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Abstract

Background: Cognitive frailty refersto a clinical syndrome in which physical frailty and mild cognitive impairment coexist.
Motor-cognitive training and virtual reality (VR) have been used to launch various therapeutic modalities to promote health in
older people. The literature advocates that motor-cognitive training and VR are effective in promoting the cognitive and physical
function of older people. However, the effects on older people with cognitive frailty are unclear.

Objective: This study examined the effects of VR motor-cognitive training (VRMCT) on global cognitive function, physical
frailty, walking speed, visual short-term memory, inhibition of cognitive interference, and executive function in older people
with cognitive frailty.

Methods: This study used a multicentered, assessor-blinded, 2-parallel-group randomized controlled trial design. Participants
were recruited face-to-face in 8 older adult community centers. Eligible participants were aged =60 years, were community
dwelling, lived with cognitive frailty, had no dementia, and were not mability restricted. In the intervention group, participants
received VRMCT led by interventionists with 16 one-hour training sessions delivered twice per week for 8 weeks. In the control
group, participants received the usual care provided by the older adult community centers that the investigators did not interfere
with. The primary outcome was global cognitive function. The secondary outcomes included physical frailty, walking speed,
verbal short-term memory, inhibition of cognitive interference, and executive function. Data were collected at baseline (T0) and
the week after the intervention (T1). Generalized estimating equations were used to examine the group, time, and interaction
(time x group) effects on the outcomes.

Results: Intotal, 293 eigible participants enrolled in the study. The mean age of the participants was 74.5 (SD 6.8) years. Most
participants were femal e (229/293, 78.2%), had completed primary education (152/293, 52.1%), were married (167/293, 57.2%),
lived with friends (127/293, 43.3%), and had no VR experience (232/293, 79.5%). In the intervention group, 81.6% (119/146)
of participants attended >80% (13/16, 81%) of the total number of sessions. A negligible number of participants experienced VR
sickness symptoms (1/146, 0.7% to 5/146, 3%). VRMCT was effective in promoting global cognitive function (interaction effect:
P=.03), marginally promoting executive function (interaction effect: P=.07), and reducing frailty (interaction effect: P=.03). The
effects were not statistically significant on other outcomes.
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Conclusions: VRMCT is effective in promoting cognitive functions and reducing physical frailty and is well tolerated and
accepted by older people with cognitive frailty, as evidenced by its high attendance rate and negligible VR sickness symptoms.
Further studies should examine the efficacy of the intervention components (eg, VR vs non-VR or dual task vs single task) on
health outcomes, the effect of using technology on intervention adherence, and the long-term effects of the intervention on older

people with cognitive frailty at the level of daily living.
Trial Registration:

(J Med Internet Res 2024;26:€57809) doi: 10.2196/57809
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Introduction

Background

Cognitivefrailty (also known as potentially reversible cognitive
frailty) refers to a clinical syndrome in which physical frailty
(including physica prefrailty or physica frailty) and mild
cognitive impairment (MCI) coexist [1,2]. The prevalence in
older peopleisincreasing, as shown in asystematic review that
showed that the pooled estimates of cognitivefrailty prevalence
in community-dwelling older populations increased from 6%
(2012-2017) to 11% (2018-2020) [3]. Another systematic review
showed that cognitive frailty iscommonly seen in older people
aged =60 years and that older age and a lower level of
engagement in activities are associated with a higher risk of
cognitive frailty [4]. It was found to be a significant predictor
of adverse health outcomes, including al-cause mortality and
dementia. Cognitive frailty was found to be a better predictor
of adverse health outcomes (eg, dementia and depression) than
physical frailty alone [5,6]. Recent evidence has shown that
effective interventions enhancing cognitive and physical
functions in older people with cognitive frailty are mostly
multidimensional but commonly include the component of
physical and cognitive training [2,7,8].

Motor-cognitive training (also known as dual-task training)
refersto training in which both physical and cognitive training
are performed at the sametime (ie, thinking about how to solve
aproblem whilemoving) [9]. The Guided Plasticity Facilitation
framework proposed that the combination of physica and
cognitive activities has positive synergistic effects that exceed
the positive effects of either cognitive or physical training alone
because the facilitation effects of physical training and the
guidance effects of cognitive training trigger a
neurophysiological mechanism to promote neuroplasticity, as
evidenced by the enhanced release of neurotrophic factors (eg,
brain-derived neurotrophic factor) [10]. In the literature,
evidence has shown that motor-cognitive training is effective
in treating many neurological diseases (eg, chronic stroke and
Parkinson disease) to improve gait performances and risk of
falls[11,12], but its effects on cognitive function are not clear
in peoplewith Parkinson disease [13]. Recently, motor-cognitive
training has been used to treat people with MCI, and there is
preliminary evidence suggesting that it might improve cognitive
function in addition to physical function [14-16].

Virtual reality (VR) refersto the use of acomputer system that
aims to immerse users in a virtual environment by replacing
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visual and aural environments to achieve a sense of presence
so that users perceive themselves as being part of this virtual
environment [17]. VR is often used as a platform to launch
varioustherapeutic modalitiesin older peopleto promote various
aspects of their health, including cognitive, physical, and mental
health, with promising effects when compared with traditional
training methods (eg, conducted by a therapist in real time)
[18-20]. People with MCI commonly display impaired
attentional processing and working memory capacity [21].
Physical activity adherenceis proven to be poor in older people
with cognitive impairment [22]. VR is an ideal platform to
launch therapies because it allows for a more controllable
intervention environment through simulation and it attracts
participants' attention, resulting in more interaction with the
training contributing to better training results[23].
Objectives

The literature advocates that the elements of motor-cognitive
training and VR are effective in promoting the cognitive and
physical functions of older people with various chronic
conditions (eg, stroke and MCI) [11,14,24]. However, their
effects on older people with cognitive frailty are unclear. A pilot
study was conducted by our team in Hong Kong that examined
the effects of a VR motor-cognitive training (VRMCT) system
(ie, the same training system tested in this study) on 17 older
people with cognitive frailty [25]. The preliminary evidence
(ie, the within-group effect of 9 participants) of the pilot study
supported that the VRMCT was effectivein promoting cognitive
and physical functions and reducing physical frailty and the
intervention was feasible to be implemented in people with
cognitive frailty [25]. Nevertheless, there are no full-powered
randomized controlled trials to provide proof of its effects.
Therefore, the objectives of this study were to examine the
effectsof VRMCT on global cognitivefunction, physical frailty,
walking speed, visua short-term memory, inhibition of cognitive
interference, and executive function in older people with
cognitive frailty.

Methods

Trial Design

This study used a multicentered, assessor-blinded,
2-parallel-group, 1:1-alocation-ratio randomized controlled
trial design. The CONSORT (Consolidated Standards of
Reporting Trials) 2010 guidelines were followed to report on
this trial [26]. This trial was registered at Clinica Trials.gov
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with the last updated version on August 27, 2021
(Clinical Trials.gov ID: NCT04730817).

Participants

Overview

Participant recruitment was conducted in 8 older adult
community centers (ie, District Elderly Community Centres),
which provide support services at the district level in Hong
Kong to enable older people to remain in the community and
lead a healthy, respectful, and dignified life [27]. The research
team produced a set of intervention promotional materials (eg,
flyers, videos, newsletters, and presentation slides). The staff
members of the older adult community centers used promotional
materials with the institutional affiliation’s name displayed to
invite interested and potentially eligible center members to
enroll in this study. Upon the referral by the staff members of
the older adult community centers and with the approval of the
potential participants, the research team members conducted
eligibility assessments and, subsequently, the demographic and
outcome assessment for eligible participants at the older adult
community centers. All eligible older people were invited to
participate in this study.

Inclusion Criteria
The inclusion criteriawere as follows:

1. The participants were aged =60 years.

2. The participants were community dwelling, defined as not
living in along-term carefacility in the previous 12 months.

3. The participants had cognitive frailty, defined as the
coexistence of MCI and physical frailty without concurrent
dementia [2,28]. MCI is measured through a Montreal
Cognitive Assessment (MoCA) score of <26/30 [29].
Physical frailty is measured as a Fried frailty phenotype
(FFP) score of >0 [30]. The measurement of each
phenotypic criterion followed the Fried method using local
normative data [31]. Exclusion of possible dementia was
measured through a MoCA score of <19/30 [32].

Exclusion Criteria
The exclusion criteriawere as follows:
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1. There was a confirmed diagnosis of dementia, defined as
the documented diagnosis on the participants medical
record.

2. The participants had restricted mobility, defined as a
Modified Functional Ambulation Classification score of
<7[33].

I nterventions
Design
There were 2 parallel groups in this study. The intervention

group received VRMCT, whereas the control group received
usua care.

I ntervention Group: VRMCT

Theintervention was to deliver physical and cognitive training
simultaneously on the VR platform. As shown in Figure 1, the
VRMCT system comprises 3 parts: hardware, softwareand VR
headset, and computer. The hardware consists of a motion
sensor, a microcontroller unit with a Bluetooth Low Energy
feature, and a power-controlled integrated circuit. The hardware
also consists of abicycle, which isan underdesk ergometer with
adjustable cycling resistance (ie, DeskCycle 2). The motion
sensor is attached to the paddle of the bicycle to capture the
cycling motion of the participants. Once the sensor captures
motion data, it communicates with the microcontroller unit. The
motion sensor is specifically designed for seamless integration
with the system. The second part of the VRMCT system isthe
software and VR headset, which consists of a VR headset with
related hardware, including a head-mounted VR display with
apair of headphones and wirelesshandheld controllers (ie, HTC
Vive Focus Plus). The VR games areinstalled in the HTC Vive
Focus Plus headset. Using the communication protocol, the
motion sensor is connected wirelessly to the VR headset. Asa
result, the participants can control their movement in the virtual
environment by cycling on the motion sensor—connected bicycle.
The third part of the VRMCT system is the computer, which
stores users' information and records the data logged by the
system during the process of training. Using a similar
communication protocol, the computer is connected wirelessly
to the software and VR headset to record the data.
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Figure 1. Thedesign of the virtual reality (VR) motor-cognitive training system.
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The VR game was devel oped by an interprofessional team with
the needed expertise, including nurses (RYCK, JL, and CL), an
occupational therapist (KNKF), a social worker (OSKS), and
computer engineers (JQ and JCYW) aiming to develop a
prototype effective at promoting the health of older peoplewith
cognitive frailty and technically usable and accepted by them.
Asshownin Table 1, the VR game contains 8 different themes:
orientation, finding a bus stop, reporting lost items, finding a
supermarket, grocery shopping, cooking, finding a travel hot
spot, and bird watching. They mimic and gamify the problems
faced and activities undertaken by older people regularly. In
week 1, orientation sessions were provided to the participants
aiming to teach them to master all the commands needed in the
training (eg, cycling the ergometer to control the movement and
speed in the virtual world and using the handheld controller to
select and unselect items). In the remaining weeks, participants
were instructed to navigate the virtual world by cycling on the

Figure 2. The setup of the virtual reality motor-cognitive training system.

LA A AR BRRERRRRERRERRERERNENNNNRNLN,)

& *
= Software and VR headset .
||
" .
= | |
- ||
- | |
| ]
I’ e
IIIIIIIIIIIIIIIIIIIIIIIIIII.
((( ))) Wireless *
connection
“llllllllIIIIIIIIIIIIIIIIII.‘
n |
= Computer .
- | ]
. | |
= | |
- | |
- | |
: :

L ]

AEEEEEEEEEEEEEEEEEEEEEEEEEER?®

motion sensor—connected ergometer and solve the gamified
problems by exercising their cognitive capabilitiesin the virtual
world. For example, in week 2, participants were expected to
navigate the virtual world to find a designated bus stop to take
abusto a supermarket to continue the game. Participants were
expected to memorize and recognize the visual cues in the
virtual environment (eg, traffic lights and building names) to
find the designated bus stop; while they were doing so, they
would be exercising their visuospatial abilities, as shown in
Multimedia Appendix 1. As another example, in week 5,
participants were expected to shop for food in the supermarket.
Participants were expected to exercise their memory to recall
the names of the food items needed for cooking, pay attention
to find the image of the food items needed, and do the
calculation to settle the payment, as shown in Multimedia
Appendix 2. Theillustration of the setup of the intervention on
the participantsis shown in Figure 2.
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Week Themes Purposes Cognitive functions required
1 Orientation Learn al the commands in the training _a
2 Finding a bus stop Find a bus stop on agiven routein acity « Attention
«  Visuospatia function
3 Reporting lost items Report alost item found on the street to police «  Problem-solving
«  Visuospatia function
4 Finding a supermarket Find a particular supermarket in the city « Attention
«  Visuospatia function
5 Grocery shopping Shop inasupermarket for alist of food itemsand calculatetheprice «  Memory
of the selected items « Attention
« Calculation
6 Cooking Flip eggs at a specific timeinterval «  Menta processing speed
7 Finding atravel hot spot Find atravel hot spot in a park « Attention
«  Visuospatia function
8 Bird watching Identify the birdsin a park that were shown at the beginning of the «  Attention
game . Memory
3ot applicable.

The VR motor-cognitive intervention was provided in 8 older
adult community centers in Hong Kong. The duration of the
whole intervention was 8 consecutive weeks, including two
1-hour sessions each week. The actual use of VR devices was
limited to 30 minutes per session to minimize possible cyber
fatigue or cybersickness because a longer exposure time
increases the risk of VR sickness [34]. The duration and
frequency were designed according to the pilot study, which
was shown to be sufficient to yield clinical outcomes on global
cognitive function and physical frailty [25]. Within the same
week, the theme of the 2 training sessions was the same, but
the levels of difficulty of the 2 sessions in terms of cognitive
challenge increased. Participants attended the easier one first,
followed by the harder one. Thetotal number of training sessions
was 16, and each training session lasted for 1 hour, including
briefing, setup, VRMCT (30 minutes), and posttraining
observation. In the briefing, participants were primed with the
training objectives of the session (eg, to find a bus stop) and
reminded about the essential controls needed. In the setup, all
items of the VRMCT system (ie, motion sensor—connected
ergometer, VR headset, and the computer) were wirelessly
connected via Bluetooth. The resistance level of the ergometer
wasthen set, with agoal of progressive increase to the maximum
tolerable level according to the participants’ previous training
experience (eg, knee pain, muscle ache, and fatigue) and
motivation to increase the training dose (ie, the resistance level
of the ergometer). After that, VR headset fitting was conducted
on the participants aiming to make sure that the position of the
VR headset alowed for the best-quality 3D vision experienced
by the participants. In the VRMCT, the participants followed
the computer-generated and interventionist’s instructions to
complete the training tasks. Each session was expected to be
completed within 20 to 30 minutes according to participants
cognitive performance. The on ended if the training lapsed
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for 30 minutes. Finaly, immediately after the training,
participants were placed in a safe sitting position with the VR
headset removed and observed for at least 10 minutes. Thiswas
because potential adverse effects were commonly observed in
older people (eg, VR sickness, dizziness, and eyestrain) during
the period [35]. Participants were only allowed to leave if they
had no adverse symptoms.

During the intervention, the participants wore the head-mounted
VR display and were immersed in the virtual world of the
self-developed VR game with the voice-over and written
instructions in the VR game and the verbal instructions of the
accompanying on-site interventionists. The interventionists
were undergraduate nursing students who were trained by
following an implementation protocol (eg, setup of the system,
technical problem-solving, common adverse effect identification,
and provision of cuesto participantsin given situations) to guide
participants through thetraining sessions. Theintervention was
delivered by the interventionists at a 1:1
i nterventioni st-to-participant ratio. Theinterventionists delivered
the interventions and accompanied the participants throughout
the whole intervention period. All interventionists completed a
standardized training, including a 1-hour training and returned
demonstration. The training contents included the setup of the
equipment, communication with older people with cognitive
frailty, equipment fitting on participants, training objectives of
each session, instructions provided to participants,
troubleshooting, observable adverse effects, and emergency
management. To ensure intervention fidelity, a research team
member (author RY CK) regularly and randomly sitevisited the
performance of theinterventionists' implementation. A checklist
mapped with theintervention implementation protocol was used
to guide the observation of the interventionists. When deviations
from the intervention implementation protocol were observed,

JMed Internet Res 2024 | vol. 26 | €57809 | p. 5
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

remedial training was provided to the interventionists by the
research team member (RYCK) at the site. When technical
problems were observed or reported, they were fixed by the
technical team (JCYW).

To ensure adherence to the intervention, the participants were
reminded by either the interventionists or the older adult
community center staff members to attend the training 1 day
beforethetraining. All participants who completed thetraining
for >80% of the sessions (ie, 13/16, 81%) were presented with
a certificate of completion in a mini ceremony of completion
held in the older adult community center. Some scheduled
sessions could not be attended by participants because of some
unforeseeable reasons (eg, illnesses) and were rescheduled to
ensure that 16 sessions were provided to all participants. To
ensure an adequate intervention dose, up to 2 makeup sessions
were arranged within 2 weeks after the completion of the
scheduled period of 8 consecutive weeks for participants who
missed some sessions.

Participants accessed the intervention at the designated older
adult community centers. The intervention was delivered by
theinterventionistswho were authorized to operate the VRMCT
system. Only authorized interventionists could deliver the
intervention and operate the system. The systems were owned
by the research team. All eligible participants in the study
received the intervention for free.

Apart from the intervention provided by the research team,
participants led their normal lives and were not restricted from
enrolling in or engaging in any activities (eg, physical or social
activities) provided by the community centers or organizations
outside the community centers.

Waitlist Control Group: Usual Care

Participantsin thisgroup received usual care. The research team
did not provide any interventionsto the participantsin thisgroup
during the 8-week intervention period. Similarly to the
participantsin theintervention group, participantsin the control
group were also not restricted from enrolling on or engaging in
any activities (eg, physical or social activities) provided by the
community centers or organizations outside the community
centers. However, a waitlist control method was adopted, and
an 8-week and 16-session VRMCT was provided to all
participantsin this group after the completion of follow-up data
collection (ie, 8 weeks after receiving usua care from the
baseline).

Outcomes

Overview

Demographic datawere collected at baseline (ie, TO at week 0)
that included age, number of chronic illnesses according to the
Charlson Comorbidity Index [36], BMI, gender, educational
level, marital status, living status, and VR experience. Outcome
variablesincluded global cognitive function (primary), physica
frailty, walking speed, visual short-term memory, inhibition of
cognitive interference, and executive function. These were
measured at both baseline (ie, TO at week 0) and the week
immediately after the completion of the intervention (ie, T1 at
week 9).

https://www.jmir.org/2024/1/e57809

Kwan et al

Global Cognitive Function

Global cognitive function was measured using the MoCA, which
comprises 30 dichotomous items[32]. One point is assigned to
one correct answer. Thetotal scorerangesfrom 0to 30. A higher
score indicates ahigher level of cognitive function. The MoCA
hasastrong correlation with the Mini-Mental State Examination
(r=0.90) and Saint Louis University Menta Status Examination
(r=0.83) [37], as well as a good criterion validity in detecting
MCI [29,32].

Physical Frailty

Physical frailty was measured using the FFP, which assesses
physical frailty based on 5 components: weight loss, exhaustion,
low physical activity, slow gait, and weakness [30]. One point
isassigned to the presence of one component, and the FFP score
ranges from 0 to 5. A higher score indicates a higher level of
frailty.

Walking Speed

Walking speed was measured using the Timed Up and Go test,
which assesses the total time needed for a participant to stand
up fromachair, walk a3-meter distance, walk back to the chair,

and sit down. A longer time needed indicates a slower walking
speed [38].

Verbal Short-Term Memory

Verbal short-term memory was measured using the digit span
test [39]. The digit span test is conducted through forward and
backward digit recall and scored using the longest forward and
backward digit string recalled without error. A higher score
indicates a higher level of verbal short-term memory. The digit
span test was validated to classify people with different levels
of memory impairment or disorder [40,41]. Verbal short-term
memory was assessed as an outcome because verbal short-term
memory training was integrated as part of the VRMCT
intervention.

Inhibition of Cognitive I nterference

Inhibition of cognitive interference was measured using the
Stroop Color and Word Test. This popular test assesses a
person’sahility toinhibit cognitive interference when processing
a specific stimulus while a second stimulus is simultaneously
introduced. This outcome was assessed because participants
were also trained to respond to 2 stimuli (cognitive and motor)
as part of the VRMCT intervention. The number of correct
answers produced in afixed time (ie, 30 seconds) were counted
separately in the color test, word test, and color-word test. The
inhibition score is calculated using the formula | = color-word
test — (Jword test + color test] / 2) [42]. A higher scoreindicates
ahigher level of inhibition of cognitive interference.

Executive Function

Executive function was measured using the Trail Making Test
(TMT). Time is counted for the completion of both the TMT
part A and TMT part B. The TMT scoreiscalculated by dividing
the TMT part B by the TMT part A [43]. A higher score
indicates alower level of executive function. Thisoutcomewas
assessed because participantswere also trained to exercisetheir
executive function as part of the VRMCT intervention.

JMed Internet Res 2024 | vol. 26 | €57809 | p. 6
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Ancillary Variables

Ancillary variablesincluded VR sickness, unstructured untoward
effects on participants, and unplanned events in the training
sessions. These were measured during the intervention period
every time after the completion of each session of the training.

VR sickness was measured using the Virtual Reality Sickness
Questionnaire (VRSQ) [44]. The VRSQ consistsof 9 simulator
sickness symptoms: general discomfort, fatigue, eyestrain,
difficulty focusing, headache, fullness of head, blurred vision,
dizziness, and vertigo. The severity of each symptom is rated
using a 4-point Likert scale (ie, O=never; 3=very). The total
score was the summation of al item scores and was then
converted to a percentage score. A higher score indicates a
higher severity of VR sickness. The VRSQ was validated as a
reliable tool (Cronbach 0=0.85-0.89) [44].

Open-ended questions were posed to all participants (ie, “Do
you have any uncomfortable symptoms apart from the symptoms
coveredinthe VRSQ?') and interventionists (“ Did you observe
any unusua symptoms on the participants or conditions
throughout theintervention period?’). The questionswere asked
through a questionnaire launched on a web-based platform (ie,
Qualtrics [Qualtrics International Inc]).

Sample Size

We adopted a previous power analysis using the web-based
software GLIMMPSE and used a genera linear mixed model
[45]. We set the level of significance at 0.05, the power at 0.9,
the number of repeated measures at 2 (ie, TO and T1), the
number of groups at 2 (ie, the intervention and control groups),
and the allocation ratio between the 2 groupsat 1:1. To estimate
the effects, we referred to the interaction (ie, group x time)
effect on global cognitive function (ie, primary outcome)
observed in the pilot study with a highly identical design [25].
The estimated sampl e size was 220. We assumed a dropout rate
of 6%, as observed in the pilot study [25]. Thetotal samplesize
was expected to be at least 234 participants, with 117 in each

group.
Randomization

A permuted block randomization with a block size of 8 in an
intervention-to-control ratio of 1:1 was used. A list of random
numbers of either 1 or 2 (ie, 1=intervention; 2=control) of each
block was generated independently by author RY CK using the
RAND formulain Microsoft Excel (Microsoft Corp). After each
round of eligibility screening, alist of unique participant codes
was assigned to each eligible participant by the participant
recruitment team. A research assistant assigned all eligible
participants to either the intervention or control group by
matching the participant codes with the list of random group
numbers. To ensure concealment, the research assistant
managing the random group alocation did not participate in
any part of recruitment.

Blinding
All outcome assessors were blinded to the group labels. We
also endeavored to blind the participants to the group label at

baseline assessment through an arrangement in which the
random group alocation was only conducted after the
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completion of the baseline assessment. However, it was not
possible to blind the interventionists or participants given the
nature of the study.

Statistical M ethods

SPSS (version 26; IBM Corp) was used to conduct the data
analysis. The demographic and outcome variables at continuous
levels of measurement were first checked for normality, which
is assumed when the absolute skewness is <2 and the absolute
kurtosisis<7[46]. Continuous variableswith normality assumed
were described using mean and SD or otherwise using median
and IQR. Variables at categorical levels of measurement were
described using frequency and percentage. To test the effects
of the intervention over the 6 outcomes, 6 independent
generalized estimating equations were used. The independent
variables included group (ie, intervention vs control), time (ie,
TOvsT1), and group x time. The dependent variableswerethe
6 outcomes of the study (ie, cognitive function, physica frailty,
walking speed, inhibition of cognitive interference, executive
function, and walking speed). Missing values were estimated
using the generalized estimating equations [47]. The level of
significance was set at 0.05. Intention-to-treat analysis was
adopted.

Ethical Considerations

All participants signed the written informed consent form.
Before signing the written consent form, the participants were
well informed about the expected benefits of the intervention,
their rights (eg, right of withdrawal), the possibility of being
assigned to either intervention or control, and possible risks.
All data are anonymized to ensure confidentiality. Because all
participants received the interventions (waitlist control was
used), no compensation was provided to participants for their
participation in the research. The ethical clearance for research
involving human subjects for this study was provided by the
institutional review board of the Hong Kong Polytechnic
University (reference HSEAR202100115001-01).

Results

Participant Flow

This study was conducted from January 2021 to April 2023. As
shown in Figure 3, atotal of 561 participants were assessed for
eligibility. In total, 47.8% (268/561) of the participants were
excluded because they did not fulfill the eligibility criteria. No
eligible participants declined to participate. A total of 293
eligible participants were randomly allocated to the 2 groups:
146 (49.8%) were allocated to the intervention group, and 147
(50.2%) were allocated to the control group. Intheintervention
group, 4.8% (7/146) of the participants did not receive the
allocated intervention, defined as attending O training sessions.
A total of 81.6% (119/146) of the participants attended >81%
(13/16) of the expected sessions, 5.9% of the participants
attended 50% (8/16) to 75% (12/16) of the expected sessions,
and 12.5% of the participants attended 0% to 44% (7/16) of the
expected sessions. In the control group, al 147 participants
received usua care. After the completion of the intervention,
in the intervention group, 14.4% (21/146) of the participants
were lost to follow-up, and 23% (7/21) of these participants
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discontinued the intervention, defined as attending O training  were lost to follow-up.

sessions. In the control group, 7.5% (11/147) of the participants

Figure 3. Participant flowchart.

Enrolment

Assessed for eligibility (n=561)

Excluded (268)

A

*  Not meeting inclusion criteria (n=268)
*  Declined to participate (n=0)

Randomized (n=293)

l

l Allocation

}

Allocated to intervention (n=146)
*  Received allocated intervention (n=139)
Did not receive allocated intervention (n=7)

Allocated to control (n=147)
* Received allocated intervention (n=147)
*  Did not receive allocated intervention (n=0)

3 Follow-up

.

Lost to follow-up (n=21)

*  Discontinued intervention (n=7)

Lost to follow-up (n=11)

*  Discontinued intervention (n=0)

Analysis

Analyzed (n=146) T

Basaline Data

Asshown in Table 2, the mean age of the participants was 74.5
(SD 6.8) years, and most of the participants had no chronic
illnesses (175/293, 59.7%). The mean BMI of the participants
was 24.3 (SD 3.6) kg/m?. Most of the participants were female
(229/293, 78.2%), had completed primary education (152/293,

https://www.jmir.org/2024/1/e57809
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52.1%), were married (167/293, 57.2%), lived with friends
(127/293, 43.3%), and had no VR experience (232/293, 79.5%).
The mean MoCA scorewas 21.3 (SD 2.4), the mean FFP score
was 1.6 (SD 0.8), the median Timed Up and Go test score was
10.9 (IQR 3.6) seconds, the mean digit span forward test score
was 7.1 (SD 1.2), the mean digit span backward test score was
3.8 (SD 1.3), the mean Stroop Color and Word Test score was
—21.4 (SD 9.1), and the mean TMT scorewas 1.7 (SD 0.7).

JMed Internet Res 2024 | vol. 26 | €57809 | p. 8
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 2. Demographic and outcome variables at baseline (N=293).
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Variables All Intervention (n=146) Control (n=147)
Demographic variables
Age (y), mean (SD) 74.5 (6.9) 75.2(7.1) 73.9(6.6)
Number of CIs?, n (%)
0 175 (59.7) 87 (59.6) 88 (59.9)
1-3 113(38.6) 57 (39.0) 56 (38.1)
4-6 5(1.7) 2(1.4) 3(2
BMI (kg/m?), mean (SD) 24.3(3.6) 24.4(3.7) 24.2(35)
Gender, n (%)
Men 64 (21.8) 36 (24.7) 28 (19)
Women 229 (78.2) 110 (75.3) 119 (81)
Educational level, n (%)
Tertiary 20 (6.8) 12(8.2) 8(5.4)
Secondary 98 (33.4) 44.(30.1) 54 (36.7)
Primary 152 (51.8) 81 (55.5) 71 (48.3)
No education 22(7.5) 8(5.5) 14 (9.5)
Marital status, n (%)
Unmarried 12 (4.2) 5(3.4) 7(4.8)
Married 167 (57.2) 90 (62.1) 77 (52.4)
Separated 2(0.7) 0(0) 2(L4)
Divorced 17 (5.8) 10(6.9) 7(4.8)
Widowed 9.4(32.2) 40 (27.6) 54 (36.7)
Living status, n (%)
Living alone 101 (34.5) 49 (33.6) 52 (35.4)
Living with family 42 (14.3) 23 (15.8) 19 (12.9)
Living with friends 127 (43.3) 60 (40.1) 67 (45.6)
Living with others 22 (7.4) 14 (9.6) 8(5.4)
VRP experience, n (%)
Yes 60 (20.5) 18 (12.4) 42 (28.6)
No 232 (79.5) 127 (87.6) 105 (71.4)
Outcome variables
MoCAC score, mean (SD) 21.3(24) 21.1(2.42) 21.5(2.4)
FrPY score, mean (SD) 1.6(0.8) 1.6 (0.8) 1.7 (0.8)
TUGE score (seconds), median (IQR) 10.9(3.6) 10.7(3.1) 115(41
vSTM', mean (SD)
DSFY score 7.1(12) 7.1(1.3) 7.1(1)
DSB" score 38(L3 38(13) 38(L9
SCWT! score, mean (SD) —21.4(9.2) —22.1(9.4) -20.8(8.7)
TMT score, mean (SD) 1.7(0.7) 17(0.2) 1.6(0.2)

aCl: chronic illness.
bVR: virtual reality.

https://www.jmir.org/2024/1/e57809

RenderX

JMed Internet Res 2024 | vol. 26 | €57809 | p. 9
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

®MoCA: Montreal Cognitive Assessment.
9FFP: Fried frai Ity phenotype.

®TUG: Timed Up and Go test.

f\VSTM: visual short-term memory.
9DSF: digit span forward test.

PDSB: digit span backward test.

ISCWT: Stroop Color and Word Test.
ITMT: Trail Making Test.

Numbers Analyzed

As shown in Table 3, the number of participants with missing
data on all variables in the intervention group, including both
demographic and outcome variables, ranged from 0% to 28.8%
(42/146) at baseline (T0) and from 14.4% (21/146) to 30.8%
(45/146) at follow-up (T1). The number of participants with

https://www.jmir.org/2024/1/e57809
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missing data for al variablesin the control group ranged from
0% to 22.4% (33/147) at baseline (TO) and from 7.5% (11/147)
t027.9% (41/147) at follow-up (T1). Thedatafor al participants
who entered the randomized group allocation were analyzed
(ie, n=146 in the intervention group and n=147 in the control

group).
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Table 3. The number of participants with missing data.

Variables Intervention (n=146), n (%) Control (n=147), n (%)

TO? T1P TO T1

Demographic variables

Age(y) 2(14) _¢ 0(0) —
Number of CI<? 1(07) - 0(0) -
BMI 1(0.7) — 1(0.7) —
Gender 0(0) — 0(0) -
Educational level 1(0.7) — 0(0) —
Marital status 1(0.7) — 0(0) —
Living status 1(0.7) — 1(0.7) —
VR experience 1(0.7) — 0(0) —

Outcome variables

MoCAf score 1(0.7) 21(14.4) 0(0) 11 (7.5)
FFPY score 1(0.7) 21(14.9) 0(0) 11(7.5)
TUG" score 1(0.7) 21(14.9) 0(0) 14(9.5)
DSF' score 1(0.7) 21(14.9) 1(0.7) 13(8.8)
DSl score 1(0.7) 21 (14.4) 1(0.7) 14 (95)
SCWTX score 42 (28.8) 45 (30.8) 33(22.4) 41 (27.9)
TMT score 1(0.7) 21 (14.4) 1(0.7) 12(82)

#T0: baseline.

br1: follow-up.

“Demographic data were only collected at baseline.
dci: chronicillness.

SVR: virtual reality.

*MoCA: Montreal Cognitive Assessment.

9FFP: Fried frailty phenotype.

MTUG: Timed Up and Go test.

'DSF: digit span forward test.

IpsB: digit span backward test.

KscwT: Stroop Color and Word Test.

TMT: Trail Making Test.

. . intervention group but not in the control group (within-group
Outcomes and Estimation P=.33). The extent of improvement in the intervention group
Cognitivefunctionimproved from TO (mean MoCA score21.12,  wasalso significantly larger than that in the control group (group
SE 0.204) to T1 (mean MoCA score 22.10, SE 0.273) and  x time P=.03), as shown in Table 4.

reached the level of significance (within-group P<.001) in the
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Table 4. Outcome estimates.
QOutcome and group Values, mean (SE) MD?(95% ClI) P value
TOP T1¢ Withingroup  Between groups Time Group x time
Global cognitive function (M oCAd)
Intervention 21.12(0.204) 22.10(0.273) 0.97(1.38to <.001® .89 <.001¢ 03¢
0.56)
Control 21.29(0.200) 21.54(0.299) 0.25(0.73to .33 _f — —
-0.23)
Physical frailty (FFPY)
Intervention 1.60 (0.060) 1.29 (0.068) -0.31(-0.17to <.0018 0068 0038 018
—0.46)
Control 1.69 (0.064) 1.66 (0.093) -0.03(0.15t0 74 — — —
-0.21)
Walking speed (TUG")
Intervention 11.25(0.311) 10.77(0.242) -0.48(0.06t0 .08 028 78 13
-1.03)
Control 12.10(0.454) 12.80(0.829) 0.71(2.13to .33 — — —
-0.72)
VSTM': DSF
Intervention 7.13(0.107) 7.43(0.112) 0.30 (0.51to 0068 44 001¢ 46
0.08)
Control 7.08 (0.096) 7.27 (0.108) 0.19(0.38t0 04¢ — — —
-0.01)
VSTM: DSBX
Intervention 3.88(0.104) 3.92 (0.149) 0.04 (0.34to .82 .80 48 74
-0.27)
Control 3.82(0.109) 3.92 (0.115) 0.10(0.33to 40 — — —
-0.13)
ict' (scwt™)
Intervention —22.19(0.897) -21.33(0.953) 0.86(2.59to .33 34 .78 31
-0.88)
Control —20.45(0.814) —20.94(0.981) -0.49(141to 62 — — —
—2.39)
Executive function (TMT")
Intervention 1.68 (0.054) 1.51 (0.048) -017(-0.04t0 (¢ 47 12 .07
-0.29)
Control 1.63 (0.056) 1.65 (0.063) 0.01 (0.16 to 85 — — —
-0.13)

3MD: mean difference.
b70: basdline.
°T1: follow-up.

dMoCA: Montrel Cognitive Assessment.

°P<.05.
Not applicable.

9FFP: Fried frailty phenotype.
PTUG: Timed Up and Go test.
'VSTM: visual short-term memory.

IpsF: digit span forward test.
KDSB: digit span backward test.
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liCI: inhibition of cognitive interference.
MSCWT: Stroop Color and Word Test.
"TMT: Trail Making Test.

Physical frailty decreased from TO (mean FFP score 1.60, SE
0.060) to T1 (mean FFP score 1.29, SE 0.068) and reached the
level of significance (within-group P<.001) in the intervention
group but not in the control group (within-group P=.74), and
the extent of reduction in the intervention group was also
significantly larger than that in the control group (group x time
P=.01), as shown in Table 4.

Executive function improved from TO (mean TMT score 1.68,
SE 0.054) to T1 (mean TMT score 1.51, SE 0.048) and reached
thelevel of significance (within-group P=.01) in theintervention
group but not in the control group (within-group P=.85). The
extent of improvement in the intervention group was not but
almost significantly larger than that in the control group (group
x time P=.07), as shown in Table 4.

Walking speed, visua short-term memory, and inhibition of
cognitive inference did not show more improvement in the
intervention group compared to the control group, as shownin
Table 4.

Harms

Inal theVRMCT ons (n=4874) conducted on participants
in both intervention and waitlist control groups (including some
preintervention trial sessions on some participants), the VR
sickness symptoms reported by participants using the VRSQ
ranged from 0.7% on symptoms of difficulty focusing and
headache to 3% on the symptom of vertigo. Among all the
reported VR sickness symptoms, the most reported frequency
was"“lessthan half” (ie, 82%6-93%). Regarding the most reported
VR sickness symptom (ie, vertigo), only participantsin 1% of
the total sessions reported to have experienced it “more than
half” during the VR training. No participants reported severe
untoward effects requiring medical treatment after the
completion of the training. However, 0.5% of the total training
sessions were reported to have technical issues related to the
training system.

Discussion

Principal Findings

Thisisone of the very few studiesthat providesdirect evidence
using arandomized controlled trial that aVRMCT intervention
using a gamified and light-intensity approach is effective in
promoting global cognitive function, marginally promoting
executive function, and reducing frailty specifically in the at-risk
population of older people with cognitive frailty, who also
adhered well to the intervention.

Previous studies have shown that motor-cognitive training has
positive effects on cognitive function in cognitively healthy
older people [48], on executive function in older people [49],
and on dual-task walking ability in older peoplewith MCI [50].
It also brings cognitive benefits probably because it yields
moderations at the neuronal level (eg, the dopaminergic system
showing decreases in mean diffusivity in the frontal and
subcortical brain areas in functional magnetic resonance

https://www.jmir.org/2024/1/e57809
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imaging) [51], although the improvement may not be directly
due to the moderation of the A3 metabolism [52]. Thefindings
of this study aso agree with previous findings that
motor-cognitive training promotes cognitive function and was
also effectivein a specific group of older people with cognitive
frailty [25,49]. This study recommends the use of VRMCT to
promote cognitive function and reduce physical frailty for older
people with cognitive frailty. However, this study cannot
concludethat theimprovement in clinical outcomeswas caused
by or correlated with neuroplastic changes, as proposed in the
literature [10]. Future studies should also examine whether this
intervention can also yield beneficial moderation at the neuronal
level.

The implementation methods and dose are also important.
Motor-cognitivetraining isageneral term without aclear gauge
of the portion of time spent on simultaneous trai ning throughout
thetraining period. The conventional and effective simultaneous
motor-cognitive training protocols usually use 100%
motor-cognitive training time throughout the training period
[53]. However, recently, sometypes of gamified motor-cognitive
training have adopted a more amusing approach with a lower
portion of simultaneous training time and have aso
demonstrated effectiveness in improving executive function
and dual-task performance [24]. Theintensity of thetrainingin
terms of training hours per session and training period isusually
high (eg, 60-minute sessions for 12 weeks), which may not be
easily tolerated by the vulnerable group of older people with
cognitive frailty [24,48]. This intervention protocol adopted a
gamified and light-intensity approach (ie, 30 minutes [actual
VRMCT time] per session twice per week for 8 weeks) and also
showed effectivenessin promoting cognitive function.

This piece of evidence opens up the possibility of aless serious
and less intensive training model implementable in the
community to promote the cognitive function of older people.
Thisstudy recommendsthat gamified and light-intensity training
interventions should be promoted to community-dwelling ol der
peoplewith cognitive frailty in community centersfor cognitive
promotion purposes. This intervention protocol also adopted
training content similar to activities of daily living using VR
technology, which aimed at lowering the learning barrier and
improving the ecological validity of thetraining to betranslated
to improving the daily activity of the participants. We believe
that performing these functional taskswith internalized real-time
feedback through VR may have a more significant impact on
various executive functions, leading to asignificantly improved
global cognitivefunction inthe experimental group. In addition,
the enjoyment and attractiveness of the VR characteristicslikely
increased motivation and contributed to more extensivetraining
effects on executive function in the experimental group
compared to the control group.

Recent evidence has shown that physical frailty prevalenceis
reduced in older people’s cognitive frailty after the completion
of motor-cognitive training [54]. However, the available
evidence shows that spontaneous revision to normality from
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frailty ispossible[55]. Thisstudy used amorerigorous approach
of a randomized controlled trial that showed that the
improvement in frailty was significantly greater in the
intervention group compared with the control group and where
the risk of spontaneous revision to normality was comparable
between groups. It provided greater confidence that
motor-cognitivetraining is effectivein reducing physical frailty.
Although plenty of evidence showsthat motor-cognitivetraining
ismore effectivein promoting physical functions (eg, gait speed,
single-task walking function, and balance) than single-task
training [11,53], the findings of this study still could not prove
whether motor-cognitive training is more effective than
single-task training in reducing physical frailty. Future studies
should examine whether motor-cognitive training is more
effective than single-task training in reducing physical frailty.

The adherence rate of the intervention in this study is also
appealing, with 81.6% of participants attending >81% (13/16)
of the total humber of sessions. A systematic review showed
that the average adherence rate to community-based group
exerciseinterventionsfor older peopleisonly 69.1% [56]. This
finding also agrees with the literature on the fact that
technology-enhanced (ie, using VR) exercise programs can
improve adherence to exercise interventions in older people
[57]. Future studies should aso compare which
technology-enhanced interventions may lead to a better
adherence rate.

Despite the rigorous design of this study with favorable
outcomes, there are several limitations. First, therewere 14.4%
(21/146) and 7.5% (11/147) of participantslost to follow-up in
the intervention and control groups, respectively. Although the
research team executed many measures to reduce the risk of
loss to follow-up (eg, sending reminders and providing
certificates of completion to those who completed the T1 data
collection), it was not avoidable because some centers were
closed sporadically in response to the unpredictably varying
severity of COVID-19 during the study period. Data collection
could not be carried on because some centers were closed for
aprolonged time because of COVID-19. Fortunately, the amount
of loss to follow-up was only 10.6%, which is <20%, so it is
unlikely to pose a serious threat [58]. Second, there was a
relatively large group of participants who refused to participate
in the Stroop tests (ie, 33/147, 22.4% to 45/146, 30.8%), as
shown in Table 3, because they either did not understand the
instructions or could not finish the Stroop test within the
scheduled period of assessment. Some participants spent too
long completing other tests. The Stroop test was arranged as
the last task so that it could not be completed by some
participants. Therefore, the insignificant results could be caused
by unintentional selection bias. Third, thisstudy only evaluated
the effects of the intervention on short-term outcomes. Future
studies should also evaluate its longer-term effects after the
improvement in cognitive function, such as social participation
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and life-space mobility [31]. Fourth, although a VR element
was added to this intervention, because of the trial design (ie,
the control group received only usual care), the efficacy of the
VR element contributing to favorable clinical outcomes cannot
be concluded in this study. Future studies should examine
whether VR-integrated motor-cognitive training is more
effective than non-VVR-integrated motor-cognitive training.
Fifth, the generalization of the findings depends on the access
to the training prototype. To date, VRMCT is still a prototype,
and its effects cannot benefit the target population immediately.
Commercialization of the prototype with cost control measures
should be implemented to ensure that the effects of VRMCT
can be accessible and affordable to benefit the populationin an
ethical manner, such as regarding equity. Sixth, the contents of
VRMCT were all culturally adapted to Hong Kong Chinese
culture (eg, language, the virtual environment, and the activities
familiar to older people). This culture-specific prototype limits
the generalizability and the direct use of VRMCT. Cultura
modification is needed to generalize the effects of VRMCT to
other culturesand geographic locations. Seventh, only short-term
effects of VRMCT (ie, the week immediately after the
completion of the intervention) were evaluated. Longer-term
effects should be examined in future studies. Eighth, theclinical
significance of our results may be minimal given the MoCA
increase of only 0.93 points. Therefore, theinterpretation of the
findings in this study should be approached with caution. In
future research, we will explore the impact of the observed
MoCA score improvement in the context of daily clinical
practice and cognitive function. Specifically, we will assess
whether this degree of improvement translates into meaningful
benefits for patients, such as enhanced cognitive abilities or
improved quality of life. Finally, an unexpected finding showed
that the forward digital span scores significantly improved from
TOto T1in both the intervention and control groups, as shown
in Table 4. 1t might have been caused by the practice effect.
Evidence has shown that digit span tests and many commonly
used attentional tests do not always have optimal test-retest
stability because the practice effect often causes retest scores
to be higher [59,60]. Future studies can adopt a composite
measure of several tasks or use aternate forms of the measures
to yield amore stable result [59,60].

Conclusions

To conclude, VRMCT is effective in promoting cognitive
functionsand reducing physica frailty and isalso well tolerated
and accepted by older peoplewith cognitivefrailty, asevidenced
by its high attendance rate and negligible VR sickness
symptoms. Further studies should examine the efficacy of the
intervention components (eg, VR vsnon-VR and dual vssingle
task) on health outcomes, the effect of using technology on
intervention adherence, and the long-term effects of the
intervention on older people with cognitive frailty at the level
of daily living.

Acknowledgments

This project was funded by the Innovation and Technology Fund for Better Living, Innovation, Technology, and Industry Bureau,
Hong Kong (project reference I TB/FBL/4015/19/P), and a matching fund provided by the School of Nursing, the Hong Kong

Polytechnic University.

https://www.jmir.org/2024/1/e57809

JMed Internet Res 2024 | vol. 26 | €57809 | p. 14
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Kwan et al

Authors Contributions

All authors contributed to the devel opment of the study and the intervention. OSK S was responsible for the coordination of data
collection at the older adult community centers. RY CK was responsible for the data collection, intervention implementation
monitoring, and research team training. RY CK drafted the manuscript. All authors read, critically reviewed, and revised the
manuscript. All authors reviewed and agreed on the final version of the manuscript.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Video of the week 2 theme: finding a bus stop.
[MP4 File (MP4 Video), 28567 K B-Multimedia Appendix 1]

Multimedia Appendix 2

Video of the week 5 theme: grocery shopping.
[MPA4 File (MP4 Video), 65348 KB-Multimedia Appendix 2]

Multimedia Appendix 3

The CONSORT (Consolidated Standards of Reporting Trials) checklist.
[PDEF File (Adobe PDF File), 67 KB-Multimedia Appendix 3]

References

1. RuanQ, YuZz, Chen M, BaoZ, Li J, He W. Cognitive frailty, a novel target for the prevention of elderly dependency.
Ageing Res Rev. Mar 2015;20:1-10. [doi: 10.1016/j.arr.2014.12.004] [Medline: 25555677]

2. Sugimoto T, Arai H, Sakurai T. An update on cognitive frailty: its definition, impact, associated factors and underlying
mechanisms, and interventions. Geriatr Gerontol Int. Feb 2022;22(2):99-109. [FREE Full text] [doi: 10.1111/9gi.14322]
[Medline: 34882939]

3. QiuY,LiG,Wang X, Zheng L, Wang C, Wang C, et a. Prevalence of cognitive frailty among community-dwelling older
adults: a systematic review and meta-analysis. Int J Nurs Stud. Jan 2022;125:104112. [FREE Full text] [doi:
10.1016/j.ijnurstu.2021.104112] [Medline: 34758429]

4. ZhangT,RenY, Shen P, Jiang S, Yang Y, Wang Y, et al. Prevalence and associated risk factors of cognitive frailty: a
systematic review and meta-analysis. Front Aging Neurosci. Jan 28, 2022;13:755926. [FREE Full text] [doi:
10.3389/fnagi.2021.755926] [Medline: 35153714]

5. BuZz,Huang A, Xue M, Li Q, Ba Y, Xu G. Cognitive frailty as a predictor of adverse outcomes among older adults: a
systematic review and meta-analysis. Brain Behav. Jan 2021;11(1):€01926. [FREE Full text] [doi: 10.1002/brb3.1926]
[Medline: 33159430]

6. KwanRY, Leung AY, Yee A, Lau LT, Xu XY, Dai DL. Cognitive frailty and its association with nutrition and depression
in community-dwelling older people. J Nutr Health Aging. 2019;23(10):943-948. [FREE Full text] [doi:
10.1007/s12603-019-1258-y] [Medline: 31781723]

7. Tam AC, Chan AW, Cheung DS, Ho LY, Tang AS, Christensen M, et al. The effects of interventions to enhance cognitive
and physical functionsin older people with cognitive frailty: a systematic review and meta-analysis. Eur Rev Aging Phys
Act. Aug 24, 2022;19(1):19. [FREE Full text] [doi: 10.1186/s11556-022-00299-9] [Medline: 36002799]

8.  KwanRY, LeeD, LeePH, Tse M, Cheung DS, Thiamwong L, et a. Effects of an mHealth brisk walking intervention on
increasing physical activity in older peoplewith cognitivefrailty: pilot randomized controlled trial. IMIR Mhealth Uhealth.
Jul 31, 2020;8(7):€16596. [FREE Full text] [doi: 10.2196/16596] [Medline: 32735218]

9.  Lauenroth A, loannidis AE, Teichmann B. I nfluence of combined physical and cognitive training on cognition: asystematic
review. BMC Geriatr. Jul 18, 2016;16:141. [FREE Full text] [doi: 10.1186/s12877-016-0315-1] [Medline: 27431673]

10. Herold F, Hamacher D, SchegalL, Miller NG. Thinking while moving or moving whilethinking - concepts of motor-cognitive
training for cognitive performance enhancement. Front Aging Neurosci. Aug 6, 2018;10:228. [FREE Full text] [doi:
10.3389/fnagi.2018.00228] [Medline: 30127732]

11. Huber SK, Knols RH, Arnet P, de Bruin ED. Motor-cognitive intervention concepts can improve gait in chronic stroke,
but their effect on cognitive functionsis unclear: a systematic review with meta-analyses. Neurosci Biobehav Rev. Jan
2022;132:818-837. [FREE Full text] [doi: 10.1016/j.neubiorev.2021.11.013] [Medline: 34815131]

12.  JohanssonH, Folkerts AK, Hammarstrom |, Kalbe E, Leavy B. Effects of motor-cognitive training on dual-task performance
in people with Parkinson's disease: a systematic review and meta-analysis. J Neurol. Jun 2023;270(6):2890-2907. [FREE
Full text] [doi: 10.1007/s00415-023-11610-8] [Medline: 36820916

https://www.jmir.org/2024/1/e57809 JMed Internet Res 2024 | vol. 26 | €57809 | p. 15
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v26i1e57809_app1.mp4&filename=d3b1fa0873fdce6c8018807bf4901db9.mp4
https://jmir.org/api/download?alt_name=jmir_v26i1e57809_app1.mp4&filename=d3b1fa0873fdce6c8018807bf4901db9.mp4
https://jmir.org/api/download?alt_name=jmir_v26i1e57809_app2.mp4&filename=807f409ea34d7ef12ea3c838086a3a97.mp4
https://jmir.org/api/download?alt_name=jmir_v26i1e57809_app2.mp4&filename=807f409ea34d7ef12ea3c838086a3a97.mp4
https://jmir.org/api/download?alt_name=jmir_v26i1e57809_app3.pdf&filename=7164f17e6fe8555a6fc4b720a0222575.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e57809_app3.pdf&filename=7164f17e6fe8555a6fc4b720a0222575.pdf
http://dx.doi.org/10.1016/j.arr.2014.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25555677&dopt=Abstract
https://doi.org/10.1111/ggi.14322
http://dx.doi.org/10.1111/ggi.14322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34882939&dopt=Abstract
https://doi.org/10.1016/j.ijnurstu.2021.104112
http://dx.doi.org/10.1016/j.ijnurstu.2021.104112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34758429&dopt=Abstract
https://europepmc.org/abstract/MED/35153714
http://dx.doi.org/10.3389/fnagi.2021.755926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35153714&dopt=Abstract
https://europepmc.org/abstract/MED/33159430
http://dx.doi.org/10.1002/brb3.1926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33159430&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1279-7707(23)01134-X
http://dx.doi.org/10.1007/s12603-019-1258-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31781723&dopt=Abstract
https://eurapa.biomedcentral.com/articles/10.1186/s11556-022-00299-9
http://dx.doi.org/10.1186/s11556-022-00299-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36002799&dopt=Abstract
https://mhealth.jmir.org/2020/7/e16596/
http://dx.doi.org/10.2196/16596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32735218&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-016-0315-1
http://dx.doi.org/10.1186/s12877-016-0315-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27431673&dopt=Abstract
https://europepmc.org/abstract/MED/30127732
http://dx.doi.org/10.3389/fnagi.2018.00228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30127732&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0149-7634(21)00506-6
http://dx.doi.org/10.1016/j.neubiorev.2021.11.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34815131&dopt=Abstract
https://europepmc.org/abstract/MED/36820916
https://europepmc.org/abstract/MED/36820916
http://dx.doi.org/10.1007/s00415-023-11610-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36820916&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kwan et al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Xiao'Y, Yang T, Shang H. Theimpact of motor-cognitive dual-task training on physical and cognitive functionsin Parkinson's
disease. Brain Sci. Mar 03, 2023;13(3):437. [FREE Full text] [doi: 10.3390/brainsci13030437] [Medline: 36979247]
Jung J, Kim Y S, Lee S. The motor-cognitive training on cognition and physical performance in the older adults with mild
cognition impairment : aliterature review. Phys Ther Rehabil Sci. Dec 30, 2021;10:493-502. [doi:
10.14474/ptrs.2021.10.4.493]

Sale A, Noale M, Cintoli S, Tognoni G, Braschi C, Berardi N, et a. Long-term beneficial impact of the randomised trial
Train the Brain', a motor/cognitive intervention in mild cognitive impairment people: effects at the 14-month follow-up.
Age Ageing. May 01, 2023;52(5):afad067. [doi: 10.1093/ageing/afad067] [Medline: 37167616]

Tao M, Liu H, Cheng J, Yu C, Zhao L. Motor-cognitive interventions may effectively improve cognitive function in older
adults with mild cognitive impairment: a randomized controlled trial. Behav Sci (Basel). Sep 04, 2023;13(9):737. [EFREE
Full text] [doi: 10.3390/bs13090737] [Medline: 37754015]

Snoswell AJ, Snoswell CL. Immersive virtual reality in health care: systematic review of technology and disease states.
JMIR Biomed Eng. Sep 26, 2019;4(1):€15025. [doi: 10.2196/15025]

Dermody G, Whitehead L, Wilson G, Glass C. Therole of virtua reality in improving health outcomes for
community-dwelling older adults: systematic review. JMed Internet Res. Jun 01, 2020;22(6):€17331. [FREE Full text]
[doi: 10.2196/17331] [Medline: 32478662]

SkurlaMD, Rahman AT, Salcone S, Mathias L, Shah B, Forester BP, et al. Virtual reality and mental health in older adults:
asystematic review. Int Psychogeriatr. Feb 2022;34(2):143-155. [doi: 10.1017/S104161022100017X] [Medline: 33757619]
Kwan RY, Ng F, Lam LC, Yung RC, Sin OS, Chan S. The effects of therapeutic virtual reality experience to promote
mental well-being in older peopleliving with physical disabilitiesinlong-term carefacilities. Trials. Aug 26, 2023;24(1):558.
[FREE Full text] [doi: 10.1186/s13063-023-07592-7] [Medline: 37633916]

SaundersNL, Summers M J. Attention and working memory deficitsin mild cognitiveimpairment. J Clin Exp Neuropsychol.
Apr 2010;32(4):350-357. [doi: 10.1080/13803390903042379] [Medline: 19787522]

van der Wardt V, Hancox J, Gondek D, Logan P, Das Nair R, Pollock K, et a. Adherence support strategies for exercise
interventions in people with mild cognitive impairment and dementia: a systematic review. Prev Med Rep. May 18,
2017;7:38-45. [FREE Full text] [doi: 10.1016/j.pmedr.2017.05.007] [Medline: 28593121]

YuD, Li X, Lai FH. The effect of virtual reality on executive function in older adults with mild cognitive impairment: a
systematic review and meta-analysis. Aging Ment Health. Apr 2023;27(4):663-673. [doi: 10.1080/13607863.2022.2076202]
[Medline: 35635486]

Wang RY, Huang Y C, Zhou JH, Cheng SJ, Yang Y R. 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
2021;10(5):347-354. [doi: 10.1089/g4h.2021.0057] [Medline: 34491113]

Kwan RY, Liu JY, Fong KN, Qin J, Leung PK, Sin OS, et a. Feasibility and effects of virtual reality motor-cognitive
training in community-dwelling older people with cognitive frailty: pilot randomized controlled trial. IMIR Serious Games.
Aug 06, 2021;9(3):€28400. [FREE Full text] [doi: 10.2196/28400] [Medline: 34383662]

Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 statement: updated guidelinesfor reporting parallel
group randomised trials. BMJ. Mar 23, 2010;340:¢c332. [FREE Full text] [doi: 10.1136/bmj.c332] [Medline: 20332509]
District elderly community centre. Social Welfare Department, Government of the Hong Kong Special Administrative
Region of the People's Republic of China. URL: https://www.swd.gov.hk/en/pubsvc/elderly/cat_ commsupp/elderly centres/
[accessed 2023-09-11]

Kelaiditi E, Cesari M, Canevelli M, van Kan GA, Ousset PJ, Gillette-Guyonnet S, et al. Cognitive frailty: rational and
definition froman (1.A.N.A./I.A.G.G.) international consensus group. JNutr Health Aging. Sep 2013;17(9):726-734. [FREE
Full text] [doi: 10.1007/s12603-013-0367-2] [Medline: 24154642]

Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin |, et al. The Montreal Cognitive Assessment,
MoCA: abrief screening tool for mild cognitive impairment. JAm Geriatr Soc. Apr 2005;53(4):695-699. [doi:
10.1111/j.1532-5415.2005.53221.x] [Medline: 15817019]

Fried LR, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older adults: evidence for aphenotype.
JGerontol A Biol Sci Med Sci. Mar 01, 2001;56(3):M 146-M157. [doi: 10.1093/gerona/56.3.M 146]

Kwan RY, Cheung DS, Lo SK, Ho LY, Katigbak C, Chao YY, et a. Frailty and its association with the Mediterranean
diet, life-space, and social participation in community-dwelling older people. Geriatr Nurs. 2019;40(3):320-326. [doi:
10.1016/j.gerinurse.2018.12.011] [Medline: 30777380]

Yeung PY, Wong LL, Chan CC, Leung JL, Yung CY. A validation study of the Hong Kong version of Montreal Cognitive
Assessment (HK-MoCA) in Chinese older adults in Hong Kong. Hong Kong Med J. Dec 15, 2014;20(6):504-510. [FREE
Full text] [doi: 10.12809/hkmj144219] [Medline: 25125421]

Rosanna Chau M, Chan SP, Wong YW, Lau MY. Reliability and validity of the Modified Functional Ambulation
Classification in patients with hip fracture. Hong Kong Physiother J. Jun 2013;31(1):41-44. [FREE Full text] [doi:
10.1016/j.hkpj.2013.01.041]

https://www.jmir.org/2024/1/e57809 JMed Internet Res 2024 | vol. 26 | €57809 | p. 16

(page number not for citation purposes)


https://www.mdpi.com/resolver?pii=brainsci13030437
http://dx.doi.org/10.3390/brainsci13030437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36979247&dopt=Abstract
http://dx.doi.org/10.14474/ptrs.2021.10.4.493
http://dx.doi.org/10.1093/ageing/afad067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37167616&dopt=Abstract
https://www.mdpi.com/resolver?pii=bs13090737
https://www.mdpi.com/resolver?pii=bs13090737
http://dx.doi.org/10.3390/bs13090737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37754015&dopt=Abstract
http://dx.doi.org/10.2196/15025
https://www.jmir.org/2020/6/e17331/
http://dx.doi.org/10.2196/17331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32478662&dopt=Abstract
http://dx.doi.org/10.1017/S104161022100017X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33757619&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-023-07592-7
http://dx.doi.org/10.1186/s13063-023-07592-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37633916&dopt=Abstract
http://dx.doi.org/10.1080/13803390903042379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19787522&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(17)30085-2
http://dx.doi.org/10.1016/j.pmedr.2017.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28593121&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2022.2076202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35635486&dopt=Abstract
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
https://games.jmir.org/2021/3/e28400/
http://dx.doi.org/10.2196/28400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34383662&dopt=Abstract
https://europepmc.org/abstract/MED/20332509
http://dx.doi.org/10.1136/bmj.c332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20332509&dopt=Abstract
https://www.swd.gov.hk/en/pubsvc/elderly/cat_commsupp/elderly_centres/
https://linkinghub.elsevier.com/retrieve/pii/S1279-7707(23)01734-7
https://linkinghub.elsevier.com/retrieve/pii/S1279-7707(23)01734-7
http://dx.doi.org/10.1007/s12603-013-0367-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24154642&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15817019&dopt=Abstract
http://dx.doi.org/10.1093/gerona/56.3.M146
http://dx.doi.org/10.1016/j.gerinurse.2018.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30777380&dopt=Abstract
http://www.hkmj.org/abstracts/v20n6/504.htm
http://www.hkmj.org/abstracts/v20n6/504.htm
http://dx.doi.org/10.12809/hkmj144219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25125421&dopt=Abstract
https://doi.org/10.1016/j.hkpj.2013.01.041
http://dx.doi.org/10.1016/j.hkpj.2013.01.041
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kwan et al

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

Saredakis D, Szpak A, Birckhead B, Keage HA, Rizzo A, Loetscher T. Factors associated with virtual reality sicknessin
head-mounted displays: a systematic review and meta-analysis. Front Hum Neurosci. 2020;14:96. [FREE Full text] [doi:
10.3389/fnhum.2020.00096] [Medline: 32300295]

Hgeg ER, Povlsen TM, Bruun-Pedersen JR, Lange B, Nilsson NC, Haugaard KB, et a. System immersion in virtual
reality-based rehabilitation of motor function in older adults: a systematic review and meta-analysis. Front Virtual Real.
Apr 12, 2021;2. [doi: 10.3389/frvir.2021.647993]

Charlson ME, Pompei P, AlesKL, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis. 1987;40(5):373-383. [FREE Full text] [doi:
10.1016/0021-9681(87)90171-8] [Medline: 3558716]

Stewart S, O'Riley A, Edelstein B, Gould C. A preliminary comparison of three cognitive screening instrumentsin long
term care: the MM SE, SLUMS, and MoCA.. Clin Gerontol. Jan 2012;35(1):57-75. [doi: 10.1080/07317115.2011.626515]
Podsiadlo D, Richardson S. Thetimed "Up and Go": atest of basic functional mobility for frail elderly persons. JAm
Geriatr Soc. Feb 1991;39(2):142-148. [FREE Full text] [doi: 10.1111/j.1532-5415.1991.tb01616.x] [Medline: 1991946]
Ryan JJ, Lopez SJ. Wechsler Adult Intelligence Scale-111. In: Dorfman WI, Hersen M, editors. Understanding Psychological
Assessment. Boston, MA. Springer; 2001.

Tam CW, Lam L C. Neuropsychological profiles of e derly Chinese peoplewith amnestic and multiple-domain mild cognitive
impairment. Hong Kong J Psychiatry. 2006;16:21-26. [FREE Full text]

Schroeder RW, Twumasi-Ankrah P, Baade LE, Marshall PS. Reliable Digit Span: a systematic review and cross-validation
study. Assessment. Mar 06, 2012;19(1):21-30. [doi: 10.1177/1073191111428764] [Medline: 22156721]

ScarpinaF, Tagini S. The stroop color and word test. Front Psychol. Apr 12, 2017;8:557. [FREE Full text] [doi:
10.3389/fpsyq.2017.00557] [Medline: 28446889]

Arbuthnott K, Frank J. Trail making test, part B asameasure of executive control: validation using a set-switching paradigm.
J Clin Exp Neuropsychol. Aug 09, 2010;22(4):518-528. [doi: 10.1076/1380-3395(200008)22:4;1-0:ft518]

Kim HK, Park J, Choi Y, Choe M. Virtual reality sickness questionnaire (VRSQ): motion sickness measurement index in
avirtua reality environment. Appl Ergon. May 2018;69:66-73. [FREE Full text] [doi: 10.1016/j.apergo.2017.12.016]
[Medline: 29477332]

Kreidler SM, Muller KE, Grunwald GK, Ringham BM, Coker-Dukowitz Z, Sakhadeo UR, et a. GLIMMPSE: online power
computation for linear models with and without a baseline covariate. J Stat Softw. Sep 2013;54(10):i10. [FREE Full text]
[doi: 10.18637/jss.v054.i10] [Medline: 24403868]

Kim HY. Statistical notes for clinical researchers: assessing normal distribution (2) using skewness and kurtosis. Restor
Dent Endod. Feb 2013;38(1):52-54. [FREE Full text] [doi: 10.5395/rde.2013.38.1.52] [Medline: 23495371]

Sadlazar A, Ojeda B, Duefias M, Fernandez F, Failde |I. Simple generalized estimating equations (GEEs) and weighted
generalized estimating equations (WGEEsS) in longitudinal studieswith dropouts: guidelines and implementation in R. Stat
Med. Aug 30, 2016;35(19):3424-3448. [FREE Full text] [doi: 10.1002/sim.6947] [Medline: 27059703]

Gallou-Guyot M, Mandigout S, Bherer L, Perrochon A. Effects of exergames and cognitive-motor dual-task training on
cognitive, physical and dual-task functionsin cognitively healthy older adults: an overview. Ageing Res Rev. Nov
2020;63:101135. [FREE Full text] [doi: 10.1016/j.arr.2020.101135] [Medline: 32768594]

Wollesen B, Wildbredt A, van Schooten KS, Lim ML, Delbaere K. The effects of cognitive-motor training interventions
on executive functionsin older people: asystematic review and meta-analysis. Eur Rev Aging Phys Act. Jul 02, 2020;17(1):9.
[FREE Full text] [doi: 10.1186/s11556-020-00240-y] [Medline: 32636957]

Kuo HT, Yeh NC, Yang YR, Hsu WC, Liao Y'Y, Wang RY. Effects of different dual task training on dual task walking
and responding brain activation in older adultswith mild cognitive impairment. Sci Rep. May 19, 2022;12(1):8490. [FREE
Full text] [doi: 10.1038/s41598-022-11489-x] [Medline: 35589771]

Takeuchi H, Magistro D, Kotozaki Y, Motoki K, Nejad KK, Nouchi R, et al. Effects of simultaneously performed dual -task
training with aerobic exercise and working memory training on cognitive functions and neural systemsintheelderly. Neural
Plasticity. Jun 05, 2020;2020:1-17. [doi: 10.1155/2020/3859824]

YokoyamaH, Okazaki K, Imai D, Yamashina Y, Takeda R, Naghavi N, et a. The effect of cognitive-motor dual-task
training on cognitive function and plasmaamyloid 3 peptide 42/40 ratio in healthy elderly persons: arandomized controlled
trial. BMC Geriatr. May 28, 2015;15(1):60. [FREE Full text] [doi: 10.1186/s12877-015-0058-4] [Medline: 26018225]
HeY, YangL, Zhou J, Yao L, Pang MY. Dual-task training effects on motor and cognitive functional abilitiesin individuals
with stroke: a systematic review. Clin Rehabil. Jul 23, 2018;32(7):865-877. [doi: 10.1177/0269215518758482] [Medline:
29473480]

Merchant RA, Chan Y H, Hui RJ, Tsoi CT, Kwek SC, Tan WM, et a. Motoric cognitive risk syndrome, physio-cognitive
decline syndrome, cognitive frailty and reversibility with dual-task exercise. Exp Gerontol. Jul 15, 2021;150:111362. [FREE
Full text] [doi: 10.1016/j.exger.2021.111362] [Medline: 33887381]

Canevelli M, Bruno G, Remiddi F, Vico C, Lacorte E, Vanacore N, et al. Spontaneous reversion of clinical conditions
measuring the risk profile of the individual: from frailty to mild cognitive impairment. Front Med (Lausanne). Oct 30,
2017;4:184. [FREE Full text] [doi: 10.3389/fmed.2017.00184] [Medline: 29164119]

https://www.jmir.org/2024/1/e57809 JMed Internet Res 2024 | vol. 26 | €57809 | p. 17

(page number not for citation purposes)


https://europepmc.org/abstract/MED/32300295
http://dx.doi.org/10.3389/fnhum.2020.00096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32300295&dopt=Abstract
http://dx.doi.org/10.3389/frvir.2021.647993
https://doi.org/10.1016/0021-9681(87)90171-8
http://dx.doi.org/10.1016/0021-9681(87)90171-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3558716&dopt=Abstract
http://dx.doi.org/10.1080/07317115.2011.626515
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://dx.doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1991946&dopt=Abstract
https://easap.asia/index.php/find-issues/past-issue/item/293-0601-v16n1-21-6-neuropsychological-profiles-of-elderly-chine
http://dx.doi.org/10.1177/1073191111428764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22156721&dopt=Abstract
http://hdl.handle.net/2318/1729697
http://dx.doi.org/10.3389/fpsyg.2017.00557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28446889&dopt=Abstract
http://dx.doi.org/10.1076/1380-3395(200008)22:4;1-0;ft518
https://doi.org/10.1016/j.apergo.2017.12.016
http://dx.doi.org/10.1016/j.apergo.2017.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29477332&dopt=Abstract
https://europepmc.org/abstract/MED/24403868
http://dx.doi.org/10.18637/jss.v054.i10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24403868&dopt=Abstract
https://europepmc.org/abstract/MED/23495371
http://dx.doi.org/10.5395/rde.2013.38.1.52
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23495371&dopt=Abstract
https://doi.org/10.1002/sim.6947
http://dx.doi.org/10.1002/sim.6947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27059703&dopt=Abstract
https://doi.org/10.1016/j.arr.2020.101135
http://dx.doi.org/10.1016/j.arr.2020.101135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32768594&dopt=Abstract
https://eurapa.biomedcentral.com/articles/10.1186/s11556-020-00240-y
http://dx.doi.org/10.1186/s11556-020-00240-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32636957&dopt=Abstract
https://doi.org/10.1038/s41598-022-11489-x
https://doi.org/10.1038/s41598-022-11489-x
http://dx.doi.org/10.1038/s41598-022-11489-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35589771&dopt=Abstract
http://dx.doi.org/10.1155/2020/3859824
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-015-0058-4
http://dx.doi.org/10.1186/s12877-015-0058-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26018225&dopt=Abstract
http://dx.doi.org/10.1177/0269215518758482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29473480&dopt=Abstract
https://doi.org/10.1016/j.exger.2021.111362
https://doi.org/10.1016/j.exger.2021.111362
http://dx.doi.org/10.1016/j.exger.2021.111362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33887381&dopt=Abstract
https://air.unimi.it/handle/2434/533449
http://dx.doi.org/10.3389/fmed.2017.00184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29164119&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kwan et al

56.

57.

58.

59.

60.

Farrance C, Tsofliou F, Clark C. Adherence to community based group exercise interventions for older people: a
mixed-methods systematic review. Prev Med. Jun 2016;87:155-166. [FREE Full text] [doi: 10.1016/j.ypmed.2016.02.037]
[Medline: 26921655]

Valenzuela T, Okubo Y, Woodbury A, Lord SR, Delbaere K. Adherence to technology-based exercise programs in ol der
adults: a systematic review. J Geriatr Phys Ther. 2018;41(1):49-61. [doi: 10.1519/JPT.0000000000000095] [Medline:
27362526]

Dettori JR. Lossto follow-up. Evid Based Spine Care J. Feb 10, 2011;2(1):7-10. [FREE Full text] [doi:
10.1055/s-0030-1267080] [Medline: 22956930]

Waters GS, Caplan D. The reliability and stability of verbal working memory measures. Behav Res Methods Instrum
Comput. Nov 2003;35(4):550-564. [doi: 10.3758/bf03195534] [Medline: 14748499

Lemay S, Bédard MA, Rouleau |, Tremblay PL. Practice effect and test-retest reliability of attentional and executive tests
in middle-aged to elderly subjects. Clin Neuropsychol. May 2004;18(2):284-302. [doi: 10.1080/13854040490501718]
[Medline: 15587675]

Abbreviations

CONSORT: Consolidated Standards of Reporting Trials
FFP: Fried frailty phenotype

MCI: mild cognitive impairment

MoCA: Montreal Cognitive Assessment

TMT: Trail Making Test

VR: virtua reality

VRMCT: virtua reality motor-cognitive training
VRSQ: Virtual Reality Sickness Questionnaire

Edited by B Puladi; submitted 29.02.24; peer-reviewed by D Levine, A Bezabih, H Kerminen; comments to author 11.04.24; revised
version received 05.06.24; accepted 14.07.24; published 11.09.24

Please cite as:

Kwan RYC, Liu J, Sn O, Fong KNK, Qin J, Wong JCY, Lai C

Effects of Virtual Reality Motor-Cognitive Training for Older People With Cognitive Frailty: Multicentered Randomized Controlled
Trial

J Med Internet Res 2024;26:€57809

URL: https://www.jmir.org/2024/1/€57809

doi: 10.2196/57809

PMID:

©Rick Yiu Cho Kwan, Justina Liu, Olive Suk Kan Sin, Kenneth N K Fong, Jing Qin, Joe Chi Yin Wong, ClaudiaLai. Originally
published inthe Journa of Medical Internet Research (https.//www.jmir.org), 11.09.2024. Thisisan 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 Journa 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/2024/1/e57809 JMed Internet Res 2024 | vol. 26 | €57809 | p. 18

RenderX

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0091-7435(16)30014-7
http://dx.doi.org/10.1016/j.ypmed.2016.02.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26921655&dopt=Abstract
http://dx.doi.org/10.1519/JPT.0000000000000095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27362526&dopt=Abstract
https://europepmc.org/abstract/MED/22956930
http://dx.doi.org/10.1055/s-0030-1267080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22956930&dopt=Abstract
http://dx.doi.org/10.3758/bf03195534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14748499&dopt=Abstract
http://dx.doi.org/10.1080/13854040490501718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15587675&dopt=Abstract
https://www.jmir.org/2024/1/e57809
http://dx.doi.org/10.2196/57809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

