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Abstract

Background: Frailty leads to reduced physical activity can cause increased fall risk. This contributes to accelerated aging
processes, leading to adverse health outcomes and reduced quality of life. We have developed and piloted the design, usability,
safety, and feasibility of a gaming-based cognitive-motor (CogXergaming) tele-exercise protocol in prefrail older adults.

Objective: This pilot randomized control trial tested preliminary feasibility and effectiveness of the CogXergaming telehealth
protocol for improving physical function.

Methods: Community-dwelling, prefrail older adults were randomly assigned to CogXergaming (n=13) or a control group
(n=14). The CogXergaming group received supervised tele-exercises in a gaming format for 6 weeks (3 sessions per week)
comprising 18 sessions lasting 90 minutes each. Control group participants participated in a Matter of Balance (MOB), an 8-week,
once-a-week structured 90-minute tele-session that has been shown to reduce the fear of falling and increase physical activity.
Feasibility of training was obtained by computing the median duration of training sessions for the CogXergaming group.
Effectiveness was assessed using dynamic balance control (Four Square Step Test), subjective self-efficacy (Activities-Specific
Balance Confidence scale), gait function (Tinetti Performance Oriented Mobility Assessment), muscle strength (30-second chair
stand test), and endurance (2-minute step in-place test).

Results: Of the 45 participants enrolled in the study, 4 participants from CogXergaming group and 5 from MOB group lost
contact after signing the consent form and did not receive their respective intervention. Eighteen participants were randomized
to each group. In the CogXergaming group, 15 (83%) completed the intervention, with 3 (16%) dropping out in the first week.
In the MOB group, 16 (88%) completed the program, with 2 (11%) withdrawing during the first week. In addition, there was a
significant time group interaction for Four Square Step Test (F1,21=5.55, P=.03), Tinetti Performance Oriented Mobility Assessment
(F1,25=4.16, P=.05), and 30-second chair stand test (F1,21=5.06, P=.03), with a significant improvement in these measures for the
CogXergaming group post training, compared with no change observed in the MOB group.

Conclusions: These pilot findings indicate that CogXergaming is feasible and applicable in prefrail older adults. Such game-based
protocols can be beneficial in improving physical function among community-dwelling, prefrail older adults, however, the efficacy
of such training requires further investigation.

Trial Registration: ClinicalTrials.gov NCT04534686; https://clinicaltrials.gov/study/NCT04534686

(J Med Internet Res 2024;26:e56810) doi: 10.2196/56810
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Introduction

Frailty is an age-associated biological syndrome with a
prevalence of about 4% to 16% of community-dwelling older
adults aged 65 years or older in the United States [1-5]. It
significantly affects reserves needed for physical, cognitive,
psychological, and social function through loss of muscle mass
and weakness, increased fatigue and exhaustion, reduced gait
speed, unintended weight loss, reduced physical activity, and
cognitive impairment. Specifically, frail, and prefrail older
adults are respectively at 3- and 1.36-times higher risk of falling
compared with healthy older adults. Consequences of these falls
like fractures, head injuries, etc, result in higher health care use
and costs, and frequent hospital admissions. All these can further
debilitate physical functioning; ultimately resulting in long-term
disability overall burdening the health care system [6-11].
Although older adults who are prefrail do not experience these
consequences, prefrailty presents an opportunity to reverse or
avoid the conversion to frailty [1,4,12]. Thus, developing
targeted fall prevention programs for prefrail individuals could
mitigate frailty progression and alleviate health care burdens.

Conventional fall prevention programs like Matter of Balance
(MOB) [13], Otago [14], Stepping on [15], Tai Chi [16], Stay
Active Independent for Life [17], Young Men’s Christian
Association moving for better balance [18], FallScape [19],
Capable [20], and FallTalk [21] have demonstrated promising
effects on reducing fall risk among older adults. These programs
have been virtually translated to overcome geospatial barriers,
making them more accessible to the community [22]. In
addition, they are specifically designed to educate older adults
about falls and share methods to prevent falls using exercises
specific to balance control [23], muscle strength [24], flexibility
[25] which, together, can reduce fear of falling [26], and
increased balance confidence [27]. For example, the MOB
program has demonstrated adaptability and long-term
implementation effects while being cost-effective with robust
beneficial effects among ambulatory older adults. Studies have
reported significant improvement in balance control [26]; gait
speed [28]; and reduced fear of falling [29,30], number of falls
[13], number of fallers [31], and hospital admissions. However,
the program requires a certified trainer to administer it, which
limits its use in daily practice. Second, current fall risk reduction
programs do not address cognitive function, which is often
associated with reduced balance control and higher fall risk
among older adults [32-34]. Therefore, there is a need to design
and test fall prevention programs for prefrail older adults that
are more accessible and cover all aspects of fall risk, targeting
both physical and cognitive functions.

Alternate forms of therapy like exergaming (ie, the use of games
for exercise) interventions have demonstrated beneficial effects
mitigating fall risk factors, as well as improving physical and
cognitive function [35-37]. Exergames provides immediate
biofeedback (ie, visual, sensory, and auditory) that keeps
participants engaged and motivated and thus, improves therapy

adherence. Commercial devices like Microsoft Kinect, Nintendo
(Wii), Sony PlayStation Move, etc, are often used to access
exercise regimens in that use of dance, sport-like activities,
balance board activities, and upper extremity movements
without the need to leave home [38,39]. However, due to the
rapid advancements of commercial gaming devices, they may
not be accessible, and are not user friendly for older adult
populations, and target only younger adults. As a result, older
adults have increasingly relied on web- or tele-based fitness
applications (ie, YouTube [Google] videos, physical activity
applications) for maintaining physical activity levels while at
home [40,41]. However, web-based, and tele-health programs
vary significantly with respect to the type, intensity, duration,
and frequency of exercise followed resulting in heterogeneity
of interventions. Finally, there are no standardized assessment
methods to determine adherence and feasibility to web-based
programs. Our previous work administered a tele-based
assessment and training method called CogXergaming, that is
safe to deliver to older adults [42]. The training involves
remotely monitoring older adults who mimic a combination of
exergame videos (noninteractive) that targets training of balance
control, endurance, cognitive-motor function, and mobility [42].
The observed benefits suggest initial safety and feasibility
implications in older adults. Adopting a prudent, stepwise
approach to assessing the feasibility of a similar training
paradigm in prefrail older adults is essential for minimizing
potential harm to frail individuals. This approach will ensure
rigorous evaluation to establish the safety and effectiveness of
interventions before broader implementation in higher-risk
populations.

Therefore, this pilot used a NIH (National Institutes of Health)
stage 1 model, randomized control trial to investigate the
feasibility and effectiveness of a noninteractive, virtually
delivered (through Zoom; Zoom Video Communications)
exergame (ie, CogXergaming) compared with virtually delivered
(also through Zoom) MOB on physical function (ie, balance
control assessed through Four Square Step Test (FSST),
self-efficacy through Activities-Specific Balance Confidence
(ABC) scale, gait function through Tinetti Performance Oriented
Mobility Assessment (POMA), muscle strength through
30-second chair stand test (30-CST), and endurance through
2-minute step test) among prefrail older adults. We hypothesized
that this pilot study will be feasible and that participants will
demonstrate adherence to the CogXergaming program. In
addition, the study will explore between-group (CogXergaming
vs MOB) differences to gather preliminary data on the
comparative effectiveness of the 2 interventions.

Methods

Participants
This NIH stage 1, pilot study involved 50 community-dwelling
older adults older than 60 years interested in the study with 45
older adult enrolled after virtually obtaining a written informed
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consent (through Docusign). The study was registered on
ClinicalTrials.gov (#NCT04534686). Participants were recruited
from rehabilitation clinics and senior housing sites in the
Chicago metropolitan area.

Ethical Considerations
The institutional review board (IRB) of the University of Illinois
at Chicago approved the study (#2020-0280).

Participant Eligibility
Prefrail older adults were recruited. They were characterized
as prefrail if at least 2 out of the 3 criteria were present: (1)
self-reported unintentional weight loss (>10 lbs) in the last 1
year [1], (2) self-reported general fatigue >3 on rate of perceived
exertion (ie, according to Borg’s scale ranging from 1-10 with
10 being the maximum perceived exertion) at rest [1], and (3)
reduced physical activity levels (ie, exercise less than 3 hours
a week) [1]. These criteria are recognized as preliminary
indicators of prefrailty [43,44] and were selected as feasible
measures for remote screening, aligning with the study’s
practical considerations and the goal of targeting prefrail
individuals for our intervention. Participants were required to
possess a laptop or tablet or personal computer with stable
internet provision. This decision was made to focus on the need
for larger screens that could effectively support the tasks and
activities involved in our study. In addition, participants must
be able to walk more than 30 feet, stand without an assistive
device for at least 5 minutes (length of an exergame was
approximately 1-3 minutes), and understand English.
Participants were excluded if they self-reported any acute and
uncontrolled chronic medical illnesses such as cardiovascular
or pulmonary conditions; were recently hospitalized (<3
months); or had a diagnosed neurological condition such as a
stroke or Parkinson disease. They were also excluded if their
weight exceeded 100 kg and if they were using sedatives or
undergoing psychiatric treatment that could affect their cognitive
and physical performance during training sessions.

Out of 50 OA who met the inclusion criteria, 45 were included
in the study and signed the consent form. Participants were
randomized to either of the training groups (n=22 in
CogXergaming and n=23 in MOB) by flipping a coin by a
research coordinator. This is a simple and transparent
randomization technique based on the outcome of a coin toss.
A specific research assistant was assigned to administer the
CogXergaming intervention, while a different research assistant,
trained in delivering the MOB training, administered the MOB
intervention. These research assistants did not interact with
participants assigned to the other intervention to prevent any
potential bias in intervention delivery. However, we also had
attrition (n=9) between consenting and start of intervention due
to losing contact with participants (unreachable, phone number
changed, changed mind, and not interested).

Research Design

Tele-Based Training: CogXergaming
Safety was a priority; therefore, the researcher inspected the
environment through the Zoom call and asked the participant
to clear away any objects that could potentially cause injury.

The researcher instructed the participant to choose a room with
good lighting. Besides the break that automatically occurred
between subsessions, additional rest breaks were provided upon
participant requested ones.

Participants were trained one-on-one for 90 minutes per day
and 3 times per week for 6 weeks (for a total of 18 sessions).
The intervention was comprised of 4 subsessions that
sequentially targeted balance control, endurance,
cognitive-motor function, and mobility. Balance control
involved mimicking Wii-fit games such as “Super Hula Hoop,”
“Boxing,” “Basic Step,” and “Soccer Head.” Endurance
involved mimicking Just Dance videos: “Price Tag,” “Party
Rock Anthem,” “I Was Made for Loving You,” and “Dynamite.”
Cognitive-motor function involved responding to customized
games: “Arithmetic Stepping,” “Finding the Bar,” “Stepping
Colors,” and “Paired Association Task.” The mobility domain
involved mimicking certain yoga and tai-chi movements.
Participants were instructed to mimic each video shown to them
while maintaining the pace. The first and last 10 mins of each
session were comprised of warm-up and cool-down exercises.
The researcher shared their screen, and participants were
required to have their video turned on to enable the researcher
to observe their performance.

The length of the sessions remained on an average 85-90
minutes. Over the training weeks, participants needed lesser
rest breaks and were able to progress from light to moderate to
more intensive games (challenging balance control, ie,
progression from standing dynamic weight shifting to stepping
in place to diagonal stepping to side shuffling). More details of
this method have been previously published and have shown
feasibility [42].

Matter of Balance
All sessions were conducted on Zoom in compliance with
HIPAA (Health Insurance Portability and Accountability Act).
Participants were trained in groups of 10. Each session lasted
120 minutes and was performed 1 time per week for 8 weeks.
The researcher administering MOB was certified to perform
MOB training. Each MOB session included a discussion of
practical coping strategies, group problem-solving, home safety
evaluation strength exercises of the lower limb, coordination
exercises, and standing balance exercises [26].

Tele-Assessment
All tele-based assessment tests have shown to be feasible and
were described in our previous study [42]. For the current study,
we used time taken to complete the FSST with lower numbers
(in seconds), indicating better performance to assess balance
control [45]. Subjective self-efficacy questionnaire was assessed
by the ABC scale with higher values indicating higher
confidence levels [46]. Gait function was assessed using the
Tinetti POMA with higher scores indicating better performance
[47,48]. To assess muscle strength, we used the number
sit-to-stands on the 30-CST with higher values indicating greater
lower-limb muscle strength [49]. Endurance was assessed using
the total number of steps completed on the 2-minute step test
with higher numbers indicating better endurance [50].

J Med Internet Res 2024 | vol. 26 | e56810 | p. 3https://www.jmir.org/2024/1/e56810
(page number not for citation purposes)

Kannan et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Statistical Analysis
All analysis was performed using SPSS (version 24; IBM Corp).
To assess demographic differences, an independent t test with
Bonferroni correction for all characteristics except gender. A
chi-square test of independence for gender was conducted. It
should be noted that this pilot trial was designed to primarily
assess the feasibility and safety of a tele-exercise intervention
(CogXergaming) in prefrail older adults. The study was not
powered for formal efficacy analyses due to the limited sample
size and exploratory nature of the investigation. A 2×2
repeated-measure ANOVA was performed to determine the
effect of time (before and after training), group (CogXergaming
vs MOB), and the time group interaction on all tele-assessments

(ie, balance control and confidence, gait function, muscle
strength, and endurance). Finally, median duration of training
sessions for the CogXergaming group was computed to address
feasibility of training. Significant main effects were resolved
by post hoc tests with Bonferroni correction with significance
level =.05.

Results

Demographics
Participant descriptive characteristics are shown in Table 1. No
significant group differences in participant characteristics were
observed (P>.05).

Table 1. Participant demographic characteristics for both groups.

P valueMOBb group (n=14; 4 male and 10 female),
mean (SD)

CogXa group (n=13; 6 male and 7 female),
mean (SD)

Demographics

0.6171.14 (4.76)72.07 (4.75)Age (years)

0.9470.25 (13.78)72.64 (15.95)Weight (kg)

0.651.68 (0.06)1.61 (0.10)Height (m)

0.2925.07 (5.6)27.83 (6.05)BMI

0.5815.5 (2.53)16.15 (2.91)Years of education

aCogX: CogXergaming.
bMOB: Matter of Balance.

Use of Tele-Based Assessment and Training
Participants possessed either a tablet or laptop to participate in
the intervention activities. However, the specific data on the
distribution between tablet or laptop usage among participants
were not obtained. While acknowledging the importance of
reporting device distribution for comprehensive study outcomes,
our focus was primarily on the suitability of tablet or laptop
devices to achieve the study objectives effectively.

Of the 45 participants enrolled in the study, 4 participants from
CogXergaming group and 5 participants from MOB group lost
contact after signing the consent form and did not receive their

respective intervention (Figure 1). This primarily was a
recruitment failure. Both the tele-based assessment and training
were performed through the HIPAA-compliant Zoom
application. An individualized Zoom link was sent to each
CogXergaming participant for their assessments and training,
and a common Zoom link was sent individually for MOB group
sessions to protect participants’ personal information. All
participants were provided with detailed instructions over the
phone, guiding them through the process of connecting to the
Zoom platform. This approach facilitated seamless participation
in virtual sessions, with no notable issues encountered during
setup. All assessment and the training sessions were recorded
for postsession analyses.
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Figure 1. Research design.

Feasibility
Of the 18 people who were randomized to the CogXergaming
group, 15 (83%) successfully completed the intervention. All
the attrition from participation in the treatments tested occurred
within the first week of both programs. During the first week
of CogXergaming, 3 (16%) participants withdrew or dropped
out due to lack of time and commitment (eg, got a new job,
caregiving duties). Similarly, of the 18 people randomized to
MOB, 16 (88%) completed the program. Specifically, 2 people
(11%) were not interested in continuing after attending the first
session of the MOB group. We did not experience attrition from
treatment in either group after participants completed the first
week of training.

Effect of Training on Dynamic Balance
For the FSST, the 2×2 repeated measures ANOVA showed a
significant main effect of time (F1,21=19.14, P<.001) and group
time interaction (F1,21=5.55, P=.03) on the time taken to
complete the test. However, no group effect was observed
(F1,21=0.33, P=.57). Resolving for the significant main effect
of time and the interaction, paired within group t tests revealed
a significant reduction in time taken to complete the FSST in
the CogXergaming group (t10=4.84, P<.001) post training,
however, no significant reduction of time was observed in the
MOB group (t11=1.41, P=.18; Figure 2A).
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Figure 2. Effect of CogXergaming and Matter Of Balance training in prefrail older adults on balance control and gait function. Figures represent mean
(SDs) of pre- to posttraining changes on (A) four square step test, (B) activities-specific balance confidence scale, and (C) Tinetti performance-oriented
mobility assessment. Significantly greater performance is indicated by *P<.05, **P<.01, ***P<.001.

Effect of Training on Subjective Self-Efficacy
For the ABC, the 2×2 repeated measures ANOVA showed a
significant main effect of time (F1,25=12.03, P<.01) on the
balance confidence score. However, no significant group time
interaction (F1,25=3.05, P=.09) or group effect (F1,25=0.65,
P=.42) was observed. Resolving for main effect of time, a paired
t test showed a significant improvement in balance confidence
score within the CogXergaming group (t12=–2.92, P=.01), but
no improvement within the MOB group (t13=–1.75, P=.10) was
observed (Figure 2B).

Effect of Training on Gait Function
The 2×2 repeated measures ANOVA showed a significant main
effect of time (F1,25=7.77, P=.01) and significant group time
interaction (F1,25=4.16, P=.05) on the POMA score. However,
we did not see a group effect (F1,25=0.46, P=.5). Resolving for
main effect of time and interaction, the paired t test showed a

significant improvement in the POMA score within the
CogXergaming group (t12=–2.52, P=.03) but no within group
improvement in the MOB group (t13=–1.0, P=.33) was observed
(Figure 2C).

Effect of Training on Lower Limb Muscle Strength
The 2×2 repeated measures ANOVA showed a significant main
effect of time (F1,21=16.45, P<.001) and significant group time
interaction (F1,21=5.06, P=.03) indicating that both groups
performed an increased number of sit-stands on the 30-CST.
However, there was no significant main effect of group
(F1,21=0.10, P=.75). Resolving for main effects and interaction,
the paired t test showed a significant increase in the number of
sit-to-stands on the 30-CST within the CogXergaming group
(t10=–3.73, P<.01); however, there was no significant within
group improvement observed in the MOB group (t11=–1.6,
P=.13; Figure 3A).

Figure 3. Effect of CogXergaming and Matter Of Balance training in prefrail older adults on lower limb muscle strength and endurance. Figures
presented are mean (SDs) of pre- to posttraining scores on (A) 30-second chair stand test (30-CST) and (B) 2-minute step test for both groups. Significantly
greater performance is indicated by *P<.05, **P<.01, ***P<.001.
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Effect of Training on Endurance
The 2×2 repeated measures ANOVA of the 2-minute Step Test
scores showed a significant main of effect of time (F1,21=37.22,
P<.001) with no significant group time interaction (F1,21=2.57,
P=.12) or group effect (F1,21=0.26, P=.61) on number of steps
completed. Resolving for main effect of time, paired t tests
revealed a significant improvement in number of steps on this
measure within the CogXergaming group (t10=–3.97, P<.01),
and the MOB group (t11=–6.23, P<.001, Figure 3B).

Discussion

Principal Findings
This pilot randomized controlled trial investigated the feasibility
and effectiveness of a tele-based, noninteractive CogXergaming
training compared with tele-based MOB program on physical
function in prefrail older adults. The results showed that the
intervention was feasible as shown by tolerability of the
intervention with a lack of any expected and unexpected
intervention-induced adverse events. The intervention also
showed promise of being effective as seen by the significantly
and differentially greater improvements in physical function
within the CogXergaming group. Specifically, we observed
significant and differential within group improvements within
the CogXergaming group in balance control and confidence,
gait function, and lower limb muscle strength. While both groups
showed significant improvement in endurance, the benefits were
greater among the MOB group. These results suggest that the
tele-based, noninteractive CogXergaming intervention has the
potential to improve physical function among prefrail older
adults.

Feasibility
The significant and differential improvements observed in the
CogXergaming group in 3 of the 4 outcomes assessed
underscore the potential of mimicking video-based interventions
to enhance physical function among prefrail older adults. The
time demand posed a notable challenge in our study. Notably,
participant dropout rates observed largely attributed to personal
commitments among both groups. Specifically, the
CogXergaming intervention necessitated a higher frequency,
occurring thrice weekly over a span of 6 weeks, in contrast to
the MOB program, which occurred once weekly over 8 weeks.
While the MOB intervention underscores the importance of
exercise adherence among prefrail older adults, it relies on the
presence of a health coach. Conversely, the CogXergaming
intervention offers participants the flexibility to engage at their
convenience, potentially mitigating scheduling conflicts.
However, the implications of unsupervised engagement on
compliance remain uncertain and may require further
investigation. In addition, the physiological underpinning of
this approach remains to be explored to understand the
mechanisms of actions that confer benefits.

The CogXergaming group had high adherence, similar to the
MOB group, demonstrating its feasibility as a remote
intervention. Additionally, both groups experienced similar
levels of attrition, which occurred only during the first week of

training. This early dropout may be due to the prefrail
characteristics of the participants. CogXergaming, with its
gamified approach, may offer additional engagement to
participants and flexibility to clinicians for tailorizing the
intervention. The challenge of moving from a sedentary lifestyle,
compounded by psychological factors such as fatigue and
depression, may impede even highly motivational exercise
programs. The intensity and dosage of exercises in the
CogXergaming group, if increased, could potentially help
maximize the benefits. An enhancement of the program could
address essential components of physical function, including
balance control, muscle strength, endurance, and cognitive
function. In addition, few technical challenges were encountered,
as all prefrail older adults successfully connected to the Zoom
link. This success may be attributed to the step-by-step guidance
provided during phone calls. These findings support the
implementation of this approach in future studies and clinical
applications. However, implementing a similar training approach
on a larger scale could enhance our ability to interpret qualitative
responses more effectively. With emerging exergaming devices
commercially, the development of innovative strategies that
surmount geospatial barriers is crucial in facilitating physical
function in prefrail older adults. The availability of these
approaches could promote home-based, cost-effective,
user-friendly methods of intervention delivery that improve
accessibility and adaptability in the community.

Effect of Training on Dynamic Balance, Subjective
Self-Efficacy, and Gait Function
A time effect and a group time interaction was observed in the
FSST, ABC, and POMA scale with the CogXergaming group
displaying greater improvement in balance control post training
compared with the MOB group. Specifically, FSST and POMA
measures the temporal characteristics of adjusting postural
stability during forward, backward, and side stepping. This task
requires lower limb strength, ankle stability, hip and trunk
control, core strength (in the abdominal and lower back
muscles), and sensory system function (ie, proprioception,
visual, and vestibular). The series of subsessions involved during
a CogXergaming session promoted weight shifts, stepping,
trunk rotations, and short durations of standing on 1 leg within
a fixed time limit. These activities were holistic while being
task-specific, optimizing motor and interlimb coordination with
specific movements, promoting quick multidimensional weight
shifts. Consistent practice of these movements over 18 sessions
may have been enough to promote motor learning and skill
retention that could have attributed to the reduced time required
to complete FSST and POMA. In addition, in our study, the
participants engaged in CogXergaming within a familiar
environment, that is, their own home. This environmental
familiarity with each game to be played within a fixed time
limit could have contributed to increased comfort levels during
training, enabling participants to focus more on mastering
specific motor movements such as forward, backward, and side
stepping. Previous studies have explored the concept of
perceptual-motor recalibration in familiar environments [51,52].
These studies report that when individuals are in a familiar
environment, the sensory demands from visual and vestibular
systems, relying more on proprioception input and thus,
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prioritizing sensory resources toward maintaining postural
stability, are reduced. However, there was no prominent
reduction of spatiotemporal gait characteristics among the MOB
group. The MOB fall prevention education program was also
provided to participants in their homes. However, MOB
participants may not have practiced exercises consistently as
they were advised to leading them to experience no change in
physical activity levels. In addition, it is noteworthy that despite
the insignificant differences between the groups at baseline, the
MOB group displayed potential ceiling effects for the FSST,
ABC, and POMA. This suggests that participants in the MOB
group may have started the intervention at a higher baseline
level of function, potentially limiting observable improvements
on the scales used. However, given our sample size limitations,
definitive conclusions regarding a ceiling effect cannot be drawn
at this stage.

Effect of Training on Lower Limb Muscle Strength
There was a main effect of time and an interaction effect
between time by group such that the CogXergaming group
showed a significant increase in the number of sit-to stands on
the 30-CST, demonstrating greater muscle strength in lower
limbs, compared with no change on this outcome within the
MOB group. The CogXergaming training involved mimicking
complex motor movements shown in videos of tai chi, yoga,
and dance [42]. These movements predominantly involved
moving the lower limb in multiple directions and maintaining
postural stability while moving the upper extremity. This
approach could have reinforced the ability of prefrail older
adults to consistently participate on the lower extremity during
training for 18 sessions. Since prefrail older adults exhibit
muscle weakness, these complex activities provided a medium
to gradually improve muscle strength, which helped
CogXergaming participants to perform better post training. On
the other hand, since MOB group notably focused on
psychosocial aspects of educating older adults about prevention
of falls, its ability to improve muscle strength may have been
limited. MOB was designed to promote a holistic understanding
of fall prevention by encouraging participants to consider
physical capabilities, balance control, environmental awareness,
and the importance of physical activity. Furthermore, the higher
number of sit-to-stands observed in the MOB group could
suggest a potential ceiling effect among participants, indicating
that they may have started the intervention at a higher level of
functioning compared with participants in the CogXergaming
group. However, the long-term effects of MOB on muscle
strength need to be explored further in prefrail older adults.

Effect of Training on Endurance
Despite no time group interaction effect, there was a time effect
with both groups that displayed significant improvement in
endurance on the 2-minute step test. The CogXergaming
intervention was designed to mimic exergames focused on
several stepping and motor movements performed at a
medium-paced intensity that could have attributed to the
improvement on the 2-minute step test. The incorporation of
dance movements, cognitive-motor function training, and
balance control exercises during the exergaming training
sessions also targeted cognitive demands on motor performance.

This feature could have inadvertently increased the overall pace
of exercises performed across the sessions, particularly as
participants tried to complete various movements within
stipulated time limits, placing an added emphasis on quick
movement completion that potentially elevated heart rates. The
consistent performance of activities under such conditions over
18 sessions likely facilitated participants’ adaptation to
performing exercises at a specific intensity. Notably, the
posttraining improvement observed in the number of steps
completed within 2 minutes aligns with the practiced activity
of quickly completing the task to mimic the training. These
results indicate that it is possible to improve aerobic capacity
merely by mimicking and matching movements at the intensity
demonstrated in the videos for prefrail older adults. Furthermore,
the selection of music with a specific pace for the dance
component in the CogXergaming group could have induced
significant improvements in endurance. The finding that the
endurance gains in the MOB group were greater than those seen
in the CogXergaming group in the same test performance,
through education alone, is noteworthy. While participants were
not monitored for their physical activity levels post training,
this finding indicates that more studies are needed to investigate
the lasting impact of education on physical activity levels in
this population.

Limitations
Apart from the benefits observed, acknowledging the limitations
of the study is essential. First, the relatively low sample size in
our pilot study meant that the study did not have the statistical
power to enable valid between group efficacy testing. The
differential within-group improvements on 3 of the outcomes
is promising and warrants follow-up in a fully powered future.
The nonequivalence between the groups in our study may have
influenced the outcomes observed. However, since this was a
pilot study aimed at evaluating the feasibility of a noninteractive
exergaming training, future research efforts may benefit from
designing equivalent-based training programs to determine the
efficacy of the intervention more accurately. Second, caution
must be used in generalizing the observed results to other
populations. Higher sample size in future studies may provide
more robust and representative data, particularly in terms of the
scope and methods used to identify prefrail individuals. Third,
the intervention implicitly challenged cognitive function but
did not include comprehensive examination of cognitive aspects
associated with increased risk of falling (such as reaction time,
working memory, and executive function). Further exploration
of these additional outcomes is therefore warranted. Finally,
although the study included prefrail older adults, we did not
differentiate between physical frailty, cognitive frailty, or both.
Future investigations may benefit from classifying participants
based on these distinct frailty profiles to assess intervention
effects more powerfully. In conclusion, while our NIH stage 1
pilot study provides valuable insights into the feasibility of a
noninteractive exergaming intervention, future research efforts
should address these limitations to advance our understanding
of the intervention’s efficacy and generalizability.
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Conclusion
This pilot randomized control trial provides preliminary findings
that the 6-week CogXergaming intervention has the potential
to improve physical function among prefrail older adults.
Specifically, the results show differential within group
significant improvements in balance control, self-reported

balance confidence, and muscle strength after participation in
CogXergaming. Effects were also seen in endurance, but they
were not as large. These findings indicate that CogXergaming
could potentially help reduce the risk of falls while promoting
physical activity among prefrail older adults. Future adequately
powered studies of this promising program are needed to
demonstrate efficacy among prefrail older adults.
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