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Abstract

Objective: To systematically catalogue review studies on digital health to establish extent of evidence on quality healthcare
and illuminate gaps for new understanding, perspectives and insights for evidence-informed policies and practices.

Methods: We systematically searched PubMed database using sensitive search strings. Two reviewers independently con-
ducted two-phase selection via title and abstract, followed by full-text appraisal. Consensuses were derived for any discrep-
ancies. A standardized data extraction tool was used for reliable data mining.

Results: A total of 54 reviews from year 2014 to 2021 were included with notable increase in trend of publications. Systematic
reviews constituted the majority (61.1%, (37.0% with meta-analyses)) followed by scoping reviews (38.9%). Domains of
quality being reviewed include effectiveness (75.9%), accessibility (33.3%), patient safety (31.5%), efficiency (25.9%),
patient-centred care (20.4%) and equity (16.7%). Mobile apps and computer-based were the commonest (79.6%) modal-
ities. Strategies for effective intervention via digital health included engineering improved health behaviour (50.0%), better
clinical assessment (35.1%), treatment compliance (33.3%) and enhanced coordination of care (24.1%). Psychiatry was the
discipline with the most topics being reviewed for digital health (20.3%).

Conclusion: Digital health reviews reported findings that were skewed towards improving the effectiveness of intervention via
mHealth applications, and predominantly related to mental health and behavioural therapies. There were considerable gaps
on review of evidence on digital health for cost efficiency, equitable healthcare and patient-centred care. Future empirical
and review studies may investigate the association between fields of practice and tendency to adopt and research the use of
digital health to improve care.
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Introduction interest to capitalize digital health to improve the quality
of healthcare.

To understand how digital health may improve health-
care quality, this study adopts six domains of quality as

Digital health has shifted the paradigm of quality medical
care. In the literature, digital health is diversely defined.
From a review of 1527 papers, the seminal study by
Fatehi et al." finds 95 unique definitions of digital health,
yet common to these definitions is digital intervention
that examines the provision of healthcare rather than the
use of the technology itself. Empowered by the industrial o o )
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being defined by the consensus of experts;> patient safety,
access to healthcare, effective treatment, efficient use of
resources, equity of care across subgroups of populations
and patient-centred care. The judgement among these
experts were in coherence with the following descriptions
of quality care from the World Health Organization
(WHO).3®P- 219 patient safety relates to the delivery of
care which minimizes risks and harms. Effective treatment
denotes improved health outcomes to patients and commu-
nity. Efficiency indicates optimum use of resources that
avoid waste. Equitable healthcare concerns on consistent
care quality across different subgroup of patient population.
Quality of access refers to the delivery of care that is timely,
geographically reasonable and appropriate to the medical
need. Lastly, patient-centred approach emphasizes care
that considers individual patient’s preferences, aspirations
and the cultures of the community. Therefore, reviewing
the notion of quality from these domains provides a multi-
faceted approach to understand digital health and its roles to
improve quality healthcare.

This understanding is important because the literature
has reported innovative digital technology contributes
towards quality healthcare in various ways. For example,
Rahman et al.* reported the use of Vis-Screen mobile appli-
cation to widen population-based screening for visual
impairment and blindness. They raised concern that there
was a lack of awareness among certain group of population,
especially those who were disadvantaged in terms of
economy, education and remote areas of residence. In
these population, late presentation of ophthalmologic con-
ditions hindered timely intervention, resulting in dire conse-
quences to the quality of life.* Similarly, Yang et al.’
innovated digital neuroradiology imaging database to
enhance retrospective research and prospective clinical
trials in the field of radiology, neurosurgery, neurology,
rehabilitation and others, for patients with brain tumour.
The likely contribution on clinical care from application
of this technology is reflected by Othman et al.® who
reported 386 new cases of primary brain tumour were regis-
tered within the period of 2013 to 2018 in a neurosurgery
department of a tertiary hospital in Malaysia. The gravity
of impact on quality care is further magnified by the poten-
tial similar findings among tertiary medical centres around
the world. Thus, this variety of contributions indicate the
rising interest, research and adoption of digital health for
quality healthcare.

Paradoxically, the exponential rise of digital health
adoption over the last two decades may have created a chal-
lenge to establish the extent of impact from digital health on
quality healthcare.” Challenges associated with digital
health include ethical concern on information security,
acceptability on new practice, and whether the technology
really is practical and feasible to be implemented in real
practice.8 In 13 November 2018, these challenges had
prompted the European Union to sanction a public

hearing, followed by an official report by expert panel on
effective ways of investing in health (EXPH) to assess the
impact of digital transformation on health service.” In
their summary finding, the 14-member expert panel high-
lighted broad perspectives should be taken in making the
decision to adopt, employ or invest new digital health ser-
vices.” Therefore, aligning the evidence with the need of
practice, policy and research may depart from eliciting the
extent of evidence with the broader aspects of healthcare.

In response, we are conducting this systematic mapping
of review studies to gain a wide-ranging perspective on evi-
dence related to the digital health and quality medical care.
A systematic mapping is also known as a scoping review as
described by Arksey and O’Malley.'*''®P- 449 However,
systematic mapping does not appraise the quality of the
selected study and consequently does not analyze the
results of the selected studies. Instead, a mapping review
focuses on systematic cataloguing of selected studies to
derive new insight and understanding on the breadth,
purpose and trend of research activities on the topic of inter-
est.'? The importance of systematic mapping is increasingly
recognized in the context of providing multi-faceted aspects
of evidence including the literature descriptions of an inter-
vention at different places, contexts, time and fields of prac-
tice.'”” These broad perspectives of evidence may prove
useful and important for complicated evidence-informed
policy decision because every institution is unique in its
experience, expertise and resources for healthcare quality
improvement.

Therefore, this study adopts systematic mapping design
as a robust methodological approach to establish the extent
of review evidence on digital health for quality healthcare.
The following sections of this study will outline the object-
ive, methodology and results of this review. We will then
narratively discuss the findings before concluding with
the key findings for policies and practices.

Objective

To our knowledge, there is yet a study that reviews the evi-
dence of review studies on digital health and aspects of
quality medical care. The objective of this study is to sys-
tematically map these review studies to establish six end-
points: (1) general characteristics of review studies on
digital health; (2) trend of research activities by year publi-
cation; (3) the aim and objective of digital health for quality
medical care; (4) approaches to improve the effectiveness of
intervention via digital health; (5) type and frequency of
digital health interventions; and (6) predominant disciplines
of medical practice and their topics for digital health.

Engaging with users of review study

Engaging key stakeholders allows a review study to gain
users’ perspectives to help navigate clearer aims and
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goals that are relevant and meaningful to inform policy and
practice.'* However, this approach was not adopted due to
practical challenges related to the COVID-19 lockdown
period during the conduct of this study. Alternatively, the
objectives of this review were derived through informal
engagement with local key stakeholders. This informal
engagement was achieved through one reviewer (HMY)
who is currently a member of board of director of
Universiti Sultan Zainal Abidin (UniSZA) teaching hos-
pital, and another reviewer (RAM) who was a member of
UniSZA centre of academic quality. Objectives (4), (5)
and (6) were added following both authors’ experience as
policymakers and regular engagement with various
stakeholders.

Methods

Search strategy

We began by performing rapid synthesis of evidence with
data mining via few keywords in PubMed databases such
as ‘digital health’ and ‘medicine’."> This exercise served
as preliminary measures of exploring research activities in
the fields of interest, thus guided a more targeted search
by indicating arbitrary boundaries of review that was
within the time and practical constraints of this study.'®

Table 1. Criteria for study selection.

Consequently, we derived three conceptual frameworks to
guide structured searching for studies on digital health on
quality medical care: digital health, medicine and review
study.

Conducted in the PubMed database, we designed search
strings for each conceptual framework to be based on title/
abstract and MeSH term. The final Boolean search strings
for this study were conducted on 2 June 2021.

Study selection criteria

Following rapid review of evidence, we developed criteria
to define the focus and boundaries of this mapping
review. The selection criteria were summarized in Table 1.

Selecting studies

Selections were conducted by two independent reviewers
(MSI and YIAB). Reviewers initially rejected irrelevant
studies based on title and abstract. If there was any doubt
for exclusion, studies were accepted for the full text screen-
ing. All discrepancies between reviewers were resolved by
consensus.

Population  Studies of quality healthcare that include medical
professionals were accepted.
Language Studies were conducted in English
Study Studies were either systematic review, systematic
design mapping, or scoping review

Intervention
improve patient care.

Comparison  Studies with or without comparison of interventions

were accepted

Studies were researching the use of digital technology to

Original studies, review protocols, literature reviews, and
review of review studies (overview, meta-review or
umbrella review)

Reviews that were mainly focusing on:

- Education of health practitioners on the use of digital
technology

- Evaluation or application of technology rather than directly
on patient care

Outcome Studies reported results that feature any domain of
quality care as its main finding or as one of the main
findings.

Timeframe  All publication dates were accepted

Duplicates of the same study
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Extracting studies

All title and abstract of included studies were imported into
reference manager Endnote 20. Then all details of the final
included studies were extracted into a standardized data
mining template in Microsoft Excel with structure as
shown in Supplemental Appendix 1.

Quality appraisal and search for grey literature

Both quality appraisal and search for grey literature were not
applicable for this study which aimed to systematically cata-
logue the research activities to achieve broad perspectives on
the evidence in this field."” Consequently, the results of the
selected reviews were presented in the appendix section
(Supplemental Appendix 2). This approach was adopted as
a measure of good practice to avoid misleading the readers
that the included reviews had been critically appraised.'®

Data analysis

PRISMA flowchart'? for the selection process and system-
atic mapping of all included reviews based on standardized
data extraction tool were constructed. Data were analyzed
and narratively summarized using descriptive statistics in
tables or graphs for each objective of the study.
Descriptive statistics were computed using Microsoft
Excel® while Microsoft Power BI*' was used for visualiza-
tion of spatial data.

Results

Search and selection

The structured searching via search strings based on con-
ceptual frameworks returned 4545 studies regarding
digital health, 2,709,890 articles concerning medicine,
and 199,138 publications on review study. The final

Table 2. Results of the structured searching.

Boolean search operation revealed a total of 155 studies
that were relevant for all three conceptual frameworks.
Table 2 provides summary of the structured search strategy
used in this study.

From these 155 studies, no duplications were found.
Subsequently, 64 studies were removed during first stage
of selection via title and abstract. Further 37 studies were
excluded following second stage selection by full text
appraisal. Figure 1 summarizes the PRISMA flow
diagram'? for the final 54 reviews for data extraction.

Data mapping of included reviews

Mapping of data by standardized data extraction tool for all
54 reviews established the extent of review evidence to
answer all six endpoints of this study. Table 3 provides
results of data mapping conducted in this study.

Endpoints

Characteristics of review studies on digital health. This study
identified 13 scoping reviews, 20 systematic reviews with
meta-analyses and 21 systematic reviews without
meta-analyses. From the 54 reviews, institutions of the
main author for the reviews were reported from 15 coun-
tries; United Kingdom (16), United States (7), Australia
(7), Canada (5), Switzerland (4), China (4), Ireland (2),
Netherlands (2), and one each for Brazil, Singapore,
France, Turkey, Finland, Greece, Ethiopia (Figure 2).

Publication year. There was an increasing number of
reviews from one publication in the year 2014 to 26 articles
for the year 2020. Figure 3 displays the number of reviewed
articles by year of publication.

Domains of quality care. Digital health had been reviewed to
deliver all six domains of quality healthcare. From the 54

#1  Digital health

#2  Medicine

(digital health[Title/Abstract]) OR (digital health[MeSH Terms])

((((((medicine[Title/Abstract])) OR (medical[Title/Abstract])) OR (doctor[Title/

4545

2,709,890

Abstract])) OR (medicine[MeSH Terms])) OR (medical[MeSH Terms])) OR

(doctor[MeSH Terms])

#3  Review study

(((((systematic review[Title/Abstract]) OR (scoping review[Title/Abstract])) OR

199,138

(systematic mapping|[Title/Abstract])) OR (systematic review[MeSH Terms])) OR
(scoping review[MeSH Terms])) OR (systematic mapping[MeSH Terms])

#4  Final search ((#1) AND (#2)) AND (43)

155
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No Duplicates found

64 studies excluded.
- Not Digital Health (45)

- Not Review Study (16)

- Not Medicine (3)

37 studies excluded.
- Not Patient Care (25)
- Not review study (4)

- Full text not available (7)

1]

-g PubMed Database Search
}

t

[}

3 155 studies identified
g Duplicate Check

= *

¢
8 Screening via Title and

Abstract (155)

8 Eligibility via Full-Text
K- appraisal (91)

i

-]

[T}

k-

3 :

° ’ 54 included |
]

- Full text not in English (1)

Figure 1. PRISMA flow diagram®® of the selection process.

reviews, evidence was mostly prevalent on the aspect of
effective intervention (75.9%). Additionally, there were
comparable extent of evidence on digital health for accessi-
bility (33.3%), patient safety (31.5%) and efficiency
(25.9%). However, there were considerably less number
of reviews on digital health for patient-centred care
(20.4%) and equitable healthcare (16.7%). Figure 4 sum-
marizes the number of reviews on digital health by
domains of quality of care.

Approaches for effective intervention. Digital health had been
reviewed to deliver a more effective intervention via four
distinct approaches. The targets of intervention included
improving health behaviour (50.0%), enhancing clinical
assessment (35.1%), supporting medication compliance or
treatment engagement (33.3%) and strengthening coordin-
ation of care (24.1%) (Figure 5).

Types of digital health interventions. The data mapping also
revealed 15 unique categories of digital health for quality
healthcare. Mobile apps and computer-based programs
were the most reported digital health intervention.
Videocassette, electronic medication container,
endoscope-equipped smartphone and IoT each were least

applied. Figure 6 presents 15 distinct digital applications
used for health interventions reported in the 54 reviews.

Predominant disciplines of medical practice and their topics.
Most topic of reviews on digital health for quality health-
care were multidisciplinary in nature (32). However, for
single main field of discipline, topics related to psychiatric
care emerged as the commonest (11). Table 4 shows pre-
dominant disciplines being addressed by the digital health
reviews and their topics.

Discussion

To the best of our knowledge, this is the first study to sys-
tematically search, select and map review studies on digital
health for quality healthcare. A total of 54 reviews are
included, ranged from the year 2014 to 2021 with increas-
ing trend till the end of 2020 (Graph 1). From these reviews,
a total of 15 distinct digital health interventions are identi-
fied (Graph 4) with findings which encapsulate all six
domains of quality healthcare (Graph 2), 12 identified
group of practices (graph 5), with 51 unique topics of
healthcare (Table 3). Therefore, the systematic mapping
of compilations of review studies on digital health create
new evidence, insight and understanding on quality




DIGITAL HEALTH

(panunuod)

YW
Aneiphsy Lz - yyeay juadsajopy +y'shs o cleleasoy g
a1 1
Anerydhsy 8 sisoydhsdy  Y'shs nueiSelg £
Sulag-||am
|ea18o0joydAsd pue YW
Aneiyhsqy L1 ‘fpixuy ‘uoissaidaq +Y'sAs e 19 salmeq 9
YW BT
Aseundpsipniny - 11 fusaqo  +y'shs llo819p3g  §
9UI|0IA < lefle]
Areundpdsipyny - sz Jauped arewnu]  yshs RUOW I ¥
VI
Aseundsipyniy o€ uled duoayy +y'shs e 1 Aspels €
21w
Areuydsipyny - 18 SuiSy Ayyesy  yshs suiqqoy ¢
ASoj0dup
A8ojooug s ul ased aaioddng  y'shs e 3 oudey T

-a4edyjjeay Ayjenb soj yjeay [enSip uo smainss 45 Joj Suiddew ejeq ‘s ajqel




Ibrahim et al.

(panunuod)

X X X X

X X X

X X

X X

X X
X X

X

X

Aseurjdidsipniniy

aupipaw

uonelljigeyay

Areuyydidsipainiy

Aseundsipiyniy

aupdIpaw |eudy

Areurdisipnniy

Aseuydidsipiyniy

Aneiydhsy

ST

0T

€C

14

8T

(4

91

A1anodal
aunypeuy Ayj1Selq

seale panIIsIIpUN
uruonelljigetoy

SERIIT=)
yum sjuaijed Joy aie)

SuisouSerp
-}|9s auljug
uonejue|dsuedy |eusy
ewoueap

Suriopuow
woydwAs ajoway

ssau||l
21U0JYD YHM YINoA

inoiAeyaq
Ayyeay pue 131q

YW
+ Y°shg

yshs

y'shs

y'shs

YW
+ Yshg

y'shs

yshs

YW
+ Y°shg

1819 Aepep 91

o OUBWLIRY
B noyz &1

S|-BT]
f3(|nog eauds3 41

e B
poouleq €1
cc'[2 19 BULIRYS T
e |B R UloY 1T
<R

dnipueny 01

LRCILE

‘panuiuo) ‘e ajqeL




DIGITAL HEALTH

(panunuod)

X X
X
X X X
X
X
X X
X X X X

X

X

>

aunIpap
|e180joydAsd

Areurdidsipniniy

aupIpaw
uoneyiqeyay

Aseurdisipiyniy

aulIpaw
|ea18ojoydAsd

yesH stqnd

Aseuyddsipniny

LE

61

LT

[4°]

Lt

81

yyeay |ejusiy

61-AINOD
Suinp ased ajoway

uawade|day
diH 4o 33uy |ejop
J3}je uoneyljiqeyay

uoisuapadAy

Y} eaH [eudp "asn
|joyod|y pue Sniug
‘PIa “Auady edishyd

sasuodsal yjjeay
2119nd 61-AIN0D

A1381ns anp3|a
SuroSiapun
sjuaijed
Joj poddns

pue Joireyag yieay

YIS

4S
YW

+ Yshg
YW

+Yshs

YW
+ Yshg

4s

yshs

wlB 1R dway €2

g B 19
noynoyy e

w18 1 BuBM 1T

1 |2 19 S018015 07

ca._m 1B
San-au[I 6T

mm._m 19
ueJayaseuny 8T

BT
uosuiqoy /T

uo) ‘¢ a|qeL




Ibrahim et al.

(panunuod)

X X
X X
X X X X
X
X X X
X X

A1a8insounap

Aneiydhsg

Aseundisipiyniy

Aseurjdidsipniniy

Areurdidsipniniy

A8ojoinap

Aseundisipniniy

Areurdidsipnniy

€T

0€

1T

16

|14

€1

GhT

91

aied |ea18Insolnau
Ul UOIIRIIUNWWOD
NI

9|doad
SunoA pue uaipjiyd
10} y1jeay |ejusly

foueuSaly
ul uieg ySisp pue
Ainpy [eaishyd ‘910

(jesauas) aseasip
le|nasenoipie)

NIH pue |1S

30415
sisojnaJagny
JOAIAINS

Jadued 3jejsoud
Jo} a1ed anuoddng

yshs

Y3S
YW
+ Yshs

YW
+ Y°shg

43S

YW
+ yshs

43S

yshs

z¢ 1wnofieg
B YyeueN T€

1510 1 uIseg o€

o512 13 S3pOYY 67

mq._m 19 JISWpIM  8C

o B 12 08) [T

LleR N 9z

o R 12991 67

oy |B 19 599404 #H¢

‘panuiuo) ‘e ajqeL




DIGITAL HEALTH

10

(panunuod)

sjuaijed
J9sued Suowe
3jl| jo Aujenb YW

X X X X X X Aaeiydhsy L pue yjeay [eudw +Yy'shs e 1o Suep g€

X X X X X X X ASojorewnayy 0T sijldyle plojewnayy YIS e uaddas (g
VW e R

X X X Aseundidsipiyniy (14 duepuany diul)  +Yshs weyogqoy 9¢
|0J3u0d N -BC]

X X X X X X Aseundosipainpy 8 9SeISIP SNOIIBYU| VRIS Suodwag g¢

suonIpuod VYW

X X AMeuydpsipninpy 61 [e3|ysonasniy +Y'sAS e 19 BIMIH  wE
juawaSeuep
X X X Jujelpsed  zh 14813 dlijeipaed ¥s e w AL €€
SSaU||1 21U0JYD YHM
1udds3jope Suowe YW SN -BC]
X X X X X Areundpsipyny - 1 91ed Jo uolsues] + Y'shs 1onalulo] g

‘panuiuo) ‘e ajqeL




11

Ibrahim et al.

(panunuod)

X X X X X X X X Aneiyphsq 8¢ aslLd 4S e 19 sauol Ly
YW
X X X X X AMeundpsipniny st fusaqo +Yy'shs e e dled 9%
X X X X Aseundisipiyniy 9 sisojniagnl  Y'shs cje 18 mem3N Gy
aseasiq Saseasip
X X X X X X X X X X snondaju| 9 [ed1doJ} papa|SaN YIS e ld unyell] oy
subdIpaiy
X X X X X X [ev180joydhsd €9 Inoineyag yyesy  Ys B EN T
Suipodal VW
X X X X Areudidsipiiny €1 uondeas Snup asianpe  + Y'shg HlRRIT Ty
uolIpuod
X X X X X X X X X Aeuydpsipyn LT dwodyd yumouaippyy - yshs jela uspsug Ty
w8
X X X X X X Areundpsipnny LT hisaqo pooypjiyy  y'shs  sipijiAyeruensy  on
saqelp
YUM usWwom
X X X Areunddsipyiny - 1 aled uondaduodald  yY'shS @19 3SIOMN  6E

‘panuiuo) ‘e ajqeL




DIGITAL HEALTH

12

*BulJojlUOW 03PIA JOWII APN|IUL AUIIPIWS3] “Suljjdpow

uonpipaid pue $30qoJ paseq-|y “eleq Sig Jo asn apn|doul uSI|[d1UI [eIPYIY "weSold Jaindwod Jo asn auljyo pue sjlews ‘wesSosd paseq-gam apn|dul paseq-iaindwo) auldipaws|a) apn|Ixa sdde ajiqoyy
“fyrjeas jenuin typ ‘Anjeas pajuswiSne 1Yy malnal Suidods 1y ds fsashjeue-elpw noyum malnaa dijewalshs 1y sAs tsashjeue-epw yum mainal dnewslshs gy + Y sAs ‘sajon

X X X X X X X Aeuydosipyny
X X X X X ASo0joi31u3043580
X X X X X X Aseuydpsipnny

X X X X X X X X X X X Aeundpsipniny

X X X X X Aseundisipniniy

X X X X X Aeuydpsipniny

X X X X X X X X Aneydhsg

L

89

1

6¢€

Lt

81

a5easIp
3|qediunwuwoduoN  yshs e 1d aysi 4§

aseasiq
|amog Asojewiwelyu| RIS L, [B 12 UL €5

Saseasip
Jejmseroipie)  y'shs  cje s Buel[ g

Aianijap 3d1n3s lew
31ed paJjudd-jualied y'shs oyuipon 1§
Adesayy

uoneinSeodnuy  y'sks e 19 unsny 0§

VN
uled yoeg mo] +y'shs e 13 [[OYdIN 64

yiesH [ewal  y'shs e 1s edeg g

‘panuiuo) ‘e ajqej




Ibrahim et al.

13
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Figure 2. Review studies on digital health by the countries and regions.
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Figure 3. Simple bar chart displaying the number of included reviews by year of publication (n=54).

healthcare which otherwise would have been impossible to
derive from individual review.

Effective intervention

The new perspective is evident on the use of digital health
primarily to deliver more effective intervention especially
via improved health behaviour. For example, to improve
diet and physical activities among adolescents, Rose,
Barker?® reported 15 studies were employing web-based
program, four were using short messaging system (SMS),
three were using gaming approach, and one each was adopt-
ing email and other digital platform. All these technologies
were primarily used as a medium to deliver educational
intervention by providing information and step-by-step
guide on how to achieve and maintain healthy diet and
physical activities. Similarly, Milne-Ives et al.** found a
total of 52 randomized controlled trials (RCTs) which tar-
geted the use of mobile apps to drive changes in health
behaviour related to diet, physical activities, alcohol and

mental health. In a slightly different context, Stogios
et al.*! identified 17 RCTs which investigate the use of
digital-based counselling for behaviour change to reduce
systolic blood pressure (SBP). Although each review
focuses on unique topic of care, all 21 reviews share
similar findings of consistent strategy which capitalized
the intimate digital technology engagement among mass
population to engineer behaviour change for favourable
clinical outcomes.

Similar strategy for effective intervention has been
extended for technology-enhanced clinical assessment
with heightened treatment compliance and engagement.
For example, to determine how digital health aids the
screening, diagnosis and management of intimate partner
violence (IPV), El Morr and Layal25 have researched 16
RCTs and nine non-RCTs; four pre-post design studies,
two cross-sectional studies, two prospective studies and
one diagnostic case-control study. The research interest
was centred on elucidating the evidence on how the use
of desktop computer, laptop, tablet and phone could assist
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effective Intervention [ NNNNR -1 (75.9%)
equity [N 9 (16.7%)
patient-centred Care [N 11 (20.4%)
Access to healtncare |GGG 18 (33.3%)
efficient use of resources | I 14 (25.9%)
patient safety | NN 17 (31.5%)

Figure &. Bar chart presenting the number of articles reporting the
different domains of quality medical care (n=>54).

women with [PV to initiate contact and subsequent access
to help and care.” In comparison, the scoping review on
tuberculosis control by Lee et al.* identified a total of 43
primary studies which employ various adherence-
technologies such as video-observed therapy to encourage
patients’ compliance on medication. Likewise, Batra
et al.® investigated 18 studies which report the use of
smart electronic pill container and personal digital record
which can provide cues and alerts to improve treatment
compliance in hospital setting among patients with
serious mental health illness. Thus, the varying intricacy
and practices denote how dynamic application of digital
health could push the boundaries of conventional approach
to improve assessment and treatment compliance.

Setting a new height of more effective intervention is
further exemplified in the coordination of complex care.
An insightful review by Yadav et al.*” had compiled evi-
dence from 15 studies from the year 2003 to 2016 on the
use of digital health to enhance care on patients with fragil-
ity fracture. They reported digital health has been employed
at various aspects of care including assisting recovery, edu-
cation and compliance, treatment engagement, risk reduc-
tion for secondary prevention, and communication with
the treating team. Yet, common to these aspects of care
was the use of digital technology to systematically stage,
organize and execute varying duty of care.’’ The tasks
include the delivery of digital-based educational package,
scheduled phone call by registered nurses, electronic
reminder to the treating physician, and systematic collection
of clinical history, test results, progress, previous and
current treatment regimen for osteoporosis including
bisphosphonates and alternatives such as calcitonin and
hormone replacement raloxifene.”” In a more recent
context, the scoping review by Gunasekeren et al.*” has
analyzed 247 studies to understand the use of digital
health to coordinate the COVID-19 public health responses.
Artificial intelligence, telemedicine and big data constitute
the main technology being employed. Interestingly, the
surge of technology-enhanced coordinated response was
justified by the unprecedented scale of impact from the pan-
demic. Despite the 247 studies were only being conducted
since the time of the pandemic in late 2019,7° the volume of

publication of the primary studies in a short period of time
highlighted strong commitment for new strategies to
address the evolving challenges of care. Therefore, the
emerging needs of practice appeared had invigorated the
adoption of digital health for effective care coordination
and potentially more efficient health intervention.

Other domains of quality healthcare

Unfortunately, complicated aspects of care may have hin-
dered reviews from concluding the use of digital health
for cost efficiency. For example, in reviewing the use of
digital health for anticoagulation therapy, Austin, Barras’'
reported one study on the use of computerized physician
order entry (CPOE) for enoxaparin injection. Yet, deducing
cost-effectiveness of digital health for anticoagulation
therapy such as CPOE was limited due to scarce availability
of primary studies.”' For similar reason, most reviews
which explicitly reported results on cost-effectiveness was
reporting this aspect of quality care only as peripheral find-
ings with limited depth to derive a concrete aggregation of
results.?%2936:3945:52.65 1y comparison, Jiang et al.”> was
focusing on the cost effectiveness of employing digital
health for cardiovascular diseases (CVDs). All 15 studies
identified in the review reported predominant use of tele-
medicine and wearable devices to achieve cost-efficiency.
Yet, heterogeneity of the included studies had limited
their conclusion on these digital health to deliver higher
quality-adjusted lifeyears or improved clinical outcomes
at a lower cost than the standard care.” Therefore,
despite a huge volume of empirical research and review
studies on digital health, the multifaceted aspects of cost-
effectiveness may have incurred complex challenges result-
ing in the gaps of evidence to establish the magnitude of
impact, the mechanism and the fidelity of implementation
on digital health for cost-efficient healthcare.

Nonetheless, the lack of concrete evidence on cost-
efficiency does not negate the strong research interest on
accessible, safe and patient-centred care through digital
health. For example, Rollin et al.>? have reviewed five
studies on the use of digital health for melanoma care in
rural areas and remote communities of Australia. The use
of telemedicine has been attributed to improve early detec-
tion of skin lesion, facilitate patients’ decision-making,
reduced their stress, and empower communication and edu-
cation. This is in addition of being convenient and save the
time for travel. The use of telemedicine has brought funda-
mental access to quality melanoma care, in addition to
reduce the disparity between care in rural and urban
areas.”? Likewise, Godinho et al.”?> have reviewed 39
studies on the use of mHealth to deliver multiple aspects
of patient-oriented care including accessibility, equitable
care and timely intervention which minimizes risks and
harms. The comprehensive review found the use of
mHealth such as text messages, mobile apps, phone call
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Enhancing Clinical Assessment

Medication Compliance or treatment
engagement

Better Care Coordination

Improving Health Behaviour _ 27 (50.0%)
I o 5%
P 18 (33.3%)
P 13 (24.1%)

Figure 5. Bar chart illustrating the frequency of reviews by reported approaches to improve the effectiveness of health intervention

(n = 54).

Mobile apps NI 43 (79.6%)
Computer-based NN 7 (13.0%)
Telemedicine [N 43 (79.6%)
svs [N 23 (42.6%)
Wearable device [N 21 (38.9%)
Electronic-Record-based [ 13 (24.1%)
Al N 8 (14.8%)
AR/VR [ 7 (13.0%)
Telephone Consult [l 11 (20.3%)
Sensor-based technology [l 6 (11.1%)
Game Consoles [l 3 (5.6%)
IoT | 1(1.9%)
Endoscope-equipped smartphone | 1 (1.9%)
Electronic Medication Container | 1 (1.9%)
Videocasette | 1 (1.9%)

Figure 6. Bar chart providing the information of 15 distinct digital
health interventions and the number of reviews reporting their use
to improve quality healthcare (n=54).

and video communication for people-centred care have pri-
marily been used for community-based health issues. These
issues include medication compliance, lifestyle activities,
diabetes, CVDs and smoking cessation.’” In these studies,
mHealth enhances quality care by enabling patients to
bypass gatekeepers for a direct access to healthcare,
increasing affordability, empower governance of care,
more robust evaluation on safety and strengthening the
scheduling and navigation of services.”? Thus, adoption
of digital health for quality healthcare may not only be reac-
tively motivated by the emerging needs of care, but also
proactively committed via ongoing determination to set a
new benchmark of quality on existing practice.

Trend of review activities on digital health

This motivation is reflected by the large number in each
type of reviews. The 13 scoping reviews and 21 systematic
reviews without meta-analyses provide meaningful shortcut
evidence to the literature.''® ?» Under the same theme or
topic of interest, these reviews illuminate the breadth,
purpose and extent of research activities while establish
what is known and gaps of evidence.'? In contrast, the 20
systematic reviews with meta-analyses vigorously search,

select, appraise research quality and aggregate evidence
from varying contexts and fields of practice to deduce
with statistical certainty on the effectiveness of the digital
health intervention of interest.”’ Therefore, the increasing
number of review studies reflects an escalating motivation
to harvest new understanding from these cluster of research
to attain deeper insight, broader perspectives and more
robust information for decision making.

As a result, the increasing volume of reviews and
their diversity in objectives, context, types and topics of
interest reflect the heightened interests to establish
evidence-informed policies and practices. This trend of
reviews is consistent with the increasing trend in the original
studies related to the digital health. Compiling digital health
research from 2000 until 2018, the review by Taj et al.**
reported an exponential growth of publications since 2009
attributable to the revolution in smartphone innovation.
Supporting this evidence is the result of this study which
shows smartphone-based intervention is the most prominent
digital health being employed for quality care. Mobile apps,
phone calls, video conference and telemedicine and web-
based intervention are categories of digital health which
can all be delivered via smartphones. Interestingly, smart-
phones have been available for mostly corporate users
since 1993.”® It is likely the transition of technology users
from a niche market to mass population may have served
as the key factor that explains the impact and motivation to
aggregate research for evidence in this field.

Consequently, the popular smartphone-based digital
health to improve health behaviour may elucidate psych-
iatry as the single field of medical practice most featured
in this study. The intrinsic association between favourable
change of behaviour and mental health issues may have
influenced many aspects of psychiatric care. These
aspects include depression, dietary issue, adolescent
mental health, substance abuse disorder, psychotic disorder,
anxiety and general mental health conditions which made
multiple appearance as the focus of reviews on digital
health,?’304044.51.64  Cognitive  behavioural —therapy,
mental health examination, timely risk assessment, regular
consultations and many other managements of psychiatric
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Table &. Predominant disciplines being addressed by the digital health reviews and their topics (n=54).

1 Multidisciplinary

2 Psychiatry

3 Rehabilitation
care

4 Oncology
5 Nephrology

6 Public Health

7 Neurology

8 Neurosurgery

9 Paediatric

10  Rheumatology

11  Infectious
disease

12 Gastroenterology

patient can directly be enhanced via digital health. Hence, it
is likely this association has driven strong advocacy to

32

11

Healthy aging
Chronic pain
Intimate partner violence
Obesity (2 reviews)
Remote symptom
monitoring
Melanoma
Online self-diagnosing
Care for patients with
cancer
Fragility fracture recovery
Health behaviour and
support for patients
undergoing elective surgery

Depression, anxiety, and
psychological well-being
Psychosis
Adolescent health - Diet and
healthy behaviour
Youth with chronic illness

Rehabilitation in underserved
areas

Supportive care in oncology
Renal transplantation care

COVID-19 public health
responses

Stroke

Effective communication in
neurosurgical care

Paediatric weight
management

Rheumatoid arthritis

Neglected tropical diseases

Inflammatory bowel disease

Hypertension
Remote care during
COVID-19
Supportive care for prostate
cancer survivor
STl and HIV
Diet, physical activity and
weigh gain in pregnancy
Transition of care among
adolescent with chronic
illness
Musculoskeletal conditions
Infectious disease control
Clinic Attendance
Noncommunicable disease

Mental health for children and
young people
Mental health and quality of
life among cancer patients
PTSD

Rehabilitation after total knee
or hip replacement

Preconception care women
with diabetes
Childhood obesity
Children with chronic
condition
Adverse drug reaction
reporting
Tuberculosis (2 reviews)
Low back pain
Anticoagulation therapy
Patient-centred care
service delivery
Cardiovascular diseases (2
reviews)

Physical Activity, Diet, Drug
and alcohol use and
mental health
Mental health - General (2
reviews) Health behaviour

patients in psychiatric care. This connection also suggests a
strong association between research on digital technology,

review digital health to improve clinical outcomes among  health behaviour and the nature of field of practice.
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Table 5. Summary of considerations for policy and practice.

1 Smartphone-based intervention is the commonest digital
health for quality healthcare.

2 Digital health is mainly researched to attain more effective
health intervention through improved health behaviour,
better medication compliance or treatment engagement,
more comprehensive clinical assessment, and enhanced
coordination of care.

3 More empirical and review of evidence is necessary to
better-inform the use of digital health for cost-efficient
and equitable healthcare.

4 Most review of evidence on the use of digital health focus on
topics related to psychiatric care.

5 Technology-enhanced quality healthcare may be benefited
from research on the association between fields of health
practices and the tendency to adopt or research digital
health to improve care.

6 Complex policy decision-making for technology-enhanced
quality healthcare may be benefited from the wide-ranging
perspectives of evidence via methodologically robust and
transparent mapping of digital health interventions atvarious
time, contexts, fields of practice, categories of technology and
types of evidence for all six domains of quality healthcare.

Suggestion for future direction of reviews on digital
health studies

There are notable gaps of evidence on the use of digital health
for equitable healthcare, which is the least domain of quality
being reviewed (Figure 4). Equitable healthcare addresses
reliable services against varying sociodemographic factors
such as ethnicity, religion, gender, income and geographic
location.” Hence, improving equitable care transgress
beyond mere improving accessibility. These concerns were
highlighted by Bergin et al.>' whose review reported
studies among children on mental health commonly did not
include ethnicity and socio-economic status when investigat-
ing issue of access to care. Furthermore, improving access
and equitable care may be achieved without any change to
the routine treatment protocol. Unlike introducing a new strat-
egy, there is less burden of proof to substantiate the effective-
ness and safety profile of existing treatments. In contrast,
digital health may eliminate or minimize various factors
which have disadvantaged certain subgroup of population
from otherwise receive a quality healthcare. This is in add-
ition to the surge of technology-users over the last few
decades. Therefore, expanding the aggregative and configura-
tive review evidence of digital health for equitable and access-
ible healthcare, from this aspect, would prove meaningful and
impactful due to the scale of target population.

Limitations

There are several limitations of this study. Firstly, the
notion of quality is hugely debated, and it is possible that
some aspects of quality is not adequately represented in
this study. For example, Bate et al.** proposed that
quality improvement needs to be viewed from social move-
ment approach which comprise both programmatic
‘top-down’ and internally driven ‘bottom-up’ approaches.
Grol,*! in contrast, emphasized the change of culture as a
precursor to initiate the culture of change. Tenets of these
change of culture include the promotion of reflective practi-
tioners, the power of peers, and patients as partners instead
of mere client.®' Loffler® meanwhile insightfully articu-
lated the notion of quality that are essentially evolutionary,
rather than static and fragmented in domains. The argu-
ments rewind back to the history of quality from the
public sector that transitioned from quality being under-
stood as meeting the expected norms and routines, into
effective in meeting the purpose, and finally in fulfilling
and exceeding clients’ satisfaction. Understanding the
notion of quality from these lenses of perspectives may illu-
minate unique insight on the roles and evidence of digital
health to improve quality care. Nonetheless, expanding
the philosophical context of quality and evidence of
reviews on digital health require more resources that is
beyond the scope of this study.

Secondly, categories of interest are inherently overlap.
For example, telemedicine has been referred as remote
communication either via voice, or video or both.3® Yet,
these features have also been reported as mobile apps in
other reviews.*** To be transparent, whenever there is
an overlap between descriptions of digital health interven-
tion, this mapping study consistently catalogue based on
how the intervention was described by the review.
Therefore, the systematic mapping remains robust and
transparent despite possible slight variations due to inherent
overlapping spectrum of types of digital health and
practices.

Conclusion

This study has systematically searched, selected and catalo-
gued review studies on digital health and quality care.
Table 5 summarizes key considerations from this study
for policy and practice. Majority of reviews describe
improved health behaviour, enhanced assessment, treat-
ment compliance and better coordination as the main
approach of quality improvement via digital health.
Topics related to psychiatry and smartphone-based inter-
vention are the most featured field of practice and the
type of digital health respectively. Future studies may
investigate the association between field of practice and ten-
dency to adopt and research the use of digital health to
improve care. Further reviews may also aggregate evidence
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on how digital health exerts broader impact on quality care
especially in the domain of cost effectiveness and equitable
healthcare.
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