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Abstract

Background: Cognitive impairment is an important public health challenge among older adults, particularly in long-term care
facilities (LTCFs), where prevalence is higher due to staffing shortages, limited resources, and difficulty maintaining structured
exercise programs. Furthermore, older adults often lose interest in repetitive interventions. The exergame “WarioWare: Move
It"” (Nintendo) offers a novel solution by combining aerobic exercise, motor coordination, balance training, and cognitive
engagement into an immersive experience.

Objective: This study aimed to assess the clinical efficacy of an exergame-based training program delivered via “WarioWare:
Move It!" in improving physical flexibility, joint range of motion, motor coordination, hand dexterity, and cognitive function in
older adultsliving in LTCFs.

Methods: The training program was conducted across multiple rural LTCFs in Shanxi Province, China. Participants were
randomly assigned to theintervention or control group. The intervention protocol encompassed two 60-minute sessions per week
over 12 weeks, using motion-sensing exercises such aswaving, jumping, arm swinging, rotational movements, and object-mimicking
postures with Joy-Con controllers. Primary outcome measures were derived through clinical tests, including the sit and reach
test, shoulder flexibility test, trunk rotation flexibility test, shoulder and elbow range of motion, figure-of-8 walk test, standing
balance test, hand dexterity test, and cognitive function tests. Statistical analysis was performed using mixed ANOVA, with time
as the within-participant factor and intervention group as the between-participant factor, to assess the training effects on the
various outcome measures.

Results: A total of 232 participants were recruited, including 32 (13.8%) patients with mild dementia, 18 (7.8%) with moderate
dementia, and 182 (78.4%) with mild cognitive impairment, al of whom completed the study. The mixed ANOVA revealed
significant group x time interactions across multiple physica flexibility assessments, including the remaining distance between
the hands and toes during the forward bend (F, ;56=8.484; P<.001; n2=0.098), the distance between the hands clasped behind the
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back (F, 156=3.666, P=.04, n2=0.045), and the angle formed by trunk rotation to theleft and right (F, 15,=17.353; P<.001, n2=0.182).
Significant group x timeinteractions also emerged for shoulder joint forward flexion (F, 15=17.655; P<.001; n?=0.185), abduction
(F,156=6.281; P=.004; n?=0.075), and elbow flexion (F, 155=3.298; P=.049; n?=0.041). In addition, the time to complete the
figure-of -8 walk test (F; 15,=11.846; P<.001, n?=0.132) and the number of blocks moved within 1 minute (F, ;55=4.016; P=.02;
n%=0.049) showed significant interactions. Finally, all scale-based measures exhibited statistically significant group x time
interactions (all P values <.001).

Conclusions: The“WarioWare: Move It!” intervention significantly improved physical flexibility, joint range of motion, motor
coordination, hand dexterity, and cognitive function among older adults with mild cognitive impairment or dementiaresiding in
rural LTCFs. Theintervention offersan innovative and feasible approach for promoting the health of older adultsin resource-limited

settings, demonstrating its potential for widespread application in diverse low-resource environments.

Trial Registration:

(J Med Internet Res 2025;27:€69109) doi: 10.2196/69109
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Introduction

Background

Mild cognitive impairment (MCI) and dementia exhibit high
prevalence rates among the global older adult population, with
new cases projected to increase due to population aging [1,2].
MCI is considered an intermediary stage between age-related
cognitive decline and dementia, with studies indicating that
approximately 5% to 13% of individuals with MCI progressto
dementia each year [3]. The progression is influenced by
multiplerisk factors, including age, family history, and lifestyle
choices, underscoring the critical importance of early
intervention and preventive strategiesin reducing theincidence
of dementia Dementia, a neurodegenerative disorder with
multifactorial etiology, is characterized by the progressive
degeneration of brain neurons, resulting in cognitive deficits
across several domains, such as complex attention, memory,
learning ability, perceptual motor skills, social cognition, and
language ability [4]. Duetoitsmultifactorial nature, no effective
cure for dementia currently exists, which not only leads to a
significant decline in patients’ quality of life but also imposes
asubstantial economic and socia burden on families, caregivers,
and health care systems [5]. Consequently, early prevention of
dementiaand maintenance of cognitive function are of particular
importance in the older adult population.

In recent years, exergaming, an innovative intervention that
integrates physical activity with gaming, hasincreasingly been
introduced into training and rehabilitation programs for the
older adult population [6,7]. By combining interactive
experiences with immersive virtua environments, exergames
encourage active participation among older adults, enhancing
cognitive function while alleviating the monotony of traditional
exercise forms. Studiesindicate that many commercial gaming
systems (such as Wii and Kinect) and custom-devel oped virtual
reality games significantly stimulate cognitive abilities,
especially in improving memory, attention, and executive
function [8,9].

Globally, exergames have garnered significant attention as a
promising approach to promoting healthy aging and addressing

https://www.jmir.org/2025/1/e69109

age-related cognitive and physical decline. Studies conducted
across various countries have explored the potential of
exergames to combat cognitive impairments, reporting
improvements in cognitive and physical health as well as
increased enjoyment and motivation among older adultsin North
America, Europe, and Asia[10-12]. For instance, Kannan et a
[13] focused on integrating exergamesinto community programs
and long-term care facilities (LTCFs), demonstrating their
effectivenessin enhancing physical functions such as dynamic
balance, gait performance, and muscle strength among
community-dwelling older adults with reduced physical
capacity. Similarly, Chan et a [14] highlighted the role of
gamified interventions in fostering socia interaction and
aleviating feelings of loneliness among older adults,
underscoring their cultural adaptability across different social
contexts. In Asia, where aging popul ations are rapidly growing,
researchers have developed culturally tail ored exergame systems
that incorporatetraditional activitiesand movementsto enhance
their relevance and adherence for older users[15,16].

Moreover, exergames address common barriers to physical
activity, such as adverse weather conditions, limited mobility,
and geographic isolation, making them particularly valuable in
regions with resource constraints or limited access to
recreational facilities. These chalenges are especially
pronounced in rural LTCFs, where cultural attitudes toward
exercise often regard physical activity as unnecessary for older
adults, and social norms prioritize labor-intensive activities over
structured exercise programs. In addition, logistical barriers
such as transportation challenges, linguistic diversity, and lack
of familiarity with digital technologies hinder the
implementation of innovative interventions such as exergames
[17,18]. Coupled with the higher prevalence of social isolation
in rural settings, these factors necessitate tailored, accessible,
and engaging solutionsto promote physical and cognitive health
among older adults. As global efforts continue to expand the
application of exergames in diverse settings, they demonstrate
considerable potential for improving the quality of life among
older adults, regardless of cultural or socioeconomic contexts.

Despite the promising outcomes of exergaming for older urban
populations, its adoption in rural LTCFs remains challenging
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due to limited health care and social resources [19]. In these
settings, shortages of trained caregivers and limited equipment
hinder the effective implementation of structured exercise
programs, limiting older adults’ access to sustained, systematic
rehabilitation. In addition, ol der adults often experience boredom
with repetitive exercise routines. They may lack intrinsic
motivation, especially when deprived of novel experiences,
which can diminish interest and compromise the long-term
effectiveness of training [20]. Therefore, exploring and
evaluating exergaming systemsthat arefeasiblefor rural LTCFs
and capabl e of fostering high engagement could serve asaviable
approach to enhancing cognitive and physical health among
older adultsin these communities.

Objectives

Despite the demonstrated clinical benefits of exergames for
community-dwelling older adults [6,21], their effectiveness
within LTCFsremainsinsufficiently explored. Current research
primarily focuses on improvementsin health-related quality of
life, cognitive function, and overall functional status[12,22,23],
with relatively few assessments targeting specific physical
functions, such asflexihility, joint mobility, motor coordination,
and hand dexterity. However, these physical capabilities are
crucia for theindependence of older adults. For instance, limited
flexibility can hinder daily activities, directly impacting self-care
abilities and increasing dependency on others [24,25]. A
reduction in joint mobility is often associated with joint stiffness
and pain, restricting the range of motion and diminishing overall
physical function, and limiting the living space and activity
radius of older adults [26]. Motor coordination is critical in
balance maintenance and complex movements, where
diminished coordination heightens the risk of falls [27]. Falls
can have severe consequences for older adults, including
fractures, prolonged immobility, or even accelerated frailty,
substantially reducing the quality of life[28-30]. Hand dexterity
also underpins the self-sufficiency of older adults. Loss of fine
motor skills, such as gripping, pinching, and writing, can restrict
their ability to perform daily tasks and participate socialy,
potentially leading to psychological distress[31].

The Nintendo exergame “WarioWare: Move It!” integrates 12
distinct movement modes, offering not only aerobic,
coordination, and balance training but also cognitive exercises
that engage memory, attention, and logical reasoning. The
game'sdifficulty can be flexibly adjusted to match users’ needs,
ensuring optimal training effects at appropriate challengelevels.
Despite its evident potential, comprehensive empirical studies
are still required to substantiate its benefits fully. Therefore,
this study conducted a 12-week longitudinal user study to
examine the feasibility and potential clinical utility of
“WarioWare: Move It!” for older adult populations in rural
LTCFs. Furthermore, this research provides valuable insights
and references for older adult rehabilitation professionals and
human-computer interaction researchersinterested in designing
exergame-based interventions for the care of older adults.

https://www.jmir.org/2025/1/e69109

Lietd

Methods

Ethical Consider ations

This study was conducted in accordance with the Helsinki
Declaration and received approval from the Biomedical Ethics
Review Committee of Taiyuan University of Technology
(20230641). The study design adheres to the 2013 SPIRIT
statement for randomized controlled trials and the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Triasof Electronic and Mobile Health Applications and Online
Telehealth) guidelines (Multimedia Appendix 1), and it has
been registered on Clinical Trials.gov (NCT06717971). Before
submitting the written informed consent, participants were
informed of potential risks, including minor muscle discomfort
or fatigue. They were al'so made aware that participation was
voluntary and that they could withdraw at any time without
penalty. All participants provided written informed consent,
and €eligible participants received a US $10 compensation.

Participants

In this study, we recruited 232 participants (n=32, 13.8%
patients with mild dementia; n=18, 7.8% with moderate
dementia; and n=182, 78.4% with MCI) from LTCFs, such as
rural daycare centers and nursing homes in Shanxi Province,
China. Participant selection followed a purposive sampling
method [32], with the entire recruitment process rigorously
supervised by experienced neurologists. Caregiversand facility
staff were not involved in the participant selection process to
avoid potential bias. Inclusion criteria were as follows: (1)
normal or corrected-to-normal hearing and vision; (2) age >65
years,; (3) residencein an older adult carefacility or aminimum
stay of 1 month in such afacility; (4) completion of the Global
Deterioration Scale (GDS), the Chinese version of the
Mini-Mental State Examination (MMSE), and the Chinese
version of the Montreal Cognitive Assessment (MoCA), with
the capacity to communicate effectively; (5) ability to engage
in moderate physical activity without physical disability; (6)
absence of severe depressive symptoms or other neurological
disorders (eg, stroke, dizziness, and epilepsy); (7) absence of
chronic conditions significantly affecting mohility (eg, advanced
arthritis, severe osteoporosis, or recent fractures); and (8)
provision of informed consent by the participant or their
guardian.

All participants underwent comprehensive medical evaluations
conducted by experienced neurologists, including a thorough
medical history, physical examination, neuroimaging studies
(either brain magnetic resonance imaging or computed
tomography), and cognitive function assessments. Neurol ogists
assessed participants’ cognitive function using the GDS score,
classifying the severity of dementia symptoms accordingly.
Among the participants with dementia, the average GDS score
was 3.7 (SD 0.75), with an average duration of dementia
symptoms spanning 3.15 (SD 0.8) years. Cognitive function in
the 182 patientswith M Cl was evaluated using the MoCA, with
scores consistently <26. Furthermore, neuroimaging revealed
no other structural abnormalities in any participant that could
contribute to cognitive impairment. Table 1 summarizes the
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clinical and demographic characteristics of participantsallocated
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to the intervention and control groups.

Table 1. Clinical and demographic characteristics of participants randomly assigned to the intervention and control groups (N=232).

Characteristics Intervention group (n=116) Control group (n=116) P value
Age (years), mean (SD) 73.03 (4.431) 72.70 (4.958) 59
Gender, n (%) 43
Woman 68 (58.6) 62 (53.4)
Man 48 (41.49) 54 (46.6)
Hand preference, n (%) .68
Left 12 (10.3) 14 (12.1)
Right 104 (89.7) 102 (87.9)
Exercise habit, n (%) 43
Yes 62 (53.4) 60 (51.7)
No 54 (46.6) 56 (48.3)
Years of education, mean (SD) 6.53 (3.037) 6.31 (2.994) 57
Hours of sleep, mean (SD) 6.44 (1.239) 6.42 (1.259) .92
Years of smart device use, mean (SD) 4.59 (1.658) 4.35(1.741) .28

Randomization and Blinding

To eliminate selection bias, enhance the internal validity of the
research findings, and ensure scientific rigor and reliability, this
study used a stringent randomized grouping method to assign
participants to either the intervention or control group. The
randomization process followed the following strict steps:

- All €igible participants were assigned a unique
identification number to maintain anonymity.

« ldentification humbers were recorded on dlips of paper,
which were then sedled in opaque envelopes to ensure a
double-anonymized grouping process.

« The numbered envelopes were placed in an opaque
container and thoroughly mixed to guarantee complete
randomness in selection.

«  Researcherswore blindfoldsto prevent prior knowledge of
envel ope contents and randomly drew a single envelope.

« The selection process was repeated until 116 envelopes
were chosen to form the intervention group, with the
remaining participants allocated to the control group.

https://www.jmir.org/2025/1/e69109

After random assignment at a 1:1 ratio, the intervention group
received a 12-week training regimen, while the control group
continued with standard care provided by LTCFs. Both groups
maintained equivalent activity durations.

Intervention Group Training Program

The training program for the intervention group used the
Nintendo Switch exergame “ WarioWare: Move It,” as depicted
in Figure 1. Participants engaged with the game through Joy-Con
controllers, completing rapid microgames designed to meet
specific movement-oriented objectives. Each game session
lasted approximately 5 seconds, requiring participantsto quickly
adapt to various physical actions and postures, such aswaving,
jumping, swinging arms, rotating, and mimicking object
movements. The game’s interactive design fosters an engaging
experiencethat promotes physical coordination, reaction speed,
upper and lower limb strength, and hand-eye coordination
through diverse movement patterns. Switching between tasks
compels players to swiftly adjust to varying motion demands,
enhancing physical agility while strengthening attention shifting
and quick decision-making skills.
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Figure 1. Training scenarios and gameplay modes of the Nintendo Switch “WarioWare: Move It” exergame: (A) a participant engaging in agameplay

scenario, (B) competitive mode, (C) cooperative mode, and (D) versus mode.

Furthermore, to enhance both engagement and safety, the
intervention program was supported by trained staff responsible
for providing tailored assistance to participants throughout the
training. Before the intervention, all staff members received
comprehensive training in using both the Nintendo Switch
console and the game mechanics of “WarioWare: Move It!.”
The training included familiarization with the game's
functionality, understanding how to adapt the tasks to meet
participants' physical and cognitive needs, and recognizing
when to modify the intensity or duration of tasks. Staff were
also trained to monitor participants physical and cognitive
responses, offer guidance as needed, and adjust the game's
parameters based on individual performance.

Thetraining program was administered twice weekly, with each
session lasting 60 minutes over 12 weeks. Each session
comprised three 15-minute gaming segmentsinterspersed with
1- to 5-minute rest periods to sustain participant engagement
and mitigate mental fatigue. Before the intervention, all
participants attended a 30-minute orientation session to
familiarize themselves with the Nintendo Switch console, the
game mechanics of “WarioWare: Move It!,” and the use of
Joy-Con controllers. During training, staff provided tailored
support and dynamically adjusted program parameters based

https://www.jmir.org/2025/1/e69109

XSL-FO

RenderX

D)

on individual performance, modifying task content, intensity,
duration, and physical demands as necessary.

Control Group Standard Care Program

The standard care program for the control group isgrounded in
routine practices of LTCFs, aiming to sustain and enhance the
physical and mental well-being of older adult residentsthrough
structured group activities. These activities encompasstailored
fitness exercises, horticultural therapy, and sedentary group
engagementsfor older adults. The fitness exercises are adapted
to meet the varying physical conditions of participants, ensuring
a safe and comfortable environment that promotes moderate
physical activity. Horticultural therapy involves hands-on
planting and tending to plants, stimulating the senses, and
fostering emotional regulation, contributing to improved
psychological health. Sedentary activities, such as tabletop
games, emphasize social interaction and cognitive maintenance
by promoting a relaxed socia environment that helps
participants remain cognitively engaged. A professional therapist
leads each session to ensure that participants receive adequate
guidance and support throughout the activities. The programis
conducted twice a week, with each session lasting 60 minutes
over 12 weeks.
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Outcomes Measured

All participants underwent 3 assessments at distinct time points.
The initial assessment occurred a baseline before
randomization. Subsequent eval uations were conducted at the
end of 12 weeks (posttest) and 6 months after the intervention
concluded. The primary outcomes of this study focus on
detecting intervention effects using indicatorsrelated to physical
flexibility, joint range of motion, motor coordination, hand
dexterity, and cognitive abilities.

In this study, physical flexibility assessments involve severa
standardized tests. First, the sit and reach test measures the
participant’s ability to stretch forward while seated with legs
extended and heelsfixed [33,34]. The farthest distance reached
with outstretched hands toward the toes is recorded, with the
gap between the fingertips and toes serving as the flexibility
index. The shoulder flexibility test assesses flexibility by
measuring the distance between the hands when clasped behind
the back [35,36]. Participants with higher flexibility achieve
either easy hand clasping or shorter hand-to-hand distance. The
trunk rotation flexibility test requires participantsto stand with
feet together and arms extended forward, rotating the torso | eft
and right around the waist [37]. The maximum angle reached
on each side indicates flexibility, with more prominent angles
signifying greater flexibility.

Thejoint range of motion reflects the extent of freedom ajoint
possesses within a specified range of movement. Observing
changesin the range of motion across different directionsinthe
intervention group makes it possible to determine whether
significant improvements occur in particular directions (eg,
flexion or internal rotation), thus providing targeted feedback
for the intervention. This study’s joint range of motion
assessments include shoulder and elbow range of motion tests.
The shoulder range of motion test measures the maximum range
in4 directions (eg, flexion, extension, abduction, and adduction)
[38,39]. In contrast, the elbow range of motion test assessesthe
degree of elbow flexion [40].

In addition, this study evaluates motor coordination, defined as
the body’s ability to synchronize various parts during complex
physical tasks. The assessment methods include the figure-of-8
walk [41,42] and standing balancetest [43,44]. In thefigure-of-8
walk test, participants are instructed to walk in a figure-of-8
pattern around 2 markers placed on the ground, covering atotal
distance of 10 m. The time taken to complete this task is
recorded as a measure of coordination. The standing balance
test requires participants to stand with their feet together and
their eyes closed, aiming to maintain balance, with the duration
of balance maintained being measured as an indicator of
stability.

https://www.jmir.org/2025/1/e69109
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Similarly, hand dexterity reflects an individual’s coordination,
agility, and reaction speed in performing fine motor tasks,
particularly when required to compl ete repetitive, high-precision
tasks within alimited time frame. Hand dexterity was assessed
using the box block test [45,46], where participants were
instructed to use their dominant hand to transfer blocks from
one compartment to another within a wooden box over 60
seconds, recording the total number of transfers completed
within the specified time. Finaly, cognitive function was
evaluated using the Cognitive Abilities Screening Instrument
(CAS) [47] aswell asthe Chinese versions of the MM SE [48]
and MoCA scales [49]. Detailed measurement procedures are
provided in Multimedia Appendix 2.

Statistical Analysis

Statistical analysis was conducted using SPSS for Windows
(verson 21.0; IBM Corp). Continuous variables were
represented by meansand SDs, while categorical variableswere
expressed as frequencies and percentages. Before each analysis,
normality and homogeneity of variance were preliminarily
assessed. For variables conforming to anormal distribution, we
applied 2-tailed t tests for continuous variables and chi-square
tests for categorical variables to determine the significance of
differences between groups. The statistical significance level
for all tests was set at P<.05.

To assess the impact of the intervention on outcomes across
different time points, we performed a mixed ANOVA, with
time as a within- participant factor and the nature of the
intervention as a between-participant factor. Effect sizes were
calculated using n?, which ranges from 0 to 1, to quantify the
strength of the intervention’s influence. Generally, higher n?2
values indicate a more significant proportion of variance in the
dependent variable explained by theintervention, thusreflecting
a more substantial intervention effect. For any significant
interactions or main effects, Bonferroni correction was used for
post hoc evaluations.

Results

Baseline Per formance of thel nter vention and Control
Groups

In this study, a total of 313 participants were screened for
eligibility at LTCFs, including rural daycare centers and nursing
homes. Of these, 232 participants were included and randomly
assigned to either the intervention group (n=116) or the control
group (n=116) (Figure 2). Notably, no dropouts occurred during
the 12-week intervention period or the 6-month follow-up after
theintervention.
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This study assessed baseline performance for both the
intervention and control groups before the intervention began.
The evaluation covered multiple domains, including physical
flexibility, joint mobility, balance, coordination, and cognitive
abilities. Aspresented in Multimedia Appendix 3, no significant
differences were observed between the 2 groups across these
various assessments (P>.05), indicating that participants
exhibited relatively comparable physical function and cognitive
status before the intervention.

Comparison of Physical Function Outcomes Between
I ntervention and Control Groups

As detailed in Multimedia Appendix 3, the sit and reach test
resultsindicated a significant reduction in the distance between
participants’ hands and toes over time (F,75=35.682; P<.001).
A significant group x time interaction effect was al so observed
(F,156=8.484; P<.001), demonstrating the intervention group

exhibited a markedly more significant flexibility improvement
than the control group. A similar trend was observed in the

https://www.jmir.org/2025/1/e69109
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Analyzed for primary outcome (n=116)

shoulder flexibility test, where the distance between participants
hands positioned behind the back showed a significant time
effect (F,75=16.511; P<.001) and a significant group x time
interaction effect (F 156=3.666; P=.04). In addition, in the trunk
rotation flexibility test, the intervention group exhibited a
significant increase in rotational range, with a significant
interaction  effect (F,.5=17.353; P<001) and a
moderate-to-small effect size (n?=0.182). Post hoc analysis
demonstrated that physical flexibility indicators in the
intervention group showed substantial improvement from
baselineto the end of the intervention and remained consistently
enhanced up to 6 months post intervention, indicating the
durability and stability of the intervention effects.

Furthermore, the joint range of motion was assessed by
comparing participants maximal range of motionin 4 directions
(eg, shoulder flexion, extension, abduction, and adduction). The
results indicated a significant increase over time in shoulder
flexion (F,75=36.315; P<.001) and abduction (F,-=4.499;
P=.02) among participants. Further analysis revealed a
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significant group x time interaction effect, with participants
receiving the intervention demonstrating more pronounced
improvements in shoulder flexion (F, ;56=17.655; P<.001) and
abduction (F, 156=6.281, P=.004), suggesting a positive impact
of the intervention on enhancing range of motion in specific
directions. In addition, the elbow range of motion test showed
asignificant increase in elbow flexion over time (F, 74=9.261,
P<.001), along with asignificant group x timeinteraction effect
(F2156=17.353; P<.001) and a small effect size (n?=0.041).
These effects may be related to the nature of the intervention
tasks (eg, simulated swimming, skiing, and flying), emphasizing
shoulder flexion, abduction, and elbow flexion, thereby
enhancing the range of motion more substantially in these
directions.

Subsequently, in the assessment of motor coordination, the
figure-of-8 walk and standing balance test were used to evaluate
participants functional performance based ontime metrics. The
figure-of-8 walk test measured walking coordination by
recording compl etion time, with shorter times indi cating better
coordination. The standing balance test assessed static balance
ability by recording how participants could maintain balance
while standing with their eyes closed, with longer durations
indicating better balance. Post hoc analysisrevea ed asignificant
time effect in the completion time of the figure-of-8 walk test
(F,76=36.038; P<.001) as well as a significant group x time
interaction effect (F, 156=11.846; P<.001), suggesting that the
intervention group showed a notably more significant
improvement in walking speed and motor coordination than the
control group. Similarly, the results from the standing balance
test demonstrated a significant increase over timein participants
balance duration with eyes closed (F,,g=9.059; P<.001),
indicating apositiveimpact of the intervention on static balance
ability.

Finally, the box block test, used to assess hand dexterity,
revedled a significant increase in the number of blocks
transferred by participants within 1 minute over time
(F,76=18.648; P<.001). In addition, asignificant group x time
interaction effect was observed (F; 155=4.016; P=.02), indicating
that theintervention group demonstrated a substantially greater
improvement in hand dexterity than the control group.

Comparison of Cognitive Function Outcomes Between
Intervention and Control Groups

This study assessed cognitive function by examining changes
in performance on cognitive scales (eg, CASI, MMSE, and
MoCA) between the intervention and control groups, as shown
in Multimedia Appendix 3. In the CASI assessment,
participants scores significantly increased over time
(F,76=21.427, P<.001), with anotable group x timeinteraction
effect (F, 156=13.226; P<.001), suggesting a positive impact of
the intervention on cognitive function. A similar pattern was
observed in both the MM SE and MoCA assessments. For the
MM SE, scores significantly improved over time, with astrong
time effect (F,,3=94.552; P<.001) and a significant group x
time interaction effect (F 15,=53.244; P<.001), supporting the
pronounced cognitive improvement within the intervention
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group. Likewise, MoCA scores demonstrated asignificant time
effect (F,74=52.563; P<.001) and a group x time interaction
effect (F,15=15.882;, P<.001), reinforcing the intervention’s
effectivenessin enhancing various aspects of cognitive function.
Notably, the effect sizes (n?) for the group x time interaction
effects across the 3 scales were 0.145 for CASI, 0.406 for
MMSE, and 0.169 for MoCA. The relatively larger effect size
for MMSE suggests its higher sensitivity in detecting the
intervention’s impact on cognitive outcomes.

Discussion

Advantages of “WarioWare: Move It!” in Physical
and Cognitive Rehabilitation for Older Adults

To our knowledge, thisisthefirst study to evaluate the clinical
efficacy of an exergame intervention on a range of functional
outcomes, including physical flexibility, joint mobility, motor
coordination, hand dexterity, and cognitive status. “ WarioWare:
Move It!” integrates elements of aerobic exercise, physical
coordination, balance training, and cognitive engagement into
a motion-based game, with real-time feedback mechanismsto
enhance the experience. The immersive setting encourages
active participation among older adults, which is particularly
valuable in LTCFs in rural areas, where limited medical and
socia resources make it challenging to implement structured
exercise programs. Therefore, we explored the application value
of “WarioWare: MoveIt!” in systematic rehabilitation, focusing
on its feasibility in improving older adults' participation and
promoting functional recovery. The findings revea that the
older adult participantsin LTCFswho received the“WarioWare:
Movelt!” intervention showed significantly improved flexihility,
joint mobility, hand dexterity, and cognitive function compared
to a standard care control group. It highlights the potential of
“WarioWare: Move It!” as an innovative therapeutic strategy,
offering an accessible and well-accepted rehabilitation approach
that may help mitigate age-related declinesin physical function
within long-term care settings.

In addition, this study innovatively incorporates “WarioWare:
Move It!” into the design of a motion-based intervention
program for older adults. Similar to other exergames, it uses
role-playing game mechanics and immersive scene design to
foster participant engagement through a playful approach
[50,51]. The program offersvisual feedback (viascreen display)
and tactile feedback (through the Joy-Con controller) while
incorporating diverse movement postures and randomly varied
actions, thus extending beyond traditional exergames limited
to fingertip control. Notably, “WarioWare: Move It!” presents
a multicomponent training scheme that combines aerobic
exercise, body coordination, balance training, and cognitive
stimulation to enhance participants cardiorespiratory endurance,
balance, flexibility, and cognitive functions. Prior studies have
demonstrated that such multicomponent exergaming provides
substantial benefits to physical and cognitive functions in
community-dwelling older adults due to its accessibility,
cost-effectiveness, and time efficiency, earning broad acceptance
[52-54]. Consistent with these findings, this study observed that
“WarioWare: Move It!” led to marked improvements in
participants’ physical ahilities (eg, coordination, balance, and
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flexibility) and cognitive capacities (eg, executive function,
attention, and memory).

One unique aspect of the exergame provided by “WarioWare:
Move It!” lies in its ability to automatically set an initial
difficulty level at each stage and progressively adjust this based
on the player’s performance. As players become more familiar
with specific game scenarios and movement patterns, the system
increases the challenge by gradually increasing the frequency
and diversity of the required actions, thus prompting playersto
achieve efficient coordination between body and mind within
a short time frame. Such dynamic adaptability enhances the
game's appeal and imposes higher demands on participants
reaction speed, coordination, and focus.

Another fascinating aspect of “WarioWare: Move It!” is its
thoughtful inclusion of 3 distinct multiplayer modes, each
tailored to meet the preferences of different types of players. In
addition to a robust single-player training mode, the game
introduces competitive, cooperative, and duel modes to enrich
social interactions and enhance player engagement and
immersion. First, the competitive mode enables players to
compete in specific tasks, with victory determined by scoring
or task completion speed, fostering a sense of challenge and
achievement. Next, the cooperative mode emphasizesteamwork,
encouraging players to complete tasks together, thus
strengthening team dynamics and promoting social cohesion.
Then, the duel mode focuses on direct player versus player
confrontations, offering immediate feedback and creating an
intense, engaging battle experience. Overall, these multiplayer
interaction modes diversify the game's social and interactive
dimensionsand offer varied engagement pathwaysfor different
player types, thereby boosting player loyalty and satisfaction.

Finally, while this study focused on LTCFs, the intervention’s
design also makes it feasible for implementation in non-LTCF
rurad  environments. The equipment requirements for
“WarioWare: Move It'""—a Joy-Con controller and a
screen—are minimal, alowing for adaptation in community
centers, individual homes, or other communal spaces. With
proper training, family membersor community volunteers could
facilitate the sessions, alleviating the need for professional
caregivers. Moreover, the intervention’s engaging and intuitive
gameplay makes it accessible even for individuals unfamiliar
with gaming technology. Expanding such interventions beyond
LTCFs could significantly enhance access to physical and
cognitive rehabilitation for older adults in resource-limited
settings, promoting healthier aging outcomes across diverse
rural populations.

Implications of Multidimensional | mprovementsin
Functional Performance Among Older Adults

In this study, weinvestigated whether early improvement trends
in body coordination and flexibility could beidentified in older
adultsduring training. Age-related declinesin muscle el asticity
and neuromuscular control typically negatively affect
coordination and flexibility in older adults[55]. Unlike younger
individuals, older adults tend to benefit from training primarily
through adaptive changes in the neuromuscular system,
improving motor control, postural stability, and coordination,
rather than relying solely on muscle hypertrophy or strength
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gains [56,57]. Our findings indicated that after the 12-week
training period, the remaining distance between the fingertips
and toes during the sit and reach test as well as the distance
between the hands during the shoulder flexibility test were
significantly reduced, indicating a positive effect of the
intervention on enhancing both lower and upper limb flexibility.
In addition, the trunk rotation angle in both directions
significantly increased, further demonstrating the improvement
in trunk rotation capacity and overall coordination. Although
short-term enhancements in muscle mass may be challenging
to detect, neuromuscular adaptations have already positively
impacted functional performance in the early stages. In other
words, through dynamic contextualized training, older adults
experienced enhanced neuromuscular control and motor
flexibility, leading to faster, observable improvements in
coordination and flexibility.

We also observed a significant improvement in participants
range of motion in specific directions of the shoulder joint, such
asflexion and abduction. These movementsare crucial for many
daily activities, such as dressing and reaching, and their
enhancement directly impacts functional performance and
independence in older adults everyday lives [58]. The
direction-specific improvement is primarily attributed to the
contextualized exercises embedded within theintervention (eg,
swimming, flying, and skiing simulations), emphasizing
functional relevance and practical application, thereby fostering
adaptationsin the associated muscl e groups and neuromuscul ar
pathways. In addition, the range of motion in elbow joint
demonstrated a significant group x time interaction effect in
flexion angle, reflecting the rapid adaptability of the
neuromuscular system during the short-term intervention.
Compared to muscle hypertrophy, older adults are more likely
to improve motor control and joint flexibility through
neuromuscular adaptationsin the short term [25,59], leading to
prioritized enhancementsin specific directionsfor the shoul der
and elbow joints.

Although the gamified intervention in this study primarily
targeted upper limb and trunk movements, asignificant increase
in walking speed was also observed, indicating the potential
benefits of diverse game-based training for gait-rel ated abilities.
Walking involves coordinated lower [imb and trunk movements,
gait control, balance adjustment, and core stability [60,61]. In
this study, game interventions (eg, racing, skiing, flying, and
archery) not only required upper limb and trunk movements but
also challenged balance and center of gravity control through
dynamic postures (eg, leaning forward, reaching forward, and
lateral shifting). The multifaceted posture control and center of
gravity shifting training facilitated improvements in postural
stability, balance perception, and neuromuscular coordination,
ultimately enhancing gait performance. Moreover, the
intervention group significantly reduced completion time for
the figure-of -8 walk test, indicating improved stability and turn
control during dynamic gait tasks. Similarly, increased duration
in the standing balance test reflects improved balance,
suggesting that the intervention significantly enhanced
participants’ heuromuscular control in dynamic and balance
tasks. Although the training did not directly target lower l[imb
gait, the center of gravity adjustments, posture transitions, and
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full-body coordination exercises embedded within the games
significantly improved gait performance.

The intervention program demonstrated significant efficacy in
enhancing finemotor control and flexibility of the hands. During
the intervention, participants performed hand movement tasks
with the Joy-Con controller, such as simulating a tug-of-war,
making rock-paper-scissors gestures, and quickly catching a
flying disc. Thesetasksrequired precise hand adjustments across
various contexts, emphasizing independent finger movement
and wrist flexibility. In addition, the intervention group showed
anotable increase in the number of blocks transferred within 1
minute, alongside a significant group x time interaction effect.
This contextualized hand movement training facilitated
improvementsin fine finger control and wrist flexibility among
older adults, with implications for daily tasks requiring fine
motor skills, such as grasping objects, handling utensils, and
using tools [62].

Finaly, this study observed significant improvements in
participants’ cognitive performance across various assessment
tools (eg, CASI, MMSE, and MoCA). Existing research
indicates that gamified interventions have a therapeutic impact
on the cognitive functions of older adults[63,64]. In this study,
the gamified environment provided multidimensional stimulation
through visual, auditory, and tactile cues, along with task-based
prompts and real-time feedback, consistently presenting
participants with spatial and logical challenges. Immersion in
such virtual scenarios contributed not only to attentional
recovery and stress reduction but also played a positive rolein
cognitive rehabilitation and enhancement [65]. Moreover, the
nature of gamified training, which requires participantsto make
quick decisions in dynamic scenarios, stimulated executive
functioning and response capabilities [66]. Notably, the design
features of “WarioWare: Move It!” integrated aerobic exercise,
coordination, and balance training alongside cognitive tasks
involving memory, attention, and logical reasoning. These
multilayered cognitive stimulations created a comprehensive
training environment, promoting broad activation of brain
functions. Therefore, the notable improvements observed in
brain health assessments postintervention were anticipated,
highlighting the significant role of gamified interventions in
cognitive rehabilitation and enhancement for older adults.

Insightsfor Rehabilitation Professionals and
Human-Computer Interaction Researchersin Older
Adult Care

This study offers a new perspective for rehabilitation
professionals working with older adult populations, focusing
on three key areas: (1) integrating multicomponent cognitive
training with physical function restoration—"WarioWare: Move
It!" effectively combines aerobic exercise, body coordination,
balance, and cognitive stimulation within a structured platform
that facilitates multifunctional training through various
interactive physical movements—and (2) enhancing adherence
through practicality and enjoyment—by integrating intuitive
visual feedback, goa achievement mechanisms, immersive
scenarios, real-time feedback, and progressively challenging
tasks, WarioWare: Move It! Fosters a sense of accomplishment
and interactive enjoyment, reinforcing experiential learning and
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significantly improving adherence—and (3) Practical application
of targeted physical function training—through contextualized
and interactive movement design, “WarioWare: Move It!”
incorporates actions frequently performed in daily life (eg,
shoulder flexion and abduction, gait balance, and hand
movements) within gameplay to enhance specific physical
functions (eg, joint mobility and flexibility).

This study offers valuable insights for researchers in the
human-computer interaction field, specifically in designing
older adultfriendly interactive systems. Specificaly, it
highlightsthree key areas: (1) dynamic adaptive design for older
adult—friendly interventions—the dynamic adaptability of the
systemin“WarioWare: Move It!” gradually guides participants
toward higher levels of physical and cognitive demands,
facilitating synchronized improvementsin both domainswithin
a safe and comfortable experience; (2) multisensory feedback
and enhanced interaction—the Intervention successfully
integrates multisensory stimulation through visual, auditory,
and tactile feedback, enhancing the immersive experience and
improving the brain’sresponsiveness through multimodal input;
and (3) rehahilitation benefits of multiple social interaction
modes—the social interaction modes within the exergames,
including competition (which stimulates participants
achievement motivation), cooperation (which strengthens
teamwork awareness), and versus challenges (which foster quick
decision-making and response skills), not only enrich the social
experience but al so meet the psychol ogical and emotional needs
of older adults, thus enhancing rehabilitation outcomes.

Limitations and Future Work

Our study has several limitations. First, although the sample
size exceedsthe requirementsfor statistical analysis, it remains
relatively small. Second, athough the exergames have positively
affected specific physical and cognitive functions, they cannot
fully replace traditional rehabilitation methods (eg, physical or
cognitive behavioral therapy). Futureintervention designscould
consider integrating exergames with conventional rehabilitation
techniques, creating a more diversified and comprehensive
rehabilitation plan to meet the broader needs of older adults.
Third, the social interaction features of “WarioWare: Move t!”
(eg, competition, cooperation, and rivalry) enhance rehabilitation
outcomes. However, preferencesfor competition or collaborative
modes may vary among older adults, particularly thosewho are
moreintroverted or havelower socia engagement, making these
modes|ess appealing to someindividuals. Future gameiterations
could incorporate personalized socia interaction options to
ensure each participant receives an optimal experience, boosting
engagement. Fourth, although this study focused on ol der adults,
differences in age, stage of cognitive impairment, and the
specific needs of different age groups may warrant further
investigation to understand the broader applicability of the
intervention.

Conclusions

The “WarioWare: Move It!” training program significantly
improves physical flexibility, joint range of motion, motor
coordination, hand dexterity, and cognitive function among
older adultsinrural LTCFs. For patientswith MCI or dementia,
this intervention not only aids in delaying functional decline
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but al so enhances cognitive function and quality of daily living  shortcomings of traditional care approaches. These findings
through multisensory stimulation and dynamic physical  support theintegration of exergamesinto routine care practices
engagement. Furthermore, theincorporation of exergamesmarks  and provide aviable, technology-driven solution to address the
an innovative shift in older adult care models, offering anovel, challenges of aging heath in institutional care settings
low-demand intervention method that effectively addressesthe  worldwide.

Acknowledgments

Thisresearch received funding from the National Natural Science Foundation of China (62476190, 62376183, and U21A20469),
the Central Government—Guided Science and Technology Development Program (Y DZJSX2022C004), and Shanxi Provincial
Administration of Traditional Chinese Medicine Scientific Research Project Plan (20242YY 2A033). The authors sincerely thank
the volunteers whose inval uabl e parti ci pation made the successful completion of this study possible.

Data Availability
The datasets generated and analyzed during this study are available from the corresponding author upon reasonable request.

Conflictsof Interest
None declared.

Multimedia Appendix 1

CONSORT-EHEALTH (Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications and Online
Telehealth) checklist.
[PDE File (Adobe PDF File), 359 KB-Multimedia Appendix 1]

Multimedia Appendix 2

An overview of the broad scope of tests and key assessment areas.
[PDF File (Adobe PDF File), 110 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Data of measurement outcomes at baseline, posttest, and after 6 months postintervention.
[PDE File (Adobe PDF File), 243 KB-Multimedia Appendix 3]

References

1.  Gauthier S, Reisberg B, Zaudig M, Petersen RC, Ritchie K, Broich K, et a. Mild cognitive impairment. Lancet. Apr 15,
2006;367(9518):1262-1270. [doi: 10.1016/S0140-6736(06)68542-5] [Medline: 16631882]

2. GBD 2019 Dementia Forecasting Collaborators. Estimation of the global prevalence of dementiain 2019 and forecasted
prevalencein 2050: an analysisfor the Global Burden of Disease Study 2019. Lancet Public Health. Feb 2022;7(2):€105-e125.
[FREE Full text] [doi: 10.1016/S2468-2667(21)00249-8] [Medline: 34998485]

3. Petersen RC. Mild cognitive impairment. Continuum (Minneap Minn). Apr 2016;22(2 Dementia):404-418. [FREE Full
text] [doi: 10.1212/CON.0000000000000313] [Medline: 27042901]

4.  Sachdev PS, Blacker D, Blazer DG, Ganguli M, Jeste DV, Paulsen JS, et a. Classifying neurocognitive disorders: the
DSM-5 approach. Nat Rev Neurol. Nov 30, 2014;10(11):634-642. [FREE Full text] [doi: 10.1038/nrneurol.2014.181]
[Medline: 25266297]

5. Yiannopoulou KG, Papageorgiou SG. Current and future treatmentsin Alzheimer disease: an update. J Cent Nerv Syst Dis.
Feb 29, 2020;12:1179573520907397. [FREE Full text] [doi: 10.1177/1179573520907397] [Medline: 32165850]

6.  Pacheco TB, de Medeiros CS, de Oliveira VH, VieiraER, de Cavalcanti FA. Effectiveness of exergames for improving
mobility and balance in older adults: a systematic review and meta-analysis. Syst Rev. Jul 18, 2020;9(1):163. [FREE Full
text] [doi: 10.1186/s13643-020-01421-7] [Medline: 32682439]

7. WuS, JH,WonJ, JoE, KimY, Park J. The effects of exergaming on executive and physical functionsin older adults
with dementia: randomized controlled trial. JMed Internet Res. Mar 07, 2023;25:€39993. [FREE Full text] [doi:
10.2196/39993] [Medline: 36881445]

8. HughesTF, Flatt JD, Fu B, ButtersMA, Chang CH, Ganguli M. Interactive video gaming compared with health education
in older adults with mild cognitive impairment: afeasibility study. Int J Geriatr Psychiatry. Sep 22, 2014;29(9):890-898.
[FREE Full text] [doi: 10.1002/gps.4075] [Medline: 24452845]

https://www.jmir.org/2025/1/e69109 JMed Internet Res 2025 | vol. 27 | 69109 | p. 11
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v27i1e69109_app1.pdf&filename=4e393524aeb58530cc8069991ab0abe0.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e69109_app1.pdf&filename=4e393524aeb58530cc8069991ab0abe0.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e69109_app2.pdf&filename=9ff6f99c76cb362309c798290b0507e6.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e69109_app2.pdf&filename=9ff6f99c76cb362309c798290b0507e6.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e69109_app3.pdf&filename=41ff30d873dc3c584f0c061f8f4b1b41.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e69109_app3.pdf&filename=41ff30d873dc3c584f0c061f8f4b1b41.pdf
http://dx.doi.org/10.1016/S0140-6736(06)68542-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16631882&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2468-2667(21)00249-8
http://dx.doi.org/10.1016/S2468-2667(21)00249-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34998485&dopt=Abstract
https://europepmc.org/abstract/MED/27042901
https://europepmc.org/abstract/MED/27042901
http://dx.doi.org/10.1212/CON.0000000000000313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27042901&dopt=Abstract
https://escholarship.org/uc/item/qt77g8t63q
http://dx.doi.org/10.1038/nrneurol.2014.181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25266297&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/1179573520907397?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1179573520907397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32165850&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-020-01421-7
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-020-01421-7
http://dx.doi.org/10.1186/s13643-020-01421-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32682439&dopt=Abstract
https://www.jmir.org/2023//e39993/
http://dx.doi.org/10.2196/39993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36881445&dopt=Abstract
https://europepmc.org/abstract/MED/24452845
http://dx.doi.org/10.1002/gps.4075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24452845&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lietd

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Li A, Li J, WuW, Zhao J, Qiang Y. Effect of virtual reality training on cognitive function and motor performance in older
adults with cognitive impairment receiving health care: arandomized controlled trial. Int JHum Comput Interact. Oct 19,
2023;40(22):7755-7772. [doi: 10.1080/10447318.2023.2271240]

Karssemeijer EG, Aaronson JA, Bossers WJ, Donders R, Olde Rikkert MG, Kessels RP. The quest for synergy between
physical exercise and cognitive stimulation viaexergaming in peoplewith dementia: arandomized controlled trial. Alzheimers
Res Ther. Jan 05, 2019;11(1):3. [FREE Full text] [doi: 10.1186/s13195-018-0454-z] [Medline: 30611286]

Kamnardsiri T, Kumfu S, Munkhetvit P, Boripuntakul S, Sungkarat S. Home-based, low-intensity, gamification-based,
interactive physical -cognitive training for older adults using the ADDIE model: design, development, and evaluation of
user experience. IMIR Serious Games. Oct 29, 2024;12:€59141. [FREE Full text] [doi: 10.2196/59141] [Medline: 39470391]
Chu CH, BissRK, Cooper L, Quan AM, MatulisH. Exergaming platform for older adultsresiding in long-term care homes:
user-centered design, devel opment, and usability study. IMIR Serious Games. Mar 09, 2021;9(1):e22370. [FREE Full text]
[doi: 10.2196/22370] [Medline: 33687337]

Kannan L, Sahu U, Subramaniam S, Mehta N, Kaur T, Hughes S, et al. Gaming-based tel e-exercise program to improve
physical functionin frail older adults: feasibility randomized controlled trial. JMed Internet Res. Nov 27, 2024;26:e56810.
[FREE Full text] [doi: 10.2196/56810] [Medline: 39602215]

Chan G, Banire B, Anukem S, Imran M, Meena S, Nwagu C, et a. Social exergames in health and wellness: a systematic
review of trends, effectiveness, challenges, and directionsfor future research. Int JHum Comput Interact. Jul 08, 2024:1-32.
[doi: 10.1080/10447318.2024.2371686]

DuQ, Song Z, Jiang H, Wei X, Weng D, Fan M. LightSword: acustomized virtual reality exergame for long-term cognitive
inhibition training in older adults. In: Proceedings of the 2024 CHI Conference on Human Factors in Computing Systems.
2024. Presented at: CHI '24; May 11-16, 2024:1-17; Honolulu, HI. URL: https://dl.acm.org/doi/10.1145/3613904.3642187
[doi: 10.1145/3613904.3642187]

ChenQ,Wu Z, LiuY,HanL,LiZ KanGL, et a. SilverCycling: exploring the impact of bike-based locomotion on spatial
orientation for older adultsin VR. Proc ACM Interact Mob Wearable Ubiquitous Technol. Sep 09, 2024;8(3):1-24. [doi:
10.1145/3678522]

Meekes W, Stanmore EK. Motivational determinants of exergame participation for older peoplein assisted living facilities:
mixed-methods study. J Med Internet Res. Jul 06, 2017;19(7):e238. [FREE Full text] [doi: 10.2196/jmir.6841] [Medline:
28684385]

Unbehaun D, Vaziri DD, Aa K, Wieching R, Tolmie P, Wulf V. Exploring the potential of exergames to affect the social
and daily life of people with dementiaand their caregivers. In: Proceedings of the 2018 CHI Conference on Human Factors
in Computing Systems. 2018. Presented at: CHI '18; April 21-26, 2018:1-15; Montreal, QC. URL: https://dl.acm.org/doi/
10.1145/3173574.3173636 [doi: 10.1145/3173574.3173636]

Chen KM, Li CH, Huang HT, Cheng Y. Feasible modalities and long-term effects of elastic band exercisesin nursing home
older adults in wheelchairs: a cluster randomized controlled trial. Int I Nurs Stud. Mar 2016;55:4-14. [doi:
10.1016/j.ijnurstu.2015.11.004] [Medline: 26655368]

Karaosmanoglu S, Rings S, Kruse L, Stein C, Steinicke F. Lessonslearned from a human-centered design of an immersive
exergame for people with dementia. Proc ACM Hum Comput Interact. Oct 06, 2021;5(CHI PLAY):1-27. [doi:
10.1145/3474679]

Kappen DL, Mirza-Babaei P, Nacke LE. Older adults' physical activity and exergames: a systematic review. Int JHum
Comput Interact. Feb 23, 2018;35(2):140-167. [doi: 10.1080/10447318.2018.1441253]

Wang RY, Huang Y C, Zhou JH, Cheng S, Yang Y. Effects of exergame-based dual-task training on executive function
and dual-task performance in community-dwelling older people: a randomized-controlled trial. Games Health J. Oct 01,
2021;10(5):347-354. [doi: 10.1089/g4h.2021.0057] [Medline: 34491113]

ChiuHM, Hsu MC, Ouyang WC. Effects of incorporating virtual reality training intervention into health care on cognitive
function and wellbeing in older adultswith cognitiveimpairment: arandomized controlled trial. Int JHum Comput I nteract.
Feb 2023;170:102957. [doi: 10.1016/).ijhcs.2022.102957]

Seco J, Abecia LC, Echevarria E, Barbero |, Torres-Unda J, Rodriguez V, et a. A long-term physical activity training
program increases strength and flexibility, and improves balance in older adults. Rehabil Nurs. 2013;38(1):37-47. [doi:
10.1002/rnj.64] [Medline: 23365004]

Stathokostas L, Little RM, Vandervoort AA, Paterson DH. Flexibility training and functional ability in older adults: a
systematic review. J Aging Res. 2012;2012:306818-306830. [FREE Full text] [doi: 10.1155/2012/306818] [Medline:
23209904]

Coleman EA, Buchner DM, CressME, Chan BK, de Lateur BJ. Therelationship of joint symptomswith exercise performance
in older adults. JAm Geriatr Soc. Jan 27, 1996;44(1):14-21. [doi: 10.1111/j.1532-5415.1996.tb05632.x] [Medline: 8537585]
Brach JS, Perera S, ShumanV, Gil AB, KriskaA, Nadkarni NK, et al. Effect of timing and coordination training on mobility
and physical activity among community-dwelling older adults: arandomized clinical trial. JAMA Netw Open. May 02,
2022;5(5):€2212921. [FREE Full text] [doi: 10.1001/jamanetworkopen.2022.12921] [Medline: 35604689)]

Ambrose AF, Paul G, Hausdorff JM. Risk factors for falls among older adults: areview of the literature. Maturitas. May
2013;75(1):51-61. [doi: 10.1016/j.maturitas.2013.02.009] [Medline: 23523272]

https://www.jmir.org/2025/1/e69109 JMed Internet Res 2025 | vol. 27 | €69109 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1080/10447318.2023.2271240
https://alzres.biomedcentral.com/articles/10.1186/s13195-018-0454-z
http://dx.doi.org/10.1186/s13195-018-0454-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30611286&dopt=Abstract
https://games.jmir.org/2024//e59141/
http://dx.doi.org/10.2196/59141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39470391&dopt=Abstract
https://games.jmir.org/2021/1/e22370/
http://dx.doi.org/10.2196/22370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33687337&dopt=Abstract
https://www.jmir.org/2024//e56810/
http://dx.doi.org/10.2196/56810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39602215&dopt=Abstract
http://dx.doi.org/10.1080/10447318.2024.2371686
https://dl.acm.org/doi/10.1145/3613904.3642187
http://dx.doi.org/10.1145/3613904.3642187
http://dx.doi.org/10.1145/3678522
https://www.jmir.org/2017/7/e238/
http://dx.doi.org/10.2196/jmir.6841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28684385&dopt=Abstract
https://dl.acm.org/doi/10.1145/3173574.3173636
https://dl.acm.org/doi/10.1145/3173574.3173636
http://dx.doi.org/10.1145/3173574.3173636
http://dx.doi.org/10.1016/j.ijnurstu.2015.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26655368&dopt=Abstract
http://dx.doi.org/10.1145/3474679
http://dx.doi.org/10.1080/10447318.2018.1441253
http://dx.doi.org/10.1089/g4h.2021.0057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34491113&dopt=Abstract
http://dx.doi.org/10.1016/j.ijhcs.2022.102957
http://dx.doi.org/10.1002/rnj.64
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23365004&dopt=Abstract
https://doi.org/10.1155/2012/306818
http://dx.doi.org/10.1155/2012/306818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23209904&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.1996.tb05632.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8537585&dopt=Abstract
https://europepmc.org/abstract/MED/35604689
http://dx.doi.org/10.1001/jamanetworkopen.2022.12921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35604689&dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2013.02.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23523272&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lietd

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

Chang JT, Morton SC, Rubenstein LZ, MojicaWA, Maglione M, Suttorp MJ, et al. Interventions for the prevention of falls
in older adults: systematic review and meta-analysis of randomised clinical trials. BMJ. Mar 20, 2004;328(7441):680.
[FREE Full text] [doi: 10.1136/bmj.328.7441.680] [Medline: 15031239]

Tricco AC, Thomas SM, Veroniki AA, Hamid JS, Cogo E, Strifler L, et al. Comparisons of interventions for preventing
falsin older adults: a systematic review and meta-analysis. AMA. Nov 07, 2017;318(17):1687-1699. [FREE Full text]
[doi: 10.1001/jama.2017.15006] [Medline: 29114830]

Scherder E, Dekker W, Eggermont L. Higher-level hand motor function in aging and (preclinical) dementia: its relationship
with (instrumental) activities of daily life--a mini-review. Gerontology. Nov 11, 2008;54(6):333-341. [FREE Full text]
[doi: 10.1159/000168203] [Medline: 18997468]

Polit DF, Beck CT. Nursing Research: Generating and Assessing Evidence for Nursing Practice. 10th edition. New York,
NY. Lippincott Williams & Wilkins; 2008.

Wells KF, Dillon EK. The sit and reach—atest of back and leg flexibility. Res Q Am Assoc Health Phys Educ. Dec 26,
2013;23(1):115-118. [doi: 10.1080/10671188.1952.10761965]

Jones CJ, Rikli RE, Max J, Noffal G. Thereliability and validity of achair sit-and-reach test as a measure of hamstring
flexibility in older adults. Res Q Exerc Sport. Dec 1998;69(4):338-343. [doi: 10.1080/02701367.1998.10607708] [Medline:
9864752]

Borstad JD, Mathiowetz KM, Minday LE, Prabhu B, Christopherson DE, Ludewig PM. Clinical measurement of posterior
shoulder flexibility. Man Ther. Nov 2007;12(4):386-389. [doi: 10.1016/j.math.2006.07.014] [Medline: 16971161]
Bakhsh W, Nicandri G. Anatomy and physical examination of the Shoulder. Sports Med Arthrosc Rev. Sep
2018;26(3):e10-e22. [doi: 10.1097/JSA.0000000000000202] [Medline: 30059442]

Merritt JL, McLean TJ, Erickson RP, Offord KP. Measurement of trunk flexibility in normal subjects: reproducibility of
three clinical methods. Mayo Clin Proc. Mar 1986;61(3):192-197. [doi: 10.1016/s0025-6196(12)61848-5] [Medline:
3945120]

Hayes K, Walton JR, Szomor ZL, Murrell GA. Reliability of five methods for assessing shoulder range of motion. Aust J
Physiother. 2001;47(4):289-294. [doi: 10.1016/s0004-9514(14)60274-9] [Medline: 11722295]

Mullaney MJ, McHugh MP, Johnson CP, Tyler TF. Reliability of shoulder range of motion comparing a goniometer to a
digital level. Physiother Theory Pract. Jul 17, 2010;26(5):327-333. [doi: 10.3109/09593980903094230] [Medline; 20557263]
Armstrong AD, MacDermid JC, Chinchalkar S, Stevens RS, King GJ. Reliability of range-of-motion measurement in the
elbow and forearm. J Shoulder Elbow Surg. Nov 1998;7(6):573-580. [doi: 10.1016/s1058-2746(98)90003-9] [Medline:
9883416]

Wong SS, Yam M S, Ng SS. The Figure-of-Eight Walk test: reliability and associations with stroke-specific impairments.
Disabil Rehabil. Apr 19, 2013;35(22):1896-1902. [doi: 10.3109/09638288.2013.766274] [Medline: 23600714]

Dhillon RK, Sharma M. A review on figure of eight walking in physical therapy rehabilitation of elderly. Work Older
People. Aug 17, 2021;25(3):214-219. [doi: 10.1108/wwop-04-2021-0020]

Browne JE, O'Hare NJ. Review of the different methods for ng standing balance. Physiotherapy. Sep
2001;87(9):489-495. [doi: 10.1016/S0031-9406(05)60696-7]

Newton R. Review of tests of standing balance abilities. Brain Inj. Jul 03, 1989;3(4):335-343. [doi:
10.3109/02699058909004558] [Medline: 2684312]

Mathiowetz V, Volland G, Kashman N, Weber K. Adult norms for the Box and Block Test of manual dexterity. Am J
Occup Ther. Jun 1985;39(6):386-391. [doi: 10.5014/8j0t.39.6.386] [Medline: 3160243]

Desrosiers J, Bravo G, Hébert R, Dutil E, Mercier L. Validation of the Box and Block Test as a measure of dexterity of
elderly people: reliability, validity, and norms studies. Arch Phys Med Rehabil. Jul 1994;75(7):751-755. [Medline: 8024419]
Teng EL, Hasegawa K, HommaA, Imai Y, Larson E, Graves A, et al. The Cognitive Abilities Screening Instrument (CASI):
apractical test for cross-cultural epidemiological studies of dementia. Int Psychogeriatr. Mar 1994;6(1):45-62. [doi:
10.1017/s1041610294001602] [Medline: 8054493]

Guo NW, Liu HC, Wong PF, Liao KK, Yan SH, Lin KB, et al. Chinese version and norms of the mini-mental state
examination. Rehabil Pract Sci. Dec 1, 1988;16(1):52. [doi: 10.6315/3005-3846.1745]

Yu J, Li J, Huang X. The Beijing version of the Montreal Cognitive Assessment as a brief screening tool for mild cognitive
impairment: a community-based study. BMC Psychiatry. Sep 25, 2012;12(1):156. [FREE Full text] [doi:
10.1186/1471-244X-12-156] [Medline: 23009126]

Schattin A, Pickles J, Flagmeier D, Schérer B, Riederer Y, Niedecken S, et al. Devel opment of anovel home-based exergame
with on-body feedback: usability study. IMIR Serious Games. Dec 06, 2022;10(4):€38703. [FREE Full text] [doi:
10.2196/38703] [Medline: 36472900]

Richards C, Graham TC. Devel oping compelling repetitive-motion exergames by balancing player agency with the constraints
of exercise. In: Proceedings of the 2016 ACM Conference on Designing Interactive Systems. 2016. Presented at: DIS '16;
June 4-8, 2016:911-923; Brishane, Australia. URL: https://dl.acm.org/doi/10.1145/2901790.2901824 [doi:
10.1145/2901790.2901824]

https://www.jmir.org/2025/1/e69109 JMed Internet Res 2025 | vol. 27 | €69109 | p. 13

(page number not for citation purposes)


https://europepmc.org/abstract/MED/15031239
http://dx.doi.org/10.1136/bmj.328.7441.680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15031239&dopt=Abstract
https://europepmc.org/abstract/MED/29114830
http://dx.doi.org/10.1001/jama.2017.15006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29114830&dopt=Abstract
https://core.ac.uk/reader/15457065?utm_source=linkout
http://dx.doi.org/10.1159/000168203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18997468&dopt=Abstract
http://dx.doi.org/10.1080/10671188.1952.10761965
http://dx.doi.org/10.1080/02701367.1998.10607708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9864752&dopt=Abstract
http://dx.doi.org/10.1016/j.math.2006.07.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16971161&dopt=Abstract
http://dx.doi.org/10.1097/JSA.0000000000000202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30059442&dopt=Abstract
http://dx.doi.org/10.1016/s0025-6196(12)61848-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3945120&dopt=Abstract
http://dx.doi.org/10.1016/s0004-9514(14)60274-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11722295&dopt=Abstract
http://dx.doi.org/10.3109/09593980903094230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20557263&dopt=Abstract
http://dx.doi.org/10.1016/s1058-2746(98)90003-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9883416&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2013.766274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23600714&dopt=Abstract
http://dx.doi.org/10.1108/wwop-04-2021-0020
http://dx.doi.org/10.1016/S0031-9406(05)60696-7
http://dx.doi.org/10.3109/02699058909004558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2684312&dopt=Abstract
http://dx.doi.org/10.5014/ajot.39.6.386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3160243&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8024419&dopt=Abstract
http://dx.doi.org/10.1017/s1041610294001602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8054493&dopt=Abstract
http://dx.doi.org/10.6315/3005-3846.1745
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/1471-244X-12-156
http://dx.doi.org/10.1186/1471-244X-12-156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23009126&dopt=Abstract
https://boris.unibe.ch/id/eprint/175566
http://dx.doi.org/10.2196/38703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36472900&dopt=Abstract
https://dl.acm.org/doi/10.1145/2901790.2901824
http://dx.doi.org/10.1145/2901790.2901824
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lietd

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

MoreiraNB, Rodacki AL, Costa SN, Pitta A, Bento PC. Perceptive-cognitive and physical function in prefrail older adults:
exergaming versus traditional multicomponent training. Rejuvenation Res. Feb 01, 2021;24(1):28-36. [doi:
10.1089/rej.2020.2302] [Medline: 32443963]

Zhao Y, Feng H, Wu X, Du Y, Yang X, Hu M, et a. Effectiveness of exergaming in improving cognitive and physical
function in people with mild cognitive impairment or dementia: systematic review. IMIR Serious Games. Jun 30,
2020;8(2):€16841. [FREE Full text] [doi: 10.2196/16841] [Medline: 32602841]

Liao Y'Y, Chen IH, Hsu WC, Tseng H, Wang R. Effect of exergaming versus combined exercise on cognitive function and
brain activation in frail older adults: arandomised controlled trial. Ann Phys Rehabil Med. Sep 2021;64(5):101492. [FREE
Full text] [doi: 10.1016/j.rehab.2021.101492] [Medline: 33454398]

Bellew JW, Symons BT, Vandervoort AA. Geriatric fitness: effects of aging and recommendations for exercise in older
adults. Cardiopulm Phys Ther J. 2005;16(1):20-31. [doi: 10.1097/01823246-200516010-00005]

Moritani T, deVries HA. Potential for gross muscle hypertrophy in older men. J Gerontol. Sep 01, 1980;35(5):672-682.
[doi: 10.1093/geronj/35.5.672] [Medline: 7430562]

Macaluso A, De Vito G. Muscle strength, power and adaptations to resistance training in older people. Eur J Appl Physiol.
Apr 25, 2004;91(4):450-472. [doi: 10.1007/s00421-003-0991-3] [Medline: 14639481]

Oosterwijk AM, Nieuwenhuis MK, van der Schans CP, Mouton L. Shoulder and elbow range of motion for the performance
of activities of daily living: a systematic review. Physiother Theory Pract. Jul 29, 2018;34(7):505-528. [FREE Full text]
[doi: 10.1080/09593985.2017.1422206] [Medline: 29377745]

Holland GJ, Tanaka K, Shigematsu R, Nakagaichi M. Flexibility and physical functions of older adults: areview. JAging
Phys Act. 2002;10(2):169-206. [FREE Full text] [doi: 10.1123/japa.10.2.169]

Clark DJ. Automaticity of walking: functional significance, mechanisms, measurement and rehabilitation strategies. Front
Hum Neurosci. May 05, 2015;9:246. [FREE Full text] [doi: 10.3389/fnhum.2015.00246] [Medline: 25999838]
Lacquaniti F, Grasso R, Zago M. Motor patternsin walking. News Physiol Sci. Aug 1999;14(4):168-174. [doi:
10.1152/physiologyonline.1999.14.4.168] [Medline: 11390844]

LiuB, Chen X, Li Y, LiuH, Guo S, Yu P. Effect of passive finger exercises on grip strength and the ability to perform
activities of daily living for older people with dementia: a 12-week randomized controlled trial. Clin Interv Aging.
2018;13:2169-2177. [FREE Full text] [doi: 10.2147/CIA.S174756] [Medline: 30464426]

Vermeir JF, White M J, Johnson D, Crombez G, Van Ryckeghem DM. The effects of gamification on computerized cognitive
training: systematic review and meta-analysis. IMIR Serious Games. Aug 10, 2020;8(3):€18644. [FREE Full text] [doi:
10.2196/18644] [Medline: 32773374]

Lumsden J, Edwards EA, Lawrence NS, Coyle D, Munafd MR. Gamification of cognitive assessment and cognitive training:
a systematic review of applications and efficacy. IMIR Serious Games. Jul 15, 2016;4(2):e11. [FREE Full text] [doi:
10.2196/games.5888] [Medline: 27421244]

Yen HY, Chiu HL. Virtual reality exergames for improving older adults cognition and depression: a systematic review
and meta-analysis of randomized control trials. JAm Med Dir Assoc. May 2021;22(5):995-1002. [doi:
10.1016/j.jamda.2021.03.009] [Medline: 33812843]

Liao YY, ChenIH, Lin YJ, Chen Y, Hsu W. Effects of virtual reality-based physical and cognitive training on executive
function and dual-task gait performance in older adults with mild cognitive impairment: a randomized control trial. Front
Aging Neurosci. Jul 16, 2019;11:162. [FREE Full text] [doi: 10.3389/fnagi.2019.00162] [Medline: 31379553]

Abbreviations

CASI: Cognitive Abilities Screening Instrument

CONSORT-EHEALTH: Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth

GDS: Global Deterioration Scale

LTCF: long-term care facility

MCI: mild cognitive impairment

MMSE: Mini-Mental State Examination

MoCA: Montreal Cognitive Assessment

https://www.jmir.org/2025/1/e69109 JMed Internet Res 2025 | vol. 27 | e69109 | p. 14

(page number not for citation purposes)


http://dx.doi.org/10.1089/rej.2020.2302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32443963&dopt=Abstract
https://games.jmir.org/2020/2/e16841/
http://dx.doi.org/10.2196/16841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32602841&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1877-0657(21)00010-5
https://linkinghub.elsevier.com/retrieve/pii/S1877-0657(21)00010-5
http://dx.doi.org/10.1016/j.rehab.2021.101492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33454398&dopt=Abstract
http://dx.doi.org/10.1097/01823246-200516010-00005
http://dx.doi.org/10.1093/geronj/35.5.672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7430562&dopt=Abstract
http://dx.doi.org/10.1007/s00421-003-0991-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14639481&dopt=Abstract
https://core.ac.uk/reader/157691516?utm_source=linkout
http://dx.doi.org/10.1080/09593985.2017.1422206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29377745&dopt=Abstract
https://journals.humankinetics.com/doi/10.1123/jsr.2022-0027
http://dx.doi.org/10.1123/japa.10.2.169
https://europepmc.org/abstract/MED/25999838
http://dx.doi.org/10.3389/fnhum.2015.00246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25999838&dopt=Abstract
http://dx.doi.org/10.1152/physiologyonline.1999.14.4.168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11390844&dopt=Abstract
https://europepmc.org/abstract/MED/30464426
http://dx.doi.org/10.2147/CIA.S174756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30464426&dopt=Abstract
https://games.jmir.org/2020/3/e18644/
http://dx.doi.org/10.2196/18644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32773374&dopt=Abstract
https://games.jmir.org/2016/2/e11/
http://dx.doi.org/10.2196/games.5888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27421244&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2021.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33812843&dopt=Abstract
https://europepmc.org/abstract/MED/31379553
http://dx.doi.org/10.3389/fnagi.2019.00162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31379553&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Lietd

Edited by A Mavragani; submitted 22.11.24; peer-reviewed by Y Huusi, T Ramsey, L Yao; comments to author 22.12.24; revised
version received 30.12.24; accepted 07.01.25; published 19.02.25

Please cite as:

Li A, Qiang W, Li J, Geng Y, Qiang Y, Zhao J

Retracted: Evaluating the Clinical Efficacy of an Exergame-Based Training Programfor Enhancing Physical and Cognitive Functions
in Older Adults With Mild Cognitive Impairment and Dementia Residing in Rural Long-Term Care Facilities: Randomized Controlled
Trial

J Med Internet Res 2025;27:€69109

URL: https://www.jmir.org/2025/1/e69109

doi: 10.2196/69109

PMID: 39969990

©AoyuLi, Wel Qiang, Jingwen Li, Yan Geng, Yan Qiang, Juanjuan Zhao. Originally published in the Journal of Medical Internet
Research (https://www.jmir.org), 19.02.2025. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is
properly cited. The complete bibliographic information, a link to the original publication on https.//www.jmir.org/, as well as
this copyright and license information must be included.

https://www.jmir.org/2025/1/e69109

RenderX

(page number not for citation

JMed Internet Res 2025 | vol. 27 | €69109 | p. 15

purposes)


https://www.jmir.org/2025/1/e69109
http://dx.doi.org/10.2196/69109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39969990&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

