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Abstract

Background: Physical activity has emerged as a modifiable behavioral factor to improve cognitive function. However, research
on adherence to remote monitoring of physical activity in older adultsis limited.

Objective: This study aimed to assess adherence to remote monitoring of physical activity in older adults within a pilot cohort
from objective user data, providing insights for the scalability of such monitoring approaches in larger, more comprehensive
future studies.

Methods: This study included 22 participants from the Boston University Alzheimer's Disease Research Center Clinical Core.
These participants opted into wearing the Verisense watch as part of their everyday routine during 14-day intervals every 3
months. Eighteen continuous physical activity measures were assessed. Adherence was quantified daily and cumulatively across
the follow-up period. The coefficient of variation was used as a key metric to assess data consistency across participants over
multiple days. Day-to-day variability was estimated by cal culating intraclass correl ation coefficients using a2-way random-effects
model for the baseline, second, and third days.

Results: Adherenceto the study on adaily basis outperformed cumulative adherence levels. The median proportion of adherence
days (wearing time surpassed 90% of the day) stood at 92.1%, with an IQR spanning from 86.9% to 98.4%. However, at the
cumulative level, 32% (7/22) of participants in this study exhibited lower adherence, with the device worn on fewer than 4 days
within the requested initial 14-day period. Five physical activity measures have high variability for some participants. Consistent
activity datafor 4 physical activity measures might be attainable with just a 3-day period of device use.

Conclusions. Thisstudy reveaed that while older adults generally showed high daily adherence to the wearabl e device, consistent
usage across consecutive days proved difficult. These findings underline the effectiveness of wearables in monitoring physical
activity in older populations and emphasize the ongoing necessity to simplify usage protocols and enhance user engagement to
guarantee the collection of precise and comprehensive data.

(IMIR Aging 2024;7:€60209) doi:10.2196/60209
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physical activity; remote monitoring; wearable device; adherence; older adults
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Introduction

The global demographic shift toward an aging population has
become a pressing concern, with an increasing number of
individuals being affected by cognitive disorders[1]. However,
thelimited number of effective treatmentsfor cognitive diseases
such as Alzheimer disease and other forms of dementia
underscores the importance of early detection and monitoring
of cognitive decline [2]. Early detection not only facilitates
timely intervention but also allows for the management and
possibly slowing of the progression of cognitive decline.
Therefore, identifying modifiable risk factors plays a critical
role in cognitive intervention strategies [3]. Among these,
physical activity has emerged as a significant factor closely
linked to health across many domains, including cardiovascular
health [4] and cognitive functioning [5]. It has been recognized
as one of the 12 modifiable risk factors for dementia [6]. A
growing body of research indicatesthat regular physical activity
can mitigate the risk of cognitive decline and improve brain
function among older adults [7,8]. Moreover, meta-analyses
have shown an association between increased physical activity
and areduced risk of dementia [9-11]. Such findings highlight
the potential of evaluating and monitoring physical activity
levelsin older adults to improve detection and intervention of
cognitive decline. By accurately capturing participants physical
activity, actionable insights can be provided to inform lifestyle
recommendations. This approach supports cognitive well-being
and may help delay the onset of cognitive diseases.

Traditional in-clinic assessments of physical activity, however,
arelimited by their episodic nature, failing to consistently track
an individual’s activity patterns over time. Additionally, these
assessments are susceptible to modifications in gait when
individuals are aware they are being observed, a phenomenon
known as the Hawthorne effect [12,13]. In contrast, remote
monitoring technol ogies offer a promising solution by enabling
continuous and unobtrusive tracking of physical activity outside
of clinical settings. This approach provides a more
comprehensive picture of an individual’s physical activity
patterns. Thisinformationiscrucial for developing personalized
interventions that are tailored specifically to the activity habits
and needs of each participant. By identifying periods of
inactivity or suboptimal activity levels, interventions can be
more precisely targeted, thereby facilitating the effective
implementation of strategiesthat arelikely to be more engaging
and beneficia for the individual. Therefore, our team has
developed a pilot study using a participant-driven digital brain
health platform [14], which incorporates wearable devices to
collect physical activity data from participants. This initiative
aimsto facilitate comprehensive digital phenotyping of cognitive
functionsin the future.

However, monitoring physical activity continuously among
ol der adults presents unique challenges, particul arly concerning
adherenceissues[15]. Older adults may face physical, cognitive,
or technological barriers that affect their consistent use of
activity tracking devices [16]. These complexities require
taillored approaches to ensure effective and sustained
engagement in physical activity monitoring within this
demographic. While some studies have focused on daily [17]
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and long-term [ 18] adherence to wearable devices, more studies
that assess adherence metrics both daily and cumulatively
throughout an entire study protocol could offer additional
understanding of how older adults engage with these
technologies. Additionally, this approach would be beneficial
in exploring the consistency of the data collected, offering
deeper insights into how consistently participants engage with
the wearables over extended periods.

Therefore, thisstudy aimsto evaluate the adherence of wearable
devicesin remote monitoring of physical activity among older
adultswithin a pilot study of digital brain health platform from
the Boston University Alzheimer's Disease Research Center
(BU ADRC). Our objective is to evaluate older adults
adherence at both dailly and cumulative levels and the
consistency of physical activity tracking and to explore
preliminary strategies for optimizing study protocols, such as
adjusting required wear durations. Our detailed examination of
adherence patterns and device-specific data reliability aimsto
offer a unique addition to the collective understanding of
wearabl e technology apps in aging populations.

Methods

Study Population

Participants from the Clinica Core of the BU ADRC were
included in this study. The BU ADRC is one of around 33
ADRCs funded by the National Institute on Aging, sharing its
findings with the National Alzheimer’s Coordinating Center to
advance collaborative Alzheimer disease research. The BU
ADRC islocated in the urban area of Boston, focusing on the
older adult population within this community. Detailed
information about the ADRC has been documented in a prior
study [19]. In 2021, the BU ADRC introduced a digital brain
health platform incorporating various digital tools for data
collection, such as wearable devices for monitoring physical
activity [14]. The cognitive status of participants was determined
through comprehensive consensus conferences involving
multiple disciplines [20]. Additional information about these
diagnostic procedures can be found in the previous study [21].

Verisense Device

Verisense, developed by Shimmer Research Ltd, isawrist-worn
inertial measurement unit designed for tracking physical activity.
This device integrates atri-axial accelerometer and gyroscope,
weighing 29.6 grams with dimensions of 35 mm x 43 mm x 12
mm, making it suitable for continuous wear on the wrist. With
an P55 resistance rating, the Verisense device is designed to
be water-resistant and has protection against environmental
contaminants and factors, safeguarding its functionality.
Additionally, the device boasts a battery life of up to 6 months
without the need for recharging, enhancing its usability for
long-term monitoring. The sampling rate of the accelerometer
of the Verisense deviceis 25 Hz. More description of Verisense
can be found in a prior study [22]. Eighteen physical activity
features (Table S1 in Multimedia Appendix 1), extracted using
the GGIR software[23], weredivided into 2 primary categories.
The first category encompasses durations of various physical
activities. These physical activities are classified by intensity
levels from inactive to vigorous. The second category includes
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featuresrelated to acceleration, such astotal acceleration during
the most active 5 hours.

Study Procedure

Participants were presented with available technologies from a
digita brain health platform that spanned different test
instrument options from smartphone apps to wearable devices
with the level of use commitment for each defined [14].
Depending on participant preference, the presentation of
technologies took place remotely over videoconference or in
person. For in-person study visits, the Verisense device was
configured and given to the participant during the visit. For
remote visits, or quarterly check-ins following an in-person
visit, the device was configured at the study site and then
shipped to participants. Using a participant-centric study design,
participants opted into the technologies of their choice. They
were given a 2-week assessment period to use their selected
technol ogies and assessment periodswere scheduled at quarterly
intervals. Participants who opted into Verisense wereinstructed
to wear the tracker continuously over the 14-day period within
a quarter. During the 14-day use period, there was no need to
recharge the device, and thus could seamlessly integrate this
monitoring tool into their routine activitiesfor acomprehensive
capture of physical activity data. Participants returned devices
after the 14-day period. Every 3 months, the device was mailed
back to them, and participants were given a reminder about
using their technologies at the start of their 14-day assessment
period, at the midpoint, and at the end. The physical activity
data was retrieved from the Verisense cloud-based portal. The
duration of this study was from September 2021 to February
2023. Moreinformation about the study procedures can befound
in aprevious publication [14].

Statistical Analyses

Adherence metrics were derived from objective user data and
analyzed daily, as well as cumulatively, for the first quarter of
the 14-day follow-up period. First, daily adherence was
evaluated by calculating the proportion of dayswhere the daily
wear rate surpassed predetermined thresholds relative to the
total number of wear days. Thethresholds denote the proportion
of the days when participants wore the device. Given that
participants maintain a high daily wear rate, we established
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thresholds of 90%, 95%, and 100% to differentiate levels of
compliance throughout the day. Then, cumulative adherence
was determined by assessing the overall proportion of daysthe
device was worn (at least 8 hours a day [24]) during the
requested 14-day period.

To assess the consistency of physical activity data across all
participants over the entire study duration, we computed the
within-person coefficient of variation (CV). This dtatistical
parameter, defined as the ratio of the standard deviation to the
mean of physical activity metrics, offers a uniform measure of
data variability [25]. A lower CV value indicates greater
consistency in the physical activity measure captured by the
wearable devices.

We conducted a preliminary investigation to determine the
potential for acquiring reliable physical activity data from
participants within a shortened wear period. Specificaly, we
assessed the stahility of physical activity measuresthrough just
3 days of device use to increase the number of participantsin
the study samples. To measure the consistency of the data
collected during these 3 consecutive wear days, including
baseline, second, and third days between persons, theintraclass
correlation coefficient (ICC) complemented by a 95% Cl was
calculated by a 2-way random-effects model [26].

Ethical Consider ations

Theinstitutional review board of the Boston University Medical
Campus approved the procedures and protocols of this study
(H 405 - 42). All participants provided written informed
consent.

Results

Cohort Description

Our study included 22 participants from the BU ADRC (mean
age 75, SD 7 years; 9/22, 41% women; an average of 16 years
of education; Table 1). During the study period, 1 participant
was diagnosed with non-amnestic, single-domain mild cognitive
impairment. The distribution of each physical activity measure
across 3 days, including 25th percentile, median, and 75th
percentile values, is provided in Table S1 in Multimedia
Appendix 1.
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Table. Baseline demographics of the study participants (N=22).
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Variable Values
Age (years), mean (SD) 75 (7)
Gender, n (%)

Women 9(41)

Men 13 (59)
Years of education, mean (SD) 16 (2)
Race, n (%)

White 20 (91)

Black or African American 2(9)
Current marital status, n (%)

Married 16 (73)

Divorced 5(23)

Never married 1(4)
Level of independence, n (%)

Ableto live independently 22 (100)
Living situation, n (%)

Livesaone 3(19)

Lives with spouse or partner 18(82)

Lives with relative or friend 1(4)

Study Adherence

Adherenceto the study on adaily basis outperformed cumul ative
adherence levels. The median proportion of days where wear
time surpassed 90% of total wear days stood at 92.1%, with an
QR spanning from 86.9% to 98.4%. Asthethreshold for daily
wear duration increased, adherence notably declined. For days
achieving 100% wear time, the median proportion dropped to
86.8%, with an IQR between 83.4% and 95.6% (Table 2).

Table 3 represents participant-level daily adherence to device
usage at different compliance thresholds. It is evident that 5
participants maintain high adherence rates even asthe thresholds
increase, the overall daily adherence rates of 82% (18/22)
participantstend to decrease asthe threshold for daily wear time

Table. Summary of study adherence statistics at the population level.

increases. At the 90% threshold, most of the participants show
a high percentage of daily adherence, with many participants
nearing or achieving full daily adherence. However, as the
threshold increased to 95% and 100%, the number of days
meeting the daily adherence criteria decreased. Table 4
represents participant-level cumulative adherence with thetotal
number of worn days within the required initial 14-day period
for each participant. There are varying levels of compliance
across participants. Where 59% (13/22) of participants
demonstrated high compliance, wearing the device for 10 or
more days within the first quarter of the 14-day period, 32%
(7/22) of participants exhibited notably lower compliance, with
the device worn on fewer than 4 days. We aso presented the
daily adherence of participantsto device usageduring theinitial
14-day period in Figure S1 in Multimedia Appendix 1.

Adherence level

Median (IQR)

Proportion of days with adaily wear rate above

Proportion of days with adaily wear rate above

Proportion of dayswith 100% daily wear rate of

Daily
90% of total wear days
95% of total wear days
total wear days
Cumulatively

Proportion of wear daysduring theinitial 14-day

follow-up period

92.1(86.9-98.4)

89.6 (83.4-95.6)

86.8 (79.3-92.4)

71.4 (21.4-78.6)
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Table. Participant adherence to the wearable device usage at varying daily compliance thresholds.

Participant 1D Total wear days, n Adherence days, n
Threshold: 90% daily wear  Threshold: 95% daily wear  Threshold: 100% daily wear
rate rate rate
1 25 24 24 24
2 12 12 10 10
3 46 46 45 44
4 43 36 36 34
5 66 65 64 61
6 34 31 30 29
7 56 48 47 42
8 28 22 22 22
9 72 66 64 64
10 52 51 49 45
11 21 19 16 14
12 13 9 9 8
13 16 16 16 15
14 15 12 12 12
15 31 28 28 27
16 13 12 12 12
17 38 35 35 34
18 15 14 14 14
19 12 12 12 10
20 33 33 33 32
21 25 23 22 22
22 18 15 14 14
https://aging.jmir.org/2024/1/60209 JMIR Aging 2024 | vol. 7 | €60209 | p.14
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Table. Participant adherence to the device usage at the cumulative level.
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Participant ID

Days worn within theinitial 14-day period, n

1 8
2 11
3 11
4 11
5 10
6 1
7 10
8 3
9 11
10 3
1 5
12 1
13 1
14 12
15 10
16 1
17 10
18 12
19 12
20 11
21 12
22 3
Data Consistency the day displayed lower variability across participants,

Figure 1 displaysthe CV for different physical activity measures
across participants. The vertical axis represents individual
participants, with each row corresponding to 1 participant and
their respective variability in physical activity measures. As
shown by the heatmap, 4 physical activity measures—total
vigorous activity during the day, light activity that occurred in
bouts of 10 minutes or greater, moderate to vigorous activity
that occurred in bouts of 1 - 10 minutes, and moderate to
vigorous activity that occurred in bouts of 10 minutes or
greater—showed high variability (CV>1) for some participants,
as evidenced by the darker shades in the respective columns.
Conversely, other measures such astotal inactivity time during

https://aging.jmir.org/2024/1/e60209

suggesting more consistency in those activity types.

Given that 32% (7/22) of participants wore the device for less
than 4 days out of the initial required 14-day wear period, we
conducted a preliminary investigation to determine if reliable
data for specific physical activity measures could be obtained
with just 3 days of wear. As shown in Table 5, four physical
activity measures—total moderate activity during the day, total
moderate to vigorous activity during the day, light activity that
occurredin boutsof 1 - 10 minutes, and daytimeinactivity that
occurred in bouts of 30 minutes or greater—demonstrated a
moderate consistency with ICC greater than 0.5 over 3 wear

days.

IMIR Aging 2024 | vol. 7 | e60209 | p.15
(page number not for citation purposes)


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

JMIR AGING Ding et &

Figurel. Variability of physical activity measures across participants. The vertical axis representsindividual participants, with each row corresponding
to 1 participant and their respective variability in physical activity measures. The coefficient of variation values are color coded, with darker shades
indicating higher variability and lighter shades indicating lower variability.
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Table. Intraclass correlation coefficients of each physical activity measure for 2 different combinations of 3 wear days.

Ding et d

Physical activity measure

Baseline to day 2
Values

P value

Days2to3
Values

P value

Inactivity (minutes), ICC? (95% CI)

Total inactivity time
during the day (exclud-
ing sleep)

Total unbouted inactiv-
ity during the day

Daytimeinactivity that
occurred in bouts of 30
minutes or greater

Daytimeinactivity that
occurred in bouts of
10 - 30 minutes

Daytimeinactivity that
occurred in bouts of
1 - 10 minutes

Light (minutes), ICC (95% CI)

Total light activity dur-
ing the day

Total unbouted light
activity during the day

Light activity that oc-
curred in bouts of 10
minutes or greater

Light activity that oc-
curred in bouts of 1 -
10 minutes

M oderate (minutes), ICC (95% CI)

Total moderate activity
during the day

Total unbouted moder-
ate activity during the
day

Vigorous (minutes), ICC (95% ClI)

Total vigorous activity
during the day

Total unbouted vigor-
ous activity during the
day

0.44 (0.0510 0.72)

-0.07 (-0.49 t0 0.37)

0.58° (0.21 to 0.80)

0.28 (~0.09 to 0.60)

-0.17 (-0.55 0 0.27)

0.29 (-0.15 10 0.63)
0.29 (-0.15 t0 0.64)

-0.03 (-0.430 0.39)

0.56 (0.18 t0 0.79)

0.55 (0.17 t0 0.79)

0.49 (0.08 t0 0.75)

0.37 (-0.69 t0 0.68)

0.84 (0.66 t0 0.93)

M oder ate to vigorous (minutes), ICC (95% ClI)

Total moderateto vigor-
ous activity during the
day

Moderate to vigorous
activity that occurred
in bouts of 10 minutes
or greater

Moderate to vigorous
activity that occurred
inboutsof 1 - 10 min-
utes

Acceleration, mg® (95% ClI)

0.55 (0.16 t0 0.78)

0.64 (0.30t0 0.83)

0.51 (0.11 t0 0.76)

.02

.62

.002

.07

a7

.10

.09

.55

.003

.004

.01

.047

<.001

.004

<.001

.008

0.47 (0.09 to 0.74)

0.32 (-0.08 to 0.64)

0.53(0.17 0 0.77)

0.35 (-0.07 t0 0.67)

0.06 (—0.37 t0 0.46)

0.68 (0.37 t0 0.85)

0.54 (0.17 t0 0.78)

0.61 (0.27 t0 0.82)

0.67 (0.37 t0 0.85)

0.61 (0.27 10 0.82)

0.75 (0.48 t0 0.89)

0.17 (-0.24 10 0.53)

-0.00 (-0.43 10 0.42)

0.60 (0.27 t0 0.81)

0.26 (-0.15to 0.60)

0.46 (0.08 0 0.73)

.008

.06

.003

.05

40

<.001

.003

<.001

<.001

<.001

<.001

21

51

<.001

A1

.009
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Physical activity measure Baseline to day 2 Days2to3
Values P value Values P vaue
Total accelerationin ~ 0.66 (0.34 to 0.84) <.001 0.20 (-0.23 to 0.56) 18
the least active 5 hours
Total accelerationin ~ 0.49 (0.08 to 0.75) .01 0.32 (-0.06 to 0.64) .047

the most active 5 hours

8 CC: intraclass correlation coefficient.
Btalic values represent | CC greater than 0.5 over 3 wear days.
®mg: milligee.

Discussion

Principal Findings

This study evaluated the adherence and consistency of remote
monitoring physical activity among older adults. While adhering
to a continuous 14-day device wear protocol posed challenges,
the daily adherence levels were high, with many participants
diligently following the usage guidelines. Furthermore, this
study identified ICC values above 0.5 for certain physical
activity measures, indicative of moderate reliability. Whilethese
results may not meet the highest standards for data stability,
they demonstrate the feasibility of obtaining moderately reliable
data with just 3 days of device wear. This insight supports the
potential for shorter monitoring durations in future studies,
which could reduce participant burden while still capturing
consistent data.

Physical activity represents amodifiable behavioral factor with
an association with enhanced outcomes across various health
fields [27-29]. Yet, the deployment of physical activity
interventions in clinical settingsis not as prevaent as it could
be [30]. Moreover, while participants may be encouraged or
advised to increase their physical activity, healthcare
professional s frequently face challengesin providing long-term
follow-up [31]. Thisisparticularly truefor monitoring adherence
to activity recommendations as outlined by the US Preventive
Services Task Force [32]. Wearable technology presents an
accessible approach to narrowing the divide between research
and practical application in using physical activity as a
preventive health strategy [33]. Especially, wrist-worn devices
for monitoring physical activity are increasingly embraced by
older adults [34]. The perspectives of older adults on activity
trackers and their practical applications have been thoroughly
documented, revealing generally high acceptability ratesamong
this demographic [16]. However, whether older adults can
strictly adhere to study protocols involving wearable devices
still requiresfurther investigation. In this study, participantsare
required to return the device after completing a 14-day wear
period. This process assists in recalibrating the device and
checking itsfunctionality. Additionally, research indicated that
the usage rates of wrist-worn devices decline over time after
they are distributed to participants [35]. Therefore, returning
the device acts as a reminder for participants, encouraging
continued adherence to the usage protocol. While other reminder
methods are available, this study opts for device return as the
chosen strategy.

https://aging.jmir.org/2024/1/e60209

Thisstudy examined the adherence at both daily and cumulative
levels. Overall, study adherence daily outperformed cumulative
adherence levels. The median proportion of days where wear
time surpassed 90% of total wear days stood at 92.1%, indicating
that a substantial proportion of participants comply well with
the device wear requirements at the daily level. However,
ensuring near-perfect or perfect daily adherence remains a
challenge, as seen in the decrease in adherence days at the
strictest threshold of 100%. However, at the cumulative level,
32% (7/22) of participantsin this study exhibited notably lower
adherence, with the device worn on fewer than 4 days within
therequested initial 14-day period. While 5 participants adhered
to the protocol of recording their activity every 3 months,
discrepancieswere observed, with 5 participants having intervals
of device use exceeding the 3-month interval. This variability
signals that while some participants readily integrate the
wearable devices into their daily routines, others face barriers
that hinder consistent use. These barriers emphasize the
necessity for adaptable and personalized approaches in
encouraging sustained device usage. We aso explored the
implication of marital status, level of independence, and living
situation on the study adherence. Three participantslived alone,
two of which demonstrated relatively good adherence. We did
not observe distinct patterns in adherence among participants
with different marital statuses. Acknowledging and addressing
these individual needs are pivotal in ensuring the efficacy of
wearabl e technology asatool for health monitoring in research
settings.

Given that 32% (7/22) of participants wore the device for less
than 4 days out of the requested 14-day wear period, we
conducted a preliminary investigation to determine if some
physical activity measureswith moderatereliability (ICC bigger
than 0.5) [36] could be obtained with just 3 days of wear. This
investigation revealed that specific physical activity measures
demonstrating moderate reliability, with ICC values greater
than 0.5, can bereliably captured within this shorter timeframe.
However, the overal reliability of these measures is not as
strong as desired, suggesting that extended wear durations may
still be necessary to ensure comprehensive datareliability across
a broader range of physical activities. While this exploratory
study suggests that shorter wear durations might reduce
participant burden and enhance data collection efficiency for
specific activities, it aso highlights the need for careful result
interpretation. Future research should prioritize enhancing the
reliability of these measures before considering reduced
monitoring durations to ensure that the data collected remains
both robust and reliable. Our study employed the Verisense
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watch, a wearable technology that captures a comprehensive
array of physical activity measures, offering a valuable data
resource for further research into cognitive impairment. This
pilot study not only assesses the adherence of older adultsto a
long-lasting, waterproof wearable device but also evaluatesthe
consistency of detailed physical activity measures. As part of
our ongoing digital brain health platform, we aim to integrate
these physical activity insights with other modalities such as
deep and digital cognitive assessments to enhance our
understanding of cognitive health. With an anticipated increase
in sample size, we plan to provide a more complete digital
phenotyping of cognition that leveragesthe combined strengths
of various data types.

Werecognized afew limitationsin our study. First, therelatively
small sample size makes this study serving primarily to offer
preliminary insights at a pilot study level. Second, there is a
potential for selection biasto influence the findings of this study.
Specifically, within the digital brain health platform, participants
are given the freedom to choose from various technologies
according to their comfort and commitment levels. This choice
means that participants who are more comfortable using the
Verisense device might be more likely to participate in this
study. Further research is also necessary to investigate the
reasons behind the instances when the devices were taken off

Ding et d

by participants. Third, investigating the impact of different wear
time thresholds for defining worn days could be a valuable
direction for future research, particularly in assessing device
compliance and changesin physical activity measures. Fourth,
the consistent inactivity observed in certain participants
underscores the necessity for in-depth investigations into the
potential health implications or obstacles preventing adherence,
as well as the causes of activity variability. Future research
should collect more comprehensive lifestyle and socia
determinant data to explain it.

Conclusion

In summary, this study revealed that while older adultsgenerally
showed high daily adherence to the wearabl e device, consistent
usage across consecutive days proved difficult. The varied
adherence rates highlight the importance of tailored strategies
to improve commitment to the study. Additionally, our initial
analysis suggests that stable data for specific activities can be
achieved with as little as 3 days of device wear, opening the
door to potentially shorter required wear times in subsequent
studies. These findings underline the effectiveness of wearables
in monitoring physical activity in older populations and
emphasize the ongoing necessity to refine usage protocols and
enhance user engagement to guarantee the collection of precise
and comprehensive data.
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Abstract

Background: Sarcopeniais characterized by the loss of skeletal muscle mass and muscle function with increasing age. The
skeletal muscle mass of older people who endure sarcopenia may be improved via the practice of strength training and tai chi.
However, it remains unclear if the hybridization of strength exercise training and traditional Chinese exercise will have a better
effect.

Objective: We designed astrength training and tai chi exercise hybrid program to improve sarcopeniain older people. Moreover,
explainable artificial intelligence was used to predict postintervention sarcopenic status and quantify the feature contribution.

Methods: To assess the influence of sarcopenia in the older people group, 93 participated as experimental participants in a
24-week randomized controlled trial and were randomized into 3 intervention groups, namely the tai chi exercise and strength
training hybrid group (TCSG; n=33), the strength training group (STG; n=30), and the control group (n=30). Abdominal computed
tomography was used to eval uate the skeletal muscle mass at thethird lumbar (L 3) vertebra. Analysis of demographic characteristics
of participants at baseline used 1-way ANOVA and X tests, and repeated-measures ANOVA was used to analyze experimental
data. In addition, 10 machine-learning classification models were used to calculate if these participants could reverse the degree
of sarcopenia after the intervention.

Results: A significant interaction effect was found in skeletal muscle density at the L3 vertebra, skeletal muscle area at the L3
vertebra (L3 SMA), grip strength, muscle fat infiltration, and relative skeletal muscle mass index (all P values were <.05). Grip
strength, relative skeletal muscle massindex, and L3 SMA were significantly improved after the intervention for participantsin
the TCSG and STG (al P values were <.05). After post hoc tests, we found that participants in the TCSG experienced a better
effect on L3 SMA than those in the STG and participants in the control group. The LightGBM classification model had the
greatest performance in accuracy (88.4%), recall score (74%), and F,-score (76.1%).

Conclusions: The skeletal muscle area of older adults with sarcopeniamay beimproved by ahybrid exercise program composed
of strength training and tai chi. In addition, we identified that the LightGBM classification model had the best performance to
predict the reversion of sarcopenia.

Trial Registration: ClinicalTrials.gov NCT05694117; https.//clinicaltrials.gov/study/NCT05694117

(JMIR Aging 2024;7:€58175) doi:10.2196/58175
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sarcopenia; older adults; physical exercise program; explainable artificia intelligence; tai chi

which has led to a prolonged human lifespan. However, this
has al so resulted in ahigher prevalence of age-related illnesses.
Further, 1 significant issue is the gradual decline in skeletal
muscle function, particularly sarcopenia, which is the loss of
strength, power, and muscle mass due to aging [1]. Sarcopenia

Introduction

With the rapid devel opment of medicine and technology, people
are increasingly empowered to face life-threatening diseases,
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is characterized by decreased muscle strength and impaired
regeneration, with individuals potentially losing up to half of
their skeletal muscle mass by the age of 80 years [2,3]. This
decline is driven by interactions between systemic signaling
and intrinsic muscle tissue mechanisms, leading to decreased
protein synthesis and myofiber denervation. Additionally, the
reduced regenerative potential of aging muscle cannot
effectively regulate cell quality [4-6]. These pathological
changes in the important part can seriously impact the quality
of lifeand the ability to perform daily activitiesin older people
[7-11]. Sarcopenia is also an objective indicator of cancer
cachexia [12] and is associated with suboptima surgical
postoperative outcomes [13], lower survival [12,14], and toxic
counteraction [15-17]. Mortality rates nearly double when
sarcopenia is combined with inflammation [18]. Therefore,
addressing the serious health issues of older people with
sarcopeniaisimperative.

Many approaches have been proposed to address the muscle
loss associated with sarcopenia, including managing chronic
low-grade systemic inflammation [19], leveraging the anabolic
effects of insulinlike growth factor 1 (IGF-1) signaling [20],
and increasing the intake of protein and vitamin D [7].
Correspondingly, hormones, anabolic drugs, and nutritional
interventions have been explored for therapeutic applications.
It is well established that lean body mass is critical to health,
yet the effectiveness of protein interventionsin increasing lean
body mass remains inconsistent [21,22]. Notably, there is no
positive impact on lean body mass or testosterone-induced
anabolic responses when protein intake exceeds the
recommended intake (0.8 g/kg/day for adults) [23,24]. While
treatments such as myostatin antagonists and androgens are
being developed and have garnered optimism [25], many
commonly prescribed medications have unwanted side effects
[25]. Consequently, the Food and Drug Administration has been
cautious in approving drugs to treat sarcopenia and has yet to
approve any such drug, emphasizing the importance of drug
safety. Therefore, the treatment of sarcopenia requires
consideration of alternative approaches.

Fortunately, exercise therapy has shown positive effects on
older adults with sarcopenia[5]. Specifically, strength exercise
training (SET) is regarded as the most effective intervention
due to its ability to improve the activation of 1GF-1, the
Akt/mTOR, and Akt/FOXO3 pathways [26,27]. Additionally,
several studies have shown that traditional Chinese exercise
also has positive effects on muscle health. Over thelast 15 years,
12 traditional Chinese exercise-based studies have been
conducted [28-39], with 2 focusing on tai chi [37,38]. Tai chi,
which combines physical exercise and respiration, has been
shown to decrease fat mass and improve lower limb muscle
strength. For example, Yang-style 24-form tai chi over 10
months decreased fat mass [38], while 8-style tai chi
significantly improved lower limb muscle strength compared
to a control group (CG) [37]. A cross-sectional study on 139
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Italian older adults also found that tai chi practitioners had lower
body fat content and higher muscle content in the trunk [40].
Altogether, tai chi has demonstrated positive effects on older
individuals with sarcopenia. However, it remains unclear
whether combining tai chi with SET can further enhance muscle
growth and potentially reverse sarcopenia.

In recent years, the increasing interest in applying artificial
intelligence (Al) in hedth care has extended to this field
[41,42-44]. Among these applications, amodel produced by an
explainable Al (XAl) system is particularly noteworthy. This

automated  diagnostic  platform  enhances  system
understandability and  trustworthiness  through its
human-interpreted,  high-level learning  capabilities.

Consequently, this study developed an offline XAl model to
forecast whether sarcopenia can be reversed and to boost its
clinical applicability.

In summary, this study proposed a hovel intervention method
for older adults with sarcopenia, combining SET and tai chi.
We discuss both the predictive and final effects on participants
sarcopeniastate after 24 weeks of intervention. Based on initial
physical ability, computed tomography (CT) scan findings, and
3 types of interventions, the effect was predicted using classic
machine learning models. The final effect was quantified and
visualized through CT scans. We hypothesized that the
combined exerciseintervention program of SET and tai chi will
more effectively increase muscle mass and reverse sarcopenia
than SET alone.

Methods

Research Experimental Program

This research was designed as a randomized controlled and
double-blind trial with 3 different intervention groups:. atai chi
exercise and strength training hybrid group (TCSG), a strength
training group (STG), and a CG. This study was approved by
the Ethics Committee of the Northeast Norma University
(NC2019030702) and registered at ClinicaTrials.gov
(NCT05694117). The random number table method was used
to randomly assign participants to the 3 groups. CT provides
precise estimates of muscle quality [45], and quantitative CT
(QCT) can reveal the level of muscle edema and steatosis. It
can also accurately analyze the form and structure of skeletal
muscle by removing measurement errors caused by unstable
CT readings [46]. Therefore, QCT scans were used to assess
the areaand density of skeletal muscle at the third lumbar (L3)
in each group of participants at the imaging department of
Baishan Central Hospital. The training was conducted 3 times
aweek for 90 minutes, for atotal of 24 weeks of intervention
from June 1, 2019, to December 30, 2019. The experimental
protocol design is shown in Figure 1. During the experiment,
each participant was requested to refrain from taking part in
any other sort of physical exercise.
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Figure 1. Experimental design flow chart. Participants were assigned to 1 of 3 intervention groups at random: the TCSG, the STG, or the CG. CG:
control group; GS: grip strength; RSMI: relative skeletal muscle massindex; SMA: skeletal muscle area; SMFA: skeletal muscleintramuscular fat ares;
STG: strength training group; TCSG: tai chi exercise and strength training hybrid group.

Intervention

Intotal, 2 experimental groupsand 1 CG were set for thistrial.
The intervention regimens included tai chi exercise hybrid
strength training and strength training. The TCSG and the STG
were the experimental groups. All participants in the
experimental groups started with a20-minute warm-up exercise
and concluded with a 10-minute cool-down exercise. The
following is a comprehensive outline of the intervention
programs:
1. Tai chi exercise: The TCSG'stai chi training was structured
into 2 cycles. The first cycle (weeks 1 - 12) focused on
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learning and consolidating basic tai chi movements, while
the second cycle (weeks 13 - 24) aimed at improving and
refining these movements. Each tai chi session lasted 30
minutes and included slow, flowing movements combined
with deep breathing exercises to promote physical and
mental relaxation.

Strength training: We designed atotal of 5 strength training
movements, 2 of which were for training the lower body
muscles and 3 for training the upper body muscles. The
movementsto exercise the upper limb muscleswerereverse
grip curls, seated pull-downs, and bicep curls. The
movements to train the muscle strength of the lower limbs
were standing leg raises with an elastic band and supine
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leg liftswith an elastic band. Further, 1 training cyclelasted
for 8 weeks, and thewholetraining had 3 cycles. Inthefirst
cycle, we trained with a light load but many repetitions
(from 40% to 60% of 1 repetition maximum [RM] and
12 - 20 repetitions). A moderate-intensity load with a
medium number of repetitions (60% - 80% of 1 RM and
5 - 12 repetitions) was used in the second cycle of training
to further enhance the training load. To increase the
participants maximum muscular strength in thethird cycle,
we used a greater training load and fewer repetitions
(70% - 85% of 1 RM and 5 - 8 repetitions). Participants
in the STG performed 4 sets of each movement, while the
TCSG completed 2 sets with a 2 to 3 minute rest between
each set.

3. CG: Participantsinthe CG were provided with information
on sarcopeniatreatment and prevention, such asincreasing
protein intake and engaging in general physical activities.

Participants

We recruited volunteers from the Baishan Ciming Health
Screening Center and the Health Screening Center of Baishan
Central Hospital in Baishan, China, for this randomized
controlled experiment. A form requesting informed permission
was compl eted by each participant before the beginning of the
trial. The screening process involved using the following
inclusion and exclusion criteriato choose participants. Inclusion
criteria: (1) patients between the ages of 60 - 75 years and (2)
patients who meet the screening criteria for sarcopeniain Asia
established by Asian Working Group for Sarcopenia (AWGS)
2016 [47]. Exclusion criteria: (1) participants taking medications
that significantly impact musculoskeletal function, (2)
participants enduring respiratory failure or other bodily
problems, (3) participants with mental disorders or neurological
disorders, and (4) patients who participate in other training
programs on aregular basis. Prior research served as the basis
for the calculation of the required sample size [48], which was
at an a level of .01; we used 80% power and a 0.53 effect, and
we assumed a 20% dropout rate. This resulted in a required
sample size of 106 participants.

Assessment of Sarcopenia

The AWGS screening criteria[47] were used for each individual
participant’s evaluation. For a participant to be diagnosed with
sarcopenia, they must satisfy each criterion listed below:

1 Grip dtrength: We used a Jamar Hydraulic Hand
Dynamometer (SH5001, Saehan Corp, 2017) to measure
participants’ grip strength. Participants were instructed to
maintain a natural standing posture during the duration of
the test. They were also instructed to keep their wristsin a
neutral position and their elbows completely extended [49].
The maximum value was retained after they were given 2
separate grip strength tests. The diagnostic boundary values
for grip strength that met the screening criteria were <28
kg for males and <18 kg for females.

2. Physical performance: We assessed physical performance
using the 6-meter gait speed recommended by AWGS 2016
[47]. Participants prepared behind the starting line, and
when they heard the “start” command, they walked at
normal speed toward thefinish line, taking afew steps after
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walking acrossthe finish line before stopping to avoid early
deceleration [50]. Participants were considered to meet the
criteriawhen their walking speed was less than 0.8 m/s.

3. Appendicular skeletal muscle mass (ASM): We used a
multifrequency bioelectrical impedance analysis (Inbody
S10 Biospace, Biospace Co Ltd) to measurethe ASM. The
screening criteria were satisfied by the men and women

whose ASM was less than 7 kg/m? and lessthan 5.7 kg/m?,
respectively.

Assessment Methods for Skeletal M uscle and Fat

Overview

Further, 1 week prior to the beginning of the intervention and
1 week after it had concluded, we used a GE Revolution
256-row CT (General Electric Company, 2015) to measure the
participants’ abdomens. The scan was performed from the top
of the diaphragm to the level of the umbilicus, and it was
performed with the patient in a supine position with the hands
raised flat over the head and the breath held at the end of adeep
inspiration. The Gemstone Spectral Imaging scan used tube
voltages ranging from 80 to 140 kVp (Peak kilovoltage),
currents in the tubes that were intelligently regulated, a layer
thickness of 5 millimeters, and alayer spacing of 5 millimeters.
Immediately after the scanning process, the data and photos
were saved in an automated manner in the workstation. The
region of interest was manually defined at the L3 level using
the X Section software on the GE ADW (version 4.7)
workstation.

Measurement of Skeletal Muscle

Skeletal muscle density at the L3 vertebra (L3 SMD; Hounsfield
units [HU]) and skeletal muscle area at the L3 vertebra (L3

SMA; cm?) were measured using abdominal CT, with the HU
range from -30 to 150 HU. This range provides the most
realistic measurement of muscle and fat mass[51]. After ascan,
an X Section software was used to manually outline the edges
of the skeletal muscle tissue at this level, and the software
automatically calculated the area of the corresponding tissue
within the outlined area and the mean value of the CT.

Measurement Method for Skeletal Musclel ntramuscular
Fat

Skeletal muscle intramuscular fat accumulates as the muscle
mass decreases during the aging process [52]. At baseline and
after the intervention, QCT was used to quantify the skeletal
muscle intramuscul ar fat density at the L3 vertebra (L3 SMFD;
HU), and the skeletal muscle intramuscular fat area at the L3

vertebra (L3 SMFA; cm?). We used arange from —200 to 0 HU
for the quantitatively measuring the fat threshold. After
scanning, the X Section software was used again to manually
outline the edges of the skeletal intermuscular fat at this level,
and the software automatically calculated the area of
corresponding tissue within the outlined areaand the mean value
of the CT.
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Measurement Method for Relative Skeletal Muscle Mass
I ndex

A relative skeletal muscle massindex (RSMI; kg/m?) could be
used to assess muscle growth [53]. The RSMI, which is

represented as muscle mass per m? of the limbs, can be used to
evaluate sarcopenia. Thus, RSMI was chosen asthe main result
indicator in the research and was eval uated using multifrequency
bioelectrical impedance analysis.

Measurement Method for Muscle Fat I nfiltration

According to research, muscle fat infiltration (MFI; %) will
cause a reduction in muscle mass, producing muscular atrophy
and leading to sarcopenia[54]. Therefore, we used the MFI as
one of the observed indicators of the results as well. MFI was
calculated by Equation 1:

(L)MFI=SMFA/(SMA+SMFA)\times 100

Measurement Method for Grip Strength

Grip strength is the most important criterion for diagnosing
sarcopenia and a common indirect measure of total muscle
strength [55]. Therefore, grip strength was selected as the
primary observation and measured before and after the
intervention. We used a Jamar Hydraulic Hand Dynamometer
to measure grip strength of participants. Participants were
instructed to maintain a natural standing posture during the
duration of the test. They were also instructed to keep their
wristsin aneutral position and their elbows completely extended
[49]. The maximum value was retained after they were given
2 separate grip strength tests.

Data Analysis

In order to make the intervention runs as accurate as possible,
we used a machine learning method to predict whether older
people had sarcopenia after 24 weeks of intervention based on
the participants’ initial status before the intervention and the
intervention protocol they received as features. The data used
to train the model consisted of each participant’s age, gender,
and initia grip strength, RSMI, L3 SMA, and L3 SFMA as
features and the presence or absence of sarcopenia after the
intervention asalabel. The performance of classification models
was assessed per the F,-score, precision, area under the curve
(AUC), recall, and accuracy. These metrics were averaged across
all validation or test sets during the repeated cross-validation
process, with SD used to provide uncertainty estimatesfor these
averages. Each model wastrained 100 timesindividually using
a 10-fold cross-validation. Hyperparameter tuning was
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performed using agrid search with cross-validation within each
training fold to identify the optimal parameters for each model.
For example, for the random forest (RF) model, we varied the
number of trees (50 to 200), maximum depth (5 to 20), and
minimum samples split (2 to 10). The best model was defined
as the one with the highest average AUC across all folds. We
also calculated the precision, recall, and F;-score using a
threshold of 0.5 for class predictions, ensuring consistency in
performance evaluation. First, we trained 9 machine learning
classification modelsusing ak neighbors classifier [56], logistic
regression (LR) [57], agradient boosting classifier [58], linear
discriminant analysis [59], an extratree classifier [60], an RF
classifier [61], a decision tree classifier [62], an XGBoost
classifier [63], and a LightGBM classifier [64]. Then, the 3
best-performing models were selected for the stacking model
in this dataset. The first layer consisted of the LightGBM,
XGBoogt, and RF classifiers. The second-level classifier, used
to combine the outputs of these 3 models, was LR. In this
research, a stacking technique was used in order to integrate
numerous classifiers that were produced by various algorithms
L4,...,.L,and applied to asingular dataset S. Thisdataset included
instances of the type § = (X, Y;), where x; indicates the
characteristic vectors and y; indicates the classifications. In the
beginning of this procedure, a group of base-level
classifiers—C;, C,, and C, together with Ci = L,(§—were
developed. Then, we had predictions for S, as per Equation 2:

(2)y"ik=Cki(xi)
The meta-level datawere made up of several illustrations of the
form ((y"id,..., y"in), yi), inwhich features represent the output
of the first-level classifier and categories are the appropriate
labels for this sample.

The dataset was divided into 10 foldsfor cross-validation. Each
model was trained on 9 folds and validated on the remaining
fold, repeated 10 times for a total of 100 repetitions. For each
fold, the model was trained and predictions were made on the
validation fold. These predictions were saved. For each
cross-validation run, the precision, recall, accuracy, and F;-score
were calculated. The means and SDs of these metrics over the
100 repetitions are reported in Table 1, providing an estimate
of model performance and its variability. Predictions from all
100 cross-validation runs were aggregated to form a single
prediction set. This aggregated prediction set was then used to
generate the normalized confusion matrix presented in Figure
2, ensuring a comprehensive evaluation of the model’s
performance.
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Table. Comparison of the performance of machine learning classification models. Performance metrics are reported as mean (SD), calculated over
100 repeats of 10-fold cross-validation.

Models Accuracy (%), mean (SD)  Precision (%), mean (SD)  Recall (%), mean (SD) F1-score (%), mean (SD)
KNN2 78.6 (1.9) 65.7 (5.9) 61.9 (5.2) 61.6 (4.2)
Decision tree 80.6 (2.5) 69.4 (6.7) 70.2 (5.7) 66.4 (5)
Logistic regression 82.8(1.4) 75.9 (6.8) 60.6 (3.9) 63.6 (3.3)
Gradient boosting 83.5(1.9) 76.5 (5.9) 67.1(4.1) 67.9 (4.2)
LDAP 84.4 (1.6) 78 (4.9) 68 (3.4) 69.3 (3.7)
Extratree 84.9 (1.8) 80.6 (7.1) 65.6 (4.8) 68.4 (4.9)
Random forest 85.5(1.8) 81.7 (7.9) 60.3 (4.3) 65.7 (5.2)
X GBoost 85.8 (1.7) 81.4 (5.5) 68 (4) 71.2 (3.5)
Stacking 86.6 (2.6) 83.9 (5)° 67 (1.8) 71.3(2.3)
LightGBM® 88.4 (2)° 83.9(6.1) 74 (4.5)° 76.1 (5.1)°

3 NN: k neighbors classifier.
BLDA: linear discriminant analysis.
“The values indicate the best performance achieved by each model for the corresponding metric.
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Figure 2. Theresults of the model’s performance to predict whether a participant is a patient with sarcopenia at second evaluation; the ROC curve of
thetop 5 models, and the confusion matrix of the LightGBM classifier model. (A) Thetop-5 performance models ROC curve; (B) normalized confusion
matrix. AUC: area under the curve; GBC: gradient boosting classifier; LDA: linear discriminant analysis, LGBM: LightGBM classifier; ROC: receiver

operating characteristic; XGB: XGBoost classifier.

Moreover, the receiver operating characteristic curves for the
top 5 models are shown in . The horizontal axis depicts
false-positive rate, while the vertical axis depicts true-positive
rate. A greater AUC indicates superior performance. The
LightGBM classifier model had the highest AUC (0.910). The
normalized confusion matrix offers amore perceptible view of
the accuracy of each category’s predictions made by the model,
whilethe prediction result confusion matrix clearly displaysall
model predictions, with thereal labelsin the horizontal direction
and the outcomes predicted by the model in the vertical
direction. It is clear from that the model showed great
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performance in predicting whether or not participants reversed
sarcopenia after the intervention (94% and 75%, respectively).

In addition, we calculated SHAP (Shapley additive explanations)
values, becauseit could assign animportant value to each feature
that represents the effect on the model prediction of including
that feature [65]. Any machine learning model’s output can be
interpreted using SHA P, agame-theoretic approach. The SHAP
value quantifies the contribution of each feature to the model’s
predictions, represented by Equation 3:

=X FF{HRFHTFHD RIS SIS
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in which S stands for all of the potential subsets that do not
contain characteristic j, x stands for the values of the input
characteristics, [S| stands for the dimension of S, and j stands
for a specific characteristic. To calculate this effect, 2 models,
fSFOj and fSF, were trained, conditioned on the presence or
absence of feature j throughout the training process. Thisallows
the contribution of each feature to be calculated. We used the
SHAP TreeExplainer algorithm to identify important features
that could accurately predict whether participants could reverse
muscle |oss after the intervention.

Statistical Analysis

All data analysis, dstatistica analysis, and visualization
proceduresfor this study were completed using Python (version
3.7.1; Python Software Foundation) and SPSS (version 25.0;
IBM Corp) software. Before performing ANOVA, data
distribution was assessed using the Shapiro-Wilk test to check
for normality, and Levene test was used to check for
homoscedasticity. Nonnormally distributed data were

log-transformed. Further, 1-way ANOVA and x? tests were
responsible for assessing baseline differences in demographic
data among groups. Repeated-measures ANOVA was used to
examine the impact of the 3 different intervention programs on
the participants. Simple effects were used for the factors that
had further interaction effects. The Bonferroni post hoc test was
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used to further investigate group differences when ANOVA
indicated statistical significance. The Bonferroni post hoc test
was chosen for its control of the family-wise error rate, making
it suitable for pairwise comparisons. A P value of <.05was used
as the threshold for statistical significance

Ethical Consider ations

This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Northeast
Normal University (approva NC2019030702). A written
informed consent form was obtained from each participant.
M easures were implemented to safeguard participants’ privacy
during data analysis.

Results

Overview

A total of 164 individuals were recruited (Figure 3); however,
only 106 (48 females and 58 males) were found to meet the
inclusion and exclusion criteria. Finally, 93 (50 females and 43
males) participants finished the research. Dropping out of the
training (n=8) and being unabl e to continue dueto illness (n=5)
werethereasonsfor not finishing the program. The demographic
characteristics of the participants at baseline are summarized
in Table 2.
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Figure3. CONSORT flow diagram. CG: control group; CONSORT: Consolidated Standards of Reporting Trials, STG: strength training group; TCSG:

tal chi exercise and strength training hybrid group.

Table. Demographic features of the participants at baseline.

Items TCSG? (n=33) STGP (n=30) CG® (n=30) Pvalue
Gender, n mae: 14; femae: 19 mae: 13; female: 17 mae: 16; femae: 14 .64
Age (years), mean (SD) 66.94 (4.42) 66.87 (3.84) 65.42 (3.97) 34
BMI (kg/m?), mean (SD)  23-23 (2.06) 22.8(3.18) 21.93 (2.86) 79

8TCSG: tai chi exercise and strength training hybrid group.
bsTG: strength training group.
¢CG: control group.

Further, a week after the experiment finished, we reassessed reversal of sarcopeniain 15 (45.5%) participants, and in the
participants for sarcopenia. In the TCSG, we observed the STG, we observed the reversal of sarcopenia in 12 (40%)
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participants, for atotal of 27 (29%) with reversal of sarcopenia.
Expectedly, sarcopeniawas not reversed in the CG participants.
Furthermore, Figure 4 shows the QCT measurements of

Guo et al

representative participants in each group before and after the
intervention.

Figure 4. Shows the results of QCT scans of representative participants in each group before and after receiving the intervention. (A) Preintervention
TCSG, (B) postintervention TCSG, (C) preintervention STG, (D) postintervention STG, (E) preintervention CG, and (F) postintervention CG. CG:
control group; QCT: quantitative computed tomography; STG: strength training group; TCSG: tai chi exercise and strength training hybrid group.

Statistical Analysis Results

Figure 5 depicts the main results, and Table 3 presents results
of repeated-measures ANOVA for each observation indicator.
All variables did not differ between groups at baseline. It was
found that grip strength (P=.008), RSMI (P=.002), L3 SMD
(P<.001), L3 SMA (P=.005), and MFI (P=.008) had a
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statistically significant interaction effect. A significant
improvement in grip strength, RSMI, L3 SMA, and L3 SMD
was seen in the TCSG and STG at 24 weeks. There was a
significant differencein postintervention L3 SMA inthe TCSG
compared to the STG and CG, as determined by a post hoc test.
However, we did not find any significant interactions among
L3 SMFA and L3 SMFD.
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Figure5. Vialin plots of main results before and after the intervention for each group of participants. (A) RSMI; (B) L3 SMFA, (C) L3 SMA; and(D)
grip strength. Violin plots show the distribution of the data, with the width of the plot indicating the density of data points at each value. Thex-axis
represents the intervention groups (TCSG, STG, and CG), and the y-axis represents the measured outcomes (RSMI, L3 SMFA, L3 SMA, gripstrength).
The green arearepresents the distribution of pretest values, and the orange area represents the distribution of posttest values. Individual pretest samples
are marked by orange dots, and posttest samples are marked by red dots. CG: control group; RSMI: relative skeletal muscle massindex; SMA: skeletal
muscle area; SMFA: skeletal muscle intramuscular fat area; STG: strength training group; TCSG: tai chi exercise and strengthtraining hybrid group.
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Table. Comparison of intervention effects between groups. Repeated-measures ANOVA analysis.

Parameters TCSG? (n=33) STG? (n=30) CGE (n=30) Group x time®
Baseline 24 wk Baseline 24 wk Baseline 24 wk P value

RSMI® (kg/m?)  5:10(0.91) 6.22 (09309  484(123 6.05(1.30)09  532(1.21) 5.24 (1.28)f 002

SMFAM (em?)  14.91(159) 15.15 (1.49) 14.73 (1.43) 15.30 (1.58) 14.28 (1.24) 15.03 (1.39) 38

SMAl em?)  T70L(442)  giga3sy)fi T5T9MATN)  78e4a(636)< 7763(581) 7706453 005

GS (kg) 1928(275)  2060(150)% 1973(313) 213502209k 1872(348)  1767(310f 008

svp™ 32.30(1.84) 34.60 (1.98)f,9 32.64 (3.03) 34.72 (2_80)va 32.69 (3.72) 32.44 (3.31)f <.001

(Hounsfield

units)

SMFD" -65.14(423)  -6535(3.73) -64.01(543) -6448(471) -6421(569) -64.68(6.11) .76

(Hounsfield

units)

MFI® (%) 16.23 (1.75) 15.61 (1.30) 16.30 (1.61) 16.35 (1.93) 15.60 (1.82) 1652(152)¢ 008

3TCSG: tai chi exercise and strength training hybrid group.
bsTG:! strength training group.

¢CG: control group.

dAnal ysis of two-way repeated measures ANOVA

ERSMI: relative skeletal muscle mass index.

fs gnificant difference among groups (P<.05).

9Significant difference within the group before and after intervention (P<.001).

NSMFA: skeletal muscle intramuscular fat area.
'SMA: skeletal muscle area.

Ig gnificant difference within the group before and after intervention (P<.01).
Ksi gnificant difference within the group before and after intervention (P<.05).

IGs: grip strength.

MSMD: skeletal muscle density.

"SMFD: skeletal muscle intramuscular fat density.
OMFI: muscle fat infiltration.

Results of Machine Learning Model Classification

The average performance evaluation of the machine learning
model after 100 rounds of training is shown in Table 1. We
found that the LightGBM classification model exhibited the
best performancein terms of average accuracy (88.4%, SD 2%),
average recall (74%, SD 4.5%), and average F;-score (76.1%,
SD 5.3%). In addition, our stacking model with the first layer
consisting of LightGBM classification model, XGBoost
classification model, and RF classification model, and the
second layer consisting of LR exhibited the best average
precision (83.9%, SD 5%).

Moreover, the receiver operating characteristic curves for the
top 5 models are shown in Figure 2A. The horizontal axis
depicts false-positive rate, while the vertica axis depicts
true-positive rate. A greater AUC indicates superior
performance. The LightGBM classifier model had the highest
AUC (0.910). The normalized confusion matrix offers a more
perceptible view of the accuracy of each category’s predictions

https://aging.jmir.org/2024/1/e58175

made by the model, while the prediction result confusion matrix
clearly displays all model predictions. This was with the real
labels in the horizontal direction and the outcomes predicted
by themodel in the vertical direction. Itisclear from Figure 2B
that the model showed great performancein predicting whether
or not participants reversed sarcopenia after the intervention.

Results of Feature Contribution

The SHAP values of features for contribution are presented in
Figure 6. We used SHAP values specifically derived from the
LightGBM model, as it demonstrated the best performance
among all models. Thefeature's shape valueindicatesthe degree
to which the feature contributes to the overal model. The
greatest contributionswere shown in grip strengthand L3 SMA
across al variables. It is clear from Figure 6B that the
characteristics may have an effect on one another. Thisimplies
that by evaluating all possible combinations of features, the
optimal combination of features that would increase the
performance of the model can be identified.
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Figure 6. The SHAP values for each feature are shown in this plot. The various characteristics are shown along the y-axis. (A) Heat map plot: shows
the SHAP values for each feature; the x-axis denotes the sampl e sequence; red denotes positive impacts and blue represents negative impacts; the degree
of contribution is determined by the color shade. f(x) denotes the output of before activation function. (B) Interaction values plot: illustrates the connection
that exists between the various features. (C) Decision plot: the influential features in deriving the model’s output are shown. The features are listed on
the y-axisin order of decreasing influence, while the x-axis reflects the model’s output value. A line depicts the prediction for each observation. Each
line crosses the x-axis at the predicted value for the relevant observation at the top of the figure. The SHAP values of each parameter are added to the
base value of the model from the bottom to the top of the plot, illustrating how each feature affects the final prediction. Features moving rightward
positively influence the model, while those moving leftward have a negative effect. (D) Bar plot: displays the average absolute SHAP values for each
characteristic, with the x-axis indicating that L3 SMA has the greatest contribution of all the features. (E) Waterfall plot: illustrates the degree to which
each feature in asingle sample has an effect on the model. The x-axis indicates the SHAP value, with the expected value of the model output shown at
the bottom. Each row illustrates how the contribution of each feature shifts the value from the expected model output to the prediction. This graph shows
that the TR (intervention type) feature has the highest positive influence on model prediction performance, while the L3 SMA feature has the largest
negative effect. CG: control group; GS: grip strength; RSMI: relative skeletal muscle mass index; SHAP: Shapley additive explanations, SMA: skeletal
muscle area; SMFA: skeletal muscle intramuscular fat area; STG: strength training group; TCSG: tai chi exercise and strength training hybrid group;
TR: intervention type.
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Discussion

Principal Findings

This study suggests a novel hybrid training strategy for older
individuals with sarcopenia that combines SET and tai chi. In
addition, Al was used to foresee if the intervention in older
adults will reverse their sarcopenia. The results of this study
showed that at the end of the 24-week intervention, participants
in boththe TCSG and STG improved their grip strength, RSMI,
and L3 SMA, abeit to varying degrees. In terms of L3 SMA,
the TCSG outperformed the others and exhibited the most
substantial improvement. The strongest results in reversion of
sarcopenia, however, were seen with the hybrid exercise
program combining the TCSG and STG. As well as this, we
were among the first to use XAl to predict sarcopenia in a
Chinese sample of older people with an average accuracy rate
of 88.4% (SD 2%).

We revealed that older people with sarcopeniain the STG and
TCSG showed improvements in hand grip strength, RSMI, L3
SMA, and L3 SMD after 24 weeks of intervention. In
comparisonto boththe STG and CG, the L3 SMA of the patients
in the TCSG significantly improved. In accordance with the
present results, previous studies have demonstrated that SET
intervention has the ability to reverse sarcopenia and improve
physical health [66]. This result may be explained by the fact
that the contraction of strength training’s mechanical stress has
a variety of positive consequences that increase intracellular
protein accumulation net-positively, leading to the remodeling
of the extracellular matrix and the growth of musclefibers[67].
Specifically, SET stimulates PGC-1a expression in aworking
muscle, which could induce IGF-1 and suppress myostatin,
leading to significant skeletal muscle growth [68], and IGF-1
expression increased, which might prevent atrophy and
encourage hypertrophy; this might be a contributing factor to
the amelioration of skeletal musclearea. Meanwhile, mechanical
loading encourages the expression of growth hormone, as the
growth hormone/IGF-1 axis and enhanced IGF-1 gene
expression are thought to be the primary mechanisms by which
growth hormone regul ates postnatal bone development.

Perhaps the most important finding isthat in terms of L3 SMA
and RSMI, the TCSG considerably outperformed the STG after
24 weeks. These findings corroborate those of prior research
suggesting that hybrid exercise may have a more potent effect
on muscles [39,69-71]. Chinese traditional exercise, an
assortment of low-intensity cardio mind-body exercises such
astai chi, Yijin Jing, Baduanjin, etc, has been used in Chinafor
centuriesto both prevent and treat illness. Asan agrobic training
with low intensity, tai chi is commonly regarded as that it can
improve physical condition, including improving endurance
ability, increasing insulin sensitivity, and modulating fat
metabolism. This impact is principally linked to the skeletal
muscle's markedly increased mitochondrial volume and density.
PGC-1a/FNDC5/UCP1 signaling pathway activation and
PGC-1a overexpression are the 2 factors responsible for this
increase [72]. This effect increases the amount and activity of
mitochondrial enzymes while also increasing the rate of fat
burning in muscles both at rest and during low-intensity exercise
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[73-76]. Another possible explanation for this is that the
theoretical principlesof traditional Chinese medicine are helpful
in maintaining a calm and composed state of mind. They also
help the body’ sinnate self-regulatory or self-repair mechanisms
to trigger and help the body to release endogenous
neurohormonesin abalanced manner [77,78]. Thus, the hybrid
exercise training protocol of SET and tai chi had better
performance and greater advantages than other intervention
strategies.

Further, 1 unexpected finding was the extent to which neither
the hybrid program nor SET could prevent intramuscular fat
buildup. It is commonly known that as people age, their
intramuscular fat content gradually increases [79,80]. The L3
level of the skeletal muscle intramuscular fat area showed a
growing tendency in al 3 groups following the exercise
intervention, but no statistical significance was identified. The
findings of this study do not support the previous research
finding that strength training and aerobic activity might assist
older persons in avoiding agerelated intramuscular fat
accumulation [81]. This finding may be attributable to
differences in the intensity and frequency of aerobic activity
between studies.

The discovery that a total of 29% (n=27) of the participants
were able to reverse their sarcopenia is perhaps the most
clinically important finding. This included 40% (n=12) of the
STG and 45.5% (n=15) of the TCSG. Our study links recovery
from geriatric disease with a mixed exercise intervention, and
the findings of this study could provide a new option for the
treatment of sarcopenia and broadly support other research
efforts in similar areas linking geriatric disease recovery to
hybrid exercise [69,71].

Several limitations need to be noted regarding this study. First,
given that there has been awealth of research performed on the
benefits of tai chi on skeletal muscle, we did not set up adistinct
tai chi intervention group. Second, despite its effectivenessin
enhancing the skeletal muscle area and RSMI in geriatric
individuals with sarcopenia, the hybrid exercise program has
limitations in terms of skeletal muscle intramuscular fat area.
Third, we believe individual factors, such as the severity of
sarcopenia and the activity habits of older people with
sarcopenia, may influence the reversibility of sarcopenia. This
study’s sample size offers valuable insights, yet further
validation in larger cohorts is recommended in alignment with
the sample size guidelines proposed [82] for clinical prediction
models prior to clinical implementation. By using initial
sarcopenia in older individuals, reversal of sarcopenia, and
interventions asfoundational data, amore comprehensive system
with diverse features may be developed in the future to provide
specialized medical assistance to this patient population.

Conclusions

According to theresults of our research, acombination exercise
program consisting of SET and tai chi is capable of increasing
muscle mass and reversing sarcopenia in older people
effectively. In addition, the LightGBM classifier model
performed better in determining if sarcopenia in older people
can be reversed.
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Abstract

Background: Walking isimportant for maintaining physical and mental well-being in aged residential care (ARC). Walking
behaviorsare not well characterized in ARC due to inconsistenciesin assessment methods and metrics aswell aslimited research
regarding the impact of care environment, cognition, or physical function on these behaviors. It is recommended that walking
behaviorsin ARC are assessed using validated digital methods that can capture low volumes of walking activity.

Objective: This study aims to characterize and compare accelerometry-derived walking behaviors in ARC residents across
different care levels, cognitive abilities, and physical capacities.

Methods: A total of 306 ARC residents were recruited from the Staying UpRight randomized controlled trial from 3 carelevels:
rest home (n=164), hospital (n=117), and dementia care (n=25). Participants cognitive status was classified as mild (n=87),
moderate (n=128), or severe impairment (n=61); physical function was classified as high-moderate (n=74) and low-very low
(n=222) using the Montreal Cognitive Assessment and the Short Physical Performance Battery cutoff scores, respectively. To
assess walking, participants wore an accelerometer (Axivity AX3; dimensions. 23x32.5x7.6 mm; weight: 11 g; sampling rate:
100 Hz; range: £8 g; and memory: 512 MB) on their lower back for 7 days. Outcomes included volume (ie, daily time spent
walking, steps, and bouts), pattern (ie, mean walking bout duration and al pha), and variability (of bout length) of walking. Analysis
of covariance was used to assess differences in walking behaviors between groups categorized by level of care, cognition, or
physical function while controlling for age and sex. Tukey honest significant difference tests for multiple comparisons were used
to determine where significant differences occurred. The effect sizes of group differenceswere calculated using Hedges g (0.2-0.4:
small, 0.5-0.7: medium, and 0.8: large).

Results: Dementia care residents showed greater volumes of walking (P<.001; Hedges g=1.0-2.0), with longer (P<.001; Hedges
0=0.7-0.8), more variable (P=.008 vs hospital; P<.001 vs rest home; Hedges g=0.6-0.9) bouts compared to other care levelswith
alower alpha score (vs hospital: P<.001; Hedges g=0.9, vs rest home: P=.004; Hedges g=0.8). Residents with severe cognitive
impairment took longer (P<.001; Hedges g=0.5-0.6), more variable (P<.001; Hedges g=0.4-0.6) bouts, compared to those with
mild and moderate cognitive impairment. Residents with low-very low physical function had lower walking volumes (total walk
time and bouts per day: P<.001; steps per day: P=.005; Hedges g=0.4-0.5) and higher variability (P=.04; Hedges g=0.2) compared
to those with high-moderate capacity.

Conclusions: ARC residents across different levels of care, cognition, and physical function demonstrate different walking
behaviors. However, ARC residents often present with varying levels of both cognitive and physical abilities, reflecting their
complex multimorbid nature, which should be considered in further work. This work has demonstrated the importance of
considering a nuanced framework of digital outcomes relating to volume, pattern, and variability of walking behaviors among
ARC residents.

Trial  Registration: Australian New  Zeadland Clinical Trials Registry = ACTRN12618001827224,
https.//www.anzctr.org.au/Trial /Registration/Trial Review.aspx 7 d=376298& isReview=true

(JMIR Aging 2024;7:€53020) doi:10.2196/53020

https://aging.jmir.org/2024/1/€53020 JMIR Aging 2024 | val. 7 | €53020 | p.41
(page number not for citation purposes)


http://dx.doi.org/10.2196/53020
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING

KEYWORDS

McArdleet d

residential aged care facility; cognitive dysfunction; mobility limitation; accelerometry; physical activity; aged residential care

Introduction

Physical mobility, such aswalking, is akey predictor of health
[1] and is considered a multifaceted experience that
interconnects the physical, mental, social, and emotional needs
of anindividua with their sense of self [2,3]. Loss of physical
mohility (eg, reduced volume of walking) is associated with
increased safety risks (eg, falls), social withdrawal, and poorer
well-being [4,5]. Supporting residents’ physical mobility in
aged residential care (ARC) can decelerate the progression of
disabilities and dependency [6]. ARC refers to long-term
full-timeresidential care, which providesmultiplelevelsof care
depending on an individual’s needs. Other common terms for
ARC include assisted living facilities, care homes, and nursing
homes. It is recommended that all residents who can ambulate,
regardless of cognitive abilities, should increase their activity
levelsto support their functional independence[7]. Continuous
remote digital monitoring of mobility outcomes has been
proposed asamethod to objectively quantify changesinwalking
behaviors. This approach will inform the development of
interventions aimed at better supporting mobility, which is a
key factor in influencing well-being and function in the older
population [2].

Accelerometers are the most common method to continuously
assess walking behaviorsin ARC residents [8], with outcomes
relating to volume (eg, steps per day) and intensity (eg,
moderate-vigorous physical activity) of walking activities most
frequently reported. Based on the current literature, ARC
residents primarily participatein low volumes of light-intensity
walking and show little variation in their walking behaviors[8].
Based on prevailing gaps in the literature, current
recommendations for the assessment of walking behaviors in
ARC include the use of validated digital methods that can
capture very low volumes of activity, using low cutoff thresholds
(eg, any walking activity =3 steps), and derive standardized
outcomes relating to volume (ie, the amount or duration of
walking activity), pattern (ie, the distribution of walking activity
across a time period), and variability (ie, changes in walking
activities—either within-person or group activities—and over
time) of walking behaviors[8,9].

Using this nuanced framework, we can consider how different
attributes impact discrete walking behaviors. For example, we
previously found that better physical function was associated
with higher walking volumesin ARC residentsin intermediate
(ie, rest homes) and high-level (ie, hospitals) care, while
surprisingly, moderate dementia, mild depression, and pain had
no effect on walking volumes [10]. In contrast, people with
mild cognitive impairment in the community show no
differences in walking volumes compared to people who
undergo normal aging, but they do demonstrate different patterns
and greater variability in their walking behaviors[9]. By looking
beyond the volume of walking activities to pattern and
variability, we may garner information about people’s routines
and the time they spend indoors and outdoors (based on walking
bout lengths) [8,9,11-14]; we can then examine the impact of
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cognitive and physical impairments on these behaviors [14].
This information can contribute toward the development of
more holistic interventions to support mobility in ARC.

Notably, ARC residents are a complex multimorbid population
with significant variation in cognitive and physical function,
often reflected in the level of care provided. These
heterogeneities are not reflected in the literature regarding
walking behaviors, highlighting a clear gap [8,15,16]. For
example, Mc Ardle et a’s [8] review on the quantification of
ambulatory activities in ARC reported that 26% of studies
excluded people with cognitive impairment and only 17%
explicitly characterized walking activities in people with
cognitive impairment, despite a 65%-70% prevalence of
cognitive impairment in ARC residents [17,18]. Additionally,
no studies compared different levelsof care. Assuch, Mc Ardle
et a [8] recommended that we must characterize and compare
the volumes, patterns, and variability of walking behaviorsin
ARC residents across different care levels, with different
cognitive and physical abilities. By characterizing walking
behaviors in a representative group of ambulatory ARC
residents, we can gain a better understanding of physical
mobility in ARC, which will inform future interventions and
policiesto promote walking activities and support mobility and
function in ARC residents.

To address the highlighted gaps and recommendations, the
primary aim of this study was to digitally characterize and
comparewalking behaviors across different levelsof ARC using
avalidated and standardized framework, encompassing volume,
pattern, and variability of walking. Secondary aims of this study
were to characterize and compare walking behaviors in ARC
residents according to their cognitive status and physical
function.

Methods

Participants

Residentsfrom 24 ARC facilitiesin New Zealand wererecruited
as part of the Staying UpRight randomized controlled trial
(RCT), which evaluated an exercise intervention to reduce fall
risk [19]. Only baseline data are included in this study.
Participants were included if they were aged =65 years and
mobile (ie, able to walk and transfer independently or with
supervisory assistance). Participants were receiving one of the
following levels of care: hospital-level care (24-hour care by,
or under the supervision of, a nurse), rest home-evel care
(24-hour hedth-related care but not nursing care), or
dementia-level care (rest-home level care in a secure
environment to minimize the risks associated with dementia).

We excluded residents in psychogeriatric, respite, or paliative
care; residents unabl e to undertake the assessment or the exercise
interventioninthemain RCT because they were acutely unwell
(eg, gastroenteritis), or immobile (ie, unable to mobilize without
2-person assistance or bed bound) were aso excluded.
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Ethical Consider ations

Participants who were able to give informed written consent
did so before enrollment, and the facility clinical lead provided
written consent for residents unable to provide their own
informed consent because of cognitive impairment. The study
was conducted according to the guidelines of the Declaration
of Helsinki. Ethics approval was provided by the New Zealand
Health and Disability Ethics Committee on October 31, 2018
(NZHDEC 18/NTB/151).

Clinical and Cognitive Outcomes

Demographic information for ARC residents included the
following: age, sex, and years spent inthe ARC facility. Physical
function was measured using Short Physical Performance
Battery (SPPB) [20] and the Timed Up and Go test [21].
Cognitive ability was assessed using the Montreal Cognitive
Assessment (MoCA) [22].

Assessment of Walking Behaviors

ARC residents were asked to wear a small body-worn
accelerometer (Axivity AX3; dimensions. 23x32.5x7.6 mm;
weight: 11 g; sampling rate; 100 Hz; range: +8 g; and memory:
512 MB) on the fifth lumber vertebra on the lower back. The
accelerometer was affixed onto the skin using a double-sided
hydrogel adhesive and a hypoallergenic plaster (Hypafix BSN
Medical Limited). This particular protocol has been found to
be feasible for multisite studies [23] in different aging cohorts
[11,13,24]. Of particular note, algorithms used in this study for
walking bout detection have been validated in ARC residents,
with high accuracy for start and end time [25].

Participantswere asked to wear the accel erometer continuously
for 7 days, including in the shower and to bed. Once the
assessment was compl ete, datawere downl oaded to a computer
and processed via a validated analytical pipelinein MATLAB.

Data Processing and Walking Behavior Outcomes

Signals from the accelerometer were transformed to a
horizontal-vertical co-ordinate system. Walking bouts were
identified by filtering raw accel eration data using a second-order
low-pass Butterworth two-pass digital filter, with a cutoff
frequency of 17 Hz, and by applying selective thresholds on
the vector magnitude and standard deviations of triaxia
acceleration signals [11,23,26,27]. Once walking bouts were
identified, for detecting steps, raw acceleration signals were
filtered with low-pass, fourth-order Butterworth filter with cutoff
frequency of 20 Hz. A Gaussian continuous wavelet transform
of vertical acceleration was then applied to identify initial and
final contacts, alowing the identification of steps. For each
walking bout, total steps per bout and bout length were
calculated. Sleep, lying, and sitting data were excluded based
on the thresholds applied on the magnitude and standard of the
accelerometry signal used to identify walking (eg, vertical
acceleration, in a vertica position, needs to be -1 g and
acceleration magnitude or standard needs to exceed these
thresholdsto be classified aswalking). For sleep, the magnitude
and standard of acceleration would be lower and the vertical
acceleration would not be -1 g, so the position (orientation)
excludes deep, lying, or sitting.
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A framework of walking behaviors was derived to remain
consistent with previous literature [11,12,23,26], including
volume, pattern, and variability of walking. Volume
characteristics included total minutes spent walking as well as
steps and bouts per day. Pattern characteristics included mean
bout duration and apha, which is derived by logarithmic
transformation of bout density and length and is based on shape
and power-law distribution [28,29]; alpha refers to the ratio of
short to long walking bouts, which are scaled relative to an
individual’s shortest walking bout. A high alphascoreindicates
that an individual’s total walking time is composed of
proportionally shorter walking bouts compared to long walking
bouts. Variability (S,) refersto the variability of bout duration
between walking bouts, estimating how much an individual’s
bout duration changes over the time period of data collection,
and it was estimated using the maximum likelihood technique
(previously described by Mc Ardle et a and Del Din [9,13].
The proportion of walking bouts taken in very short (<10 ),
short (10-30 s), medium (30-60 s), and prolonged (>60 s) walks
were calculated. These walking bout threshol ds have been used
commonly in other studies of a similar nature and provide
contextual information regarding how walking takes place
[13,30,31].

Considerationsfor Inclusion of Data

Given that most habitual walking takes place in <10-second
bouts [13,32,33], we applied a minimum bout duration of 3
consecutive steps, and any period of rest that was>2.5 seconds
was considered resting time [32]. Additionally, we included
participants if they had =2 days of continuous walking activity
data collected, asthisis the minimum number of days required
to reliably quantify our primary outcomes (ie, the volume of
walking) across different care levels, based on Buckley et a
[27].

Data Analysis

For demographic variables, chi-square tests and Fisher exact
test were used to determine differences between groups for
nominal variables, while oneeway ANOVA was used to
determine between-group differencesfor continuous variables;
post hoc Tukey honest significant difference (HSD) tests
determined where the differences lay.

Prior to statistical analysisrelating to our primary and secondary
aims, walking activity data were inspected visually using box
plots, and outliers were identified. Separate analyses of
covariance were used to assess differencesin walking behaviors
between groups categorized by level of care, cognition, or
physical function while controlling for age and sex. Tukey HSD
tests for multiple comparisons were used to determine where
significant differences occurred. Sensitivity analysis was
conducted by removing outliers more than 1.5 times above the
third quartile or below the first quartile and by conducting the
analysis of covariance and subsequent post hoc tests for each
discrete grouping separately (eg, level of care, cognition, or
physical function).

The effect size of group differences was calculated using the
Hedges g formula to account for disparities between groups
sample sizes[34]. Effect sizesareinterpreted asfollows: 0.2-0.4:
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small, 0.5-0.7: medium, and =0.8: large. Assumptions were
evaluated (eg, normality of residuals) for all models, and
statistical significance was defined as a P<.05.

Cognitive levels were assessed and categorized using MoCA
cutoff scores, asfollows: cognitively intact (MoCA >26), mild
cognitive impairment (MoCA 18-25), moderate cognitive
impairment (MoCA 10-17), and severe cognitive impairment
(MoCA <10) [35]. Cognitively intact participants were excluded
from the cognitive impairment severity analysis dueto the small
sample size but retained for illustrative purposes in Figures.
Physical function levels were assessed and categorized using
the SPPB cutoff scores, as follows: high-moderate function
(SPPB 12-7) or low-very low function (SPPB <7) [36].
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Results

Demogr aphic I nformation

A total of 306 ARC residentswereincluded inthisanalysisand
were primarily grouped according to their level of care (Table
1). Figure 1 outlines reasons for exclusion and inclusion of
participants for this secondary analysis from the Staying
UpRight RCT. Hospital-level care residents had lower physical
function compared to rest home-evel care residents (P=.01)
and took alonger time to complete the Timed Up and Go test
compared to rest home-level (P<.001) and dementia-level
(P=.03) residents. MoCA scores were significantly lower in
dementia-level residents compared to rest home-level and
hospital-level care residents (P<.001).
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Table. Demographic information for participants categorized by levels of care. Italicized P values indicate significance.

Characteristics Hospital (n=117) Rest home (n=164) Dementiacare (N=25)  Oyeral| P value®
Age (years, n=306), mean (SD) 84 (7) 84 (7) 81 (8) .20
Sex (n=306), n (%) 90
Female 70 (60) 101 (62) 16 (64)
Male 47 (40) 63 (38) 9(36)
Years in facility® (n=304), mean (SD) 0.4(0.2) 0.4(0.2) 04(0.1) .60
SPPBC score (0-12; n=296), mean (SD) 43(2.6) 5.2 (2.6) 41(23) .008

Physical function level € (n=296), n (%) —

High physical function 5 (4.3) 9(5.6) 0(0)

(SPPB 10-12)

Moderate physical 19 (17) 38 (24) 3(15)

function (SPPB 7-9)

Low physical function 37 (32) 70 (43) 8 (40)

(SPPB 4-6)

Very low physical 54 (47) 44 (27) 9 (45)

function (SPPB <4)

Unknown? 2 3 5
TUG" (s; n=289), mean (SD) 37 (22 27 (15)¢ 25 (18)' <.001
MoCAI score (0-30; n=285), mean (SD) 15 (6)' 15 ()¢ 4(6)" <.001

Cognitive level © (n=285), n (%) —

Cognitively intact 5(4.6) 4(2.5) 0(0)

(MoCA =26)

Mild cognitive impair- 28 (26) 58 (36) 1(5.6)

ment (MoCA 18-25)

Moderate cognitive 60 (56) 66 (42) 2(11)

impairment (MoCA

10-17)

Severe cognitiveim- 15 (14) 31(19) 15(83)

pairment (MoCA <10)

Not tested 9 5 7
Dayswearing the activity monitor (n=306), mean 6.5 (1) 6.4 (1) 6.3 (1) .60

(SD)

30ne-way ANOVA, Pearson chi-square test, and Fisher exact test.
bFor yearsin facility, 1 partcipant’s data were missing from both the “hospital” and “rest home” groups.

CSPPB: Short Physical Performance Battery (2 participants in the “hospital” group, 3 participants in the “rest home” group, and 5 participants in the
“dementiacare” group were not tested for SPPB).

dHospital vsrest home.

€Descriptive variable only (no statistical testing performed).

Not applicable.

9 Unknown” indicates participant data missing in each group, so percentages are not applicable.

MTUG: Timed Up and Go (6 participantsin the“hospital” group, 3 participantsin the“ rest home” group, and 8 participantsin the “ dementiacare” group
were not tested).

iHospital vs dementia care.

IMoCA: Montreal Cognitive Assessment (9 participants in the “hospital” group, 5 participants in the “rest home” group, and 7 participants in the
“dementiacare” group were not tested).

KRest home vs dementia care.
! ndicates the number of participants not tested in each group, so percentages are not applicable.
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Figure 1. Flowchart for inclusion of participantsin thisanalysis.

those in hospitals (small effect sizes). Table 2 provides further
details; Multimedia Appendix 1 provides P values for post hoc
Dementia care residents demonstrated higher volumes of  tests and details regarding effect sizes. Notably, sensitivity
walking, with longer, more variable bout durations and lower  analysis indicated that variability of walking bout length did
apha scores compared to residents in both rest homes and  not differ between groups following the removal of outliers
hospitals (moderate to large effect sizes). Residents in rest  (P=.16).

homes also showed higher volumes of walking compared to

Walking Behaviors Across Care Levels
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Table. Characterization of walking behaviors, categorized by level of care (N=306).
Characteristics Hospital (n=117) Rest home (n=164) Dementiacare (N=25)  Oyeral| P value®
Walk time per day (min), mean (SD) 58 (37)b,c 74 (39)b,d 137 (59)c,d <.001
Steps per day, mean (SD) 4138 (2766)"° 5216 (2025)"° 10,886 (5453)° <.001
Bouts per day, mean (SD) 256 (165)°° 321 (160)>4 496 (239)°4 <.001
Mean bout duration (s), mean (SD) 139 (3.6)° 141 (3'3)d 20.1 (20. 4)c,d <.001
Variability, mean (SD) 0.81 (0.11)° 0.80 (0.09)° 0.89 (0.18)°¢ 002
Alpha score, mean (SD) 1.68 (0.08)° 1.67 (0.07)° 1.61 (0.09)°¢ <.001
Distribution of walking bouts by discrete walking bout length (%), mean (SD)
<10-second bouts 65 (8)° 64 (8)¢ 56 (10)%4 <.001
10- to 30-second bouts o5 g (5.5)° 276 (5_5)d 30.8 (5.8)c,d <.001
30- to 60-second bouts 5,8 (3,05)° 5.51 (2.42) 8.64 (3.64)%¢ <.001
>60-second bouts 3.20(2.13)° 3.15(2.06) 4.82 (4.92)%° 01

30ne-way ANOVA, controlling for age and sex.
bHospital vsrest home.

“Hospital vs dementia care.

9Rest home vs dementia care.

Additionally, dementia care residents spent asignificantly lower
percentage of their walking bouts in very short bouts (eg, <10
s) and a greater percentage in short, medium, and prolonged
walking bouts compared to residents in other care levels
(moderate to large effect sizes; Table 2).

Walking Behaviors Across Cognitive | mpair ment
Severities

Therewere no significant differences between cognitive groups
for any volume characteristics (Figure 2 and Multimedia
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RenderX

Appendix 2). People with severe cognitive impairment took
longer, more variable walking bouts with a lower alpha score
compared to those with mild (moderate to large effect sizes)
and moderate cognitive impairment (small to moderate effect
sizes). Figure 2 and Multimedia Appendix 2 provide further
details.
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Figure 2. Volume, pattern, and variability of walking behaviors across cognitive groups. ***P<.001; **P<.01.

. . . . variability for bout length, compared to those with low-very
Walking Behaviors Across Physical Function Levels low physical function (Figure 3 and Multimedia Appendix 3

ARC residentswith high-moderate physical function spentmore  present further details).
time walking and took more steps and bouts per day, with less
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Figure 3. Volume, pattern, and variability of walking behaviors across physical function groups. ***P<.001; **P<.01.

Discussion

Principal Findings

This is the first study to describe the volume, pattern, and
variability of walking behaviors in ARC, captured by an
accelerometer, with consideration of different care levels,
cognitive abilities, and physical function, reflecting the typical
population of residents. Key findings highlight that dementia
care residents have significantly higher volumes of walking,
take longer and more variable walking bouts on average, and
spend proportionately more of their walking timein prolonged
bouts of walking compared to rest home and hospital levels of
care. Although the volume of walking issimilar across different
levels of cognitiveimpairment severity, peoplewith more severe
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cognitiveimpairment show different patterns (eg, longer walking
bouts) and greater variability compared to those who are less
cognitively impaired. In contrast, people with lower physical
function have significantly lower volumes of walking and higher
variability of walking bout lengths but do not differ in terms of
the pattern of this activity. ARC residents are a complex
multimorbid population who often present with varying levels
of both cognitive and physical abilities, and these nuances
should be considered in further research aiming to improve
mobility and reduce fall risk.
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Walking Behaviors Across Different Care
Environments

Thisisthefirst study to show that people living in a dementia
unit participate in higher volumes of walking, with different
patterns (ie, longer walking bouts) and greater variability
compared to other ARC environments, with medium to large
effect sizes. However, differences between groups for the
variability of walking bout length disappeared following the
remova of significant outliers, therefore, results should be
interpreted with caution. As physical function scores are
comparabl e between the dementia care and rest home residents
(Table 1), the differences in walking behaviors may illustrate
a behavioral component of dementia (eg, wandering—a
dementia-related locomotor behavior involving frequent and
repetitive movements, such as pacing). Objective remote
monitoring of wandering behaviors using digital methods has
previously been proposed to detect and monitor wandering
behaviors [37,38]. We propose that variability of walking bout
lengths should be considered in future research in this area, as
it may reflect wandering behaviorg[39]; clinical validation is
required to investigate this hypothesis.

Contrary to our findings, baseline results from one previous
RCT reported very low volumes of walking activity in dementia
care units, showing <400 steps in one 24-hour period assessed
viaan activity armband [40]. However, these studies are difficult
to compare dueto differencesin device location (ie, lower back
compared to arm) and data collection periods. Moyle et a [40]
noted that these activity armbands were unreliable and resulted
in large amounts of missing data. Additionally, high volumes
of walking activity reported here (eg, >4000 steps per day) are
likely due to our low cutoff thresholds for defining walking
activity, asmost walking takes placein very short walking bouts
in this population. The cutoff threshold applied to characterize
walking behaviors can make significant differences in the
volume of walking captured—with differences ranging from
2000 to 10,000 stepsin previous literature [30]. This study has
expanded beyond simple volume metrics and highlighted the
importance of selecting validated and sensitive digital methods
when ng walking behaviorsin this population [8].

Walking Behavior Across Cognitive lmpair ment
Severity and Physical Capacities

This is the first study to demonstrate that people with severe
cognitive impairment have similar volumes but significantly
different patterns (ie, longer bouts) and greater variability of
walking compared to less cognitively impaired groups,
suggesting that although cognition does not i nfluence the amount
of activity, it may change the way this activity is carried out.
This finding is supported by and extends our previous work,
which excluded dementia care residents and highlighted that
whileworse physical function isassociated with lower volumes
of walking in ARC, cognitive impairment showed no effect on
walking volume [10]. Perhaps this indicates that pattern and
variability of walking behaviors are cognitively mediated
outcomes and may be useful to monitor in ARC as a proxy for
cognitive decline. For example, in line with our results from
the dementia care unit, the literature indicates that people with
severe dementiaare more likely to wander [41] and we propose
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that this is reflected in the pattern and variability of walking.
Longer walking bouts and higher variability of bout length are
considered positive outcomesin cognitively healthy individuals,
indicative of dynamic and varied routines [11], but perhaps
higher variability in tandem with significant cognitive
impairment is more reflective of repetitive lapping behaviors
(ie, wandering). Clinical validation is required to address this
speculation. Differences in pattern of walking behaviors have
previously been reported between community-dwellers with
mild cognitive impairment and normal aging [42], supporting
the hypothesis that cognitive decline may influence these
behaviors.

In contrast, people with worse physical function have
significantly lower volumes of walking but show no differences
in pattern or variability compared to those with better physical
function. The association between higher walking volumes and
better physical function confirmsthefindings of previous studies
[43,44]. However, the cross-sectional design of this study
precludes commentary on the direction of causality. Although
from our results, we cannot determine if encouraging walking
as part of a resident’s daily activities can result in clinically
meaningful improvements in function, previous research
demonstrated that function-focused care (ie, increasing routine
activities) leads to increased activity volumes and improved
functional outcomesin ARC residentswith moderate functional
dependency [44] but not in dementia residents with severe
functional dependency [45]. However, pattern and variability
of walking are considered to reflect daily routines, and the
effects of function-focused care may be more readily observed
in these outcomes rather than in volume, especialy in
individuals with severe cognitive impairment. Additionally,
marginal increases in the duration and variability of walking
bouts may lead to significant improvements in function [28]
and should be considered in very frail residents. These
hypotheses could be considered in future intervention studies,
with consideration for the multimorbid nature and varying levels
of both cognitive and physical issuesinherent in ARC residents.

Strengthsand Limitations

Strengths of this study were the large sample, drawn from
multiple facilities, distributed across 3 levels of care and
encompassing a broad spectrum of cognitive and physical
capacities. Thisisparticularly notable, asthere can be significant
difficulties in collecting data using wearable technology from
people with dementia in ARC facilities [29]. We used a
technically appropriate digital method to collect low volumes
of walking data, meeting the recommendationsfrom Mc Ardle
et a [8]. Additionally, we used a standardized framework to
characterize walking behaviors, making our findings comparable
to multiple other cohorts and enhancing our understanding of
walking behaviors across the spectrum of care and cognition
[11,12]. We addressed the reliability of our primary outcomes
based on previous empirical evidence [27].

Our study has several limitations. Residentswere only included
if they could ambulate, and residents who could not complete
theMoCA or SPPB were not included in our secondary analysis;
therefore, we may have reduced representation of different levels
of cognitive and physical capacities. Although thisis only the
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second study to specifically characterize walking activity in a
dementia care unit [8], it should be noted that our sample size
for this group was low and likely to have limited statistical
power; therefore, statistical analysiswas exploratory and results
should be considered with that in mind. Thisisacross-sectional
study; therefore, assessing changes in walking activity over
time or establishing causality of influences on walking activity
is not possible; in the future, a longitudina study may offer
valuable insightsinto predictors of walking behaviorsin ARC.
Although we adjusted for multiple correctionswithin statistical
models (ie, Tukey HSD tests), we did not adjust for multiple
comparisons for multiple outcomes, and there may be arisk of
type | error. We aso included participants with =2 days of
walking activity data, asthisis the number of days required to
obtain reliable volume outcomes (ie, our primary outcome) in
ARC [27]; however, our secondary outcomes of pattern and
variability require 2-5 days of datato ensurereliability, pending
on the discrete variable, and thus, results should be interpreted
with caution. Although commonly assessed in ARC [8], wedid
not include outcomesrelating to the intensity of walking activity,
as this has been suggested to be inappropriate to characterize
in this population, given that ARC residents primarily engage
only in light-intensity activities [8]. Additionally, the ARC
facilities included in this study reflect a New Zealand context,
and findings may be different in other countries due to
aternative organizational features and policies [46]. We
recognize that apart from resident-related factors of physical
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function and cognition, walking activity may be influenced by
the physical and organizational environment [46]—aspectsthat
were not measured in our study. As previously noted, ARC
residents may have varying level s of both cognitive and physical
impairments, and the combined spectrum should be considered
in future research. Finaly, digital outcomes beyond those
described in this analysis can provide important clinical
information about ARC residents and should be considered in
future research. For example, sleep disturbances can be
measured using actigraphy. Sleep disturbances are common in
people living in ARC and are associated with neuropsychiatric
symptoms and prescription of psychotropic drugs, which can
enhance fall risks and greater staff distress[47]. Althoughiitis
beyond the scope of this study, further research may consider
using qualitative approaches to complement current findings
and thewider literature[8], which would allow usto garner rich
insights from ARC residents regarding which digital outcomes
relate to their lived experiences and are meaningful to assess.

Conclusions

Thisisthefirst study to show theinfluence of care environment,
cognitive status, and physical function on walking behaviorsin
ARC residents. Our resultsindicate that cognitive and physical
abilities may discretely impact the volumes, pattern, and
variability of walking. This work has addressed a significant
gap intheliterature and has generated new hypothesesregarding
which digitally derived walking outcomes are meaningful to
assessin ARC residents.
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Abstract

Background: The use of mobile apps has promoted physical activity levels. Recently, with an increasing number of older adults
accessing the internet, app-based interventions may be feasible in older populations. Peer support—based interventions have
become a common method for promoting health-related behavior change. To our knowledge, the feasibility of using digital peer
support apps (DPSAS) to increase physical activity among older adults and itsimpact on physical activity and physical function
have not been investigated.

Objective: This study aims to assess the feasibility of using DPSAs in older adults and to assess changes in physical activity
and physical function in DPSA users.

Methods: We conducted anonrandomized controlled trial of older adults aged =65 years. We recruited participantsfor 2 distinct
12-week programs designed to increase physical activity. Participants could choose between an intervention group (app program
and exercise instruction) or a control group (exercise instruction only). DPSA creates a group chat for up to 5 people with a
common goal, and participants anonymously post to each other in the group. Once a day, participants posted a set of their step
counts, photos, and comments on a group chat box. The intervention group used the DPSA after receiving 2 face-to-face lectures
on its use. The participants were characterized using questionnaires, accelerometers, and physical function assessments. The
feasibility of the DPSA was assessed using retention and adherence rates. Physical activity was assessed using accelerometers
to measure the daily step count, light intensity physical activity, moderate to vigorous intensity physical activity (MVPA), and
sedentary behavior. Physical function was assessed using grip strength and the 30-second chair-stand test.

Results. The participants in the intervention group were more frequent users of apps, were more familiar with information and
communication technology, and had a higher baseline physical activity level. The retention and adherence rates for the DPSA
intervention were 88% (36/41) and 87.7%, respectively, indicating good feasibility. Participantsin theintervention group increased
their step count by at least 1000 steps and their MV PA by at least 10 minutes using the DPSA. There was asignificant difference
in the interaction between groups and intervention time points in the daily step count and MV PA (step count, P=.04; duration of
MVPA, P=.02). The DPSA increased physical activity, especially in older adults with low baseline physical activity levels.

Conclusions: Thefeasihility of DPSA was found to be good, with the intervention group showing increasesin daily steps and
MVPA. The effects of DPSA on step count, physical activity, and physical function in older adults with low baseline physical
activity should be investigated using randomized controlled trials.
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Introduction

Background

The health benefits of regular physical activity are familiar [1].
Physical activity reduces the risk of chronic diseases such as
type 2 diabetes, cardiovascular disease, and hypertension [2-4].
In addition, physical activity improves the overall physical and
mental functioning and controls morbidity and mortality rates
[5,6]. However, globally, the level of physical activity has
remained stable or declined, despite severa efforts to promote
physical activity [7,8]. In addition, social distancing during the
COVID-19 pandemic has caused changesin lifestyle and social
behavior [9]. The level of physical activity among older adults
in Japan is reported to have declined due to the COVID-19
pandemic [10,11] and needs to be increased.

Recently, mobile apps have been used successfully to increase
physical activity levels [12,13]. eHealth encompasses health
care services and information delivered with the aid of
information and communication technology (ICT), including
computers, mobile phones, and satellite communications. Mobile
health (mHealth) refers to the use of smart or portable devices
for providing health services and information [14]. With an
increase in the population of older adults using the internet,
mHealth and eHealth approaches may be feasible [15,16]. A
total of 3 out of 4 reviews concluded that mHealth or eHealth
interventions are effective in the short term in promoting
physical activity in adults aged =50 years [17]. Furthermore,
eHealth interventions targeting physical activity have revealed
that theory-based interventions are more effective than
interventions that are not grounded in theory [18]. However,
there has been limited focus on social cognitive theory—based
interventions aimed at promoting physical activity among ol der
adults through peer support.

Peer support—based interventions have become a common
method for promoting health-related behavior change [19].
Webel et al [20] defined peer support as “amethod of teaching
or facilitating health promotion that makes use of people sharing
specific health messages with members of their own
community.” The effectiveness of peer support—based
interventions for physical activity has atheoretical basis, often
explained by socia cognitive theory [21]. The social cognitive
theory proposed by Bandura [22] stipulates that behavior is
learned by observing and imitating others. Thisprocessiscalled
observational learning or modeling and has been extensively
studied in the context of motor skill development and education.
Peer-mediated delivery of information regarding physical
activity through apps could facilitate attention, retention, and
motivation to work on that information, as per socia cognitive
theory. Liu and Lachman [23] conducted a 4-week randomized
controlled trial based on social cognitive theory in which older
adults aged =60 years used the WeChat and WeRun apps to

https://aging.jmir.org/2024/1/e56184

increase their step counts by recording and exchanging them
through SM'S text messages. This social engagement through
SM Stext messages increased the step count. However, the step
count was the only physical activity outcome measure, and the
effect of theintervention on physical activity intensity, sedentary
behavior (SB), and physical function was not assessed.
Therefore, using an app based on social cognitive theory, we
examined the effects of a digital peer-supported intervention
on step counts, physical activity intensity, SB, and physical
function among older adults aged =65 years.

Objective

Thisstudy used adigital peer-supported app (DPSA) to conduct
a 12-week intervention study on older adults aged =65 years.
The objectives of this study were threefold: (1) to understand
the characteristics of older adults who choose to use the DPSA
toincreasetheir physical activity; (2) to evaluate the feasibility
of using the DPSA to promote physical activity in older adults;
and (3) to measure the effect of using the DPSA on users’ level
of physical activity, SB, physical function, and self-efficacy for
exercise.

Methods

Study Design

Thisnonrandomized pretest-posttest comparison trial of 2 groups
was conducted in Fujisawa City, Kanagawa Prefecture, Japan.

In April 2022, the city had an areaof 69.57 km? and a population
of 442,892, of whom 108,472 (24.49%) were aged =65 years.
The study was conducted as an industry-government-academia
collaboration between the local government, an app-making
company, and a university.

Ethical Consider ations

The study was approved by the Research Ethics Committee of
Sports Medicine Research Center at Keio University (approval
number 2022-07). Informed consent was obtained from all
participants. The study protocol was registered with the
University Hospital Medical  Information  Network
(UMINOOO050618).

Participants

The study was conducted on Fujisawa City older adults aged
>65 years. We recruited participants for 2 distinct 12-week
programs designed to increase physical activity. Participants
could choose between an intervention group (app program and
exercise instruction) and a control group (exercise instruction
only). Participants from different areas within the municipality
were recruited through flyers, publicity, and cals to related
organizations. Theintervention wasimplemented in two phases:
(2) from October 2022 to January 2023 and (2) from December
2022 to March 2023. Participants sel ected programs according
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totheir preferences (the app program wasfor smartphone owners
only). Thedigibility criteriawere older adults aged =65 years,
who were able to walk independently and perform other
activities of daily living and had not been advised to refrain
from physical activity by a physician. Before participation,
prospective participants were screened using a personal health
status questionnaire based on the Physical Activity Readiness
Questionnaire [24-26] to ascertain whether there were any
potential problemswith participation in the study. Because ol der
adults are generally assumed to be less familiar with
smartphones and apps than younger adults[27] and may not be
ableto completely usethe DPSA, we provided 2 lectures about
using the app; 1 lecture was conducted at the start of the DPSA
use, and another was conducted 1 week later. Participants were
instructed to download the app, and its use was explained during
the first lecture. Each lecture lasted for 1 to 1.5 hours, and the
participants were able to receive instructions directly from the
instructor and ask questions.

Tabiraet a

Intervention

Program

The timeline of the study procedure is presented in Figure 1.
Regardless of program selection, all participants participated
in face-to-face exercise instruction, program introduction, and
baseline assessment conducted by aphysical therapist or ahealth
fitness instructor. Exercise instructions focused on aerobic,
stretching, muscle strengthening, and balance exercises based
on the origina “Fujisawa +10 exercise” program [28,29].
Exercise instruction was provided for 15 minutes for the
intervention group and 30 minutes for the control group. Both
intervention and control groupswereinstructed to increase their
daily physical activity. Participants completed questionnaires
and underwent physical activity and physical function
assessments using a triaxial accelerometer at basdline (start
date) and during follow-up (weeks 10-12). Individual physical
activity reports were generated from the data obtained and fed
back to the participants. The intervention group began using
the app 1 week after the baseline outcome assessment was
conducted. The timing of the evaluation of each measurement
item is described in Multimedia Appendix 1.

Figure 1. Timeline of study procedures. DSPA: digital peer support app; wk: weeks.

Start Date. 2wk 4 wk 6 wk 8 wk 10 wk 12 wk

Baseline Follow-up ‘
Exercise instruction v
Assessment
(Except " v
physical activity)
Physical activity 1 wk 1 wk
assessment « > « N
Physical activity
report distribution v ¥
Use of DPSA 12 wk .
(Intervention group only)
Lecture on app use iy

(Intervention group only)

DPSA Intervention

The study was conducted using Minchalle (A10 Lab Inc), a
commercialy available DPSA [30]. Thisapp was developedin
June 2015 and launched in November 2015. Figure 2 shows
exampl e screens from the app. The DPSA creates a group chat
for up to 5 people with a common goal, and participants
anonymously post messages to each other in the group. The
common goal of theintervention group wasto increase physical
activity through walking and exercise. Once aday, participants
posted a set of their step counts, photos, and comments on a

https://aging.jmir.org/2024/1/e56184

RenderX

group chat box. The main functions of the DPSA used in this
study were to enable the participants to (1) post step counts,
photos, and comments about the day; (2) post approvals from
group membersto each other’s postings; (3) set step count goals
on agroup basis; and (4) get feedback on the team'’stotal daily
step count. Step counts were measured using a smartphone,
with the DPSA reporting the number of steps taken on the day
at the time of posting. Participants had the option to post
comments or photos multipletimesaday and engage with other
members, although this was not mandatory. The app was
available for participants to use free of charge.
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Figure 2. Examples of app screens. (A) Select a group. (B) Post photos, step count, and comments on the group. Post a photo taken that day and
comment on the day’s events. (C) The contents of the posts are displayed in the group. Thetotal number of stepsfor the group isdisplayed. (D) Response

to posts by group members.
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Demographic Characteristics of Participants

In addition to general characteristics such as age and sex, the
survey asked about smartphone ownership, the frequency of
app use, exercise habits, the frequency of neighborhood
interaction, participation in group exercise, history of falsin
the past year, the effect of the COVID-19 pandemic on their
level of physical activity, self-reported decrease in walking
speed, the use of ICT, and self-efficacy for exercise.

Participant’s body weight (kg) was measured using a digital
scale, and height (m) was measured on a stadiometer after
participants removed their shoes. BMI was then calculated as
body weight divided by the square of height.

Exercise habits were defined as “those who exercise at least
twice aweek, for at least 30 minutes each time, for at least one
year” [31].

The frequency of neighborhood interaction was assessed by
asking how many times one interacts with people in the
neighborhood within 1 week.

Group exercise participation was defined as those who
participate in a group of three or more people who mest
voluntarily to exercise.

Information about the use of ICT was collected using questions
about “Gathering information and shopping on the internet,”
“Using socia networking services (Facebook, LINE, Instagram,
etc),” and “Do not use any information devices” The
percentages for the intervention and control groups were
compared with representative values from the Annual Report
on the Ageing Society, published by the Japanese Cabinet
Office, to determine the extent to which participants are using
ICT compared with other older adults[32].
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Outcome Measures of Participants

To assess physical activity, participants were asked to wear a
triaxial accelerometer [33] (Active Style Pro HJA-750C Activity
Meter, Omron Health Care) at waist level for 7 consecutive
days before the intervention and 10 to 11 weeks after the
intervention commenced. The accelerometer display was
configured to prevent usersfrom viewing the amount of physical
activity for the day. Participants were instructed not to remove
the device unless required for certain tasks, such as changing
their clothes and bathing. At the end of the measurement, all
the data collected were transferred from the accel erometer to a
PC. Following the method suggested by Jefferis et a [34] for
estimating physical activity, an individual needed to record at
least 10 hours of activity per day for 3 days to be included in
the subsequent analyses. The data were collected in 60-second
epochs for data analysis and used to estimate the intensity of
activity in metabolic equivalents (METS). The mean daily step
count and time spentin SB (1.5 METS), light intensity physical
activity (LPA; 1.6-29 METs), and moderate to vigorous
intensity physical activity (MVPA: =3 METS) per day were
used for outcome measurements of physical activity.

Physical function was assessed using grip strength and the
30-second chair-stand test (CS-30). Grip strength was measured
using a digita dynamometer (Grip D, TKK 5401, Takei
Scientific Instruments). Measurements were taken in the
standing position, with the elbow joint in extension and the
wrist joint in midextension. Both the left and right hands were
measured once each, and the maximum value was used. For the
CS-30 test [35], seated participants were instructed to stand up
from the chair with their arms crossed at chest level as many
times as possible in 30 seconds.

Self-efficacy for exercise was assessed using 4 questions
pertaining to participants’ self-confidence in exercising under
each of the following conditions [36]: “Do you have the
confidenceto exercise regularly under the following conditions?
physical fatigue, mental stress, lack of time, and bad weather.”

JMIR Aging 2024 | vol. 7 | €56184 | p.58
(page number not for citation purposes)


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

JMIR AGING Tabiraet a

In response to the question, participants were asked to select 1 total score ranged from 4 to 20. Textbox 1 summarizes the
of the 5 answersranging from“No, | don't have any confidence measures related to the characteristics of the participants.
at all (1 point)” to “Yes, | am quite confident (5 points).” The

Textbox 1. Measurements related to participant characteristics.

M easurement methods and items
«  Questionnaire

o Age, sex, living aone, self-rated health, perceived household economic status, life satisfaction, employment status, smartphone ownership,
frequency of app use, exercise habits, frequency of neighborhood interaction, participation in group exercise, history of fallsin the past year,
effect of the COVID-19 pandemic on decreased physical activity, self-reported decrease in walking speed, and self-efficacy for exercise

o  Triaxial accelerometer

«  Physical function assessment

«  BMI, grip strength, and 30-second chair-stand test

. Steps, light intensity physical activity, moderate to vigorous intensity physical activity, and sedentary behavior

Feasibility of DPSA I ntervention

Thefeasibility of DPSA intervention was assessed by retention
and adherence rates during the 12-week program
implementation. The DPSA could exclude a person from agroup
if they have not posted a set of their step counts, photos, and
comments for 15 consecutive days. Dropouts were defined as
those who were excluded from the group during the 12 weeks
of DPSA intervention. The retention rate was calculated using
adenominator of 41 participantsincluding those who withdrew
consent. The adherence rate of DPSA intervention was
calculated by dividing the number of sets of their step counts,
photos, and comments posted during theintervention period by
the duration of the intervention. DPSA adherence rates were
also calculated by group (9 groups: A-1). The number of all chat
posts per person by group was calculated to assess group use.
Negative physical effectsthat occurred during the intervention
were ascertained by interviewing the participants during
follow-up. We report on privacy breaches and technical
problems with the app. Privacy breaches were identified by the
municipality, and technical problemswereidentified by the app
company. Continuity was evaluated using a questionnaire on
factors that contributed to exercise continuation by the DPSA
and the intention to continue using the DPSA after 12 weeks.

Changesin Physical Activity, SB, Physical Function,
and Self-Efficacy for Exercise

Physical activity (step count, LPA, MVPA, and SB); physical
function (grip strength and CS-30); and self-efficacy for exercise
were assessed at 2 time points: baseline and follow-up. The
follow-up data were measured in the same way as at baseline.
For follow-up data, physical activity was measured between
weeks 10 and 11 of the intervention. Physical function and
self-efficacy for exercise were measured after 12 weeks of the
intervention.

Statistical Analysis

Comparisons of participant characteristics in each group were
analyzed using the independent samples t test (2-tailed),
chi-square test, and Mann-Whitney U test. The interaction

https://aging.jmir.org/2024/1/e56184

between the group and time of intervention was analyzed using
a linear mixed model with baseline and follow-up group
differences adjusted for baseline age, sex, and frequency of app
use (at baseline). Consent withdrawerswere excluded, and ol der
adultswho dropped out of theintervention wereincluded inthe
analysisin amodified intention-to-treat analysis. The daily step
count, SB, LPA, MVPA, grip strength, CS-30, and self-efficacy
for exercise were analyzed as dependent variables in separate
models. Thedaily step countswere positively skewed; therefore,
square root transformationswere applied to improve normality.
To increase the comprehensibility of the tables, raw descriptive
datawere reported, although analyses were conducted using the
square root-transformed values. We defined high and low levels
of physical activity based on step counts, using 7000 steps per
day asthe cutoff, asthe recommended step goal for older adults
is typically 7000 to 10,000 steps [37]. To examine the impact
of physical activity at baseline on the intervention effect, a post
hoc subgroup analysis was conducted on participants in the
intervention group who had different levels of physical activity
at baseline (=7000 steps per day vs <7000 steps/day). The
interaction between the physical activity level and intervention
time point was analyzed in a linear mixed model adjusted for
baseline age, sex, and frequency of app use. The data were
analyzed using SPSS (version 29.0; IBM Corp). The statistical
significance level was set at 5%.

Results

Participants

A total of 74 participants were initially enrolled in the study.
However, 4 (5%) withdrew consent during the 12-week
intervention period, with 1 (25%) withdrawal in the intervention
group and 3 (75%) in the control group. The final anaysis
included 70 participants, 40 (57%) in the intervention group
and 30 (43%) in the control group, in a modified
intention-to-treat analysis, excluding those who withdrew
consent (Figure 3). Theintervention group comprised 9 groups
of 4 to 5 participants each. A total of 5 (12%) out of 41
participants in the intervention group dropped out, including
the 1 who withdrew consent.
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Figure 3. Flow diagram of participants. DPSA: digital peer support app.
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Research participants (N=74)

Intervention group (n=41)

Control group (n=33)

Completed 12 weeks of intervention (n=36) ‘

| Stopped using the DPSA (n=5) |

| Completed 12 weeks of intervention (n=30)

—[ Withdrew from consent (n=1) |

'{ Withdrew from consent (n=3)

[ Included in the analysis (n=40) l

Participant Characteristics

The baseline participant characteristics are shown in Tables 1
and 2. The mean age of the participants (n=70) was 77.3 (SD
6.1) years, with 26 (37%) male participants included in the
study. There were no differences in baseline demographic
characteristics between the intervention and control groups.
However, participantsin theintervention group were more likely
to use apps and exercise more frequently. “ Gather information
and shop ontheinternet” for the intervention group, the control
group and representative percentage were 78%, 57%, and 23.7%,
respectively. “Use socia networking services’ for the
intervention group, the control group and representative
percentage were 60%, 37%, and 13.1%, respectively. “Do not
use any information devices’ for the intervention group, the
control group and representative percentage were 0%, 3%, and

https://aging.jmir.org/2024/1/e56184

RenderX

|

Included in the analysis (n=30) l

17%, respectively. Compared to the representative percentage
of Japanese older adults based on the Annual Report on the
Ageing Society published by the Japan Cabinet Office [32],
both groups used ICT, with the intervention group exhibiting
greater ICT use compared to the control group.

Although the differencein the baseline daily step count between
groupswas not statistically significant, the step count was higher
in the intervention group than in the control group, with a
median difference of >1000 steps. There was a statistically
significant difference in baseline LPA and MV PA between the
2 groups; the intervention group exhibited significantly higher
MVPA levels, while the control group showed significantly
higher LPA levels. Furthermore, grip strength was higher in the
intervention group, likely owing to the greater proportion of
male participants; however, the difference was not statistically
significant.
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Table 1. Demographic characteristics of the participants (n=70).

Characteristics Total sample Intervention group (n=40)  Control group (n=30) P value
Age (years), mean (SD) 77.3(6.1) 76.9 (6.1) 779(6.1) 49?2
Sex, n (%) 12b
Male 26 (37) 18 (45) 8(27)
Female 44 (63) 22 (55) 22 (73)
BMI (kg/m?), mean (SD) 22.8(29) 23.0(2.9) 22.4(2.9) 43
Living alone, n (%) 19 (27) 13(32) 6 (20) 2ob
Self-rated health, n (%) 13p
Excellent, good, or normal 63 (90) 38 (95) 25(83)
Fair or poor 7 (10) 2(5) 5(17)
Per ceived household economic status, n (%) 57°
Excellent, good, or normal 67 (96) 39 (98) 28 (93)
Fair or poor 3 1(2 2(7)
Life satisfaction, n (%) 53°
Excellent, good or normal 62 (89) 35(88) 27 (90)
Fair or poor 8(11) 5(12) 3(10)
Working, n (%) 18 (26) 9(22) 9(30) 48°
Smartphone ownership, n (%) 67 (96) 40 (100) 27 (90) o7°
Frequency of app use, n (%) o7°
Usually or sometimes 54 (77) 34 (85) 20 (67)
Rarely or never 16 (23) 6 (15) 10(33)
Exercise habits, n (%) 37(53) 24 (60) 13 (43) a7
Freguency of neighborhood interaction, n (%) 53°
>3 times/week 31 (44) 19 (48) 12 (40)
<2 times/week 39 (56) 21(52) 18 (60)
Participation in group exercise, n (%) 34 (49) 18 (45) 16 (53) 40P
History fallsin the past year, n (%) 9(13) 5(12) 4(13) 60°
Effect of the COVID-19 pandemic on decreased physical activity, n (%) 64°
Great or slight 51 (73) 30 (75) 21 (70)
Not much or unchanged 19 (27) 10 (25) 9 (30)
Self-reported decrease in walking speed, n (%) 49 (70) 28 (70) 21 (70) >.99°

8Analysis was conducted using the independent samplest test (2-tailed).
bAnal ysis was conducted using the chi-square test.
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Table 2. Baseline measures of the triaxial accelerometer, physical function assessment, and self-efficacy for exercise (n=70).

Outcome measures Total sample Intervention group (n=40) Control group (n=30) P vaue
Triaxial accelerometer?
Steps/day, median (IQR) 5511 (3783-7852) 6310 (3936-8132) 5276 (3522-6275) ogP
LPAC (minutes/day), mean (SD) 329.9(91.0) 306.6 (79.7) 360.3(97.0) 01¢
MVPA® (minutes/day), mean (SD) 455 (26.5) 51.0 (24.1) 38.4(28.) 049¢
B’ (minutes/day), mean (SD) 538.2 (110.3) 530.1 (86.0) 522.3(116.9) 540
Triaxial accelerometer wearing time (minutes/day), 913.6 (121.8) 888.4 (80.0) 946.4 (159.6) o7d
mean (SD)
Physical function
Grip strength (kg), mean (SD) 25.6 (8.1) 26.9(8.7) 23.8(7.0) 100
€309, mean (SD) 20.7 (6.4) 207 (7.2) 20.8(5.2) gd
Self-efficacy for exercise, mean (SD) 13.6 (3.6) 13.9(3.6) 13.3(3.6) 54

8Participants with valid accel erometer data; total sample, n=69; intervention,

bAnal ysis was conducted using the Mann-Whitney U test.

CLPA: light intensity physical activity.

dAnal ysis was conducted using the independent samplest test (2-tailed).
®MVPA: moderate to vigorous intensity physical activity.

fsB: sedentary behavior.

9CS-30: 30-second chair-stand test.

Feasibility: Retention Rate, Number of Posts, Negative
Impact, Continuation Factors, and Willingnessto
Continue

A total of 5 (12%) out of the 41 participantsin the intervention
group dropped out, resulting in a DPSA continuation rate of
88% (36/41). Reasons for dropping out included “withdrew

n=39; and control, n=30.

research consent,” “not agood fit for me,” and “ unknown cause”
(n=1, 20% each), as well as “poor heath” (n=2, 40%). The
average number of total posts per person was 2.76 (SD 1.99)
per day. After excluding participants who dropped out, the
adherence rate was 96%, and the average number of total posts
per person was 3.02 (SD 1.93) per day (Table 3).

Table 3. Digital peer support app adherence rate and average number of total posts per day among participants in the intervention group.

Group All participants (n=40) Excluding participants who drop out (n=36)
n (adherence rate, %) Total posts/person/day, mean (SD)  n (adherence rate, %) Total posts/person/day, mean (SD)
All 40 (87.7) 2.76 (1.99) 36 (95.9) 3.02(1.93)
A 4(95.8) 1.55 (0.32) 4(95.8) 1.55 (0.32)
B 5(88.3) 1.83(0.88) 5(88.3) 1.83(0.88)
c 5 (80.4) 2,62 (1.72) 4(98.6) 3.24 (1.15)
D 5(79.8) 1.12 (0.59) 4(99.2) 1.38(0.15)
E 5(77.1) 1.19 (L.72) 4(91.6) 1.22 (0.32)
F 4(99.7) 6.25 (1.46) 4(99.7) 6.25 (1.46)
G 4(98.6) 3.36 (1.16) 4(98.6) 3.36 (1.16)
H 4(95.5) 4.20 (1.07) 4(95.5) 4.20 (1.07)
[ 4(74.1) 3.83(2.88) 3(96.2) 4.88 (2.40)

A total of 3 minor negative physical effects were reported; 2
participants reported knee pain and 1 reported plantar pain.
There were no breaches of privacy associated with the use of
the app. A total of 14 inquiries were received about how to use
the app. The average response took approximately 15.4 (10.7)
minutes per case. The reported reasons for continuing to use
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the app were continuing fellowship (28/36, 78%), having a
common goal (24/36, 67%), having fun (20/36, 56%), tracking
their step counts (20/36, 56%), maintai ning motivation (18/36,
50%), sense of improved mental health (17/36, 47%), sense of
improved physical health (14/36, 39%), being on the internet
(14/36, 39%) and Emotional painless (11/36, 31%). Figure 4
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somewhat disagree (1/36, 3%), and strongly disagree (1/36,
3%). More than half of the participants (23/36, 64%) indicated
an intention to continue.

Figure 4. Intention to continue using the digital peer support app after the end of the study among participants in the intervention group.

30.6% 33.3%
0% 10% 20% 30% 40% 50% 60%

Changesin Physical Activity, Physical Function, and
Self-Efficacy for Exercise

The results of the linear mixed model analysis of physical
activity, physical function, and self-efficacy for exercise are
listed in Table 4. There was a significant difference in the
interaction between groups and intervention time pointsin the
daily step count and MV PA (daily step count: P=.04 and MV PA:

https://aging.jmir.org/2024/1/e56184
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[l Strongly agree
Il Somewhat agree

Undecided

30.6% 2.8% 2.8%

Somewhat disagree

B Strongly disagree

T0% 80% 90% 100%
P=.03) but not in LPA, SB, grip strength, CS-30, and

self-efficacy for exercise.

A post hoc subgroup analysis was conducted by dividing the
intervention group into high-level physical activity and low-level
physical activity subgroups[37] based on their level of physical
activity at baseline. The step count, LPA, MVPA, and SB were
compared (Table 5). The analysis showed a significant
difference in the interaction between the groups and the daily
step count at baseline (P=.04).
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Table4. Intervention effects on physica activity, physical function, and self-efficacy for exercise before and after the intervention.

Outcome measures? Intervention group Control group Groupxtime (ad-
justed) P value

Basdline Follow-up Baseline Follow-up

Accelerometer data®

Steps/day, median (IQR) 6310 (3936-8132) 8368 (5331-10,235) 5276 (3522-6275) 5143 (2715-6648) .04
LPAC (minutes/day), mean (SD) 3066 (79.7) 303.6 (91.0) 360.3 (97.0) 3322(8L7) 06
MVPAY (minutesiday), mean (D) 510 (24.1) 65.7 (32.0) 38.4(28.1) 38.4(28.1) 02
SB® (minutes/day), mean (SD) 5301 (86.0) 522.3(116.8) 522.3(116.8) 549.4 (113.7) 55
Grip strengthf (g), mean (SD) 26.9(8.7) 26.0(9.3) 238(7.0) 24,6 (7.4) 09
CS-30%, mean (SD) 20.7 (7.2) 222(7.3) 20.8(5.3) 20.4(6.3) 50
Self-efficacy for exercise”, mean (SD) 13.9 (36) 14.8(3.0) 133(3.7) 14.0(3.6) 70

8Analyses were adjusted for age, sex, and frequency of app use (at baseline).

BPartici pants with valid accelerometer data; intervention group: baseline, n=39, and follow-up, n=35; control group: baseline, n=30, and follow-up,
n=30.

CLPA: light intensity physical activity.

dMVPA: moderate to vigorous intensity physical activity.

€SB sedentary behavior.

fPartici pantswith valid grip strength data; intervention group: baseline, n=40, and follow-up, n=34; control group: baseline, n=30, and follow-up, n=23.
9CS-30; 30-second chair-stand test; participantswith valid data; intervention group: baseline, =40, and follow-up, n=32; control group: baseline, n=30,
and follow-up, n=22.

PPartici pants with valid self-efficacy for exercise data; intervention group: baseline, n=40, and follow-up, n=36; control group: baseline, n=30, and
follow-up, n=28.

Table 5. Comparison of intervention effects on accelerometer data between low-level and high-level physical activity subgroups at baseline and
follow-up in the intervention group.

Outcome measures? (accel erometer <7000 steps/day (n=22) >7000 steps/day (n=18) Groupxtime (adjust-
b ed) P value
data)
Baseline Follow-up Baseline Follow-up
Steps/day, median (IQR) 4338 (3207-5495) 5761 (4649-8680) 8581 (7571-10,117) 9277 (8133-10,980) .007
LPAS (minutes/day), mean (SD) 296.7 (78.1) 301.1(94.8) 318.0(82.3) 306.2 (89.5) .25
MVPAY (minutes/day), mean (sD)  33.1(12.7) 52.0 (31.0) 719 (15.7) 80.2 (26.7) 18
SB® (minutes/day), mean (SD) 538.2(92.1) 513.3(126.1) 522.4 (80.0) 531.7 (109.1) 15

8Analyses were adjusted for age, sex, and frequency of app use (at baseline).

bpartici pantswith valid accelerometer data; low-level physical activity (<7000 steps/day) group: baseline, n=21, and follow-up, n=18; high-level physica
activity (=7000 steps/day) group: baseline, n=18, and follow-up (n=18).

CLPA: light intensity physical activity.

dMVPA: moderate to vigorousintensity physical activity.

€SB: sedentary behavior.

Participants who reported an exercise habit tended to be more
physically active at baseline. Theretention rate was 88% (36/41)
and the adherence rate was 87.7%, demonstrating the feasibility

) ) o of older adults using the DPSA. The step count and MV PA
The study aimed to determinethe characteristics of older adults .\ reaceq significantly in theintervention group compared with

whowanted to usethe DPSA, whichaimedtoincrease physical 1550 i the control group, demonstrating that the DPSA
activity among older adults, and to confirm the feasibility of effectively increased physical activity. In DPSA users
the DPSA and itsimpact on physical gctlwty. Older adultswho participants with lower levels of basdline physica activity
wanted to use the DPSA were more likely to be frequent users ¢ yeq a more significant increase in their daily step count
of the app and were more familiar with the use of ICT.  omoared with those with higher levels of physical activity.

Discussion

Principal Findings
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Comparison With Previous Studies

In this study, the retention and adherence rates were 88% (36/41)
and 87.7%, respectively. These values are favorable compared
to those reported in previous studies that have used digital
technology to increase physical activity among older adults
[38-42]. The findings from this study show that it is feasible
for older adultsto use DPSA to increase their level of physical
activity. While differences were observed in adherence rates
and the average number of total posts per day between groups,
it is unclear what factors contribute to these differences. Only
3 negative physical effects were reported, but they were all
minor and did not cause privacy breach issues. In contrast to
our findings, Kullgren et al [43] showed that peer support using
a 4-person web-based SM S text message board did not lead to
anincreasein physical activity among older adults. The authors
attributed this lack of effectiveness to the failure to facilitate
communication. Inthis study, the average number of comments
per day in the intervention group was 2.76 overall and 3.01
excluding dropouts, indicating that many participants were
actively using the DPSA. In addition, the fellowship was the
factor with the highest percentage of intention to continue using
DPSA. These may indicate that peer support based on social
cognitive theory increased physical activity, as hypothesized.
Self-efficacy is a key aspect of social cognitive theory [21].
However, in this study, although there was an increase in
self-efficacy for exercise scores, the change was not significant.
Possible reasons for the lack of a significant increase in
self-efficacy for exercisein this study include the high baseline
self-efficacy for exercise of the study population, the ceiling
effect, and the short intervention period. In addition, the
guestionnaire used in this study may not reflect the impact of
DPSA on self-efficacy. In this study, DPSA users showed a
significant increasein their daily step count and MV PA duration
despite the winter season. Participants with lower baseline
physical activity levels showed a greater increase than those
with higher levels of physical activity, suggesting that older
adults with lower levels of physical activity may benefit more
from using the DPSA than those with higher levels of physical
activity. Intheintervention group, the daily step count increased
by >1000 steps on average. A systematic review of 17
prospective studies by Hall et a [44] has shown that each
1000-step increase in the daily step count decreases the risk of
death and heart disease, with a 6% to 36% decreasein all-cause
mortality risk and a 5% to 21% decrease in heart disease risk.
Furthermore, it has been shown that an increase of 1000 steps
per day decreases a woman's risk of diabetes by 6% and an
increase of 2000 steps per day decreases therisk of diabetes by
12% [45]. In this study, the duration of MVPA increased by
>10 minutes. Previous studies conducted in the United States
[46] have shown that adding 10 minutes per day of MV PA could
prevent 6.9% of deaths per year inthe US adult population aged
between 45 and 85 years. A greater increasein physical activity
is predicted to have a greater protective effect. In Japan, the
Ministry of Health, Labour and Welfare published the
ActiveGuide, the Japanese official physical activity guidelines
for health promotion, in March 2013 [47]. The key message of
this guideline is “+10,” indicating “add 10 minutes of MV PA
per day.” Weincreased physical activity in older adultsthrough
a 5-year community-wide intervention that incorporated this

https://aging.jmir.org/2024/1/e56184
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guideline [48]. According to ameta-analysis of 26 cohort studies
by Miyachi et a [49], an increase of 10 minutes of MV PA per
day can cause a 3.2% reduction of the average relative risk of
noncommunicable diseases, dementia, joint-musculoskeletal
impairment, and mortality. The 2010 National Health and
Nutrition Survey [50] found that 60.8% of the respondents are
willing to take part in an additional 10 minutes of physical
activity per day. Therefore, the “+10” recommendation could
be feasible and efficient for the Japanese population [49]. On
the basis of previousfindings and the results of this study, DPSA
isaviable and effective tool for increasing physical activity.

Limitations

Thisstudy hasafew limitations. First, sampling problems such
as small sample size and low statistical power, as well as the
influence of confounding factors such as academic background,
digita literacy, and motivation, cannot be ruled out. Indeed,
there was a difference between the 2 groups regarding the
percentage of information about the use of ICT. The enrolment
to theintervention and control groups was nonrandomized, and
participation was voluntary. A previous study by Tudor-Locke
et a [37] has shown that healthy older adults tend to walk
between 2000 and 9000 steps per day, with a median of 5500
steps. The control group had about the same number of steps
as the average older adult in Japan, whereas the intervention
group took approximately 1000 more steps per day than the
average older adult in Japan. Both groupswere highly interested
in exercise, which might have influenced the effectiveness of
the DPSA intervention. Second, this study used a short-term
intervention period of 12 weeks. Previous studies have found
that mHealth physical activity interventions are more effective
over short periods of time (<16 and <12 weeks) than over longer
periods of time and that the effects may not be maintained for
longer periods of time[51,52]. Furthermore, other reviews have
shown that mHealth interventions may promote small to
moderate increases in physical activity and that the effects are
maintained over time but that the effect size decreases over time
[53]. Inthis study, 6% (2/36) of the participants stated that they
did not haveintention to continuethe intervention after 12 weeks
and 31% (11/36) answered undecided, indicating that high
retention and adherence rates can be achieved for short-term
use of 12 weeks but that the long-term retention rateis unknown.
Third, the generaizability is limited, as participation in the
intervention group was limited to those who owned a
smartphone. In addition, they were aready familiar with the
use of ICT. In this study, training sessions were provided on
the use of the app, so that even those who were less familiar
with the use of the app could participate, but participation was
low.

Conclusions

In this study, a 12-week intervention was conducted with older
adults aged =65 years, using DPSA toincrease physical activity.
Older adultswho used DPSA to increase physica activity tended
to be more familiar with ICT and more physically active at
baseline compared to the general older adult population. The
feasibility of DPSA was good, with increasesin daily stepsand
MVPA in the intervention group. Peer support—based
interventions using digital apps may be effective in promoting
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physical activity among older adults. Notably, participantswith  those with higher levels of physical activity. To confirm the
lower levels of baseline physical activity showed a more effect of DPSA on physical activity and physical function in
significant increase in their daily step count compared with  older adults, arandomized controlled trial should be conducted.
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Abstract

Background: Current clinical guidelines for the management of type 2 diabetes mellitus (T2DM) in older adults recommend
the use of antihyperglycemic medications, monitoring of blood glucose levels, regular exercise, and a healthy diet to improve
glycemic control and reduce associated comorbidities. However, adherence to traditional exercise programs is poor (<35%).
Common barriers to adherence include fear of hypoglycemia and the need for blood glucose level monitoring before exercise.
Digital health strategies offer great promise for managing T2DM as they facilitate patient-practitioner communication, support
self-management, and improve access to health care services for underserved popul ations. We have devel oped anovel web-based
software program allowing practitioners to create tailored interventions and deliver them to patients via digital voice assistants
(DVAS) in their own homes.

Objective:  We aim to evaluate the feasibility of a 12-week, home-based, personalized lifestyle intervention delivered and
monitored by DVAs for older adults with obesity and T2DM.

Methods: Intotal, 50 older adults with obesity aged 50-75 years with oral hypoglycemic agent—treated T2DM were randomized
totheintervention (DVA, n=25) or acontrol group (n=25). Participants allocated to the DVA group were prescribed ahome-based
muscle strengthening exercise program (~20- to 30-min sessions) and healthy eating intervention, delivered via DVAs (Alexa
Echo Show 8; Amazon) using newly developed software (“Buddy Link”; Great Australian Pty Ltd). Control group participants
received generalized physical activity information viaemail. Outcomes were feasibility, DVA usability (System Usability Scale),
and objectively assessed physical activity and sedentary time (wrist-worn accel erometers).

Results. In total, 45 (90%) out of 50 participants completed this study. Mean adherence to prescribed exercise was 85% (SD
43%) with no intervention-rel ated adverse events. System usability wasrated above average (70.4, SD 16.9 out of 100). Compared
with controls, the DVA group significantly decreased sedentary time (mean difference 67, SD 23; 95% Cl —113 to —21 min/d),
which was represented by a medium to large effect size (d=—0.6).

Conclusions: A home-based lifestyle intervention delivered and monitored by health professionals using DVAs was feasible
for reducing sedentary behavior and increasing moderate-intensity activity in older adults with obesity and T2DM.
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Introduction

Background

Current clinical guidelinesfor type 2 diabetesmellitus (T2DM)
recommend the use of antihyperglycemic medications,
salf-monitoring of blood glucoselevels (BGLS), regular exercise,
and a healthy diet to improve glycemic control and reduce
vascular complications associated with this disease [1].
However, a recent meta-analysis of older adults with chronic
conditions including T2DM reported that 12-month adherence
to exercise programs supervised by health professionas was
poor (<35%) [2]. Furthermore, a 12-week feasibility trial
investigating adherence to home-based exercise in 76 adults
with T2DM (mean age 56.6, SD 9.6 years) reported that only
38% of participants in the exercise group adhered to
approximately 80% of their prescribed exercises[3].

Common barriersto adhering to clinical exercise guidelinesfor
the management of T2DM include fear of hypoglycemia,
demands of day-to-day management, and the need for
monitoring of BGL s before exercise [4]. Monitoring of BGLS
before exercise is recommended in clinical guidelines [4], but
health care professionals (HCPs) have limited capacity to
monitor patientswhen delivering group-based exercise programs
[5]. Furthermore, most exercise programs are center-based, and
lack of time, transportation, and cost requirements are additional
barriers to participation in such programs for older adults with
T2DM [6].

Emerging evidence suggests that the implementation of digital
health strategies offers great promise for managing T2DM as
they adlow for improvements to patient-practitioner
communication, support patient self-management, improve
clinical decision-making, and increase health care services for
underserved populations [7]. Various studies support the role
of digital health technologies as safe, effective, and even
cost-effective models for the management of T2DM in older
adults[8-17], but the prescription and monitoring of individually
tailored exercise programs remains an ongoing challenge for
HCPs [18-22]. Currently, HCPs using traditional methods of
communication such as tel ephone and videoconferencing have
a limited capacity to monitor patient progress throughout
home-based exercise programs, and thislimitation is magnified
themore participantsthey have[18]. Self-administered programs
which may be delivered viaweb-based or mobile technologies
may reduce the burden on HCPs through the automation of
exercise monitoring, but many older patients have difficulty
using these technol ogies [23-25].

The introduction of digital voice assistants (DVAS), which
include embedded home speakers and display units capable of
interpreting human speech and providing automated,

https://aging.jmir.org/2024/1/e53064

personalized responses, alows older adults to communicate
with these devicesvianatura conversation. Thismay overcome
barriers related to technological accessibility thereby allowing
for an engaging and effective self-management experience.

We have developed a novel web-based software program
(“Buddy Link”) that allowsHCPsto create individually tailored
exercise programs and deliver these to patients via DVAs in
their own homes. In arecent feasibility trial including 15 older
adultsliving alone, we observed 100% parti cipant retention and
115% (SD 57%) mean adherence (participants completed 15%
more than their prescribed exercise sessions) to a 12-week
exercise program with no adverse events and above-average
system usability (score of 75 out of 100) [26]. A novel feature
of this system is the capacity for DVAS to obtain self-reported
health information (eg, BGL values) via patient voice responses,
interpret these responses using artificia intelligence, and then
direct patients to exercise or take action as appropriate using
predefined algorithms consistent with clinical guidelines. As
such, the use of DVAs may offer an effective approach to
delivering personalized and safe remote exercise prescriptions
for older adults with T2DM.

Aims and Hypotheses

The primary aim of this 12-week feasibility randomized
controlled trial (RCT) of a DVA-delivered exercise program
for older adults with obesity and T2DM wasto assess retention
rate, adherence, incidence of (and types) of adverse events, and
perceived system usability to the DVA intervention. The
secondary aims were to compare between-group changes in
health-related quality of life using the EQ-5D-5L, diabetes
self-care management using the Diabetes Self-Management
Questionnaire (DSMQ), physical activity, and sedentary
behavior.

Methods

Study Design

Thiswasa 12-week feasibility RCT inwhich adultswith obesity
aged 50-75 vyears treated with oral hypoglycemic
agent—controlled T2DM were randomized (1:1), stratified by
gender, to an individually prescribed, DVA-delivered,
home-based exercise and healthy eating nutrition program
developed by an accredited exercise physiologist (AEP) and
Accredited Practicing Dietician, or general physical activity
and healthy eating information delivered via email (control
group). Group randomization was computer generated (using
Microsoft Excel) by an independent person not directly involved
in this study. All assessments were conducted via web-based
guestionnaires at baseline and 12 weeks.
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Participants and Recruitment

Intotal, 50 older men and women with obesity and T2DM were
recruited via email invitation from a database of previous
research participants who provided consent to be recontacted
for future trials. We recruited 50 participants (25 per arm) in
thistrial asthisisconsistent with current sample size guidelines
for feasibility studies [27]. Sample sizes of 25 participants per
arm are also recommended for pilot studies asthey are capable
of detecting small effect sizes (0.2) with 90% power and 2-sided
significance at 5% [28].

Interested participants were initially directed to complete a
web-based form to register their interest. To be digible,
participants were required to be aged 50-75 years, treated with
oral hypoglycemic agent for T2DM, have a self-reported
BMI>30, English-speaking, residing anywhere in Australia,
sedentary (=9 h/d self-reported sitting), able to walk across a
room unaided, and have accessto asmart mobile phone capable
of making and receiving phone calls on an Australian network
and home Wi-Fi network. Participants were deemed ineligible
if they had difficulty communicating with study personnel or a
DVA device dueto speech or hearing problems, were unwilling
to be randomized, planned to be away from the DVA device
for =4 weeks during the 12-week intervention period, had severe
knee or hip osteoarthritis (awaiting a joint replacement) that
would interfere with the ability to complete the exercises, had
a recent fracture (past 3 months) limiting exercise, had renal
disease requiring dialysis, had any disorder of such severity that
life expectancy was less than 12 months, or any cognitive or
physical impairment or disability that in the opinion of this
study’s investigators would result in the participant having
difficulty interacting with DVAs or performing unsupervised
exercise safely. Participants were also required to answer “no”
to all 6 questions on the Exercise & Sports Science Australia
pre-exercise screening tool to ensure safety for exercising
unsupervised at home.

Intervention

The DVA content was prepared and uploaded using the “ Buddy
Link” portal software (Great Australian Pty Ltd) [29]. Buddy
Link allows HCPsto select existing, or create new, instructions
and schedule theseinstructionsto be broadcast (using both video
and audio) to participants at specified timesviathe DVA device
in their home. HCPs can also schedule questions to be
broadcasted and review participant's responses which are
recorded by the DVA. We have devel oped automated al gorithms
embedded within the Buddy Link softwareto allow thereporting
of health outcomes such as BGLs and modify presented
instructions automatically based on the reported data.

Each participant was provided with an Amazon Alexa Echo
Show 8 (“Alexa’) device delivered to their home via courier.
The package included instructions on how to connect the Alexa
device to a Wi-Fi network and how to initiate the preinstalled

https://aging.jmir.org/2024/1/e53064
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Alexa skill app (“TeleTrainer”) to access the personalized
content uploaded to Buddy Link. Both Buddy Link and
TeleTrainer were devel oped and supported by Great Australian
Pty Ltd.

The AEP prescribed a personalized, weekly exercise program
for participants allocated to the intervention. Exercises were
selected by the AEP using the health professional interface in
Buddy Link and individually broadcast to participantsviaAlexa
a specified times throughout the day, using video
demonstrations and audio and written instructions based on
Exercise & Sport Science Australiaguidelines[30]. Theexercise
program used body weight or additional resistance such as
weight plates, dumbbells, TheraBand, and weighted vests, if
the participants had access to them (unless contraindicated).
Participants performed up to 3 sets of 5 repetitions of 5 upper
limb and lower limb exercises at a moderate intensity of
approximately 4-6 on the 10-point modified Rating of Perceived
Exertion scale [31]. Some examples of the exercises prescribed
include chair squats, calf raises, and wall push-ups. Each
participant was encouraged to increase the load of prescribed
exercises each session while maintaining the desired intensity.
Each exercise session was 20-30 minutes in duration. The
protocol initially delivered 2 exercise sessions per week for the
first 4 weeks of the intervention, 3 exercise sessions per week
for the second 4 weeks, and 4 exercise sessions per week for
the final 4 weeks. Following each exercise, Alexa broadcasted
guestions to determine whether participants completed their
exercise, their self-perceived exertion, and if they had any other
concerns(eg, pain or dizziness). Participants' responsesto these
questionswere recorded and saved to the Buddy Link database,
enabling the AEP to review weekly and modify or progress
exercise prescriptions as required.

The DVA used a novel automated “decision to exercise tree”
based on the current recommendations of the American Diabetes
Association, as shown in Figure 1 [4]. Alexa provided BGL
monitoring reminders using video, audio, and written
instructions before and after each exercise session for the first
3 sessions (minimum) to establish BGL responses to each
session, each week of the program. Participants were asked to
report their BGLs to Alexa and the automated
decision-to-exercise tree—adapted program content based on
these responses. For example, the decision tree did not deliver
exerciseif participants had signs or symptoms of hypoglycemia,
had self-reported BGLslessthan 5 mmol/L, or were not feeling
well enough to exercise. Instead, the decision treewould deliver
audio and video instructions on how to self-administer a
personalized hypoglycemia action plan. If self-reported BGLs
less than 5 mmol/L, or greater than 14 mmol/L, were reported
3 sessionsin arow, then the decision tree would recommend a
referral  to the participant’s general practitioner or
endocrinologist for completion of a Diabetes Management Plan.
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Figure 1. Clinical decision-tree algorithm delivered by DVA. BGL: blood glucose level; DVA: digital voice assistant; GP: general practitioner.
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An Accredited Practicing Dietician prescribed a healthy eating
program delivered by the DVA to the intervention group for 12
weeksto increase whole grains, vegetable, and fruit daily intake
inlinewith the Australian Dietary Guidelines[32]. In addition,
generalized dietary educational videos tailored for T2DM
management were displayed by the DVA. Examples include
“meal planning,” “making shopping lists using DVA,” and
“healthy snacking.” The Buddy Link software was al so accessed
by study investigators to quantify the adherence of participant
engagement with the educationa videos.

”

The control group received a usua standard of care [33] and
generic information onimproving physical activity and nutrition
sourced from Diabetes Australia[34] viaweekly emails.

Outcome M easures

The primary outcomes related to feasibility with previously
defined targets of >70% retention and completion of =66%
(n=594) of prescribed exercise and dietary advice were
determined based on the number of recorded voice responses
from the DVA group. Adverse events were defined as health
events that were considered possibly or probably related to the
12-week intervention and were measured using fortnightly
phone calls by study investigators.

Secondary M easures

Accelerometer-Determined Physical Activity

Participants were provided with a wrist-worn ActiGraph
GT9XLink accelerometer that was worn 24 hours per day,
except while swimming or bathing, for 7 days at both baseline
and post—12-week follow-up. Participants were also required
to keep adiary to record wear times and reasons for not wearing
their devices. These devices estimated average sedentary time
(min/d), averagelight activity (min/d), average moderate activity
(min/d), average vigorous activity (min/d), average very
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vigorous activity (min/d), average total moderate to vigorous
activity per day (MVPA; min/d), and average number of steps

per day.
Validated Questionnaires

Health-related quality of life was assessed at baseline and
follow-up using the EQ-5D-5L [35,36]. Thisinstrument contains
5 multiple-choice questions and a 100-point overall health state
visual analog scale [35,36]. Self-care activities related to
diabetes management were assessed using the DSMQ[37]. This
instrument contains 16 questions, 6 relate to glucose
management, 4 relate to dietary control, 3 relate to physical
activity, and 3 relate to health care use [37]. Each subset is
scored 0-3 with O not applying to participants and 3 being the
most applicable [37]. All web-based questionnaires were
administered by Qualtrics.

DVA System Usability

After the first week of use and again after follow-up, DVA
participants were asked to complete a web-based System
Usability Scale (SUS) [38] administered by Qualtrics. The SUS
is a Likert scale of 10 items which projects a globalized
subjective assessment of usability. SUS was administered to
alow for a subjective evaluation of Alexa's usability by
participants. Throughout the trial participants also received
fortnightly emails inviting them to report any technical errors
they may be experiencing with Alexavia aweb-based form.

Data Analysis

Descriptive data were reported for feasibility outcomes. Each
of the secondary outcomeswas compared between groupsusing
analysisof covariance adjusted for baseline values. Standardized
effect sizes (Cohen d) were calculated for each secondary
outcome. Alpha criterion level was set at P=.05. As this study
was only a feasibility trial it may be underpowered to detect
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any significant changes, as such multiple hypothesis testing
(Bonferroni correction) wastaken into account [39]. All analyses
were conducted using Stata (version 16.0; StataCorp).

Ethical Consider ations

This study was approved by the Deakin University Human
Research Ethics Committee (HREC 2021-009) and registered
with the ANZCTR (Australian New Zealand Clinical Trias
Registry; 12621000307808). Written informed consent was
obtained from al participants. All the data has been anonymized
and no compensation was provided to participants.
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Results

Overview

A total of 64 potential participants were initially screened to
recruit 50 eligible (self-reported BM1>30) men and women with
obesity treated with oral hypoglycemic agentsfor T2DM, with
equal numbers (n=25 each) randomly allocated to the DVA or
control group (Figure 2).

Figure2. CONSORT (Consolidated Standards of Reporting Trias) flowchart of participation throughout this study.

[ Enroliment ]

‘ Assessed for eligibility (n=64) |

Excluded (n=14)

‘

| Randomized (n=50) |

!

| Allocation
pS

Allocated to control (n=25)
* Received allocated control (n=25)
~ Did not receive allocated control; (n=0)

l [ rorewn ) |

Allocated to intervention (n=25)
* Received allocated intervention (n=25)
~ Did not receive allocated intervention; (n=0)

Lost to follow-up (n=3)
1 passed away of unrelated illness
2 did not complete follow-up measures.

J, Analysis

‘ Analyzed (n=22) I

Participant Demographics

Table 1 summarizes baseline demographic characteristics. The
mean age of the 50 participants was 66 (SD 5; range 50-75)
years and included 29 men and 21 women. Over half (n=30,
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Lost to follow-up (n=2)
Both did not complete follow-up stating
unrelated illness

I Analyzed (n=23) ‘

60%) of the participants in both groups were educated at a
university level or higher, and around half (n=33, 46%) were
currently retired. All participants in both groups were obese
(self-reported BM1>30) and reported at least 1 chronic disease
in addition to T2DM.

IMIR Aging 2024 | vol. 7 | €53064 | p.74
(page number not for citation purposes)


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

JMIR AGING

Glavaset a

Table 1. Baseline demographics of the digital voice-activated intervention and control groups.

Baseline demographics

DVA?group (n=25)

Control group (n=25)

Age (years), mean (SD) 65 (4.9) 67.3 (6)
Gender (female), n (%) 9 (36) 12 (48)
Parent’s country of birth, n (%)
Australia 0(0) 4(16)
Other 12 (48) 8(32)
Not answered 13 (52) 13 (52)
Highest level of education, n (%)
Secondary or high school 4(16) 3(12)
Technical or further educational institution 7(28) 6 (24)
University or other higher educational institution 14 (56) 16 (64)
Current employment status, n (%)
Employed or self-employed full-time 9 (36) 7(28)
Employed or self-employed part-time 3(12) 6 (24)
Unemployed 0(0) 0(0)
Retired 11 (44) 12 (48)
Home duties 0(0) 0(0)
Pension (including disability or sole pension) 2(8) 0(0)
Medical conditions, n (%)
Coronary heart disease” 4(16) 3(14)
Hypertension (high blood pressure) 15 (60) 19 (76)
Hypercholesterolemia (high cholesterol) 12 (48) 10 (40)
Thrombosis (clot) 1(4) 3(12)
Asthma 6(24) 2(8)
Chronic bronchitis or emphysema 1(4) 1(4)
Any form of cancer 1(4) 6 (24)
Osteoarthritis 3(12) 4(16)
Rheumatoid arthritis 0(0) 3(12)
Depression 0(0) 0(0)
Anxiety 0(0) 0(0)
Other major illness® 6(24) 0(0)
Reported at least one chronic health condition 25 (100) 25 (100)

3DVA: digital voice assistant.

bCoronary heart disease included angina, stroke, peripheral vascular disease, and heart attack.
“Migraine, reflux, diverticulitis, hyperthyroidism, adenomyosis, polymyalgia rheumatica, epilepsy, sleep apnea, and peripheral neuropathy.

Primary Outcomes at 12-weeks—Adherence and
Retention

Study retention was 90% (45/50), with 5 participants lost to
follow-up (controls: n=3; DVA: n=2); 1 participant passed away
due to unrelated causes, 2 participants withdrew (at weeks 5
and 9) due to unrelated illnesses, and 2 participants were lost
to follow-up. The mean adherence of the DVA group to the
prescribed exercise sessions was 85% (SD 43%; range
8%-167%). Overall, the 25 participants completed a total of
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RenderX

761 (84.5%) of the 900 total prescribed exercise sessions over
12 weeks (Figure 3). Intotal, 19 (76%) out of the 25 DVA group
participants met the a priori exercise adherence target of 66%,
inclusive of 9 (36%) participants who achieved =100% (n=900)
exercise adherence (ie, initiated more exercise sessions than
prescribed). Throughout the 12-week intervention, 24 (96%)
out of 25 participantswatched atotal of 420 nutrition education
videos. The mean adherence to the prescribed number of
nutrition videos was 73% (SD 46%; 95% Cl 61%-85%) over
12 weeks.
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Figure 3. Individual participant adherence (@) to prescribed exercises over 12 weeks with the mean prescribed sessions highlighted by the dashed (-
-) line, mean observed adherence by the solid (—) line, and the target adherence by the dotted (. . .) line.
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At 12 weeks, there was a total of 448 (49.7%) BGLs recorded
out of the minimum prescribed 900 recordings. Themean BGLs
self-reported by participants was 7.40 (SD 1.09) mmol/L, the
normal preprandial blood glucose range was 4-7 mmol/L, and
normal postprandial blood glucose range was 5-10 mmol/L [34].
Given there were no instances of BGLs lower than 5 mmol/L
or higher than 14 mmol/L, the clinical decision-tree algorithm
referred participantsto their assigned exercise program on each
occasion. Furthermore, no participants reported any other
study-related adverse events across the 12-week intervention
in both groups.
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Secondary Outcomes

Accelerometer-Determined Physical Activity

Table 2 summarizes changes in secondary outcome measures
for both groups. Regression coefficients represent the differences
in change for these outcomes between groups over 12 weeks.
After 12 weeks and accounting for multiple hypothesistesting,
there was a significant decrease in average sedentary time
(min/d) in the DVA group with a mean difference of -67 (SD
23; 95% Cl —113 to —21) minutes per day when compared to
controls (Table 2). This represented a medium to large effect
size (d=—0.6). Furthermore, the DVA group’s average moderate
activity (min/d) and average MVPA (min/d) had medium to
large effect sizes (d=0.6 and d=0.7 respectively) when compared
to controls (Table 2).
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Table 2. Baseline and 12-week values for secondary outcomes with adjusted regression coefficients (95% Cl); P values for the mean differencesin

change between the groups and standardized effect sizes.

Estimated differ-
encein groups
after interven- Standardized ef-
DVA2 group, mean (SD) Control® group, mean (SD) tion (95% CI)® Pvalue fectsize
Baseline (n=25)  12-weeks Baseline(n=25) 12-weeks
(n=23) (n=22)
EQ-5D-5L
vA<d (0to 100) 79.2 (19.1) 79.6 (21.79) 70.6 (15.6) 72.9 (18.2f) 126 3()—9.1 to .76 0.1
Utility (0 to 1.0) 0.8(0.2) 0.9 (0.29 0.8(0.2) 0.8 (O.2f) 0.03 (-0.3to0 .28 0.2
0.1)
DSM QY
Glucose management 4.8 (1.2) 49(1.9) 48 (1.1 4.2 (1.9 0.7(-0.3t01.7) .17 0.6
(0to 15)
Dietary control (0 to 4.6 (1.5) 42(2.0) 45(1.3) 39(1.8) 05(-0.8t01.3) .60 04
12)
Physical activity (Oto  3.2(1.2) 28(1.3) 35(1.0) 32(1.7) -0.3(-1.2to 43 -0.3
10) 0.5)
Hedlthcareuse(Oto  3.8(1.2) 34(1.3) 3.6 (1.3 3.1(1.6) 0.3(-0.6t01.1) .56 0.2
10)
Sum scale (0 to 10) 4.2(0.7) 3.8(1.49) 4.2(0.8) 3.6 (1.6) 0.2(-0.6t00.9) .69 0.2
Accelerometer data
Average sedentary time 996 (80) 969 (83h) 1013 (l3li) 1044 (94h) —67 (-113to .006 -0.6
(min/d) -21)
Averagelight activity 263 (61) 268 (37h) 237 (55i) 236 (679 155(-104t0 .23 0.3
(min/d) 41.2)
AVG’@E‘ moderateactiv- 151 (37) 164 (48h) 136 (39i) 124 (399) 24.7 (1.2 to .04 0.6
ity (min/d) 48.2)
Averagevigorousactiv- 1.0 (5.0) 33 (9.0“) 33 (11_2i) 0(09) 3.2(-09t07.3) .12 0.4
ity (min/d)
Average very vigorous 0.2 (0.9) 0.3 (O.Sh) 0.6 (2_3i) 0(09 0.3(-0.1t00.7) .11 0.2
activity (min/d)
Average number of 10,943 (2842) 11,330 (2542h) 9244 (2573i) 8664 (30039 1098 (-192to .09 04
steps/days 2388)
Average total MVPal 149 (37) 169 (54" 139 (48) 132 (499 30.9(0.6to o46¢ 07
(min/d) 61.1)

3DVA=Alexa+home exercise+healthy eating.
bControl=standard of care+weekly emails on health.
CAdjusted for baseline value.

dVAS: visua analog scale.

fn=23.

fn=22.

9DSMQ: Diabetes Self-Management Questionnaire.
fin=20.

'n=24,

IMVPA: moderate to vi gorous activity per day.
Kindicates si gnificant difference in change between groups (P<.05).

DVA System Usability

At 12 weeks, the mean SUS score reported by the DVA group
was 70.4 (SD 16.9; Table S1 in Multimedia Appendix 1). This
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exceeds the value consistent with “average” usability (n=68)
for this instrument. Mean scores from the specific SUS
componentsindicated that participants generally disagreed that
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they would need the assistance of technical support to use the
system and that it was complex or difficult to use. Furthermore,
participants generally agreed that they were confident in using
the system and that most people would be able to learn the
system quickly.

Validated Questionnaires

There were no significant differences between groups at 12
weeks for measures of health-related quality of life (EQ-5D-5L
and visual analog scale) and diabetes self-care management
(DSMQ) (Table 2).

Discussion

Principal Findings

This pilot feasibility RCT demonstrated that a 12-week
home-based exercise intervention delivered and monitored by
DVAs was feasible and safe for older adults with obesity and
T2DM. Thiswas demonstrated by the high adherence and study
retention with no intervention-related adverse events and an
above-average SUS score. Secondary analyses demonstrated
that the DVA intervention reduced sedentary time and increased
MV PA relative to participants receiving generic advice (control).

Few studies have previoudly assessed remotely delivered,
home-based lifestyleinterventionsfor older adultswith chronic
conditions including T2DM [26,40,41]. Our recent pilot study
[26] used an Alexa device to deliver a 12-week home-based
exercise program to 15 older adults living alone. We found an
overal adherence to the prescribed exercise of 115% as
participants completed more than their prescribed exercise
sessions, and no participant reported any adverse event related
tointervention [26]. Our study also observed excellent adherence
to prescribed exercise (mean 85%, SD 43%) and no adverse
eventsrelated to theintervention. It ispossible that the decision
to exercisetree provided confidencefor participantsto exercise
and contributed to the lack of adverse eventsin terms of hypo-
and hyperglycemic occurrences. This novel exercise delivery
approach was well adhered to indicating that it is feasible for
home-based exercise programs for the management of T2DM
in older adults. A study reported on the design and application
of an intelligent digital assistant to remotely support 20 older
adults (aged =65 years) with T2DM in making lifestyle changes
and improving medication adherence[42]. Thisdigital assistant
differed from Alexaasit was an app powered by aUnity (Unity
Technol ogies) software engine allowing for the construction of
afemale 3D model, capable of speech articulation and emotional
expression through animation [42]. Furthermore, lifestyle
changes were based on a rule-based component behavioral
model wherethe digital assistant worked to modify the behavior
of participants by providing counseling and education on aspects
of physical activity and then assigning tasks for participantsto
complete to reinforce the desired behavior [42]. This differs
from our approach where an AEP prescribed a personalized
exercise program to support self-management in older adults
with T2DM. The previous study reported a mean system
usability (SUS) of 73.8 (SD 13.3) out of 100, suggesting good
to excellent usability of the software[42]. Theimproved system
usability may indicate that the integration of automation into a
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digitally delivered, lifestyle intervention may reduce burdens
on HCPs and be acceptable to patients.

While limited studies have examined outcomes related to the
feasibility of using DVA devices to deliver lifestyle
interventions while monitoring BGLs in older adults with
T2DM, other triadls have investigated similar feasibility outcomes
to our study using other asynchronous digital devices [43,44].
Koot et al [43] examined the feasibility of a mobile lifestyle
management program (GlycoL eap; Holmusk, Inc) to improve
blood glucose monitoring, dietary advice, physical activity, and
diabetes self-management in 100 older adults (mean age 54
years) with T2DM for over 6 months. The mean adherence to
completing at least 1 web-based health lesson was 33% [43].
Thisdiffersfrom our own study aswe observed high adherence
throughout the intervention. Older adults with T2DM may find
a DVA-delivered program more engaging than a mobile-based
lifestyle program, however future, long-term studies are required
to further understand patterns of participant adherence over
longer periods of time.

Following the 12-week intervention, we reported a decrease in
the average sedentary time (min/d) and an increase in average
moderate physical activity time (min/d) and total MV PA (min/d)
inthe DVA compared to the control group. A study investigated
the use of a mobile and web-based tool to deliver a lifestyle
intervention to 199 older adults (mean age 58 years) with T2DM
in primary care for over 9 months[44] and reported significant
improvements in MV PA/day (mean difference 10.6 min, 95%
Cl 4.9 to 16.3) compared to control participants who received
only standard T2DM care [44].

Our study observed anincreasein MV PA of around 30 minutes
over amuch shorter period; some possible explanationsfor this
may be that the participants in this study were healthier than
participants in the previous study or that DVA delivery may
have been more engaging. Analogousfuture studiesare required
to better understand the use of DVAsin this population. Another
study explored the effects of web-based home exercise on
physical activity levelsin 65 older adults (mean age 53 years)
with T2DM for over 8 weeks [45]. Similarly to our study,
participantswere required to self-monitor and report their BGLs
before and after exercise sessions [45]. After 8 weeks, the
web-based group was found to have significantly improved
their average number of steps(30.5, SD 34.9; P=.01) compared
to the control group [45]. However, we observed anet difference
of >1000 steps per day, indicating DVAs may be more
acceptable and effective in improving physical activity levels
in older adults with obesity and T2DM.

We found no significant changes between groupsinthe DSMQ.
A study [46] examined the use of digital modalities for
improving the self-management of T2DM in 115 older adults,
in which they investigated the first 3 months of a 12-month
digitally delivered intervention consisting of telemonitoring and
telephone-based coaching to improve diet, physical activity,
and self-diabetes management [46]. The main findings from
this study were that participants in the intervention group had
improved glycemic control as evidenced by significantly
decreased hemoglobin A;. (mean difference=—0.36, SE 0.17;

P=.04 between groups) and improved DSMQ scores (mean
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difference=1.13, SE 0.23; P<.001 between groups) [46]. This
study demonstratesthat DSMQ scores can beimproved through
digital modalities in older adults with T2DM, and the lack of
differencesin our study may be explained by the smaller cohort,
or perhaps the use of standardized rather than personalized
coaching.

To date, no previous studies have used DVAS to self-monitor
BGLs in older adults with T2DM. A review of 58 papers
investigated the use of digital technology in supporting the
self-management of T2DM and found that it is effective,
scalable, and also acceptable to both patients and HCPs [47].
Furthermore, aqualitative systematic review of 13 papersfound
similar evidence but suggested that both patients and HCPs
were more inclined to use digital technology if it was easily
accessible and had arelatively simple learning curve [48]. Our
study implemented a simplistic modality for participants to
self-report BGLs to Alexa and the DVA group participant’s
self-reported BGL s were consistently within a*“fit to exercise’
range (mean of 7.40, SD 1.09 mmol/L). This demonstrates that
automated assessment of the appropriateness of exercise based
on self-reported BGLsisfeasible, but further studies are needed
in less healthy older adult T2DM populations to fully explore
the effectiveness of this model.

Remote diabetes support allows patients to better manage their
T2DM and related chronic conditions and has been associated
with areduction in diabetes-related medical costs [49].
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Strengthsand Limitations

The strengths of this study were the high level of adherence to
exercise, the novel implementation of a clinica
decision-to-exercise tree considering BGL s before exercise, and
the above-average system usability of the DVAs. Thelimitations
of our study must be acknowledged when interpreting the
findings. The population appeared to be well educated and with
well-controlled BGLs; thus, the results may not be generalized
to all older adult populations with T2DM. Another limitation
was that adherence to the lifestyle program, including the BGL
monitoring, was self-reported by participants via Alexa, which
may be susceptible to both overestimation and underestimation
biases. Therefore, we suggest that this should be interpreted
with caution and that future studies should include objective
measures, including real-time BGL monitoring via continuous
measuring.

Conclusions

In conclusion, this feasibility study indicates that it is safe and
feasible for older adults with obesity and T2DM to participate
in a home-based exercise program delivered and monitored
remotely by HCPsusing DVAs. Future large-scale, longer-term
studies are warranted to explore the clinica- and
cost-effectiveness of this digital health approach to support
self-management of T2DM in older adults.
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Abstract

Background: Osteoarthritisis aleading contributor to global disability. While evidence supports the effectiveness of Tai Chi
in improving symptoms for people with hip/knee osteoarthritis, access to in-person Tai Chi classes may be difficult for many
people. An unsupervised online Tai Chi intervention for people with osteoarthritis can help overcome accessibility barriers. The
Approach to Human-Centered, Evidence-Driven Adaptive Design (AHEAD) framework providesapractical guidefor co-designing
such an intervention.

Objective: This study aimsto develop an unsupervised online Tai Chi program for people with hip/knee osteoarthritis.

Methods: Aniterative process was conducted using the AHEAD framework. Initially, apanel of Tai Chi instructors and people
with osteoarthritis was assembled. A literature review was conducted to inform the content of a survey (survey 1), which was
completed by the panel and additional Australian Tai Chi instructors to identify Tai Chi movements for potential inclusion.
Selection of Tai Chi movements was based on 3 criteria: those that were appropriate (for people with hip/knee osteoarthritis aged
45+ years), safe (to be performed at home unsupervised), and practical (to be delivered online using prerecorded videos).
Movements that met these criteria were then ranked in a second survey (survey 2; using conjoint analysis methodology). Survey
findings were discussed in afocus group, and the Tai Chi movements for program use were identified. A draft of the online Tai
Chi program was developed, and afinal survey (survey 3) was conducted with the panel to rate the appropriateness and safety
of the proposed program. The final program was developed, and usability testing (think-aloud protocol) was conducted with
people with knee osteoarthritis.

Results. The panel consisted of 10 Tai Chi instructors and 3 people with osteoarthritis. The literature review identified Yang
Style 24 asacommon and effective Tai Chi style used in hip/knee osteoarthritis studies. Surveys 1 (n=35) and 2 (n=27) produced
aranked list of 24 Tai Chi movements for potential inclusion. This list was refined and informed by a focus group, with 10 Tai
Chi movements being selected for inclusion (known as the Yang Style 10 form). Survey 3 (n=13) found that 92% (n=12) of the
panel members believed that the proposed draft Tai Chi program was appropriate and safe, resulting in its adoption. The final
program was produced and hosted on a customized website, “My Joint Tai Chi,” which was further refined based on user feedback
(n=5). “My Joint Tai Chi” is currently being evaluated in a randomized controlled trial.

Conclusions: Thisstudy demonstrates the use of the AHEAD framework to devel op an unsupervised online Tai Chi intervention
(“My Joint Tai Chi”) for people with hip/knee osteoarthritis. This intervention is now being tested for effectiveness and safety
in arandomized controlled trial.

(JMIR Aging 2024;7:€55322) doi:10.2196/55322
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Introduction

Osteoarthritisis aleading contributor to disability and chronic
pain, with a global prevalence of 365 million in 2019 [1]. The
knee is the most common lower limb site for osteoarthritis,
followed by the hip [2]. Globally, it is estimated that cases of
osteoarthritiswill increase by 75% for the knee and nearly 80%
for the hip by 2050 compared with 2020 [2]. People with hip
and knee osteoarthritis often experience pain and impaired
function, aswell ascomorbidities such as depression and anxiety
[3,4].

All clinical guidelines for osteoarthritis recommend education
and physical activity, including structured exercise, as the
fundamental approach to treatment [5-7]. Tai Chi isspecifically
recommended as an exercise option for people with hip and
knee osteoarthritis [5,7]. Tai Chi is a traditional Chinese,
mind-body, |and-based exercise that combines meditation with
slow, gentle movements; deep diaphragmatic breathing; and
relaxation [8]. Clinical trias indicate that Tai Chi is effective
inimproving pain, function, and quality of life for people with
osteoarthritis [5,9-13]. With its meditative and mindfulness
component, Tai Chi has also been shown to have broader
benefits, such as improved psychological health, cognitive
function, and sleep quality [14,15]. Tai Chi is generaly
performed in person in a group setting with demonstration and
supervision from an instructor. However, this format can be
difficult or inconvenient for many people to access, especialy
in regional or rural areas where there is a higher prevalence of
people with osteoarthritis but Tai Chi classes may not be readily
available [16].

An unsupervised online Tai Chi program may be ascalableway
to help patients participatein Tai Chi intheir own homes. Online
exercise interventions have the potential to reach a wide
audience regardless of location and at |ess cost to users and the
health care system [17]. Since the COVID-19 pandemic, a
number of Tai Chi schools and organizations now offer Tai Chi
classes online [18-22]. These classes are generally conducted
ina“synchronous’ videoconferencing format with an instructor
and require payment [23-26]. However, most Tai Chi programs
are not specifically designed for people with osteoarthritis,
which can make them challenging to perform correctly and
safely [27]. Currently, thereisno Tai Chi exercise program that
isonline, unsupervised, free, and tailored for people with lower
limb osteoarthritis.

When designing interventions, the use of a theoretica
framework is recommended to provide researchers with
systematic and clear guidance [28,29]. The Approach to
Human-Centered, Evidence-Driven Adaptive Design (AHEAD)
is a 7-step framework that provides a practica guide for
co-designing pragmatic and impactful health care interventions
[30]. Using the AHEAD framework, this study aimed to devel op

https://aging.jmir.org/2024/1/€55322

an online, unsupervised Tai Chi program for people with hip
and knee osteoarthritis.

Methods

Devel opment of the online Tai Chi program followed the 7 steps
of the AHEAD framework, which are (1) define the problem
and assemble ateam, (2) review evidence, (3) seek inspiration,
(4) synthesize, (5) develop guiding principles, (6) ideate, and
(7) evaluate [30].

Step A: Define the Problem and Assemble the Team

We defined the problem as the poor accessibility of
evidence-based Tai Chi classes for people with osteoarthritis.
To address thisissue, we first assembled an advisory panel that
included Tai Chi instructors and people with osteoarthritis. Tai
Chi instructors were eligible to be part of the panel if they (1)
were a member of a Tai Chi association in Australia and (2)
had at least 5 years of experience teaching Tai Chi for adults
(aged 45+ years) with musculoskeletal conditions. Potentially
gigibleinstructorswereidentified by searching websites of Tai
Chi associations. Peoplewith osteoarthritiswere eligibleif they
had (1) self-reported symptomatic knee and/or hip osteoarthritis
and (2) had participated in supervised Tai Chi exercise in the
past year in Australia. It is suggested that around 10 peopleis
an ideal size for a panel group discussion [31]. Therefore, we
planned to recruit around 10 panel participants. Recruitment
was conducted through email invitations to the Tai Chi
instructors and email advertisements to our center’s consumer
network. Interested instructors and people with osteoarthritis
were asked to email the researchers and were followed up by
phone to assess eligibility. A Plain Language Statement was
provided to eligible pandlists, and consent was obtained digitally
through REDCap (Research Electronic Data Capture; Vanderhilt
University). Gift vouchers of Aus $350 (US $235) were
provided as an honorarium. To gain broader insights from the
Ta Chi community, additional Tai Chi instructorswererecruited
Australiawide to participate as nonpanel participants.
Recruitment was done through the dissemination of study
information by Presidents of Australian Tai Chi organizations,
Facebook advertisements, and snowball sampling. Eligibility
and consent procedureswere consi stent with panelist recruitment
but with no remuneration provided.

Step B: Gather Information—Review Evidence

There are many different styles of Tai Chi, each with different
forms (a series of connected movements executed in a certain
order) [32]. To identify the style and movements of Tai Chi to
be considered for the online program, 1 researcher (SZ) first
conducted a literature search (by Ovid, PubMed, and Google)
to identify systematic reviews and randomized controlled trials
(RCTs) evaluating the effects of Tai Chi in people with
osteoarthritis and of online Tai Chi programsin any condition.
The research team (RKN, KLB, RSH, and JH) discussed the
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findings from the literature search through meetings, phone
calls, and emailsand proposed adraft list of Tai Chi movements
for potential inclusion in the unsupervised online Tai Chi
program.

Step C: Gather Information—Seek Inspiration

It was proposed by the Tai Chi instructor in the research team
(JH) that theideal number of Tai Chi movementsto beincluded
in an online program should be between 8 and 12, as it was
thought more than 12 movements would be challenging to
effectively learn and practice independently. To select the
specific movements from those identified in Step B, 2 online
surveys were conducted, involving both panel and nonpanel
participants.

Survey 1

The purpose of this survey (conducted using REDCap software)
wasto identify which Tai Chi movementswould be appropriate,
safe, and practical for inclusion in the program. The survey
asked participants to rate each identified Tai Chi movement
(from Step B) against two criteria, which are (1) appropriateness
of the movement for people with knee and/or hip osteoarthritis
who are 45 years old and older when performed correctly, and
(2) safety of the movement if performed at home unsupervised.
Each movement was scored using separate 11-point numerical
rating scales from O (not appropriate or safe at al) to 10
(completely appropriate or safe). Participants were also asked
whether each Tai Chi movement would be practical to be
delivered online using prerecorded videos that someone would
watch at home (response options yes or no). Participants also
provided feedback regarding Tai Chi exercise prescription,
including the recommended length of each Tai Chi video session
(response options 20, 30, 40, 50, and 60 minutes), weekly
practice frequency (d/wk, range 1-7), and total weekly practice
time (min/wk). Open-ended questions gathered additional
suggestions for developing the program. The research team
determined apriori that a Tai Chi movement would be retained
for potential inclusion in the program if at least 70% of
participants scored it at least 5 out of 10 for both appropriateness
and safety, and it was deemed practical.

Survey 2

The purpose of this survey wasto rank the Tai Chi movements
retained from survey 1 so that 12 movements could be selected.
Using a pairwise ranking technique (1000Minds) [33],
participants were shown pairs of Tai Chi movements (selected
based on those considered appropriate, safe, and practical from
survey 1) and asked to identify which of the pair should take
priority for inclusion in the program. The number of pairwise
rankings required from each participant varied depending on
their responses to the presented aternatives. The pairwise
ranking process continued until the background mathematics
established a ranked list of al Tai Chi movements for each
participant and averaged over the sample.

Step D: Synthesize
To synthesize information gathered from the first 2 surveys, an

online focus group was conducted with panel participants,
facilitated by the researchers (KLB, SZ, RKN, and JH).

https://aging.jmir.org/2024/1/€55322
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Discussion topics included results of the first 2 surveys,
practicalities of recording the online Tai Chi program, Tai Chi
exercise prescription, and Tai Chi education content that would
supplement the Tai Chi exercise program. The focus group
discussion wasrecorded (both audio and visual) and transcribed
verbatim. Notes and recordings were reviewed, replayed, and
analyzed qualitatively to gather the panelist’s perspectives and
to identify areas of consensus for the design of the Tai Chi
program.

Step E: Intervention Design—Develop and Apply
Guiding Principles

The criteria of appropriateness, safety, and practicality were
deemed as the guiding principles for this 12-week, online,
unsupervised Tai Chi program. Based on the results from the
first 2 surveys and focus group, a proposed 12-week Tai Chi
program was filmed by the research team Tai Chi instructor
(JH). Panelists were then sent the prototype video, through a
final REDCap survey (survey 3). Inthissurvey, they were asked
to rate their level of agreement that the proposed program as a
whole was (1) appropriate (for people aged 45+ years old with
knee and/or hip osteoarthritis) and (2) safe (to be performed at
home unsupervised). Each criterion was scored using a 5-point
Likert scale from 1 (strongly disagree) to 5 (strongly agree).
For the proposed program to be approved, 70% or more of
participants were required to “strongly agree” or “agree” that
the program was“ appropriate’ and “safe.” Since all movements
included in the program had already been judged to be practical,
it was unnecessary to vote on this.

Step F: Intervention Design—I deate
(Brainstor m—Prototype-Test)

Finally, the 12-week, unsupervised, online Tai Chi program
was filmed in a studio at the University of Melbourne. The
produced videos were incorporated into a website prototype,
“My Joint Tai Chi,” which was constructed by the research team
and 2 research assistants. The website was based on our other
evidence-based unsupervised exercise programsfor knee and/or
hip osteoarthritis “My Knee Exercise” [34] and “My Hip
Exercise” [35] and developed in accordance with
recommendations outlined by the Headth on the Net
Foundation’s Code of Conduct [36].

The website prototype underwent extensive usability testing
with people with osteoarthritis, following athink-al oud protocol
[37]. Volunteers from our previous osteoarthritis studies in
Australia, who agreed to be contacted again, were invited
through email to participate (by researcher SZ). Participants
were eligible if they (1) had symptomatic knee osteoarthritis
and (2) had no previous experience with Tai Chi exercise (in
person or online) in the past 2 years. Purposive sampling was
used to ensure diversity in age, sex, and symptom duration. A
Plain Language Statement was provided, and consent was
obtained digitally through REDCap. Participants received Aus
$50 (US $35) gift vouchers as an honorarium.

Participants were scheduled for a 60-minute, one-on-one, online
usability test with aresearcher (SZ) through Zoom (Zoom Video
Communications). During the usability test, participants were
asked to share their screen and navigate the“My Joint Tai Chi”
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website prototype, as if they were commencing the Tai Chi
program, while the researcher observed. Participants were
encouraged to vocalize their thoughts on the website's design,
content, and functionality, with the researcher asking open-ended
questions for further feedback. Notes on usability were taken
and sessions were audio and video recorded. Field notes and
recordings were qualitatively analyzed to identify usability
issues, which were addressed before the next participant. This
iterative process continued until no further issues were
identified.

Step G: Evaluate

The research team has designed and is currently conducting a
2-arm, parallel-design, superiority pragmatic RCT to assessthe
effectiveness of this unsupervised online Tai Chi intervention,
(“My Joint Tai Chi"), compared with online osteoarthritis
education control. Primary outcomes of self-reported pain during
walking [38] and physical function [39] will be evaluated. A
nested qualitative study has also been designed to explore the

Zhu et a

experience of people with osteoarthritis who use the “My Joint
Tai Chi” intervention during the RCT. The RCT protocol and
the results of the RCT will be published in separate subsequent

papers.

Ethical Consider ations

The Human Research Ethics Committee at the University of
Melbourne approved this study (2023-25788-36959-4). All data
collected in this study was de-identified and stored on secure
university servers, accessible only to the researchers using a
password.

Results

Overview

A summary of the development of the “My Joint Tai Chi”
intervention using the AHEAD Framework isprovided in Table
1[30].

Table 1. Summary of the design of the “My Joint Tai Chi” intervention using the AHEAD? framework.

AHEAD framework domains

Intervention design stages

Define the problem and assemble the team (A) .

Problem: Poor accessibility of evidence-based Tai Chi classesfor peoplewith osteoarthritis

e  Team (n=17): Advisory panel including Tai Chi instructors (n=10) and people with os-
teoarthritis (n=3), and aresearch team including osteoarthritis researchers and/or physiother-
apists (n=4; SZ, KLB, RKN, and RSH) and a Tai Chi instructor recruited from the panel.

Review evidence (B) .

Literature review identified Yang Style 24 form as acommon and effective form of Tai Chi

for osteoarthritis. Twelve weeks was the most common length.

Seek inspiration (C) .

Two surveys were completed by panel participants (Tai Chi instructors and people with

osteoarthritis) and additional nonpanel Tai Chi instructors.

«  Survey 1 (n=35) rated Yang Style 24 form and modifications (total 33 Tai Chi movements)
based on appropriateness, safety, and practicality. A total of 24 movements identified as
appropriate, safe, and practical.

«  Survey 2 (n=27) produced aranked list of the 24 movements retained from survey 1 (ranked
based on most appropriate or safe to least appropriate or safe).

Met with the panel (n=12) to discuss results from surveys and additional Tai Chi program

design considerations. This resulted in the adoption of the Yang Style 10 form.

Final survey with panel participants (n=13) rated a draft of the proposed program against

the guiding principles of appropriateness (for people aged 45+ years with osteoarthritis)

and safety (to be performed at home unsupervised). 92% (12/13) rated the program as both

A 12-week Tai Chi exercise program was devel oped, produced, and housed within awebsite
prototype called “My Joint Tai Chi”. Usability testing was conducted with people with os-
teoarthritis (n=5) using athink-aloud protocol. Usability problems were identified, and the

Synthesize (D) .
Develop and apply guiding principles (E) .

appropriate and safe.
Ideate (F) .

prototype was refined.
Evaluate (G) .

Thefina “My Joint Tai Chi” intervention is currently being evaluated in a 2-arm, parallel-

design, superiority pragmatic RCT? (ACTRN12623000780651) and nested qualitative study.
The methods and results of this RCT will be reported subsequently in separate papers.

8AHEAD: Approach to Human-Centered, Evidence-Driven Adaptive Design.

BPRCT: randomized controlled trial.

Step A: Define the Problem and Assemble the Team

22 Tai Chi instructors as nonpanel participants. One Tai Chi
instructor (JH) was recruited to join the research team (that

We recruited 10 Tai Chi instructors and 3 people with
osteoarthritis (1 with hip and knee osteoarthritisand 2 with knee
osteoarthritis only) as advisory panel participants and another

https://aging.jmir.org/2024/1/€55322

comprised osteoarthritis researchers and physiotherapists) to
provide professional opinions about Tai Chi during the
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development process. Participant demographic information is

Table 2. Demographic characteristics of participantsin Step A.

Zhu et a

provided in Table 2.

Participant characteristics

Survey 1 participants (n=35)

Panel (n=13) Nonpanel (n=22)
Tai Chi instructors, n 10 22
Sex, female, n (%) 6 (60) 11 (50)
Predominant style of Tai Chi taught, n (%)2
Yang 9 (90) 19 (86)
Sun 5 (50) 5(23)
Chen 2(20) 1(5)
Wu 1(10) 1(5)
Hao 2(20) 0(0)
Years of experience teaching Tai Chi, mean (SD) 24 (11) 16 (10)
Number of Tai Chi classestaught per week, mean (SD) 8 (6) 3(2
People with osteoarthritis, n 3 _b
Sex, female, n (%) 2 (67) —
Age (years), mean (SD) 73(2) —
Years of symptom duration, mean (SD) 7(3) —
Yearsof Tai Chi practice, mean (SD) 7(2) —

83ome Tai Chi instructors taught more than 1 style of Tai Chi.
BNot applicable.

Step B: Gather Information—Review Evidence

Six systematic reviews and 14 RCTswere identified evaluating
Tai Chi programsin peoplewith osteoarthritis. Programsvaried
in length from 8 to 20 weeks, with 12 weeks being the most
common [40-51]. The average Tai Chi exercise prescription
was 3 Tai Chi sessions per week, each lasting 60 minutes
[40-51]. Yang Style 24 form was the most commonly practiced
[52]. This style was created in Chinain the 20th century and is
known for its slow and graceful movements, with an emphasis
on weight shifting in a wide stance [53]. It has been found to
be effective in improving pain and physical function in people
with osteoarthritis [54]. Hence, Yang Style was chosen as the
foundational basis for the online Tai Chi program. There are
24 Tai Chi movements in the Yang Style 24 form. However,
the Tai Chi instructor in the research team (JH) perceived some
movements to be unsuitable for people with osteoarthritis and
challenging to learn through online delivery, for example,
movements that involve single-leg stance, maintained
end-of-range hip and knee flexion, and multiple 180-degree
turns. Therefore, the research team introduced 7 modifications
and broke down certain movements, resulting in a total of 33
movements (Multimedia Appendix 1) for possible inclusionin
the online program.

Four studies (2 feasibility trials, 1 longitudinal pilot study, and
1 RCT protocol) used telehealth-delivered Tai Chi for other
chronic conditions such as long-term mobility disability,
Parkinson disease, mild cognitive impairment, and cancer
therapy—induced joint pain [23-25]. Programs were most

https://aging.jmir.org/2024/1/€55322

commonly delivered synchronously using videoconferencing
software Zoom (n=3). One study integrated Tai Chi training
videos into a mobile phone app for people with Parkinson
disease, which was connected to a clinician app for monitoring
adherence[55]. Professional oversight through phone callswas
also provided [55]. The Tai Chi for Arthritis program, endorsed
by the US Centers for Disease Control and Prevention, does
offer an online asynchronous course [56], but this has not been
formally evaluated.

The research team determined that prerecorded videos of Tai
Chi exerciseswould bethe most convenient approach, allowing
broader access without class scheduling or professional
oversight. Moreover, it was decided to deliver the prerecorded
Tai Chi videos by a dedicated website that also included
osteoarthritis and Tai Chi education and exercise adherence
support resources to alow for a potentially more effective
multicomponent, osteoarthritis, digital, self-management
intervention [57].

Step C: Gather Information—Seek Inspiration

Survey 1

All 35 participants (13 panel and 22 nonpanel) compl eted survey
1 (MultimediaAppendix 1). Out of the 33 movements, 24 (73%)
achieved consensus (defined as at least 70% of participants
rating it at least 5 out of 10 for appropriateness, safety, and
considering it to be practical). For the 9 excluded movements,
refer to Multimedia Appendix 2. Additional Tai Chi exercise
prescription suggestions are summarized in Table 3.
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Table 3. Tai Chi exercise prescription suggestions from survey 1 (N=35).
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Tai Chi exercise prescription suggestions Value
L ength of each prerecorded video (min), n (%)
30 17 (55)
20 9(29)
40 2(6)
50 2(6)
60 1(3)
Frequency of Tai Chi practice (d/wk), n (%)
3 12 (40)
5 6 (20)
4 4(13)
7 4(13)
2 3(10)
1 1(3)
6 0(0)
Weekly dosage of Tai Chi practice (total min/wk), mean (SD) 114 (60)

Survey 2

As 24 movements met the criteriain survey 1 (exceeding the
12 required), a 1000Minds survey was conducted for further
prioritization. A total of 27 participants (13 panel and 14
nonpanel) completed survey 2, which produced aranked list of
movements (Multimedia Appendix 3) for potential inclusion.
Kendall W was 0.124, indicating high variance and low
agreement among participants [58]. Thus, this ranked list was
used only asaguideto inform further discussionswith the panel
participants by afocus group.

Step D: Synthesize

Panel participants (12/13) werethen involved in a2-hour online
focus group via Zoom. Suggestions provided during the focus
group are listed in Multimedia Appendix 4. In summary, Tai
Chi instructors advocated for the use of a recognized Tai Chi
sequence, as opposed to solely relying on the ranked list of
movements from the second survey (1000Minds). This is
because the transition, stance, and flow between movements
are vital in Tai Chi, rather than just presenting isolated

https://aging.jmir.org/2024/1/€55322

“movements.” It was decided to use the modified Yang Style
10 form (Textbox 1) for the program because 7 out of the 10
movements aligned with thetop 10 ranked movementsin survey
2 and it is a recognized Tai Chi sequence [54]. The other 3
moves were ranked 13th, 16th, and 20th out of the 24 movesin
theresultsof survey 2 (MultimediaAppendix 3). Modifications
were also discussed for certain Tai Chi movements to ensure
suitability for people with osteoarthritis and little previous Tai
Chi experience. It was also decided that each 12-week video
should include 5-10 minutes of Qigong exercise for warm-up
and cooldown (an ancient wellness practice that is performed
with minimal footwork [59]). All panelists agreed on the
program duration (12 weeks), and it was decided that the
program should start with 30- to 40-minute sessionsand progress
to 40- to 45-minute sessions to build endurance. Incorporating
explanations of the martial applications of each selected Tai
Chi movement and the practicalities of recording the program
werediscussed. Finally, resourcesfor those wanting to continue
Tai Chi practice after completing the online program were also
suggested.
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Textbox 1. The Yang Style 10 form Tai Chi movements.
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Movement name

«  Commencement

«  Repulse monkey

e Brushknee

o  Part thewild horse’s mane

«  Cloud hands

«  Golden rooster stands on one leg
«  Cross hands and kick

«  Stroke peacock’stail

. Embracethetiger

« Closing

Step E: Intervention Design—Develop and Apply
Guiding Principles

All panel participants (n=13) took part in the final survey that
involved voting on the draft program’s alignment with the
guiding principles. A total of 92% (12/13) of participants rated
“strongly agree” or “agree’ to the draft 12-week Tai Chi
program being (1) appropriate for people with knee and/or hip
osteoarthritisand (2) safeto be performed at home unsupervised.
The agreement reached the predetermined threshold (70%), and
therefore, the draft online Tai Chi program was adopted as the
final version.

https://aging.jmir.org/2024/1/€55322

Step F: Intervention Design—I deate
(Brainstor m—Prototype-Test)

“My Joint Tai Chi” Website

The 12 professionally filmed videos showing aTai Chi instructor
(JH) demonstrating the Tai Chi movements were housed on a
website called “My Joint Tai Chi” (the website was built
specifically for research purposes and was not yet widely
publicly available). “My Joint Tai Chi” contains a home page
with avideo tutorial explaining how to use the website and four
sections including (1) the Tai Chi program, (2) information
about Tai Chi, (3) information about osteoarthritis, and (4)
instructions on how to access an exercise adherence app to
support engagement with the Tai Chi program. Figure 1 outlines
the contents of the website, and further detail is provided in
Multimedia Appendix 5. Still images of modified Yang Style
10 form in the “My Joint Tai Chi” program are provided in
Multimedia Appendix 6.
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Figure 1. Description of the content in the 4 discrete sections of the “My Joint Tai Chi” website. OA: osteoarthritis.

“My Joint Tai Chi” website content

e 12 pre-recorded videos, each 40-45 mins (1/week)

About Written information about Tai Chi & Qigong:
Tai Chi e What they are
@ o What the health benefits are
» General movement principles
My Joint A 12-week self-directed online Tai Chi program:
Tai Chi
Program Preparation Tips:
e What to wear & how to set up the area
e How to manage exercise pain
Additional Resources:
» ATai Chi movement skills video
» A printable Tai Chi movement sequence (PDF)
» Links to in-person Tai Chi classes
Su-[la-glofth;pp The “My I_Ex.e rcise Messages” app:
o e Whatitis
ﬁ e How it works
= e How to download and set it up
About Written information & video interviews of OA
Osteoarthritis  experts (people with knee OA & OA researchers)
¢ Understanding OA & common OA myths
Lk ¢ Understanding knee pain
e Exercise as treatment & its common concerns

Centre for Health Exercise and Sports Medicine

Department of Physiotherapy, The University of Melbourne

Usability Test

Five participants with osteoarthritis conducted website prototype
usability testing. On average, they were 60 (SD 10) years old
and had experienced knee pain for 2 (SD 1) years. |dentified
issues and implemented solutions are outlined in Multimedia
Appendix 7. In summary, usability testing resulted in the
redesign of the user interface and several pages for easier
navigation. Page instructions were reworded for clearer and
more explicit guidance.

Step G: Evaluate

The RCT evaluating the “My Joint Tai Chi” intervention is
currently recruiting and expected to complete data collection
in February 2025. The RCT has been prospectively registered
(ACTRN12623000780651). The nested qualitative study is
anticipated to commence data collection in July 2024. The RCT
protocol will be published separately.

https://aging.jmir.org/2024/1/€55322
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Discussion

Principal Findings

This study reports the systematic codevelopment of an
unsupervised online Tai Chi intervention for people with
osteoarthritis using the AHEAD framework. The intervention
isal2-week, web-based Tai Chi program that is complemented
with educational information about osteoarthritis and Tai Chi
and supported by an app to facilitate Tai Chi exercise adherence.
Once the RCT evaluation is complete (and subsequently any
required modifications are made), the finalized program will
be released online for public access at no cost to the user. The
program has the potential to boost participation in physical
activity among people with osteoarthritis.

This study has several strengths. First, the use of the AHEAD
framework provided astructured foundation for the transparent
and thorough reporting of intervention design and intervention
components. This approach addressesthe previous|ack of clarity
in intervention development, with evidence showing that most
Tai Chi studies do not meet the expected intervention reporting
standards[60-62]. Second, by using an evidence-based, iterative,
and robust process, we were able to incorporate opinions from
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abroad panel of Tai Chi experts and people with osteoarthritis
(n=35 in total), along with physiotherapists and osteoarthritis
researchers. To the best of our knowledge, only one other study
has incorporated end-user feedback (n=14) into the design of
an online, seated Tai Chi program for people with mobility
disabilities[25]. However, that program was designed to include
remote supervision, and its effectiveness has not been tested in
an RCT [25]. Hence, no previous unsupervised online Tai Chi
program has been codeveloped by such a large sample group
nor subjected to rigorous evaluation. Third, since this Tai Chi
exercise program was designed for people with knee and/or hip
osteoarthritis, the panel also deemed it appropriate for people
45 years of age and older who do not have osteoarthritis. Hence,
the Tai Chi exercise program videos developed could potentially
be used as a strategy to increase access to Tai Chi exercise for
abroader audience.

Onelimitationisthat there were only 3 peoplewith osteoarthritis
out of a total of 35 participants involved in Step C (Seek
Inspiration), indicating apotential underrepresentation of people
with osteoarthritis. However, these 3 people provided
constructive feedback in Step D (Synthesize), and an additional
5 people with osteoarthritis were involved in the final website
usability testing in Step F. Another potential limitation is that
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we have developed an intervention that requires accessto digital
technol ogies and technological literacy. To fully gain the benefit
from the “My Joint Tai Chi” program, the user is required to
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mobile phone (to use the exercise support app). However, given
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Conclusions

A systematic design approach using the AHEAD framework
was successful in developing this user-centered intervention
and may serve as a guide for others developing unsupervised
digital interventions. To our knowledge, “My Joint Tai Chi” is
the first unsupervised online Tai Chi intervention designed for
people with osteoarthritis. The program is now being eval uated
in an RCT that will provide insights into the effectiveness and
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Survey 1, including the 33 Tai Chi movements for potential inclusion in the Tai Chi program.
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The 9 movements excluded from survey 1.
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Multimedia Appendix 3
Theranked list of Tai Chi movements based on survey 2.
[DOCX File, 15 KB - aging_v7i1e55322 app3.docx |

Multimedia Appendix 4

Suggestions and recommendation from focus group discussion (n=12).
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Multimedia Appendix 5
“My Joint Tai Chi” website section description.
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Multimedia Appendix 6
Still images of modified Yang Style 10 form in the final “My Joint Tai Chi” program.
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Multimedia Appendix 7
Usahility issuesidentified and corresponding implemented solutions.
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Abstract

Background: Telemedicineisa potential option for caring for older adults with multimorbidity. There is a need to explore the
perceptions about telemedicine among older adults with multimorbidity to tailor it to the needs of older adults with multiple
chronic conditions.

Objective: Thisstudy aimsto explore the perceptions about tel emedicine among older patients with multimorbidity.

Methods: A qualitative study was conducted using semistructured interviews. The interview questions examined older adults
perspectives about telemedicine, including their expectations regarding telemedicine services and the factors that affect its use.
Thematic analysiswas performed using NVivo (version 12; Lumivero). The study was reported using the Standardsfor Reporting
Qualitative Research guidelines.

Results: Intotal, 29 patients with multimorbidity—21 (72%) female patients and 8 (28%) mal e patients with a mean age of 69
(SD 10.39) years—were included. Overall, 4 themes and 7 subthemes emerged: theme 1—perceived benefit of telemedicine
among ol der adults with multimorbidities, theme 2—appropriate use of telemedicinefor multimorbid care, theme 3—telemedicine
system catering to the needs of older patients, and theme 4—respect patients' decision to decline to use telemedicine.

Conclusions: Telemedicine for older adults with multimorbidity should focus on those with stable conditions. This can help
increase accessto carefor those requiring continuous condition monitoring. A structured telemedicine program and patient-centered
services can help increase patient acceptance of telemedicine. However, health care providers must accept the limitations of ol der
patients that may prevent them from receiving telemedicine services.

(JMIR Aging 2024;7:€52031) doi:10.2196/52031
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telemedicine; telehealth; chronic disease; multimorbidity; older adults, mobile phone
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Introduction

Background

The COVID-19 pandemic has led to the emergence of
telemedicine as a viable alternative to traditional, in-person
care. Telemedicine has the potential to provide convenient
medical care for patients with disabilities, transportation
limitations, or busy schedules, enabling them to receive care
from home [1-3]. It has become an increasingly valuable tool
for delivering careto patientswith multimorbidity, who require
regular monitoring or adjustmentsto their treatment plans[4,5].
An emerging care model illustrates the integration of a
patient-centered approach for individualsand chronic care mode!
with multimorbidity. The model offers comprehensive care
across various patient aspects and uses a multidisciplinary
approach to address the compl exity of managing multimorbidity
[6]. Telemedicine can provide remote consultations and
monitoring, provide patient education, and facilitate continuity
of care[7,8].

In many countries, telemedicine has been promoted in the
post—-COV ID-19 eraowing to comparable health outcomes and
favorable cost-effectiveness compared with in-person visits[9].
In Thailand, telehealth projects have been launched by the
National Broadcasting and Tel ecommuni cation Commission of
Thailand and the Thai Ministry of Public Health to improve
health care services accessibility and quality [10]. As Thailand
has become an aged society, with approximately 12 million
people aged =60 years[11], telemedicine can help improve the
quality of life of older adults by promoting healthy behavior,
enhancing socia functioning, and reducing depressive symptoms
[12,13]. Telemedicine can also improve health for older patients,
who often have multimorbidity, by helping to provide
continuous medical care [14].

However, the lessons learned from using telemedicine during
the COVID-19 pandemic have documented challengesfor both
older patients and health care providers (HCPs), as it was an
unfamiliar mode of treatment compared with in-person service
[15]. In addition, the literature suggests that older patients may
prefer in-person visits owing to the frustration caused by
technological challenges when using telemedicine [16].
However, their perceptions and preferences regarding
telemedicine remain poorly understood. Therefore, the needs
of older patients for telemedicine should be explored [17].

Moreover, there are gaps in understanding telemedicine for
those with multimorbidity [6,18]. Many studies showed the
effectiveness of telemedicine, but most focused on the use of
telemedicine for a single disease [19-21]. Managing patients
with multimorbidity is an increasing challenge in primary care
practice [22]. In multimorbidity, there are many interactions
such as disease-disease, treatment-treatment, and
disease-treatment, which increase the complexity of management
[23,24]. The rising question is what is the appropriate use of
telemedicine in caring for older patients with multimorbidity
[25].

https://aging.jmir.org/2024/1/€52031

Buawangpong et a

Objective

Our study aimed to explore the perceptions about telemedicine
among older patients with multimorbidity. By understanding
the perceptions about expectations, preferences, and barriers
regarding telemedicine, the results can be used to develop
telemedicine strategies to support the management of
multimorbidity in the older population.

Methods

Study Design

A qualitative study of older adultswith multimorbidity attending
a primary care outpatient clinic at a university hospital in
Thailand was conducted in 2021. The study used the Standards
for Reporting Qualitative Research guidelines, which is a list
of 21 items considered essential for complete, transparent
reporting of qualitative research [26].

Setting and Participants

The Family Medicine Clinic at the Faculty of Medicine, Chiang
Mai University, is a primary care clinic that provides general
medical care for chronic diseases. Approximately 80% of all
patients are older adults (aged =60 y) with multimorbidity.
Multimorbidity was defined asthe patient’sillnessthat includes
the presence of multiple diseases or conditions, often with a
cutoff of =2 conditions [27]. The most common conditions are
hypertension, type 2 diabetes mellitus, and dydipidemia
Approximately 90% of the patients had multimorbidity. Among
those attending the clinic, the rate of controlled hypertension,
type 2 diabetes mellitus, and dydlipidemiabetween August and
October 2021 were 93.7%, 70.3%, and 79.8%, respectively.

Convenience sampling was used. Patients aged =60 years and
diagnosed with at least 2 chronic conditionswho were accessible
and available were invited to participate in the study. The
patients needed to have stable conditions, defined as being
asymptomatic and not having any urgency or emergency
conditions, according to the national clinica guidelines for
managing hypertension [28], type 2 diabetes mellitus [29], and
dyslipidemia[30].

Telemedicine Service

Telemedicine is the use of electronic information and
communication technol ogiesto provide and support health care
when distance separates the participants [31]. In 2020, the
Family Medicine Clinic in Thailand started a telemedicine
service in response to the COVID-19 pandemic. After the
COVID-19 pandemic, our facility continuesto usetelemedicine
for delivering care to patients with chronic conditions. By
considering patient safety, patients with moderate to
well-controlled chronic conditions were approached to
participate in the telemedicine service for continuous care[32].
In addition, it isessential to discusswith the patients the purpose
of telemedicine and to address any limitations associated with
itsuse[33]. In addition, the obj ective of telemedicine asongoing
care and limitations of telemedicine need to be discussed with
the patients.

The clinic had adopted a published multimorbidity assessment
checklist devel oped to help carefor patientswith multimorbidity
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[6]. The 20-item assessment checklist (Simple Multimorbidity
Assessment Checklist for Primary Care) incorporates
patient-centered concepts into managing multimorbidity in
primary care settings, including assessment of the patient, review
of all diseases and conditions, review of all treatments, review
of clinica practice guidelines, assessment of interactions,
understanding patient context and concerns, finding common
ground, setting individual care plan, and continuity of care and
follow-up visits. The checklist was also extended for use in the
telemedicine service for assessing patients who were suitable
for telemedicine and health caregiving.

The telemedicine service was provided viavideo or audio call,
depending on the patients available devices and ahilities.
Physicians could collect patients medical historiesand evaluate
emergency or urgent conditions during the consultation. If any
patient had conditions that required further evaluation, they
were advised to come to the hospital. If patients did not require
any further in-person assessment, medi cations were prescribed
and delivered to the patient’s home via post.

Ethical Consider ations

Thisstudy wasreviewed and approved by theinstitutional ethics
committee of the Faculty of Medicine, Chiang Mai University,
Chiang Mai, Thailand (approval number 227/2021). All
participants were informed about the research study and
provided consent.

Data Collection and Analysis

Semistructured interviews were conducted between September
and November 2021. The interview questions (Multimedia
Appendix 1) focused on older patients perceptions about
telemedicine, including their preferencesregarding expectations
from telemedicine services, and factorsthat affect itsuse, using
the Unified Theory of Acceptance and Use of Technology
framework [34]. This framework illustrates a comprehensive
understanding of all the factors that affect people’s intentions
to use the new technology. A research assistant, not involved
in providing medical care, was trained in the interview method
and interview questions by WJ and NB. Each interview lasted
approximately 20 minutes and was conducted on-site.
Interviewed information included baseline characteristics (age,
sex, educational level, employment status, and their decision
regarding telemedicine services) with permission for audio
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recording. Then, theinterviewsweretranscribed verbatim. Data
collection and analysis were performed iteratively by
researchers. Recruitment ended when data saturation of the core
analytic content had been achieved. Previousliterature suggested
that the sample size of 9to 17 interviewees could help to reach
saturation [35]. We further determined the sample size based
on a previous study investigating the crucial factors for
outpatient service selection among older adults. At least 16
patientswere required to achieve data saturation [36]. Therefore,
we considered collecting datafrom at least 16 patients until we
achieved data saturation in the results [37].

Each transcript was evaluated multiple times to aid
familiarization and understanding of the data. Descriptive
analysis was used to describe the patient’s characteristics. For
qualitative analysis, 2 independent researchers (NB and WJ)
conducted inductive thematic analysis [38]. The preliminary
results were then interpreted and discussed with KB, SP, NN,
and CA. Codes were then developed based on patterns in the
data. The identified codes were compared and discussed for
similarities and differences until consensus was reached
regarding the emergent themes and subthemes. Data analysis
was performed using NVivo (version 12; Lumivero).

Results

Overview

In total, 29 older patients with multimorbidity participated. Of
the 29 participants, 21 (72%) were women and 8 (28%) were
men. The mean age was 71 (SD 7.17) years. The 2 most
prevalent underlying diseases were dydlipidemia (27/29, 93%)
and hypertension (25/29, 86%). Most patients had completed
primary school (11/29, 38%) or had abachel or’s degree (10/29,
35%). Of the 29 patients, 23 (79%) were retired and 6 (21%)
were self-employed. Of the 29 patients, 18 (62%) patientswere
interested in using telemedicine, whereas 11 (38%) patients
were not interested in telemedicine and rejected telemedicine
when they were offered. Patients’ characteristics are summarized
in Table 1.

From the semistructured interviews, 4 themes and 7 subthemes
emerged. Thethemes and subthemes are summarized in Textbox
1.
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Table 1. Patients' characteristics (N=29).

Characteristics Values
Age (y), mean (SD) 71(7.17)
Sex, n (%)

Female 21 (72)

Male 8(28)
Chronic conditions, n (%)

Dyslipidemia 27 (93)

Hypertension 25 (86)

Type 2 diabetes mellitus 9(31)

Others 6(21)
Number of chronic conditions, n (%)

2 19 (66)

3 7(24)

4 1(3)

5 2(7)
Educational level, n (%)

No education 1(3)

Primary school 11 (38)

Secondary school 5(17)

Vocational certificate 1(3)

Bachelor's degree 10 (34)

Master’s degree 1(3)
Working status, n (%)

Retired 23 (79)

Self-employed 6(21)
Decision regarding telemedicine, n (%)

Accept 18 (62)

Decline 11 (38)

Textbox 1. Summary of themes and subthemes.

Theme 1. perceived benefit of telemedicine among older adultswith multimorbidities
«  Convenient to access without the need for travel

«  Minimizetherisk of COVID-19 transmission

Theme 2: appropriate use of telemedicine for multimorbidity
«  Telemedicine for monitoring stable conditions

«  Enhancing the self-management of chronic conditions

Theme 3: telemedicine system catering to the needs of older patients
.  Telemedicine services should be as similar as possible to in-person care
«  Telemedicine services should adopt a clear protocol that includes in-person visits

«  Supporting the development of technological skills and providing resources

Theme 4: respecting patients' decision to decline to use telemedicine for various reasons
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Theme 1: Perceived Benefit of Telemedicine Among
Older Patients With Multimor bidity

Overview

The benefits of telemedicine were collected from ol der patients.
They reported the reasons why telemedicine should be used and
its benefits. Theseinclude eliminating the requirement for travel
and reducing the risk of contracting COVID-19.

Subtheme 1: Convenient to Access Without the Need for
Travel

The most mentioned benefit of telemedicine was eliminating
the need for travel. Participants mentioned that telemedicineis
convenient for accessing and receiving continuity of care. It can
also save time and money, such as time spent in driving and
finding parking. A patient mentioned that telemedicine reduces
stress from long wait times at hospitals. It also eliminates the
risk of driving accidents, especially in older patients with
sensory problems owing to physiologic changes. In addition,
there is no burden on family members or caregivers to come
and drop them at the hospital:

...If we compare the advantages and disadvantages,
there are more advantages, asit saves both time and
cost. We don’t have to drive, look for parking spots,
or wait in line [to meet the doctor and receive
medication] . The advantages are greater. [ Participant
13; female; aged 64 years; teacher; uncontrolled
hypertension and obesity]

| likeit because | don't haveto go to the hospital. It's
convenient. If | had to give [telemedicine] a score, it
would be a ten becauseit’s convenient for me. | don't
have to drive there because I’'m not good at driving
right now. | have to ask my husband to take methere.
[Participant 5; female; aged 72 years; housemate;
well-controlled hypertension, type 2 diabetes mellitus,
and dyslipidemia]
Because we don’'t haveto go to the hospital anymore.
They send the medication to our house. It's difficult
to go to the hospital now. We haveto ask our children
to take us, but everyone isworking. | want to receive
the medication at home because | take thismedication
regularly. [Participant 26; female;, aged 72 years;
retired; well-controlled hypertension, type 2 diabetes
mellitus, and dydlipidemia)
Sometimes, if | go to the hospital to see a doctor, |
haveto wait along time, and it can be stressful. With
video calls, | cantalk for along time. [Participant 23;
male; aged 76 years; retired; uncontrolled type 2
diabetes mellitus, well-controlled hypertension, and
dydlipidemia]

Subtheme 2: Minimize the Risk of COVID-19

Transmission

Patients perceive telemedicine as a helpful way to reduce the
risk of SARS-CoV-2 infection by avoiding contact with
individuals with infection at the hospital. By not having to
physically goto the hospital, thereisno need to wait in crowded
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areasfor a physician or medication after treatment, resulting in
decreased rate of contact:

| don't have to go to places with many COVID-19
cases. My daughter also likes it because| don’'t have
to takerisks. Using telemedicineisvery good for me.
[Participant 2; female; aged 72 years; self-employed;
well-controlled hypertension, type 2 diabetes mellitus,
and dyslipidemia]

Theme 2: Appropriate Use of Telemedicine for
Multimor bidity

The participants felt that telemedicine should be used to care
for patients with stable conditions in evaluating, monitoring,
and providing health promotion. Partici pants a so acknowledged
the limitations of telemedicine in providing medical care, such
asthe inability to perform a complete physical examination or
blood tests.

Subtheme 1: Telemedicine for Monitoring Stable
Conditions

Patientsfeel confident in receiving telemedicine serviceswhen
they have stable conditions because they have no abnormal
symptoms, and the on-site care provided is only in the form of
conversation to monitor their condition. Telemedicine services
for those with stable conditions can resemble on-site care.
Telemedicine services should include monitoring of clinical
symptoms, vital signs, body weight, and behavioral factors.
Consultation time is also required, so that patients can consult
with their physician and inquire about their condition and receive
follow-up care:

It's just like when we see a doctor at the hospital. If
we meet the doctor, we ask questions like this. We
can also ask online like this and see each other’s
faces; finding a doctor this way is good and
convenient. The doctor called, and we talked. If we
have any questions, we ask, and the doctor answers.
It's just like going to see a doctor. [Participant 18;
female; aged 69 years; retired; well-controlled type
2 diabetes mellitus and osteoporosis]

However, some patients still believethat if they experience new
or more severe symptoms, they prefer to receive treatment in
an in-person setting for more detailed examinations or blood
tests:

It's [telemedicing] comprehensive, but only if | do
not have severe symptoms...However, if the patient
has more severe symptoms..., it's uncertain how
effective the treatment [received through
telemedicine] will be. [Participant 19; female; aged
66 years; retired; well-controlled hypertension and
type 2 diabetes mellitus]

It's[telemedicine] good. Luckily, there have been no
issues during this period. But if any problems arise,
| still haveto go see a doctor. [Participant 15; female;
aged 73 years; retired; uncontrolled type 2 diabetes
mellitus and well-controlled hypertension]
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Subtheme 2: Enhancing the Self-Management of
Chronic Conditions

The patients perceive that they can take better care of themselves
when telemedicine provides health care information specific to
their health problems. Some patients suggested incorporating
self-monitoring and health promotion features into the
telemedicine platform. They believein sharing self-management
information with physicians to improve disease management,
such as home monitoring of blood pressure and blood sugar
levels. The platform could also provide specific knowledge for
lifestyle modification, such as exercise videos or electronic
brochures about food exchange lists. Thisenhancesthe potential
for self-management:

I normally check and record my blood sugar and
blood pressure at home. Sometimes, | forget to bring
therecordsto the hospital. However, in telemedicine,
when the doctor calls, | can inform them of my
records. [Participant 2; female, aged 72 years;
self-employed; well-controlled hypertension, type 2
diabetes mellitus, and dyslipidemia]

I want to know more about blood pressure. We may
think it's not a big deal, but actually, it's a silent
danger. The doctor said it's a scary disease, and |
want information on how to take care of this disease.
It would be great if there were some tips on this
matter. [Participant 14; female; aged 66 years;
government employee; uncontrolled hypertension and
well-controlled type 2 diabetes mellitus]

If thereisa LINE group [chat group], | would liketo
receive informative messages about health. Even
seniors need to read news and information related to
health, such as knowledge about [ COVID] vaccines.
[Participant 21; female; aged 75 years,; retired;
well-controlled hypertension and type 2 diabetes
mellitus]

Theme3: Telemedicine ServicesCateringtothe Needs
of Older Patients

For an effective telemedicine service for older patients, it is
crucial to address patient concerns and establish a clear
management protocol based on their health status. Providing
supporting resources, having good communication skills, and
being aware of potentia barriersarising from unfamiliarity with
technology are also essential in meeting their needs.

Subtheme 1: Telemedicine Services Should Beas Similar
as Possible to | n-Person Care

When using telemedicine, patient concerns must still be
evaluated, similar to in-person service. Some concerns may
persist even after receiving telemedicine services. Presenting
conditions can influence their physical or mental well-being,
making it crucia for HCPs to thoroughly understand patients
illnesses to ensure appropriate management. Some patientsfeel
that video call feels more similar to an actua on-site visit than
audio calls because they can see the facial expressions and
gestures of the HCPs:
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Video calls would be better because the doctor can
see the patient’s face and how they fedl at that
moment, whether they are feeling stressed or not.
With video calls, | feel closer [to the doctor] and more
comfortable.... | usually don't share thingswithin my
family unlessit’swith the doctor. But with video calls,
| feel more comfortable because | can seethedoctor’s
face, knowing that they care about me. | just want the
doctor to call meand ask what | want to share or talk
about. [Participant 1; female; aged 62 years; retired;
well-controlled hypertension and type 2 diabetes
mellitus]

With video calls, we fedl close to each other. It feels
likewe' re gtill talking to each other. It's good because
we can talk to the doctor about anything comfortably.
| think it's a good thing because patients can express
themselves fully to the doctor. [Participant 17; male;
aged 76 years, retired; well-controlled hypertension
and type 2 diabetes mellitus]

Subtheme 2: Telemedicine Services Should Adopt a Clear
Protocol That Includes | n-Person Visits

Patients express concerns that telemedicine might replace
traditional, in-person care, leading to alack of accessto physical
examinations, blood tests, and additional symptom management.
They desire telemedicine to complement a comprehensive
multimorbidity management program while still having the
option to see physiciansin person at the hospital:

Sometimes | want to meet with the doctor in-person

totalk directly or ask questions. The doctor can know

my symptoms if | communicate directly. If | say that

it hurtshereor it isswollen here, the doctor can touch

it and examineit for evaluation. Thisisthe basic step

of diagnosing symptoms. | mean, | want to meet the

doctor sometimes, but not frequently. It's not like |

don’'t see the doctor for a year. | just want to see the

doctor once or twice to feel reassured. [Participant

16; female; aged 74 years; retired; well-controlled

hypertension, type 2 diabetes mellitus, and

dydlipidemia]
The support system of telemedicine services was crucial for
patients’ decision-making regarding whether to accept or decline
the service. Most patients are willing to accept telemedicine
owing to clear operational systems, including appointment
scheduling, natifications, web-based payment, and medication
delivery. However, some patients till have doubts about
payment systems and medication delivery. In addition, patients
receiving telephone-based care may have uncertainties about
the authenticity of the HCP:

After a case manager added me on LINE
[application], they gave me an appointment for a
video call. A day before the appointment, a nurse
called me and said the doctor would have a video call
tomorrow. When the appointment arrived, they would
call me and ask if it was convenient for the doctor to
have a video call now. | answered that it was. Then,
the doctor called me. It was a very good process.
[Participant 15; female; aged 73 years,; retired;
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uncontrolled type 2 diabetes mellitus and
well-controlled hypertension]

It's possible to send the appointment time through
LINE in advance; for example, if the doctor would
come in the afternoon, someone would call in the
mor ning to inform. The doctor could then ask about
the symptoms very well. It was done quickly, in just
a moment. [Participant 21; female; aged 75 years;
retired; well-controlled hypertension and type 2
diabetes mellitus]

| asked about the cost of the medicine that sent text
information by phone because | couldn’t contact the
finance department. It's very difficult. [Participant
18; female; aged 69 years; retired; well-controlled
type 2 diabetes mellitus and osteoporosis|

| don't know if they are doctors or not. To be honest,
| don't knowwhoiscalling me. But ifit'savideo call,
| can be more confident. [Participant 13; female; aged
64 years, teacher; uncontrolled hypertension and
obesity]

Subtheme 3: Supporting the Devel opment of
Technological Skillsand Providing Resources

Most participants had limited technological skillsand relied on
their children to assist in using electronic telemedicine devices.
Only a small minority were proficient in using such devices,
with some preferring mobile phone calls over video calls owing
to incompatible smartphones or unfamiliarity with more complex
devices such astablets or PCs. However, some older individuals
expressed willingness to learn with proper support:

If necessary, | need to adapt. | have to learn to use
additional egquipment because | don’t usually have a
smartphone, so it might be difficult to learn. | can’t
eventurnit on. [Participant 9; female; aged 78 years;
retired; well-controlled hypertension, type 2 diabetes
mellitus, and dydlipidemia)

Ifit'stimefor telemedicine, | haveto try to adapt and
learn gradually. [Participant 10; female; aged 71
years, retired; well-controlled hypertension, type 2
diabetes mellitus, and dyslipidemia]

Theme 4: Respecting Patients’ Decision to Declineto
Use Telemedicine for Various Reasons

Older patients often reject telemedicine owing to various
obstacles. They face challenges related to age-related
physiological changes, including forgetfulness and cognitive
difficulties such as finding phones or using video calls despite
instructions. In addition, some patients do not regularly use
electronic devices, whereas others feel burdensome relying on
their children for telemedicine assistance. A few patients are
unable to receive telemedicine service owing to their routine
work commitments. Therefore, HCPs need to understand these
obstacles and respect their decisionsfor declining telemedicine:

| don’t want to use telemedicine. It's not difficult for
me to see a doctor in person. If you teach me
something, | will forget in three months. For example,
when | wanted to take a video, my grandchild had to
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teach me ten times, but when | got home, | couldn’t
remember. My memory has not been good for a few
years. [Participant 12; male; aged 68 years,
self-employed; well-controlled hypertension and type
2 diabetes mellitus]

Sometimes | am not with my phone. Like when | went
to a restaurant, | forgot my phone there and didn’t
realizeit for three days. | think it'sa problemrelated
to age, but if | were newly retired at 60-65 years old,
| would be fine. But now that I’'m nearly 80, | have
problems, especially with memory and internet use.
[Participant 23; mae;, aged 76 years, retired;
well-controlled hypertension and type 2 diabetes
mellitus]

If my child can help, that would be great. | need my
child to be here because | don’'t know much. I'm
forgetful, but | don’t know if my child is available to
help or not. | can’t do it if I'm alone because | have
to care for two other older people who are 90 years
old. It's not easy for me because | have to take care
of others as well. [Participant 4; female; aged 63
years, retired; uncontrolled type 2 diabetes mellitus,
well-controlled hypertension, and dyslipidemia]

| can participate, but I'mnot familiar withit. I'mold
and have never used LINE [ chat application] before.
Trying to learn it now may be difficult because my
memory is not very good, and | tend to forget things
easily. Although my grandchildren have computers
and mobile phones, | don't want to bother them
because they have to work all the time. If the doctor
needs to call me, | have to ask my children. | don't
know if they're available to answer or not.
[Participant 8; femae, aged 71 years; retired;
uncontrolled type 2 diabetes mellitus and
well-controlled dydlipidemia]

Discussion

Principal Findings

Summary

In this qualitative study, participants perceived telemedicine as
beneficial because it eliminates the need for travel and
minimizes the risk of COVID-19 transmission. Older adults
view telemedicine as a safe and effective way to manage stable
chronic conditions. It is recommended to include health
promotion in telemedicine servicesto enhance self-management.
Regarding catering to older patients needs, patients expressed
that telemedicine should be presented as part of a continuous
care program for multimorbidity, incorporating web-based
monitoring with periodic in-person visits for physical
examinations and laboratory screenings. Clear instructions,
technological skills training, and access to resources such as
equipment and caregivers are essential to make the program
user-friendly for older patients. However, HCP should respect
patients' decision to decline telemedicine owing to various
obstacles that older patients may face when using it.

IMIR Aging 2024 | vol. 7 | €52031 | p.102
(page number not for citation purposes)


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

JMIR AGING

Patients accepted telemedicine as an effective method to
improve access to health care for older patients. Some older
patients face difficulties when coming to hospitals, such as
finding transportation and parking space, long waits for the
physician, and long queues for receiving medication [16,36].
Thisisin accordance with theliterature that positive perceptions
about telemedicine include cost savings [39]. During the
COVID-19 pandemic, receiving treatment through telemedicine
services also helped to reduce therisk of infection transmission
by reducing the risk of overcrowding of patients and the risk of
exposure for those who may not need to come to the hospital
[40]. Telemedicinewould be anecessary solution for addressing
problems regarding access to care in the event of new
pandemics.

Several studies have shown that telemedicine can effectively
improve the health care outcomes of older patients, particularly
those with chronic conditions such asdiabetes[19], heart disease
[20], and asthma [21]. A study found that telemedicine
consultations reduced hospitalization rates among older patients
with chronic heart failure compared with standard care [41].
Another study found that telemedicine consultations for older
patients with chronic obstructive pulmonary disease improved
symptom control and quality of lifeand reduced hospitalization
rates [42]. There is evidence supporting that telemedicine
services have the potential to enhance self-management among
patients and their families, including improving medication
adherence among older patients with chronic conditions and
improving disease control and patient satisfaction [43,44].

Older patients, who often have >1 chronic condition, constitute
a key group who use the health systems [45]. Owing to the
situation in Thailand, it will be a superaged society in the next
few decades[46]. The older adults would be the main target for
health care delivery. There are potential opportunitiesin digital
health such as telemedicine, emphasizing the management of
chronic diseases in Thailand [47]. Cost-effectiveness was a so
another reason in the long run for telemedicine compared with
an in-person visit [4,48]. On the basis of patients' perceptions
obtained from our study and previous evidence supporting the
health outcomes of telemedicine, we have the following 4
suggestions for enhancing telemedicine servicestailored to the
needs of older patients with multimorbidity.

| dentify the Target Population as| ndividuals With Stable
Chronic Conditions

Our study found that telemedicine is an accepted model for
promoting continuous care for older patients with
multimorbidity. In cases where patients have well-controlled
chronic conditions and no abnormal symptoms, they can receive
symptom monitoring and treatment through telemedicine [49].
Health care services for older patients with stable chronic
diseases may not need to differ between telemedicine and
in-person visits. The services should aim to monitor patients
with stable conditions by regularly inquiring about their
symptoms; offering self-care instructions at home (such as
measuring blood pressure and blood sugar levels); and
encouraging healthy behaviors such as medication adherence,
maintaining a proper diet, and engaging in regular exercise.
Telemedicine has the potentia to replace nonurgent in-person
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medical visits for stable chronic diseases, as it can be used for
symptom monitoring, detecting complications or disease
progression, and prescribing medication delivery for stable
chronic conditions [7,50].

Telemedicine Services Should Be Designed to Closely
Resemble I n-Person Visits With Scheduled Periodic
I n-Person Visits

Patients expressed concerns regarding the quality of care and
mai ntai ning the physi cian-patient relationship received through
telemedicine. A previous study revealed that older patients
perceived in-person visits as fostering astrong physi cian-patient
relationship compared with telemedicine[16]. To address these
concerns, telemedicine services should strive to deliver care
that closely resembles an in-person visit in terms of the process
and pattern of care. Telemedicine using video calls closely
simulates an in-person visit over phone calls. It helps reduce
medication errors, enhances diagnostic accuracy, and improves
decision-making accuracy [51]. Telemedicine holdsthe potential
to facilitate shared decision-making between patientsand HCPs,
thus promoting a patient-centered approach to care [52]. HCPs
can also leverage telemedicine to provide education, promote
behavior change, empower patients to take control of their
health, boost their confidence, and ensure continuity of care
[53].

Nevertheless, it isimportant to acknowledge the limitations of
telemedicine. It is unable to perform comprehensive physical
examinations and detailed |aboratory tests, which meansthat it
cannot fully replace in-person visits. Hence, it is crucia to
integrate regular in-person visits with a physician at a hospital
to adhere to standard medical practices. These in-person visits
can be scheduled periodically on an annual basis, which can
help instill confidence and satisfaction with the telemedicine
services [54].

I ntegrated Support Systemsfor Telemedicine, Including
Clear Protocols, Caregiver Assistance, and Electronic
Health Literacy Training

When caring for older patients with multimorbidity through
telemedicine, it is essential to establish a program that adheres
to standard practices, incorporates clear protocols, and provides
the necessary technical skills and resources. This will help
ensure that tel emedicine remains as a viable option beyond the
COVID-19 pandemic, emphasizing ease of use and
demonstrating its benefits. A well-defined service program
enables patients to understand the process of care they will
receive and empowersthem to communicate their specific health
needs [55]. In addition, telemedicine services for older adults
may require assistance at various stages, including guidance for
using tools such as smartphones, instruction for use, and
involving caregivers in the process [56]. These supports could
contribute to a smooth and more effective telemedicine
experience for older patients and their caregivers.

Develop Alternative Services for Older Adults Who
Cannot Use Telemedicine

Despite the potential benefits of telemedicine for the care of
older adults, its use has some challenges and limitations. Some
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ol der patients may face various obstaclesin using telemedicine,
such as declining vision, hearing, and memory owing to aging;
difficulty in learning new skills; unfamiliarity with technology;
and feeling burdened to ask for support, which can lead to
rejecting telemedicine services [56]. In addition, telemedicine
is unsuitable for unstable patients requiring emergent
management and detail ed physical examinationsthat cannot be
conducted remotely [57]. Some specific clinical contexts or
onset of new symptom in multimorbidity, such as hemiparesis,
require a comprehensive examination for critical diagnostic
accuracy and severity evaluation. If possible, an in-person visit
would be more appropriate [58]. Thus, in-person visits or other
alternatives should be available [7].

Strengths and Limitations

The study has several strengths and limitations. The strength
of thisstudy liesinits structured approach to gathering insights
about various aspects of telemedicine service tailored to the
need of older adultswith multiple chronic conditions. The study
results can provide valuable guidance about preparing and
delivering telemedicine services for this population. However,
there are still some limitations to be considered. First,
participants were recruited from a single health care facility.
The results may be affected by the nature of the health care
system and the educational level and digital literacy level of the
population. Further studies from different settings and regions
are needed to tailor telemedicine services to the needs of older
adults with multimorbidity. In addition, future studies could
explore more experiences of HCPs providing telemedicine
services to this population and identify strategies to address
their challenges and concerns. Next, we did not include
uncontrolled conditions in this study, and we did not include
health care professionals. Further studies may include other
telemedicine users. Another consideration point that could
influence the results of this study is gender. Gender isassociated
with differencesin digital health care behavior and playsarole
in the adoption of health technologies. For example, women
exhibit high tendency to access health care services, book
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physician’s appointments, and search for nutrition-related
information. In contrast, men are morelikely to explore options
related to smoking cessation and use health apps for monitoring
deep patterns and blood pressure than women [59].

As there are various guidelines for telemedicine management,
the platform used depends on the facility in each hospital setting.
Having many tel emedicine providers may disrupt the continuity
of care owing to regulation and personal data protection [60].
Furthermore, there remains an inequity in access to care in
telemedicine for vulnerable population, such as older people.
A strategy to promote electronic health education and provide
the necessary equipment to ensure telemedicine equity is needed
[61]. Therefore, the use of telemedicine should be tailored
depending on the setting and needs of the population and health
system.

To ensure the sustainability of telemedicine for older patients
with multimorbidity, HCPs should consider patients’ needs,
expectations, and abilitieswhen designing telemedicine systems.
Importantly, the findings al so suggest that HCPs should respect
the decision of older patients who decline to use telemedicine
owing to multiple obstacles and find alternative ways.

Conclusions

The study highlights the importance of personalized and
patient-centered care [62], where providers should understand
older adults needs, preferences, and limitations to tailor
telemedicine servicesfor the population. The use of telemedicine
for older patients with multimorbidity should focus on those
with stable conditions. For this population, telemedicine can
help increase accessto medical servicesfor patientswho require
continuous monitoring and care. A structured program
incorporating periodic in-hospital visits can helpincrease patient
acceptance of telemedicine. However, HCPs must aso
understand the limitations of older patients owing to various
factors that may prevent them from receiving telemedicine
services.
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Abstract

Background: Intergenerational friendship, a mechanism of social support, is an effective intervention to reduce the increasing
risk of social isolation (Sl) and develop companionship in the older adult population. The COV I D-19 pandemic provided aunique
opportunity to examine the psychosocia intervention of befriending via technology use as a primary form of contactless
socialization.

Objective: The study aimsto explore the effectiveness of the befriending intervention through a contactless, intergenerational
service-learning project on older adult emotions, especially boredom and loneliness as the key attributes of S, and on students
attitude toward companionship.

Methods: During the months of January to April 2022 , undergraduate students enrolled in a health administration course with
a special focus on culture were asked to be involved in a contactless, intergenerational service-learning project (n=46). In this
study, contactless intervention meant communication using the telephone and apps such as FaceTime and Zoom. Students were
paired with older adults to have at least a 30-minute weekly conversation, for 8 weeks, via telephone or an internet-based app
such as FaceTime. Students were asked to write a half-page diary after each interaction and a 1-page reflection at the end of the
fourth week and at the end of the service-learning project. At the completion of the project, the researchers also surveyed the
older adults to assess the impact of the project using a 5-item open-ended questionnaire. Following a heuristic approach and
content analysis, student artifacts (110,970 words; 118-page, single-spaced Microsoft Word document) and the ol der adult surveys
were analyzed using MAXQDA, (VERBI GmbH). Qualitative data were extracted to assess the impact of servicelearning on Sl
by measuring the attributes of boredom and loneliness among 46 older adults. Students' attitudes toward companionship were
also assessed using data from their diaries and reflections.

Results: Overall, three major constructs were identified: (1) meaningful engagement, defined as feeling safe, having increased
confidence, and having reduced boredom; (2) internal motivation to participate in the weekly interaction, defined as discussion
about daily life experience, level of happiness, and ability to exert personal control over the situation; and (3) intergenerational
befriending, defined as perceived benefitsfrom the friendly nature of the interaction, ability to comfortably connect with students,
and positive feeling and attitude toward the student.

Conclusions: The contactless, intergenerational befriending intervention reduced boredom and loneliness among older adults
and enhanced positive attitude and confidence among university students. Students helped older adults to develop digital skills
for the use of apps and social media. Older adults showed interest in the intervention and shared their daily life experiences with
the students, which helped to reduce the gap between generations. Findings indicate the effectiveness of an intergenerational
service-learning intervention on Sl reduction and increased positive attitude among college students.
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Introduction

Background

The growing surge of the aging population has shone a spotlight
on socia isolation (Sl). With increasing age, an increasing
proportion of older adults experience chronic boredom and
feelings of loneliness[1]. In addition, COVID-19 confinement
and quarantine disturbed their lifestyle behaviors, making the
aging population susceptible to high levels of stress and
depression. Sl is exacerbated when people are living aone,
especially vulnerable older adults, experiencing the loss of
family or friends, having comorbid or chronic illnesses, and
facing sensory impairments. Even in residential settings and
older adults' living facilities, many older adults struggle to
maintain their autonomy, self-determination needs [2], and
competence as they are often disconnected from the broad
community or dependent on unskilled nursing staff who lack
social competence and training [2,3]. An intergenerational
service-learning approach to befriending these individualsisan
effective intervention to enhance their psychosocia well-being
[4]. This approach demonstrates the importance of using
reflective writing assignments to help university students
deconstruct and reconstruct images, beliefs, and paradigms
about older adults [5]. In addition, it is where the young
individuals relate to older adults to discuss or share their life
stories or day-to-day experiences to aleviate boredom, an
attribute of Sl [6].

Although Sl is a global epidemic implying the absence of
meaningful human relations and social connectedness,
befriending is a psychosocial tonic to building social
relationships and intergenerationa friendships [7] that might
reduce boredom and depression and significantly enhance the
quality of life among older adults[8] and youth. The feeling of
companionship is augmented when an intergenerational
conversation is conducted purposefully, thereby negating the
exacerbating consequences of S| such as boredom or even the
feeling of loneliness. These negative subjective experiences
result from discrepancies between an individua’s desires and
perceptions about the quality of socia relationships[9].

Intergenerational conversations are a gateway to enduring
socialization for older adults and students [9]. The quality of
life is enhanced as both generations engage in purposeful
activities in a safe and friendly environment [8] to the
satisfaction of each other’s psychosocial needs and well-being.
Long-lasting intergenerational conversations can create a
bonding between the older adult and the student, and it enhances
the level of patience and builds social competence in youth,
which are essential attributes to become skilled hedlth care
professionalsin long-term care[10]. The social support provided
by students can foster emotional health for the isolated, frail,
older adult who isno longer at the center of anetwork of friends
and acquaintances. Older adults with socia connections have

https://aging.jmir.org/2024/1/e47908

a high quality of life under social support [11], are motivated
to work and engage in social activities, and have an inclusive
attitude that promotes ahealthy lifestyle [12]. Hence, they have
low risk of conditions such as depression, additive behaviors,
or dementia [13]. With social connectedness, even in living
alone situations, these individuals have life satisfaction, with
high cognitive stability [10,14].

Facets of S|

Sl isone of the most disruptive transformations that exacerbate
the quality of life, affecting human behavior, perceptions, and
experiences [10,15]. It is a condition that leaves one with
feelings of boredom and loneliness that are detrimental to
physical and mental health [7]. Loneliness among older adults
isthe subjective, distressed feeling of being alone or separated,
whereas Sl is the objective physical separation from the
community [14,16]. In addition, boredom is an emotion that
often triggers negative thoughts such as self-harm and anxiety,
and it is profound when the surrounding environment is mostly
empty [17]. Hence, boredom, compounded by the feeling of
loneliness over a prolonged period, may result in depression
[18], whichisamental disorder that can be controlledin atimely
way by identification of the needs of individualsand restoration
of successful attention in meaningful activities such as
intergenerational conversations. More than 56 million adults
aged =65 years live in the United States, accounting for
approximately 16.9% of the nation’s population [19]. In this
population, >7 million (13%) are socially isolated. Of those 7
million individuals, 1.3 million are severely socially isolated
[5,7]. The crucia drivers of boredom [18,20], namely, lack of
recreational opportunities; limited personal contacts; immohility;
prescribed home office; and, especialy, COVID-19 quarantine
and isolation have dissuaded the everyday lives of older adults,
triggering anxiety and monotony [4,16,21].

Boredom across the population increased significantly owing
to the COV1D-19 pandemic containment measures [22], and so
did the behavioral intention to find information, access services,
and connect socially [23]. For older adults, there is evidential
increase of the benefits of technology interventions for social
connectedness [10,24]. This may have helped the contactless,
intergenerational, service-learning intervention to become
especialy effective, facilitating the feeling of companionship
and social support that is felt bilaterally and actively by both
parties[25].

I ntergenerational ServiceLearning

Intergenerational service learning is an experiential learning,
whichisacourse-based, credit-bearing, educational experience
in which students participate in an organized, service-learning
activity that meetsidentified community needs. Studentsreflect
about the service activity to gain further understanding of a
course content [26]. With an intent to develop a sense of
companionship or friendship between both parties, the
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intergenerational service-learning intervention bringsthe socialy
isolated older adults back on the periphery of social activities
as they engage in conversations with college students [27].
Recurrent interactive sessions are useful to enhance the level
of subjective well-being among older adults and connect them
to the social network [28].

Alternatively, the service-learning sessions provide a broad
appreciation of discipline and an enhanced sense of civic
responsibility to the students while connecting them in
purposeful activity with community members[29]. Requesting
students to write diaries and reflections regarding their
interactionswith older adult adultsisakey component of service
learning [25,29]. Although it is less likely to see older
individuals readily embracing service-learning sessions
involving students or even social media sites when compared
with young adults, adoption rates for contactless interactions
with students among individuals aged =65 years have
approximately doubled in the United States in the past 4 years
[14,30].

Intergenerational Befriending Approach

This study used an approach that aimsto bolster along-lasting,
genuine connection or relation between generations, especialy
college students engaged in service learning and older adults
who are socially isolated [31]. This connection is based on
shared experiences of daily living, which is reflected in the
recurrent i nteraction based on the multicultural project. Although
theintergenerational connection may devel op over acontactless
platform, it fosters a sentiment of compassion and empathy
through focused interactions that add purpose and engagement
for participants. The befriending idea is based on reciprocity
and what benefits the older adult in a relationship [32]. The
interactions are mostly based around topicsthat are meaningful
to the older adult [10,33] and benefit the student to understand
the biases of ageism. The idea is to make the older adult feel
valued and cared for in arelation that is free from any kind of
service delivery, obligation, or family ties [26,34].

Contactless Socialization

The quality of life comprises components such as health;
well-being; peaceful existence; living in harmony; socia
engagement; life satisfaction; and keeping oneself busy with
hobbies, volunteer service, or work [8,35,36]. The older adults
were subjected to a harsher reality during the pandemic than
younger adults as old age was affirmed asarisk for COVID-19
complications [37]. This contention promoted contactless
socialization through contactless service-learning sessions via
SMS text message, FaceTime, and emails that connected the
older adults to wide social networks [38]. Although user
confidence remained as adominant i ssue when using technol ogy
such as a smartphone or tablet for interaction needs [39], the
willingness and interest of older adults let students train them
on the use of technology. The training also facilitated the use
of mobile health and telemedicine among older adults, which
greatly enhanced their health-related quality of life[40]. Hence,
technology-based, contactless, service-learning sessions
provided safe interaction for both parties, fostering social
support and technology skill augmentation for the older adults
[41]. Simpletelephonic call swere used to build intergenerational
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friendships[13,38] connecting student helperswith their clients
through persona life experience, interpersona interaction,
collaboration, and understanding [42].

Study Purpose

The study aimed to explore the effectiveness of the befriending
intervention through a contactless, intergenerational,
service-learning project on older adult emotions, especialy
boredom and loneliness as the key attributes of SI, and on
students’ attitude toward companionship.

Our approach was to forge an alliance and create an affective
bond between the young student and the ol der adult to facilitate
the possihility of friendship asthey shared their life experiences
and students engaged in technology training activities for the
older adults regarding the use of apps and social media sites.
The relationship that develops through befriending is seen as
central to the experience while hypothesizing the facts that
befriending would foster psychosocial well-being among ol der
adults and that students’ attitudes toward older adults would
become more positive throughout the service-learning course.

Methods

Study Setting and Recruitment

Theresearch design was based on qualitative dataanalysis[43].
Data were collected through the survey of older adults and
dialogues included in journal entries submitted by 46
undergraduate students enrolled in a Health Administration
course. This core or required course had a special emphasison
cultural competency and diversity. The study followed 46 older
adults, aged between 64 and 82 years, via intergenerational
service-learning sessions during the months of January to April
2022. The older adultswere recruited from residential facilities
in Good Samaritan Society, Denton, Texas, Schertz Senior
Living, Texas, KnowlesHome, Nashville, Tennessee; Aguadilla
Seniors, Puerto Rico; and Guadalgjara Senior Center, Mexico.
We sel ected these | ocations because these are the largest centers
for older adults known to the researchers, and we asked the
older adults in these centers to invite other participants known
to them to participate in the study, to expand the sample size.

The inclusion criteria for older adult participants consisted of
the following: those who (1) were interested in socialization
activities, (2) were aged >65 years, (3) could read English, and
(4) werewilling to participatein the study. The exclusion criteria
were the following: older adults who (1) were aged <65 years,
(2) were adready engaged in >1 socialization activity, and (3)
did not pass the “attention check” in a meeting with the
researcher conducted before the intervention to assess their
interests and identify careless respondents, thereby improving
the data quality. The inclusion criteria of student participants
were the following: al students enrolled in the heath
administration course irrespective of age or involvement in
socialization activity. No exclusion criteria for students were
determined.

Data Collection Procedures

The service-learning sessions are an essential component of the
undergraduate Health Administration course that has culture as
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amajor topic. The course introduces undergraduate studentsto
the historical and cultural development of health care in
contemporary American society. During the months of January
to April 2022 atotal of 46 students were paired with 46 older
adults from the abovementioned communities. Once a week,
the students communicated with their assigned older adult
partners and engaged in an unscripted conversation for at least
half an hour, for atotal of 8 weeks. Of the 46 pairs, 29 (63%)
pairs engaged in telephonic conversations and 17 (37%) pairs
engaged in internet-based conversations viacasua calling app,
such as FaceTime or Zoom. The risk of COVID-19
contamination restricted all possibilities of in-person meetings.

As part of service learning, studentswere required to create an
artifact diary to document each conversation. Students were
also asked to write a 1-page diary after each interaction with
their older adult partners and 2 reflections. On the basis of the
duration of the project, studentswere expected to write 8 diaries
and 2 reflections, once at the end of their fourth interaction and
then again at the end of their eighth interaction. The
conversations were recorded by the students with their
smartphones or technology used for internet-based interaction
such as Zoom and then transcribed by the students.

As part of the study, older adults were surveyed (paper-based,
5-item open-ended questionnaire) by the researchers to
determinetheir interest in conversation to reduce Sl and evaluate
the effectiveness of the project. This 1-time survey was mailed
with return envel opesto the older adults at the end of the eighth

Table 1. Study constructs, definitions, and sources.

Senet a

interaction with students. Survey questions were open ended,
so that older adults could write their answers. The students
transcribed conversations, diaries, and reflections and the ol der
adults’ answersto the open-ended questionsin the survey were
all used in the qualitative data analysis.

The open-ended survey questions for the older adultsincluded
the following: (1) Did you find the conversation interesting? I f
your answer isyes, pleasewrite afew lineswhat wasinteresting
in the conversation. (2) Would you like to participate in our
project again next semester?

Thewholeideaof the project wasto provide auseful framework
for befriending that may facilitate and create ameaningful bond
between the young student and the older adult [44,45]. All
questions were composed from previously validated survey
instruments and contextualized for use in this study (refer to
sourcesin Table 1). To assess older adult emotions, especially
boredom and loneliness as the key attributes of S, students
focused on conversations (refer to definition in Table 1) based
on life satisfaction and digital skill training in the context of
meaningful engagement [46,47], internal motivation to
participate in theintervention for both ol der adults and students
[47-49], and human feelings in the context of intergenerational
befriending or companionship [46,49,50]. Thus, in Table 1, we
have presented 3 major constructs: meaningful engagement,
internal motivation to participate, and intergenerational
befriending.

Construct Definition

Sources

Meaningfulengage- «  Frequency of socially interactive activities
ment «  Feeling of reduced boredom
«  Cohesive interaction (confidence and safety)

Internal motivation
to participate .

Discussion about daily life experience
Level of happiness

« Ability to exert personal control over the situation

Intergenerational .

befriending that develops mutual trust

Perceived benefits from the friendly nature of interaction

Questions about satisfaction with life, contextualized from the
studies by Diener et a [46] and Gierveld and Tilburg [47]

Questions about social isolation and motivation, contextualized
from the studies by Kozma and Stones [48], Gierveld and
Tilburg [47], and Russell [49]

Questions about human feelings, contextualized from the studies
by Diener et al [46], Russell [49], and Golden et a [50]

« Ability of the older adults to comfortably connect with

students
« Positive feeling and attitude of the students

Ethical Considerations

This contactless, intergenerational, befriending interventional
study was approved by the institutional review board (protocol
number 2022-7046) of the Texas State University. Written
informed consent was obtained from all participants (students
and older adults) before the intervention. Participants had the
option to exit theintervention after reading the informed consent
information or to provide consent to participate in the study.
The confidentiality of the participants was properly protected
during the intervention and data analysis. The study data were
fully deidentified. All records pertaining to the intervention
were securely protected in the university database with protected
passwords, which were only accessible by the researchers. As
this study was not grant funded, participants (undergraduate
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students and older adults) were not compensated for
participating in this study.

Data Analysis

The older adults' survey was mailed to the 46 older adult
participants, and 21 (46%) returned the completed survey.
Students' diaries and reflections were collected at the end of
the intervention (46/46, 100%), and all the files were used for
data analysis. The qualitative data used in the study to extract
the constructs and subconstructs were obtained from the 21
older adults' surveys and 46 students’ diaries and reflections.
Our analytic dataincluded all the 110,970 wordsin a 118-page,
single-spaced Microsoft Word document.
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Following a heuristic approach [51] and content analysis, the
data were coded using the qualitative text analysis software,
MAXQDA by numbering each line of the dialogue [52]. The
“Advanced Coding Method” in MAXQDA Standard was used
for content analysis with major keywords that were allocated
to data segments. The “Lexical Search” function located the
keywords in all the text that define the 3 major constructs as
identified in Table 1. Once the keywords of befriending, S,
boredom, socialization, engagement, and motivation were
identified, the thematic coding of the relevant texts was
performed using MAXQDA's visual tool, “One Code Model”
We explored the frequency of words and terms used in the
sources and analyzed their semantic contexts in a quantitative
way. A differentiated word frequency analysis was performed
using the “MAXDictio Module” [52]. The data were then
classified into several groups to reveal trends and patterns of
response to each question in the survey and in each topic of
conversation between the older adults and students from the
student dairies and reflections. Topically similar codes were
grouped together and then narrowed by code segments using
the option “ Subcode Statistics’ in the context menu of the Code
System” of MAXQDA.. For example, the code“ intergenerational
befriending” was further subcoded as* comfortability,” * positive
emotions,” and “perceived benefits” Finally, using the
MAXQDA function “Analysis Summary Grid,” thematic
compilations were presented in “ Participant Comment Tables.”

The use of heuristic inquiry [51,52] helped us to discover the
nature of social phenomena, especially the intergenerational
bonding that developed between participants, as we
systematically coded the data. Owing to the complex nature of
the emerging themesrelated to befriending and self-expression,
heuristic inquiry appeared to be the most convenient method of
sense making for this study. The heuristic depictions of the
artifactsinvolved a synthesis of intuition and tacit understanding
of researchers [53]. This understanding characterized the idea
of befriending experience. The concepts that emerged from the
study included relationship building, empathy, social
interactions, and capacity for additional relational networks
outside the family.

Results

In the older population of 46 adults, of which 19 (41%) were
men and 27 (59%) were women, 3 main constructs were
identified:  intergenerational  befriending,  meaningful
engagement, and internal motivation to participate in the
program. According to the older adult participants, the perceived
benefits of the friendly nature of intergenerational interaction
were mainly the heightened feelings of comfort and reduced
boredom. For both the student and ol der adult participants, trust
in the interactions bolstered the positive emotions, enhancing
the feeling of safety and social affinity. Table 2 displays the
number of times the older adults and student participants
specifics about the scope of befriending and engagement to
reduce boredom. Meaningful engagement was described as
“reduced boredom,” “feeling safe,” and “increased confidence.”
For atotal of 253 times, the older adult participants mentioned
that they were purposefully engaged, 96 times they reiterated
their feeling of happiness, 58 times about feeling safe, and 98
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times that there was an impressive increase in their level of
confidence. Similarly, students mentioned 201 times that they
were meaningfully engaged in the project, 91 times they felt
happy, 55 timesthat they did not feel bored in the conversations
with older adults, and 97 times about the increased level of
confidence.

Intergenerational  befriending was summarized as
“comfortability” and “positive emotions” The older adult
participants specified 97 times that they benefited from the
program and that they made new friends. For many older people,
“engagement to reduce boredom” specified 97 times, was the
main reason for participating in these conversations.
Intergenerational sessions enhanced the motivation level of the
older adults 277 times, with improvement in emotional health
or positive emotions (specified 80 times). Having company was
more of an antidote to reduce boredom (specified 90 times).
The discussions about daily life experience led to emotive
bonding and friendship. For the students, the befriending
experience (specified 201 times) enhanced the feeling of comfort
(specified 70 times) and positive emotions (59 times). Both the
students and older adult participants looked forward to the
sessions and considered it as areason to get up in the morning.

The intergenerational service-learning intervention mainly
covered two activities: (1) discussions about daily life
experience to reduce the gap between generations and (2) digital
training to help older adults to use socia media sites and apps
such as Facebook or Uber. The main attributes of S| targeted
in this study, namely, boredom and loneliness, were minimized
to some extent with the befriending approach as peoplefelt safe
and happy as they interacted with the students. Importantly,
older adultswere extremely interested in the technology training
from students regarding how to use social media sites and apps
such as Facebook and Uber. Tables 3 and 4 reflect the
confirmatory statements of the older adults and studentstoward
the valuable “ befriending” component that engaged older adult
participants substantially with the undergraduate college students
in digital training and motivated them to share their life
experiences safely. The attributes of hesitation and fear, which
were noticed in the initial stages, turned to compassion, trust,
respect, empathy, honesty, and warmth in the later stages, which
are the most essential attributes of friendship.

The positive attitude and the dedication of the students toward
the project helped the older adults to find social support and
feel safe. On most occasions, activities were based upon the
interest of the older adults. The opportunities for social
interaction were possible as studentswere proactive and flexible
with time and the needs of their older adult partners. Theresults
revealed the importance of students' positivity to support the
older adults and the increased level of motivation for
spontaneous interactions. The students created a friendly
environment, or that of companionship, where the older adults
had confidence that the discussions were appropriate based on
their choices and preferences.

Another key finding was that older people define boredom and
comfort differently and that there is a difference between the
students' perceptions and older adults' perceptions related to
interactionsto alleviate boredom. Although befriending through
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these ons cannot compensate for the loss of an attachment
figure, such as a close friend, spouse, or a significant other,
which iscommon in old age, people with poor social skillsare
likely to have trouble in developing and maintaining
relationships. Negative perceptions about age and aging, at
societal and individual levels, have adverse effects on older

Senet a

adults’ health and well-being. Ageism, which means negative
attitudes toward older adults, or unrealistic expectations about
the intergenerational sessions can leave both the older adults
and the young individual s with unmet social needs, resultingin
increased boredom. Hence, the befriending approach must be
understood from the individual’s subjective point of view.

Table 2. Constructs and subconstructs identified from the intergenerational service-learning intervention.

Name of the constructs and subconstructs

Number of times specified by older adults

Number of times specified by students (n=557),

(n=786), n (%) n (%)

I ntergenerational befriending 256 (32.6) 179 (32.1)
Comfortability 79 (10.1) 70 (12.6)
Positive emotions 80(10.2) 59 (10.6)
Perceived benefits 97 (12.3) 50 (8.9)

Internal motivation 277 (35.2) 177 (31.8)
Feeling of happiness 96 (12.2) 91 (16.3)
Discussion about daily life experiences 181 (23) 86 (15.4)

M eaningful engagement 253(32.2) 201 (36.1)
Feeling safe 58 (7.4) 49 (8.8)
Increased confidence 98 (12.5) 97 (17.4)
Reduced boredom 97 (12.3) 55(9.9)

Table 3. Comments of older adults about the key constructs.

Key construct

Comments

Meaningful engagement

Internal motivation to participate

Intergenerational approach to
befriending

o “Liketo talk about you and the multicultural sensitivity project in the Zumba classes three times aweek, and
ballet classes twice aweek.” [Participant 2]

« “Feel glad, | seem to have more control on anger unlike before, we have opportunities for social interaction
and there is less counterproductive behavior.” [Participant 45]

.  “Sheplaysfor the university’s basketball team. Since the university is so closeto where | live, | get to attend
all her games and is eternally grateful for this” [Participant 5]

«  “The student group hosts a couple of social events every day, so there is always an event to attend and enjoy.
Some of these events include- bingo, bible studies, stretching class, and physical fitness classes as

well.” [Participant 42]

o “Sheisphysically very active, | enjoyed our zoom discussion last week, me and my husband, engaging in
either yoga, meditation, or going on 30-minute walks.” [Participant 16]

o “Family reunion was over; it was a good day of our weekly conversation and i-phone training.” [Participant

39]

«  “Grateful to be able to wake up each morning and do the things that | enjoy, like art and seeing family and
talking to my student friend over the phone.” [Participant 3]
« “Liketo talk to you about school, do you enjoy the simple pleasuresin life like cooking?’ [Participant 28]

«  “Now look forward to our weekly conversations and app training sessions.” [Participant 40]
o  “l don't get to see my grandchildren as often as | would like, so having a person of the younger generation to
talk to weekly reminds me alot of them.” [Participant 25]
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Table 4. Comments of students about the key constructs.

Senet a

Key construct Comments

Meaningful engagement .
more closely.” [Participant 9]

“At first the project was challenging, towards the end | felt relaxed, as | came to know the older adult partner

« “Sheexplained it so well, | never thought before that smoothie making could be so simple.” [Participant 11]

Internal motivationto participate

“She loves everything about her life. Our hobbies are the same. Sheis blessed to be healthy at her age, and

shewouldn’t change athing.” [Participant 12]
«  “My grandmother used to tell me similar things, to be able to wake up each morning and enjoy breakfast with

family.” [Participant 1]

Intergenerational approach to

“Feels nice to be in an interesting conversation and write diaries.” [Participant 46]

befriending «  “Sohappy to help someone who sees her grandchild in me.” [Participant 45]
Discussion Internal Motivation to Participate
For the older adults, there is the need of a companion to share
Summary life experiences [55], which is profound when separated from

The befriending intervention delivered through the
service-learning sessions promoted reciprocity and social
support that enhanced the quality of life by fostering positive
emotions and reduced boredom and loneliness. The
intergenerational service-learning program fostered discussions
about daily life experience that reduced the gap between
generations and promoted companionship [54]. The
proactiveness and dedication of the students for their project
helped the older adults to find social support and feel safe and
created a bonding between the generations with long-lasting
friendships.

M eaningful Engagement

Through this specific intergenerational service-learning
experiment, we found that most older adults try to keep
themsel ves occupied through persona hobbies; talking to family
over the phone; and occasionaly, even work. Meaningful
engagement was depicted well through the comments of older
adult participant 42 who was happy and well engaged in
programs and activities administered by the university such as
telephone-based befriending and contactless luncheons with
students. For these participants, socia interaction through the
service-learning program enhanced connectivity and reduced
the risk of losing the motivation to maintain an active and
healthy lifestyle. The conversations reduced the feelings of
boredom and isolation that adversely affected their emotional
health. These sessions helped the older adult to reengage in
community networks and participate freely in cohesive
neighborhood environments with other members of the older
adult living facility. Older adult participant 2 found these
sessions to be meaningful and interesting, explained the
importance of these sessions to friends and community, and
constantly spoke about the interactionsin the Zumba and ball et
classes 2 to 3 times a week. The intergenerational
service-learning conversations toward the end of the project
showed a heightened level of comfort for both the older adults
and the youths and made the ol der adultsfeel that they are cared
for while in conversation. Hence, they were not bored in their
conversation with the students.

https://aging.jmir.org/2024/1/e47908

the family owing to relocation, death of family members, or
retirement [56]. The befriending activity reduced the boundaries
between the 2 people involved, and the student befriender was
asked to undertake tasks that the older adult wanted to do, such
as using technology or having contactless visits during family
reunion. This created a sense of internal motivation for older
adult 40 to participate in the interactions. As students helped
the older adults to interact with their family and share life
stories, these interactive sessions fostered companionship that
was of interest to the older adult and areason for the student to
find meaning and value in the conversations. Following the
comments of older adult participant 25 and student participant
45, we found discussions about spouses to children and
grandchildren and, for some, even to great grandchildren. All
familial connections showed the importance of social support
and motivated both parties in conversation on a day-to-day
basis. Student participant 12 prayed for the well-being of his
older adult partner and felt happy as he discovered a common
hobby to talk about. Older adult participant 39 described her
spouse returning from rehabilitation and mentioned that a
welcome home party with her spouse's family resulted in her
having a good day. Older adult participant 5 revealed that she
is eternally grateful to be able to attend her befriender’'s
baskethall games; the joy and motivation to be able to socially
connect seemed to have a positive effect on her well-being.

I ntergenerational Approach to Befriending

Although several of the older adults in this study had various
outletsto socialize such ashabbies, calling afriend, and family
visits outside the intergenerational service-learning sessions,
they still expressed appreciation toward the students for their
time and companionship, which fulfilled theideaof befriending
that we aimed for in this study. Student 45 noted that the older
adult was nervous at the beginning but eventually looked
forward to their weekly conversations, further mentioning that
having someone from the young generation to talk to reminded
her about her grandchildren whom she does not get to see often.
In another instance, student participant 46 would write down
events worth mentioning every week to discuss during the call.
The overall evaluation of the intergenerational conversation
was positive; older adult 40 wrote in the survey that she valued
the ability to talk, listen, and share information with another
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human being whom she could trust and rely on. The befriending
approach within these sessions appeared to expose the
similarities between 2 different generations asthe weeks passed.
For example, student 28 revealed that he felt lucky to share the
same religious and spiritual beliefs as the older adult partner.
Similarly, student 42 stated that she and her older adult partner
shared the sametype of church. Most of the student’sreflections
revealed the idea of reliability, compatibility, intimacy, and
reciprocity in the conversations, which had a positive effect on
promoting friendship and reducing boredom and loneliness for
both parties. In addition, the program improved the youth’'s
social skillsand assumptionsrelated to one’s privacy and safety.

Limitations

Thisstudy has somelimitations. Several studentsreported being
unable to communicate with their partners at the beginning of
the project owing to difficulty with older adults’ digital literacy,
inability to answer phone calls or read SM S text messages, or
inability to use apps such as Zoom or FaceTime. This ruled out
the possibility of Zoom focus groups. In-person focus groups
were also not possible owing to COVID-19 socialization
restrictions. In some cases, there was dropout of older adults
from the project owing to sickness or other health conditions.
Although the authors clearly explained to the older adults that
the service-learning project was completely contactless, some
of them dtill preferred face-to-face interaction, which was not
possible because of COVID-19 restrictions. Furthermore, student
notes may not be free from bias. The findings from this study
have limited generalizability because we used a sample of
students from 1 course, and the results may not be applicable
in other study settings. Variables such as overall health, stress,
stigma, comorbid conditions, socioeconomic status, and
discrimination were not considered while assessing older adult
surveys or student artifactsin the study.

Senet a

Conclusions

The need to feel important and be included in a large social
groupisvital regardless of age. The need is perhaps moreduring
the later stages of life when one has more physical and mental
challengesand is confined in living situations with very limited
socia networks. The effects of service-learning sessions on
boredom and loneliness among older adults promoted interest
in intergenerational practice to reduce Sl and improved the
feelings of compani onship among both studentsand older adults
as along-term outcome of the intervention. Studentsidentified
the intergenerational component as a highlight of the health
administration course, which increased their awareness of
gerontological issues and knowledge about working with aging
populations. Theintervention enhanced students' attitude toward
companionship and gerontological practicesviaintergenerational
befriending opportunities and digital training sessions. As
students developed an interest in service-learning programs
through frequent interactions with older adults, the socia
interaction component in the program amplified social
connectivity via contactless interactions, phone conversations,
and digital training sessions for older adults. Consequently, it
reduced the risk of losing the mativation to maintain a
self-image and an active and healthy lifestyle among older
adults. This study was designed for periodic or postpandemic
follow-up of the participants experiencing Sl. Our results
showed that older adults wished to maintain their socia
connectedness and access to technology and digital networks.
Driven by adesire to communicate and access information that
stemmed from the need to connect to friends, family, or other
internet-based services such as mobile health or social media,
ol der adults showed appreciation and gratitude toward the youth
for taking an interest in their lives and, often, would look
forward to their weekly conversations.
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Abstract

Background: Older people are particularly vulnerable to social isolation and loneliness, which can lead to ill-health, both
mentally and physically. Information and communication technology (ICT) can supplement health and social care and improve
health among the vulnerable, older adult population. When I CT isused specifically for communication with others, it is associated
with reduced loneliness in older populations. Research is sparse on how the implementation of ICT, used specifically for
communication among older people in socia services, can be performed. It is recommended to consider the determinants of
implementation, that is, barriers to and facilitators of implementation. Determinants related to older people using ICT tools are
reported in severa studies. To the best of our knowledge, studies investigating the determinants related to the social services
perspective are lacking.

Objective: Thisstudy aimsto explore the determinants of implementing the Fik@ room, anew, co-designed, and research-based
ICT tool for social interaction among older people, from asocial services personnel perspective.

Methods: This study used an exploratory, qualitative design. An ICT tool called the Fik@ room was tested in an intervention
study conducted in 2021 in 2 medium-sized municipalities in Sweden. Informants in this study were municipal social services
personnel with experience of implementing this specific ICT tool in socia services. We conducted a participatory workshop
consisting of 2 parts, with 9 informants divided into 2 groups. We analyzed the data using qualitative content analysis with an
inductive approach.

Results: Theresultsincluded 7 categories of determinants for implementing the ICT tool. Being able to introduce the ICT tool
inan appropriate manner concernsthe personnel’soptionsfor introducing and supporting the ICT tool, including their competencies
inusing digital equipment. Organizational structure concerns astructure for communication within the organization. Leadership
concerns engagement and enthusiasm as driving forces for implementation. The digital maturity of the social services personnel
concerns the personnel’s skills and attitudes toward using digital equipment. Resources concern time and money. | T support
concerns accessibility, and legal liability concerns possibilities to fulfill legal responsibilities.

Conclusions: Theresults show that implementation involves an entire organization at varying degrees. Regardless of how much
each level within the organization comesinto direct contact with the ICT tool, all levels need to beinvolved to create the necessary
conditionsfor successful implementation. The prerequisitesfor theimplementation of an ICT tool will probably change depending
on the digital maturity of future generations. As this study only included 9 informants, the results should be handled with care.
The study was performed during the COVID-19 pandemic, which has probably affected the results.
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Introduction

Older people are especially vulnerable to social isolation and
loneliness, particularly because they are exposed to risk factors
such asliving a one and experiencing chronicillness[1]. There
isrobust evidence linking loneliness and i sol ation with physical
decline; morbidity; increased mortality; and cognitive and
mental health problems, such as depression and dementia; and
increased risk of suicide [2-7]. Several studies point toward an
increase in loneliness during the COVID-19 pandemic with
stay-at-home orders and recommendationsfor social distancing
[8-11], and theimpact is particul arly severe among people aged
>80 years [12]. Information and communication technology
(ICT) can supplement health and social care and improve health
in the vulnerable, older population [4,13]. ICT is a part of
welfare technology, which in one way or another, improvesthe
lives of those who need it. When technology is used specifically
for communication with others, it is associated with reduced
loneliness [4,13-16] and increased well-being and life
satisfaction [4] in older populations. Technology can improve
social connectedness among older adults. The specific
effectivenessratesfavor ICT and videoconferencing [13]. Chen
and Schultz [15] identified 4 important mechanismsfor reducing
social isolation using ICT: staying connected to other people,
such asfamily and friends; gaining social support; participating
in interesting activities; and boosting self-confidence. Studies
show that ICT can support and maintain the social rel ationships
and healthy and independent lives of older people at the
individual level and should be prioritized as an early and
preventive intervention in socia services [17]. However, the
use of ICT has been shown to decrease after 6 months of use
[15,16]. Only few studies have investigated how the
implementation of web-based social activitiesin social services
can be performed. Thus, there is a need for sustainable,
structured, and well-planned solutions for the implementation
of ICT in social services.

To make ICT useful for older people, social services must
consider the determinantsfor itsimplementation, that is, barriers
to and facilitators of implementation. Determinants related to
older people arereported in several studies. A literature review
including 59 papers identified determinants related to this
specific population’s adoption of technology, such as perceived
usefulness, potential benefits, user friendliness, ease of learning,
perceived costs and savings, knowledge about existence,
availability in the market, technical support, social support,
perceived emotional and psychological benefits, and relevance
with their previous experiences [18]. Other identified
determinants related to older people are gaps in ICT literacy,
fear of making mistakeswhen learning the ICT tool [19], privacy
concerns, technical difficulties, lack of user-friendly options
designed specifically for an older population, and lack of
experience in using technology [20,21]. However,
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implementation of ICT does not depend on the older people
alone. Socia services personnel have an important role in
introducing ICT to older people and to support its use [22].
Thus, ways of working to introduce and support the use of ICT
among older people need to be implemented in the socid
services and other services they offer. To the best of our
knowledge, determinants of implementing an ICT tool for social
interaction among older people related to the social services
personnel perspective are lacking.

The readiness and maturity to adopt digitalization and new ways
of working vary among the social services provided by Swedish
municipalities, for example, in residential care services and
home care services. Few older people receive accessto welfare
technology services despite the benefits [23]. It is alarge step
for an organization to move from a limited project to
implementation in their organization. Konttila et a [24]
identified determinants of importancefor digitalization in health
care but not specifically for the care of older people, related to
professionals knowledge, skills, attitudes, and experiences and
organizational and collegial support. One of the proposalsfrom
the Swedish Ministry of Health and Social Affairs[23] is that
studies are needed to implement model s for welfare technology
in socia services. A systematic review focused on facilitators
and barriers that influence the implementation of welfare
technology for older people, from the perspectives of older
individuals, peoplewith disabilities, informal caregivers, health
and care personnel, organizations, infrastructure, and technology
[25]. Overdll, 6 themes of determinantswereidentified: capacity,
attitudes and values, health, expectations of effects, shared
decision-making, and identity and lifestyle. These determinants
arewithin different levelsin an organization and are consistent
with other determinant frameworksfor implementation [26,27].
However, most of theincluded papersin the systematic reviews
of determinantsfor digitalization and implementation of welfare
technology for older people [24,25] involved various types of
technology, such astechnology for smart homes, mobile devices
in medicine and public hedth, self-care, medication, and
surveillance systems, whereas ICT used specificaly for
communication among older people was not included. This
study aimed to explore the determinants of implementing the
Fik@ room, a new, co-designed, and research-based ICT tool
for socia interaction among ol der people, from asocial services
personnel perspective.

Methods

Design

This study used an exploratory, qualitative design [28,29]. An
exploratory design is appropriate for conducting studies in a
field that is relatively underexplored and hence, an inductive
approach was adopted [30].
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TheFik@ room: An ICT Tool for Social | nteraction
Among Older People

The Fik@ room is aresearch-based ICT tool, in the form of a
web platform for safe web-based social interaction, created and
developed by researchers in coproduction with older people
aged =60 years, municipal health and social care personnel, and
an I T company, based on focus group interviews and workshops.
The content and design of the Fik@ room was based on the
needs and wishes expressed by older people [31]. The older
people who participated in the development process in 2019
and 2020 expressed the importance of knowing that others
visiting the Fik@ room were equal, that is, experiencing
loneliness, and access to the Fik@ room was protected by an
individual password. This log-in procedure contributes to
increase the saf ety and the feeling thereof for the older people.
All older people with access to the Fik@ room have received
personal log-ins from a contact person from the municipality.
People who received log-ins were older people who had

Fritz et al

experienced loneliness or socia isolation [31]. The Fik@ room
consists of digital coffee tables with seating for up to 4 people
at each table (Figure 1). The older people can start conversations
regarding topics of their own choice using video, voice, or chat.
They can also post messages to each other on a bulletin board.
In the Fik@ room, older people can meet new friends and
socialize as away of forming routines in their everyday lives.
The Fik@ room focuses on meeting peers (people in the same
situation) and offersthe opportunity to meet and discuss subjects
related to users' interests. Thisfoundation improvesthe quality
of conversationsin the Fik@ room and increasesindependence,
participation, accessibility, and options for users to form their
own social interactions as part of their everyday lives, whichis
associated with better quality of life for older people [17]. The
Fik@ room is available on Google Play Store and Apple App
Store (for iPad devices) but will not be available for logging in
without permission from an authorized gatekeeper such as
personnel in the municipality.

Figure 1. lllustration of adigital coffee table within the Fik@ room. The conversation theme of thistableis sports, and in this example, only 1 person

is attending.

= Table overview

Anne

Sports

4 Mutemysound

Informants and Settings

The ICT tool was tested in an intervention study performed in
May and June 2021 in 2 medium-sized municipaities in the
middle of Sweden. The 2 municipalities were chosen because
they are coproduction partners of the University and were both
involved in the development of the Fik@ room. Informantsin
this study were social services personnel, with experiences of

https://aging.jmir.org/2024/1/e43999
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the intervention study and thus the implementation of this
specific ICT tool in socia services: municipal social services
managers and socia services personnel who recommended the
ICT tool to older peopleintheintervention study (Table 1). The
informants were chosen using a purposive sampling technique
to capture different perspectives and experiences from the
stakeholdersin the implementation process, which provided the
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process with experience-related information and theory-based
knowledge. In total, 9 informants from the 2 municipalities
agreed to participate, who were basically al the peopleinvolved
in the implementation process. Municipality 1 had an ongoing
digitalization project running in parallel with the intervention
study. This means that the municipality was appointed by The
Swedish Assaciation of Local Authorities and Regions as 1 of
10 model municipalities, which would function as a model for

Table 1. Characteristics of the informants and settings.

Fritz et al

the digitalization of care for older people. These 10
municipalities received extra financial support to enable time
for knowledge dissemination. Together with The Swedish
Association of Local Authorities and Regions, they support
other municipalities with knowledge about digital servicesand
welfare technology. Municipality 2 was not involved in the
parallel, ongoing digitalization project.

Characteristics

Municipality 1 (n=6)

Municipality 2 (n=3)

Sex of the informants, n (%)

Male 2(33)
Female 4(67)
Profession of the informants, n (%)
Manager 2 (33
Developer 1(17)
Occupational therapist 0(0)
Technology supporter? 2(33)
Guide for older people® 1(17)
Ongoing digitalization project Yes

0(0)
3 (100)

1(33)
0(0)
1(33)
0(0)
1(33)

No

#Technology supporters were I T experts, employed in the municipality, who prepared the iPad devices for the older people in the intervention study by
installing SIM cards and connecting them to the network and installing the Fik@ room app.

PGuides for older people were socia services personnel with experience in IT, employed in the municipality, who worked at the meeting places for
older people and supported the older individuals regarding the use of the iPad and the Fik@ room app.

Data Collection

Participatory workshops with 2 researchers acting as workshop
leaders provided a valuable opportunity to learn together and
discuss several perspectives. The informants both generated
and analyzed data through a structured process for data
collection and analysisthat includes acombination of individual
and group activities, inspired by the effect modifier assessment
(EMA) method [32]. The EMA method consists of workshops
and subsequent analyses. The workshop leaders facilitate the
collection of information on past significant events; in this study,
the event in focus was the introduction of the Fik@ room to
older people. The method facilitates acombination of individual
and group activities, which implies that all experiences from
each informant is used and then devel oped in agroup discussion.
In this study, semiquantitative estimations were not used because
all the determinants (barriers and facilitators) were considered
important regardless of how many people had experienced them.
The workshop guide (Multimedia Appendix 1) could be
considered as a semistructured interview guide, but the
workshop informants interactively influenced the interview
guide by deciding what events and in what way the events are
discussed. Each informant participated in 1 or 2 participatory
workshops in August and September 2021, in groups of 3to 6
participants. Each workshop began with casual conversation to
help the informants feel at ease and more comfortable in the
setting. Theresearchers served asworkshop leadersto encourage
aflow of discussion. To create a comfortable environment for
the informants, the workshops were conducted separately for
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each municipality, ensuring that al the informants within a
workshop were familiar with one another. The participatory
workshop consisted of 2 parts. The first part focused on the
determinants for implementing the ICT tool, and the workshop
activities involved the identification of possibilities, obstacles,
and challenges that were experienced during the intervention
study. The first workshop leader (JF) asked the informants to
individually note the possibilities, obstacles, and challenges on
a paper in front of them and, thereafter, facilitated a group
discussion regarding the same questions. The second workshop
leader (CE) asked clarifying questions during the workshop and
summarized the discussion at the end of the workshop. The
second part started with areview of the first part, followed by
the same individual and group processes as the first part,
focusing on scenariosfor the devel opment of methodsto support
the implementation of the ICT tool. The workshop activities
were regarding how to overcome the obstacles and reinforce
the possihilities identified in the first part of the participatory
workshop.

The workshops were performed using a web-based video
communication tool, Microsoft Teams (Microsoft Corp).
Municipality 1 performed the 2 parts of the workshop in separate
sessions (2 hours each), and municipality 2 performed both the
partsin the same session (2 hours). Theinformants’ professions
were requested at the beginning of the first workshop. The
workshops were video recorded using the Microsoft Teams
video platform.
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Data Analysis

The datawere analyzed using qualitative content analysis with
an inductive approach [33]. The recordings were transcribed
verbatim. The text was read several times for familiarization.
Meaning unitsrelated to the determinants for implementing the
ICT tool for socia interaction among older people from the
perspectives of the social services personnel were identified,

Fritz et al

coded, and grouped into subcategories and categories according
to similarities. Examples of the abstraction of categories from
meaning units are shown in Table 2. The identification of
meaning units and categorization were performed by the first
author. To validate the analysis, part of the categorization was
also performed by 2 other authors (CE and PvHW) separately.
In addition, the analysis was regularly discussed and validated
among all the authors during the process to achieve consensus.

Table 2. Examples of the abstraction process: meaning units, codes, subcategories, and categories.

Meaning unit Code Subcategory Category

...That they [the personnel] have alogin so when they arethere, they Beabletologintothe ICT Beabletoshowthetool Be ableto introduce the
[personnel and older person] can talk to each other at atable [within  tool ICT tool in an appropri-
the ICT?tool] just like we did. ate manner

If it had been as usual [before the pandemic] then we would have  Easy to show in person Beableto show thetool Be able to introduce the
done the same at home visits, and it would have been much easier ICT tool in an appropri-
because then you can show this leaflet, talk about it, and sell itina ate manner

better way, so it would have been much better.

The pandemic, of course, because it has not been possibleto visit  The pandemic hindered in-  Beableto show thetool Be able to introduce the

people. They have not wanted to let usin, and not even homecare
staff have been able to visit some people. They have declined home
care and arranged help in another way because they do not want to
expose themselves to the coronavirus.

person visits

ICT tool in an appropri-
ate manner

8 CT: information and communication technology.

Ethical Considerations

This study was conducted in accordance with the Declaration
of Helsinki [34] and Swedish Ethical Review Act [35]. However,
according to the act, ethics approval by the Swedish Ethical
Review Authority is not needed when, for example, sensitive
personal data are not collected (ie, when interviewing staff to
determine how they perform their work), as in this study.
However, the intervention study (in which older people were
study participants) has obtained ethics approval by the Swedish
Ethical Review Authority (Dno 2020-06640). Participation was
voluntary, and al informants provided their verbal consent after
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receiving verbal and written information. Furthermore, they
were allowed to withdraw at any time without consequences.

Results

Overview

The results included 7 categories of determinants for
implementing the ICT tool: be able to introduce the ICT tool
in an appropriate manner, organizational structure, leadership,
digital maturity of the social services personnel, resources, IT
support, and legal liability (Textbox 1). Theresultsare presented
using the categories as headings, and the subcategories are
italicized in the text.
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Textbox 1. Categories and subcategories of determinants for implementing the information and communication technology (ICT) tool for social

interaction among older people.

Beabletointroducethe|CT tool in an appropriate manner
« Totailor theinformation

« Beableto show theICT tool

o Tolet the user practice

«  The personnel need to have knowledge about the ICT tool

Organizational structure
« A system for effective communication

e Clearroles

L eadership
«  Themanager's engagement

«  Enthusiasts

Thedigital maturity of the social services personnel
«  Thepersonnel’sdigital skills

«  Theattitudes among the personnel varied

Resources
« Costs
« Time

. Access to transport

IT support
o Accessihility

«  Follow-up system

Legal liability (no subcategories)

Be Ableto Introducethe ICT Tool in an Appropriate
Manner

Older people need to be informed about the existence of the
ICT tool. Reaching all potential users with information about
the tool was a challenge that the informants did not know how
to address. They found that written information sent via mail
reached many potential users and was easy to distribute.
However, when introducing the ICT tool to an older person, the
informants found it important to tailor the information, for
example, the amount of information that the older person was
ableto receive, according to their knowledge and attitude toward
ICT. Knowing the person and meeting in person facilitated
tailoring compared with written information and web-based
meetings:

I haveto know how to structure the conversation with
the person | am calling, and | also have to do that
when | call the person because | have to hear what
status the person has, how should | handle the person,
i.e, how should | structure my conversation so that
| establish good communication with the person. |
must choose my conversational tone mode, how |
present it, and how | tell it, alot is about structuring

https://aging.jmir.org/2024/1/e43999

the conversation and | have to do that immediately
when | get in touch with the person. [Informant 4]

When introducing the ICT tool, the informants found it
important to be able to show the tool. To enable this, the
personnel also needed to have the prerequisitesto log in to the
ICT tool, which was not aways a matter of course. The
personnel aso needed to have access to their own account, and
the program needed to be installed in their digital equipment.
To reduce older people's fear of digital tools, the informants
found it important to let the users practice using digital tools
inaplayful manner. Getting acquainted with digital equipment,
such astablets or computers, through playing games, watching
movies, or reading newspapers can improve the ease of use of
other digital tools such as the ICT tool. Some meeting places
for older people offered these practices and integrated digital
toolsinto their daily services. During the COV1D-19 pandemic,
in-person visits were not aways possible but were considered
aprerequisite for showing and practicing the ICT tool:

To dareto usethetablet...to useit for something they
are familiar with, read the newspaper or whatever it
may be, asafirst step. It may not be the ICT tool that
isthefirst step, but it may be the next step when they
have learned to use the tablet. A game can be alittle
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easier or reading the newspaper can bean easier way
to start using it and then you take the next step.
[Informant 7]

To be able to provide information regarding the ICT toal,
personnel need to have knowledge about it. The informants
perceived the written information regarding the ICT tool as
useful for understanding the purpose of the tool. However, it
was difficult to inform older people about a tool without
knowing how it looked or how it worked. Having both seen and
tried thetool made the personnel more confident wheninforming
older people about it:

It was great that we got to try the ICT tool first,
becauseit also makesit easier when you are out with
the user to show them how it works because you
actually know what the picture looks like, how the
sound sounds, what happens with the sound if we sit
too close to each other. So, | thought it was great,
you need to try it first. [Informant 6]

Organizational Structure

When implementing the ICT tool, the informants perceived it
asimportant to have a systemfor effective communication within
the organization. A secure electronic communication system
regarding personal dataworked appropriately for communication
among different parts of the organization regarding lists of
potential users, who to call, who would visit whom, information
needed for home visits, and so on. After the personnel had
visited an older person, they used the same system for feedback
about the visit and to document whether further support was
needed. The informants also highlighted the importance of
feedback among different levels within the organization, such
as to the management team by whom new decisions could be
made:

Listswere created so that we had a structure on which
we had called, who would go to whom, all the
information needed to make a home visit and even be
able to write when you had been there, and it was a
completed project...So, it was a very good structure
in thelists. [Informant 3]

Soontaneously, | would say that some structure will
be required for the recruitment of these [older]
people. [Informant 2]

The informants expressed that clear roles facilitated the
implementation of the ICT tool. Clarity about whom to ask
regarding a special issue, whom to ask for support, and so on
makes the work more efficient. Similarly, the person who holds
therole knowswhat duties comewith therole. They experienced
that theimplementation wasfacilitated if the selected personnel
performed the introduction, skills training, and support of the
ICT tool:

| thought a bit about this regarding whom to contact
and so on. It should be incredibly clear, both for our
users but for the employees as well. They should not
have to think “ who are we to contact to get support
for this?” but there must be somewhere very, very
clear so it can be done quickly, so that you do not
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have to run around and look and waste time looking
for who to contact. [Informant 7]

L eader ship

The informants expressed that the manager’s engagement was
important to the implementation, and it became obvious when
engagement was lacking. A manager who was open to the ICT
tool and interested in its implementation spread their
engagement to the rest of the working group. According to the
participants, another success factor was having enthusiasts or
champions as leaders. These were selected personnel with a
clear mandate within the organi zation who had extraknowledge
about ICT, who worked actively regarding its implementation,
and who regulated the entire process:

That it is someone who owns the question, who has
the question on their table, who is the one who then
ensures that it is followed up, and the continuity of
the whole thing | think is very important. [Informant
6]

The Digital Maturity of the Social Services Personnel

The implementation of the ICT tool was affected by the social
services personnel’ sdigital skills. According to theinformants,
some of the personnel did not know how digital equipment
worked, such as atablet, which hindered them from informing
others about and supporting the use of the ICT tool:

The personnel couldn’t use a tablet either, you had
to