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Abstract

Background: Increasing need for nursing care hasled to the increased burden on formal caregivers, with those in nursing homes
having to deal with exhausting labor. Although research activities on the use of internet of things devicesto support nursing care
for older adults exist, there is limited evidence on the effectiveness of these interventions among formal caregivers in nursing
homes.

Objective: Thisstudy aimsto investigate whether mat-type sleep state sensors for supporting nursing care can reduce the mental
burden of formal caregiversin a nursing home.

Methods: Thiswasaquasi-experimental study at anursing homein Tokyo, Japan. The study participantswereformal caregivers
who cared for residents in private rooms on the fourth and fifth floors of the nursing home. In the intervention group, formal
caregivers took care of residents who used sleep state sensors on the fourth floor of the nursing home. The sleep state sensors
were mat types and designed to detect body motion such as the frequency of toss and turning and to measure heartbeat and
respiration. One sensor was placed on abed in aprivate room. When body motion is detected, theinformation isinstantly displayed
onamonitor at astaff station. In addition, the mental condition of the formal caregiverswas measured using avalidated self-reported
outcome measure—the Profile of Mood States (POMS), Short-Form, 2nd edition. Formal caregiversin both groups received the
POMS at baseline, midpoint (week 4), and endpoint (week 8) to identify changes in these domains. The primary outcome was
the differencein total mood disturbance (TMD) of the POMS at baseline and week 8.

Results: Of the 22 eligible formal caregivers, 12 (intervention group) utilized sleep state sensors for 8 weeks. The remaining
10 formal caregivers (control group) provided nursing care as usual. Asfor the primary outcome of the difference between TMD
at baseline and week 8, TMD in the intervention group improved by —3.67 versus 4.70 in the control group, resulting in a mean
difference of —8.37 (95% CI —32.02 to 15.29; P=.48) in favor of the intervention.

Conclusions: The present 8-week study showed that sleep state sensing for elderly residents might not be associated with
reduced mental burdens on formal caregiversin nursing homes.

(IMIR Aging 2022;5(1):€19641) doi:10.2196/19641
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Introduction

The aging of society israpidly increasing and expanding in the
world. According to the United Nations, therewere 703 million
persons aged 65 years and older in 2019 worldwide, and the
number of older adults is projected to double to 1.5 billion in
2050 [1]. Population aging has been fastest in East and Southeast
Asia, Latin America, and the Caribbean [1]. For instance, Japan
hasthe highest proportion of older personsin theworld; in 2019,
28.1% of the population (or 35.6 million) was 65 years and
older [2]. By 2065, 1 in 2.6 people will be 65 years and older
in Japan [2]. Such rapid demographic changes leave countries
with insufficient long-term care resources to tackle the
challenges associated with an aging population.

In accordance with the aging population in Japan, there has been
an exclusive increase in the demand for long-term care [3,4].
The increasing need for long-term care has brought about an
increased burden on formal caregivers [5,6]. In particular, the
formal caregiversin nursing homes had to deal with exhausting
labor (ie, long hours, overtime work, and late-night work). The
mental and physical fatigueis severe and al so undermining their
health, resulting in migraines, depression, and backache [6-9].
To cope with the heavy labor, the Japanese government
promoted the utilization of the Internet of Things (loT) to
support formal caregivers[10].

loT means that everything can be accessed anytime and
anywhere, and that applications work without human
intervention, as long as there is internet [11]. To date, loT
application studies for health care use include 10T devices for
tracking human activities in primary health care centers [12],
for medication compliance among older outpatients[13,14], for
intensive health guidance among outpatients with diabetes
mellitus [15], and for home-based health care [16]. Although
research activitieson the use of 10T devicesto support long-term
care for older adults exist, there is limited evidence on the
effectiveness of these interventions among formal caregivers

https://aging.jmir.org/2022/1/€19641

in nursing homes[17-19]. In this study, we investigate whether
deep state sensorsfor supporting long-term care can reduce the
mental burden of formal caregiversin anursing home.

Methods

Study Design and Participants

We conducted aquasi-experimental study to examinethe effects
of deep state sensors for supporting formal caregivers at a
nursing home. The participantswereeligibleif they wereformal
caregivers, aged at |east 20 years, and worked at anursing home.
Participants are excluded from the study if they plan to leave
the job within 8 weeks. In this study, we investigated whether
long-term care for residents using mat-type sleep state sensors
that detect the resident’s sleep state reduces the caregiver's
mental burden compared with usual care.

Procedures

An intervention group received sleep state sensors to provide
long-term carefor residentsin all 40 private rooms on thefourth
floor of a nursing home in Zenkoukai, Tokyo. The sleep state
sensors were mat types and designed to detect body motion
such as the frequency of toss and turning and to measure
heartbeat and respiration. One sensor was placed on abed in a
private room. When body motion is detected, the information
isinstantly displayed on amonitor at a staff station. The monitor
showed the sleep state (ie, awake or asleep) and action state (ie,
lying, sitting, or leaving bed) of theresidentsat all times. When
formal caregivers cared for residentsin each private room, they
checked the sleep and active state of the resident on the monitor
and visited the private room (Figure 1). For instance, in the
intervention group, when the visiting the room for elimination
care, the formal caregiver checked the resident’s sleeping or
waking status on display and visited the room for elimination
care when the resident was awake as much as possible. By
contrast, formal caregivers in the control group (on the fifth
floor of the nursing home) provided long-term care for residents
as usual.

JMIR Aging 2022 | vol. 5 | iss. 1 [e19641 | p.4
(page number not for citation purposes)


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

JMIR AGING

Figure 1. Overview of the sleep state sensors.

40 private rooms

The sensors were expected to allow the formal caregivers to
check the status of each resident in each private room of nursing
homes in real time on PCs at the staff station, thus enabling
them to provide care efficiently. Furthermore, by accumulating
these records, it was possible to understand the rhythm of each
resident’s life. As aresult, it was expected that care plans can
be formulated to match the rhythm of each resident’slife.

In addition, the mental condition of the formal caregivers was
measured using self-reported outcome measures, the Profile of
Mood States (POMS), Short-Form, 2nd edition (POMS 2)
[20,21]. POMS 2 was published in 2012 to assess transient
feelings and mood, and has already been validated by Heuchert
and McNair [20]. The Japanese version of the POMS 2 scale
has already been validated for reliability and validity [22,23].
Participants in both groups received the POMS at baseline,
midpoint (week 4), and endpoint (week 8) to identify changes
in these domains. The POMS assessed mood states of
individuals, or transient, fluctuating feelings and enduring affect
states [20,21].

Outcome

The primary outcome was the difference at 8 weeksin the total
mood disturbance (TMD) of the POMS. Referring to previous
studies, we set the duration of the sensor-based intervention at
8weeks[24,25]. The TMD indicated the extent to which formal
caregivers experienced overall negative or positive affect, or
the degree of overall mood disorder, where a higher score is
indicative of the bad mood. The TMD was a composite score
of 5 negative mood states (ie, anger-hostility,
confusion-bewilderment, depression-dejection, fatigue-inertia,
tension-anxiety) and a positive mood state (ie, vigor-activity).
Asfor the TMD and negative mood states, higher scores could
indicate a problem. Regarding the positive mood states, lower
scores indicate a problem. Regarding clinically significant

https://aging.jmir.org/2022/1/€19641
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differences, we considered a difference of 8 points or more in
the TMD asclinicaly significant, referring to previous studies
[26]. The secondary outcome was the change at 3 time points
(ie, baseline, week 4, week 8) of the TMD to clarify the change
of the mental burden immediately after the introduction.

Statistical Analysis

For the primary analysis, we performed an anaysis of
covariance (ANCOVA), whichisablend of analysisof variance
(ANOVA) and general linear regression to evaluate differences
between groups. We conducted the ANCOVA using POMS 2
(eg, TMD), intervention, measurement timing, and an interaction
term between intervention and measurement timing. For
secondary outcomes, the difference between the intervention
and control groupswas analyzed using ANCOVA. For thePMD
at the baseline, midpoint (4 week), and endpoint (8 week), we
used a repeated ANOVA to assess the change of TMD in the
intervention and control groups. A P value less than .05 was
considered statistically significant. Statistical analysis was
performed using Stata, version 16.0 (StataCorp).

Ethical Approval

Medical ethical approval was obtained from the Medical Ethical
Committee of Tokyo Medicd and Denta University
(M2017-228-2). All participants gave written consent for
participation in the study.

Results

A total of 25 formal caregivers were recruited; however, 1
formal caregiver in the intervention group and 2 formal
caregiversin the control group discontinued because of leaving
the job at the nursing home. Among the 22 formal caregivers,
the median agewas 31 years (IQR 28-37 years); 9 (41%) formal
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caregivers were women versus 13 (59%) men. The median
working period at the nursing home was 59 months (IQR 14-92
months). Among the 22 formal caregivers, 12 (55%) were
certificated care workers (ie, those who have national

Table 1. Baseline characteristics of the formal caregivers.

Itoh et al

qualifications). Tables 1 and 2 present the baseline
characteristics of the formal caregivers and older persons,
respectively, by the intervention and control groups.

Population Intervention group (n=12) Control group (n=10) P value
Age (years), median (IQR) 31 (28-32) 32 (30-55) 272
Sex, n (%) 19b
Women 3(25) 6 (60)
Men 9(75) 4 (40)
Working period® (months), median (IQR) 57 (7-74) 76 (34-93) 318
Certifications, n (%) 85P
Certificated care worker 7 (58) 5 (50)
Other 2(17) 1(10)
None 3(25) 4 (40)
@iann-Whitney U test.
PFjsher exact test.
SWorking period at the nursing home.
Table 2. Baseline characteristics of the older persons.
Population Intervention group (n=40) Control group (n=40) P value
Age (years), median (IQR) 87 (82-91) 87 (82-91) >.09%
Sex, n (%) 7gb
Women 32 (80) 30 (75)
Men 8(20) 10 (25)
Careneed levels, n (%) 81°
1 0(0) 0(0)
2 0(0) 13
3 9(23) 9(23)
4 15 (38) 17 (43)
5 16 (40) 13(33)

@ann-Whitney U test.
PFjsher exact test.

Among the 22 formal caregivers, 12 were assigned to the
intervention group, and 10 to the control group. Out of the 12
formal caregivers in the intervention group, 50% (n=6)
experienced positive TMD at the endpoint (ie, week 8). Of the
10 formal caregivers in the control group, 50% (n=5) also
experienced positive TMD at the endpoint (ie, week 8). Asfor
the primary outcome of the difference between TMD at baseline
and week 8, TMD in the intervention group improved by —3.67
versus 4.70 in the control group, resulting in amean difference
of —8.37 (95% CI —-32.02 to 15.29; P=.48) in favor of the
intervention. Although significant differenceswere not observed
(see above) between the intervention and the control groups,
the sign of regression coefficients was negative.

https://aging.jmir.org/2022/1/€19641

Table 3 shows the effect of the intervention on secondary
outcomes. The change in anger-hostility from baseline to 8
weeksin the intervention group improved by —0.84 versus 0.90
in the control group, resulting in a mean difference of —1.73
(95% CI —7.43 to 3.96; P=.54; Tables 1 and 2). The changein
depression-dejection in the intervention group improved by
—0.16 versus 1.60 in the control group, resulting in a mean
difference of —1.77 (95% Cl —6.49 to 2.96; P=.45). The change
in tension-anxiety in theintervention group improved by —0.91
versus 0.20 in the control group, resulting in a mean difference
of —1.12 (95% CI —6.58 to 4.34; P=.68). Significant differences
were not observed (see above) in 5 negative mood states (ie,
anger-hostility, confusion-bewilderment, depression-dejection,
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fatigue-inertia, tension-anxiety) and a positive mood state (ie,

Table 3. Mean difference in change of the Profile of Mood States.

vigor-activity).

Itoh et al

Parameter Basdine® Week 82 Mean difference in change (inter-  p 4 &
vention vs control) (95% CI)
Intervention Control Intervention Control (n=10)
(n=12) (n=10) (n=12)
Total mood disturbance 27.67 (25.27) 25.9(1355) 24.00(19.29)  30.60(9.92) —8.37 (-32.02 t0 15.29) 48
Anger-hostility 5.67 (5.43) 6.00 (4.69) 4.83(4.41) 6.90 (2.95) —1.73 (-7.43 t0 3.96) 54
Confusion-bewilderment 7.58 (5.82) 5.00(3.26) 7.42(3.84) 6.00 (2.86) —-1.17 (-6.42 t0 4.09) .66
Depression-dejection 6.33 (4.29) 4.60(2.73) 6.17 (4.08) 6.20 (3.46) —1.77 (-6.49 to 2.96) 45
Fatigue-inertia 8.17 (5.92) 9.60(4.13) 6.92(5.77) 9.70 (3.85) —-1.35 (-7.78 t0 5.08) .67
Tension-anxiety 8.83(5.52) 7.80(357) 7.92(4.17) 8.00 (3.52) —-1.12 (-6.58 t0 4.34) .68
Vigor-activity 8.92 (4.89) 7.10(4.06) 9.25(4.90) 6.20 (4.77) 1.23(—4.71t0 7.18) .68

3\ean (standard error).
bAna ysis of covariance.

For the PMD at the baseline, midpoint (4 weeks), and endpoint
(8 weeks), we used arepeated ANOVA to assess the change of
TMD in the intervention and control groups. The results
indicated that the mean differences (intervention vs control) at

the baseline, midpoint, and endpoint were 1.77 (95% CI —15.20
to 18.73; P=.84), —1.45 (95% Cl —18.42 to 15.52; P=.87), and
—6.6 (95% Cl —23.57 to 10.37; P=.44), respectively (Figure 2).

Figure 2. Change of the TMD from baseline to week 8. TMD: total mood disturbance.
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Discussion

Principal Findings

We investigated whether sleep state sensors for supporting
long-term care can reduce the mental burden of formal
caregivers in a nursing home. The primary outcome was the
difference from baseline to endpoint (week 8) on the TMD of
the POMS, or the degree of overall mood disorder. Astheresult
of this study, the TMD in the intervention group improved by
—3.67 versus 4.70 in the control group, resulting in a mean
difference of —8.37 (95% CI —32.02 to 15.29; P=.48). No
significant difference was observed in the study.

In contrast to previous studies with sensors [27-29], utilization
of mat-type sleep state sensors was not associated with
improving burdens of formal caregivers in the nursing home.

https://aging.jmir.org/2022/1/€19641
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Notably, the scalesto measure mental condition in the previous
study were different from those used in this study; for example,
the Satisfaction with Work Questionnaires, the Satisfaction with
Life Scale [30], and the Life Satisfaction Questionnaire were
used previously [31]. One possible reason for the lack of
association between utilization of sleep state sensorsand TMD
of formal caregivers may be time-lag bias; that is, the impact
of using sleep state sensors might appear much later. In our
study, the mean differencesin change (intervention vs control)
at baseline, midpoint, and endpoint were 1.77 (95% CI —15.20
to 18.73; P=.84), —1.45 (95% Cl —18.42 to 15.52; P=.87), and
—6.6 (95% Cl —23.57 to 10.37; P=.44), respectively. Although
significant differences were not observed, the mean differences
in change (intervention vs control) increased gradually. Thus,
further studies over a longer duration would be needed to
investigate the association [29, 32, 33].
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As for the 5 negative mood states (ie, anger-hostility,
confusion-bewilderment, depression-dejection, fatigue-inertia,
and tension-anxiety) and a positive mood state (ie,
vigor-activity), the greatest change in the intervention group
occurred in the fatigue-inertia category. By contrast, there was
little changein the fatigue-inertia category in the control group.
The use of sensors may therefore be related to reducing fatigue.
In future studies, we need to research the differences in the
changesin each item.

According to an interview with some formal caregiversin the
intervention group, the timing of checking the residents
condition on the monitor was when they did routine rounds to
check on theresidents’ health at night, and when they provided
excretory care during the day. They then adjusted the time of
care when the resident was asleep. Thus, change in the timing
of care provision might enhance the quality of care and improve
the satisfaction of residents[34-36]. In addition, it was expected
to be useful for countermeasures against infectious diseases
because the residents’ condition can be ascertained without
visiting the room. Further studies about enhancing the quality
of care and combating infectious diseases are needed to
investigate the effect of the intervention. Moreover, further
research on the mechanism of how sensor use would impact
care is needed.
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Limitations

Several limitations of this study need to be noted. First, the
participants were selected from just 1 nursing home in Tokyo,
Japan. Thus, our results cannot be generalized because selection
bias may be present. Second, random assignment could not be
performed, which may have caused selection bias. Third, the
small sample size of this study must be noted. Fourth, the
follow-up period might be insufficient, and we did not take into
account the time-lag bias. Finaly, we cannot completely
eliminate the effects of potential confounding factors, including
socioeconomic status and educational status of formal
caregivers. However, to the best of our knowledge, this is the
first study to explore the impact of mat-type sleep state sensors
on formal caregiversin a nursing homein Japan, which would
contribute to the development of future research on long-term
care.

Conclusions

For an 8-week study in a nursing home, sleep state sensing for
elderly residents might not be associated with reduced mental
burdens on formal caregivers. The findings imply that further
studies over alonger duration would be needed to investigate
the association between the utilization of mat-type sleep state
sensors and reduced mental burdens on formal caregivers in
nursing homes.

Gratitude is expressed to Mr Miyamoto, Mr Ofusa, and Mr Fukuda at Social Welfare Corporation Zenkoukai for their support

with data collection.

Authors Contributions

All authors have contributed substantially to the conception and design, or collection of data; S| drafted the article and performed
the statistical analysis, KK, H-PT and Y O performed the interpretation of the data; H-PT, KK, and YO revised the article critically
for important intellectual content. All authors have approved the final version to be published.

Conflictsof Interest
None declared.

References

1. United Nations. World Population Ageing 2019. 2019. URL : https://www.un.org/en/devel opment/desa/popul ation/
publications/pdf/ageing/\WorldPopul ationA geing2019-Report.pdf [accessed 2022-02-20]

2. Cabinet Officeof Japan. Annual report on the ageing society: Summary FY 2019. Cabinet Office. 2019. URL: https://www8.
€a0.go.jp/kourei/english/annual report/2019/pdf/2019.pdf [accessed 2022-02-19]

3. SawamuraK, SanoH, Nakanishi M. Japanese public long-term careinsured: preferencesfor futurelong-term carefacilities,
including relocation, waiting times, and individualized care. JAm Med Dir Assoc 2015 Apr;16(4):350.9-350.20. [doi:

10.1016/j.jamda.2015.01.082] [Medline: 25732833]

4.  Tsutsui T, Muramatsu N. Japan's universal long-term care system reform of 2005: containing costs and realizing avision.
JAm Geriatr Soc 2007 Sep;55(9):1458-1463. [doi: 10.1111/j.1532-5415.2007.01281.x] [Medline: 17767690]

5. HottaK, Okuno J, Tomura S, Yanagi H. [ Determinant factors encouraging work motivation: a study of care staff working
in health servicesfacilitiesfor elderly people]. Nihon Koshu Eisel Zasshi 2009 Dec;56(12):863-874. [Medline: 20169988]

6.  Yamaguchi Y, Inoue T, Harada H, Oike M. Job control, work-family balance and nurses' intention to leave their profession
and organization: A comparative cross-sectional survey. Int J Nurs Stud 2016 Dec;64:52-62 [FREE Full text] [doi:
10.1016/}.ijnurstu.2016.09.003] [Medline: 27689509]

7.  Wakui T. Study on work load of matrons under shift work in a special nursing home for the elderly. Ind Health 2000
Jul; 38(3):280-288 [FREE Full text] [doi: 10.2486/indhealth.38.280] [Medline: 10943075]

https://aging.jmir.org/2022/1/€19641 JMIR Aging 2022 | vol. 5 | iss. 1|e19641 | p.8

(page number not for citation purposes)


https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Report.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Report.pdf
https://www8.cao.go.jp/kourei/english/annualreport/2019/pdf/2019.pdf
https://www8.cao.go.jp/kourei/english/annualreport/2019/pdf/2019.pdf
http://dx.doi.org/10.1016/j.jamda.2015.01.082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25732833&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2007.01281.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17767690&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20169988&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0020-7489(16)30150-X
http://dx.doi.org/10.1016/j.ijnurstu.2016.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27689509&dopt=Abstract
https://joi.jlc.jst.go.jp/JST.Journalarchive/indhealth1963/38.280?from=PubMed
http://dx.doi.org/10.2486/indhealth.38.280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10943075&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Itoh et &l

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Nagatomo I, Akasaki Y, Tominaga M, Hashiguchi W, Uchida M, Takigawa M. Abnormal behavior of residentsin a
long-term care facility and the associated stress of care staff members. Archives of Gerontology and Geriatrics 2001
Nov;33(3):203-210. [doi: 10.1016/s0167-4943(01)00182-0]

Gallego-Alberto L, Losada A, Vara C, Olazaran J, Mufiiz R, Pillemer K. Psychosocia Predictors of Anxiety in Nursing
Home Staff. Clin Gerontol 2018 Oct 09;41(4):282-292 [FREE Full text] [doi: 10.1080/07317115.2017.1370056] [Medline:
28990884]

Japan's plan for dynamic engagement of al citizens. Cabinet of Japan. URL : http://japan.kantei.go.jp/content/jpnplnde_en.
pdf [accessed 2022-02-19]

Carvalho CMA, Rodrigues CAP, Aguilar PAC, de Castro MF, Andrade RMC, Boudy J, et al. Adaptive Tracking Model

in the Framework of Medical Nursing Home Using Infrared Sensors. 2015 Presented at: 2015 | EEE Globecom Workshops
(GC Wkshps); December 6-10, 2015; San Deigo, CA p. 1-6. [doi: 10.1109/glocomw.2015.7414030]

Kumari B, Lopez-Benitez M, Gyu Myoung L, Tae-Seong K, Minhas AS. Wearable Internet of Things - from human activity
tracking to clinical integration. In: Annu Int Conf |EEE Eng Med Biol Soc. New York, NY: IEEE; 2017 Jul Presented at:
39th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC); 11-15 July
2017; Jeju, Korea (South) p. 2361-2364. [doi: 10.1109/EMBC.2017.8037330]

Fattah S, Sung N, Ahn I, Ryu M, Yun J. Building |oT Servicesfor Aging in Place Using Standard-Based 10T Platforms
and Heterogeneous |oT Products. Sensors (Basal) 2017 Oct 11;17(10):2311 [FREE Full text] [doi: 10.3390/s17102311]
[Medline: 29019964]

Hsiu-Ling T, Chun Hsiang T, Long-Cian W, Fuh-Shyang J. Bidirectional smart pill box monitored through internet and
receiving reminding message from remoterelatives. New York, NY: |EEE; 2017 Presented at: | EEE | nternational Conference
on Consumer Electronics - Taiwan (ICCE-TW); 12-14 June 2017; Taipei, Taiwan p. 2017. [doi:
10.1109/icce-china.2017.7991161]

Onoue T, Goto M, Kobayashi T, Tominaga T, Ando M, Honda H, et al. Randomized controlled trial for assessment of
Internet of Things system to guideintensive glucose control in diabetes outpatients: NagoyaHealth Navigator Study protocol.
Nagoya JMed Sci 2017 Aug;79(3):323-329 [FREE Full text] [doi: 10.18999/nagjms.79.3.323] [Medline: 28878437]
AvilaK, Sanmartin P, Jabba D, Jimeno M. Applications Based on Service-Oriented Architecture (SOA) in the Field of
Home Healthcare. Sensors 2017 Jul 25;17(8):1703. [doi: 10.3390/s17081703]

Regel Gonzalez-Usach VC, Esteve M, Palau CE. AAL open source system for the monitoring and intelligent control of
nursing homes. New York, NY: |EEE; 2017 Presented at: 2017 | EEE 14th International Conference on Networking, Sensing
and Control; 16-18 May 2017; Calabria, Italy.

Stille CJ, Lockhart SA, Maertens JA, Madden CA, Darden PM. Adapting practi ce-based intervention research to electronic
environments: opportunities and complexities at two institutions. EGEM S (Wash DC) 2015;3(1):1111 [FREE Full text]
[doi: 10.13063/2327-9214.1111] [Medline: 25848633]

Mieronkoski R, Azimi |, Rahmani AM, Aantaa R, Terdvé V, Liljeberg P, et al. The Internet of Things for basic nursing
care-A scoping review. Int JNurs Stud 2017 Apr;69:78-90. [doi: 10.1016/j.ijnurstu.2017.01.009] [Medline: 28189116]
Heuchert J°, McNair DM. Profile of Mood States, 2nd Edition (POMS 2). North Tonawanda, NY: Multi-Health Systems
Inc; 2012.

Shacham S. A Shortened Version of the Profile of Mood States. Journal of Personality Assessment 2010 Jun 10;47(3):305-306.
[doi: 10.1207/s15327752jpad703 14]

Pot AM, Willemse BM, Horjus S. A pilot study on the use of tracking technology: feasibility, acceptability, and benefits
for peoplein early stages of dementia and their informal caregivers. Aging Ment Health 2012;16(1):127-134. [doi:
10.1080/13607863.2011.596810] [Medline: 21780960]

YokoyamaK, Watanabe K. Japanese Translation of POM S 2: Profile of Mood States Second Edition. Tokyo, Japan: Kaneko
Shobo; 2015.

YokoyamaK, Araki S, Kawakami N, Tkakeshita T. [Production of the Japanese edition of profile of mood states (POMS):
assessment of reliability and validity]. Nihon Koshu Eisel Zasshi 1990 Nov;37(11):913-918. [Medline: 2132363]
GoerssD, Hein A, Bader S, Halek M, Kernebeck S, Kutschke A, et al. Automated sensor-based detection of challenging
behaviorsin advanced stages of dementiain nursing homes. Alzheimers Dement 2020 Apr;16(4):672-680 [ FREE Full text]
[doi: 10.1016/j.jalz.2019.08.193] [Medline: 31668595]

Hao S, Reed JL, Hans H, Tulloch HE, Reid RD, Prince SA. Physical activity, sedentary time and sleep and associations
with mood states, shift work disorder and absenteeism among nurses: an analysis of the cross-sectional Champlain Nurses
Study. PeerJ 2020;8:e8464 [FREE Full text] [doi: 10.7717/peerj.8464] [Medline: 32175183]

Engstrom M, Ljunggren B, Lindgvist R, Carlsson M. Staff perceptions of job satisfaction and life situation before and 6
and 12 months after increased information technol ogy support in dementiacare. j telemed tel ecare 2005 Sep 01;11(6):304-309
[FREE Full text] [doi: 10.1258/1357633054893292] [Medline: 33134236]

PaisB, Buluschek P, DuPasquier G, Nef T, Schiitz N, Saner H, et al. Evaluation of 1-Year in-Home Monitoring Technol ogy
by Home-Dwelling Older Adults, Family Caregivers, and Nurses. Front Public Health 2020;8:518957 [FREE Full text]
[doi: 10.3389/fpubh.2020.518957] [Medline: 33134236]

https://aging.jmir.org/2022/1/€19641 JMIR Aging 2022 | vol. 5 | iss. 1|e19641 | p.9

(page number not for citation purposes)


http://dx.doi.org/10.1016/s0167-4943(01)00182-0
http://europepmc.org/abstract/MED/28990884
http://dx.doi.org/10.1080/07317115.2017.1370056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28990884&dopt=Abstract
http://japan.kantei.go.jp/content/jpnplnde_en.pdf
http://japan.kantei.go.jp/content/jpnplnde_en.pdf
http://dx.doi.org/10.1109/glocomw.2015.7414030
http://dx.doi.org/10.1109/EMBC.2017.8037330
https://www.mdpi.com/resolver?pii=s17102311
http://dx.doi.org/10.3390/s17102311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29019964&dopt=Abstract
http://dx.doi.org/10.1109/icce-china.2017.7991161
http://europepmc.org/abstract/MED/28878437
http://dx.doi.org/10.18999/nagjms.79.3.323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28878437&dopt=Abstract
http://dx.doi.org/10.3390/s17081703
http://europepmc.org/abstract/MED/25848633
http://dx.doi.org/10.13063/2327-9214.1111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25848633&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2017.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28189116&dopt=Abstract
http://dx.doi.org/10.1207/s15327752jpa4703_14
http://dx.doi.org/10.1080/13607863.2011.596810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21780960&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2132363&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1552-5260(19)35363-4
http://dx.doi.org/10.1016/j.jalz.2019.08.193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31668595&dopt=Abstract
https://doi.org/10.7717/peerj.8464
http://dx.doi.org/10.7717/peerj.8464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32175183&dopt=Abstract
https://doi.org/10.3389/fpubh.2020.518957
http://dx.doi.org/10.1258/1357633054893292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33134236&dopt=Abstract
https://doi.org/10.3389/fpubh.2020.518957
http://dx.doi.org/10.3389/fpubh.2020.518957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33134236&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Itoh et &l

29.

30.

31.

32.

33.

35.

36.

Obayashi K, Masuyama S. Pilot and Feasibility Study on Elderly Support Services Using Communicative Robots and
Monitoring Sensors Integrated With Cloud Robotics. Clin Ther 2020 Feb;42(2):364-371.e4. [doi:
10.1016/j.clinthera.2020.01.001] [Medline: 31987582]

Diener E, Emmons RA, Larsen RJ, Griffin S. The Satisfaction With Life Scale. Journal of Personality Assessment 2010
Jun 10;49(1):71-75. [doi: 10.1207/s15327752jpa4901_13]

Marianne C, Elisabeth H. Evaluation of the Life Satisfaction Questionnaire (L SQ) Using Structural Equation Modelling
(SEM). Quiality of Life Research 2002;11:415-425.

Krick T, Huter K, Domhoff D, Schmidt A, Rothgang H, Wolf-Ostermann K. Digital technology and nursing care: a scoping
review on acceptance, effectiveness and efficiency studies of informal and formal care technologies. BMC Health Serv
Res 2019 Jun 20;19(1):400-400 [FREE Full text] [doi: 10.1186/s12913-019-4238-3] [Medline: 31221133]

Yap TL, Kennerly SM, Ly K. Pressure Injury Prevention: Outcomes and Challengesto Use of Resident Monitoring
Technology in a Nursing Home. J Wound Ostomy Continence Nurs 2019;46(3):207-213 [FREE Full text] [doi:
10.1097/WON.0000000000000523] [Medline: 31083063]

Ko M, Wagner L, Spetz J. Nursing Home Implementation of Health Information Technology: Review of the Literature
Finds Inadequate | nvestment in Preparation, Infrastructure, and Training. Inquiry 2018;55:46958018778902 [ FREE Full
text] [doi: 10.1177/0046958018778902] [Medline: 29888677]

Cohen C, Kampel T, Verloo H. Acceptability of an intelligent wirel ess sensor system for the rapid detection of health issues:
findings among home-dwelling older adults and their informal caregivers. Patient Prefer Adherence 2016;10:1687-1695
[FREE Full text] [doi: 10.2147/PPA.S113805] [Medline: 27660417]

Grant LA, Rockwood T, Stennes L. Client Satisfaction with Telehealth in Assisted Living and Homecare. Telemed JE
Health 2015 Dec;21(12):987-991. [doi: 10.1089/tmj.2014.0218] [Medline: 26126079]

Abbreviations

ANCOVA: analysis of covariance
ANOVA: analysis of variance
|oT: internet of things

POMS: Profile of Mood States
TMD: total mood disturbance

Edited by J Wang; submitted 12.03.21; peer-reviewed by W Zhang, M Danilovich, C Fowler; comments to author 21.07.21; revised
version received 16.09.21; accepted 27.12.21; published 23.03.22.

Please cite as:

Itoh S, Tan HP, Kudo K, Ogata Y

Comparison of the Mental Burden on Nursing Care Providers With and Without Mat-Type Seep Sate Sensors at a Nursing Home in
Tokyo, Japan: Quasi-Experimental Study

JMIR Aging 2022;5(1):e19641

URL: https://aging.jmir.org/2022/1/€19641

doi:10.2196/19641

PMID: 35319474

©Sakiko Itoh, Hwee-Pink Tan, Kenichi Kudo, Yasuko Ogata. Originally published in IMIR Aging (https://aging.jmir.org),
23.03.2022. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Aging, is properly cited. The complete bibliographic information, a link to
the original publication on https://aging.jmir.org, as well as this copyright and license information must be included.

https://aging.jmir.org/2022/1/€19641 JMIR Aging 2022 | vol. 5| iss. 1 [e19641 | p.10

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.clinthera.2020.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31987582&dopt=Abstract
http://dx.doi.org/10.1207/s15327752jpa4901_13
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-019-4238-3
http://dx.doi.org/10.1186/s12913-019-4238-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31221133&dopt=Abstract
http://europepmc.org/abstract/MED/31083063
http://dx.doi.org/10.1097/WON.0000000000000523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31083063&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/0046958018778902?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/10.1177/0046958018778902?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/0046958018778902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29888677&dopt=Abstract
https://dx.doi.org/10.2147/PPA.S113805
http://dx.doi.org/10.2147/PPA.S113805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27660417&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2014.0218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26126079&dopt=Abstract
https://aging.jmir.org/2022/1/e19641
http://dx.doi.org/10.2196/19641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35319474&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Koh et d

Original Paper

The Usability and Impact of a Low-Cost Pet Robot for Older Adults
and People With Dementia: Qualitative Content Analysis of User
Experiences and Perceptions on Consumer Websites

Wei Qi Koh', BSc; Sally Whelan?, PhD; Pascale Heins®, M Sc; Dympna Casey*, PhD; Elaine Toomey*, PhD; Rose-Marie
Droes’, PhD

1school of Nursing and Midwifery, College of Medicine, Nursing & Health Sciences, National University of Ireland, Galway, Ireland

2|rish Centre for Autism & Neurodevel opmental Research, National University of Ireland Galway, Galway, Ireland

3Department of Psychiatry and Neuropsychology, School for Mental Health and Neuroscience, Maastricht University, Maastricht, Netherlands
4School of Allied Health, University of Limerick, Limerick, Ireland

5Department of Psychiatry, Amsterdam University Medical Centers, VUmc/Amsterdam Public Health Research Institute, Amsterdam, Netherlands

Corresponding Author:

Wei Qi Koh, BSc

School of Nursing and Midwifery

College of Medicine, Nursing & Health Sciences
National University of Ireland

University Road

Gaway, H91TK33

Ireland

Phone: 353 91493687

Email: weigi.koh@nuigalway.ie

Abstract

Background: Worldwide, populations are aging exponentially. Older adults and people with dementia are especially at risk of
social isolation and loneliness. Social robots, including robotic pets, have had positive impacts on older adults and people with
dementia by providing companionship, improving mood, reducing agitation, and facilitating social interaction. Nevertheless, the
issue of affordability can hinder technology access. The Joy for All (JXA) robotic pets have showed promise as examples of
low-cost aternatives. However, there has been no research that investigated the usability and impact of such low-cost robotic
pets based on perceptions and experiences of its use with older adults and people with dementia.

Objective: The aim of our study was to explore the usability and impact of the JA robotic cat, as an example of alow-cost
robot, based on perceptions and experiences of using the JA cat for older adults and people with dementia.

Methods: We used a novel methodology of analyzing alarge volume of information that was uploaded by reviewers of the JfA
cat onto online consumer review sites. Data were collected from 15 consumer websites. This provided atotal of 2445 reviews.
Next, all reviews were screened. A total of 1327 reviews that contained information about use of the JfA cat for older adults or
people with dementiawere included for analysis. These were reviews that contained termsrelating to “older adults,” “ dementia,”
and “institutional care” and were published in the English language. Descriptive statistics was used to characterize available
demographic information, and textual data were qualitatively analyzed using inductive content analysis.

Results:. Most reviews were derived from consumer sites in the United States, and most reviewers were family members of
users (ie, older adults and people with dementia). Based on the qualitative content analysis, 5 key themes were generated: prior
expectations, perceptions, meaningful activities, impacts, and practicalities. Reviewers had prior expectations of the JA cat,
which included circumstantial reasons that prompted them to purchase this technology. Their perceptions evolved after using the
technology, where most reported positive perceptions about their appearance and interactivity. The use of the robot provided
opportunities for users to care for it and incorporate it into their routine. Finally, reviewers also shared information about the
impacts of device and practicalities related to its use.

Conclusions: Thisstudy provides useful knowledge about the usability and impact of alow-cost pet robot, based on experiences
and perceptions of its use. These findings can help researchers, robot devel opers, and clinicians understand the viability of using
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low-cost robotic petsto benefit older adults and people with dementia. Future research should consider eval uating design preferences
for robotic pets, and compare the effects of low-cost robotic pets with other more technologically advanced robotic pets.

(IMIR Aging 2022;5(1):629224) doi:10.2196/29224

KEYWORDS

social robot; pet robots; low-cost robot; dementia; older adults; qualitative research; qualitative content analysis

Introduction

Worldwide, the population is aging exponentially. Since the
prevalence of dementia greatly increases with age, the
corresponding number of people with dementia is also on the
rise [1]. Older adults and people with dementia are especially
at risk of social isolation and reduced psychosocial health [2].
Social robots, such asrobotic pets, areinnovative technol ogical
solutions that are being developed and deployed to address the
psychosocial needs of this population [3]. They are defined as
autonomous or semiautonomous devices that are socialy
evocative and socially receptive [4], with the ability to interact
with humans in a socially appropriate manner [5]. Pet robots
are devel oped to simulate and substitute animal-assi sted therapy
[6]. Although animal-assisted therapy can benefit the social and
emotional health of older adults and people with dementia by
providing companionship, €liciting relaxation, and reducing
loneliness [7,8], the use of live animals can pose several
challenges. For instance, there is potential for transmission of
zoonotic diseases, animal aggression, and compromised animal
welfare [9]. Therefore, the use of a raobotic aternative is seen
asanovel way to enable older people and people with dementia
to reap the psychosocial benefits of animal-assisted therapy,
while potential adverse effects are avoided. Overall
investigations into their effects have demonstrated positive
benefits for older adults and people with dementia. Their use
was found to have positively affected physiological indicators
through improved sleep, improved oxygenation and cardiac
status, reduced use of psychotropic drugs, improved mood, and
improved socia engagement [10-12]. PARO, a robotic sedl,
wasthe most studied robotic pet. Other pet robotsinclude AIBO
(robotic dog), JustoCat and NeCoRo cat (robotic cats), and Pleo
(robotic dinosaur). However, the affordability of the robots is
one key issue that has been widely flagged as a concern by
multilevel stakeholders[13-15]. For instance, the JustoCat costs
approximately US $1350 and PARO costs about US $6000.
The substantial cost of such technology can reduce innovation

Figure 1. Joy for All robotic pets.
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dissemination [16], posing the ethical concern of unequal access
[17]. Therefore, there is a need to explore lower costed
alternatives.

The Joy for All (JfA) robotic pets have been identified as
low-cost and commercially availableinnovationsthat have been
used for older people and people with dementia [18]. They
contain sensors to respond to touch and light, through
movements and vocalizations, with the purpose of providing
social interaction (Figures 1 and 2). Because they are capable
of autonomous responses to stimuli for the purposes of social
interaction, they should be considered as socia robots. As one
unit of the JfA robotic pet costs between US $110 and US $130,
they are significantly more affordable. Synthesized findings
from a recent review showed that despite being
less-technologically advanced than other robotic pets, the A
robotic pets showed promising benefits to address the
psychosocial needs of older adults and people with dementia
[18]. Thisincluded improved mood and affect, improved social
interaction, companionship, and other well-being outcomes
[18]. Thelower cost of the technology al so appeared to influence
the ways in which the robotic pets were being used. For
example, in contrast to other higher-costed pet robots that have
been shared among users [12], most older adults and people
with dementia that were included in the study owned their own
JA pet [18]. Thisimplied that the affordability of the A pets
had an influence on the accessibility to and adoption of this
technology. Furthermore, individual ownership of social robots
was suggested as away to mediate theissue of infection control
by reducing the potential for transmissible diseasesfrom shared
use. This is especially relevant in residential care settings in
light of the COVID-19 pandemic, where a recent study has
advised against the sharing of pet robots [19]. The review aso
found that while a few studies used both the JfA cat and dog
for older adults and people with dementia, most only used the
JA robotic cat. A study by Bradwell et al [20] presented similar
findings, where the JfA robotic cat, anong 7 other alternatives,
was chosen by older adults as their most preferred robotic pet.
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Figure 2. Touch interaction capabilities of the Joy for All cat. Used with permission from Joy for All.
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Despite its potential as a therapeutic device, there is alack of
research to understand the usability and impact of the JSfA cat
based on perceptions and experiences of itsusewith older adults
and people with dementia. As such, this study aims to explore
the perceptions and experiences of using the JfA cat for older
adults and people with dementia, using user-generated content
published on consumer websites. Thisis a novel methodology
that will be described below.

Methods

Study Data

The data used for this research are located on public platforms
(ie, consumer review sites). Therefore, informed consent for
this study was not obtained. However, asthe use of direct quotes
from consumer reviews could potentially make them
identifiable, the quotes that were illustrated in this study were
minimally amended to ensure users anonymity. This study was
approved by the National University of Ireland Galway Research
Ethics Committee (reference number R20.JUN.12).

Focus on User-Led Content

To date, most research that aimsto understand experiencesusing
socia robots has traditionally been researcher driven [10]. By
contrast, this study utilized the large volume of information
uploaded by users of the JFA cat onto publicly accessible online
consumer review sites. These sites contain a sizeable body of
anecdotal evidence from users who have purchased and used
lower costed pet robots. These individuals shared detailed
accounts of their experiences, for the primary benefit of other
potential users who might be seeking to gather information
about the product. Examining thisvaluable source of information
during the study was an opportunity to develop knowledge
shifting away from regarding researchers and health care
professionals as the sole producers of information toward
eliciting the voice and empowerment of nonprofessionals[21].
This approach has been used in other research fields, such as
business or consumer research, however it is a novel
methodology in the field of health and socia sciences which
allowed for an examination of user-led content.
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Data Collection: Data Sources and Search Strategy

Data collection involved 3 key steps. First, online consumer
review sites were identified through a Google search, using the
search terms “Joy for All cat” and “user review”. The
researcher’s (WK) internet browsing history and cookies were
cleared, and the search was conducted in the incognito mode.
Next, the first 100 consumer sites identified from the Google
search that contained consumer reviews of the robotic cat were
selected as data collection sites. All reviews were manually
extracted into Microsoft Excel. This step was essential to ensure
a clear audit trail, as the content of a webpage may change
depending on what the researcher searchesfor and researcher’s
location [21]. Consumer reviews of al languages that were
submitted up to July 24, 2020, were extracted using a
standardized data extraction form (Multimedia Appendix 1)
containing the following datafields: (1) review title, (2) review
text, (3) star rating given, and (4) review date. Demographic
information about users of the technology, such as their age
group, diagnoses, and setting, was also collected if these data
were available. If these were not available, the data field was
left empty. To ensure anonymity, no potentially identifying
information, such as the reviewing authors’' name and photo
attachments, was collected. Finally, all reviews were screened
to identify the sampling frame for data analysis.

Inclusion and Exclusion Criteria

Reviewswereincluded if they contained information about the
use of the robotic cat for older adults or people with dementia
in any settings and were published in the English language.

As not al reviews contained information regarding users' age
and diagnoses, innovative approaches had to be undertaken to
ensure that al relevant reviews were adequately considered for
inclusion. First, as the average age of becoming a grandparent
is between 50 and 69 years in several countries [22-24], it
seemed reasonable for the researcher to include reviews that
mentioned about the use of the robotic cat for this group (ie,
grandparents) as older adults. Next, reviews that contained
information about the use of JfA cat in institutional care were
also included, asthe large majority of people living in assisted
living facilities or care homes are of an older age group [25-29].
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Hence, reviews that met any of the following inclusion criteria
were included in the sampling frame:

« Included termsrelated to older adults, such as* older adult”,
“ederly”, “eder”, “senior”, “grandmother”, or
“grandfather” or explicit comment that users of the JfA
robotic cat are aged 60 years and above

- Contained terms related to dementia, such as “dementia’,
“Alzheimer's disease”, “memory loss’, “memory
problems’, “cognitive impairments’ or “cognitive issues’,
“memory care”

- Contained terms related to institutional care, such as
“nursing home”, “assisted living facility”, “retirement
home”

«  Published in English language

All reviews that did not meet these inclusion criteria were
excluded. Reviews that were included were cleaned and
formatted on Microsoft Excel before being exported into NVivo
12 (QSR International) for data analysis.

Data Analysis

Descriptive statistics was applied to characterize the number of
reviews, available demographic information about users of the
JA cat, and the average star ratings given by users. Textua
data were qualitatively analyzed using inductive content
analysis, as described by Hsieh and Shannon [30], on the
NVivol2 software. This method of data analysis was chosen
as it guides systematic categorization of large volumes of
text-based data and facilitates the identification of patterns of
occurrences [31].

The data analysis proceeded as follows. First, 3 coders (WK,
SW, and PH) immersed themselves in the data by reading all
data repeatedly to obtain a sense of the whole and to allow new
insights to emerge [31,32]. The first 5% of reviews were read
word by word by each coder, who independently generated key
thoughts or concepts for each phrase, and labeled them using

Figure 3. Flowchart (identification of reviews).

Consumer sites identified (n=100)

Koh et al

descriptive and low-inference codes [33,34]. After that, all
coders met to discuss similarities and differences, and agreed
on codes that formed theinitial coding scheme [30]. Next, this
coding scheme was tested by WK, SW, and PH, who
independently coded another 10% (n=137) of all datausing the
coding scheme. Data that did not fit into an existing code were
assigned anew code. After this, intercoder reliability test (ICR),
using the kappa coefficient (), was conducted to assess the
similarity between the coding produced by the authors. Although
thereis no set consensus on what proportion of data should be
analyzed to yield areliable estimate of ICR [35], an analysis of
10%-25% of the data set is typical [36]. Conducting this test
allowed the rigor and transparency of the coding framework to
be ascertained [36-38]. The kappa coefficient of 0.60 was
obtained, which demonstrated substantial agreement between
coders[39]. Following this, all coders met to discuss and agree
upon the final coding framework. In particular, they ensured
that all data within the codes and categories were distinctive
and that they had good coherence [40,41]. The final coding
scheme (Multimedia Appendix 2) was tested by WK and SW,
who independently coded another 5% (n=66) of the data set.
Strong intercoder reliability was established (k=0.7). Thereafter,
the coding framework was applied to the remaining reviews by
WK. Research rigor was ensured through prolonged engagement
with the data [42], and frequent meetings with al coders
throughout the creation of the coding framework, and to develop
and refine the codes and categories.

Results

Overview

Figure 3 showsthe flowchart that reports the dataidentification
and collection. A total of 100 websiteswereidentified, of which
15 were consumer review sites for the JfA robotic cat (Table
1).

Consumer sites excluded. with
reasons (n==83):

}

Consumer sites included for
extraction of reviews (n=13)

l

Reviews identified (n=2443)

}

Reviews screened (n=2445)

)

Reviews included for analvsis
(n=1327)

https://aging.jmir.org/2022/1/€29224

4

* Nonconsumer review
sttes, such as blogs and
news articles (n=25)

o Not related to the Joy for
All robotic cat (n=60)

Reviews excluded, with reasons
(n=1118):
® Used for adults (n=5)
o Used for children (n=103)
* No information about
population that the
technology 1s used for, and
does not meet other
inclusion criteria (n=979)
® Non-English reviews
(n=29)
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Table 1. Consumer sites and reviews identified.

Koh et al

Consumer review sites (source)

Number of reviews

Amazon (tota: 6 sites)
Joy For All

Best Buy

MindCare Store
Eugeria

Caregiver Products
Alzstore

Alzproducts

QvC

Walmart

2068
214
25

7

5

5

32
10
79

0

Description of Reviews

A total of 2445 consumer reviews were submitted over a
5.5-year period from December 4, 2015, to July 24, 2020. Of
these, 1327 reviews met theinclusion criteriaand wereincluded
for data analysis. Most reviews were derived from consumer

Table 2. Star rating and number of reviews across the years.

sites from the United States (n=948), Canada (n=132), the
United Kingdom (n=80), and Australia (n=13). Most reviews
contained information about review date and star rating
(n=1309). Overdl, the number of reviews increased steadily
from 2015 to 2020, and its average star rating was 4.75 (Table
2).

Year of review 2015 2016 2017 2018 2019 2020
Number of reviews 15 180 222 228 372 292
Average star rating 413 4.63 4,86 474 4,76 4,76

Review Authors and Users of the Robotic Cat

Information about the review authors and usersis presented in
Table 3. Most review authors were family members of the
primary users of the JA cat. The majority were children
(n=770), grandchildren (n=120), and partners (n=52) of older

https://aging.jmir.org/2022/1/€29224
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adults or peoplewith dementia. Only 2% (n=22) of all reviewers
identified themselves as users of the robotic cat. Information
about the relation of other review authors with the older person
or person with dementia was not available in 247 (18.61%)
Cases.
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Table 3. Information about review authors and users.

Koh et al

Information

Sample size, n (%) (N=1327)

Review authors
Relationship to users
Family members
Children
Grandchildren
Partners
Other relatives
Self
Others (friends, care workers)
No information
Users
Age/diagnosis
Older adults
People with dementia, cognitive impairment or memory issues
Gender
Female
Mae
No information
Setting
Long-term care facilities
Memory care facilities
Retirement homes
Other carefecilities
Own homes

No information

1038 (78.22)
770 (58.03)
120 (9.04)
52 (3.92)

96 (7.23)

22 (1.66)

6 (0.45)

247 (18.61)

586 (44.16)
687 (51.77)

988 (74.45)
121 (9.12)
218 (16.43)

399 (30.07)
56 (4.22)
16 (1.21)
49 (3.69)
19 (1.43)
788 (59.38)

The JfA cat was described as being for the use for older adults
in 44.16% (586/1327) of reviews, while 51.77% (687/1327)
described their use for people with dementia, cognitive
impairment, or memory issues. The majority (n=1109) contained
information about users' gender, of which 89.09% (n=988) were
females. Less than half (n=539) provided explicit information
about the setting in which the device was used (Multimedia
Appendix 3). Most were used in care settings, including
long-term care facilities (n=399), specialized memory care
facilities (n=56), retirement homes (n=16), or other carefacilities
(n=49).
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Qualitative Findings

Themes

Five themes were generated from the qualitative analysis: (1)
prior expectations, (2) evolving perceptions, (3) meaningful
activities, (4) impact of therobotic cat, and (5) practical aspects
surrounding the use of the JfA cat. Table 4 shows the main
themes, subthemes, and their prevalence in the data. It also
provides information on exemplar codes and representative
guotes in each subthemes. We will describe the themesin the
following sections.
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Table 4. Main themes, subthemes, and exemplar codes.
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Main themes and subthemes

Prevalence, n (%)?

Examples of exemplar quotes (code)

Prior expectations

Circumstances

Expectations

Per ceptions

Appearance

Interactivity

Expectations met

Ambivalence or rejection

M eaningful activities

Companionship

Doing something (activities)

Facilitation and support

Treating the robot cat asif it
were real

Topic of conversation

Impacts

Positive impacts on users

Negative impacts (users)

Positive impacts (others)

390 (29.39)

182 (13.72)

364 (27.43)
418 (31.50)

415 (31.27)

114 (8.59)

270 (20.35)

500 (37.68)

75 (5.65)

70 (5.29)

78 (5.89)

1000 (75.36)

20 (1.51)

111 (8.36)

Negativeimpactson others/care- 3 (0.23)

givers

Practicalities

When my 89-year-old mother was sent to a nursing home after a hospital stay, she
lost her residence of 25 years, and worst of all, she lost her beloved orange tabby
(can’t have a live cat).

| was sceptical when | first heard that a mechanical cat like this could provide comfort
and relief from anxiety for an elderly person suffering dementia (uncertainty and
scepticism).

You can feel the bumps on the body through the fur (not lifelike).

It's ingeniously designed, with the movements coming at a seemingly random cycle,
just like areal animal. The meowing is the only weakness, it doesn't really sound like
a cat, but the purring is spot on (positive comment about interactivity).

It did way more than | thought it could. Seemed like | found new thingsit could do for
3 days before | found everything (exceeded expectations).

| bought this for my grandma, and she was very upset by it. She'sin her late 80's and
has slight dementia but she still got offended by thiskitty. | took the cat home with me
since she was so upset. | wasn't trying to insult her (rejection).

Now Brutus (name for the JfA cat) is helping my grandma not to feel completely alone
(companionship).

Shetakes it everywhere she goes, it rides along in her basket in her walker (taking it
to places).

Shewantsit to purr, but gets upset if it meows too much. So we put it on mute so it
still movesit’'s head and eyes and arm and purrs but doesn’t get annoying (facilitation
and support).

Wetalked to Mom/Grandma and let her know we were going to try to get her cat fixed.
Sheisvery concerned that we are going to take her cat away, but we assured her that
we would try very hard to not take it away from her (attachment).

Both cat and grandfather are now quite popular. With dementia, | am not sureif he
knows the cat is not real. Needless to say this cat has helped to improve my grandfa-
ther’s social interactions as many people come to check out the cat (topic of conver-
sation).

Mom who has dementia & suffers from sundowner syndrome. Her cat’s meowing &
purring (an impressively large repertoire of vocalizations) and the many movements
it makes in response to touch, motion & sound provide the perfect kind of distraction
my Mom needs in those PM hours (a welcome distraction).

She cried the other day because she thought it died (someone turned it off), she picked
it up and cried for hours (negative impact on users).

My Mumisin aresidential care manor and one of the other residents saw the cat and
her daughter bought her one. All the residents|ove them (positive impacts on others).

When the care home residents saw the cat, there was a near riot because they all
wanted to hold it and stroke it at the same time (negative impact on others).
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Main themes and subthemes Prevalence, n (%)2

Examples of exemplar quotes (code)

Positive aspects 409 (30.82)
Negative aspects 118 (8.89)
Suggestions for improvement 51 (3.84)

We have had it for a few weeks now and have yet to replace the batteries. The cat goes
into sleep mode when it is not touched for several minutes which savesthe battery life.
It isreactivated as soon as one of the sensorsin the back or head are touched (battery
life).

The product is ONE STAR in terms of reliability. My FIL loved it so much he broke
it. We think he held the head too tightly, and ultimately the servos broke. The cat still
meows and purrs, but it no longer rolls onto its back and the eyes no longer open (not
robust).

One thing they missed though, is the movement a cat makes when you scratch under
her chin...You know, head back so you can really get in there. And if they are reading
this...they could make it a smart cat with an app and everything. It would be cool if
you could talk toiit or give it commands and it responds (suggestions for improvement).

3Based on atotal of 1327 reviews.

Prior Expectations

This theme describes the circumstances which prompted
reviewers to acquire the JfA robotic cat for the older person or
person with dementia, and reviewers perceptions of this
technology prior to itsuse. Somereviewers (223/1327, 16.80%)
commented that users had previous experience with or liked
cats or other animals. However, users were now unable to own
a live animal due to circumstantial or persona reasons
(181/1327, 13.64%), such as institutional restrictions in
residential care facilities and reduced physical or cognitive
capacities.

Recently my 93 mother's dementia progressed to the

point that she required assisted living in a nursing

home. She was devastated that she could not take her

two cats with her. She misses them more than

anything. [Reviewer 108]
Other reviewersindicated that they were prompted to purchase
the JA cat due to concerns about loneliness and isolation
(102/1327, 7.69%), especialy for intended users who lived
alone or in residentia facilities. The impact of COVID-19
measureswas discussed in more recent reviews, wherereviewers
shared that visitation and activity restrictions exacerbated
feelings of isolation. Assuch, expectationswere focused on the
users’ likes of animals, and hopesthat it might provide comfort,
companionship, and improve their overall quality of life.

When my family was faced with having to admit my
91-year-old Granny to a memory care facility it was
devastating for us to think of her in there all alone
and sad.... [Reviewer 8]

Due to the pandemic and imposed isolation and
restrictions, all enrichment activities such asvisiting
music, games, exercises, therapy animal swere ceased.
Residents were no longer allowed to eat with other
residents. e hoped the therapy cat would provide
some comfort. [Reviewer 13]

A few reviewers (70/1327, 5.28%) reported skepticism about
the usefulness of the robotic pet, and concerns about how users
would perceive it or respond to it.

| braced myself for a dismissive laugh, a ‘what the
hell did you get this for, what a waste of money’.
[Reviewer 335]

https://aging.jmir.org/2022/1/€29224

Atfirst, | was hesitant because | wasworried that she
(my mother) would be insulted if | gave her a ‘toy’.
[Reviewer 146]

Per ceptions

This theme describes perceptions about the appearance and
interactive features of the JfA cat, and whether it has met
reviewers expectations. Perceptions about its appearance were
mainly positive (312/1327, 23.51%), as reviewers commented
about itslife-likeness, size, and weight asresembling areal cat.
Reviewers (357/1327, 26.90%) also commented about the
device's realistic movements and vocalizations, especialy its
purring. Some pointed out that their JfA cat looked similar to
users previous cats. The robotic cat has sensors to respond to
light and touch, however, its vocal and movement responses
are nonprogrammable and are unpredictable. Some reviewers
perceived its unpredictability as behaviorsthat resembled alive
cat.

At intervals, thiscat flicksitsears, raisesa pawtoits
face asif it's washing, turns it head when touched,
blinksitseyes, and partially closesits eyes, and purrs
and meowswhen it's head and back are petted. It also
rolls back to exposeits belly, and what is funny about
the cat, is that the moments are unpredictable, and
spontaneous just as if it were real. [Reviewer 394]

However, a few reviewers were negative in their comments
(105/1327, 7.91%). The robotic cat was thought to be hard to
the touch, which reduced its cuddiiness and realism. The
meowing sound of the cat was perceived as sounding like a
person imitating its meow, and some movementswere perceived
to be mechanical looking and sounding. Although most
reviewers said that not being life-like did not influence the
interaction that users had with the technol ogy, others commented
that users' acceptance of the device was negatively impacted.

She (my mother) doesn’'t seem to notice the battery
pack which is quite hard but likes to pet it (JfA cat)
and keepsit on her bed at night. [Reviewer 588]

The facial and ear movements do make some
mechanical noise, but they're not that loud and don't
detract fromit. The one thing that | could do without
is that occasionally the front half twists and rolls
back, then after a few minutesit comesback up. That's
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when you hear theloud motor really kickinand | find
it to be an unnatural movement. [Reviewer 215]

While she (my mother) seemed to like the cat at first,
she naoticed the jerky movements and mechanical
sounds it makes when it turnsits head and she didn't
like this. Three weeks after giving it to her she says
that it's a beautiful cat, but that there's something
wrong with it. [Reviewer 262]

Perceptions of the JFA cat sometimes evolved with its use.
Although most reviewerswho discussed about their expectations
of the robotic cat perceived it to have met or exceeded their
prior expectations and fitted the needs of users (182/1327,
13.72%), some considered that the A cat may not be suitable
for everyone. Similarly, a few users were ambivalent or had
negative perceptions, and rejected the technology (72/1327,
5.43%).

We didn't know if (my father) would like it, scoff at
it, or soon get bored with it. His eyes lit up the
moment it (JA cat) was taken out of the box.
[Reviewer 171]

My elderly aunt found the cat “ creepy” and wanted
no part of it. | can see how some elderly peoplewould
like this mechanical replica, but she didn't like it.
[Reviewer 161]

M eaningful Activities

This theme describes the engagement in meaningful activities
with the JfA cat. Use of the JfA cat provided opportunities to
supervise or provide care for older people and people with
dementia (500/1327, 37.68%). Activities included holding,
petting or brushing it, talking to it, keeping it on their laps,
sleeping with it, and taking it to places. Some activities, such
as naming the cat after their previous pet or loved ones, aso
provided an avenue for users to reminisce about past
experiences. The robot's interactivity also appeared to be
perceived as behaviors of reciprocity, which facilitated usersto
continue engaging with it.

She (my mother) no longer speaks and appears
somewhat catatonic. e were looking for ways to
‘reach’ her since talking to her and trying other
activities were fruitless. We gave her this cat and got
aglimpseinto our momagain! The purring, meowing
and movements awakened my mom and she came
alive. [Reviewer 763]

He (my dad) stroked her head, tail and back. He
wanted to know her name. We told him she needed
him to pick one for her. She became Fluffy! She
meowed...He meowed back and laughed.... [Reviewer
167]

In some instances, the JfA cat was perceived to replace a lack
of activity or participation, or replace undesirable or restless
behaviors. Reviewers also commented that it provided
companionship, and some users devel oped an attachment toward
it.
She (my mother) has stopped looking for her kids at
night and she is focused on taking care of her cat.
[Reviewer 1060]

https://aging.jmir.org/2022/1/€29224
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She (my mother) will hang onto it (JfA cat) for dear
life and not want to give it back to us. She hasit with
her at all times except at mealsand during structured
activities. [Reviewer 763]

The JA cat also provided users with a topic of conversation
with others, including family members, friends, care providers,
and residents within care facilities. Some passers-by would stop
tointeract with the user, talking about the JfA cat. Thissuggests
that the robotic pet provided different opportunities for
interactions.

She (my mother) had great difficulty speaking but
would ask for “ baby” every morning, would meow
back at the cat and carry on an indecipherable
conversation everyday. [Reviewer 641]

| was delighted that not only did she (my mother) find
it wonderful, but she also had the experience that all
the dementia patients in her facility, including the
nurses, are doting and cooing at the kitty cat. | was
pleased that it brought her comfort and joy from the
attention she got as well asthekitty itself. [Reviewer
651]

Users varied as to whether they considered the JfA cat to be
real. Reviewers (74/1327, 5.58%) mentioned that users were
aware that this was not a live cat, but still enjoyed the device.
While some commented about explicit attemptsto introduce or
remind users that the JA cat is a robotic device, others
suggested that users should treat it asareal cat. Some userswho
were not aware that the JfA cat was a robotic device treated it
asif it werealive animal (70/1327, 5.28%) and tried to feed it
with food and water, which dirtied it. Such perceptions also
caused anxiety among some users, who became concerned that
it would not eat or drink, or that it would escape. The device's
vocalizations caused concerns among some users (70/1327,
5.28%), who became worried that the cat was upset. Some also
exhibited distress when the robotic cat was not moving.

It'sunclear whether she (my mother) believesit (JfA
cat) isreal or not - but we avoid clarifying that it isn't,
and all try to act interact with it in front of her as
though it isreal, and of course we helped her pick a
name! [Reviewer 594]

Dad was nervous his cat would escape and get lost
or that no one had given her food or water and she'd
die. Mom had to stop him from bring Fluffy water
(i.e., dumping it over her). [Reviewer 167]

Impact of the Robotic Cat

This theme describes how the JfA robotic cat impacted the
primary user and the caregiver. Most reviewers (874/1327,
65.86%) reported that users exhibited positive emaotions. These
included expressions of love and affection toward the robotic
cat, expressions of joy, and improved mood. Several reviewers
(228/1327, 17.18%) a so commented that use of thistechnology
was caming, provided comfort, and gave users a sense of
purpose.

She [my mother] now has a reason to get out of bed
in the morning and is back to her old self again.
[Reviewer 554]
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| would say this week has been his calmest, happiest,
most relaxed, enjoyable week in possibly three or
more years! Because of this life-like, mechanical
companion designed exactly for people like him.
[Reviewer 167]

She never dept through the night. Usually, | am up
with her constantly, but we actually had to wake her
this morning. She actually went to sleep with her cat
cuddled in her arms. [Reviewer 160]

The reviewers and other caregivers were also impacted.
Reviewers shared about positive emotions and physical relief
that they, their family members, and care staff experienced from
observing users' interactions with the robotic cat (161/1327,
12.13%). Amidst these feelings, some reviewers shared about
a sense of conflict or dilemmain watching users interact with
arobotic device.

The amount of joy this has brought her - and me
watching her interact with the cat - is priceless.
[Reviewer 265]

Now honestly for some in my family the idea that my
momisin love with a mechanical cat and believesit
isreal can be a distressing and shocking new reality.
But to see her joy with this cat and to occasionally
useit asa diversion when she sundowns or when she
goes through an angry phase is priceless. [Reviewer
530]

The JfA cat was al so reported to have apositive impact on other
people (111/1327, 8.36%), such as users neighbors, or other
residentsintheir carefacility, who a so enjoyed the technol ogy.

Sheenjoyssharing it with all the other residents, and
they agree that petting this purring cat is very
soothing and relaxing. [Reviewer 146]

Practical Aspectsof ItsUse

This theme describes comments about the facilitation that was
rendered to support users’ interaction with the JA cat, overall
experiences of the technology, and technical aspects of its use.
Some reviewers provided mediation and supported users who
perceived it to be a real animal (75/1327, 5.65%). Actions
included reassuring users that the JA cat was well taken care
of, keeping it on mute or turning it off at night when usersfell
asleep, preparing spare batteries and being ready to prepare to
change them as needed, and regularly cleaning food stains off
its mouth. A few mentioned the use of a waterproof bib on the
JA cat’'s neck, and creating artificial feeding stations. Some
reviewers also commented that they purchased an additional
robotic cat as a back-up device.

It was purring alot last night and | heard himtelling
the cat “ shhhhh” . | looked over and he's looking it
in the eyes and shhhhing it. So | turned the cat off for
awhile. [Reviewer 722]

I've got her (JfA cat) a collar and made her atag and
a feeding station (thank you hot glue and modge
podge), so that he can care for her the way years of
instinct and memoriestell him he should. [Reviewer
167]
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Overall, most reviewers (409/1327, 30.82%) reported positive
experiences. This included comments about satisfaction, and
comments that they would recommend this device to others.

If you have someonein your lifeliving with dementia
or Alzheimer's, or something similar, please
consider...this for that person. | haven't seen my
grandmother that happy since before she became sick.
[Reviewer 180]

Nevertheless, some reviewers (118/1327, 8.89%) shared
negative experiences, which included comments about the
technical aspects of its use. Experiences about the JFA cat’s
technical performance were mixed. While some reviewers
shared that the technology was durable and lasted for over a
year at thetime of review (32/1327, 2.41%), others commented
that it only lasted for a week to 8 months (48/1327, 3.62%).
Others elaborated that the short lifespan of the device was
sometimes attributed to users' behaviors, such as attempts to
feed it or holding it too tightly, which hindered or damaged the
device’'s mechanics. Such issues led to disappointment among
some reviewers.

Grandma holdsiit so tight that when the cat wants to
put its paw up or roll on its back, she is preventing
the movement. Now, it sounds like the motor has been
damaged. [Reviewer 344]

It's really sad that this cat did not last. My elderly
mother is devastated....Really, really, really
disappointed. [Reviewer 207]

Some reviewers al so raised concerns about difficulties cleaning
the robotic cat and maintaining its cleanliness.

Ours is showing wear around the cat’s mouth as
grandma keeps insisting on feeding it real food...so
| am cleaning it ALOT with dove soap, water and a
washcloth. [Reviewer 265]

Itisdifficult to clean Lucette's (name for the JfA cat)
fur. Elderly people do tend to be like children and
stroke their pets with sticky hands. [Reviewer 108]

Finally, some reviewers (51/1327, 3.84%) suggested how the
JA cat could be improved. These included improvements to
its appearance, such as having more cushioning to make it softer
to hold, having a more redistic “meowing” sound, and more
interactive movements. Reviewers also commented that the
device should be more durable and customizable, and suggested
that volume controls or options to turn off the movement of the
cat while keeping its sounds on should be made available.

Discussion

Principal Findings

This is the first study to use a novel web-based approach to
explore the usability and impact of a low-cost robotic pet for
older adults and people with dementia, based on perceptions
and experiences of its use. Most of the review content was
derived from consumer sites that were based in the United
States, and most reviewerswere family members of older adults
and peoplewith dementia. Overall, most reviewers had positive
perceptions and experiences of using the A cat and found it
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to be beneficial and practical for older adults and people with
dementia. Nevertheless, not al were satisfied with this
technology.

Users' previous experiences of pet ownership were frequently
reported as a circumstantial reason for purchasing the JfA cat
for theintended user. Thisfinding alignswith previousfindings
that users like of animals influenced their acceptance of a
robotic pet [43]. Therefore, it may be worth screening users
likes and didlikes of animals as a predictor to gauge their
acceptance of the robotic pets [44]. Reviewers aso
acknowledged that pragmatic deterrents, such as institutional
regulations and a lack of capacity to care for a live animal,
propelled them to seek robotic alternatives. This echoes the
proposition that a recognition of the relative advantage of an
innovation can facilitate its adoption [45].

Most perceptions about the JA cat were positive, which
suggests its design as a familiar animal was acceptable. In
previous studies, familiarly designed robotic animals, such as
the JustoCat and the NeCoRo cat, were also well received by
older adults and people with dementia [46,47]. Likewise, other
studies have highlighted preferencesfor familiarly designed pet
robots [20,48,49]. These findings contrast with the notion that
people are more likely to accept lessfamiliarly designed robots
because they would have fewer prior conceptions or expectations
[50]. However, this hypothesis has not been widely evaluated,
as few studies have investigated design preferences of older
adults or peoplewith dementia. Indeed, in most research studies,
participants were typically given a single pet robot to engage
with, which was selected based on the needs of the research
rather than the preference of the participants. In line with a
person-centered approach to care [51], older adults and people
with dementia should be given the autonomy to choose their
preferred robotic pet design. People with dementia, especially
in the advanced disease stages, may not be able to articulate
their preferences for pet design. However, they should still be
given opportunities to participate in decisions relating to their
care[52], to alow for the maintenance of self-identity, dignity
[53], and personhood [54]. Moving forward, more considerations
should be made to identify pet robot design preferences of
individuals.

Use of the robotic cat offered older adults and people with
dementia opportunities to participate in meaningful activities.
Older adults and people with dementia participated in an array
of activities with the SfA cat, such astalking to it and about it,
cuddling, and stroking it. These findings resonate with results
from studies which used other robotic pets [46,48,55,56],
suggesting the potential of the JfA cat to elicit similar activities.
Other activities identified included brushing the cat, sleeping
with it, and taking it to places. Some reviewers supported these
meaningful activities by getting a brush for users to brush the
cat, and getting a cat bed and a personalized collar to allow for
easier identification in care facilities. Such activities were not
reported in previous studies and appeared to be unique to this
study. This might be attributed to more opportunities for
interaction with the cat over an extended period, made possible
dueto individuals owning their own robotic cat and not sharing
it with others. Individual ownership may have provided users
with the opportunity to take ownership of the robotic pet and
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be actively involved as care providers, in contrast to their
traditional role as passive recipients of care [57]. Furthermore,
the consistent and proximate presence of the A cat might have
enabled such additional activities involving its use to be
scaffolded naturally.

The relationship between engagement in meaningful activities
and health outcomes has been established [58-62]. Similar to
findings from previous studies [10-12,18], participating in
activities with the JA cat elicited positive emotions among
users, and also provided comforting and calming effects. This
is an important finding, because it highlights the potential of
the JA cat to elicit therapeutic benefits that are similar to
costlier and more technologically sophisticated robotic pets.
Thisraisesan important question—In consideration of potential
cost benefits, what degree of technological sophistication is
required for a robotic pet to be therapeutic? Further research
and randomized controlled trials should be conducted to evaluate
and compare the effectiveness of low-cost robotic pets on the
mental and social health of older adults and people with
dementia, with other more technologically advanced robots.

The movements and vocalizations of the JfA cat appeared to be
perceived positively by users as behaviors of reciprocity.
Reciprocity, or the give and take that occurs between
individuals, can influence the maintenance of socia relationships
[63,64]. This may explain why interactive robotic pets have
been able to elicit more user engagement as compared with
noninteractive or plush alternatives [65,66]. Interestingly, the
lack of predictable responses to touch and movement was
interpreted by some users asresemblant of alive cat’sbehavior,
and was well received. Nevertheless, the JfA cat's interactive
features also resulted in some negative impacts, particularly
among those who perceived it asalive animal. When theraobotic
cat ran out of batteries, some users exhibited emotional distress
as they perceived it to be dead. The meowing sounds worried
or caused annoyance to some users, who sometimes perceived
the robotic cat to have unmet needs. Similar issues have also
been raised previoudy in relation to other robotic pets
[13,48,67,68]. Furthermore, some users became concerned that
the cat was not eating and attempted to feed it. These issues
may be due to individual ownership of the robotic cat, where
perceived responsibility for pet care may place a burden on
people with cognitive impairment [69]. In such instances,
reviewers provided mediation and support. This suggests that
unattended, prolonged interactions with the robotic pet may
have the potential to cause negative impacts. In turn, thisraises
the question as to what amount of robot—human interactions,
especialy for people with cognitive impairments, should be
conducted completely without the support of caregivers.
Findings from this study suggest some degree of facilitation
and mediation by caregivers may still be necessary.

The JfA cat also positively impacted caregivers, providing them
with a sense of relief and positive emotions, which included
feelings of happiness and contentment. Thereis currently alack
of research that has focused on how robotic pets impact
caregivers. More research is needed to increase understanding,
especially since one of the key premises for developing social
robots is to supplement and support the care of older people
with dementia [66].
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Finally, despite the overall positive perceptions and experiences,
some reviewers reported negative opinions about the cat's
design. Thisincluded comments about its “hardness’ and lack
of sophistication, such as audible mechanics during movements
and unrealistic “meowing” sounds. Theseissues did not appear
to influence most users interaction with the robotic cat,
suggesting that reviewers may have a higher expectation than
the end users in wanting the robotic cat to behave more
realistically and autonomously. Nevertheless, these issues
resulted in the rejection of this technology by a minority of
users. Comments about the robustness of the technology were
mixed, with some reviewers being dissatisfied with itsdurability.
Some elaborated that users handling of the JfA cat, such as
holding it too tightly or dropping it, affected its functioning.
The relatively short longevity of the device has potential to
cause negative impacts such as emotional distress, especially
among users who have developed an attachment toward it [70].
The understanding of such issues are useful to inform future
robot devel opment to ensure technological robustness[18].

Limitations

Despite the valuable new knowledge that was generated through
this study, there are limitations that should be acknowledged.
Datathat were used for this study were self-reported information
that was gathered through publicly available sources. The
anonymity of users makesit difficult to verify the authenticity
of the content, and to verify the ages and diagnoses of the users
of the robotic cat. Most reviewers were family members, and
as such, their perceptions and experiences might differ from
actual opinions of the primary end user (ie, older adults or
people with dementia). Although most included reviews were
shown as verified purchases, it is not possible to confirm the
authenticity of review or distinguish potentially deceptive
reviews. There could also beabiasinterms of the representation
of data, as not all consumers will upload their reviews on
consumer websites. Nevertheless, given the analysis of thelarge
number of reviews from multiple websites across a 5-year
period, as well as the richness of the data contained in these
reviews, it may be reasonable to infer that the findings from
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this study represent real-world perceptions and experiences of
using the A cat for older adults and people with dementia.

Conclusion

This study provides important knowledge about the usability
and impact of alow-cost robotic pet for older adults and people
with dementia based on perceptions and experiences of its use.
It analyzed user-driven content to access a unique perspective
toward an understanding of this phenomenon. We found that
circumstantial reasons, such asinability to care for a pet, have
prompted the use of therobotic cat, and that familiarly designed
robotic pets can be accepted by older adults and people with
dementia. Although the JfA cat islesstechnologically advanced
than other robotic pets, its interactive features were generally
well received. Use of the JFA cat facilitated participation in
meaningful occupations, asit provided older adults and people
with dementia opportunities to participate in various activities.
These activities elicited positive psychosocia impacts on both
users and caregivers. Nevertheless, facilitation by caregivers
may be necessary to monitor for and mitigate potential negative
impacts. Although perceptions and experiences were mainly
positive, negative aspects of the JA cat's design and
interactivity wereraised. Experiences of itsdurability werealso
mixed, which highlights the need to improve the technical
robustness of this device.

Theseinsightsarevital in helping researchers, robot devel opers,
and clinicians to understand the viability of using low-cost
robotic pets to benefit older adults and people with dementia.
Future research should consider evaluating design preferences
for nonfamiliarly versusfamiliarly designed robotic pets. It will
also be valuable to conduct a randomized controlled trial to
compare the impacts of low-cost robotic pets with other more
technologically advanced robotic pets, to understand any
similarities or differences of their impacts on the mental and
socia health of older adults and peoplewith dementia. A process
evaluation may also be conducted to identify factors that may
explain any outcome variations. This has the potentia to
influence egqual access to technology if their impacts on the
psychosocial health of users are comparable.
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Abstract

Background: Asmobile computing technology evolves, such as smartphones and tablet computers, it increasingly offersfeatures
that may be particularly beneficial to older adults. However, the digital divide exists, and many older adults have been shown to
have difficulty using these devices. The COVID-19 pandemic has magnified how much older adults need but are excluded from
having access to technol ogies to meet essential daily needs and overcome physical distancing restrictions.

Objective: This study sought to understand how older adults who had never used a tablet computer learn to use it, what they
want to use it for, and what barriers they experience as they continue to use it during social isolation caused by the COVID-19
pandemic.

Methods. We conducted a series of semistructured interviewswith eight people aged 65 yearsand older for 16 weeks, investigating
older novice users adoption and use of atablet computer during the nationwide |lockdown due to COVID-19.

Results: Participants were gradually yet successfully accustomed to using a tablet computer to serve various daily needs,
including entertainment, social connectedness, and information-seeking. However, this success was not achieved through devel oping
sufficient digital skills but rather by applying the methods they were aready familiar with in its operation, such as taking and
referring to instruction notes.

Conclusions:  Our findings imply that older adults without digital literacy can still benefit from a digital device for quality of
later lifeif proper traditional methods they are already familiar with are offered in its use.

(JMIR Aging 2022;5(1):€32957) doi:10.2196/32957

KEYWORDS
older adults; tablet computer; technology acceptance; mental model; longitudinal study; COVID-19

roughly 50% of US adults owning a tablet computer in 2021

Introduction

Overview

Thanks to rapid technological advancements and decreasing
costs, mobile devices are becoming accessible to more older
adults, which led the aging population to become the
fastest-growing group of technology adopters[1]. The statistics
show that internet usage among US residents aged 65 yearsand
older has surged from 43% in 2010 to 75% in 2020 [2], and
more than 61% of this population owned a mobile phone as of
2020 compared to only 18% in 2010 [3]. Along with mobile
phones, the number of tablet users is also on the rise, with

https://aging.jmir.org/2022/1/€32957

[3]. Theincreased ownership of atablet computer is particularly
promising for older adultssincealarger screen sizeis positively
associated with older adults’ technology adoption rate [4]. For
older adultswith impaired vision and reduced dexterity, alarger
screen size and better screen resolution are crucial for device
usability. Thus, tablets with alarger screen than mobile phones
have been more appealing to senior users[5].

However, the digital divide by age still exists, as only 39% and
18% of older adults own amobile phone and atablet computer,
respectively [3]. This trend is not different in European
countries: 35% of people aged 65 years and older did not own
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amobile phone, in contrast to over 98% of those aged 18 to 45
years that did own a mobile phone in the United Kingdom in
2020 [6]. Furthermore, digital literacy to use mobile devices
comfortably is negatively related to age [7], and older adults
often encounter numerous challengesin using new technol ogies
[8-11]. Socioeconomic status is another crucial factor
contributing to the digital divide. Approximately 40% of adults
with lower incomes (households earning less than US $30,000
a year) do not have home broadband services or a computer,
and a majority of them are not tablet owners [12]. By
comparison, each of these technologiesis nearly ubiquitous, if
not multiple of each of these technologies, among adults in
households earning US $100,000 or more a year [12]. When
age and socioeconomic status are combined, it becomes evident
that low-income older adults are most likely to face a digital
divide [13].

The COVID-19 pandemic has magnified the importance but
lack of access to mobile devices by older adults [14,15]. The
mandated shelter-in-place and social distancing orders
transformed most tasks that have been performed through
face-to-face means into virtual formats. For instance, local
organizations and community associations shifted their
information distribution and outreach efforts from offline to
online platforms, and in-person meetings and events are
substituted with virtual methods of communication. While a
shift to digital enabled people to stay connected and informed
amid the nationwide lockdown, many older adults who were
already experiencing socia isolation and loneliness were
excluded from digital services, which significantly degraded
their quality of everyday lives [16-18]. Consequently, efforts
toincrease older adults’ accessto technology have been spurred
by both nonprofits and public agencies.

One such effort was carried out by the Housing Authority of
the City of Elizabeth, alow-income housing organizationinthe
greater New York area, to distribute over 100 tablets to
low-income senior residents to enhance their access to service
and information online in the fall of 2020. Although this effort
was well-received by the residents, it raised a subsequent
concern about the sustainable use of this technology because
most reci pientswerefirst-timetablet users. They needed to gain
sufficient digital skills and develop technological self-efficacy
to use atablet.

We conducted weekly semistructured interviews for 16 weeks
with eight senior residents who received a tablet computer to
serve two goals: (1) practically, to help the recipients learn
digital skillsto comfortably use atablet; and (2) theoretically,
to investigate how older novice users learn and develop digital
skills over time. From this study, we aimed to answer the
following research questions:

1. What do older adults use atablet for during COVID-19?

2. What challenges do they experience when using a tablet,
and how do they progressively cope with those challenges?

3. What are the factors that affect older adults' learning of
digital skills?

To date, the prospect of older adults' learning to use mobile
devices has been extensively discussed in the literature.
However, most studiesrelied on self-reports of past experiences
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[19,20] or quasi experiments on various|earning modes[21,22].
This paper contributes to the literature by investigating, for 4
months, the real -world context of how older adultswho are new
to tablet technology progressively learn digital skillsto perform
desired tasks on atablet.

Our findingsreveal ed that our participantswerewillingtolearn
and successfully use a tablet for entertainment, social
connectedness, and information-seeking purposes as the study
proceeded. However, it was not through acquiring sufficient
digital skills, despite their continuous learning endeavor, but
through incorporating the method they are already familiar with
in its operation: pen and paper. The underlying issue with
difficulty in acquiring digital skills was the lack of a proper
mental model of how atablet works. These findings can be used
as design guidelines to promote the sustained use of emerging
personal technologies to support the aging society. To the best
of our knowledge, this is the first study that investigated the
progressive use of atablet computer among novice older users
through alongitudinal field deployment study.

Literature Review

Background

Digital literacy is a set of skills and knowledge required by
individuals to use digital devices to access and use digital
information effectively [23]. Astoday’s young adults who are
savvy users of current digital devices become older, they will
not experience much difficulty in using them. However, the
digita divide will continue to exist because computing
technology continues to advance, and new digital devices will
continue to emerge. Perhaps one of the earliest research topics
on older adults’ technology use was investigating their use of
automatic teller machines in the late 1990s [24]. Moreover,
researchers are still investigating older adults' use of emerging
technologies (eg, wearables [25], voice assistants [26]).

Information and communi cation technol ogies are becoming an
integral part of our everyday lives as information and services
are increasingly delivered and consumed online [27]. In
particular, access and use of mobile devices such as smartphones
and tablets are vital rather than an option, since these are used
asaprimary gateway to obtain needed information and services
for many daily tasks [28]. Consequently, a growing number of
older adults are expected to use mobile devices to fulfill some
of their everyday needs. However, unlike younger generations,
older adultsdid not grow up with technologiesthat are prevalent
today. Many older adults are not familiar with new technologies
and thus have difficulties in using them. Therefore, there has
been an emerging focus on helping the aging population learn
to use mobile devices.

Older Adults and Technology Acceptance

Much research has sought to comprehend technology use and
acceptance by ol der people using existing theories of technology
adoption such as the technol ogy acceptance model (TAM) [29]
and the unified theory of acceptance and use of technology
(UTAUT) [30] (eg, [31-33]). Although these theories are widely
used to evaluate user attitudes toward the acceptance of
technology in general, limitations exist because they lack
sufficient consideration on age-specific or age-related factors.
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To overcome such limitations, researchers have extended these
theoretical frameworksto specifically account for older adults
technology acceptance behaviors [8,11,34-36]. Details may
differ in these extended frameworks, but one common factor
that distinguishes older adults from their younger counterparts
in technology acceptanceisthe special learning needsthat ol der
adults have when using new technol ogy.

For example, Renaud and van Biljon [35] postul ated the senior
technology acceptance model (STAM) expanding on TAM [35].
STAM introduced an incorporation phase in which older adults
explore and experiment with new technology to estimate the
perceived ease of learning and use for technology acceptance.
Similarly, Kim et a [34] developed a theoretical model that
extends TAM and UTAUT to explain how older adults accept
or reject mobile devices. This model comprises an additional
phase, intention to learn, with three affecting factors
(self-efficacy, conversion readiness, peer support) that determine
the acceptance of mobile devices among older adults. They
further validated this model through a comparative study with
younger adults [37]. Third, Barnard et a [8] proposed a model
of technology acceptance and rejection for older adults, which
emphasized the facilitating conditions to learn a technology,
such as a friendly space for trial and error and provision of a
manual, as a decisive factor for seniors' technology adoption.

As learning has been found to be crucial for older adults
technology acceptance, researchers have sought ways for older
adults to effectively learn to use new technology, which we
explain in the next section.

Older Adults' Learning to Use Mobile Devices

Researchers have investigated various modes of learning to
determine older adults' preferenceswhen learning to use mobile
devices. For instance, Pang et al [21] conducted adesign prove
study of an interactive help kiosk, Chiu et a [38] conducted a
focus group of a small-group tutoring approach, LoBuono et a
[39] observed the utility of intergenerational learning by college
students, and den Haan et al [40] ran afield study of peer-to-peer
community learning. Although findings from these studieswere
mixed as to which learning methods older adults preferred or
found effective, they shareacommon preference: acollaborative
approach implemented by peer support, interpersonal
communication, and community-based programs. In contrast,
independent learning was preferred for its ability to control
learning speed and avoid bothering family and friends, although
its effectivenessis limited.

In summary, mobile devices are becoming essentia for healthy
aging and independent living, but many older adults experience
various challenges with respect to using new technology.
Learning isimperative in overcoming those challenges, although

https://aging.jmir.org/2022/1/€32957

Kimet al

empirical evidence on how older novice userslearn and develop
digital skillsfor their sustained use of mobile devicesislimited.
This paper contributes to this body of literature by exploring
what challenges older novice users experience when learning
to use a tablet computer and how they cope with those
challenges over time through alongitudinal field study.

Methods

Ethical Consider ations

The study was approved by the Rutgers Institutional Review
Board (Pro2020002565), and informed consent was obtained
from al participants before participating in the study.

Participants

For participant recruitment, we collaborated with the Housing
Authority of the City of Elizabeth, an affordable housing
community located in the greater New York area that the first
author has along-established research collaboration with. This
community manages 1322 public housing units of varioustypes,
including single units, family housing, and senior complexes,
approximately 1000 of which are for alow-income senior and
disabled population. To improve older adults access to
technology during COVID-19, this organization raised a fund
to distribute free tablet computersto senior residents. Asaresult
of this effort, about 100 senior residents in this housing
community received a free tablet in the fall of 2020. Among
those who received a tablet, we recruited participants to take
part in this study. When giving out a tablet, a recipient was
asked if they wereinterested in participating in this study. Upon
agreement to participate, we installed the Zoom app on their
tablet before giving it out. Three inclusion criteria for
participation were age being over 65 years, English-speaking,
and being afirst-time tablet owner.

In total, we recruited 10 participants (6 females and 4 males),
ranging in age from 65 to 80 years (mean age 71.6, SD 4.9
years; see Table 1). Nine participants lived by themselves and
one participant lived with a partner. With respect to general
technology use, six participants owned a smartphone, four
participants owned a flip phone, six participants owned a
computer, and one participant owned an eBook (Kindle). All
participants said that they frequently used computers for
information searching and email. Seven participants said they
had used a tablet but never owned it, and three said they had
never used a tablet. The self-identified ethnicity of all
participants was Black or African American. Two participants
withdrew within the first month of the study due to losing
interest in the study. The other eight participants completed the
study for the entire study duration.
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Table 1. Participant demographics.
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Participant 1D Age (years) Gender Devices owned Occupation before retirement Study duration
P1 65 Mae Smartphone, computer Machine operator Completed
P2 66 Female Flip phone, computer Nurse aid Completed
P3 71 Female Smartphone Customer service Completed
P4 80 Male Smartphone, computer Tax preparer Completed
P5 74 Female Smartphone, computer Paraprofessional Completed
P6 68 Female Flip phone Customer service Completed
p7 72 Mae Smartphone, computer Sales Completed
P8 78 Female Flip phone, computer, eBook Homemaker Completed
P9 69 Mae Smartphone Sales Dropped
P10 73 Female Flip phone Customer service Dropped

Data Collection

Participants were told to freely use atablet as much or aslittle
as they wanted throughout the study period, and we conducted
a weekly semistructured interview for 16 weeks between fall
2020 and spring 2021. All interviews were conducted virtually
via the Zoom video-conferencing app. For those who did not
know how to use Zoom, we conducted the first interview over
the phone and provided step-by-step instructions for launching
the app and then switched to Zoom for the rest of the first
interview.

Our interview protocol consists of two sessions: the first half
of each interview explored participants’ daily use of a tablet
and their reflection on its use, and the second half was devoted
to providing in-person instruction on using a tablet for various
features. For thefirst session, weinvestigated what ol der adults
wanted to use a tablet for, what difficulties they faced when
using it, and how they coped with those difficulties. To explore
these spacesin different stages of use, we constructed three sets
of open-ended interview questions by phase. In the first phase
(weeks 1to 4), wefocused on understanding initial impressions,
needs, and difficulties in using a tablet. In the second phase
(weeks 5 to 14), we explored the user experience in-depth,
including usage patterns, the needs and challenges, and strategies
to cope with breakdowns. In the third phase (weeks 15 and 16),
we focused on the overall reflection on users’ interaction with
atablet. Each session lasted from 30 to 60 minutes. Next, for
the second on, we asked participantsif they wanted tolearn
any feature and provided step-by-step instructions for the
feature. We did not prepare any instruction material but provided
impromptu verbal explanations on how to perform a requested
task. This session lasted about 30 minutes.

In addition, participants filled out a short survey to inform us
about their basic demographic information, including age,
household type, occupation before retirement, and devices
owned. All interviews were audio-recorded and transcribed.
Participants who completed the study were compensated with
a US $160 gift card upon completion. Those who withdrew
were partially compensated, and the amount was prorated by
the duration of participation.
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Data Analysis

We analyzed our interview datausing thematic analysisto reveal
patterns across data sets. Thematic analysis is a method for
identifying, analyzing, and reporting patterns and themeswithin
qualitative data [41]. We selected thematic analysis because it
enablesinvestigating explanatory conceptual themes associated
with older adults' use of a tablet over time. The thematic
analysis process involves open coding, axial coding, and
selective coding for theme identification.

First, we conducted open coding to identify concepts that are
significant, such as abstract representations of events, objects,
happenings, and actions that emerged from the data. For open
coding, each author separately created a set of codes for a
selected interview transcript. All authorsthen met and compared
alist of individually generated codesto validate, cross-validate,
and consolidate the codes. We iterated this process four times
when we were convinced that the coding process had saturated.
Using the consolidated codebook, the first author then coded
the rest of the interview transcripts. Next, we categorized the
related concepts created by open coding into conceptual
phenomena using axial coding. Phenomena refer to repeated
patterns of events, happenings, actions, and interactions,
representing people’s responses to problems and situations.
Lastly, we followed the selective coding process to integrate
all concepts extracted from axial coding into asingle storyline
through building relationships.

Results

Overview

In the first interview, al participants said that they used to
engage actively in the events and activities organized by alocal
senior center before COVID-19, which constituted most of their
physical activitiesand socia interactions. Thus, unsurprisingly,
they all expressed increased feelings of loneliness and social
isolation due to social distancing and shelter-in-place orders
during COVID-19.

| used to go to the senior center every day and play
games. | can’t do that anymore. My daily routine now,
because of the pandemic, is not a real good routine
because | am home all day. The biggest joy | havein
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life nowisgoing to Shoprite and buying my groceries
once a week. And we wave at each other if there are
any of my friends there. [Participant (P) 2, Interview
(W) 1]

Before the COVID-19 hit, | was part of the senior
center where | used to go four times a week. | was
into the ceramics classes, exercises, and all kinds of
different activities at the center. Now, I'm always in
the house. [P6W1]

I’'m so used to going to the senior center. Now we
can't go to the center. Now | have a tablet, so | could
till play bingo and talk to my friends. But being in
person is much better for us so that you can get up
and talk to people and have refreshments. [P7W1]

Fortunately, most participants quickly acknowledged that a
tablet could serve as an outlet for sustaining a quality life and
remaining connected with other people amid COVID-19 within
the first couple of weeks of the study. Consequently, they tried
to make good use of atablet to fulfill various needs throughout
the study. While many of these efforts were successful, several
participants failed to gain sufficient digital literacy to
comfortably use a tablet even upon completion of the
4-month-long training. In what follows, we report the findings
on our participants’ purposes, perceived benefits, and challenges
of using atablet. While these are not much different from tabl et
use in general, our findings show empirical evidence of older
novice users adoption and use of atablet over time.

Purposes and Benefits of Using a Tablet

Entertainment: Playing Mobile Games

The most common topic of questions about tablet use in the
first phase of the study was how to install mobile game apps.
Some participants were already playing mobile games on their
smartphones and asked to help install the same apps to their
newly received tablets, and others asked how to find and install
new mobile games on atablet. Similarly, the most common use
of a tablet was for playing mobile games. To our opening
question of each interview, “what did you use your tablet for
this past week?’, the prevalent answer throughout the study was
playing a mobile game.

Before COVID, | didn't play the game, because |
didn’'t have a tablet. Snce | have my tablet now, I'm
playing lots of games. Because of COVID, | amforced
to sit down and learn things that | didn’t have to do
before, like playing a game. Now, even if we start
going back out, | will probably carry my tablet
wherever | go and use it. [P2W8]

People usually play mobile games to spend leisure time or
aleviate boredom [42]. However, our participants did not
mention any of these astheir intention of playing mobile games.
Instead, they emphasized and made clear that they played mobile
gamesfor constructive purposes such as engaging in challenges,
gaining a feeling of accomplishment, and keeping active
mentally and physically. We are uncertain if the noted intentions
were genuine or due to a response bias where a respondent
exhibits the purposeful presentation of self to fit into socialy
desirable attitudes or please an audience [43]. What we are
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certain of isthat our participants were conscious of the potential
benefits that playing mobile games can bring to them. The
downside is that they played only a couple of simple games,
even though numerous mobile games have been designed for
cognitive, physical, and hedonic benefits for healthy aging.
Although the excerpts below mentioned some other games,
Bingo and Scribble were two games that all participants stated
they played throughout the study.

| play a few games every day like Bingo, Scribble,
and Candy Crush on my tablet to keep my brain active
and my coordination back and forth. | try to keep on
challenging myself with the games. [P3W2]

| like to play a challenging game on a tablet, like
three-word matching games, because | had many
strokes. Playing games keeps my brain active, keeps
your eyes and hands move, and it makes you keep
thinking. [P7W3]

| have an app called Happy color on my tablet that |
play all the time. It has all different pictures on it,
and you just color them by the number that’s noted.
| love to play that because it's comforting and
soothing to me. [P8W4]

In general, the entertainment purposes of using amobiledevice
are fulfilled by various activities, ranging from playing games
to listening to music, watching TV and videos, and reading
books [42]. However, none of these, other than playing mobile
games, was brought up by our participants throughout the study,
except for one participant mentioning their attempt, but failure,
to install a TV app in week 12. In fact, we introduced and
provided instructions for using many recreational features
mentioned above during the interviews, and their initial
responses to these features were positive. However, we had not
received any comment about using them throughout the study.

| triedtoinstall a TV app, Pluto TV, on my tablet. But
| wasn't successful because they asked for a
password, and | didn’t know what password | have.
[P5W12]

Social Connectedness; Video Chats and More

Becauseal interviewswereto be conducted virtually viaZoom,
avideo-chatting app, we offered instructions on using it during
thefirst interview until participantsfully understood how to use
it. They then used Zoom at least once a week to participate in
this study for 4 months. These efforts must have enabled our
participants to utilize Zoom comfortably and effectively asthe
study proceeded. Participants unanimously expressed
excitement, satisfaction, and a positive outlook for using Zoom
to socialize with others and overcome loneliness during
COVID-19 throughout the study. Although video-chatting
platforms cannot substitute for face-to-face interaction, they
still provided those who felt aloss of connection with away to
connect with friends and loved ones safely.

| was by myself for 14 days. The only time | can talk
to anybody now is when | zoom on a tablet earlier
today. It was a nice experience because we saw more
people. It was keeping me from being lonely. It's
hel ping me stay in touch with people and to get things
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done. Now it's another part of my lifethat I'd like to
keep using. [P6W3]

We haven't been in person since we closed down in
March. So that was very instrumental in getting these
tablets. The most important thing I’mhaving a tablet
for isbeing ableto reach out and talk to other people.
This tablet is like my best friend now. He goes with
me everywhere. | got to give it some name. [P7W4]

| was all by myself. But once | was on the Zoom, it
has affected my life tremendously. | can see the
seniorswho | used to see at the center. Alot of seniors
are homebound and very lonely. So, just to be able
to be in touch with the other seniors is very
meaningful to us. Seeing themis a way of alleviating
a lot of the loneliness from being alone. [P3W5]

Another common purpose of using Zoom was religious
sociaization, which is an essential part of many participants
socia activities. One of the popular answers to our interview
question “what did you use your tabl et for this past week?” was
attending virtual church services.

| zoom for my church services on Sunday. | haven't
gone back to my church yet because the pastor had
a COVID and came back, but they weren’t taking
temperatures or social distancing. But every Sunday,
you can watch on zoom the pastor live-streams. You
can't see anybody but the pastor, but you still receive
whatever he's preaching about. [P1W4]

A key concern or complaint that participants had with using
Zoom was that many other seniorswere still unfamiliar with or
did not know how to use Zoom. Our participants gained
sufficient in-person training and step-by-step guidance on using
Zoom from participating in this study. However, many older
adultslack accessto these resources. Since having more people
on video-chatting platformsisessential for virtual socialization,
participants sought ways to help other seniors use Zoom.

There's a lot of seniors that have a tablet but just
don’'t zoom. | wanted to host a zoom meeting with
some of the seniors | know for some of those classes.
How do | do that? Do they charge you for that?
[P1IWS5]

Today was a good meeting (for the senior center’s
class). We had almost 16 seniors, which was
phenomenal. As time goes by, we're getting more on
the zoom meetings. We still have somethat are having
a problem getting on and still don’t understand. So,
someone hasto go to their house and show them how
to get on. [PEW7]

The lady who just moved in upstairs was by herself.
Last week, | came down to help her get on our Zoom
meeting. The lady was really depressed when we
spoke to her. She broke down and was crying on
zoom. We all told her that we're all here for her and
will call her if necessary. That made her feel much
better, and | felt much better too. [P7W10]

There are many video-chatting platforms other than Zoom,
namely FaceTime, Skype, Google Meet, Microsoft Team,
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WebEx, and many more. Banskota et a [44] showed that older
adults used FaceTime and Skype most frequently while in
isolation during COVID-19. However, our participants only
used Zoom throughout the study and nothing else. We consider
three factors that must have contributed to their heavy reliance
on Zoom for virtual socialization: (1) they learned how to use
Zoom but no other apps and (2) FaceTime and Skype are
generally used among friends and loved ones [44], whereas (3)
our participants mostly connected with other seniorsviavirtual
meetings organized by a senior center or a church for which
Zoom isthe primary tool used.

Besides, our participants fulfilled their needs for socia
connectedness not only by directly talking to others via
video-chatting apps. Equally valuable was to share meaningful
and helpful information with friends and loved ones. We
received numerous questions on how to send digital data of
various formats (eg, pictures, messages, news) to other people
throughout the study. Even though it was an indirect experience,
sharing digital data still gave older adults a sense of being
connected to and engaging with others.

| want to send a picture | take on the tablet to other
people. How do | do that? Can you teach me how to
send themto like my granddaughter? [P4W4]

| love sending inspirational cardsto my friendsinthe
morning. | send them wonderful things to uplift
everyone' sspirit. Doing that makes mefeel connected
to them. [P2W5]

Someone emailed me the vaccine information. And |
wanted to shareit with my friend, and so | forwarded
it to her and said, you just click on the link. But she
couldn’t find the link in my email. | didn’t know how
to give her the live link. [P3W8]

Information Seeking: Google and YouTube

Participants did not ask much about what to use a tablet for
when they werefirst introduced to it, except for playing mobile
games and using Zoom. Thus, we spent a great deal of the
second session of thefirst-phaseinterviewsintroducing various
apps, including but not limited to Google and YouTube, and
explaining how to use them.

Participants started mentioning their information-seeking
experiences after afew weeks of the study had lapsed. As the
study proceeded, participants spent more time sharing their
experiences of searching and retrieving various types of
information when answering our interview question “what did
you use your tablet for this past week?' The topics of
information partici pants searched for encompassed an extensive
range of informational needs and everyday activities, ranging
from cooking to gardening, health care, home improvement,
food, shopping, and many more.

| like looking at different types of cooking on
YouTube. This morning, | went to YouTube and put
“how to cook turkeys’ in the search bar. And it
brought up a lot of different ones. What | liked is that
| can set my tablet up on the counter and follow the
recipe from the tablet. I’ ve never done that before. |
used to make a copy and follow it. [PBW6]
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| use my tablet every day nowadays to check out
different sites. For example, Facebook gives me
information about food distribution, vaccine, testing,
stimulus checks, etc. Last week, | looked up Google
toseeif | could take the COVID shot while rehabbing
from having a flu shot. So that was a good resource
to find out. [P7W9]

Whenever | need information about my gardening, |
take the tablet and put a question into Google, and |
get my answer. The other day when a branch broke
off from one of my blueberry bushes, | went into
Googleto find out how to replant it. [PIW10]

We identified two interesting aspects of our participants’ tablet
use for information-seeking. First, in contrast to many
entertainment features that we introduced but were rarely used,
participants quickly adapted to and increasingly used thefeatures
for information-seeking as the study proceeded. We attribute
this to older adults substantial informational needs for
independently managing everyday life as much as ther
impending emotional needsfor socialization. Second, although
the general purposes of using YouTube range widely from
information-seeking to education, entertainment, exercise, and
more [45], participants used YouTube only to retrieve practical
information. We introduced YouTube as “a place where you
can watch videos onling”’ to participants; nevertheless, they
watched YouTube videos only to fulfill their informational
needs. Many possible reasons can account for this usage pattern
(eg, lack of interest, unfamiliarity with browsing, not knowing
what isavailable), athough our datadid not present any concrete
reason. Further studies are required to examine older adults
use of YouTube.

Challenges and Coping Strategies for Tablet Use

Dealing With Challenges Due to Forgetfulness

The most prevalent difficulty that all participants experienced
and asked for help with was managing passwords. In the first
few interviews, participants spent most of the second sessions
asking for help logging in to different apps and websites. Some
participants could not log in to certain services because they
did not have an account, and some could not because they did
not remember their password, all of which we quickly resolved
by helping them create anew account or find a password. What
we struggled with the most was when the password a participant
remembered did not work. We asked them to retry multiple
times, which made them feel confusion, frustration, and
decreased confidence. Some services became deactivated after
several logintrials, and thuswe hel ped them proceed with extra
steps for reactivation. However, many of them gave up after a
few failed attempts and told us that they did not want to use it
anymore. After several similar incidents, we realized that the
password participants remembered was, in fact, for a different
service in most cases (eg, using atablet’s passcode for Google
login).

| have a password that | set up, but it keeps telling
me it's the wrong password. So, | have to check into
that. | know that’s what | set up but don’t know why
it's not accepting it. | probably had to do forgot
password and set up another one. [P4W?2]
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As the study proceeded, participants gradually got used to
managing multiple accounts and passwords through repeated
instructions, although not through memorization. Except for
relying on the autocompl ete feature, a common strategy wasto
keep written records of accounts and passwords. In fact, writing
down passwordsisan old and widespread practice [46,47], and
some of our participants already kept a written record of their
passwords. We observed that novice participants also quickly
developed a practice of keeping their newly created account
information on paper and resorted to written copies of passwords
for logins. However, its effectiveness and sustainability were
guestionable.

People tell you don’t use the same password. So, |
have so many different passwords. And | haveadiary
with all of my passwordsinit. | have to see the diary
to find the password so that | can do whatever | want
to do. [P2W?2]

When | create an account, | write its password on a
piece of paper. And then | lay the paper over here or
over there, and | don't useit for long. And then when
| haveto useit, | don't know what the password was.
And by then, the paper is gone. [P3W2]

One effective way to extend this practice is to digitize written
records, as mentioned by P1 in week 4, although nobody else
mentioned this.

| wrote all my passwords and the names of apps on
a piece of paper and took a picture of it. So, if | need
to find a password, | go to my photosgallery and pull
up my password and the name of the app. [P1W4]

Unsurprisingly, none of our participants was aware of any
password-managing tool, and we did not consider introducing
it to them either, because it was too complicated for them to
use. In addition, privacy and security concerns relating to
keeping written copies of passwords were never brought up,
which confirms prior work showing that older adults are
unaware of and susceptible to privacy and security risks
associated with technology use [48].

We also observed that keeping written records of information
was used not only for managing passwords. Most participants
kept written instructions for various features we taught and
counted on those whenever needed (eg, adjusting screen
brightness, changing font size). In al, participantsrelied heavily
on a traditional pen-and-paper method to cope with their
forgetfulness throughout the study.

The only thing that bothers meisthat | can't get the
tablet connected to my printer. I’m so used to making
copies of instructions. Do | need some type of a cord
to connect a tablet to the computer and then print?
[P5W3]

I wrote down the steps of changing the font size on
stickies. Stickies are now all over my place. Until |
get more familiar with how to do it, | need to follow
the notes. [P3W7]

When | find a recipe on YouTube, | sometimes want

toprintit out. Butit didn’t show mewherel can make
acopy. | didn't want to lose it and having to start all
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over again. But | don't know how to print it out from
my tablet. [P6W6]

Dealing With Challenges Due to Unfamiliarity With
New Technology

Because most participants had never used a tablet before, we
anticipated that a lack of self-efficacy, one of the most
significant psychological challengesfor older adults' technology
adoption [34], would prevail, at least in the first few weeks of
tablet use. Asexpected, participants reported many experiences
of having afear of making mistakes or not reversing them after
making mistakes.

Thething I'mafraid of the most with the tablet isthat
I may hit the wrong button because | didn’t want to
mess up something. The other day, | was writing an
email. And maybe | hit something that | was not
supposed to, and lost the email. | didn’t know how to
get it back. Someone said draft or something, but |
don’'t know where to find it. [P3W3]

When she (a friend) sent me an email, | could barely

read it because it was so small. So, she explained to

me how to enlarge it. Then, it became so large that

it overrunsthe page. But | didn’t want to go back and

change the font because | didn’t have confidence that

I was proficient enough to change font size without

making a mistake. What if | hit the wrong something

and mess up everything? [P7W4]
The second prevalent topic that participants asked for help with,
following managing passwords, was adjusting the settings on
atablet and apps, such as display brightness, font size, screen
timeout, volume, and screen orientation. In contrast to the
questions about password management, which gradualy
decreased in frequency as the study proceeded, the questions
about controlling the settings persisted throughout the study.
Unfortunately, we did not find any evidence of participants
becoming used to managing most settings, even after 4 months
of training. As mentioned previously, most participants resorted
to step-by-step instruction notes they wrote down on paper when
adjusting settings. Furthermore, whenever participants tried a
new app, they experienced similar difficulties setting it up and
asked for help even in the later phase of the study.

| wastrying to play a new mobile game, but its screen
was vertical. | wanted horizontal. At one point, it did
fine. But then | got stuck in vertical. And | couldn’t
get it out of vertical when | played the came next day.
Isthere a way to change it? [P1W8§]

Today, | went on Zoom for a chair exercise. There
were five people on including the instructor. All of
our boxes were pretty big. | wanted to make them
smaller so that | could see the instructor bigger. But
| didn’t know how to resolve that. [PSW11]

Even though participants counted on written notes for most
operations, their self-efficacy till improved significantly asthe
study proceeded. Regardless of relying on written notes,
successfully operating intended functions for themselves
increased their confidence in using a tablet, which positively
influenced their willingness to try new things on a tablet. For
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this, repeated trials were mandatory, which participants
considered not a burden but a process.

I’'m in my 70s, and this was the first time that |
managed to be on Zoom for myself. | think three or
four timeswill make it better. I’ m not grasping things
asfast as| used to. | have to do it many times to be
more competent in what I’m doing. [P3W2]

When my friend was trying to teach me how to put
Zoom on my phone, she just gave up. Finally, | am
on Zoom now! [P4W?2]

| felt very nervous (of using a tablet). But as it went
along, | did pretty good. I still would like to have more
practice so that | feel more confident within myself.
After you get a certain age, you don't retain a lot of
things, and a lot of things are harder to do. And when
you start something, and you conquer it, it makesyou
feel good. | haven't conquered the tablet, but I’ m not
asafraid to useit as| wasinitially. [PSW13]

In the last interview, most participants expressed gratitude and
satisfaction with participating in this study for having an
opportunity to gain in-person instructions on using a tablet for
an extended period. However, this approach is not scalable or
widely available. Our participants proceeded with repeated trials
supported by our research team by participating this study, but
many older adults lack accessto thistype of support.

It was a blessing that | had the opportunity to work
with. | learned a lot from this 4-month program with
you. You are patient which was great for a senior so
that they felt comfortable in trying to learn in this
stage of their life. [P8W16]

Discussion

Principal Findings

Extensive research has sought to elucidate the challenges older
adults face when adopting new technology. Consequently,
variousfactorswereidentified and discussed, such as perceived
usefulness, usability, affordability, compatibility, accessibility,
reliability, support availability, learning efforts, and self-efficacy
[49]. Our study provided aunique and lived environment where
low-income seniors who had no prior experience with a tablet
received one for free and gained support to use it to fulfill
essential needs during the nationwide lockdown due to
COVID-19. Thisunique circumstance eliminated many of these
challenges and magnified two factors: learning efforts and
self-efficacy. Our findings show that participants gained
sufficient self-efficacy to use a tablet comfortably, not by
acquiring digital skillsbut rather by devel oping waysto address
the challenges. This section discusses apossible reason for their
difficulty in obtaining digital literacy despite continuouslearning
endeavors and a strategy to manage the challenges.

Difficulty in Learning: Lack of a Mental Model

Prior work shows that older adults are able and willing to learn
how to use new digital devices[19,34,50]. Our findings confirm
that our participants were eager to learn to use a tablet, and
successfully used it primarily for entertainment, social
connectedness, and information-seeking purposes. However,
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they did not acquire digital skillsto retain and transfer despite
repetitive instructions. We consider one reason for thisissueto
be related to our instruction not guiding to construct a proper
mental model of how atablet works.

A mental model refersto “some kind of understanding of how
adevice worksin terms of itsinternal structure and processes’
[51]. Prior research demonstrates that having a proper mental
model improves performance on learning and retaining the
operating proceduresfor an unfamiliar piece of equipment [52].
A key to constructing a mental model is to make the learning
experience meaningful: the more “meaningful” a learning
experienceis, thefaster it islearned and the better it is retained
[53]. In contrast, rote learning focuses on delivering fragments
of knowledge, often in isolation from any context [54].

The mode of instruction we offered to our participantswas close
to rote instruction, delivering the actions required to perform a
task (eg, a sequence of buttons to press) without descriptive
information of how a device works. In fact, this type of
instruction is common in describing how to operate a digital
device. For instance, below isastandard instruction for adjusting
amobile device'sfont size, which we used to help participants
change the font size on their tablet screen. Thisinstruction can
be informative to those who have a basic knowledge of how a
device works.

1. On your tablet, open the Settings app

Kimet al

2. Tap Accessibility > Font size
3. Use the dlider to choose your font size

We initially had a naive approach of using this rote instruction
mode to teach our participantsto use atablet. Later, werealized
that this instruction did not contain “meaningful” information
for our participants to retain. Our participants, novice older
users who were even foreign to some of the terms used, had
difficulty understanding, following, and memorizing the
instruction. They often needed extra explanations, such as the
location of an action item or how to operate a stated action.

The need to bridge the gap in mental model s between usersand
designersiswell documented in the fields of human-computer
interaction [55]. Research has shown that this gap can be closed
by synthesizing a user’s mental model in design. However, this
model is not applicable to those who are void of any mental
model, such as older novice users. Although various learning
modes have been investigated for older adults' preference and
effectiveness[21,39,40], little has been sought to support senior
usersto construct a basic mental model of how adevice works.
In consequence, we propose an additiona phase in the
conceptual modeling process for older novice users: alearning
phase through which a senior user can obtain a basic concept
of how a system works (see Figure 1). To implement this, not
only senior users need to learn the basic concept, but also
designers need to render and offer the basic concept that older
adults can learn from.

Figure 1. Top: Norman's conceptual modeling process ([55], page 16). Bottom: a proposed conceptual modeling process for a designer and a senior
user. To support a senior user who lacks a basic mental model of a digital device, the designer should first render basic concepts based on a synthesis
of research and then design a system. A senior user should first learn basic concepts and then use the system.
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Solution to Cope With Difficulties: Facilitating
Traditional Methods

Efforts have been devoted to developing new digital devicesto
support the aging population. However, for many older adults,
what they are already familiar with might be the best tool to use
without fear of making mistakes, aburden to ask othersfor help,
or stressin learning how to useiit.

As the study proceeded, al participants increasingly used a
tablet comfortably to perform the various activities they
intended. However, we observed that this success was not
through gaining sufficient digital literacy. While our research
team’s in-person instruction must have contributed to their
increased tablet use somehow, the most helpful method we
observed wasto count on what they were already familiar with:
pen and paper. Instead of struggling with comprehending and
retaining information of using atablet, participants took notes
of necessary details from our instruction and used them later
when needed. Despiteits scalability and sustainability concerns,
pen-and-paper was the easiest, fastest, most efficient, and most
reliable method of support for our participantsin using atablet.

Emerging technologies have tremendous potential to support
the everyday activities and independence of older adults.
However, such potential can be realized only when older adults
use them. Because they are exposed to new technology at the
later stage of their lives, it isinevitablethat they are not familiar
with and thus need to learn today's digital devices. While we
believe older adults can better understand and retain knowledge
touseadigital device oncethey construct amental model, effort
isstill required to learn how to useit. Therefore, we argue that
it isimportant to deliberate on incorporating existing methods
that older adults are already familiar with into the design of new
digita devices. An excerpt below demonstrates how one
participant easily uses GoGoGrandparent, a call-in rideshare
support service for transportation.

| have the app (for aride) that | use all the time but

it's not Uber or Lyft. It is called GoGoGrandparent.

All I haveto doiscall them, and they ask meif | want

someone to pick me up at my home. If | do, press one

and then they tell me how long it will be before an

Uber driver gets to my house and what kind of car

they're driving. [P7TW11]
In the end, the goal is not to make older adults learn to use a
digital device but to make their lives of better quality. While
researchers have sought to enhance older adults’ digital literacy
touseadigital device, our findings demonstrate that older adults
can benefit from what a digital device offers without much
digital literacy if they can integrate a method they are already
familiar with initsoperation, at least in the short term. Increased
use of adigital devicewill eventually lead to improving digital
literacy. Hence, more research is needed to determine how to
incorporate the methods older adults are familiar with into
designing new technol ogy.
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Limitations and Future Work

Our findings must be evaluated within the context of several
limitations. First, we used convenience sampling by recruiting
participants from a low-income senior-housing community in
an urban region of the United States. Thus, our participant pool
may not represent the aging population in general. Selection
bias or possible homogeneity of participant characteristics (eg,
location, culture, socioeconomic status) might have influenced
the responses in the interviews. Second, we acknowledge that
our findings might not be exclusive to older adults. However,
we did not conduct any comparative study between people in
different age groups. Thus, we do not have any evidence to
argue whether people in other age groups might encounter a
similar learning process as experienced by our participants.
Lastly, all participants used the same model of atablet, whose
interface design might have influenced user experience.

We believe our findings could be generalizable to older adults’
adoption and use of any personal computing technologies (eg,
computer, smartphone). However, we are cautious of
overgeneralization because we did not validate our findings on
other technologies and thus lack scientifically significant
evidence to argueits generalizability. Hence, the next step isto
examine the generalizability of our findings by conducting
similar studies on other technologies and through an extensive
literature review of relevant studies.

Conclusion

As technology becomes an integral part of our everyday lives,
older adults are increasingly expected to use digital devicesto
accessinformation and services. Now, the COVID-19 pandemic
brought needed attention to along-standing problem: a digital
dividethat putstechnology out of reach for many seniors, which
significantly increased loneliness and social isolation among
older adults. As a collaborative effort with alocal community
organization, we distributed tablets to low-income senior
residents to help them access essential services and needed
information online during the nationwide lockdown in the
United States. This study aimed to serve two goals: practically,
to help the recipients learn digital skills to use a tablet, and
theoretically, to investigate how older novice users learn and
develop digital skillsto use atablet comfortably over time. The
findings demonstrate that our participants were willing to learn
and successfully use a tablet for entertainment, social
connectedness, and information-seeking purposes. However, it
was not through acquiring sufficient digital skills but rather by
incorporating the method they are aready familiar with in its
operation. We consider, among other things, that the lack of a
proper mental model of how a tablet works prevented them
from building digital skills despite repetitive instructions. We
are hopeful that our results will encourage future studies to
reduce the digital divide and improve the aging population’s
access and use of emerging digital devices for a better quality
of later life.
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Abstract

Background: Stay-at-home ordersand other public health measures designed to mitigate the spread of COVID-19 haveincreased
i solation among personswith memory concerns (PWMCs: individual s diagnosed with cognitive impairment or Alzheimer disease
or related dementias). The pandemic has also exacerbated challenges for family members who care for PWMCs. Although
technology has demonstrated the potential to improve the social connections and mental health of PWMCs and their family
caregivers (CGs), previous research shows that older adults may be reluctant to adopt new technologies.

Objective:  We aimed to understand why and how some PWMCs and their CGs atered their use of mainstream technol ogy,
such as smartphones and fitness trackers, and assistive technology to adapt to lifestyle changes (eg, increased isolation) during
the COVID-19 pandemic.

Methods: Using data collected in 20 qualitative interviews from June to August 2020 with 20 PWMCs and family CG dyads,
we assessed changesin and barriersto everyday technology use following the implementation of COV1D-19 mitigation strategies
in the United States. Zoom videoconferencing was utilized to conduct the interviews to protect the health of the participants who
were primarily older adults.

Results:  Using qualitative thematic analysis, we identified 3 themes that explained motivations for using technology during a
pandemic: (1) maintaining social connections, (2) aleviating boredom, and (3) increasing CG respite. Results further revealed
lingering barriersto PWM C and CG adoption of technologies, including: (1) PWM C dependence upon CGs, (2) low technological
literacy, and (3) limitations of existing technology.

Conclusions: Thisin-depth investigation suggests that technology can provide PWM Cs with more independence and offer CGs
relief from CG burden during periods of prolonged isolation.

(IMIR Aging 2022;5(1):€31552) doi:10.2196/31552
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Introduction

Persons with memory concerns (PWMCs: individualsformally
diagnosed with mild-to-moderate cognitive impairment or
Alzheimer disease[AD] or Alzheimer disease—related dementias
[ADRD]) and their family members who care for them
experiencesignificant challengesintheir daily lives. Beforethe
COVID-19 pandemic, PWM Cswerelikely to experience social
isolation as changes in memory, social roles, and personality
occurred [1]. Family caregivers (CGs) of PWMCs also had an
increased risk of social isolation before the pandemic [2].

COVID-19 is a respiratory illness spread mainly through
respiratory droplets and direct contact that is more likely to
result in severe illness or death for older adults. Due to the
unknown nature of COVID-19 at the time and rapid global
spread, many services such as in-home aides and adult day
services quickly closed at the onset of the pandemic [3]. This
sudden absence of or disruption to home- and community-based
services shifted the burden of continuous and comprehensive
care to family CGs and intensified their existing challenges
[4-6]. Since the onset of the pandemic, research has shown that
CGs of PWMCs have experienced increased stress related to
the exacerbation of PWMCS' behavioral, psychological, or
dementiasymptoms|[5]. Theincreased burden and stressfamily
CGsexperienced during theinitial stages of the pandemic were
related to the amount of social support they received, the level
of help the PWMCs required to complete activities of daily
living, and the level of CGs' concern about the pandemic [7,8].
Throughout the course of the pandemic, many CGs have
indicated concerns about a rapid decline in the cognitive
functioning of PWMCs, due, in part, to the lack of socia
interaction [9].

Various types of technology have been used in research with
PWMCs and family CGs. Assistive technology, designed
specifically to assist PWMCs and their CGs perform atask, is
associated with improved cognitive abilities and increased
autonomy among PWM Cs[10]. Mainstream technologies, such
asZoom or fitnesstrackers, also offer benefitsto thispopulation,
such as by supporting social and physical functioning [11]. The
use of technology to communicate with friends and family
members alows for social connection while social distancing.
Remote socialization, such as through web-supported Zoom
videoconferencing, is associated with increased positive
emotions and decreased agitation among PWMCs [10].
Information and communication technology use is positively
associated with social connection and social support, aswell as
reduced social isolation among older adults [12].

In aprior study, 71% of CGs expressed interest in technology
to support caregiving tasks[13]. However, interest in any given
technology does not guarantee adoption. A technology’s
perceived value and perceived impact on quality of life, an
individual's confidence in their ability to learn the technology,
and social network support of technology use are key hurdles
that influence technology adoption in this population [14,15].
Additionally, adoption of technologies for PWMCs and their
CGs tends to be low due to barriers such as cost, complexity,
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inflexibility, a lack of awareness, and even age, income, and
education [11,16,17].

During the COVID-19 pandemic, particularly during
stay-at-home orders, the use of technology was necessary to
sustain social connection and physical and mental health. Public
health measures, such as socia distancing, may have altered
the perceived value of certain technologies on quality of life
among many community-dwelling PWMCs and CGs. For
example, telehealth medical visits were deemed feasible and
acceptable to PWM Cs and their CGs during the pandemic [18].
Social network support may have further influenced the uptake
of certain technologies during the pandemic to maintain social
connections. Therefore, previoudy identified barriers to
technology adoption could have been outweighed by the
increased social isolation and desire to maintain health among
some PWMCs and their CGs.

The aim of this study was to investigate how and why some
PWMCs and their CGs living in the community changed their
mainstream and assi stive technol ogy use during the COVID-19
pandemic in the United States. Additionally, we aimed to
understand how some PWM Cs and their CGs used technology
to adapt to isolation during the pandemic.

Methods

Recruitment

Intotal, 20 PWM Cs and their CGswho lived in the community
were recruited in the United States to assess (1) how their
technology use shifted in response to the COVID-19 pandemic
and (2) the impact that shift had on social isolation. Each
PWM C-CG dyad was recruited to participate in asemistructured
qualitative interview over Zoom videoconferencing. Although
Zoom interviews were utilized to protect the health of older
adult participantswho were morelikely to develop severeillness
if they contracted COVID-19, thismay haveintroduced selection
bias by only including moretechnologically literate participants
who could use Zoom [3]. Selection biasis discussed further in
the Discussion section. Participants were recruited through the
University of Minnesota Caregiver Registry, a list of family
members of PWM Csand health professionalswho have agreed
to learn about research participation opportunities available on
behalf of the senior author's project team. We emailed all
individuals in the registry, inviting them to participate in the
study. Participants were also recruited through email
advertisements in professiona networks and at memory clubs
and adult day programs for PWMCs.

To be éigible to participate, the PWM Cs had to speak English,
have no history of a serious menta illness (ie, any major
psychiatric disorder), and have a diagnosis of AD/ADRD or
mild-to-moderate cognitive impairment by a physician. To be
eligible, CGshad to speak English, be 21 years of age and over,
and self-identify as someone who assists the PWMCs because
of their memory loss. Because the interviews were conducted
via Zoom, 3 dyads were considered ineligible since neither
member of the dyad had access to a working web camera and
microphone. One dyad was ineligible because the PWMC had
never received a formal diagnosis of AD/ADRD or cognitive
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impairment. Figure 1 describes study participant flow. In total,
40 participants were enrolled and participated in the dyadic
interviews conducted by authors EA and AM. The study was

Figure 1. Study participant flowchart.
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approved by the University of Minnesota Institutional Review
Board (STUDY 00006318).

48 caregivers and 3 persons with memory
concerns expressed interest

4 dyads ineligible:
I=no formal diagnosis
3=no webcam access

9 dyads lost to
follow-up

5 dyads dismissed
after all interviews
completed

9 dyads expressed
—| they were no longer
interested
I 4 dy‘ads droppeq out
betore consenting

A

4

20 dyads consented and
completed the interview

Data Collection Procedures

Qualitative interviews were conducted from June 25 to August
6, 2020. Before an interview began, the CGs and PWMCs had
to provide verba consent or assent. PWMCS' capacity to consent
was evaluated by administering the Mini-Cog and the University
of California, San Diego (UCSD) Brief Assessment of Capacity
to Consent (UBACC) [19,20]. The PWMCs provided verbal
consent if they had a Mini-Cog score of 3 or higher and a
UBACC scoreof 14.5 or higher. PWMCs provided verbal assent
if they scored 2 or lower on the Mini-Cog or less than 14.5 on
the UBACC. Once consent or assent was obtained, we
administered a brief survey to CGs and PWMCs to determine
age, seX, race, ethnicity, education, income, employment status,
living arrangement, relationship to each other, and disease
progression of the PWMCs.

Qualitative interviews adhered to a semistructured protocol
focusing on 4 major topics: (1) technology use pre-COVID-19,
(2) technology use during the COV I1D-19 pandemic, (3) adoption
of specific technol ogies during the pandemic, and (4) facilitators
and barriersto technol ogy adoption. See Multimedia Appendix
1 for the semistructured interview questions. Interviews were
audio-recorded, and direct observation notes were completed
within 24 hours of each interview to document impressions of
the participants location, level of comfort with Zoom
technology, any nonverbal behaviors of importance, and how
the PWMCs and CGs interacted.

Data Analysis

Audio recordingswere professionally transcribed and organized
in NVivo 12 (QSR International). Interview transcripts and
direct observation noteswere thematically analyzed using Braun

https://aging.jmir.org/2022/1/€31552
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and Clarke's 6 steps of thematic analysis: (1) familiarization,
(2) generation of initial codes, (3) search for themes, (4) review
themes, (5) define and namethemes, and (6) write-up of themes
analyzed [21]. Aniterative process was followed to continually
identify themes, linkages, and explanations, which were
compared to create a codebook. Researchers then identified
textual elementsthat emerged repeatedly (ie, codes); these codes
were clustered into larger categoriesthat were used to construct
major thematic elements from the text. All authors reviewed
the codebook to refine and clarify codes and themes. Next, EA
and AM independently coded a subset of the interviews and
revised the codebook after comparing codes and discussion with
the full authorship team. EA coded the interview transcripts,
and author M reviewed the coded material and revised it, as
necessary, to ensure accuracy and replicability. The iterative
process of devel oping codes and themes ensured that saturation
was achieved and the data were characterized appropriately.
Peer debriefing, negative case analysis, and clear audit trails
enhanced transparency and rigor in the analysis[22].

Results

Participants

In total, 20 dyads participated in the study (Table 1). Most
PWMCs were male (14/20, 70%), and most CGs were female
(14/20, 70%). In addition, 16 (80%) of the 20 dyads were
spouses/partners, while the other dyads were siblings or
parents/adult children. Furthermore, 18 (90%) of the 20 PWMCs
lived with their CGs. Half (n=10) of the PWM Cswere diagnosed
with AD or early-onset AD, 6 (30%) were diagnosed with mild
cognitive impairment, and the remaining 4 (20%) were
diagnosed with other types of memory loss.
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Table 1. Demographics of participantsin the study.

Alberset al

Characteristics

Entire sample (N=40)

PWMCs? (N=20) CG< (N=20)

Age (years), mean (range)

Race, n (%)

72.23 (37-88)

White 38(95.0)

Black/African American 2(5.0)
Ethnicity, n (%)

Hispanic 1(2.5)

Non-Hispanic 39 (97.5)
Gender, n (%)

Female 20 (50.0)

Male 20 (50.0)
Employment status, n (%)

Employed 4(10.0)

Retired 15 (37.5)

Homemaker 1(2.5)
Education, n (%)

High school degree 5(12.5)

Some college 12 (30.0)

Bachelor’s degree or more 23(57.5)

74.75 (57-88) 69.70 (37-86)

19 (95.0) 19 (95.0)
1(5.0) 1(5.0

0 1(5.0
20 (100.0) 19 (95.0)
6 (30.0) 14 (70.0)
14 (70.0) 6 (30.0)
N/AC 4(20.0)
N/A 15 (75.0)
N/A 1(5.0
4(20.0) 1(5.0
5(25.0) 7(35.0)
11 (55.0) 12 (60.0)

3PWMC: person with memory concerns.
bee: caregiver.
°N/A: not applicable.

Qualitative Analysis

Overall, 6 themes were identified that highlight why and how
CGs and PWMCs dltered their technology use during the
COVID-19 pandemic. We present them in 3 groups. (1)
facilitators of technology use, (2) barriers to technology use,
and (3) overcoming challenges. Technological devices
commonly used by participants were smartphones,
smartwatches, computers, tablets, smart TVs, and assistive
technology designed for PWMCs, such as pill dispensers.

https://aging.jmir.org/2022/1/€31552

Facilitators of Technology Use During the COVID-19
Pandemic

Due to stay-at-home orders and other public health measures
to reduce the spread of COVID-19, PWMCs and CGs
experienced physical and socia isolation. Engagement with
technol ogy alleviated some of the negative outcomes of isolation
by (1) sustaining social connections, (2) reducing boredom, and
(3) increasing CG respite. These themes are presented with
guotes and associated pseudonymsin Table 2 and discussed in
more detail |ater.
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Table 2. Facilitators of technology use during the COVID-19 pandemic for PWMCs? and their cGs.

Theme Description

Exemplary quotes

CGs and PWMCs were motivated to
use technology to maintain social con-
nections that would have otherwise
been diminished during the pandemic.

Sustaining social connections

Reducing boredom CGs and PWMCs used online games
and streaming services and browsed
the internet to promote entertainment
and engagement.

Increasing CG respite CGs used technology to alleviate or

reduce caregiving tasks to potentially
create more time for respite.

« “It'sanecessity if we want to keep in touch with people. We can't go
visiting family all thetime. So, it makes us feel good to be able to see
them and, like with you, have a conversation. We're not so isolated.”

[Lisa, F®, 77 years, CG]

. “They'reabout 6 of usthat’ll text back and forth to one another afew
times during the week.” [Tristan, M d, 71 years, PWMC]

«  “Wehaveanight set aside weekly that we all just kind of check-in
with each other, just avideoconference.” [Hazel, F, 75 years, CG]

« “l got put onagamethat | was playing constantly. That'swhat got me
by.” [Peyton, F, 37 years, CG]

. “Weredly have been very, very isolated, so when there's nothing to
do, you spend more time on ways to reach out to people or just to get
information.” [Rick, M, 73 years, CG]

«  “For thefirst time afew months ago, we subscribed to Netflix and
we're taking advantage of that . . . there's no more going to theaters.”
[Darius, M, 82 years, CG]

o “Whenyou have. .. 3 or 4 appointments on certain weeks, and then
other weeks, there are 12 appointments. So, without technology [Slack],
you can't have your job and coordinate al these things.” [Louis, M,
47 years, CG]

*  “I'signed up for the GPS® [watch] thing. That'sworth amillion dollars,
you know . . . if he wants to go out by himself and | can track him”
[Judy, F, 62 years, CG]

« “l amusing the computer more for food purchases, but we still do go
out, and then again, I'm using the watch to track wherehe's at.” [Lily,
F, 64 years, CG]

3PWM C: person with memory concerns.
bea: caregiver.

°F: female.

dM: male.

€GPS: Global Positioning System.

Sustaining Social Connections

Almost every participant expressed how the pandemic changed
how they connected with friends and family. Most of the
participants started using Zoom or other videoconferencing
technology during the pandemic, while some reported using
videoconferencing before the pandemic to keep in touch with
family or friends. Many participants indicated new or
increasingly frequent engagement with others through
computer-mediated communication (CMC), with some even
communicating with family members with whom they had lost
contact. Half of the dyads reported increased online social
engagement, which helped maintain social connection and
reduced negative effects of prolonged isolation. April (female
[F], 62 years, CG) shared how she used videoconferencing to
maintain some aspects of her social connections and said,

My mental health would definitely suffer without the
technology of the Zoom meetings and
videoconferencing capabilities.

Both PWMCs and CGs realized the importance of socia
connections during isolation and the importance of sustaining
socia connections through CMC.

https://aging.jmir.org/2022/1/€31552

Participants emphasized that ensuring the PWMCs remained
socially connected through CM C use was important for mental
health and to possibly slow dementia progression. Louis (male
[M], 47 years, CG) shared his concern for his father’s lack of
social connection during the pandemic:

When you have the connections, then you remember
people’'s names or who they are. If you don't see
people for a long time, then you start to forget who
they are.

For those with the ability and resources to use CMC, it was
instrumenta in allowing PWM Csto maintain social connections
during the pandemic.

Participants also mentioned an increase in the use of other
technologiesto stay connected, such as photo-sharing apps (eg,
Snapchat), texting, and emailing. Barb (F, 86 years, CG) noted
shedoes“alittlemoretexting . . . and more email, because now
they're sending al this stuff of what you can do while you're at
home, instead of going to adult day [programs].” CGs and
PWM Cs demonstrated myriad ways in which they adapted to
the isolation using different technologies to maintain social
connections.
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Reducing Boredom

Using technology to reduce boredom was common among
participants. Some engaged more passively with technology
through streaming movies and music. Some participants were
actively engaged with technology by attending online classes,
playing memory games, exercising to workout videos, or
searching for medica facts. Layla (F, 72 years, PWMC)
expressed gratitude for the numerous entertainment options
available:

If we were going through this pandemic in the 1940s,
it'd be an absolute mess, and [now] you can watch
TV and see what's going on and all that stuff . . . it's
a hard time, but in a sense there's till things we can
do.

Reducing boredom wasimportant for isolated CGsand PWMCs
staying at home, which led to the increased use of existing
technology and the adoption of new ones, along with continued
cognitive engagement.

Increasing Caregiver Respite

Some CGs and PWM Cs adopted new technologiesthat offered
convenience whilein the home, such astelehealth visits, grocery
delivery services, and Globa Positioning System (GPS)
technology. These technol ogies reduced stress and saved time
for CGs. Peggie (F, 60 years, CG) leveraged technology for
telehealth visits and said,

| actually kind of like if we don’t really need to bein
the office for a visit. It takesalot lesstime. . . versus
driving back and forth and waiting.

Telehealth visits offered CGs conveniences, as did online
shopping. Lisa(F, 77 years, CG) began ordering groceriesonline
because

Before [the pandemic], | had freedom for, like, a
4-hour slice twice a week. Eight hourswhere | could
get out and do errands that | needed to do, and now
| don't havethat, and | don't liketo leave Mylesalone
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for any length of time. So, | just order my groceries
online, and then | go pick them up or my daughter
will pick them up for us.

Online shopping allowed CGs who usually shopped in person
to not worry about leaving their relative in the car or at home
alone for an extended period.

The loss of adult day programs and in-home care visits made
finding personal time difficult for some CGs. In some cases,
GPStechnology provided CGsrespite, whilestill allowing them
to attend to the health and safety of the PWMC when needed.
CGs, like Rick (M, 73 years) shared how he used GPS watch
technology to track hiswifewho exercised outside without him
being present. Rick said,

If Layla was walking and she didn't come back when
| thought she should, and | had no clue whereto look
for her, that would be incredibly stressful!

The GPS watch provided Rick and his wife free time and a
sense of independence. Another CG, Judy (F, 62 years)
explained that when her relative wore a GPS watch it gave her
“peace of mind.” Christa (F, 63 years, CG) shared that she used
tracking technol ogy because her relative lived in adifferent city
and therefore was not able to know where her relative always
was without the help of GPS. Through the adoption of
technology, some CGs were able to find ways to create respite
time for themselves.

Barriersto Technology Use During the COVID-19
Pandemic

Managing the COVD-19 pandemic in conjunction with caring
for someone with memory concerns presented its own set of
challenges, asdid using new technology. Barriersthat impacted
CG and PWMC technology use included (1) limitations of
existing technology, (2) technological literacy, and (3) the
dependence on CGs to use technology. These themes are
presented with quotes and associated pseudonyms in Table 3
and discussed in more detail later.
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Table 3. Barriersto technology use during the COVID-19 pandemic for PWMCs? and their cGs.

Theme Description

Exemplary quotes

Limitations of existing technology

to technological limitations.

Technological literacy
they were using technology.

Dependenceon CGsto usetechnology PWMCsvaried in their level of depen- .
dence upon their CGs to use technology.

CGs and PWMCs experienced various .
frustrations and difficulties using technol -
ogy during or prior to the pandemic due

CGsand PWMCsvaried in how familiar  «

“Sometimes, you have ahard time hearing on Zoom. . . and
it's harder to focus. So you have to really focus on the

screen” [Louis, M€, 47 years, CG]
«  “Sometimes, he doestext . . . he does have parkinsonism,
where he does now have more motor issues, [and] it's hard

for him to tap on the phone.” [April, Fd, 62 years, CG]

«  “Peoplewithmemory loss can’t [usualy] use asmartphone,
and so, they’ve had to go to, like, aflip phone just because
it keepsit simple. . . | get confused once in awhile on the
apps, but not too often.” [Lee, M, 77 years, PWMC]

“1 have anewer cell phone, and it does more than what |
cando. .. I'm not using everything that's available there.”
[Lily, F, 64 years, CG]

o “Lief wasreally very familiar with technology early on . .
. he'ssignificantly lost his ability to navigate, with how
rapidly changing technology hasbeen.” [April, F, 62 years,
CQ]

«  “l don' like apps and the security aspect of apps. | don't

trust it . . . because | don't really understand it.” [Judy, F,

62 years, CG]

“Heiscoming to meto help himwith [the smart TV], which

is okay. He's not as frustrated with asking for help as he

used to be, but that's a thing that sometimes creates anxiety.”

[Lily, F, 64 years, CG]

« “Charlessometimesgetsfrustrated at the new technologies.
| haveto keep helping him withit” [Annmarie, F, 73 years,
CQ]

« “I might have to haveinstructions, but if | use it enough,

it'll go.” [Charles, M, 77 years, PNMC]

3PWM C: person with memory concerns.
bea: caregiver.

F: female.

dM: male.

Limitations of Existing Technology

Most technologies were not designed to suit the needs and
abilities of PWMCs. Challenges for PWMCs using CMC
included the absence of nonverbal cues, system lag-timeissues,
and difficulty learning, which resulted in less satisfaction in
social interactions while using the technology. CM C can cause
PWMCs to become confused or frustrated due to the lack of
nonverbal cues and lag-time issues. Peggie (F, 60 years, CG)
explained that

Not being able to see the body language, and
engaging people appropriately, | think, is harder . .
. for someonelike [ my husband] , who maybeis having
some challenges getting thewordsout . . . on a video
it's harder.

Although some technologieswere designed for PWMCs, afew
CGs expressed that they were still too complicated and caused
stress and confusion. Peggi e shared that her husband’s memory
loss support group was over the phone because the group
memberswere unsuccessful in joining the videoconference due
to difficulty learning new technology. Dementia severity

https://aging.jmir.org/2022/1/€31552

impacted the ability to learn new technologies and limited the
types of technol ogies that were useful to PWMCs.

Technological Literacy

CGs and PWMCsiin the sample varied in their familiarity and
comfort with technology; some participants felt well versed or
tried to stay up to date on new technologies, while otherstried
to avoid using any and did not stay up to date. Rick (M, 73
years, CG) explained that

Layla and | use computers every day. We have
iPhones, iPad, 2 laptops, Apple, [and] an iMac. We
have Amazon echoes. e have cameras and security
devices. Our thermogtat . . . we do all that stuff.

Conversely, Gary (M, 77 years, CG) had a nonsmartphone
cellular device, and while he used the computer regularly, the
interview was hisfirst video call. One PWMC regularly wrote
blog posts and used CMC, such as social media with friends,
while Myles (M, 85 years, PWMC) said,
I’mwhat is known as computer illiterate, so | have a
difficult time using the telephone.
Lack of familiarity with older technology frequently precluded
adoption of new technology.
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Most CGs expressed interest in using new technology to benefit
themselves and their relatives yet were often too intimidated to
try. Peyton (F, 37 years, CG) shared,

I'm not really good with it . . . | want to stay up to
date, but | don’t know what I'm doing.

Less technologically literate participants were frequently
intimidated by various aspects of technology. Some participants
chose not to use any technology that required more than passive
use, such as downloading an app. The level of technological
literacy prior to the pandemic impacted how likely aparticipant
was to adopt a new technology during the pandemic.

Some CGs who were less technologically literate were able to
seek out and try new technology with the help from otherswithin
their social network. April’s (F, 62 years, CG) uptake of new
technologies was driven by her children:

| wouldn’t even consider it if my kidsdidn't say “ Hey,
look at how cool thisworks . . . you should get this,
Mom?”

Another CG, Barb, (F, 86 years) shared how her granddaughter
often helped her learn a new technology, such as Zoom. Less
technologically literate participants whose social networks
reinforced the use of new technology were able to realize the
benefitsit had in their lives.

Dependence on Caregivers to Use Technology

Over haf of the dyads shared variouswaysin which the PWMC
was dependent on the CG to utilize technology. Annmarie (F,
73 years, CG) would completely set up Zoom so the PWMC
could useit, while other PWM Cs used technol ogy independently
and relied on their CGs only when problems arose, such as a
screen going blank. Some CGs like Peggie (F, 60 years, CG)
expressed adesire for the PWM Csto be more independent using
technology:

| would really loveitif hedidn’t haveto say, “ Peggie,
can you come help me make this happen?”

To maintain a technology’s usefulness, a CG had to be readily
available, have time to teach the PWMC how to use it, and
reinforce its use.

Overcoming Challenges

Participants who were motivated to try a new technology and
overcame the associated challenges reported increased social
connection, reduced the caregiving burden, and, in some
instances, increased PWMC independence. Some CGs began
using technol ogy to promote learning and cognitive engagement
among their relatives during the pandemic. For example, Zoom
meetings and viewing pictures on Facebook helped to stimulate
memory and mental capabilities to maintain recognition and
memories of friends and family. Throughout the interviews,
there were exampl es of PWM Cslearning anew technology and
gaining independence. Lisa (F, 77 years, CG) explained how
she used to set up calls on her husband’s hearing phone so that
he could call other people:

But since COVID he started using it himself . . . | said
[to Myleg], “ That's a little bit of freedom that you' ve
got back”
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These fragments of increased PWMC freedom were able to
dlightly reduce caregiving burden despite increased stress and
isolation.

Discussion

Principal Findings

The COVID-19 pandemic forced ashift in technol ogy adoption
for those who were fortunate enough to have accessto it. Yet,
CGsand PWM Cswere not alwayswilling to try new technology
to assist them due to barriers such as each person’s level of
technological literacy, the dependence on the CG for use, and
limitations of the technology. For CGs and PWMCs who
adopted new technology or adapted existing technology,
technology was perceived as more useful during the pandemic
than before, specificaly in relieving boredom, maintaining
social connections, and increasing CG respite.

Comparison With Prior Work

Our research affirms that social network support, perceived
value, perceived impact on the quality of life, and confidence
in the ability to learn a new technology are al important
influences of technology adoption [14,15]. Each of these
influences played arolein technology adoption anong PWMCs
and CGs during the pandemic. Our research also highlightsthe
role of technology in reducing the caregiving burden during the
pandemic, along with increasing PWMC independence. GPS
technology seemed to minimize CG stress by reducing the
likelihood of PWMCs getting lost [23]. Similar to findings by
@derud et al [24], our research also showsthat GPS technol ogy
provides CGs with respite time, while allowing PWMCs to
enjoy their freedom and outdoor activities safely.

Studies suggest that assistive technology can reduce the
caregiving burden yet may also pose an additional burden when
technology adoption and use require too much CG help [25].
Such results are consistent with our findings that CGs are
unlikely to adopt burdensome technology. In a review of 56
studies, assistive technology was perceived as removing CG
stress and burden overall, although no significant changein the
caregiving burden was reported in any of the 16 (29%)
quantitative studiesincluded in the review [23]. Thisdiscrepancy
in CG burden results may be due to insensitivity of existing
guantitative outcome measures [26]. Perhaps alternatively, no
single device or app is comprehensive enough to reduce the
caregiving burden, and instead, a combination of technologies
isrequired to significantly reduce burden.

Technology can foster social connectionsfor CGsand PWMCs
by counteracting the impact of diminished social support and
interactions during the pandemic. A systematic review of 25
publications concluded that information and communication
technologies (ICT) can be an effective way of reducing social
isolation among older adults; however, it is not suitable for all
older adults [12]. Prior to the pandemic, technological
interventionsto reduce social isolation were understudied [27].
Not only aremore ICT interventions being devel oped to reduce
loneliness and increase social participation during the pandemic,
but older adults also have a more positive view of ICT
interventions now in contrast to before the pandemic [28].
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Preliminary findings are showing promising results; in a
qualitative study, researchers demonstrated that virtual memory
cafés, where PWMCs and CGs remotely interact with other
PWMCsand CGs, were ableto support the social connectedness
of PWMCs and CGs during the COVID-19 pandemic [29].

Recommendations

The findings emphasize the importance of incorporating
technological barriers of PWMCsand their CGsinto the design
process. Although dependence on the CG to use technology
cannot be eiminated entirely, it should be avoided or minimized
through mindful design. Therefore, it is important to engage
both the PWMC and the family CG during each stage of the
design process. Additionally, it is likely not feasible for
technology developerstoimproveausers technological literacy.
However, testing new products by CGs and PWMCs at various
stages of dementia progression could highlight difficulties for
less technologically literate users. This codesign process is
important for any technology used by older adults yet is most
important for technology designed specifically for PWMCs.

Limitations

Limitations of this research include factors that may make the
study population different from the general population.
Participants were recruited through email, and they had to be
willing and able to participate in interviews over Zoom, which
could have led to selection bias. Participants may be morelikely
to use Zoom and other technol ogies than individual s who would
have only been recruited in a nontechnological manner or did
not have the capability to participatein aZoom interview. Since
income, education, and race/ethnicity are major influences of

Alberset al

technology adoption, it isimportant to note that this samplewas
highly educated, had a median income higher than the national
median income, and primarily identified as non-Hispanic White
[30]. Additionally, we did not include PWMCs living in
long-term care, and no PWMCs were in the later stages of
dementia. Due to these differences, participants in this study
may have different patterns of technol ogy use/disuse compared
to other CGs and PWMCs, al of which likely limit the
generalizability of the findings. The results are hypothesis
generating, and future research should engage a more racialy
and ethnically diverse population of CGs and PWMCs and
include participantswith lower incomes, educational attainment,
and technological literacy.

Conclusion

This research contributes to the literature on this population’s
technology usage. Much of the existing literature focuses solely
on assistive technology, while our research points out that
mainstream technol ogies, such as smartphones or Zoom, were
predominately used by this sample. Further research is needed
to examine how mainstream technologies are used to support
PWMCs and CGs in their everyday lives and to compare
whether those who adopted more technology during the
pandemic coped better with isolation than those who did not
alter their technology usage.

Our research found that the COVID-19 pandemic resulted in
an increase in technology use among many participants. These
findings emphasize the importance of technology use among
CGsand PWMCs, particularly during isolation, to providerelief
from caregiving burden and afford PWM Cs more independence.
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Abstract

Background: There are approximately 6.5 million informal (unpaid) caregivers in the United Kingdom. Each caregiver plays
acritical role in the society, supporting the health and well-being of those who areiill, disabled, or older and who need frequent
support. Digital technologies are becoming a ubiquitous part of everyday life for many, but little is known about the real-world
impact of technology for those in acaring role, including the abilities of technol ogies to address the mental and physical impacts
of caregiving.

Objective: This study aims to understand the current and future technology use of caregivers, including digital technologies
used to care for themselves and the person they look after.

Methods: We codeveloped awide range of questions with caregivers and care professionals and delivered this survey both on
the web and in paper format (eg, using social networks such as Twitter alongside in-person events). Questions were focused on
providing care and looking after caregiver health and well-being. Analyses focused on both quantitative outcomes (frequency
counts and Likert questions) and explored free text entries (thematic analysis).

Results: From 356 respondents, we identified that caregivers were receptive to, and largely positive about current and future
use of technology both for their own care and their caring role (eg, checking in from distance). There were notable concerns,
including the risk that technology could replace human contact. We identified several key areas for future work, including
communication with health and social care professionals, and the potential for technology to help caregiverswith their own health.
We also identified several stakeholders (eg, care workers, pharmacy staff, and general practitioners) who could act as suitable
points for technology signposting and support.

Conclusions: Caregiversareatransient, often difficult to reach population, and thiswork has collated alarge body of knowledge
across a diverse group of individuals. Many caregivers, like the rest of society, are realizing the benefits of using everyday
technology to help deliver care. Itisclear that thereisalready ahigh level of dependency on technologies, wherefuture expectations
will grow. However, many barriersto digital technology use remain, including alack of ongoing technology support. Preventive
measures linked to technol ogy that can help look after a caregiver’s own health appear acceptable, particularly for communicative
tools. This collated caregiver knowledgeisacall for all stakeholders—academics, policy makers, and practitioners—to take note
of these specific challenges, and to ensure that caregiver voices are both heard and fully integrated within the emerging digital
health agenda.
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Introduction

Background

Informal (unpaid) caregivers play a critical role in society,
supporting the health and well-being of those who are ill,
disabled, or older who need frequent support. Caregivers are
the biggest health care provider in the United Kingdom alone,
with an estimated 6.5 million informa caregivers (ie,
approximately 10% of the total population), with an economic
impact of approximately US$77-US $182 hillion per year [1,2].
Globally, an aging and growing population means that the
number and economic contribution of caregivers appear to grow
considerably in the years ahead.

Collectively, caregivers are diverse. Each situation is unique,
varying across geographic location, conditions cared for,
cumulative time spent caring, available support (social, health
care, or otherwise), and information received [3]. Reaching and
understanding this silent workforce is not straight forward, as
many caregivers take many years to—or may never—identify
with the term of being a caregiver [4]. Although the tasks that
caregivers undertake differ (eg, specific needs, hours spent
caregiving, and support available [5-7]), the commonalitiesin
experience are the physical and mental stresses, which are
considerable and unrelenting. The cumulative load of caregiving
steadily impacts the health and well-being of caregivers, and
for many, caregiving is associated with a broad range of acute
and chronic mental and physical conditions[8-10]. Accordingly,
there are urgent callsat national and multinational levelstofind
ways to support caregiver needs through cost-effective,
sustainable, and preventive solutions [11,12]. Such calls have
accelerated the development of many innovative approaches,
such as those directed toward digita health and wellness
technology-based solutions [13].

The development of solutions based on digital health and
wellness technology is increasing across a wide range of
approaches, including teleheal th, mobile health, wearables, and
health analytics as well as digitalized (eg, paperless) health
systems[14,15]. Technology support for health and well-being
is aso increasingly prominent within community care where
technologies, such aswebcams, personal aarms, GPS trackers,
and voice technologies are helping many caregivers regularly
manage aspects of safety, communication, care, and sustaining
independence for aslong as possible [13].

Study Aims

In agrowing continuum of digital possibilities, understanding
theoretical models of moderators and mediators for technology
use is of significant interest to all stakeholders [16].
Nevertheless, our global understanding of the barriers and
enablers for real-world technology use for caregivers is still
surprisingly sparse[17-19]. Given the considerable prominence
of caregivers within our health and social care workforce, this
study aims to collect evidence on the current and future

https://aging.jmir.org/2022/1/€15413

technology use of caregivers, both for their own health and
well-being, and the person or personsthey look after within the
context of the United Kingdom.

Methods

Overview

The Supported Carer Project survey involved delivering a
comprehensive survey to help inform current understanding of
the use of digital technology among caregivers, both for
caregiver health and those cared for. As we did not find one
aready in existence, we co-designed a novel survey with
caregivers. This survey was designed to be used across the
United Kingdom to capture both current and future needs and
how digital health technologies might be able to meet these
needs.

Inclusion Criteria and Survey Co-design

Our inclusion criteriareflected our broad interests and included
al informal caregivers aged =18 years. We used a broad
definition of an informal caregiver, people that provide unpaid
care by looking after an ill, older or disabled family member,
friend, or partner. We did not specify the minimum number of
hours per week caregivers needed to be caring for. Ethical
approval was received from the Department of Computer &
Information Science at the University of Strathclyde. Our survey
collated information on basic demographics, health needs, and
explored perspectives on technology for both caregivers and
those being cared for (including interactions with health and
socia care professionals). Our survey questions (Multimedia
Appendix 1) were codeveloped through consultation with key
study partners who had significant experience working in the
caregiver domain (Health and Social Care Alliance Scotland
[The ALLIANCE] and Carers Scotland as part of Carers UK).
Questions were developed iteratively, and the scope and
approach of our survey was critiqued by 3 individual caregivers
and 5 professionals from caregiver organizations to ensure that
the length, wording, and scope were appropriate. No questions
were mandatory, SO responses vary across each question
discussed. The survey consisted of four key sections: (1) the
demographic detail s of you asacaregiver (7 questions); (2) you
as a caregiver and technology use (13 questions); (3) the
demographic details of the person that you care for and health
and social care service use (26 questions); and (4) technology
usefor the person you carefor (50 questions). Caregivers could
add multiple people cared for should they care for more than
one person, up to a maximum of 4 people.

Survey Distribution and Consent

The distribution of our survey involved convenience sampling.
More specifically, we shared the web-based version of our
survey through social media channels (eg, Twitter), and email
distribution through networks accessible to our third sector
partners. The survey was promoted using email and social media
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networks connected to The ALLIANCE [20] and Caregivers
Scotland as part of the Caregivers United Kingdom [21]. Paper
copies of the survey were also distributed at conferences and
professional events from The ALLIANCE and Carers UK
(Scotland), which were posted back to us. In addition, the UK
Alzheimer's Society agreed to share this survey using their
web-based message board systems, Talking Point. The survey
was available from June 21, 2018, to September 28, 2018.
Consent was implied in both digital and paper format after
participants read, acknowledged, and accepted the initial terms
of the anonymized survey.

Data Handling and Analyses

Our survey was constructed using Qualtrics Software, where
we stated that any data entered must not contain any identifiable
information. These efforts were paralleled in a paper format.
As free text entry methods could not prevent identifiable
information from being entered, dataweretreated as confidentia
at all times and retained within encrypted, password-protected
sources. Qualitative analyses were performed using thematic
analysis and deep dives [22]. All quantitative analyses
(frequencies and summary statistics) were performed using R
Studio (version 1.1.456).

Results

Demographic Information of Caregiversand Those
Cared for

We received 356 caregiver responses (total sample size but
individual question responses vary) in our survey, and the
demographics of caregivers and those cared for are summarized
in Table 1. Caregivers who completed our survey varied in age,
but most commonly between 45 and 54 years (135/356, 37.9%
of responses), predominantly female (288/354, 81.3% vs 60/354,
16.9%) and self-reported as White (335/354, 94.6%). Of the
331 responses for this specific question, 234 (70.7%) of our
respondents were located in Scotland, 74 (22.3%) in England,
17 (5.1%) in Wales, and 6 (1.8%) in Northern Ireland. Regarding
the highest level of education, 56.2% (200/356) of respondents
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had obtained a degree or equivalent, and 22.2% (79/356) had
completed higher education. Regarding the number of people
cared for, 72.9% (210/288) of participants were caring for 1
person, 22.2% (64/288) were caring for 2 people, 4.2% (12/288)
were caring for 3 people, and 0.7% (2/288) were caring for 4
or more people. A total of 34.2% (121/354) of caregiverswere
working full-time, 25.4% (90/354) were part-time, and 40.4%
(143/354) were not working, of which 90 (ie, 90/354, 25.4% of
all caregivers responding) had to give up work because of
caregiving. Caregivers varied in the number of years spent
caregiving, ranging from less than ayear (5/309, 1.6%) to over
20 years (34/309, 11%). Four participants responded to our
survey via post (4/356, 1.1%) with all other responses via our
web link.

Our survey responsesincluded information from 359 individuals
cared for, where information differed considerably from that
among caregiversin both age and gender (Table 2). Those cared
for were most commonly either <35 years (99/359, 27.6%) or
>65 years (193/359, 53.8%), and males and females cared for
were 51.1% (181/354) and 47.7% (169/354), respectively. The
ethnicity of those cared for wasvery similar to that of caregivers.
Among individuals cared for (where sufficient detail was given
for 355 individuals, Multimedia Appendix 2) over 20 different
conditions were listed, and the most common conditions were
dementia (109/355, 30.7%), older needs (106/355, 29.8%), and
mental health conditions (74/355, 20.8%). Similarly, the types
of specific health problems reported varied considerably across
those cared for. From 258 responses, 99 (38.4%) reported
precise hand movement problems, 66 (25.6%) speech
impairments, 66 (25.6%) deafness or hearing loss, and 40
(15.5%) wereblind or had sight loss. A total of 44.2% (114/258)
of responsesindicated that there were other sensory issues. We
were able to explore 106 of these (free text responses), where
mobility was a specific problem for 29.2% (31/106) of
respondents. Overall, this subgroup of responses was diverse
and problems related to both physical (eg, “nerve damage” and
“physically weak”) and psychosocial health issues (eg, anxiety
or memory).
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Table 1. Study sample and population characteristics of caregivers.
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Demographics Caregivers, n (%)
Age (years; N=356)
18-24 4(1.1)
25-34 17 (4.8)
3544 56 (15.7)
45-54 135 (37.9)
55-64 100 (28.1)
65-74 28(7.9)
75-84 13(3.7)
285 1(0.3)
Prefer not to say 2(0.6)
Gender (n=354)
Female 288 (81.4)
Male 60 (16.9)
Other 3(0.85)
Prefer not to say 3(0.85)
Ethnicity (n=354)
White 335 (94.6)
Mixed/multiple ethnic groups 3(0.85)
Asian/Asian British 4(1.13)
Black/African/Caribbean/Black British 0(0)
Other 4(112)
Prefer not to say 8(2.3)
Highest level of education (N=356)
Degree or equivaent 200 (56.2)
Higher education 79 (22.2)
Other qualifications 18(5.1)
School qualifications 52 (14.6)
No qualifications 5(1.4)
Do not know 2(0.6)
Number of years caregiving (n=309)
<1 5 (1.6)
1-2 36 (12)
34 54 (17.5)
5-6 53(17.2)
7-8 28(9.1)
9-10 24.(7.8)
10-16 41 (13.3)
>16-20 34 (11)
>20 34 (11)
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Table 2. Study sample and population characteristics of people cared for.
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Characteristics

People cared for, n (%)

Age (years; N=359)
0-15
16-24
25-34
35-44
45-54
55-64
65-74
75-84
=85
Prefer not to say
Gender (n=354)
Female
Male
Other
Prefer not to say
Ethnicity (n=356)
White
Mixed/multiple
Asian/Asian British
Mixed/multiple
Black/African/Caribbean/Black British
Other

49 (13.7)
32(8.9)
18 (5)
9(25)
25(7)
31(87)
39 (10.9)
81 (22.6)
73(20.3)
2(0.6)

169 (47.5)
181 (50.8)
1(0.3)
5(1.5)

334(93.9)
7(2)

5 (1.4)
1(0.3)
2(0.6)
7(2)

Technology for Caregivers Own Health and
Weéll-being

Current I nterest

Caregivers were asked about their level of agreement to use
technology to help with their own health and well-being. Of the
277 responses, 92 (33.2%) of respondents strongly agreed, 102
(36.8%) agreed, 67 (24.2%) neither agreed nor disagreed, 12
(4.3%) disagreed, and 4 (1.4%) strongly disagreed:

Being able to access support or some form of mental
health support would beideal. Being a carer istough
and you focus most of your time on the person you
care for but forget you also need care. [Participant
quote on using technology for own heath and
well-being]
Caregivers interpreted help from digital technologies in many
different forms. Our analysisidentified themes across concepts

https://aging.jmir.org/2022/1/€15413

of relaxation, meditation, memory prompts, communication
(both with health and social care professionals and peers),
entertainment and tools, such as fitness trackers to encourage
or inform healthy lifestyle choices (Textbox 1). Arguments to
support the use of technology to support health and wellness
were based on convenience, accessibility, and accuracy: being
able to use digital tools quickly to find answers on a regular
basis. Exploring the free text of caregivers who were not
interested in using technology for their own health (ie, 16
caregivers who disagreed or strongly disagreed that they had
an interest) highlighted many concerns regarding technology.
Time (and money) were barriers to use for 5 respondents, and
technologies that operate in silos outside of health and social
care are of limited use. Concerns were also raised that
technology can become a gimmick. Technologies were
highlighted as a concern where they reinforce a concept of
failure: technologies that assess progress and activity relating
to one's own health and well-being can resonate with feelings
of alack of achievement.
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Textbox 1. Caregiver quotes for using technology for own health and well-being. Caregiversrated their agreeability regarding their level of interest “to
use technology to help me with my own health and well-being.” Quotes are examples of further details given from participants grouped according to

level of agreement.

Strongly agree

. “Being ableto access support or some form of mental health support would beideal. Being a caregiver istough and you focus most of your time

on the person you care for but forget you also need care”

Agree

o “Itisal very useful- but won't encourage you to meditate or exercise. You have to want to do it, for it to be effective. When you are isolated,

depressed and stressed—you still need human interaction.”

Neither agree nor disagree

e “lI don't know how it would help. | fear it going wrong.”

Disagree

. “Gimmicks like these tech devices are of little interest to me. | do make extensive use of the internet to connect with other caregivers and share

information and social chatter.”

Strongly disagree

« “Thereisenough to deal with already. The thought of my phone telling me to go for awalk fills me with dread. Yet moreto fail at.”

Future Interest

When individuals were asked where they would like to see a
focus on future technologiesfor caregiver health and well-being,
we identified that there was a wide range of needs for future
priorities (Figure 1). In parallel with the themes identified for
current use, the most commonly reported future needs were
around the themes of communication with health and social
care professionals (62/247, 25.1%) of respondents rated this as

were technologies focused on social engagement (51/245,
20.8%), entertainment (44/253, 17.4%), and communication
with voluntary or community organizations (41/239, 17.2%).
Some 54 respondents noted that not al of their needs were
captured within the predefined eight categories. We explored
these data and identified 24 diverse responses. Examples
included, accessing research and best practice recommendations
and medication management. Others were more interested in
mental health aspects such asrebuild my self-esteemand mental

the highest priority need). Other high-priority needs identified
(ie, 10 out of apossible 10) for caregiver health and well-being

health monitoring advice and support.

Figure 1. Summary figure of how caregivers would like to see future technologies support them with their own health and well-being in percentage.
Color indicates priority of need where O=not a priority (violet) and 10=highest priority (maroon).
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Technology for Delivering Care

Current I nterest

We gathered 238 responses on the agreement level regarding
interest for caregiversto use technology withintheir caring role.
We observed that 39.5% (94/238) strongly agreed, 33.6%
(80/238) agreed, 21.8% (52/238) neither agreed nor disagreed,
3.4% (8/238) disagreed, and 1.5% (4/238) strongly disagreed.
Through free text responses (Textbox 2), caregivers commonly
noted several key benefits, including digital devices(eg, tablets,
smartphones, or laptops) alow ease of access to information,
checking in from distance (eg, Skype), supporting isolation,

Eganet a

communication, entertainment (eg, Netflix), and help with
simple reminders for care duties such as medications:

Caring comes down to people and we must get the
focus back on to people, not technology! [Participant
quote on using technology for caring role]

Some caregivers reported knowledge of web-based learning
and support modules. Concerns from caregivers included that
reaching health and social care professionals remains difficult,
and that the use of technology can be stressful for those cared
for (eg, provoking anxiety). Technologies are also limited in
their suitability for progressive conditions.

Textbox 2. Caregiver quotes for using technology in caring role. Caregivers were asked to rate their level of interest for using technology to help them
with their caring role. Quotes are examples of further details given from participants grouped according to level of agreement.

Strongly agree

Agree

FaceTime are helpful

Neither agree nor disagree

o “With dementiaitisonly useful in the early stages.”

Disagree

Strongly disagree

«  “Inorder for meto continue be able care at home | need technology. Simple as that.”

« “Livinginafairly isolated community and reliant on a car for appointments, shopping and visiting friends, technology such as video links, and

« “I carefor someone with very complex mental health problems and technology would raise his already extreme anxiety | suspect.”

.  “Caring comes down to people and we must get the focus back on to people, not technology!”

Type of Technology and Frequency of Use Within Caring
Role

We asked caregivers about the type and frequency of technology
they usefor their caring role and they most commonly reported
smartphones, computer or laptop use, and social networking
sites with 65.8% (154/234), 66.5% (151/227), and 59.8%
(128/214), respectively, reporting at least once weekly use
(Figure 2). Many technologies have been used sporadically; for
example, locator devices (eg, Google Maps and GPS) are used
at least to some degree by 57.3% (130/227) of caregivers but

https://aging.jmir.org/2022/1/€15413

are commonly used weekly or monthly. Regarding frequency
of use, caregivers were twice as likely to have never used
wearable technology as opposed to using it daily. The use of
platforms specific for gaming was limited (eg, PlayStation or
Xbox) and was used by 5.9% (13/218) of caregiversdaily. Such
use was not limited to younger ages but included involvement
from caregivers aged 55 to 64 years. Perhaps tellingly, a lack
of understanding of terminologies used in our survey was often
associated with caregivers never using a specific technology to
help them in their caring role (eg, robots, smart homes, and
remote monitoring).
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Figure 2. Current technology use of caregivers to conduct their caring role. The x-axis represents cumulative percentage use, whereas the y-axis
represents the different types of technologies. Frequency of use was grouped into: (1) Daily, (2) At least once a week, (3) At least once a month, (4)
Less than once amonth, (5) Never and (5) | don’t understand this specific technology term. TV: television.
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Confidence and Support for Technology

We asked caregivers about their confidence levels when
selecting the most appropriate technologies. Of the 238
responses, 25 (10.5%) strongly agreed, 82 (34.4%) agreed, 69
(28.9%) neither agreed nor disagreed, 51 (21.4%) disagreed,
and 11 (4.6%) strongly disagreed that they were confident in
selecting the most appropriate technologies for their caring role.
A range of qualitative comments supported such statements
(Textbox 3), particularly around barriers to adoption, such as
that technology moves so fast, technology is often aimed at
younger markets, and that information is lacking. Enablers for
high confidence in selecting technology commonly involved
caregivers who had a particular background in technology, a
family member to hand with technology expertise, and the
ability to search for solutionsthrough computers or the internet:

https://aging.jmir.org/2022/1/€15413
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No one has helped me. It was all down to Google and
common sense. [Participant quote on confidence for
using technology for caring role]

| DO NOT want more technology in my caring role,
there is more than enough and it is a failure
[Participant quote on support for using technology
for caring rol€e]

We also asked caregivers whether there was sufficient support
and training for technology resources and servicesto help them
in their caring role. Of the 236 responses, 6 (2.5%) strongly
agreed, 33 (13.9%) agreed, 102 (43.2%) neither agreed nor
disagreed, 67 (28.4%) disagreed, and 28 (11.9%) strongly
disagreed. A range of qualitative comments supported these
statements (Textbox 4), including financial restrictions, lack of
visibility or existence of support, a need for self-sufficiency
within the caring role, inability to accommodate all users (eg,
older caregivers), and lack of overall support for caregiverswith
technology just being one component of this.
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Textbox 3. Caregiver quotes regarding confidence for using technology in caring role. Caregivers rated their confidence about selecting the most
appropriate technologiesfor their caring role. Quotes are extracts of further comments given from participants grouped according to level of agreement.

Strongly agree
o "I liketechnology and try to find ways to adopt and adapt it for my use”

Agree

« “l canfind my way around most technologies.”

Neither agree nor disagree

o  “Not aways sure what will be most effective”

Disagree

e “ljust don't know anything about what might be available”
Strongly disagree

«  “Noonehashelped me. It was al down to google and common sense.”

Textbox 4. Caregiver quotes regarding support and training for using technology in a caring role. Caregivers rated whether there was sufficient support
and training for technology resources and services to help them in their caring role. Quotes are examples of further details given from participants
grouped according to level of agreement.

Strongly agree

« “I do not want more technology in my caring role, there is more than enough and it isafailure”

Agree

o “Ifind | can access the information | need—I do wonder though, if it is as accessible to everyone?’

Neither agree nor disagree

o “Feel | have everything | need or can afford.”

Disagree

« “I have never been offered or had discussed any info on tech enabled care from anyonein Social Work or NHS!”
Strongly disagree

o “Thereisageneral lack of support, let alone for tech stuff.”

interaction. More specifically, this included 1.2% (3/242) of
caregivers who reported daily interactions, 18.6% (45/242)
reported weekly interactions, and 32.6% (79/242) reported
monthly interactions. Conversely, caregivers were less likely
tointeract with counsel ors and dietitians, with 78.7% (177/225)
and 76.3% (171/224) of caregivers reported that they never
interacted with these professional groups, respectively. The
frequency of reach of some health and social care professionals
was notably high within specific subgroups of caregivers. For
example, athough 55.7% (136/244) of respondents of caregivers

Health and Social Care Professional | nteractions

We explored the types of health and social care professionals
that caregiversinteracted with as part of their caring role (Figure
3). The results reveaded that a particularly common point of
contact overall was the role of genera practitioners, where
27.5% (73/265) reported interactions at |east once amonth and
4.9% (13/265) reported interactions at least once a week.
Semiregular contact was made by 58.1% (154/265) of
caregivers, whereas 9.4% (25/265) of respondents reported

never interacting with this professional group. Pharmacistswere
aprofessional group that commonly interacted with caregivers,
where 79.3% (192/242) of caregivers reported at least some

https://aging.jmir.org/2022/1/€15413

interacted with care providers, it was common that these were
very regular interactions (52/244, 21.3% daily and 34/244,
13.9% weekly).
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Figure 3. Frequency of health and social care professional interactions for caregivers. The x-axis represents cumulative percentage of interactions,
whereas the y-axis represents the different health and social care professional groups Frequency of use was grouped into: (1) Daily, (2) At least once a

week, (3) At least once amonth, (4) Less than once a month, (5) Never.
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Futurelnterests

When we asked caregivers about their prioritiesfor caring, there
was relatively little variance between many of the prespecified
categories used (Figure 4). The most common priorities
highlighted (ie, 10 of apossible 10) included: checking in from
distance (65/185, 35.1%), communication with health and social
care professionals (64/203, 31.5%), and transport (eg, help
outside the house to move more easily and independently;
57/193, 29.5%). Interestingly, there was also arelatively strong
need for activitiesof daily living (eg, sitting and sleeping; vision,
speech, and hearing; and social engagement). Innovations
regarding exercise and entertainment to help caregivers with

https://aging.jmir.org/2022/1/€15413
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their caring role were comparatively less desirable compared
with other aspects, with 13.2% (26/197) and 14.9% (29/194)
of caregivers stating this as a greater priority need.

We extended these questionsto understand how caregivers make
decisions about whether to purchase future technol ogies (Figure
5). Here, we identified that study participants most commonly
allocated the highest desirability (ie, 10 of a possible 10) to
reliability (107/220, 48.6%), ease of use (102/220, 46.4%), and
accessibility (100/211, 47.4%). Comparatively, less important
considerations were enjoyment of use (31/197, 15.7%),
integration with other services (23/191, 12%), and design
considerations (8/193, 4.1%).
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Figure 4. Priorities for future technologies to help caregivers to undertake their caring role. Color indicates priority of need where O=not a priority
(violet) and 10=highest priority (maroon).
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Figure 5. Priorities when deciding whether (or not) to buy future technologies. Color indicates priority of need where 0=not a priority (violet) and
10=highest priority (maroon).
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the largest surveys of its kind to focus specifically on the use
of current and future digital health technologies to support the
health and well-being of the UK caregivers and those cared for.
Our sample was considerable in size, diversity, and level of
detail recorded; caregivers varied in age, employment, gender,
and conditions cared for. In agreement with cross-sectional
evidence [3], our sample of caregivers was predominantly

Discussion

Principal Findings

We set out to improve collective knowledge on current and
future technology use of caregivers, both for their own health
and well-being, and the peopl e they look after within the context
of the United Kingdom. To our knowledge, our work is one of
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female; however, given sufficient sample size, it is of note that
thisfinding may not always be paralleled across all age groups
(eg, male caregivers are particularly common at the ages of =65
years[23]). Thefindings suggest that technologies play adiverse
roleininformal care settingswhere most, but not all, caregivers
are largely positive about the potential. Such positivity is not
without reservation, astechnology can also be anegative force.
Ongoing support is clearly lacking, and real-world value and
implementation is limited as caregivers face challenges across
cost, sustainability, availability, and reliability.

Limitations

Our study had several limitations. First, given that caregivers
are often hidden within the society, selection biases remain
challenging to avoid. For example, our self-reported ethnicity
data reflect the UK national statistics, where 94% of UK
caregiversidentify asWhite[24]. Moreover, ascritical questions
remain regarding the extent of the additional challenges that
ethnic minorities face, it is pertinent that both research and
policy strategies continue to reach these groups. Most of our
survey respondents were highly educated; however, this may
not be representative of the general population. Work conducted
by the New Policy Institute in 2014 (based on the Office of
National Statistics Family Resources Survey) found that 70%
of working-age people caring for 20 hours aweek or more did
not have qualifications above the Genera Certificate of
Secondary Education level [24]. Our methods of recruitment
(using existing social networks, such as Twitter) may aso have
encouraged specific conditions (eg, dementia and cancer) or
populations (eg, greater number of years of formal education)
to respond. Our postal replies were few, and we did not explore
how individualsfound our initial web link to the survey in detail.
Nevertheless, our work still represented over 20 different
conditions, and 14% of those cared for were under the age of
16. Understanding caregiver needs in more rare conditions
remainsvital [25]; however, it falls out of the scope of thiswork.
Although the development of a survey promoted on the web
has hel ped us reach many peoplein arelatively short timeframe,
those averse to digita hedth technologies may be
underrepresented. There are also inherent biases associated with
convenience sampling; our participants were predominately
based in Scotland, reflecting our local links and networks. Very
few of our participants were new to caregiving. Although the
extensive experience of our respondents is advantageous for
gaining long-term insights, further work is needed to understand
how challenges differ within those who are new to caregiving,
particularly with respect to information seeking. Finally, to
ensure anonymity of responses, we are not able to explore
geographic, socioeconomic, or deprivation indices in further
detail: important avenues for future work.

Interpretation and Future Directions

There are several findings from this work that are pertinent to
understanding caregiver demographics. Here, we build on
technology usefor caregiversby exploring in detail what makes
caregivers receptive to technology across confidence, support,
exploring health professionals involved, and the drive to look
after their own health and well-being both now and in the future
[26,27]. Most caregiverswho responded to our survey regularly

https://aging.jmir.org/2022/1/€15413
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used smartphones, social networking sites, and computers or
laptops to support their caring activities at least once a week
(with many using such devices daily). This work adds to the
current evidence that caregivers are not simply an extension of
the health and social care service, but a diverse group given
little attention and support [16]. Our results have demonstrated
that caregivers do not just crave but also need much stronger
and more meaningful linksto our health and care professionals,
which hold particular weight given the context of COVID-19
and risk of future pandemics. Technology could easily support
such links, but the risk of rejection from professiona health
staff and caregivers could severely impact implementation.
Careful, caregiver-led solution design is nonnegotiable if we
are to support those most in need, including those who are
isolated or have less experience in digital and hedlth literacy.
Particularly useful points of contact for this could include
signposting and some limited support from: general
practitioners, those working within professional caring roles,
or apharmacy setting.

This work highlights lessons in that regularity of use may not
always represent perceived usefulness, for example, many
caregivers make use of locator devices (eg, Google Maps and
GPS) and laptopsweekly or monthly (opposed to daily). It could
be particularly fruitful to understand such relationshipsin more
depth within future work and why many apps and technology
solutions become left behind. Both digital divide and health
literacy levels are important considerations. Despite sharing
brief descriptors, concepts such as Internet of Things devices
or robots can be alien to respondents and, accordingly, few
participants reported use. Further work is now required to (1)
ensure that caregivers are provided with knowledge and
awareness of what technology is available; (2) achieve
sustainable models of support; and (3) identify how research
and policy can extend the utility of both new and existing
technologies, including isolated or poorly represented groups.

Throughout the work conducted, there were several notable
concernsraised about current and future technol ogies (eg, costs
and timeliness of solutions), which alignswith other literatures
[28]. Both our own findings and others[29-31] have highlighted
the high degree of isolation that caregivers face. Successful
innovation and technologies are strategies that can tackle this
problem, including connecting caregivers to supportive
environments, such as family, friends, and health and social
care professionals. Furthermore, our work parallels both policy
and research findings elsewhere (eg, in dementia technology
charters, web-based resources, and the UK government policy
documents) that technology should not replace human contact
[32-34]. Given that a shrinking UK health care workforce
appears al but inevitable [35], innovative solutions (both
technology-based and otherwise) are required. This work
highlights that caregivers need to be involved from concept
initiation all the way through to the posteval uation stages.

Our work also informs state-level actors and health and social
care providers. Caregivers demonstrated confidencein choosing
technologies for their needs, but the need for support to use
technol ogieswas highlighted throughout. However, the delivery
of this objectiveis complex. There are key questions regarding
who should provide this support in the longer term. Although
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the potential for care providers and pharmacists to deliver
technology supports is clear (ie, professionals who regularly
interact with caregivers), careful consideration of workload,
resources and training, and overall interest and acceptance is
required. In addition, it is somewhat concerning that so few
individuals are able to access the vital (and often preventive)
support delivered by other professionals, such as counselors
and nutritionists. The absence of access may not necessarily be
associated with the absence of need. Perhaps indicative of the
high need for technology solutions is that caregivers ranked
thorough scientific evaluation relatively low regarding priority.
Taken together, there is an urgent need to protect caregivers
from purchasing unproven or unsafe technol ogiesto bridge gaps
in care, as highlighted in recent dementia reviews [36].

Finally, the collective message from caregivers is that having
awide array of unsupported gadgets (new or existing) cannot
address core needs in day-to-day caregiving. Well-established
technologies are still not reaching caregivers in a satisfactory
form (eg, checking in for distance and communication tools).
Caregivers frequently face health and well-being challenges
alone, highlighted by aneed for communi cation with health and
social care professionals and are urgently looking for solutions
regardless of the quality of science or how personalized
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technol ogies can be made. Continued co-design and consultation
is required to improve current and future systems and
technologies in a transparent manner, particularly given the
significant reform and change that is well underway [37].

Conclusions

Digital technologies appear to be largely acceptable for
caregivers. As we look to the future, this work suggests that
caregivers are caling for solutions that augment the human
touch, connecting caregivers to those cared for (including at
distance), friends and family, and health and social care
professionals. Quality is key: unsupported and unreliable
technologies remain problematic (and may not enhance safety
or well-being), where finding and using technologies is often
compounded by time pressures. Technological developments
remain fragmented, and it is critical that new horizons
collectively deliver on empowering caregivers with skillsets,
knowledge, and tools to help their day-to-day role. Moreover,
this work reiterates the need for all stakeholders, including
academics, policy makers, and practitioners, to recognize the
invaluablerolethat caregivers play in communities and to ensure
that this group become equal coarchitects of the emerging digital
health agenda.
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Abstract

Background: Persons living with dementia require increasing levels of care, and the care model has evolved. The Centers for
Medicare and Medicaid Services is transitioning long-term care services from institutional care to home- or community-based
services, including reimbursement for nonclinical services. Although home care companies are positioned to handle thistransition,
they need innovative solutions to address the special challenges posed by caring for personsliving with dementia. To live at home
longer, these persons require support from formal caregivers (FCGs; ie, paid professionals), who often lack knowledge of their
personal histories and have high turnover, or informal caregivers (eg, family or friends), who may have difficulty coping with
behavioral and psychological symptoms of dementia. The Generation Connect platform was devel oped to support theseindividuals
and their formal and informal caregivers. In preliminary studies, the platform improved mood and influenced caregiver satisfaction.
To enhance platform effectiveness, Generation Connect received a grant from the National Institutes of Health Small Business
Innovation Research to improve clinical outcomes, reduce health care costs, and lower out-of-pocket costsfor personsliving with
dementiawho receive care through home care agencies.

Objective: This study aims to evaluate information elicited from a series of stakeholder focus groups to understand existing
processes, needs, barriers, and goals for the use of the Generation Connect platform by home care agencies and formal and
informal caregivers.

Methods: A series of focus groups were conducted with home care agency corporate leadership, home care agency franchise
owners, home care agency FCGs, and informal caregivers of persons living with dementia. The qualitative approach allowed for
unrestricted idea generation that best informed the platform development to enable home care providers to differentiate their
dementia care services, involve informal caregivers, improve FCG well-being, and extend the ability of persons living with
dementiato age in place. Using the Technol ogy-Enabled Caregiving in the Home framework, an inductive and iterative content
analysis was conducted to identify thematic categories from the transcripts.

Results:  Overall, 39 participants participated across the 6 stakeholder focus groups. The following five overarching themes
wereidentified: technology related; care services; data, documentation, and outcomes; cost, finance, and resources; and resources
for caregivers. Within each theme, the most frequent subthemes were identified. Exemplar stakeholder group statements provided
support for each of the identified themes.

Conclusions: The focus group results will inform the further development of the Generation Connect platform to reduce the
burden of caregiving for persons living with dementia, evaluate changes in cognition, preserve functional independence, and
promote caregiver engagement between these individuals. The next step is to evaluate the effectiveness of the revised platform
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in the National Institutes of Health Small Business Innovation Research phase 2 clinical trial to assess the efficacy of its

evidence-based interventions and market viability.

(IMIR Aging 2022;5(1):€32516) doi:10.2196/32516
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dementia; technology; mobile app; home care; focus groups; qualitative research; digital therapeutics; value-based care; aging

in place; caregiving

Introduction

Background

Owing to the degenerative nature of the disease, personsliving
with dementia require escalating support for their care and are
increasingly vulnerable to institutionalization. The historical
model for providing care to persons living with dementia has
involved the heavy use of facility-based care at great financial
and socid costs to the Centers for Medicare and Medicaid
Services and persons living with dementia and their families
[1,2]. On average, the total per-person Medicaid payments for
personsliving with dementiaaged >65 yearsare 23 times higher
than Medicaid payments for other Medicare beneficiaries [1].
In 2020, the national cost of caring for people with Alzheimer
disease and related dementias (ADRD) is projected to reach US
$305 hillion, with 67% (US $206 billion) paid by Medicare and
Medicaid to cover health care and long-term care payments for
people with ADRD [1]. As such, over 50% of persons living
with dementiadiein nursing homes or medical facilities[3].

Caregiver Rolesfor PersonsLiving With Dementia

Persons living with dementia overwhelmingly want to age in
place and avoid ingtitutionalization [4]. To live at home longer,
persons living with dementia require support from (1) formal
or clinical caregivers (ie, paid professionals), who often lack
knowledge of personsliving with dementias’ personal histories
and have high turnover rates, or (2) informa or nonclinical
caregivers (eg, family or friends), who may have difficulty
coping with behaviora and psychological symptomsof dementia
(eg, aggression and anxiety) [5]. To address this need, the
Centers for Medicare and Medicaid Services is transitioning
long-term care services from ingtitutional care to home- or
community-based services, including expanding Medicare
Advantage (MA) plans to include nonclinical services as
reimbursable supplemental benefits[6].

The importance of those who engage with persons living with
dementia to deliver such care services will become amplified
as the demand for nonclinical home care services increases
worldwide. Such expansion of services is certainly welcome,
as evidence currently supports the benefits of nonclinical home
care providers on patient outcomes [7]. Research findings
demonstrate that nonclinical providers can reduce behavioral
and psychological symptoms of dementiaand health care costs
through consistency of care and person-centered engagement
[8]. However, home care providers reported a mean caregiver
turnover rate of 82% in 2018 [9], which often translates into

https://aging.jmir.org/2022/1/e32516

prevalent service disruptions. In addition, home care providers
lack solutions to ensure that frontline nonclinical caregivers
have the necessary knowledge of personsliving with dementia's
personal histories to implement evidence-based care methods
[9]. Even with appropriate knowledge, nonclinical providers
typically lack systems and processes to demonstrate improved
clinical outcomesand cost savings[10,11]. Thiscurrent struggle
represents a promising opportunity for nonclinical home care
providersto have accessto user-friendly, easily implementable
data collection tools.

The use of information communication technologies (ICTs) by
frontline care staff to enhance patient care and record clinical
outcomesiscommon in hospitals, long-term carefacilities, and
skilled home health care [12]. However, ICT use by frontline
caregiversin nonclinical home careisrare. A small number of
providers are exploring solutions for family connectivity and
remote care; however, there have been no known technology
solutions for frontline caregivers that specifically address the
use of digital therapeutics to enhance social engagement and
data collection for both persons living with dementia and their
caregivers.

Development of a Technology-Based Data Callection
Tool

Generation Connect, a gerontology-focused software
development company, devel oped adigital therapeutic platform
to support informal and formal caregivers (FCGs) in the care
of persons living with dementia (Figure 1).

The Generation Connect platform was originally conceptualized
to enhance the informal caregiver's understanding of
evidence-based nonpharmacological interventions and support
FCGs in facilitating person-centered care. The Generation
Connect platform focuses on thefollowing three key technology
initiatives to address barriers to aging in place: (1) the
deployment of specially configured tablets to enhance persons
living with dementia s engagement routines, (2) the devel opment
of an application to improve collaboration between home care
providers and informal caregivers, and (3) the creation of
assessment tools to streamline data collection related clinica
outcomesfor personsliving with dementiaand their caregivers.
The Generation Connect platform is intended for its design to
be used across al stages of dementia. Current users tend to be
in the moderate to later stages of dementia; however, future
effortsare being planned to broaden its usage for personsliving
with dementiain the earlier stages.
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Figure 1. Generation Connect platform configuration. HIPPA: Health Insurance Portability and Accountability Act.
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Generation Connect partnered with the University of
Wisconsin—Madison to determine how care providers’ use of
computer tablets to engage persons living with dementia
improved their mood and influenced caregiver satisfaction
[13,14]. Thispreliminary research motivated further exploration
of (1) complications saving client preferences, (2) the inability
to digitally engage informal caregivers while maintaining the
Health Insurance Portability and Accountability Act (HIPAA)
compliance, and (3) the lack of systems for collecting clinical
data

To begin addressing the insights gained from these preliminary
studies, Generation Connect received afeasibility grant funded
by the National Institute on Aging from the National Institutes
of Health Small Business Innovation Research (NIH SBIR)
phase 1. The purpose of this grant wasto develop an innovative
technology solution that could eventually help improveclinical
outcomes, reduce health care costs, and lower out-of-pocket
costsfor personsliving with dementiawho receive care through
home care agencies. Through the NIH SBIR grant, Generation
Connect sought to enhance the platform to address the following
three key technology initiatives: (1) develop platform features
that prompt care teams (informal caregivers and FCGs) to
participatein evidence-based engagement strategies (eg, music,
reminiscing, and socialization), (2) deploy HIPAA-compliant
tabletsto help care teams personalize these engagement routines,
and (3) integrate clinically validated assessment toolsinto care
routines.

Objectives

As part of the initial exploration and discovery phase of this
grant, aseries of focus groups were conducted with key project
stakeholders, including (1) home care agency corporate
leadership, (2) home care agency franchise owners, (3) home
careagency FCGs, and (4) informal caregiversof personsliving
with dementia. The purpose of this phase of the project is to
evaluate the information elicited from the series of stakeholder
focus groups conducted by the Generation Connect design team
to develop a better understanding of existing processes, needs,
barriers, and goals for the use of adigital therapeutic platform
by home care agencies and informal caregivers.

https://aging.jmir.org/2022/1/e32516
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Methods

Overview

A formal qualitative approach [15] allowed for the unrestricted
generation of ideas that would best position the Generation
Connect platform to enable home care providersto differentiate
their dementia care services, involve informal caregivers,
improve FCG well-being, and extend the ability of persons
living with dementia to age in place. Focus group participants
completed an electronic survey before engaging in the focus
group sessions, which included a section explaining the study
and requiring their consent to participate.

Ethics Approval

Thisstudy was approved by the WCG institutional review board
(IPCDCDA-2020).

Focus Group Participants

The following stakeholder categories represented the focus
group participants:

«  Franchise owners (organization A): it was anational home
care agency with 565 independently owned and operated
units. A partnership with Generation Connect in 2018
involved an apha pilot to deploy the Generation Connect
platform in 10 markets, which continues to be used in
clients homes. These owners also participated in testing
the platform and recruited clientsfor thisNIH SBIR project.
These home care leaders had direct experience in
implementing the Generation Connect platform as part of
their home care services. Theseindividual s provided unique
insights into how the Generation Connect platform
influenced clinical outcomesfor clientsand FCG, business
outcomes, and FCG satisfaction and company culture.

« FCGs (organization A): it was a group of 15 professional
caregivers with experience using the Generation Connect
platform as part of the alpha pilot mentioned in item 1.
These frontline care workers had direct experience using
the Generation Connect platform among people with
dementia. FCG often lacked a personal relationship with
the people with dementia but had more dementia-related
experience than other FCGs.
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- Informal caregivers (receiving services from organization
A): it was agroup of 4 women caring for their fatherswith
memory loss who have experience using the Generation
Connect platform as part of their loved one's care. These
stakeholders could be seen as more directly reflecting the
perspective of the person with dementia, asrecruiting people
with dementia was unfeasible for this study. Family
caregivers have extensive, and often complex, relationships
with the care recipient and other family members. These
family members had direct experience using the Generation
Connect platform as part of receiving home care services
and provided a valuable perspective on how Generation
Connect platform use could affect home care services.

- Franchise owners (organization B): it was a medical and
nonmedical home care provider, with over 500
independently owned and operated unitsin the United States
and 130 abroad. These home care leaders did not have
experience using the Generation Connect platform but had
agreed to participate in phase 1 pilot testing. They were
specially selected by the corporate |eadership team because
of their past experience in implementing caregiver
technologies and specialty dementia care programs. They
can provide unique insights regarding the challenges of
clinical implementation, business strategy, and impact on
company culture for such programs. These owners aso
participated in testing the Generation Connect platform and
recruited clients for the NIH SBIR project.

« Corporate leadership team (organization B): Generation
Connect partnered with organization B to recruit owners
for participation in phase 1 activities to deploy and pilot
test the Generation Connect platform. Similar to
organization A, they are one of the largest franchisors (=650
locations) and have experience piloting caregiver
technology initiatives across their franchise network.

«  Corporate|leadership team (organization C): anational home
care franchisee, with >600 independently owned and
operated units in the United States and nearly 480 abroad.
Generation Connect had been involved with organization
C on consulting projects involving senior technology, but
the organization had no previous experience using the
Generation Connect platform. As one of the largest home
care franchisors (=1100 locations), with extensive
experience in implementing national tech initiatives, they
can provide unique insightsinto moderators and mediators
of widescal e Generation Connect platform adoption across
the franchise network.

Participant Recruitment

Parti cipants with direct knowledge of existing processes, needs,
and barriers related to dementia care in the home were
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purposefully selected to participate in the focus group sessions.
For the corporate focus groups, Generation Connect sent an
invitation to our primary point of contact from organizations B
and C, inviting corporate leaders to participate. Both
organizationsare national leadersin nonmedical home careand
have recent experience implementing technology initiatives at
the corporate level. Our contacts recruited colleagues that
provided the most helpful insights. It was an open invitation for
corporate |eadership within the organization. Corporate |eaders
from organization B hel ped recruit franchise ownersfrom within
the network to participate in focus group and product testing.
For the franchise owners' focus groups, we invited all home
care owners who opted to participate in phase 1 pilot testing. It
was an open invitation to local franchiseeleadership staff. Each
organization had at least one director-level employee who
participated in thefocus groups. For the FCG focus group, home
care leadership invited 17 FCGs with experience using the
Generation Connect platform to beinvolved in the focus group;
of the 17 FCGs, 15 (88%) decided to participate. For the
informal caregiver group, each of the 4 organization A owners
involved in phase 1 offered 1 family member with previous
experience using the platform the opportunity to participate in
the focus group, and all 4 accepted.

All participants from organization A, including franchise
owners, FCGs, and informal caregivers, had firsthand experience
using a pilot version of the Generation Connect platform.
Although the franchise owners of organization B had no
previous experience using the Generation Connect platform,
they had experience implementing a variety of dementia care
and technology initiatives.

Interview Guide Development

Interview guides for each stakeholder group were devel oped
by the research team. Guide development was informed by
Technology-Enabled Caregiving in the Home (TECH) [16],
which is the theoretical framework that guides this research
(Figure 2).

The TECH framework examines the characteristics that could
influence FCGs' adoption of technological platforms that, in
turn, can contribute to persons living with dementia and
caregiver outcomes. Thematic model domains include (1)
individual, socioeconomic, or technical moderators; (2) barrier
or facilitator mediators; and (3) technol ogy-rel ated measurement
issues. This model provides a map of thinking as the basis for
broader adoption of caregiving solutions [16]. Influencing
caregiving through such moderating and mediating pathways
to improve caregiving outcomes has the benefit of promoting
technological solutions throughout the system of caregiving.
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Figure 2. Technology-Enabled Caregiving in the Home framework (adopted from a study by Lindeman et a [16]).
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The interview guides were distributed internally for review,
involving team memberswithout clinical or domain knowledge,
to ensure that they were easy to comprehend and interpreted
uniformly. Then they were refined based on reviewers
feedback. This refinement process involved nonsubstantive
improvements in readability and understandability to prompt
uneguivocal responses more directly from participants. The
resulting guides were structured for 1-hour—ong interviews.

Focus Groups

Between November 2020 and January 2021, the Generation
Connect staff conducted a total of 6 focus groups with
stakeholders. For confidentiality and proprietary reasons, focus

Table 1. Focus group question categories by recipient.

Standards and
regulations

User-centered design i
Training

groups with home care corporate leaders and home care
franchise owners and case managers were conducted separately.
This separation helped ensure that members of both stakeholder
groups would feel more comfortable in freely sharing
information about their company. Owing to the COVID-19
pandemic, al focus groups were conducted via a
HIPAA-compliant version of GoTo's GoToMeeting, an
internet-based meeting platform. Dates and timesfor interviews
(conducted by MP or DD) were scheduled based on the
convenience of each participant. Theinterviews of focus group
participants generally followed the structure of the focus group
guides and questions related to the themes relevant to each
stakeholder group (Table 1).

Focus group question categories
Corporate leaders

Franchise owners and case managers

Question category included in the recipient focus group

Formal caregivers Informal caregivers

Person-centered dementia care or care O O
service

Social determinants of health

Approach to Medicare Advantage ad O
Caregiver staff

Tracking outcomes O
Living with dementia

The role of technology in client care ad O

Technology-assisted caregiving

g O
O
g O

Analysis of Interview Data

Focus group meetings were automatically transcribed by
GoToMeseting. The transcript was reviewed, verified for
accuracy and anonymity, and deidentified by the Generation
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Connect staff. All deidentified transcripts were then made
available to the University of Wisconsin-Madison researchers
through upload to a secure university network server to further
control for data security and confidentiality. A general inductive
and iterative content analysis approach was used to generate
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the devel opment and identification of thematic categoriesfrom
theinterview data. These themes were derived according to the
relevant TECH factors (individual, socioeconomic, or technical
moderators, barrier or facilitator mediators; and
technology-rel ated measurement i ssues) and the various TECH
variable domains within each factor. The inductive approach is
a systematic procedure for analyzing qualitative data that are
commonly used in health and social science research and
evaluation [17]. An experienced qualitative coder (AG)
independently coded all interview transcripts while devel oping
a preliminary coding scheme to capture themes related to
caregiver, patient and family, work system, and programmeatic
factors. Effort was made to ensure that the initial list of codes
avoided overlap and reduced redundancy whenever practicable.

Oncethetranscriptswerereviewed and coded, and all the codes
and subcodes were compiled, they were transferred to another
researcher (MG). The researcher then independently read the
transcript to validate both the coding (ie, the interview content
that was assigned to a code) and the list of codes. After the
initial validation process, the researchers met to compare their
coding results. The researchers sought consensus to resolve
discrepancies in coder agreement to ensure more accurate
coding; 100% consensus was achieved across all codes and
subcodes. In the final stage of this coding process, the same 2
researchers again evaluated the extracted content within each
code for consistency and were then forwarded to Generation
Connect staff (MP) for review, which resulted in no additional
changes and represented the final validation of the codes and
subcodes and their application to the interview text. The final
coding dictionary consisted of five main codes, with 40 subcodes
across the main themes: care services, cost, finance, resources,
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data, documentation, outcomes, resources for caregivers, and
technology.

This phase 1 study did not meet the criteria for an Applicable
Clinical Tria; therefore, it was not registered on
Clinical Trials.gov.

Results

Overview

A total of 39 participants were interviewed during the 6
stakeholder focus groups. Thefollowing five overarching coding
themes were identified and are presented here in order of
frequency: (1) technology related; (2) care services; (3) data,
documentation, and outcomes; (4) cost, finance, and resources;
and (5) resources for caregivers. For each coding theme, the
most frequent subthemes served asthe key finding for this paper.
In addition, after the broad themes and key findings are
provided, a separate section titled Other Relevant Findings is
offered to highlight content that was frequently elicited from a
particular stakeholder group or that represented unique or
noteworthy implications. Table 2 demonstrates the frequency
with which the various themes and subthemes were represented
and the extent to which individual stakeholder groups
contributed to each.

Exemplar statements obtained through focus group transcripts
are listed for each stakeholder group that offered feedback for
a particular subtheme, to provide qualitative support for each
of the coding domains. When necessary, interview participants
guotations were edited to remove nonsubstantive interjections
or repetitive words or phrases or connect partial phrases that
were eventually stated in their entirety.
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Table 2. All identified focus group themes and frequencies.

Gilsonet d

Identified theme Corporate (n=196), Formal caregiver ~ Franchissowner  Informal caregivers Tota (n=550),
n (%) (n=94), n (%) (n=222), n (%) (n=38), n (%) n (%)
Care services 53 (27) 22(23.4) 47 (21.2) 12 (31.6) 134 (24.4)
Ability to react to changes 2(3.8) 2(9.1) 8(17) 3(25) 15(11.2)
Addressing family needs 1(1.9) 0(0) 2(4.3) 0(0) 3(2.2)
Assess and support cognition or mental 12 (22.6) 0(0) 6(12.8) 0(0) 18 (13.4)
health
Expanding care services 6 (113 0(0) 2(4.3) 0(0) 8(6)
Individualized care 7(13.2) 1(4.5) 12 (25.5) 0(0) 20 (14.9)
Maintaining patient in home 1(1.9 0(0) 0(0) 0(0) 1(0.7)
Petient and family engagement 15(28.3) 2(9.1) 12 (25.5) 1(8.3) 30(22.4)
Preparation for personal carerather than 4 (7.5) 0(0) 1(21) 0(0) 5@3.7)
clinical care
Response to patient 1(1.9) 17 (77.3) 4(85) 8(66.7) 30 (22.4)
Variability of care services 4(7.5) 0(0) 0(0) 0(0) 4(3)
Codt, finance, and resour ces 33(16.8) 332 44 (19.8) 2(5.3) 82(14.9)
Administrative burden 3(9.1) 0(0) 3(6.8) 0(0) 6 (7.3
Cost issues 5(15.2) 0(0) 10 (22.7) 1 (50) 16 (19.5)
Cost options 11(33.3) 1(33.3) 1(2.3) 0(0) 13(15.9)
Dedicated staff 2(6.1) 0(0) 5(11.4) 0(0) 7(8.5)
Medicare Advantage or other programs 10 (30.3) 0(0) 14 (31.8) 0(0) 24(29.3)
Need for resources 1(3) 2(66.7) 1(2.3) 1(50) 5(6.1)
Turnover issues 13 0(0) 10(22.7) 0(0) 11(13.9)
Data, documentation, and outcomes 38(19.4) 8(8.5) 36 (16.2) 7(18.4) 89 (16.2)
Demonstration of value 15(39.5) 0(0) 3(8.3) 0(0) 18(20.2)
Demonstration of value (patience) 0(0) 0(0) 4(11.1) 0(0) 4(4.5)
Documenting patient routinesand inci- 1 (2.6) 2(25) 1(28) 7 (100) 11 (12.4)
dences
Need to document outcomes 17 (44.7) 0(0) 13(36.1) 0(0) 30(33.7)
Need to document outcomes (standard- 1 (2.6) 0(0) 0(0) 0(0) 1(1.1)
ization)
Need to document outcomes, with some 1 (2.6) 0(0) 0(0) 0(0) 1(1.1)
limitations
Sharing information and resources 3(7.9) 6 (75) 15 (41.7) 0(0) 24 (27)
Resources for caregivers 15 (7.7) 21(22.3) 31(14.0 3(7.9) 70 (12.7)
Allocating caregiver services 2(13.3) 0(0) 7 (22.6) 0(0) 9(12.9)
Benefit of experience 0(0) 6 (28.6) 5(16.1) 0(0) 11(15.7)
Caregiver support and mentoring 0(0) 0(0) 5(16.1) 0(0) 5(7.2)
Need for training and education 13 (86.7) 15 (71.4) 14 (45.2) 3(100) 45 (64.3)
Technology 57(29.1) 40 (42.6) 64 (28.8) 14 (36.8) 175 (31.8)
Acceptance of technology 6 (10.5) 3(7.5) 7(10.9) 1(7.1) 17 (9.7)
Acceptance of technology and barriers 4 (7) 2(5) 1(1.6) 3(21.9) 10(5.7)
to use
Acceptance of technology, but not uni- 0 (0) 0(0) 1(1.6) 0(0) 1(0.6)
versal
Benefit of family contributing content 4 (7) 1(25) 3(4.7) 3(21.9) 11 (6.3)
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Identified theme Corporate (n=196), Formal caregiver ~ Franchise owner Informal caregivers  Total (n=550),

n (%) (n=94), n (%) (n=222), n (%) (n=38), n (%) n (%)

Benefit of personalized content 7(12.3) 11 (27.5) 11(17.2) 3(21.4) 32(18.3)

Benefit of technology 19 (33.3) 10 (25) 20 (31.3) 1(7.1) 50 (28.6)

Benefits of technology, mostly but not 0 (0) 1(2.5) 0(0) 0(0) 1(0.6)

aways

Bgnefits of technology, with somelimi- 1 (1.8) 0(0) 5(7.8) 0(0) 6(3.4)

tations

Challenges of technology 5(8.8) 9(22.5) 9(14.1) 1(7.1) 24 (13.7)

Expanding personalization options 2(35) 3(7.5) 1(1.6) 2(14.3) 8(4.6)

Expanding technology 3(35) 0(0) 5(7.8) 0(0) 8(4.6)

I ntegrating technology into standard care 6 (10.5) 0(0) 1(1.6) 0(0) 7(4)

Theme 1: Technology Related

Overview

The purpose of the focus group interviewswasto elicit feedback
that would ultimately help guide the development and
refinement of a tablet-based innovative technology (the
Generation Connect platform) to be used with patients with
dementia. Asaresullt, it isnot surprising that technol ogy-related
content was the prevailing thematic area (occurring 175 times).
The stakeholder focus group participants provided feedback
about a wide range of issues related to technology—from the
degree of acceptance by patients, family members, and
caregivers to its benefits and challenges and the positive
implications of expanding various aspects of technology into
patient care activities. Asindicated by thelisted subthemes, this
theme is characterized by a variety of categories, including
desire to involve technological advances as an expected part of
standard patient care.

Key Finding 1: Benefits of Technology

One-third of al instances of technology-related content were
specific to the benefits of technology, that is, this subtheme
tended to illustrate the extent to which various technological
programs enhanced patient care or family engagement. The
benefits of technology subtheme was primarily endorsed by
corporate leaders and franchise owners and case managers,
although FCGs dso viewed it as a benefit. It was rarely
mentioned among informal caregivers, whichismore afunction
of the questions asked rather than not accepting or having a
negative view of technology.

Key Finding 2: Engagement, Training, and | mpact

Asfor the corporate leader focus group participants, they were
asked to speak to making engagement between the caregiver
and the person with dementia part of the care plan. The specific
guestion was “Is [engagement] something you guys have seen
inyour network or something that’s on your radar as part of the
training and approach, you guys are taking the dementia care?’

How do you get people to personalize care, period,
and to learn and to make better days? That's the
thing. And it'sthe hardest thing, but if you can figure
it out with this app, we're, we're interested.
[Corporate Staff 2, December 3, 2020]
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The same corporate leader reflected a similar sentiment when
asked to consider their in-house training resources and their
strategy for not only developing proprietary resources but also
leveraging third-party resources to supplement the training:

But we have a lot of caregivers that are learners.
They, just, they wanna learn more, want to know
more. So that's why we've offered this additional
platform, that wasthird party. And we' ve also, we' ve
put it sort of on demand, so that they can take it
whenever. There, it's convenient for them, and in any
setting. [Corporate staff 2, December 3, 2020]

When franchise ownerswere asked about an aspect of dementia
care that they were most proud of, one responded:

So, | would say that's the thing that we're probably
most proud of...is the way that we have been able to
engage clients and their family members...In some
cases, family members who really weren't that
involved became much more involved, um, asa result
of this, of this program. So, we have family members
who, you know, maybe lived at a farther distance,
and this became the catalyst for themreally becoming
involved in the care. And just the checking in on their
loved one, and it gave them a way to...create
memories, by sharing old memories, and then seeing
how their loved onereactsto it by the entriesinto the
[Generation Connect] platform. It was just a really,
I’m very proud of the way that this tool has helped,
not only the clients, but also the family members to
really create new memories and have a memorable
experience. [Franchise owner and case manager,
location C, November 11, 2020]

Key Finding 3: ChallengesLimit Benefits of Technology

There were aso a few occasions (n=7) when various
stakeholders acknowledged the benefits of technology but
additionally admitted that the realization of those benefits can
be somewhat undermined by particular challenges that limit
their effects:

I mean, we do alot of education on the careteamand
who all that involves and asfamily caregiversthere’'s
the primary and the secondary caregiver and then
even those, beyond that, that can support in various
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ways. So, | would say that it’s probably donein more
like an educational forum and then | would agree,
that homecaretablet really does allow for morefamily
connection even just...the social aspects. Maybe it's
not helping with the direct care but just connecting
the families. We've seen a lot of great success with
that. [Corporate staff 1, December 3, 2020]

Again, it really depends...on the caregiver or client
technology. If we're able to do a HIPAA compliant
we are definitely using that, but in some cases they
don't have an iPad working, we are using the
caregiver cell phone which sometimes the caregivers
have technol ogy glitches on their end and maybe you
can't get it a Zoom meeting going. [Franchise owner
and case manager, location H, November 11, 2020]

My clientsthat | worked with and did alot of zooming
with, | had to keep educating the family, like how to
get things to work, right, because they got a little bit
dependent on me being able to know how to do this.
And they wanted to be able to use it too. And | have
to keep telling them, OK, thisiswhere you go for this.
It was hard sometimes to keep saying it...There were
times that my client wasjust got tired quickly. [FCG,
location A: CG 3, November 12, 2020]

However, it isreassuring that the various benefits of technology

were considered prevalently among stakeholders.

Theme 2: Care Services

Overview

Unsurprisingly, content related to patient care services was
frequently mentioned (134 times) throughout the discussions
with all stakeholder groups, as improvements in patient care
underlies the objective of this technology-based project and
these services. In addition to general aspects of caregiving
practice, this theme encompassed attributes of clinical care,
including the use of formal cognitive or mental health
assessments. The care services that were mentioned also
extended to family members and efforts to improve their
interactions with the patient.

Key Finding 1: Patient and Family Engagement

Input from all stakeholder groups informed this subtheme and
identified the variety of waysin which engagement with patients
and families took place. Such activities range from athorough
review of the patients' care plan with their families to helping
family members interact with their loved ones with dementia,
either through direct involvement or through technology:

Soecifically, we walk through the whole care plan
and all of the activities that we're going to do to
massage and exercisethat cognition while al so taking
care of all the ADLs and the |ADLs that we have to
manage during that visit. Then we ask the family,
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basically, to enter into an agreement or a contract
with us at that, | understand, this care plan, and |
understand that this is different. [Corporate staff 1,
February 2, 2021]

We've tried to use that meet and greet kind of
program that [Location G Owner 7] was talking
about. But we have found that every time we set up,
know, a plan or rule that says, “that’s what we're
going to do,” it doesn't work...If we have a real
serious dementia situation...that it's going to be
challenging, then we absolutely will have [ Location
B Dementia Specialist] go there and introduce and
even stay the whole first shift with that caregiver, in
order to make sure that the transition works.
[Franchise owner and case manager, location B,
January 22, 2021]

S0, she was going through a lot with her family, was
going through a loss. | wanted to make sure that it
was truly the family agitating her, and not just her
demeanor. Over time, once | started to realize what
exactly was agitating her and making her days more
difficult, I initially started by bringing it up with the
office...But eventually, | did start to have some
discussions with [family], just to let them know that,
obvioudly, their intentions are in the right place.
But...it's very difficult for them to see sometimes the
repercussions of the things that they're saying, the
thingsthat they' re doing, especially when their family
member is in a facility or is far away because they
might see them for a few minutes, but who’s there for
the rest of the day. So, thankfully, I’ve, I’ ve gotten a
little bit better with being able to address those things
with them because | have created a really good
relationship with the family. [FCG, location E: CG1,
November 12, 2020]

I think, with my sister living in Texas, it would have
been great, as [Location A: Family 1] said, to
comment back, to be ableto have a conversation with
a carggiver. The other thing isthat it would have been
super helpful to know which caregiver posted what
comment about my mom. Because, that would have
helped usto figure out who's using it, and who's not.
[Informal care partner, location C:. family 1,
November 17, 2020]

Key Finding 2: Response to Patient

All stakeholder groups contributed information that was rel evant
to responses to patients, although corporate |eaders mentioned
this only once. This subtheme could apply to either caregivers
and family members' responses to patients (Table 3), with the
objective of interacting with patientsin a manner that does not
exacerbate the patients emotional state or result in family
members anxiety.
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Table 3. Direct quotes responding to the patient from the caregiver and family member perspectives.

Staff

Caregiver response to the client

Family member response to the patient

Corporate staff

Franchise owner
and case manager

Formal caregiver

Informal care part-
ner

None

“You know, it's been nice to have access to an engagement tool
wherewe can engagein adifferent way with our clients. We've
had a couple particular situations where the caregivers have
really embraced the concept of the iPad and have had one-on-
one training with [Cofacilitator] from Generation Connect,
which has been really awesome. And really hel ped them to de-
velop and get a better understanding of how to really use the
iPad to better engage the clients and just seeing the caregiver's
just come up with more creative ideas of how to use the iPad.”
[Franchise owner and case manager, location B]

“So, what | try todois, | try to redirect, | have a patient now.
Who, she'll tell me, did my husband died? And | will tell her,
yes. | heard he was such ajokester, why don’t you tell me about
ajoke? And even though she, it'skind of like she’sreliving the
grief every time to hear that she died it’s bringing up happy
memories, uh, know how he was when he was alive.” [Formal

caregiver, location C: CG*2]

“Building on what [Location F: Family 1] said when | first no-
ticed changesin my dad. | wanted him understand things logi-
cally. So, | would argue with him and try to make him see my
point of view, which only led to not good situations. And my
case worker through [home care company] sort of suggested to
redirect. If we're talking about something, mentioning some-
thing else, can redirect the conversation’s show that his mind
would go on something else, not what we were talking about,
and gradually, | learned to just go with the flow.” [Informal
care partner, location E: Family 1]

“So, alot of time, and | think that’s what makes our cognitive
support program special, that we really do work and educating
the family. Through that process, but that also might mean that
they're not willing to accept that their loved one needsto bein
this type of receiving this type of care. So, there’'salot of just
human elements that we're dealing with in this as well.” [Cor-
porate staff 1]

“We do get, sometimes, you get [apatient] who isjust soresis-
tant and the family member gives up. That mean, you know,
the care recipient only wants that family member around them,
uh, attempts to throw everybody out. And the family member
just decides that it's not worth, the hassle” [Franchise owner
and case manager, location B]

“The client’s family. Daughter in-law and son she lived with
were very well educated. He was a professor. She was aregis-
tered nurse. And when | would come, they would argue with
her al the time, and it made me feel like | was the bad guy be-
cause | would go along with it. If she told me, ‘the moon was
made of green cheese,’ but they would argue all the time with
her. And | know, [my manager], she gave them lots of videos
and lots of linksto look at. but they just wanted nothing to do
withthat. If they weretherethewholetimethat | wastherewith
them, | was exhausted mentally and physically, and | mean
there weretimes| |eft there crying, because | was so upset with
them. And then, the client that | had just before this one, |
couldn’t have had a better support system with a son and
daughter-in-law, | mean, it'sjust phenomenal. She was a
teacher and | forget what he did, architect. But, you know, |
just, yeah, | just feel the mind hasto be open to the heart or vice
versato be able to understand the daughter of my client now.”
[Formal caregiver, location A: CG2]

“1 did alittle bit of reading, but to me, it just started feeling that
[it] was the only choice, you know, because | really wasn't in-
terested in having an argument with my dad, you know. | didn’t
need to win him over to my point of view. So, | think that was
just alittle bit, for me, it just seemed like a natural thing to do.
| think my sister, | think she, just, over time, also saw that there
wasn't any percentagein it...we were not able to convince him
of thisfactual thing, or that actual thing, and so | think she's,
that, just over time, she also kind of, | don’'t know, maybe she
saw me do it, but it also could just have come to her. She just
has a different personality. She’'s amore, she'samore logical,
analytical person so that you know that was her, her go-to’s—
we'll lay out the facts. | have a different way of being in the
world. And so, I’'m more interested, I’'m more looking like,
‘well, what's, you know, what's the relationship here, what's
connected?” [Informal care partner, location F: Family 1]

8CG: caregiver.

Theme 3: Data, Documentation, and Outcomes

Overview

Corporate leaders and franchise owners and case managerswere
much more likely to offer information about data,
documentation, and outcomes than FCGs and informal care
providers. Intotal, all stakeholder groups referenced thistheme
89 times. Overall, such feedback related largely to the use and
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value of cataloging changes in patients mood or behavior to
evidence the effects of treatment. However, there was aso an
interest in communicating about sharing information and
resources and in factors that can undermine such sharing to
caregivers or family members.

Key Finding 1: Need to Document Outcomes

This subtheme reflected the same pattern of responses as the
overall thematic category, with only the corporate leader and
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franchise owner and case manager stakeholder groups having
input about the need to document outcomes. Much of this
feedback was elicited from direct questions about efforts to
quantify patient care outcomes and the limitations of such
efforts:

Our operating systemisthe onethat every home care
company uses, and so we track a care plan and we
track the tasks that are done every day. But where
the outcome is...the seniors' needs, or goal, and the
family’sgoal. And that’s an, a text box. And so, that's
one issue where we're, you know, we can’t really
match what the goal is with the “what's
happening” ...also the way our systems are set up —
they're not built, for pulling outcome data, [and] it's
hard to track hospitalizations when there's nowhere
to capture where, when they had their last
hospitalization before they became one of our clients,
for example. [Corporate staff 2, December 3, 2020]

We track incidents and falls for the Department of
Health. e have to have an incident book if somebody
falls or something happens. So, we try to track those
to see, you know, just for that reason, clearly, if
somebody isfalling alot, wetry to figure out why and
make changes on it, you know, so, we'll just keep
track of it in our system, client file. No, that’s about
it. [Franchise owner and case manager, location G,
November 11, 2020]

Key Finding 2: Feasibility of Using Technology to
Document Outcomes

Although there was prevalent recognition of the utility of
outcome measurement, 1 focus group member brought up a
specific constraint relating to this objective:

But, right now, so we actually input into our operating
software, ways that they could track..mile
markers...But our Franchisees actually haveto goin
and check the mile markers. And then they have to
do the assessment repeatedly, so that they can see
wherethey' re at on the mile markers. And we actually
have care plan associated with all four of those
different ability levelsthat a client will go into, based
on where they're at in the journey, based on their
ability level, and what they're likely able to do, and
what they're likely not able to do, based on their
disease progression. The problem is tracking. So,
right now, to [corporate staff 4]'s point, | can't get
that information to a family unless our franchisees
regularly monitor assess and are input that
information into our software. [Corporate staff 1,
February 2, 21]

In addition, when questioned about the potential for
standardization of assessment forms in the system, as a means
to consistently compare among franchises, it was admitted by
one stakeholder that standardization was not feasible at the
present time: “ But thereis no standard assessment form either”
[Corporate staff 2, December 3, 2020].
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Theme4: Cost, Finance, and Resources

Cogt, finance, and resources represents the most unique theme
(with 82 identified instances), where most of the rel evant content
was obtained from corporate |eaders and franchise owners and
case managers. In addition to the issues most relevant to this
theme, other related content involved discussions about the
benefit of having staff members who are dedicated to specific
activities or responsibilities, factors influencing staff turnover,
and MA and other reimbursement programs, most of which
involve some amount of administrative burden.

This most frequent subtheme was derived from focus group
questions related directly to the topic of MA. Such questions
elicited quite elaborate responses related to the pros and cons
of this reimbursement policy, which is illustrated most
thoroughly with the following corporate leader stakeholder
feedback:

| mean, the biggest issue right now is just
reimbursement, and hours, right? So, you're exactly
right, Your last comment. It is true. There's, we're
seeing more demand than we've ever seen. Why in
the world would we waste the time on Medicare
Advantage when the reimbursement isn’t? We can’t
pay our caregivers, so there's no margin. You're
getting 20 hours, a quarter of care, which really
doesn’'t have any sort of impact on outcome anyway.
The only reason that we're even, and we do
participate in a few Medicare Advantage plans, but
ultimately, the only reason is to collect the data on
why shouldn’t we do it anymore. [Corporate staff 3,
February 2, 2021]

We, actually, | should say we hilled, but did not get
paid through some Medicare Advantage plans. And
the mativation is, it'sreally, it'skinda like long term
care in my mind. You're billing a policy that
somebody has paidinto and it helpsthem get the care
they need, right? That type of thing. We had,
previously, probably, most of the people on here don’t
do this anymore. We had done an assignment of
benefits or policies and we're phasing that out. Some
of them, you know, obviously will keep the ones that
we still do an assignment of benefits for, but we won’'t
be doing that anymore, because an insurance
company will always pay their member beforethey' I
pay us. So, that’s one of the reasons we're phasing it
out. But | think the idea behind it isit gives care to
people that might otherwise not be able to afford it
or might not even want - if they understand the
benefit. It might help them remain independent and
at home longer, if they utilize those benefits that they
have. [Franchise owner and case manager, location
F, January 22, 2021]

Theme5: Resourcesfor Caregivers

Unsurprisingly, content related to patient care services was
frequently mentioned during the stakeholder discussions (70
times), as improvement in patient care is the objective of this
technology project and these services. Despite the different
subthemes, the concepts within this theme universaly
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highlighted the importance of training and support as a key
function in maintaining the ongoing use of the Generation
Connect platform.

Despite the general view that technology has its uses and
advantages, it was evident from focus group responses that
home care provider staff and family members have a need for
training or education, especialy in relation to technology.
Although there were particular questions designed to elicit
information about education or training needs, some of the
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content was forthcoming naturally when describing other aspects
of patient care. The need for training and education was
endorsed relatively evenly across corporate |eaders, franchise
owners and case managers, and FCGs; however, informal
caregivers also provided relevant feedback about their need for
dementia-related knowledge. Table 4 details the perspective of
the focus group participants related to training and education
related to technology and caregivers or family members
knowledge about dementia.
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Table 4. Direct quotes responding to the need for training and education related to technology or knowledge about dementia.

Staff Training or education related to technology Training or education related to caregivers’ or family members’
knowledge about dementia
Corporate staff “But | do know that that the caregivers play abig role and “1 would say that another addition, though, to the proprietary

Franchise owner
and case manager

Formal caregiver

Informal care part-
ner

there’salot of training that the office does for the caregivers
to say, you know, thisiswhat the tablet is. Thisis how you can
engage. And the caregivers, | think there's an app specificaly
for the caregiver on the tablet, so they'reinteracting with it
regularly for likethingslike clockingin and out, and those types
of things, so that automatically | would imagine alot of times
prompts engagement too with the client, because the caregiver’'s
interacting with it so regularly. | think another neat function is
that the tablet has like scrolling pictures on it, so when it's
charging even, it'skind of like arotating picture frame. So, |
think that that in and of itself to kind of prompts interaction
with it, especidly if there’'s anew photo that they haven't seen
before. But | would imagine for those living with dementia,
probably is more caregiver interaction.” [Corporate staff 1]

“1 think the biggest thing for usisjust continuing to keep the
education piece on all staff. So, our frontline workers being
trained in dementia care, because you never know when you're
going to have an opportunity, where current client, they're tak-
ing care of, starts experiencing, signs, and symptoms. So, you
know, | think, the, earlier we catch it on, then, the better part-
nership we have with the frontline staff and the families. And
that'skind of agoal that I’ve been doing in the community, you
know, barring this year, is educating people and, you know,
trying to bring technology into it.” [Franchise owner and case
manager, location H]

“So, we've just had alot of success with it. The only difficult
part has been making it work with providing linksfor the family.
I, 1 don’t know if maybe there's some type of re-education that
can go on with the family, and using the care team Connect
app. Or if there'sjust...because |, | navigate the relatively well.
So | don’'t typically look into it. | don’t know if you guys have
likeatutorial section of the apps, that the family would be able
to use to educate themselves more on how to navigate the app.
But | know that sometimes, they’ve had difficulties, so, they've
had a hard time finding where to upload photos, where to click
thelink, so that they can join Zoom calls, But, but, overal, |
mean, the Zoom calls and face timing has gone redlly, really

well.” [Formal caregiver, location E: CG?1]

“Would you be ableto load videos like avideo of my grandson
running through the yard because | have not been ableto figure
out how to post avideo? | can do photos, but | have not figured
out videos...| just need alesson.” [Informal care partner, location
A: family 1]

training following the Alzheimer’s Dementia Care evidence-
based practices was about assessments, which we always do,
but this training that we've updated, took that to another level
and sort of explained how important it is. That's what we've
aways explained, that it isimportant. But now, we've actualy
said, here’'s how we can do it.” [Corporate staff 2]

“Now one of the things we're very proud of isthe fact that we
do alot of one-on-one dementia care. I'm a certified dementia
trainer with the Alzheimer’s Association, so al of our caregivers
go through training with me before they can put out in thefield.
We al'so have great mentoring programs.” [ Franchise owner
and case manager, location D]

“So, thankfully, I've gotten alittle bit better with being able to
address those things with them because | have created areally
good relationship with the family. It kind of has fallen back on
me. It was just having those conversations with them. Some-
timesit works, sometimesit doesn’t. It’s kinda one of those hit
and missthings, but alot of it falls back, just to the fact that the
families usually just don’'t have the amount of education that
wedo, and aren’t always open to the education that we can give
them, just because they don’t, they don’t really see the, the
depth, that it really has. They don’t see how much we've actu-
ally had to learn about it. They only see a surface level of us
telling them, that, their actions are making the family upset.
Your words are making them upset, then they get offended. So,
| feel like, | feel likeif | had more resourcesto be able to give
them more resourcesto be ableto direct themto, it would make
thingsalot easier. | just said that resourceswerereally important
for them.” [Formal caregiver, location E: CG1]

“So, | do think that there’'s so many things about my parents
getting older and having health problems, and these mental
problems, and al of these things. And I, often, my sister today,
we'll just ook at each other, will say, we cannot be the only
ones, we're not the only ones. And yet, it's so hard, it's so hard
to find. Where is that training? Where are those resources? It
is, it'snot, it'snot at al easy, and, as this disease becomes, |
think, at some point, it will be epidemic. We're going to live,
everyoneis going to live so long that our population is going
to befilled with people who have this disease. And maybe just
the sheer volume of folks will help bring. Bring this topic and,
and these, this, this training, and these ideas more into the
mainstream, | haveto say, |, | was very uncomfortable telling
anyone that My dad has Alzheimer’s, at al for...I felt alot of
shame about that, which is really unfortunate.” [Informal care
partner, location F: family 1]

8CG: caregiver.
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Other Relevant Findings

A number of other issues warranted discussion because they
were identified frequently from a particular stakeholder group
or el serepresent unique or noteworthy implications. Multimedia
Appendix 1 summarizes these issues by stakeholder group and
provides exemplary quotes.

Discussion

Principal Findings

The focus group findings highlight the complex and dynamic
implications of providing carefor personsliving with dementia
in their homes. More importantly, this study contributes to the
growing literature on how technology can support care for
people with dementia living in the community [18,19] and the
importance of a user-centered design approach [20]. Overall,
the stakeholder group participants share a widespread belief
about the benefits of technology in general and about the
Generation Connect platform, specifically with regard to the
platform’s support efforts for caring for individuals with
dementia in their homes. In general, this finding supports the
benefit of technol ogy acceptance for promoting technol ogy use
[21-24]. Itisclear that in this case, familiarity breeds acceptance,
with many FCGs reporting using the Generation Connect
platform during their shifts. In doing so, they tended to notice
a range of improvements in client behaviors and client
relationships. Our results reinforce earlier findings suggesting
that direct interaction with technology is associated with
increased familiarity [25] and that increased engagement is
related to improved outcomes [26]. Most importantly, FCGs
believed that iPad use helped them connect with clients and
facilitated enjoyable experiences. These results were found
although the Generation Connect platform was largely used
with clients in later stages of dementia and with more severe
symptoms.

Corporate members and franchise owners were particularly
enthusiastic about the possibility of providing individualized
care, and the platform under development reinforces this
approach with its personalized content and ability to expand
patient personalization options. Such results support the key
value of personalization when designing technology for people
with dementia [27], which is associated with improved social
engagement, mood, activities of daily living, and the caregiver
and participant relationship [14,28,29]. More generally, the
direct involvement of key stakeholders aligns with
recommendations from an earlier position paper calling for the
direct involvement of stakehol ders when designing technology
for people with dementia to support meaningful use [18].
However, formal and informal caregivers have somewhat
different opinions about the benefits of individualized care on
patient outcomes in the Generation Connect platform. FCGs
considered most of the app featuresto have potentially positive
implications. However, the ability to routinely share updates
with family was not believed to be asimportant as other platform
characteristics. This finding may represent an area for further
consideration or exploration to understand why this feature of
the Generation Connect platform was not as widely accepted.
Informal caregivers opinions were similar, in general, about
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the benefits of the Generation Connect platform regardless of
how often they used it. Understanding the advantages of
individualized care seems an essential issue for convincing
FCGsto adopt it into their routine care practice.

Despite the general acceptance of the Generation Connect
platform, challenges need to be considered and addressed for
broad and successful adoption. For example, a noticeable
perception from informal caregiverswasthat lessfrequent users
tended not to see a difference in caregiver interactions. This
finding suggests the need for more direct communication with
informal caregivers and even FCGs about the potential
immediate and sustained benefits of the Generation Connect
platform that can be derived from repeated use of the
technology. In addition, acceptance of technology was not
universal. Oftentimes, patients’ use of the Generation Connect
platform was determined by their previous comfort with
technology, but family members certainly indicated that they
could play an important role in assisting patients so they could
benefit from engaging with content on the device.

Feedback about challenges and limitations to the benefits of
technology largely reinforced the need to provide informational
resourcesto mitigate theinfluence of knowledge deficits. Across
the stakeholder groups, participants generally understood that
education or training is necessary to better prepare caregivers
for the broader use of technology and that it would be beneficia
for some family members to receive similar content. In
particular, corporate staff and franchise owners consistently
expressed a belief in the importance of training to ensure that
FCGs can provide appropriate and clinically valuable care to
individuals with dementia, which could include patient
engagement through technology. As aresult, strategic training
efforts are required to incorporate the Generation Connect
platform into standard care practices.

Although it is feasible to address many of the identified
technology-related challenges and shortcomings through
additional education, cost remains a relevant limiting factor.
Identified cost issues ranged from insufficient reimbursement
for care services to the financing of technology hardware and
internet services. However, external environmental changes
targeting expanded broadband access, or increasing technology
affordability and accessibility, may reduce cost burdens.

Finally, corporate members and franchise owners considered
patient outcomes and the documentation of such outcomes as
worthy of investigation, which can be aided by the Generation
Connect platform. However, feedback suggests that corporate
members may require more direct evidence of the benefits of
using the Generation Connect platformto record and track client
outcomes before committing to the technology. Franchise
owners, on the other hand, not only recognized the importance
of tracking client outcomes but al so were morelikely to already
be engaged in such activities.

Strengthsand Limitations

The focus groups conducted for this study phase provided
important insightsinto the mindsets of various key stakeholders
about the viahility of using tablet technology and the Generation
Connect platform to facilitate approaches to reduce ADRD
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symptoms and strengthen caregiver and persons living with
dementia engagement. However, the number of focus groups
was limited, and many of the focus group participants had prior
experience using the Generation Connect platform. This
purposeful participant selection was considered necessary, given
the objective of this project phase to elicit feedback about the
Generation Connect platform that would help guide its
construction content refinement and expanded adoption.

In addition, response biasis possible because of the stakeholder
focus groups. However, Generation Connect staff attempted to
mitigate potential bias by (1) using a standardized interview
protocol emphasizing that the forums were meant to elicit
feedback that should relate both to positive and negative
experiences and (2) structuring focus groups to control for the
effects of organizational hierarchy (eg, franchise owners were
provided separate forums from FCGs who may work within
those franchises). Finally, more comprehensive feedback from
the FCG focus group could have been attained through an
intentional recruitment strategy that included FCGs who
declined to use the Generation Connect platform when presented
the opportunity, to compare to the feedback from FCGs with
experience using the platform. Similarly, a few home care
franchises failed to operationalize the Generation Connect
platformin the pilot testing session. Including theseindividuals
in the focus group could have resulted in more comprehensive
feedback and insights into the limitations on or barriers to the
adoption of the platform at the franchise level.

Conclusions

It isencouraging that the Generation Connect platform can help
address many of theissuesidentified through stakehol der focus
group interviews. Further development of the Generation
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Connect platform capabilitiesfor nonclinical home carewill be
informed by stakeholder feedback to reduce the burden of
caregiving for persons living with dementia, evaluate changes
in cognition, preserve functional independence, and promote
engagement between persons living with dementia and
caregivers. Successful completion of thisoverall project, leading
to afinalized platform, is planned as the basis for alarger NIH
SBIR phase 2 clinical research trial to assess the efficacy of
evidence-based interventions and the market viability of the
Generation Connect platform. Specifically, the principal aim
of the phase 2 project will be to quantify the economic impact
(eg, reduced hospital or emergency department admissions,
falls, and caretransitions) and clinical outcomes (eg, decreased
anxiety, depression, and isolation) and support or accelerate
home care network efforts to standardize data collection around
these key outcomes. Demonstrated effectiveness through a
clinical trial would reinforce the Generation Connect’s
go-to-market objective of commercializing the Generation
Connect platform in the home care industry as a viable ICT
solution to improve clinical outcomes, reduce turnover, extend
client length of stay, and support emerging MA plans.

Thisstudy revealed key discoveriesthat are essential to consider
for future projects, which are as follows: (1) early intervention
and collaboration between FCGs and family memberswho are
providing care; (2) great variability exists across national
franchise networks in their ability to adopt and commercialize
technology solutions; and (3) providers have systems in place
totrack clinical dataand outcomes, but they arelimited in scope
and lack standardization and interconnectedness. Importantly,
the insights gained from this study will prove critical to
informing our approach for the phase 2 outcomes research and
future commercialization efforts.
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Abstract

Background: Chinese immigrants suffer a disproportionately high type 2 diabetes (T2D) burden and tend to have poorly
controlled disease. Mobile health (mHealth) interventions have been shown to increase accessto care and improve chronic disease
management in minority populations. However, such interventions have not been developed for or tested in Chinese immigrants
with T2D.

Objective: This study aims to examine mobile device ownership, current use, and interest in mHealth interventions among
Chinese immigrants with T2D.

Methods: In across-sectional survey, Chinese immigrants with T2D were recruited from Chinese community centersin New
York City. Sociodemographic characteristics, mobile device ownership, current use of social media software applications, current
use of technology for health-related purposes, and interest in using mHealth for T2D management were assessed. Surveys were
administered face-to-face by bilingual study staff in the participant’s preferred language. Descriptive statistics were used to
characterize the study sample and summarize technology use.

Results:  The sample (N=91) was predominantly female (n=57, 63%), married (n=68, 75%), and had a high school education
or less (n=58, 64%); most participants had an annual household income of less than US $25,000 (n=63, 69%) and had limited
English proficiency (n=78, 86%). The sample had a mean age of 70 (SD 11) years. Almost all (90/91, 99%) participants had a
mobile device (eg, basic cell phones, smart devices), and the majority (n=83, 91%) reported owning asmart device (eg, smartphone
or tablet). WeChat was the most commonly used social media platform (65/91, 71%). When asked about their top source for
diabetes-related information, 63 of the 91 participants (69%) reported health care providers, followed by 13 who reported the
internet (14%), and 10 who reported family, friends, and coworkers (11%). Less than one-quarter (21/91, 23%) of the sample
reported using the internet to search for diabetes-related information in the past 12 months. About one-third of the sample (34/91,
37%) reported that they had watched a health-related video on their cell phone or computer in the past 12 months. The majority
(69/91, 76%) of participants reported interest in receiving an mHealth intervention in the future to help with T2D management.

Conclusions: Despite high maobile device ownership, the current use of technology for health-related issues remained low in
older Chinese immigrants with T2D. Given the strong interest in future mHealth interventions and high levels of social media
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use (eg, WeChat), future studies should consider how to leverage these existing low-cost platforms and deliver tailored mHealth

interventions to this fast-growing minority group.

(IMIR Aging 2022;5(1):€27355) doi:10.2196/27355

KEYWORDS

technology use; Chinese immigrants; type 2 diabetes;, mHealth; health disparities, immigrant health; diabetes, mobile health;

intervention; smartphone; immigrant

Introduction

Type 2 diabetes (T2D) in Chinese Americans is a significant
health concern for the US health care system [1-3]. According
to arecent epidemiological survey, 43.1%, or 1 out of every 2,
Chinese Americans in New York City (NYC) have T2D or
prediabetes [3]. The majority of Chinese Americanswith T2D
are foreign-born older immigrants with limited English
proficiency and health literacy [3-6].

Once diagnosed with T2D, Chinese immigrants demonstrate
poorer self-management and worse glycemic control [4,5,7-9],
and are more likely to develop end-stage renal disease [7,10].
In arecent study of racial and ethnic minorities with T2D in
NYC [5], Chinese immigrants performed an average of 3.80
(SD 0.13) capillary glucose checks per week, compared to 11.88
(SD 0.57) checks per week for Hispanic individuals and 10.29
(SD 0.29) checks per week for Black individuals. The mean
number of yearly hemoglobin A, (HbA.) checkswas 1.16 (SD
0.15) for Chinese immigrants, 3.31 (SD 0.14) for Hispanic
individuals, and 3.23 (SD 0.18) for Black individuals[5].

Diabetes self-management education and counseling programs
areeffectiveinterventionsfor diabetes control [11,12]. However,
numerous factors limit the access of such programsto Chinese
immigrants. While 76.6% of Chineseimmigrantsreport limited
English proficiency [13], there is a shortage of
language-concordant clinicians and limited language access or
medical interpretation [14-17]. Differing cultura norms may
limit the relevance and effectiveness of diabetes care and
counseling delivered by non-Chinese clinicians or interpreters
[6,14,18-20]. Moreover, comprehensive diabetes counseling is
impeded by the limited amount of time patients are able to spend
with clinicians[15]. Asaresult, Chineseimmigrants often report
having unmet information needs for their T2D management
[15,17].

Mobile health (mHealth) technology may be a promising way
to address some of the previously mentioned barriers and reduce
T2D hedth disparities. Research demonstrates SMS text
messaging—based interventions improve glycemic control in
patientswith T2D, including minority populations[21-24]. SMS
text messaging and social media strategies may be particularly
relevant for immigrant populations given their high social needs
to stay connected with their families and friendsin their home
countries [25]. To our knowledge, no studies have examined
sociad media-based mHealth interventions in Chinese
immigrants with T2D. Little is known regarding access to, use
of, and attitudestoward mHealth in thisfast-growing immigrant
population. While it is often assumed that underserved,
low-income immigrant communities have limited access to

https://aging.jmir.org/2022/1/e27355

technology or would not have interest in telehealth programs
[26], thereisapaucity of empirical dataon these subjects. With
therapid growth of telehealth programs over the past few years,
it is critical to understand immigrant communities' access to
technology, use of technology for disease management, and
interest in future mHealth programs. To addressthisknowledge
gap, this study aimsto examine mobile device ownership, social
media use, current use of mHealth interventions, and interest
in using such technology for T2D management among Chinese
immigrants.

Methods

Conceptual Framework

This pilot study was informed by the National Institutes of
Health (NIH) Stage Model for Behavioral Intervention
Development [27] and the National Cancer Institute’'s (NCI)
Hedlth Information National Trends Survey (HINTS) framework
[28]. The NIH Stage Model posits that Stage O formative data
iscritical and can provide important preliminary datato inform
Stage | intervention development and evaluation. There is a
dearth of culturally tailored interventions to address T2D
disparitiesin low-income older Chinese immigrants. This pilot
study examined whether this underserved immigrant population
has access to technology and how they access health
information. These are critical formative datato collect before
allocating resources to developing or testing an intervention.

In addition, we used the HINTS framework [28] to guide the
choices of survey questions. Based on the HINTS framework,
patients health information—seeking behavior is affected by
variousfactors, including patient characteristics (eg, age, gender,
socioeconomic status), prior experience with
information-seeking, attitudes toward the source, and other
contextual factors (eg, accessto mobiletechnologiesand Wi-Fi).

Study Design

For this cross-sectional study, Chinese immigrants with T2D
were recruited from 4 community centers in Chinatown areas
in NYC. Study flyers were posted in the community centers.
Community leaders introduced the study at social events
sponsored by the centers, and interested participants self-referred
to study staff who attended the events.

To be dligiblefor the study, participants had to (1) self-identify
as a Chinese immigrant or Chinese American, (2) be 18 years
of age or older, (3) self-report that they had been diagnosed
with T2D over ayear ago, and (4) be currently self-managing
T2D at home. This study was approved by the New York
University Grossman School of Medicine Institutional Review
Board. All participants provided signed informed consent. All
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study materials were available in English, Mandarin, and
Cantonese. Surveyswere administered face-to-face by bilingual
study staff in the participant’s preferred language. Participants
received US $20 gift cards as an incentive for completing the
survey.

M easures

Sociodemographic Characteristics

Age, gender, marital status, education, income, employment
status, duration of residence in the United States, language
spoken at home, and English proficiency were assessed.

Technology-Related Questions

Measures on technology use were adapted from the HINTS
framework, including questions ng accessto technol ogy,
current social media use, current use of technology for health
management, interest in mHealth interventions, and family or
friends’ involvement and interest in mHesalth interventions.

Access to Technology

Using questions adapted from the HINTS framework, we
assessed mobile device ownership (basic cell phones,
smartphones, tablets, or none) and accessto Wi-Fi at home (yes,
no, or don’t know/not sure). For those who owned asmartphone
or tablet, we also asked whether they had an unlimited text

messaging plan.

Current Social Media Use

Current use of social mediaplatformsand SM S text messaging
was assessed by asking participants whether they currently used

WhatsApp, WeChat (a Chinese version of WhatsApp), basic
text messaging, Facebook, or other social media platforms.

Current Use of Technology for Health Management

We assessed the extent to which participants relied on
technology by asking them to identify their primary source of
information for diabetes-related questions. Response options
included health care providers; the internet; family, friends, or
coworkers; newspapers,; and do not seek help. We also asked

https://aging.jmir.org/2022/1/e27355
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whether they had used the internet to search for diabetes-related
information in the past 12 months and whether they had used
mobile phones or computers to watch a health-related video in
the past 12 months.

Interest in Future mHealth Programs

Participants were asked whether they would be interested in
participating in a future mHeadth program for T2D
self-management.

Family and Friends' I nvolvement and Interest in
mHealth I nterventions

Given the importance of family ties in the Chinese culture
[6,18,20], we assessed participants perceptions of their family’s
or friends' interest in mHealth interventions. Specifically, we
asked whether participants discussed their T2D with othersand
if so, whether these family members or friends would be
interested in receiving mHealth interventions to better support
the patient in their T2D self-management efforts.

Statistical Analyses

We recruited 101 participants between April 2018 and July
2018. Data analyses were limited to 91 participants with
complete data from the technology use survey. Descriptive
statistics were used to examine the distribution of
sociodemographic variablesin addition to technology ownership
and use, whether participants had accessed a hedlth-related
video, and attitudes toward mHealth interventions. Means and
standard deviations were calculated for continuous variables.
Frequencies and percentages were reported for categorical
variables. Sample characteristics were summarized. We
performed all analyses with SPSS, version 25.0 (IBM Corp).

Results

As shown in Table 1, the sample was composed of primarily
low-income, married, foreign-born, elderly femaleswith limited
education, who had long-standing T2D. Most participants
reported having lived in the United States for nearly 2 decades
and having limited English proficiency.
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Table 1. Sample characteristics (N=91) and access to technology, current use, and interest in mHealth interventions among older Chinese immigrants

with type 2 diabetes.
Characteristic Value
Ageinyears, mean (SD) 70 (12)
Age >65 years, n (%) 61 (67)
Gender, n (%)
Female 57 (63)
Male 34(37)
Currently married, n (%) 68 (75)
High school education or less, n (%) 58 (64)

Annual family income, n (%)

<US $25,000 63 (69)
>US $25,000 12 (13)
Declined to answer or don’t know 16 (18)

Employment status, n (%)

Currently employed 30(33)

Not employed, not working 9(10)

Retired 52 (57)
Foreign-born, n (%) 91 (100)
Number of yearsliving in the United States, mean (SD) 19 (14)
Limited English proficiency 78 (86)
M obile device owner ship, n (%)

Basic mobile phone 20 (22)

Smartphone 72 (79)

Tablet 49 (54)
Has a mobile device (basic mobile phone or smart device) 90 (99)
Has a smart device (smartphone or tablet) 83 (91)

Social media platforms (including text messaging) currently used by participant , n (%)

WeChat 65 (71)

Basic SMS text messaging via cellular carrier 62 (68)

WhatsApp 4(4
Has Wi-Fi installed in home, n (%) 66 (73)

Has unlimited SM Stext messaging plan, n (%)

Yes 36 (40)
No 41 (45)
Don't know 13(14)
Did not answer 1(1)

Primary source of diabetes-related information, n (%)

Health care provider 63 (69)
Theinternet 13(14)
Family, friends, or coworkers 10 (1)
Newspapers 4(4)
Do not seek help 1(1)

Has used the internet to look for information about diabetes in the past 12 months, n (%) 21 (23)

https://aging.jmir.org/2022/1/e27355 JMIR Aging 2022 | vol. 5 | iss. 1 [e27355 | p.86
(page number not for citation purposes)

RenderX


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

JMIR AGING Hueta
Characteristic Value
Has watched a health-related video in the past 12 months, n (%) 34 (37)
Isinterested in receiving mHealth interventions for T2D, n (%) 69 (76)
Has family/friends to talk to about their T2D, n (%) 62 (68)

Family/friendsinterested in receiving mHealth interventionsto better support participant?, 50 (81)

n (%)

#This question was only assessed as a follow-up item among 62 participants who reported that they had family or friends to talk to about their T2D.

The percentage was cal culated accordingly.

Nearly all participants had a smart mobile device, and nearly
three-quarters had Wi-Fi access at home. The most commonly
used social mediaplatform was WeChat, followed by basic text
messaging. Very few participants used WhatsApp, and none
reported using Facebook, Twitter, or Instagram.

The majority reported that their primary source for
diabetes-related information is health care clinicians, with few
participants reporting their first sources of information are the
internet, family, friends, or coworkers. Less than one-quarter
of the sample reported using the internet to search for
diabetes-related information in the past 12 months. About
one-third of the sample reported that they had watched a
health-related video on their cell phone or computer in the past
12 months.

Despite the fact that the majority of participants were
low-income older immigrants with limited education, over
three-quarters expressed interest in receiving T2D management
mHealth interventions in the future. About two-thirds reported
having family or friends to talk to about their T2D. Of these, a
large majority agreed that family or friendswould beinterested
in receiving mHealth interventionsto learn how to best support
them in their efforts to manage their T2D.

Discussion

Principal Findings

To the best of our knowledge, thisisthefirst study that provides
data on technology ownership, current use, and interest in
mHealth interventionsin underserved Chineseimmigrantswith
T2D. Although the majority of study participants were older
immigrants with low income and limited education, they
demonstrated high mobile device ownership and familiarity
with a particular social media platform (ie, WeChat). This
finding is consistent with a previous study reporting high social
media use among immigrant populations to connect with their
families and friends in their home countries [25]. Our data are
also consistent with recent survey resultsfrom the Pew Research
Center showing that about 95% of White, Hispanic, and Black
American adults owned acell phone and 80% had a smartphone
[29]. The wide availability of mobile devices suggests a
promising platform to increase access and deliver diabetes
messaging and support to this underserved population [30]. Of
particular note, Chinese immigrants are familiar with WeChat,
a popular free Chinese social media app, and rarely used
WhatsApp, Facebook, or Twitter. These data suggest that
researchers may want to consider leveraging WeChat for this
population in the future.

https://aging.jmir.org/2022/1/e27355

Despite high smart device ownership and internet access, the
use of technology for health-related purposes was low in our
sample. While about 70% of US adults considered the internet
astheir top sourcefor health information [31], only 14% (13/91)
of participantsin our sample did, with the majority relying on
health care providers. Compared to about 80% of US adults
using the internet to search for health-related information [32],
less than one-quarter of our sample (21/91, 23%) did so in the
past 12 months. Oneinteresting finding to note isthat whilethe
use of the internet to search for health-related information was
much lower in our sample than the general US population, the
proportion of participants who had watched a health-related
video in the past 12 months was comparable [33]. Thismay be
related to the high use of WeChat in our sample, which permits
sharing of videosviachat windows. Our study found that almost
80% (69/91, 76%) of this relatively elderly sample reported
interest in receiving mHealth videos in the future to help with
T2D management. Taken together, these data suggest future
researchers may want to consider leveraging multimedia
strategies (eg, brief videos) to increase access and uptake of
T2D-related education and counseling in this population.

The success of T2D management depends largely on the social
and environmental contexts in which patients live and perform
diabetes self-care [34,35]. When patients with T2D live in a
supportive family context (eg, the family embraces a lifestyle
consistent with the needs of the patient with T2D), they are
more likely to receive sociad and emotional support for
self-management, adhere to diabetes self-care requirements,
and achieve better glycemic control [36]. Patients with T2D
living in nonsupportive family environments (eg, family
members undermine the patient’s efforts) have more difficulty
initiating and sustaining recommended diabetes self-care
behaviors, experience more diabetes-rel ated distress, and report
lower self-efficacy for self-management success [36,37].
Involving family members may be a useful strategy, given our
finding that most participants discussed their T2D with family
and friends, and believed their family and friends would be
interested in receiving mHeal th-based guidanceto better support
the participant’s self-management efforts.

Our findings provide valuable implications in the era of the
COVID-19 pandemic. It is well-documented that COVID-19
disproportionately affects racial and ethnic minorities and
immigrant communities [38-40]. The socia isolation and
loneliness resulting from prolonged safety measures (eg, social
distancing, stay-at-home orders) is particularly concerning for
older individuals and those with T2D who are at high risk of
poor COVID-19 outcomes [41]. A high rate of mobile device
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ownership and strong interest in mHealth interventions among
older Chinese immigrants with T2D may represent a window
of opportunity for low-cost mHealth interventions to reduce
diabetes burden and improve self-management outcomesin this
rapidly growing immigrant group in the era of COVID-19.

Limitationsand Strengths

There are several limitations to be acknowledged. This study
involved a relatively small, convenient sample. Participants
were recruited from the NYC metropolitan area, limiting
generalizability to other locations. Because recruitment was
accomplished through community-based organizations, the
results may not be representative of all Chinese Americans
receiving care through primary care or hospital settings.
Participants in this study had, on average, lived in the United
States for amost 20 years. These results may not be applicable
to newly arrived immigrants who might be less acculturated or
less familiar with western approaches for T2D management.

Several strengths should also be noted. To the best of our
knowledge, this is the first study that provides data on
technology use in older low-income Chinese immigrants with
T2D. Thesedataare particularly relevant during the COVID-19
pandemic. Our dataon the high usage of WeChat and basic text
messages and rare usage of WhatsApp suggested future
researchers may consider choosing linguistically and culturally
tailored platforms to engage racial and ethnic minorities. In
addition, Chinese immigrants have been reported to be a
hard-to-reach population for research participation [42,43]. We
partnered with several trusted community organizations and
successfully recruited 101 Chineseimmigrantswithin 4 months
(April 2018 to July 2018).
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This study isimportant in that it focuses on afast-growing, yet
significantly understudied immigrant population [44]. While
telehealth and telemedicine programs are rapidly growing in
the era of the COVID-19 pandemic, low-income, underserved
populations, particularly older immigrantswith limited English
proficiency, are often overlooked because it is assumed that
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Conclusions

This study addressed a critical gap in the literature with regard
to technology ownership and use of and attitudes toward
mHealth in arelatively older immigrant population with T2D.
While current telehealth use remained low, the high mobile
device ownership and social media use and strong interest in
mHealth programs suggests that mHealth may be a promising
approach to deliver health education and increase access to
diabetes support to thisfast-growing minority group. This study
also provides timely preliminary data in the era of COVID-19
as older immigrant communities are among the hardest hit
populations. With the rapid shift to telemedicine strategies, it
isimportant for health care policymakers, clinicians, community
partners, and researchers to consider how to leverage existing
technologiesto reduce health disparities and increase access to
health care in this underserved population.
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Abstract

Background: The prevalence of COVID-19 in the United States led to mandated lockdowns for long-term care (LTC) facilities,
resulting in loss of in-person contact with social ties for LTC residents. Though information and communication technol ogies
(ICTs) can be used by LTC residents to support their socioemotional needs, residents must have accessto ICTsto use them.

Objective: This study explored ICT access and use in LTC facilities and how LTC facilities adapted to try to enhance social
connections for their residents during the COVID-19 pandemic.

Methods: LTC administrators in South Carolina (United States) were invited to complete a web-based survey exploring ICT
access and use in LTC facilities and whether access and use changed as a result of the COVID-19 pandemic.

Results: LTC administrators (N=70, 12 nursing homes[NHs], and 58 assisted living facilities [ALFs]) completed the web-based
survey. Since March 2020, atotal of 53% (37/70) of the LTC facilities have purchased ICTsfor residents’ use. ICTs have mainly
been used for videoconferencing with family members (31/36, 86%), friends (25/36, 69%), and health care providers (26/36,
72%). NHs were 10.23 times more likely to purchase ICTs for residents’ use during the COVID-19 pandemic than ALFs (odds
ratio 11.23, 95% Cl 1.12-113.02; P=.04). Benefits of ICT use included residents feeling connected to their family members,
friends, and other residents. Barriers to ICT use included staff not having time to assist residents with using the technology,
nonfunctional technology, and residents who do not want to share technol ogy.

Conclusions:  Our results suggest that over half of the LTC facilitiesin this study were able to acquire ICTs for their residents
to use during the COVID-19 pandemic. Additional research is needed to explore how residents adapted to using the ICTs and
whether LTC facilities devel oped and adopted technol ogy integration plans, which could hel p them be prepared for future situations
that may affect LTC residents’ engagement and communication opportunities, such as another pandemic.

(JMIR Aging 2022;5(1):€32442) doi:10.2196/32442

KEYWORDS

COVI1D-19; pandemic; socioemotional needs; long-term care; nursing homefacility; assisted living facility; elderly; older adults;
information and communication technol ogies; support; emotion; needs; access; connection; communication; engagement

to operate in this type of emergency as they were faced with
personal protective equipment and staff shortages [2]. LTC

Asaresult of the COVID-19 pandemic, nursing homes (NHg),  facilities were even less prepared for the increased
assisted living facilities (AL Fs), and other long-term care (LTC)  SOC oemotional needs, which arose for residents due to the loss

facilities were required to restrict access to the public since O in-person contact with family and friends because of the
March 2020 [1]. Many of these communitieswere not prepared  Mandated facility lockdown [3-5].

Introduction
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Loneliness and socia isolation have long been salient issues
for LTCfacilities[6,7]. Changein residence, the death of family
members and friends, and increased medical needs have been
associated with increased loneliness and isolation among LTC
residents[6,8-13]. Asaway to addressresidents quality of life,
LTC facilities abide by federal regulationsto facilitate resident
communication opportunities with people within and outside
of the facility. For example, nursing homes are federally
mandated to provide tel ephone access for each resident and are
required to provideinternet accessif itisavailable at thefacility
[14]. In addition to following federal regulations, some LTC
facilities have also started to incorporate information and
communication technologies (ICTs) for residents use in the
facility [15-17]. ICTsare devices and applications that provide
the potential for unlimited connectivity and communication
through technol ogy such as desktop computers, laptops, tablets,
smartphones, the internet, socia media platforms, and
videoconferencing [16,18]. Some segment of LTC residents
can use ICTs, although residents’ age, education level, interest
in technology, and level of care may influence ICT use (Seifert
A and Cotton S, unpublished data, 2021) [19,20].

The advent of the COV1D-19 pandemic and the mandated LTC
lockdowns necessitated that LTC facilities determine ways to
help residents stay engaged with their socia ties [21] and
continue to receive medica care [22-24]. Most studies
examining how the COV1D-19 pandemic has affected the lives
of older adults have concentrated on community-dwelling adults.
Among the COVID-19—elated studies on LTC [25], the main
focus has been on the medical circumstances (eg, cases,
outbreaks, and personal protective equipment) pertaining
COVID-19[2,26-41], LTC employees[2,42-47], communication
with family members [36,48], or provision of training on LTC
issues related to the COVID-19 pandemic [24,49,50].

Among studiesfocusing on ICT accessand use by LTC residents
since the onset of the COVID-19 pandemic, amost none have
examined ICT changes that facilities have implemented to
addressthe potential socioemotiona impactsonresidents. ICTs
have been used for telehealth purposes in medical screening
and health care management of LTC residents [48,51-53]. A
few studies have examined how LTC residents used ICTs for
socia purposes to communicate with those outside of the LTC
facility. Telephone calls were reported by family members of
LTC residents as the primary method of communication with
LTC residents [54,55], followed by texting [54] and
videoconferencing [54,55] during the mandatory lockdown.
However, LTC residents reported that they preferred
videoconferencing with family members rather than telephone
cals [56]. Telephone calls were also employed in outreach
interventionstargeting LTC residents at risk for social isolation
during the COVID-19 pandemic [57,58].

Three studies have assessed ICT availability in LTC facilities
and use by LTC residents during the COVID-19 pandemic
[3,48,59]. Montgomery et al [3] examined ICT use among a
sample of 365 nursing home residents and found that 40% of
therespondents owned adevice, 47% indicated that their nursing
home had computers or tablet devices, and 67% said that their
nursing home offered free unlimited access to the internet via
Wi-Fi. Ickert et a [59] evaluated the ICT resourcesin 10 care
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homes in Canada and found that all 10 care homes had tablet
devices available for use. However, barriers to use existed,
including the following: (1) age of the tablets, which could
prevent videoconferencing apps from updating, or image
disturbances during videoconferencing and (2) weak Wi-Fi
infrastructure resulting in al videoconferencing having to occur
in one area of the care home. Staff members were the critical
link in facilitating video communication between residents and
their family members. Staff members scheduled the
videoconferencing visits, helped residents to the area in the
home where they could participate in the videoconference call,
assisted residents in using the tablets, and cleaned the tablet
devicesafter each use. Marin et al [48] surveyed astaff member
at each of the 46 ALFsin Rhode Island, which received donated
tablets. Of the 46 ALFs, 11 of the staff members completed a
web-based survey 2 weeks after the tablets were distributed.
Survey responses indicated that the tablets were predominately
used by residents to video chat with their family members
(90.9%).

Though these 3 studies provide some insights into availability
and use of ICTsin LTC facilities, they do not offer insightsinto
how LTC facilities adapted during the pandemic to lessen
potential social isolation and loneliness among their residents.
To address this deficiency, this study explored (1) how LTC
institutions modified technology access in their facilities and
(2) the challenges that arose with these adaptations.

Methods

Recruitment and Data Collection

At the onset of the COVID-19 pandemic, the state of South
Carolina placed contact limitations for residents of NHs and
ALFs (known as community residential care facilitiesin South
Carolina) [60]. Hence, weincluded both NHsand ALFsin this
study as they experienced the same government-mandated
restrictions.

LTC administratorsin South Carolinawereinvited to complete
a web-based survey from November to December 2020 to
exploreICT accessand usein LTC facilitiesand whether access
and use changed as aresult of the COVID-19 pandemic. Email
contact information for 193 NH and 496 ALF administrators
was obtained from the South Carolina Department of Health
and Environmental Control (DHEC) website [61]. LTC
administrators were recruited to participate in the Qualtrics
survey through email, which included a secure weblink to access
the survey. After sending the initial email request for
participation, follow-up emailswere sent at 3 daysand 13 days.
The Qualtrics survey was composed of 20 pages with 1-3
guestions per page, there were adaptive questions based on the
response to other items, and the survey took approximately 20
minutes to complete. During the survey, participants were able
toreview and change their answersusing aback button. Intotal,
70 LTC administrators (12 NHs and 58 AL Fs; 1 participant per
site) completed the Qualtrics survey. Informed consent, which
included the estimated time to complete the survey, data
protection, the purpose of the study, and the principal
investigator, was reviewed prior to the start of the survey.
Participation was voluntary, and LTC administratorswho chose
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to participatein the study clicked “yes’ in agreement and began
the survey. No incentives were offered for participation. This
study wasreviewed and approved by the university institutional
review board.

M easures

Facility Characteristics

Participants were first asked general information about their
LTC facility. The type of LTC facility was determined by the
name of the facility, “What is the name of your facility?’ and
which type of LTC facility the name was associated with on
the DHEC website[61]. Wherethe facility waslocated in South
Carolina was assessed by an open-ended question, “In which
city is your facility located?’ The number of employees was
measured with 2 questions: “How many full-time employees
doesyour facility have?’ and “How many part-time employees
does your facility have?’ Response options for both questions
ranged from 1 to 100 in intervals of 1 with the final response
option of “morethan one-hundred.” The bed count was assessed
numerically with the question, “How many beds does your
facility have?’ and then converted into size groups (>50 beds,
51-149 beds, 150 or more beds) following standard
categorization [62]. Bed occupancy was measured by two
questions: “What percentage of bedswas occupied in February
2020, prior to COVID-19, in your facility?’ and “What is the
percentage of beds occupied now in your facility?’ For both
guestions, response options ranged from 5 to 100 in intervals
of 5. Facility ownership was assessed by the measure, “What
isthe ownership type of your facility?’ with 3 response options
(for profit, nonprofit, and federal or state).

ICT Access and Use

Facility technology preparedness was measured with the
question, “How technologically prepared was your organization
to address the social distancing need for residents as aresult of
COVID197" Response options included the following: “Fully
prepared,” “Mostly prepared,” “ Somewhat prepared,” and “Not
prepared.” We then assessed the facility technology capabilities
with response options of “Yes,” “No,” or “Do not know”, to
the following questions: “Does your facility have internet
access?’ “Does your facility have WiFi?" “Are residents able
to access the internet?’ “Are residents able to access WiFi?’
and “Does your facility have a dedicated employee who helps
residents with technol ogy needs/issues?’ Technology provided
by the facility for residents use, prior to the COVID-19
pandemic, was assessed with one question, “Prior to February
2020, which type of technology did your facility provide for
residents use?’ Response optionsincluded thefollowing: “TV,”
“Radio,” “ Desktop computers,” “Laptops,” “ Smartphones,” and
“Tablets’; respondents could select all that applied. Residents
technology use was measured with a“Yes’ or “No” response
to “My residents use these technologies: Laptops, tablets, and
smartphones.” The participants who responded “No” werethen
prompted with the follow-up question, “Why do you think that
residents in your facility do not use
laptops/tablets/smartphones?” Response options included,
selecting all that apply, the following: “Do not have a need,”
“Poor  WiFi/bandwidth  capability/capacity,” “Physical
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infrastructure of building,” “Cost is prohibitive,” or “Other
(please specify).”

Changesin Facility | CTs, Access, and Use Since the
Onset of the COVID-19 Pandemic

Next, we asked technology-related questions about use in the
LTC facility since the COVID-19 pandemic. Technology
spending was assessed through four questions: (1) “How much
did your organization adjust its technology spending for
residents due to COVID-197" with response options including
“Increased spending by more than 50%,” “Increased spending
by 25-50%," “Increased spending lessthan 25%,” “No change,”
and “ Decreased spending”; (2) “ Since February 2020, has your
facility purchased new technology for residents use?’ with
response options including “Yes’ and “No.” The participants
who responded with “Yes” were then prompted with four
follow-up questions. “Which technology has been purchased
for residents’ use?’ with response optionsincluding “ L aptops,”
“Tablets” “Cellphones,” “Smartphones,” or “Other (please
specify)”; and “What type(s) of funds were used to purchase
these devices?’ with response optionsincluding (select all that
apply) “Donation,” “the CMS COVID-19 Communicative
Technology grant,” “Facility funds,” or “ Other (please specify).”
An open-ended question was asked: “Why was this new
technology purchased?’ Lastly, we asked, “How did residents
learn to use this technology?’ with response options including
“Staff member helped them learn,” “Learned on their own,”
“Another resident helped them learn,” and “Other (please
specify).” New technology used by residents was assessed
through three questions: (1) “How hasthistechnology provided
by your organization been used by residents?’ with response
optionsincluding (select al that apply) “ Playing games,” “Video
conferencing,” “Email,” “Searching for information,”
“Shopping,” and “Other (please specify).” The number of
residents using the technol ogy was measured by two questions:
“What percentage of residents have used thistechnology?’ and
“What percentage of residents have been unable to use the
technol ogy provided by your organization due to health or other
impairments?’ with response optionsfor both questionsranging
from 5to 100, in intervals of 5.

Benefitsand Barriersto ICT Use

Finally, resident changes since using technol ogy were measured
with two questionsincluding (1) “Have there been any positive
changes since residents started to use the new technology?’
with response options including (select all that apply)
“Decreased negative behaviors from residents” “Residents
sociaizing more” “Residents feel connected to family
members,” “Residents feel connected to friends,” “Family
membersfeel connected to other residents,” and “ Other (please
specify)” and (2) “Have there been any negative changes since
residents started to use the new technology?’ with response
options including (select all that apply) “ Staff don’t have time
to assist residents with technology,” “Broken technology,”
“Stolen technology,” “Infection spread due to sharing
technology,” “Residents do not want to share technology,” and
“Other (please specify).”
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Analysis

Questionnaires that had been completed up to 73% or more
were included in the analysis. Given the exploratory nature of
this study and the small sample size, the data were initialy
analyzed descriptively. A binary logistic regression model was
used to investigate whether facility characteristics (ie, type,
ownership, and bed size) influenced | CTs purchased during the
COVID-19 pandemic. In line with the aim of this study,
exploring ICT changes in LTC facilities during the pandemic,
the dependent variable was the binary measure that assessed
whether facilities purchased ICTs for residents’ use during the
COVID-19 pandemic.

Results

Facility Characteristics

The LTC facilities (N=70) were located throughout South
Carolina in the Upstate (25/70, 36%), Low Country (18/70,

Table 1. Facility characteristics.

Schuster & Cotten

26%), Midlands (15/70, 21%), and Pee Dee regions (12/70,
17%) (Table 1 and Figure 1). The majority of thefacilitieswere
for-profit ownership (54/70, 77%). In total, 58 of the facility
administrators that responded were from ALFs, with the
remaining 12 administrators being from NHs. In total, 44%
(3L/70) of the facilities had a medium bed size (26-100 beds).
Half of the ALFs (29/58) had 25-100 beds, while 83% (10/12)
of the NHs had greater than 100 beds. Prior to the COVID-19
pandemic, administrators reported that, on average, 82% (SD
24.4%) of the beds were occupied (Table 2). Since the
COVID-19 pandemic, administratorsreported, on average, 74%
(SD 23.4%) of the beds have been occupied. The facilities had,
on average, 37 full-time employees (SD 35.6) and 14 part-time
employees (SD 31.1). Most of the administrators (37/70, 57%)
thought that their facility was at least mostly technologically
prepared to addressthe social distancing needsfor their residents
that arose as aresult of the COVID-19 pandemic.

Characteristics Total (n=70), n (%)

Assisted living facilities (n=58), n (%)

Nursing homes (n=12), n (%)

Region in South Carolina

Low Country 18 (26) 17 (29)
Midlands 15 (21) 12 (21)
Pee Dee 12 (17) 8(14)
Upstate 25 (36) 21(36)
Owner ship type
For profit 54 (77) 44 (76)
Nonprofit 13 (19) 11 (19)
Federal or state 34 3(5)
Bed size
Small (fewer than 25 beds) 22 (31) 22 (38)
Medium (26-100 beds) 31 (44) 29 (50)
Large (101 or more beds) 17 (25) 7(12)
Facility technology preparedness®
Fully prepared 13 (20) 11 (20)
Mostly prepared 24 (37) 21 (39)
Somewhat prepared 23(35) 18 (33)
Not prepared 5(8) 5(9)

1(9)

3(25)
4(33)
4(33)

10 (83)
2(17)
0

0
2(17)
10 (83)

2(20)
3(30)
5 (50)
0

8Mlissing data from 3 assisted living facilities and 2 nursing homes.
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Figure 1. Proportion of long-term care facilities participating in this study by regionsin South Carolina, United States.

Table 2. Additional facility characteristics.

] Upstate
[ ] Midlands

[[] Low Country
[ ] Pee Dee

Characteristics

Score, mean (SD); range

Per cent of beds occupied prior to COVID-19
Total
Assisted living facilities
Nursing homes
Per cent of beds occupied during COVID-19
Total
Assisted living facilities
Nursing homes
Full-time employees
Total
Assisted living facilities
Nursing homes
Part-time employees®
Total®
Assisted living facilities®

Nursing homes

82.21 (24.4); 5o 100
80.34 (26.4); 5o 100
91.25 (4.8); 80 t0 95

73.93 (23.4); 5t0 100
73.73 (25.5); 5t0 100
75.83 (8.2); 60 t0 90

37.5(35.6); 1t0>101
25.6(26.1); 1t0>101
95 (9.6); 75 t0 >101

14.5(19.1); 1t0 76
11.7 (29.6); 1 to >101

442 (22); 150 76

8\lissing responses from 7 assisted living facilities.

ICT Accessand Use

Most of the facilities provided internet (69/70, 99%) and Wi-Fi
(66/70, 94%) access, although not all of them allowed residents
to access the internet (59/69, 86% compared to 99% who had
internet access) and Wi-Fi (57/66, 86% compared to 94% who
had Wi-Fi access). Prior to February 2020, the top 2 ICTs
provided by LTC facilities for residents use were televisions
(65/67, 97%) and radios (53/67, 79%; Table 3). In total, 33 of
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the 70 (47%) facilities have a dedicated employee to provide
ICT support to residents. In total, 59% (38/64) of LTC
administrators reported that their residents used laptops, 78%
(50/64) of LTC administratorsreported that their residents used
tablet devices, and 96% (61/64) of LTC administratorsreported
that their residents used smartphones. Of the LTC administrators
who reported that their residents did not use laptops, tablet
devices, or smartphones, the predominant reasons for nonuse
werelack of need (18/35, 51%) or prohibitive cost (7/35, 20%).
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Table 3. Accessto and use of information and communication technologies.

Technologies

Total (N=70), n
(%)

Assisted living facilities
(n=58), n (%)

Nursing homes
(n=12), n (%)

Internet or Wi-Fi
Facility hasinternet access
Residents able to access the internet
Facility has Wi-Fi

Residents able to access the Wi-Fi

Information and communication technologies available for residentsto use®

Television

Radio

Tablet device
Smartphone
Desktop computer

Laptop

Dedicated employee to help residents with information and communication

technologies

Information and communication technologies that residents use?

Smartphones
Tablet devices

Laptops

Reason why residents do not use infor mation and communication technologies

Do not have a need
Cost is prohibitive
Poor Wi-Fi, bandwidth capability, or capacity

Other (cognitive ability, do not know how, physical disabilities, not
supplied by family, or no interest)

69 (99) 57 (98) 12 (100)
59 (86) 47 (82) 12 (100)
66 (94) 54 (93) 12 (100)
57 (86) 46 (85) 11(92)
65 (97) 55 (98) 10 (91)
53 (79) 47 (84) 6 (55)
24(36) 19 (34) 5 (45)
20 (30) 17 (30) 3(27)
20 (30) 15 (27) 5 (45)
17 (25) 12 (21) 5 (45)
33 (47) 27 (49) 6 (50)
61 (96) 49 (94) 12 (100)
50 (78) 38 (73) 12 (100)
38 (59) 27 (52) 11(92)
18 (51) 17 (50) 1(100)
7(20) 7(21) 0

6(2) 2(6) 0

11 (31) 11(32) 0

3Mlissing responses from 2 assisted living facilities and 1 nursing home.
BMissi ng responses from 6 assisted living facilities.

Changesin Facility ICTs, Access, and Use Since the
Onset of the COVID-19 Pandemic

Since the onset of the COV1D-19 pandemic and the subsequent
lockdown of LTC facilities, 61% (43/70) of the LTC
administrators reported an increase in technology spending at
their facility (Table 4). A mgority (37/70, 53%) of the LTC
facilitiesreported purchasing ICTsfor their residents. Themain
way the | CTswere purchased was by using facility funds (29/37,
78%). Though Centers for Medicare and Medicaid Services
funding was provided for COV1D-19 communicative technology
grants for NHs, only 45% (5/11) of the nursing home

https://aging.jmir.org/2022/1/e32442

administratorsreported using this source of funding to purchase
ICTsfor their residents. ALF administrators also reported using
personal funds, donations, and a small business loan. The top
three ICTs purchased by LTC administrators for their residents
(nonmutually exclusive) were tablet devices (27/37, 73%),
smartphones (8/37, 22%), and laptops (8/37, 22%). In an
open-ended question, 35 of the 37 administrators who purchased
| CTsduring the COVID-19 pandemic reported that the primary
reason for purchasing | CTswas to help residents communicate
with their family members. Additional reasons for purchasing
ICTs included enabling telehealth and providing a secure
communication channel for their staff.
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Table 4. Changesin access to and use of information and communication technologies at facilities since the onset of the COVID-19 pandemic.

Changes Total (N=70), n (%) Assisted living facilities Nursing homes(n=12), n
(n=58), n (%) (%)
Change in technology spending
No change 27 (39) 27 (47) 0
Increased spending less than 25% 20 (29) 16 (28) 4(33)
Increased spending by 25%-50% 15(21) 10 (17) 5(42)
Increased spending by more than 50% 8(11) 5(9) 3(25)
Facility purchased information and communication technologies for residents use
Yes 37 (53) 26 (45) 11 (92)
No 33(47) 32 (55) 1(8)

Among participants who reported purchasing information and communication
technologies for residents’ use:

Funds used to purchase information and communication technologies

Facility funds 29 (78) 21 (81) 8(73)
The Centers for Medicare and Medicaid Services 5 (14) 0 5 (45)
COVID-19 communicative technology grant
Donations 3(8) 3(12) 0
Other (persona funds, small businessloans, and 4 (11) 4 (15) 0
residents provided for self)

Information and communication technologies purchased
Tablet devices 27(73) 16 (62) 11 (100)
Smartphones 8(22) 6(23) 2(18)
Laptops 8(22) 7(27) 1(9)
Cellphones 1(3) 1(4) 0
Other (Facebook portal, Amazon Echo, Nucleus, 8 (22) 8(31) 0

Eversound technology, headsets, cords to connect
tablets and phones to televisions, and smart televi-
sions)

How information and communication technologies have been used by residents?

Videoconferencing with family members 31 (86) 21 (81) 10 (100)
Videoconferencing with healthcare providers 26 (72) 19 (73) 7 (70)
Videoconferencing with friends 25 (69) 16 (62) 9(90)
Playing games 10 (28) 8(31) 2(20)
Shopping 9(25) 6 (23) 3(30)
Searching for information 8(22) 6(23) 2(20)
Email 4(11) 2(8) 2(20)
Other (Pleasure, Telehealth) 3(8) 3(12) 0

How residents learned to use information and communication technologies®

Staff-assisted 35(97) 25 (96) 10 (100)
Self-taught 6 (17) 3(12) 3(30)
Other resident—assisted 4(11) 3(12) 1(10)
Other 1(3) 0 1(10)
Do not know 1(3 1(4) 0

8Mlissing response from one nursing home.
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Administrators reported that, on average, 42% (SD 30.4%) of
the residents used the technology provided by facilitiesand 25%
(SD 26.4%; Table 5) of the residents were not able to use the
technology provided by the facility owing to health or other
impairments. Per the LTC administrators, residents have
predominately used the newly purchased ICTs for
videoconferencing with family members (31/36, 86%), health

Schuster & Cotten

care providers (26/36, 72%), and friends (25/36, 69%). Residents
have also used the | CTsfor entertainment such as playing games
(10/36, 28%), shopping (9/36, 25%), and searching for
information (8/36, 22%). Though most of the LTC facilitiesdid
not have a dedicated person to assist residents with technology
use, administrators reported that residents mainly learned to use
the ICTs with help from LTC staff members (35/36, 97%).

Table 5. Additional changesin access to and use of information and communication technol ogies among facilities since the onset of the COVID-19

pandemic.

Additiona changes

Residents (%), mean (SD); range

Used the technology provided by the facility

42,6 (30.4); 0-100

Unableto use thetechnology provided by the facility owing to health or other impairments  25.1 (26.4); 0-95

Benefits of and Barriersto ICT Use

The most commonly reported benefits reported by LTC
administrators were that using ICTs helped residents feel
connected to their family members (26/34, 77%) and friends
(16/34, 47%), and using ICTs allowed the residentsto socialize

more with others (11/34, 32%; Table 6). Administrators noted
barriers to ICT use, such as staff not having time to assist
residents with technology, broken technology, and residents
who did not want to share technology, although these barriers
were each reported by <25% (9/34) of respondents.

Table 6. Benefits of and Barriers to the use of information and communication technologies.

Total (N=34), n  Assisted living facilities Nursing homes
(%) (n=24), n (%) (n=10), n (%)
Benefits of using information and communication technologies
Residents feel connected to family members 26 (77) 17 (71) 9(90)
Residents feel connected to friends 16 (47) 11 (46) 5 (50)
Residents are socializing more 11 (32) 9(38) 2(20)
Decreased negative behaviors from residents 7(21) 6 (25) 1(10)
Residents feel connected to other residents 5(15) 4(17) 1(10)
Other (eased some anxiety for residents and family) 2 (6) 2(8) 0
Barriersto using information and communication technologies
Staff do not have time to assist residents with technology 5(15) 2(8) 3(30)
Broken technology 4(12) 2(8) 2(20)
Residents do not want to share technology 2 (6) 1(4) 1(10)
Other (not enough devices and staff to help with tech use and residents 3 (9) 2(8) 1(10)

with dementia)

Results of Binary Logistic Regression Analysis:
Relationship Between | CT Purchase During the
COVID-19 Pandemic and Facility Characteristics
Binary logistic regression analysis suggest that NHs, compared
to ALFs, were 10.23 times more likely to purchase ICTs for

residents’ use during the COV1D-19 pandemic (oddsratio 11.23,
95% CI 1.12-113.02; P=.04). None of the other facility
characteristicswere related to whether LTC facilities purchased
ICTs. The overall results of binary regression analysisfor ICTs
purchased during the COVID-19 pandemic are shown in Table
7.

Table 7. Results of binary logistic regression analysis for the relationship between the purchase of information and communication technologies and

facility characteristics.

Oddsratio (SE; 95% ClI) P vaue
Type (nursing home) 11.23(1.18; 1.12-113.02) .04
Owner ship
For profit 1.85 (1.28; 0.15- 22.87) .63
Nonprofit 0.72 (1.39; 0.05-10.82) 81
Bed size 1.00 (0.01; 0.99-1.01) .68
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Discussion

Principal Findings

This study is unique in that it presents an institutional
perspective regarding how LTC facilities attempted to use ICTs
to help address the socioemotional needs of their residents
during the COVID-19 pandemic. Although there were some
LTC facilities that, prior to the pandemic, provided ICTs for
residents’ use, corroborating the findings from other prior studies
[15,17,19], the advent of the lockdowns led many of the South
Cardlinafacilitiesin this study to purchase ICTs.

NH administrators had higher odds of reporting that they
purchased ICTs than ALF administrators. However, neither
facility size nor ownership type were related to whether ICTs
were purchased. Larger samples with more diversity in facility
size, paticularly among NHs, as well as other facility
characteristics, might revea differencesthat were obscured due
to the homogeneity in NH respondent facility sizesin this study.

Since the onset of the COVID-19 pandemic, most of the LTC
facilitiesin this study purchased ICTs, primarily tablet devices
(27137, 73%), to help enhance resident connection with social
ties during the pandemic. Less than a quarter of the LTC
facilities purchased smartphones or laptops for residents to use
to communicate with friends, family, and health care providers
during the lockdown. Although most of the LTC facilities did
not have dedicated staff to assist residentsin using ICTs, more
than 95% (35/37) of the administrators in this study reported
that staff hel ped residentslearnto use | CTsduring the pandemic
to communicate with social ties and related reasons. This
suggests that LTC facilities should consider having staff
available to assist residents with using ICTs, thus confirming
what other studies have suggested [16,18].

Though the LTC administrators in this study reported ICT use
by their residents primarily for communication with their social
ties, the majority (26/36; 72%) reported that residents used the
ICTsfor telehealth purposes. Given the high risk of COVID-19
among older adults, telehealth could be an important way for
older adults to continue health care with minimal risks. While
research is needed to explore how telehealth is used by LTC
facilities and LTC residents in more detail, interventions are
also needed to help older adultslearn to use ICTsto effectively
usein general and for telehealth servicesin particular [16,18].

Strengthsand Limitations

This is one of the few studies examining administrators
technology adaptations during the COVID-19 pandemic. The
results of this study illustrate the importance of staff members
for helping residents to be able to use ICTs, as well as the fact
that almost none of the facilities had a dedicated staff person
to assist with technology needs at the time of this study. This
suggeststhat facilities should takeinto account the technol ogical
needs of their residents and provide ongoing support to help
them maintain their ICT use; prior research has noted the
importance of ongoing technical support for older adults to be
able to continue to use ICTs over time [16,18,20].

While this study sheds light on ICTs purchased and used in
LTC facilities since the start of the pandemic, the data were

https://aging.jmir.org/2022/1/e32442
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collected from LTC facilities in South Carolina, which limits
the generalizability of this study. Consistent with the LTC
industry, our sample is predominately for profit LTC facilities.
However, the majority bed size for both the ALFs and NHs in
this study is not representative of the LTC facilities in South
Carolina or the United States. Although 50% (29/58) of the
ALFsinthis study were medium-sized facilities (26-100 beds),
the majority of ALFsin the United States (65%) and in South
Carolina (46%) are small facilities (25 beds or less). In addition,
83% (10/12) of the NHs in this study were large facilities (101
beds or more), while the majority (64%) of NHs in the United
States and in South Carolina (49%) are medium-sized facilities
(26-100 beds) [63]. We acknowledge that the number of NHs
that participated in the study was very small (n=12). Given the
small number of NH administrators in the sample, the results
for NHs should be taken with caution. It may be the case that
aselection effect occurred with NHs who utilized ICTsin their
facilities being more likely to respond to our ICT focused
survey. Alternatively, perhaps larger NHs are more likely to
have ICT access for their residents.

We found that prior to February 2020, there were NH
administrators who reported that their residents used laptops
(1112, 92%), tablets (12/12, 100%), or smartphones (12/12,
100%). However, the number of NH administrators who
reported residents having these was very small (n=12). Assisted
living administrators also noted that prior to February 2020,
their residents used laptops (27/58, 52%), tablet devices (38/58,
73%), and smartphones (49/58, 94%). Given the presence of
greater health conditions among NH residents[64,65], compared
to ALF residents, we would have expected that smaller
percentages of NH residents would have been reported to use
| CTsthan what was reported in this study.

While the exploratory results of this study are informative in
helping to illustrate the range of actions taken and
administrators perceptions of these ICT use impacts on
residents, additional datawith larger and more diverse samples
of LTC administrators as well as other staff members and
residents are needed to ascertain if and how various types of
LTC facilities adapted to the COVID-19 pandemic to help
residents maintain connections to their social ties. Future
research should investigate the types and degree of ICTs
avalable for residents use in a national sample of LTC
facilities, aswell asidentifying how LTC administrators adapted
the ICTsavailableto LTC residents.

Conclusions

LTC facilities were not adequately prepared to support the
socioemoational needs of their residentsin the event of afederaly
mandated facility lockdown [3]. ICT use can be a useful tool
to help LTC residents maintain contact with social ties either
during a pandemic or during nonpandemic times. However,
LTC facilities and residents must have ICTs available to use,
residents must be skilled in using ICTs, and support must be
available to ensure continued use for residents to reap the
benefits of their use. We encourage LTC facilities to develop
technol ogy integration plansto prepare for future situationsthat
may affect LTC residents interaction and communication
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opportunities, such as another pandemic, and to facilitate residents usein the present time.
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Abstract

Background: Over recent years, interest in the development of smart health technologies aimed at supporting independent
living for older populations has increased. The integration of innovative technologies, such as the Internet of Things, wearable
technologies, artificial intelligence, and ambient-assisted living applications, represents avaluable solution for this scope. Designing
such an integrated system requires addressing several aspects (eg, equipment selection, data management, analytics, costs, and
users’ needs) and involving different areas of expertise (eg, medical science, service design, biomedical and computer engineering).

Objective: The objective of this study is 2-fold; we aimed to design the functionalities of a smart health platform addressing 5
chronic conditions prevalent in the older population (ie, hearing loss, cardiovascular diseases, cognitive impairments, mental
health problems, and balance disorders) by considering both older adults’ and clinicians’ perspectives and to eval uate theidentified
smart health platform functionalities with a small group of older adults.

Methods: Overall, 24 older adults (aged >65 years) and 118 clinicians were interviewed through focus group activities and
web-based questionnaires to elicit the smart health platform requirements. Considering the elicited requirements, the main
functionalities of smart health platform were designed. Then, afocus group involving 6 older adults was conducted to evaluate
the proposed solution in terms of usefulness, credibility, desirability, and learnability.

Results: Eight main functionalitieswereidentified and assessed—cognitive training and hearing training (usefulness: 6/6, 100%;
credibility: 6/6, 100%; desirability: 6/6, 100%,; learnability: 6/6, 100%), monitoring of physiological parameters (usefulness: 6/6,
100%; credibility: 6/6, 100%; desirability: 6/6, 100%; learnability: 5/6, 83%), physical training (useful ness. 6/6, 100%; credibility:
6/6, 100%; desirability: 5/6, 83%; learnability: 2/6, 33%), psychoeducational intervention (usefulness: 6/6, 100%,; credibility:
6/6, 100%; desirability: 4/6, 67%; learnability: 2/6, 33%), mood monitoring (usefulness. 4/6, 67%,; credibility: 4/6, 67%; desirability:
3/6, 50%; learnability: 5/6, 50%), diet plan (usefulness: 5/6, 83%; credibility: 4/6, 67%; desirability: 1/6, 17%,; learnability: 2/6,
33%), and environment monitoring and adjustment (usefulness: 1/6, 17%; credibility: 1/6, 17%; desirability: 0/6, 0%; learnability:
0/6, 0%). Most of them were highly appreciated by older participants, with the only exception being environment monitoring and
adjustment. The results showed that the proposed functionalities met the needs and expectations of users (eg, improved
self-management of patients' disease and enhanced patient safety). However, some aspects need to be addressed (eg, technical
and privacy issues).

Conclusions: The presented smart health platform functionalities seem to be able to meet older adults’ needs and desires to
enhance their self-awareness and self-management of their medical condition, encourage healthy and independent living, and
provide evidence-based support for clinicians' decision-making. Further research with alarger and more heterogeneous pool of
stakehol dersin terms of demographicsand clinical conditionsisneeded to assess system acceptability and overall user experience
in free-living conditions.
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Introduction

Background

Currently, 22% of the total population in Europe is aged >65
years, and this number is estimated to increase to 51% by 2070
[1]. Morethan 50% of the existing ol der adults have =3 chronic
disorders (eg, hypertension, heart disease, and diabetes) that
negatively affect their quality of life (QoL) and independent
living [2]. The multiple comorbidities of chronic conditions
with co-occurring age-related cognitive and behavioral changes
make older adults frail, with a conseguent increased risk of
geriatric syndromes, hospitalization, and disability. Hence, the
aging population is expected to be agreat challenge for health
care systems and represents a perfect target for devel oping new
smart health platforms [3].

Smart health is a concept that refers to the multidimensional
change that medical careisfacing as aresult of the integration
of mobile devices (eg, smartphones), wearables (eg, fitness
bands), and smart medical devices (eg, smart blood pressure
monitors). These instruments enable the collection of massive
amounts of health-related data that, when analyzed with artificial
intelligence models, can provide insights for a personalized
intervention. Smart health systems have become increasingly
feasiblein recent years because of the remarkable technol ogical
advancements in processing power, network infrastructures,
and big data analytics, leading to a high level of information
processing [4]. Big datamay offer many advantagesin the health
care sector [4-6]: they are decisive in the prevention and early
detection of diseases, risk monitoring, definition of tailored
interventions based on a patient-centered over adisease-centered
approach, objective reporting and evidence-based medicine,
reduction of social and medical costs, and public health
surveillance.

Over the past decade, the needs of the aging society have been
investigated, and several smart heath solutions have been
proposed. The ultimate goal of smart health systems devoted
to the older population is to encourage healthy lifestyles,
increase autonomy, facilitate socia inclusion, guarantee
continuity of medical therapy even at home, and provide remote
monitoring and teleconsulting. Technologies capable of
monitoring an individua’s activities and behaviors [7-9] have
been devel oped to promote healthy habits (eg, active living and
healthy nutrition). For better management of age-related
diseases, devices supporting a proper intake of medication
[10,11] have been suggested, and mobile apps providing remote
monitoring [5], cognitive training [12], and psychological
support [13-15] have been proposed. In addition, systems
enabling the monitoring of home environmental conditions
[16,17] or the detection of falls [9,18] have been designed to
increase the safety of older adults.

https://aging.jmir.org/2022/1/e29623

The use of smart health solutions by the older population has
been widely explored in the current literature [19-22]. In that
regard, the attractiveness, ease of use (eg, understandable and
simplelanguage and easy accesstoinformation), and perceived
added value of the technology (eg, relevant and valuable
functionalities) are considered facilitators of the adoption of
new technology for older adults [21,23]. Other enablersliein
an individual’'s adequate education to the use of technology
because of prior experience with digital devices and mobile
apps and in the curiosity toward the new technology [23]. The
presence of support for older adults in learning to use the
technology positively predisposes them to the use of new
technological solutions[23]. In contrast, the literature suggests
that the main barriers to the prolonged use of technology by
older adults are issues in the usability of the system and
perceived irrelevance of an application or a device with a
resulting sense of the uselessness of the entire technology [23].
Moreover, the physical and functional age (ie, a combination
of physiological, psychological, and socia age determined by
measures of functional capability indexed by age-normed
standards), the absence of instructions or guidance, computer
anxiety, and lack of confidence can lead to premature
abandonment of those solutionsby older populations[21,24,25].
Furthermore, relativeto their use, older adults expressed privacy
concerns, disapproval of possible excessive control from the
caregivers, and lack or reduction of social interaction [20,21].

An important step in the design process of technology for
community-dwelling older adults is to collect and address the
needs of all involved stakeholders (eg, older patients, caregivers,
and clinicians) [19,20,26]. A recent study [27] on a
telepsychiatry service suggested that clinicians' concerns must
be considered and addressed in the design and devel opment of
a service targeted for older adults. Another work [28]
highlighted that poor involvement of the health careteaminthe
development of an assistance and intervention service leads to
reduced treatment adherence for patients [28]. Hence, all end
users have to be involved in the design and implementation
phases of a smart health platform for the older population.

However, research exploring attitudes, perceptions, expectations,
and concerns about smart health technologies of both older
adults and clinicians is limited, and users’ well-being is often
trested as a secondary outcome by assistive technology designers
[29]. Moreover, thefocus of most studies has been on exploring
asingle device (eg, tablet) [21] or function (eg, telemonitoring
of daily activities) [20,26,27] and not a platform or a system
including different devices and services.

Objective

This study, conducted within the Horizon 2020 European project
SMART BEAR, addresses the aforementioned limitations. The
idea underpinning this project is the implementation of an
affordable, accountable, and privacy-preserving innovative
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platform (ie, SMART BEAR platform), integrating off-the-shelf
smart and medical devices. The focus of developing such a
platform is to support the healthy and independent living of
aging people with five prevalent health-related conditions:
hearing loss, cardiovascular diseases, cognitive impairments,
mental health issues, and balance disorders. For every medical
condition, the platform intends to provide the end users with
remote monitoring and intervention based on several
functionalitiesthat may improvetheir QoL and facilitate disease
management. More specifically, the platform aimsto fulfill five
objectives: (1) promote patients’ self-awareness of health status,
(2) promote patients self-management of their own health
conditions, (3) encourage patients' active living, (4) enable
patient’s independent living, and (5) provide evidence-based
support for clinicians’ decision-making.

Within this context, this study aimsto collect key requirements
for the SMART BEAR platform design by involving both older
adults and clinicians. Specifically, the objective of the study is
2-fold; we aimed to understand stakeholders' beliefs, attitudes,
needs, expectations, and concerns about the SMART BEAR
platform (objective 1) and to evaluate the proposed solution
with a small group of older adults (objective 2). The paper is
structured asfollows: the methodol ogy, methods, data collection,
sample population, and data analysis are described in the
Methods section; results obtained are reported in the Results
section; and discussion on theinsights gained is narrated in the
Discussion section. The paper endswith the conclusions, limits,
and future work being presented.

Methods

Overview

A 2-phase experimental procedure was designed to address the
objectives of this study. Thefirst phase (requirements collection)
was devoted to gaining a comprehensive understanding of the
behaviors and perceptions of both clinicians and older adults,
as well as exploring environmental factors that influence their
adoption of the technology (objective 1). Oncethis processwas
completed and the collected data were analyzed, the main
functionalities to make the SMART BEAR platform effective
and adoptable by the end users could be identified. The second
phase (evaluation) was intended to provide an overall
assessment of the designed platform and its functionalities
(objective 2).

M ethodology

The methods used to gather clinicians' and older adults’ data
can be distinguished into two categories: focus group and
web-based questionnaire.

A focus group activity can be defined as a discussion within a
small group of people (eg, 4-10 participants) about a specific
topic led by a well-trained facilitator (eg, a psychologist or a
researcher ableto stimulate an active engagement of participants
in the debate). Although it is a time-consuming activity, the
focus group is well-appreciated in medica research as it
represents a valid method for collecting qualitative and
guantitative information. Conversely, web-based questionnaires
allow gathering information from a large sample in a short
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period; it is easy to fill in remotely using a computer or a
smartphone, and its answers are smple to analyze as a more
structured survey.

To establish the content and structure of the methods used in
the study, a draft of questions was first created according to
preliminary informal interviews conducted with experts (eg,
neuropsychologists, geriatricians, and engineers). Then, a
brai nstorming session was conducted to decide which questions
to include or exclude (eg, “Is this question really needed?’).
The brainstorming was helpful in avoiding the temptation to
include questionswithout critical evaluation of their contribution
toward the achievement of the study objectives. Finally, specia
attention was given to the wording, length, order, and format
of questions (eg, several factors such as the age of the target
respondents were considered, and the font size of the
guestionnaires was adapted accordingly). The questions were
organized and worded to encourage respondents to provide
accurate, unbiased, and complete information.

Requirements Collection Phase

The requirements collection phase included three subsequent
activities: first, a focus group activity with clinicians (focus
group for clinicians) was conducted to collect qualitative
exploratory information for a better understanding of how the
SMART BEAR platform can benefit older adults and their
physicians. Clinicians with various medical specialties (eg,
geriatricians, cardiologists, psychiatrists, neurologists, and
psychologists) were encouraged to participate in the activity.
Indeed, their experience with older patientsand their caregivers
may offer val uable perspectives on the problemsfaced in clinical
practice and how the technology may facilitate the management
of prevalent age-related conditions. Moreover, they wereinvited
to debate about the intrinsic capacity (IC) model [30] introduced
by the World Health Organization, according to which the
individual’s functional abilities need to be considered to ensure
a comprehensive characterization of older patients. Second, a
structured questionnaire wasissued viatheweb to alarge sample
of clinicians (web-based questionnaire for clinicians) to learn
about their beliefs, attitudes, and expectations on the SMART
BEAR platform. In the third phase, a web-based questionnaire
was set up and disseminated among older adults (web-based
guestionnaire for older adults) to collect their feedback and
impressions about the SMART BEAR platform.

Evaluation Phase

The eval uation phaseincluded afocus group activity with older
adults using a storytelling approach (focus group for older
adults). The participants, as potentia users of the SMART
BEAR platform, were invited to answer structured questions
while observing archetypal users (ie, userswith similar age and
clinical conditions) experiencing the proposed technological
solution and its functionalities.

Experimental Procedure

During the requirements coll ection phase, once the participants
demographic data were gathered, 5 areas were investigated
overall through the focus group for clinicians, web-based
guestionnaire for clinicians, and web-based questionnaire for
older adults(Table1). In detail, in thefocus group for clinicians,

IMIR Aging 2022 | vol. 5 | iss. 1 [€29623 | p.107
(page number not for citation purposes)


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

JMIR AGING

the facilitator (ie, a neuropsychologist) explored four areas of
interest for clinicians (ie, impact of disease in everyday life,
remote monitoring, use of technology in medical practice, and
about SMART BEAR) by administering a set of 33 open-ended
guestionsto the participants (M ultimedia Appendix 1). Instead,
the web-based questionnairefor clinicians comprised 13 closed,
multiple-choice questions to guarantee clarity, brevity, and
usability of the questionnaire, given its web-based nature. The
guestions were selected from among those used in the focus
group for clinicians. They covered 3 of the4 areas of clinicians
interest (ie, impact of disease in everyday life, being a very
broad and complex topic, was excluded to avoid an excessive
workload for the respondents).

Furthermore, free-form comment boxes were added to gather
further participants’ insights. The web-based questionnaire for

Table 1. Investigated areas and used methods for each phase.

Cristiano et al

clinicians (Multimedia Appendix 1) was published on the
Limesurvey platform, and its link was spread through the
internal mailing lists of Istituto di Ricovero e Cura a Carattere
Scientifico (IRCCS) Policlinico Ca® Granda (Milan, Italy),
Ospedale Maggiore (Crema, Italy), and IRCCS Ospedale San
Raffaele (Milan, Italy). Similarly, for the web-based
guestionnaire for older adults, the multiple-choice, close-ended
questions structure was preferred, and 35 questionswere selected
to cover the areastargeted for older adults (ie, impact of disease
in everyday life, remote monitoring, older adults relationship
with technology, and about SMART BEAR). Thequestionnaire
for older adults (Multimedia Appendix 1) was published on the
Limesurvey platform, and the link was shared among the
contacts of clinicians, colleagues, and older participants of
previous research projects.

Phase

Clinicians

Older adults

Requirements collection phase (areas)
Impact of disease in everyday life
Remote monitoring

Older adults' relationship with the technology

Use of technology in medical practice
About SMART BEAR

Evaluation phase (interventions)

Focus group

Focus group and web-based questionnaire
N/AZ

Focus group and web-based questionnaire
Focus group and web-based questionnaire

Web-based questionnaire
Web-based questionnaire
Web-based questionnaire
N/A

Web-based questionnaire

Physical training N/A Focus group: S1b

Diet plan N/A Focus group: S
Monitoring of physiological parameters N/A Focus group: $;
Psychoeducational intervention N/A Focus group: S,°
Monitoring of the mood N/A Focus group: S,
Cognitive training N/A Focus group: S,
Hearing training N/A Focus group: S,
Environment monitoring and adjustment N/A Focus group: S,

Evaluation phase (transversal functions)

Data visualization N/A Focus group: S and S,
Gamification N/A Focus group: $; and S,
Regular report N/A Focus group: S and S,
Regular report to clinician N/A Focus group: S and S,
Suggestion N/A Focus group: $; and S,
Reminder N/A Focus group: $; and S,
Data access to caregiver N/A Focus group: S; and S,
Teleconsulting N/A Focus group: S; and S,

3N/A: not applicable.
bsl: Carlo’'s story.
€s,: Lidias story.
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According to the data collected in the focus group for clinicians,
web-based questionnaire for clinicians, and web-based
guestionnaire for older adultsand their analysis, 8 interventions
and 8 transversal functions of the SMART BEAR platform were
proposed and assessed in the eval uati on phase through the focus
group for older adults' activity (Table 1). It comprised a
discussion based on a narration where the contents of the
research questions are merged with the story of personas (ie,
archetypal users). This method was selected as it encourages
theidentification of the participants with the protagonist, which
facilitates the comprehension of the proposed technology use.
Moreover, it enables participantsto bring new ideas and personal
insights into the discussion. In more detail, 2 stories (Carlo’'s
story and Lidia's story; Multimedia Appendix 1), describing 2
personas (ie, Carlo and Lidia) interacting with the platform and
making use of specific interventions and transversal functions,
were presented and discussed. More specifically, in each story,
different interventions were illustrated according to the
protagonist's problems (eg, physical training is offered in
Carlo's story as Carlo conducts a sedentary lifestyle). The
presented interventions were evaluated in terms of usefulness
(ie, Do you find it useful to meet your needs?), credibility (ie,
Do you think or feel it credible?), desirability (ie, Would you
find it desirable?), and learnability (ie, Would you be able to
learn to use it?). Transversal functions were presented in both
stories because of their versatility and evaluated in terms of
usefulness and desirability.

Sample Population

An overal sample of 148 participants (Figure 1), comprising
both clinicians (118/148, 79.7%) and older adults (30/148,
20.3%), took part in the study. The research was designed in
accordance with the European Union Guidelines for Clinical
Practice and the current revision of the Declaration of Helsinki.
The study was approved by the Ethics Committee of the
University of Milan (nr. 50.20 on May 14, 2020). All

Figure 1. Sample population diagram.
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participants provided informed written consent before
enrollment in the study.

AsshowninFigure 1, clinicians (16/118, 13.6%) with expertise
in all medical domains from two hospitals, IRCCS Policlinico
Ca Grandaand Ospedale Maggiore, wereinvolved in the focus
group for clinicians. A focus group was planned in each
hospital. More specifically, 56% (9/16) of participantstook part
in the first focus group at Policlinico Ca’ Granda (focus group
1for clinicians), whereasthe second focus group was performed
with the involvement of 44% (7/16) of medical experts at
Ospedale Maggiore in Crema (focus group 2 for clinicians).
Each focus group lasted approximately 90 minutes and was
conducted in a specifically furnished room at the hospital’s
premises. The focus groups were led by a neuropsychologist,
whereas 2 biomedical engineers took notes.

Physicians (102/118, 86.4%) with expertisein >1 of themedical
condition of interest were enrolled from IRCCS Paliclinico Ca
Granda, Ospedale Maggiore, and IRCCS San Raffael e Hospital
for the following step of the study (ie, filling the web-based
guestionnaire for clinicians).

Participants aged =65 years with any of the target age-related
conditions were recruited for the last 2 activities through
word-of-mouth communication. In particular, of the 30 older
adults, 24 (80%) participated in the web-based questionnaire
for older adults' activity in the requirements collection phase,
and 6 (20%) took part in the last focus group for older adults
activity in the evaluation phase.

The focus group for older adults was conducted by a
neuropsychologist and 2 bioengineers in a medical office in
Chiesain Vamalenco (Sondrio, Italy) and lasted approximately
90 minutes. More specifically, the neuropsychol ogist conducted
the discussion of the topics, and the 2 bioengineers took notes
of the discussions and occasionally intervened to obtain a better
explanation of conceptsthat emerged from the discussion. Users

comments and feedback were collected in dedicated sheet forms.

Enroliment

(N=148)

—

Recruited participants

}7

Clinicians
(118/148)

Older adulis
{30/148)

Web-based questionnaire
Tor clinicians
(1021118)

Focus group for clinicians
(16/118)

Web-based questionnaire

Tor older adults
(24/30)

Focus group for older
adulls
(6/30)

Requirements Coliection Phase

Evaluation Phase
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Data Analysis

The collected data were digitalized (focus group for clinicians
and focus group for older adults) or exported (web-based
guestionnaire for clinicians and web-based questionnaire for
older adults) in Microsoft Excel (Microsoft Corporation).

A separate content analysis was conducted on the qualitative
data gathered in the requirements coll ection phase (focus group
for clinicians, web-based questionnaire for clinicians, and
web-based questionnaire for older adults). Every answer was
assigned to agroup of common opinions or preferencesto allow
the conversion of qualitative information into quantitative data.
Then, the quantitative data collected in the focus group for
cliniciansand aweb-based questionnairefor cliniciansreferring
to the same questions were combined to gain the clinicians’
overall outcomes. Hence, a frequency analysis was conducted,
and the results, in terms of the number of occurrences and
related percentage values, were reported separately for each
areainvestigated and involved stakehol ders (clinicians or older
adults).

At the end of the requirements collection phase analysis,
researchers with heterogeneous expertise (eg, biomedical
engineers, neuropsychologists, geriatric specialists, and
computer scientists) formed a working group to design the
functions and interventions of the smart health platform. For
this purpose, the design considered the project’s objectives;
namely, to address the five areas of the IC mode (ie,
locomotion, cognition, vitality, sensory, and psychology). The
results obtained in the requirements collection phase allowed
for the assessment of the impact of such technology on the life
of the target population in terms of needs satisfaction and
technol ogy acceptance. Moreover, implementation factorswere
considered, resulting in the endorsement of consumer
technology. The working group debated on the possible solutions
to reach these obj ectives and finalized the design by identifying
8 interventions and 8 transversal functions, which constitute
the subject for the evaluation phase.

Here, acontent analysiswas conducted for qualitative data, and
afrequency analysis was conducted for quantitative data. The
results obtained in that phase were reported only in terms of
percentage as a small group of older adults participated in the
focus group for older adults.

Results

Requirements Collection Phase

Focus Group for Clinicians Sample Population

A group of 16 clinicians (8/16, 50% women) between the ages
of 27 and 64 years (mean 42, SD 13 years) was recruited for
the focus group for clinicians (ie, 7/16, 44% physicians; 3/16,
19% geriatricians; 3/16, 19% cardiologists; 1/16, 6% surgeons,
and 2/16, 12% medical scientists). They all agreed that high
blood pressure, ischemic disease, cardiac arrhythmias,
imbalance, hearing loss, falling, dementia, depression, anxiety,
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and stress are the principal clinical problems that challenge
older adults everyday lives. The most treated medical conditions
were high blood pressure (12/16, 75%), ischemic heart disease
(10/16, 63%), arrhythmias (9/16, 56%), dementia (9/16, 56%),
depression (7/16, 44%), falls (6/16, 38%), imbalance (6/16,
38%), anxiety (6/16, 38%), stress (3/16, 19%), and hearing loss
(2/16, 13%).

Web-Based Questionnaire for Clinicians Sample
Population

A sample of 102 participants completed the web-based
guestionnaire for clinicians. Approximately 98% (100/102) of
the respondents expressed their area of expertise (ie, 59/102,
57.8% had expertisein geriatrics; 7/102, 6.8% had expertisein
surgery; 6/102, 5.8% had expertisein general medicine; 4/102,
3.9% had expertise in neurology and physiotherapy; 2/102,
1.9% had expertise in cardiology, emergency medicine, and
internal medicine; and 1/102, 0.9% had expertise in ear, nose,
and throat, psychiatry, gastroenterol ogy, pathological anatomy,
urology, rheumatology, nephrology, radiology, psychology,
odontology, endocrinology, oncology, and nutrition). The most
frequently treated medical conditions by the surveyed clinicians
were dementia(68/102, 66.6%), hypertension (64/102, 62.7%),
falls (58/102, 56.8%), arrhythmias (55/102, 53.9%), ischemic
heart disease (50/102, 49%), anxiety and depression (46/102,
45%), imbalance (39/102, 38.2%), stress (21/102, 20.5%), and
hearing loss (9/102, 8.8%). Regarding the frequency of visits,
25.4% (26/102) of the sample declared that they visited their
older patients more than once per month, 31.3% (32/102) visited
every 1 to 3 months, 34.3% (35/102) visited every 6 months,
and 9.8% (10/102) visited once per year.

Web-Based Questionnaire for Older Adults Sample
Population

A total of 24 participants (16/24, 67% women) aged >65 years
completed the web-based questionnaire for older adults. The
sample was distributed as follows: 67% (16/24) in the 65 to 70
age range group, 17% (4/24) in the 71 to 75 age range group,
8% (2/24) inthe 76 to 80 age range group, and 8% (2/24) inthe
>81 years group. Most respondents (16/24, 67%) declared that
they lived with someone (all of them claimed to share their
home with their spouse and 5/24, 21% with their progeny as
well). The medical conditions prevalent among participants
were hypertension (9/24, 38%), cardiovascular disease (6/24,
25%), anxiety (4/24, 17%), hearing difficulties (3/24, 13%),
arrhythmias (4/24, 17%), balance disorders (2/24, 8%), and
depression (1/24, 4%). Instead, 21% (5/24) of participants
claimed to have experienced none of the abovementioned
disorders.

A description of stakeholdersinvolved in the first phase of the
experimental procedure (focus group for clinicians, web-based
guestionnaire for clinicians, and web-based questionnaire for
older adults) clustered according to the medical condition treated
or experienced is summarized in Table 2.
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Table 2. Requirements collection phase medical conditions treated or experienced (N=142).

Medical conditions

Clinicians (n=118), n (%)  Older adults (n=24), n (%)

Hearing loss (ie, tinnitus and unreceptiveness)

Cardiovascular diseases (ie, arrhythmias, ischemic heart disease, and hypertension)

Cognitive impairments (ie, dementia)
Mental health problems (ie, anxiety, depression, and stress)
Balance disorders (ie, imbalance and falls)

None

11(9.3) 3(125)
82 (69.5) 16 (66.7)
77 (65.3) 0(0)

68 (57.6) 4(16.7)
68 (57.6) 2(8.3)
0(0) 5(20.8)

Area 1: Impact of Disease on Everyday Life

Table 3 summarizes the clinician (focus group for clinicians)
and older adult (web-based questionnairefor older adults) inputs
related to the impact of disease in everyday life.

All clinicians (16/16, 100%) agreed on theimpact of age-related
disorders on older adults daily living activities, and
approximately al of them (13/16, 81%) considered that a
personalized intervention was required. Approximately all
participants (15/16, 94%) suggested that the family members
of the older person were most affected by the onset of the
disease. Specifically, according to clinicians, 88% (14/16) of
caregivers report having mental health problems (eg, burnout,
depression, and sleeping difficulties). Other issues encountered
by caregiversin handling the patient, as observed by clinicians,
are the reconciliation of their own commitments and time with
the needs of the patient (eg, daily assistance, scheduling medical
appointments, and bringing them to the appointments), the
experience or know-how to manage the disease or the adverse
clinical situations, therapy management, and supervision. The
whole group (16/16, 100%) suggested that a significant barrier
for older adults in their disease management is therapy
compliance. Thus, the clinicians claimed that these issues have

Table 3. Resultsrelated to the impact of disease in everyday life (N=40).

a relevant impact on caregivers mental health (ie, caregivers
often report stress and anxiety).

Older adults reported effects on cardiorespiratory functions
(6/24, 25%), deep (6/24, 25%), and diet (3/24, 13%) for the
vital area, whereas impact on sight (7/24, 29%), hearing (4/24,
17%), and smell (4/24, 17%) were observed for the sensorial
area. Impacts on anxiety (7/24, 29%), depression (1/24, 4%),
irritability (5/24, 21%), energy (5/24, 21%), and sociality (2/24,
8%) were found within the psychological area, whereas effects
on balance (2/24, 8%), locomotion (3/24, 13%), and muscle
strength (6/24, 25%) were noticed in the motor area. With regard
to the cognition area, participants reported memory (10/24,
42%), attention (5/24, 21%), and language (1/24, 4%)
difficulties. Most of the older adults (17/24, 71%) declared that
no help was needed to manage their medical condition.
However, the remaining 29% (7/24) were used to asking for
help (3/24, 12% sometimes and 4/24, 17%rarely) indaily living
activities (eg, persona hygiene and visiting the physician).
Moreover, participants declared that they visited the clinician
more than once per month (7/24, 29%), every 1 to 3 months
(7124, 29%), every 6 months (8/24, 33%), and less than once
per 5 years (2/24, 8%). They joined their clinician on phone
cals (18/24, 75%), written messages (10/24, 42%), and
webpages (1/24, 4%).

Intrinsic capacity model areas

Clinicians (n=16), n (%) Older adults (n=24), n (%)

Vital area (eg, cardiorespiratory functions, appetite, and autonomy)
Sensorial area (ie, vision, hearing, and smell)

Psychological area (eg, anxiety, depression, euphoria, and irritability)
Motor area (eg, balance, locomotion, coordination, and strength)

Cognitive area (ie, memory, attention, and language)

15 (94) 13 (54)
6(38) 11 (46)
13 (81) 17(71)
9 (56) 14(58)
10 (63) 10 (42)

Area 2: Remote Monitoring

On the basis of the discussion stimulated among clinicians
during the focus group, it was found that the most adopted
intervention for older adults with the targeted clinical conditions
seemed to be outpatient monitoring (96/118, 81.3% of
clinicians), and only in some cases (30/118, 25.4% of clinicians),
hospitalization was considered necessary.

Furthermore, 2.5% (3/118) of clinicians reported at the focus
group for cliniciansto have experience with remote monitoring
of older patients, and the most monitored parameterswere blood
pressure and therapy compliance. The most commonly used
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means for remote communication were phone calls (74/118,
62.7%), emails (52/118, 44%), and WhatsApp communication
(47/118, 39.8%). However, one of the cliniciansreported feeling
stressed from remote monitoring.

Regarding older adults, only 58% (14/24) of the interviewees
used remote monitoring devices; in particular, 54% (13/24) of
the participants claimed to use a smart blood pressure monitor,
whereas 4% (1/24) stated that they used an electrocardiogram
monitor. Table 4 shows the primary outcomes related to remote
monitoring from clinicians (focus group for clinicians and
web-based questionnaire for clinicians) and older adults
(web-based questionnaire for older adults).
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Table 4. Resultsrelated to remote monitoring (N=142).
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Parameters considered useful

Clinicians (n=118), n (%)  Older adults (n=24), n (%)

Blood pressure
House temperature

Air pollution

ECG?
Fall detection
Heart rate
Glycemia
Social interaction frequency
Diet habits
Levels of noise exposure
None
Other
Physica activity
Cognitive functions
Weight
Medication adherence
Behavioral changes and mood
Sleep quality
Pain
Eyesight

85 (72) 12 (50)
13 (11) 1(4.2)
11(9.3) 3(125)
37 (3L.4) 0(0)

74 (62.7) 2(8.3)
65 (55.1) 5(20.8)
47 (39.8) 0(0)

42 (35.6) 2(8.3)
68 (57.6) 8(33.3)
13(11) 1(4.2)
0(0) 4(16.7)
8(6.8) 10 (41.7)
68 (57.6) _b
1(0.8) —
1(0.8) —

50 (42.4) 3(12.5)
3(25) 8(33.3)
1(0.8) —
1(0.8) —

3ECG: electrocardiogram.
PNot available.

Area 3: Older Adults' Relationship With Technology

Multimedia Appendix 2 providesthe results from the web-based
guestionnaire for older adults related to older adults
relationship with technology.

Area 4: Use of Technology in Medical Practice

Table 5 illustrates the clinicians' results (focus group for
clinicians and web-based questionnaire for clinicians) related
to the use of technology in medical practice.

https://aging.jmir.org/2022/1/e29623

As reported in Table 5, smart devices were considered useful
in medical practice by most participants (107/118, 90.7%).
However, 42.4% (50/118) of the clinicians never used smart
devices in clinical practice, whereas only 5.1% (6/118) used
them all thetime. The same percentage of participants (50/118,
42.4%) did not suggest any of the proposed or other devices,
whereas 1.7% (2/118) of clinicians judged the use of a device
to recognize the patient’s position and movement (eg, GPS
tracking device) as significant. Monitoring of a person’s sleep
quality and oxygen saturation was also suggested by a
participant.
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Table 5. Resultsrelated to the use of technology in medical practice (N=118).

Use of technology

Clinicians, n (%)

Technology is useful in medical practice
Freguency of use
Never
Rarely
Sometimes
Often
Everyday
Apps and devices prescribed or suggested
Nutrition app
Physiotherapy app and smart devices
Smart hearing aids
Smart pillboxes
Physical activity app and smart devices
Smart blood pressure tracker
None
Other: movement tracking

Other: oxygen saturation and sleep quality app

107 (90.7)

50 (42.4)
34(28.8)
14 (11.9)
14 (11.9)
6(5.1)

20 (16.9)
23 (19.5)
10 (8.5)
23 (19.5)
23(19.5)
32(27.1)
50 (42.4)
2(17)
1(0.8)

Area 5: About SMART BEAR

Most clinicians (108/118, 91.5%) would recommend their
patientsto participatein the SMART BEAR project. Moreover,
amost all participants would like to receive regular reports
regarding the patients' health status. More specificaly, they
preferred daily reports (8/118, 6.7%), weekly reports (58/118,
49.1%), and monthly reports (35/118, 29.6%). Approximately
11.8% (14/118) of the participantswould liketo receive areport
only if an abnormality was detected, whereas 1.7% (2/118) of
the participants did not answer. During the focus group for
clinicians, 94.1% (111/118) of the clinicians expressed interest
in sending the reports to the patient, 75.4% (89/118) of them
suggested sending the reports to both physicians and patients,
and 38.1% (45/118) suggested sending the reportsto the patient
and caregiver.

Even older adults (18/24, 75%) expressed interest in receiving
periodic reports about their own health status (weekly reports
were preferred by 4/24, 17%, whereas monthly reports were
favored by 20/24, 83%). In addition, they would like their own
clinician (8/24, 33%), wife or husband (9/24, 38%), son or
daughter (7/24, 29%), or none (4/24, 17%) to have access to
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the content of those reports. Regarding how to receive the
reports, written messages (17/24, 71%), voice messaging (3/24,
13%), and email (9/24, 38%) were indicated. Approximately
63% (15/24) of the older adults showed an interest in
notifications and suggestions that the platform could generate
based on the collected data. This information was expected to
be shared with the spouse (11/24, 46%), son or daughter (6/24,
25%), physician (2/24, 8%), and friend (2/24, 8%), whereas
some (3/24, 13%) of participants preferred that no one had
access to such notifications and suggestions. The expressed
preferred ways of receiving notifications and suggestions were
written messages (18/24, 75%), voice messaging (2/24, 8%),
and email (10/24, 42%)).

Table 6 reports the main clinicians' (focus group for clinicians
and web-based questionnaire for clinicians) and older adults
(web-based questionnaire for older adults) inputs related to
about SMART BEAR.

At the end of the requirements collection phase, the outcomes
gained by considering both clinicians and older adults’ opinions
and suggestions were mapped to the domains of the IC model
to define alist of interventions and transversal functions worth
including in the platform.
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Table 6. Resultsrelated to about SMART BEAR (N=142).
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About SMART BEAR

Clinicians (n=118), n (%)  Older adults (n=24), n (%)

Participation in SMART BEAR project
Expectations
L ess unnecessary visits
Enhanced patient’s safety
Better self-management of patients’ health status
Better patient’s social interactions
None

No answer

Other
Enhanced patient’s autonomy
Enhanced patient’s confidence
Improved patient’s health status
Improved patient’s diet habits
Improved patient-physician communication
Time saving
Money saving
Concerns
Privacy
Change of routine
Erroneous measurements
Erroneous notifications (suggestions by platform)
Technical issues of the devices
Education on devices and platform use
Increased stress for the user
None
No answer

Other: decreased patient’s referral to private practice

108 (91.5) 16 (66.7)
40 (33.9) 3(12.5)
39 (33.1) 9(37.5)
77 (65.3) 10 (41.7)
37 (3L.4) 4(16.7)
2(17) 3(12.5)
2(17) _a

— 3(12.5)
55 (46.6) 4(16.7)
12 (10.2) —
28(23.7) 2(8.3)
9(7.6) —
23(19.5) 6 (25)
19 (16.1) 2(8.3)
19 (16.1) 5(20.8)
28(23.7) 3(12.5)
37 (31.4) 4(16.7)
31(26.3) 3(12.5)
60 (50.8) 7(29.2)
75 (63.6) 2(8.3)
25(21.2) 5(20.8)
4(3.4) 6(25)
1(0.8) —
2(17) —

3ot available.

Evaluation Phase

A total of 6 participants took part in the focus group for older
adults (5/6, 83% women) in the evaluation phase. One of the
participantswas aged <70 years, whereas the otherswerein the
71 to 75 age range group. The education of this sample was
heterogeneously distributed (ie, 1/6, 17% elementary school;
2/6, 33% middle school; 1/6, 17% high school; and 2/6, 33%
inuniversity). Half of the sample declared that they lived alone,
whereas the other half stated that they lived with their spouse.
Regarding the medical conditions experienced by participants,
they claimed to have experienced hypertension (6/6, 100%),
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anxiety (3/6, 50%), cardiovascular diseases (1/6, 17%), and
hearing loss (1/6, 17%).

The results of the assessment of the SMART BEAR platform
interventions and transversal functions are reported in Table 7.

Overall, participants evaluated the platform positively, and all
participants agreed that the objectives would be achieved. In
particular, in their opinion, the SMART BEAR platform would
enhance self-awareness of users health status (6/6, 100%),
support self-management of users health conditions (6/6,
100%), promote active living both physically and cognitively
(6/6, 100%), facilitate independent living (5/6, 83%), and enable
evidence-based support for clinicians (6/6, 100%).
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Table 7. Older users' assessment of SMART BEAR functions in the evaluation phase (N=6).

Functions of SMART BEAR platform

Usefulness, n (%)

Credibility, n (%) Desirability, n (%)  Learnability, n (%)

Interventions
Physical training 6 (100)
Diet plan 5(83)
Monitoring of physiological parameters 6 (100)
Psychoeducational intervention 6 (100)
Monitoring of the mood 4(67)
Cognitive training 6 (100)
Hearing training 6 (100)
Environment monitoring and adjustment 1(17)

Transversal functions
Data visuaization 6 (100)
Gamification 6 (100)
Regular reports 6 (100)
Regular report to clinician 4 (67)
Suggestion 6 (100)
Reminder 6 (100)
Data access to caregiver 2(33
Teleconsulting 6 (100)

6 (100) 5(83) 2(33)
4 (67) 1(17) 2(33)
6 (100) 6 (100) 5 (83)
6 (100) 4 (67) 2(33)
4 (67) 3(50) 3(50)
6 (100) 6 (100) 6 (100)
6 (100) 6 (100) 6 (100)
1(17) 0(0) 0(0)
N/A2 5(83) N/A
N/A 5(83) N/A
N/A 5(83) N/A
N/A 5(83) N/A
N/A 6 (100) N/A
N/A 6 (100) N/A
N/A 2(33) N/A
N/A 5(83) N/A

3N/A: not applicable.

Discussion

Principal Findings
The goal of this study was 2-fold; we aimed to understand
stakeholders' beliefs, attitudes, needs, expectations, and
concerns about the SMART BEAR platform (objective 1) and
to evaluate the proposed solution (objective 2) with a small
group of older adults.

Regarding objective 1, athorough comprehension of clinicians
and older adults’ perceptions of the SMART BEAR platform
was pursued through the investigation of five areas: impact of
disease in everyday life (area 1), remote monitoring (area 2),
older adults relationship with the technology (area 3), use of
technology in medical practice (area 4), and about SMART
BEAR (area 5).

Impact of Diseasein Everyday Life

The results obtained in the requirements collection phase
showed that clinicians agreed on the impact that age-related
conditions have on older adults' daily living activities, which
was aso confirmed by the interviewed older adults. More
specifically, the effects on al the areas investigated within the
IC model were reported by both clinicians and ol der participants:
psychological area(13/16, 81% cliniciansand 17/24, 71% ol der
adults), vital area (15/16, 94% clinicians and 13/24, 54% ol der
adults), motor area (9/16, 56% clinicians and 14/24, 58% ol der
adults), cognitive area (10/16, 63% clinicians and 10/24, 42%
older adults), and sensorial area (6/16, 38% cliniciansand 11/24,
46% older adults). More specificaly, older adults complained
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of anxiety, irritability, reduced energy, problems in vision,
hearing, memory, attention difficulties, cardiorespiratory
problems, and sleep disorders. However, the older adults who
answered the questionnaire did not acknowledge the impact of
the age-related conditions on their vital areas as severely asthe
interviewed clinicians assessed their patients. This might be
because of amore objective overview of thevital problemsfrom
theclinicians (ie, objective medical examination and appropriate
measurement of vital signs) than the subjective older adults
self-awareness. Although input from clinicians is fundamental
to the design of an assistive technology, this discrepancy
supports the importance of tailoring the smart health platform
to the needs of aspecific patient. In fact, asit emerged from the
literature review, one of the most frequent causes of technology
abandonment in older adultsis the lack of perceived relevance
of the service [23].

The onset of chronic diseases in the older population has
important consequences for family members as well. Indeed,
clinicians (ie, 14/16, 88% of participantsin the focus group for
clinicians) underlined that the complex management of the
patient (eg, daily assistance and medical appointments) might
lead caregivers to mental health problems (eg, sleeping
difficulties, burnout, and depression), as confirmed by the
literature [31,32]. Nevertheless, only 29% (7/24) of the older
adults in web-based questionnaire for older adults declared to
need help from family members for routine activities (eg,
personal hygiene and visits to the physician). This incomplete
overlap between clinicians' and older adults feedback isinline
with the relatively low limitations that older respondents have
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reported on their autonomy. This may be explained by the age
of the sample population (20/24, 83% of older adultswere aged
<76 years, whereas more severe comorbidities were generally
observed in more advanced age). The age distribution of older
participants, in turn, could be because of the method used for
data collection (ie, web-based questionnaire), which requires a
certain autonomy and familiarity with the technology.

Use of Technology in Medical Practice

The outpatient approach for age-related disorders is the most
preferred and used by interviewed clinicians. Thisis probably
why most of them (107/118, 90.7%) considered the technology
useful in medical practice (Table 5). These results are in line
with those of the current literature [33,34]. In particular,
objective measurements provided by smart medical devicesare
very appealing for medical experts as they can ensure support
in decision-making for the clinician, help for the caregiver, and
timely interventionsfor the patient. This study suggeststhat the
most used devicesin clinical practice are smart blood pressure
trackers (32/118, 27.1%), physical activity and physiotherapy
applications or devices (23/118, 19.5%), smart pillboxes (23,
19.5%), and nutrition applications (20/118, 16.9%).
Furthermore, applicationsthat are able to monitor sleep quality
and track position were also indicated to cope with older adults
sleeping difficulties and cognitive problems. Instead, smart
hearing ai dswere suggested or prescribed by only 8.5% (10/118)
of clinicians, and such datamight be due to the expertise of the
cliniciansinvolvedinthisstudy (ie, only afew of them, 11/118,
9.3%, deal with hearing impairments; Table 2). However, the
use of smart devices in the current clinical practice is still
uncommon (50/118, 42.4% of clinicians never use smart
devices, Table 5), and it is mostly explained by the difficulties
met by the older population in technology adoption [21,25].

Older Adults Relationship With Technology

Older adults who took part in the study suggested being quite
confident with the technology use (Multimedia Appendix 2).
Only 8% (2/24) of the participants found some difficulties in
using it, and none judged it as obstructive to everyday life.
However, it is important to note that although the totality of
participants regularly uses a smartphone, a decreasing trend in
the use of more modern devices can be observed (ie, 15/24,
63% uses smart television, 9/24, 38% uses smartwatches, and
6/24, 25% uses smart lamps and smart thermostats).
Nevertheless, this apparent resistance to the latest generation
of devices can be overcome, provided that the technology is
found valuable. Indeed, most participants were positively
predisposed to use new technology if considered helpful, and
none expressed themselves against adopting a useful device.
Such findings are also confirmed by Vaportzis et al [21].

Remote Monitoring

Both clinicians and older adults agreed on the importance of
remote monitoring. However, greater participation inidentifying
parameters useful for remote monitoring was observed from
clinicians rather than older adults (ie, 4/244, 1.6% of older
participants did not express any suggestions about measurement
to monitor remotely; Table 4). The interest of heath care
professionalsin monitoring blood pressure (85/118, 72%), heart
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rate (65/118, 55.1%), and diet habits (68/118, 57.6%), as well
as physical activity and sleep quality, are in line with the
typologies of devices and applications that they recommend to
patientsin their clinical practice. Further interest was also shown
in devices that may detect falls (74/118, 62.7%) and monitor
patients' therapy adherence and mood, cognitive functions, and
behavioral changes of thelatter. Inthisway, it isindeed possible
to increase older patients’ safety, provide concrete support for
their caregivers in the management of the therapy, and help
older adults face loneliness and socia exclusion. Even older
adults considered blood pressure (12/24, 50%), diet habits (8/24,
33%), and heart rate (5/24, 21%) measurements to be relevant.
On the other hand, fall detection was not considered crucial (it
was judged useful for 2/24, 8% of older respondents), which
may be explained by the low rate of motor problemsin the older
adults’ sample (Table 2). Similarly, social contact frequency
tracing aroused littleinterest in older adults (2/24, 8%) asit felt
intrusive. Clinicians registered some concerns about remote
monitoring; they complained about the shortage of time to
answer patients’ phone callsand lack direct interaction with the
patient. In addition, they stated that the symptoms remotely
reported by patients could be misleading (ie, subjective) and
hence misinterpreted in the absence of avisitin person. Finally,
they said they were worried about potential false positives (ie,
receiving alarm values from the device that could be normal for
a specific patient).

About SMART BEAR

Smart health platforms, such as SMART BEAR, have attracted
interest from both stakeholders. Most of them (108/118, 91.5%
of cliniciansand 16/24, 67% of older adults) expressed interest
in participating in the project. The main expectation from using
the SMART BEAR platform is a better self-management of
patients health status (77/118, 65.3% of clinicians and 10/24,
42% of older adults; Table 6). Both clinicians and older adults
were aligned with the expectation that the SMART BEAR
platform may increase patient safety (39/118, 33.1% of
cliniciansand 9/24, 38% of older adults). In contrast, it appears
that only clinicians expected that this platform might reduce
patients unnecessary visits (40/118, 33.9% of clinicians and
3/24, 13% of older adults) and increase patients social
interactions (37/118, 31.4% for clinicians and 4/24, 17% for
older adults). Clinicians also awaited enhanced patient
confidence and improved patient-physician communication.
However, the latter seems to be more concerned with the use
of such aplatform than older adults (ie, 4/118, 3.4% of clinicians
Vs 6/24, 25% of older adults declared to have none of the
proposed concerns). Moreover, a difference in the typology of
concerns reported by stakeholders was observed (Table 6). For
example, the health care professionals sample was especialy
concerned with education on devicesand platform use (75/118,
63.6%), whichisin contrast observed for only afew (2/24, 8%)
of the older adults. In fact, no particular criticalities in using
the technology were reported by the older people involved in
the study, which may be because of the age distribution of the
sample or participants' underestimation of the difficulties in
using technological devices. Conversely, poor usability and
improper functioning of the platform (eg, technical issues of
devices, erroneous measurements, and notification and
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suggestion by the platform) caused concerns for both
stakeholders. Furthermore, asmall group of both cliniciansand
older adults (ie, 25/118, 21.2% of clinicians and 5/24, 21% of
older adults) reported that the use of the proposed technology
could lead to increased stress for the users. In particular, older
adults (ie, 5/24, 21% of older adults vs 19/118, 16.1% of
clinicians) were worried about privacy issues, which is fully
understandable as it is subject to monitoring provided by the
platform [20,21].

With regard to objective 2, the usefulness, credibility,
desirability, and learnability of the SMART BEAR functions
for its end users were assessed. The results obtained in the
evaluation phase showed that the presented technology could
address all the expected goals. Moreover, most of the proposed
interventions were well-accepted by older adults. In more detail,
all participants eval uated cognitive training (intervention 6) and
hearing training (intervention 7) as useful, credible, desirable,
and easy to learn. A very positive assessment of usefulnessand
credibility was also gained for physical training (intervention
1), monitoring of physiological parameters (intervention 3), and
psychoeducational intervention (intervention 4). However, some
doubts about the ease of use of such functionalities, with special
regard to physical training and psychoeducational intervention,
were revealed by older adults. The possibility of monitoring
diet habits (intervention 2) was found useful by most people
(5/6, 83%) but not as attractive asit was judged invasive (it was
considered desirable only for the 1/6, 17%; Table 7).

In contrast, amost all participants who judged the monitoring
of mood as useful (intervention 5) would liketo haveit (ie, 4/6,
67% and 3/6, 50%, respectively; Table 7). Such functionality
has been judged effective in gaining a greater awareness of the
patient’'s own condition. Nonetheless, uncertainty about a
computer-based i nteraction on emotions and states of mind was
raised (eg, “describing my mood using a smartphone without a
person to person communication is unfriendly”). In addition,
participants reported concerns that such an intervention (ie,
intervention 5) may be time consuming and too burdensome
(eg, to fill in a web-based questionnaire weekly). The
environment monitoring and adjustment (intervention 8)
received a negative assessment; indeed, only 17% (1/6)
considered it valid and credible, and none would like to use it
(eg, “it isdifficult to accept a change in the own routine when
the age is advancing” and “it is challenging to find the
environmental conditionsthat fit well with all family members’).
However, such functionality (ie, intervention 8) was considered
helpful for less autonomousindividuals. Relative to transversal
functions, they were believed advantageous and desirable,
although some preferences could be observed. The idea of
receiving notifications and suggestions (transversal function 5)
and the reminders (transversal function 6) from the platform
were highly appreciated by all older users. Furthermore, the
possibility of visualizing data (transversal function 1), access
gamification dynamics (transversal function 2) for an enhanced
motivation in pursuing the program, get information (eg, trend
and statistics) about their own behaviors and health status
through regular reports (transversal function 3), and seek a
medical tel econsultation using the platform (transversal function
8) were thought helpful by everyone but undesirable by one of
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the participants because of poor confidence in the technol ogy.
Sharing regular reports with clinicians (transversal function 4)
was found desirable by 83% (5/6) of participants but useful by
67% (4/6) of participants as they had some doubts that the
clinician would agreeto usethisfeature (ie, it takes considerable
time). Finally, the possibility of sharing the data collected by
the platform about their health parameters, activities, and
behaviors with caregivers (transversal function 7) was widely
discussed among older adults, and the willingness to safeguard
their privacy and to feel independent but also the desire not to
worry their loved ones and a light embarrassment in using
gerontological technologieswerereported. All thesefactorsled
most older participants (4/6, 67%) to consider data access to
caregivers useless and undesirable.

Conclusions, Limitations, Strengths, and FutureWorks

Intheeraof personalized medicine, several benefits are expected
from innovative smart health technol ogiesthat are ableto ensure
acontinuous and noninvasive remote monitoring of the patient.
For example, an early diagnosis, a data-driven approach in
medical assistance; acloser and moretrustful physician—patient
relationship; and improved self-management, autonomy, and
safety of the patient are desired.

In this study, clinicians’ and older adults' perspectives about a
smart health platform were gathered to design a solution (ie,
the SMART BEAR platform) that fitsall end user requirements
well. The obtained results showed that the SMART BEAR
platform represents a suitable solution for improving older
adults QoL, reducing the burden of agerelated chronic
conditions for both patients and caregivers, and providing
objective reporting to the clinician for evidence-based medicine.
Moreover, it offers useful insights so that smart health can
become a widespread reality. For instance, devices and
applications specifically targeted for the older population should
not contain stigmatizing symbols, thus avoiding negative
feelingsin older adults with a consequent failed adoption of the
technology. In addition, users’ needs and expectations to meet
and concerns to address and solve were defined. For example,
the service needsto offer adequate training and technical support
for end users to be endorsed by clinicians. Finally, severa
functionalities for a successful smart heath platform were
suggested, such as psychoeducational interventions and
gamification elements.

This study used a mixed approach, adopting qualitative (ie,
focus groups) and quantitative methods (ie, questionnaireswith
close-ended questions). Thisapproach haslimitations, asit does
not allow a complete comparison between the data obtained
with different methods; however, itismost effective for gaining
insights into the issue. In fact, focus groups enable open
discussions in which researchers can explore a subject with
experts. Conversely, web-based questionnaires are a powerful
method for maximizing participation in an investigation, thus
consolidating or disproving assumptions formulated during the
first exploratory phase. The following collection of technology
requirements was based on data from a large sample. The
designed platform has features that appeal to at |east aconsistent
group of experts and a smaller group of possible users.
Ultimately, focus groups become useful again to validate the

IMIR Aging 2022 | vol. 5 | iss. 1 [€29623 | p.117
(page number not for citation purposes)


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

JMIR AGING

elaborated concept and gain adetailed impression from potential
end users. However, the sample of older adults was limited in
comparison with the sample of clinicians, and this may be a
limitation that can hardly be overcome because of the difficulty
inreaching that population in large numbers. Moreover, it should
be noted that the obtained outcomes could have been affected
by the characteristics of the participantsinvolved (ie, age groups
and age-related conditions were not equally covered by
participants).

Regarding research positioning, the authors mainly faced
cultural challenges because of demographic differences between
the research group and the group under study; that is, older
adults. Geriatric medical specialists were essential to adopt a
fitting framework for understanding the problem and the
objectives of this research. This allowed researchers to design
the study methodology and tools by adopting a holistic,
person-centered approach instead of thetraditional disease-based
approach. This point of view was supported by the
technical-biological background of the authors with a
biomedical engineering degree, especially in studying how novel
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technological interventions would be able to support the
individual's well-being. As this study involved the active
participation of older adults, the researchers tried to consider
possibl e biaseswhen the surveyswere designed and conducted.
This aspect was particularly important for the validation of the
proposed design in focus groups when technol ogy was discussed
with participants who probably had very limited experience
with it. Hence, the mediation of a neuropsychologist ensured
that acommon understanding was created with the participants
and that possible adverse outcomes such as misunderstandings
and frustration were avoided. Overall, heterogeneity in the
academic background was the key strength of the research

group.

Future works comprising further experimental activities with
more and varied stakeholders (ie, clinicians and older adults
distributed heterogeneously concerning the age, sex, and medical
conditions treated or experienced and also their caregivers) are
needed to investigate the acceptability and the overall user
experience of the future developed platform in free-living
conditions.
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Abstract

Background: The COVID-19 pandemic has limited the provision of in-person care and accelerated the need for virtual care.
Older adults (65+ years) were 1 of the highest user groups of in-person health care services prior to the pandemic. Social distancing
guidelines and high rates of mortality from coronavirus infections among older adults made receiving in-person hedth care
services challenging for older adults. The provision of virtual care technologies can help to ensure continuity of care and provide
essential health care services during the pandemic to those at high risk of contracting the COV1D-19 coronavirus, including ol der
adults. It is also essential to understand and address potential socioeconomic, demographic, and health disparities in the demand
for and use of virtual care technologies among older adults.

Objective: The objective of this study is to investigate socioeconomic disparities in the demand for and use of virtual visits
during the COVID-19 pandemic among older adultsin Canada.

Methods: A cross-sectional web survey was conducted with 12,052 Canadians over the age of 16 years, selected from Leger’'s
Léger Opinion panel from July 14 to August 6, 2021. Associations between socioeconomic factors and the demand for and use
of virtual visitswere tested using x 2 tests and logistic regression models for telephone visits, video visits, and secure messaging.
Weighting was applied using the 2016 census reference variables to render a representative sample of the Canadian population.

Results: A total of 2303 older adults were surveyed. Older adults expressed the highest demand for and use of telephone visits,
following by video visits and secure messaging. eHealth literacy was positively associated with the use of all 3 virtual care
modalities. Higher income was negatively associated with the use of video visits (odds ratio [OR] 0.65, 95% CI 0.428-0.974,
P=.03). Having no private insurance coverage was negatively associated with use of secure messaging (OR 0.73, 95% CI
0.539-0.983, P=.04), but living in arural community (OR 0.172, 95% CI 1.12-2.645, P=.01) and being born outside of Canada
(OR 0.150, 95% CI 1.041-2.173, P=.03) were positively associated with the use of secure messaging. Higher education (OR
0.078, 95% CI 0.633-0.97, P=.02) and being non-White (OR=0.054, 95% CIl 0.312-0.92, P=.02) were negatively associated with
the use of the telephone.

Conclusions: This study found that compared to video visits and secure messaging, the demand for and use of telephone visits
were more prevalent among older adults during the pandemic. The gaps between the demand for and use of video and secure
messaging services remain substantial. Our results highlight socioeconomic disparities among older adults that could potentially
explain this trend. Lower income and a lower education level may act as barriers for older adults in acquiring the skills and
technologies necessary to use more complex solutions, such as video and secure messaging. In addition, higher eHealth literacy
was found to be critical for older adults to successfully navigate all types of virtual visit technologies.

(JMIR Aging 2022;5(1):€35221) doi:10.2196/35221

KEYWORDS
virtual care; virtual visit; COVID-19; survey; virtual care demand; virtual care use; older adults; elderly care; aging; digital health;
pandemic
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Introduction

The COVID-19 pandemic has posed unprecedented challenges
for Canadians and the Canadian health care system. Asin-person
visits halted dueto social distancing guidelinesin the beginning
of 2020, there has been arapid expansion and uptake of virtual
care technologies by the health care system to meet patient
needs. Virtual care technologies can be defined as “any
interaction between patients and/or members of their circle of
care, occurring remotely, using any forms of communication
or information technologies, with the aim of facilitating or
maximizing the quality and effectiveness of patient care” [1].
Virtual care can be conducted via virtua visits through
modalities, including telephone visits, video visits, or secure
messaging interactionswith ahealth care provider. Virtual visits
have the potential to expand access to care for patients,
especially during the COVID-19 pandemic. In Ontario, primary
care provision quickly shifted to virtual with a56-fold increase
in virtual visits between March and July 2020 [2]. Between
January and August 2021, virtual visits accounted for 35% of
all most recent patient-reported visits, with 78% conducted via
the telephone, 19% via videoconferencing, and 3% via secure

messaging [3].

The declaration of the COVID-19 pandemic and socia
distancing measures disproportionally affected older adults
abovethe age of 65 years. Older adultswere particularly affected
by COVID-19 dueto prevalent health conditions related to age
that lead to more severe clinical outcomes when infected with
COVID-19. Data from Statistics Canadaindicate that between
March 2020 and May 2021, older adults accounted for 93% of
the deaths attributed to COVID-19 [4]. Prior to the pandemic,
older adults were among the highest health service users [5,6].
Agerelated health factors, such as multimorbidity and
limitations on functional capacity, makeroutine aswell asurgent
health care critical for the well-being of older adults. Older
adults may experience challengeswith accessing health services
due to physical capacity limitations, financial barriers, and
deteriorating psychological conditions [7]. The COVID-19
pandemic posed additional challenges for older adults, such as
misinformation, physical and psychological isolation, and
limitations to routine activities [8].

There is a paucity of research that assessed the impact of
COVID-19 on health system utilization by older adults and the
barriers and facilitators related to the demand for and use of
virtual visits. International studies have indicated that during
the COVID-19 pandemic, the number of routine health care
services have decreased for older adults[9]. Findings from the
recent Commonwealth Fund survey on older adults suggest as
many as 32% of Canadian older adults with multiple chronic
conditions had to cancel or postpone at least 1 appointment due
to the pandemic[10]. Evidence emerging from Ontario suggests
that because of a quick shift to virtual care, older adults
maintained higher levels of care during the pandemic despite
the absence of in-person care in many care settings [2].
Presently, there is alack of knowledge about how older adults
have navigated the health care system during the pandemic and
their demand for and use of virtual visits to substitute or
supplement in-person care. The purpose of this study is to
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investigate potential disparities in the demand for and use of
virtual visits among older adults by assessing the associations
between socioeconomic characteristics of older adults with
self-reported demand for and use of telephone visits, video
visits, and secure messaging services during the COVID-19
pandemic.

Methods

Study Population and Design

The 2021 Canadian Digital Health Survey is a cross-sectional,
web-based survey of 12,052 Canadians, conducted in both
English and French through computer-assisted web interviewing
technology. The survey was commissioned by Canada Health
Infoway (Infoway) and conducted by L éger. The Léger Opinion
(LEO) panel was used for this survey. LEO is Léger's
proprietary panel with nearly 500,000 representative panelists
from all regions of Canada based on arepresentative sampl e of
Canadian citizens with internet access. LEO's panelists were
randomly selected using random digital dia samples, and
panelistsfrom more hard-to-reach target groupswere also added
to the panel through targeted recruitment campaigns. The survey
guestionnaire was created by Infoway, but the administration
of the survey and the cleaning and coding of the survey data
were conducted by Léger and then transferred to Infoway for
analyses. A consent statement was presented to respondents at
the beginning of the survey, and informed consent was obtained
as part of the survey. No personal identifier wasincluded in the
data set to Infoway, and no personal health information was
collected as part of the survey. Testing of the online survey was
conducted by both Infoway as well as Léger staff. A small
monetary incentive was offered to survey participates by Léger.
The survey collected questions on demographic, socioeconomic
and health characteristics as well as the self-reported demand
for, and use of, digital health services, among other questions.
In total, 68 questions were included in the survey.

Based on the respondent’ s default language of choice, the survey
was presented to respondents in either English or French. Data
collection took place from July 14 to August 6, 2021. Using
2016 Canadian Census data, Leger's methodologists applied
weighting according to region, age, and gender to render a
representative sample of the Canadian population. A margin of
error cannot be associated with a nonprobability sample in a
panel survey. For comparison purposes, a probability sample
of this size would have amargin of error of £0.895%, 19 times
out of 20. For more details on the survey, please refer to a
comprehensive report published by Infoway [3].

M easures
Use of virtual visitswas determined by the self-reported answer
to the question “Have you used in the last 12 months?’

and the demand for virtual care was determined by the
self-reported answer to the question “Are you interested in
accessing , whether you currently have access or not?’
The demand for and use of telephone visits, video visits, and
secure messaging were assessed separately with the same
guestions.
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Socioeconomic Factors

Tables 1-4 outline the socioeconomic, health-related, and
demographic factors, as well as the eHealth Literacy Scale
(eHEALS) used to measure eHealth literacy, respectively.
Household income reports the self-reported household income
before tax in the past year. Education level reports the
self-reported highest level of education obtained, including
qualification obtained outside of Canada, and responses were
collapsed into secondary education or less; college diploma or
trade certificates; undergraduate degree; graduate degrees,
including paramedical professional degrees; other; none of the
above; and prefer not to answer. Community sizewas measured
using the question “How would you describe the community
you livein?’ and responseswererural, small, medium, or large
population centers, and urban centers. The population size for
arura community was defined as less than 1000 people. The
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population sizefor small, medium, and large popul ation centers
was defined as 1000-19,999 peopl e, 20,000-99,999 people, and
100,000-999,999 people, respectively. An urban center was
defined as 1 million people and over. Immigrant status was
assessed with the question “Are you a Canadian citizen?’
Language at home reports the language spoken on a regular
basis a home. Employment status reports the current
employment status, and responses were collapsed into working,
including full- and part-time employment; unemployed,
including homemakers, disabled, and students; retired; other;
and prefer not to answer. Health coverage was based on the
question “Which of the following best describes the type of
health insurance coverage you currently have?’ and the
categories were collapsed into public coverage only, private
coverage, no coverage, and don’t know and prefer not to say.
Private coverage includes insurance plans paid for by the
respondent, a family member, an employer, or an association.
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Table 1. Socioeconomic characteristics of older adults and bivariate associations with the demand for and use of virtua visits, 2011 Canadian Digital
Health Survey (N=2303).

Factors All n (unweighted,  yseP n (unweighted, Versus Pvaue pemand®n (un- Versus P value
weighted)=(2303,  \ygighted)=(1149,  havenot weighted, weight-  havenoin-
2454), weighted %?  1245), weighted %  used, x° ed)=(1773,1902), terest, x>
(df) weighted % (df)

Household income (CAD $)¢  N/A® N/A 125() 08 N/A 299(7) <001
24,999 or less 9.7 8.8 N/A N/A 85 N/A N/A
25,000-49,999 229 218 N/A N/A 219 N/A N/A
50,000-79,999 23 22.3 N/A N/A 22.9 N/A N/A
80,000-99,999 141 15.6 N/A N/A 14.9 N/A N/A
100,000-149,999 12.7 125 N/A N/A 133 N/A N/A
150,000-249,999 4.8 55 N/A N/A 54 N/A N/A
250,000 or more 1.0 12 N/A N/A 11 N/A N/A
Prefer not to answer 11.9 12.3 N/A N/A 12 N/A N/A

Education level N/A N/A 212(6) .01 N/A 399(6)  <.001
Secondary or less 223 20.9 N/A N/A 20.8 N/A N/A
College or trade 321 313 N/A N/A 315 N/A N/A
Undergraduate degree 29.3 30.6 N/A N/A 30.7 N/A N/A
Graduate degree or more 134 15.1 N/A N/A 14.7 N/A N/A
Other 11 1.0 N/A N/A 12 N/A N/A
None of the above 13 10 N/A N/A 1 N/A N/A
Prefer not to answer 0.4 0.1 N/A N/A 0.2 N/A N/A

Community size N/A N/A 105 (4) .03 N/A 0.6 (4) .97
Rural 10 9.9 N/A N/A 10 N/A N/A
Small population center 18.2 16.6 N/A N/A 18 N/A N/A
Medium population center  19.6 184 N/A N/A 195 N/A N/A
Large population center 29.9 30.9 N/A N/A 30.1 N/A N/A
Urban center 223 24.2 N/A N/A 22.4 N/A N/A

Immigration status N/A N/A 1.4(2) .50 N/A 272 .26
Canadian citizen by birth 82.9 82.3 N/A N/A 82.6 N/A N/A
Canadian citizen by natural- 16.0 16.8 N/A N/A 16.5 N/A N/A
ization'

Not a Canadian citizen 1.0 0.9 N/A N/A 0.9 N/A N/A

L anguage spoken at home N/A N/A 12.6(2) .01 N/A 15(2) .68
English 76.1 78.4 N/A N/A 76.6 N/A N/A
French 220 98.6 N/A N/A 216 N/A N/A
Other 1.9 14 N/A N/A 18 N/A N/A

Employment status N/A N/A 7.9 (4 44 N/A 2.2(4) .97
Worki ng full-timeor part-  13.5 131 N/A N/A 13.7 N/A N/A
time
Unemployed 20 2.0 N/A N/A 21 N/A N/A
Retired 83.2 83.6 N/A N/A 83.1 N/A N/A
Other 11 14 N/A N/A 11 N/A N/A
Prefer not to answer 0 0 N/A N/A 0 N/A N/A
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Factors All n(unweighted, sy (unweighted, Versus Pvaue pemand®n (un- Versus P value

weighted)=(2303, weighted)=(1149, have not weighted, weight- have no in-
2454), weighted %2 1245), weighted %  used, X2 ed)=(1773,1902),  terest, X°
(df) weighted % (df)

Health care coverage N/A N/A 74.3 (4) <.001 N/A 28.2 (4) <.001
Public coverage only 545 61.1 N/A N/A 56.2 N/A N/A
Private coverage 36.6 34.0 N/A N/A 36.2 N/A N/A
No coverage 6.4 38 N/A N/A 54 N/A N/A
| don't know 1.7 0.6 N/A N/A 13 N/A N/A
Prefer not to answer 0.9 05 N/A N/A 0.8 N/A N/A

3percentages are weighted and have been rounded and may not total 100.

POlder adults who have used of at least 1 type of virtual visit modality in the past 12 months.

Ol der adults who have expressed the demand for at |east 1 type of virtual visit modality.
aa currency exchange rate of CAD $1=US $0.78 is applicable.
EN/A: not applicable.
fData not available due to low cell count in response categories.
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Table 2. Health-related characteristics of older adults and bivariate associations with the demand for and use of virtual visits, 2011 Canadian Digital
Health Survey (N=2303).

Factors All n (unweighted,  yseP n (unweighted, Versus Pvaue pemand®n (un- Versus P value
weighted)=(2303, g ghted)=(1149, have not weighted, weight- have no in-
2454), weighted %?  1245), weighted %  used, x° ed)=(1773,1902), terest, x>
(df) weighted % (df)
Accessto a family physician n/Ad N/A 28.2(1) <.001 N/A 32.8(1) <.001
Yes 93.9 96.3 N/A 95.0 N/A

Chronic conditions

Chronic pain 155 18.3 145(1) <001 167 8.4 (1) .004
Cancer 5.4 55 0.1(1) 79 56 0.7 (1) 40
Diabetes of all types 17.1 19.7 129(1) <001 169 0.2 (1) 63
Chronic obstructive pul- 4.9 5.3 1.11(2) .30 5.0 04(2) .53
monary disease (COPD)
Arthritis 30.1 34.6 24.8(1) .001 30.9 29(1) .09
Cardiovascular disease 73 84 52(1) .02 75 0.6 (1) 45
(CVD)
Alzheimer diseaseorany 0.2 0.3 N/A N/A 0.3 N/A N/A
other dementia
Developmental disability 0 0.1 N/A N/A 0 N/A N/A
Drug or alcohol dependency 1.0 15 4.6 (1) .04 1.3 52(1) .02
Obesity 115 137 12.0(1)  .001 12.3 49 (1) .03
Learning disability 0.6 0.6 0.1(2) .80 0.7 N/A N/A
Emotional, psychological, 7.2 8.9 11.5(1) .001 79 55(1) .02
or mental health conditions
Physical disability 7.1 8.3 6.1 (1) .02 7.1 001(1) .98
Sensory disability 85 10.0 72(1) .01 9.1 4.2 (1) .04
3or morechronic conditions  14.0 17.2 21.1(1) .009 15.0 6.6 (1) .01
SRH® N/A N/A 266(5 <001 N/A 135() .02
Excellent 7.0 53 N/A N/A 7.1 N/A N/A
Very good 321 29.1 N/A N/A 323 N/A N/A
Good 40 43.2 N/A N/A 39.8 N/A N/A
Fair 16.9 179 N/A N/A 17 N/A N/A
Poor 38 4.3 N/A N/A 37 N/A N/A
Prefer not to say 0.2 0.2 N/A N/A 0.1 N/A N/A
SRMH' N/A N/A 9.7 (5) .09 N/A 6.5 (5) 26
Excellent 26.4 24.7 N/A N/A 25.7 N/A N/A
Very good 37.0 37.0 N/A N/A 374 N/A N/A
Good 26.3 279 N/A N/A 26.4 N/A N/A
Fair 8.6 9.0 N/A N/A 8.7 N/A N/A
Poor 15 15 N/A N/A 17 N/A N/A
Prefer not to say 0.1 0.0 N/A N/A 0.1 N/A N/A

3percentages are weighted and have been rounded and may not total 100.

POlder adults who have used of at least 1 type of virtual visit modality in the past 12 months.
Ol der adults who have expressed the demand for at least 1 type of virtual visit modality.
dN/A: not applicable.

®SRH: self-rated health status.
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fSRMH: self-rated mental health status.
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Table 3. Demographic characteristics of older adults and bivariate associations with the demand for and use of virtual visits, 2011 Canadian Digital

Health Survey (N=2303).

Factors Al I_ n (unweighted, Use® n (unweighted, Versushave  pemand®n (unweighted, Verg15 have

weighted)=(2303, 2454)  \yeighted)=(1149, 1245) ot used weighted)=(1773, 1902) o interest

Age (years)

F (df) N/AC N/A 1.72 (1) N/A 3.19(1)
P vaue N/A N/A 19 N/A .07
Mean (SD) 7151 (5.13) 71.39 (5.05) N/A 71.41 (5.04) N/A

Gender identity, X2 (df), Pvalue N/A N/A 10.8(2),.06 N/A 4.6 (2), .46
Man, weighted % 453 425 N/A 454 N/A
Woman, weighted % 54.5 57.3 N/A 54.4 N/A
Other/prefer not to answer, 0.1 0.3 N/A 0.3 N/A
weighted %

Ethnic identity, 2 (df), Pvalue N/A N/A 149(2), 31 N/A 17.9 (2), .16
White, weighted % 921 93.3 N/A 92.9 N/A
Non-White, weighted % 6.8 4.7 N/A 51 N/A
Other, weighted % 15 15 N/A 12 N/A
Prefer not to answer, weighted 1.1 0.6 N/A 1.0 N/A

%

80l der adults who have used of at least 1 type of virtual visit modality in the past 12 months.
bOlder adults who have expressed the demand for at least 1 type of virtual visit modality.

°N/A: not applicable.
dPercentag&s are weighted and have been rounded and may not total 100.

Table 4. eHEALS? used to measure eHealth literacy of older adults and bivariate associations with the demand for and use of virtual visits, 2011

Canadian Digital Health Survey (N=2303).

Factor All n (unweighted, weight- Use® n (unweighted, Versushavenot  pemand® n (unweighted, ~ Versushave
ed)=(2303, 2454) weighted)=(1149, 1245) ~ Used weighted)=(1773,1902) o interest

F (df) N/AC N/A 2.725(1) N/A 13.78 (1)

P value N/A N/A .10 N/A <.001

Mean (SD) 25.95 (6.99) 26.69 (6.81) N/A 26.59 (6.67) N/A

%HEALS: eHealth Literacy Scale.

POlder adults who have used of at least 1 type of virtual visit modality in the past 12 months.
Ol der adults who have expressed the demand for at |east 1 type of virtual visit modality.

dN/A: not applicable.

Health-Related Factors

Diagnosed chronic health conditions were assessed with the
question “Do you have diagnosed by a hedth
professional?’ Respondents who indicated “yes’ were counted
for each chronic condition. Self-rated mental health status
(SRMH) and self-rated health status (SRH) were measured by
asking respondents, “In general, how would you rate your
overall physical/mental health?’ Accessto afamily doctor was
assessed through the question “ Do you have afamily doctor or
regular place of care, such as a health center or a family

https://aging.jmir.org/2022/1/€35221

RenderX

medical/medicine group?’ The responses were dichotomized
into yes and no/don’t know.

Demographic Factors

Age was cal cul ated based on the respondents’ year of birth and
survey date. Gender was self-reported and categorized into man,
woman, and other/prefer not to answer. Ethnicity was based on
the question “Which ancestry category best describes you?”’
and responseswere collapsed into White, non-White, other, and
prefer not to answer.
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eHealth Literacy

eHealth literacy was measured using the eHEALS, an 8-item
self-assessment tool designed to measure respondents
knowledge, comfort, and perceived skillsat finding, evaluating,
and applying electronic health information to health problems
[11]. Originally developed to assess eHealth literacy levels
among youth and youth workers by Skinner and Norman [11],
the scale has since then been adapted to a variety of settings,
population groups, and multiple languages[12]. Each question
measures an aspect of perceived eHeadlth literacy and is scored
on a Likert scale ranging from 1 to 5. Scores are summed to
derive an overal eHealth literacy score that ranges from 8 to
40 for each respondent. A higher eHEALS score represents
higher self-perceived eHeadlth literacy.

Statistical Analysis

Bivariate Associations

SPSS Statistics version 24 (IBM) was used for descriptive
analyses [13]. Descriptive statistics were calculated for older
adults, older adults who used at least 1 type of virtual visit
modality in the past year, and older adults who expressed a
demand for using at least 1 type of virtual visit modality.
Bivariate associations between the demand for and use of virtual
visits and socioeconomic, demographic, and heath

characteristics of older adults were assessed using X? tests for
categorical variables and the t test for continuous variables.
Respondents who used at least 1 modality of virtual visit were
compared to respondents who had not used any virtual visitin
the past 12 months, and respondents who expressed a demand
for at least 1 type of virtual visit were compared to respondents
who did not express ademand for any virtual visit modalities.

Adjusted Logistic Regressions

SASversion 9.4 (SASIngtitute) was used for logistic regression
analyses [14]. Using the use and demand for telephone visits,
video visits, and secure messaging as outcome variables,
multivariable logistic regressions were conducted to assess
associations with socioeconomic characteristics of older adults.
Socioeconomic characteristics included in the model were
household income (below and equal to CAD $80,000 before
tax vs above CAD $80,000; note that a currency exchange rate
of CAD $1=US $0.78 is applicable), education (less than
undergraduate degree vs at least an undergraduate degree),
community size (rural vs other), immigration status (not born
in Canada vs born in Canada), language at home (English vs
other), employment status (retired vs other), and health insurance
coverage (no private insurance vs has private insurance). We
adjusted for demographic and health factors using gender (male
vs female/other), SRH (excelent/very good vs
good/fair/poor/prefer not to say), SRMH (excellent/very good
vs good/fair/poor/prefer not to say), ethnicity (non-White vs
White), and chronic conditions (3 or more vs less than 3). In
addition, weincluded eHealth literacy measured with eHEALS
[11] to assess its impacts on the demand for and use of virtual
visits. Adjusted models containing all the variables together
were used to evaluate the odds of expressing the demand for
and use of telephone, secure messaging, or video visits as a
function of socioeconomic variables. No interactionswere found
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between gender, SRH, SRMH, income, education, ethnicity,
community, immigration status, language, employment status,
insurance coverage, number of chronic conditions, and eHealth
literacy.

Results

Sample Description

All reported percentages and related absolute numbers were
weighted. A total of 2303 older adults were surveyed, which
represents 19.11% of the total sample of 12,052 from the 2021
Canadian Digital Health Survey. The proportion of older adults
who expressed a demand for telephone visits was the highest,
followed by video visits and then secure messaging. Similarly,
the proportion of older adults in our sample who have used
telephone visits within the past year was the highest, followed
by video visits and secure messaging. Overal, 1902/2454
(77.51%) older adults expressed ademand for at least 1 modality
of virtual visit, and 1245/2303 (54.06%) used at least 1 modality
of virtua visits in the past 12 months. The mean age of
respondents was 71.51 years (SD 5.13), 1111/2454 (45.27%)
respondents identified as male, and 2303/2454 (93.85%)
respondents reported having a family physician or a regular
place of care. In addition, 30.11% (739/2554) older adults
reported having arthritis, followed by diabetesand chronic pain,
and 344/2454 (14.02%) respondents reported having 3 or more
chronic conditions. Just over one-third of respondents rated
their health status as either excellent or very good, and over half
of the respondents rated their mental health status as excellent
or very good. More than half of the older adults surveyed
reported their household income before tax to be below CAD
$80,000, over half of the respondents reported not having an
undergraduate degree, almost all the respondents self-identified
as White, and 9.98% (245/2454) reported living in rura
communities. Approximately 82.89% (2034/2454)  of
respondentswere bornin Canada, 1867/2454 (76.08%) surveyed
respondents reported speaking English at home, 2042/2454
(83.21%) respondents were retired, and 896/2454 (36.51%)
respondents had private health coverage. The average eHealth
literacy score for older adults in our sample was 25.95 (SD
6.97).

Bivariate Associations for Demand for and Use of
Virtual Care

The proportion of older adults who expressed a demand for at
least 1 modality of virtual visits was 1902/2454 (77.51%)
respondents, and the proportion of older adultswho used at |east
1 modality of virtual visits last year with their health care
provider was 1245/2303 (54.06%) respondents (Table 1).
Bivariate associations between the demand for and use of virtual
care and socioeconomic, demographic, and health characteristics
are shown in Tables 1-3. Significant associations were found
between both income (P<.001) and education (P<.001) with
the demand for virtual visits. No other socioeconomic factors
were found to be significantly associated with the demand for
virtual visits, except for health coverage (P<.001). For the use
of virtual visits, a significant association was found with
education (P=.01) but not for income (P=.08). Other
socioeconomic factors associated with the use of virtual visits
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included community size (P=.03), homelanguage (P=.01), and
health coverage (P<.001). Compared to older adults who did
not express a demand for any virtual visit modalities, older
adults who expressed a demand were more likely to have a
family physician (1807/1902 [95%)] vs497/552 [90%)], P<.001),
have 3 or more chronic conditions (285/1902 [15%] vs 61/552
[11.1%)], P=.01), and be diagnosed with chronic pain, drug or
alcohol dependence, alearning disability, or asensory disability.
In addition, significant associations were found between the
demand for virtual visits and SRHS, household income,
education, and health care coverage. Compared to older adults
who did not use any modality of virtual visits in the past 12
months, older adults who used virtual visits were also more
likely to have a family physician (1199/1245 [96.31%] vs
1100/1209 [90.98%], P<.001), have 3 or more chronic
conditions (212/1245 [17.03%] vs 133/1209 [11%], P<.001),
and be diagnosed with chronic pain, diabetes, arthritis,
cardiovascular disease, obesity, emotional, a psychological or
mental health condition, a physical disability, or a sensory
disability. eHealth literacy scoreswere higher among those who
expressed a demand for virtual visits (26.59 vs 23.74, P<.001)
and higher among those who used virtual visits in the past 12
months (26.69 vs 25.18, P=.01).

Adjusted Logistic Regression M odel to Assess
Deter minants of Demand for Virtual Care

Table 5 displays the adjusted logistic regression findings on
factors associated with the demand for telephone visits, video

Yu & Hagens

visits, and secure messaging. Socioeconomic factors associated
with the use of telephone visits, video visits, and secure
messaging were tested with 3 multivariable logistic regression
models. Older adults with an annual income of less than CAD
$80,000 were less likely to express a demand for video visits
(odds ratio [OR] 0.56, 95% CIl 0.44-0.72, P<.001), secure
messaging (OR 0.77, 95% Cl 0.61-0.98, P=.04), and telephone
visits (OR 0.74, 95% Cl 0.57-0.97, P=.03). Similarly, older
adults without an undergraduate degree were less likely to
express ademand for video visits (OR 0.62, 95% CI 0.50-0.77,
P<.001), secure messaging (OR 0.71, 95% CI 0.58-0.88,
P<.001), and telephone visits (OR 0.68, 95% CI 0.54-0.86,
P<.001). Other factors that were significant included ethnicity,
language, insurance coverage, digital health literacy, and gender.
Being non-White and an English speaker at home were
negatively associated with the demand for video visits and
secure messaging but not for telephone visits. Having no private
insurance (OR 1.21, 95% Cl 1.01-1.47, P=.04) and having more
chronic conditions (OR 1.52, 95% Cl 1.16-1.99, P<.001) were
positively associated with the demand for telephone visits. Older
adults with higher eHealth literacy, reflected by a higher score
ontheeHEALS, weremorelikely to express ademand for video
visits (OR 1.04, 95% CI 1.03-1.06, P<.001), telephone visits
(OR 1.04, 95% CI 1.03-1.06, P<.001), and secure messaging
(OR 1.05, 95% CI 1.04-1.06, P<.001).

Table5. Factors associated with the demand for virtual visits, 2011 Canadian Digital Health Survey (N=2303).

Factors

Video, OR?(95% Cl) Messaging, OR (95%Cl) Telephone, OR (95% Cl)

Household income (CAD $80,000 and below vs above CAD $80,000b) 0.56 (0.44-0.72)
Education (less than undergraduate degree vs undergraduate degree or  0.62 (0.50-0.77)

more)

0.77 (0.61-0.98) 0.74 (0.57-0.97)

0.71 (0.58-0.88) 0.68 (0.54-0.86)

Community (rural vs other)

Immigration status (immigrant/not acitizen vs born in Canada)
Language (English vs other)

Employment (retired vs other)

Insurance (without private insurance vs with private insurance)

Gender (male vs female/other)
SRHC (excellent/very good vs good/fair/poor/prefer not to say)

SRMHY (excellent/very good vs good/fair/poor/prefer not to say)
Ethnicity (non-White vs White)

Chronic disease (3 or more vs less than 3)

eHEAL S® score (8-40)

1.04 (0.79-1.37)
1.19 (0.95-1.51)
0.78 (0.64-0.96)
0.91 (0.73-1.13)
1.03(0.86-1.22)
1.11 (0.93-1.32)
1.15 (0.95-1.39)

0.95 (0.79-1.15)

0.59 (0.35-1.00)
1.02 (0.81-1.30)
1.04 (1.03-1.06)

1.05 (0.80-1.38)
1.14(0.91-1.44)
0.71 (0.58-0.86)
0.91 (0.73-1.14)
1.00 (0.84-1.19)
1.19 (1.00-1.41)
1.1(0.91-1.33)

0.87 (0.72-1.05)

0.54 (0.32-0.93)
1.1 (0.87-1.40)
1.05 (1.04-1.06)

1.15 (0.85-1.55)
1.01 (0.79-1.30)
1.23 (1.00-1.52)
0.94 (0.74-1.20)
1.21 (1.01-1.47)
0.94 (0.78-1.13)
0.97 (0.79-1.19)

0.97 (0.79-1.20)

0.61 (0.36-1.03)
1.52 (1.16-1.99)
1.04 (1.03-1.06)

80R: odds ratio.

ba currency exchange rate of CAD $1=US $0.78 is applicable.
CSRH: self-rated health status.

9SRMH: self-rated mental health status.

feHEALS: eHedlth Literacy Scale.
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Adjusted Logistic Regression M odel to Assess
Deter minants of Use of Virtual Care

Table 6 displays the adjusted logistic regression findings on
factors associated with the demand for telephone visits, video
visits, and secure messaging. Unlike its associations with
demand, alower income was not significantly associated with
the use of secure messaging or telephone visits but was
negatively associated with video visits (OR 0.64, 95% ClI
0.43-0.95, P=.03). A lower level of education was found to be
negatively associated with use of telephone visitsfor older adults
(OR 0.78, 95% CI 0.63-0.97, P=.02). Other socioeconomic
factorsthat increased the odds of using video visitswere being
an English speaker (OR 1.99, 95% CI 1.30-3.03, P<.001) and
being born outside of Canada (OR 1.67, 95% CI 1.18-2.36,
P<.001). Older adults who were born outside of Canada (OR
1.50, 95% CI 1.04-2.17, P=.03) and those who resided in rural

Yu & Hagens

communities (OR 1.72, 95% CI 1.12-2.65, P=.01) had higher
odds of using secure messaging during the past year, while older
adults who did not have private insurance had lower odds of
using secure messaging (OR 0.73, 95% CI 0.54-0.98, P=.04).
Interestingly, having no private insurance increased the odds
of using telephone visits for older adults (OR 1.41, 95% CI
1.19-1.68, P<.001). Being an English speaker was positively
associated with use of telephone visits (OR 1.27, 95% CI
1.04-1.55, P=.02). Other health and demographic factors
associated with the use of tel ephone visitsincluded having more
than 3 chronic conditions (OR 1.55, 95% Cl 1.22-1.96, P<.001)
and being non-White (OR 0.54, 95% CI 0.31-0.92, P=.02).
Similarly with demand, eHealth literacy was positively
associated with the use of video visits (OR 1.03, 95% CI
1.01-1.05, P=.01), secure messaging (OR 1.04, 95% ClI
1.01-1.06, P<.001) and telephone visits (OR 1.03, 95% ClI
1.01-1.04, P<.001).

Table 6. Factors associated with the use of virtual visits, 2011 Canadian Digital Health Survey (N=2303).

Factors

Video, OR®(95% Cl) Messaging, OR (95%Cl) Telephone, OR (95% Cl)

Household income (CAD $80,000 and below vs above CAD $30,000°)  0.64 (0.43-0.95)
Education (less than undergraduate degree vs undergraduate degree or  0.70 (0.48-1.02)

more)

0.70 (0.46-1.07) 0.81 (0.64-1.03)

0.82 (0.56-1.22) 0.78 (0.63-0.97)

Community (rural vs other)

Immigration status (immigrant/not a citizen vs born in Canada)
Language (English vs other)

Employment (retired vs other)

Insurance (without private insurance vs with private insurance)

Gender (male vs female/other)
SRHC (excellent/very good vs good/fair/poor/prefer not to say)

SRMH¢ (excellent/very good vs good/fair/poor/prefer not to say)
Ethnicity (non-White vs White)

Chronic disease (3 or more vs less than 3)

0.95 (0.58-1.56)
1.67 (1.18-2.36)
1.99 (1.30-3.03)
0.97 (0.68-1.40)
1.08 (0.80-1.45)
0.81 (0.60-1.09)
0.86 (0.61-1.20)

1.03 (0.75-1.43)

0.55 (0.20-1.53)
1.73 (1.21-2.49)
1.03 (1.01-1.05)

1.72 (1.12-2.65)
1.50 (1.04-2.17)
1.23 (0.84-1.80)
1.44 (0.95-2.17)
0.73 (0.54-0.98)
1.03 (0.76-1.40)
0.89 (0.63-1.25)

0.85 (0.61-1.19)

0,51 (0.17-1.57)
1.27(0.86-1.88)
1.04 (1.01-1.06)

0.96 (0.73-1.26)
1.12 (0.89-1.40)
1.27 (1.04-1.55)
1.07 (0.86-1.33)
1.41 (1.19-1.68)
0.77 (0.65-0.91)
0.68 (0.56-0.82)

1.13(0.93-1.37)

0.54 (0.31-0.92)
1.55 (1.22-1.96)
1.03 (1.01-1.04)

eHEAL S® score (8-40)

80R: odds ratio.

ba currency exchange rate of CAD $1=US $0.78 is applicable.
CSRH: self-rated health status.

9SRMH: self-rated mental health status.

SeHEALS: eHedlth Literacy Scale.

Discussion

Principal Findings

This study investigated the demand for and use of virtual care
by older adults from a cross-sectional web survey of Canadians
during the COVD-19 pandemic. Bivariate associations suggest
that older adults' demand for virtual care is partially driven by
the need for health services caused by health conditions (ie,
multimorbidity) and partially associated with eHealth literacy
levels. Patients with more chronic conditions and worse SRHS
weremore likely to express ademand for virtual visits. eHealth
literacy and socioeconomic factorsknown to be associated with

https://aging.jmir.org/2022/1/€35221

eHealth literacy among older adults, such as education and
income [15,16], were also significantly associated with the
demand for virtual visits. The demand for all types of virtual
visit modalities was negatively associated with income and
education. Older adults with low household income and less
education had lower oddsto expressademand for virtual visits.
In addition, our results suggested that older adults who were
non-White and who were English speakers had lower odds to
demand video visits and secure messaging. Compared to video
visits and secure messaging, agreater proportion of older adults
from our sample expressed a demand for telephone visits. The
same trend was observed for the use of telephonevisits: agreater
proportion of older adults have used telephone visits during the
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past 12 months. We identified multiple socioeconomic,
demographic, and health factors associated with the demand
for and use of specific virtual care modalities. Specifically, data
showed that older adultswith lower education and lower income
had lower odds of expressing a demand for virtua visits.
Additionally, older adults without private insurance coverage
had lower odds of using secure messaging. eHealth literacy was
a significant predictor of the demand for and use of all
modalities of virtual visit.

The literature looking at patient characters and its association
with the demand for virtual care among older adults is scarce.
A recent report by Health Canada found that individual
socioeconomic status, including income and education, plays
akey roleininfluencing accessto virtual care[16]. One recent
US study looking at interest in telehealth visits for individuals
aged 50-80 yearsfound that when compared to individual swith
ahigh school degree or less, those with at |east an undergraduate
degree are less likely to show interest in telehealth [17]. The
same study also found that White individuals have the lowest
level of interest [17]. Variations in payment models between
Canada and the U.S. could, in part, explain the difference in
findings on ethnicity and education. Non-White and individuals
with less education in the U.S. could face greater barrierswhen
it comesto paying for in-person visits and other costs associated
with an in-person visit (eg, transportation, job flexibility). The
Canadian public health care system eliminates direct costs
associated with in-person visits, making virtual care a
complementary service rather than a substitute to in-person
visits. Another US study that investigated the disparities in
virtual care use by older adults suggested that non-White patients
are less likely to have video visits when compared to White
patients [18]. The association between ethnicity and the use of
virtual visits seems to be more nuanced than what has been
studied thus far. Additional research is needed to ensure that
older adults who are ethnic minorities have access to all types
of virtual care modalities.

Lower reported usage of video visits and secure messaging
services may berelated to financial and technological barriers,
such as alack of digital equipment, internet access, and al ack
of skills to navigate technology [19]. Consistent with the past
literature, participantswith low household income arelesslikely
to conduct a video visit [20,21]. A recent Infoway analysis
demonstrated that higher-income groups were more likely to
use virtual care when compared to lower-income groups [22].
Considering that some video visits were offered by private and
for-profit vendors during the pandemic, it islikely that income
would become abarrier to using virtual health technol ogiesthat
are not covered under the public payment plan. In addition,
cohort research looking at virtual care usage during the
pandemic has suggested adigital divide between telephone and
video use based on race, income, and age. Studies have found
that older, lower-income individual s use more telephone, while
White, higher-income individuals use more video [18,20,23].
The proliferation of private services could aso explain the
association between insurance status and the use of secure
messaging. In response to COVID-19, temporary billing codes
were established by all provinces and territories, with the
exception of Nunavut [24]. Most provinces provide billing codes

https://aging.jmir.org/2022/1/€35221
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to cover synchronous visits through telephone and video, but
coverage for secure messaging is sparse[24]. The use of secure
messaging services might therefore be limited by private health
insurance coverage, as our study suggests. This could also
explain the positive association between chronic conditionsand
the use of video and telephone visits. Older adultswith multiple
chronic conditions would likely require more health services,
and virtual visitsaswell. Thefinancial barriers associated with
the use of secure messaging might explain thelack of significant
associations between secure messaging and chronic condition
status.

In line with past research, our data show that eHealth literacy
is an important driver/constraint for the use of virtua care
[15,25]. The past literature on the digital divide suggests that
older adultsdisproportional ly suffer adverse consequencesfrom
alack of technological accessand literacy [15,26]. Older adults
typically face challengesin accessing virtual caredueto alower
use of digital health technologies, a lack of motivation to use
technology, and a lack of technological equipment and
broadband access[20,25]. This could explain the low prevalence
for the use of secure messaging and video visitsfrom our study.
Secure messaging and video visits are more complex
technol ogieswhen compared to tel ephone visitsand require the
users to have higher levels of digital as well as digital health
literacy, which might pose as barriers of accessfor older adults
[27]. In addition, physical barriers, such impaired cognition,
hearing, vision, and dexterity, may also cause problems for
older adultsin using more complex technol ogies, such asvideo
visits and secure messaging [19]. The observed prevalence is
consistent with findings from the U.S., suggesting that older
age was associated with lower usage of video and telephone
usage during the pandemic [20] and that the majority of virtual
visits conducted by older adults during the COV1D-19 pandemic
were via audio technologies [18]. Older adults from
marginalized groups may face additional challenges using
complex technologies due to language barriers and income
constraints. Patient outcome studies have suggested that the use
of telemedicine among older adults can lead to high levels of
patient satisfaction and acceptance [19]. Unless programs and
policies are put in place to promote digital health technology
uptake among older adults, exacerbating the current digital
divide will likely lead to more inequities. Our finding adds to
the emerging evidence base advocating for improved patient
eHealth literacy to close the digital divide and the associated
inequalities.

Limitations

Our study suffersfrom afew limitations. The Canadian Digital
Health Survey is a web survey and therefore may limit
participation by older adultswith limited accessto technol ogical
equipment and the internet. Therefore, our findings might skew
toward older adults with more internet and technology access.
Second, the study population was weighted to render a
representative sample of the Canadian population. As aresult,
our sample was predominantly White and therefore may have
had more access to technol ogy than other ethnic/culture groups.
We did not collect information on the duration or completion
of the health encounter and therefore cannot assume that these
virtual visits were al successfully completed. The chronic

IMIR Aging 2022 | vol. 5 |iss. 1 [e35221 | p.131
(page number not for citation purposes)


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

JMIR AGING

condition of respondentswas self-reported. Although our survey
guestion prompted respondentsto only report chronic conditions
asdiagnosed by ahealth care professional |asting for more than
6 months, it is possible that respondents reported self-diagnosed
chronic conditions. Health care utilization was self-reported
and may beimpacted by recall error, although past research has
shown that bias and variance of recall error of health care usage
were minimized for the 12-month recall period [28].

Conclusion

Despite limitations, this study provides novel insights into
potential driversand barriersthat determine the demand for and
use of virtual visits among older adults during the COVID-19
pandemic. We found that despite high level s of demand to access
virtual visits among older adults, the rates of usage are much

Yu & Hagens

lower, especially for video visits and secure messaging. Lower
usage of complex technologies could be caused by financial
barriers, inadequate eHealth literacy, a lack of technological
equipment and broadband access, and physical limitations. In
addition, socioeconomic inequities associated with the use of
secure messaging and video services emphasize the need to
regulate the proliferation of private, for-profit virtual care
vendors. Other socioeconomic and demographic disparities,
such as ethnicity, immigration status, and education, that may
pose challengesto accessing virtual visitsfor older adults should
be carefully investigated to reduce existing inequities in health
service access and health outcomes. Future studies should test
the extent to which virtual care can deliver improvements in
access to health care services as well as patient experience
among older adults.
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Abstract

Background: Chronic diseases may impact older adults’ health outcomes, health care costs, and quality of life. Self-management
is expected to encourage individuals to make autonomous decisions, adhere to treatment plans, deal with emotional and social
consequences, and provide choices for healthy lifestyle. New eHealth solutions significantly increase the health literacy and
empower patients in self-management of chronic conditions.

Objective: This study aims to develop a Community-Based e-Health Program (CeHP) for older adults with chronic diseases
and conduct a pilot evaluation.

Methods: A pilot study with a 2-group pre- and posttest repeated measures design was adopted. Community-dwelling older
adults with chronic diseases were recruited from senior activity centersin Singapore. A systematic 3-step process of developing
CeHP was coupled with asmart-device application. The devel opment of the CeHP intervention consists of theoretical framework,
client-centric participatory action research process, content validity assessment, and pilot testing. Self-reported survey questionnaires
and health outcomes were measured before and after the CeHP. The instruments used were the Self-care of Chronic IlIness
Inventory (SCCII), Healthy Aging Instrument (HAI), Short-Form Health Literacy Scale, 12 Items (HLS-SF 12), Patient
Empowerment Scale (PES), and Social Support Questionnaire, 6 items. The following health outcomes were measured: Montreal
Cognitive Assessment, Symbol Digit Modalities Test, total cholesterol (TC), high-density lipoproteins, |ow-density
lipoproteins/very-low-density lipoproteins (LDL/VLDL), fasting glucose, glycated hemoglobin (HbA;.), and BMI.

Results: The CeHP consists of health education, monitoring, and an advisory system for older adults to manage their chronic
conditions. It isan 8-week intensive program, including face-to-face and eHealth (Care4Senior App) sessions. CaredSenior App
covers health education topics focusing on the management of hypertension, hyperlipidemia, and diabetes, brain health, healthy
diet, lifestyle modification, medication adherence, exercise, and mindfulness practice. Content validity assessment indicated that
the content of the CeHP is valid, with a content validity index (CVI) ranging 0.86-1 and a scale-CVI of 1. Eight participantsin
the CeHP group and 4 in the control group completed both baseline and post intervention assessments. Participants in the CeHP
group showed improvements in fasting glucose, HbA ., TC, LDL/VLDL, BMI, SCCII indices (Maintenance, Monitoring, and
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Management), HAI, and PES scores post intervention, although these changes were not significant. For the participants in the
control group, the scores for SCCII (management and confidence) and HL S-SF 12 decreased post intervention.

Conclusions: The CeHP isfeasible, and it engages and empowers community-dwelling older adults to manage their chronic
conditions. The rigorous process of program devel opment and pilot evaluation provided valid evidence to expand the CeHP to a
larger-scale implementation to encourage self-management, reduce debilitating complications of poorly controlled chronic

diseases, promote healthy longevity and social support, and reduce health care costs.

(JMIR Aging 2022;5(1):€33118) doi:10.2196/33118

KEYWORDS

eHealth; self-management; older adults; chronic disease; community care; elderly; community; innovation; development; pilot;
evaluation; health literacy; empowerment; feasibility; engagement

Introduction

The life expectancy of Singaporeans has increased from 76.1
yearsin 1990 to 84.8 yearsin 2017 [1]. Multiple socioeconomic
factors impact the quality of life among older individuals,
including functionally limiting diseases[2]. It is estimated that
Singaporeans spend the last 10.6 yearsin poor health conditions
owing to a higher prevalence of chronic diseases [1]. These
commonly include diabetes, hypertension, and lipid disorders,
which may severely impair the quality of life[3]. Not only the
guantity of time spent alive but also quality of life areimportant.
For community-dwelling older adults with chronic diseases,
self-management is essential to their quality of life [4]. They
are more susceptible to further cognitive impairment, which
could drastically compromise their ability of performing
self-care [5,6]. Hence, self-management programs alowing
early detection and prevention of cognitive impairment can
substantially improve healthy aging [7].

Self-management refersto daily activitiesthat individual s take
for themselves and families to stay healthy and to care for
long-term illness [8]. Individuals are more involved in their
self-care and given the opportunity to adopt an active program
suitable for their medical conditions [9]. Effective
self-management helps older adults to experience improved
health outcomes and to reduce medical cost [10].

Self-management is expected to make the health care system
more patient-centric by shifting responsibilities toward
individualsin terms of making autonomous decisions, adhering
to treatment plans, and dealing with emotional and social
consequences caused by their medical conditions [9]. It aso
provides choicesfor individualsto live in an active and healthy
lifestyle. Self-management requires ol der adultsto have agood
understanding of the disease itself, the prescribed medication,
as well as other procedures related to self-care [11]. Hedlth
literacy is the capacity of individuals to obtain, process, and
understand basic health information and the services needed to
make appropriate health decisions [12]. Hence, improvement
in hedlth literacy of chronic disease management empowers
older adults to have access, understand, and use health
infformation to make decisions when performing
self-management [13]. According to the SIGNS Study conducted
by the Centre for Ageing Research and Education, health
illiteracy is prevalent among the older Singaporeans[14]. With
improved health literacy, community-dwelling older adults are
expected to improve their self-management skills[13], helping

https://aging.jmir.org/2022/1/€33118

them to make decisions on suitable health practice and strategies
to cope with their chronic diseases.

Additionally, socia support from family, friends, and neighbors
serves as a complementary strategy for enhancing an
individual’s self-management skills[15] by providing relevant
information, emotional support, and practical help [16]. Social
support is closely related to health behavior and health
outcomes. For people who have lower economic status or
educational levels and who are more socialy isolated,
educational and counseling interventions developed for their
self-management of chronic diseases may be less effective[17].
In this context, socia support can significantly compensate for
their inequality in health [15]. Daviglus et al [18] developed
the concept that family and social network supports play an
essential role in keeping the chronic disease under control.
Hence, social support significantly contributesto the adherence
to thetreatment plan aswell as self-management behavior [19].

The modern health care system leverages on innovation and
technologies to empower patients and families in self-care.
Compared to conventional approachesto patient education, new
eHealth solutions such as mobile health, web-based learning,
and telehealth significantly increase patients' health literacy
and empower them in self-management [20-22]. Multiple studies
have shown that eHealth solutions have positive impacts on
chronic disease management through effective patient education
and increased medication adherence [ 23,24]. Therefore, eHealth
isactively promoted powered by information technology. Health
illiteracy among the older population has negative health
outcomes and increases health care costs [14]. It is a critical
issue for a rapidly aging population in a technology-driven
society.

In an aging population, it is necessary to shift the health care
landscape toward the community to ease the burden of acute
hospitals [25,26]. Such community health care support is
provided by multidisciplinary primary care teams to promote
effective self-management [27,28]. Having health professionals
constantly motivate and support patients to manage the chronic
conditions signifies a supportive relationship, thus promoting
effective self-management for patients to pursue [28]. In light
of the aforementioned gaps and the potential use of technology
in bridging these needs, this study aims to develop a
Community-Based e-Health program (CeHP) for older adults
with chronic diseases and to conduct a pilot evaluation prior to
afull-scale interventional program.

JMIR Aging 2022 | vol. 5 | iss. 1 |€33118 | p.136
(page number not for citation purposes)


http://dx.doi.org/10.2196/33118
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING

Methods

Research Design

This study describes a systematic 3-step process of developing
the CeHP, coupled with the use of a smart device application.
A pilot study with a2-group pre- and posttest repeated measures
design was adopted.

Setting

Subjects were recruited from Community Nurse Posts at two
senior activity centers (SACs) within the neighborhood in the
east region of Singapore. The strategic |ocation ensuresthat the
nursing serviceis convenient and accessiblefor the older adults
living in the community. The services consist of health
screening, individual and group health coaching, health and
geriatric assessment, chronic disease monitoring and education,
care referral and coordination, and complex nursing care [29].

Developing the I ntervention

Development of the CeHP consisted of a systematic 3-step
process: theoretical framework, a client-centric participatory
action research process, content validity assessment and pilot
testing.

Theoretical Framework

A systemic scoping review identified the focus of the theoretical
approacheswas behavior change in most of the self-management
programs (SMPs). The most frequently used theory was the
social cognitive theory, where the participants self-efficacy
increased asaresult of the SMPs, and evidence showed that the
associated behavior change could affect various health outcomes
[30]. Building on the theoretical foundation, we adopted the
concept of self-management, which can capture the complexity
of living with medical conditions and managing it in an
individual's everyday life [31]. A diverse body of knowledge
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reflects a number of factors that influence the individual’s
self-management. The factorsinfluencing self-management are
categorized into (1) health status: medical condition; (2)
individual: age, gender, self-efficacy, integration, diversity; (3)
family: socioeconomic status, family function; and (4)
environmental: social networks, community, and health care
system [32].

Theindividual’s self-management is interactive and influences
avariety of health outcomes, especially for individuals living
with chronic conditions. In our study, the following outcomes
in relation to the factors are measured: (1) health outcomes:
cognitive function (Montreal Cognitive Assessment [MoCA],
Symbol Digit Modalities Test [SDMT]), lipid profile (total
cholesterol [TC], high-density lipoprotein [HDL] cholesterol,
and low-density lipoprotein [L DL]/very-low-density lipoprotein
[VLDL] cholesterol), glycemic profile (fasting glucose and
glycated hemoglobin [HbA,J]), and BMI; (2) individua
outcomes:. sociodemographics, self-care capabilities (Self-care
of Chronic Illness Inventory [SCCII]), hedth literacy
(Short-Form Health Literacy Scale, 12 Items [HLS-SF12]),
empowerment (Patient Empowerment scale [PES]); (3) family
outcomes: lifestyle (Healthy Aging Instrument [HAI]); and (4)
environmental outcomes: social networks and support (Social
Support Questionnaire, 6 items [SSQ6]) (Figure 1) [32].
Self-management may influence how environmental resources,
such as health care system and community support, are accessed
and utilized, and the nature of interactions with health care
professionals. Reasonabl e targets could be set with the potential
to alter the behavioral changes and health outcomes. For
example, interventionsmay target at psychosocid factors, family
functioning, or working with the individuals to develop and
enhance the self-management capabilities. Hence, CeHP is
targeted at working with theindividual sto develop and enhance
their self-management capabilities.

IMIR Aging 2022 | vol. 5 |iss. 1 [e33118 | p.137
(page number not for citation purposes)


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

JMIR AGING

Wuetd

Figure 1. Self-management framework. HAI: Healthy Aging Instrument, HbA1.: glycated hemoglobin, HDL: high-density lipoprotein, HLS-SF 12:

Short-Form Health Literacy Scale, 12 Items, LDL: low-density lipoprotein, MoCA: Montreal cognitive assessment, PES: Patient Empowerment Scale,
SCCII: Self-care of Chronic llIness Inventory, SDMT: symbol digit modalities test, SES: socioeconomic status, SSQ6: Social Support Questionnaire,

6 items. [32].
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Client-Centric Participatory Action Research Process

CeHPwasdevel oped to promote older adults’ self-management
capabilities with their chronic conditions. CeHP was designed
through a 3-stage iterative, client-centric, participatory action
research process[33]. First, afront-end analysiswas conducted
toidentify the unique health care needs of older adultsand initial
designideasthrough focus groups and literature search. Second,
a preliminary design of the intervention was developed from
the literature and focus group findings. Finally, we iteratively
incorporated revisions and refinements on the basis of
client-centric feedback, which was collected during usability
sessions.

Stage 1. Front-End Analysis

A comprehensive search and evaluation of existing eHealth
interventions were carried out. Evaluation from the
evidence-based literatures provided afundamenta understanding
of the current interventions. A systematic review examined
community-based SM Psfor older adultswith chronic conditions
and evidenced that SMPs involved fostering skills to improve
problem-solving, health behavior, and disease management
[34]. However, this review highlighted that SMPs need to
broaden the strategies to be more patient-centered by helping
older adults manage the impact of the conditions on their daily
lives, and to provide strategies for managing interacting
symptoms, treatments, and everyday problems due to the high
prevalence of multiple morbiditiesin older adults[34]. A recent
meta-analysis provides evidence that educational intervention
is effective to improve the hedlth literacy of the perceived
severity and susceptibility of the patients’ medical conditions,
and perceived benefits of the treatment, and increased
medication adherence among adult patients diagnosed with
hypertension, hyperlipidemia, or diabetes[35]. The educational
interventions consist of face-to-face counseling with the

https://aging.jmir.org/2022/1/€33118
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participants on the diseases, complications, medications, side
effects, adherence, lifestyle changes, self-monitoring, and
self-management skills [35].

We have conducted a meta-analysis on the technology-based
interventions on diabetes, and the results indicate that
technology-based psychosocial interventions had significant
effects on diabetes distress, self-efficacy, and HbA . levelsin
adults with type 2 diabetes mellitus (T2DM) [36]. The
technol ogy-based interventions consist of tel ephone-based health
coaching, telemonitoring, computer-assi sted self-management,
web-based programs and tools, and mobile apps. Nevertheless,
an integration of technology-based psychosocial interventions
into usual care can enhance treatment for older adults with
T2DM [36]. In the current COVID-19 pandemic situation,
telehealth applications have provided solutions to facilitate the
care of older adults with chronic conditions, and the medical
apps delivered virtual assessments and treatments, improved
medication adherencefor older adults, and supported the health
care professionals during the pandemic [37].

Our researchers conducted focus groups with older adults to
explore their needs regarding eHealth. Three focus group
discussions were conducted, and the thematic analysis was
carried out. Three magjor themes emerged from the analysis: (1)
personal approach in living with chronic diseases (older adults
applied positive thinking and accepted the needsto change their
habits and follow the instructions of health care professionals);
(2) navigating health-rel ated information (ol der adults obtained
health information from health care professionals, health talks
from reputable organizations, experiences of friends or family,
internet resources, talk shows in the media, and web-based
videos); and (3) decision-making on sieving credible eHealth
information (older adults often experienced online health
resources are overwhelming and confusing, they either turn to
health care professionals for advice or use own experience and
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knowledge to judge the reliability and credibility of the
web-based health resources). Details of the qualitative study
will be published in a subsequent paper. In addition, our recent
scoping review also highlighted the concerns of older adultson
the barriers of web-based interventions, such as the lack of
access and proficiency in technology, or the lack of interest in
the use of digital technologies[37].

Stage 2: Design and Development

With inputs from the literature and focus groups, the researchers
developed the preliminary contents of the CeHP. Based on
client-centric design suggestions, the following principles guided
the development of the CeHP: (1) the intervention must be
designed for older adults, (2) the content must be related to the
specific health knowledge deficits that were identified during
focus group and literature evaluations, and (3) the content needs
to be delivered in a brief and skimmable format to fit the
attention span and cognitive capabilities of the older adults. The
details of the contents are presented in the Results section.

Stage 3: Formative, User-Centric Evaluation

Formative evaluation took the form of multimodal usability
testing [38,39] which sought to elicit feedback on applicability,
content, ease of use, acceptance, and time to complete the
modules. Feedback was collected from the participants during
the development of the intervention on the usage information
and usability testing, which were subsequently used to further
extend and refine theintervention [40]. The formative evaluation
generated input regarding revisions and modifications that
informed the desigh and development of the CeHP.

Content Validity Assessment

A committee of experts was formed to evaluate the content
validity of the CeHP, including 2 nurseclinicians, 2 physicians,
adietician, a physiotherapist, and a pharmacist, specifically on
the clinical relevance and quality of the contents. They rated
the contents from 1 (not relevant/appropriate/comprehensive)
to 4 (very relevant/appropriate/comprehensive). Content experts
wererequired to provide feedback if they had rated any learning
point 2 and below on any of the aspects.

Pilot Test of the Study I ntervention

Sampling and Recruitment Process

Convenience sampling was used. Recruitment was carried out
through word of mouth and recruitment poster at 2 SACs. The
inclusion criteriawere as follows: (1) age =55 years; (2) being
ableto understand and communicatein either English or Chinese
(Mandarin); (3) being able to give consent to participate; (4)
living within the community setting; (5) being diagnosed with
at least one of these chronic conditions (hypertension,
hyperlipidemia, or diabetes mellitus); and (6) being able to
commit to the 8-week CeHP. The exclusion criteria are as
follows: (1) having severe cognitive impairment; (2) having
severe psychiatric disorders; (3) having severe vision
impairment; and (4) having severe hearing impairment.
Participantsin the intervention group were recruited from SAC
1, and they completed the CeHP regimen. Participants in the
control group were recruited from SAC 2, and they continued
with their usual recreational programs. Recruitment was carried
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out at 2 SACs at different physical locations to minimize
contamination between the two groups.

Data Collection Procedure

The questionnaires were administered at two time points:
baseline and post intervention. Two trained researchers
conducted face-to-face sessions. The questionnaires were
conducted in the participants’ preferred language, either English
or Chinese (in the participant’s preferred dial ect). Each session
lasted 45-60 minutes. Each participant was given a cash
reimbursement after completing questionnaires and providing
blood samples. A maximum of 9 mL of blood in
ethylenediaminetetraacetic acid (EDTA) blood tubes was
collected from every participant at each time point. The
responses were recorded using the web-based e-Survey platform
approved by the university. Sociodemographic and clinical data
such asage, gender, ethnicity, marital status, employment status,
education, housing type, morbidities, alcohal intake, smoking
status, and physical activity were recorded. Clinical data such
as TC, HDL, LDL/VLDL, fasting glucose, HbA,., and BMI

were also measured before and after the intervention.

Psychosocial Measures

The SCCII [41] assesses the process of self-care by individuals
with avariety of chronic conditions. It consists of 30 itemswith
5-point Likert scales to evaluate self-help behavior, symptom
management, health-seeking behavior, and self-care confidence.
TheHAI [42] focuses on how healthy and activelifestyle among
the elderly is considered. The HAI includes nine components:
Being sdf-sufficient and Living Simply, Managing Stress,
Having Social Relationships and Support, Making Merit and
Good Deeds, Practicing Self-care and Self-awareness, Staying
Physically Active, Staying Cognitively Active, Having Social
Participation, and Accepting Aging. HAI has 35 items on a
5-point scale. A higher score represents greater healthy aging
levels. The HLS-SF 12 measures the competency of an
individual when dealing with health-related information [43].
It consists of three domains including health care, disease
prevention, and health promotion. The PES [44] is a 15-item
scale devel oped to assess empowerment and the patient’s sense
of control over their illness experience[45]. The SSQ6 measures
the number of people providing support to an individual and
the satisfaction level of the individual who received the support
[46].

Brief Cognitive Tests

The MoCA is a screening instrument to detect mild cognitive
impairment [47]. A study has shown that MoCA may be
relatively more sensitive in detecting characteristic cognitive
deficitsdueto cardiovascular diseases prevalent in Asian elderly,
and it takes approximately 12 minutes to complete [48]. The
SDMT is a sensitive processing speed test and is added to
supplement MoCA for optimal cognitive screening. The SDMT
iswidely used and takes approximately 5 minutes to complete
[49]. Cognitive ability affects the self-care behavior of patients
with chronic disease. Assessment of cognitive function through
the MoCA and the SDMT may help inform interventions to
improve the self-care behavior in these patients.
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Bioassay Procedures

Upon collection of blood samples, the EDTA tubes were
centrifuged at 1500 g for 5 minutes at room temperature to
separate plasma from other blood components. After
centrifugation, plasma was collected, aiquoted in different
tubes, and stored at —-80°C for downstream analyses. Plasma
glucose level was measured using the glucose assay kit (Sigma
Aldrich, MK286) whereas TC, HDL, and LDL/VLDL levels
were measured using the AF HDL and LDL/VLDL assay kit
(SigmaAldrich, MK331) in accordance with the manufacturer’s
protocol. Absorbance was measured at 570 nm using the
SpectraMax M2 microplate reader (Molecular Probes). Plasma
glucose level and TC, HDL, and LDL/VLDL levels were
calculated from the standard. HbA ;. levels were determined
using a Beckman UniCel DxC600 Chemistry Anayzer
(Beckman Coulter), with hemoglobin levels measured using a
colorimetric method at 410 nm, and glycation levels measured
using aturbidimetric immunoinhibition method at 340 nm.

Data Analysis

Descriptive statistics, including mean (SD) and percentages,
were used to summarize the demographic information and
outcomes at baseline and post intervention. A paired samplest
test was used to examine the difference between the baseline
and postintervention periods and to compare outcome measures
before and after implementation among participants. All
analyses were conducted using RStudio (version 1.1)
implementing R (version 3.4) [50], and the significance level
was set at 5%.

Ethical | ssues

Ethical approval was obtained from the university’singtitutional
review board (H-20-028) and the hospital’s Centralised

Figure 2. Conceptual outline of the Community-Based e-Health Program.
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Institutional Review Board (Ref 2020/2051). Researchers
explained the purpose of the study to potential participants.
Informed consent was obtained from the participant prior to
datacollection. The participantswere reassured that participation
inthe study wasvoluntary, and withdrawal from the study would
not result in any negative consegquences. Confidentiality and
anonymity were maintained as no identifiers were recorded in
the questionnaires.

Results

Outline of the Community-Based eHealth Program

The CeHP consists of health education, monitoring function,
and an alert and advisory system for older adults to manage
their chronic conditions (Figure 2). The CeHP is an 8-week
intensive program, consisting of face-to-face and eHealth
(CaredSenior App) sessions. Face-to-face session covers health
education topics such as diet, exercise, and brain health, which
are available in Cared4Senior App. CaredSenior App can be
installed on smart devices. CaredSenior has unique features
including a health library, daily care, exercises, quizzes,
interactive videos, and administrative platform (Figure 3).
CaredSenior consists of health education topics focusing on
management of hypertension, hyperlipidemia, and diabetes,
brain health, healthy diet, lifestyle modification, medication
adherence, exercise, and mindfulness practice (Figure 4). Each
module consists of animated videos of conversations between
a fictional elderly couple, and health education topics. A
prototype of Cared4Senior App has been developed by the
technical team.

Monitoring

Alert
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Figure 3. Cared4Senior App - Main Screen.
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Mode of Delivery

During the intervention, the research team conducted weekly
face-to-face training and eval uated the participant’s competency
in using the CaredSenior App. The older adults could then
continue with the CaredSenior App at home. Researchers
monitored participants’ App usage closely viathe administrative
platform of the App; for example, blood pressure and glucose
entry, and quiz status. A reminder was sent to the participants
through the phone if their blood pressure and glucose reading
were not entered or were beyond the normal range. The CeHP
provides a platform to improve the overal clinica outcomes
for older adults living with chronic diseases by empowering
them with self-care skills.

Results of the Content Validity Test

The content validity index (CVI) was calculated, and only when
bothitem-CV1 and scale-CV | valueswere above 0.8, the content
of the program would then be considered valid [51,52]. Our
resultsindicatethat the content of CeHPisvalid sinceitem-CVI
ranged 0.86-1 and the scale-CV1 was 1. Positive feedback has
been received from 7 content experts that the CeHP is
well-structured and covers common chronic diseases, which
are helpful for older adults to gain knowledge about
self-management through medication compliance and lifestyle
modification. Nevertheless, content refinement was carried out
for thoseitemsrated below 2. Theitem-CVI for revised content
became 1 after reassessment by content experts. Based on the
feedback, the research team fine-tuned the contents to ensure
accuracy. Meanwhile, there were also concerns that the content

Wuetd

might be overwhelming for the participants. Content experts
suggested rephrasing certain terminologiesfor participantswith
lower literacy levels. Researchers readjusted the font size,
reduced wordy contents, and added more pictures to be more
senior-friendly.

Results From the Pilot Evaluation

Among all screened and invited participants, a total of 15
participants enrolled in the pilot study. However, owing to
drop-outs, 8 participantsin the intervention (CeHP) group and
4 in the control group completed both baseline and
postintervention assessments. Figure 5 shows the recruitment
and program flow. Table 1 shows demographic and clinical
characteristics of the participants. The Student t test and Pearson
chi-squaretest revealed no significant difference between CeHP
and control group participants. The mean age of the participants
was 74.4 years (CeHP group) 69.75 years (control group). All
participants in the CeHP group were of Chinese ethnicity, and
7 of them (88%) were female. One participant in the control
group is of Malay ethnicity, and 50% of the participants were
female. All participants stayed in public housing and were
independent and ambulating. All participants had at |east one
of the chronic illnesses (hypertension, hyperlipidemia, or
T2DM). Participantsin the CeHP group were mostly compliant
with the seminar regimes except when they had other
commitments such as medical visits or work (attendance rates
areshown in Table S1 in Multimedia Appendix 1). Participants
also rated the design and user-friendliness of the app as above
average on a 5-point scale (Table S2 in Multimedia Appendix
1).

Figure5. Flowchart of participant recruitment for the Community-Based e-Health Program (CeHP).
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Table 1. Demographic and clinical characteristics of participantsin pilot evaluation.
Variables Community-Based e-health Program group (n=8) Control group (n=4) P value?
Age (years), mean (SD) 74.4(6.22) 69.75 (8.34) 38
Gender, n (%) 48
Male 1(12.5) 2 (50)
Female 7(87.5) 2 (50)
Race, n (%) 71
Chinese 8 (100) 3(75)
Malay 0 1(25)
Marital status, n (%) 22
Single, separated, or divorced 3(37.5) 0
Married 1(12.5) 2 (50)
Widowed 4 (50) 2(50)
Highest education level, n (%) >.99
None or primary education 6 (75) 3(75)
Secondary school and above 2(25) 1(25)
Employment status, n (%) >.99
Working 1(125) 0
Not working or retired 7(87.5) 4 (100)
Housing type, n (%) 15
HDBP studio apartment 3(37.9) 4 (100)
HDB 3-room apartment and above 5(62.5) 0
Living status, n (%) .28
Alone 4 (50) 0
With others 4 (50) 4 (100)
Physical exercise, n (%) 71
>3 times per week 8 (100) 3(75)
Never 0 1(25)
Current smoker, n (%) 0(0) 1(25) 71
Regular drinker, n (%) 0(0) 1(25) 71
Hypertension, n (%) 6 (75) 4 (100) .78
Hyperlipidemia, n (%) 7(87.5) 3(75) >.99
Type 2 diabetes, n (%) 3(37.5) 4 (100) A5

8age was compared using the Student t test, whereas other categorical characteristics were compared using the Pearson chi-square test or the Fisher

exact test.
PHDB: Housi ng and Development Board.

Table 2 shows the psychosocial, cognitive, and blood test
findings before and after the intervention. Participants in the
CeHP group demonstrated improvements in fasting glucose,
HbA,., TC, LDL/VLDL, BMI, 3 of 4 SCCII indices (in the
following domains: Maintenance, Monitoring, and
Management), and HAI and PES scores, though the changes

https://aging.jmir.org/2022/1/€33118

RenderX

are not significant. Among control group participants, the scores
for the two domains (Management and Confidence) from SCCI|

and HLS-SF 12 decreased after the intervention. The
participants' (control group) fasting glucoseand TC levelswere
also higher post intervention than during baseline assessment;

however, these differences were not significant.
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Table 2. Mean scores of study outcomes.
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Measures Community-Based e-Health Program group (n=8), Control group (n=4), mean (SD)
mean (SD)
Basdline Post intervention P valug®  Baseline Post intervention P value?
Psychosocial measures
Self-care of Chronic IlIness I nventory indices
Maintenance 85.94(10.83)  93.36 (4.85) .09 83.59 (4.69) 87.5 (14.66) 56
Monitoring 67.29 (24.53)  70.0 (13.09) 81 52.92 (13.77) 63.5 (16.56) 28
Management 54.0(1047)  61(8.21) 13 60 (10.83) 54 (12.44) 18
Confidence 87.81(9.95)  87.5(10.69) 95 83.13 (10.08) 78.75 (12.67) 37
Healthy Aging Instrument 147.63 (17.07)  149.75 (6.82) 68 136.25(23.26)  148.25(1559) .10
Patient Empowerment Scale 4063(3.38)  43.75(8.31) 29 39.50 (2.08) 47.25 (7.54) .08
Social Support Questionnaire, 6 items 29.63 (4.44) 28.75 (4.56) .61 27.75 (5.68) 28.25 (4.79) .70
satisfaction total score
Health Literacy Survey Short Form (HLS- 30.56 (3.32)  30.38 (4.03) 78 29.51 (6.35) 26.39 (6.0) .06
SF12) Index
Cognitive tests
Montreal cognitive assessment total ~ 25.13 (3.40) 23.13 (4.36) .20 19.75 (3.30) 20.0(5.72) .87
score
Symbol digit modalitiestest score  27.5 (9.68) 26.0 (14.25) 56 18.75 (2.99) 19.75 (3.59) 51
BMI 25.19 (3.76) 24.78 (4.06) 35 25.36 (3.48) 20 68
Biomarkers
Fasting glucose (mg/dL) 90.77 (28.32)  84.12(13.47) 26 11054 (24.95)  124.88(71.36) .58
Glycated hemoglobin (%) 6.49 (0.84) 6.31 (0.60) 11 8.13 (0.49) 7.18 (0.63) .07
Total cholesterol (mg/dL) 11530 (7.76)  114.99 (4.76) 94 110.29 (8.12) 111.53 (9.14) 68
High-density lipoprotein cholesterol 35.36 (10.46)  31.38(7.41) 29 31.20 (5.83) 32.21 (4.52) .80
(mg/dL)
Low-density lipoprotein/very-low-density  103.91 (10.49)  99.10 (16.24) 25 93.69 (12.55) 88.86 (17.35) 28

lipoprotein cholesterol (mg/dL)

8 values determined through the Student paired t test.

Discussion

Principal Findings

This paper illustrates a systematic 3-step process of developing
acommunity-based health education program coupled with the
use of a smart-device application. Development of the
intervention consists of atheoretical framework, aclient-centric
participatory action research process, and psychometric testing.
The rigorous process ensured the validity of the intervention,
and explicitly reporting the detailed description of the
intervention could facilitate replication of the intervention in
the future.

The prevalence of chronic diseases is increasing among the
older population. Hypertension, hyperlipidemia, and T2DM are
the most common chronic conditions among
community-dwelling older adults. The progression of diseases
and impact on quality of life can be tapered off by active
treatment and self-management. By promoting health literacy
and awareness of community health resources, it is feasible to
reduce debilitating complications of poorly controlled chronic

https://aging.jmir.org/2022/1/€33118

conditions and subsequent hospitalization, which contributes
to the burden of the health care system [53].

The results from the pilot test revealed that the CeHP was
feasible and potentially effectivein improving self-management
capabilities of older adults. The pilot test demonstrated
improvementsin fasting glucose, HbA ., TC, LDL/VLDL, BMI,
SCCII indices, HAI scores, although these changes were not
significant, which could be due to asmall sasmple size. eHealth
interventions have gained popularity among older adultsin the
recent years. Research has shown that daily monitoring via
eHedthinterventionsincreased older adults' confidence, control,
awareness in managing their conditions, prompted more
communication with their doctors, and using monitoring records
to review their medications [53,54]. Hence, participants were
more proactive in managing their conditions.

The results of the pilot test showed improvements in the PES
score, albeit not significant. Research has shown that eHealth
interventions improved older adults sdf-efficacy for
health-decision making and patient-provider communication
[55]. As aresult, older adults are empowered to take chargein
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managing their chronic conditions. eHealth interventions have
shown improvement in chronic disease self-management and
reduced health care utilization [56], which evidenced that
eHealth interventions are feasible to be implemented among
community-dwelling older adults and are beneficial in reducing
health care costs.

With the high attendance rate (86% in average), high overall
satisfaction toward the App (75%), and positive user feedback
(Multimedia Appendix 1), the pilot test provided evidence that
CeHP has excellent features as a senior-friendly App to deliver
health-related information to the older adults. With the rapid
adoption of information technology in health care, more
technology-based interventions will be utilized in the delivery
of care. Older adults are alarge consumer group for health care
services. Hence, service providers need to consider various
aspectsto facilitate uptake, such as user-friendly e-interventions
for older adults and appropriate user training [55].

It is noteworthy that many older adults are not technologically
savvy despite the rapid increase in internet-based users among
the older adult population [55]. Hence, older adults may require
training and support initially in using eHealth interventions[57],
as observed by our researchers during the pilot study. Research
has shown that older adults are more confident in maneuvering
the internet after undergoing the training [56,58]. Portz and
LaMendola[57] reported that the average duration of web-based
participation among ol der adultswas|onger than that in younger
cohorts, which could be an indication that older adults tend to
be committed to eHealth programs to improve their health
outcomes. Multiple studies have shown that older adults living
alone reported poor health, which could predict increased
hospital utilization [56]. By attending face-to-face group seminar
sessions, participants may gain social support from fellow
groupmates, which may serve as a complementary strategy for
enhancing individual’s ability of self-management through
social network to better manage chronic diseases[15,16,18,19].

A systematic review reported that eHealth programs provide
support and feedback for ahealthy lifestyle and highlighted the
evidence on thefacilitating factorsand barriers[59]. The barriers
arelack of motivation and support; however, strong motivation,
adequate support, and feedback are facilitating factors for the
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continuity of eHealth programs [59]. The most frequent
motivator isfeedback from professionals or peers on the extent
to which people have achieved their goals. Hence, eHealth
interventions can tap on the resources from volunteers in the
community to provide support to the participants. Prior training
is necessary to equip the peer volunteers with essential skills
[53].

The larger-scale intervention after this pilot evaluation will be
compared against a control group in a randomized controlled
trial. Owing to low education level in older adults (75% with
primary school of below inthepilot trial), we anticipate barriers
for these older adultsto use technological devices. Thiswill be
countered by having face-to-face sessions to teach the older
adults in using the CaredSenior App. In addition, the app was
also developed in both English and Chinese (Mandarin)
languages to cater to the needs of elderly population in
Singapore.

Limitations

Asapilot evaluation, this phase of the study was carried out to
assessitsfeasibility and refineits structure and operations. The
results of the pilot test may be biased owing to the small sample
size and the predisposition of the participants being already
health conscious. The 8-week duration may aso be too short
to elicit significant changes in health behaviors that improve
health outcomes.

Conclusions

A large proportion of older adults are living with multiple
chronic diseases, and thus managing their health in the
community isamajor public health concern. The CeHP engaged
and empowered older adultsliving in the community to manage
their chronic conditions. The rigorous process of program
development and pilot evaluation provided valid evidence to
extend CeHP to a subsequent larger-scale trial to encourage
self-management, reduce debilitating complications of poorly
controlled chronic diseases, promote healthy longevity and
social support, and reduce health care costs. In the future,
eHealth interventions can tap on the resources from volunteers
in the community to provide support to the older adults.
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Abstract

Background: Dementia misconceptions on social media are common, with negative effects on people with the condition, their
carers, and those who know them. This study codeveloped a thematic framework with carers to understand the forms these
misconceptions take on Twitter.

Objective: The aim of this study is to identify and analyze types of dementia conversations on Twitter using participatory
methods.

Methods: A total of 3 focus groups with dementia carers were held to devel op aframework of dementia misconceptions based
on their experiences. Dementia-related tweets were collected from Twitter’s official application programming interface using
neutral and negative search terms defined by the literature and by carers (N=48,211). A sample of these tweets was selected with
equal numbers of neutral and negative words (n=1497), which was validated in individual ratings by carers. We then used the
framework to analyze, in detail, a sample of carer-rated negative tweets (n=863).

Results: A total of 25.94% (12,507/48,211) of our tweet corpus contained negative search terms about dementia. The carers
framework had 3 negative and 3 neutral categories. Our thematic analysis of carer-rated negative tweetsfound 9 themes, including
the use of weaponizing language to insult politicians (469/863, 54.3%), using dehumanizing or outdated words or statements
about members of the public (=143, 16.6%), unfounded claims about the cures or causes of dementia (n=11, 1.3%), or providing
armchair diagnoses of dementia (n=21, 2.4%).

Conclusions: Thisisthefirst study to use participatory methodsto devel op aframework that identifies dementia misconceptions
on Twitter. We show that misconceptions and stigmatizing language are not rare. They manifest through minimizing and
underestimating language. Web-based campaigns aiming to reduce discrimination and stigma about dementia could target those
who use negative vocabulary and reduce the misconceptions that are being propagated, thus improving general awareness.

(IMIR Aging 2022;5(1):630388) doi:10.2196/30388
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Introduction

The World Alzheimer’s Report [1] highlighted the damaging
negative attitudes about dementia, “ asthe resulting shame, guilt,
hopel essness, and social exclusion, lead to delayed diagnosis
[2], inability to cope, decreased quality of life [3] and increased
burden of dementia (eg, excess disability [4]).” These issues
also extend to friends, family, and caregivers of individuals
with dementia, as they become the target of stigmatizing views
“by association” [5]. Myths and misconceptions about dementia
can aso lead to alack of open communication [6]. The use of
devaluing words, such as* demented” is especially common on
social media platforms such as Twitter [7], and many tweets
contain language that ridicules the disease and therefore
perpetuates the associated stigma [8]. Twitter is a popular
international social media service, with the vast majority of
tweets being public and thus reaching a wide audience [9]. It
also has a high prevalence of stigmatowards dementia[10] and
therefore lends itself to investigations into misconceptions.

Given the multiple negative consequences, it is surprising that
little is known about the prevalence of public misconceptions
on social media. Improving the overall knowledge base for
dementia, especially a detailed understanding of the types of
misconceptions, can provide abaseline from which to challenge
misconceptions and stigma [11]. Although previous work
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examined types of dementia-related conversations on Twitter
from the researchers’ perspective [12-14], none have taken the
views of those with lived experience into account to understand
misconceptions. We argue that involvement through
participatory methodsisthefirst step to understanding the social
media content that perpetuates dementia misconceptions and
stigma. This study overcomes this gap by codeveloping a
framework with carers to understand, in detail, the forms of
dementia misconceptions on Twitter.

Methods

Design

This was a mixed methods study using participatory methods
[15,16] with carers of people with dementia. We held 3 focus
groups with carers to identify search terms for data collection
and generated an initial framework of misconceptions. Search
terms (Figure 1) from carers, the literature, researchers’ Twitter
searches, and dementia awareness campaigns were used to
extract tweets (described next in “Tweet Collection and
Screening”) and carers feedback iteratively refined the
framework. Carersthen individually categorized tweetsinto the
framework and their interrater reliability was examined. The
final framework was used by service user researchers
(researchers with lived experience of using mental health
services) to analyze tweets that carers categorized as negative.

Figure 1. Neutral (black) and negative (red) search terms, as defined by carers and noncarers (eg, through researchers' own Twitter search, or the

literature). Words with an asterisk were taken from Oscar et al [8].
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Participants and Recruitment

Participants were recruited if they had experience caring for
someone with a diagnosis of dementia. We recruited from (1)
aresearch advisory group, MALADY [17], made up of dementia
carers, and (2) Join Dementia Research, aUnited Kingdom—wide
web-based platform hosted by the National Institute for Health
Research (NIHR). Participants were included if they were at
least 18 years old and were dementia carers who could give
capacity to consent. A total of 7 carerswererecruited and invited
to take part in as many of the research activities as possible.

Patient | nvolvement

Dementiacarerswereinvolved as participants and wereinvolved
in the design, project management, and data analysis for this
paper; they are also authors of this paper.

Tweet Collection and Screening

Publicly available tweets originating from across the world were
extracted in real time between February 4 and 7, 2020, using
Twitter's streaming application programming interface (API).
The connection to Twitter's APl was made via Python's open
source Tweepy library (Python Software Foundation). Tweets
were captured if they contained any occurrence of the English
dementia search terms identified by carers, those previously
cited by Oscar et al [8], or words identified in tweets from
patient advocacy groups or awareness campaigns. Most words

Hudson et al

weredirectly associated with dementia (see Figure 1), but some
words or phrases not specific to dementia were also included
because carers thought they related to negative aspects of
dementia. Through a discussion with carers, there was a lack
of agreement on what differentiated a positive term from a
neutral term; therefore, we asked the carersto simply categorize
words as either negative or neutral (which included positive)
search terms. All search terms were then defined by carers as
negative or neutral. The stages of analysis are shown in Figure
2. A total of 48,211 tweets were collected, 35,704 using neutral
search terms and 12,507 using negative search terms (see
Multimedia Appendix 1 for a breakdown of tweet collection).
To manage this data set, 10,000 neutral and 10,000 negative
tweetswere randomly selected. From these 20,000, we selected
2000 tweets (1000 negative and 1000 neutral) that met the
following criteria: (1) written in English, (2) made clear
reference to dementia, (3) had a comprehensible meaning (ie,
not a Uniform Resource Locator [URL] or a random string of
words generated by a bot), and (4) were neutral or negative.
These 2000 tweets were given to carers to carry out 2 tasks.
First, carers coded a subsample of tweets (n=500) and
subsequently refined their initial framework. Then, carers were
given the remaining 1500 tweetsto codeinto the final categories
(see Figure 2 for an overview). This number and the types of
tweets were defined through discussion with the carers on the
burden tweet rating would place on them.

Figure 2. Tweet extraction and categorization, outlining the number of tweets extracted, screened, not selected, and categorized by carers.
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Ethical Approval and Procedure

The study was granted ethical approval from the King's College
London Psychiatry, Nursing and Midwifery Research Ethics
Committee on December 4, 2019 (HR-19/20-14565). The
procedure consisted of 2 stages.

Stage | : Developing a Framework (I nvolvement Focus
Groups)

Carer involvement was spread across 3 focus groups. Each
group followed a prespecified structure, which incorporated
strategies to facilitate coproduction [18]. These focus groups
took place in person (Multimedia Appendix 2).

The process of building the framework fell into 3 steps. In step
1, focus group members (n=4) described their experiences,
browsed Twitter in order to generate a list of dementia search
terms, and categorized the search terms as either negative or
neutral (Figure1). In step 2, theresearchers generated an initial
framework. In both focus groups 2 and 3, carers (n=5)
categorized 250 tweets randomly selected from the sample of
2000 into themes, refined them, and created new ones
(Multimedia Appendix 3). The final framework included all
their feedback. Finally in step 3, 6 carers were each emailed a
different set of 250 randomly collected tweets, and they
categorized their set of tweets independently into the final
framework. Each tweet was coded only into one category. This
step was carried out viaemail due to the COVID-19 pandemic.
Interrater reliability was assessed by each of the 6 carers
categorizing 50 rated tweets (10 tweets from each of the 5 other
carers). The total number of tweets used for the assessment of
interrater reliability was 300.

Stage | I: Qualitative Analysis of Tweets

We focused our analysis on the tweets that carers categorized
as negative and tweetsthat carerswere unsure of or missed. See
Figure 2 for abreakdown of tweet extraction and categorization.

Table 1. Participant characteristics, N=7.

Hudson et al

Data Analysis

An interrater reliability analysis using the kappa statistic was
performed to determine consistency among carer raters in the
final development of the framework. We report the average
kappa score across al carers and the range.

Service user researchers carried out a thematic framework
approach [19] for the qualitative analysis of the tweets. All
tweets that the carers categorized into negative framework
categories as well as those categorized as “other” or “I don't
know,” and the tweets the carers omitted, were thematically
analyzed as one data set, employing an inductive, holistic
methodology. This process involved (1) familiarization with
the data by reading through the tweets, (2) coding the tweets,
(3) combining the relevant tweets together, (4) examining the
codes (ie, the framework categories) to identify themes, (5)
reviewing and refining the themes, and (6) defining and naming
the themes. Two researchers independently conducted this
analysis using NVivo 12 for Windows (QSR International),
identifying themes and subthemes within the framework created
by the carers. The researchers compared their coding, and any
discrepancies were resolved through discussion between the
researchers. A guidance document (Multimedia Appendix 4)
was written with the criteria used by the 2 researchers to
categorize the tweets, which was used by a third researcher to
ensure consistency of the coding process when resolving any
coding disagreement.

Results

Participant Characteristics

Carer participant characteristicsare summarized in Table 1. See
Multimedia Appendix 5 for the breakdown of carer attendance
at each focus group. We found 25.94% (12,507/48,211) of our
total data set contained misconceptions or stigmatizing language
originating from our negative search terms.

Characteristics Values
Gender, n (%)
Female 5(71)
Male 2(29)
Age (years), mean (SD) 63.33 (11.79)
Ethnicity, n (%)
White British 6 (86)
Black/Black British 1(14)
Employment status, n? (%)
Retired 3(50)
Employed (part-time) 1(17)
Self-employed 1(17)
Receiving Employment and Support Allowance (ESA) 1(17)
Length of time spent being a carer (years), mean (SD)? 8.83(6.59)

8For this category, n=6 as there is 1 missing data point; percentages have been calculated accordingly.
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Carer Influence on the Framework (Focus Groups 1
to 3)

Carers feedback from focus groups 1 to 3 was used to construct
6 finalized categories. 3 neutral categories (lived experience,
organizational and community group statements, and individual
comments on dementia-rel ated topics) and 3 negative categories
(minimizing  or underestimating ~ words/statements;
dehumanizing, weaponizing, or outdated words/statements; and
incorrect or questionable words/statements).

Hudson et al

Final Tweet Categorization

In step 3, 6 carers categorized 250 tweets each, but 3 tweets
were not categorized, leaving 1497 categorized tweets. See
Table 2 for the number of tweets falling into each category.

Therewasfair agreement between carers across 6 categories (3
neutral and 3 negative) on average in the framework (k=0.43;
range 0.067-0.7). Agreement was better when we aggregated
the data to investigate agreement between neutral and negative
categories, but there was still evidencethat carer views differed
(k=0.92; range 0.5-1).

Table 2. Carer attribution of tweets into each framework category (categories 1-3: neutral; categories 4-6: negative), n=1497.

Categories

Tweets categorized to each category, n (%)

. Lived experience
. Organizational and community group statements

. Individual comments on dementia-related topics

1

2

3

4. Minimizing or underestimating words/statements

5. Dehumanizing, weaponizing, or outdated words/statements
6

. Incorrect or questionable words/statements
7. Other®

8.1 don't know?

97 (6.48)
308 (20.57)
232 (15.50)
19 (1.27)
662 (44.22)
96 (6.41)
34(2.27)

49 (3.27)

For the purpose of categorization, 2 additional categorieswere created: other (for tweets that clearly did not belong in any of the other categories) and
| don’t know (for tweets that carers thought might belong in one of the categories, but were uncertain about).

Qualitative Analysis of Tweets

A total of 863 tweets were thematically analyzed from the 3
negative categories (minimizing or underestimating
wordg/statements; dehumanizing, weaponizing, or outdated
wordg/statements; and  incorrect  or  questionable
words/statements), as well as those categorized as “other” and
“l don't know.” All the coding discrepancies were resolved
between the service user researchers. The summary of thefinal

https://aging.jmir.org/2022/1/e30388

framework of themes is shown in Table 3 and Multimedia
Appendix 6 with example twesets.

The mgjority of tweetswere specifically insultstargeted towards
politicians (469/863, 54.3%), and a large portion contained
general  dehumanizing,  weaponizing, or  outdated
words/statements (n=143, 16.6%). Dehumanizing language
featured heavily in the tweets about palitics (63/863, 7.3%),
and the most frequently found words in the tweets featured
American politicians alongside the words “senile” and
“demented.”
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Table 3. Carer defined framework categories, and their researcher defined themes and subthemes, showing the number of tweets coded to each theme
and framework category and their percentage of the total number of tweets analyzed, n=863.

Framework categories, themes, and subthemes

Tweets, n (%)  Tweets coded to each framework category, n (%)

Minimizing or underestimating wor ds/statements
Jokes
Painting a negative picture
Unintentionally minimizing
Dehumanizing, weaponizing, or outdated wor ds/statements
Celebrities
Politics
Weaponizing diagnoses
Insults targeted towards politicians
Unintentionally weaponizing
I ncorrect/questionable words and statements
Armchair diagnoses
Cures/causes of dementia
Assumptions about politicians
Neutral

Unclear

1(0.1)

14 (1.6)
3(0.3)
3(0.3)
143 (16.6)
34(3.9)
63(7.3)
4(0.5)
469 (54.3)
24.(2.8)
0(0)
21(2.4)
11(1.3)
2(0.2)

64 (7.4)
7(0.8)

21 (2.4)

737 (85.4)

34(3.9)

64 (7.4)
7(0.8)

Minimizing or Underestimating Words/Statements

Tweets in this framework category made light of dementia,
using nonoffensive words (eg, “ selective dementia’) in a way
that did not convey the seriousness of the condition. This was
further nuanced by some tweets using dementia-related terms
to make jokes about peopl€e's unusual behavior or painting a
negative picture of dementia. In these cases, tweets suggested
that people with the condition have a poor quality of life, asif
they are just waiting until “death ends your misery,” or are
inherently adanger to themselves or others. Sometwestsin this
theme unintentionally minimized the severity of dementia,
without using weaponi zing language. These suggested that those
diagnosed do not in fact have dementia, and elderly people
should not be expected to “remember her relatives’ birthdays.”

Dehumanizing, Weaponizing, or Outdated
Wor ds/Statements

Tweets in this framework category used stigmatizing and
weaponizing words to ridicule dementia or people with
dementia, most frequently using “demented” or “senile” The
vast mgority of thesetweetswererelated to politics. Most were
insults targeted towards politicians, most frequently Donald
Trump (“Demented Don”) and Nancy Pelosi (“Nancy is a
senile...woman”); however, Joe Biden also had many such
insults targeted towards him (“Biden is senile”). Some tweets
used weaponizing language casually to make weaponizing
diagnoses of politicians (eg, tweeting that a politician “has
senility”). The majority of these were about Donald Trump.
Many tweets also referred to “ demented democrats’ generally.
Tweets in this theme used this weaponizing language about
celebrities, frequently Bette Midler. Some tweets used

https://aging.jmir.org/2022/1/e30388

weaponizing terms unintentionally in reference to behaviors
the user does not like, such as being “in bed before 11.30pm.”

I ncorrect/Questionable Words and Statements

This framework category represents tweets that contained
misconceptions around dementia. Most frequently, these took
the form of armchair diagnoses, suggesting that somebody,
likely a public figure, has dementia in a way that is not
malicious. Most referenced Donald Trump; however, other
politicians were also named, such as Bill Clinton, Ronald
Reagan, and Joe Biden. Many used their personal experience
of aclient or relative’s dementia diagnosis as justification for
their armchair diagnosis, reasoning that they have “lived with
it with my Mom.” Additionally, these tweets speculated on
causes of dementia, including “vegan diet and carbs’ or
provided suggestions for curesthat appeared anecdotal or were
not supported by research findings.

Neutral

These tweets were judged by the researchersto not portray any
negative attitudes towards dementia. One tweet referred to a
film “Cecil B Demented,” with several others reporting on
reputable scientific results in the field of dementia.

Unclear

This framework category contained tweets that the researchers
could not categorize into other themes. Often, their meaning
could vary depending on connotation, and it was unclear whether
they were making light of dementia or legitimately referring to
somebody with the condition (eg, “I thought he was brake
checking me for a second but then | realized his dementia was
effecting his motor skills”).
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Discussion

Principal Findings

There is limited qualitative research investigating dementia
misconceptions on Twitter, with most literature focusing on
content relating to dementia awareness [12,20] or supporting
people with dementia [13,21]. To our knowledge, this is the
first participatory study focusing on dementia misconceptions
on Twitter to devel op aframework to categorize misconceptions.
Wefound that dementia misconceptions and weaponizing terms
are prevalent and problematic on Twitter.

From the tweets extracted on dementia, 25.94% (12,507/48,211)
were negative. We then extracted a sample representing half
negative and half neutral tweetsand validated this categorization
by carers ratings. They rated just over half of the tweets
(77711497, 51.90%) as displaying negative attitudes, which is
dightly over the 50% (750/1500) of these tweets extracted using
negative search terms. Most negative tweets were insults
targeted towards politicians. Our prevalence of negative tweets
(12,507/48,211, 25.94%,) is similar to previous work by Oscar
et a [8], who found 21% of their Alzheimer disease—related
tweets (N=6583) used Alzheimer disease—related words to
perpetuate stigma. Their anaysis was carried out by 2
researchers manually coding only 311 tweets across 6 broad
categories (metaphorical, personal experience, informative,
joke, ridicule, organization). Our participatory work focuseson
the end-user views—the carers ratings and views of
misconceptions. We found an overlapping theme in “jokes”
but through our qualitative analysis, we were able to highlight
that jokes manifest as minimizing or underestimating words or
statements. This high prevalence of misconceptionsand stigma
intweetsismirrored in research investigating other neurol ogical
conditions. For example, McNeil et al [22] found 41% of tweets
using theword “ seizure” were derogatory in nature, and likewise
found ridicule or jokes were common in these tweets. These
misconceptions towards dementia are also widespread in the
general population and are not exclusive to views disseminated
on socia media. Crisp et al [23] found that over half of the UK
adults surveyed expressed negative attitudes towards people
with dementia, including that they were unpredictable, hard to
talk to, and feel things in a different way than other people.

We employed an inductive methodology to categorize each
tweet into 1 theme. This approach has also been applied in
previous qualitative research [12], but others adopted deductive
approaches (with categories decided a priori) to categorize
almost 70% of tweets to multiple dimensions[8]. We made the
conscious decision to involve carers from the very beginning
to develop a framework based on their experiences, and then
employ an inductive approach for our qualitative analysis. This
was important as this is the first piece of research to focus
specifically on dementia misconceptions on Twitter, but it also
ensured that we captured the meaning of the tweet from the
recipient’s viewpoint (taking an emic perspective [24]),
particularly given that tweets are short snippets of text which
can lack context.

https://aging.jmir.org/2022/1/e30388
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Implications

Thisstudy has significant public health implications. We provide
terms that carers of people with dementia consider to be
misconceptions or stigmatizing towards dementia. Therefore,
social mediaplatforms should incorporate thesetermsinto their
algorithms to enable users to filter out any tweets containing
these negative terms. As these terms have been generated by
carers after conducting Twitter searches, their validity is
reinforced as they have been rated as negative by the people
they affect the most.

Additionally, these terms could be used to identify Twitter users
who propagate these attitudes and target them in an awareness
campaign to reduce their misconceptions. This would aim to
promote awareness of the use of words which can perpetuate
stigmaaround mental illness, benefiting the reduction of stigma
related to any mental illness [25].

Strengthsand Limitations

Understanding what constitutes stigmatizing or weaponizing
language on Twitter requires the incorporation of personal
perspectives, but this approach is rare. Previous studies
investigating misconceptions or stigma in mental health have
rarely consulted with service users or carers [8,26,27]. Our
participatory methods ensured that our framework is grounded
in the personal perspective of those who will be affected by the
poor use of language.

Our sample of tweets thematically analyzed by researchers
(n=863) islarger than those in previous studies, such as Cheng
et a [12] (n=398) and Oscar et a [8] (n=311), and this broader
sample provides a better understanding of the prevalence and
forms of dementia misconceptions on Twitter. However, many
of our tweetswererelated to American politics, therefore, future
work should consider using abroader time period to understand
whether this effect is one of time (an election period) or one of
American politics in general. The timing of tweet collection
will have affected the prevalence of tweetsrelating to politicians
and the rate may be lower if tweets are collected at other times.

Additionally, we extracted tweets during UK office hours and,
therefore, overnight events would have been captured the
following morning. This may not have allowed us to capture
theinitial conversations surrounding controversia events. This
work only focuses on Twitter and Twitter users, who may not
represent the general population [28] or users of other social
mediaplatforms. Future work should investigate misconceptions
on other social mediaplatformsand in the wider general public.

Our carer group was small and consisted predominately of White
British participants, and there was mixed agreement by carers
on what constitutes misconceptions and stigma. We found that
agreement about tweet categories was greater when assessing
whether a tweet was negative or neutral, rather than its
individual category; some tweets could be interpreted as
stigmatizing by one person, but not by another. Our findings
reflect the heterogeneity in neurological and mental health
conditions, combined with societal and cultural factors, which
shape how individual s communicate and understand their mental
health [29]. We propose that future work ensures not only a
larger group, but also a more diverse group of carers, patients,
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and members of the public classify tweets, and that clinical,
social, and cultural data are used to understand some of their
personal reactions.

Conclusion

This study demonstrates the importance of coproduction in
assessi ng dementi amisconceptions. Contributionsfrom people
with lived experience and carers can provide a perspective that
may be overlooked by researchers. We highlight the high
frequency of misconceptions or weaponizing language used in
dementia-related tweets. The most commonly used terms are
“demented” and “senile” to disparage American politicians
including Nancy Pelosi, Donald Trump, and Joe Biden. These

Hudson et al

findings may prove to be useful to inform a campaign aiming
to reduce these misconceptions, correct people’s
misunderstandings of dementia, and highlight the effect their
words have on carers of, and people with, dementia.
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Abstract

Background: During the pandemic, there has been significant social media attention focused on the increased COVID-19 risks
and impacts for people with dementia and their care partners. However, these messages can perpetuate misconceptions, false
information, and stigma.

Objective: This study used Twitter data to understand stigma against people with dementia propagated during the COVID-19
pandemic.

Methods: We collected 1743 stigma-related tweets using the GetOldTweets application in Python from February 15 to September
7, 2020. Thematic analysis was used to analyze the tweets.

Results: Based on our analysis, 4 main themes were identified: (1) ageism and devaluing the lives of people with dementia, (2)
misinformation and false beliefs about dementia and COVID-19, (3) dementia used as an insult for political ridicule, and (4)
challenging stigma against dementia. Social media has been used to spread stigma, but it can also be used to challenge negative
beliefs, stereotypes, and false information.

Conclusions: Dementia education and awareness campaigns are urgently needed on social mediato address COVID-19-related
stigma. When stigmatizing discourse on dementia is widely shared and consumed amongst the public, it has public health
implications. How we talk about dementia shapes how policymakers, clinicians, and the public value the lives of people with
dementia. Stigma perpetuates misinformation, pejorative language, and patronizing attitudes that can lead to discriminatory
actions, such as the limited provision of lifesaving supports and health services for people with dementia during the pandemic.
COVID-19 paliciesand public health messages should focus on precautions and preventive measuresrather than labeling specific
population groups.

(IMIR Aging 2022;5(1):€35677) doi:10.2196/35677
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Introduction

The COVID-19 pandemic istaking aserioustoll on peoplewith
dementia and their care partners. In Canada, dementia is the
most common comorbidity, accounting for 36% of all
COVID-19-related deaths [1]. Increased age, medical frailty,
and health conditions often associated with dementia increase
therisk for complicationsfrom COVID-19[2,3]. Consequently,
increased COVID-19 risk and vulnerability for people with
dementia have been emphasized by governments, health care
clinicians, the general public, and traditional news media (eg,
radio and television news, print media, and affiliated websites)
using a 1-to-many communication structure (ie, 1 verified
individual or group is the publisher of information for many
consumers) [4-7].

Beyond dissemination of information by traditional news media
outlets, Twitter and other forms of social media (eg, Facebook,
YouTube, Instagram) have been used extensively by individuals
during the pandemic in a many-to-many communication
structure (ie, any individual can be both a publisher and a
consumer of information) to share messages about COVID-19
[7,8]. Social media is generally described as internet-based
channels of mass personal communication fostering perceptions
of interactions among users, deriving value predominantly from
user-generated material and content [9]. For example, people
have been using Twitter to share opinions, fears, and beliefs
regarding the COVID-19 pandemic. However, a consequence
of this many-to-many communication structure is that any
member of the network can share inconsistent, contradictory,
or even falseinformation about the pandemic. Accordingly, this
messaging can lead to COVID-19 misconceptions, false
information, and stigma (eg, stereotypes, negative beliefs, and
discriminatory behavior) toward individuals or groups that are
often already marginalized [10,11].

Recently, an emerging body of literature has identified
COVID-19-related stigma and ageism against older adults in
social media discourse [12,13]. Ageism reflects how we think,
feel, and act toward others or oneself based on age [14]. The
model of stigma communication [15,16] identifies 4 types of
message content (mark, group labeling, responsibility, and peril):
(1) a mark to classify people in a stigmatized group, (2)
descriptions or labels of the stigmatized group as a separate
entity from the rest of society (eg, us vs them), (3) assigning
responsibility for placement in the stigmatized group, and (4)
cues to imply that the stigmatized group is a peril or threat to
society that needs to be addressed through collective efforts. In
2021, astudy analyzing 536 tweets under the #BoomerRemover
hashtag reported issues of intergenerational conflict, ageism,
and stigma toward older adults during the pandemic [17].
Another study examining 351 tweets about older adults during
the COVID-19 pandemic found that almost 88 (25%) of the
tweets had stigma, ageism, or potentially offensive content
toward older adults [18]. Stigma against older adults is not
limited to the pandemic. In 2017, Oscar et al [19] analyzed

https://aging.jmir.org/2022/1/e35677

tweets on Alzheimer disease and reported that 21% of the tweets
fostered stereotypes and stigma.

Addressing stigmaagainst dementiaon social mediaisimportant
because it can have severe implications, including depression,
anxiety, fear, social isolation, feelings of shame, and adecreased
quality of life for people with dementia and their care partners
[20-25]. Research shows that stigma against dementia can
negatively impact interactions with health care providers,
experiences in acute care settings, and access to specialist
services and delay a timely dementia diagnosis [24,25].
However, atimely diagnosis enables people with dementia to
acquire support services, obtain relevant information, plan for
the future, and access pharmaceutical treatments that may
improve their cognition and quality of life [21].

Apart fromthe 1 study by Oscar et a [19], thereis a paucity of
research exploring social media discourse related to stigma
against dementia, especialy in the context of the COVID-19
pandemic. Furthermore, the unknown effects of COVID-19
may perpetuate fear, blame, and false beliefs, leading to
increased stigmati zation against marginalized groups, especially
for groups deemed as being more at risk to the virus, such as
people with dementia. Examining how stigma manifested on
socia mediaduring the pandemic may deepen our understanding
of the methods and content used to facilitate stigma
communication against people with dementia and their care
partners.

With over 330 million monthly users [26], Twitter presents a
novel opportunity to expand the repertoire of quditative research
approaches and data collection methods [27] by using a
comprehensive, publicly available data set for infodemiology.
Infodemiology (ie, information epidemiology) is defined by
Eysenbach as the study of the distribution and determinants of
health information on theinternet to inform health professionals
and health policy [28]. Given the high volume of active users,
Twitter provides an innovative meansfor understanding different
COVID-19 perspectives that may have been ignored or
conceal ed due to the current challenges of conducting in-person
research during the pandemic. Using Twitter data, the objective
of this study was to examine social media discourse on stigma
against people with dementia during the pandemic.

Methods

Ethics

Drawing on existing Twitter studies, thereisageneral consensus
that tweets can be used for research without requiring ethical
approval, because analyzing publicly available text on social
media platforms, such as Twitter, is generally not considered
human subject research [18,19]. Because tweets posted on the
Twitter website are located within the public domain, ethics
approval was not obtained. However, we removed any
identifying information related to usernames or handles (eg,
@name) to help protect the anonymity of the Twitter users.
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Recruitment

Tweets were collected on Twitter using the GetOldTweets
application in Python from February 15 to September 7, 2020.
Search terms for the tweets included dementia or Alzheimer
disease used in combination with COVID-19, coronavirus, or
COVID, resulting in 20,800 tweets. Nonorigina tweets and
retweets were excluded from the study. Filters were applied to
exclude irrelevant tweets (eg, spam, advertising), resulting in
5063 (24.34%) tweets. The 5063 tweets were analyzed by a
group of coders[29], with 1743 (34.43%) tweets identified for
stigma-related coding. Given that the tone of the tweets can be
difficult to interpret, our process for identifying stigma-related
tweets for inclusion was broadly based in attempts not to
overlook any relevant tweets. Specifically, our inclusion criteria
included tweets that perpetuated stigma (eg, political
dementia—related insults, assigning blame to people with
dementia, self-stigma, stereotypes or labeling people with
dementia, and misinformation about dementia), tweets that
devalued the lives of older adults or people with dementia, and
tweets that challenged stigma against people with dementia.
The 1743 tweets were extracted into a Microsoft Excel
spreadsheet for data analysis. An Excel spreadsheet was used
to support ease of use among the large research team because
it did not require additional training in order to use the software.

Data Analysis

The 1743 tweets were analyzed using thematic analysis after
line-by-line coding, a qualitative method that identifies key
topics and patternsin the data, with the objective of identifying
the overarching themes [30]. To develop arobust codebook, 4
researchers (authors JDB, MEO, SF, ALC) read and re-read
100 (4.74%) tweets multiple times to become immersed within
the Twitter data and develop the initia codes. The stigma
communication model [15,16] was used in the development of
our initial codebook by including codes such as the mark (eg,
amark to classify peoplein astigmatized group), responsibility
(eg, assigning blame by making attributions about the lifestyle
or actions of people with dementia), peril (eg, suggesting that
people with dementiaare asocial, physical, or economic threat
to society), and group labeling (eg, descriptions or labels of
people with dementia as separate from the rest of society). The
codebook contained definitions, cues, and tweet examples for
each of the codes. Pilot tests were conducted to test intercoder
consistency with the researchersindependently coding the same
tweets and then meeting to compare coding and further revise
the codebook (eg, deleting or adding additional codes for
emerging themes). After multiple meetings, the codebook was
further refined by merging or deleting any overlapping or unused
codes. The final version of the codebook consisted of 6 codes:
(1) devaluing the lives of older adults (eg, “old and dying
anyways’), (2) responsibility/blame (eg, “dementia COVID
economy”), (3) falseinformation (eg, COVID-19 vaccine causes
dementia), (4) political dementia—related stigma (eg, “ dementia
Joe”), (5) sdf-stigma (eg, “don't save me, save my
grandchildren”), and (6) challenging stigma against dementia
(eg, “it’'sa scandal how dementia patients are treated”).

Once the codebook was completed, the researchers met with
the coding team. The coding team consisted of 12 coauthors,
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who received 4.5 hours of coding training (eg, individua
practice coding exercises, collaborative team coding to identify
and address any coding challenges or questions, team meetings
to discuss specific coding questions, and partner coding
activities). After the coding training was completed, the 1743
tweets were divided among the 12 coders. Each coder received
268 (15.38%) tweets, which alowed for each tweet to be
independently coded by 2 different codersto ensure intercoder
reliability. Any coding challenges or discrepancieswereresolved
through collaborative discussion and consensus.

After coding was completed, team meetings were held to
conduct thematic analysis[30] by examining the primary themes
and subthemes that emerged from reviewing the researchers
reflexive memos [31] and re-reading the tweets under each of
the codes. All the researchers were experienced in thematic
analysis, and 1 trainee (author KSG) was mentored by working
in direct collaboration with the research team. Reflexivity was
used to recognize theresearchers' positionality interms of their
own judgments and beliefs to help ensure that these did not
influence the analysis [30]. An additional team meeting was
held to reach group consensus on the overarching themes and
to identify exemplar tweets (eg, accessible, no acronyms) for
publication.

Rigor

Three measureswere used to ensurerigor in our research. First,
the research team used reflexive memos to record notes about
emerging patterns, themes, and relationships during the coding
process [31]. Second, multiple coding (eg, each tweet coded
independently by 2 coders) was used to provide cross-checks
in the interpretation of the tweets by independent researchers
[32]. Moreover, having each tweet coded independently by 2
reviewers helped to ensureintercoder reliability, with an average
of 86% agreement between the coders. Theintercoder reliability
was determined by calculating each percentage of agreement
between the 6 different pairs of coders (eg, 2 independent coders
for each code) and then taking each of the 6 pairs’ percentage
of agreement numbers to calculate the overall group average.
Third, team-based analysis and regular mesetings were used as
a form of peer debriefing, where the team reviewed the
codebook, asked questions about the coding process, and
provided in-depth feedback and suggestions to ensure the
research accurately reported the findings [33].

Results

Main Themes | dentified

Based on our thematic analysi s, 4 main themes were identified:
(1) ageism and devaluing the lives of people with dementia, (2)
misinformation and fal se beliefs about dementiaand COVID-19,
(3) dementia used as an insult for political ridicule, and (4)
challenging stigma against dementia.

Ageism and Devaluing the Lives of People With
Dementia

Stigma communication includes processes such as marking
some people as different, group labeling to delineate how some
people are separate from society, assigning responsibility or
blame by making attributions about a group’s actions or way
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of life, and implying that this group isa peril to society [15,16].
In this sample of tweets, the group labels “poorer quality of
life” and “death by COVID-19” were frequently applied to
people with dementia, with implications that death by
COVID-19 would be a welcome alternative to dying with
dementia:

I know two people that have died from Covid. One
was 80 with severe dementia and in a nursing home
and the other was 35 and topped herself due to
lockdown. | know what one was “ unnecessary”

Some of the ageist group labeling intersected with negative
views of long-term care (LTC) homes:

The life expectancy in LTC (long-term care) is not
even 30 months. You're thereto die a slow death from
Alzheimer's, basically. My neighbour refused
treatment for pneumonia for her husband so he
wouldn't haveto go to the bitter end. Covid isactually
a better death than dementia.

In addition, it is important to note the language used when
describing dementia in these quotes (ie, “severe’) and in the
following quote “full blown”:

That's one of thereally selfish elements of it, because
you can guarantee that attitude would change when
staring death in the face. Saying that, my granny is
95, in ahome, with full blown dementia. Quick Covid
death clearly not a disaster there

These tweets present LTC homes or nursing homes as a place
where individualswith dementiafacea“ dow death” and imply
limited quality of life. The tweets also suggest that the lived
experience of dementia is the same for al older individuals
despite having many remaining abilities when first diagnosed
and vastly different lived experiences of dementia based on
on€’s available personal, socia, and environmental resources
[34]. The tweets do not account for the quality of life as
experienced by persons with lived experience of dementiaand
how the nature of quality of life can change as the disease
progresses [35].

In addition to group labeling, the tweets communicated the
notion of peril or threat of dementiato the general public. Not
only were the lives of people with dementia devalued, but the
idea of having dementia as a diagnosis and the possibility that
one might die of dementiawas reported asathreat (eg, potential
diagnosis or death from dementia being the threat) in some of
the tweets. For example:

Honestly if | knew | had dementia and was still in
charge of myself I'd go out and try and find corona
carriers to shake hands with. This coming from
someone who watched a close relative existing for
10yrs, NOT LIVING just existing It's horrible. :(

The following tweet has a similar message:
| would consider Covid a blessing if | wasin a care
home. They don't call pneumonia “the old man's

friend” for nothing. A slow dementia death is way
way Worse.
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In both these cases, the tweetersidentify as being threatened by
dementia, portray dementia as “not living” or a condition with
no quality of life, and feel that a COVID-19 death would be
preferable. Restricted resources during the pandemic exacerbated
the perception that the life of a person with dementia was less
valuable:

You have one hospital bed. You can either giveto a
decrepit 93 yr. old nursing home resident with
dementia who's only realistic COVID outcome is
death or a 40 yr. old previously healthy father of 2
young kids who may stand a chance of survival - you
choose.

Onetweet specifically alluded to the economic threat of afuture
dementiadiagnosis:

... | know thisisnot a popular view - but | would not
want to livein a home with dementia and swallow up
my kid's inheritance. 1'd much, much rather die of
COVID than that.

Group labeling reinforces differences between persons with
Alzheimer disease and those without Alzheimer disease, which
discriminates those with dementia, as it is the end point of
stigma.

Misinformation and False Beliefs About Dementiaand
COVID-19

Some tweets about COVID-19 and dementia propagated
misinformation about dementia. Misinformation about dementia
included perpetuating fal se beliefsthat the COVI1D-19 vaccines
(or vaccinesin general) cause dementia or labeling COVID-19
as a cause of dementia. The language in these tweets is
consistent with the stigma communication model’s processes
of responsibility and peril [15,16].

The flu killed more people in 2018 than the corona
virus has and we have a flu vaccine that contains
Aluminium and Mercury which has been linked to
Dementia and Alzheimers

Did you know; the coronavirus vaccine causes dementia and
homosexuality? FAR worse than the virus itself! As a mother
of 5-o0p . . . make that 3, | can't support the corona vaccine!
and neither should you! Spread the word across Facebook!

My friend's daughter, age 30, has COVID
DEMENTIA and COVID COPD - but she is not a
statistic unless she dies and many people are not
tested.

By perpetuating misinformation about dementia, the end result
is that society may view persons with dementia with only
negative attributes, and it hel ps separate“ us’ from “them.” This
view may lead persons with dementia to experience stigma.

Dementia Used as an I nsult for Political Ridicule

Despite use of a filter that referred to the US presidential
candidates for the 2020 election by name (Donald Trump and
Joe Biden, and synonyms), many tweets remained that were
relevant to the theme of insult and political ridicule because
these tweets used the term “dementia’ in a pejorative manner.
The use of dementia as aform of personal attack is an attempt
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to diminish and devalue others, but it also devalues the lived
experiences of those with dementia and their carers. The
following examples are tweets that used the term “dementia’
with the aim of insulting 1 of the presidential candidates. The
stigma communication [15,16] in these tweets is characterized
by marking, which refers to an attribute or feature attributed to
anindividual and “marks’ them as different.

To be fair, #DementiaJoe thinks he's running for the
US Senate, but | bet your news coverage didn't show
that gaffe. Do you really think America is going to
elect a cop hating, socialist crook with dementia over
the man who built the greatest economy since Reagan,
before Covid?

Was unemployment down until covid? Was the
economy booming? . . . there’s 2 brutal truths, right
there, you're willing to destroy us all, yourselves
included to put a guy with obvious dementia in the
WH. That's insane, and that’s the “ brutal truth” of
it...

More than 60M Americans voted in 2016 to have us
led by a malignant narcissist whose dementia was
visibly progressing. A shocking percentage of these
traitorswill voteto re-elect him—and the GOP—even
as their redneck family and friends die from
COVID-19. America is broken.

Others used the term “dementia’ as an insult to imply
diminished abilitiesto perform duties of their job, underscoring
how stigma against dementia can include depicting
incompetency.

No because the mf has dementia and isunfit too speak
in front of a crowd or debate anyone! Covid 19 was
a fucking hoax too crash the economy and then you' ve
created race wars too deflect off democratic crimes!
We know you're going to rig the election in order to
win!!
Others used dementia as an insult to dismiss their target's
viewpoint by suggesting they are cognitively compromised.

Yea, in an alternate reality he might be, but not on
thisplanet in thislifetime. What isit you think is best?
He's blatant racism? The blatant nepotism? Blatant
corruption? Theway he hasallowed Covid to kill our
people and destroy the economy? You must have
dementia

Challenging Stigma Against Dementia

One theme emerged in contrast to the others, namely that of
challenging the stigmaagainst dementiain association with the
COVID-19 pandemic. Tweets condemned the derogatory
language, directly critiqued negative behaviors, and voiced
concernsthat ageism and stigmaagainst personswith dementia
were exacerbated during the pandemic. For example, some
questioned the lesser value placed on deaths of those with
dementia who contracted COVID-19.

It really feels like a portion of the population, we're
not supposed to care about their deaths. They're less
worthy, or disposable somehow. | imagine someone

https://aging.jmir.org/2022/1/e35677

Bacsu et d

with dementia or terminal cancer also suffering with
end stage severe Covid-19 and my heart breaks.

Some tweets referenced deficits in formal care experienced by
persons with dementia and how these have been highlighted by
the COVID-19 pandemic. For example, a tweet stated,

It's a national scandal how dementia patients are
treated. COVID-19 took her intheend .

Tweets brought attention to systemic issues around health care
access and availability for people with dementia by describing
how they deteriorated due to COVID-19 pandemic conditions.

The elder care situation is abhorrent even in the best
of times. | witnessed firsthand optionsin USA for a
self pay mother and father w/ dementia and is very
dismal. The culture devaluation of elders and
economic vulture capitalism has created a living
nightmare. Covid amplifies

Further, people wrote tweets as a call to action, directly
confronting negative stereotypes of dementia. Some tweets
presented accurate facts about dementia to contradict myths or
stereotypes. Other tweets asserted aneed to change our attitudes
and actionswith respect to care provision and treatment of older
adults with dementia, both generally and specifically regarding
the pandemic.

Watched Ross Kemps living with dementia last night.
What a great family, dementia isn't just an old
persons illness it can affect anyone at any age. We
need to get a hold on this illness, people have hurt
long enough. Covid has increased the pain, people
need support. @AlzSocNI

#COVID should make us re-examine how we treat
the #elderly we will ALL be old one day. We
#warehouse people. It's #shameful and at
@Savonixinc we are dedicated to the #dignity of our
#elderly #ethics #nursinghomes #dementia

Discussion

Principal Findings

During the pandemic, significant social media discourse has
focused on COVID-19 and people with dementia [13,17,18].
In this study, we examined Twitter data to understand stigma
against people with dementia during the COVID-19 pandemic.
Drawing on Smith’s [15,16] model of stigma communication,
weidentified 4 main themes: ageism and devaluing the lives of
people with dementia (eg, group labeling), misinformation and
fase beliefs about dementia and COVID-19 (eg, peril and
responsibility), dementia used as an insult for political ridicule
(eg, marking), and chalenging stigma against people with
dementia. Overall, our study sheds light on stigma against
dementia during the COVID-19 pandemic and highlights
opportunities for policy and research to address this moving
forward.

In our research, we found that Twitter users reported that the
lived experience of dementia was the same for all individuals.
For example, people with dementia were stereotyped as a
homogeneous group of people who were highly vulnerable and
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at the end stages of their lives. However, research has
demonstrated that dementiadoes not progressin alinear fashion
and, most notably, that it varies from person to person [35-37].
Similar stereotypes focusing on frailty and COVID-19
vulnerability among older adults have been found in public
health campaigns and traditional news media[5,6,38-40]. These
stereotypes serveto perpetuate COVID-19 stigmaagainst ol der
adults and people with dementia. Consequently, COVID-19
policies and public health campaigns should focus on
precautions and preventive measuresrather than labeling specific
population groups.

In several tweets analyzed in this study, there was an assumption
that people with dementiawere better off dying from COVID-19
than continuing to live with dementia, an assumption that can
lead to experienced, perceived, anticipated, or internalized
stigma. More specifically, death was described as a welcomed
means to end the pain and suffering of people with dementia.
This assumption is also embedded throughout the literature
prior to the pandemic. For example, in existing studies
conducted with caregivers, the death of a person with dementia
has been described as the best solution because it ends the
person’s pain and suffering due to dementia[41,42]. However,
this “solution-based focus’ on death is extremely problematic,
leaving little scope for developing COVID-19 policies and
programsto improvethe quality of lifefor peoplewith dementia.
More specifically, how we view and discuss deaths of people
with dementia shapes how policymakers, health clinicians, and
the public value the lives of people with dementia
Consequently, this type of discourse may influence who is
prioritized for treatment in the context of COVID-19 [43].

Although many tweets had stigmatizing content, tweets also
challenged stigma against dementia. For example, some tweets
provided accurate facts about dementia, highlighting systemic
COVID-19 issues faced by people with dementia or directly
confronting myths and stereotypes against dementia. This
unifying and supportive discourse against stigma and ageism
has also been found in other studies [13,17,44,45]. The World
Health Organization [21] suggests that sharing accurate
information is key to dispelling myths and stereotypes about
the disease. Moreover, research suggests that stigma against
dementiais related to fear and a lack of understanding about
the disease [20,46]. Conseguently, there is a growing need for
dementia education and awareness campaigns targeted toward
digital media [47] and specifically toward Twitter and other
socia media platforms.

Recent studies show that policymakers, clinicians, and public
health officialsareincreasingly using Twitter to share and gather
information on the COVID-19 pandemic [8,48]. However,
because Twitter messaging includes opinions as well as
information that may be false or inaccurate, precautions must
be taken in interpreting the data, especially given the
dementia-related stigmaidentified in our study. Smith et a [49]
assert that when stigmatizing discourse is shared with the general
public and “influential others,” it becomes a collective norm
with policy and practice implications. Specifically, stigma
perpetuates misinformation, pe orative language, and patronizing
attitudes that can lead to discrimination against people with
dementia. Evidently, recent reports highlight discriminatory
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actions related to the limited provision of medical services,
inadequate access to health care information, and restricted
accessto COVID-19 treatment options and lifesaving supports
for people with dementia during the pandemic [50,51].
Accordingly, our findings have practica implications for
policymakersand clinicians because they highlight the need for
sensitivity to avoid dementia-related stigma, discriminatory
actions, and ageist attitudes about COVID-19.

Urgent action is needed to address stigmato improve the quality
of life for people with dementia and their care partners
[21,22,25,45]. It is essential that people with dementia not be
defined by their disease but beinstead recognized asindividuals
with the same human rights as any other person [52,53].
Moreover, people with dementia must be included in critical
discussions on COVID-19 programs and policies, especialy
around the provision of medical servicesand lifesaving supports.
Rather than focusing on stereotypes and stories of risk and
suffering, policymakers, clinicians, and the general public must
understand that people with dementia are diverse and able to
lead meaningful lives. Moving forward, further research is
required to identify the contributing factors, implications, and
interventionsto address stigmaagainst dementiaon social media
and beyond.

Limitations

Although our study provides valuable information about
perceptions of COVID-19 and stigma against dementia, it is
not without limitations. First, our interpretation of each tweset
is limited by our lack of knowledge about the author’s tone,
intention, and purpose. For example, important details and
contextual information (eg, background, culture, confounding
factors) may not be included within the 280-character-limit
tweet, making the tone and intention of the tweet difficult to
assess. To help rectify this issue, each tweet was coded
independently by 2 reviewers to reduce the likelihood of
misinterpreting the meaning of the tweets. Despite this measure
taken in our study, there is still room for interpretative error.
Readers of tweets are also limited in their ability to infer tone,
intention, and purpose, so there is value is our anaysis that
assesses and reports on the content of tweets that are being
distributed to the public. As such, future research with
qualitativeinterviews or focus groupswith people with dementia
or their care partners may provide more comprehensive and
in-depth information regarding COVID-19 and experienced
stigma against dementia.

Second, no sociodemographic or geographic information (eg,
ethnicity, age, sex, gender, income, country) of the tweeters
was collected in our study and accordingly limits our ability to
further evaluate stigmabeyond describing the Twitter discourse.
For example, because no data were collected on sex or gender,
it is difficult to make specific inferences or draw conclusions
regarding stigma against dementiain relation to sex or gender
during the pandemic. Further research is needed to explore the
stigma against dementia in relation to sociodemographic
information, including sex and gender.

Third, our data present a snapshot in time because they focused
on tweets posted from February 15 to September 7, 2020.
Consequently, it is possible that our findings would change if
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adifferent time frame was selected, such as during subsequent
waves of the pandemic, after the US presidential election had
occurred, or after vaccine availability [12]. Further research is
necessary to examinelongitudinal changesin dementia-related
stigma across the duration of the pandemic, across different
sociopolitical climates, and across different time frames within
the pandemic.

Finaly, it is possible we would have discovered more
stigma-related tweets if our scraping strategy had not required
dementia, COVID-19, and some description of familial or
friendly relationship status. We used areferenceto US political
candidates by name as afilter for theinitial study becausethese
weretweetsthat perpetuated stigma, and although the secondary
analysis for the study discovered this theme of stigma
perpetuation, it is not clear whether tweets that referred to US
political candidates by name were qualitatively different from
those that informed the “dementia as an insult for political
ridicule theme.”

Conclusions

During the pandemic, there has been significant socia media
attention focusing on the increased COV I1D-19 risks and impacts
for peoplewith dementiaand their care partners. Unfortunately,
much of this discourse has amplified issues of preexisting
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Abstract

Background: Hip fracturein older adultsistied to increased mortality risk. Deconvolution of the mortality risk specific to hip
fracture from that of various other fracture types has not been performed in recent hip fracture studiesbut iscritical to determining
current unmet needs for therapeutic intervention.

Objective: This study examined whether hip fracture increases the 1-year postfracture mortality rate relative to several other
fracture types and determined whether dementia or type 2 diabetes (T2D) exacerbates postfracture mortality risk.

Methods: TriNetX Diamond Network data were used to identify patients with a single event of fracture of the hip, the upper
humerus, or several regions near and distal to the hip occurring from 60 to 89 years of age from 2010 to 2019. Propensity score
matching, Kaplan-Meier, and hazard ratio analyses were performed for all fracture groupings relative to hip fracture. One-year
postfracture mortality ratesin elderly populations with dementia or T2D were established.

Results:. One-year mortality rates following hip fracture consistently exceeded all other lower extremity fracture groupings as
well as the upper humerus. Survival probabilities were significantly lower in the hip fracture groups, even after propensity score
matching was performed on cohortsfor avariety of broad categories of characteristics. Dementiain younger elderly cohorts acted
synergistically with hip fracture to exacerbate the 1-year mortality risk. T2D did not exacerbate the 1-year mortality risk beyond
mere additive effects.

Conclusions:  Elderly patients with hip fracture have a significantly decreased survival probability. Greatly increased 1-year
mortality rates following hip fracture may arise from differences in bone quality, bone density, trauma, concomitant fractures,
postfracture treatments or diagnoses, restoration of prefracture mobility, or a combination thereof. The synergistic effect of
dementia may suggest detrimental mechanistic or behavioral combinations for these 2 comorbidities. Renewed efforts should
focus on modulating the mechanisms behind this heightened mortality risk, with particular attention to mobility and comorbid
dementia.

(JMIR Aging 2022;5(1):€32683) doi:10.2196/32683

KEYWORDS

hip; fracture; mortality; aging; older adults; elderly; mortality risk; electronic health record; EHR; survival probability; postfracture
mortality rate; fall; bone; injury; dementia; diabetes; type 2 diabetes; trauma; treatment; comorbidity; mobility

https://aging.jmir.org/2022/1/€32683 JMIR Aging 2022 | val. 5 | iss. 1 |€32683 | p.170
(page number not for citation purposes)


mailto:watowich@xray.utmb.edu
http://dx.doi.org/10.2196/32683
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING

Introduction

Recent studies suggest a 17%-25% 1-year mortality rate
following hip fracture or itssurgical repair in older adults[1-4].
However, hip fracture has rarely been compared against other
fracturetypesin elderly cohortsto understand its specific impact
on mortality risk and the unique vulnerabilities associated with
it. Since previous studies have suggested that, under specific
conditions, fracture location can impact mortality risk [5,6], a
comparison of hip fractures against other fracture types may
help inform postfracture medical careto target high-risk patient
populations more specificaly.

This study comprehensively compared 1-year mortality rates
following fractures of the hip, upper humerus, and lower
extremities to determine whether mortality risks differed by
fracture type or fracture region in the elderly population as a
whole. In addition to ssmple comparisons of 1-year mortality
rates associated with different fracture types and combinations
across elderly cohorts, we also used propensity score matching
across cohorts to reduce the impact of confounding factors. We
hypothesized that hip fracture would result in greater 1-year
mortality rates compared to fractures that did not similarly
impact mobility.

This study also examined the extent to which the age-associated
comorbidities of dementia and type 2 diabetes (T2D) increase
1-year postfracture mortality rates. Dementiahas been identified
as a maor risk factor for hip fracture [7], is associated with
increased mortality risk after hip fracture [8], and is linked to
increased postoperative complications following hip fracture
repair [9]. Similarly, T2D has been identified as afracture risk
factor [10], with insulin treatment status additionally modifying
the region-specific fracture [11,12]. Importantly, both dementia
and T2D are associated with increased mortality risk irrespective
of fracture [13-15] and, by comparing different fracture
types/combinations in individuals with the same comorbidity,
we were able to deconvolute each specific fracture’s mortality
rate to determine whether dementia or T2D act synergistically
with the fracture to exacerbate mortality outcomes.

Methods

TriNetX Queries

Data were acquired through queries performed in the TriNetX
database (TriNetX, Cambridge, MA, USA) using the Diamond
Network on fractures that occurred from January 1, 2010, to
December 31, 2019 (queries were last updated the week of
March 28, 2021; this update was to capture patients with
fractures within these time frames whose records were added
later). Follow-up of patientsincluded 2020 data, despite changes
to the age-adjusted mortality rate that year [16], to keep the
results as complete and updated as possible. The Diamond
Network contains electronic medical record (EMR) and medical
and pharmacy claims data [17] from over 200 million
de-identified patients acrossthe United Statesand itsterritories.
Patients without an assigned sex wereignored, asthose missing
this information likely had an incomplete medical record;
TriNetX explicitly defines the sex of patients but does not
include gender data. Males and females were divided into age
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cohorts spanning 10-year intervals (60-69, 70-79, and 80-89
years). To minimize the risk of patient identification, the
TriNetX database doesnot report patients’ dataonce they exceed
90 years of age. Since we were interested in mortality rates
within thefirst year following hip fracturerepair, cohorts ended
at 89 years of age.

Codes from the International Classification of Diseases, Tenth
Revision (ICD-10) were used for fracture diagnoses, and patients
wereidentified as having ahip fractureif acode of S72.0, S72.1,
or S72.2 was present in their record. Hip fractures were
compared to fractures of the upper humerus ($42.2); regions
near the hip (lumbar vertebra, S32.0; sacrum, S32.1; coccyX,
S32.2; ilium, S32.3; acetabulum, S32.4; pubis, S32.5; ischium,
S32.6); nonhip regions of the femur (femur shaft, S72.3; lower
femur, S72.4); knee and lower leg (patella, S82.0; upper end of
tibia, S82.1; tibia shaft, S82.2; lower end of tibia, S82.3; fibula
shaft, S82.4); and talus, malleoli, and foot (medial malleolus,
S82.5; lateral malleolus, S82.6; talus, S92.1; metatarsal, S92.3;
great toe, S92.4; lesser toe, S92.5). Fracture codes below the
hip that were broadly categorized as “other” or “unspecified”
were not included. The upper humerus was chosen as a control
for hip fracture since both fractures occur at anatomically similar
torso-appendage junctures. The other fracture sites impact
mohility to varying degrees and were chosen based on reports
that mobility limitations play acritical rolein the mortality risk
of older adults [18,19]. Comparisons were also performed
between the hip fracture grouping and each of the other listed
individual fracture codes. In arespective query, only 1 fracture
event among the pooled fracture types or for the individual
fracture type was allowed to occur from 60 to 89 years of age,
but we did not actively exclude individuals who had
simultaneous, or even subsequent, fractures across, or outside
of, our groupings, even though certain combinations are
predicted to worsen outcomes[20,21]. In addition, although we
removed individuals who experienced multiple fracture events
of the same kind or grouping from 60 to 89 years of age to
reduce confounding variables, some of these removed
individuals may have fractured a different bone under the same
code or pool of codes or the same bone contralaterally, and it
may not be a repeated fracture of the same type. The analysis
did alow for the same fracture to have occurred prior to 60
years of age. The incidence of each fracture type or grouping
within the specified decade was initially established across sex
and age, and the percentage of individuals in each sex and age
cohort deceased from 1 day to 1 year postfracture was
determined by dividing the number of individual s deceased by
thetotal population with same-day deaths subtracted. Sincethe
TriNetX database cannot report information for cohorts with
10 or fewer individuals, the number of same-day deaths had to
be determined by subtracting the deaths that occurred from 1
day to 1 year from the deaths that occurred within 1 year for
the same respective cohort. Same-day deaths were excluded
from analyses since these individuals may not represent a
population that can be treated postoperatively following a
fracture event. To improve readability when reporting data, the
term “1-year postfracture mortality” has been used herein to
describe those deaths that occurred from 1 day to 1 year
postfracture.
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The relative frequencies of each fracture were calculated by
dividing the total number of incidences of the fracture or fracture
grouping by the sum of theincidencefor all fracturesor fracture
groupings and then converting it to a percentage for each
respective sex and age cohort. There was a small possibility of
counting a patient multiple timesif they experienced 1 or more
events that fell within multiple fracture groupings.

Since few individuals had unique simultaneous hip fracture
combinations in a single event (specifically, combinatorial
fractures of S72.0xS72.1, S72.0xS72.2, S72.1xS72.2, and
S72.0xS72.1xS72.2), we focused our efforts on incidences and
mortality rates for each separate fracture code, excluding the
other hip fracture codes for each of these individual analyses.
We aso included a metric composed of all fracture
codes/combinations in the hip. The percentage change in
survival probability was determined by subtracting the hip
fracture mortality rate from the mortality rate of the other
fracture/fracture grouping of interest.

To examine the impact of dementia on fracture outcomes, we
explored patients with a diagnosis of vascular dementia (FO1),
dementiadueto Alzheimer disease (G30), dementiawith Lewy
bodies (G31.83), or any combination thereof; these diagnoses
were chosen in order to better unravel potential mechanisms of
action since they encompass a large proportion of individuals
with at least 1 specified form of dementia while removing
individual s with unspecified dementiaand relatively rareforms
of dementia [22]. Dementia diagnoses were allowed from any
time beforethe fractureto 1 year postfracture (including exactly
1 year postfracture). For T2D diagnosis, the code E11 was used
and was required to be present in a patient’s record from 6
months prior to the fracture to 1 year postfracture in order to
ensure that patients with reversal or remission of T2D were
excluded [23].

General queries determined the sizes of the male and female
populations with a dementia or T2D diagnosis from 60 to 90
years of age from January 1, 2010, to December 31, 2019.
Unlike the fractures, where we only alowed ICD-10 codes
through 89 years of age, these diagnoses were allowed through
90 years of age since we were focused on mortality outcomes
and this made them comparable to our mortality measures in
our fracture cohortsthat had allowed diagnoses of dementiaand
T2D through the 1-year follow-up. These were plotted using
BioVenn [24]. Anayses were run on these subpopulations
identically to the overall fractured populations, with the
exception that cohorts were not propensity-score-matched
because the cohort sizewaslimited by requiring afracture event
in combination with a dementia or a T2D diagnosis.

Statistics

Propensity score matching was performed across different
fracture groupings within the TriNetX system for the root
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category of each demographic, diagnosis, medication, procedure,
and common lab variable (a maximum of 191 broad categories
of characteristics outlined in Table S1 of Multimedia Appendix
1) recorded in both cohorts through 1 day before the fracture
event. The day of the fracture was not included, since some
patients may have received more immediate, or different, care
than others. Not all cohort combinations had data for every
characteristic. Propensity-score-matching methods can be found
in Multimedia Appendix 2. Kaplan-Meier (KM) and hazard
ratio (HR) analyses were performed using the matched cohorts
of patients, excluding those that died the same day as the
fracture. Log-rank tests established the statistical significance
of the KM survival curves 1 day to 1 year postfracture. HRs,
the Clsfor the HRs, and testsfor proportionality were calcul ated
within the TriNetX system, which usesthe R Survival package
(v3.2-13) [25,26] and validates these results by comparing to
themto those of SAS (v9.4; SASIngtitute). The proportionality
test was based on the scaled Schoenfeld residual [27].

Results

Fracturelncidences, Relative Freguencies, and 1-Year
Mortality Rates

A total of 1,100,871 patients (758,995 [68.94%] female, 341,876
[31.06%] male) from 60 to 89 years of age with hip fracture
codes of S72.0, S72.1, or S72.2 (Figure 1A), combinations
thereof, or repeated fractures were retrieved from the past 10
years. Notably, narrowing the database query to only 1 fracture
event of any fracture type or combination identified a
substantially smaller pool of 408,922 patients (279,131 [68.26%]
female, 129,791 [31.74%] male; Table 1) but reduced the
confounding variables for the examination of individuals
deceased within 1 year postfracture. Because simultaneous
fracture combinationswere allowed inthe queriesfor 1 fracture
event but repeated fracture events of the same type were not
allowed, this suggests that more than 60% of elderly patients
with hip fracture sustain multiple, temporally separated hip
fractures of the sametype or in the sameregion, ipsilaterally or
contralaterally, or that the same fracture is repeatedly charted.

The racial and ethnic profiles of the elderly individuals in the
TriNetX database's Diamond Network that experienced asingle
hip fracture event were largely unreported, perhaps because the
network is derived, at least in part, from insurance claims.
However, patient mapping by zip code suggests that these
patients were widely distributed throughout the United States
(Figure S3 of Multimedia Appendix 3). The majority of these
patients suffered a fracture of the femur head and neck. The
second- and third-most common hip fracture types were
pertrochanteric femur fracture and subtrochanteric femur
fracture, respectively (Figure 1B). Importantly, less than 8% of
elderly patients presented with multiple simultaneous fractures
during a hip fracture injury.
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Figurel. Ananatomical depiction of the hip fracture codes and the percentage of hip fracturesin patients 60 to 89 years of age with only 1 hip fracture
event categorized by single, and combinations of, ICD-10 codes. Each hip fracture typeis visually represented (A). As evident in the pie charts (B), the
majority of patients with a single event of hip fracture broke the head or neck of the femur (S72.0). ICD-10: International Classification of Diseases,

Tenth Revision..
A
, // /
" 9 " T T
. ! — |
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= S72.1xS72.2 BE S72.0xS72.1xS72.2

Table 1. Incidence and relative frequency of various fractures in the TriNetX Diamond Network separated by fracture code/code combinations in

cohorts split by sex and age. I ncidence entriesinclude individual s deceased the same day as the fracture. Data on separated |CD-10? codes can be found
in Table S2 of Multimedia Appendix 1; codes were aggregated, as described in the header for the table below, and individuals were only alowed 1
event with the |CD-10 code or pooled codes specified in each column from 60 to 89 years of age (instead of summing the codes of Table S2 of Multimedia
Appendix 1 in order to avoid counting the same patient more than once). The relative frequency of each fracture/fracture grouping within asex and age
cohort is shown in parentheses and i s specific to the fracture groupings studied herein, and thereisasmall possibility that patients were counted multiple
timesif they suffered fractures across the specified types/combinations.

Fracture site Female Mae
60-69 years 70-79 years 80-89 years 60-69 years 70-79 years 80-89 years

Total counts of fracture events of the types/com- 569,140 523,840 460,720 279,924 224,722 156,491
binations queried, N

Hip (S72.0-2), n (%) 54,801 (9.6) 93,041 (17.8) 131,289(285) 34,237 (12.2) 45,731(20.4) 49,823 (31.8)
Humerus ($42.2), n (%) 74,332 (13.1) 72,525(13.8) 54,692 (11.9) 30,484 (10.9) 23,277 (10.4) 14,242 (9.1)
Regions near the hip (S32.0-6), n (%) 100,347 (17.6) 131,154(25.0) 149,943(325) 66,584 (23.8) 65,507 (29.2) 52,597 (33.6)
Nonhip regions of thefemur (S72.3-4), n (%) 19,796 (3.5) 23,556 (4.5) 24,608(5.3) 11,186 (4.0) 9303 (4.1) 6928 (4.4)
Knee and lower leg (S82.0-4), n (%) 99,551 (17.5) 71,298(13.6) 39,601(8.6) 50,272 (18.0) 30,695 (13.7) 13,427 (8.6)
Talus, malleoli, and foot (S82.5-6, S92.1, S92.3-  220,313(38.7) 132,266(25.2) 60,587 (13.2) 87,161 (31.1) 50,209 (22.3) 19,474 (12.4)
5), n (%)

3 CD-10: International Classification of Diseases, Tenth Revision.
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The incidence and relative frequency of each skeletal region
suffering a 1-time fracture changed as individuals aged (Table
1). For individuals 60-69 years of age, the most commonly
affected skeletal region with a single fracture event (of those
studied) was the talus, malleoli, and foot. In contrast, the hip
and regions near the hip were the most commonly affected areas
with asinglefracture event in 80-89-year-olds. Importantly, the
likelihood that a fracture event would occur at the hip increased
nearly 3-fold in 80-89-year-olds compared to 60-69-year-olds,
while the relative frequency of fracture types distal to the hip
either decreased or remained largely unchanged during aging.
The incidence of 1-time fractures of the portion of the femur
distal to the lesser trochanter (nonhip regions of the femur)
remained considerably lower than other fracture groupings
regardless of age.

The largely increased incidence of hip fractures during aging
likely reflects age-dependent changes, such asthose of lifestyle,
bone quality (eg, cortical porosity) [28], bone mineral density
[29,30], or a combination of these factors. Table S2 of
Multimedia Appendix 1 further segments each of the fracture
groupings into unique 1CD-10 codes; it includes more patients
than Table 1 sinceindividualsin acohort with aspecific ICD-10

Dimet-Wiley et d

code were allowed to have other fractures that were previously
blocked via grouping. Consequently, Table 1 is more likely to
eliminate confounding factors associated with fracturerisk (eg,
increased risk of fractures from osteoporosis[31]), while Table
S2 of Multimedia Appendix 1 has greater statistical power.

Although the relative frequency of the variousfracture groupings
typically varied with increasing age (Table 1), the 1-year
postfracture mortality rates across all fracture groupings
increased with age and were consistently greater in males than
in females (Table 2). The latter observation held for every
|CD-10 code when analyzed individually (as demonstrated in
Table S3in Multimedia Appendix 1) and reflectsthe underlying
greater general mortality rate associated with older age and
being male[32,33]. Acrossall cohorts, patientswith hip fracture
consistently showed greater 1-year mortality rates compared to
all other fractures, regardless of whether the comparison was
to other fracture groupings (Table 2), to unique 1CD-10 codes
(as outlined in Table S3 of Multimedia Appendix 1), or to
propensity-score-matched patients of fracture codes and
groupings, as described more later (Tables 3 and 4, as well as
Table $4 of Multimedia Appendix 1).

Table 2. One-year postfracture mortality rates separated by sex and age. ICD-10? codes were aggregated, and patients were only allowed 1 event with
the ICD-10 code or pooled codes specified in each column from 60 to 89 years of age; same-day deaths were not included. One-year postfracture
mortality rates for individual 1CD-10 codes are summarized in Table S3 of Multimedia Appendix 1.

Fracture site Female Male
60-69 years 70-79 years 80-89 years 60-69 years 70-79years  80-89 years
Hip (S72.0-2), n/N (%) 3573/54,775 8751/92,946 17,165/131,031 2859/34,213  6227/45,650  9743/49,673
(6.5) (9.4) (13.1) (8.4) (13.6) (19.6)
Humerus ($42.2), n/N (%) 2089/74,308 3528/72,495 4908/54,640 1388/30,469  1910/23,259  2042/14,212
(2.8) (4.9 (9.0) (4.6) (8.2 (14.4)
Regions near the hip (S32.0-6), n/N (%) 4664/100,310  9511/131,077  15,154/149,797 3961/66,555 6905/65,437  8385/52,495
(4.6) (7.3) (10.1) (6.0) (10.6) (16.0)
Nonhip regions of the femur (S72.3-4), /N 985/19,785 1844/23,539 3146/24,562 653/11,183 921/9294(9.9) 1164/6,909
(%) (5.0) (7.8) (12.8) (5.8) (16.8)
Knee and lower leg (S82.0-4), n/N (%) 1907/99,535 2671/71,274 3216/39,571 1393/50,262  1528/30,680  1337/13,407
(2.9 3.7 (8.1) (2.8) (5.0) (10.0)
Talus, malleoli, and foot (S82.5-6, S92.1, 2661/220,300  3307/132,242  3693/60,562 1839/87,149  2064/50,196  1692/19,464
S92.3-5), n/N (%) (1.2 (2.5) (6.1) (2.1) 4.1) (8.7)

3 CD-10: International Classification of Diseases, Tenth Revision.

Importantly, for each cohort, 1-year mortality rates following
fractures of the talus, malleali, and foot occurring in a single
event (Table 2) closely aligned with recent reports of mortality
ratesinthe general US population [32,33], suggesting that these
fractures do not cause excess mortality in elderly patients.
Consequently, we used these fractures as abaseline to estimate
the general 1-year mortality risk, against which we assessed
excess 1-year mortality risksresulting from the variousfracture
groupings. Overall, 1-year mortality ratesfollowing hip fracture
ranged from 6.5% for 60-69-year-old females to 19.6% for
80-89-year-old males (Table 2). Relative to the estimated
mortality ratein the general population, hip fracturesincreased
1-year mortality rates by 5%-7% for female patients and
6%-11% for male patients (Table 2), with the largest absolute
increases in mortality rates paraleling increases in age.

https://aging.jmir.org/2022/1/e32683

However, the largest relative change in 1-year mortality rates
occurred among 60-69-year-old patients, with femal esand males
at 5.4-fold and 4-fold greater mortality risk, respectively,
following hip fracture compared to that estimated for the general
population.

Rigorous KM and HR analyses of propensity-score-matched
cohorts 1 year postfracture strongly supported the general
population results (Tables 3 and 4, as well as Table $4 of
Multimedia Appendix 1). Patients with hip fracture were
propensity-score-matched to corresponding cohorts of patients
with fractures of the upper humerus; regions near the hip; nonhip
regions of thefemur; knee and lower leg; or talus, malleali, and
foot. KM log-rank tests showed that hip fracture significantly
decreased the 1-year postfracture survival probability relative
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to al other fracture groupingsin each of the age and sex cohorts
(Table 3). The percentage change in survival probability 1 year
postfracture for each fracture grouping relative to the hip fracture
grouping is shown in Figure 2A. The cohort with the largest
absolute changesin 1-year survival ratesacrossal fracturetypes
was maes 80-89 years of age (Figure 2B-F).
Propensity-score-matched comparisons of the hip fracture group
to each of theindividual ICD-10 codes resulted in significantly
lower survival probabilities for hip fracture relative to each
other fracture type, with 3 exceptions. results were not
significantly different for 60-69-year-old males with ischium
or femur shaft fractures and for 80-89-year-old females with

https://aging.jmir.org/2022/1/e32683
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fractures of the lower end of the femur (Table S4 of Multimedia
Appendix 1).

HRs calculated for hip fracture relative to all other fracture
groupings exceeded 1 in al instances (Table 4). Importantly,
the HRs for hip fractures relative to fractures of the talus,
malleoli, and foot exceeded 3 in the 60-69- and 70-79-year-old
female and male cohorts. Similarly, HRs established for hip
fracturerelativeto each |CD-10 code exceeded 1 in al instances
and exceeded 4.8 when hip fracture was compared to fracture(s)
of the greater or lesser toe in 60-69-year-old females (Table $4
of Multimedia Appendix 1).
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Table 3. Resultsfrom the KM®analysis performed on datafrom 1 day to 1 year following fracture for the propensity-score-matched sex and age cohorts
of patients with a hip fracture (individually or in combination: S72.0, S72.1, and S72.2) relative to the other fractures/fracture combinations specified
within the table. Individuals deceased the same day as the fracture were not included in the patient cohorts. Only 1 hip fracture or other respective

fracture-type event specified for each row was allowed from 60 to 89 years of age. Analyses performed on separated ICD-10P codes can be found in
Table $4 of Multimedia Appendix 1.

Age group (years) Hip fracture cohort statistics Other fracture cohort statistics Log-rank test
Patients with out- Probability of 1-year  Patients with out- Probability of 1-year
come/patientsincohort, survival (determined  come/patientsin cohort, survival (determined
n/N (%) by KM curve), % n/N (%) by KM curve), % )(2 (df) P value®

Upper humerus ($42.2)

60-69, female 3234/50,849 (6.4) 92.9 1760/51,154 (3.4) 96.2 481.0(1) <.001
70-79, female 5773/63,408 (9.1) 89.8 3283/64,022 (5.1) 94.3 816(1)  <.001
80-89, female 7027/52,099 (13.5) 84.7 4956/52,986 (9.4) 89.5 5230(1) <.001
60-69, male 1986/24,947 (8.0) 911 1253/25,135 (5.0) 945 192.8(1) <.001
70-79, male 2945/21,583 (13.6) 84.7 1912/21,906 (8.7) 90.4 3005(1) <.001
80-89, male 2809/13,227 (21.2) 75.7 2065/13,585 (15.2) 82.9 204.1 (1) <.001
Regions near the hip (S32.0-6)
60-69, female 3553/53,217 (6.7) 926 2793/53,489 (5.2) 94.2 111.9(1) <.001
70-79, female 8283/84,349 (9.8) 89.0 6514/85,097 (7.7) 915 2035(1) <.001
80-89, female 14,975/107,520 (13.9) 84.1 12,176/109,465 (11.1) 87.5 511.1 (1) <.001
60-69, male 2834/32,955 (8.6) 90.2 2205/33,177 (6.6) 925 100.0(1) <.001
70-79, mae 5877/40,940 (14.4) 83.7 4653/41,515 (11.2) 87.4 226.7 (1) <.001
80-89, male 8381/38,966 (21.5) 75.1 6829/40,065 (17.0) 80.7 3586(1) <.001
Nonhip regions of the femur (S72.3-4)
60-69, female 1326/19,457 (6.8) 925 990/19,485 (5.1) 94.4 565(1)  <.001
70-79, female 2239/22,914 (9.8) 80.1 1860/22,973 (8.1) 91.1 466(1)  <.001
80-89, female 3367/23,357 (14.4) 83.6 3171/23,481 (13.5) 84.9 120(1)  <.001
60-69, male 890/10,866 (8.2) 90.7 656/10,924 (6.0) 93.3 431(1)  <.001
70-79, male 1196/8879 (13.5) 84.9 927/8991 (10.3) 885 50.0(1)  <.001
80-89, male 1397/6445 (21.7) 75.2 1170/6533 (17.9) 79.9 395(1)  <.001
Knee and lower leg (S82.0-4)
60-69, female 3423/52,623 (6.5) 928 1311/53,038 (2.5) 97.3 1051.7 (1) <.001
70-79, female 5528/62,697 (8.8) 90.1 2570/63,403 (4.1) 955 1292.2(1) <.001
80-89, female 4973/37,797 (13.2) 85.1 3249/38,529 (8.4) 90.6 5182(1) <.001
60-69, male 2517/31,105 (8.1) 90.8 1071/31,392 (3.4) 96.2 6758(1) <.001
70-79, male 3475/26,988 (12.9) 85.4 1479/27,542 (5.4) 94.0 1032.7(1) <.001
80-89, male 2489/12,472 (19.9) 771 1357/12,934 (10.5) 88.3 5387(1) <.001
Talus, malleoli, and foot (S82.5-6, S92.1, S92.3-5)
60-69, female 3592/53,725 (6.7) 925 1082/54,228 (2.0) 97.8 15055(1) <.001
70-79, female 7258/78,836 (9.2) 89.7 2517/80,084 (3.1) 9.5 27419 (1) <.001
80-89, female 7390/56,166 (13.2) 85.2 3669/57,850 (6.3) 93.0 1754.0(1) <.001
60-69, male 2754/32,621 (8.4) 90.4 988/33,094 (3.0) 96.7 976.0(1) <.001
70-79, male 4606/34,302 (13.4) 84.8 1655/35,247 (4.7) 94.8 1802.9(1) <.001
80-89, male 3687/17,652 (20.9) 76.1 1687/18,540 (9.1) 90.0 1201.9(1) <.001

3K M: Kaplan-Meier.

b1CD-10: International Classification of Diseases, Tenth Revision.
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Cstatistically significant (P<.05) results are italicized.
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Table4. Resultsfromthe HR? analysis performed on datafrom 1 day to 1 year following fracture for the propensity-score-matched sex and age cohorts
of patients with a hip fracture (individually or in combination: S72.0, S72.1, and S72.2) relative to the other fractures/fracture combinations specified
within the table. Individuals deceased the same day as the fracture were not included in the patient cohorts. Only 1 hip fracture or other respective

fracture-type event specified for each row was allowed from 60 to 89 years of age. Analyses performed on separated ICD-10P codes can be found in

Table $4 of Multimedia Appendix 1.

Age group (years) HR (95% ClI) )(2 (df) P value®
Upper humerus ($42.2)
60-69, female 1.89 (0.167-21.488) 23.7(1) <.001
70-79, female 1.85(0.172-19.934) 24.4.(1) <.001
80-89, female 1.52 (0.16-14.522) 51.6 (1) <.001
60-69, male 1.64 (0.145-18.584) 0.9 (1) 36
70-79, mae 1.66 (0.164-16.752) 185 (1) <.001
80-89, male 1.51 (0.181-12.564) 14.7 (1) <.001
Regions near the hip (S32.0-6)
60-69, female 1.31(0.12-14.22) 2.4(1) 12
70-79, female 1.33(0.13-13.493) 29.7 (1) <.001
80-89, female 1.32(0.144-12.017) 124.1 (1) <.001
60-69, male 1.33(0.129-13.651) 0.8(1) .36
70-79, male 1.34(0.146-12.334) 22.7 (1) <.001
80-89, male 1.36 (0.176-10.513) 57.3(1) <.001
Nonhip regions of the femur (S72.3-4)
60-69, female 1.37 (0.127-14.732) 23(1) 13
70-79, female 1.24 (0.123-12.466) 1.5(1) 22
80-89, female 1.09 (0.123-9.64) 0.04 (1) .85
60-69, male 1.40 (0.134-14.564) 2.0(1) 16
70-79, mae 1.36 (0.146-12.682) 6.8 (1) <.01
80-89, male 1.28 (0.163-10.105) 3.9(1) .049
Kneeand lower leg (S82.0-4)
60-69, female 2.75 (0.243-31.034) 37.1(1) <.001
70-79, female 2.30(0.214-24.769) 56.8 (1) <.001
80-89, female 1.66 (0.172-16.08) 47.7 (1) <.001
60-69, male 2,50 (0.23-27.213) 12.4(1) <.001
70-79, male 2.61 (0.261-26.143) 41.7 (1) <.001
80-89, male 2.15 (0.247-18.681) 35.9 (1) <.001
Talus, malleoli, and foot (S82.5-6, S92.1, S92.3-5)
60-69, female 3.53(0.311-39.961) 51.4 (1) <.001
70-79, female 3.15 (0.291-34.06) 116.8 (1) <.001
80-89, female 2.28(0.23-22.52) 210.4 (1) <.001
60-69, male 3.01 (0.279-32.493) 18.7 (1) <.001
70-79, mae 3.17 (0.315-31.767) 126.0 (1) <.001
80-89, male 2.66 (0.3-23.659) 94.1 (1) <.001
3HR: hazard ratio.

b1CD-10: International Classification of Diseases, Tenth Revision.

Cstatistically significant (P<.05) results are italicized.
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Figure 2. The changes to survival probability 1 year after several fracture types relative to propensity-score-matched hip fracture patients. Men from
80 to 89 years of age showed the largest absolute percentage changein survival rates across al fracture types relative to their propensity-score-matched
patient cohorts with hip fracture. KM survival curves for men from 80 to 89 years of age with fractures of the hip compared to fractures of the upper
humerus (B), regions near the hip (C), nonhip regions of the femur (D), knee and lower leg (E), and talus, malleoli, and foot (F). Hip fracture survival
probability curves were not identical in each figure since each independent propensity score matching analysis for each comparison selected different

groups of hip fracture patients. KM: Kaplan-Meier.
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Dementia and Type 2 Diabetes Comor bidities

The codes used to identify elderly patients in the TriNetX
database diagnosed with either dementia, T2D, or both
comorbiditiesidentified approximately 1.6 million, 16.8 million,
or 0.66 million individuals, respectively (Figure S2 of
Multimedia Appendix 3). Subsequently, we explored genera
incidence of the fracture groupings in combination with the

https://aging.jmir.org/2022/1/e32683

RenderX

comorbidities in our age range of interest (Table 5) and the
relative frequency of the various fracture groupingsin patients
with dementia (Figure S3A of Multimedia Appendix 3) or T2D
(Figure S3B of Multimedia Appendix 3) across the sex and age
cohorts of interest. A dementia diagnosis clearly shifted the
fracturetype away from talus, malleoli, and foot fracture toward
hip fracture in all cohorts and toward fracture of regions near
the hip in some cohorts (Figure S3A of Multimedia Appendix
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3). In contrast, a T2D diagnosis had a much smaller impact,
shifting the fracture type slightly away from hip fracture toward
talus, malleoli, and foot fracture in some cohorts, although these
effectswere minimal (Figure S3B of Multimedia Appendix 3).

Similar to the genera population cohorts, patients with hip
fracture and dementiadisplayed greater mortality rates compared
to other fracture groupings (Table 6) and al other ICD-10 codes
studied (Table S5 of Multimedia Appendix 1).

Table5. General incidence and relative frequency of various fracture types/combinations with dementia/T2Din patients 60-89 years of age. Dementia

diagnosis was allowed from any time before fracture to 1 year postfracture and was specified as any of the following ICD-10° codes or a combination
thereof: vascular dementia, FO1; dementia due to Alzheimer disease, G30; or dementia with Lewy bodies, G31.83. T2D was required to be recorded
within 6 months prior to fracture to 1 year postfracture and was specified with ICD-10 code E11. ICD-10 codes were aggregated as described in the
header for thistable, and patientswere only allowed 1 event with the code or pooled codes specified in each column from 60 to 89 years of age. Incidence
entriesinclude individual s deceased the same day as the fracture. The relative frequency of each fracture/fracture grouping is shown in parentheses and
is specific to the fracture groupings studied herein and, as with Table 1, there is a small possibility that patients were counted multiple times if they
suffered fractures across the specified types/combinations.

Total countsof fracture events

of the types/combinations Regionsnear the Nonhipregions Kneeand lower Talus, malleoli, and

queried in combination with  Hip (S72.0-2),n  Humerus($42.2), hip (S32.0-6), n  of the femur leg (S82.0-4), n foot (S82.5-6, S92.1,
dementia/T2D (%) n (%) (%) (S72.3-4),n (%) (%) S92.3-5), n (%)
With dementia (N=112,113) 37,084 (33.1) 12,625 (11.3) 34,211 (30.5) 6425 (5.7) 9070 (8.1) 12,698 (11.3)

With T2D (N=594,711) 100,804 (17.0) 72,748 (12.2) 146,301 (24.6) 28,353 (4.8) 91,376 (15.4) 155,129 (26.1)

8T2D: type 2 diabetes.
b1CD-10: International Classification of Diseases, Tenth Revision.

Table 6. One-year postfracture mortality rates in patients with dementia (specifically, any of the following ICD-10? codes or a combination thereof:

vascular dementia, FO1; dementia due to Alzheimer disease, G30; or dementia with Lewy bodies, G31.83) or T2DP (E11). A dementia diagnosis was
allowed from any time before fracture to 1 year postfracture, while a T2D diagnosis was required to be recorded within 6 months prior to fracture to 1
year postfracture. Data on separated |CD-10 codes can be found in Table S5 of Multimedia Appendix 1; ICD-10 codes were aggregated as described
in the header for thistable, and patients were only allowed 1 event with the ICD-10 code or pooled codes specified in each column from 60 to 89 years
of age. Same-day deaths were not included for this analysis.

Talus, malleali,
Regionsnear the  Nonhip regions of and foot (S82.5-6,
Hip (S72.0-2), /N  Humerus($42.2), hip (S32.0-6), /N thefemur (S72.3- Kneeandlowerleg $92.1, S92.3-5),
Agegroup (years) (%) n/N (%) (%) 4), n/N (%) (S82.0-4), n/N (%) n/N (%)
With dementia
60-69, female  180/1117 (16.1) 69/741 (9.3) 177/1391 (12.7)  42/307 (13.7) 76/804 (9.5) 85/1236 (6.9)
70-79, female  1213/6512(18.6)  390/3009 (13.0)  945/6590 (14.3)  210/1270 (16.5)  240/2237 (10.7)  298/3280 (9.1)
80-89, female  3955/18,452 (21.4) 983/6031(16.3)  2787/16,301(17.1) 668/3383 (19.7)  591/3741(15.8)  701/4877 (14.4)
60-69, male 140/854 (16.4) 47/385 (12.2) 119/922 (12.9) 23/151 (15.2) 46/401 (11.5) 45/598 (7.5)
70-79, male 813/3388 (24.0) 206/1015 (20.3)  673/3349(20.1)  87/463(18.8) 124/863 (14.4) 153/1264 (12.1)
80-89, male 1916/6647 (28.8)  337/1429(23.6)  1355/5608 (24.2)  206/838 (24.6) 194/1016 (19.1)  286/1431 (20.0)
With T2D
60-69, female  1217/13,972 (8.7)  840/18279(4.6)  1640/24,610 (6.7) 460/5881 (7.8) 856/23,717 (3.6)  1246/49,752 (2.5)
70-79, female  2728/23,917 (11.4) 1337/20,425(6.5) 3234/34,770(9.3) 756/7425 (10.2) 1751/25,936 (6.8)  1594/36,892 (4.3)
80-89, female  3695/26,451 (14.0) 1295/12,935(10.0) 3786/31,507 (12.0) 882/6351 (13.9) 10,83/10,225 1315/16,585 (7.9)
(10.6)
60-69, male 1033/9552 (10.8)  604/8635 (7.0) 1400/18,454 (7.6)  255/3213 (7.9) 608/13,575 (4.5)  941/26,241 (3.6)
70-79, male 2146/14,099 (15.2) 868/8087 (10.7)  2698/21,630(12.5) 398/3264 (12.2) 1039/13,445 (7.7)  1116/18,562 (6.0)
80-89, male  2570/12,659 (20.3) 668/4323 (15.5)  2618/15195(17.2) 385/2186 (17.6)  552/4428 (12.5)  745/7055 (10.6)

% CD-10: International Classification of Diseases, Tenth Revision.
brop: type 2 diabetes.

For individuals with T2D and fracture, 1-year mortality results
weresimilar to those of the general population. All cohortswith
aT2D diagnosis exhibited a greater 1-year mortality rate after
hip fracture relative to the other fracture groupings (Table 6)

and other individual ICD-10 codes, with the exception of
females with fracture of the lower end of the femur from 80 to
89 years of age (Table S5 of Multimedia Appendix 1).
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Collectively, these data determined the extent that dementia or
T2D as comorbidities exacerbate 1-year postfracture mortality
rates. The comorbidities of hip fracture and dementia in the
60-69- and 70-79-year-old cohorts resulted in greater excess
1-year mortality rates compared to hip fracture in the general
population (Figure 3). However, T2D combined with hip
fracture did not show a similar exacerbation, and 1-year

Dimet-Wiley et d

mortality rates for hip fracture with a T2D comorbidity were
typically additive (equal to the combination of the baseline
mortality rate and the mortality rate due to hip fracture) or less
than additive. Instances of |ess-than-additive effects suggest the
possibility of amutual cause of mortality or that the care of the
comorbidity may reducethe hip fracture—related mortality risk.

Figure 3. The effects of dementiaand T2D in combination with hip fracture on mortality. To establish whether these comorbidities combined with hip
fracture exacerbate the mortality rate beyond ssimply additive effects, the percentage of individuals with the comorbidity of interest deceased 1 year
postfracture of the talus, malleoli, and foot was superimposed onto the 1-year mortality rate following hip fracture with the respective comorbidity (this
was used as a representation of the baseline mortality rate; for the general population no comorbidities were specified, and it included individuals with
the comorbidities of the other populations). Results showed that hip fracture was synergistic with dementiain younger cohorts but was either additive
or less than additive for older cohorts with dementia and nearly all cohorts with T2D. T2D: type 2 diabetes.
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Potential I nterpretationsand Implications

Hip fractures confer auniquely increased mortality risk relative
toal other studied fracture groupings. From the upper humerus
data, we inferred that the increased mortality is not the result
of the fracture occurring at an appendage-torso juncture, and
the remainder of comparisons exhibited generally increasing
differences in mortality rates as the fracture site became more
distal to the hip. Because more peripheral fractures are expected
to have less of an impact on mobility, perhaps requiring a boot
or a scooter instead of a wheelchair, these data suggest that
mobility may play acritical rolein mortality risk.

Given that the differences in mortality rates remained when
patients were propensity-score-matched across cohorts, this
suggests that there is likely 1 or more underlying hip-specific
mechanisms. The comorbidity of dementia that was identified
herein as acting synergistically with hip fracture to exacerbate
mortality rates could not have been the soledriving force behind
these increased mortality rates, since it was not synergistic at

https://aging.jmir.org/2022/1/e32683

between hip fracture and talus, malleoli, and foot fracture was
the greatest. As mentioned previoudly, 1 factor that might
influence these observed differences in 1-year postfracture
mortality rates is mobility, as it is common to not regain
prefracture mobility following hip fracture [34-37]. Thisgreater
mortality risk associated with impaired mobility may stem from
changes to self-care factors, such as the ability to acquire help
immediately following a fall, or changes to the blood flow
dynamics, since circulatory system disease has been identified
as aleading cause of death in patients after hip fracture [38].
Additionally, greater proportions of daily sitting time have been
associated with increased all-cause mortality risk [39].
Consequently, restoring mohility should be atreatment priority
to reduce the mortality risk associated with hip fracture and
other mobility-impairing fractures. Additionally, the differences
in mortality rate between hip fracture and other types of fracture
might result from differences in tensile strength [40], bone
density [41], or bone quality; for instance, the femoral head is
lessisotropic but has consistently greater trabecular bone volume
than the humeral head [42]. Together, this strongly supports
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future investigations to identify unique behavioral and cellular
mechanisms occurring following hip fracture.

Exploration of dementia asacomorbidity revealed that fracture
combined with dementia substantially exacerbates the mortality
rateinyounger elderly cohorts. This suggeststhat theincreased
1-year mortality rates observed in patients with dementia and
fracture may arise from synergistic mechanisms, whether
cellular or behaviora in nature. The apparent lack of excess
mortality associated with T2D asacomorbidity to fracturealigns
with studies that reported no differences in 1-year mortality
ratesin populations of individual sthat included those with type
1 diabetes (T1D) and T2D [43,44].

This work extends previous studies that have attempted to
distinguish comorbidity-rel ated deaths from those brought about
directly by hip fracture. Previous studies have attributed
17%-32% of all hip fracture—associated deaths directly to the
fracture event after subtracting out the comorbidities [45]. In
contrast, thiswork indicatesthat hip fractureincreasesthe 1-year
mortality risk in the general elderly population by approximately
2- to 5-fold. In elderly patients with dementia, hip fracture
approximately doubles the 1-year mortality risk for all but the
oldest cohorts of patients. Our study further established that this
excess mortality is not a consegquence of any fracture type but
isinstead directly related to fracture location, with fractures of
the hip associated with the greatest increases in the 1-year
mortality rate.

Limitations

Despite the rigor of this work, several confounding variables
remain. The TriNetX database, and analogous databases
developed from EMRs, has difficulty accounting for patients
that leave the health care system, as well as patients that are
inaccurately diagnosed or whose diagnosis is later changed.
Patients may move into a health care system with incomplete
recordsor transfer between health care systemsthat both import
datato TriNetX’'s Diamond Network, the latter of which could
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lead to counting apatient more than once. Moreover, in TriNetX,
propensity score matching can only be performed through the
day of an event, because testing statistics on survival requires
the event to be the fracture event, and we could not
propensity-score-match based on how individuals were treated
or diagnosed postfracture.

Although same-day deaths, which accounted for less than 2%
of the deaths that occurred within 1 year of hip fracture, were
removed, we did not explore whether the trauma event(s)
inciting or associated with hip fracture resulted in more
extensive damage to the surrounding area that might acutely
increase the risk of mortality. Low preoperative hemoglobin
concentration and excessive blood loss during surgery are both
linked to increased mortality rates [46], and patients with hip
fracture and delayed surgical intervention present with
significant blood loss over the daysfollowing hospital admission
but before surgery [47]. Finally, a statistical limitation was the
lack of corrections for multiple comparisons in the
propensity-score-matched results, which were left out because
thiswas an exploratory analysis and should be followed up with
a prospective observational trial.

Conclusion

Hip fractureresultsin agreater 1-year mortality raterelative to
the upper humerus and other fracture types/groupings of regions
near and below the hip. This increased risk remains when
cohorts are propensity-score-matched across alarge number of
characteristics, suggesting that this vulnerability is specific to
this particular fracture type. Furthermore, the data herein
established that dementia acts synergistically with hip fracture
to exacerbate mortality rates in younger populations, but T2D
does not appear to impact the mortality rate beyond an additive
effect of the risks conferred by T2D and hip fracture
independently. The datastrongly suggest the necessity of future
studies to explore unique elements of hip fracture events and
therapeutic options targeting this fracture type specifically.
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Abstract

Background: Developmentsindigital health have the potential to transform the delivery of health and social careto help citizens
manage their health. Currently, there is alack of consensus about digital health research prioritiesin palliative care and alack of
theories about how these technologies might improve care outcomes. Therefore, it isimportant for health care leadersto identify
innovations to ensure that an increasingly frail population has appropriate access to palliative care services. Consequently, it is
important to articul ate research priorities asthefirst step in determining how finite resources should be allocated to afiel d saturated
with rapidly developing innovation.

Objective: Theam of this study isto identify research priority areas for digital health in palliative care.

Methods: We selected digital health trends, most relevant to palliative care, from alist of emerging trends reported by aleading
institute of quantitative futurists. We conducted 2 rounds of the Del phi questionnaire, followed by a consensus meeting and public
engagement workshop to establish a final consensus on research priorities for digital technology in palliative care. We used the
views of public representatives to gain their perspectives on the agreed priorities.

Results: A total of 103 experts (representing 11 countries) participated in the first Delphi round. Of the 103 experts, 55 (53.3%)
participated in the second round. The final consensus meetings were attended by 10.7% (11/103) of the experts. We identified
16 priority areas, which involved many applications of technologies, including care for patients and caregivers, self-management
and reporting of diseases, education and training, communication, care coordination, and research methodol ogy. We summarized
the priority areas into eight topics: big data, mobile devices, telehealth and telemedicine, virtual reality, artificial intelligence,
smart home, biotechnology, and digital legacy.

Conclusions: The priorities identified in this study represent a wide range of important emerging areas in the fields of digital
health, personalized medicine, and data science. Human-centered design and robust governance systems should be considered
in future research. It isimportant that the risks of using these technologiesin palliative care are properly addressed to ensure that
these tools are used meaningfully, wisely, and safely and do not cause unintentional harm.
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Introduction

Background

Developments in digital health (describing technologies that
use computing platforms, connectivity, software, and sensors
for hedth care and related purposes) have the potentia to
transform the delivery of health and social careto help citizens
manage their own health [1-3]. Currently, there is a lack of
consensus about digital health research priorities in paliative
care and theories about how these technologies might improve
care outcomes. Therefore, it isimportant to articulate research
priorities as the first step in determining how finite resources
should be allocated to afield saturated with rapidly developing
innovation. Global palliative care needs are expected to increase
because of the consequences of an aging population; therefore,
it isimportant for health care leaders to identify innovations to
ensure that an increasingly frail population has appropriate
access to palliative care services [4]. Research demonstrates
that, when used well, digital health initiatives improve health
care delivery and access [5-15], and the World Hedth
Organization suggests that digital health should be an integral
part of health priorities asameansto improve health on aglobal
scale [16,17]. To date, many barriers have prevented the
meaningful use of digital healthin palliative care[18], including
expenses, interoperability issues, data privacy and security
concerns, lack of effectiveness and equity, and the concern that
technology will reduce face-to-face consultations between
patients and clinicians [19,20].

Strategic forethought (futurism) can help palliative careleaders
recognize emerging trends and test, plan, and use these
innovations in practice [21]. Consequently, this study aims to
identify digital health research priorities and to theorize how
innovations in emerging technologies can improve palliative
care.

Aim
The aim of this study is to identify research priority areas for
technology in palliative care.

Methods

Study Design
We used a Delphi process, informed by the Guidance on
Conducting and Reporting Delphi Studies[22] in palliative care,

https://aging.jmir.org/2022/1/e32075

to establish the opinions of palliative care experts. A Delphi
process can be used as a consensus-based, forecasting process,
enabling anonymous expert contributionsto predict phenomena
[23,24]. We chose to use the Delphi method because of its
potential to achieve consensus in areas of uncertainty [25-28].
We conducted 2 rounds of the Delphi questionnaire, followed
by a consensus meeting and public engagement workshop to
establish a final consensus on research priorities for digital
technology in palliative care. Data were collected between
November 2018 and September 2019.

I dentification of Technology Trends From the Future
Today Institute

We selected technology trends most relevant to palliative care
fromalist of emerging technology trends reported by the Future
Today Ingtitute (FTI) [29]. The FTI is a multi-professional
organization that uses data-driven applied research to develop
models that forecast risks and opportunities across several
disciplines, which are mapped into technol ogy trends. The 2018
trend list included 225 emerging trends, which were stratified
by FTI authors into 19 categories (Multimedia Appendix 1).

Selection of Technology Trendsfor Palliative Care

We developed criteria to select the FTI trends based on
recommendations from a UK-based policy report, which
reported public and professional views on new types of health
care data [30]. We devel oped the following statement to select
FTI trends for inclusion: “Trends should involve analysis or
use data generated by a patient, caregiver or healthcare
professional with potential use in palliative care” A tota of
two authors (ACN and TMcG) reviewed all 225 FTI trends. We
chose to review al FTI trends (despite their previous
categorization) to ensure that no suitable trends, from categories
deemed less relevant to palliative care (eg, agricultura
technologies, space, and government and technology policy),
were overlooked. We included 42.2.% (95/225) of the trends.
We then combined and simplified similar trends to reduce the
number to 32 (32/225, 14.2%; Figure 1). To confirm the validity
of thetrendsin palliative care, we conducted afocused literature
review to identify examples in which these technologies had
been used in health care. An Excel (Microsoft Inc) spreadsheset
was used to collate the data for reference.
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Figure 1. Flow diagram to outline study process for identifying research priority areas.
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Delphi Questionnaire Development

We developed 32 itemsfor inclusionin the Delphi questionnaire,
which reflected the 32 trendsidentified inthe FTI Report (Figure
1). We used Google Forms (Google Inc) [31] to develop the
survey. We designed a questionnaire to collect demographic
information (geographic location, age, and occupation) and
individuals' rating of importance for each item using a 5-point
Likert scale (1=low priority to 5=high priority). To ensure that
the survey questions were appropriate, we conducted a local
prestudy pilot of the questionnaire and supporting materials
(Multimedia Appendices 2 and 3).

Participant Recruitment and Consent

We solicited a convenience sample of professionalsworking in
palliative care (including physicians, nurses, social workers,
therapists, pharmacists, spiritual care staff, and managers) who
were interested in technologica innovation. We used
professional networks, social media, and email to contact
individuals (Multimedia Appendix 4). Consenting participants
accessed the study material on the internet to complete an
electronic consent form and afirst-round Del phi questionnaire.
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Participants who completed the first round of the questionnaire
were invited to participate in the second round.

Ethical Approval

This study was approved by the University of Liverpool Ethics
Committee (approval number 3564).

Data Collection and Analysis

Quantitative statistical analyses of participant ratings were
performed using the statistical software package SPSS (version
22.0; IBM Corp). We used the IQR to determine the level of
agreement on the 5-point scales for each area on the
guestionnaire. Thejustification for the levels of agreement was
based on thresholds previously used in palliative care Delphi
studies, which used a 5-point Likert scale to determine
agreement (Multimedia Appendix 5) [22,32]. We emailed a
summary of the first-round Delphi results to each participant.
The email included the following information: (1) a summary
of how the participant rated each item in the first Delphi round
and (2) asummary of all participants responses for each item
(pooled level of agreement). We provided this information so
that participants could consider whether they wished to rank
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items differently in the second Delphi round, based on the
ranking data generated by other participants.

Round 2 Delphi Questionnaire

We provided the participants with an electronic link to access
the second-round Delphi questionnaire. We asked the
participantsto answer the same questions that were included in
the first-round questionnaire. Participants were required to
complete the questionnaire within 4 weeks. We analyzed the
responses from the second questionnaire by IQR to provide a
final list of items according to their level of agreement.

Final Consensus Meeting and Voting

We organized a consensus meeting to agree with the trend list
as the fina stage of the Delphi process [22]. All participants
wereinvited to attend a meeting at the University of Liverpool,
United Kingdom. The participants were divided into 2 groups.
We attempted to ensure the groups were similar by allocating
individuals according to gender, experience, and occupation.
We provided participants with the Del phi resultsvia (1) an ora
presentation and (2) awritten summary. ACN and TMcG acted
as group facilitators, and ACN chaired the meeting. We
facilitated the group discussions and voting. Each item was
discussed and debated, and a raised-hand vote was undertaken
within each group to determine whether each item wasincluded
or excluded from the final list.
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After voting, we compared the outcomes between the 2 groups.
Items were included if both groups voted for inclusion.
Similarly, items were excluded if both groups voted for
exclusion. When the groups disagreed (ie, one group voting for
inclusion and the other voting for exclusion), we facilitated
debate with both groups together, which wasfollowed by rounds
of voting until consensus was achieved.

Public Engagement Workshop

Following the consensus meeting, we conducted a public
engagement workshop with lay representatives to determine
their views on agreed priorities. Volunteer coordinators from
the Marie Curie Hospice Liverpool and Liverpool University
Hospitals National Health Service Foundation Trust invited
palliative care volunteers (by telephone and email).

Results

Round 1 Delphi Questionnaire

Round 1 included 103 participants (Table 1). The median age
of participantswas 45 (SD 11.2) years. Most participants were
women (65/103, 63.1%) and had aclinical background (74/103,
71.9%). The participants represented 11 countries, most
commonly the United Kingdom (88/103, 85.4%). Most trend
items (25/32, 78%) achieved a median priority rating of 4 or 5
(Multimedia Appendix 6), which suggested that participants
considered most items to be important.

JMIR Aging 2022 | vol. 5 | iss. 1 |€32075 | p.189
(page number not for citation purposes)


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

JMIR AGING

Table 1. Demographics of study participants (N=103).

Nwosu et al

Characteristics First round (n=103)

Second round (n=55) Consensus meeting (n=11)

Age (years), median (SD; range)
Gender, n (%)

45 (11.2; 22-74)

Male 38(36.9)
Female 65 (63.1)
Location, n (%)
United Kingdom 88 (85.4)
United States 4(3.9)
Germany 2(1.9)
The Netherlands 2(19)
Saudi Arabia 1(1)
Canada 1(1)
Brazil 1(1)
Italy 1(1)
Sweden 1(1)
Argentina 1(1)
Austria 1(1)
Occupation, n (%)

Clinical (nurse or physician) 74 (71.9)
Academic 16 (15.6)
Health care manager 4(3.9)
Layperson 3(2.9)
Allied health professional 2(1.9
Chaplain 2(19)
Information technology 2(1.9)

44 (11.6; 22-74) 47 (11.5; 29-62)

23 (41.8) 4(36.3)
32(58.2) 7(63.7)
47 (85.5) 11 (100)
1(1.8) 0(0)
2(3.6) 0(0)
1(18) 0(0)
0(0) 0(0)
1(18) 0(0)
1(1.8) 0(0)
0(0) 0(0)
0(0) 0(0)
1(18) 0(0)
1(1.8) 0(0)
38 (69.1) 6 (54.5)
11 (20) 4(36.4)
2(3.6) 1(9.1)
3(5.5) 0(0)
1(1.8) 0(0)
0(0) 0(0)
0(0) 0(0)

Round 2 Delphi

Of the 103 participantsin round 1, atotal of 55 (53.3%) of the
participants completed the round 2 questionnaire. The median
agewas 44 (SD 11.6) years, which was similar to that in round
1. More women than men completed the questionnaire (32/55,
58%). The distribution of occupations was similar across both
the rounds. Fewer countries (8/11, 73%) were included in the
final sample. Thefinal IQR analysis (Multimedia Appendix 6)
demonstrated that most items (21/32, 66%) had low levels of
agreement, with 6% (2/32) and 28% (9/32) of the items
achieving moderate and high levels of agreement, respectively.

Consensus Meeting and Final List of Priorities

A total of 11 people participated in the consensus meeting
(11/103, 10.7% of the total participants and 11/55, 20% of the
second-round participants). The median age of the participants
was 47 (SD 11.5) years, and most of them (7/11, 64%) were
women. All participantswerebased in the United Kingdom and
weremostly fromclinical (6/11, 55%) or academic backgrounds
(4/11, 36%). The debate resulted in agreement, rejection,
modification (rewording and combination) of trends, and the
addition of a new item, digital legacy (Multimedia Appendix
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7). We classified the priorities into eight topic areas: big data,
mobile devices, telehealth and telemedicine, virtua redity (VR),
artificia intelligence (Al), smart home, biotechnology, and
digital legacy (Multimedia Appendix 8).

Public Engagement Event

We conducted a public engagement event at the Marie Curie
Hospice Liverpool, United Kingdom, attended by 6 lay
representatives, 2 staff members (nurse and physician), and a
medical student. We began the meeting with a presentation
discussing the importance of studying technology in palliative
care. We then presented an overview of the Delphi outcomes,
research topic areas, and identified priorities. We allocated
attendees into 2 groups, and we (ACN and SS) facilitated 2
separate discussions (each lasting 45 minutes) with each group.
Discussion 1 involved adiscussion about the prioritiesfrom the
big data, Al, and biotechnology topic areas. Discussion 2
involved discussion of priorities from teleheath and
telemedicine, mobile devices and wearables, smart homes, VR,
and digital legacy topic areas. We asked attendees for their
views on priorities to determine their opinions on
appropriateness and to identify areas that they believed
warranted further study or clarification. Further information
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about the public engagement meeting is presented in Multimedia
Appendix 9.

Our public representatives recommended that future research
should (1) ensure a human-centered co-design approach to
ensure that technologies are designed according to the needs of
individuals and (2) appropriate governance processes should
be in place to evaluate the efficacy, effectiveness, and ethical
issues of current and future digital health tools and systems.

Discussion

Summary of Main Findings

Thisisthefirst study to identify digital health research priorities
for palliative care and provide guidance for researchers, funders,
and policy makers to consider areas for future research and
development. We identified 16 priority areas, which involved
many applications of technologies, including care for patients
and caregivers, self-management and reporting of diseases,
education and training, communication, care coordination, and
research methodology. We summarized the priority areas into
eight topics. big data, mobile devices, teleheath and
telemedicine, VR, Al, smart home, biotechnology, and digital
legacy.

Contribution and Strengths of This Paper

Overview

The outcomes of our detailed analysis (involving a modified
Delphi process and patient engagement workshop) indicate
further digital health research is needed to study how technology
can be best used to support palliative care. Our paper isthefirst
priority-setting paper on palliative care digital heath and
provides afoundation for digital health—focused palliative care
research.

Telehealth and Telemedicine

Before the COVID-19 pandemic, researchers highlighted the
potential of using telehealth (ie, technology to support remote
clinical access) and telemedicine (ie, technology to support
remote clinical care delivery) in paliative care. These
technologies are increasingly used in palliative care [33,34];
however, many have not been evaluated for use in real-world
settings[19,35]. Beyond the pandemic, researchers can consider
how these technol ogies can improve palliative care access (eg,
for remote communities and hard-to-reach groups) to support
new models of care (eg, telepalliative care clinics). It is aso
important to consider barriers (eg, equity of access, privacy,
and security considerations), facilitators (ease of use and
incentives), and use cases (eg, reasons for use) for the adoption
of telehealth and telemedicine in palliative care.

Exploring Al

Al is often used as an umbrella term to describe several
processes (eg, machine learning, natural language processing,
deep learning, and neural networks) [36]. Clinicians and
researchersareincreasingly using Al to predict survival [37-40],
classify pain severity [41,42], identify quality indicators[43,44],
and identify seriousillness conversationsfrom electronic health
carerecords[45]. However, most of these studies are exploratory
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and do not provide recommendations for clinical practice [18].
Therefore, researchers should explore how different Al
techniques can support palliative care research and practice
considering the ethical issues associated with these methods.

Big Data

Big data describeslarge amounts of (previously unmanageable)
data that can now be processed by modern computer analysis
techniques. The opportunities to use routine data to support
palliative care decisions for populations and individuals have
been reported previoudy [18,46]. Currently, there is no
consensus on how nontraditional sources of big data can be
meaningfully used in palliative care. For example, there is the
potential to use patient-generated data (eg, wearables) for
quality-of-life assessments. Furthermore, open-source genomic
databases may provide opportunities to study the relationships
between genetics and health to inform how data can be used for
disease management. Social mediaand other forms of web-based
data are increasingly used to support public and professional
communication and to gain insight into public attitudes toward
palliative care [47-50]. Consequently, researchers should
identify which data to collect and how both traditional and
nontraditional sources of palliative care big data can be best
used [18,51,52].

Mobile Devices and Wear ables

Many studies have described how mobile devices and wearables
can support palliative care (eg, remote monitoring of physical
activity and symptoms, delivery of well-being activities,
documentation of advance care planning, education access or
delivery, and guideline access) [53-57]. The capability of these
devices to collect and store data is increasing; therefore, it is
important to determine how meaningfully these data can be
used [58,59]. Researchers have previously described how
patient-reported outcomes can benefit palliative care patients
[60-62]; however, further work is needed to explore how this
technology can best support patient-reported outcomes collection
(and use) in real-world settings [63,64]. It is important to
examine how mobile devices are designed to meet the
requirements of palliative care users[65]. Furthermore, studies
should provide more information on how mobile devices can
help patients record their care preferences (eg, advance care
planning) [66,67].

VR Shows Great Potential for Palliative Care

VR is a human-computer interface technology that uses visual
graphics, sounds, and other sensory inputsto create aweb-based
computer world [68]. Previous studies have described the
potential of using VR to support psychosocial symptoms and
well-being; however, most studies are unevaluated, so further
research is needed [69-72]. We recognize the potential of VR
to support palliative care education [73,74]; however, the
consensus group did not identify this as a current priority.
Following our study, we recognized that the COVID-19
pandemic has accelerated the use of web-based learning
environments for medical education [75], particularly with the
potential to use VR for communication skills training [73].
Consequently, it is possible that VR for education would be
rated higher as a priority if this study were repeated.
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The Smart Home

A smart home describes a living environment in which
sensor-based systems and internet-connected devices (the
internet of things) are used for remote monitoring and
automation of appliances, such as lighting and heating [76].
Previous studies have illustrated how various technologies can
support care for people experiencing adeclinein their physical
function (eg, web-based assistants and supportive robotics),
which highlights the wider role these technologies may havein
practice [77]. Consequently, future work should explore the
usefulness of smart home technologies in supporting physical
functions and the legal, privacy, and ethical issues associated
with these devel opments [3,52,66,76-78].

Biotechnology

Biotechnology involves the combination of technologies with
living things[79]. Palliative care—rel ated devel opmentsinclude
the use of biomarkersto predict survival [80,81], constipation,
[82] and delirium [83,84], and the personalization of cancer
pain according to genetics [85-87]. Consequently, it ispossible
to imagine future scenarios where technologies are used for
early identification (and prediction) of clinical issues, facilitating
personalized treatment for theindividual (eg, early identification
and management of pathological fractures).

Digital Legacy

A digital legacy is the digital information available about
someone after death, such as social media, photos, videos, and
gaming profiles [88]. The volume of digita information
generated by citizens is increasing, creating new challenges
after death [89]. Theincreasing use of cloud storage and social
media contributes to uncertainty in data ownership, which
createsdifficultiesfor caregiversin managing the digital legacy
of the deceased. Studies have demonstrated that health care
professional's can positively support their patients in managing
their digital legacy [88,90,91]. However, digital legacy is not
routinely discussed in clinical practice, which means that we
generaly do not know how individuals want their data to be
managed after death [92]. Therefore, we believe that researchers
should explore how patients and caregivers can be supported
to manage their digital legacy after death, with an exploration
of the different methods and materials that can be used.

Relation to Previous Work in This Area and Areas of
Interest Following the Novel COVID-19 Pandemic

Our study is synergistic with previous work, which has been
conducted across topic areas[19,35]. We acknowledge that our
study predates the pandemic and it is possible that the priorities
we identified may now have shifted. However, we believe that
our research findings arevalid, asthedigital health innovations
adopted during the pandemic are in sync with our priority list.
(MultimediaAppendix 10 [47,50,93-113]) [ 34,35]. For example,
telehealth was commonly used during the pandemic, with many
palliative care servicesusing it to provide remote clinical support
[93-105], communication [106], and education [107].
Technologies have been used to maintain connections and to
develop communities of palliative care practice [108,109]. VR
isused to provide psychological care and symptom management
[110,111]. In general, the findings of these studies describe the
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potential benefits of digital health; however, the rapid
implementation of these technologies has created a number of
challenges (eg, technical issues, data security, and well-being
considerations) that require further evaluation [106]. We are
encouraged that these palliative care digital health studies,
conducted during the pandemic, are within the scope of our
identified priorities. Evidence suggests that the pandemic has
accelerated the adoption of digital health in palliative care
practice (and related research in these areas), rather than shifted
to different priorities to the ones we identified. We expect the
development and evolution of digital health research areas,
which may be new priorities or linked to existing aress; for
example, Al-driven dataanalysis of datafrom inter net of things
devices. Consequently, we believe that the COVID-19 pandemic
has elevated the importance of digital health, as health
organizations use technology to support palliative care after the
pandemic.

Palliative Care Digital Health Prioritiesin Regions
Unrepresented in This Study

Although geographic regions are unrepresented in our study
(eg, Asia Pacific and Australasian or African regions), studies
from these countries are consistent with our outcomes as they
describe the emerging importance of palliative care digital
health. Australian palliative care providersreport digital health
priorities that are similar to those identified in our study, with
providers wanting innovations in the areas of client health
records, tel ehealth, and personal health tracking [114]. However,
digital health priorities are likely to differ between countries
owing to geopolitical and socioeconomic drivers. For example,
in Sub-Saharan African, digital health is not as established as
in other high-incomeregions[115]. Consequently, Sub-Saharan
African stakeholders describe digital health as part of a wider
vision in this region to potentially improve data devel opment
and support the development of health care services[116,117].
Palliative careisagrowing disciplinein the AsiaPacific region,
and current research describing digital priorities is limited,
although it is acknowledged that digital health can play an
important role in supporting education and training [118].

Limitations

It is possible that recent devel opments were not reflected in the
priority list owing to the ongoing advancement of health care
technologies. For example, the FTI trendslistisnow inits 2021
version and includes new trends, such as home medical
laboratory tests and remote metabolic monitoring. Therefore,
it ispossible that relevant areas were absent from this analysis.
Moreover, a weakness of digital health research is the rapid
change associated with technology, which may cause the
findings of this study to lose relevance over time.

Our decision to reduce the number of trendsfrom 95to 32 items
has broadened the focus of the list, which means that it is
possible that more specific and technical areaswere not explored
in greater depths (eg, faceprints, voiceprints, and chatbots). It
isaso possible that our Delphi participants will have different
views on the priority of some areas post COVID-19, owing to
the observed increase in digital health in practice. It is possible
that because of the novel nature of some areas, participants gave
more priority to familiar areas and therefore, less priority to
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unfamiliar areas. Questionnaires were mostly completed by
participants from English-speaking countries, meaning that the
experience of non-English—speaking populations may not be
reflected. Specifically, our outcomes may not represent the Asia
Pacific and Australasian or African regions, as we had no
responses from these areas. Furthermore, the final priority list
may not represent non-UK health care systems, asthe consensus
meeting was only attended by UK residents. We acknowledge
that people from different professional backgrounds (including
cultures and settings) may assign different levels of priority to
trends because of their experiences, work requirements, and
personal beliefs. As most participants were clinically focused,
it is possible that the priorities were oriented to clinical utility
rather than methodol ogy.

Relevanceto Research, Practice, and Policy

Decision makers should ensure that technology is relevant to
the needs of palliative care users, as these requirements will
influence the design, use, and function of systems [119,120].
For example, health care professionals may generaly use
technology to access patient data and communicate with other
professional's, whereas patients may wish to access their own
health data and contact health care services. Further researchis
needed to develop specific use cases for these scenarios to
ensure that the technology can be used meaningfully to achieve
the intended outcomes. Furthermore, as the user requirements
of people with palliative care needs may differ from those of
the general population [121] and because we currently lack
resources for widespread implementation of all technologies,
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it isimportant that digital health studies provide the data needed
to determine best practices and to help identify the barriers and
facilitators for adoption.

Researchers should use appropriate methodol ogies to explore
these questions and study associated areas, such as ethical issues,
data security, and design. It isimportant that researchers work
with the public, as the comments of the lay representatives in
our study (from both the consensus meeting and public
engagement workshop) described concerns about the use of
personal data. Policy makers should consider issues related to
the governance and ethics of current and future digital systems.
From a design perspective, we suggest that palliative care
professionals collaborate with creative industries (eg, designers,
developers, and engineers) to ensure that the designed
technologiesfulfill the user requirementsfor specific palliative
care use Cases.

Conclusions

The prioritiesidentified in this study represent a wide range of
important emerging areas in the fields of digital health,
personaized medicine, and data science. Human-centered design
and robust governance systems should be considered in future
research. Transdisciplinary studies using appropriate
methodologies are required to further investigate this priority
list. It isimportant that the risks of using these technologiesin
palliative care are properly addressed to ensure that these tools
are used meaningfully, wisely, and safely and do not cause
unintentional harm.
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Abstract

Background: Language use and socia interactions have demonstrated a close relationship with cognitive measures. It is
important to improve the understanding of language use and behavioral indicatorsfrom social context to study the early prediction
of cognitive decline among healthy populations of older adults.

Objective: Thisstudy aimed at predicting an important cognitive ability, working memory, of 98 healthy older adults participating
in a 4-day-long naturalistic observation study. We used linguistic measures, part-of-speech (POS) tags, and social context
information extracted from 7450 real-life audio recordings of their everyday conversations.

Methods: The methods in this study comprise (1) the generation of linguistic measures, representing idea density, vocabulary
richness, and grammatical complexity, aswell as POS tagswith natural language processing (NLP) from the transcripts of real-life
conversations and (2) the training of machine learning models to predict working memory using linguistic measures, POS tags,
and social context information. We measured working memory using (1) the Keep Track test, (2) the Consonant Updating test,
and (3) a composite score based on the Keep Track and Consonant Updating tests. We trained machine learning models using
random forest, extreme gradient boosting, and light gradient boosting machine algorithms, implementing repeated cross-validation
with different numbers of folds and repeats and recursive feature elimination to avoid overfitting.

Results: For al three prediction routines, models comprising linguistic measures, POS tags, and social context information
improved the baseline performance on the validation folds. The best model for the Keep Track prediction routine comprised
linguistic measures, POS tags, and social context variables. The best models for prediction of the Consonant Updating score and
the composite working memory score comprised POS tags only.

Conclusions: The results suggest that machine learning and NLP may support the prediction of working memory using, in
particular, linguistic measures and socia context information extracted from the everyday conversations of healthy older adults.
Our findings may support the design of an early warning system to be used in longitudinal studies that collects cognitive ability
scores and records real-life conversations unobtrusively. This system may support the timely detection of early cognitive decline.
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In particular, the use of a privacy-sensitive passive monitoring technology would allow for the design of aprogram of interventions
to enable strategies and treatments to decrease or avoid early cognitive decline.

(JIMIR Aging 2022;5(1):628333) doi:10.2196/28333
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Introduction

Cognitive Ability, Its Decline, and Older Adults
Behaviors

Cognitive abilities play a crucial role in the daily functioning
of older adults[1]. Although declinein certain cognitive abilities
isexpected in the course of normal aging, someindividuals may
go on to experience decline to an extent that is pathological,
namely mild cognitive impairment (MCI) or dementia[2,3]. It
isargued that subtle changesin older adults everyday behaviors
may occur in the preclinical stage [4]. As such, behavioral
indicators may provide an important avenue for detecting
cognitive decline in this population. Some studies have started
to quantify differencesin the everyday activities (eg, medication
intake and telephone use) of older adults experiencing normal
aging versus those in pathological aging by observing
participants and using manual reporting [5,6].

These methods could aid in detecting behavioral changes;
however, they are aso prone to human error, including recall
bias[7]. Thus, the approach of visiting ahealth care professional
for an examination may end up preventing older adultsand their
caregivers from continuously monitoring and proactively
reacting to cognitive decline[8]. In fact, older adultsvisit health
care professionals to receive cognitive examinations, such as
cognitive assessment tests, blood tests, and structural imaging
[9]. However, this may happen when the cognitive decline has
become severe enough to disrupt daily functioning. In these
cases, itisoftentoo late for them to receive effective treatments
and to make preventive plans with their families [10,11].

The Use of Technology to Predict Early Cognitive
Declinein Real Life

To detect cognitive decline at an early stage, some recent studies
have considered using technology to collect behavioral data
from real-life settings, focusing on cognitively healthy older
adults and those who have MClI [8,12].

For example, comparing the behaviors of healthy older adults
with those with MCI, Seelye et a [13] collected 1 week of
computer mouse movements. Their results showed that older
adultswith MCl had fewer total mouse moves and longer pauses
between movements. In another study, Seelye et a [14]
examined driving behaviors observed from adriving sensor and
showed that older adultswith MCI drove fewer miles and spent
less time on the highway per day than those without MCI. To
try understanding behavioral variability in normal aging, Austin
et al [15] focused on word usein theinternet searches of healthy
older adults in a 6-month-long study with home-based
unobtrusive technology. Their results showed that older adults
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with higher cognitive abilities used more unique words than
older adults with lower cognitive abilities. Therefore, they
argued that collecting the terms people usein internet searches
may aid in detection of early cognitive decline [15].

The use of technology to collect objective behavioral indicators
in real-life settings shows a few advantages with respect to
clinical settings. It alows for generating high-frequency data
over extended periods of time, offering more data than the
assessments performed during appointments with health care
professionals. High-frequency data could provide an objective
baseline to understand individualS own norms of behaviors
that could be used to detect early cognitive decline [16].
Moreover, collecting behavioral indicators in real-life settings
by means of technology empowers older adults and caregivers
to monitor and detect cognitive decline, freeing them from the
exclusive reliance on examinations by health care professionals.
It could also help patients and caregiversto predict early changes
in cognitive abilities. Thiscould help reduce stressin caregivers,
allowing them to better manage time and perform advanced
planning [10]. Low-cost and unobtrusive technology methods
havethe potential to be applied to large-scale community studies
for identifying at-risk populations [17]. However, to leverage
the advantages offered by technology in the early detection of
cognitive decline it is necessary to identify reliable behavioral
indicators of cognitive declinefor different popul ations of older
adults (ie, healthy older adults and those with MCI or dementia)
that can be effectively and unobtrusively monitored over time.

Linguistic M easures as Behavioral Indicators of
Cognitive Decline

Linguistic measures elicited from speech are one type of
behavioral indicator that have proved to be useful in predicting
cognitive abilities. To this end, studies have considered the use
of linguistic measures from transcribed speeches of healthy
subjects, or those with different degrees of cognitiveimpairment
in structured clinical assessments[18]. Infact, it hasbeen shown
that language markers predict normal and pathological cognitive
functioning [19]. Typically, these studies are conducted in the
lab, with €licitation of speech through clinical interviews and
the recording of cognitive function scores via batteries of
validated tests. For example, Fraser et a [20] examined various
linguistic features, such as part-of-speech (POS) tags,
grammatical complexity, vocabulary richness, and
repetitiveness, and showed them to be useful in predicting
dementia cases. Furthermore, more and more studies have
focused on differences in language use between healthy older
adults and those with MCI [19,21], with the aim of facilitating
the detection of cognitive decline at an early stage [22].
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Although linguistic markers captured from lab-based speech
samples have shown promisein detecting cognitive decline, the
limitations of these speech samples must be considered. For
example, studying language in clinical settings through its
elicitation may result in the generation of utterances that are
not representative of daily language use. This may lead to a
biased understanding of the cognitive ahilities of the aging
population [23]. Moreover, in clinical settingsit isnot possible
to study the participants’ social contexts. These contexts offer
opportunities for older adults to engage in cognitively
stimulating activities and they are protective of their cognitive
abilities [24-26].Therefore, we argue that research focusing on
the early decline of cognitive abilities would benefit from (1)
considering everyday life settings where cognitive abilities are
expressed and (2) collecting everyday language use and
information on the social contexts of healthy older adults by
means of unobtrusive monitoring technology.

As a first step in this direction, Polsinelli et al [27] recently
tested whether healthy older adults' language in their everyday
lives provides information about cognitive processes. In their
study, Polsinelli et al assessed the cognitive abilities of healthy
older adults with a battery of tests, including the testing of
working memory. Working memory refers to the cognitive
ability of maintaining input information while simultaneously
performing complex tasks with this information, such as
reasoning, communication, and learning [28]. It isan important
aspect of fluid intelligence for the production of complex
language [29].

They sampled real-life ambient audio data from participants
naturally occurring daily lives, transcribed the conversations
captured in the ambient audio sound bites, and applied natural
language processing (NLP); in their case, they used Linguistic
Inquiry and Word Count [30], a very widely used and
extensively validated closed vocabulary—based text analysis
approach. With respect to protecting the privacy of participants
and their bystanders, they followed a set of established
procedures that included providing participants an opportunity
to censor (ie, delete) selected recordings and alerting
conversation partners about the possibility of their conversations
being recorded, thereby ensuring passive consent [31,32]. Their
results show that higher working memory was associated “with
analytic, complex, and specific language” [27].

On the other hand, in examining age effects in language use
using verbatim transcripts derived from real-life ambient audio
recordings, Luo and colleagues [33,34] recently showed that
healthy older adults produced more complex language with
familiar conversational partners (eg, spouse, friends, and family)
than with strangers, and more complex language in substantive
conversations than in small talk. These findings support the
assumption that some social contexts offer opportunities for
cognitively stimulating activities. Thus, healthy older adults
socia contexts may provide useful information for predicting
their cognitive abilities over time.

Using Machine L earning and NL P to Predict Healthy
Older Adults Working Memory

Polsinglli et al’s [27] and Luo et a’s [33,34] studies suggest
that the language use and social contexts encoded in everyday
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lifeambient audio datamay support the understanding of healthy
older adults cognitive abilities. This is seen as a first step
toward an improved understanding of cognitive decline by
means of information collected in everyday life. Therefore, in
this paper we explore the possibility of predicting cognitive
ability, namely working memory, by combining linguistic
measures, including POS tags, and socia context information
computed from the verbatim transcripts of the sampled everyday
conversations of healthy older adults using machine learning
and NLP. In this study, the term “healthy older adults’ is meant
as “cognitively healthy older adults” The conversations were
transcribed from the real-life ambient audio data that were
recorded unobtrusively using a smartphone app [35]. We
consider the data from Polsinglli et al’s original study [27],
whereworking memory was measured using two separate tests,
namely Keep Track and Consonant Updating [27,36]. Therefore,
in this study, we predicted working memory using Keep Track,
Consonant Updating, and acombined score (ie, the mean score
from Keep Track and Consonant Updating) [27,36]. To the best
of our knowledge, thisisthefirst study where machinelearning
and NLP are used to predict selected cognitive abilities of
healthy older adults combining different sources of information,
such as linguistic measures and social context, extracted from
data collected in a naturalistic observation setting.

In future studies, the methods described in this paper could
support the design of passive monitoring systemsto detect early
cognitive decline by recording, ultimately in aprivacy-sensitive
way (ie, protecting the content and context of the actual “raw”
conversations), real-life ambient audio data and using
information extracted from the everyday conversations of older
adults. Systems with reliable performance may alow for
designing intervention programs aimed at coping with early
signs of cognitive decline in normal aging as well as at the
preclinical stage of Alzheimer disease. This technology and
intervention programs would, therefore, empower older adults
and caregivers to monitor and detect cognitive decline
autonomously. Low-cost and unobtrusive technologies have
the potential to be applied to large-scale community studiesfor
identifying at-risk populations [17]. This is in line with the
recommendations of the World Health Organization's 2020
report on the global action of “Decade of Healthy Ageing
2020-2030,” which states that technol ogies can empower older
people to monitor and understand their own health, enabling
greater decision-making about their own lives by tracking their
trajectories of healthy aging [37].

Methods

Data Collection

Data used in this study originated within Moseley’s [36] and
Polsinelli’s [38] dissertations and were studied by Polsinelli et
a [27]. All participants from the origina studies were
community-dwelling individuals recruited from the greater
Tucson, Arizona, community in the United States. Participants
wererecruited viacommunity events and viaresearch databases
from prior and ongoing studiesin the Department of Psychology
and the Department of Speech, Language, and Hearing Sciences
at the University of Arizona. Participants' living situations
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included retirement communities; mobile home communities,
single-family homes, with and without a live-in partner; and
residences in family members' homes, usually children.

All participants were cognitively healthy older adults, with no
reported history of neurologic or psychiatric disorders. Polsinelli
et al’s[27] sample consisted of 102 participants (mean age 75.8
years, SD 5.8; mean years of education 16.5, SD 2.3; 54.9%
[n=56] female; 62.7% [n=64] married). During the study,
participants underwent cognitive testing in thelab and wore the
Electronically Activated Recorder (EAR) app [31,35] that was
installed on provided smartphones for 4.5 days of their daily
lives. The EAR enables frequent, passive, and unobtrusive
sampling of participants language use in their natural
environments via ambient recording [35,39,40]. The EAR was
set to record 30-second audio files every 12 minutes (ie, five
times per hour), except for a 6-hour overnight period. At the
end of the study, after returning the EAR, al participants
completed a standard EAR evaluation measure [27,39].
Polsinelli et a [27] collected 31,683 valid (ie, adherent and
codable) and waking (ie, nonsleeping) sound files.

Recording raw ambient sounds raisesimportant questions around
privacy. Polsinelli et a’s study implemented several safeguards
to protect the privacy of participants and conversation partners.
First, the audio sampling limited the net recording to a small
fraction of the day (<5%), keeping the vast majority of
conversations private in the first place. Second, the short
recordings (ie, 30 seconds) ensured that minimal personal
information was captured beyond what was necessary for
reliable coding. Third, participants could review their recordings
and censor (ie, delete) any they wished to remain private. Fourth,
a“warning triangle” was placed visibly on therecording device
to alert conversation partners of the possibility of being
recorded, in order to ensure passive consent. Finally, the study
was covered by a National Institutes of Health Certificate of
Confidentiality, which protects the data against forced
third-party disclosure. In implementing these procedures, the
study followed the established guidelines for passive ambient
audio sampling [31,32].

Data Generation: Measuring Working Memory

In this study, we considered working memory as measured by
the Keep Track and Consonant Updating tests [36,38]. These
are select subtests from Miyake et al [41] that served as the
guiding model of working memory and executive functioning
more broadly. During the Keep Track test [27,41,42],
participants view a list of 15 serially presented words, that is,
presented one at a time (eg, banana, golf, uncle, and so on).
They are instructed to hold in mind the last word that is
presented in predefined categories (eg, fruits, sports, and
relatives). Initially, participants keep track of one category, but
over duration of the test, they increase to keeping track of four
categories, with three trials for each number of categories (eg,
three trials of one category, three trials of two categories, and
so on) [27]. Participants write down the last word they
remembered from each predefined category, before moving on
to the next trial.

In the Consonant Updating test [27,36,41], participants are
required to say aoud the last four letters in a string of
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consonants appearing on the screen [27]. Each tria in the
Consonant Updating test consists of five, seven, nine, or 11
lettersin random order, for atotal of 108 participant responses.
In Polsinelli et al’s study [27], 4 participants only completed
the Keep Track test; in this work, we include only the 98
participants who completed both tests.

Data Generation: Transcribing and Coding Audio
Files

In Polsinelli et a’s study [27], a team of research assistants
weretrained to listen to each 30-second audio file, identify the
participant’s voice, and transcribe verbatim the spoken
utterances only of the participants (ie, they did not transcribe
speech from nonparticipants). Out of 31,683 audio files, 7450
contained snippets of conversations. Concurrently, research
assistants coded for multiple behavioral and contextual variables.
Codes were binary, indicating either presence (“1") or absence
(“0") of avariable within the entire 30-second audio file. While
audio files were coded for multiple variables, only the 19
variablesrelevant to thisinvestigation are described here. These
19 variables, called “socia context variables’ in what follows,
fall into the following overarching categories: environment (ie,
in public or on the phone), presence or absence of socia partners
(ie, alone, with one person, or with multiple people),
conversation partner (ie, self, pet, significant other, closefriend
or family member, acquaintance, or stranger), conversation type
(ie, small talk, substantive conversation, or gossip), and activity
(ie, socializing or entertaining, watching TV, eating or drinking,
doing housework, or in transit).

For more detailed information on how EAR sound files are
coded for daily behavior, we refer to Kaplan et a’s work [43].

NL P of Transcripts: Linguistic Measuresand
Part-of-Speech Tags

In this study, we included three domains of linguistic measures
that have been commonly examined in the cognitive aging
literature. The first domain is idea density, aso known as
proposition density, representing the number of ideas that are
expressed [44]. Studies show that idea density declines over
age in both normal and pathological aging [44]. We computed
ideadensity with the CPIDR (Computerized Propositional |dea
Density Rater) software (version 5) [45]. The second domain
is vocabulary richness, indicating usage of unique words. In
this study, it was represented by the measure of entropy with
the Chao-Shen estimator [46]. We computed vocabulary richness
using the “entropy” package from R (The R Foundation) [47].
The third domain is grammatical complexity, indicating how
complex the grammatical structures are [34,44]. We computed
the scores with the syntactic complexity analyzer [48,49] in R.
We focused on the measures of clauses and dependent clauses
(ie, number of clauses, number of dependent clauses, mean
length clause, and dependent clause ratio).

In this study, the measures computed from the af orementioned
domains of linguistic measures are referred to as “linguistic
measures.” In addition to the linguistic measures, we also
considered POS tags of written transcripts. POS tagging is the
procedure that assigns a POS tag to each word in a corpus of
textual data [50,51]. The POS tag encodes information on the
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role of theword and its context. In this study, we used the spaCy
library in Python (Python Software Foundation) [52] toretrieve
the POS tags for each word in all of the 7450 transcripts. The
data set comprises 15 distinct POS tags.

Machine L earning

Feature Generation and Data Aggregation

To perform machine learning modeling and predict individual
working memory scores, we aggregated the data set of 7450
transcripts at the participant level, arriving at 98 data points.
We proceeded with the aggregation of the features as follows.
Sociodemographic features (ie, age, sex, marital status, and
education) were not aggregated, as they are constant for each
participant. Linguistic measures were aggregated by computing
the mean and SD of the distribution of the language measures
of al transcripts for each participant. In addition, we
concatenated the POS tags extracted from all transcripts of each
participant. Finally, social context features (eg, “aone’) were
aggregated by computing the percentage of transcriptsin which
the socia context was detected (eg, “aone = 1") for each
participant. We collected all features resulting from data
aggregation in Multimedia Appendix 1.

Target Variables

In this study, we amed at gathering a foundational
understanding of the problem of predicting working memory
with information extracted from real-life audio data. Therefore,
we considered three distinct machine learning regression
problems. First, we predicted the standard scores of the Keep
Track test for each participant. Second, we predicted the
standard scores of the Consonant Updating test for each
participant. Finally, we standardized the mean score of the Keep
Track and Consonant Updating tests for each participant. This
latter score measured working memory for each participant.
The use of standard scores (ie, z scores) for cognitive ability
tests is in line with previous studies in the literature [15,27].
However, we remark that we computed standard scores inside
the repeated cross-validation routine on each training fold (see

Table 1. All runs considered in this study.
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Experimental Setting section) to avoid “data leskage,” as
recommended by Hastie et al [53].

Machine Learning Models

We considered random forest (RF), extreme gradient boosting
(XGBoost), and light gradient boosting machine (LightGBM)
algorithms [54-57] for this study, using their Python
implementations. We chose them due to the possibility to
consider different hyperparameter combinations and to explain
results using feature importance scores. The RF feature
importance score computes the mean (across all trees in the
forest) Gini impurity decrease for the feature at hand: the higher
the decrease, the higher the feature importance. The XGBoost
and LightGBM feature importance scores compute the number
of times (in percentages) each feature is used to split the data
across al trees of the ensemble. Moreover, different authors
considered RF and XGBoost algorithms for the detection of
reminiscence from transcripts of conversations of older adults
[58,59]. Similarly, Yordanovaet al [60] used RF algorithmsto
detect socia behavior from transcripts of daily conversations.

Experimental Setting

Overview

We provide information on the experimental setting by
describing the (1) machinelearning runs (R, when reported with
run number), (2) repeated cross-validation routine, (3) recursive
feature elimination (RFE) algorithm, (4) hyperparameters in
the cross-validation, and (5) the evaluation metrics of the
machine learning models.

Machine L earning Runs

We considered eight different runs of machine learning
modeling, each corresponding to a different combination of
features. We present them in Table 1, together with the total
number of features per run. RO was considered the baseline for
all machinelearning runs, asit contained only sociodemographic
variables (ie, age, education, marita status, and sex; Multimedia
Appendix 1). We aso note that sociodemographic variables
were considered in all runs of this study as control variables.

Run Feature combination Features, n
RO Sociodemographic 4

R1 Sociodemographic + linguistic measures 18

R2 Sociodemographic + social context 23

R3 Sociodemographic + POS? tags 19

R4 Sociodemographic + linguistic measures + socia context 37

R5 Sociodemographic + social context + POS tags 38

R6 Sociodemographic + linguistic measures + POS tags 33

R7 Sociodemographic + linguistic measures + socia context + POS tags 52

3POS: part of speech.

As our study dealt with a limited number of data points (ie,
n=98), machine learning modeling needed to avoid the use of
too many noisy variables and incur overfitting. This would
lower reproducibility of results and their applicability to unseen
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data[61]. Moreover, in the presence of asmall number of data
points, resampling techniques, such as cross-validation, may
show high variance. Therefore, we needed to introduce aroutine
to select the best-performing machine learning model by doing
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the following: (1) using resampling techniques such as
cross-validation, (2) reducing the variance of cross-validation,
and (3) performing feature selection on all runs to prevent
overfitting.

Repeated Cross-validation

Standard k-fold cross-validation divides a data set into k
nonoverlapping subsets. Each model istrained on k-1 foldsand
evauated on the k-th fold, for a total of k models. Model
performance (eg, the mean squared error; see Evaluation Metrics
section) is the mean of the performance on all k folds used for
the evauation. With a fixed training data set, k-fold
cross-validation depends on the randomness of partitioning the
training data set into k-folds [62]. This variance is also called
internal variance [63,64]. In particular, in the context of small
data sets, Braga-Neto and Dougherty [64] stated that
cross-validation error estimation shows high variance, with the
effect of making “individual estimates unreliable for small
samples.”

Repeated k-fold cross-validation is a procedure introduced to
reduce the internal variance of k-fold cross-validation routines.
The procedure called “repeated k-fold cross-validation with
n-repeats’ simply repeats k-fold cross-validation N times, with
different splits, and averagesthe model performancesacrossall
foldsfrom al runs. It provides a performance evaluation of the

Ferrario et d

model that is more robust than the one computed from asingle
run of k-fold cross-validation. It has been suggested due to its
performance, but at the price of a steep computational cost [65].
We refer to the work by Krstgjic et a [66], in particular
Algorithm 1, for more details on repeated cross-validation.

Our strategy isto apply repeated cross-validation with 2, 5, and
10 folds, and a number of repeats equal to 50, 20, and 10,
respectively. For each k, the number of repeats, N, ischosen to
have atotal of 2 x 50 =5 x 20 = 10 x 10 = 100 validation folds
for the evaluation of model performance. These fold values
have been considered by Molinaro et a [61] in their comparison
of resampling methods. A small number of folds increases the
bias of the cross-validation estimator, but it is computationally
efficient [67]. A higher number of folds decreases the bias but
increases the variance, as the validation sets become smaller.

Recursive Feature Elimination

To avoid overfitting, we performed feature selection by
implementing the RFE algorithm [68] embedded in the repeated
cross-validation routine. We used it for al runs to select the
machine learning model with the best performance on the 100
vaidation folds, choosing different numbers of featuresto select.
We summarize the agorithm performing repeated
cross-validation with RFE in Figure 1.

Figure 1. Repeated cross-validation with the recursive feature elimination (RFE) algorithm.

For each choice of hyperparameters:
For each of the N repeats:

For each of the k cross-validation splits:

1.1 preprocess features on the training folds

1.2 perform RFE on the training folds

1.3 train model on the training folds, using the RFE features from 1.2
1.4 compute model performance on the validation fold

return: average model performance across the k*N validation folds
return: combination of hyperparameters maximizing the average model performance across the k*N validation folds

Hyperparametersin the Repeated Cross-validation

Table 2 summarizes all the hyperparameters tuned in the
algorithm in Figure 1.

In particular, we preprocessed POS tags with term
frequency—inverse document frequency (TF-1DF) normalization
to use them as features in the machine learning modeling
routines. We performed no hyperparameter tuning, by
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considering only 1-grams. The number of hyperparameter
combinations depends on the machine learning run. For
example, the best RF model for the RO run emerged from fitting
4500 models. On the other hand, to select the best RF model
for the R7 run, we fitted 220,000 models, following the
algorithm in Figure 1. We then fit the model corresponding to
the combination of hyperparametersfrom Figure 1 to thewhole
data set, following Algorithm 1 in Krstajic et al [66].
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Table 2. Summary of al hyperparameters tuned in the repeated cross-validation with the RFE algorithm.

Algorithm or model Hyperparameters
RFE?algorithm o Number of featuresto select
o Number of featuresto reduce at each step
Machine learning model (RF°) + Number of trees
o Maximum tree depth
Machine learning model (XGBoost® and LightGBM®) + Number of trees

Maximum tree depth
Learning rate

3RFE: recursive feature elimination.

bRF: random forest.

®X GBoost: extreme gradient boosting.
dLightGBM: light gradient boosting machine.

Evaluation Metrics

The performance of each model in the repeated cross-validation
with the RFE agorithm in Figure 1 was evaluated by computing
the mean and SD of the distribution of the mean squared errors
(MSEs) on each of the 100 validation folds. The MSE was
computed as follows (q denotes the number of data pointsin

the validation fold):
E

We used the M SE asthe scoring method for the cross-validation.
As we implemented the standardization of scores inside the
repeated cross-validation routine, it follows that the MSE on
the validation folds was computed using unstandardized scores.

Ethics Consideration

Participants whose data were studied by Polsinelli et a [27]
gave permission for their data to be used in future research
studies (Institutional Review Board No. 1300000709).

Results

Predicting Keep Track

In Table 3, we present the best models resulting from the
repeated cross-validation with the RFE algorithm in Figure 1
for the Keep Track target variable. All results are obtained for
10 folds and 10 repeats. By definition of Polsinelli et a’s
experimental setting [27], the total number of recalled words
during thetest was 30. In this study, the mean of the Keep Track
scores in the data set was 19 (SD 3.6); the minimum and
maximum Keep Track scores were 10 and 27.

Table 3. Performance of the best models for the prediction of the Keep Track target variable. All results were obtained for 10 folds and 10 repeats.

Run Model MSE? mean (SD) Features, n
RO LightGBM b 13.26 (5.33) 4
R1 LightGBM 12.80 (5.43) 10
R2 LightGBM 12.46 (4.85) 5
R3 LightGBM 12.95 (4.98) 10
RAC LightGBM 11.81 (4.92) 10
R5 LightGBM 12.12 (4.43) 20
R6 LightGBM 12,65 (4.92) 15
R7 LightGBM 12.02 (4.66) 25

8\ SE: mean squared error.
bLightGBM: light gradient boosting machine.
“The best run was R4.

All runsimproved performance with respect to the baseline (ie,
R0). The best run was R4, which delivered an improvement of
11% in mean M SE on the validation folds with respect to RO.
The resulting LightGBM model was an ensemble of 70 trees,
with amaximum depth equal to 1. Moreover, the RFE agorithm
selected 10 featuresfor thismodel out of 37 (27%), asper Table
1, deleting 50% of features at each step. As seen at the end of
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the Results section, the model improved the mean M SE by 13%
on the validation folds with respect to the constant model that
predicted the Keep Track scores on the validation fold using
the mean on the training fold, for each of the 100 splits.

Table 4 shows all of the 8 features out of 10 (80%) in the best
LightGBM model for R4 with nonzero importance and their
type. All three feature types (ie, sociodemographic, linguistic
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measure, and social context) were represented in the model.
More than half of the features were of the social context type.
The mean feature importance was 0.13. The most important
features were the percentage of transcripts for which each
participant wasalone(ie, “aone_prc”), the age of the participant
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(ie, “age at EAR testing”), the mean of the distribution of the
idea density of the transcripts per participant (ie,
“mean_Density”), and the SD of the distribution of
Chao-Shen—corrected entropies of transcript per participant (ie,
“std_ChaoShen”).

Table 4. Features, their importance, and type for the best light gradient boosting machine model of R4 for prediction of Keep Track scores.

Rank Feature® Importance of feature Type of feature

1 aone_prc 0.34 Social context

2 age at EARP testing 0.16 Sociodemographic
3 mean_Density 0.13 Linguistic measure
4 std_ChaoShen 0.13 Linguistic measure
5 TV_prc 0.10 Social context

6 in_transit_prc 0.07 Social context

7 partner_sign_other_prc 0.04 Social context

8 small_talk_prc 0.03 social context

3Descriptions of features are listed in Multimedia Appendix 1.
bEAR: El ectronically Activated Recorder.

Predicting Consonant Updating

In Table 5, we present the best models resulting from the
repeated cross-validation with the RFE algorithm in Figure 1
for the Consonant Updating prediction task. As opposed to the
best RF modelsin Table 3, in the case of Consonant Updating,
the best modelsin different runs were obtained in the presence
of different k values of cross-validation folds.

The mean Consonant Updating scorein the data set was 24 (SD
10.6), and the minimum and maximum Consonant Updating
scores were 0 and 45, respectively.

All runs, with the exception of R1, R2, and R4, improved
performance with respect to the baseline (ie, R0). The best run
was R3, wherethe LightGBM model delivered animprovement
of 14% in mean MSE on the validation folds with respect to
RO. TheLightGBM model was an ensembl e of 30 shallow trees
with adepth equal to 1. The RFE algorithm selected only 5 out
of the 19 (26%) available features for R3 (Table 1), deleting
10% of the features at each step.

Table 5. Performance of the best models for the prediction of the Consonant Updating target variable.

Run k Model MSE? mean (SD) Features, n
RO 10 LightGBMP 113.50 (45.55) 4

R1 5 LightGBM 114.85 (25.64) 18

R2 5 LightGBM 114.00 (26.04) 5

R3S 5 LightGBM 97.26 (21.39) 5

R4 10 LightGBM 114.30 (45.50) 10

RS 5 LightGBM 100.73 (22.93) 5

R6 5 LightGBM 100.07 (22.74) 5

R7 10 XGBoostd 101.38 (41.32) 5

8\ SE: mean squared error.

bLightGBM: light gradient boosting machine.
“The best run was R3.

dX GBoost: extreme gradient boosting.

As seen at the end of the Results section, the best model
improved the mean M SE by 15% on the validation folds with
respect to the constant model that predicted the Consonant
Updating scores on the validation fold using the mean of the
scores on the training fold, for each of the 100 splits. Table 6

https://aging.jmir.org/2022/1/e28333

shows the nonzero feature importance for R3 of the LightGBM
model (ie, the best mode!). All features were POS tags, namely
“NUM” (ie, numerd), “INTJ (ie, interjection), “NOUN,” (ie,
noun), and “ADP” (ie, adposition).
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Table 6. Features, their importance, and type for the best light gradient boosting machine model of R3 for prediction of Consonant Updating scores.

Rank Feature Importance of feature Type of feature
1 NUM 0.37 Part of speech
2 INTJ 0.23 Part of speech
3 NOUN 0.23 Part of speech
4 ADP 0.17 Part of speech

Predicting Working Memory

In Table 7, we present the best models resulting from the
repeated cross-validation with the RFE algorithm in Figure 1
for the prediction task of Working Memory. As in the case of
Consonant Updating, the best models in different runs were
obtained in the presence of different k values of cross-validation
folds.

Similar to the prediction of the Consonant Updating scores, all
runs, with the exception of R2 and R4, improved performance
with respect to the baseline (ie, RO). The best run was R3, where
the best XGBoost model delivered an improvement of 20% in
mean MSE on the validation folds with respect to RO. The
XGBoost model was an ensemble of 30 treeswith adepth equal
to 1. The RFE algorithm selected only 10 out of the 19 (53%)

availablefeaturesfor R3 (Table 1), deleting 50% of the features
at each step. The R5 and R6 best models showed almost equal
performance and the same number of features.

As seen at the end of the Results section, the best model
improved the mean M SE by 20% on the validation folds with
respect to the constant model that predicted the Working
Memory scores on the validation fold using the mean scores on
thetraining fold, for each of the 100 splits. In Table 8, we show
the 6 features with nonzero feature importance; they are the
same asthosefor the best model predicting Consonant Updating,
with the addition of the “PRON” (ie, pronoun) and “PROPN”
(ie, proper noun) POS tags. In Table 9, the best models from
Tables 3, 5, and 7 are benchmarked with the constant model
predicting the mean value of the target variable for all three
predictions.

Table 7. Performance of the best models for the prediction of the Working Memory target variable.

Run k Model MSE?, mean (SD) Features, n
RO 5 LightGBMb 37.75 (7.94) 4

R1 10 LightGBM 37.70 (14.07) 10

R2 5 LightGBM 37.75(7.93) 5

R3S 5 XGBoogtd 30.23 (6.69) 10

R4 5 LightGBM 37.75 (7.93) 5

R5 10 XGBoost 31.49 (13.03) 5

R6 10 LightGBM 31.25 (12.24) 5

R7 5 XGBoost 32.22 (6.77) 5

3\ SE: mean squared error.

bLightGBM: light gradient boosting machine.
“The best run was R3.

dxX GBoost: extreme gradient boosting.

Table 8. Features, their importance, and type for the best extreme gradient boosting model of R3 for the prediction of Working Memory scores.

Rank Feature Importance of feature Type of feature
1 NUM 0.30 Part of speech
2 INTJ 0.20 Part of speech
3 NOUN 0.20 Part of speech
4 PRON 0.13 Part of speech
5 ADP 0.10 Part of speech
6 PROPN 0.07 Part of speech
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Table 9. Benchmarking the best models from Tables 3, 5, and 7 with the constant model predicting the mean value of the target variable for all three
predictions.

Prediction MSE? of constant model, mean (SD) MSE of best model, mean (SD)

Keep Track 1357 (5.37) 11.81 (4.92)

Consonant Updating 114.77 (45.71) 97.26 (21.38)

Working Memory 37.81 (14.05) 30.23 (6.63)

3\ SE: mean squared error.

Discussion

Summary of the Prediction Tasks

We applied machine learning methodol ogiesto Polsinelli et al’s
study [27] to predict cognitive ability, namely working memory,
by means of the scores on the Keep Track and Consonant
Updating tasks and acomposite of both (ie, Working Memory).
The best model for the Keep Track prediction exercise
comprised sociodemographic, linguistic measure, and social
context variables. Those for Consonant Updating and Working
Memory comprised POStags only. Our methodol ogies delivered
an improvement of performance with respect to two baseline
models (ie, the models using only sociodemographic variables
and the model s predicting the mean value of thetarget variable)
for al three prediction tasks. All of the best models were
gradient boosting ensembles: LightGBM for Keep Track and
Consonant Updating, and XGBoost for Working Memory. All
ensembles comprised “tree stumps® (ie, trees with only one
split), and they made use of alimited number of features.

Feature Analysisfor All Prediction Tasks

Considering the prediction of Keep Track scores, the high
importance of social context variablesin the model wasin line
with previous studies on the effects of social context on
cognitive aging. Specifically, Luo [34] reported that older adults
produce more complex language with their significant others
than with strangers. Familiarity with significant others may
have enabled more diverse conversation topics than talking with
strangers. More diverse conversation topics may have offered
more opportunities to engage in cognitively stimulating
conversations and, thus, protect against cognitive decline. By
contrast, a higher occurrence of nonsocial contexts, such as
watching TV and being alone, indicated deprived opportunities
for engaging in cognitively stimulating activities. Fancourt and
Steptoe's [69] study showed that watching TV for more than
3.5 hours per day is related to cognitive decline in older adults.
Moreover, social isolation has been shown to be associated with
memory declinein old age [70]. The best model for predicting
Keep Track scores indicated that the corresponding social
context variables are important, in an ensemble of regression
trees, in machine learning problemsaimed at predicting working
memory.

We note that “mean_Density” was the only linguistic measure
with high feature importance, together with the SD of the
distribution of the Chao-Shen—corrected entropies of transcript
per participant (ie, “std_ChaoShen”). Thisfindingisinlinewith
previousliterature, whereideadensity has been commonly used
to predict cognitive decline in older adults [18,22].

https://aging.jmir.org/2022/1/e28333

Considering sociodemographic variables, only the age of the
participants (ie, “age at EAR testing”) wasretrieved by the RFE
algorithm for the best model in the Keep Track prediction. It
showed afeature importance (ie, 0.16) that was higher than the
mean of the distribution. We note that age was a significant
variableinthemodelsby Austin et a [15]. Interestingly, neither
the sex, the marital status, nor the number of years of education
of each of the participants appeared as features in the best
modelsfor al three prediction tasks. Thisisapoint of difference
with respect to Austin et a’sresults [15].

Finally, POS tags—viathe generation of bag-of-words features
using TF-IDF normalization—featured prominently in the
prediction of Consonant Updating and Working Memory. This
finding may suggest that how older adults structure their
sentences (eg, encoded in the use of prepositions, which
expresses relations between different concepts [27]) in their
daily conversations reveds the integrity of aspects of their
working memory. Thisis different than the prediction of Keep
Track scores, where features, such as the counts of different
social contexts coded from the transcripts, were also predictive.
In particular, in both of the best modelsfor Consonant Updating
and Working Memory, the most important POStag was“NUM”
(ie, “numeras’). The POS tags “INTJ"” “NOUN,” “PRON,”
“ADP” and “PROPN” (ie, “interjection,” “noun,” “pronoun,”
“adposition,” and “proper noun,” respectively) also appeared
in the models. We argue that their presence may indicate that
recorded conversations showed a certain degree of variability,
as recently detected in studies with the EAR device [25]. We
also notethat, in particular, interjections (eg, “oh,” “uh,” “yeah,”
and “uhm”) are commonly used in the spoken language to shift
the attention to the speaker or as a back-channel response in
conversations.

The original Polsinelli et a study [27] also found that selected
POS tags correlated with working memory, using a partial
Spearman correlation analysis. Some of these POS tags were
alsoimportant predictorsin this study, including numbers, which
featured prominently in two of our three models, and
prepositions. In particular, in the case of numerals, the authors
found dstatistically significant Spearman partial correlation
(r=0.32, range 0.13-0.48) between working memory measures
and the use of numbers in everyday conversations [27]. The
replication is encouraging and warrants further investigation.
Ashighlighted in the original Polsinelli et al study, prepositions
are a component of more complex language, and it is possible
that this complexity is associated with working memory.
However, at thistime, without clear theoretical reasons for the
predictive power of specific POS tags, we are cautious about
overspeculating and overinterpreting these data. It will be
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important for future work to replicate these findings in an
unrelated sample to assist in better understanding these POS
markers of working memory. It may be especialy interesting
to examine the broader context in which certain POS are used,
for example, numbers may be used in the context of someone
paying billsor doing taxes, which are behaviorslikely associated
with aspects of cognition, including working memory.

Resultsfrom this study provide preliminary evidence to support
the prediction of an important cognitive ability, working
memory, by (1) collecting behavior from everyday conversations
of healthy older adults in a naturalistic setting using the EAR
app, (2) generating different families of behavioral features,
and (3) using machine learning methodol ogies, with automated
feature selection routines and combining families of behavioral
features. In particular, the machine learning methodol ogies went
beyond the correlations between working memory and POS
tagsfrom Polsinelli et a’s study [27] and showed how different
sets of features generated from the transcripts of conversations
predict cognition. The approach in this study can be used in
everyday settings to collect linguistic measures and social
context information using unobtrusive technol ogy.

Using this methodology, it may be possible to design an early
warning system for cognitive decline in older adults that uses
samples of conversationsin daily life. In fact, one of the largest
challengesin the current cognitive aging field is early detection
for early intervention. This methodology may be one potential
tool for addressing this problem through early and continuous
monitoring over months or even years.

Continuous monitoring could result in near-immediate
notification—to the individual, to the individual’s family, or to
a health care provider—when there is a suggestion of decline.
In this way, an individual would be identified much earlier on
in the process of potential decline and could seek a full
professional evaluation in a much timelier manner, thereby
increasing access to care and intervention. It is also possible
that these “alerts’ from continuous monitoring could reduce
hel p-seeking delays caused by fear or anxiety of diagnosis[10].
The results could supplement a comprehensive clinical
assessment, offering reliable and ecologically valid objective
information to support formal diagnosis [12]. The continuous
collection of high-frequency data could also serve as useful
baseline information for clinicians to understand the rate of
cognitive decline or to determine effectiveness of treatments
[16].

However, we highlight that older adults and their caregivers
may express concern about threatsthat are potentially posed by
sensing technologies and opague machine learning
methodologies in digital health, such as threats on autonomy,
privacy, and freedom [71] and their effects on the
trustworthiness of these systems [71,72]. Yet, research has
shown that it is possible to gain understanding from the users
when they are provided with sufficient knowledge about
technol ogies and the possibility of knowledgeable participations
[73]. In particular, the EAR method has established protocols
to inform participants about study procedures and to enable
participants to review their own recordings, providing ethical
safeguard measures and alow level of obtrusiveness[31]. The
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EAR method has been used to collect data from older adults,
and they rated the method with a low level of obtrusiveness
[39]. Taken together, we argue that the EAR method, in
combination with machine learning techniques, could be
developed as a promising tool for monitoring and detecting
cognitive change in older age.

Comparison With Previous Work

Previous research has investigated the relationship between
natural speech, language, and cognitive functionsin the context
of preclinical Alzheimer disease, or other forms of dementia,
by means of speech, NLP, and machine learning. Theliterature
aboundsin examples of different speech and language measures
that intercept different phonetic, syntactic, and semantic aspects
of natural speech to predict for different levels of MCI with
machinelearning classifiers. However, these studiesaretypicaly
conducted in clinical settings [19,73,74]. While assessment in
aclinical setting has clear benefits (eg, increased control and
standardization), it is limited in its ability to capture the full
ecology of a person’s rich socia life, including behaviors,
language, and interactionsin different social contexts and with
different social partners.

On the other hand, naturalistic observation studies and the use
of passive, mobile monitoring technology may assist in capturing
“reliable contextual observations, made in more ecologically
valid environments than purely the consulting room” [75] and
generate high volumes of data. Polsinelli et a [27] have
examined the “ associ ation between spontaneous, conversational
language usein daily life and higher-order cognitive functioning
in older adults without known cognitive impairment.” In
particular, they found that working memory “was associated
with analytic (e.g., more articles and prepositions), complex
(e.g., more longer words), and specific (e.g., more numbers)
language’ [27]. Therefore, one may argue that changes in
language (ie, increasing use of more general words such as
“thing” instead of a specific object name) could be potential
behavioral markers of cognitive decline. Should an individual
or his family members observe such changes in language or
other changes in cognition (ie, memory decline), this may be
the impetus for discussion with a doctor who may decide to
refer them for a formal neuropsychological evaluation to
determine the presence of cognitive impairment.

In the vein of naturalistic observation, but not interpersonal
interactions, others have sought to use at-home technology
device usage to monitor cognitive performance in older adults.
Austin et a [15] investigated the relationship between internet
searches and cognitive ability in older adultsin across-sectional
study. They continuously monitored the terms that 42
cognitively healthy older adults entered in internet search
engines over a 6-month period by means of “an unobtrusive
home-based assessment platform” [15]. The authorsreported a
total of 2915 searches and a median of 22 searches per
participant over the 6-month period [15]. Their study showed
the applicability of continuous unobtrusive home-based
monitoring technology to possibly detect cognitive decline in
older adults. In fact, their results showed that higher cognitive
ability scores were associated with more unique search terms
entered per search and that higher cognitive abilities were
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associated with the use of more obscure words, as measured
with word obscurity, during searches [15]. To compare the
behaviors of older adults with and without MCI, Lyonset al [8]
examined computer mouse movements and showed that older
adultswith MCl had fewer total mouse moves and longer pauses
between movements. Moreover, Seelye et a [14] examined
driving behaviors observed from a driving sensor and showed
that older adults with MCI drove fewer miles and spent less
time on the highway per day than those without MCI. Finally,
Piau et al [17] conducted aliterature review of digital biomarker
technologiesfor MCI or early-stage Alzheimer disease detection
in home-based settings. Their review showed that technology
using embedded passive sensors may support research on early
decline of cognitive abilities among large popul ations.

The use of naturalistic settings alows for the planning of
longitudinal studies to detect early symptoms of cognitive
decline using machine learning and unobtrusive technology.
However, we note that coding is a resource-intensive process,
in terms of both the time and cost of human labor, that
necessitates trained resourcesto generate high-quality codes. It
becomesinfeasiblein the presence of high volumes of data. An
alternative explored by Yordanova et al [60] is to automate the
coding of social behaviors from the transcripts of everyday
conversations using machine learning and NLP. However, a
fully automated analysis of recorded conversations of older
adultswould also necessitate of asystem to automatically detect
speech and generate transcriptions that may aso incur errors.

Limitations

This study has several limitations. The data set of transcripts
had alimited number of records, asthe naturalistic observation
study [27] comprised 4 days of data collection and only 98
participants. We argue that the limited sample size affected the
variability of contexts that were encoded in the transcripts and,
ultimately, the performance of the machine learning models.

This said, we implemented a single cross-validation protocol
for model selection and assessment due to the high number of
runs, algorithms, and prediction exercises under consideration.
However, this procedure may incur bias in reporting
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performance results [66]. Therefore, in future studies, we will
consider using procedures, such as repeated stratified nested
cross-validation [66], together with RFE to improve reporting
of model performance.

Moreover, our work was based on a single naturalistic
observation study. Therefore, future studies are planned to
investigate the generalizability of its results.

Additionally, we did not aim at detecting changes in cognitive
ability, as Polsinelli et a [27] performed cognitive ability tests
once, for al participants. In this study, we focused on computing
different families of features and combining them in multiple
runs of machine learning modeling. Therefore, we considered
three algorithms only (ie, RF, XGBoost, and LightGBM) to
predict working memory. In future studies, we plan to use more
advanced models (eg, neural networks) and to collect higher
volumes of data. Finally, asin Polsindlli et a [27], we computed
the cognitive ability of working memory using Keep Track and
Consonant Updating scores, as well as their composite, called
Working Memory. Therefore, in future studieswe will consider
predicting scores of other tests[76] and focus on other aspects
of executive functioning [41].

Conclusions

Results from this study support the use of linguistic measure
and social context information from the transcripts of everyday
conversations to predict cognitive ability, namely working
memory, in healthy older adults. Several studies have assessed
the relationship between cognitive abilities and linguistic
measures. However this research is somewhat limited by data
collection in clinical interview settings. Alternatively, the
approach in this study allows us to use everyday settings to
collect and process linguistic measures and social context
information using unobtrusive technology. This provides
preliminary evidence for the design and deployment of early
warning systems that use everyday samples of conversationsto
predict cognitive declinein older adults. The detection of early
cognitive decline may alow for the design of intervention
programs to assist older adults, their families, and the health
care system in coping with cognitive decline.

Acknowledgments

AJP received a 1440 grant from the Mind and Life Ingtitute, which funded the original study. KY received funding from the
European Social Fund (project No. ESF/14-BM-A55-0018/19). MRM acknowledges partial support by agrant from the National
Institutes of Health (grant U19AG065169).

Authors Contributions

AF is the corresponding author for this work; he designed and evaluated the machine learning pipelines for this study. ML
computed thelinguistic measures. BD originally proposed the line of research. AF and ML produced thefirst draft of the manuscript.
AJP, SAM, and MRM were responsible for the original EAR study design and data collection. AJP, SAM, MRM, BD, ML, and
MM provided important intellectual inputs on cognitive functions and naturalistic observation studies, which helped refine the
machine learning pipelines. KY provided important intellectual inputs on the machine learning pipelines and revised them as
well. All authors contributed substantially to revisions of the paper and its finalization.

Conflictsof Interest
None declared.

https://aging.jmir.org/2022/1/e28333 JMIR Aging 2022 | vol. 5 | iss. 1 |e28333 | p.212

(page number not for citation purposes)


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

JMIR AGING Ferrario et d

Multimedia Appendix 1
Descriptions of all study variables.

[DOCX File, 18 KB - aging_v5i1e28333 appl.docx |

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Salthouse T. Consequences of age-related cognitive declines. Annu Rev Psychol 2012;63:201-226 [FREE Full text] [doi:
10.1146/annurev-psych-120710-100328] [Medline: 21740223]

DavisM, O Connell T, Johnson S, Cline S, Merikle E, Martenyi F, et al. Estimating Alzheimer's disease progression rates
from normal cognition through mild cognitiveimpairment and stages of dementia. Curr Alzheimer Res2018;15(8):777-788
[FREE Full text] [doi: 10.2174/1567205015666180119092427] [Medline: 29357799]

Seelye A, Mattek N, SharmaN, Riley T, Austin J, Wild K, et al. Weekly observations of online survey metadata obtained
through home computer use allow for detection of changesin everyday cognition before transition to mild cognitive
impairment. Alzheimers Dement 2018 Feb;14(2):187-194. [doi: 10.1016/j.jalz.2017.07.756] [Medline: 29107052]
Sperling R, Aisen P, Beckett L, Bennett D, Craft S, Fagan A, et a. Toward defining the preclinical stages of Alzheimer's
disease: Recommendations from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic
guidelines for Alzheimer's disease. Alzheimers Dement 2011 May;7(3):280-292 [FREE Full text] [doi:
10.1016/j.jalz.2011.03.003] [Medline: 21514248]

Schmitter-Edgecombe M, Parsey CM. Assessment of functional change and cognitive correlates in the progression from
healthy cognitive aging to dementia. Neuropsychology 2014 Nov;28(6):881-893 [ FREE Full text] [doi: 10.1037/neu0000109]
[Medline: 24933485]

Jekel K, Damian M, Wattmo C, Hausner L, Bullock R, Connelly PJ, et a. Mild cognitive impairment and deficitsin
instrumental activities of daily living: A systematic review. Alzheimers Res Ther 2015;7(1):17 [FREE Full text] [doi:
10.1186/s13195-015-0099-0] [Medline: 25815063]

Amariglio RE, Donohue MC, Marshall GA, Rentz DM, Salmon DR, Ferris SH, Alzheimer’s Disease Cooperative Study.
Tracking early decline in cognitive function in older individuals at risk for Alzheimer disease dementia: The Alzheimer's
Disease Cooperative Study Cognitive Function Instrument. JAMA Neurol 2015 Apr;72(4):446-454 [FREE Full text] [doi:
10.1001/jamaneurol.2014.3375] [Medline: 25706191]

Lyons BE, Austin D, Seelye A, Petersen J, Yeargers J, Riley T, et al. Pervasive computing technol ogies to continuously
assess Alzheimer's disease progression and intervention efficacy. Front Aging Neurosci 2015;7:102 [FREE Full text] [doi:
10.3389/fnagi.2015.00102] [Medline: 26113819]

Laver K, Cumming R, Dyer S, Agar M, Anstey K, Beattie E, et al. Clinical practice guidelines for dementiain Australia.
Med J Aust 2016 Mar 21;204(5):191-193. [doi: 10.5694/mjal15.01339] [Medline: 26985848]

Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D, et a. Dementia prevention, intervention, and
care. Lancet 2017 Dec 16;390(10113):2673-2734. [doi: 10.1016/S0140-6736(17)31363-6] [Medline: 28735855]
Schneider L, Mangialasche F, Andreasen N, Feldman H, Giacobini E, Jones R, et al. Clinical trials and late-stage drug
development for Alzheimer's disease: An appraisal from 1984 to 2014. JIntern Med 2014 Mar;275(3):251-283 [ FREE Full
text] [doi: 10.1111/j0im.12191] [Medline: 24605808]

Laske C, Sohrabi HR, Frost SM, L6pez-de-Ipifia K, Garrard P, Buscema M, et a. Innovative diagnostic tools for early
detection of Alzheimer'sdisease. Alzheimers Dement 2015 May;11(5):561-578. [doi: 10.1016/j.jalz.2014.06.004] [Medline:
25443858]

Seelye A, Hagler S, Mattek N, Howieson DB, Wild K, Dodge HH, et al. Computer mouse movement patterns. A potential
marker of mild cognitive impairment. Alzheimers Dement (Amst) 2015 Dec 01;1(4):472-480 [FREE Full text] [doi:
10.1016/j.dadm.2015.09.006] [Medline: 26878035]

Seelye A, Mattek N, SharmaN, Witter P, Brenner A, Wild K, et a. Passive assessment of routine driving with unobtrusive
sensors: A new approach for identifying and monitoring functional level in normal aging and mild cognitive impairment.
JAlzheimers Dis 2017 Aug 14;59(4):1427-1437. [doi: 10.3233/jad-170116]

Austin J, Hollingshead K, Kaye J. Internet searchesand their relationship to cognitive function in older adults: Cross-sectional
analysis. JMed Internet Res 2017 Sep 06;19(9):e307 [FREE Full text] [doi: 10.2196/jmir.7671] [Medline: 28877864]
Dodge HH, Zhu J, Mattek NC, Austin D, Kornfeld J, Kaye JA. Use of high-frequency in-home monitoring data may reduce
samplesizesneeded in clinical trials. PLoS One 2015;10(9):e0138095 [ FREE Full text] [doi: 10.1371/journal .pone.0138095]
[Medline: 26379170]

Piau A, Wild K, Mattek N, Kaye J. Current state of digital biomarker technologies for real-life, home-based monitoring of
cognitive function for mild cognitive impairment to mild Alzheimer disease and implications for clinical care: Systematic
review. JMed Internet Res 2019 Aug 30;21(8):€12785 [FREE Full text] [doi: 10.2196/12785] [Medline: 31471958]
Clarke N, Foltz P, Garrard P. How to do things with (thousands of) words: Computational approachesto discourse analysis
in Alzheimer's disease. Cortex 2020 Aug;129:446-463. [doi: 10.1016/j.cortex.2020.05.001] [Medline: 32622173]

Asgari M, Kaye J, Dodge H. Predicting mild cognitive impai rment from spontaneous spoken utterances. Alzheimers Dement
(N 'Y) 2017 Jun;3(2):219-228 [FREE Full text] [doi: 10.1016/j.trci.2017.01.006] [Medline: 29067328]

https://aging.jmir.org/2022/1/e28333 JMIR Aging 2022 | vol. 5 | iss. 1 |e28333 | p.213

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=aging_v5i1e28333_app1.docx&filename=ea81ce2938bfa9c5e691fd28b57a6e39.docx
https://jmir.org/api/download?alt_name=aging_v5i1e28333_app1.docx&filename=ea81ce2938bfa9c5e691fd28b57a6e39.docx
http://europepmc.org/abstract/MED/21740223
http://dx.doi.org/10.1146/annurev-psych-120710-100328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21740223&dopt=Abstract
http://europepmc.org/abstract/MED/29357799
http://dx.doi.org/10.2174/1567205015666180119092427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29357799&dopt=Abstract
http://dx.doi.org/10.1016/j.jalz.2017.07.756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29107052&dopt=Abstract
http://europepmc.org/abstract/MED/21514248
http://dx.doi.org/10.1016/j.jalz.2011.03.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21514248&dopt=Abstract
http://europepmc.org/abstract/MED/24933485
http://dx.doi.org/10.1037/neu0000109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24933485&dopt=Abstract
https://alzres.biomedcentral.com/articles/10.1186/s13195-015-0099-0
http://dx.doi.org/10.1186/s13195-015-0099-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25815063&dopt=Abstract
http://europepmc.org/abstract/MED/25706191
http://dx.doi.org/10.1001/jamaneurol.2014.3375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25706191&dopt=Abstract
https://doi.org/10.3389/fnagi.2015.00102
http://dx.doi.org/10.3389/fnagi.2015.00102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26113819&dopt=Abstract
http://dx.doi.org/10.5694/mja15.01339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26985848&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(17)31363-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28735855&dopt=Abstract
https://doi.org/10.1111/joim.12191
https://doi.org/10.1111/joim.12191
http://dx.doi.org/10.1111/joim.12191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24605808&dopt=Abstract
http://dx.doi.org/10.1016/j.jalz.2014.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25443858&dopt=Abstract
http://europepmc.org/abstract/MED/26878035
http://dx.doi.org/10.1016/j.dadm.2015.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26878035&dopt=Abstract
http://dx.doi.org/10.3233/jad-170116
https://www.jmir.org/2017/9/e307/
http://dx.doi.org/10.2196/jmir.7671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28877864&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0138095
http://dx.doi.org/10.1371/journal.pone.0138095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26379170&dopt=Abstract
https://www.jmir.org/2019/8/e12785/
http://dx.doi.org/10.2196/12785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31471958&dopt=Abstract
http://dx.doi.org/10.1016/j.cortex.2020.05.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32622173&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-8737(17)30006-9
http://dx.doi.org/10.1016/j.trci.2017.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29067328&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Ferrario et d

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Fraser KC, Meltzer JA, Rudzicz F. Linguistic features identify Alzheimer's disease in narrative speech. J Alzheimers Dis
2016;49(2):407-422. [doi: 10.3233/JAD-150520] [Medline: 26484921]

Mueller KD, Koscik RL, Hermann BP, Johnson SC, Turkstra LS. Declinesin connected language are associated with very
early mild cognitive impairment: Results from the Wisconsin Registry for Alzheimer's Prevention. Front Aging Neurosci
2017;9:437 [FREE Full text] [doi: 10.3389/fnagi.2017.00437] [Medline: 29375365]

Eyigoz E, Mathur S, Santamaria M, Cecchi G, Naylor M. Linguistic markers predict onset of Alzheimer's disease.
EClinicalMedicine 2020 Nov;28:100583 [FREE Full text] [doi: 10.1016/j.eclinm.2020.100583] [Medline: 33294808]
James LE, Schmank CJ, Castro N, Buchanan TW. Tip of the tongue states increase under evaluative observation. J
Psycholinguist Res 2018 Feb;47(1):169-178. [doi: 10.1007/s10936-017-9524-9] [Medline: 29019103]

Stine-Morrow EAL, Payne BR, Raoberts BW, Kramer AF, Morrow DG, Payne L, et a. Training versus engagement as
pathsto cognitive enrichment with aging. Psychol Aging 2014 Dec;29(4):891-906 [FREE Full text] [doi: 10.1037/a0038244]
[Medline: 25402337]

Mehl MR, Robbins ML, Holleran SE. How taking aword for aword can be problematic: Context-dependent linguistic
markers of extraversion and neuroticism. J Methods Meas Soc Sci 2013 Feb 15;3(2):30-50. [doi: 10.2458/v3i2.16477]
LuoM, RobbinsML, Martin M, Demiray B. Real-lifelanguage use across different interlocutors: A naturalistic observation
study of adults varying in age. Front Psychol 2019;10:1412 [FREE Full text] [doi: 10.3389/fpsyq.2019.01412] [Medline:
31293477)

Polsinelli A, Moseley S, Grilli M, Glisky E, Mehl M. Natural, everyday language use provides awindow into the integrity
of older adults executive functioning. J Gerontol B Psychol Sci Soc Sci 2020 Oct 16;75(9):e215-e220. [doi:
10.1093/geronb/gbaa055] [Medline: 32310293]

Baddeley A. Working memory. Curr Biol 2010 Feb 23;20(4):R136-R140 [FREE Full text] [doi: 10.1016/j.cub.2009.12.014]
[Medline: 20178752]

Kemper S, Sumner A. The structure of verbal abilities in young and older adults. Psychol Aging 2001 Jun;16(2):312-322.
[Medline: 11405318]

Pennebaker JW, Booth RJ, Boyd RL, FrancisMR. Linguistic Inquiry and Word Count: LIWC2015. Austin, TX: Pennebaker
Conglomerates; 2015. URL: https://www.L IWC.net [accessed 2022-03-01]

Mehl MR. The Electronically Activated Recorder (EAR): A method for the naturalistic observation of daily social behavior.
Curr Dir Psychol Sci 2017 Apr;26(2):184-190 [FREE Full text] [doi: 10.1177/0963721416680611] [Medline: 28529411]
Robbins ML. Practical suggestionsfor legal and ethical concerns with social environment sampling methods. Soc Psychol
Personal Sci 2017 May 05;8(5):573-580. [doi: 10.1177/1948550617699253]

Luo M, Schneider G, Martin M, Demiray B. Cognitive aging effects on language use in real-life contexts: A naturalistic
observation study. In: Proceedings of the 41st Annual Conference of the Cognitive Science Society. 2019 Presented at:
41st Annual Conference of the Cognitive Science Society; July 24-27, 2019; Montreal, QC p. 714-720 URL : https:.//www.
zora.uzh.ch/id/eprint/174992/1/L uoSchneiderMartinDemiray_2019.pdf

Luo M, Debelak R, Schneider G, Martin M, Demiray B. With alittle help from familiar interlocutors: Real-world language
use in young and older adults. Aging Ment Health 2021 Dec;25(12):2310-2319. [doi: 10.1080/13607863.2020.1822288]
[Medline: 32981344]

Mehl MR, Pennebaker JW, Crow DM, Dabbs J, Price JH. The Electronically Activated Recorder (EAR): A device for
sampling naturalistic daily activities and conversations. Behav Res Methods Instrum Comput 2001 Nov;33(4):517-523.
[Medline: 11816455]

Moseley SA. Cognitive and Psychosocial Associations of Hearing Loss in Older Adults [doctoral dissertation]. Tucson,
AZ: The University of Arizona; 2018. URL: https://repository.arizona.edu/handl e/10150/628455 [accessed 2022-02-18]
UN Decade of Healthy Ageing (2021-2030). World Health Organization. 2021. URL: https://www.who.int/initiatives/
decade-of -healthy-ageing [accessed 2022-02-18]

Polsinelli AJ. Cognitive and Emotional Associations of Mindfulnessin Older Adults [doctoral dissertation]. Tucson, AZ:
The University of Arizona; 2017. URL: https://repository.arizona.edu/handle/10150/625561 [accessed 2022-02-18]

Mehl MR, Holleran SE. An empirical analysis of the obtrusiveness of and participants compliance with the Electronically
Activated Recorder (EAR). Eur J Psychol Assess 2007 Jan;23(4):248-257. [doi: 10.1027/1015-5759.23.4.248]

Demiray B, Luo M, Tejeda-Padron A, Mehl M. Sounds of healthy aging: Assessing everyday socia and cognitive activity
from ecologically sampled ambient audio data. In: Hill P, Allemand M, editors. Personality and Healthy Aging in Adulthood:
New Directions and Techniques. Cham, Switzerland: Springer; 2020:111-132.

Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The unity and diversity of executive functions
and their contributions to complex "Frontal Lobe" tasks: A latent variable analysis. Cogn Psychol 2000 Aug;41(1):49-100.
[doi: 10.1006/cogp.1999.0734] [Medline: 10945922]

Y ntema DB. Keeping track of several things at once. Hum Factors 1963 Feb;5:7-17. [doi: 10.1177/001872086300500102]
[Medline: 14002586]

Kaplan DM, Rentscher KE, Lim M, Reyes R, Keating D, Romero J, et al. Best practices for Electronically Activated
Recorder (EAR) research: A practical guide to coding and processing EAR data. Behav Res Methods 2020
Aug;52(4):1538-1551. [doi: 10.3758/s13428-019-01333-y] [Medline: 31898289]

https://aging.jmir.org/2022/1/e28333 JMIR Aging 2022 | vol. 5 | iss. 1 |e28333 | p.214

(page number not for citation purposes)


http://dx.doi.org/10.3233/JAD-150520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26484921&dopt=Abstract
https://doi.org/10.3389/fnagi.2017.00437
http://dx.doi.org/10.3389/fnagi.2017.00437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29375365&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-5370(20)30327-8
http://dx.doi.org/10.1016/j.eclinm.2020.100583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33294808&dopt=Abstract
http://dx.doi.org/10.1007/s10936-017-9524-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29019103&dopt=Abstract
http://europepmc.org/abstract/MED/25402337
http://dx.doi.org/10.1037/a0038244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25402337&dopt=Abstract
http://dx.doi.org/10.2458/v3i2.16477
https://doi.org/10.3389/fpsyg.2019.01412
http://dx.doi.org/10.3389/fpsyg.2019.01412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31293477&dopt=Abstract
http://dx.doi.org/10.1093/geronb/gbaa055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32310293&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0960-9822(09)02133-2
http://dx.doi.org/10.1016/j.cub.2009.12.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20178752&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11405318&dopt=Abstract
https://www.LIWC.net
http://europepmc.org/abstract/MED/28529411
http://dx.doi.org/10.1177/0963721416680611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28529411&dopt=Abstract
http://dx.doi.org/10.1177/1948550617699253
https://www.zora.uzh.ch/id/eprint/174992/1/LuoSchneiderMartinDemiray_2019.pdf
https://www.zora.uzh.ch/id/eprint/174992/1/LuoSchneiderMartinDemiray_2019.pdf
http://dx.doi.org/10.1080/13607863.2020.1822288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32981344&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11816455&dopt=Abstract
https://repository.arizona.edu/handle/10150/628455
https://www.who.int/initiatives/decade-of-healthy-ageing
https://www.who.int/initiatives/decade-of-healthy-ageing
https://repository.arizona.edu/handle/10150/625561
http://dx.doi.org/10.1027/1015-5759.23.4.248
http://dx.doi.org/10.1006/cogp.1999.0734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10945922&dopt=Abstract
http://dx.doi.org/10.1177/001872086300500102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14002586&dopt=Abstract
http://dx.doi.org/10.3758/s13428-019-01333-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31898289&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Ferrario et d

44,

45,

46.

47.

48.

49,

50.
51.
52.
53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.
68.

Kemper S, Marquis J, Thompson M. Longitudinal change in language production: Effects of aging and dementia on
grammatical complexity and propositional content. Psychol Aging 2001 Dec;16(4):600-614. [doi:
10.1037//0882-7974.16.4.600] [Medline: 11766915]

Brown C, Snodgrass T, Kemper SJ, Herman R, Covington MA. Automatic measurement of propositional idea density from
part-of-speech tagging. Behav Res Methods 2008 May;40(2):540-545. [doi: 10.3758/brm.40.2.540] [Medline: 18522065]
Moscoso Del Prado Martin F. Vocabulary, grammar, sex, and aging. Cogn Sci 2017 May;41(4):950-975 [FREE Full text]
[doi: 10.1111/c0gs.12367] [Medline: 28523653]

Hausser J, Strimmer K. Estimation of Entropy, Mutual Information and Related Quantities.: The Comprehensive R Archive
Network; 2021 Oct 02. URL: https://cran.r-project.org/web/packages/entropy/entropy.pdf [accessed 2022-03-01]

Balier N, Gaillat T, Pacquetet E. Prototype de feedback visuel des productions écrites d'apprenants francophonesdel'anglais
sous Moodle. In: Proceedings of the Environnements Informatiques pour I'Apprentissage Humain. 2019 Presented at:
Environnements I nformatiques pour I'Apprentissage Humain; June 4, 2019; Paris, France URL : https://hal.univ-rennes?.fr/
hal-02496651

Lu X. Automatic analysis of syntactic complexity in second language writing. Int J Corpus Linguist 2010 Oct
29;15(4):474-496. [doi: 10.1075/ijcl.15.4.02Iu]

Jurafsky D, Martin JH. Speech and Language Processing. 2nd Edition. Upper Saddle River, NJ: Prentice-Hall, Inc; 2014.
Manning CD, Schitze H. Foundations of Statistical Natural Language Processing. Cambridge, MA: MIT Press; 1999.
spaCy. URL: https://spacy.iof [accessed 2022-02-18]

Hastie T, Tibshirani R, Friedman J. Ensemble learning. In: The Elements of Statistical Learning: Data Mining, Inference,
and Prediction. 2nd edition. New York, NY: Springer; 2009:605-624.

Hastie T, Tibshirani R, Friedman J. Random forests. In: The Elements of Statistical Learning: Data Mining, Inference, and
Prediction. 2nd edition. New York, NY: Springer; 2009:587-604.

Chen T, Guestrin C. XGBoost: A scalable tree boosting system. In: Proceedings of the 22nd ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining. 2016 Presented at: 22nd ACM SIGKDD International Conference
on Knowledge Discovery and Data Mining; August 13-17, 2016; San Francisco, CA p. 785-794. [doi:
10.1145/2939672.2939785]

Ferrario A, Hdmmerli R. On boosting: Theory and applications. SSRN 2019 Jun 11:1-39 [FREE Full text] [doi:
10.2139/ssrn.3402687]

Ke G, Meng Q, Finley T, Wang T, Chen W, Ma W, et a. LightGBM: A highly efficient gradient boosting decision tree.
In: Proceedings of Advancesin Neural Information Processing Systems 30 (NIPS 2017). 2017 Presented at: Advancesin
Neural Information Processing Systems 30 (NIPS 2017); December 4-9, 2017; Long Beach, CA URL: https.//proceedings.
neurips.cc/paper/2017/hash/6449f44a102f de848669bdd9eb6b76fa-Abstract.html

Ferrario A, Demiray B, Yordanova K, Luo M, Martin M. Social reminiscence in older adults everyday conversations:
Automated detection using natural language processing and machinelearning. JMed Internet Res 2020 Sep 15;22(9):€19133
[FREE Full text] [doi: 10.2196/19133] [Medline: 32866108]

Stoev T, Ferrario A, Demiray B, Luo M, Martin M, Yordanova K. Coping with imbalanced datain the automated detection
of reminiscence from everyday life conversations of older adults. |IEEE Access 2021;9:116540-116551. [doi:
10.1109/access.2021.3106249]

Yordanova K, Demiray B, Mehl M, Martin M. Automatic detection of everyday social behaviours and environments from
verbatim transcripts of daily conversations. In: Proceedings of the | EEE International Conference on Pervasive Computing
and Communications.: |EEE; 2019 Presented at: |EEE International Conference on Pervasive Computing and
Communications, March 11-15, 2019; Kyoto, Japan p. 1-10. [doi: 10.1109/percom.2019.8767403]

Molinaro AM, Simon R, Pfeiffer RM. Prediction error estimation: A comparison of resampling methods. Bioinformatics
2005 Aug 01;21(15):3301-3307. [doi: 10.1093/bioinformatics/bti499] [Medline: 15905277]

Kim J. Estimating classification error rate: Repeated cross-validation, repeated hold-out and bootstrap. Comput Stat Data
Anal 2009 Sep;53(11):3735-3745. [doi: 10.1016/j.csda.2009.04.009]

Efron B, Tibshirani R. Improvements on cross-validation: The 632+ bootstrap method. JAm Stat Assoc 1997
Jun;92(438):548-560. [doi: 10.1080/01621459.1997.10474007]

Braga-Neto UM, Dougherty ER. Is cross-validation valid for small-sample microarray classification? Bioinformatics 2004
Feb 12;20(3):374-380. [doi: 10.1093/bioinformatics/btg419] [Medline: 14960464]

Kohavi R. A study of cross-validation and bootstrap for accuracy estimation and model selection. In: Proceedings of the
14th International Joint Conference on Artificial Intelligence. USA: Morgan Kaufmann Publishers Inc; 1995 Presented at:
14th International Joint Conference on Artificial Intelligence; August 20-25, 1995; Montreal, QC p. 1137-1145.

Krstajic D, Buturovic LJ, Leahy DE, Thomas S. Cross-validation pitfalls when selecting and assessing regression and
classification models. J Cheminform 2014 Mar 29;6(1):10 [FREE Full text] [doi: 10.1186/1758-2946-6-10] [Medline:
24678909]

Kuhn M, Johnson K. Applied Predictive Modeling. New York, NY: Springer Science+Business Media; 2013.

Guyon I, Weston J, Barnhill S; Vapnik V. Gene selection for cancer classification using support vector machines. Mach
Learn 2002;46(1):389-422. [doi: 10.1023/a:1012487302797]

https://aging.jmir.org/2022/1/e28333 JMIR Aging 2022 | vol. 5 | iss. 1 |e28333 | p.215

(page number not for citation purposes)


http://dx.doi.org/10.1037//0882-7974.16.4.600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11766915&dopt=Abstract
http://dx.doi.org/10.3758/brm.40.2.540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18522065&dopt=Abstract
https://doi.org/10.1111/cogs.12367
http://dx.doi.org/10.1111/cogs.12367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28523653&dopt=Abstract
https://cran.r-project.org/web/packages/entropy/entropy.pdf
https://hal.univ-rennes2.fr/hal-02496651
https://hal.univ-rennes2.fr/hal-02496651
http://dx.doi.org/10.1075/ijcl.15.4.02lu
https://spacy.io/
http://dx.doi.org/10.1145/2939672.2939785
https://papers.ssrn.com/abstract=3402687
http://dx.doi.org/10.2139/ssrn.3402687
https://proceedings.neurips.cc/paper/2017/hash/6449f44a102fde848669bdd9eb6b76fa-Abstract.html
https://proceedings.neurips.cc/paper/2017/hash/6449f44a102fde848669bdd9eb6b76fa-Abstract.html
https://www.jmir.org/2020/9/e19133/
http://dx.doi.org/10.2196/19133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32866108&dopt=Abstract
http://dx.doi.org/10.1109/access.2021.3106249
http://dx.doi.org/10.1109/percom.2019.8767403
http://dx.doi.org/10.1093/bioinformatics/bti499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15905277&dopt=Abstract
http://dx.doi.org/10.1016/j.csda.2009.04.009
http://dx.doi.org/10.1080/01621459.1997.10474007
http://dx.doi.org/10.1093/bioinformatics/btg419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14960464&dopt=Abstract
https://dx.doi.org/10.1186/1758-2946-6-10
http://dx.doi.org/10.1186/1758-2946-6-10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24678909&dopt=Abstract
http://dx.doi.org/10.1023/a:1012487302797
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Ferrario et d

69.

70.

71.

72.

73.

74.

75.

76.

Fancourt D, Steptoe A. Television viewing and cognitive decline in older age: Findings from the English L ongitudinal
Study of Ageing. Sci Rep 2019 Feb 28;9(1):2851 [FREE Full text] [doi: 10.1038/s41598-019-39354-4] [Medline: 30820029]
Read S, Comas-Herrera A, Grundy E. Social isolation and memory declinein later-life. J Gerontol B Psychol Sci Soc Sci
2020 Jan 14;75(2):367-376 [FREE Full text] [doi: 10.1093/geronb/ghz152] [Medline: 31781769]

Ferrario A, Loi M, Vigano E. In Al wetrust incrementally: A multi-layer model of trust to analyze human-artificial
intelligence interactions. Philos Technol 2019 Oct 23;33(3):523-539. [doi: 10.1007/s13347-019-00378-3]

Adjekum A, Blasimme A, Vayena E. Elements of trust in digital health systems: Scoping review. J Med Internet Res 2018
Dec 13;20(12):€11254. [doi: 10.2196/11254] [Medline: 30545807]

Dodge HH, Mattek N, Gregor M, Bowman M, Seelye A, Ybarra O, et a. Social markers of mild cognitive impairment:
Proportion of word counts in free conversational speech. Curr Alzheimer Res 2015;12(6):513-519 [FREE Full text] [doi:
10.2174/1567205012666150530201917] [Medline: 26027814]

Roark B, Mitchell M, Hosom J, Hollingshead K, Kaye J. Spoken language derived measures for detecting mild cognitive
impairment. |EEE Trans Audio Speech Lang Process 2011 Sep 01;19(7):2081-2090. [doi: 10.1109/TASL.2011.2112351]
[Medline: 22199464]

Manchester D, Priestley N, Jackson H. The assessment of executive functions: Coming out of the office. Brain Inj 2004
Nov;18(11):1067-1081. [doi: 10.1080/02699050410001672387] [Medline: 15545205]

Wechder D. WMS-11: Wechsler Memory Scale: Administration and Scoring Manual. 3rd edition. San Antonio, TX:
Psychological Corporation; 1997.

Abbreviations

CPIDR: Computerized Propositional |dea Density Rater
EAR: Electronically Activated Recorder

LightGBM: light gradient boosting machine

MCI: mild cognitive impairment

M SE: mean squared error

NL P: natural language processing

POS: part of speech

R: run (when reported with run number)

RF: random forest

RFE: recursive feature elimination

TF-IDF: term frequency—inverse document frequency
XGBoost: extreme gradient boosting

Edited by J Wang; submitted 01.03.21; peer-reviewed by S Santini, E Larson, K Fraser, A Alaeddini; comments to author 22.03.21;
revised version received 16.05.21; accepted 09.01.22; published 08.03.22.

Please cite as:

Ferrario A, Luo M, Polsinelli AJ, Moseley SA, Mehl MR, Yordanova K, Martin M, Demiray B

Predicting Working Memory in Healthy Older Adults Using Real-Life Language and Social Context I nformation: A Machine Learning
Approach

JMIR Aging 2022;5(1):€28333

URL: https://aging.jmir.org/2022/1/e28333

doi:10.2196/28333

PMID: 35258457

©Andrea Ferrario, Minxia Luo, Angelina J Polsinelli, Suzanne A Moseley, Matthias R Mehl, Kristina Yordanova, Mike Martin,
Burcu Demiray. Originally published in IMIR Aging (https://aging.jmir.org), 08.03.2022. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Aging, is
properly cited. The complete bibliographic information, alink to the original publication on https://aging.jmir.org, aswell asthis
copyright and license information must be included.

https://aging.jmir.org/2022/1/e28333 JMIR Aging 2022 | val. 5 | iss. 1 |e28333 | p.216

RenderX

(page number not for citation purposes)


https://doi.org/10.1038/s41598-019-39354-4
http://dx.doi.org/10.1038/s41598-019-39354-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30820029&dopt=Abstract
http://europepmc.org/abstract/MED/31781769
http://dx.doi.org/10.1093/geronb/gbz152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31781769&dopt=Abstract
http://dx.doi.org/10.1007/s13347-019-00378-3
http://dx.doi.org/10.2196/11254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30545807&dopt=Abstract
http://europepmc.org/abstract/MED/26027814
http://dx.doi.org/10.2174/1567205012666150530201917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26027814&dopt=Abstract
http://dx.doi.org/10.1109/TASL.2011.2112351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22199464&dopt=Abstract
http://dx.doi.org/10.1080/02699050410001672387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15545205&dopt=Abstract
https://aging.jmir.org/2022/1/e28333
http://dx.doi.org/10.2196/28333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35258457&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Zaman et &

Review

Exploring Barriers to and Enablers of the Adoption of Information
and Communication Technology for the Care of Older Adults With
Chronic Diseases: Scoping Review

Sojib Bin Zaman®, MBBS, MSc; Raihan Kabir Khan?, MBBS, MPH, PhD; Roger G Evans®, BSc (Hons), PhD;
AmandaG Thrift", BSc (Hons), PhD; Ralph Maddison®, BHSc, MSc (Hons), PhD; Sheikh Mohammed Shariful 1sam?,
MBBS, MPH, PhD

1Department of Medicine, School of Clinical Sciences at Monash Health, Monash University, Melbourne, Australia
2Department of Health Sciences, James Madison University, Harrisonburg, VA, United States

SCardiovascular Disease Program, Biomedicine Discovery Institute, Monash University, Melbourne, Australia

4Department of Physiology, Faculty of Medicine, Nursing and Health Sciences, Monash University, Melbourne, Australia
SInstitute for Physical Activity and Nutrition, School of Exercise & Nutrition Sciences, Deakin University, Geelong, Austraia

Corresponding Author:

Sojib Bin Zaman, MBBS, MSc

Department of Medicine

School of Clinical Sciences at Monash Health
Monash University

27-31 Wright Street, Clayton, VIC
Melbourne, 3168

Austraia

Phone: 61 414026891

Email: sojib.zaman@monash.edu

Abstract

Background: Information and communication technology (ICT) offers considerable potential for supporting older adults in
managing their health, including chronic diseases. However, there are mixed opinions about the benefits and effectiveness of ICT
interventions for older adults with chronic diseases.

Objective: We aim to map the use of ICT interventions in health care and identified barriers to and enablers of its use among
older adults with chronic disease.

Methods: A scoping review was conducted using 5 databases (Ovid MEDLINE, Embase, Scopus, PsycINFO, and ProQuest)
to identify eligible articles from January 2000 to July 2020. Publications incorporating the use of ICT interventions, otherwise
known as eHealth, such as maobile health, telehealth and telemedicine, decision support systems, electronic health records, and
remote monitoring in people aged =55 years with chronic diseases were included. We conducted a strengths, weaknesses,
opportunities, and threats framework analysis to explore the implied enablers of and barriers to the use of ICT interventions.

Results: Of the 1149 identified articles, 31 (2.7%; n=4185 participants) met the inclusion criteria. Of the 31 articles, 5 (16%)
mentioned the use of various eHealth interventions. A range of technologies was reported, including mobile health (8/31, 26%),
telehealth (7/31, 23%), electronic health record (2/31, 6%), and mixed ICT interventions (14/31, 45%). Various chronic diseases
affecting older adults were identified, including congestive heart failure (9/31, 29%), diabetes (7/31, 23%), chronic respiratory
disease (6/31, 19%), and mental health disorders (8/31, 26%). ICT interventions were all designed to help people self-manage
chronic diseases and demonstrated positive effects. However, patient-related and health care provider—related challenges, in
integrating ICT interventions in routine practice, were identified. Barriers to using ICT interventions in older adults included
knowledge gaps, alack of willingness to adopt new skills, and reluctance to use technol ogies. |mplementation challenges related
to ICT interventions such as slow internet connectivity and lack of an appropriate reimbursement policy were reported. Advantages
of using ICT interventionsinclude their nonpharmacological nature, provision of health education, encouragement for continued
physical activity, and maintenance of a healthy diet. Participants reported that the use of ICT was a fun and effective way of
increasing their motivation and supporting self-management tasks. It gave them reassurance and peace of mind by promoting a
sense of security and reducing anxiety.
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Conclusions: ICT interventions have the potential to support the care of older adults with chronic diseases. However, they have
not been effectively integrated with routine health care. Thereisaneed to improve awareness and education about ICT interventions
among those who could benefit from them, including ol der adults, caregivers, and health care providers. More sustainable funding
is required to promote the adoption of ICT interventions. We recommend involving clinicians and caregivers at the time of

designing ICT interventions.

(IMIR Aging 2022;5(1):625251) doi:10.2196/25251

KEYWORDS

older adults; gerontechnology; usability challenges; chronic disease; information technology; mobile phone

Introduction

Background

Chronic diseases represent asignificant public health challenge
worldwide and are the predominant cause of death among older
adults [1]. Older adults are aso vulnerable to occupational
injuries arising from the effects of chemical, physical, and
biological exposure in the workplace. In 2016, approximately
70% of deaths and 40% of disability-adjusted life years because
of occupational injuriesoccurred in personsaged =255 years[2].
The burden of chronic diseases such as cardiovascul ar diseases
(CVDs), diabetes, neurological disorders, and muscul oskel etal
disordersfalls heavily on older adults[3]. The population aged
>60 yearsisexpected to increaseto 2 billion by 2050 worldwide
[4]. Consequently, the global burden of chronic diseasesamong
older adults is anticipated to rise [5,6]. Given the increasing
prevalence of aging and chronic diseases, it isessential to focus
on health care innovation to improve persona health services
such as self-management. Self-management is based on the
concept that peopl e can learn to manage their health using their
skillsand resources and thus become less dependent on external

agents[7].

Information and communication technology (ICT) has been
used in several settingsto help individuals diagnose, treat, and
manage chronic diseases better [8]. ICT interventionsin health
care, which we define herein as eHealth, have been shown to
be cost-effective for monitoring and controlling congestive heart
failure, stroke, chronic obstructive pulmonary disorder (COPD),
diabetes, hypertension, asthma, dementia, and depression [9-13].
ICT interventions have also been used to support caregivers
[14]. For example, mobile health (mHealth) has the potential
to reduce the caregiver's work burden by supporting the
monitoring of medication use and providing significant
interaction with older adults, thus minimizing the need for
hospitalization [15]. Hence, ICT interventions may provide a
solution to some of the challenges of aging and chronic diseases.
However, there is conflicting evidence regarding the
effectiveness of using ICT interventions among older adults
with chronic diseases. Some positive outcomes have been
identified for simple telephone interventions [16], which in
some cases generated similar outcomes to more complex
technologies[17-19]. Asper suggestions made by other authors,
there are opportunities to explore and compare perceptions
among direct service providers, older adultsliving with chronic
diseases, and caregivers about the challenges of various types
of ICT interventions in both high- and low-income countries
[20-22]. Therefore, there is a strong impetus for exploring the

https://aging.jmir.org/2022/1/€25251

efficacy of ICT interventions and how this effectiveness differs
in various settings.

The current high use of ICT among young people shows that
ICT could be a future intervention model in heath care,
enhancing the number of peoplein need who are reached [23].
However, the approach of older adults to internet and health
technology differs from that of younger people. Older adults
may havelower rates of computer use and health-related internet
usethan younger adults[24]. Indeed, Heart et al [25] found that
older adults require some skills to adopt the use of ICT
interventions. Older adultswith chronic diseases have also been
reported to face numerous challenges such as altered cognition,
visual and hearing difficulties, lack of trust, and privacy
concerns as they encounter technology [26,27]. Without
adopting these skillsand addressing barriers, ol der adults might
not receive the optimal benefits of ICT interventionsin routine
care. Hence, there is a critical need to better understand and
map the barriers associated with the use of ICT interventions
among older adultswith chronic diseasesto maximize thefuture
uptake of ICT interventions and support personalized health
care [28]. It is also essentia to identify enablers of the use of
ICT interventions so as to facilitate the design of mitigating
strategies to overcome the barriers to use. Most ICT
interventions described in the literature have targeted children,
adolescents, or younger adults. We are not aware of any previous
systematic or scoping review of the enablers of and barriers to
the adoption of ICT interventions for supporting older adults
with chronic diseases.

Objective

In this review, we aim to identify (1) the available ICT
interventions that have been used for managing older adults
with chronic diseases and (2) the barriers to and enablers of
using ICT interventions among older adults with chronic
diseases.

Methods

Design

This scoping review was conducted using the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Extension for Scoping Reviews) guidelines[29]
and adopting the Arksey and O’ Malley [30] framework. This
framework outlinesfive stagesfor completing ascoping review:
(1) identifying the research question; (2) identifying relevant
published reports; (3) publication selection; (4) charting the
data; and (5) collating, summarizing, and reporting the results
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[30Q], all of which have been followed in the conduct of this
review.

Database Selection and Search Strategy

A literature search was performed using 4 databases: Ovid
MEDLINE, Embase, Scopus, and PsycINFO. We also used the
ProQuest database to include eligible papers and proceedings
published in association with computer science and technology
conferences. We included articles and conference papers
published from January 2000 to July 2020, which had full text
in English and were peer reviewed. We selected the time frame
of the past 2 decadesto identify recent work undertaken on ICT
interventions among older adults with chronic diseases. The
population of older adults with chronic diseases could benefit
from targeted health education interventions. We defined older
adults as those =aged 55 years [31], so only studies with this
definition were included. The search strategies were drafted
through team discussions and checked and revised by an
experienced librarian. We used the following search terms:
information and communication technology or mHealth or
mobile health or telehealth or eHealth or remote monitoring or
clinical decision support system or mobile phone technol ogy or
electronic health record and arthritis or asthma or back pain
or carcinoma or cardiovascular disease or chronic obstructive
pulmonary disease or diabetes or mental health or
non-communi cable diseases or chronic diseases and ageing or
elderly or older adults or 55+ age group and barriers or
enablers or challenges or opportunities or benefits or threats.
We included eight major groups of chronic diseases in the
review: arthritis, asthma, back pain, cancer, CVDs, COPD,
diabetes, and mental health conditions. Multimedia Appendix
1 contains the search strategies and Boolean expressions for
each database.

A total of 2 reviewers (SBZ and RKK) screened the titles and
abstracts of the selected articles and identified duplicates. In
cases of conflicting opinionsregarding the eligibility of specific
articles, thereviewers discussed their viewswith athird reviewer
(SMSI) to reach a consensus. If inclusion was unclear from the
title, the abstract was screened. Similarly, if inclusion was
unclear from the abstract, the reviewer read the full text. We
included origina articles, all types of reviews, and conference
papers (Table 1) for this scoping review. Once we identified
suitable articles, we also looked for qualitative dataincluded in
the analysis. Here, we particularly looked for specific
information related to barriers, enablers, and uses of ICT for
supporting the care of older adults with chronic disease.

ICT Typesand End Users

Our definition of ICT interventions in health care, otherwise
known as eHealth, includes the following: mHealth, electronic
health records (EHRs), clinical decision support systems
(CDSSs), telehealth and telemedicine, virtual reality in health
care, and information technology systems used in health care
settings. mHealth includes the use of mobile phones, maobile
apps, PDAs, and PDA phones (eg, smartphones and handheld
and ultraportable computers such as tablet devices) [11].
Telemedicine and telehealth are considered subdomains of
eHealth and comprise communication networksto deliver health
care interventions from one geographical location to another
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[32]. A remote monitoring system is defined as a subset of
mHealth and telemedicine, which uses sensors to generate
patient data.

We use the following ICT terminology in this paper:

ICT device: refersto hardware only

ICT intervention: refers to a specific program of research
or implementation of ICT (eg, computer, mobile phone or
tablet apps, and telehealth)

We considered older adults living with chronic diseases, their
caregivers or family members, and health care providersasend
users of ICT interventions.

Data Extraction and Synthesis

SBZ, RK, and SMS| developed a data extraction form based
on the aims of this review. SBZ and RK extracted data on the
articletitle, names of first authors, publication year, study types
or methods, setting, sample size, findings or recommendations,
and expected or experienced barriers for all selected articles.
Outcomesrelated to the use of ICT interventionswere presented
as positive, no difference or negative based on the conclusion
reported in the included articles. No negative or neutral (no
difference) outcomes were identified. In the case of qualitative
data, factors related to barriers and enablers were coded in the
dataextraction form according to themesthat emerged from the
studies.

Second, we described and identified various ICT
interventions—mHealth, EHR and CDSS, telemedicine, and
remote monitoring—that were used for older adultswith chronic
diseases. Third, we reviewed articles to identify challengesin
using ICT interventions among older adults with chronic
diseases. For example, factors such as lack of motivation,
comorbidities, poor adherence to treatment following ICT
interventions, and absence of prior experience in the operation
of ICT devicesfor older adults were considered as challenges.
Issues related to costs of implementation, infrastructure, data
security, and delays in making a decision were considered in
theimplementation category. Finally, we conducted astrengths,
weaknesses, opportunities, and threats (SWOT) [33] analysis
to explore the enablers of and barriers to the use of ICT
interventions among older adults with chronic diseases. We
used a codebook for the domains of strength, weakness,
opportunity, and threat to report a descriptive analysis. Before
this qualitative analysis, strategies for data coding were
identified. SBZ and RK independently read and coded the
articles. Each of the domains of SWOT was grouped into two
categories: patient-related factors (operational) or health care
provider—related factors. The patient-related category included
factors associated with ICT interventions, which we define as
operational here. We then applied this conceptual framework
to identify emerging themes in each of these categories from
the selected articles. Codes were then grouped into categories
and eventually aggregated into 4 domains. After theinitial round
of coding, the 2 coders met with a senior researcher (SMSI) to
cross-check the coding; thus, a final set of codes was agreed
upon. The reviewers used Microsoft Excel 2014 to sort the
articles.
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Results

Overview

A total of 1149 articles, including conference papers (863/1149,
75.12%), wereidentified. Of the 1149 articles, 44 (3.83%) were
duplicates (Figure 1). We excluded 86.51% (994/1149) of
articlesthat were either not related to | CT interventionsfor older
adults with chronic diseases or studies aready reported in the
systematic reviews that we included. Of the 1149 articles, after

Zaman et al

screening the titles and abstracts, 46 (4%) additional articles
were excluded, leaving 63 (5.48%) articles for full-text
screening. Of the 63 articles, there were 4 (6%) conference
papers that were mostly based on formative research (design
and development). Asthese paperslacked both quantitative and
qualitative data (patient recruitment and barriersto and enablers
of using ICT), we did not include them in the final selection.
Finally, of the 63 articles, 26 (41%) were excluded following
afull-text review, with 31 (49%) articlesremaining (Figure 1).

Figure 1. Flowchart of the literature search used for the selection of articles. This flowchart provides information regarding the various phases of the
investigation, including the number of articlesidentified and the number included and excluded following the PRISMA-ScR (Preferred Reporting Items
for Systematic Reviews and Meta-Analysis Extension for Scoping Reviews) guidelines. ICT: information and communication technol ogy.

Database searched (n=1149)
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E Scopus n=120
= Owvid Embase n=104
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Characteristics of ArticlesIncluded in the Review

The characteristics of theincluded articles are presented in Table
1. Of the 31 included papers (total number of participants,
n=4185), 2 (6%) were randomized controlled trials (RCTS)
[34,35], 10 (32%) described non-RCT design intervention
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studies [36-45], and 13 (42%) were review articles [46-58].
These 13 review articlescomprised 4 (31%) systematic reviews
[46,48,53,56] and 2 (15%) scoping reviews[50,58]. In addition,
19% (6/31) were conference papers that described
cross-sectional studies [59-64] (Figure 2).
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Table 1. Characteristics of included articles.
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Study  Country  Study designor |cT@ Instrument Sample  Target Findings or Limitationsor challenges
type of article interventions orarticles condition commendations of ICT interventions

Miguel  Australia RcTP (6-month Telehealth  Face-to- 80 copp¢ ¢ Thetelehedthgroup «  Maintenance cost
etad, study period) intervention  face inter- had comparatively (high)
2013 views fewer hospital admis-
[34] sions and a reduced

length of stay than the

control group.
Barbera Finland, RCT Internet- N/Ad 2725 Demen- . Paticipantsintheinter- «  Highcost and coun-
etad, France, based ap- tia, vention arm were moti- try-specific adapta-
2018 and the proaches CHF®, vated to accessinforma- tion were major
[35] Nether- oM and tion, advice, and moti- limitations

lands q S”’ i vational support
dgmig throughout theinterven-

tion.
Barron  United Qualitative Patient por-  Cognitive 14 COPD « Patientswithchronic «  Assistancerequired
etal, States tal (EHRY) ~ walk- and CHF diseases and caregivers for portal use
2014 through weresatisfiedusingthe «  Medical terms(unfa-
[36] patient portal. miliar)
Bhat- Australia  Qualitative Appforself- Semistruc- 6 Arthritic  «  Appsfor self-manage- «  Appswererequired
tarai et management  tured inter- pain ment of pain were po- to meet the user’s
a, 2020 of pain views tentially valuable for needs
[37] older patients «  Pain self-manage-

« App'scontent and us- ment app might not
ability features should be helpful if not de-
be relevant to the users signed to be used

friendly
Chang Taiwan Qualitative Telehedlth Semistruc- 18 DM e Paticipantswithdiaa «  Mixedfeelingsre-
etd, tured (tech- betes self-managed garding dependence
2017 nology ac- their disease with the on othersfor tele-
[38] ceptance help of telehealth health related prob-
model) lem solving
Coleyet Finland, Mixed eHedthinter- Web-based 343 cvDs' ¢ Altruismand personal . Internet-based
a, 2019 France, vention or guestion- and dia- benefits were motiva- health information
[39] and the internet naire and betes tions for older adults’ perceived as unreli-
Nether- counseling  semistruc- use of telehealth able by older adults
lands tured inter- « Preventionof function- «  Specific practical
views a dependency on care- advice and encour-
giverswas amain un- agement was re-
derlying motivation quired for making
lifestyle changes
Kimet United Mixed Telehedth ~ Web-based 20 Depress «  Teleheath was per- «  Reimbursement and
a, 2019 States surveys sion care ceived as useful for cost-related factors
[40Q] and in- managing symptoms . Patient home envi-
depthinter- and reducing costs. ronment (not suit-
views able)

«  Agency-related
characteristic (not
well equipped)

Zettel-  United Cross-sectional-  Web-based ~ Web-based 169 Chronic «  Mostusers(89%)were «  Privacy or security

Watson  States exploratory health man-  survey diseases satisfied with web- was a concern

etad, study agement based health manage- among participants

2016 tools ment tools o Userswerenot ade-

[41] «  Usersweremorelikely quately aware of the
to be younger, female, exact benefits of
and married web-based health

management tools
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Study Country  Study designor |12 Instrument Sample  Target Findings or Limitationsor challenges
type of article interventions orarticles condition ocommendations of ICT interventions
Leeet  United Pilot study Android A mobile- 18 CVDs Knowledge of self- Some health care
a, 2016 States tablet with  based and CHF management (anticoag- providers were not
[42] aninstalled  hedthtech- ulation) significantly receptive to their
app nology in- improved from base- patients using
tervention line to follow-up mHealth apps
Participantswere satis- Privacy and security
fied with the smplicity of information was
of the app aconcerned
Mirzaet New Pilot study mHealthini- Semistruc- 18 Diabetes High acceptability and Patients' accessto
a, 2008 Zedand (quditativena- tiative tured inter- and heart recognition of the ad- their EHR was rec-
[43] ture) (through views disease vantages of mHealth ommended by the
SMStext I ssues affecting health care
messaging) mHealth adoption, providers
such as socia issues, Impaired abilitiesto
technical issues, eco- cope with technolo-
nomic issues, clinical ay
or organizational issues
Radhekr-  United Qualitative Telehedth Semistruc- 23 Cardiac Positive impact on Factors negatively
ishnan  States tured inter- disease, cost-effectiveness and affected the tele-
etd, views pul- patient-centered out- health program:
2016 monary comes . .
[44] disease, Home health manage- H nanc_:lai c_halleng&e
and DM ment culturewasimpor- Technicdl issues
tant M anagement and
Establishment of pa- communication-re-
tient-clinician andinter- lated issues
professional communi-
cation was required
Nymbag Sweden  Qualitative eHeadth Focus 15 Hyperten- Mixed feelings toward Lack of will, skills,
etal, (EMR), tele-  roupinter- sion, dia- eHealth by the ol der self-trust, or mis-
2019 health, and ~ Views betes, and adults trust in the new
[45] mHeslth) COPD Participants reported technology
dissatisfaction in ac- Organizationd barri-
cessing health care ers (poor |TK s
tems)
Rocha  N/A Systematicre-  mHealth A systemat- 66 re- DM, men- mHealth interventions More research-
etad, view icreview  views tal ill- had positive effects on based evidence was
2019 of reviews ness, can- various health-related recommended for
[46] and meta cer, outcomes, including theincorporation of
analyses COPD, medication adherence mHealth in clinical
and No adverse impact of practices
CVDs mHealth wasidentified
Searcy N/A Narrative re- mHealth — CVDs mHealth interventions Physical limitations
eta, view technologies for older adults with and cognitive chal-
2019 cardiovascular disease lenges were identi-
[47] yielded mixed results fied as limitations
Peek ST N/A Systematicre-  Electronic  — 16 arti- Chronic Apparent benefits of Lack of security in
etd, view technologies cles diseases using mHealth were using mHealth was
2014 recommended for aconcern
[48] widespread acceptance
Vollen-  N/A Narrative re- VariousICT — 673 Chronic Patients were satisfied Real-time contact
broek- view platforms pain, with ICT-supported and safemonitoring
Hutten COPD services of patientsin an
eta, emergency was
2017 challenging
[49]
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Study Country  Study designor |12 Instrument Sample  Target Findings or Limitationsor challenges
type of article interventions orarticles condition ocommendations of ICT interventions
Wilden- N/A Scoping review  mHealth Framework — Chronic Atotal of 4critical cat- o  Obstaclesrelated to
bos et analysis diseases egories of aging barri- cognitiveand physi-
a, 2018 ersinfluencing usabili- cal ability to use
[50] ty of mHealth were mHealth was diffi-
cognition, motivation, cult for older adults
physical ability, and to overcome
perception
Blasset United Narrative Telehedlth Ethicsand — Physical Ethical challengeswith «  Protecting the confi-
a, 2006 States public poli- or psychi- homebound older pa- dentiality of person-
[51] cy (ethical aricill- tients were unique be- a information of
challenges) ness cause of patient charac- users could be chal-
teristicsand features of lenging
the treatment environ-
ment.
Bostrom N/A Narrative re- Various mHealth — CVD, hy- mHealth: cardiacrehas «  Safety of mHealth-
eta, view mHealth cardiac re- perten- bilitation represented a based cardiac reha
2020 technology  habilitation sion, ar- particularly attractive bilitation
[52] rhythmia, area compared with «  Physica limitations
and CHF traditiona barriersto (eyesight and fine
facility-based cardiac motor skills) might
rehabilitation limit use in older
Improved accessibility adults
topatientsunabletoat- «  Hesitancefromold-
tend traditional cardiac er adults to adopt
rehabilitation technology
Chriss  N/A Systematicre-  Videoconsul- Different  21studies Mental Video consultations « Incorrect diagnosis
tensen view tations survey in- health werefoundtobeavi- «  Required trained
eta, struments practice able option for deliver- health care
2020 (unipolar ing mental health care providers
[53] depres- Video consultationsal-
sion) lowed patientsto re-
ceive treatment at their
home
Gilbert  United Narrative Gerontech-  Applica — Chronic A digital divide was «  Without focusing on
etd, States nology: tions of diseases devel oped between user-centered de-
2015 mHealth gerontech- older adults and sign, it would be
[54] nology by younger adults difficult to widen
stakehold- Gerontechnology was the accessibility and
ers found to be an essential engagement of older
limb of mHealth adultsin thelong
unique to older adults run
Hen- N/A Narrative re- eHedthtech- Problems — Chronic eHealth technologies «  Difficulty inaccess-
riquez- view nologies related to diseases were found to have the ing eHealth care be-
Cama- age and potential to improve cause of limited re-
cho et technology accessto hedlth careby sources, lack of liter-
a, 2014 empowering patients acy, large geograph-
[55] icd areas, and phys-
ical, cognitive, and
visual impairment
Hareri- N/A Systematicre-  Telehealth Users per- 13 arti- Chronic Use of telehealth re- »  Obstaclesfor using
mana et view interventions ceptionsof  cles diseases duced emergency vis- telehealth were lev-
a, 2019 atelehedth its, hospital admis- els of education,
[56] interven- sions, and depressive cognitive function,
tion symptoms and im- living arrangement,
proved cognitive func- and negative experi-
tioning of the patients encewiththeclinics
N/A Health IT
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Study Country  Study designor |12 Instrument Sample  Target Findings or Limitationsor challenges
type of article interventions orarticles condition ocommendations of ICT interventions
Jimison Narrative re- Barriers 129 arti- Chronic « Rapidandfrequentin- « It wascritical that
etal, view and drivers cles diseases teractions from aclini- data entry does not
2008 to the use cian improved use and feel cumbersome
[57] of health user satisfaction andthat theinterven-
IT tion fit into the us-
er'sdaily routine.
Mathen-  N/A Scoping review  mHealth Designing, 42 arti- Chronic « Theimplementationof « A user-centered and
Maich implement- cles diseases mHealth technologies interdisciplinary ap-
etd, ing, and in home-based carefor proachisimperative
2016 evaluating older adults and self- to enhancethefeasi-
[58] mHealth management of chronic bility and acceptabil -
technolo- conditions are impor- ity of mHealthinno-
gies tant areas for further vations
research.
D'Hae- Italy Conferencepa  VariousICT  Focus 12 Chronic « Theskillstousecom- «  Healthtechnologies
seleer et per platformsfor groupinter- diseases puters were heteroge- are not ready for
a, 2019 self-monitor-  view neous among the older adoption by older
[59] ing services adults adults yet, and fur-
o  They perceived the use ther research on
of health technologies making them more
as athreat to social in- accessibleisre-
teraction quired
Hossein-  Iran Conferencepa- Telecare Medical 38 Acute « Aninnovativetelecare «  Improvingtheaccu-
pour et per records coronary system based on artifi- racy of thetelecare
a, 2019 syndrome cia intelligenceispre- system by using re-
[60] sented for the early di- a-time information
agnosis of acute car- of userswas chal-
diac syndrome lenging
Lorenz  Germany Conferencepar mHealth Semistruc- 8 Chronic «  Older adults preferthe «  Participants pre-
etal, per tured inter- diseases advanced interface, ferred adevicelike
2007 views characterized by dis- the shape of awrist-
[61] plays of graphical watch, equipped
symbols and anima- with an unobtrusive
tions, of devices system
e  Theyalsopreferred the )
bas?é i nter?ace with «  ltwaschallenging
simple navigation over todevelop atool for
2 different screens dl suchal de_r Versus
younger patients
and persons with
computer experi-
ence versusno com-
puter experiencein-
stances
Piknaet Slovakia Conferencepa ICT Semistruc- 5 Chronic «  Older adults usually « Theuseof ICT can
a, 2018 per tured inter- diseases use a mobile phone or be adifficult chal-
[62] views acomputer to share lenge for seniors.
their experiences with
others on different so-
cia networks
Termeh Iran Conferencepa-  Smart- Implemen- — Heartfal- o  U-Healthapproachis «  To get the notifica
etd, per watchesand tation of a ure and relatively low cost, can tion patient hasto
2015 Sensors U-Health™ arterial be implemented using have the watch on
[63] system fibrilla- simple equipment, and hisor her wrist.
tion does not limit the
movement of the pa-
tient.
ICT 12
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Wang et United Conference pa- Semistruc- Chronic «  Older adultswereposi- «  Difficulty inaccess-
a, 2018 States per tured inter- diseases tively influenced for ing ICT caredueto
[64] views using new technologies limited resources

and lack of literacy

4 CT: information and communication technology.
BRCT: randomized controlled trial.

€COPD: chronic obstructive pulmonary disorder.
IN/A: not applicable.

€CHF: chronic heart failure.

'DM: diabetes mellitus.

9EHR: electronic health record.

hcvD: cardiovascular disease.

'mHealth: mobile health.

JEMR: dlectronic medical record.

KIT: information technol ogy.

'Not available.

My-Health: ubiquitous health.

Figure 2. Multilayered donut chart shows the distribution of information and communication technology interventions used in health care. Thisfigure
shows various information and communication technology interventions that have been primarily described in the included studies or reviews in our
scoping review. The total number of studies or reviews that mentioned various information and communication technology interventionsisincluded in
the bracket. mHealth: mobile health.

mHealth (8)

Telehealth (7)
Mixed platforms (7)
eHealth (5)

Mobile App (2)

Electronic health record (1) ~
Web-based health (1)

In total, the systematic reviews used in the current synthesis countries (LMICs). Most of the studies, except 1 [41], were

included 122 independent studies. We did not include studies
already reported in the systematic reviews asindividua studies
to avoid duplication. Clinical tria intervention studies (RCTs
and non-RCTs) were conducted in Finland, France, the
Netherlands [35,39], Taiwan [38], the United States
[36,40-42,44,64], Australia[ 34,37], New Zedland [43], Germany
[61], Slovakia[62], Italy [59], and Sweden [45]. Except for Iran
[60,63], no studies were conducted in low- to middle-income

https://aging.jmir.org/2022/1/€25251

XSL-FO

RenderX

pilot studies or short-term interventions. Original articleswere
either qualitative [36-38] or used mixed methods [39,40].
Various methods were used to measure the outcome of interest,
including cognitive walk-throughs [44], semistructured
interviews [37,39,42-44,61,62,64], in-depth interviews [40],
focus groups [45,59], and web-based surveys [39-41]. The
Technology Acceptance Model [38] and the Unified Theory of
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Acceptance and Use of Technology Model [48] were also used
to assess the feasibility of ICT interventionsin 2 studies.

ICT Interventions Used in Health Care

All articles provided evidence that ICT interventions are
beneficial for health care among older adults with chronic
diseases (Table 1). We identified various ICT platforms used
for supporting health care providers as they manage chronic
diseases in older adults. A total of 3 studies and 2 reviews
mentioned the use of =1 mixed eHealth intervention such as
electronic technol ogies, internet counseling, video consultation,
EHR, and telehealth [39,45,46,48,55]. A total of 3 studies and
5 reviews, including 2 scoping reviews, focused particularly on
mHealth [43,46,47,50,52,54,58], including mobile apps[37,42].
A tota of 4 studies and 2 reviews focused on telehealth
[34,38,40,44,51,56]. One study specifically focused on the use
of apatient portal or EHR [36]. One study was on aweb-based
health management tool [40] for chronic care. Finally, 7 further
reviews incorporated the use of a combination of ICT
interventions [49,53,57], including EHR, mHealth, and video
consultation, in providing care for older adults with chronic
diseases. Figure 2 shows the distribution of ICT interventions
that have been primarily used or described in the included
original articles or reviews.

All the included articles reported a positive outcome for
supporting the management of chronic diseases such as CVDs
(eg, chronic heart failure, atrial fibrillation, and hypertension)
[36,39,42-47,52,57], diabetes [35,38,39,43-46], COPD
[34,36,44-46,49], dydipidemia [35], arthritic pain [37,49],
mental  illness including depression and dementia
[35,40,46,51,53], and cancer [46]. Thus, there were no reports
of neutral or negative effects that might underdetermine the use
of ICT interventions.

Challengesto and Enablersof Implementing ICT
Interventionsin Health Care

Multimedia Appendix 2 [34-54,56-64] describes the primary
SWOT assessment outcomes.

Strengths

Patient-Related Factors

In many cases, identified in 48% (15/31) of articles, participants
reported that the use of an ICT intervention was a fun or

effective way for improving health
[37,39,43,46-48,52-56,59,61,62,64] by increasing ther
motivation and  supporting  self-management  tasks

[38,42-45,47,50-52,54-57,59,61-63]. Approximately 48%
(15/31) of articles identified that patients were frequently
satisfied with using 1 or a combination of ICT interventions
[34,41-44,46-49,52,55-57,62-64]. They encountered fewer
face-to-face interactions with clinical staff and with other
patients[34,35,37,39,41-45,48,52-55,57-62,64], thus mitigating
their functional dependency
[34,35,38,39,43,44,46-48,50,51,54,55,57-59,61-63] on clinical
or hospital services. The use of ICT interventions gave them
reassurance and peace of mind
[34,35,43-45,47,48,50-52,57-59,61-64] by improving a sense
of security and reducing anxiety

https://aging.jmir.org/2022/1/€25251
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[34,43,44,47,48,51,52,54,57,59-64]. Older adults with chronic
diseases who participated in studies reported getting direct
access to treatment and benefited from additional medical
monitoring when they felt unwell. Theuse of ICT interventions
also encouraged them to continue physical activity, maintain a
healthy diet, and stop smoking [37,43-47,49,52,57,58,60-62,64].

Health Care Provider—Related Factors

One of the biggest advantages of ICT interventions that was
identified was their  nonpharmacological nature
[35,39,42-46,48,51,52,54-57,61-64]. This point was made in
58% (18/31) of articles, with a particular focus on the value,
for managing older adults with chronic disease, of providing
health education and regular follow up. Health care providers
reported the use of interactive push-notification features
[38,43,46-50,54-57,59,60,62], larger screens[34,36,48,52,57,61]
and written instructions [36,48,50] for ICT devices as helpful.
Health care providers also expressed a desire to get more
available functions, such as voice demonstration and video
chatting, for integrating ICT interventions into routine systems
(mentioned in 9/31, 29% articles) [41,46-48,50,52,54,55,61].

Weaknesses

Patient-Related Factors

The most common limiting factor, identified in 35% (11/31) of
articles, was the lack of confidence in computer skills
[40,45,47,48,50,54-56,59,61,64]. In addition, inconvenience
arising from the need to have a continuous internet connection
was identified in 48% (15/31) of articles
[35,39,43-45,48,50,53-57,62-64]. Approximately 39% (9/23)
of articles identified that participants felt embarrassed when
they failed to correctly operate ICT  devices
[38,43-45,48,50,53,55-57,59,61,62,64]. As aresult, they were
sometimes dependent on other family members to operate the
devices. Thisdependency made some peoplefeel uncomfortable
and concerned about bothering their family members for
assistance with ICT devices [37,38,48,50-52,54,55,59].
Approximately 32% (10/31) of articlesidentified instanceswhen
participants did not voluntarily learn to use the ICT devices if
their family members could operate it for them
[38,42,47,48,50,52,54-56,61]. Participants al so required support
(supervision) for adhering to disease management behaviors
[34,38,42,48,50,53,58,59,61-64] and maintaining their ICT
devices. Some people were concerned regarding the potential
loss of data or lack of protection of their privacy
[41,44,45,48,51,52,54,55,61] when using ICT interventions.
Approximately 39% (12/31) of articles identified that older
adults lacked confidence in the use of an internet-based
intervention, even if they had the necessary computer skills
[40,42,48-50,53-56,59,61,64]. Some participants reported
inconveniences associated with the ICT device itself, such as
small screens or cramped keyboards [43,46-49,52-55,62] or
inadequate battery lifelasting 4 to 5 hours [43,46-48,58,61-64].
Approximately 39% (12/31) of articlesreported that participants
found the ICT devices hard to use because of a lack of
familiarity with the medical terms used in the instructions of
these devices [36,41,48,52-55,57,59,61,62,64].
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Health Care Provider—Related Factors

Only a few weaknesses were reported for heath care
provider—related factors. Health care providers reported that
some older adults with chronic diseases were dependent on
family members or friends for using their ICT devices
[38,47,50,52,61]. Hence, these participants, who were dependent
on others, were sometimes not interested in learning how to
operate the technology independently. In such cases, health care
providers sometimes found it difficult to directly interact with
patients using ICT interventions. An additional list of barriers
to and challenges for the use of ICT interventions synthesized
from current evidenceis provided in Multimedia Appendix 3.

Opportunities

Patient-Related Factors

The authors of 58% (18/31) of articles reported that ICT
interventions supported older adults in maintaining regular
medical checkups [34,35,39,43-46,48,50,55-59,61-64] and
attaining benefits from lifestyle changes
[34,35,39,43-45,48,50,52,53,55-60,62-64]. The authors (19/31,
61% articles) also reported that most participants received
encouragement from physicians and nurses to use ICT
interventions [34,35,39,43-45,48,50,52,53,55-59,61-64] and
develop their self-care disease management skills
[34,40-42,45-50,53-55,58-64]. Most participants were partially
willing to pay for taking up the ICT interventions
[48,50,53-61,63,64] if they were affordable. Most of the
participants, identified in 35% (11/31) of articles, were aso
keen to recommend the ICT interventions to others
[43,44,48,50,52,54,55,57,59,61,62].

A range of operational factors was identified in relation to the
use of hardware and softwarerelated to ICT interventions. Most
of the investigators reported that the local context should be
considered during the development of an ICT intervention
[34,37,44,48,52-55,57,59-61]. For example, amobile app should
have personalization features to suit the user’s preferences in
their language [34,37,46-50,55,56,59-62,64]. Furthermore,
participants wanted the ICT devicesto be portable, rechargeable
[38,43,46-49,53,56,59-63], simple, and easy to use
[38,43-49,52-58,61-63].

Health Care Provider—Related Factors

In 48% (15/31) of articles, providers reported that they were
satisfied that the ICT interventions allowed them to give special
care to older adults with cognitive or sensory dysfunction
[38,43,45-47,49,52-56,58,59,61,62,64]. There was consensus
that clinicians’ activeinvolvement is crucial for the integration
of an ICT intervention into a self-management strategy
[34,37,41-45,50-52,55-58,61-63].

Threats

Patient-Related Factors

The authors of 32% (10/31) of articlesreported that some older
adults had hearing and sight impairment and that these
disabilitiesrestricted communication with health care providers
[35,38,46,50,52,53,56,62]. Cost was another factor, which was
identified in 39% (12/31) of articles, that influenced the uptake
of ICT interventions. Despite significant improvement in the
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self-care ability of patients, participants were unwilling to
continue ICT interventions that attracted a fee
[36,38,43,44,50,53-57,61,62]. For example, a home telehealth
program could not be sustained because of financial challenges,
technical complexities, and communication-rel ated i ssues, even
after operating for 12 years [44]. When the participants
perceived a new ICT intervention as expensive and complex
[38,45,46,50,53-55,58,59,62], they lost interest in using that
intervention [38,47,48,50,52,59]. Some participants reported
that a breach of confidentiality [37,51,53,56] occurred while
using an ICT intervention.

Health Care Provider—Related Factors

Theauthors of 23% (7/31) of the articles reported that providers
were influential in motivating their patients to use or stop the
use of ICT interventions [41,43,44,50,53,55-57,59,62]. For
exampl e, patients were found to stop using an ICT intervention
if their physicians did not encourage them to use the respective
intervention [41,43,53-55,57-59,61,62,64]. Most health care
providersbdlieved that ICT interventions should only be deemed
as an adjunct to the medical management of chronic diseases.
However, some providers expressed concerns regarding the
widespread use of ICT interventionsreplacing traditional health
caredelivery models (mentionedin 10/31, 32% articles), which
could result in job loss [35,40,45,51,54,55,58,60,61,63].

Discussion

Principal Findings

Overal, findingsfrom this scoping review highlight the potential
benefit of ICT interventions or eHealth (eg, mHealth and maobile
apps, EHR, remote monitoring, CDSS, and telemedicine) for
supporting older adults in self-managing chronic diseases. The
review highlighted arange of operational and technical barriers
to using these ICT interventions for older adults. Our review
highlighted age-related barriers to using ICT interventions,
including cognition, motivation, physical limitations (eyesight
and fine motor skills), and perception, which limited the use of
ICT interventions among older adults with chronic diseases. In
this case, personalized learning may meet the unique needs,
interests, and capacities of individual users to mitigate these
limitations [65]. Some of these limitations could be resolved
viadesign optimization of ICT interventions, such asincreasing
the screen contrast to mitigate the loss of visual acuity or
simplifying task movements to facilitate ICT use in patients
with arthritisor physical disability [41]. A number of challenges
and enablers in integrating ICT interventions into routine
practice were also identified. Most of theincluded studieswere
pilot or short-term interventions conducted in a controlled
environment. Hence, longitudinal studies aimed at assessing
the long-term effectiveness of ICT interventions should be a
priority.

Our resultsindicate that some older adultswith chronic diseases
might have reservations when it comes to engaging with ICT
interventions. We found operational and technical challenges,
including a lack of willingness to adopt new skills, poor
confidence, and the lack of necessary skills to operate ICT
devices. These findings are consistent with the results of other
studies where older people expressed no interest in using novel
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technology and struggled to think of the need for such an
application in their own lives [66,67]. Acceptance of these
electronic or digital technologies may be more difficult for the
current generation of older adults who did not grow up with
thesetechnologies[68,69]. Mitigating strategiesto increase ICT
literacy using short e-learning courses (eg, 2 weeks with
10-minute sessions each day) have been shown to be suitable
for older adults [70,71].

Wefound strong motivation and desireto use ICT interventions
among older adults with chronic diseases because of the
nonpharmacological nature of theintervention. Self-management
of chronic diseases includes the maintenance of a healthy
lifestyle and adherence to medication. However, older adults
seem to require specific motivation to make practical changes,
such as eating a healthy diet and being physically active, even
if they are already aware of their value [36]. Nilsen et a [72]
reported that the traditional approach of episodic care provided
in the clinic or through hospital support systems might not be
sufficient to prevent chronic diseases without incorporating ICT
interventions in health care. Therefore, health care providers
are motivated to use ICT interventions to communicate with
their patients to know whether they follow their advice.

It is imperative to understand the duration that people require
to achieve a cost-effective outcome from ICT interventions.
Findings from this scoping review suggest that older adults
living with chronic diseases and caregivers were unwilling to
pay for the use of ICT interventions, although they were happy
with the service. Most participants only offered to pay partially.
Anexplanation for thisresult isthat all participantsinthe studies
we reviewed were from high-income countries and frequently
reported the lack of an appropriate insurance scheme and
reimbursement for procuring devices required for ICT
interventions. Without addressing the payment model, it will
be challenging to ensure the proper use of ICT interventionsin
health care, even if older adults desire to use them. Chen and
Chan [73] aso reported that implementation costs were not
adequately highlighted in designing specific ICT interventions
in many countries. Therefore, the high cost seemsto beacritical
factor in determining the ability of an older adult to accept these
interventions. Similarly, we also reported a home telehealth
program’s failure after more than a decade of use because of
financial challenges[44]. Hence, more sustainable funding and
reimbursement are essential for promoting the adoption of ICT
interventions.

In addition to the financial factors discussed above, thisreview
highlightsworkload as an additional determinant of the adoption
of ICT interventions. Managing life-threatening events, such
as arrhythmia or heart attack, requires an immediate response
from health care providers, and such a rapid response can be
challenging to execute in many places, particularly in
hard-to-reach areas. Failure to react to patients immediately
may exacerbate the health risks of older adults with chronic
diseases and render health care providers susceptible to
accusations of negligence [74]. There is also the risk of
generating false-positive alarms from these ICT interventions,
which may require physical verification. Thus, such alarms
could increase the workload of clinicians if they are required
to personaly evaluate every call. This may partly explain why
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not al clinicians were receptive to their patients using ICT
interventions. Training can be asignificant factor that influences
health professionals’ eagernessto use or refer their patients for
using ICT interventions at home [75-77].

Future app developers should consider involving end users in
the design and development process for ICT interventions. We
reported that clinicians’ involvement in the recruitment process
appeared to influence the decision of participants to take part
inthetrialsor studies. Hence, their involvement will be crucial
for motivating patients to use ICT interventions. The authors
also point out the necessity of ensuring that health care providers
are encouraged and committed to recommending ICT
interventions for their patients [13,78]. Otherwise, the
willingnessto use ICT interventions will never devel op among
patients, despite their ability to operate these devices. The
general assumption that education isarelevant factor in adopting
the use of ICT may not aways be accurate, with the authors of
an article reporting that level of education was not positively
associated with the uptake of ICT interventions in the sample
of patients they studied [79]. Health care providers can be an
additional barrier to the adoption of ICT interventions by older
patients. For example, Smelcer et al [80] reported that 30% of
EHR system implementati ons worl dwide failed because of their
underutilization or inappropriate use by the clinician. They
identify the concept of medical authority, where clinicians or
health care providers affect medical practices such asdiagnosis
and management of chronic diseasesfor their patients, ascritical
for theimplementation of EHR [81]. It seemslikely that medical
authority is also an essential factor in the implementation of
other forms of ICT interventions.

Management of chronic diseases may require the engagement
of multiple health care service providers[82]. Thisarrangement
could be too complex for older adults with chronic diseases
who are disabled or living in rural areas, particularly in
hard-to-reach areas. Here, ICT interventions can play a
significant role by offering interconnectedness among multiple
providers. For example, some ICT interventions (CDSS and
EHR) provide valuabl e features such as sharing datawith other
providers (interoperability) and providing patient-specific
information such as drug adherence [83]. In doing so, we aso
report that some participants raised ethical and legal concerns
related to sharing data (eg, privacy and security) with several
providers. These barriers can be overcome if clinicians, health
care workers, and service providers are obliged to maintain
confidentiality and report all harmful events associated with the
use of ICT interventions [10,13,78,84].

There are opportunities for implementing ICT interventionsin
LMICsto support the care of older adultswith chronic diseases.
Approximately 6.5 billion people reside in LMICs, and the
proportion of older adults within this population will increase
in the near future in these countries [85]. Most intervention
studies that we included were from high-income countries.
However, very few were from LMICs. Most developing
countries lack the necessary financial strength to fund and
implement ICT interventions properly. The good news is that
the governments of many LMICsarealso interested in investing
in deploying eHealth to enhance health services, particularly in
remote areas [86]. Finally, ICT interventions should help
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patients self-manage chronic diseases with minimal support
from health care providers or clinics. Hence, clinicians and
health care providers are required to convince patients to use
ICT interventions in addition to routine clinic visits. None of
the included reviews on ICT interventions reported harm.
However, there are challenges to the implementation of these
ICT interventions, particularly for older adults with chronic
diseases. Theprovision of ICT literacy by health care providers
and user-centered design by app developers may help older
adults widen their engagement with ICT interventions [54].
Hence, longitudinal studies aimed at assessing the long-term
effectiveness of ICT interventions should be apriority. Another
priority should be to determine whether ICT interventions are
clinically effective and cost-effective when used by rural health
care providers. Hence, we recommend conducting a systematic
review of existing studieson ICT interventionsto evaluate their

efficacy.
Limitations

To the best of our knowledge, thisisthefirst review of itstype
to use the SWOT framework to identify strengths, weaknesses,
opportunities, and threats for the use of ICT interventions to
support the care of older adults with chronic diseases. A
potential limitation of our approach is that we did not consult
external experts during the review process. Nevertheless, by
conducting a scoping review on thistopic, we have defined the
nature, extent, and range of research activities on ICT
interventions for older adults with chronic diseases. Although
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we searched the literature exhaustively using 4 academic
databases, in addition to ProQuest, thereisapossibility that we
missed some important studies. In this scoping review, we
focused on providing an overview of the available research
evidence on the use of ICT interventions in older adults with
chronic diseases. Therefore, we included a good range of
original studies, systematic reviews, and conference papers to
help answer our research question. Importantly, none of the
studies included in these reviews overlapped. We did not
perform acritical appraisal of the literature, which was beyond
the scope of our objectives (PRISMA-ScR checklistisgivenin
Multimedia Appendix 4 [29]).

Conclusions

ICT interventions might help support the care of older adults
with chronic diseases by increasing adherence to treatment and
healthy lifestyles. However, the incorporation of ICT
interventions into medical practice is till challenging. The
involvement of cliniciansis crucial for motivating people with
chronic diseases to adopt ICT interventions to support
self-management. There is a need to improve awareness and
training in the available and effective ICT interventions among
older adults and hedth care providers. Widespread
implementation of ICT interventions will also require more
sustainable approaches to funding and reimbursement. We
recommend involving clinicians and caregiverswhen designing
ICT interventions and integrating them into routine medical
care.
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