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Abstract

Objective: During the Coronavirus Disease 2019 (COVID-19) pandemic, digital health technologies (DHTs) became increasingly
important, especially for older adults. The objective of this systematic review was to synthesize evidence on the rapid imple-
mentation and use of DHTs among older adults during the COVID-19 pandemic.

Methods: A structured, electronic search was conducted on 9 November 2021, and updated on 5 January 2023, among five
databases to select DHT interventional studies conducted among older adults during the pandemic. The bias of studies was
assessed using Version 2 of the Cochrane Risk-of-Bias Tool for randomized trials (RoB 2) and Risk of Bias in Non-randomized
Studies of Interventions (ROBINS-I).

Results: Among 20 articles included in the review, 14 (70%) focused on older adults with chronic diseases or symptoms, such
as dementia or cognitive impairment, type 2 diabetes, and obesity. DHTs included traditional telehealth interventions via
telephone, video, and social media, as well as emerging technologies such as Humanoid Robot and Laser acupuncture tele-
therapy. Using RoB 2 and ROBINS-I, four studies (20%) were evaluated as high or serious overall risk of bias. DHTs have
shown to be effective, feasible, acceptable, and satisfactory for older adults during the COVID-19 pandemic compared to
usual care. In addition, some studies also highlighted challenges with technology, hearing difficulties, and communication
barriers within the vulnerable population.

Conclusions: During the COVID-19 pandemic, DHTs had the potential to improve various health outcomes and showed ben-
efits for older adults’ access to health care services.

Keywords

COVID-19 pandemic, digital health, older adults, systematic review, telehealth

Submission date: 6 February 2023; Acceptance date: 13 July 2023

Introduction
Healthcare systems around the world experienced chal-
lenges due to the Coronavirus Disease 2019 (COVID-19)
pandemic. Therefore, routine healthcare services were
severely restricted in many parts of the world, especially
for vulnerable populations such as older adults. During
the COVID-19 outbreak, many community services,
which are deemed “nonessential,” were suspended, includ-
ing senior citizen centers, dementia care centers, geriatric
clinics, and long-term care facilities.1 According to findings
from the National Poll on Healthy Aging, 29% of partici-
pants indicated a disruption of primary care appointments

and 28% indicated a disruption of procedures, tests, or
operations in 2021.2 A specialized dental clinic for older
adults in Switzerland reported a potential 81% decrease in
clinical activity by December 2020 compared to 2019
(p < 0.0001).3 The pandemic and lockdowns also brought
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significant challenges to the care for older adults with
cancer4–6 and mental health.7–9 Additionally, older adults
living in rural areas faced additional risks and challenges
related to COVID-19 as rural hospitals and clinics were vul-
nerable to closure during this pandemic, due to limited
elective and routine procedures.10,11 Other social and eco-
nomic infrastructure collapse in rural communities also
had negative long-term impact on rural older adults
beyond COVID-19.10,12

According to the U.S. Food and Drug Administration
(FDA), digital health technologies (DHTs) are electronic
tools, systems, software, or devices that collect, share,
and analyze health information for purposes of improving
health outcomes and healthcare delivery.13–15 During the
pandemic, DHTs played essential roles in aiding diagnos-
ing, monitoring, screening, and prognosticating the infec-
tion.16,17 As a result, DHT usage for older adults surged
in 2020. In the US, the growth of telemedicine offset
about two-thirds of the decrease in in-person clinical
visits during the COVID-19 pandemic.18 Data from
Singapore indicated that a larger proportion of older
adults accepted teleconsultations compared with younger
patients seen by the general medicine department.19 A
study conducted in the UK assessed consultations
between February and May 2020 for older adult patients
and found the rate of telephone and electronic/video consul-
tations more than doubled across the study period (106%
and 103%, respectively), while face-to-face consultations
fell by 65% and home visits decreased by 63%.20

There was increasing evidence in challenges of implemen-
tation and utilization of DHTs for older adults during unique
circumstances, such as the COVID-19 pandemic, when
DHTs were the only available options for healthcare.21 The
sudden surge in demand and limited transition time placed
immense pressure on digital health systems, leading to tech-
nical difficulties and service delays.22 Also, the pandemic has
highlighted disparities in access to digital health tools particu-
larly among vulnerable populations whomay not have access
to the necessary technology or internet connectivity, such as
older adults.23–25 An umbrella review of systematic reviews
evaluated publications from January 2000 to October 2019,
indicating the possibility for digital interventions to reduce
demands on hospitals.14 Scoping reviews reported that
mental health and DHTs were major factors influencing
older people’s health during the pandemic.26–28 A systematic
review found that telemedicine was a feasible approach to
assist older patients with dementia.29 A comprehensive
understanding of what happened in the wake of the rapid
implementation and use of DHTs be vital for communities,
health professionals and stakeholders. Lessons learned
during pandemic can be used beyond the pandemic.
Therefore, the aim of this systematic review is to answer
the research question: what is the current evidence on the
overall implementation and use of DHTs among older
adults during the COVID-19 pandemic?

Methods

Search strategy

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines provided the frame-
work for this systematic review. Databases included in
the search were PsycINFO, Ovid National Library of
Medicine’s bibliographic database/article index
(MEDLINE), Cumulative Index to Nursing and Allied
Health Literature (CINAHL), International Pharmaceutical
Abstracts (IPA), and Web of Science. The search dates
included 1 January 2020, the beginning of the pandemic,
to 9 November 2021. The search was then updated on 5
January 2023, to include newer studies published after 9
November 2021.30 To identify relevant articles, we also
hand searched the reference lists of included articles and
review papers and those articles identified via this method
were also evaluated for eligibility.31 An extensive search
strategy was developed with the guidance of a Health
Sciences Librarian at the primary author’s university
(Supplementary Appendix 1). To detect duplicates and
screen articles in accordance with the PRISMA guidelines,
all study citations were exported into the Endnote X9
(Philadelphia, PA, USA) reference management software.
Participant consent was not required for this study
because all data were from previously published articles.
Additionally, there was no direct involvement with patients
in the current study.

Eligibility criteria

To identify eligible studies, CZ and AH independently
screened these studies based on their titles and abstracts,
and all duplicates were removed. Full text articles
meeting the following criteria were retained and reviewed
by CZ and AH: (a) peer-reviewed studies written in
English and with completed results; conference abstracts,
letters to editors, and research proposals were excluded;
(b) applied experimental study design instead of observa-
tional studies; (c) the targeted interventions were related
to any kind of DHTs; (d) the target population included
older adults (aged 65+) only with samples specifically iden-
tified (i.e. aged 60+ or aged 55+, vs “older adults” or “elder
population”); (e) the interventions were conducted after the
start of COVID-19; (f) the study was focused on clinical or
humanistic outcomes (e.g. acceptability, feasibility, effect-
iveness, adherence, and satisfaction) of DHTs. Studies
focused economic outcomes,32 were excluded. All included
and excluded items were reviewed by CZ and AH to deter-
mine whether they met the criteria, and conflicts were
solved by discourse and consensus among the research
team. This review followed the FDA definition of digital
health, which includes “mobile health (mHealth), health
information technology (IT), wearable devices, telehealth
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and telemedicine, and personalized medicine.”15 Artificial
intelligence (such as robotic devices) was also included as
a digital health intervention.33

Data extraction

Data extraction was performed by CZ and verified by AH,
JQ, and BIF. The following data were extracted from the
selected full-text studies: (a) authors; (b) study design (i.e.
quasi-experimental study, randomized controlled trial
(RCT); non-RCT); (c) DHT interventions; (d) compara-
tions; (e) sample size; (f) samples; (g) settings; (h) out-
comes; (i) results; and (j) location.

This study followed the Synthesis without meta-analysis
in systematic reviews guidance.34 Because of the hetero-
geneity in settings, outcome measures, and study designs,
conducting a meta-analysis was not feasible for this
study.35 A narrative synthesis was performed by grouping
DHT outcomes: effectiveness, feasibility, acceptability,
and satisfaction. Effectiveness was measured by the
P-values for the clinical outcomes from the individual
study,34 while feasibility was assessed based on the recruit-
ment and retention.36 Acceptability and satisfaction were
evaluated through humanistic outcomes.37

Quality assessment

The bias of RCT studies was assessed using Version 2 of
the Cochrane Risk-of-Bias Tool for randomized trials
(RoB 2).38 This tool includes five domains of bias: random-
ization process, deviations from intended interventions,
missing outcome data, measurement of the outcome, and
selection of the reported results. All domains of RoB 2
and the overall risks of bias were judged as high, low, or
some concerns.39 The bias of other studies (including
both quasi-experimental studies and non-randomized
clinical trials) was assessed using Risk of Bias in
Non-randomized Studies of Interventions (ROBINS-I).40

This tool includes seven domains of bias: confounding,
selection of participants into the study, classification of
interventions, deviation from intended interventions,
missing data, measurement of outcomes, and selection of
reported result. Domains for ROBINS-I were judged as
low, moderate, serious, critical, no information, and
overall risks of bias were judged as low, moderate,
serious, and critical.41

Results
A total of 569 records were identified through database
searching and hand-searching, and 52 articles were
excluded after removing duplications. After screening
titles and abstracts, we included 42 articles for full-text
review. Finally, 15 full-text articles met all inclusion and
exclusion criteria and were selected for this systematic

review based on the original search, and additional five arti-
cles were included from the updated search conducted on 5
January 2023 (Figure 1).

Characteristics of the studies

The overall characteristics of the 20 included studies are
described in Table 1. Most (12, 60%) were published in
2021. Five (25%) studies were conducted in Asia, five
(25%) in Europe, and three (15%) in the Middle East.
There were six (30%) RCTs, while the rest 14 were
quasi-experimental studies (one study with a separate com-
parison group and thirteen studies with one-group pretest–
posttest design). The total number of participants of RCTs
and non-RCTs was 542, accounting for 47.70% of the
total number of participants of 20 included studies. The
longest duration of interventions was 6 months,42 while
most studies lasted for 1 to 3 months. Hsieh CH et al.
explored immersive garden experience using virtual
reality devices in nursing homes, so their intervention
lasted 6 min.43

Features for participants and interventions

Most (14, 70%) studies focused on older adults with
chronic diseases or symptoms, and eight studies targeted
older adults with mental health issues, including cognitive
impairment or dementia,43–47 memory concerns,48 neuro-
cognitive disorder,49 and affective disorders.50 Other
chronic diseases or symptoms included pain,51 type 2 dia-
betes,42,52 Parkinsonism,53 rheumatoid arthritis,54 and
obesity.42,55 It is worth mentioning that two studies targeted
both older adults and caregivers,49,56 and one study also
included grandparents and grandchildren.57

DHTs encompassed various distinct applications, such
as health care services delivered via television,47 tele-
phone,51,58,59 video meeting,46,48,49,60 social media,45,61

mobile applications,53,56 and website-based tele-
health.50,52,55 In addition to “traditional” DHTs, several
new approaches were implemented in health care sectors.
Adly AS et al. evaluated a novel teletherapy approach
(i.e. laser acupuncture) for older adults with rheumatoid
arthritis.54 Park EA, Jung AR, and Lee KA conducted an
RCT and indicated that robot-assisted, multi-domain cogni-
tive training can promote cognitive function and depression
for older adults with mild cognitive impairment.44 Some
studies investigated the utilization of wearable devices,
such as virtual reality devices,43,57 and self-monitoring
Fitbit devices.42

Effectiveness

These twenty studies used various measures and outcomes
to assess the effectiveness of DHTs, including mental well-
being, physical activity, quality of life, and other clinical
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outcomes. Studies reported various mental health-related
outcomes.44,47,49,51,53,59,60 Park EA, Jung AR, and Lee
KA found that participants receiving robot-assisted cogni-
tive training had significant improvement in cognitive func-
tion (t= 4.707, p < 0.001), memory (t=−2.282, p= 0.007),
executive function (t= 4.610, p < 0.001), and depression (t
=−3.307, p= 0.004). Shapira S et al. found a medium
ameliorative effect on loneliness (d= 0.58), and marginally
significant improvement on depressive symptoms (d=
0.43) for the intervention group, which completed online,
guided sessions via the Zoom videoconferencing
platform.60

DHT interventions also focused on sedentary behavior
and physical activity among older adults.52,53,55 During
the COVID-19 pandemic, an in-person, community-based
exercise program for adults with type 2 diabetes was trans-
ited to a web-based group program, and significant
improvements were found in five physical fitness out-
comes.52 Kim A et al. used International Physical
Activity Questionnaire (IPAQ), Parkinson’s Disease
Questionnaire-39 (PDQ-39), and Geriatric Depression
Scale (GDS) to measure physical activity levels for older
adults with Parkinsonism.53 After an 8-week home-based
exercise program, participants reported a significant
increase in the total amount of exercise (p < .001) and

significant improvements in the IPAQ (p= 0.006),
PDQ-39 (p= 0.02), and GDS (p= 0.04) scores.

Feasibility

Several studies included in this review reported the high
feasibility of DHTs for older adults. Brandao L et al.
found that the group-based remote activities were feasible
and well-received among older adults living with cognitive
impairments.45 Additionally, a physical activity protocol
that involved training at home was shown to be feasible
for community-dwelling older adults,61 and sessions were
also found to be “relaxing and fun” for patients with affect-
ive disorders.50 Despite the promising feasibility of DHTs
for older adults, Prieto-Moreno et al. emphasized the limita-
tions in preliminary results and called for future RCTs to
better measure the clinical outcomes of DHTs.56

Acceptability and satisfaction

Studies focusing on participants’ acceptability and experi-
ence applied qualitative methods, such as focus groups
and interviews. Included studies reported high acceptability
of DHTs, and participants reported favorable experi-
ences.42,43,45,48,50,51,54,61 Cooper C et al. identified that
the overarching theme during the APPLE-Tree program

Figure 1. Study selection flowchart.

4 DIGITAL HEALTH



Ta
bl
e
1.

Ch
ar
ac
te
ri
st
ic
s
of

in
cl
ud

ed
st
ud

ie
s.

A
ut
ho
r

St
ud

y
de
si
gn

D
H
T
in
te
rv
en
tio
ns

Co
m
pa
ri
so
ns

Sa
m
pl
e

si
ze

Pa
rt
ic
ip
an
ts

Se
tti
ng
s

O
ut
co
m
es

R
es
ul
ts

Lo
ca
tio
n

Pl
um

b
Vi
la
rd
ag
a

et
al
.

R
CT

Tw
o
te
le
ph
on
e-

de
liv
er
ed

tr
ea
tm

en
t

se
ss
io
ns

w
ith

a
fi
tn
es
s
tr
ac
ke
r,
an
d

6
w
ee
ks

fo
llo
w
-u
p

U
su
al

ca
re

pl
us

a
fi
tn
es
s

tr
ac
ke
r

40
A
du

lts
(>
65

yr
s)
w
ith

O
A
pa
in

in
th
e

kn
ee

or
hi
p

In
di
vi
du

al
Fe
as
ib
ili
ty
an
d

ac
ce
pt
ab
ili
ty

Si
gn
ifi
ca
nt

im
pr
ov
em

en
ts

in
ar
th
ri
tis

pa
in

se
ve
ri
ty

(M
d
if
f
=
1.
68
,
p
=
0.
04
4)

an
d
se
lf-
re
po
rt
ed

ac
tiv
ity

(M
d
if
f
=
0.
87
5,
p

=
0.
03
8)

fo
r

in
te
rv
en
tio
n
gr
ou
p.

5%
at
tr
iti
on
,
10
0%

co
m
pl
et
io
n,

an
d
89
%

sa
tis
fa
ct
io
n.

U
SA

A
dl
y
A
S
et

al
.

R
CT

La
se
r
ac
up

un
ct
ur
e
(6

se
ss
io
ns

pe
r
w
ee
k

fo
r
4
w
ee
ks
),

m
et
ho
tr
ex
at
e
an
d
a

te
le
-r
eh
ab
ili
ta
tio
n

pr
og
ra
m

M
et
ho
tr
ex
at
e

an
d
a
te
le
-

re
ha
bi
lit
at
io
n

pr
og
ra
m

60
A
du

lts
(6
5–
75

yr
s)

w
ith

rh
eu
m
at
oi
d

ar
th
ri
tis

In
di
vi
du

al
Ef
fe
ct
iv
en
es
s
an
d

sa
tis
fa
ct
io
n

St
at
is
tic
al
ly
si
gn
ifi
ca
nt

di
ffe
re
nc
es

(p
<
0.
05
)
in

CR
P,

R
A
Q
oL
,
IL
-6

an
d

M
D
A
fo
r
in
te
rv
en
tio
n

gr
ou
p.

Sa
tis
fa
ct
io
n

sc
or
ed

4.
7/
5.
0.

Ca
ir
o

W
on
g
A
KC

et
al
.

R
CT

W
ee
kl
y
ca
se

m
an
ag
em

en
t
vi
a

te
le
ph
on
e
ca
ll
an
d

vi
de
o
m
es
sa
ge
s
fo
r

3
m
on
th
s

M
on
th
ly
so
ci
al

te
le
ph
on
e

ca
lls

68
H
om

eb
ou
nd

ad
ul
ts

(>
60

yr
s)

In
di
vi
du

al
Ef
fe
ct
iv
en
es
s

Si
gn
ifi
ca
nt

im
pr
ov
em

en
t
in

gr
ou
p
in
te
ra
ct
io
ns
,

tim
e’
s
ef
fe
ct
s
on

m
ed
ic
at
io
n
ad
he
re
nc
e
(β

=
−
8.
30
;
p
=
.0
01
),
an
d

Q
oL

(β
=
4.
99
;
p
=
.0
4)

fo
r
in
te
rv
en
tio
n
gr
ou
p.

Ch
in
a

G
oo
dm

an
-

Ca
sa
no
va

JM
et

al
.

R
CT

TV
-b
as
ed

A
ss
is
tiv
e

In
te
gr
at
ed

Se
rv
ic
e

fo
r
12

m
on
th
s

N
o
in
te
rv
en
tio
n

93
Co
m
m
un

ity
-d
w
el
lin
g

ad
ul
ts
(>
60

yr
s)

w
ith

m
ild

co
gn
iti
ve

im
pa
ir
m
en
t
or

de
m
en
tia

Co
m
m
un

ity
Ef
fe
ct
iv
en
es
s

Re
sp
on
de
nt
s
w
ith

TV
-

A
ss
is
tD
em

pe
rf
or
m
ed

m
or
e
m
em

or
y
ex
er
ci
se
s

(5
2%

vs
17
.4
%
;p

<
.0
01
).

Sp
ai
n
an
d

R
om

an
ia

Pa
rk

EA
,
Ju
ng

A
R
,
&
Le
e
KA

R
CT

R
ob
ot
-a
ss
is
te
d

co
gn
iti
ve

tr
ai
ni
ng

pr
og
ra
m
,
tw
ic
e
a

w
ee
k
fo
r
6
w
ee
ks

N
o
in
te
rv
en
tio
n

13
5

Co
m
m
un

ity
-d
w
el
lin
g

ad
ul
ts
(>
60

yr
s)

w
ith

m
ild

co
gn
iti
ve

im
pa
ir
m
en
t

Co
m
m
un

ity
Ef
fe
ct
iv
en
es
s

Si
gn
ifi
ca
nt

im
pr
ov
em

en
t

in
in

co
gn
iti
ve

fu
nc
tio
n

(t
=
4.
70
7,

p
<
0.
00
1)
,

m
em

or
y
(t
=
−
2.
28
2,

p
=
0.
00
7)
,e
xe
cu
tiv
e

fu
nc
tio
n
(t
=
4.
61
0,

p
<

0.
00
1)
,
an
d
de
pr
es
si
on

(t
=
−
3.
30
7,
p
=
0.
00
4)

fo
r
in
te
rv
en
tio
n
gr
ou
p.

Ko
re
a

(c
on
tin
ue
d)

Zou et al. 5



Ta
bl
e
1.

Co
nt
in
ue
d.

A
ut
ho
r

St
ud

y
de
si
gn

D
H
T
in
te
rv
en
tio
ns

Co
m
pa
ri
so
ns

Sa
m
pl
e

si
ze

Pa
rt
ic
ip
an
ts

Se
tti
ng
s

O
ut
co
m
es

R
es
ul
ts

Lo
ca
tio
n

Sh
ap
ir
a
S
et

al
.

R
CT

Se
ve
n
tw
ic
e-
w
ee
kl
y

on
lin
e
on
lin
e

gu
id
ed

se
ss
io
ns

vi
a

Zo
om

N
o
in
te
rv
en
tio
n

86
Co
m
m
un

ity
-d
w
el
lin
g

ad
ul
ts
(>
65

yr
s)

Co
m
m
un

ity
Ef
fe
ct
iv
en
es
s

Si
gn
ifi
ca
nt

im
pr
ov
em

en
t

in
lo
ne
lin
es
s
(d
=
0.
58
)

an
d
de
pr
es
si
ve

sy
m
pt
om

s
(d
=
0.
43
)
fo
r

in
te
rv
en
tio
n
gr
ou
p.

Is
ra
el

La
i
FH

-Y
et

al
.

N
on
-

ra
nd
om

iz
ed

co
nt
ro
lle
d

tr
ia
l

W
ee
kl
y
he
al
th

se
rv
ic
es

ar
e
de
liv
er
ed

th
ro
ug
h
vi
de
o

co
m
m
un

ic
at
io
n

ap
ps

an
d
w
ee
kl
y

ca
re

se
rv
ic
e
vi
a

te
le
ph
on
e

W
ee
kl
y
ca
re

se
rv
ic
e
vi
a

te
le
ph
on
e

60
A
du

lts
(6
5–
80

yr
s

w
ith

N
CD

)
an
d

ca
re
gi
ve
rs

Co
m
m
un

ity
Ef
fe
ct
iv
en
es
s

Su
pp
le
m
en
ta
ry

te
le
m
ed
ic
in
e
ha
d

av
er
te
d
th
e

de
te
ri
or
at
io
n
co
gn
iti
ve

as
se
ss
m
en
t
(η

p2
=
0.
50
)

an
d
Q
oL
-A
D
(η

p2
=
0.
23
).

Ch
in
a

Jiw
an
i
R
et

al
.

Pr
e-
Po
st

Se
lf-
m
on
ito
ri
ng

Fi
tb
it

de
vi
ce

fo
r
6
m
on
th
s
N
/A

20
Co
m
m
un

ity
-d
w
el
lin
g

ov
er
w
ei
gh
t
or

ob
es
e
ad
ul
ts
(>
65

yr
s)
w
ith

T2
D

Co
m
m
un

ity
A
cc
ep
ta
bi
lit
y

H
ig
h
ac
ce
pt
ab
ili
ty
of

th
e

pr
og
ra
m
.
Pa
rt
ic
ip
an
ts

re
po
rt
ed

fa
vo
ra
bl
e

ex
pe
ri
en
ce
s
an
d
hi
gh

Q
oL
.

U
SA

B
ra
nd
ao

L
et

al
.

Pr
e-
Po
st

Pl
ay
fu
ll
iv
in
g
pr
og
ra
m
,

vi
de
o
ca
lls
,
an
d

W
ha
ts
A
pp

gr
ou
ps

fo
r
3
m
on
th
s

N
/A

24
A
du

lts
(>
60

yr
s)
w
ith

lo
w
so
ci
oe
co
no
m
ic

co
nd
iti
on
s
an
d

m
ed
ic
al

hi
st
or
y
of

st
ro
ke

or
di
ag
no
si
s

of
de
m
en
tia

In
di
vi
du

al
Fe
as
ib
ili
ty

83
.7
%

of
ad
he
re
nc
e
an
d

su
st
ai
na
bi
lit
y.

B
ra
zi
l

Co
op
er

C
et

al
.

Pr
e-
Po
st

W
ee
kl
y
gr
ou
p-
ba
se
d

vi
de
o-
ca
ll
fo
r
10

w
ee
ks

N
/A

17
A
du

lts
(>
60

yr
s)
w
ith

m
em

or
y
co
nc
er
ns

bu
t
w
ith
ou
t

de
m
en
tia

In
di
vi
du

al
A
cc
ep
ta
bi
lit
y
an
d

fe
as
ib
ili
ty

83
.3
%

se
ss
io
ns

w
er
e

at
te
nd
ed
.
So
ci
al

co
nn
ec
tio
ns

su
pp
or
te
d

gr
ou
p
at
te
nd
an
ce

an
d

im
pl
em

en
ta
tio
n
of

lif
es
ty
le
ch
an
ge
s.

U
K

Sc
hw

ar
tz
H
et
al
.
Pr
e-
Po
st

O
nl
in
e
PA

pr
ot
oc
ol

vi
a

Zo
om

an
d

W
ha
ts
A
pp

fo
r
8

w
ee
ks

N
/A

30
Co
m
m
un

ity
-d
w
el
lin
g

ad
ul
ts
(>
60

yr
s)

Co
m
m
un

ity
Fe
as
ib
ili
ty
an
d

sa
tis
fa
ct
io
n

90
%

A
dh
er
en
ce
.

Sa
tis
fa
ct
io
n
6/
7.

Is
ra
el (c
on
tin
ue
d)

6 DIGITAL HEALTH



Ta
bl
e
1.

Co
nt
in
ue
d.

A
ut
ho
r

St
ud

y
de
si
gn

D
H
T
in
te
rv
en
tio
ns

Co
m
pa
ri
so
ns

Sa
m
pl
e

si
ze

Pa
rt
ic
ip
an
ts

Se
tti
ng
s

O
ut
co
m
es

R
es
ul
ts

Lo
ca
tio
n

va
n
D
ijk

SD
M

et
al
.

Pr
e-
Po
st

O
nl
in
e
th
er
ap
y

pr
og
ra
m

fo
r
20

w
ee
ks

N
/A

4
A
du

lts
(>
60

yr
s)
w
ith

ch
ro
ni
c
af
fe
ct
iv
e

di
so
rd
er
s
an
d

pe
rs
on
al
ity

pr
ob
le
m
s

In
di
vi
du

al
Fe
as
ib
ili
ty

10
0%

A
dh
er
en
ce
.
H
ig
h

Sa
tis
fa
ct
io
n.

N
et
he
rl
an
ds

G
ar
er
i
P
et

al
.

Pr
e-
Po
st

R
em

ot
e
ca
re

m
an
ag
em

en
t
vi
a

te
le
ph
on
e/
vi
de
o

ca
ll
fo
r
90

da
ys

N
/A

90
O
ld
er

ad
ul
ts
w
ith

co
gn
iti
ve

di
so
rd
er
s
A
m
bu

la
to
ry

ou
tp
at
ie
nt
s

an
d
ho
m
e

ca
re

pa
tie
nt
s

Ef
fe
ct
iv
en
es
s

Si
gn
ifi
ca
nt

de
cr
ea
se

in
A
D
L
(p
=
0.
00
1)
,
M
M
SE

(p
<
0.
00
1)
,
an
d

Eu
ro
Q
oL

(p
=
0.
00
5)
.

Ita
ly

H
si
eh

CH
et

al
.

Pr
e-
Po
st

6
m
in

ga
rd
en

vi
de
o

ex
pe
ri
en
ce

N
/A

14
A
du

lts
(>
50

yr
s)
w
ith

m
ild
-t
o-
m
od
er
at
e

co
gn
iti
ve

im
pa
ir
m
en
t
liv
in
g

in
nu

rs
in
g
ho
m
es

Lo
ng
-t
er
m

ca
re

fa
ci
lit
ie
s

Ef
fe
ct
iv
en
es
s
an
d

sa
tis
fa
ct
io
n

Si
gn
ifi
ca
nt

im
pr
ov
em

en
t

in
SD

N
N
(Z
=
2.
22
9,
p
=

0.
02
6)
.
Pa
rt
ic
ip
an
ts

ex
pr
es
se
d
th
ei
r

sa
tis
fa
ct
io
n.

Ta
iw
an

Pr
ie
to
-M

or
en
o

et
al
.

Pr
e-
Po
st

A
ct
iv
eH

ip
+
m
H
ea
lth

m
ob
ile

ap
pl
ic
at
io
n

fo
r
12

w
ee
ks

N
/A

69
A
du

lts
(>
60

yr
s)
ha
d

un
de
rg
on
e
hi
p

su
rg
er
y
an
d
th
ei
r

ca
re
gi
ve
rs

In
di
vi
du

al
Fe
as
ib
ili
ty

Po
si
tiv
e
ef
fe
ct
s
on

fu
nc
tio
na
ls
ta
tu
s
(6
8.
30
/

10
5.
73

vs
.
10
9.
20
/

12
1.
21
),
ph
ys
ic
al

pe
rf
or
m
an
ce

(3
.1
4/
7.
22

vs
.
3.
36
/6
.8
5)

an
d
pa
in

(5
.2
8/
2.
14
)
vs
.
5.
21
/

3.
06
).

Sp
ai
n
an
d

B
el
gi
um

A
pp
el
et

al
.

Pr
e-
Po
st

VR
fi
lm
s
an
d
w
ee
kl
y

on
lin
e
se
ss
io
ns

fo
r
4

w
ee
ks

N
/A

10
G
ra
nd
ch
ild
re
n
an
d

gr
an
dp
ar
en
ts
(6
6–

84
yr
s)

Co
m
m
un

ity
Ef
fe
ct
iv
en
es
s

Fe
el
le
ss

is
ol
at
ed
,
m
or
e

co
nn
ec
te
d
w
ith

ot
he
r

pe
op
le
an
d
m
or
e

co
nfi
de
nt

in
le
ar
ni
ng

te
ch
no
lo
gy

Ca
na
da

Se
kh
on

et
al
.

Pr
e-
Po
st

W
ee
kl
y
ph
on
e
ca
lls

fr
om

tr
ai
ne
d

vo
lu
nt
ee
rs

fo
r
8

w
ee
ks

N
/A

11
2

A
du

lts
(>
60

yr
s)
.

Ex
cl
ud

e
in
di
vi
du

al
s
ha
d

ps
yc
ho
tic

sy
m
pt
om

s,
se
ve
re

he
ar
in
g

Co
m
m
un

ity
Ef
fe
ct
iv
en
es
s

Si
gn
ifi
ca
nt

im
pr
ov
em

en
ts

in
de
pr
es
si
on

(m
ea
n

ch
an
ge

sc
or
e
=
−
2.
27
,

p
=
0.
00
3)

fo
r

pa
rt
ic
ip
an
ts
w
ith

hi
gh
er

Ca
na
da

(c
on
tin
ue
d)

Zou et al. 7



Ta
bl
e
1.

Co
nt
in
ue
d.

A
ut
ho
r

St
ud

y
de
si
gn

D
H
T
in
te
rv
en
tio
ns

Co
m
pa
ri
so
ns

Sa
m
pl
e

si
ze

Pa
rt
ic
ip
an
ts

Se
tti
ng
s

O
ut
co
m
es

R
es
ul
ts

Lo
ca
tio
n

im
pa
ir
m
en
t,
or

ac
tiv
e
su
ic
id
al

id
ea
tio
n.

ba
se
lin
e
de
pr
es
si
on

sc
or
es
.

Jo
hn
so
n
N
et

al
.

Pr
e-
Po
st

O
nl
in
e
in
te
rv
en
tio
n

co
nt
en
ts
vi
a
G
oo
gl
e

Cl
as
sr
oo
m

fo
r
6

w
ee
ks

N
/A

13
Co
gn
iti
ve
ly
in
ta
ct

ad
ul
ts
(>
65

yr
s)

w
ith

B
M
I≥

30
kg
/

m
2

In
di
vi
du

al
Ef
fe
ct
iv
en
es
s

M
od
er
at
e-
to
-v
ig
or
ou
s
PA

in
cr
ea
se
d
by

2
m
in
/d
ay

(C
I:
−
21
,
26
)
an
d

12
m
in
/w
ee
k
(C
I:
−
15
4,

18
0)
.

U
SA

Ki
m

A
et

al
.

Pr
e-
Po
st

H
om

e-
ba
se
d

te
le
he
al
th

ex
er
ci
se

pr
og
ra
m

fo
r
8

w
ee
ks

N
/A

21
A
du

lts
(>
62

yr
s)
w
ith

pa
rk
in
so
ni
sm

O
ut
pa
tie
nt

Ef
fe
ct
iv
en
es
s

Si
gn
ifi
ca
nt

in
cr
ea
se

in
th
e

to
ta
la
m
ou
nt
of
ex
er
ci
se

(p
<
.0
01
),
PD

Q
-3
9
(p
=

0.
02
),
an
d
G
D
S
(p
=

0.
04
).

Ko
re
a

Ki
rw

an
et

al
.

Pr
e-
Po
st

Tw
ic
e-
w
ee
kl
y

su
pe
rv
is
ed

gr
ou
p

ex
er
ci
se

an
d

ed
uc
at
io
n
pr
og
ra
m

vi
a
vi
de
oc
on
fe
re
nc
e

fo
r
8
w
ee
ks

N
/A

17
1

A
du

lts
w
ith

T2
D

Co
m
m
un

ity
Ef
fe
ct
iv
en
es
s

Si
gn
ifi
ca
nt

im
pr
ov
em

en
ts

in
w
ai
st
ci
rc
um

fe
re
nc
e,

ae
ro
bi
c
ca
pa
ci
ty
,

m
us
cu
la
r
st
re
ng
th
,

fl
ex
ib
ili
ty
,
an
d
ba
la
nc
e

(a
ll
p
<
0.
00
1)
.

A
us
tr
al
ia

N
ot
e:
B
M
I:
bo
dy

m
as
s
in
de
x;
CR

P:
C-
re
ac
tiv
e
pr
ot
ei
n;
G
D
S:
ge
ri
at
ri
c
de
pr
es
si
on

sc
al
e;
IL
-6
:i
nt
er
le
uk
in
-6

in
fl
am

m
at
or
y
m
ar
ke
rs
;M

D
A
:p
la
sm

a
m
al
on
di
al
de
hy
de

ox
id
at
iv
e
m
ar
ke
r;
N
CD

:n
eu
ro
co
gn
iti
ve

di
so
rd
er
;O

A
:

os
te
oa
rt
hr
iti
s;
PA

:p
hy
si
ca
la
ct
iv
ity
;P
D
Q
-3
9:
Pa
rk
in
so
n’
s
di
se
as
e
qu

es
tio
nn
ai
re
-3
9;
Pr
e-
Po
st
:o
ne
-g
ro
up

pr
et
es
t-
po
st
te
st
de
si
gn
;Q

oL
:q
ua
lit
y
of
lif
e;
Q
oL
-A
D
:q
ua
lit
y
of
lif
e
in
A
lz
he
im
er
’s
di
se
as
e;
R
A
Q
oL
:r
he
um

at
oi
d

ar
th
ri
tis

qu
al
ity

of
lif
e;

R
CT
:
ra
nd
om

iz
ed

co
nt
ro
l
tr
ai
ls
;
SD

N
N
:
st
an
da
rd

de
vi
at
io
n
of

N
N
in
te
rv
al
s
(i
nt
er
va
l
be
tw
ee
n
tw
o
he
ar
tb
ea
ts
);
T2
D
:
ty
pe

2
di
ab
et
es
.

8 DIGITAL HEALTH



was social connectedness, as well as three sub-themes:
retaining independence and social connectedness, adapting
social connectedness in the pandemic, and managing social
connections within and through the intervention.48

Challenge and difficulties for older adults
to adopt DHTs

Studies also highlighted challenges within this population.
Jiwani R et al. reported that challenges during the Fitbit
Program included “physical impediments”, “resistance to
lifestyle changes”, and “operating a new piece of technol-
ogy”.42 Schwartz H et al. found that some participants
reported technology issues, such as login difficulties,
unstable internet connection, and inability to turn on the
camera. Other comments are about the only exercise proto-
col that some instructions were difficult and unclear.61

Quality of included studies

The results of quality assessment of RCT studies using RoB
2 are shown in Table 2. Because of missing information
about allocation concealment, blinding, or random
sequence generation, five studies have some concerns of
the overall risk of bias, and one was judged as serious
overall risk. The results of quality assessment of the other
studies using ROBINS-I are shown in Table 3. There
were three studies judged as serious risk of bias in at least
one domain, nine were judged as moderate overall risk of
bias, and two were judged as low risk of bias at all seven
domains. No study is judged to be at critical risk of bias.

Discussion
This systematic review synthesized evidence in the imple-
mentation and use of DHTs among older adults during

the COVID-19 pandemic. In this systematic review, 20 arti-
cles implemented various forms of DHT programs in differ-
ent settings, highlighting the breakthrough of DHTs in
healthcare, mental health, community, and long-term care
among older patients and caregivers. During the
COVID-19 pandemic, DHTs met the current health care
needs of older adults while demonstrating the potential to
improve various health outcomes.

Current evidence supported the importance of DHTs
among the older adult population. This systematic review
found that DHTs had been implemented or incorporated
into other programs to address the challenges and difficul-
ties associated with healthcare for older adults. During the
COVID-19 pandemic, DHTs were used as a feasible alter-
native and adjunct to conventional usual care delivery to
improve clinical outcomes, promote mental well-being,
and provide educational and communicational support.
Banskota S et al. evaluated 15 smartphone applications
for older adults during the COVID-19 pandemic lockdown,
indicating the potential of mobile technologies to improve
older adults’ well-being and quality of life.62 Recent sys-
tematic reviews of telehealth have demonstrated its capabil-
ity to improve health service delivery, reduce medical costs,
and decrease the risk of morbidity and mortality among
older adults.63,64 Consistent with these studies, the current
systematic review found DHTs to be effective among the
elder population, including participants with chronic dis-
eases or mental health problems. Results of this study are
consistent with a previous meta-analysis focusing on tele-
medicine in patients with chronic disease.65 Authors
reported that telemedicine had a positive effect on the man-
agement of several chronic diseases during the COVID-19,
including diabetes, hypertension, and rheumatoid arthritis.
Findings of this systematic review are consistent with the
previous review conducted by Rodrigues NG et al. that
summarized the benefits of online interventions to combat
social isolation among older adults, revealing that remote

Table 2. Quality assessment of five RCT studies using RoB 2.

Author Domain 1 Domain 2 Domain 3 Domain 4 Domain 5 Overall

Adly AS et al. Some concerns Some concerns Low risk Some concerns Low risk Some concerns

Goodman-Casanova JM et al. Some concerns Some concerns Some concerns Some concerns Some concerns Some concerns

Park EA, Jung AR, & Lee KA Some concerns Low risk Low risk Low risk Low risk Some concerns

Plumb Vilardaga et al. High risk Low risk Low risk Some concerns Low risk High

Shapira S et al. Some concerns Some concerns Some concerns Low risk Low risk Some concerns

Wong AKC et al. Some concerns Some concerns Low risk Low risk Low risk Some concerns

Note: Domain 1: risk of bias arising from the randomization process; Domain 2: risk of bias due to deviations from the intended interventions; Domain 3:
missing outcome data; Domain 4: risk of bias in measurement of the outcome; Domain 5: risk of bias in selection of the reported result.
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interventions could be the “new normal in the COVID
era.”66

Implications

The COVID-19 pandemic accelerated the adoption of
DHTs, and this transit has important implications for
older adults and health providers. Despite the importance
and popularity of DHTs, health providers should be
aware that not all older patients may be amenable to
DHTs, and the implementation of DHTs may not be appro-
priate in all settings.67 Studies included in this systematic
review revealed barriers and challenges, such as patient
resistance of change and technology issues.42,61 Older
adults may benefit from health services via DHTs, while
Haimi, M and Gesser-Edelsburg, also reported insufficient
services were developed and implemented to fully satisfy
the needs of this population.64 Hawley CE et al. identified
patient-reported challenges to integrating home telehealth
visits, including interest, access to technology, and confi-
dence.68 Additionally, DHTs cannot substitute completely
for in-person visits in some specific settings. Research con-
ducted in Spain found that the reduction in face-to-face

visits may negatively impact follow-up and blood sugar
control among patients with type 2 diabetes mellitus.
Regulation issues, such as privacy disclosures and reim-
bursement policies, are also vital factors during the imple-
mentation of DHTs. In the U.S., the government issued
an emergency waiver suspending the requirement to
comply with the Health Insurance Portability and
Accountability Act (HIPAA), meaning that video platforms
like Apple FaceTime and Facebook Messenger video chat
—which are not HIPAA compliant—may be used.69 The
U.S. Center for Medicaid and Medicare Services also
updated their guidelines to allow patients to use remote
counseling for Medicare telehealth encounters. As flexible
interventions, DHTs may contribute to various programs
for older adults, but further research is needed to optimize
DHTs across settings.

While the use of DHTs among older adults has been
shown to be important, external factors such as socio-
economic status, geographic location, and digital literacy
can pose barriers to older adults seeking to adopt DHTs,
which could increase the health disparities.70–72 To address
these issues, efforts can be made to provide training and
resources to increase digital literacy among underserved

Table 3. Quality assessment of the other 10 studies using ROBINS-I.

Author Domain 1 Domain 2 Domain 3 Domain 4 Domain 5 Domain 6 Domain 7 Overall

Appel et al. Moderate Moderate Low Low Low Moderate Low Moderate

Brandao L et al. Moderate Low Low Moderate Low Moderate Low Moderate

Cooper C et al. Serious Serious Low Moderate Moderate Low Low Serious

Gareri P et al. Moderate Low Serious Serious Low Low Moderate Serious

Hsieh CH et al. Moderate Low Low Moderate Low Low Low Moderate

Jiwani R et al. Moderate Moderate Moderate Moderate Low Moderate Low Moderate

Johnson N et al. Moderate Moderate Low Moderate Low Low Low Moderate

Kim A et al. Low Low Low Low Low Low Low Low

Kirwan et al. Low Low Low Low Low Low Low Low

Lai FH-Y et al. Moderate Low Moderate Moderate Low Low Low Moderate

Prieto-Moreno et al. Moderate Low Low Low Low Moderate Low Moderate

Sekhon et al. Low Low Low Low Low Moderate Low Moderate

Schwartz H et al. Moderate Low Moderate Moderate Low Low Low Moderate

van Dijk SDM et al. Moderate Serious Serious Serious Low Serious Low Serious

Note: Domain 1: confounding; Domain 2: selection of participants; Domain 3: classification of interventions; Domain 4: deviations from intended interventions;
Domain 5: missing data; Domain 6: measurement of outcomes; Domain 7: selection of reported results.
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populations.73 Additionally, expanding access to affordable
DHTs, such as through subsidized programs or partnerships
with healthcare providers, could help to increase the adoption
rates and feasibility of DHTs.74,75 It is also crucial to consider
diversity in study populations and ensure that DHT interven-
tions are accessible, affordable, user-friendly, and tailored to
meet the unique needs of all older adults, including those
from diverse backgrounds.76,77 By addressing these chal-
lenges and promoting equitable access to DHTs, older
adults could benefit from the full potential of these technolo-
gies to improve their health outcomes and quality of life.

The diverse characteristics of DHTs studies, such as
design methodologies, target populations, and intervention
and delivery types, may impact the outcomes of these
studies. It is possible that studies with different designs
(e.g. RCTs, quasi-experimental studies, and qualitative
studies) yield different results, with RCTs generally consid-
ered more robust than quasi-experimental studies.78 Also,
the inclusion of diverse populations could lead to various
experiences of DHTs. For example, older adults with cog-
nitive impairments may face additional challenges in
using DHTs, such as difficulties with technology and com-
munication and need more personalized and accommodated
support.79–81 Additionally, preferences of patients and
health providers regarding the intervention and delivery
types of DHTs may vary. Lai R et al. reported that older
adults with cognitive impairment were more receptive to
the reminder function, emergency feature, and wearable
form of the telehealth than carer monitoring.79 Future
study is needed to understand to whom, when, and how
clinicians and institutions should deploy larger-scale
efforts to integrate DHTs into the care of older adults,
with a larger sample size and longer follow up.

Limitations

This study includes articles published from the beginning of
the pandemic (1March 2020) until data extraction (5 January
2023), for a total of approximately 22 months. Relevant arti-
cles were identified through a comprehensive literature
search using well-defined inclusion criteria. However, there
are several limitations and challenges in this systematic
review. First, our search might have missed studies published
after the date of data extraction, conducted during the early
months of the pandemic that are not yet published, missing
from the search-engines or databases, or published in a lan-
guage other than English.66 Second, since we are limited to
interventional studies and original research papers, consider-
ing the complexity and time requirement to conduct rando-
mized or controlled experiments, it is difficult to report
new insights in a short period of time. Most experimental
studies applied non-randomized or no controlled study
design and for RCTs, the sample size is relatively small
with short follow-up. Typically, studies with small numbers
of observations and less robust designs may result in

unreliable or inconclusive results.82,83 Another limitation is
that a variety of sampling, designs, qualities, and settings in
the included articles may affect synthesis. Rodrigues NG
et al. also indicated that it could result in bias to combine
community-based studies and research conducted in long-
term care facilities in a single review.66 In addition, a
meta-analysis could not be conducted in this study, which
limits the generalizability and broader implications of
findings.

Conclusion
This systematic review found that DHTs have been shown
to be effective, feasible, acceptable, and satisfactory in deli-
vering care for older adults during the COVID-19 pan-
demic. The significance of this study lies in its
contribution to the understanding of the challenges and
opportunities—broadly—of implementing DHTs in older
adult populations. Patients in the older adult population
need more resources to improve their awareness of and
technical skill with mobile devices. One example could
be creating user-friendly digital health tools that are specif-
ically tailored to older adults’ needs and preferences, such
as larger text, simple navigation, and voice commands.84,85

However, due to the heterogeneous methodologies and
varying quality of the studies included in this review, it
was challenging to draw definitive conclusions on certain
aspects, such as calculating the exact efficacy size of
DHTs. For future studies, RCTs with larger sample sizes,
blinding techniques, and longer follow-up periods are
expected to minimize the risk of bias.
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