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Abstract
Background: Aging is often associated with increasing func-
tional decline as measured by deterioration in mobility and 
activities of daily living. Older adults (OAs) living in residen-
tial long-term care (LTC) homes in particular may not engage 
in regular physical exercise, significantly increasing their risk 
of further cognitive and functional decline. Exergaming may 
hold promise for OAs by combining exercise and technolo-
gy-based gaming systems, but evidence for its use in LTC is 
unknown. Methods: A systematic review was conducted to 
summarize the effects of exergaming interventions on phys-
ical, cognitive, and quality of life (QoL) outcomes for OAs 
(>65 years of age) living in LTC. Results: Twenty-one studies 
involving 657 OAs living in LTC met the inclusion criteria. 
Most studies were associated with a high risk of bias and 
many used uncontrolled designs and small samples. Across 
studies, exergame interventions were associated with pre-
liminary benefits relative to control conditions on standard-
ized measures of physical outcomes (e.g., Timed Up & Go, 
5-meter gait speed). No consistent effects were found for 

cognitive and QoL outcomes. Conclusions: Exergames 
might be a promising intervention to benefit the physical 
health of OAs (>65 years) living in LTC, but more research is 
required to determine the effects of exergaming on physical 
health, as well as cognitive and QoL outcomes. More spe-
cifically, larger and more methodologically robust evalua-
tions are needed. © 2022 The Author(s).

Published by S. Karger AG, Basel

Background

As the global older adult (OA) population increases 
rapidly in the coming decades, the demand for residential 
long-term care (LTC) is expected to rise [1]. OAs residing 
in residential LTC homes (also called nursing homes) are 
characterized by increasing functional decline [2], often 
measured by deterioration in mobility and activities of 
daily living (ADLs). This population is complex, as func-
tional decline can be brought on by a myriad of factors 
including physical aging, comorbidities [3, 4], cognitive 
impairment (e.g., dementia due to Alzheimer’s or cere-
brovascular disease) [5], and reductions in vision, hear-
ing, and proprioceptive senses [6, 7]. The sedentary na-
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ture of life in LTC homes [8] also significantly increases 
the likelihood of further declines in cognitive and func-
tional abilities soon after admission [9]. The consequenc-
es of these declines are reflected in the experiences of OAs 
living in LTC, wherein poor quality of life (QoL) and ne-
glect are often reported [10, 11].

Among various interventions that have been designed 
to address, maintain, and improve the physical and cogni-
tive health of LTC residents, exergaming holds promise by 
harnessing novel technologies to improve activity levels 
[12]. Exergaming is described as interactive exercise-
based games whereby players engage in physical and cog-
nitive activities played on a technology-based gaming sys-
tem. Current literature suggests that exergames have pos-
itive social, cognitive, and physical effects [13, 14], but 
vary markedly in intervention type and outcome data col-
lected [15]. The mechanism of the benefits of exergaming 
is supported by the Cognitive Enrichment hypothesis [16] 
which states that the collective behaviors of an individual 
have a meaningful positive impact on cognitive and func-
tional ability in old age. Another systematic review estab-
lished the positive effects of exergaming on cognitive 
function among OAs living with mild cognitive impair-
ment or dementia from a variety of settings, which include 

the community, hospitals, rehabilitation wards, and nurs-
ing homes [17]; however, it is unclear how exergaming 
interventions impact the physical and cognitive health of 
OAs residing in LTC. Thus, we conducted a systematic 
review of quantitative studies to summarize the effects of 
exergaming interventions on physical, cognitive, and QoL 
outcomes of OAs (>65 years of age) living in LTC.

Methods

Our systematic review was guided by the PRISMA statement 
[18].

Search Strategy
We searched six databases: CINAHL, PubMed, Web of Science, 

PsycINFO, ScienceDirect, and Cochrane. Searches were not lim-
ited by date, with the last search conducted in July 2020. The search 
strategy was developed for CINAHL in line with the Population, 
Intervention, Comparator, Outcome, and Study type framework; 
search terms were selected to capture four concepts: OAs, technol-
ogy-based games or exergames, physical activity (PA), and LTC. 
The full CINAHL search strategy is included in the online supple-
mentary material (see www.karger.com/doi/10.1159/000521832 
for all online suppl. material). The search was translated into the 
other databases with the appropriate syntax and index terms for 
each database. Reference lists of included articles were hand-
searched to identify additional records.

Table 1. Inclusion/exclusion criteria

PICOS component Selection criteria

Population Inclusion: OAs (>65 years of age) living in nursing homes, or LTC facilities

Exclusion: younger adults (M age of <65); participants living in own home in the community, complex continuing 
care units, retirement homes/communities, assisted living homes

Intervention Inclusion: exergaming, including physical exercise-based games applied using video game or virtual-reality 
technology

Exclusion: noninteractive games or seated virtual-reality games that did not promote PA

Comparator No restrictions

Outcome Inclusion: quantitative measures of:
Physical outcomes (e.g., balance, gait, center or pressure, and physical function; not vital signs or 
anthropometric measurements)
Cognitive outcomes (e.g., global cognition, attention, memory, and executive function)
QoL outcomes

Study type Inclusion: quantitative studies including original research studies and pilot studies

Exclusion: solely qualitative studies, reviews, case reports with a sample size of <2, presentation and conference 
abstracts

Date No restrictions

Language English

PICOS, Population, Intervention, Comparator, Outcome, and Study type.
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Selection of Studies
Inclusion and exclusion criteria were specified using the Popu-

lation, Intervention, Comparator, Outcome, and Study type 
framework as outlined in Table 1. The results of our search were 
uploaded to Covidence, a web-based platform which facilitates the 
screening and data extraction process. Following exclusion of du-
plicate records, title and abstract screening were completed in du-
plicate (two teams of two) by 4 reviewers (A.Q., A.S., A.K., and 
A.Z.). Full-text review followed. Disagreements over inclusion of 
studies for data extraction were resolved through discussion or 
feedback from the senior author (C.C.).

Data Extraction and Management
The aforementioned reviewers (A.Q., A.S., A.K., and A.Z.) con-

ducted data extraction independently using a predesigned data ex-
traction form. Data were collected regarding study setting, country 

and design, participant characteristics, sample size, intervention 
characteristics (duration, frequency), gaming system used (e.g., 
Nintendo Wii, Xbox Kinect), adherence, physical and cognitive 
outcomes, and QoL. Data on comorbidities, namely cognitive dis-
orders, were also collected.

Quality Assessment
The quality of the included studies was assessed using the ap-

propriate tools based on study design: the Cochrane Risk of Bias 
tool (RoB-2) for randomized trials or the Risk of Bias in Non-ran-
domized Studies (ROBINS-I) [19, 20]. Using the RoB-2 tool, risk 
of bias was classified as “high,” “low,” or “unclear” based on seven 
items: sequence generation, allocation concealment, blinding of 
participants and personnel, blinding of outcome assessment, in-
complete outcome data, selective outcome reporting, and other 
biases. Similarly, the ROBINS-I tool assesses risk of bias based on 

Fig. 1. PRISMA diagram of study selection process.
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seven items: confounding, selection bias, bias in classification of 
interventions, bias due to deviations from intended interventions, 
bias due to data missingness, bias in measurement of outcomes, 
and bias in selection of the reported results.

Data Synthesis
Given the heterogeneous nature of study designs and outcomes 

presented in the selected studies, a descriptive synthesis was con-
ducted. Descriptive statistics across studies regarding age, number 
of sessions, and the volume of therapy (number of sessions × dura-
tion) were reported in terms of mean ± standard deviation. In ad-
dition, we report results of null hypothesis significance tests of 
within- and between-group differences and effect sizes where ap-
plicable.

Results

Study Selection and Characteristics
The database and reference list search produced 480 

records (Fig. 1). One-hundred and seventy-four duplicate 
records were removed. After screening of the titles and 
abstracts of 306 records, 192 records were deemed to be 
irrelevant based on our inclusion and exclusion criteria. 
With the remaining 114 records, full-text screening was 
conducted to assess for eligibility, wherein 93 records 
were excluded. Twenty-one studies were ultimately in-
cluded for data extraction. Interrater reliability of trial se-
lection ranged from 0.85 to 1.0 across pairs of reviewers. 
The included studies were published between 2009 and 
2020. Included studies were conducted in North America 
(n = 3), Europe (n = 10), Oceania (n = 3), South America 
(n = 1), and Asia (n = 4). With respect to study design, 
studies included nine randomized control trials [21–29], 
two nonrandomized control study [30, 31], four before-
and-after studies [32–35], five quasi-experimental studies 
[36–40], and one interrupted time series study [41]. De-
tails of the included studies are presented in Table 2, and 
summarized results from studies with a control group are 
provided in Table 3.

Participant Characteristics
A total of 657 OAs participated in the included 21 

studies, of which 275 participants (42%) were controls. 
Group sample size ranged from 5 to 32 participants across 
studies. Both males and females were included across all 
studies. Not all studies reported on the gender composi-
tion of participants, however, the majority of studies (n = 
17) had a higher proportion of women in comparison to 
men. The average age ranged from 70.1 to 90.4 years of 
age. Common study inclusion criteria were: (1) cognitive 
ability to understand the game and instructions given, (2) 

ability to stand or walk independently with or without 
aid, (3) ability to communicate based on researcher judg-
ment, and (4) absence of cognitive impairment based on 
Mini-Mental Status Examination (MMSE) score [cutoffs 
differed across studies, with ≤15 being the lowest range 
point for cognitive impairment and ≤27 being the highest 
possible cutoff for cognitive impairment [32]. However, 
studies differed by the degree of functionality and assess-
ment scores at baseline, as well as measures used to assess.

Participants generally were ambulatory. Baseline mo-
bility characteristics of participants were reported in 52% 
(n = 11/21) of studies, with mobility challenges frequent-
ly reported, marked by the use of a walking aid, wheel-
chair, or falls in the last 6 months or year. Other physical 
characteristics were inconsistently reported between 
studies; e.g., separate studies reported on BMI [29] and 
hypertension [41]. Five studies identified included par-
ticipants with cognitive impairment, with 3 studies not-
ing inclusion of participants with cognitive impairment 
based on MMSE or Montreal Cognitive Assessment 
(MoCA) scores [21, 22, 37], and another 2 studies that 
enrolled participants with mild or moderate dementia 
[33, 36].

Participant withdrawal was only reported on in 11 of 
the 21 included studies; 6 studies reported withdrawal 
from both intervention and control groups [24, 29, 35, 
37–39], 2 studies reported withdrawals from only the 
control group [25, 36], and 3 studies reported withdraw-
als from only the intervention group [23, 30, 31]. Overall, 
intervention adherence ranged from 55% to 100%. Most 
studies did not find pretest differences between the inter-
vention and control groups. Eight studies reported on ad-
verse events [21, 23–25, 30, 31, 35, 39] wherein adverse 
events were either reported to not have occurred or in-
cluded medical conditions unrelated to the program, 
such as serious illness, osteoarthritis, hip fracture, mus-
culoskeletal pain, and death; no studies reported exer-
gaming-related adverse events.

Exergaming Intervention Characteristics
Intervention sessions occurred at least twice a week for 

76% (n = 16/21) of studies (range 1–5 sessions per week), 
and most intervention durations were more than 4 weeks 
long (n = 13/21, 62%; range = 1–24 weeks). One study 
measured acute changes following a single session [26]. 
Length of exergaming sessions was variable across studies 
with the most common duration being approximately 30-
min sessions (n = 7/21; 33%) ranging from 5 to 120 min. 
Eighty-one percent of studies (n = 17/21) used commer-
cially available exergaming hardware (i.e., Nintendo Wii, 
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Xbox Kinect). However, not all studies used the commer-
cially available corresponding software (i.e., Wii Fit); 
some exergaming interventions involved noncommer-
cially available games such as StepMania [29] and Jintro-
nix [41] which were designed with OA end users in mind. 
Only 1 study used virtual-reality hardware and software 
[33]. All the intervention/exergaming sessions were su-
pervised by either a member of the research staff (n = 7), 
a physical therapist (n = 5), an exercise therapist (n = 3), 
nursing staff (n = 2), or volunteer (n = 1).

Physical Outcomes
Twenty (95%) of the 21 included studies [21–25, 27–

31, 33–41] cite reported physical outcome measures.

Mobility and Endurance
Eight of the included studies [21, 23, 24, 31, 35, 37, 40, 

41] measured mobility and endurance. Across functional 
tests, a medium to large effect size (d = 0.55–1.01) was re-
ported in favor of the exergaming intervention. These 
studies included Hsieh et al. [37] who reported significant 
improvements in the intervention compared to a control 
group for the 6-min walk test (p = 0.01, d = 0.55), measur-
ing mobility and functionality, and the 30-s sit-to-stand 
test (p = 0.002), which measures endurance. Three studies 
reported statistically significant (p < 0.05) improvements 
in mobility in the exergaming group compared to a con-
trol group when using a standard clinical test – the timed 
up and go (TUG) test [23, 31, 35]. Two of these studies 
included conventional exercise comparison groups: Cicek 
et al. [31] noted mobility improvements for exergaming 
above the effects of conventional exercise, while Yesilprak 
et al. [23] reported moderate to large (0.69–1.03) within-
group effect sizes for both types of exercise, which did not 
differ from each other. Delbroek et al. [21] also reported 
significant improvements within the intervention group 
for TUG duration and the turn-to-sit duration during sin-
gle-task walking, indicating improved mobility (p = 0.02). 
In the interrupted time series study by Valiani et al. [41], 
there was a significant improvement (p < 0.05) in 4-meter 
walking speed and a reduction in time in completing the 
sit-to-stand test, indicating an improvement in mobility 
and endurance. Lastly, Taylor et al. [24] reported im-
proved mobility among residents who played exergames, 
as measured by the de Morton Mobility Index (DEMMI), 
however this did not reach significance (p = 0.06).

Balance
Eight studies [23, 27, 30, 31, 34, 35, 37, 40] reported 

balance outcomes with mixed results. When adminis-

tering the Berg Balance Scale, Cicek et al. [31] reported 
a statistically significant (p < 0.05) improvement among 
both exergaming and conventional exercise groups 
compared to a usual care control group. Yeşilyaprak et 
al. [23] reported improvements among both exergaming 
and conventional balance groups, thus, exergaming was 
not more effective at improving balance compared to 
the control group (see also Janssen et al. [30] for null 
findings compared to the control). Portela et al. [27] re-
ported improved balance only in a control group with 
traditional exercise (p = 0.006), and Ellmers et al. [34] 
reported a stronger alignment between postural control 
and balance capabilities perceived by participants post-
intervention (p < 0.001). Hsieh et al. [37] reported sig-
nificantly improved (p < 0.05) functional reach among 
the exergaming group at the 3-month and 6-month time 
points; effect sizes of 0.5 (3-month) and 1.01 (6-month) 
favored the intervention over the control. Wu et al. [35] 
reported no difference in balance post-intervention, as 
indicated by Berg Balance Scale scores, and Keogh et al. 
[39] reported no significant quantitative improvements 
in dynamic balance as indicated by the Four Square Step 
Test.

Gait
Three of the included studies reported on gait [29, 37, 

38], and significant improvements in gait characteristics 
were reported in each. Pichierri et al. [29] reported great-
er gait velocity and improved single support time during 
a fast walking dual-task condition for the intervention 
group relative to baseline and a control group. Ogawa et 
al. [38] reported modest, statistically significant (p < 0.05) 
improvements in single-task gait measures but not dual-
task gait measures in the intervention group. Hsieh et al. 
[37] reported a significant improvement (p < 0.05) in 5-m 
gait speed of the exergaming group; effect sizes of 0.23 
and 0.60 at 3- and 6-month timepoints represent im-
provement over time and favor the intervention group 
over the control group.

Reaction Time
Reaction time was evaluated using the Vienna test 

[36], and the Grasping ruler test [22]. Of these 2 studies, 
only Liu et al. [22] reported a significant improvement (p 
< 0.05) in reaction time among the exergaming interven-
tion group but did not analyze whether this change was 
significant compared to the control group. Chiang et al. 
[36] found significantly better post-test reaction time 
scores in the intervention group.
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PA Levels
General level of PA was discussed in 5 of the included 

studies [25, 28, 30, 39, 41]. The studies collectively report-
ed statistically significant improvements in physical well-
being and PA levels according to questionnaire-based 
measures such as the Rapid Assessment of Physical Activ-
ity (RAPA) [39, 41], the LAPAQ (LASA Physical Activity 
Questionnaire) [30], and the Short Physical Performance 
Battery Test [25, 28, 41].

Cognitive Outcomes
Five of the 21 studies [21, 26, 27, 37, 38] reported on 

cognitive outcomes that were measured through validated 
measures such as MMSE, MoCA, the Verbal Fluency Test, 
Digit Span Forward, Digit Span Backward, Trail Making 
Test (TMT) A and B, and the Cognitive Abilities Screen-
ing Instrument (CASI). Ogawa et al. [38] reported better 
performance following exergaming for MMSE and TMT-
B scores from pre-to post-test (p < 0.05), and change 
scores that favored the intervention group for TMT-A 

psychomotor speed. Hsieh et al. [37] reported no signifi-
cant improvements in overall cognitive abilities as mea-
sured by the CASI or subscales examining specific cogni-
tive abilities, with the exception of improvements on one 
abstract reasoning subscale (p = 0.002) at 6 months. Mon-
teiro-Junior et al. [26] reported significant within-subject 
improvement on the Verbal Fluency Test after a single 
exergaming session, and effect size between groups (d = 
0.63) indicated moderate effect of the exergame. Other 
studies found no significant group differences or pre-post 
changes in MMSE [27] or MoCA [21].

Quality of Life
QoL was reported on in 6 studies with varying results 

[22, 27, 31, 39, 40, 42]. The World Health Organization 
Quality of Life (WHOQOL) Instrument was used in 3 
studies: one reported significant improvements in the in-
tervention group compared to the control group for psy-
chological QoL only [39], but another study reported no 
significant improvements in QoL in any of their three in-

Fig. 2. Risk of bias assessment using the Cochrane RoB-2 tool presented as proportion of relevant studies (n = 9).
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tervention groups [32]. Similarly, Cicek et al. [31] admin-
istered the WHOQOL-BREF, and found no statistically 
significant within-group or between-group differences. 
Using the SF-8 health-related QoL questionnaire, Liu et 
al. [22] reported no significant improvements in health-
related QoL in the exergaming intervention group. In 
contrast, Portela et al. [27] used the SF-36 health-related 
QoL questionnaire and observed significantly improved 
vitality (p = 0.007) and mental health-related QoL (p = 
0.023) in the unsupervised exergaming group, as well as 
improved physical functioning (p = 0.024) in the super-
vised exergaming group. In contrast, Keogh et al. [40] 
found no significant within-group change in the SF-36 
QOL scores.

Cost and Barriers to Implementation
Only 17% (n = 3) of studies mentioned cost of the 

exergaming intervention: these studies used commer-
cially available products (i.e., Wii, Xbox Kinect, Oculus 
Rift products) and referred to such technology as “low 
cost” or “affordable” [21, 33, 39]. Cited barriers to the 

implementation of exergaming technology in LTC in-
cluded a lack of space in the LTC home [23, 39] and the 
time required for staff to introduce a new activity to 
residents who are often unfamiliar with the technology 
[23, 41]. One study listed resident-reported barriers to 
participation in exergaming interventions which in-
cluded: self-reported “laziness,” lack of interest, feeling 
it was a “hassle,” and physical health problems (p. 149) 
[35].

Risk of Bias Assessment
Nine studies were assessed using the RoB-2 tool [21–

29]. Figure 2 provides details of each study’s assessments 
by RoB domain. Generally, there was a low risk of bias for 
sequence generation, allocation concealment, and data 
missingness. Given the nature of exergaming interven-
tions, there was a high risk of bias for blinding of study 
participants and outcomes assessors. There was also a 
high risk of bias due to selective outcome reporting by 
one-third of the evaluated studies.

Fig. 3. Risk of bias assessment using the ROBINS-I tool presented as a proportion of relevant studies (n = 12).
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Twelve studies were assessed using the ROBINS-I tool 
[30–41]. Figure 3 provides details of each study’s assess-
ment by ROBINS-I domain. In general, there was a low 
risk of bias for selection of study participants, classifica-
tion of interventions, data missingness, and selection of 
the reported results. As expected, there was a moderate to 
serious risk of bias across all studies for measurement of 
outcomes as participants were not, and generally could 
not be, blinded due to the nature of exergaming interven-
tions. The ROBINS-I tool detailed guide indicates that if 
the study is judged to be at serious risk of bias in at least 
one domain, the study’s risk of bias overall should be 
judged as serious risk. As such, 75% of studies (n = 9 [31–
36, 39–41] were judged as having an overall serious risk 
of bias.

Discussion

This systematic review aimed to summarize evidence 
regarding the effectiveness of exergaming interventions 
on the physical, cognitive, and QoL outcomes of OAs 
(>65 years of age) living in LTC. To the best of our knowl-
edge, this systematic review is the first to consider the 
overall effect of exergaming interventions on the physical 
health, cognitive abilities, and QoL of this complex popu-
lation. The analysis combined 21 studies involving a total 
of 657 participants. We observed wide variability of exer-
gaming interventions, which promoted diverse types of 
PA (e.g., low intensity, coordination, dance) on different 
gaming systems. The majority (66%, n = 14/21) of studies 
were associated with a serious risk of bias due to lack of 
randomization, uncontrolled study designs, and lack of 
blinding due to the nature of the intervention. Only nine 
of the 21 studies included were randomized control trials, 
and four of the studies [32–34, 41] lacked a control group. 
The sample sizes within the studies were also relatively 
small (ranging from 8 to 65 participants). These limita-
tions across research designs may be because many of the 
studies identified themselves as feasibility or pilot inves-
tigations mostly lasting 2 months or less (15/21 studies; 
71%) with the goal of providing preliminary evidence. 
Taken together, the current research base lacks conclu-
sive evidence of a positive benefit of exergaming on phys-
ical, cognitive, and QoL outcomes for OAs in LTC but 
does suggest promise in particular domains.

Preliminary evidence that supports possible physical 
health benefits of exergaming was found in 18 out of 21 
studies [21, 22, 24, 25, 27–31, 33–41]: these included ob-
servational improvements within a group of exergamers 

(no control group) and between-group differences in fa-
vor of the exergaming group over a control group. Among 
the studies that measured mobility and endurance out-
comes (n = 8), 88% reported statistically significant im-
provements within the exergaming group, indicating a 
potential effect of exergaming interventions on OA’s mo-
bility and endurance. In addition, all the included studies 
that measured gait (n = 3) also reported statistically sig-
nificant improvements among the exergaming interven-
tion group. This preliminary evidence for physical bene-
fits of exergaming in LTC residents is consistent with 
stronger evidence of exergaming benefits among broader 
populations of OAs [42], but evidence from higher qual-
ity studies is needed.

Some additional caution is required to interpret the ef-
fects of exergaming on cognitive and QoL outcomes, 
which were more inconsistent across studies. Five studies 
with a control group included cognitive outcomes but 
only two reported improvements relative to the control 
group, and these benefits were limited to specific cogni-
tive domains (i.e., psychomotor speed, abstract reason-
ing) [38]. In addition to high risk of bias across studies, 
the use of different cognitive measures (e.g., MMSE, 
CASI) hindered our ability to conclude the effect of exer-
gaming on cognitive effects in this population. Effects on 
QoL were similarly inconsistent across studies and mea-
sures; of the 2 studies that tested between-group differ-
ences, one found improvements for exergaming relative 
to a control condition for psychological QoL only [40], 
and the other found no difference [23].

Despite incomplete evidence for positive improve-
ments related to exergaming, it is notable that no exer-
gaming-related adverse events and injuries were report-
ed. Negative effects on an exergaming group were limited 
to a measure of QoL (Emotional Performance) in a single 
study at high risk of bias [27] and may have reflected de-
cline over time that is often seen in this population [10]. 
No other studies reported negative impacts of exergam-
ing on physical, cognitive, or QoL outcomes. Studies ei-
ther reported no change or an improvement in physical 
and cognitive performance of residents, suggesting the 
potential for exergaming to mitigate cognitive and func-
tional declines that are common after admission to LTC 
[9]. The safety of exergaming among OAs has been re-
ported in other literature reviews [13, 43].

Based on the results of this review, it is evident that fur-
ther investigation into the effects of exergaming on phys-
ical, cognitive, and QoL outcomes for LTC home residents 
is required. In order to reach more definitive conclusions, 
it is recommended that future studies employ research de-



Effects of Exergaming on Older Adults in 
Long-Term Care

15Gerontology
DOI: 10.1159/000521832

signs associated with reduced bias, including RCTs, and 
recruit large enough samples of residents to provide suf-
ficient statistical power. Future research would benefit 
from the use of standardized tests and tools to evaluate 
physical (e.g., TUG, 3MWT, 5-meter gait speed), cogni-
tive (e.g., MMSE), and QoL (e.g., WHOQoL) outcomes, 
which would permit quantitative synthesis of findings us-
ing meta-analysis. The addition of objective measures of 
PA levels, such as step counts based on a Fitbit activity 
tracker may also be useful to evaluate whether exergaming 
helps reduce sedentary time for LTC residents. In addi-
tion, evaluations of exergame interventions with longer 
sessions and increased frequency of sessions per week (i.e., 
more than 2 per week) may be beneficial to demonstrate 
more robust effects. Finally, it is recommended that future 
studies consider investigating moderators of exergame in-
tervention efficacy on OAs (see also [44]). Loneliness and 
depression are highly prevalent among LTC residents 
[45], but these were not commonly included in the studies 
and were only measured by Hsieh et al. [37]. Loneliness, 
depression, and anxiety can negatively impact resident 
QoL and have been associated with poor physical func-
tional ability [46]. Future studies should consider these 
conditions and how they may moderate the effect of exer-
gaming on physical, cognitive, and QoL outcomes.

It is worth noting that the participants enrolled in the 
included studies were higher functioning physically and 
cognitively compared to the general population of OAs 
living in LTC. For example, in Ontario, Canada, 86% of 
OAs in LTC are dependent (e.g., require extensive help 
with activities of daily living such as getting out of bed, 
eating, or toileting) and 64% have dementia [47]. There-
fore, results of exergame trials may not be generalizable 
to the broader population of LTC home residents and 
there may be issues related to the implementation and 
adoption of exergames with residents who have lower lev-
els of mobility and cognitive function. Of the studies that 
reported adherence (n = 12), adherence ranged from 55% 
to 100%; 67% of these studies (n = 8/12) reported at least 
75% adherence. Where reported, common reasons for 
missing exergaming sessions were tiredness, loss of inter-
est, and conflicting schedules [24]. Poor adherence and 
attrition can lead to nongeneralizable conclusions be-
cause the participants did not receive the intended inten-
sity or dose of the intervention [48]. Usability of exer-
games influences their implementation, but only 2 stud-
ies reported on system usability [32, 49]. Only 1 study 
reported, using the System Usability Scale, that users were 
satisfied with the usability of the system [32]. However, 
results from Gerling et al. [49] indicated a large difference 

in perceived usability between exergaming experienced 
and inexperienced groups, thus indicating that previous 
exergaming experience may influence LTC residents’ 
willingness to participate in exergaming-delivered PA.

Enjoyable and motivating exergame platforms are im-
portant to increase transfer of results from exergaming 
studies into the LTC home context. There is a need to de-
velop fun and engaging PA interventions since residents 
have reported negative perceptions and viewed exercise 
sessions as “boring” or “monotonous” with little interest 
in participating [50]. This suggests that currently avail-
able PA interventions do not take residents’ interests and 
needs into consideration. Exergaming interventions pro-
vide the opportunity to implement engaging PA in LTC; 
user-centered design is important for the design of ac-
cepted, useable and thus successful products. Domains 
for consideration in the design process include user en-
joyment, accessibility, and usability. In addition, the ma-
jority of studies included in this review used commer-
cially available exergames (i.e., Nintendo Wii, Xbox Ki-
nect) [51], and while these gaming systems were accessible 
for research study purposes, some of these systems are 
discontinued, no longer in production, or not widely 
commercially available. Future exergame interventions 
developed for this population should employ the princi-
ples of user centered design [52], an iterative process that 
would allow the needs of LTC residents to be captured 
throughout the design process, and use validated mea-
sures such as the System Usability Scale [53], to measure 
residents’ perceptions of exergaming intervention usabil-
ity. Systems developed through user centered design pro-
cesses such as the MouvMat have been recently studied 
but are not yet commercially available [54].

This systematic literature review has some limitations. 
The studies included within this review were highly het-
erogeneous with respect to the console used, game soft-
ware, impact of the exergame, and the outcomes assessed. 
For this reason, we were also unable to conduct meta-
analyses. Therefore, conclusions reflect exergames for 
OAs in LTC more generally, and not a single exergaming 
intervention or training design.

Conclusion

Our review indicated that exergaming for residential 
LTC homes is a growing field of research, but existing 
evidence should be interpreted cautiously due to the het-
erogeneous nature of the interventions, uncontrolled de-
signs, and small samples. Larger and more methodologi-
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cally robust evaluations are required to mature the evi-
dence base. Exergames might be a promising intervention 
to benefit the physical health of OAs (>65 years) living in 
LTC, but more research is required to determine the ef-
fects of exergaming on physical health, as well as cogni-
tive and QoL outcomes. Cost-effectiveness analyses are 
also warranted as cost was identified as a barrier to exer-
gaming systems implementation. There is also room for 
future co-design and development of exergaming tech-
nologies and systems that will consider the interests as 
well as the physical and cognitive needs of OAs to facili-
tate uptake and implementation.

Acknowledgments

We thank Atefeh Zare for her assistance in the search and 
screening process.

Statement of Ethics

An ethics statement was not required for this study type, no 
human or animal subjects or materials were used.

Conflict of Interest Statement

The authors have no conflicts of interest to disclose.

Funding Sources

Dr. Chu is supported by the Alzheimer Society of Canada New 
Investigator Award. This study was financed in part by grants held 
by Drs. Chu and Biss from the New Frontiers Research Fund 
(00693) and the Center for Aging and Brain Health Innovation 
(00279).

Author Contributions

C.C., A.Q., and R.B. participated in all stages of this systematic 
literature review, from the design, extraction and interpretation of 
data, and final writing. A.S., A.K., and A.Q. extracted and analyzed 
the data. All authors participated in the writing and review of the 
final manuscript.

Data Availability Statement

All data generated or analyzed during this study are included 
in this article and/or its online supplementary material files. Fur-
ther enquiries can be directed to the corresponding author.

References

 1 WHO. World report on ageing and health;  
2015.

 2 Palese A, Menegazzi G, Tullio A, Zigotti Fuso 
M, Hayter M, Watson R. Functional decline 
in residents living in nursing homes:  a sys-
tematic review of the literature. J Am Med Dir 
Assoc. 2016; 17(8): 694–705.

 3 Dunlop DD, Manheim LM, Sohn MW, Liu X, 
Chang RW. Incidence of functional limita-
tion in older adults:  the impact of gender, 
race, and chronic conditions. Arch Phys Med 
Rehabil. 2002; 83(7): 964–71.

 4 Fong JH. Disability incidence and functional 
decline among older adults with major chron-
ic diseases. BMC Geriatr. 2019; 19(1): 323.

 5 Luck T, Luppa M, Wiese B, Maier W, van den 
Bussche H, Eisele M, et al. Prediction of inci-
dent dementia:  impact of impairment in in-
strumental activities of daily living and mild 
cognitive impairment-results from the ger-
man study on ageing, cognition, and demen-
tia in primary care patients. Am J Geriatr Psy-
chiatry. 2012; 20(11): 943–54.

 6 Schneider JM, Gopinath B, McMahon CM, 
Leeder SR, Mitchell P, Wang JJ. Dual sensory 
impairment in older age. J Aging Health. 
2011; 23(8): 1309–24.

 7 Lin MY, Gutierrez PR, Stone KL, Yaffe K, En-
srud KE, Fink HA, et al. Vision impairment and 
combined vision and hearing impairment pre-

dict cognitive and functional decline in older 
women. J Am Geriatr Soc. 2004; 52: 1996–2002.

 8 Benjamin K, Rankin J, Edwards N, Ploeg J, 
Legault F. The social organization of a seden-
tary life for residents in long-term care. Nurs 
Inq. 2016; 23: 128–37.

 9 Chu CHCH, McGilton KSK. Newly admitted 
nursing home residents with dementia expe-
rience functional mobility decline within the 
first 60 days. Alzheimers Dement. 2016; 

12(S7): P476.
10 Olsen C, Pedersen I, Bergland A, Enders-

Slegers MJ, Jøranson N, Calogiuri G, et al. Dif-
ferences in quality of life in home-dwelling 
persons and nursing home residents with de-
mentia:  a cross-sectional study. BMC Geriatr. 
2016; 16: 137.

11 Yon Y, Ramiro-Gonzalez M, Mikton CR, Hu-
ber M, Sethi D. The prevalence of elder abuse 
in institutional settings:  a systematic review 
and meta-analysis. Eur J Public Health. 2019; 

29: 58–67.
12 Skjæret N, Nawaz A, Morat T, Schoene D, 

Helbostad JL, Vereijken B. Exercise and reha-
bilitation delivered through exergames in old-
er adults:  an integrative review of technolo-
gies, safety and efficacy. Int J Med Inform. 
2016; 85: 1–16.

13 Van Santen J, Dröes RM, Holstege M, Henke-
mans OB, van Rijn A, de Vries R, et al. Effects 

of exergaming in people with dementia:  re-
sults of a systematic literature review. J Alz-
heimers Dis. 2018; 63: 741–60.

14 Li J, 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: e10486.

15 Larsen LH, Schou L, Lund HH, Langberg H. 
The physical effect of exergames in healthy el-
derly:  a systematic review. Games Health J. 
2013; 2: 205–12.

16 Hertzog C, Kramer AF, Wilson RS, Linden-
berger U. Enrichment effects on adult cogni-
tive development:  can the functional capacity 
of older adults be preserved and enhanced? 
2009.

17 Zhao Y, Feng H, Wu X, Du Y, Yang X, Hu M, 
et al. Effectiveness of exergaming in improv-
ing cognitive and physical function in people 
with mild cognitive impairment or dementia:  
systematic review. JMIR Serious Games. 
2020; 8: e1684.

18 Moher D, Liberati A, Tetzlaff J, Altman DG;  
PRISMA Group. Preferred reporting items 
for systematic reviews and meta-analyses:  the 
PRISMA statement. PLoS Med. 2009; 6: 

e1000097.
19 Higgins J, Savović J, Page MJ, Sterne JAC. RoB 

2:  a revised cochrane risk-of-bias tool for ran-
domized trials. Br Med J. 2019.

https://www.karger.com/Article/FullText/521832?ref=1#ref1
https://www.karger.com/Article/FullText/521832?ref=2#ref2
https://www.karger.com/Article/FullText/521832?ref=2#ref2
https://www.karger.com/Article/FullText/521832?ref=3#ref3
https://www.karger.com/Article/FullText/521832?ref=3#ref3
https://www.karger.com/Article/FullText/521832?ref=4#ref4
https://www.karger.com/Article/FullText/521832?ref=5#ref5
https://www.karger.com/Article/FullText/521832?ref=5#ref5
https://www.karger.com/Article/FullText/521832?ref=6#ref6
https://www.karger.com/Article/FullText/521832?ref=7#ref7
https://www.karger.com/Article/FullText/521832?ref=8#ref8
https://www.karger.com/Article/FullText/521832?ref=8#ref8
https://www.karger.com/Article/FullText/521832?ref=9#ref9
https://www.karger.com/Article/FullText/521832?ref=10#ref10
https://www.karger.com/Article/FullText/521832?ref=11#ref11
https://www.karger.com/Article/FullText/521832?ref=12#ref12
https://www.karger.com/Article/FullText/521832?ref=13#ref13
https://www.karger.com/Article/FullText/521832?ref=13#ref13
https://www.karger.com/Article/FullText/521832?ref=14#ref14
https://www.karger.com/Article/FullText/521832?ref=15#ref15
https://www.karger.com/Article/FullText/521832?ref=16#ref16
https://www.karger.com/Article/FullText/521832?ref=16#ref16
https://www.karger.com/Article/FullText/521832?ref=17#ref17
https://www.karger.com/Article/FullText/521832?ref=18#ref18
https://www.karger.com/Article/FullText/521832?ref=19#ref19


Effects of Exergaming on Older Adults in 
Long-Term Care

17Gerontology
DOI: 10.1159/000521832

20 Sterne JA, Hernán MA, Reeves BC, Savović J, 
Berkman ND, Viswanathan M, et al. ROB-
INS-I:  a tool for assessing risk of bias in non-
randomised studies of interventions. BMJ. 
2016; 355: i4919.

21 Delbroek T, Vermeylen W, Spildooren J. The 
effect of cognitive-motor dual task training 
with the biorescue force platform on cogni-
tion, balance and dual task performance in in-
stitutionalized older adults:  A randomized 
controlled trial. J Phys Ther Sci. 2017; 29: 

1137–43.
22 Liu M, Lee AJY, Chang CY, Wu HC, Fu HC, 

Chen ST, et al. “Impacts of a one-month so-
matosensory game intervention on reaction 
and health-related quality of life on elderly”. 
In Proceedings of the 21st International Con-
ference on Computers in Education;  ICCE 
2013;  2013.

23 Yeşilyaprak SS, Yildirim MŞ, Tomruk M, 
Ertekin Ö, Algun ZC. Comparison of the ef-
fects of virtual reality-based balance exercises 
and conventional exercises on balance and fall 
risk in older adults living in nursing homes in 
Turkey. Physiother Theory Pract;  2016; 32: 

191–201.
24 Taylor L, Kerse N, Klenk J, Borotkanics R, 

Maddison R. Exergames to improve the mo-
bility of long-term care residents:  a cluster 
randomized controlled trial, Games Health J. 
2018; 7: 37–42.

25 Mugueta-Aguinaga I, Garcia-Zapirain B. 
FRED:  exergame to prevent dependence and 
functional deterioration associated with age-
ing. A pilot three-week randomized con-
trolled clinical trial. Int J Environ Res Public 
Health. 2017; 14: 1439.

26 Monteiro-Junior RS, da Silva Figueiredo LF, 
Maciel-Pinheiro PT, Abud ELR, Braga 
AEMM, Barca ML, et al. Acute effects of exer-
games on cognitive function of institutional-
ized older persons:  a single-blinded, random-
ized and controlled pilot study. Aging Clin 
Exp Res. 2017; 29: 387–394.

27 Portela FR, Correia RJC, Fonseca JA, Andrade 
JM. “Wiitherapy on seniors:  effects on physi-
cal and metal domains”. In 2011 IEEE 1st In-
ternational Conference on Serious Games 
and Applications for Health;  SeGAH 2011;  
2011.

28 Rogan S, Radlinger L, Baur H, Schmidtbleich-
er D, de Bie RA, de Bruin ED. Sensory-motor 
training targeting motor dysfunction and 
muscle weakness in long-term care elderly 
combined with motivational strategies:  a sin-
gle blind randomized controlled study. Eur 
Rev Aging Phys Act. 2016; 13: 4.

29 Pichierri G, Murer K, De Bruin ED. A cogni-
tive-motor intervention using a dance video 
game to enhance foot placement accuracy and 
gait under dual task conditions in older 
adults:  a randomized controlled trial. BMC 
Geriatr. 2012; 12: 74.

30 Janssen S, Tange H, Arends R. A Preliminary 
Study on the effectiveness of exergame Nin-
tendo “wii Fit Plusˮ on the balance of nursing 
home residents. Games Health J. 2013; 2: 89–
95.

31 Cicek A, Ozdincler AR, Tarakci E. Interactive 
video game-based approaches improve mo-
bility and mood in older adults:  a nonran-
domized, controlled trial. J Bodyw Mov Ther. 
Jul 2020; 24(3): 252–9.

32 Cardoso H, Bernardino A, Sanches M, Lou-
reiro L. “Exergames and their benefits in the 
perception of the quality of life and socializa-
tion on institutionalized older adults”. In Pro-
ceedings of the 2019 5th Experiment at Inter-
national Conference;  exp.at 2019;  2019.

33 Eisapour M, Cao S, Boger J. Participatory de-
sign and evaluation of virtual reality games to 
promote engagement in physical activity for 
people living with dementia. J Rehabil Assist 
Technol Eng. 2020; 7: 2055668320913770.

34 Ellmers TJ, Paraskevopoulos IT, Williams 
AM, Young WR. Recalibrating disparities in 
perceived and actual balance abilities in older 
adults:  a mixed-methods evaluation of a nov-
el exergaming intervention. J Neuroeng Re-
habil. 2018; 15: 26.

35 Wu YZ, Lin JY, Wu PL, Kuo YF. Effects of a 
hybrid intervention combining exergaming 
and physical therapy among older adults in a 
long-term care facility. Geriatr Gerontol Int. 
Dec 2018; 19: 147.

36 Chiang IT, Tsai JC, Chen ST. “Using Xbox 
360 kinect games on enhancing visual perfor-
mance skills on institutionalized older adults 
with wheelchairs”. In Proceedings 2012 4th 
IEEE International Conference on Digital 
Game and Intelligent Toy Enhanced Learn-
ing;  DIGITEL 2012;  2012.

37 Hsieh CC, Lin PS, Hsu WC, Wang JS, Huang 
YC, Lim AY, et al. The effectiveness of a vir-
tual reality-based tai chi exercise on cognitive 
and physical function in older adults with 
cognitive impairment. Dement Geriatr Cogn 
Disord. 2019; 46: 358–70.

38 Ogawa EF, Huang H, Yu LF, Gona PN, Flem-
ing RK, Leveille SG, et al. Effects of exergam-
ing on cognition and gait in older adults at 
risk for falling. Med Sci Sports Exerc. Mar 
2020; 52(3): 754–61.

39 Keogh JWL, Power N, Wooller L, Lucas P, 
Whatman C. Physical and psychosocial func-
tion in residential aged-care elders:  effect of 
Nintendo Wii sports games. J Aging Phys Act. 
2014; 22: 235–44.

40 Keogh JWL, Power N, Wooler L, Lucas P, 
Whatman C. Can the Nintendo Wii(tm) 
sports game system be effectively utilized in 
the nursing home environment:  a Feasibility 
Study? J Community Informatics. 2012.

41 Valiani V, Lauzé M, Martel D, Pahor M, Ma-
nini TM, Anton S, et al. A new adaptive home-
based exercise technology among older adults 
living in nursing home:  a pilot study on feasi-
bility, acceptability and physical perfor-
mance. J Nutr Heal Aging. 2017; 21: 819–24.

42 Pacheco TBF, De Medeiros CSP, De Oliveira 
VHB, Vieira ER, De Cavalcanti FAC. Effec-
tiveness of exergames for improving mobility 
and balance in older adults:  a systematic re-
view and meta-analysis. Syst Rev. 2020; 9: 163.

43 Verheijden Klompstra L, Jaarsma T, Ström-
berg A. Exergaming in older adults:  a scoping 
review and implementation potential for pa-
tients with heart failure. Eur J Cardiovasc 
Nurs. Oct 2014; 13(5): 388–98.

44 Stojan R, Voelcker-Rehage C. A systematic 
review on the cognitive benefits and neuro-
physiological correlates of exergaming in 
healthy older adults. J Clin Med. 2019; 8: 734.

45 Elias SMS. Prevalence of loneliness, anxiety, 
and depression among older people living in 
long-term care:  a review. Int J Care Sch. 2018.

46 Russo A, Cesari M, Onder G, Zamboni V, Ba-
rillaro C, Pahor M, et al. Depression and phys-
ical function:  results from the aging and lon-
gevity study in the Sirente geographic area 
(ilSIRENTE study). J Geriatr Psychiatry Neu-
rol. 2007; 20(3): 131–7.

47 OLTCA. The role of long-term care;  2019. 
Available from:  https: //www.oltca.com/oltca/
OLTCA/Public/LongTermCare/FactsFig-
ures.aspx.

48 Eckert TL, Hintze JM. Behavioral conceptions 
and applications of acceptability:  issues relat-
ed to service delivery and research methodol-
ogy. Sch Psychol Q. 2000.

49 Gerling KM, Schulte FP, Masuch M. Design-
ing and evaluating digital games for frail el-
derly persons. in ACM International Confer-
ence Proceeding Series;  2011.

50 Baert V, Gorus E, Guldemont N, De Coster S, 
Bautmans I. Physiotherapists’ perceived mo-
tivators and barriers for organizing physical 
activity for older long-term care facility resi-
dents. J Am Med Dir Assoc. 2015; 16(5): 371–
9.

51 Nawaz A, Skjæret N, Helbostad JL, Vereijken 
B, Boulton E, Svanaes D. Usability and accept-
ability of balance exergames in older adults:  a 
scoping review. Health Inform J. 2016; 22(4): 

911–31.
52 Harte R, Glynn L, Rodríguez-Molinero A, 

Baker PM, Scharf T, Quinlan LR, et al. A hu-
man-centered design methodology to en-
hance the usability, human factors, and user 
experience of connected health systems:  a 
three-phase methodology. JMIR Hum Fac-
torsMar. 2017; 4(1): e8.

53 Peres SC, Pham T, Phillips R. Validation of 
the system usability scale (sus):  Sus in the 
wild. In Proceedings of the Human Factors 
and Ergonomics Society;  2013.

54 Chu CH, Biss RK, Cooper L, Linh Quan AM, 
Matulis H. Exergaming platform for older 
adults residing in long-term care homes:  user-
centered design, development, and usability 
study. JMIR Serious Games. 2021; 9(1): 

e22370.

https://www.karger.com/Article/FullText/521832?ref=20#ref20
https://www.karger.com/Article/FullText/521832?ref=21#ref21
https://www.karger.com/Article/FullText/521832?ref=23#ref23
https://www.karger.com/Article/FullText/521832?ref=24#ref24
https://www.karger.com/Article/FullText/521832?ref=25#ref25
https://www.karger.com/Article/FullText/521832?ref=25#ref25
https://www.karger.com/Article/FullText/521832?ref=26#ref26
https://www.karger.com/Article/FullText/521832?ref=26#ref26
https://www.karger.com/Article/FullText/521832?ref=28#ref28
https://www.karger.com/Article/FullText/521832?ref=28#ref28
https://www.karger.com/Article/FullText/521832?ref=29#ref29
https://www.karger.com/Article/FullText/521832?ref=29#ref29
https://www.karger.com/Article/FullText/521832?ref=30#ref30
https://www.karger.com/Article/FullText/521832?ref=31#ref31
https://www.karger.com/Article/FullText/521832?ref=33#ref33
https://www.karger.com/Article/FullText/521832?ref=33#ref33
https://www.karger.com/Article/FullText/521832?ref=34#ref34
https://www.karger.com/Article/FullText/521832?ref=34#ref34
https://www.karger.com/Article/FullText/521832?ref=35#ref35
https://www.karger.com/Article/FullText/521832?ref=37#ref37
https://www.karger.com/Article/FullText/521832?ref=37#ref37
https://www.karger.com/Article/FullText/521832?ref=38#ref38
https://www.karger.com/Article/FullText/521832?ref=39#ref39
https://www.karger.com/Article/FullText/521832?ref=40#ref40
https://www.karger.com/Article/FullText/521832?ref=41#ref41
https://www.karger.com/Article/FullText/521832?ref=42#ref42
https://www.karger.com/Article/FullText/521832?ref=43#ref43
https://www.karger.com/Article/FullText/521832?ref=43#ref43
https://www.karger.com/Article/FullText/521832?ref=44#ref44
https://www.karger.com/Article/FullText/521832?ref=45#ref45
https://www.karger.com/Article/FullText/521832?ref=46#ref46
https://www.karger.com/Article/FullText/521832?ref=46#ref46
https://www.karger.com/Article/FullText/521832?ref=47#ref47
https://www.karger.com/Article/FullText/521832?ref=48#ref48
https://www.karger.com/Article/FullText/521832?ref=50#ref50
https://www.karger.com/Article/FullText/521832?ref=51#ref51
https://www.karger.com/Article/FullText/521832?ref=52#ref52
https://www.karger.com/Article/FullText/521832?ref=52#ref52
https://www.karger.com/Article/FullText/521832?ref=54#ref54

	startTableBody
	startTableBody
	startTableBody

