Kinect consoles. More studies are needed
to compare the effects of different exergaming platforms. Sport
games were identified to be the favored type of games used in
the included studies, and bowling was tested in 3 studies
[40,42,45]. According to the American College of Sports
Medicine [52], older adults are encouraged to perform physical
activities that maintain or increase their balance and flexibility
through slow movements. The bowling games exergames allow
for slow movements which match the typical physical activities
recommended for older adults. Additionally, bowling is a
self-paced exercise in which older adults could take the time
they needed to perform the moves [27]. Crucially, all the studies
applied commercial exergames available on the market and
none of the interventions were integrated with social theories.
This highlights the need to combine social-related theories with
exergame programs in order to optimize the effectiveness of
social improvements.

Although most of studies targeted healthy older adults, two
studies examined the social effects on older adults with physical
disabilities [38,44]. Physical disability, particularly low mobility,
has often been identified as a risk factor for social isolation
among older adults [53]. Low mobility prevents seniors from
participating in active social engagement and connection, leading
to common social disorders such as loneliness. The two included
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studies with older adult participants with physical disabilities
showed that playing exergames improved their social well-being
by increasing social bonding with their peers and grandchildren.
However, the physical limitations of this group of older adults
may have led to some difficulties in interacting with the
exergames. They may have been exposed to frustrating
experiences or even accidents if the exergames were performed
without proper human or technical assistance. As a result, health
care providers and exergame designers should take this into
consideration when implementing future social exergame
programs for older adults with disabilities. In terms of cultural
background, the studies were conducted in both Western and
Asian contexts. It appears that exergames might have social
effects on older adults with various cultural backgrounds, but
knowledge is lacking on whether the social outcomes would be
affected by cultural factors. Future studies are recommended to
compare the social effects between different cultural contexts.

The study designs included in this study varied in rigor, with 6
studies applying a within-group design, and 4 studies applying
between-group design by comparing exergames with a control
condition. Although the majority of studies showed promising
results for the use of exergames for social enhancement, the
conclusions need to be interpreted with caution due to the limited
number of randomized controlled trials. The included studies
were either predominantly small pilot trials or feasibility studies;
they lacked the adequate sample sizes needed for a powered
efficacy trial. Meanwhile, half of the studies used qualitative
methods for data collection. Without validated quantitative
instruments, their findings do not have the capacity to detect
significant changes in social outcomes.

Limitations

There are some limitations in the review. Due to the limited
number of identified studies, the systematic review included
articles with both qualitative and quantitative analyses. The
quality assessment of the included studies was difficult to
conduct, and it was not possible to produce mean effect sizes
via a meta-analysis. However, the review was broad in scope
and included a diversity of study conditions and social outcome
measures. Another limitation is that the key conclusions should
be interpreted with caution due to the small number of included
studies. Furthermore, relevant studies may have been
unintentionally excluded because of the specific keywords used
and the databases selected. Lastly, a publication bias, particularly
language bias, might have occurred because we restricted the
search to English language publications.

This research was supported by (1) the National Research Foundation Singapore under its National Innovation Challenge on
Active and Confident Ageing (Award #MOH/NIC/CAHIG03/2016) and administered by the Singapore Ministry of Health’s
National Medical Research Council; and (2) the National Research Foundation, Prime Minister's Office, Singapore under its
Science of Research, Innovation and Enterprise programme (SRIE Award #NRF2014-NRF-SRIE001-019).

Conflicts of Interest

None declared.

http://www.jmir.org/2018/6/e10486/

RenderX

J Med Internet Res 2018 | vol. 20 | iss. 6 | 10486 | p.8
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Lietal

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

United Nations. New York: United Nations; 2015. World Population Ageing URL: http://www.un.org/en/development/
desa/population/publications/pdf/ageing/WPA2015_Report.pdf [accessed 2018-06-14] [WebCite Cache ID 70ASW23VI]
Cheng ST, Fung HH, Li LW, Li T, Chi L. Successful Aging: Concepts, Reflections and Its Relevance to Asia. In: Cheng
ST, Chi I, Fung HH, Li LW, Woo J, editors. Successful Aging: Asian Perspectives. Netherlands: Springer; 2015.

Read S, Grundy E, Foverskov E. Socio-economic position and subjective health and well-being among older people in
Europe: a systematic narrative review. Aging Ment Health 2016 Mar;20(5):529-542 [FREE Full text] [doi:
10.1080/13607863.2015.1023766] [Medline: 25806655]

Been H, Dalgard OS, Bjertness E. The importance of social support in the associations between psychological distress and
somatic health problems and socio-economic factors among older adults living at home: a cross sectional study. BMC
Geriatr 2012 Jun 08;12:27 [FREE Full text] [doi: 10.1186/1471-2318-12-27] [Medline: 22682023]

Alexandrino-Silva C, Alves TF, Téfoli LF, Wang Y, Andrade LH. Psychiatry: life events and social support in late life
depression. Clinics 2011;66(2):233-238. [doi: 10.1590/S1807-59322011000200009]

Singh A, Misra N. Loneliness, depression and sociability in old age. Ind Psychiatry J 2009 Jan;18(1):51-55 [FREE Full
text] [doi: 10.4103/0972-6748.57861] [Medline: 21234164]

Holmén K, Furukawa H. Loneliness, health and social network among elderly people—a follow-up study. Archives of
Gerontology and Geriatrics 2002 Nov;35(3):261-274. [doi: 10.1016/S0167-4943(02)00049-3]

Grenade L, Boldy D. Social isolation and loneliness among older people: Issues and future challenges in community and
residential settings. Australian Health Review 2008;32(3):468-478 [FREE Full text]

OhYY, Yang S. Defining exergames & exergaming. 2010 Presented at: Meaningful Play 2010; October 21 - 23; East Lansing,
MI, USA.

Baranowski T, Maddison R, Maloney A, Medina E, Simons M. Building a Better Mousetrap (Exergame) to Increase Youth
Physical Activity. Games Health J 2014 Apr;3(2):72-78. [doi: 10.1089/g4h.2014.0018] [Medline: 26196047]

Maddison R, Simons M, Straker L, Witherspoon L, Palmeira A, Thin AG. Active video games: An opportunity for enhanced
learning and positive health effects? Cognitive Technology Journal 2013;18(1):6-13 [EREE Full text]

Daley AJ. Can exergaming contribute to improving physical activity levels and health outcomes in children? Pediatrics
2009 Aug;124(2):763-771. [doi: 10.1542/peds.2008-2357] [Medline: 19596728]

Kamel Boulos MN. Xbox 360 Kinect Exergames for Health. Games for Health Journal 2012 Oct;1(5):326-330. [doi:
10.1089/g4h.2012.0041]

Mouawad MR, Doust CG, Max MD, McNulty PA. Wii-based movement therapy to promote improved upper extremity
function post-stroke: a pilot study. J Rehabil Med 2011 May;43(6):527-533 [EREE Full text] [doi: 10.2340/16501977-0816]
[Medline: 21533334]

Chan CLF, Ngai EKY, Leung PKH, Wong S. Effect of the adapted Virtual Reality cognitive training program among
Chinese older adults with chronic schizophrenia: a pilot study. Int J Geriatr Psychiatry 2010 Jun;25(6):643-649. [doi:
10.1002/gps.2403] [Medline: 19806599]

Albores J, Marolda C, Haggerty M, Gerstenhaber B, Zuwallack R. The use of a home exercise program based on a computer
system in patients with chronic obstructive pulmonary disease. J Cardiopulm Rehabil Prev 2013;33(1):47-52. [doi:
10.1097/HCR.0b013¢3182724091] [Medline: 23235321]

Kooiman BJ, Sheehan DP. The efficacy of exergames for social relatedness in online physical education. Cogent Education
2015 Jun 3;2(1):1045808. [doi: 10.1080/2331186X.2015.1045808]

Marker AM, Staiano AE. Better Together: Outcomes of Cooperation Versus Competition in Social Exergaming. Games
Health J 2015 Feb;4(1):25-30 [EREE Full text] [doi: 10.1089/g4h.2014.0066] [Medline: 26181677]

Kim J, Timmerman CE. Effects of Supportive Feedback Messages on Exergame Experiences. Journal of Media Psychology
2018 Jan;30(1):29-40. [doi: 10.1027/1864-1105/a000175]

Staiano AE, Abraham A A, Calvert SL. Motivating effects of cooperative exergame play for overweight and obese adolescents.
J Diabetes Sci Technol 2012 Jul 01;6(4):812-819 [FREE Full text] [doi: 10.1177/193229681200600412] [Medline: 22920807]
Chao Y, Musanti R, Zha P, Katigbak C. The Feasibility of an Exergaming Program in Underserved Older African Americans.
West J Nurs Res 2017 Jan 01:193945916687529. [doi: 10.1177/0193945916687529] [Medline: 28322649]

Xu X, Li J, Pham TP, Salmon CT, Theng Y. Improving Psychosocial Well-Being of Older Adults Through Exergaming:
The Moderation Effects of Intergenerational Communication and Age Cohorts. Games Health J 2016 Dec;5(6):389-397.
[doi: 10.1089/g4h.2016.0060] [Medline: 27976953]

Choi S, Guo L, Kang D, Xiong S. Exergame technology and interactive interventions for elderly fall prevention: A systematic
literature review. Appl Ergon 2017 Nov;65:570-581. [doi: 10.1016/j.apergo.2016.10.013] [Medline: 27825723]

Larsen LH, Schou L, Lund HH, Langberg H. The Physical Effect of Exergames in Healthy Elderly-A Systematic Review.
Games Health J 2013 Aug;2(4):205-212. [doi: 10.1089/g4h.2013.0036] [Medline: 26192224]

Tahmosybayat R, Baker K, Godfrey A, Caplan N, Barry G. A systematic review and meta-analysis of outcome measures
to assess postural control in older adults who undertake exergaming. Maturitas 2017 Apr;98:35-45. [doi:
10.1016/j.maturitas.2017.02.003] [Medline: 28274326]

http://www.jmir.org/2018/6/e10486/ J Med Internet Res 2018 | vol. 20 | iss. 6 | 10486 | p.9

RenderX

(page number not for citation purposes)


http://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2015_Report.pdf
http://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2015_Report.pdf
http://www.webcitation.org/70A5W23VI
http://europepmc.org/abstract/MED/25806655
http://dx.doi.org/10.1080/13607863.2015.1023766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25806655&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/1471-2318-12-27
http://dx.doi.org/10.1186/1471-2318-12-27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22682023&dopt=Abstract
http://dx.doi.org/10.1590/S1807-59322011000200009
http://www.industrialpsychiatry.org/article.asp?issn=0972-6748;year=2009;volume=18;issue=1;spage=51;epage=55;aulast=Singh
http://www.industrialpsychiatry.org/article.asp?issn=0972-6748;year=2009;volume=18;issue=1;spage=51;epage=55;aulast=Singh
http://dx.doi.org/10.4103/0972-6748.57861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21234164&dopt=Abstract
http://dx.doi.org/10.1016/S0167-4943(02)00049-3
https://doi.org/10.1071/AH080468
http://dx.doi.org/10.1089/g4h.2014.0018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26196047&dopt=Abstract
https://espace.curtin.edu.au/bitstream/handle/20.500.11937/39248/194973_100932_Active_Video_Games.pdf?sequence=2&isAllowed=y
http://dx.doi.org/10.1542/peds.2008-2357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19596728&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2012.0041
https://www.medicaljournals.se/jrm/content/abstract/10.2340/16501977-0816
http://dx.doi.org/10.2340/16501977-0816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21533334&dopt=Abstract
http://dx.doi.org/10.1002/gps.2403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19806599&dopt=Abstract
http://dx.doi.org/10.1097/HCR.0b013e3182724091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23235321&dopt=Abstract
http://dx.doi.org/10.1080/2331186X.2015.1045808
http://europepmc.org/abstract/MED/26181677
http://dx.doi.org/10.1089/g4h.2014.0066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26181677&dopt=Abstract
http://dx.doi.org/10.1027/1864-1105/a000175
http://europepmc.org/abstract/MED/22920807
http://dx.doi.org/10.1177/193229681200600412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22920807&dopt=Abstract
http://dx.doi.org/10.1177/0193945916687529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28322649&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2016.0060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27976953&dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2016.10.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27825723&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2013.0036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26192224&dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2017.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28274326&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lietal

26. ZengN, Pope Z, Lee J, Gao Z. A systematic review of active video games on rehabilitative outcomes among older patients.
Journal of Sport and Health Science 2017 Mar;6(1):33-43. [doi: 10.1016/j.jshs.2016.12.002]

27. Chao'Y, Scherer YK, Montgomery CA. Effects of using Nintendo Wii™ exergames in older adults: a review of the literature.
J Aging Health 2015 Apr;27(3):379-402. [doi: 10.1177/0898264314551171] [Medline: 25245519]

28. LiJ, Theng Y, Foo S. Effect of Exergames on Depression: A Systematic Review and Meta-Analysis. Cyberpsychol Behav
Soc Netw 2016 Jan;19(1):34-42. [doi: 10.1089/cyber.2015.0366] [Medline: 26716638]

29. Matallaoui A, Koivisto J, Hamari J, Zarnekow R. How Effective Is “Exergamification”? A Systematic Review on the
Effectiveness of Gamification Features in Exergames. 2017 Presented at: Proceedings of the 50th Annual Hawaii International
Conference on System Sciences; 2017 January; Hawai'i, USA p. 3316-3325. [doi: 10.24251/HICSS.2017.402]

30. World Health Organization. Definition of an older or elderly person. 2013. URL: http://www.who.int/healthinfo/survey/
ageingdefnolder/en/ [accessed 2018-06-14] [WebCite Cache ID 70A7aZ4vy]

31. Bures R. Migration and the life course: is there a retirement transition? Int. J. Popul. Geogr 1997 Jun;3(2):109-119. [doi:
10.1002/(SICI)1099-1220(199706)3:2<109::AID-1JPG65>3.0.CO;2-I]

32.  Ministry of Community Development, Youth and Sports. Committee on Ageing Issues: Report on the Ageing Population.
2006. URL: https://www.msf.gov.sg/publications/Documents/CAI report.pdf [accessed 2018-06-14] [WebCite Cache ID
70A7tFs50]

33.  Scopus. URL: https://www.scopus.com/home.uri [accessed 2018-03-23] [WebCite Cache ID 6y7h9dUXs]

34, PlumX. URL: https://plumanalytics.com/ [accessed 2018-03-23] [WebCite Cache ID 6y7imgjOa]

35.  Altmetric. URL: https://www.altmetric.com/ [accessed 2018-03-23] [WebCite Cache ID 6y7jIIM4A]

36. Priem J, Taraborelli D, Groth P, Neylon C. Almetrics. 2010. Altmetrics: A manifesto URL: http://altmetrics.org/manifesto/
[accessed 2018-03-23] [WebCite Cache ID 6y7jbThMt]

37. QS world university rankings. 2015. URL: https://www.topuniversities.com/university-rankings/world-university-rankings/
2015 [accessed 2018-03-23] [WebCite Cache ID 6y7jAlUeu]

38.  Schmidt BJ, Carvalho N, Krynski S, Ortega C, Liberman J, Kamei ME. Studies on thyroid and hypophysary thyrotrophic
hormone (TSH) in Down syndrome. Arq Neuropsiquiatr 1977 Mar;35(1):1-5. [Medline: 139143]

39. JungY, Li K, Janissa N, Gladys W, Lee K. Games for a better lifeffects of playing Wii games on the well-being of seniors
in a long-term care facility. Proceedings of the Sixth Australasian Conference on Interactive Entertainment; Sydney,
Australia. : ACM; 2009 Presented at: Proceedings of the Sixth Australasian Conference on Interactive Entertainment;
December 17 - 19, 2009; Sydney, Australia. [doi: 10.1145/1746050.1746055]

40. Kahlbaugh PE, Sperandio AJ, Carlson AL, Hauselt J. Effects of Playing Wii on Well-Being in the Elderly: Physical Activity,
Loneliness, and Mood. Activities, Adaptation & Aging 2011 Oct;35(4):331-344. [doi: 10.1080/01924788.2011.625218]

41. Keogh JWL, Power N, Wooller L, Lucas P, Whatman C. Physical and psychosocial function in residential aged-care elders:
effect of Nintendo Wii Sports games. J Aging Phys Act 2014 Apr;22(2):235-244. [doi: 10.1123/japa.2012-0272] [Medline:
23752164]

42. Millington B. Exergaming in retirement centres and the integration of media and physical literacies. J Aging Stud 2015
Dec;35:160-168. [doi: 10.1016/j.jaging.2015.08.005] [Medline: 26568225]

43. Theng Y, Chua P, Pham T. Wii as entertainment and socialisation aids for mental and social health of the elderly. : ACM;
2012 Presented at: CHI '12 Extended Abstracts on Human Factors in Computing Systems; May 05 - 10, 2012; Austin,
Texas, USA p. 691-702. [doi: 10.1145/2212776.2212840]

44. ChaoY, Scherer YK, Montgomery CA, Wu Y, Lucke KT. Physical and psychosocial effects of Wii Fit exergames use in
assisted living residents: a pilot study. Clin Nurs Res 2015 Dec;24(6):589-603. [doi: 10.1177/1054773814562880] [Medline:
25488422]

45. Wu Z, LiJ, Theng Y. Examining the Influencing Factors of Exercise Intention Among Older Adults: A Controlled Study
Between Exergame and Traditional Exercise. Cyberpsychol Behav Soc Netw 2015 Sep;18(9):521-527. [doi:
10.1089/cyber.2015.0065] [Medline: 26348812]

46. Higgins J, Green S. The Cochrane Collaboration. 2011. Cochrane handbook for systematic reviews of interventions URL:
http://training.cochrane.org/handbook [accessed 2018-06-14] [WebCite Cache ID 70A8cAbOM]

47. EBSCO. URL: https://www.ebsco.com/ [accessed 2018-03-23] [WebCite Cache ID 6y70X5Zrb]

48. 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]

49. Lee GR, Ishii-Kuntz M. Social interaction, loneliness, and emotional well-being among the elderly. Res Aging 1987
Dec;9(4):459-482. [doi: 10.1177/0164027587094001] [Medline: 3438563]

50. Alhabash S, Wise K. Playing their game: Changing stereotypes of Palestinians and Israelis through videogame play. New
Media & Society 2014 Mar 02;17(8):1358-1376. [doi: 10.1177/1461444814525010]

51.  Ruggiero D. The effect of a persuasive social impact game on affective learning and attitude. Computers in Human Behavior
2015 Apr;45:213-221 [FREE Full text] [doi: 10.1016/j.chb.2014.11.062]

http://www.jmir.org/2018/6/e10486/ J Med Internet Res 2018 | vol. 20 | iss. 6 | 10486 | p.10

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.jshs.2016.12.002
http://dx.doi.org/10.1177/0898264314551171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25245519&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2015.0366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26716638&dopt=Abstract
http://dx.doi.org/10.24251/HICSS.2017.402
http://www.who.int/healthinfo/survey/ageingdefnolder/en/
http://www.who.int/healthinfo/survey/ageingdefnolder/en/
http://www.webcitation.org/70A7aZ4vy
http://dx.doi.org/10.1002/(SICI)1099-1220(199706)3:2<109::AID-IJPG65>3.0.CO;2-I
https://www.msf.gov.sg/publications/Documents/CAI_report.pdf
http://www.webcitation.org/70A7tFs50
http://www.webcitation.org/70A7tFs50
https://www.scopus.com/home.uri
http://www.webcitation.org/6y7h9dUXs
https://plumanalytics.com/
http://www.webcitation.org/6y7imgjOa
https://www.altmetric.com/
http://www.webcitation.org/6y7jIIM4A
http://altmetrics.org/manifesto/
http://www.webcitation.org/6y7jbThMt
https://www.topuniversities.com/university-rankings/world-university-rankings/2015
https://www.topuniversities.com/university-rankings/world-university-rankings/2015
http://www.webcitation.org/6y7jAlUeu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=139143&dopt=Abstract
http://dx.doi.org/10.1145/1746050.1746055
http://dx.doi.org/10.1080/01924788.2011.625218
http://dx.doi.org/10.1123/japa.2012-0272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23752164&dopt=Abstract
http://dx.doi.org/10.1016/j.jaging.2015.08.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26568225&dopt=Abstract
http://dx.doi.org/10.1145/2212776.2212840
http://dx.doi.org/10.1177/1054773814562880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25488422&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2015.0065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26348812&dopt=Abstract
http://training.cochrane.org/handbook
http://www.webcitation.org/70A8eAb0M
https://www.ebsco.com/
http://www.webcitation.org/6y7oX5Zrb
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/10.1177/0164027587094001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3438563&dopt=Abstract
http://dx.doi.org/10.1177/1461444814525010
http://doi.org/10.1016/j.chb.2014.11.062
http://dx.doi.org/10.1016/j.chb.2014.11.062
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lietal

52.  American COSM, Chodzko-Zajko WJ, Proctor DN, Fiatarone SMA, Minson CT, Nigg CR, et al. American College of
Sports Medicine position stand. Exercise and physical activity for older adults. Med Sci Sports Exerc 2009
Jul;41(7):1510-1530. [doi: 10.1249/MSS.0b013e3181a0c¢95¢] [Medline: 19516148]

53.  Rosso AL, Taylor JA, Tabb LP, Michael YL. Mobility, disability, and social engagement in older adults. ] Aging Health
2013 Jun;25(4):617-637 [FREE Full text] [doi: 10.1177/0898264313482489] [Medline: 23548944]

Abbreviations
UCLA: University of California, Los Angeles

Edited by G Eysenbach; submitted 23.03.18; peer-reviewed by L Li, S Parsekar, comments to author 11.04.18; accepted 01.05.18;
published 28.06.18

Please cite as:

LiJ, Erdt M, Chen L, Cao Y, Lee SQ, Theng YL

The Social Effects of Exergames on Older Adults: Systematic Review and Metric Analysis
J Med Internet Res 2018;20(6):e10486

URL: http://www.jmir.org/2018/6/e10486/

doi:10.2196/10486

PMID:

©Jinhui Li, Mojisola Erdt, Luxi Chen, Yuanyuan Cao, Shan-Qi Lee, Yin-Leng Theng. Originally published in the Journal of
Medical Internet Research (http://www.jmir.org), 28.06.2018. This is 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 the Journal of Medical Internet Research, is
properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this
copyright and license information must be included.

http://www.jmir.org/2018/6/e10486/ J Med Internet Res 2018 | vol. 20 | iss. 6 | 10486 | p.11
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1249/MSS.0b013e3181a0c95c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19516148&dopt=Abstract
http://europepmc.org/abstract/MED/23548944
http://dx.doi.org/10.1177/0898264313482489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23548944&dopt=Abstract
http://www.jmir.org/2018/6/e10486/
http://dx.doi.org/10.2196/10486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

