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Abstract 

Background The COVID- 19 pandemic has significantly impacted global health, underscoring the crucial role of digi-
tal health solutions. The World Health Organization’s Classification of Digital Interventions, Services, and Applications 
in Health (CDISAH) provides a framework for categorizing these technologies. This study aims to analyze the adoption 
and trends of digital health interventions during the COVID- 19 pandemic, mapping them to the CDISAH framework 
to identify the most and least utilized interventions and technologies.

Methods This overview-of-reviews study was conducted from 1 st January 2020 to 30 th December 2023, focusing 
on systematic reviews and meta-analyses retrieved from the Cochrane Database of Systematic Reviews, PubMed, 
Scopus, Web of Science, IEEE Xplore, and ProQuest. Additionally, gray literature was identified through searches 
on the Google Scholar platform and reviewing the citations and reference lists of the included studies. The findings 
were qualitatively mapped to the CDISAH framework.

Results A total of 64 review articles were analyzed. A content analysis of the included studies identified 292 codes 
related to healthcare providers, 257 codes related to data services, 88 codes related to individuals, and 43 codes 
related to health management and support personnel. The results revealed that the most frequent interventions 
were associated with telemedicine and data management subcategories, while gaps were identified in areas such 
as individual-based data reporting during the pandemic, highlighting the need for individuals to take a more active 
role in managing their own health in preparation for future crises.

Conclusions This study identifies both the strengths and weaknesses of the current digital health landscape. It 
emphasizes the transformative impact of digital health technologies during the COVID- 19 pandemic and provides 
a roadmap for future improvements in digital health interventions. By providing a comprehensive overview of digital 
health during this period, the study underscores the importance of implementing robust digital health strategies 
within the healthcare system to address existing gaps, leverage strengths, and enhance preparedness and resilience 
in future public health crises.
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Text box 1. Contributions to the literature

• Telemedicine has been the most utilized digital health intervention 
during pandemics.
• A shift towards crowd-sourced data over organizational data is essen-
tial for improving future pandemic responses.
• Digital interventions focused on data services saw widespread use, 
while those supporting health personnel were underutilized.
• The pandemic may signal a shift towards an AI-driven era, with data 
services at the core of health interventions.

Introduction
The 1918 influenza pandemic affected 27 percent of the 
world’s population, causing an estimated 50 million fatal-
ities. Similarly, the novel coronavirus- 2019 (COVID- 19) 
emerged in late 2019, spreading globally, and by August 
2022, it had affected six percent of the world’s popula-
tion, causing over six million deaths [1]. A key differ-
ence between the two pandemics was the significant role 
digital solutions played in the fight against COVID- 19 
[2]. The growth of digital health accelerated during the 
COVID- 19 pandemic, with ventures in this sector expe-
riencing an unprecedented rise. Funding increased by 
72% from the previous record set in 2018, reaching an all-
time high of $26.5 billion [3].

Definitions of digital health in various studies typically 
refer to specific applications and technologies in this 
field [4–6]. However, digital health can be defined as the 
convergence of these technologies with health, health-
care, living, and society to provide quality care [7]. The 
COVID- 19 pandemic accelerated its shift from a lux-
ury to a necessity due to social distancing measures [8]. 
Factors such as global internet accessibility, six-billion 
smartphone users, the influence of social networks in 
healthcare, and the use of clinical information systems 
facilitated this growh [7, 9]. The enduring positive impact 
of digital health interventions (DHIs) during COVID- 19 
highlights the importance of leveraging the experiences 
and lessons learned [10].

The World Health Organization (WHO) introduced 
the Digital Health Intervention Classification (DHIC) 
in 2018, updated in 2023 as the Classification of Digital 
Interventions, Services, and Applications in Health (CDI-
SAH). This classification is aligned with the International 
Standards Organization (ISO) System Category. and cat-
egorizes DHIs into four user groups: persons, healthcare 
providers, health management and support personnel, 
and data services. Each group’s functionalities describe 
the capabilities of digital technologies aimed at achieving 
user-specific objectives, further organized into overarch-
ing groups [11, 12].

During the COVID- 19 pandemic, an avalanche of 
systematic reviews was published [13]. These reviews 

primarily focused on specific services and applications, 
such as telemedicine, mobile health, and artificial intelli-
gence, during pandemics [7, 14]. Several of these reviews 
categorized functionalities using classifications other 
than CDISAH [6, 15]. The lack of a uniform classification 
basis for interventions could hinder the integration and 
comparison of study results. Alternatively, when CDI-
SAH was utilized for categorizing interventions in stud-
ies, the classification process often remained restricted 
to high-level categories or target groups [16]. These arti-
cles offer substantial value for healthcare providers and 
policymakers, facilitating decision-making and evidence-
based healthcare. Nevertheless, identifying and interpret-
ing evidence from multiple systematic reviews, which 
are sometimes repetitive, confusing, or contradictory, is 
challenging. An overview of reviews can help address this 
challenge [17].

Given the explosion of digital health innovations dur-
ing during the COVID- 19 era, providing an overview 
of these technologies and interventions can indeed be 
helpful in gaining insight into the frequency and trends 
of interventions in this field throughout the epidemic 
period. This comprehensive analysis can also serve as a 
valuable tool for identifying shortcomings in current 
approaches. Anticipating these shortcomings and plan-
ning accordingly will be essential for developing effec-
tive health strategies for future epidemics, as well as 
identifying the necessary points for the current focus of 
researchers and experts in the field of digital health. As 
a result, the present study aims to identify the trends of 
interventions and technologies used during the COVID- 
19 period to ascertain the most and least used interven-
tions during this timeframe.

Material and methods
Study design
This overview of reviews study was conducted to identify 
systematic reviews (SRs) and/or meta-analyses published 
during the COVID- 19 pandemic, specifically address-
ing digital health interventions across various health-
care domains. The reporting guidelines employed in this 
overview were based on the fundamental principles out-
lined in the Preferred Reporting Items for Overviews of 
Reviews (PRIOR) statement from the EQUATOR Net-
work [18, 19].

Search strategy
A comprehensive search for records was carried out from 
1 st January 2020 to 30 th December 2023. The search 
was conducted in the English-language electronic data-
bases, including the Cochrane Database of Systematic 
Reviews, PubMed, Scopus, Web of Science, IEEE Xplore, 
and ProQuest. Grey literature was identified by using the 
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Google Scholar search engine and reviewing the citations 
and reference lists of the included studies. The detailed 
search strategy is provided in Supplementary Table S1.

The databases, focused on the title and abstract, 
searched using terms related to three key concepts: 
“COVID- 19,” “digital health applications and services,” 
and"systematic review."Despite a great deal of scholarly 
work dedicated to the subject of digital health applica-
tions, a significant lack of common subgroup termi-
nology persists. Consequently, to fulfill the aims of this 
overview, an additional collection of search terms was 
acquired from relevant systematic reviews and ISO-sup-
plied key terms and concepts in digital health systems, as 
mentioned in the system category of the DHIC first edi-
tion [12, 20].

Eligibility criteria
The inclusion and exclusion criteria are shown in Table 1.

Study screening and selection
After removing duplicate records using EndNote 8, two 
reviewers (ZJ and NK) independently assessed a subset of 
references according to pre-established eligibility criteria. 
They conducted a comparison of the extraction results 
and obtained a significant kappa agreement of 0.78, as 
shown in Supplementary Table S2. Then, the two review-
ers (ZJ and NK) conducted title/abstract and full-text 
screening. A third reviewer (FT), if necessary, resolved 
any disagreements through discussion and consensus.

Data extraction
The general characteristics of the included studies were 
systematically extracted by one reviewer (NK) using 
a predefined data extraction form. A second reviewer 
(ET) then checked the extracted data for accuracy and 
completeness. The extracted information included the 
following details: author name, year of publication, objec-
tive, participants, interventions, primary and secondary 
outcomes, searched databases, study design of included 
studies, qualitative assessment tool and its overall results, 
risk of bias assessment tool and its overall results, and 
study limitations.

Relevant findings from the included studies were 
extracted, and qualitative framework analyses were 
performed. The full texts of the included studies were 
imported into MAXQDA (version 18.2.5). Two reviewers 
(FT and ET) independently read the papers thoroughly. 
The findings from all included papers were coded and 
mapped to version two of CDISAH [21]. In cases where 
information from reviews was insufficient, primary 
studies were consulted. Any disagreement was resolved 
through discussions in multiple meetings.

Data synthesis
The purpose of this overview was to present and describe 
the existing body of evidence from systematic reviews. To 
achieve this, data synthesis was conducted to summarize 
and visualize the large amount of data extracted. Initially, 
one reviewer (FT) analyzed the extracted codes for each 
subcategory, highlighting key points and patterns. Simi-
lar codes were grouped and integrated to capture their 
essence in MS Word. Subsequently, two reviewers (FS 
and NS) checked the synthesized data for accuracy.

Table 1 Inclusion and exclusion criteria for systematic reviews on digital health interventions during COVID- 19 pandemic (2020–
2023)

Study criteria Inclusion criteria Exclusion criteria

Study design Systematic review or/and Meta-analysis Primary studies, conference abstracts, letters to editors, commen-
taries, or other types of literature reviews

Population Any population that received digital health interventions dur-
ing the COVID- 19 pandemic

-

Interventions Any systematic reviews and meta-analysis study concern-
ing about digital health interventions and their functionalities 
during the COVID- 19 pandemic

Systematic reviews were excluded if they did not fit 
within the CDHIAS framework, either by solely mentioning 
technologies without discussing functionalities or by focusing 
on aspects such as patient experience, satisfaction, cost-effec-
tiveness, opportunities, and challenges. Additionally, studies 
were excluded if they integrated multiple primary studies 
into non-CDHIAS frameworks, such as categorizing DHIs into care 
and follow-up interventions

Outcome Digital health interventions’ functionalities Studies that did not provide enough information to be mapped 
with CDHIAS functionalities

Additional criteria English language and full-text available studies -
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Critical appraisal assessments of included reviews
Two reviewers (ZJ and ET) independently assessed the 
methodological quality and risk of bias of each systematic 
review and/or meta-analysis using two assessment tools: 
A Measurement Tool to Assess Reviews (AMSTAR) 2 
rating scale and the Risk of Bias in Systematic Reviews 
(ROBIS). The reviewers resolved their disagreements 
through discussion and consensus, with the assistance 
of a third reviewer (FT) when necessary. Based on 
AMSTAR 2 guideline outlined by Beverley et al. (2017), 
studies were categorized into four quality levels:

• High-quality reviews: These exhibit no or minimal 
weaknesses in critical domains

• Moderate-quality reviews: These contain more than 
one non-critical weakness but no critical flaws

• Low-quality reviews: These include at least one criti-
cal flaw, which may affect the reliability of their con-
clusions

• Critically low-quality reviews: These have multiple 
critical flaws, indicating a substantial risk of bias [22].

The ROBIS tool evaluates the risk of bias in system-
atic reviews across Phase 2 and Phase 3. Phase 2 has 
four domains: study eligibility criteria, identification and 
selection of studies, data collection and study appraisal, 
and synthesis and findings. The results for each domain 
and Phase 3 were categorized as follows:

• Low risk: Indicates that the review has been con-
ducted with minimal bias, ensuring reliability and 
validity

• High risk: Suggests potential bias due to methodo-
logical shortcomings, which may compromise the 
trustworthiness of the findings.

• Unclear risk: Assigned when there is insufficient 
information to determine the level of bias [23].

Results
Search results and description of evidence
A total of 64 studies were included in this overview [24–
87]. Fig.  1 shows the selection process for the included 
review studies. Approximately 30% of these included 
studies examined DHI during COVID- 19, focusing 
on the type of technology without limiting the scope to 
specific healthcare areas such as the use of AI during 
the COVID- 19 pandemic. Additionally, 39% of studies 
focused specifically on DHIs for COVID- 19, while 31% 
addressed DHIs in specific areas such as support for the 
elderly (n = 4), rehabilitation (n = 2), mental health (n 
= 2), dermatology (n = 2), pharmacology (n = 1), and the 
management of special diseases like dementia (n = 1), 

diabetes (n = 1), and cardiovascular disease (n = 1) dur-
ing COVID- 19. The main characteristics of the included 
studies have been provided in Supplementary Table S3.

Methodological quality and risk of bias of reviews
According to the specified criteria of AMSTAR 2, the 
majority of the included studies (n = 54) were rated 
as"critically low" [24–76, 87]. Other studies were classi-
fied as"low quality"(n = 6) [81–86],"moderate quality"(n 
= 3) [77–79], and"high quality"(n = 1) [80]. Common 
methodological deficiencies were identified in items 1, 2, 
7, 9, 10, 13, and 14. Further details are provided in Fig. 2 
and Supplementary Table S4.

The included studies were also evaluated for bias 
using the ROBIS tool [5]. According to the criteria in 
Phases 2 and 3 of the ROBIS tool, approximately half of 
the included studies were deemed to have a"low risk"(n 
= 33), 39% had an"unclear risk,"and 9% had a"high 
risk."Additional details are presented in Fig.  3 and Sup-
plementary Table S5.

Description of mapping with CDISAH
After a comprehensive review of the included studies 
full texts using MAXQDA software, a total of 680 codes 
were extracted, elucidating the utilization of technolo-
gies for delivering healthcare interventions during the 
COVID- 19 pandemic. The corresponding number of 
codes related to each group is presented in Fig. 4. These 
codes were then analyzed, and the compiled results are 
demonstrated in Table  2. The Supplementary Table  S6 
also shows the items for which there was uncertainty 
during the analysis between two subgroups, as they were 
closely related to both groups. In the end, we chose one 
group, or in some cases, we could not select a subgroup 
and instead assigned it solely to its target group. This may 
indicate a limitation in the CDISAH framework’s ability 
to classify interventions effectively.

It is important to note that the number of codes attrib-
uted to each category and subcategory may exceed the 
number of references listed for each subcategory, as the 
included studies were systematic reviews, where mul-
tiple interventions might be discussed within a single 
reference. Consequently, the findings indicate that the 
majority of DHIs during the COVID- 19 period primar-
ily focused on healthcare providers (292), followed by 
data services (257), persons (88), and health management 
and support personnel (43). Further detailed information 
regarding each specific target group is elaborated upon in 
the subsequent sections.

Persons
Shows that during the COVID- 19 period, there were no 
interventions related to person-based reporting (1.5), and 
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categories like person-centered financial transactions 
(1.7), consent management (1.8), and person-to-person 
communication (1.3) were infrequent.. The first two 
interventions involved managerial aspects such as bill-
ing and obtaining consent, while the third involved peer 
group discussions among patients (1.3). However, trans-
mitting targeted health information (1.1.2) was the most 
common intervention for this group.

Within the overarching groups 1.1 and 1.2, healthcare 
facilities play a pivotal role in delivering health informa-
tion, diagnoses, and reminders to patients using vari-
ous technologies. These included television, radio, or 
digital billboards to raise community awareness about 
COVID- 19 (1.2.1) or telephone contacts to support spe-
cial patients in their self-management of diseases (1.1.2). 
Alerts were also employed, either broadly, like robots 

sending warnings in crowds (1.2.2), or targeted, such 
as follow-up reminders (1.1.3).In groups 1.4 and 1.6, 
patients actively sought information online or through 
helplines (1.6.1), engaged in self-monitoring using weara-
ble devices (1.4.2), or used mobile apps to remotely input 
data into their medical records (1.4.1). These independ-
ent actions empower patients to make informed health 
decisions.

Healthcare providers
The DHIs designed for healthcare providers stood out 
as the most frequent interventions among other tar-
get groups during the COVID- 19 pandemic, showing 
a broad spectrum of technologies aimed at improving 
patient care, optimizing workflows, and enhancing com-
munication within the healthcare ecosystem. Among 

Fig. 1 PRIOR flow diagram of study selection process for systematic reviews on digital health interventions during COVID- 19 (2020–2023)
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these interventions, telemedicine (2.4) emerged as a cen-
tral focus, offering a wide range of services. In terms of 
code frequency, it ranked second only to data manage-
ment among all interventions.

Moreover, decision support systems (2.3) and schedul-
ing and actively planning for healthcare providers (2.7) 
emerged as two other prominent areas, with frequencies 
of 31 and 24, respectively. Conversely, certain types of 

interventions, such as referral coordination (2.6), identi-
fication and registration of persons (2.1), and laboratory 
and diagnostic imaging management (2.10), were less 
common during the COVID- 19 pandemic. This suggests 
that these areas have potential for further development 
and investment. Of particular note, healthcare provider 
financial transactions (2.11) within the healthcare pro-
vider group lacked specific coding, indicating a potential 

Fig. 2 Quality assessment of systematic reviews on digital health interventions during the COVID- 19 pandemic

Fig. 3 Risk of bias assessment of included systematic reviews on digital health interventions during the COVID- 19 pandemic
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Fig. 4 Distribution of extracted codes for digital health interventions by target group using the classification of digital interventions, services, 
and applications in health



Page 8 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129 

Ta
bl

e 
2 

M
ap

pi
ng

 d
ig

ita
l h

ea
lth

 a
pp

lic
at

io
n 

an
d 

fu
nc

tio
na

lit
ie

s 
du

rin
g 

th
e 

CO
VI

D
- 1

9 
pa

nd
em

ic
 (2

02
0–

20
23

) u
si

ng
 th

e 
cl

as
si

fic
at

io
n 

of
 d

ig
ita

l i
nt

er
ve

nt
io

ns
, s

er
vi

ce
s, 

an
d 

ap
pl

ic
at

io
ns

 in
 h

ea
lth

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

1.
0

D
IG

IT
A

L 
H

EA
LT

H
 IN

TE
RV

EN
TI

O
N

S 
FO

R
PE

RS
O

N
S 

(n
 =

 8
7)

1.
1 

Ta
rg

et
ed

 c
om

m
un

ic
at

io
n 

to
 p

er
so

ns
 (n

 =
 3

8)
1.

1.
2 

Tr
an

sm
it 

ta
rg

et
ed

 h
ea

lth
 in

fo
rm

at
io

n 
to

 p
er

so
n(

s)
 b

as
ed

 o
n 

he
al

th
 s

ta
tu

s 
or

 d
em

o-
gr

ap
hi

cs
 (n

 =
 2

7)

O
nl

in
e 

se
ss

io
ns

 [2
8]

, w
eb

-b
as

ed
 m

at
er

ia
ls

 a
nd

 s
ys

-
te

m
s 

[2
9,

 6
4]

, v
id

eo
co

nf
er

en
ci

ng
, t

ex
t-

m
es

sa
gi

ng
 

(S
M

S,
 W

ha
ts

A
pp

, T
el

eg
ra

m
, I

ns
ta

gr
am

 o
r o

th
er

 
so

ci
al

 m
ed

ia
 p

la
tf

or
m

s)
 [3

4,
 3

8,
 5

1]
, t

el
ep

ho
ne

 
co

nt
ac

ts
 [4

5]
, a

pp
lic

at
io

ns
 [3

1,
 3

8,
 5

1]
, v

id
eo

ga
m

es
 

[8
2]

, p
or

ta
ls

 [7
2]

, i
nt

er
fa

ce
s 

[3
4]

, v
ir

tu
al

 a
ss

is
ta

nc
e 

an
d 

ch
at

bo
ts

 [3
8]

 a
re

 u
til

iz
ed

 fo
r:

Pr
ov

id
in

g 
su

pe
rv

is
ed

 s
es

si
on

 (w
ith

 a
 te

le
 s

pe
ci

al
is

t)
 

or
 u

ns
up

er
vi

se
d 

m
at

er
ia

ls
 to

 s
up

po
rt

 s
el

f-m
an

ag
e-

m
en

t, 
se

lf-
ca

re
 o

r s
el

f-a
dm

in
is

tr
at

io
n.

 T
he

se
 te

ch
no

lo
-

gi
es

 o
ffe

r k
no

w
le

dg
e 

an
d 

m
ot

iv
at

io
na

l m
at

er
ia

ls
 [3

1]
, 

re
la

te
d 

ad
vi

ce
 [4

7]
, a

nd
 e

du
ca

tio
n 

an
d 

tr
ai

ni
ng

 m
at

er
i-

al
s 

[2
8,

 2
9,

 3
4,

 3
8,

 4
8,

 5
1,

 7
5,

 7
7,

 8
2]

 s
uc

h 
as

 re
la

te
d 

ex
er

ci
se

s 
fo

r o
ve

rw
ei

gh
t i

nd
iv

id
ua

ls
 o

r C
O

VI
D

- 1
9 

re
la

te
d 

ad
vi

ce
 fo

r p
at

ie
nt

s 
w

ith
 d

ia
be

te
s 

m
el

lit
us

 [2
8,

 
77

]

1.
1.

3 
Tr

an
sm

it 
ta

rg
et

ed
 a

le
rt

s 
an

d 
re

m
in

de
rs

 
to

 p
er

so
n(

s)
 (n

 =
 1

0)
Re

m
in

de
r s

ys
te

m
s,

 m
ob

ile
 a

pp
lic

at
io

n,
 a

nd
 S

M
S 

ar
e 

ut
ili

ze
d 

fo
r:

• T
he

ra
py

 a
dh

er
en

ce
 a

nd
 m

ed
ic

at
io

n 
re

m
in

de
rs

 [3
8,

 
68

]
• F

ol
lo

w
-u

p 
on

 h
ea

lth
ca

re
 s

er
vi

ce
s 

an
d 

ap
po

in
tm

en
t 

re
m

in
de

rs
 [3

8]
• P

ro
m

pt
in

g 
in

di
vi

du
al

s 
fo

r s
el

f-i
so

la
tio

n 
af

te
r c

lo
se

 
co

nt
ac

ts
 o

f d
ia

gn
os

ed
 c

as
es

 [7
5]

• S
en

di
ng

 a
le

rt
s 

an
d 

da
ily

 m
oo

d 
fe

ed
ba

ck
 a

bo
ut

 a
bn

or
-

m
al

 b
eh

av
io

r b
as

ed
 o

n 
de

vi
at

io
n 

fro
m

 u
su

al
 li

fe
 p

at
-

te
rn

 fo
r p

eo
pl

e 
w

ith
 m

aj
or

 d
ep

re
ss

iv
e 

di
so

rd
er

 [3
1]

• S
en

di
ng

 s
ki

ll-
ba

se
d 

an
d 

m
oo

d 
m

es
sa

ge
s 

fo
r p

eo
pl

e 
w

ith
 a

nx
ie

ty
 a

nd
 d

ep
re

ss
io

n 
[4

5]

1.
1.

4 
Tr

an
sm

it 
di

ag
no

st
ic

s 
re

su
lt 

or
 a

va
ila

bi
lit

y 
of

 re
su

lt 
to

 p
er

so
n(

s)
 (n

 =
 1

)
Ph

on
e 

ca
lls

, e
m

ai
l, 

e-
m

es
sa

ge
 (s

uc
h 

as
 W

ha
ts

A
pp

) 
ar

e 
ut

ili
ze

d 
fo

r:
Tr

an
sm

itt
in

g 
pa

tie
nt

s’p
re

sc
rip

tio
ns

 d
ur

in
g 

CO
VI

D
- 1

9 
[2

8]

1.
2 

U
nt

ar
ge

te
d 

co
m

m
un

ic
at

io
n 

to
 p

er
so

ns
  

(n
 =

 6
)

1.
2.

1 
Tr

an
sm

it 
un

ta
rg

et
ed

 h
ea

lth
 in

fo
rm

at
io

n 
to

 u
nd

efi
ne

d 
po

pu
la

tio
n 

(n
 =

 4
)

Ra
di

o 
an

d 
te

le
vi

si
on

 p
ro

gr
am

s,
 d

ig
ita

l b
ill

bo
ar

ds
, 

an
d 

pr
in

te
d 

m
ed

ia
 s

uc
h 

as
 b

ro
ch

ur
es

, fl
ye

rs
 a

nd
 

bo
ok

le
ts

, a
s 

w
el

l a
s 

vi
de

os
 o

n 
Yo

uT
ub

e,
 a

nd
 li

nk
s 

to
 w

eb
-b

as
ed

 to
ol

s 
ar

e 
ut

ili
ze

d 
fo

r:
D

is
se

m
in

at
in

g 
in

fo
rm

at
io

n 
w

ith
 v

ar
io

us
 p

ur
po

se
s 

in
cl

ud
in

g 
ra

is
in

g 
aw

ar
en

es
s 

ab
ou

t s
pe

ci
fic

 d
is

ea
se

s 
[3

8]
, o

ffe
rin

g 
in

si
gh

ts
 in

to
 h

ea
lth

-r
el

at
ed

 to
pi

cs
 [2

9]
 

[3
9]

, a
nd

 p
ro

vi
di

ng
 p

at
ie

nt
s 

w
ith

 re
so

ur
ce

s 
fo

r s
el

f-
m

an
ag

em
en

t [
28

]



Page 9 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129  

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

1.
2.

2 
Tr

an
sm

it 
un

ta
rg

et
ed

 h
ea

lth
 e

ve
nt

 a
le

rt
s 

to
 u

nd
efi

ne
d 

gr
ou

p 
(n

 =
 2

)
Pr

ed
ic

tio
n 

m
od

el
s 

[8
5]

 a
re

 u
til

iz
ed

 fo
r:

Fo
re

ca
st

in
g 

th
e 

pe
ak

 ti
m

e 
of

 th
e 

m
ax

im
um

 n
um

be
r 

of
 a

ct
iv

e 
ca

se
s 

an
d 

th
e 

ov
er

al
l p

ea
k 

tim
e 

in
 C

O
VI

D
- 1

9,
 

en
ab

lin
g 

th
e 

se
nd

in
g 

of
 w

ar
ni

ng
 s

ig
na

ls
 to

 th
e 

he
al

th
 

sy
st

em
s. 

[8
5]

Ro
bo

ts
 a

re
 u

til
iz

ed
 fo

r:
Br

oa
dc

as
tin

g 
m

es
sa

ge
s 

by
 a

na
ly

zi
ng

 th
e 

si
tu

a-
tio

n.
 F

or
 in

st
an

ce
, d

ur
in

g 
CO

VI
D

- 1
9,

 in
 S

in
ga

po
re

, 
th

e"
Sp

ot
"r

ob
ot

 e
st

im
at

es
 v

is
ito

r n
um

be
rs

 in
 s

pe
ci

fic
 

lo
ca

tio
ns

 a
nd

 b
ro

ad
ca

st
s 

m
es

sa
ge

s 
ab

ou
t m

ai
nt

ai
ni

ng
 

sa
fe

 d
is

ta
nc

es
 w

he
n 

cr
ow

ds
 g

at
he

r. 
[5

3]

1.
3 

Pe
rs

on
 to

 p
er

so
n 

co
m

m
un

ic
at

io
n 

(n
 =

 3
)

1.
3.

1 
Pe

er
 g

ro
up

 fo
r i

nd
iv

id
ua

ls
 (n

 =
 3

)
W

eb
-b

as
ed

 p
la

tf
or

m
s 

lik
e 

Zo
om

 (e
.g

., 
br

ea
ko

ut
 

ro
om

) o
r t

he
 c

ha
t f

un
ct

io
n 

of
 T

ea
m

s 
(M

ic
ro

so
ft

 
Co

rp
or

at
io

n)
, a

s 
w

el
l a

s T
ik

To
k’

s “
du

et
” o

r “
re

ac
t”

 
fu

nc
tio

ns
, w

hi
ch

 a
llo

w
 u

se
rs

 to
 a

dd
 o

nt
o 

ot
he

r 
pa

rt
ic

ip
an

ts
’u

pl
oa

de
d 

vi
de

os
, a

re
 u

til
iz

ed
 fo

r:
Fa

ci
lit

at
in

g 
co

nn
ec

tio
n 

an
d 

in
te

ra
ct

io
n 

am
on

g 
di

ffe
r-

en
t g

ro
up

s 
of

 p
ar

tic
ip

an
ts

 to
 s

ha
re

 th
ei

r e
xp

er
ie

nc
e 

w
ith

 th
e 

gr
ou

p.
 T

hi
s 

fo
st

er
s 

en
ga

ge
m

en
t i

n 
he

al
th

-
re

la
te

d 
ac

tiv
iti

es
 [2

9]

1.
4 

Pe
rs

on
al

 h
ea

lth
 tr

ac
ki

ng
 (n

 =
 3

4)
1.

4.
2 

Se
lf-

m
on

ito
rin

g 
of

 h
ea

lth
 o

r d
ia

gn
os

tic
 d

at
a 

by
 in

di
vi

du
al

 (n
 =

 1
5)

W
ea

ra
bl

e 
de

vi
ce

s 
(s

uc
h 

as
 p

at
ch

es
, e

ye
gl

as
se

s,
 

sm
ar

tw
at

ch
es

, s
hi

rt
s,

 s
ki

n-
lik

e 
pa

tc
he

s)
, s

en
so

rs
 

(in
cl

ud
in

g 
th

er
m

al
, h

um
id

it
y,

 a
co

us
tic

, p
re

ss
ur

e,
 

re
si

st
iv

e,
 in

du
ct

iv
e,

 a
cc

el
er

at
io

n,
 e

le
ct

ro
m

yo
gr

a-
ph

y,
 a

nd
 im

pe
da

nc
e 

se
ns

or
s)

, a
ud

io
 re

co
rd

er
s,

 
m

ed
ic

al
 in

te
lli

ge
nt

 a
ge

nt
s,

 c
ou

pl
ed

 w
ith

 a
na

ly
zi

ng
 

te
ch

no
lo

gi
es

 s
uc

h 
as

 A
I, 

fo
g/

ed
ge

 c
om

pu
tin

g,
 Io

T 
te

ch
no

lo
gi

es
, a

nd
 s

m
ar

t p
ho

ne
 a

pp
s 

ar
e 

ut
ili

ze
d 

fo
r:

Co
lle

ct
in

g,
 a

na
ly

zi
ng

, a
nd

 re
po

rt
in

g 
th

e 
he

al
th

 s
ta

tu
s 

of
 p

at
ie

nt
s 

ou
ts

id
e 

he
al

th
ca

re
 fa

ci
lit

ie
s 

to
 p

ro
fe

ss
io

n-
al

s 
or

 d
ire

ct
ly

 to
 p

at
ie

nt
s 

fo
r t

ak
in

g 
sp

ec
ifi

c 
ac

tio
ns

. 
Fo

r i
ns

ta
nc

e,
 a

 h
om

e-
ba

se
d 

re
ha

bi
lit

at
io

n 
sy

st
em

 
th

at
 re

co
gn

iz
es

 th
e 

ty
pe

 a
nd

 fr
eq

ue
nc

y 
of

 re
ha

bi
lit

a-
tio

n 
ex

er
ci

se
s 

pe
rf

or
m

ed
 b

y 
ch

ro
ni

c 
st

ro
ke

 s
ur

vi
vo

r 
du

rin
g 

CO
VI

D
- 1

9 
by

 th
e 

us
er

 u
si

ng
 a

 s
m

ar
tw

at
ch

 
an

d 
sm

ar
tp

ho
ne

 a
pp

 e
qu

ip
pe

d 
w

ith
 a

n 
M

L 
al

go
rit

hm
, 

a 
di

se
as

e 
su

rv
ei

lla
nc

e 
sy

st
em

 to
 c

on
tr

ol
 p

an
de

m
ic

, 
an

d 
re

al
-t

im
e 

m
on

ito
rin

g 
of

 b
lo

od
 p

re
ss

ur
e 

or
 e

le
ct

ro
-

ca
rd

io
gr

am
. [

31
, 3

3,
 4

3,
 4

6,
 5

0,
 5

3,
 6

7,
 7

5]
Ze

ro
-e

ffo
rt

 te
ch

no
lo

gi
es

 a
re

 u
til

iz
ed

 fo
r:

Pr
om

pt
in

g 
da

ily
 a

ct
iv

iti
es

 s
uc

h 
as

 h
an

d 
w

as
hi

ng
 

fo
r p

at
ie

nt
s 

liv
in

g 
w

ith
 d

em
en

tia
 [6

8]



Page 10 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129 

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

1.
4.

3 
A

ct
iv

e 
da

ta
 c

ap
tu

re
/d

oc
um

en
ta

tio
n 

by
 a

n 
in

di
vi

du
al

 (n
 =

 1
9)

O
nl

in
e 

se
lf-

re
po

rt
ed

 q
ue

st
io

nn
ai

re
s 

ar
e 

ut
ili

ze
d 

fo
r:

Fa
ci

lit
at

in
g 

pa
tie

nt
s’s

el
f-m

on
ito

rin
g 

an
d 

re
po

rt
in

g 
da

ta
 

to
 p

ro
fe

ss
io

na
ls

 a
s 

ne
ed

ed
. F

or
 in

st
an

ce
, i

ns
tr

uc
tin

g 
el

ig
ib

le
 C

O
VI

D
- 1

9 
pa

tie
nt

s 
to

 e
xa

m
in

e 
th

em
se

lv
es

 
an

d 
pe

rf
or

m
 e

xh
al

at
io

n 
m

an
eu

ve
rs

 to
 o

bt
ai

n 
Ru

th
 

sc
or

e 
[2

8,
 2

9,
 3

4,
 6

4]
M

ob
ile

 o
r w

eb
 a

pp
lic

at
io

ns
 o

r s
ys

te
m

s 
ar

e 
ut

ili
ze

d 
fo

r:
• C

ol
le

ct
in

g 
in

fo
rm

at
io

n 
fro

m
 u

se
rs

 to
◦ 

Pr
ov

id
e 

re
la

te
d 

al
er

ts
 [7

5]
, a

ss
es

sm
en

t r
es

ul
ts

 [5
3,

 7
3,

 
75

], 
su

gg
es

tio
ns

 a
nd

 re
la

te
d 

ad
vi

ce
s 

[3
0,

 3
1]

 p
er

so
na

l-
iz

ed
 re

co
m

m
en

da
tio

ns
 [7

5]
, a

nd
 p

re
di

ct
io

ns
 [3

1]
◦ 

Su
pp

or
t s

el
f-m

an
ag

em
en

t [
64

, 7
5]

, s
el

f-s
ch

ed
ul

in
g 

[7
5]

, a
nd

 s
el

f-r
ep

or
tin

g 
of

 d
is

ea
se

 [6
9,

 7
5]

◦ 
Im

pr
ov

e 
pa

tie
nt

 e
ng

ag
em

en
t, 

fo
r e

xa
m

pl
e,

 
to

w
ar

ds
 a

 h
ea

lth
y 

lif
es

ty
le

 [7
5]

◦ 
Re

m
ot

el
y 

re
co

rd
 m

ed
ic

al
 d

at
a 

an
d 

da
ily

 c
irc

um
-

st
an

ce
s 

fo
r h

ea
lth

 fa
ci

lit
ie

s 
[4

6]
◦ 

O
ffe

r r
el

ev
an

t a
dv

ic
e 

to
 p

at
ie

nt
 [3

0]

1.
6 

O
n 

de
m

an
d 

co
m

m
un

ic
at

io
n 

w
ith

 p
er

so
ns

 
(n

 =
 3

)
1.

6.
1 

Lo
ok

 u
p 

of
 in

fo
rm

at
io

n 
on

 h
ea

lth
 a

nd
 h

ea
lth

 
se

rv
ic

e 
by

 in
di

vi
du

al
(s

) (
n 

=
 3

)
W

eb
-b

as
ed

 in
fo

rm
at

io
n 

ar
e 

ut
ili

ze
d 

by
:

In
di

vi
du

al
s 

w
ho

 v
ol

un
ta

ril
y 

se
ar

ch
 fo

r r
el

at
ed

 
in

fo
rm

at
io

n 
su

ch
 a

s 
ex

er
ci

se
 g

ui
de

s 
[8

2]
 o

r a
re

 
di

re
ct

ed
 b

y 
th

ei
r p

ra
ct

iti
on

er
s 

to
 lo

ok
 fo

r i
nf

or
m

at
io

n 
on

 th
e 

in
te

rn
et

 [2
9]

H
el

pl
in

es
 a

re
 u

til
iz

ed
 b

y:
By

 in
di

vi
du

al
s 

se
ek

in
g 

he
al

th
-r

el
at

ed
 in

fo
rm

at
io

n,
 s

uc
h 

as
 H

ea
lth

A
le

rt
, a

 W
ha

ts
A

pp
-b

as
ed

 h
el

pl
in

e 
in

 A
fri

ca
. 

Th
is

 h
el

pl
in

e 
em

pl
oy

s 
au

to
m

at
ed

 re
sp

on
se

 a
nd

 tr
i-

ag
e 

to
 d

is
se

m
in

at
in

g 
CO

VI
D

- 1
9 

re
la

te
d 

in
fo

rm
at

io
n 

fro
m

 th
e 

na
tio

na
l h

ea
lth

 d
ep

ar
tm

en
t t

o 
th

e 
pu

bl
ic

 [3
8]

1.
7 

Pe
rs

on
-c

en
te

re
d 

fin
an

ci
al

 tr
an

sa
ct

io
ns

 (n
 =

 1
)

1.
7.

1 
Tr

an
sm

it 
or

 m
an

ag
e 

ou
t-

of
-p

oc
ke

t p
ay

m
en

ts
 

by
 in

di
vi

du
al

s 
(n

 =
 1

)
A

pp
lic

at
io

ns
 in

cl
ud

in
g 

A
pp

le
 F

ac
eT

im
e,

 F
ac

eb
oo

k 
m

es
se

ng
er

 v
id

eo
 c

ha
t, 

Sk
yp

e,
 a

nd
 m

ob
ile

 h
ea

lth
 

te
ch

no
lo

gy
 a

re
 u

til
iz

ed
 fo

r:
Co

nd
uc

tin
g 

bi
lli

ng
 o

f p
at

ie
nt

s, 
th

er
eb

y 
m

in
im

iz
in

g 
un

ne
ce

ss
ar

y 
ex

po
su

re
 o

f h
os

pi
ta

l s
ta

ff 
to

 p
at

ie
nt

s 
an

d 
th

em
se

lv
es

 d
ur

in
g 

CO
VI

D
- 1

9 
[7

2]

1.
8 

Pe
rs

on
 c

en
te

re
d 

co
ns

en
t m

an
ag

em
en

t (
n 

=
 2

)
1.

8.
1 

M
an

ag
e 

pr
ov

is
io

n 
an

d 
w

ith
dr

aw
al

 o
f c

on
-

se
nt

 b
y 

in
di

vi
du

al
s 

(n
 =

 2
)

D
ig

ita
l p

la
tf

or
m

s 
or

 p
at

ie
nt

 p
or

ta
ls

 o
f e

le
ct

ro
ni

c 
m

ed
ic

al
 re

co
rd

 a
re

 u
til

iz
ed

 fo
r:

O
bt

ai
ni

ng
 e

le
ct

ro
ni

c 
in

fo
rm

ed
 c

on
se

nt
 fr

om
 p

at
ie

nt
s 

du
rin

g 
a 

vi
rt

ua
l v

is
it 

[6
9,

 7
2]

2.
0 

D
IG

IT
A

L 
H

EA
LT

H
 IN

TE
RV

EN
TI

O
N

S 
FO

R
H

EA
LT

H
C

A
RE

 P
RO

VI
D

ER
S 

(n
 =

 2
98

)
2.

1 
Id

en
tifi

ca
tio

n 
an

d 
re

gi
st

ra
tio

n 
fo

r p
er

so
ns

 
(n

 =
 2

)
2.

1.
1 

Ve
rif

y 
a 

pe
rs

on
’s 

un
iq

ue
 id

en
tit

y 
(n

 =
 1

)
D

ig
ita

l r
ea

l-t
im

e 
he

al
th

ca
re

 s
ys

te
m

s 
ar

e 
ut

ili
ze

d 
fo

r:
A

na
ly

zi
ng

 b
io

m
et

ric
 d

at
a 

in
 re

al
-t

im
e 

an
d 

se
nd

in
g 

in
fo

rm
at

io
n 

vi
a 

ne
tw

or
k 

to
 h

ea
lth

ca
re

 s
ys

te
m

s 
[4

6]



Page 11 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129  

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

2.
1.

2 
En

ro
ll 

pe
rs

on
(s

) f
or

 h
ea

lth
 s

er
vi

ce
s/

cl
in

ic
al

 
ca

re
 p

la
n 

(n
 =

 1
)

Ph
on

e 
ca

ll 
an

d 
pa

tie
nt

 p
or

ta
l a

re
 u

til
iz

ed
 fo

r:
En

ro
lli

ng
 in

di
vi

du
al

s 
fo

r h
ea

lth
 s

er
vi

ce
s, 

su
ch

 a
s 

off
er

-
in

g 
ph

on
e 

ca
lls

 a
nd

 c
om

pl
et

in
g 

pr
e-

ap
po

in
tm

en
t 

do
cu

m
en

ta
tio

n 
th

ro
ug

h 
pa

tie
nt

 p
or

ta
ls

 in
te

gr
at

ed
 

w
ith

 H
ER

 in
 a

 c
lin

ic
 d

ed
ic

at
ed

 to
 p

ro
vi

di
ng

 p
rim

ar
y 

an
d 

se
xu

al
 h

ea
lth

ca
re

 d
ur

in
g 

CO
VI

D
- 1

9.
 [6

9]

2.
2 

Pa
tie

nt
-c

en
te

re
d 

he
al

th
 re

co
rd

s 
(n

 =
 1

6)
2.

2.
1 

Lo
ng

itu
di

na
l t

ra
ck

in
g 

of
 p

er
so

n’
s 

he
al

th
 

st
at

us
 (n

 =
 1

2)
Sm

ar
tp

ho
ne

 a
pp

lic
at

io
ns

, s
m

ar
tw

at
ch

es
, w

ea
ra

bl
e 

se
ns

or
s 

an
d 

ac
ce

ss
or

ie
s,

 s
m

ar
t v

ita
l s

ig
n 

m
on

ito
r-

in
g 

de
vi

ce
s,

 b
lo

ck
ch

ai
n-

en
ab

le
d 

Io
M

T,
 a

nd
 o

pt
o-

el
ec

tr
on

ic
 m

ic
ro

-n
an

o 
sy

st
em

 a
re

 u
til

iz
ed

 fo
r:

Co
nd

uc
tin

g 
co

nt
ac

t t
ra

ci
ng

 [3
8,

 5
3,

 6
7,

 7
3]

 a
nd

 re
co

rd
-

in
g 

bo
th

 a
ct

iv
e 

an
d 

pa
ss

iv
e 

pa
tie

nt
 d

at
a 

to
 ta

ilo
r 

tr
ea

tm
en

t p
la

ns
 [3

1]
D

ig
ita

l v
ac

ci
ne

 re
gi

st
ry

 [4
1]

2.
2.

2 
m

an
ag

e 
pe

rs
on

-c
en

te
re

d 
st

ru
ct

ur
ed

 c
lin

ic
al

 
re

co
rd

s 
(n

 =
 2

)
M

ed
ic

al
 re

co
rd

s 
w

ith
 p

re
-e

st
ab

lis
he

d 
fo

rm
at

 a
re

 
ut

ili
ze

d 
fo

r:
• A

llo
w

in
g 

pa
tie

nt
s 

to
 re

m
ot

el
y 

se
nd

 in
fo

rm
at

io
n 

to
 th

ei
r E

H
R.

 [2
8,

 6
9]

• A
llo

w
in

g 
al

l h
ea

lth
ca

re
 te

am
 m

em
be

rs
 to

 c
om

pl
et

e 
m

ed
ic

al
 re

co
rd

s 
re

m
ot

el
y 

[6
9]

2.
2.

4 
Ro

ut
in

e 
he

al
th

 in
di

ca
to

r d
at

a 
co

lle
ct

io
n 

an
d 

m
an

ag
em

en
t (
n 

=
 2

)
M

ob
ile

 a
pp

lic
at

io
ns

 a
re

 u
til

iz
ed

 fo
r:

Co
nd

uc
tin

g 
co

nt
ac

t t
ra

ci
ng

 o
f p

eo
pl

e’
s 

m
ov

em
en

t 
du

rin
g 

CO
VI

D
- 1

9 
to

 m
on

ito
r, 

re
co

rd
, a

nd
 a

le
rt

s 
th

e 
pr

ox
im

ity
 o

f e
ve

nt
s 

[7
5]

2.
3 

H
ea

lth
ca

re
 p

ro
vi

de
r d

ec
is

io
n 

su
pp

or
t (
n 

=
 3

1)
2.

3.
2 

Pr
ov

id
e 

ch
ec

kl
is

t a
cc

or
di

ng
 to

 p
ro

to
co

l (
n 

=
 3

)
A

ss
es

sm
en

t t
oo

ls
, m

ac
hi

ne
 le

ar
ni

ng
 a

pp
ro

ac
he

s,
 

an
d 

CA
D

 a
re

 u
til

iz
ed

 fo
r:

Ev
al

ua
tin

g 
an

d 
M

ea
su

rin
g 

cl
in

ic
al

 s
co

re
s 

[6
1,

 8
2]

 
or

 a
na

ly
zi

ng
 a

nd
 d

iff
er

en
tia

tin
g 

be
tw

ee
n 

va
rio

us
 ty

pe
s 

of
 tr

ea
tm

en
t p

la
ns

 [7
0]

 to
 a

id
 p

hy
si

ci
an

s’ 
de

ci
si

on
-

m
ak

in
g

2.
3.

3 
Sc

re
en

 p
er

so
ns

 b
y 

ris
k 

or
 o

th
er

 h
ea

lth
 s

ta
tu

s 
(n

 =
 2

8)
A

I a
nd

 m
ac

hi
ne

 le
ar

ni
ng

 te
ch

ni
qu

es
 a

re
 u

til
iz

ed
 fo

r:
• T

ria
gi

ng
 C

O
VI

D
- 1

9 
pa

tie
nt

s 
ba

se
d 

on
 m

ed
ic

al
 im

ag
-

in
g 

or
 o

th
er

 c
lin

ic
al

 a
nd

 s
ur

gi
ca

l d
at

a 
st

or
ed

 in
 d

at
a-

ba
se

s 
[7

1,
 7

5]
. F

or
 e

xa
m

pl
e,

 A
I t

ec
hn

iq
ue

s 
ca

n 
fa

ci
lit

at
e 

th
e 

de
te

ct
io

n 
an

d 
tr

an
sf

er
 o

f c
rit

ic
al

ly
 il

l p
at

ie
nt

s 
in

 h
os

pi
ta

ls
 w

ith
 li

m
ite

d 
oc

cu
pa

nc
y 

or
 c

ap
ab

ili
tie

s 
[7

0]
• D

et
ec

tin
g 

ch
an

ge
s 

in
 p

at
ie

nt
’s 

cl
in

ic
al

 s
ta

tu
s 

by
 m

on
i-

to
rin

g 
sy

m
pt

om
s 

[3
0]

• A
id

in
g 

in
 d

ia
gn

os
is

 o
f C

O
VI

D
- 1

9 
by

 c
om

bi
ni

ng
 c

he
st

 
C

T-
sc

an
 fi

nd
in

gs
 w

ith
 o

th
er

 d
at

a 
su

ch
 a

s 
cl

in
ic

al
 s

ig
ns

 
an

d 
sy

m
pt

om
s, 

ex
po

su
re

 h
is

to
ry

, l
ab

or
at

or
y 

te
st

s, 
co

m
or

bi
di

tie
s, 

an
d 

in
fe

ct
io

n-
re

la
te

d 
bi

om
ar

ke
rs

 [3
0]

 
[4

3,
 4

4,
 4

6,
 5

3,
 7

0,
 7

8]



Page 12 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129 

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

• A
ss

is
tin

g 
he

al
th

ca
re

 p
ro

fe
ss

io
na

ls
 in

 m
ak

in
g 

pe
rs

on
al

-
iz

ed
 tr

ea
tm

en
t d

ec
is

io
ns

 fo
r p

at
ie

nt
s 

by
 a

ut
om

at
in

g 
th

e 
an

al
ys

is
 o

f p
at

ie
nt

 d
at

a 
an

d 
ca

lc
ul

at
in

g 
th

e 
ris

ks
 

of
 C

O
VI

D
- 1

9 
[4

3,
 7

0,
 7

1]
• C

la
ss

ify
in

g 
CO

VI
D

- 1
9 

us
in

g 
ch

es
t X

-r
ay

s 
[3

0]
D

ig
ita

l p
he

no
ty

pi
ng

 is
 u

til
iz

ed
 fo

r:
D

et
ec

tin
g 

m
en

ta
l d

is
or

de
rs

 b
y 

us
in

g 
cl

in
ic

al
 re

co
rd

ed
 

he
al

th
 d

at
a,

 c
al

l l
og

s, 
m

es
sa

ge
 lo

gs
, a

pp
 u

sa
ge

 d
at

a,
 

an
d 

se
lf-

as
se

ss
m

en
t q

ue
st

io
nn

ai
re

s 
fil

le
d 

by
 p

at
ie

nt
s 

to
 [3

1]
Ch

at
bo

ts
 a

re
 u

til
iz

ed
 fo

r:
D

iff
er

en
tia

tin
g 

CO
VI

D
- 1

9 
fro

m
 o

th
er

 d
is

ea
se

s 
ba

se
d 

on
 s

ym
pt

om
 d

at
a 

[7
5]

D
ia

gn
os

in
g 

da
sh

bo
ar

d 
ar

e 
ut

ili
ze

d 
fo

r:
D

et
ec

tin
g 

CO
VI

D
- 1

9 
in

 p
at

ie
nt

s 
by

 u
si

ng
 d

at
a 

an
d 

m
ed

ic
al

 im
ag

es
 [3

2]
D

ro
ne

 a
nd

 ro
bo

t a
re

 u
til

iz
ed

 fo
r:

Re
al

-t
im

e 
ca

se
 d

et
ec

tio
n 

an
d 

sc
re

en
in

g 
[3

3]
A

pp
lic

at
io

ns
 a

re
 u

til
iz

ed
 fo

r:
Pa

ss
iv

el
y 

co
lle

ct
in

g 
da

ta
 fr

om
 v

id
eo

 re
sp

on
se

 o
f i

nd
i-

vi
du

al
s, 

w
ea

ra
bl

e 
w

ris
tb

an
d,

 a
nd

 s
el

f-a
ss

es
sm

en
t q

ue
s-

tio
nn

ai
re

s 
fil

le
d 

by
 p

at
ie

nt
s 

fo
r p

re
di

ct
iv

e 
pu

rp
os

es
 [3

1]
Sc

re
en

in
g 

sy
st

em
s 

ar
e 

ut
ili

ze
d 

fo
r:

Id
en

tif
yi

ng
 s

pe
ci

fic
 g

ro
up

 o
f p

at
ie

nt
s, 

su
ch

 a
s 

a 
su

rv
ei

l-
la

nc
e 

sy
st

em
 b

as
ed

 o
n 

EH
R 

da
ta

 to
 id

en
tif

y 
pa

tie
nt

s 
w

ith
 n

on
-m

ar
ke

d 
im

pr
ov

em
en

t w
ith

 a
nt

ib
io

tic
s 

an
d 

al
er

tin
g 

m
ed

ic
al

 te
am

s 
on

 d
ai

ly
 b

as
es

 [3
3]

, 
or

 fo
r t

he
 fo

llo
w

-u
p 

of
 e

ld
er

ly
 in

di
vi

du
al

s 
w

ith
 C

O
VI

D
- 

19
 [3

9]
Sm

ar
t o

nt
ol

og
y 

ba
se

d 
Io

T 
sy

st
em

 a
re

 u
til

iz
ed

 fo
r:

Re
m

ot
e 

pa
tie

nt
 m

on
ito

rin
g 

an
d 

ea
rly

 d
et

ec
tio

n 
of

 C
O

VI
D

- 1
9 

us
in

g 
bi

om
ed

ic
al

 s
ig

na
ls

 fr
om

 w
ea

ra
bl

e 
se

ns
or

s. 
O

nt
ol

og
y 

pr
ov

id
es

 th
e 

up
da

te
d 

in
fo

rm
at

io
n 

of
 th

e 
CO

VI
D

- 1
9 

an
d 

m
ak

es
 d

ec
is

io
n-

m
ak

in
g 

ea
si

er
 

fo
r m

ed
ic

al
 p

ra
ct

iti
on

er
s 

in
 e

m
er

ge
nc

ie
s 

[3
0]

2.
4 

Te
le

m
ed

ic
in

e 
(n

 =
 1

99
)

2.
4.

1 
Co

ns
ul

ta
tio

n 
be

tw
ee

n 
re

m
ot

e 
pe

rs
on

 
an

d 
he

al
th

ca
re

 p
ro

vi
de

 (n
 =

 1
01

)
Vi

de
o 

co
nf

er
en

ci
ng

 a
pp

lic
at

io
ns

, i
nt

er
ac

tiv
e 

w
eb

-b
as

ed
 m

an
ag

em
en

t s
ys

te
m

s,
 s

to
re

 a
nd

 
fo

rw
ar

d 
sy

st
em

s,
 te

le
ph

on
e 

co
nt

ac
ts

, s
oc

ia
l m

ed
ia

 
m

es
sa

gi
ng

 p
la

tf
or

m
s 

or
 a

ny
 m

es
sa

gi
ng

 s
er

vi
ce

s,
 

ch
at

bo
ts

, e
m

ai
ls

, b
i-d

ire
ct

io
na

l r
ad

io
 a

nd
 te

le
vi

-
si

on
 p

ro
gr

am
s,

 m
ob

ile
 o

r v
ir

tu
al

 a
pp

lic
at

io
ns

 a
re

 
ut

ili
ze

d 
fo

r:
• R

em
ot

e 
pr

im
ar

y 
ca

re
 d

el
iv

er
y 

an
d 

ou
tp

at
ie

nt
 

ap
po

in
tm

en
ts

, a
dd

re
ss

in
g 

pa
tie

nt
 c

om
pl

ai
nt

s, 
an

d 
pr

ov
id

in
g 

co
ns

ul
ta

tio
n 

ab
ou

t n
ec

es
sa

ry
 tr

ea
tm

en
t 

to
 a

vo
id

 p
hy

si
ca

l c
on

ta
ct

 b
et

w
ee

n 
he

al
th

ca
re

 p
ro

vi
d-

er
s 

an
d 

pa
tie

nt
s 

in
 d

iff
er

en
t fi

el
ds

 s
uc

h 
as

 o
rt

ho
do

nt
ic

 
m

on
ito

rin
g,

 c
on

su
lta

tio
n 

be
tw

ee
n 

pa
tie

nt
s 

an
d 

ps
y-

ch
ol

og
is

ts
, t

el
ed

er
m

at
ol

og
y 

se
rv

ic
es

 li
ke

 D
r.C

on
ne

ct



Page 13 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129  

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

sy
st

em
 in

 A
fri

ca
 [2

5,
 2

6,
 2

8–
30

, 3
4,

 3
6,

 3
8,

 4
5,

 4
7,

 4
8,

 5
4,

 
58

, 6
4,

 6
8–

70
, 7

2,
 7

6,
 8

7]
• A

ut
om

at
ed

 d
el

iv
er

y 
an

d 
di

sp
en

si
ng

 o
f m

ed
ic

in
e 

ou
ts

id
e 

of
 p

at
ie

nt
 c

ar
e 

ho
ur

s 
[3

8,
 6

9]
• P

ro
vi

di
ng

 e
du

ca
tio

n 
m

at
er

ia
ls

 o
n 

is
su

es
, c

oa
ch

in
g,

 
or

 c
ar

e 
an

d 
re

fe
rr

al
 m

an
ag

em
en

t. 
Fo

r e
xa

m
pl

e,
 p

ro
vi

d-
in

g 
pe

rs
on

al
iz

ed
 re

m
ot

e 
re

ha
bi

lit
at

io
n 

in
st

ru
ct

io
n 

fo
r p

at
ie

nt
s 

at
 h

om
e 

or
 e

du
ca

tin
g 

CO
VI

D
- 1

9 
pa

tie
nt

s 
ab

ou
t h

ea
lth

y 
lif

es
ty

le
s 

or
 d

el
iv

er
in

g 
br

ea
th

in
g,

 a
er

o-
bi

c,
 a

nd
 lo

w
er

 li
m

b 
m

us
cl

e 
st

re
ng

th
 e

xe
rc

is
es

 to
 th

em
 

[2
8,

 3
8,

 4
5,

 6
4,

 7
7,

 8
2]

• E
m

pa
th

ic
 c

on
ve

rs
at

io
n 

an
d 

m
oo

ds
 im

pr
ov

em
en

ts
 

by
 ta

lk
in

g 
to

 p
at

ie
nt

s. 
Fo

r i
ns

ta
nc

e,
 s

pe
ak

in
g 

to
 o

ld
er

 
pa

tie
nt

s 
to

 in
te

rr
up

t t
he

ir 
so

ci
al

 is
ol

at
io

n 
du

r-
in

g 
CO

VI
D

- 1
9 

[4
5,

 5
0]

• O
nl

in
e 

su
pe

rv
is

ed
 g

ui
de

d 
gr

ou
p 

se
ss

io
n 

su
ch

 a
s 

w
eb

-
ba

se
d 

co
up

le
 th

er
ap

y,
 p

hy
si

ot
he

ra
py

, a
nd

 re
ha

bi
lit

a-
tio

n 
pr

og
ra

m
 [2

9,
 3

9,
 4

5,
 7

7,
 8

2]
• E

na
bl

in
g 

cl
in

ic
al

 p
ro

ce
ss

es
 to

 b
e 

co
nd

uc
te

d 
re

m
ot

el
y,

 i.
e.

, t
re

at
m

en
t a

ss
is

ta
nt

 p
ro

gr
am

, t
he

ra
py

 
m

on
ito

rin
g,

 o
r r

em
ot

e 
ca

re
 s

er
vi

ce
s 

fo
r p

at
ie

nt
s, 

su
ch

 
as

 c
ar

e 
se

rv
ic

e 
fo

r p
at

ie
nt

s 
w

ith
 c

og
ni

tiv
e 

is
su

es
, 

re
sp

ira
to

ry
-r

el
at

ed
 d

is
ea

se
s, 

an
d 

re
ha

bi
lit

at
io

n 
pr

o-
gr

am
s 

in
 p

at
ie

nt
s 

w
ith

 to
uc

h 
th

er
ap

y,
 d

an
ce

-t
he

ra
py

 
cl

as
se

s, 
or

 p
ul

m
on

ar
y 

re
ha

bi
lit

at
io

n 
pr

og
ra

m
 d

el
iv

er
ed

 
by

 e
xp

er
ie

nc
ed

 p
hy

si
ot

he
ra

pi
st

 [2
5,

 2
9,

 3
3,

 3
4,

 3
8,

 4
7,

 
49

, 6
8,

 7
5–

77
, 8

2]
• G

ui
di

ng
 c

ar
er

s, 
fa

m
ily

 m
em

be
rs

, o
r h

ou
se

m
at

es
 

to
 s

up
po

rt
 th

e 
tr

ea
tm

en
t f

or
 p

at
ie

nt
 a

t h
om

e.
 

Fo
r e

xa
m

pl
e,

 fo
r t

ou
ch

-b
as

ed
 p

ra
ct

ic
es

, t
he

y 
w

er
e 

as
ke

d 
to

 lo
ca

te
 a

cu
pr

es
su

re
 p

oi
nt

s 
or

 re
po

rt
 b

ac
k 

ab
ou

t h
ow

 a
 b

od
y 

ar
ea

 fe
lt.

 [2
9]

• T
el

e 
di

ag
no

si
ng

 a
nd

 re
m

ot
e 

sc
re

en
in

g 
pa

tie
nt

s 
fo

r d
is

ea
se

 [5
3,

 5
4]

. F
or

 e
xa

m
pl

e,
 u

si
ng

 R
ob

ot
ic

 te
le

 
ec

ho
gr

ap
hy

 fo
r r

em
ot

e 
di

ag
no

si
s 

of
 o

rg
an

s 
lik

e 
lu

ng
 

an
d 

he
ar

t [
53

]
• T

el
e 

tr
ia

ge
 to

 id
en

tif
y 

ca
se

s 
in

 n
ee

d 
of

 c
on

su
lta

tio
n 

su
ch

 a
s 

ph
ot

o-
tr

ia
ge

 o
f n

on
ne

op
la

st
ic

 a
nd

 b
en

ig
n 

ne
op

la
st

ic
 le

si
on

s 
ca

se
s 

ba
se

d 
on

 d
er

m
os

co
py

 [5
8]

2.
4.

2 
Re

m
ot

e 
m

on
ito

rin
g 

of
 p

er
so

ns
 h

ea
lth

 
or

 d
ia

gn
os

tic
 d

at
a 

(n
 =

 7
4)

Th
e 

ar
ch

ite
ct

ur
e 

of
 te

ch
no

lo
gi

es
 in

 th
is

 p
ar

t 
m

os
tly

 c
om

pr
is

es
:

N
et

w
or

k 
la

ye
r, 

pr
oc

es
si

ng
 la

ye
r (

Bl
oc

kc
ha

in
 te

ch
-

no
lo

gi
es

, I
oT

 c
om

pu
tin

g,
 fo

g-
cl

ou
d 

co
m

pu
tin

g,
 

A
I),

 D
et

ec
tio

n 
an

d 
Se

ns
or

 la
ye

r (
In

te
lli

ge
nt

 m
ed

ic
al

 
ag

en
ts

, S
en

so
rs

 (a
ct

iv
e 

an
d 

pa
ss

iv
e 

se
ns

in
g 

te
ch

-
no

lo
gi

es
), 

no
n-

w
ea

ra
bl

e 
pa

ss
iv

e 
m

ul
tip

ar
am

et
ric

 
se

ns
or

s 
em

be
dd

ed
 in

 u
nd

er
 m

at
tr

es
s 

pa
ds

, w
ea

r-
ab

le
 m

on
ito

rin
g 

de
vi

ce
s,

 s
m

ar
t d

ev
ic

es
, m

on
ito

rin
g



Page 14 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129 

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

sy
st

em
s,

 e
nv

iro
nm

en
ta

l s
en

si
ng

 u
ni

t, 
po

rt
ab

le
 

el
ec

tr
on

ic
 d

ev
ic

es
 li

ke
 b

lo
od

 p
re

ss
ur

e 
m

on
ito

rs
, 

qu
es

tio
nn

ai
re

), 
an

d 
Sm

ar
t g

at
ew

ay
 (P

ho
ne

 c
al

ls
, 

em
ai

l, 
m

ob
ile

 a
pp

lic
at

io
ns

)
Th

es
e 

te
ch

no
lo

gi
es

 a
re

 u
til

iz
ed

 fo
r:

• M
on

ito
rin

g 
pa

tie
nt

s 
at

 th
ei

r h
om

e 
(H

om
e 

m
on

ito
r-

in
g)

 a
nd

 p
ro

vi
de

 e
m

er
ge

nc
y 

sa
tia

tio
n-

ba
se

d 
no

tifi
ca

-
tio

n 
on

 th
e 

pa
tie

nt
 h

ea
lth

 s
ta

tu
s 

fo
r c

on
ce

rn
ed

 c
lin

ic
al

 
au

th
or

iti
es

 [2
6,

 2
8,

 3
1,

 3
3,

 3
4,

 3
8,

 4
3,

 4
6,

 4
7,

 4
9–

51
, 5

3,
 

60
, 6

7,
 6

8,
 7

2,
 7

3,
 7

6,
 7

7,
 8

2]
. i

n 
si

tu
at

io
ns

 s
uc

h 
as

:
◦ 

Re
m

ot
e 

m
on

ito
rin

g 
of

 p
at

ie
nt

s 
w

ho
 a

re
 h

om
e-

qu
ar

-
an

tin
ed

 d
ue

 to
 C

O
VI

D
- 1

9 
an

d 
al

er
tin

g 
ab

ou
t q

ua
ra

n-
tin

e 
vi

ol
at

io
ns

◦ 
Po

st
-o

pe
ra

tiv
e 

fo
llo

w
-u

p
◦ 

Th
er

ap
y 

m
on

ito
rin

g 
by

 te
le

ph
on

e 
or

 e
m

ai
l 

in
 p

at
ie

nt
s 

w
ith

 c
hr

on
ic

 in
fla

m
m

at
or

y 
de

rm
at

os
es

◦ 
M

on
ito

rin
g 

sy
st

em
 to

 d
et

ec
t e

ar
ly

 w
ar

ni
ng

 s
ig

ns
 

of
 im

pe
nd

in
g 

sy
m

pt
om

at
ic

 re
la

ps
e 

or
 b

ip
ol

ar
 d

is
or

de
r

◦ 
M

on
ito

rin
g 

of
 c

on
tin

uo
us

 p
os

iti
ve

 a
irw

ay
 p

re
ss

ur
e 

fo
r o

bs
tr

uc
tiv

e 
sl

ee
p 

ap
ne

a 
to

 b
e 

pa
ss

iv
el

y 
ev

al
ua

te
d 

by
 p

ro
fe

ss
io

na
ls

 e
ve

ry
 n

ig
ht

◦ 
H

om
e 

ho
sp

ita
liz

at
io

n 
sy

st
em

 th
at

 s
en

ds
 p

at
ie

nt
 

in
fo

rm
at

io
n 

to
 th

e 
he

al
th

ca
re

 s
ta

ff
’s 

sm
ar

tp
ho

ne
s 

fo
rt

 
pr

op
er

 a
ct

io
n 

su
gg

es
tio

ns
 [6

7]
◦ 

Co
m

pu
te

r v
is

io
n-

ba
se

d 
as

se
ss

m
en

t o
f m

ot
or

 fu
nc

-
tio

ni
ng

 in
 p

at
ie

nt
s 

w
ith

 s
ch

iz
op

hr
en

ia
◦ 

Ex
pl

or
in

g 
qu

al
ity

 o
f l

ife
 in

 e
ld

er
ly

 p
op

ul
at

io
n 

by
 q

ue
st

io
ne

rs
 a

dm
in

is
te

re
d 

th
ro

ug
h 

ph
on

e 
ca

lls
◦ 

M
on

ito
rin

g 
m

en
ta

l h
ea

lth
 s

ta
tu

s 
an

d 
ch

ec
ki

ng
 

in
so

m
ni

a 
us

in
g 

w
ea

ra
bl

e 
sl

ee
p 

tr
ac

ke
rs

 o
r p

ul
se

 o
xi

-
m

et
er

s 
in

 c
lin

ic
al

 s
ta

ff 
du

rin
g 

CO
VI

D
- 1

9
• M

on
ito

rin
g 

pa
tie

nt
s 

at
 h

ea
lth

ca
re

 s
et

tin
gs

 to
 re

du
ce

 
pa

tie
nt

 a
nd

 s
ta

ff 
co

nt
ac

t f
or

 fr
on

tli
ne

 m
ed

ic
al

 w
or

ke
r 

sa
fe

ty
. T

he
 e

xa
m

pl
es

 a
re

:
◦ 

En
vi

ro
nm

en
ta

l s
en

si
ng

 u
ni

ts
 in

st
al

le
d 

in
 th

e 
ho

sp
ita

l-
iz

at
io

n 
ro

om
s 

to
 m

on
ito

r p
at

ie
nt

 s
ta

tu
s 

an
d 

vi
ta

l s
ig

ns
◦ 

Ro
bo

ts
 s

ta
tio

ne
d 

in
 d

ep
ar

tm
en

ts
 s

uc
h 

as
 IC

U
 

w
ith

 C
O

VI
D

- 1
9 

pa
tie

nt
s 

to
 p

ro
vi

de
 m

on
ito

rin
g

◦ 
A

ut
om

at
ed

 im
ag

in
g 

w
or

kfl
ow

 d
ur

in
g 

th
e 

CO
VI

D
- 1

9 
pa

nd
em

ic
 a

llo
w

 fo
r p

at
ie

nt
 m

on
ito

rin
g 

fro
m

 re
m

ot
e 

ce
nt

er
s

◦ 
W

ea
ra

bl
e 

he
al

th
 e

qu
ip

m
en

t t
o 

m
on

ito
r o

xy
ge

n 
sa

tu
ra

tio
n,

 te
m

pe
ra

tu
re

, h
ea

rt
 ra

te
, a

nd
 re

sp
ira

tio
n 

ra
te

 
to

 e
ns

ur
e 

th
e 

sa
fe

ty
 o

f f
ro

nt
lin

e 
m

ed
ic

al
 w

or
ke

r
◦ 

Vi
rt

ua
l w

ar
d 

ro
un

ds
 c

on
du

ct
ed

 b
y 

sp
ec

ia
lis

ts
 in

vo
lv

e 
re

ce
iv

in
g 

re
al

-t
im

e 
au

di
ov

is
ua

l i
nf

or
m

at
io

n 
fro

m
 a

 re
si

-
de

nt
 in

 th
e 

w
ar

d 
w

ea
rin

g 
sm

ar
t g

la
ss

es
 in

te
gr

at
ed

 
w

ith
 te

le
m

ed
ic

in
e 

[2
8,

 4
6,

 4
7,

 5
1,

 5
3,

 6
7,

 7
0]



Page 15 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129  

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

2.
4.

3 
Tr

an
sm

is
si

on
 o

f m
ed

ic
al

 d
at

a 
to

 h
ea

lth
ca

re
 

pr
ov

id
er

 (n
 =

 1
5)

Sm
ar

tp
ho

ne
 is

 u
til

iz
ed

 fo
r:

• P
as

si
ve

ly
 s

en
di

ng
 re

co
rd

ed
 d

at
a 

to
 p

ro
vi

de
rs

 u
si

ng
 

th
e 

st
or

e 
an

d 
fo

rw
ar

d 
m

et
ho

d 
[2

6,
 3

1,
 7

6]
. F

or
 e

xa
m

-
pl

e,
 te

le
 d

er
m

at
ol

og
y 

in
 p

at
ie

nt
s 

w
ith

 C
O

VI
D

- 1
9 

in
vo

lv
es

 u
si

ng
 th

e 
st

or
e 

an
d 

fo
rw

ar
d 

m
et

ho
d 

to
 tr

an
s-

m
it 

da
ta

• R
ea

l-t
im

e 
se

nd
in

g 
of

 d
at

a,
 a

le
rt

s 
an

d 
no

tifi
ca

tio
ns

 
to

 c
on

ce
rn

ed
 c

lin
ic

al
 a

ut
ho

rit
ie

s 
[2

6,
 4

3,
 6

7,
 6

8,
 7

0]
. 

Fo
r e

xa
m

pl
e,

 re
al

-t
im

e 
da

ta
 o

f i
so

la
te

d 
pa

tie
nt

s 
re

po
rt

-
in

g 
th

ei
r s

ym
pt

om
s 

an
d 

di
se

as
e 

pr
og

re
ss

io
n

2.
4.

4 
Co

ns
ul

ta
tio

ns
 fo

r c
as

e 
m

an
ag

em
en

t 
be

tw
ee

n 
pr

ov
id

er
s 

(n
 =

 9
)

M
ob

ile
 a

nd
 s

oc
ia

l m
ed

ia
 a

pp
s 

(e
.g

., 
W

eC
ha

t, 
W

ha
t-

sA
pp

), 
Te

le
co

nf
er

en
ci

ng
 p

la
tf

or
m

s,
 m

ob
ile

 a
pp

, 
w

eb
-b

as
ed

 s
es

si
on

, a
nd

 m
ob

ile
 te

le
he

al
th

 s
ys

te
m

 
ar

e 
ut

ili
ze

d 
fo

r:
• T

el
e 

m
en

to
rin

g,
 s

ee
ki

ng
 a

dv
ic

e 
fro

m
 o

th
er

 p
ro

fe
ss

io
n-

al
s 

su
ch

 a
s 

as
ki

ng
 a

dv
ic

e 
fro

m
 p

ha
rm

ac
is

ts
 [4

8]
• C

on
su

lta
tio

n 
be

tw
ee

n 
pr

ov
id

er
s 

to
 s

up
po

rt
 c

as
e 

de
ci

si
on

s 
[2

5,
 6

9]
• A

ca
de

m
ic

 d
is

cu
ss

io
n 

[2
6,

 2
8]

• S
ha

rin
g 

kn
ow

le
dg

e 
on

 a
 s

pe
ci

fic
 te

ch
ni

qu
e 

be
tw

ee
n 

ex
pe

rt
s 

[2
9]

• R
em

ot
e 

ps
yc

ho
lo

gi
ca

l s
up

po
rt

 fo
r h

ea
lth

ca
re

 p
ro

fe
s-

si
on

al
s 

[6
5]

2.
5 

H
ea

lth
ca

re
 p

ro
vi

de
r c

om
m

un
ic

at
io

n 
(n

 =
 5

)
2.

5.
4 

Tr
an

sm
it 

no
nr

ou
tin

e 
he

al
th

 e
ve

nt
 a

le
rt

s 
(n

 
=

 2
)

A
I a

pp
ro

ac
he

d 
ar

e 
ut

ili
ze

d 
fo

r:
A

le
rt

in
g 

ne
w

 re
se

ar
ch

 p
ap

er
s 

an
d 

ot
he

r m
at

er
ia

ls
 

to
 re

se
ar

ch
er

s 
[5

3]

2.
5.

5 
Pe

er
 g

ro
up

 fo
r h

ea
lth

ca
re

 p
ro

vi
de

rs
 (n

 =
 3

)
Vi

rt
ua

l g
ro

up
s 

in
 s

oc
ia

l m
ed

ia
 p

la
tf

or
m

s,
 m

ob
ile

 
ap

ps
, a

nd
 s

up
po

rt
 h

ot
lin

es
 fo

r p
ro

vi
de

rs
 a

re
 u

til
iz

ed
 

fo
r:

Fa
ci

lit
at

in
g 

kn
ow

le
dg

e 
sh

ar
in

g,
 s

uc
h 

as
 ju

ni
or

 m
ed

ic
al

 
st

ud
en

ts
 c

on
ne

ct
in

g 
w

ith
 s

en
io

r m
ed

ic
al

 s
tu

de
nt

s 
du

r-
in

g 
CO

VI
D

- 1
9 

un
de

r t
he

 s
up

er
vi

si
on

 o
f e

xp
er

t f
ac

ul
ty

 
m

em
be

rs
 [3

3,
 6

5]

2.
6 

Re
fe

rr
al

 c
oo

rd
in

at
io

n 
(n

 =
 1

)
2.

6.
2 

M
an

ag
e 

re
fe

rr
al

s 
be

tw
ee

n 
po

in
ts

 o
f s

er
vi

ce
 

an
d 

w
ith

in
 h

ea
lth

 s
ec

to
r (
n 

=
 1

)
Te

le
ph

on
e 

ca
lls

 a
re

 u
til

iz
ed

 fo
r:

Co
nt

ac
tin

g 
pa

tie
nt

s 
by

 p
ro

vi
de

rs
 a

ft
er

 d
is

ch
ar

ge
 

an
d 

re
fe

rr
in

g 
th

em
 to

 a
pp

ro
pr

ia
te

 re
ha

bi
lit

at
io

n 
pr

o-
vi

de
rs

 b
as

ed
 o

n 
co

m
pl

ai
ns

 [3
9]

2.
7 

Sc
he

du
lin

g 
an

d 
ac

tiv
el

y 
pl

an
ni

ng
 fo

r p
ro

vi
d-

er
s 

(n
 =

 2
4)

2.
7.

1 
Id

en
tif

y 
Pe

rs
on

s 
in

 n
ee

d 
of

 s
er

vi
ce

s 
(n

 =
 2

4)
A

I m
od

el
 a

re
 u

til
iz

ed
 fo

r:
Tr

ia
gi

ng
 p

at
ie

nt
s 

w
ith

 ri
sk

 s
co

rin
g 

fro
m

 b
lo

od
 s

am
pl

es
 

[5
3]

Ro
bo

ts
 a

re
 u

til
iz

ed
 fo

r:
Ca

rr
yi

ng
 o

ut
 a

 s
er

ie
s 

of
 m

on
ito

rin
g 

ev
al

ua
tio

ns
 

ca
pa

bl
e 

of
 p

ro
vi

di
ng

 tr
ia

ge
 fo

r h
os

pi
ta

l p
at

ie
nt

s 
an

d 
te

le
cr

iti
ca

l c
ar

e 
in

 h
os

pi
ta

l s
et

tin
g 

su
ch

 a
s 

D
r. 

sp
ot

 
ro

bo
t [

53
]

A
ct

iv
e 

ph
on

e 
ca

lls
 a

re
 u

til
iz

ed
 fo

r:
Sc

re
en

in
g,

 d
ia

gn
os

in
g 

an
d 

ev
al

ua
tin

g 
su

sp
ic

io
us

 
CO

VI
D

- 1
9 

ca
se

s 
[3

4]



Page 16 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129 

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

2.
8 

H
ea

lth
ca

re
 p

ro
vi

de
r t

ra
in

in
g 

(n
 =

 1
5)

2.
8.

1 
Pr

ov
id

e 
tr

ai
ni

ng
 c

on
te

nt
 to

 h
ea

lth
ca

re
 

pr
ov

id
er

 (n
 =

 1
5)

Vi
de

o 
co

nf
er

en
ci

ng
 p

la
tf

or
m

s 
(e

.g
., 

Zo
om

 a
nd

 
Bl

ac
kb

oa
rd

) o
r i

nf
or

m
al

 p
la

tf
or

m
s 

su
ch

 a
s W

ha
t-

sA
pp

 [3
8,

 6
9]

, l
iv

e 
vi

de
o 

br
oa

dc
as

ts
 [7

2]
, m

od
ifi

ab
le

 
w

eb
-b

as
ed

 h
an

db
oo

ks
 [6

5]
, e

-le
ar

ni
ng

 p
ac

ka
ge

 
[6

5,
 7

9]
, t

el
e-

ed
uc

at
io

n 
re

so
ur

ce
s 

[3
8]

, o
nl

in
e 

re
so

ur
ce

s 
[3

3,
 3

8,
 6

5,
 6

9]
, o

nl
in

e 
ga

m
es

 [6
5]

, a
nd

 
m

ob
ile

 a
pp

lic
at

io
ns

 [6
9]

 a
re

 u
til

iz
ed

 fo
r:

• P
ro

vi
di

ng
 tr

ai
ni

ng
 to

 h
ea

lth
 p

er
so

nn
el

 [3
3,

 3
8,

 6
5,

 6
9,

 
79

]
• O

ffe
rin

g 
w

el
l-b

ei
ng

 a
dv

ic
e 

to
 h

ea
lth

ca
re

 p
er

so
nn

el
 

[6
5]

2.
9 

Pr
es

cr
ip

tio
n 

an
d 

m
ed

ic
at

io
n 

m
an

ag
em

en
t 

(n
 =

 3
)

2.
9.

1 
Tr

an
sm

it 
or

 tr
ac

k 
pr

es
cr

ip
tio

n 
or

de
rs

 (n
 =

 2
)

SM
S 

an
d 

em
ai

l a
re

 u
til

iz
ed

 fo
r:

Se
nd

in
g 

E-
pr

es
cr

ip
tio

n 
to

 th
e 

pa
tie

nt
s 

or
 d

ire
ct

ly
 

to
 p

ha
rm

ac
ie

s 
fo

r t
he

 d
el

iv
er

y 
of

 m
ed

ic
in

e 
to

 p
at

ie
nt

s’ 
ho

m
es

 [2
8,

 3
8]

2.
9.

2 
Tr

ac
k 

in
di

vi
du

al
’s 

m
ed

ic
at

io
n 

co
ns

um
pt

io
n 

(n
 =

 1
)

Te
le

-c
as

e-
m

an
ag

em
en

t s
ys

te
m

s 
ar

e 
ut

ili
ze

d 
fo

r:
Co

nt
in

uo
us

ly
 m

on
ito

rin
g 

an
d 

m
an

ag
in

g 
th

e 
pa

tie
nt

’s 
m

ed
ic

at
io

n 
re

gi
m

en
 a

cc
or

di
ng

 to
 th

e 
pa

tie
nt

’s 
co

nd
i-

tio
ns

 [4
8]

2.
10

 L
ab

or
at

or
y 

an
d 

di
ag

no
st

ic
 im

ag
in

g 
m

an
-

ag
em

en
t (
n 

=
 2

)
2.

10
.1

 T
ra

ns
m

it 
pe

rs
on

s 
di

ag
no

st
ic

 re
su

lt 
to

 h
ea

lth
ca

re
 p

ro
vi

de
rs

 (n
 =

 1
)

Te
le

ra
di

ol
og

y 
sy

st
em

s 
is

 u
til

iz
ed

 fo
r:

Tr
an

sm
itt

in
g 

ra
di

ol
og

ic
al

 im
ag

es
 o

f p
at

ie
nt

s 
fro

m
 o

ne
 

ge
og

ra
ph

ic
al

 lo
ca

tio
n 

to
 a

no
th

er
, e

na
bl

in
g 

th
e 

pr
ov

i-
si

on
 o

f r
ad

io
lo

gi
ca

l s
er

vi
ce

s 
to

 h
ea

lth
ca

re
 in

st
itu

te
s 

in
 ru

ra
l a

re
as

 in
 th

e 
ab

se
nc

e 
of

 ra
di

ol
og

is
ts

 [3
8]

2.
10

.4
 T

ra
ck

 b
io

lo
gi

ca
l s

pe
ci

m
en

s 
(n

 =
 1

)
Te

le
he

al
th

 c
ar

e-
ba

se
d 

m
ob

ile
 p

ho
ne

 a
nd

 P
D

A
 

te
ch

no
lo

gy
 u

si
ng

 Io
T 

ar
e 

ut
ili

ze
d 

fo
r:

Te
le

 la
bo

ra
to

ry
 o

r t
el

e-
m

ed
ic

al
 la

bo
ra

to
ry

 s
er

vi
ce

s, 
w

he
re

in
 c

lin
ic

al
 e

xa
m

s 
ar

e 
pe

rf
or

m
ed

 o
n 

pa
tie

nt
s 

di
re

ct
ly

 in
 a

 h
os

pi
ta

l b
y 

te
ch

ni
ci

an
s 

th
ro

ug
h 

Io
T 

m
ed

i-
ca

l d
ev

ic
es

. R
es

ul
ts

 a
re

 a
ut

om
at

ic
al

ly
 s

en
t v

ia
 th

e 
ho

s-
pi

ta
l c

lo
ud

 to
 d

oc
to

rs
 o

f h
os

pi
ta

ls
 fo

r v
al

id
at

io
n 

an
d/

or
 c

on
su

lta
tio

n 
[3

3]

3.
0 

D
IG

IT
A

L 
H

EA
LT

H
 IN

TE
RV

EN
TI

O
N

S 
FO

R
H

EA
LT

H
 M

A
N

A
G

EM
EN

T 
A

N
D

SU
PP

O
RT

 P
ER

SO
N

N
EL

 (4
7)

3.
1 

H
um

an
 re

so
ur

ce
 m

an
ag

em
en

t (
n 

=
 2

)
3.

1.
5 

M
an

ag
e 

he
al

th
 w

or
kf

or
ce

 a
ct

iv
iti

es
 (n

 =
 2

)
A

pp
lic

at
io

ns
 s

uc
h 

as
 A

pp
le

 F
ac

eT
im

e,
 F

ac
eb

oo
k 

M
es

se
ng

er
 v

id
eo

 c
ha

t, 
Sk

yp
e,

 M
ob

ile
 h

ea
lth

 te
ch

-
no

lo
gy

, a
nd

 s
of

tw
ar

e 
ro

bo
tic

s 
bo

t a
re

 u
til

iz
ed

 fo
r:

D
ev

el
op

in
g 

st
affi

ng
 p

la
ns

 [7
2]

 o
r f

or
 re

al
 ti

m
e 

w
or

ke
rs

 
m

an
ag

em
en

t. 
Fo

r e
xa

m
pl

e,
 s

of
tw

ar
e 

ro
bo

tic
s 

bo
t 

en
ab

le
s 

th
e 

m
on

ito
rin

g 
of

 e
m

pl
oy

ee
s’h

ea
lth

 c
on

di
-

tio
ns

 a
nd

 th
e 

fla
gg

in
g 

of
 th

ei
r s

ta
tu

s 
in

 c
as

e 
of

 a
ny

 
su

sp
ic

io
us

 c
on

di
tio

n 
su

ch
 a

s 
hi

gh
 b

od
y 

te
m

pe
ra

tu
re

s 
to

 e
na

bl
e 

th
e 

re
le

va
nt

 a
ut

ho
rit

ie
s 

to
 in

iti
at

e 
pr

op
er

 
ac

tio
ns

 p
ro

m
pt

ly
 [5

3]



Page 17 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129  

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

3.
2 

Su
pp

ly
 c

ha
in

 m
an

ag
em

en
t (
n 

=
 2

1)
3.

2.
1 

M
an

ag
e 

in
ve

nt
or

y 
an

d 
di

st
rib

ut
io

n 
of

 h
ea

lth
 

co
m

m
od

iti
es

 (n
 =

 1
4)

A
I a

nd
 m

ac
hi

ne
 le

ar
ni

ng
 a

re
 u

til
iz

ed
 fo

r:
• M

ap
pi

ng
 p

ro
pe

r p
rio

rit
iz

at
io

n 
an

d 
re

so
ur

ce
 a

llo
ca

tio
n 

of
 d

et
ec

te
d 

su
pp

lie
s 

[7
0]

• Q
ue

ui
ng

 m
od

el
 fo

r h
os

pi
ta

l b
ed

 a
llo

ca
tio

n 
in

 th
e 

IC
U

 
[5

3]
D

ro
ne

s,
 ro

bo
ts

 a
nd

 b
lo

ck
-c

ha
in

 e
na

bl
ed

 IO
M

T 
ar

e 
ut

ili
ze

d 
fo

r:
D

el
iv

er
in

g 
m

ed
ic

al
 s

up
pl

ie
s, 

fo
od

, e
qu

ip
m

en
t, 

pa
tie

nt
 

la
bo

ra
to

ry
 s

am
pl

es
, a

nd
 o

th
er

 s
up

pl
ie

s 
be

tw
ee

n 
di

ffe
r-

en
t s

ta
tio

ns
 to

 h
ea

lth
ca

re
 w

or
ke

rs
 a

nd
 p

at
ie

nt
s, 

as
 w

el
l 

as
 fo

r w
as

te
 m

an
ag

em
en

t [
46

, 5
3,

 7
0]

D
as

hb
oa

rd
 a

re
 u

til
iz

ed
 fo

r:
Eff

ec
tiv

el
y 

pr
io

rit
iz

in
g 

cl
in

ic
al

 c
ar

e 
an

d 
al

lo
ca

tin
g 

sc
ar

ce
 re

so
ur

ce
s 

[3
2]

3.
2.

2 
N

ot
ify

 s
to

ck
 le

ve
ls

 o
f h

ea
lth

 c
om

m
od

iti
es

 
(n

 =
 1

)
Te

le
-c

ri
tic

al
 c

ar
e 

se
rv

ic
es

 a
re

 u
til

iz
ed

 fo
r:

M
on

ito
rin

g 
IC

U
 re

so
ur

ce
s 

su
ch

 a
s 

oc
cu

pa
nc

y 
an

d 
av

ai
l-

ab
le

 v
en

til
at

or
s 

to
 c

oo
rd

in
at

e 
th

e 
tr

an
sf

er
 o

f c
rit

ic
al

ly
 il

l 
pa

tie
nt

s 
in

 h
os

pi
ta

l w
ith

 li
m

ite
d 

ca
pa

bi
lit

ie
s 

[7
0]

3.
2.

3 
M

on
ito

r c
ol

d 
ch

ai
n 

se
ns

iti
ve

 c
om

m
od

iti
es

 
(n

 =
 3

)
D

ig
ita

l o
r A

I-b
as

ed
 w

ea
ra

bl
e 

de
vi

ce
s 

(e
.g

., 
no

n-
co

nt
ac

t i
nf

ra
re

d 
di

gi
ta

l t
he

rm
om

et
er

s 
us

ed
 to

 
m

ea
su

re
 b

od
y 

te
m

pe
ra

tu
re

 fo
r C

O
VI

D
- 1

9 
sc

re
en

-
in

g)
 a

nd
 e

le
ct

ro
ni

c 
eq

ui
pm

en
t a

re
 u

til
iz

ed
 fo

r:
• M

en
to

rin
g 

in
di

vi
du

al
s 

to
 a

ss
is

t t
he

m
 in

 s
el

f-m
an

ag
e-

m
en

t o
f h

ea
lth

 b
eh

av
io

rs
 [3

8]
• P

ro
te

ct
in

g 
he

al
th

ca
re

 w
or

ke
rs

, f
or

 e
xa

m
pl

e,
 u

si
ng

 
el

ec
tr

on
ic

 p
er

so
na

l p
ro

te
ct

iv
e 

eq
ui

pm
en

t t
o 

pr
ev

en
t 

CO
VI

D
- 1

9 
in

fe
ct

io
n 

[7
5]

3.
2.

4 
Re

gi
st

er
 li

ce
ns

ed
 d

ru
gs

 a
nd

 h
ea

lth
 c

om
-

m
od

iti
es

 (n
 =

 3
)

D
ig

ita
l c

om
m

er
ci

al
 c

ar
ts

 a
re

 u
til

iz
ed

 fo
r:

Pr
ov

id
in

g 
ho

sp
ita

l m
ed

ic
at

io
n 

co
ve

ra
ge

 o
ut

-
si

de
 th

e 
ho

ur
s 

of
 p

at
ie

nt
 c

ar
e 

in
 ru

ra
l h

os
pi

ta
ls

 
an

d 
en

su
rin

g 
cr

iti
ca

l m
ed

ic
at

io
n 

ac
ce

ss
 [6

9]

3.
3 

Pu
bl

ic
 h

ea
lth

 e
ve

nt
 n

ot
ifi

ca
tio

n 
(n

 =
 8

)
3.

3.
1 

N
ot

ifi
ca

tio
n 

of
 p

ub
lic

 h
ea

lth
 e

ve
nt

s 
fro

m
 p

oi
nt

 o
f d

ia
gn

os
is

 (n
 =

 8
)

D
ro

ne
s 

w
ith

 s
ca

nn
er

s 
an

d 
hi

gh
-r

es
ol

ut
io

n 
ca

m
er

as
 

ar
e 

ut
ili

ze
d 

fo
r:

• P
ro

m
pt

in
g 

off
en

de
rs

 o
f p

ub
lic

 h
ea

lth
 m

an
da

te
s 

vi
su

-
al

ly
 o

r a
ud

ito
ril

y 
[7

0]
• R

ep
or

tin
g 

he
al

th
 p

ol
ic

ie
s 

vi
ol

at
io

ns
 to

 th
e 

re
le

va
nt

 
au

th
or

iti
es

 [7
0]

Co
nt

ac
tle

ss
 s

cr
ee

ni
ng

 s
ys

te
m

s,
 b

lo
ck

ch
ai

n 
ap

ps
, 

bi
g 

da
ta

, a
nd

 A
I m

et
ho

ds
 a

re
 u

til
iz

ed
 fo

r:
A

ut
on

om
ou

s 
as

se
ss

in
g 

of
 in

di
vi

du
al

s’ 
el

ig
ib

ili
ty

 re
ga

rd
-

in
g 

sp
ec

ifi
c 

he
al

th
 is

su
es

 a
nd

 re
po

rt
in

g 
to

 re
le

va
nt

 
au

th
or

iti
es

, s
uc

h 
as

 d
et

er
m

in
in

g 
an

 in
di

vi
du

al
’s 

el
ig

ib
il-

ity
 to

 e
nt

er
 a

 te
rr

ito
ry

 d
ur

in
g 

CO
VI

D
- 1

9 
[5

3]
, a

le
rt

in
g 

ou
tb

re
ak

 s
ur

ve
ill

an
ce

 a
bo

ut
 s

uc
h 

ca
se

s 
[4

6,
 7

5]
, 

or
 m

on
ito

rin
g 

th
e 

sp
re

ad
 p

at
te

rn
 o

f C
O

VI
D

- 1
9 

vi
ru

s 
fo

r r
es

ea
rc

he
rs

, a
ge

nc
ie

s, 
an

d 
go

ve
rn

m
en

t [
33

]



Page 18 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129 

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

3.
5 

H
ea

lth
 s

ys
te

m
 fi

na
nc

ia
l m

an
ag

em
en

t (
n 

=
 1

)
3.

5.
3 

Tr
an

sm
it 

an
d 

m
an

ag
e 

pa
ym

en
ts

 to
 h

ea
lth

 
fa

ci
lit

ie
s 

(n
 =

 1
)

A
pp

lic
at

io
ns

 in
cl

ud
in

g 
A

pp
le

 F
ac

eT
im

e,
 F

ac
eb

oo
k 

M
es

se
ng

er
 v

id
eo

 c
ha

t, 
Sk

yp
e,

 a
nd

 M
ob

ile
 h

ea
lth

 
te

ch
no

lo
gy

 a
re

 u
til

iz
ed

 fo
r:

Co
nd

uc
tin

g 
bi

lli
ng

 o
f p

at
ie

nt
s 

[7
2]

3.
6 

Eq
ui

pm
en

t a
nd

 a
ss

et
 m

an
ag

em
en

t (
n 

=
 1

0)
3.

6.
1 

M
on

ito
r s

ta
tu

s 
an

d 
m

ai
nt

en
an

ce
 o

f h
ea

lth
 

eq
ui

pm
en

t (
n 

=
 1

0)
A

I-b
as

ed
 s

ys
te

m
s 

ar
e 

ut
ili

ze
d 

fo
r:

O
pt

im
iz

in
g 

a 
qu

eu
ei

ng
 m

od
el

 fo
r h

os
pi

ta
l b

ed
 a

llo
ca

-
tio

n 
in

 th
e 

IC
U

, p
ro

po
si

ng
 a

n 
op

tim
al

 a
dm

is
si

on
 ra

te
 

an
d 

es
tim

at
in

g 
th

e 
co

st
s 

as
so

ci
at

ed
 w

ith
 in

cr
ea

si
ng

 
ca

pa
ci

ty
 a

nd
 re

fu
si

ng
 p

at
ie

nt
s 

[8
6]

D
as

hb
oa

rd
s 

ar
e 

ut
ili

ze
d 

fo
r:

M
on

ito
rin

g 
in

fo
rm

at
io

n 
ab

ou
t h

os
pi

ta
l b

ed
s 

to
 m

an
-

ag
e 

th
em

 e
ffe

ct
iv

el
y 

[3
2]

Ro
bo

tic
s 

ar
e 

ut
ili

ze
d 

fo
r:

D
is

in
fe

ct
in

g 
pa

tie
nt

 ro
om

s, 
co

rr
id

or
s, 

an
d 

ot
he

r 
un

its
 in

 h
os

pi
ta

ls
. F

or
 e

xa
m

pl
e,

 b
y 

de
co

m
po

si
ng

 
D

N
A

 s
tr

uc
tu

re
s 

of
 v

iru
se

s, 
ba

ct
er

ia
, a

nd
 o

th
er

 ty
pe

s 
of

 h
ar

m
fu

l o
rg

an
ic

 m
ic

ro
or

ga
ni

sm
s 

w
ith

 U
V 

lig
ht

, s
uc

h 
as

 B
uc

ha
re

st
 R

ob
ot

 a
nd

 U
VD

 fr
om

 D
en

m
ar

k,
 Y

O
U

IB
O

T 
fro

m
 S

in
ga

po
re

, N
im

bu
s 

fro
m

 S
co

tt
is

h 
co

m
pa

ny
, 

an
d 

Xe
ne

x 
[5

3]

3.
8-

pe
rs

on
 c

en
te

re
d 

he
al

th
 c

er
tifi

ca
te

 m
an

ag
e-

m
en

t (
n 

=
 5

)
3.

8.
1 

Re
gi

st
er

 a
nd

 s
to

re
 c

ur
re

nt
 h

ea
lth

 c
er

tifi
ca

te
 

(n
 =

 5
)

D
ig

ita
l C

O
VI

D
- 1

9 
va

cc
in

at
io

n 
ce

rt
ifi

ca
te

s 
ar

e 
ut

ili
ze

d 
fo

r:
Pr

ov
id

in
g 

pr
oo

f o
f C

O
VI

D
- 1

9 
va

cc
in

e 
fo

r e
nt

ry
 

pe
rm

is
si

on
 to

 d
iff

er
en

t e
ve

nt
s, 

in
te

rn
at

io
na

l t
ra

ve
lli

ng
, 

an
d 

m
ea

su
rin

g 
th

e 
gl

ob
al

 v
ac

ci
na

tio
n 

ra
te

 [4
1]

4.
0

D
IG

IT
A

L 
H

EA
LT

H
 IN

TE
RV

EN
TI

O
N

S 
FO

R
D

AT
A

 S
ER

VI
C

ES
 (n

 =
 2

43
)

4.
1 

D
at

a 
M

an
ag

em
en

t (
n 

=
 2

16
)

4.
1.

1 
Fo

rm
 c

re
at

io
n 

fo
r d

at
a 

ac
qu

is
iti

on
 (n

 =
 3

)
W

eb
-b

as
ed

 o
r c

lo
ud

 p
la

tf
or

m
 a

nd
 m

ob
ile

 a
pp

s 
ar

e 
ut

ili
ze

d 
fo

r:
Re

co
rd

in
g 

he
al

th
 p

ar
am

et
er

s, 
su

ch
 a

s 
he

al
th

 d
ec

la
ra

-
tio

n 
fo

rm
s 

in
 a

irp
or

t, 
to

 id
en

tif
y 

hi
gh

 ri
sk

 tr
av

el
er

s 
fo

r q
ua

ra
nt

in
e 

[3
0,

 7
5]

4.
1.

2 
D

at
a 

st
or

ag
e 

an
d 

ag
gr

eg
at

io
n 

(n
 =

 1
)

Cl
ou

d 
st

or
ag

e 
se

rv
ic

es
 a

re
 u

til
iz

ed
 fo

r:
St

or
in

g 
da

ta
 fr

om
 d

iff
er

en
t s

ys
te

m
s, 

su
ch

 a
s 

Io
T 

se
ns

or
s 

[3
0]

4.
1.

3 
D

at
a 

sy
nt

he
si

s 
an

d 
vi

su
al

iz
at

io
ns

 (n
 =

 3
0)

D
as

hb
oa

rd
s 

ar
e 

ut
ili

ze
d 

fo
r:

• R
ep

re
se

nt
in

g 
an

d 
m

on
ito

rin
g 

th
e 

pr
ev

al
en

ce
 

of
 C

O
VI

D
- 1

9 
[3

2]
• T

ra
ck

in
g 

CO
VI

D
- 1

9 
ve

rifi
ca

tio
n 

in
 re

al
-t

im
e 

[3
2]

• M
an

ag
in

g 
th

e 
pe

rf
or

m
an

ce
 o

f h
os

pi
ta

l u
ni

ts
 li

ke
 la

bo
-

ra
to

rie
s 

[3
2]

• M
on

ito
rin

g 
em

ot
io

ns
 o

n 
so

ci
al

 m
ed

ia
 d

ur
in

g 
CO

VI
D

- 
19

 [2
9]

• S
up

po
rt

in
g 

de
ci

si
on

 m
ak

in
g 

by
 v

is
ua

liz
in

g 
tr

en
ds

 
an

d 
fo

re
ca

st
s 

[3
2]

• P
re

di
ct

in
g 

th
e 

le
ve

l o
f q

ua
ra

nt
in

e 
ar

ea
 b

as
ed

 o
n 

lo
ca

-
tio

n 
an

d 
di

st
an

ce
 d

at
a 

[3
2]

A
I m

od
el

s 
ar

e 
ut

ili
ze

d 
fo

r:



Page 19 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129  

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

• S
im

ul
at

in
g 

th
e 

dy
na

m
ic

s 
of

 C
O

VI
D

- 1
9 

an
d 

th
e 

eff
ec

ts
 

of
 d

iff
er

en
t c

on
tr

ol
 m

ea
su

re
s 

on
 h

os
pi

ta
liz

at
io

n 
[5

2,
 

67
, 7

8,
 8

5]
• A

ss
is

tin
g 

in
 th

e 
di

ag
no

si
s 

an
d 

cl
as

si
fic

at
io

n 
of

 C
O

VI
D

- 
19

 b
y 

us
in

g 
de

te
ct

io
n 

te
ch

ni
qu

es
 o

n 
m

ed
ic

al
 im

ag
es

 
[6

3]
• C

on
tr

ib
ut

in
g 

to
 C

O
VI

D
- 1

9 
dr

ug
 d

ev
el

op
m

en
t, 

dr
ug

 
re

pu
rp

os
in

g 
(t

he
 a

pp
lic

at
io

n 
of

 a
pp

ro
ve

d 
dr

ug
s 

to
 n

ew
 th

er
ap

eu
tic

 in
di

ca
tio

ns
), 

or
 d

ru
g 

re
po

si
tio

ni
ng

 
to

 fi
nd

 e
ffe

ct
iv

e 
dr

ug
s 

ag
ai

ns
t C

O
VI

D
- 1

9 
[5

3,
 7

8]
D

ev
el

op
in

g 
eff

ec
tiv

e 
an

d 
sa

fe
 v

ac
ci

ne
 fo

r C
O

VI
D

- 1
0 

[7
8]

D
at

ab
as

es
 p

ow
er

ed
 b

y 
A

I a
pp

ro
ac

he
s 

ar
e 

ut
ili

ze
d 

fo
r:

Kn
ow

le
dg

e 
di

ss
em

in
at

io
n 

an
d 

co
lle

ct
in

g 
sc

ie
nt

is
t’s

 
in

si
gh

ts
 a

nd
 in

no
va

tio
ns

 [7
0]

Kn
ow

le
dg

e 
gr

ap
h 

ar
e 

ut
ili

ze
d 

fo
r:

Bi
om

ed
ic

al
 k

no
w

le
dg

e 
gr

ap
hs

 u
se

d 
by

 re
se

ar
ch

es
 

to
 id

en
tif

y 
po

te
nt

ia
l c

an
di

da
te

 d
ru

gs
 fo

r C
O

VI
D

- 1
9 

[5
3]

4.
1.

4 
D

at
a 

an
al

ys
is

 to
 g

en
er

at
e 

ne
w

 in
fo

 o
r p

re
di

c-
tio

ns
 (n

 =
 1

82
)

A
I m

od
el

s 
an

d 
bo

ts
 p

ow
er

ed
 b

y 
an

al
yz

in
g 

la
rg

e 
am

ou
nt

 o
f d

at
a 

fr
om

 d
iff

er
en

t s
ou

rc
es

 li
ke

 h
os

pi
ta

l 
un

its
, s

oc
ia

l m
ed

ia
, s

ea
rc

he
s 

in
 G

oo
gl

e 
Tr

en
ds

, a
nd

 
G

itH
ub

 re
po

si
to

ri
es

 a
re

 u
til

iz
ed

 fo
r:

• P
re

di
ct

in
g:

◦ 
N

um
be

r o
f p

os
iti

ve
 c

as
es

, r
ec

ov
er

ed
 c

as
es

 
an

d 
de

ce
as

ed
 c

as
es

 o
r e

vo
lu

tio
n 

an
d 

sp
re

ad
 o

f C
O

VI
D

- 
19

 in
 a

 s
pe

ci
fic

 re
gi

on
 o

r t
im

e 
pe

rio
d 

[5
2,

 6
6,

 7
0,

 7
8,

 8
5]

◦ 
Pa

tie
nt

 d
ia

gn
os

is
 o

r p
ro

gn
os

is
 [3

0,
 3

5,
 3

7,
 4

0,
 4

4,
 

52
, 5

5,
 5

7,
 5

9,
 6

2,
 6

3,
 6

6,
 7

1,
 7

4,
 8

1]
 o

r d
is

cr
im

in
at

in
g 

be
tw

ee
n 

po
si

tiv
e 

an
d 

ne
ga

tiv
e 

ca
se

s 
of

 C
O

VI
D

- 1
9 

[4
3,

 
74

, 8
5]

 o
r C

O
VI

D
- 1

9 
an

d 
ot

he
r p

ne
um

on
ia

s 
[5

7,
 8

0,
 8

4]
 

us
in

g 
da

ta
 s

uc
h 

as
 m

ed
ic

al
 im

ag
es

 a
nd

 lu
ng

 s
ou

nd
s 

[3
0]

◦ 
CO

VI
D

- 1
9 

ou
tb

re
ak

s 
[4

4,
 5

2,
 6

6,
 8

5]
 [7

5]
◦ 

W
ay

s 
of

 C
O

VI
D

- 1
9 

tr
an

sm
is

si
on

 a
nd

 p
at

te
rn

 [3
7,

 5
2,

 
66

, 8
5]

◦ 
C

la
ss

ify
in

g 
lu

ng
 d

is
ea

se
 s

ev
er

ity
 [5

2,
 5

3,
 7

1]
 

or
 p

at
ie

nt
 c

at
eg

or
ie

s 
(s

ev
er

e,
 m

ild
) [

30
] [

66
] [

74
] 

an
d 

tr
ia

gi
ng

 p
at

ie
nt

s 
w

ith
 ri

sk
 s

co
rin

g 
fro

m
 b

lo
od

 
sa

m
pl

es
 [5

3]
◦ 

Ea
rly

 d
ia

gn
os

is
 o

f s
ev

er
e 

co
nd

iti
on

 o
f C

O
VI

D
- 1

9 
[4

0,
 

57
, 6

2,
 7

3,
 7

8]
◦ 

C
lin

ic
al

 o
ut

co
m

es
 li

ke
 re

qu
ire

d 
ho

sp
ita

l b
ed

s, 
ve

nt
ila

-
to

rs
, l

en
gt

h 
of

 h
os

pi
ta

l s
ta

y,
 a

nd
 IC

U
 a

dm
is

si
on

 [2
4,

 5
2]

 
[8

5]
 [6

6]
 [8

6]
 [7

0]
 [7

1]



Page 20 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129 

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

◦ 
O

ut
co

m
es

 s
uc

h 
as

 s
ur

vi
va

l o
r d

ea
th

 fo
r s

ev
er

e 
CO

VI
D

- 1
9 

pa
tie

nt
s 

[2
7,

 5
2,

 5
7,

 7
1,

 7
8,

 8
3]

◦ 
Im

pa
ct

 o
f o

th
er

 fa
ct

or
s 

su
ch

 a
s 

w
ea

th
er

 v
ar

ia
bl

es
 

on
 th

e 
tr

an
sm

is
si

on
 o

f C
O

VI
D

- 1
9 

[8
5]

◦ 
A

dv
er

se
 e

ve
nt

s 
as

so
ci

at
ed

 w
ith

 p
os

si
bl

e 
ph

ar
m

a-
co

th
er

ap
ie

s 
of

 C
O

VI
D

- 1
9 

pa
tie

nt
s 

su
ch

 a
s 

ca
rd

ia
c 

pr
ob

le
m

s 
[2

7]
◦ 

A
nd

 e
xt

ra
ct

in
g 

ne
w

 in
fo

rm
at

io
n,

 s
uc

h 
as

 re
le

va
nt

 
in

di
ca

to
rs

 fo
r C

O
VI

D
- 1

9 
di

se
as

e 
cl

as
si

fic
at

io
n 

[3
0,

 
78

] o
r i

de
nt

ify
in

g 
th

e 
su

ita
bl

e 
do

no
rs

 o
f r

ec
ov

er
ed

 
CO

VI
D

- 1
9 

pa
tie

nt
s 

to
 h

el
p 

se
ve

re
 c

as
es

 b
y 

an
al

yz
in

g 
an

tib
od

ie
s 

da
ta

 [7
0]

• D
ru

g 
di

sc
ov

er
y 

an
d 

de
ve

lo
pm

en
t s

uc
h 

as
 B

ar
ic

iti
ni

b 
or

 v
ac

ci
ne

 d
ev

el
op

m
en

t [
42

, 5
3,

 5
6,

 7
0,

 7
8]

• I
de

nt
ify

in
g 

po
te

nt
ia

l t
he

ra
pe

ut
ic

 a
ge

nt
s 

ag
ai

ns
t C

O
VI

D
- 1

9 
by

 a
na

ly
zi

ng
 d

at
as

et
s 

[7
8]

• A
na

ly
zi

ng
 m

ed
ic

al
 im

ag
e 

fe
at

ur
es

 fo
r C

O
VI

D
- 1

9 
di

ag
no

si
s 

[4
0,

 4
4,

 5
3,

 5
7,

 6
2,

 6
3,

 7
4,

 7
5,

 7
8,

 8
5]

H
ea

lth
ca

re
 a

pp
lic

at
io

ns
 th

at
 p

as
si

ve
ly

 c
ol

le
ct

 d
at

a 
in

 th
e 

fo
rm

 o
f q

ue
st

io
nn

ai
re

s 
or

 e
le

ct
ro

ni
c 

fo
rm

s 
ar

e 
ut

ili
ze

d 
fo

r:
• P

re
di

ct
in

g 
ne

w
 h

ea
lth

 in
fo

rm
at

io
n,

 s
uc

h 
as

 a
na

ly
zi

ng
 

st
ep

 c
ou

nt
in

g 
to

 p
re

di
ct

 c
ha

ng
es

 in
 d

ep
re

ss
io

n 
le

ve
l 

[3
1]

, a
na

ly
zi

ng
 s

ig
ns

 to
 p

re
di

ct
 s

ym
pt

om
at

ic
 w

or
se

ni
ng

 
to

 a
vo

id
 re

la
ps

e 
[2

4,
 3

1]
, a

na
ly

zi
ng

 p
he

no
ty

pi
ng

 d
at

a 
to

 d
is

tin
gu

is
h 

be
tw

ee
n 

he
al

th
y 

pa
rt

ic
ip

an
t w

ith
 th

os
e 

w
ith

 s
ch

iz
op

hr
en

ia
 [3

1]
, o

r a
na

ly
zi

ng
 d

ai
ly

 s
ub

je
ct

iv
e 

m
oo

d 
ba

se
d 

on
 p

at
ie

nt
s’ 

da
ily

 s
el

f-a
ss

es
sm

en
ts

 [3
1]

• F
in

di
ng

 re
la

tio
ns

hi
p,

 s
uc

h 
as

 re
la

tio
n 

be
tw

ee
n 

de
pr

es
-

si
on

 a
nd

 ti
m

e 
sp

en
d 

at
 h

om
e 

[3
1]

, t
he

 fr
eq

ue
nc

ie
s 

of
 k

ey
w

or
ds

 re
la

te
d 

to
 C

O
VI

D
- 1

9 
us

ed
 in

 s
oc

ia
l 

m
ed

ia
 a

nd
 e

ar
ly

 d
et

ec
tio

n 
of

 d
is

ea
se

 o
ut

br
ea

ks
 [7

5]
, 

or
 c

ha
ng

e 
in

 b
eh

av
io

r a
nd

 m
en

ta
l h

ea
lth

 o
f c

ol
le

ge
 

st
ud

en
ts

 in
 re

sp
on

se
 to

 C
O

VI
D

- 1
9 

[7
3]

• M
on

ito
rin

g 
an

d 
tr

ac
ki

ng
 th

e 
ep

id
em

io
lo

gi
ca

l s
pr

ea
d 

of
 C

O
VI

D
- 1

9 
an

d 
its

 fu
tu

re
 s

pr
ea

d 
[8

5]
D

at
a 

au
gm

en
ta

tio
n 

of
 C

O
VI

D
- 1

9 
X-

ra
y 

im
ag

es
 [3

0]

4.
3 

G
eo

sp
at

ia
l i

nf
or

m
at

io
n 

m
an

ag
em

en
t (

24
)

4.
3.

2 
M

ap
 lo

ca
tio

n 
of

 h
ea

lth
 e

ve
nt

 (n
 =

 4
)

A
I a

lg
or

ith
m

s 
an

d 
he

al
th

 s
en

so
r t

ec
hn

ol
og

ie
s 

ar
e 

ut
ili

ze
d 

fo
r:

D
et

ec
tin

g 
di

se
as

e 
ou

tb
re

ak
 [3

3]
 o

r f
or

ec
as

tin
g 

th
e 

gr
ow

th
 o

f e
pi

de
m

ic
s 

in
 s

pe
ci

fic
 re

gi
on

s. 
[7

4]
D

as
hb

oa
rd

s 
ar

e 
ut

ili
ze

d 
fo

r:
Pr

ov
id

in
g 

ge
og

ra
ph

ic
al

 re
pr

es
en

ta
tio

n 
to

 id
en

tif
y 

pa
t-

te
rn

s 
of

 s
pa

tia
l–

te
m

po
ra

l d
is

pe
rs

io
n 

du
rin

g 
th

e 
pa

n-
de

m
ic

 [3
2]

D
ro

ne
s 

ar
e 

ut
ili

ze
d 

fo
r:

Pr
ov

id
in

g 
ae

ria
l s

up
er

vi
si

on
 o

f h
ea

lth
 re

gu
la

tio
ns

 [7
0]



Page 21 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129  

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ta
rg

et
 g

ro
up

 (n
um

be
r o

f c
od

es
)

O
ve

ra
rc

hi
ng

 g
ro

up
 (n

um
be

r o
f c

od
es

)
In

te
rv

en
tio

n 
(n

um
be

r o
f c

od
es

)
D

ig
ita

l h
ea

lth
 a

pp
lic

at
io

ns
 a

nd
 F

un
ct

io
na

lit
ie

s

4.
3.

3 
M

ap
 lo

ca
tio

n 
of

 p
er

so
ns

 a
nd

 s
et

tle
m

en
ts

 (n
 

=
 1

1)
G

PS
, G

IS
, I

oT
-b

as
ed

 s
ys

te
m

s,
 a

nd
 w

ea
ra

bl
e 

te
ch

-
no

lo
gi

es
 a

re
 u

til
iz

ed
 fo

r:
Re

po
rt

in
g 

th
e 

lo
ca

tio
n 

of
 d

ia
gn

os
ed

 c
as

es
, h

os
pi

ta
l 

oc
cu

pa
nc

y,
 a

nd
 p

at
ie

nt
 c

om
pl

ia
nc

e 
w

ith
 p

ub
lic

 h
ea

lth
 

re
gu

la
tio

ns
 to

 g
ui

de
 in

te
rv

en
tio

ns
 fo

r C
O

VI
D

- 1
9,

 
sp

at
ia

l d
ec

is
io

n 
su

pp
or

t, 
an

d 
re

al
-t

im
e 

su
rv

ei
lla

nc
e 

[3
3,

 
43

, 7
0]

M
ob

ile
 a

pp
lic

at
io

ns
 u

til
iz

in
g 

bl
ue

to
ot

h 
or

 A
I 

op
er

at
io

n 
ar

e 
ut

ili
ze

d 
fo

r:
Co

nt
ac

t t
ra

ci
ng

, m
on

ito
rin

g 
pe

op
le

’s 
m

ov
em

en
t, 

an
d 

pr
ox

im
ity

 to
 a

 k
no

w
n 

CO
VI

D
- 1

9 
ca

se
 [7

0,
 7

5]
A

I a
lg

or
ith

m
s 

ar
e 

ut
ili

ze
d 

fo
r:

Bu
ild

in
g 

a 
pr

ed
ic

tiv
e 

m
od

el
 to

 p
re

di
ct

 p
eo

pl
e 

an
d 

ar
ea

s 
w

ith
 h

ig
h 

ris
k 

of
 C

O
VI

D
- 1

9 
an

d 
gr

ou
pi

ng
 c

it-
ie

s 
in

to
 c

lu
st

er
s 

ba
se

d 
on

 tr
an

sm
is

si
on

 p
at

te
rn

s 
[2

7,
 5

2]

4.
3.

5 
M

ap
 h

ea
lth

 a
nd

 h
ea

lth
 in

di
ca

to
r d

at
a 

to
 g

eo
 

da
ta

 (n
 =

 9
)

A
I a

lg
or

ith
m

s 
an

d 
da

sh
bo

ar
d 

ar
e 

ut
ili

ze
d 

fo
r:

Re
pr

es
en

tin
g 

an
d 

m
od

el
in

g 
ep

id
em

io
lo

gi
ca

l s
pr

ea
d 

pa
tt

er
n 

of
 C

O
VI

D
- 1

9 
an

d 
pr

ed
ic

tin
g 

its
 tr

an
sm

is
si

on
, 

cl
us

te
rs

, a
nd

 h
ot

 s
po

ts
 b

as
ed

 o
n 

ge
og

ra
ph

ic
 lo

ca
tio

n 
[3

2,
 5

2–
54

, 8
5]

4.
4 

D
at

a 
ex

ch
an

ge
 a

nd
 In

te
ro

pe
ra

bi
lit

y 
(2

)
4.

4.
1 

Po
in

t t
o 

po
in

t d
at

a 
in

te
gr

at
io

n 
(n

 =
 2

)
Bl

oc
kc

ha
in

-b
as

ed
 p

la
tf

or
m

s 
ar

e 
ut

ili
ze

d 
fo

r:
CO

VI
D

- 1
9 

el
ec

tr
on

ic
 m

ed
ic

al
 re

co
rd

s 
sh

ar
in

g 
am

on
g 

ho
sp

ita
ls

 a
ll 

ov
er

 th
e 

w
or

ld
 [6

7]
Io

T 
or

 w
eb

-b
as

ed
 s

ys
te

m
s 

ar
e 

ut
ili

ze
d 

fo
r:

Co
m

m
un

ic
at

io
n 

ch
an

ne
ls

 b
et

w
ee

n 
m

ed
ic

al
 d

ev
ic

es
 

[7
0]

4.
5 

D
at

a 
go

ve
rn

an
ce

 c
om

pl
ia

nc
e 

(1
)

4.
5.

2 
D

at
a 

pr
iv

ac
y 

pr
ot

ec
tio

n 
(n

 =
 1

)
Bl

oc
kc

ha
in

-b
as

ed
 s

up
po

rt
 p

la
tf

or
m

s 
ar

e 
ut

ili
ze

d 
fo

r:
En

su
rin

g 
pa

tie
nt

 p
riv

ac
y 

in
 s

ha
rin

g 
CO

VI
D

- 1
9 

el
ec

tr
on

ic
 m

ed
ic

al
 re

co
rd

s 
am

on
g 

ho
sp

ita
ls

 a
ll 

ov
er

 th
e 

w
or

ld
 [6

7]



Page 22 of 27Tahmasbi et al. Archives of Public Health          (2025) 83:129 

gap in digital health. Some items related to telemedicine 
could not be further categorized based on functionalities 
indicated in Supplementary Table S6.

Health management and support personnel
The qualitative analysis of DHIs for health management 
and support personnel reveals them as the least frequent 
target group, with only 47 codes identified. The overarch-
ing groups of civil registration and vital statistics (3.4) 
and facility management (3.7) within this target group 
lack related codes, suggesting potential areas for further 
investigation. The majority of interventions in this group 
are concentrated in supply chain management (3.2), with 
a particular focus on managing inventory and distribut-
ing health commodities (3.2.1). Digital COVID- 19 vac-
cination certificates and digital commercial carts are 
unique technologies tailored to the specific needs of this 
target group. Additionally, technologies such as artificial 
intelligence (AI), drones, dashboards, and web-based 
applications witness widespread adoption, aligning with 
trends observed across other target groups. Three items 
related to this target group could not be further catego-
rized based on functionalities which are indicated in Sup-
plementary Table S6.

Data service
Despite the healthcare provider target group receiv-
ing the majority of interventions during the COVID- 19 
period, data management, as an overarching category 
within the data service target group, received the most 
attention with 216 intervention codes. The COVID- 19 
period employed a diverse array of digital technologies 
to acquire, store, aggregate, analyze, visualize, and gener-
ate information, highlighting the increased importance 
of data management. In this target group, geospatial 
information management (4.3) ranked second in terms 
of intervention codes, with AI playing a significant role 
in facilitating such interventions. Nevertheless, data cod-
ing (4.2) within the data service group did not yield any 
extracted codes, indicating a need for further discussion 
regarding the significance of this group and analyzing 
potential interventions for future pandemics.

Discussion
This overview synthesizes evidence from review studies 
focusing on DHIs, applications, and services during the 
COVID- 19 pandemic, mapped against version 2 of the 
CDISAH. By integrating studies from diverse healthcare 
domains with varying aims, technologies, and organiza-
tional contexts, this work provides a comprehensive pic-
ture of DHIs during the pandemic. The broad scope of 
this synthesis enables the identification of both underrep-
resented innovations and dominant trends. For instance, 

it highlights technologies with limited adoption, such 
as 3D printing for medical equipment, electronic per-
sonal protective equipment (ePPE), and robotics used for 
remote surgery, tele-physiotherapy, or as physician assis-
tants—technologies that were not explicitly addressed in 
the CDISAH framework. At the same time, it captures 
highly prevalent trends, such as the widespread adoption 
of telemedicine and the analysis of large-scale health data 
for predicting COVID- 19 cases, peak infection periods, 
transmission pathways, disease outcomes, drug discov-
ery, and other critical applications.

The findings within the “person” target group can be 
discussed in alignment with Brabham’s continuum of 
user participation in healthcare activities and crowd-
sourcing processes [88]. In line with this continuum, the 
CDISAH subcategories of “targeted and untargeted com-
munication to persons” reflect a “traditional top-down 
hierarchical process” where the locus of control is with 
organizations and they proactively disseminate informa-
tion to people. Conversely, “on-demand communication 
with persons,” “person-based reporting,” and “person-to-
person communication” subcategories signify a “bottom-
up grassroots process,” where individuals play a key role. 
Additionally, “person-centered consent management,” 
“person-centered financial transactions,” and “personal 
health tracking” represent a “shared top-down and bot-
tom-up process” where control is distributed between 
organizations and the online community.

The study findings reveal that over half of the extracted 
codes within the “person” target group are attributed to 
the traditional top-down hierarchical process, while bot-
tom-up grassroots processes account for only 7% of the 
codes, with"person-based reporting"having no associ-
ated codes. This absence is significant given that crowd-
sourced data is a crucial information source during crises 
[89]. This finding is consistent with Xiong et  al.’s study 
on DHIs in primary care for non-communicable disease 
management, which also found a lack of codes for"person 
based reporting"and “client financial transactions” [90]. 
Moreover, the “shared top-down and bottom-up pro-
cess” comprises 42% of the total, with"personal health 
tracking"being particularly prominent.

These findings highlight the shift from traditional top-
down approaches to crowd-based services, which has 
been facilitated by greater accessibility to the internet 
and mobile phones, as well as advancements in high-
tech technologies like zero-effort technologies. As these 
innovations continue to evolve, patients will increasingly 
play a more active role in managing their health, a devel-
opment that is especially critical during pandemics [89]. 
To effectively support this transition, there is a need for 
growth in areas such as patient empowerment, patient 
engagement, and consumer health informatics.
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In the “healthcare providers” target group, telemedi-
cine interventions dominated, representing 67% of codes 
within this group and 30% of overall codes. This finding 
was anticipated, as telemedicine has been reported as 
the most prevalent published topic in health information 
technology from 2000 to 2019, with numerous studies 
documenting a global increase in its use during the pan-
demic compared to 2019 rates [91–93].

During this overview, certain interventions involving 
robots assisting healthcare providers in conducting pro-
cedures, particularly surgical procedures, and deliver-
ing patient care by mimicking human movements from 
a safe distance were identified. These telerobotic sys-
tems align with the concept of telemedicine [94] but do 
not fit within the subcategories of CDISAH. Our find-
ings suggest a potential need to revise the telemedicine 
subcategories to more comprehensively encompass the 
interventions.

Moreover, some experts encountered challenges in 
assigning correct subcategories to some interventions 
due to overlapping subcategories. For instance, the sub-
category “2.4.4 consultations for case management 
between healthcare providers” closely overlaps with 
“2.5.5 peer group for healthcare providers.” While the 
CDHAS introduction acknowledges that an intervention 
may have multiple functions and could fit into several 
subcategories [11, 12], it can be argued that the princi-
ples of clarity and mutual exclusivity are critical for an 
effective classification system. Clarity ensures that there 
is no confusion regarding the placement of any data item, 
and mutual exclusivity guarantees that each item fits dis-
tinctly into one category [95]. Therefore, it may be benefi-
cial to reconsider and refine certain subcategories within 
the CDISAH to enhance the system’s effectiveness.

“ Health management and support personnel” emerged 
as the least frequent target group, accounting for only 7% 
of all extracted codes. Consistent with this finding, the 
study by Xiong et  al. also reported an absence of DHIs 
tailored for this target group [90]. The most prevalent 
intervention within this target group was “supply chain 
management,” while the “Civil Registration and Vital Sta-
tistics” and “facility management” subcategories lacked 
codes. This absence may stem from the foundational 
and long-term nature of these interventions, resulting in 
comparatively less emphasis during the rapid transition 
to digital health amid the COVID- 19 pandemic. Never-
theless, these findings underscore a gap and a potential 
vulnerability in DHIs deployment during crises. Future 
studies and interventions should prioritize address-
ing the needs of this target group. Additionally, policies 
and strategies aimed at addressing these areas should be 
developed to mitigate risks in future crises.

Furthermore, within the scope of the present over-
view, two interventions were identified that considered 
DHI for healthcare personnel, yet couldn’t be fit into the 
existing subcategories. These interventions were three-
dimensional printing for the rapid production of cru-
cial medical supplies and electronic personal protective 
equipment to prevent infection. This suggests the need 
for a revision of CDISAH to comprehensively encompass 
such interventions.

This study reveals that the broadest category of DHIs 
was centered around “Data services” target group, con-
stituting 36% of all codes. Within this group, there were 
no intervention related to data coding and data manage-
ment accounted for 89% of the codes. This emphasizes 
the importance of data-oriented approaches during pan-
demics, as accurate and timely data are critical for crisis 
management [89].

Overall, this study contributes to the identification of 
existing strengths and weaknesses in digital health within 
the healthcare system. During the COVID- 19 pandemic, 
technologies such as big data analytics, AI and machine 
learning, blockchain, and m-health have demonstrated 
their potential in addressing healthcare challenges 
through data-driven approaches. Multiple studies con-
firm the accelerated adoption of novel health information 
technologies amid the COVID- 19 pandemic [96]. This 
transformative period, characterized by a “digital revo-
lution” driven specifically by the integration of AI and 
advanced technologies, signifies a shift beyond the infor-
mation era [97]. As it is claimed [97], this time may be 
the brink of entering the AI era, in which interventions 
increasingly revolve around data services, empowering 
individuals to take more prominent roles in managing 
their healthcare. Since the evolutions can run backward, 
future studies should not only focus on strengthening 
identified weak points but also on sustaining the momen-
tum of these current advantages, especially telemedicine 
and AI, to ensure continued progress in digital health.

The resulting holistic overview of digital health 
advancements in this study offers valuable insights that 
can be leveraged by healthcare organizations to refine 
future trend analyses, inform strategic decision-making, 
and implement evidence-based policies. This synthesis 
not only supports the optimization of digital health inte-
gration for future public health emergencies but also pro-
vides a foundation for refining existing frameworks, such 
as CDISAH, to better account for evolving technologies 
and their functionalities in healthcare. Furthermore, 
mapping these interventions to the CDISAH framework 
facilitates a structured analysis of their impact, reveal-
ing critical gaps in areas such as person-centered data 
reporting and healthcare workforce support.
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Like any overview of review studies, this research is 
subject to certain biases that warrant discussion. Selec-
tion bias is a primary limitation, as the inclusion of 
only English-language studies may have influenced the 
observed trends and findings. To mitigate this, a broad 
range of databases and gray literature sources were used 
to ensure diverse global representation. The inclusion of 
studies from various countries further supports the gen-
eralizability of the findings and helps reduce the potential 
impact of language-related bias.

Additionally, there is a risk of synthesis bias, as the 
experts involved in reviewing and classifying the studies 
were primarily from a single country. This could intro-
duce contextual or cultural biases in the interpretation 
and allocation of functionalities, suggesting that the 
findings of this study may vary if conducted in different 
countries due to differences in healthcare infrastructure, 
digital health policies, and socioeconomic conditions. 
To address this, three specialists with extensive exper-
tise in digital health were involved in the classification 
process, enhancing the robustness and generalizability 
of the findings. Furthermore, the use of the CDISAH, an 
internationally recognized framework, was intentional. 
Unlike ad hoc or context-specific classification systems, 
CDISAH’s clarity and specificity can reduce the likeli-
hood of subjective interpretations, ensuring that indi-
viduals with diverse backgrounds can consistently assign 
codes to interventions. This approach minimizes errors 
and enhances the reliability of the findings, making them 
more applicable across different healthcare settings and 
countries.

Moreover, due to the high volume of publication dur-
ing the COVID- 19 pandemic this study was limited to 
systematic reviews, which may lead to overlap among 
the included primary studies. However, considering the 
research objective of mapping interventions and the thor-
ough process of checking and synthesizing the extracted 
codes, this overlap is unlikely to significantly affect the 
overall results.

Despite these efforts, variations in healthcare policies 
and digital health governance across countries may still 
influence the applicability of our findings. To enhance 
the validity and applicability of future research, we rec-
ommend incorporating meta-analyses where possible to 
provide quantitative validation and conducting subgroup 
analyses to evaluate the impact of digital interventions 
across specific populations and contexts. Additionally, 
longitudinal studies tracking the sustained adoption and 
effectiveness of digital health solutions beyond the pan-
demic would strengthen the evidence base for long-term 
digital health strategies. Furthermore, engaging with pol-
icymakers and healthcare providers from diverse regions 
to co-design and validate digital health frameworks, such 

as CDISAH, could ensure their relevance and adaptabil-
ity to local contexts. These steps would not only improve 
the generalizability of findings but also support the devel-
opment of more inclusive, context-sensitive, and effective 
digital health strategies for future public health crises.

Conclusions
This study provides a comprehensive overview of DHIs 
employed during the COVID- 19 pandemic, mapped to 
the CDISAH. By analyzing trends and utilization pat-
terns, it highlights both the strengths and limitations of 
current digital health capabilities within the healthcare 
system. Furthermore, this study provides a roadmap and 
emphasizes the critical need for integrated digital health 
strategies to strengthen healthcare systems’preparedness 
and resilience against future public health crises. The 
insights gained from this review also lay the groundwork 
for further exploration of CDISAH classification frame-
work, with potential future applications in refining and 
evaluating its structure to better align with emerging dig-
ital health trends.
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