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Active Video Games for Improving Physical
Performance Measures in Older People:

A Meta-analysis

Lynne M. Taylor, MSc!?; Ngaire Kerse, PhD, MBChB?; Tara Frakking, MSc*;

Ralph Maddison, PhD'

ABSTRACT

Background and Purpose: Participation in regular physical
activity is associated with better physical function in older
people (>65 years); however, older people are the least active
of all age groups. Exercise-based active video games (AVGs)
offer an alternative to traditional exercise programs aimed at
maintaining or enhancing physical performance measures in
older people. This review systematically evaluated whether
AVGs could improve measures of physical performance in
older people. Secondary measures of safety, game appeal,
and usability were also considered.

Methods: Electronic databases were searched for randomized
controlled trials published up to April 2015. Included were tri-
als with 2 or more arms that evaluated the effect of AVGs on
outcome measures of physical performance in older people.
Results: Eighteen randomized controlled trials (n = 765) were
included. Most trials limited inclusion to healthy community-
dwelling older people. With the exception of 1 trial, all AVG
programs were supervised. Using meta-analyses, AVGs were
found to be more effective than conventional exercise (mean
difference [MD], 4.33; 95% confidence intervals [Cls], 2.93-
5.73) or no intervention (MD, 0.73; 95% CI, 0.17-1.29) for
improving Berg Balance scores in community-dwelling older
people. Active video games were also more effective than
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control for improving 30-second sit-to-stand scores (MD,
3.99; 95% Cl, 1.92-6.05). No significant differences in Timed
Up and Go scores were found when AVGs were compared
with no intervention or with conventional exercise.
Conclusions: Active video games can improve measures of
mobility and balance in older people when used either on
their own or as part of an exercise program. It is not yet clear
whether AVGs are equally suitable for older people with signifi-
cant cognitive impairments or balance or mobility limitations.
Given the positive findings to date, consideration could be
given to further development of age-appropriate AVGs for use
by older people with balance or mobility limitations.

Key Words: aged, exercise, older adult, video games

(J Geriatr Phys Ther 2018;41:108-123.)

INTRODUCTION

Physical activity levels have been shown to decline with
advancing age,'? yet regular participation in physical activ-
ity among older people (=65 years) is associated with a
reduced risk of cardiovascular and cardiometabolic disease,
better physical fitness, and physical function.’* However,
adults aged 70 to 85 years are reported to be the least active
of all age groups.”

Active video games (AVGs), where the person is required
to move to play the game, were first used to encourage
activity in children,®® but they also show potential for
encouraging activity in older people.!%!" Motivators to
being active identified by older people include enjoyment
and social interaction, as well as the perceived health ben-
efits.'>1* A key attribute of AVGs is the immediate visual
and auditory feedback on the player’s performance, which
is fun and motivating. In addition, the range of games,
dance, and formal exercise programs available caters for
individual preferences.

Active video games increase energy expenditure, with
energy expended playing AVGs by older adults equivalent
to light-to-moderate intensity activity.!>"!7 Perhaps more
important is the ability to incorporate various motor con-
trol challenges into AVGs to improve balance and lower
limb function, which are considered important for reducing
falls risk and maintaining independence.!®1?

Randomized controlled trials (RCTs) have begun to
evaluate the effect of AVGs on physical function measures
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in older people. However, on the basis of narrative synthe-
sis of 13 RCTs, 1 systematic review concluded that there
was insufficient evidence to support the effectiveness of
AVGs for improving physical function in older people.?

The objective of the current systematic review was
to provide an updated analysis of RCTs that have used
AVGs to improve physical function in older people, using
meta-analyses where appropriate to increase the power of
findings from the individual trials. This review also consid-
ered safety, game appeal, and usability aspects of AVGs for
older people.

METHODS

Data Source and Search Strategy

Randomized controlled trials identified up to April 2015
were sourced from the following electronic databases:
MEDLINE (OvidSP), Scopus, and the Cochrane Library
(Wiley). Search terms combined the following subject
headings and key words, formatted according to the
requirements for each database: “Wii” or “Xbox*” or
“Video games” or “Virtual” rehabilitation” or “Interactive
video game” or “Virtual reality” and “Elderly” or “Old*”
or “Senior” and “Physical activity” or “Exercise” or
“Balance.”

Selection Criteria

Inclusion criteria were RCTs that compared exercise-based
AVGs in older people with no intervention or usual care,
traditional exercise or placebo, with outcomes that objec-
tively measured physical performance (ie, balance, mobil-
ity or physical performance test batteries), or subjectively
measured physical performance (ie, activity or balance
confidence questionnaires).

Trials that used off-the-shelf, modified off-the-shelf or
purpose-designed AVGs, offered over any length of time
with the aim of improving physical performance measures
were eligible.

The majority (>50%) of participants needed to be older
adults (>65 years), living in the community, long-term care
(rest home, nursing home, residential care, assisted living,
and veteran’s hospital), or acute hospital settings. Trials
of AVGs targeting individuals with specific conditions (eg,
stroke or diabetes) were excluded.

Data Extraction

Two review authors (LT, TF) independently screened the
titles identified in the initial search to exclude those that
were obviously outside the scope of the review. The same
2 authors then independently reviewed the abstracts of
the remaining records. Where it was unclear from the
abstract whether the study was relevant, the full article
was reviewed. Characteristics of included trials were sum-
marized according to population, intervention, comparator,
and outcome characteristics.

Journal of GERIATRIC Physical Therapy

The methodological quality was assessed indepen-
dently by the same 2 authors (LT and TF) using the
Cochrane Collaboration’s risk of bias tool.?! Items were
scored as high risk, low risk, or unclear risk of bias using
the tool’s set criteria. Consensus was reached on any item
where there was any discrepancy between the 2 reviewers’
evaluations.

Where trial outcome measures were the same and
study group characteristics similar, studies were pooled
and meta-analysis undertaken using Review Manager
(Revman) software (Version 5.2). Effect sizes for outcomes
were expressed using the mean difference (MD) and 95%
confidence intervals (Cls). For each trial included in the
meta-analyses, the MD was calculated using change from
baseline scores for control and experimental groups.
Standard deviations for the MD were calculated according
to the protocol described in the Cochrane Handbook for
Systematic Reviews.?> The I? statistic was used to measure
statistical heterogeneity. Where I> was 50% or less, the
fixed-effects model was used. Where I was more than 50,
the more conservative random-effects model (REM) was
used.

RESULTS

Included Studies

Eighteen RCTs met the eligibility criteria for the review
(n = 765) (Figure 1). Studies were conducted in 9 coun-
tries: Australia (3), the United States (6), Denmark, Japan,
Korea, Taiwan, France (2), Canada and Switzerland (2).
A summary of population, intervention, comparator, and
outcome characteristics is listed in Table 1.

Seven trials compared AVGs with no interven-
tion2%:30:33:36-38 or ysual care3?; 5 trials compared AVGs
with conventional exercise (ie, strength, balance, mobility,
and/or balance exercises that did not use video game tech-
nology)?8-2%-31:35:39 and 3 trials compared AVGs with both
conventional exercise and a no intervention control.26-3440
The remaining trial compared AVGs with a placebo shoe
insole.?”

Risk of Bias
Four of the 18 trials were assessed as low risk of bias across
3 or more of the 6 items assessed.?’2%3%3% The remainder
had 4 or more items assessed as either high or unclear risk
because there was insufficient information reported for
evaluation (Table 2).23-26,30-32,33-37.40

For all outcomes analyzed, there was no indication that
outcome measures were influenced either positively or
negatively by the risk of bias scores.

Intervention Characteristics

The duration of AVG programs for community dwellers
was 3 to 20 weeks, with most offered for 8 weeks, usually
2 to 3 times weekly for approximately 40 minutes each
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Records identified through
database searching
(n=687)

Records after duplicates

removed
(n=59)
Records excluded because
conferences, titles not
Records screened .| meeting selection criteria,
(n=628) | languages other than
English
(n=582)

Full-text articles assessed Full-text articles excluded

for eligibility » (n=28)
(n=46) * Atticles were not
reports of RCTS (n=19)
* Descriptive study (n=3)
Studies included in * Reports focusing on
qualitative synthesis specific conditions e.g.
(n=18) stroke (n=4)
* Reports with no

physical performance
outcomes (n=1)

Studies included in

quantitative synthesis * Intervention not an
(meta-analysis) active video game (n=1)
(n=10)

Figure 1. Study selection flow diagram.

session. For hospitalized older people, the program ran
daily for the duration of the patient’s stay (usually 7 days).

With the exception of 1 trial, delivered in the home envi-
ronment,3® all trials were supervised programs conducted
in a gymnasium or research center setting. Most were deliv-
ered on an individual basis, although 2 trials used either
game play with a partner3° or in small groups.>3!

Fleven trials used Nintendo Wii,23:2426-30,34-36.40 § y3ed
pressure-sensitive mat systems,2%»31:33:38:39 1 ysed the Kinect
motion sensor,>” and the remaining trial used a virtual
reality head set.3?

The focus of all trials except 13° was to improve balance.
Nine trials used solely AVGs,?3-25:28,30,34.37-39 Eight trials
combined the AVGs with conventional exercise to develop
balance, strength, or aerobic capacity.26-27-2931-33,35,36 One
3-arm trial compared AVGs alone with exercise alone
and a third intervention group that combined AVGs with
exercise.*!

There was no clear indication that trials that combined
exercise and AVGs programs had better or worse outcomes
and trials that used AVGs alone.

110

Participant Characteristics

Participants were mostly community-dwelling older peo-
ple. The exception was 1 trial conducted in an acute
hospital setting,”® and 2 trials that recruited from care
homes.31:33 The average age of community-dwelling par-
ticipants was 75.6 (6.9) years (n = 675) and of hospital-
ized or nursing home older participants was 85.3 (4.5)
years (n = 90).

Inclusion and Exclusion Criteria
Thirteen trials limited inclusion to higher functioning
older people2426:30,31,33-3840 (
diovascular, neuromuscular, or vestibular impairments,
who were independent in ambulatory function). Three
trials targeted people with balance limitations or falls
risk.273%3 One trial did not report exclusion criteria®’
and the remaining trial recruited hospitalized older
people.?8

Twelve trials excluded those with cognitive impair-

ie, those with no major car-

ment.>4-26,28,31-34,37-40 Cognitive impairment was not speci-
fied as an exclusion criterion in 1 trial, but baseline cogni-
tive scores indicated normal cognition for all participants.?*

Cognitive status was not specified in the remaining 5
trials.23:27:29.35.36

Physical Performance (Mobility) Measures

Changes in physical performance measures were assessed
in 10 trials.2325:27:28,30,34-36,38,39 The most frequently used
mobility measure was the Timed Up and Go (TUG)*
and its modification, the 8-ft Up and Go.*? Seven trials used

the TUG?3:25:27:28,34.38,39 and 3 trials used the 8-ft Up and
Go.30,35.36

One trial* used the Short Physical Performance Battery**

and 2 trials3%3% used the Senior Fitness Test, which includes
the 30-second chair stand test.*’

The mean baseline TUG score for trials that used this
measure was 10.3 (4.1) seconds (n = 169),23:25:27,3438
which was within the expected range of 7 to 15 seconds
for healthy older people.***” The mean baseline 8-ft TUG
score was 7.9 (1.6) seconds (n = 159)393¢ which was
also within the normal range for healthy older people.*$
In participants with balance and mobility limitations,
baseline TUG scores were higher (20.9 (3.5) seconds;
n = 30)%* and in the only inpatient-based study,?® base-
line TUG group means were considerably higher (36.7
(18.7) seconds; n = 44).

A meta-analysis on pooled TUG scores from 6 trials
(n = 206) that compared AVGs with conventional exercise
or no intervention failed to reach significance (REM, MD
= —2.29; 95% CI, —5.20 to 0.64).

A meta-analysis on pooled 30-second chair stand scores
from 4 trials (n = 188)273%:3%:37 showed a significant effect
in favor of AVGs (REM, MD = 3.99; 95% ClI, 1.92-6.05)
(Figure 2). No significant effect was found for the 5 times
sit-to-stand used in 1 trial.
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Tahle 2. Cochrane Risk of Bias Ratings for Included Trials

Random Sequence Allocation Blinding of Participants | Blinding of Outcome Incomplete Selective
Generation Concealment and Personnel Assessment Outcome Data Reporting
Study (Selection Bias) | (Selection Bias) (Performance Bias) (Detection Bias) (Attrition Bias) | (Reporting Bias)
Bieryla and Dold?3 Unclear risk Unclear risk High risk High risk High risk Unclear risk
Choetal?* Unclear risk Unclear risk High risk Unclear risk Unclear risk Unclear risk
Duqu et al®? Unclear risk Unclear risk High risk Low risk Unclear risk High risk
Franco et al?® Low risk High risk High risk High risk Low risk Unclear risk
Jorgensen et al?’ Low risk Low risk Low risk Low risk Low risk Low risk
Lai et al?® Unclear risk Unclear risk High risk Unclear risk Unclear risk Unclear risk
Laver et al?8 Low risk Low risk High risk Low risk Low risk Unclear risk
Lee et al?®® Unclear risk Unclear risk High risk Unclear risk Low risk Unclear risk
Maillot et al3° Unclear risk Unclear risk High risk Unclear risk High risk Unclear risk
Pichierri et al?! Low risk Unclear risk High risk Unclear risk Unclear risk Low risk
Pichierri et al33 Low risk Unclear risk High risk High risk High risk Unclear risk
Pluchino et al** Low risk Low risk High risk Unclear risk High risk Unclear risk
Ray et al*® Unclear risk Unclear risk High risk Unclear risk Unclear risk Unclear risk
Rendon et al*® Unclear risk Unclear risk High risk Unclear risk Low risk Unclear risk
Sato et al¥’ Low risk Unclear risk High risk Unclear risk Low risk Unclear risk
Schoene et al®® Low risk Low risk High risk Low risk Low risk Low risk
Szturm et al*? Unclear risk Unclear risk High risk Low risk Low risk Low risk
Toulotte et al*® Unclear risk Unclear risk High risk Unclear risk Low risk High risk

Balance Measures

Changes in direct measures of balance were assessed
in § trials.?25:3%3435 Two trials reported significant
within-group differences in center of pressure (COP) in
the intervention group,”*** but no significant difference
between intervention and control (no intervention) groups.
The 3 trials that compared AVGs with conventional
exercise reported significant within-group differences in
COP33 and limits of stability3>35 measures for both AVG
and conventional exercise groups, but no significant dif-
ference between groups for COP measures. This suggests
AVGs were as effective as conventional exercise at improv-
ing COP measures.3>3%33

Finally, 2 trials measured stepping reaction time in
response to visual cues.’*3% Both reported significant
between-group differences in favor of AVGs over the con-
trol group.

Indirect measures of balance, including 1 legged stand-
ing, the forward reach test, the Berg Balance Scale (BBS),*
and the Tinetti Performance-Oriented Mobility Assessment
(the Tinetti POMA),*? were assessed in 9 trials.23:25:26.28,34,
36,37,39.40 Five trials used the BBS,23:25:26:37:39 1 ysed a modi-
fied BBS,28 and 3 used versions of the Tinetti POMA 263440

The mean baseline BBS score for trials that used this
measure was 51.7 (5.2) points (n = 126),23:25:26:37 or for
trials that used the Tinetti POMA,233* the mean baseline
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score was 26.4 (0.9) points (n = 72) indicating normal bal-
ance.’%! For participants with limited balance and mobil-
ity, baseline BBS scores were in the low to medium fall risk
category (range 37-42 points).>

Mean BBS scores from 3 trials in community-dwelling
participants>>26:37 (n = 105) that compared AVGs with no
intervention on BBS scores were pooled for meta-analyses
(Figure 3). A significant difference in favor of AVGs over
no intervention was demonstrated (MD = 0.73; 95% CI,
0.17-1.29). Pooled data (n = 49) that compared active
video game BBS scores with conventional exercise?3?
also showed an effect in favor of AVGs (MD = 4.33;
95% CI, 2.93-5.73) (Figure 2). In addition, Laver et al?$
also reported a significant improvement in the modified
BBS scores in hospitalized inpatients in favor of AVGs
compared with conventional exercise (MD = 0.59; 95%
CL, 0.02-1.16).

For trials that used the Tinetti POMA, no signifi-
cant between-group changes in balance scores were
reported.26-34:40

Other individual item balance measures used were the
single-legged stance?’>3* and the forward reach test.233%37
One trial reported a significant change in the forward
reach score for the AVG group over the control,3” but
no significant findings were reported for the single-legged
stance.
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Mean Difference

Mean Difference

Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% CI
Jorgensen 2013 24.5% 0.90 [-1.45, 3.25) e

Maillot 2012 30.2% 3.80(2.29,5.31) ——

Sato 2015 24.5% 5.77[3.42,8.12) —
Ray 2012 20.7% 5.80[2.84, 8.76) R
Total (95% Cl) 100.0%  3.99[1.92,6.05] <
Heterogeneity: Tau?= 3.07; Chi*=10.26, df= 3 (P=0.02); F=71% 5_1 0 55 5 é 10‘-

Test for overall effect: Z=3.79 (P = 0.0002)

Favours control  Favours AVGS

Figure 2. Summary of inverse variance (IV) random-effects meta-analysis examining effects of active video games (AVGs)

on 30 second chair stand scores.

Self-Report Balance Confidence Measures
Three trials used the Activities-Specific Balance Confidence
Scale?$:363% and 5 trials used a Falls Efficacy Scale
(FES).25’27’31’34’38

Significant change scores in favor of the AVGs were
reported for the Activities-Specific Balance Confidence
Scale in 2363 of the 3 trials.?8

Differences in study participants and variation in a
FES used precluded combined analyses of the subjective
balance measures. Of the 5 trials that used an FES, 2
showed significant between-group differences favoring
AVGs» 27 and 3 showed no significant differences between
groups.31:3438

Adverse Events

Two trials monitored adverse events.28:38 Of these, 1
reported adverse events that were minor in nature (mus-
culoskeletal strain, feeling giddy) and occurred in both
control (conventional exercise) and intervention groups.?®

Mean Difference

Trial Completion and Program Adherence Rates

Trial completion rate was defined as the number of partici-
pants who completed the trial. The median trial completion
rate was 89% (interquartile range, 80-100).

Program adherence was defined as the percentage of pre-
scribed exercise sessions completed over the program dura-
tion. For the 10 trials that reported program adherence, the
range was 77% to 100% in the intervention (AVG) group
and 87% to 100% in the control group,26-27-30-34:37,38,:43
which is at the higher end of previously reported adherence
rates for exercise RCTs.52 On the basis of the reported rea-
sons for participant dropouts, there was no indication that
completion or adherence rates were associated with any
dislike of the intervention (AVG) itself.

Game Appeal

Five trials evaluated participants’ perceptions of game
appeal 2627:30,38:43 Of these, 4 reported positive feedback,
noting that participants found AVGs to be motivating and

Mean Difference

Study or Subgroup  Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Usual care versus AVGs h

Sato 2015 98.2% 0.70[0.13,1.26)

Franco 2012 1.3% 240[-247, 7.27) o
Lai 2013 0.5% 3.61[-4.57,11.79)

Subtotal (95% Cl) 100.0%

Test for overall effect: Z= 2.57 (P=0.01)

1.1.2 Conventional exercise versus AVGs

Franco 2012 16.4%
Szturm 2011 83.6% 4.70[3.17,6.23)
Subtotal (95% Cl) 100.0% 4.33[2.93,5.73]

Heterogeneity: Chi*=1.36, df=1 (P = 0.24), F= 26%

Test for overall effect: Z= 6.05 (P < 0.00001)

0.73[0.17, 1.29] ¢
Heterogeneity: Chi*=0.94, df=2 (P=0.62);, F=0%

2.45[-1.01,5.91] ]

L J
\ 2

40 -5 0 5 10
Favours control Favours AVGs

Figure 3. Summary of inverse variance (V) random-effects meta-analysis examining effects of active video games (AVGs)

on Berg Balance Scale sores.
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enjoyable,?”3% manageable and comparable or preferable

to other physical activity.?®-3° The fifth trial, which used
hospital inpatients,”$*3 reported no strong preference
for the way in which their therapy was delivered before
therapy commencement. However, after using the AVGs,
respondents reported a preference for conventional thera-
py, citing they felt it to be more effective, despite having not
received the other approach.*3

DISCUSSION

This review included 18 RCTs that compared AVGs with
conventional exercise or with no intervention or usual care
in older people. Active video games were found to be more
effective than conventional exercise and no intervention
for improving balance (BBS) and mobility (30-second sit
to stand) in community-dwelling older people. In addi-
tion, the only trial that enrolled hospitalized older people
reported that AVGs were more effective at improving
balance and mobility scores when compared with conven-
tional rehabilitation.

Strengths and Limitations

This is the first systematic review of AVGs that has included
a meta-analysis of RCTs for improving physical perfor-
mance measures in older people. Limitations of this review
include the relatively high risk of bias scores of some of the
trials included in the meta-analysis. The diversity in trial
design and outcome measures limited the extent to which
study results could be pooled. To minimize this heteroge-
neity, only studies with the same outcome measures were
pooled. For this reason analyses were undertaken on a
small number of studies, which increased the ClIs for pooled
data. Furthermore, the conservative assumptions made for
pooled data regarding standard deviations may have influ-
enced the calculated effect size effects.

Participants

Participant eligibility criteria of included trials were strict,
with exclusion of people with cognitive impairment and
mobility limitations, with the exception of 1 trial in an
acute hospital environment.?$ Because of this, it is unclear
whether AVGs are equally suitable for older people with
significant cognitive impairments or with balance or mobil-
ity limitations.

Interestingly, the high baseline mobility and balance
scores of participants in some trials might have masked
clinically relevant improvements that may be seen in a
more mobility-limited group of older people. Although the
improvement in BBS scores for AVGs compared with con-
ventional exercise shown in the meta-analyses was above
the 4-point change considered clinically meaningful,*?
some trials noted that participants scored near the ceiling
of the baseline balance tests, making it difficult to measure
improvement.26-27,34
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Program Usability and Safety

With the exception of 1 trial conducted in the home
environment,® game play was supervised and offered to
individuals rather than groups. Whether participants other
than high-functioning individuals could manage the AVGs
without supervision has not been adequately explored.
Nevertheless, there were few adverse events reported, sug-
gesting the AVGs are safe when supervised.

The program adherence rates were good, but the inter-
vention durations were short. Hence, the high adherence
was likely related to the novelty factor; and the sustained
effect of AVG use is unclear.

In terms of game appeal, community dwellers enjoyed
the games. However, the hospitalized older people who
received AVGs reported a preference for conventional ther-
apy.® This variance of opinion may be due to both an older
person’s perception of using AVGs for rehabilitation, and
the suitability of the game for the older person, in terms of
the visual display and the ease of use of the control devices.
Some trials modified the AVGs to suit the older person, in
terms of reduction of onscreen information, selection of
age-appropriate music, and speed of play.3!-37** Future
development of AVGs for older people may need to con-
sider these aspects of game play.

Lastly, whether AVGs can be used with groups rather
than individuals requires investigation. Environments such
as care homes do not always have the capacity to supervise
individual exercise programs. On this basis, AVGs may be
unsuitable for a group exercise program, unless combined
with other activities as part of an activity circuit.

SUMMARY

Active video games are a useful intervention for improving
physical performance measures of balance and mobility in
older people. Future work may consider monitoring adher-
ence to an AVG program combined with conventional exer-
cise, offered over longer period (12 months), to older people
with a broader range of physical and cognitive abilities.
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