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Abstract

Objective: Examine research on the use of digital games to improve self-management (SM) behaviors in
patients diagnosed with cardiovascular diagnoses of hypertension, coronary artery disease, heart failure, or
myocardial infarction.

Materials and Methods: For this scoping review, the CINAHL, PubMed, and Web of Science databases were
searched for studies published from January 1, 2008 to December 20, 2017 using terms relevant to digital games
and cardiovascular diseases (CVDs).

Results: Eight articles met the inclusion/exclusion criteria, seven of which presented studies with participants
50 years or older. Five of the eight studies assessed physical activity. Only two studies included a control
group. Digital games significantly improved exercise capacity and energy expenditure but did not affect quality
of life, self-efficacy, anxiety, or depression. Digital games were found enjoyable by 79%-93% of participants,
including those with lower education or age; however, barriers to game use included being tired or bored, lack
of interest in digital games, poor perception of fitness through games, sensor limitations, conflicts with daily life
routine, and preferences for group exercise. Average adherence ranged from 70% to 100% over 2 weeks to
6 months of study duration, with higher adherence rates in studies that included human contact through
supervision or social support.

Conclusion: Paucity of studies about digital games for CVD SM behaviors precludes the need to undertake a full
systematic review. Future studies examining digital games should include larger sample sizes, longer durations,
game-design guided by behavioral change theoretical frameworks, and CVD SM behaviors in addition to physical
activity behaviors.

Keywords: Cardiovascular, Self-management, Digital games

Introduction

ESPITE ADVANCES IN the prevention of cardiovascular

disease (CVD) and delivery of cardiovascular health-
care, CVD remains the number one cause of death globally
and in the United States." The American Heart Association
estimates that 92.1 million US adults have at least one type
of CVD and that 44% of US adults will be diagnosed with
some form of CVD by 2030.> To reduce hospitalizations,
clinical complications, and mortality associated with CVD,

clinical guidelines advocate effective CVD self-management
(SM).** Moreover, as hospital stays and ambulatory visits
have become shorter and less frequent, the onus for CVD SM
has increasingly fallen upon patients and their families.’

In addition to self-awareness obtained through symptom
monitoring, CVD SM requires lifestyle behavioral changes
that include regular physical activity, eating a healthy diet
specifically reducing dietary sodium intake, stopping smok-
ing, reducing harmful alcohol intake, and taking prescribed
medications.® SM interventions targeting lifestyle behavioral
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changes for CVDs have improved health outcomes, read-
mission rates, or mortality outcomes.®!'! For example, in
meta-analyses, including 23 trials and involvin% 11,085
randomized patients with coronary heart disease,'® and in-
dividual patient data from 20 studies involving 5624 patients
with heart failure,11 SM interventions reduced cardiac mor-
tality and hospitalizations and risk of time to all-cause death.

Attaining proficiency in CVD SM is difficult, however, be-
cause it requires patients to become adept in a wide range of
skills within the context of their daily routines and comorbid-
ities.'> Moreover, such patients are often fatigued and unable to
travel great distances to meet cardiac specialists, attend group
education, or participate in exercise sessions at healthcare fa-
cilities. To exacerbate this problem, a healthcare provider
shortage is anticipated, with severe shortages in specialties such
as CVD."*'* Together, these factors suggest an urgent need to
find effective, portable, and scalable tools that can be delivered
in the home to improve patients’ SM of CVD.

Digital games, popularized by the widespread availability
of personal digital devices such as smartphones and tablets,
have emerged as an alternative to traditional patient educa-
tion and offer a new and exciting avenue to learn about and
engage in CVD SM behaviors. Digital games can provide
flexible, accessible, and appealing educational environments,
within which patients can learn about disease SM of their
disease by seeking information, practicing skills, and receiv-
ing social support.'>~'7 Because prior literature has examined
only the genre of exergames for cardiac rehabilitation,'®'? in
this scoping review we investigate recent evidence on diverse
digital game genres for a range of CVD-related SM behaviors
in patient populations diagnosed with the CVD conditions
of coronary artery disease, heart failure, hypertension, and
myocardial infarction. These CVD diagnoses were selected
because improvement in SM of these diagnosed can poten-
tially prevent unexpected health exacerbations that can result
in hospitalizations, readmissions, or other cornplications.ﬁ11

Methods

Because the field of games for CVD SM is still emergent,
we selected a scoping review framework to explore the current
knowledge base on this topic and to identify gaps and incon-
sistencies so that we might make recommendations for future
research.”’ Arksey and O’Malley’s five-stage scoping review
framework®® enabled us to (1) identify our research question;
(2) identify relevant studies; (3) select studies; (4) chart the
data; and (5) collate, summarize, and report the results.

Search strategy

The CINAHL, PubMed, and Web of Science databases
were searched for studies published between January 1, 2008
and December 20, 2017, using the terms (serious game or
video game or gaming or digital game or computer game)
and (cvd or cardiovascular or ‘‘heart failure’’ or cardiac or
hypertension or myocardial infarction or coronary artery
disease). Articles were exported and managed with the
EndNote referencing software program (vX8.1, Clarivate).

Study selection

For this review, based on a classic game definition that
included key elements of game playing,?' a digital game

RADHAKRISHNAN ET AL.

was defined as a contest with goals, played according to a
framework or rules, that determines players’ actions inside a
virtual game world. In our initial search, we included articles
published in English that presented (1) one or more partici-
pants diagnosed with a CVD condition, (2) a videogame,
digital game, or exergame with or without sensors as an
intervention; (3) CVD-related physiological, psychological,
or behavioral outcomes; and (4) participants’ adherence with
use of the gaming technology for CVD SM. This search
yielded 1083 articles, of which 175 were discarded as du-
plicates. Studies that did not report original results (e.g.,
commentaries, reviews, study protocols, and letters to the
editor) or were reported as poster abstracts or dissertations
were also excluded. The remaining abstracts and full texts
were then retrieved to confirm that they met our inclusion/
exclusion criteria. The reference lists of the retrieved full
texts were also perused to identify any additional relevant
articles. Two articles that reported use of gaming platforms
(Wii™, Xbox®) as a telehealth application but not as a game
were excluded.?>* Finally, eight articles met our inclusion/
exclusion criteria for this scoping review. This included one
qualitative study in which participants diagnosed with heart
failure were interviewed after participating in a randomized-
controlled trial (RCT) of a gaming intervention that is cur-
rently in progress.** Figure 1 illustrates the search’s details.

Data abstraction and analysis

From the final eight articles, the following data were
charted: (1) study design; (2) participants’ demographic
characteristics, including diagnosis; (3) game intervention
and timing of use; (4) duration of study period; and (5)
measures and outcomes. These data were categorized and
organized in Microsoft Excel with use of narrative summa-
ries to report the outcomes from the studies.

Results

A detailed overview of the characteristics of and
key outcomes from the eight articles is provided in Tables 1
and 2, respectively. Although the search was restricted to ar-
ticles published in the last 10 years, all eight were published
within the last three. Five (63%) were conducted in continental
two in United States,29’30 and one in Jamaica.>!

Study design

Because the application of gaming for CVD management
is relatively new, 75% of the studies included in this review
were feasibility or pilot studies. Only two of the eight (25%)
studies reported a control group.”>*’ Three studies (38%)
used a pretest—posttest design,?**%>" and three others (38%)
evaluated the feasibility of the intervention by collecting
adherence outcomes”’*® or perspectives on the use of the
gaming intervention.* Six studies did not report any theo-
retical framework guiding the design of either the study or
the game intervention. The remaining two studies used a
gamification framework (leaderboards, surprise element, re-
wards, feedback, badges, and levelszg), framework to inform
game feedback, or Gagne’s learning principles to inform
content delivery within the game.

Sample sizes were low, ranging from 10 to 116, with only
one study reporting a sample size greater than 50.%° Study
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Records identified through database searching (n = 1,083)
PubMed: 421; CINAHL: 70; Web of Science: 592

}

Duplicates removed (n = 175)

}

Records excluded (n =900)

* Did not include participants with selected CVDs as diagnosis (n = 306)

* Did not include digital game as an intervention (n =578)

* Did not include original articles (reviews, letters to editor,
commentaries, protocaols) (n = 8)

» Poster abstracts and dissertations (n = 7)

s Multiple reports of same study (n =1)

}

Full text articles assessed and included in final analysis (n = 8)

FIG. 1. Literature search strategy.

periods ranged from 2 weeks to 6 months, and in 50% of the
studies, the study duration was 6 weeks or fewer.

Participant characteristics

Participants in seven out of the eight studies were 50 years
or older, with five studies reporting majority of participants
to be in their 60s. Male gender constituted the majority in six
studies (75%) with three studies reporting >75% participa-
tion by males.*>?’>" Race was reported in only three studies
with two of those studies reporting >80% participation by
Whites.?>>0 Finally, the cardiac diseases selected for this
review ranged evenly across the studies, with coronary artery
disease, hypertension, and myocardial infarction each re-
presented in three studies.

Game intervention

Four of the eight studies (50%) used the Nintendo® ex-
ergaming platforms of Wii Sports**2® or Fit Plus,®' for
participants who played the exergames, and three delivered
the games on tablet-based computers®®>" in which partici-
pants were coached on disease management activities. Only
one study utilized a sensor (Kinect) and a home computer”’
to capture participation and provide feedback to the game
about participants’ exercise performance.?’ Two studies used
avatar-based games to coach communication with healthcare
providers® or provide training on exercise routines.”” One
study converted an off-the-shelf casino slot game to deliver
information on heart failure SM.*°

In four of the eight studies, participants were expected to
use the game daily;**?**%3% in three studies, two to three
times a week?>%"*! and in the remaining one study only once
a month.”’ Human supervision during game sessions was

available in only one study.?’ Intermittent telephone contacts
by research staff was implemented in two studies®*?’; the
remaining studies did not have any scheduled human contact
during the study period, but participants could contact the
research staff members if needed. Tailoring of exercise oc-
curred in only two studies; in the study using the Nintendo
Wii Fit™ Plus, Borg’s Perceived Exertion scale was used to
tailor the intensity of exercises for patients by the human
supervisor.’! However, in Vieira et al.’s study, the tailoring
was more automated, using the Kinect sensor to provide
feedback on exercise movements.”’

Outcomes and measures

Physiological fitness outcomes reported in three studies
(38%) consisted of exercise capacity measured by tests such
as a six-minute walk test’**! or the Graded Exercise test.*’
Duration of physical activity and energy expenditure were
measured using an activity monitor’® or accelerometer.”’
Klompstra et al.*® measured self-reported exercise activity
with Borg’s Rating of Perceived Exertion, a questionnaire
for Exercise Self-Efficacy, and the Exercise Motivation In-
dex. The game intervention had uniformly positive results
across all three of these studies, with significant improve-
ment in exercise capacity compared with baseline in two of
them?®>! and significant difference in physical activity and
energy expenditure compared with the control group in the
other one.”” New diagnosis or higher cardiac functional
status was associated with improvement in exercise capacity
in Klompstra et al.?®

The psychological outcomes of self-efficacy, motivation,
anxiety, depression, or health-related quality of life were
measured in three studies.”>*** The gaming interventions
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had no effect on psychological outcomes with none of these
three reporting any difference from baseline or in compari-
son with a control group. Similarly, in the two studies in
which clinical outcomes of adverse medical events® or
blood pressure were measured,” the game intervention
groups did not differ from the control groups, despite im-
provement in blood pressure from baseline.>” Blood pressure
significantly improved among females and those with lower
body mass index in under-powered secondary statistical
analyses.”” However, the game intervention improved heart
failure SM knowled§e significantly in one study, with a high
effect size of 0.85.°

Adherence to game interventions was reported in all of the
reviewed studies using log files on game use or attendance
rates for in-class game sessions. Across all studies, the av-
erage adherence rate to the game interventions toward the
end of the study period ranged from 70% to 100%. In an in-
class Wii Sports active intervention,? the study dropout rate
in the videogame intervention group was lower than in the
control group (6% vs. 19%), but there was no difference in
individual adherence rates between the groups. However, in
a study that compared screen-based games with other screen-
based media once a month, the study dropout rate was higher
in the intervention group than in the control group.?’ Three
studies reported that social support through higher involve-
ment of spouses or grandchildren facilitated adherence.>*2%8

Perceptions about the respective game interventions were
addressed in five studies (63%).2***2*2%3! Surprisingly,
given that these were pilot or feasibility studies, only one of
them evaluated usability as an outcome.>® The game inter-
ventions were found enjoyable by 79% to 93% of partici-
pants across the five studies; in one study, the intervention
was perceived as safe to use and was Spreferred over other
media to stimulate exercise behaviors.> Only one of the five
studies reported on characteristics of participants who pre-
ferred the games>® (Table 2). In this study, participants with
education level below high school or older adults in the
younger age group (50-69 years) preferred the digital game
to other medium for receiving information on SM of heart
failure.”® Gamification elements of leaderboards, gaining
higher points, and surprise challenges added to the appeal of
the games.”® The games were valued for their ability to
function as reminders, provide tips on disease SM, conve-
nient in-home use, and motivation for exercise behav-
jors. 22072830 Barriers to game use included participants’
being tired or bored, lack of interest in digital games, per-
ception of lower fitness possible through games, sensor
limitations in accurately capturing participants’ movements
and gestures, conflicts with daily life routine, and preferences
for group exercise,+2%-28:30

Discussion

Our scoping review identified only eight studies examin-
ing the impact of digital games on CVD SM behaviors.
Moreover, majority of the studies were feasibility studies
with small sample sizes and short durations that prevented a
longitudinal investigation of the digital games’ impact on
behavioral changes. Therefore, the evidence to examine the
effectiveness of digital game interventions through system-
atic review or meta-analyses is still limited. Several impli-
cations for research on game interventions for CVD SM in

7

the home setting can be made: larger, higher-quality studies
such as those guided by the CONSORT?? guidelines are
needed; conceptual frameworks such as a taxonomy of be-
havior change techniques®® or Fogg’s Behavioral Model**
that apply technology to adopt behavioral changes are nee-
ded to inform the design of the game interventions for be-
havior modification; and tests are needed to evaluate the
effectiveness of game elements such as competition through
leaderboards, immediate feedback, rewards and incentives
based on real-time behaviors, empathy with avatars in avatar-
related game genres, or elements of human contact or social
support. Currently, a large multicenter RCT of 600 HF patients
in Sweden is examining the impact of exergames on physical
activity which addresses several of our suggested implications
for research on game interventions for CVD SM.*

Health disparities are common in CVD, due to higher
proportion of CVD diagnoses among racial and ethnic mi-
norities.”® Digital games’ broad cross-cultural appeal was
demonstrated with studies conducted in seven different
countries. The portability of gaming platform holds potential
for scaling game interventions to large numbers. Therefore,
future studies should report participants’ race and ethnicity to
enable examination of the impact of digital games for CVD
SM behaviors among diverse groups. In addition, CVD in-
cidences are nearly similar in both males and females.?’
Males participated in larger numbers in the game interven-
tion studies included in our review which differed from other
reviews on gaming interventions with older adults.'®*® There-
fore, recruitment efforts in future studies should be tailored to
attract higher female participation, and games should be de-
signed to meet the needs and interests of females with CVD.

The limited evidence from the articles in this review reveals
that among older adults, games enjoyed a high rate of ac-
ceptability, were safe to use, and showed a potential to im-
prove exercise outcomes related to CVD SM, but that they had
no effect on psychological outcomes. However, the mediating
variable model of effectiveness posits that behavior change
interventions influence behavioral outcomes by changing the
causal mediating variables.* Selecting psychosocial causal
mediators that may not be related to the behavioral outcome or
low reliability of measures of psychosocial characteristics
may have impaired the ability to detect relationships between
the game intervention and the psychological outcomes.

Although adherence rate and duration of exercise time
decreased toward the end of the studies, the overall adher-
ence rates were still much higher (70%) than that for tradi-
tional cardiac rehabilitation aP roaches, which achieve about
only 10%-50% adherence.**** In-home convenience is
highly valuable to participants with cardiac diseases, which
is why the game interventions delivered at home typically
had higher adherence rates in our review. At the same time,
when a study included human supervision,®' intermittent
contact by human personnel,?’ or social support through play
with spouses or grandchildren,?® adherence rates were higher
even for study duration as long as 6 months.?” These pre-
liminary observations suggest that additional human contact
may be necessary to increase adherence. Gaming interven-
tions’ advantage may lie at least, in part, in their potential to
supplement a large portion of human contact, which might
also be cost effective given clinician shortages.

Some older adults with CVD may not prefer games or
digital media as a SM tool, owing to disease-related fatigue
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or depression, feeling bored with the game, prioritizing other
life activities, or preferences for greater human inter-
activity.>** Perhaps, games can be rotated so that players
are constantly stimulated by new challenges. Using a hybrid
tailored approach with more human support for those who
desire it could provide opportunities to refocus the direction
of CVD care delivery, for example, through efforts toward
alleviating fatigue and depression.

The majority of the games in this review only targeted the
physical activity behavior. The potential of game interven-
tions for CVD SM behaviors, including symptom monitor-
ing, dietary modification, medication management, and crisis
recognition, needs to be explored. Pairing digital games with
sensors that can objectively track real-time behaviors such as
weight monitoring or medication compliance could activate
game incentives® and enable contextually relevant feedback
(e.g., to reduce fluid intake or call a doctor to discuss weight
gain). Objective tracking of adherence in weight-monitoring
and physical activity behaviors, although cumbersome, has
demonstrated stronger association with improved health out-
comes than has self-reported adherence.***> Contemporary
advances in network connectivity between physical devices
and digital games on mobile devices (e.g., as in the “‘Internet
of Things””)*® have enabled mobile devices to seamlessly
capture real-time behavior data from behavior-tracking
physical devices. In a review of personal health technology
for CVD prevention, Franklin et al.*’ found that self-
monitoring technology tools were most effective for health
behavior change when they were combined with personal-
ized feedback. A digital game’s appealing features (e.g.,
rewards and story progress) can be enhanced by personalized
feedback from sensors to motivate engagement in and gen-
erate habit formation of CVD SM behaviors, resulting in
improved health outcomes. Such an innovative solution to
patient engagement can make healthcare participatory,
personalized, predictive, and greventive as defined by the
precision medicine initiative.*

Conclusion

In this scoping review, we have presented the findings and
implications of evidence from eight studies on use of gaming
interventions for CVD SM. Existing evidence demonstrates
the paucity of studies on digital games for CVD SM be-
haviors precluding the need to undertake a full systematic
review. Future studies examining the impact of digital
games should include larger sample sizes, longer durations,
game-design guided by behavioral change theoretical
frameworks, and CVD SM behaviors in addition to physical
activity behaviors.
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