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Abstract
Introduction  Multimorbidity amplifies healthcare burdens due to the intricate requirements of patients and the 
pathophysiological complexities of multiple diseases. To address this, digital health technologies play a crucial role in 
effective healthcare delivery, requiring comprehensive evidence on their applications in managing multimorbidity. 
Therefore, this scoping review aims to identify various types of digital health technologies, explore their mechanisms, 
and identify barriers and facilitators within the context of multimorbidity.

Methods  This scoping review follows the Preferred Reporting Items for Scoping Reviews guidelines. PubMed, 
Scopus, Web of Science, EMBASE, and Google Scholar were used to search articles. Data extraction focused on 
study characteristics, types of health technologies, mechanisms, outcomes, challenges, and facilitators. Results 
were presented using figures, tables, and texts. Thematic analysis was employed to describe mechanisms, impacts, 
challenges, and strategies related to digital health technologies in managing multimorbidity.

Results  Digital health technology encompasses smartphone apps, wearable devices, and platforms for remote 
healthcare (telehealth). These technologies work through care coordination, collaboration, communication, self-
management, remote monitoring, health data management, and tele-referrals. Digital health technologies improved 
quality of care and life, cost efficiency, acceptability of care, collaboration, streamlined healthcare delivery, reduced 
workload, and bridging knowledge gaps. Patients’ and healthcare providers’ resistance and skills, lack of support 
(technical, financial, and infrastructure), and ethical concerns (e.g., privacy) barred digital health technologies 
implementation. Arranging organization, providing technical support, employing care coordination strategies, 
enhancing acceptability, deploying appropriate technology, considering patient needs, and adhering with ethical 
principles facilitate digital health technologies implementation.

Conclusions  Digital health technology holds significant promise in improving care for individuals with 
multimorbidity by enhancing coordination, self-management, and monitoring. Successful implementation requires 
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Introduction
Multimorbidity poses a global public health challenge. 
The term multimorbidity has been used by World Health 
Organization (WHO) to mean the presence of two or 
more health conditions in the same individual, mainly 
referring to long-term health conditions that require 
complex and ongoing care [1]. Factors such as increasing 
life expectancy, lifestyle changes, urbanization, genetic 
predisposition, and sedentary habits contribute to the 
rising prevalence of multimorbidity [2, 3]. It is associ-
ated with the high prevalence of chronic non-commu-
nicable diseases (NCDs). The most common NCDs are 
cardiovascular diseases (heart disease and stroke), can-
cer, diabetes and chronic respiratory diseases, caused 
about three quarters of deaths word wide [4]. Every year 
17 million people under the age of 70 die due to NCDs; 
86% of them live in low- and middle-income countries 
[4]. Around 37.2% of adult population is diagnosed with 
multimorbidity globally [5], including 45.7% in South 
America, 43.1% in North America, 39.2% in Europe, 35% 
in Asia, and 28.2% in Africa [6]. Due to the rising preva-
lence of NCDs, low- and middle-income countries, thus, 
face a dual burden of NCDs and infectious diseases (e.g., 
HIV and tuberculosis) [4].

The challenge of multimorbidity is exacerbated by 
inadequate functioning of health systems, including 
poor governance, insufficiently skilled workforce, lack 
of health technology, conflicts, and limited capital [7, 
8]. Moreover, polypharmacy, specialization, treatment 
burden, resource shortages, and the presence of various 
diseases imply the complex health needs of multimorbid-
ity [9, 10]. These require an interoperable health system 
that leverages digital health technologies (DHTs) [11, 12]. 
Digital health technologies have been grown, and smart 
technologies innovation have emerged over time, as well 
as their applications may vary due to diseases nature 
and infrastructure. Digital health technologies offer sev-
eral advantages in strengthening healthcare systems. 
For instance, it improves care delivery, reduces health-
care costs, enhances efficiencies, and coordinates service 
provisions [13–15]. The use of DITs may vary based on 
emerging types of technologies and disease conditions 
[16, 17].

Countries around the world have established systems 
for organization of DHTs [18] due to its contributions 
to the sustainable development goal 3 [19]. The WHO 
emphasizes the necessity of integrating health tech-
nology products into health systems [20], emphasiz-
ing the importance of investigating digital technologies 

in managing multiple diseases [21]. Previous research 
explores various types and aspects of digital health 
technologies to enhance services for people with multi-
morbidity in different settings [22–24]. However, there 
remains a gap in synthesising the role of DHTs, including 
mechanisms of action, their significance in managing and 
preventing multimorbidity, and successes and challenges 
in implementing these DHTs.

Therefore, this review examines the various types and 
applications of DHTs explores the significance of utiliz-
ing DHTs and identifies the barriers and facilitators in 
the context of multimorbidity worldwide. The findings 
from this research will benefit health systems, including 
healthcare workers, and individuals with multiple health 
conditions.

Methods
Reporting the findings
This scoping review is presented based on the guide of 
Preferred Reporting Items for Systematic reviews and 
Meta-Analyses extension for Scoping Reviews (PRISMA-
ScR). This guide served as a checklist which contains 20 
essential and 2 optional items (PRISMA-SCR-checklist) 
[25]. We followed the Arksey and O’Malley framework 
in conducting this scoping review. The framework com-
prises specify the research question; identify relevant lit-
erature; select relevant studies; extract, map, and chart 
the data; summarize, synthesize, and report the results; 
and consult with stakeholders (optional) [26].

Eligibility criteria
We applied the Population, Concept, and Context (PCC) 
framework in conducting this scoping review, which 
allowed us to clearly define inclusion and exclusion cri-
teria [27]. The study population in this review consisted 
of individuals with chronic or long-term multimorbid-
ity, regardless of their age, gender, residence status, edu-
cation level, employment status, socioeconomic status, 
religion affiliations, and other social classes status. Based 
on the concept dimension of the PCC framework, stud-
ies were deemed eligible if they enrolled individuals with 
multimorbidity from different level of care, using vari-
ous DHTs. Regarding the context, studies were included 
if they were published in English and employed differ-
ent approaches, including qualitative and/or quantitative 
methods, as well as reviews, provided that individual arti-
cles from those reviews were not included separately. The 
search was not limited to any specific target population, 
country, or year of publication. The initial publication 
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date was not restricted, but the recent search date was 
15 June 2024. Pre-prints, editorials, conference proceed-
ings, and published in languages other than English were 
excluded.

Information sources and search strategy
Articles were searched in PubMed, Scopus, Web of Sci-
ence, EMBASE, and Google Scholar. Search strategies 
in using databases were built using Boolean operators 
(Asterisk/*/, AND, OR) (Supplementary file). We con-
ducted a search in Google Scholar by writing “digital 
health technologies and multimorbidity” on the search 
interface. We employed a snowball sampling technique 
within Google Scholar. This involved reviewing the arti-
cles we deemed eligible based on their titles and then 
checking related studies through the “cited by” links to 
identify further relevant articles. We repeated this pro-
cess for up to the first 10 pages of Google Scholar. To 
identify the types of DHTs, examine the role of DHTs 
with its mechanisms in achieving the desired outcomes, 
and identify barriers and facilitators in the context of 
multimorbidity, search terms were based on two main 
topics: multimorbidity and digital health technolo-
gies. The search terms related to DHTs were adapted 
from previous review on digital health interventions to 
improve access to and quality of primary healthcare ser-
vices [28]. The terminologies related to multimorbidity 
and DHTs are presented (Table 1).

Selection of sources of evidence
The first and last authors framed the research questions 
and developed the search strategy. The second and third 
authors provided feedback on the search terms and strat-
egy during weekly meetings. After the authors devel-
oped the search strategy, AE applied it to PubMed, Web 
of Science, EMBASE, and Scopus. The retrieved articles 
were then exported to EndNote 20 reference manager 
for citation management, duplicate removal, and title 
and abstract screening. Articles that passed the title and 
abstract screening had their full texts retrieved from 
each database or were found through a simple search on 
Google. The full texts were then assessed for final inclu-
sion. Two reviewers screened the articles. Any disagree-
ments were resolved with discussion. Articles with only 
citations, abstracts, conference presentation, those pub-
lished in non-English languages, expert opinions, and 
errata were excluded. To minimize bias and information 
redundancy, the lists of articles from any types of review 
articles were searched in search engines, and their full 
texts were evaluated for inclusion. When the articles 
included in the review did not meet the inclusion crite-
ria for the current objectives, but the review itself satis-
fied the current objectives, data was extracted from the 
review.

Data charting process and data items
A data extraction considers the author, year of publica-
tion, study country, study design, disease condition and/
or study population, types of digital intervention, and 
findings. AE handled the data extraction, while other 
authors provided feedback during weekly meetings. Any 
extracted data with ambiguity or unclear presentation 
was discussed, and the team cross-checked it against the 
full text reports of the included articles. The types of digi-
tal health technologies, the mechanisms of actions, and 
its impacts were presented from the extracted data.

Collating, summarizing, and reporting the results
Based on the Arksey and O’Malley framework [26], we 
organized the data into themes based on common fea-
tures (e.g., types of DHTs, mechanisms, barriers, and 
facilitators) that followed qualitative content and the-
matic analysis. First, we carefully reviewed the find-
ings and extracted them. Next, we categorized similar 
ideas or findings into the closest themes. We presented 
the findings using figures, tables, and text to summarize 
the extracted data. Figure was used to present the arti-
cle selection process and the number of eligible articles, 
while table created to display the characteristics of the 
included articles. The mechanisms of action, the impor-
tance, challenges, and strategies of DHTs were synthe-
sised and presented with texts.

Table 1  Search terms related to multimorbidity and DHTs
Keywords Related to 
multimorbidity

Keywords Related to DHTs

Multiple condition*, 
multimorbidit*, complex 
patient*, multiple disease*, 
multiple illness*, comor-
bidit*, co-occurring disor-
der*, co-occurring illness*, 
coexisting condition*, 
coexisting illness*, comor-
bid condition*, complex 
health issue*, concomitant 
condition*, concomitant 
disease*, concurrent 
disorder*, concurrent 
illness*, multiple disorder*, 
overlapping condition*, 
overlapping disease*

ehealth, e-health, electronic health, 
digital health, digital technolog*, digital 
intervention*, electronic care, telemedi-
cine, tele medicine, telehealth, tele health, 
telecare, tele care, telemonit*, tele monit*, 
teleconsultation, tele consultation, 
videoconsult*, video consult*, text mes-
sag*, text*, mobile health, mobile car*, 
mhealth, m health, m-health, android*, 
app, audio*, cell phone, cellphone, com-
puter*, mobile, multi-media, multimedia, 
personal digital assistant, PDA, SMS, social 
medi*, software, telecomm*, e‐Ptal, ePtal, 
eTherap*, e‐therap*, fum*, information 
technolog*, instant messag*, internet*, 
ipad, i‐pad, iphone, i‐phone, ipod, i‐pod, 
web, smart phone, smartphone, mobile 
phone, e‐mail*, email*, electronic health 
record, personal health record, electronic 
medical record, computer-based patient 
record, health information system, inter-
net of medical thing*, robot*, artificial 
intelligence*, e-pharmac*, e-pharmac*
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Results
Search results
A total of 7,816 articles were collected from databases 
and Google Scholar. A total of 3,042 were found in Sco-
pus, followed by PubMed (1,684), EMBASE (2,588), Web 
of Science (378), and Google Scholar (124). After title, 
abstract, and full text screening, a total of 67 articles were 
included (Fig. 1).

Digital health technologies for individuals with 
multimorbidity
Studies evaluated various DHTs in improving service 
delivery and health outcomes for individuals with multi-
morbidity in different countries. Most of the studies (20 
articles) were from the USA, four articles from Spain, 
three articles each from Canada, the UK, and Sweden, 

two articles each from Australia, South Korea, and Tai-
wan, one article each from Brazil, Denmark, France, 
German, Switzerland, Thailand, Norway, Netherlands, 
Italy, India, and United Arab Emirates. Majority (21 stud-
ies) were conducted using experimental study designs, 
including quasi-experimental, interventional, and ran-
domized control trails.

Digital health technologies for individuals with mul-
timorbidity encompass a variety of digital tools such as 
electronic prescription, messaging between clinicians 
and patients, educational platforms, telemonitoring, 
and multichannel centers [29]. Digital technologies also 
include wearable devices or sensors like blood pressure 
monitors, glucometers, smartwatches (activity trackers), 
and pulse oximeters [30–32]. Other digital applications 
are mHealth [33–37], involving health apps [33] and 

Fig. 1  Article selection process
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tablet [34]; telehealth and telemedicine [38–45]; EHRs 
[29, 46, 47]; artificial intelligence [48–51]; and integrating 
websites [52–54]. Web-based applications often require 
combined usage (Mobile and Website) [55, 56], such as 
QR codes and websites [57], ambient assisted living tech-
nologies [58], and smart home technology [59], incor-
porating computers with internet access and X10-based 
smart home technology (Table 2).

Mechanisms and outcomes of DHTs for multimorbidity
Digital health technologies are delivered through elec-
tronic prescriptions, messaging, educational platforms, 
data storage, telemonitoring, video conferencing, and on-
call consultations. These specific activities can be broadly 
categorized as the mechanisms of action for DHTs: coor-
dination, collaboration, and communication [22, 29, 36, 
38–44, 46, 47, 59–64, 67, 71], self-management (client 
empowerment) [30–37, 58, 59, 61, 63, 64, 72], remote 
monitoring and caring [22, 30–32, 45, 52, 53, 59, 61–63, 
66, 69, 70], and managing client’s health data [22, 29–32, 
35, 48–51, 60, 63, 66, 68, 71, 73]. These mechanisms 
were evaluated as interventions aimed at the desired 
outcomes.

These desired outcomes reflect the role of digital and 
information technologies for individuals with multimor-
bidity. Positive outcomes resulting from the application 
of DHTs through their mechanisms of action with uti-
lizing specific activities include improvements in quality 
of care [22, 24, 31, 40, 45, 60, 62–64, 66, 69, 70, 72, 74], 
quality of life [63] as measured by RAND-36 [75] (reduce 
frailty and improved exercise [37], minimize uninten-
tional falling at home [45], prevent functional loss [58], 
maintain physical and cognitive status [59]), cost-effi-
ciency (eHealth [63] and telemedicine [38]), increased 
acceptability of services ([38, 39, 57, 59, 76–78], enhance 
healthcare delivery (e.g., increased PHC service utiliza-
tion) [29, 54, 63, 77], improve collaboration and coordi-
nation [53, 55, 59, 71, 80], reduce workload on healthcare 
providers [58, 61] (e.g., ambient Assisted Living technol-
ogies), and close knowledge gap [54]. In contrast, artifi-
cial intelligences have reported as causing administrative 
burden [51]. Other contradictions include mortality was 
higher in the telemonitoring group than in the usual care 
group with the cause of greater mortality in the tele-
monitoring group was unknown [42], while mortality 
was lower among those under telemonitoring in another 
study [41]. Other contradicted evidence on adher-
ence reported that there was no difference in adherence 
between control and intervention groups [60], whereas 
ALICE App improved adherence, reduced rates of forget-
ting and of medication errors, and increased perceived 
independence in managing medication [72] and higher 
self-reported adherence to medication [67] (Table 3).

Challenges and strategies
Challenges of implementation of digital health technolo-
gies were patients and healthcare provider-related barri-
ers (e.g., lack of skills among both patients and healthcare 
providers and health conditions) [32, 56, 59, 63], lack of 
technical, financial and infrastructure support [43, 52, 
59, 63, 70], ethical issues [51, 63], inequalities in utiliza-
tion due to age difference [77, 78]. Strategies in designing 
eHealth to meet the needs of individuals with multimor-
bidity requires accommodating both clients and health 
workers’ interest, technical and ethical issues, as well as 
financial supports. These include organizational arrange-
ment [46, 54, 76], technical support [44, 59], care coordi-
nation support [33, 55, 81, 86], enhance acceptability of 
technologies [32, 36, 43, 82, 83], appropriate use of tele-
medicine [53, 81–83], satisfy the needs of the patients 
[33, 81–83, 85], and addressing ethical issues [53, 63, 82, 
87] (Table 4).

Discussion
The review summarized the various roles of DHTs with 
related challenges and strategies in managing multimor-
bidity. Most available DHTs were successfully imple-
mented for individuals with multimorbidity. mHealth, 
webpage, the IMTs, artificial intelligence, and their com-
bination were applied in preventing, controlling, and 
managing multimorbidity. The implementation of DHTs 
was not without challenges, including issues with flex-
ibility, interoperability, infrastructure, ethics, the skills 
of both clients and health workers, resistance to change, 
and dependence on the clients’ health status. Strategies to 
some of the challenges were enhance clients’ willingness 
to use DHTs, real-time feedback, technical and financial 
support, and e-health education.

Digital health technologies have several benefits for 
individuals with multimorbidity. It improved quality 
of care [40, 63] and quality of life [62, 63, 75], reduced 
healthcare costs [63], enhanced healthcare delivery [63, 
77], increased acceptability of care [57], improved client’s 
recovery from illness [22, 64, 69, 70], decreased hospital 
admission [61], and reduced mortality [41]. Digital health 
technologies (e.g., ambient assisted living technologies) 
also reduced workload on healthcare providers and care 
givers by enhancing clients’ self-management skills and 
minimizing healthcare providers involvement in rou-
tine care, health education, and medication reminders 
[58, 61]. Web-based educational resources and health-
care tools support both patients and providers [52, 53]. 
However, rarely, the application of telemonitoring found 
contradictory, revealing mortality was higher in the tele-
monitoring group than in the usual care group with the 
unexplored reasons [42] and caused administrative bur-
den (e.g., artificial intelligence) [51].
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Author/Year Country Study design Diseases 
condition

Digital 
intervention

Findings

Mateo-Abad M et 
al. 2020 [29]

European 
regions

Quasi-experi-
mental study

chronic patients 
aged 65 or older

Twelve relevant ICT 
tools for Integrated 
Care support*

Reduce emergency visit, while increase visits of 
general practitioners & primary care nurses

Atalla S et al. 2022 
[31]

UAE & India Implementation 
study

Multimorbidity Wearable sensor 
networks

Involved stakeholders: End users. Healthcare 
authorities, healthcare providers, and application 
integrators

Kenning C et al. 
2024 [32].

United King-
dom (UK)

Qualitative 
study

18 + with 
multimorbidity

Smartwatch app More ‘real-time’ feedback from the app should be 
available to maintain engagement over a longer 
period; the presence of severe or chronic pain was 
a barrier

Parvaneh S et al. 
2017 [30]

USA Quantitative: 
cross-sectional

older adults with 
multimorbidity

Wearable 
technology

Help to identify frailty status by monitoring pos-
tural transition

Haverhals LM et 
al. 2011 [33]

USA Qualitative 
study

Older adults with 
multi-morbidity

Personal health 
applications

Self-medication management processes chal-
lenges: seeking reliable medication information, 
maintaining autonomy in medication treatment 
decisions, worrying about taking too many medi-
cations, reconciling information discrepancies be-
tween allopathic and alternative medical therapies, 
and tracking and coordinating health information 
between multiple providers

Siek KA, et al. 
2010 [34]

USA Implementation 
study

Older adults with 
multi-morbidity

Interoperable 
Personal Health 
Application

Designed an application based on the real-
world artifacts and workflows for medication 
management

Bousquet J et al. 
2018 [35]

European 
regions

Interventional 
study

allergic rhinitis 
and asthma mul-
timorbidity in the 
elderly

ICT tools Deployed the apps

Reeder B et al. 
2013 [36]

USA Qualitative 
study

Older adults with 
multi-morbidity

Medication dis-
pensing device in 
home care

Clients responded the tool is very easy to use, very 
reliable and helpful in the management of their 
medications, as well as participants expressed a 
desire to use the machine in the future

Lee S-C et al. 2019 
[37]

Taiwan Quasi-experi-
mental study

Middle-Aged and 
Older Adults

Health Promotion 
Program Combin-
ing Smart Phone 
Learning and 
Exercise

Reduced frailty and improved exercise

Pariser P et al. 
2019 [38]

Canada Mixed-methods 
study

People with 
multimorbidity

Telemedicine Clients responded that telemedicine improved 
their access to interdisciplinary resources, feeling 
hopeful their conditions would improve as a result, 
they would use it again, and improved confidence 
in managing their patient’s care, and the cost was 
about 22% less than that of a 1-day hospital admis-
sion through the emergency department.

Wiseman JT et al. 
2015 [39]

USA Quantitative: 
survey

People with 
multimorbidity

Smartphone Older patient cohort with significant comorbidity 
is able and willing to adopt a smartphone-based 
postoperative monitoring program

Valdivieso B et al. 
2018 [40]

Spain Interventional 
study

high-risk patients 
with multiple 
chronic conditions

Telehealth, tele-
phone support

Improved quality of life, but no differences in mor-
tality or utilization were found

Martín-Lesende I 
et al. 2016 [41]

Spain Descriptive 
longitudinal 
study

Patients with mul-
timorbidity (heart 
failure and/or lung 
disease)

Telemonitoring Telemonitoring studies; technology help to collect 
data

Takahashi PY et al. 
2012 [42]

USA A randomized 
controlled trial

older adults with 
multiple health 
issues

Telemonitoring Reduced hospitalizations and emergency depart-
ment visits

Table 2  Characteristics of included studies and outcomes
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Author/Year Country Study design Diseases 
condition

Digital 
intervention

Findings

Schmidt S et al. 
2019 [43]

German Qualitative 
study

older people with 
multimorbidity

Personal-online 
case manage-
ment (video 
conferences)

Offers formative and organisational support in vari-
ous life-domains.

Berner J et al. 
2016 [44]

Sweden Qualitative 
study

frail older adults Ablet computers 
and Skype

Conflicting feelings did emerge to adopt in the 
future; skype needs to be tested; technical support 
and well-functioning technology are important

Tchalla AE et al. 
2012 [45]

France Prospective 
cohort study

frail elderly 
population

Home-based tech-
nologies combined 
with a monitoring 
assistive center 
(light path coupled 
with tele-assistance 
service)

Reduced the incidence of unintentional falling at 
home

Wang H et al. 
2023 [46]

USA Cross-sectional 
study

adult emergency 
department 
patients with 
multimorbidity.

Patient portal use 
(MyChart)

One in five adults used patient portals; having 
primary care physicians and insurance promote 
patient to use MyChart

Williams TB et al. 
2022 [47]

USA Cross-sectional 
study

Multimorbidity Electronic health 
records (EHRs)

EHRs used for research purpose

Cesario A et al. 
2021 [48]

Not specified Not clear Multimorbidity 
and cancer

Artificial 
intelligence

Integrate and manage heterogeneous data

Hassaine A et al. 
2020 [49]

Non-specific Review Multimorbidity Machine learning Improved the complex relationships between 
diseases;

Majnarić LT et al. 
2021 [50]

Non-specific Review Multimorbidity Artificial 
intelligence

Managed big data

Ambagtsheer R et 
al. 2020 [51]

Australia Cross-sectional 
study

frailty within a 
residential aged 
care

Artificial 
intelligence

Identified frailty within a residential aged care using 
administrative data; potential benefits will need to 
be weighed against administrative burden, data 
quality concerns and presence of potential bias

Portz JD et al. 
2019 [52]

Not specified Qualita-
tive study 
(Focus group 
discussion)

older adults with 
multiple chronic 
conditions

Patient portal user 
interface and user 
experience

The portal was seen to be easy to use, simple, and 
quick, challenges related to log-ins, user interface 
design (color and font), and specific features; Older 
adults are interested in using patient portals be-
cause the portal improved patient-provider com-
munication, saved time and money, and provided 
relevant health information.

Macdonald GG et 
al. 2018 [53]

Canada Qualitative 
study (interview 
of nurses & 
physician)

Multimorbidity eHealth 
technologies

Ethical issues raised

Martínez-García A 
et al2013 [54]

Spain Implementation 
study

Multimorbidity Social network and 
open-source tools

Professionals valued positively all the items; Open 
source with the social network encourages adop-
tion and facilitates collaboration; allow communi-
cation and coordination

de Jong CC et al. 
2016 [55]

Netherlands Implementa-
tion study & 
survey from 
professionals

home-dwelling 
elderly patient

E-communication 
tool

An e-communication tool (Congredi) was usable 
for improving multidisciplinary communication 
among professionals

Levine DM et al. 
2018 [56]

USA Longitudinal 
cohort

Seniors in declin-
ing health

Digital health 
technology

Seniors with new dementia, relocation to a nurs-
ing home, and declining physical performance 
seem especially poor candidates for technology 
interventions

Tseng M-H et al. 
2014 [57]

Taiwan Implementation 
study

Elders in 
outpatients

QR code and Web 
services

Highly accepted by the elderly

Table 2  (continued) 
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Author/Year Country Study design Diseases 
condition

Digital 
intervention

Findings

Dupuy L et al. 
2017 [58]

Not specified Experimental 
study

Frail older 
adults and their 
caregivers

Ambient assisted 
living technologies 
(AAL) (includes 
sensors, online 
store applications, 
tablets)

AAL is a relevant environmental support for 
preventing both functional losses in Frail older 
Individuals and objective burden professional 
caregiver.

Tomita MR et al. 
2007 [59]

USA Random con-
trolled trail

Frail elders A computer with 
Internet access and 
X10-based smart 
home technology

Almost all participants recommended its use by 
others, and it maintained physical and cognitive 
status of intervention groups

Wakefield BJ et al. 
2012 [22]

USA A single center 
randomized 
controlled clini-
cal trial

Patients with 
diabetes and 
hypertension

Telehealth Improved knowledge, but no significant differ-
ences were found across the groups in self-efficacy, 
adherence, or patient perceptions of the interven-
tion mode

Wakefield BJ et al. 
2011 [60]

USA A single center 
randomized 
controlled clini-
cal trial

Comorbid 
diabetes and 
hypertension

Telehealth Enhanced earlier detection of key clinical symp-
toms requiring intervention

Lear SA et al. 2021 
[61]

Canada A randomized 
Clinical Trial

Multiple chronic 
conditions

Interactive Digital 
Health–Based 
Self-management 
Program

Reduced hospitalizations

Bernocchi P et al. 
2018 [62]

Not specified A randomized 
controlled trail

older patients 
with chronic 
obstructive pul-
monary disease 
and heart failure

Home-based 
telerehabilitation

It was feasible and effective

Melchiorre MG et 
al. 2018 [63]

European 
region

Qualitative 
study (survey of 
programmers0

People with 
multimorbidity

eHealth eHealth improved care integration/management, 
quality of care/life and cost-efficiency, whereas 
inadequate funding represents a major barrier

Yoo H et al. 2009 
[64]

South Korea A randomized 
controlled clini-
cal trial

Type 2 diabetes 
and hypertension

Cellular phones 
and the internet

Improved multiple metabolic parameters

Park MJ et al. 2009 
[65]

South Korea a quasi-experi-
mental design

obese patients 
with hypertension

Web-based inter-
vention by way of 
cellular phone and 
Internet

Improved blood pressure, body weight, waist 
circumference, and HDL-C

Schiff GD et al. 
2019 [66]

Not specified A randomized 
trail

hypertension, dia-
betes, depression, 
and insomnia

Automated calls 
coupled with 
phone-based phar-
macist counseling

Identified a substantial number of previously un-
identified potentially drug-related symptoms

Prabhakaran D et 
al. 2019 [67]

India A randomized 
trail

multiple chronic 
conditions (hyper-
tension, diabetes 
mellitus, current 
tobacco and 
alcohol use, and 
depression)

mHealth-based 
electronic decision 
support system

No differences observed between intervention and 
control groups

Zheng H et al. 
2021 [68]

USA Retrospective 
cohort

Multimorbidity Reinforcement 
learning of 
electronic health 
records

Substantial improvements in glycemia, blood pres-
sure, and CVD risk outcomes

Rifkin DE et al. 
2013 [69]

USA A randomized 
trail

older patients 
with kidney 
disease and 
hypertension

Wireless blood 
pressure 
monitoring

Led to greater sharing of data between patients 
and clinic and produced a trend toward improve-
ments in BP control over usual care

Table 2  (continued) 
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Author/Year Country Study design Diseases 
condition

Digital 
intervention

Findings

Donesky D et al. 
2017 [70]

USA A controlled 
nonrandomized 
trial

chronic obstruc-
tive pulmonary 
disease and heart 
failure

Home-based 
TeleYoga

Patients perform yoga safely in the home setting; 
TeleYoga was acceptable, and adherence was 
good, while technical issues were a barrier.

Fried TR et al. 
2017 [71]

Not specified A randomized 
clinical trial

Veterans aged 65 
and older

A web tool linking 
EHRs

Improved communication about medications and 
accuracy of documentation

Mira JJ et al. 2014 
[72]

Spain A randomized 
clinical trial

elderly patients 
taking multiple 
medications

A Spanish pillbox 
app

Improved adherence, helps reduce rates of 
forgetting and of medication errors, and increases 
perceived independence in managing medication

Jennings MV et al. 
2022 [73]

USA Cross-sectional 
study

High-risk 
comorbidities

EHRs EHR prescription can serve as a platform to charac-
terize complex risk markers

Orlandoni P et al. 
2016 [74]

Italy A randomized 
prospective 
study

Frail older patients Video consultation A video consultation between home visiting staff 
and hospital physicians reduced metabolic compli-
cations in a population of frail older patient

Persson HL et al. 
2020 [75]

Sweden Longitudinal 
study

Elderly multimor-
bid COPD and 
chronic heart 
failure

telemonitoring 
and hospital-based 
home care

Improved quality of life

Kay-Lambkin FJ et 
al. 2009 [24]

Australia a randomized 
controlled trial

comorbid depres-
sion and problem-
atic alcohol and/
or cannabis use

Computer-based 
psychological 
treatment

Computer-based integrated interventions could 
be involved for managing depression and cannabis 
use

Marcolino MS et 
al. 2021 [76]

Brazil Mixed-methods 
study

Hypertension and 
diabetes

Clinical decision 
support system

Applicable in the context of primary health care 
settings in low-income regions, with good user 
satisfaction and potential to improve adherence

Manning SE et al. 
2023 [77]

USA Cross-sectional 
study

Multimorbidity Health information 
technology (HIT0

Disparities by age and multimorbidity in using HIT

Seifert A et al. [78] Switzeralnd Cross-sectional 
study

Older adults mobile device use 
(smartphone, tab-
let, fitness tracker, 
and smartwatch), 
health app use 
(e.g., health insur-
ance apps, fitness 
apps),

75.0% of the participants used at least one mobile 
device; 22.9% used health-related apps. Younger 
individuals and those with a strong interest in new 
technology had a higher likelihood of using health 
apps. Participants were more often willing to share 
their data with doctors than with health insurance 
companies or researchers

King BL et al. 2022 
[79]

USA Cross-sectional 
study

Multimorbidity 
in patients with 
heart failure

EHRs The EHR-based problem list captures multimorbid-
ity with moderate to-good accuracy

Vos J et al. 2018 
[80]

England Mixed-methods 
study

Older adults with 
multimorbidity

Care Navigation Navigating one’s personal care network rested 
mainly on patients’ shoulders

Ekstedt M et al. 
2021 [81]

Sweden Implementation 
study

Older adults with 
chronic diseases

A web-based ap-
plication electronic 
Patient Activation 
in Treatment at 
Home)

Feasibility study revealed redesign and highlighted 
the importance of adequately addressing not only 
varying user needs but also the complex nature 
of healthcare organizations when implement-
ing new services and processes in chronic care 
management.

Buawangpong N 
et al. [82]

Thailand Qualitative 
study

Older Adults with 
multimorbidity

Telemedicine perceived benefit of telemedicine among older 
adults with multimorbidity, appropriate use of 
telemedicine for multimorbid care, telemedicine 
system catering to the needs of older patients, 
and respect patients’ decision to decline to use 
telemedicine

Wathne H et al. 
2023 [83]

Norway Qualitative 
study

Post-hospitaliza-
tion long-term 
illness

eHealth service Expecting information, reassurance, and guidance 
when using eHealth for heart failure and colorectal 
cancer self-management; expecting eHealth to 
be comprehensible, supportive, and knowledge 
promoting; and recognizing both the advantages 
and disadvantages of eHealth for heart failure and 
colorectal cancer self-management

Table 2  (continued) 
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Digital health technologies improved quality of life of 
clients with multimorbidity, for example, by enhancing 
cognitive and physical wellness, and by preventing falling 
and functional loss. This may work for clients with a sin-
gle NCDs or advanced medical conditions. For instance, 
smartphone applications, including short message ser-
vices, were associated with better glycaemic control, 
unlike website-based interventions [88]. Website-based 
interventions, according to the current review, closed 
knowledge gaps, reduced emergency visits, increased 
primary care visits, and enhanced coordination. Further 
research may be needed to assess its unseen long-term 
health outcomes for clients with multimorbidity. Digital 
health technologies also work comparably for individuals 
with single health problems, with improving diabetes dis-
tress, self-efficacy and HbA1c levels [89–91]. To illustrate 
with specific DHTs type, mobile phone interventions 
lowered systolic blood pressure and reduced hospital-
izations among patients with heart failure [92]. Digital 
health technologies also enhanced the quality of life of 
individuals who are unable to speak and walk by convert-
ing thoughts to text, and by assisting them to walk [93, 
94]. However, telemedicine might not be always effective 

in reducing HbA1c among women with diabetes in preg-
nancy (e.g., telemedicine) [95].

Digital health technologies managed data and main-
tained records, with variation in complexity and appli-
cability. Electronic health records and AI involve the 
collection and entry of clients’ health data, analyzing 
health data, receiving responses, registering patient 
health parameters, and identified multimorbidity cases 
from big dataset [22, 30–32, 35, 63, 71]. There are essen-
tial indicators related to data and information manage-
ment but were not addressed in the included articles of 
this review. With three main themes (usability, infor-
mativeness, and availability), conformance, consistency, 
maintainability, accuracy, plausibility, provenance, rel-
evance, accessibility, portability, security, timeliness, 
completeness, and interpretability are dimensions of 
information quality for DHTs [96].

Digital health technologies enhanced shared under-
standing, and promoted care coordination, collaboration, 
and communication in caring clients with multimorbid-
ity [22, 29, 60–62, 71]. Clarification of roles and respon-
sibilities between clients and providers are essential 
[81]. Considering the interests and needs of clients is 
also essential. Clients with type 2 diabetes, for example, 

Author/Year Country Study design Diseases 
condition

Digital 
intervention

Findings

Ancker JS et al. 
2015 [84]

USA Qualitative 
study

Patients with 
multimorbidity

HIT for data 
tracking

Overload on patients, provoke strong positive and 
negative emotions, value judgments, and diverse 
interpretations, and patients often notice that phy-
sicians trust technologically measured data such as 
lab reports over patients’ self-tracked data.

Zulman DM et al. 
2015 [85]

USA Qualitative 
study

patients with 
multiple chronic 
conditions

eHealth 
technology

Patients with multiple chronic conditions manage 
a high volume of information, visits, and self-care 
tasks; they need to coordinate, synthesize, and 
reconcile health information from multiple provid-
ers and about different conditions; their unique 
position at the hub of multiple health issues 
requires self-advocacy and expertise. Focus groups 
identified desirable eHealth resources and tools 
that reflect these themes

Greenhalgh T et 
al. 2015 [86]

United 
Kingdom

Qualitative 
study

Clients with multi-
morbidity and key 
informants

Telehealth Quality telehealth or telecare is 1) ANCHORED in a 
shared understanding of what matters to the user; 
2) REALISTIC about the natural history of illness; 3) 
CO-CREATIVE, evolving and adapting solutions with 
users; 4) HUMAN, supported through interpersonal 
relationships and social networks; 5) INTEGRATED, 
through attention to mutual awareness and 
knowledge sharing; 6) EVALUATED to drive system 
learning

Runz-Jørgensen 
SM et al. [87]

Denmark Qualitative 
study

People living with 
multimorbidity

eHealth Patient-perceived value of eHealth varied, depend-
ing on their burden of illness and treatment: those 
with a greater burden had more positive percep-
tions of eHealth, and expressed more intention to 
use it.

*Electronic prescription, Messaging clinician and Patients, Electronic Health Record, Interconsultation, Call Center, Virtual Conference, Personal Health Folder, Nurse 
Information System, Educational Platform, Collaborative Platform, Telemonitoring and Multichannel Centre

Table 2  (continued) 
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Table 3  Types of DHTs tools and equipment with the mechanisms of actions and its outcomes for individuals with multimorbidity 
Types of DHTs tools 
and equipment

Mechanisms of actions and/or activities in imple-
menting DHTs

Outcomes of DHTs Resolved problems

Electronic health re-
cords [29, 46, 47, 68, 71]

• Electronic prescription [29]
• Data entry and record [71]
• Reinforcement learning algorithms within EHRs [68]

• Timely communication [71]
• Information sharing [71]
• Manage clients’ health data, enhanced person-centered care [68]
• Improve accuracy of documentation [71]

Internet of medi-
cal things (wearable 
devices or sensors) 
[30–32, 64]

• Glucose monitors attached to patients’ phones 
equipped with web-based physician communication 
[64]
• Make appointment & monitor their own health [30–32, 
63, 64]
• Wireless Bluetooth-enabled blood pressure cuffs 
paired with internet hubs [69]

• Tele communication [64]
• Data management (collect, record), client empowerement [63]
• Telemonitoring and caring [30–32]
• Minimize the unexpected health complications [31]
• Enhance recovery from illness [64]
• Integration/management of care [63]

Websites [52–54] • Web-based educational resources and healthcare tools 
[29, 52, 53]

• Closing knowledge gap [52–54],
• Reduce emergency visits and increased primary care visits [29]
• Improved coordination between health workers and clients & 
care providers [53, 54]

mHealth or telehealth 
or mobile lines/health 
apps [22, 29, 33–44, 55, 
60–63, 66, 70, 81]; tablet 
computer [34, 67]; 
computer [24]

• Electronic messaging and health information ex-
change [29, 33]
• Video conferencing (e.g., Skype), ePrescriptions [38–44, 
63]
• On-call consultations or video conference [22, 61, 70]
• Electronic reminders and computerized self- 
management tools or online decision supports [61, 63] 
and telemonitoring [29]
• Displays medication images and sounds an alarm at 
medication times [72]
• Clients enter health data [63]
• Conduct weekly nurse phone calls [62]
• Tele-assistance services using light paths [45]
• Patients enter their data, access and print information 
[22, 35]
• Smart phone learning of and the moderate exercise 
[37]
• Facilitate post-treatment discharge [29]
• A real-time phone referral of clients to a pharmacist 
[66]
• Nurses enter patient data [67]
• Computer-based therapy combined with motivational 
and cognitive behaviour [24]

• Collaboration [36]
• Generate decision support recommendations [33, 63]
• Communication [29, 33, 63]
• Closing knowledge gap [61, 63]
• Remote monitoring & caring [62, 63, 66]
• Unidentified potentially drug-related symptoms [66]
• Clients’ data management [22, 35]
• Quality of care [40, 63], safety (reduced medication errors) [72]
• Reduced the incidence of unintentional falling at home [45]
• Reduced metabolic complications [74]
• Recovery from illness [ 64, 67]
• Improved management of care [63]
• Enhance detection of key clinical symptoms [22, 60]
• Quality of life [62, 63, 75]
• Improved cognitive & physical wellness and preventing func-
tional loss [45]
• Maintained physical and cognitive status [37]
• Cost-efficiency [63], reduced travelling, direct and indirect costs 
[38],
• Increased service acceptability [38, 39]
• Improves care integration/management [63]
• Reduced number patients admitted in hospitals [61]
• Enhance acceptability of services [43]
• Reduce cannabis and substance use [24]

Artificial intelligence 
[48–51, 73]

• Analyze pattern [48–51, 73]
• Recommend treatment options [48–51, 73]
• Identify high-risk comorbidities [48–51, 73]

• Client’s health data management [48–51]

Ambient assisted living 
technologies [58]

• Client follow their own health condition [58] • Client empowerment [58]
• Improve cognitive & physical wellness [58]
• Prevent functional loss [58]
• Reduce workload on health care providers [58]

X10-based smart home 
technology [59]

• Remote monitoring and caring [59] • Client empowerment [59]
• Increased service acceptability [59]
• Maintained users’ physical and cognitive status [59]
• Supports social interactions [59]

Combined (Mobile and 
Website, QR codes) 
[55–57];
A web tool linking an 
HER [71]

• Data input for automated algorithms [71]
• Clinician feedback reports [71]
• Patient feedback reports [71]

• Acceptability of technologies [57]
• Improved communication among professionals [55]
• Communication [71]
• Correction of medication discrepancies but had no effect on 
number of medications or reduction in PIM [71]
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require simple and positively framed communication 
when using mHealth [97]. Professionals utilized e-care in 
caring elders at primary care level by considering delivery 
system design, clinical decision support, clinical informa-
tion system, and eHealth education [55]. Using technol-
ogy-enabled care coordination for youths with mental 
health problems, similar to clients with multimorbidity, 
underscored the benefits of introducing a smart health-
care infrastructure [98].

There were challenges emerged during DHTs imple-
mentation, including issues with flexibility, interoper-
ability, infrastructure, ethics, the skills of both clients and 
health workers, resistance to change, and dependence on 
the clients’ health status. Clients’ sociodemographic sta-
tus influences the DHTs use. For instance, aged 70 and 
above were less comfortable to internet-based home care 
compared to aged 70 and less [99]. Older clients may have 

several cognitive and psychomotor impairment so that 
they could not accept and able to adhere with telemedi-
cine system [82]. There have been differences between 
clients, as some viewed e-health as something makes 
things easier or undesirable and worthless [87]. Individu-
als with multimorbidity were less likely to accept e-health 
than individuals with single disease [99], revealing how 
client’s health status impacts DHTs applicability. Tele-
medicine system better be practised as like as in-person 
care, and should allow in-person home visits when nec-
essary and supports knowledge and skills development 
for clients and caregivers [82]. Clients may need diag-
nostic-specific but comprehensive information, which 
is easily accessible, evidence-based, understandable, and 
satisfy their needs [33, 81, 83, 85]. When the patients 
are in a stable condition, they can maintain the stability 
of the telemedicine and practice self-management [82]. 

Table 4  Barriers and strategies of DHTs implementation for individuals with multimorbidity 
Types of DHTs tools and 
equipment

Barriers Strategies to address barriers

Electronic health records 
[29, 46, 47, 68, 71]

• Technology resource (internet connection, mobile & landline 
telephony) [76]
• Financial support (increase health insurance coverage) [46]
• Presence of primary care physicians [46]

Internet of medical things 
(wearable devices or sen-
sors) [30–32, 64]

• Clients health condition [32] • Enhance patient willingness to wear and utilize it [32]
• Real-time feedback from the app [32]
• Patient longevity in engagement [32]
• Enabling standardized exchange of electronic information [63]
• Inequality in utilization due to age [78]

Websites [52–54] • Problems-related to log-ins and user Interface 
design (colour and font) [52]

• Organizational arrangement [54]
• Interoperability [54]
• Patient engagement in two-way communication [53]

mHealth or telehealth or 
mobile/health apps [33–44, 
55, 63, 81]

• Lack of skills (both clients and providers) [63]
• Resistance from both clients and providers [63]
• Inadequate infrastructure (e.g., poor internet) [43, 
63]
• Lack of technical support [63, 70]
• Incompatibility between different eHealth tools [63]
• Lack of financial support [63]
• Privacy/security issues [63]
• Inadequate legislative framework for using eHealth 
tools [63]

• Technical support [44]
• Clarification of roles and responsibilities [81]
• Information exchange between providers are essential [81]
• Enhance shared understanding [86]
• Self-management support [55]
• Delivery system design [55]
• Clinical decision support [55]
• Clinical information system [55]
• eHealth education [55]
• Previous exposure [43]
• Provide comprehensive information [33, 81, 83, 85]
• Patient engagement in two-way communication [83]
• Perceived benefits [82]
• Apply among stable clients [82]
• Skills and knowledge development for clients and providers [82]
• Self-management support [81, 83]
• Addressing ethical issues [53, 82, 87]

Artificial intelligence 
[48–51, 73]

• Data quality issues and bias, and causing adminis-
trative burden [51]

X10-based smart home 
technology [59]

• Clients’ unfamiliarity with computers and inability to 
learn how to use them [59]
• Hidden running programs [59]
• Computer virus computer [59]
• Bad RAM chip or conflict [59]
• Unable to connect to the Internet [59]
• Old phone lines and/or old electricity lines inter-
fered with the use of X10 via computer [59]

• Technical support [59]
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Patient-engagement is necessary in the two-way commu-
nication [53, 83]. Providing guidance and motivational 
support, connecting with other patients, and inviting 
caregivers are crucial [81, 83].

Challenges that arose from DHTs side hindered imple-
mentation. Wearable devices remain with challenges 
related to data quality, balanced estimations, and fairness 
[100, 101]. Ethical and legal challenges have been also 
raised [102] due to the concern of safety and effective-
ness, cybersecurity, poor protection of privacy, liability, 
data protection and privacy, patients unwillingness to 
provide their data, data quality issues (including bias), 
and intellectual property law [51, 63, 103, 104]. Inad-
equate legislative framework was one of the barriers for 
using eHealth tools [63]. Naik et al. addressed that there 
are no well-defined regulations in place to address the 
legal and ethical issues that arise from using AI in health-
care settings [105]. Maintaining local standards of quality 
and interoperability is crucial [101, 106], and it is essen-
tial to respect client’s rights and adhere with ethical stan-
dards [63]. A critical understanding and engagement is 
valuable to the ethical development of technologies for 
people living with MLTCs [107]. For instance, under-
standing epistemic injustice serves as a conceptual tool 
for mapping gaps in knowledge reproduction in the 
design of data-driven health technologies [107] because 
unconscious epistemic injustice might be happen when 
healthcare team reused client’s data [107].

The findings from this review will contribute to digital 
health initiatives. World health organization and UNs 
provided great attention for telehealth and telemedicine 
alongside strengthening innovation and infrastructure, 
as it is one of the SDGs agenda [108].The Global Initia-
tive on Digital Health, managed by WHO, aims to assess 
and prioritize country needs for sustainable digital health 
transformation. It also seeks to align country-level digital 
health resources with unfunded priorities, accelerate the 
achievement of strategic objectives outlined in the Global 
Strategy on Digital Health, and enhance capacity-build-
ing efforts. The goal is to encourage local development, 
maintenance, and adaptation of digital health technolo-
gies to meet evolving needs from 2020 to 2025 [109].

Limitation of the study
This scoping review only included studies published in 
English. By excluding non-English language studies, we 
may limit the comprehensiveness of the findings and 
overlook valuable data and insights from diverse cultural 
contexts. Future research could benefit from incorporat-
ing studies in multiple languages to enhance the diversity 
and richness of the data.

Conclusions
This review highlights the essential aspects of DHTs in 
managing multimorbidity, focusing on their adoption, 
benefits, challenges, and strategies for improvement. 
The widespread usage of DHTs across various countries 
and healthcare settings demonstrate their potential to 
enhance service delivery and health outcomes. The bene-
fits of DHTs include improved care coordination, patient 
empowerment, and cost-efficiency However, the effective 
implementation of these technologies is accompanied by 
several challenges, including patient and provider resis-
tance, technical issues, financial constraints, and ethical 
concerns. To fully realize the potential of DHTs, strategic 
measures are necessary to address existing barriers and 
enhance the design and implementation of these technol-
ogies for individuals with multimorbidity.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​1​3​-​0​2​5​-​1​2​5​4​8​-​5.

Supplementary Material 1.

Supplementary Material 2. Search strategy.

Acknowledgements
Not applicable.

Authors’ contributions
YA and AE conceptualised the project. AE extracted data, write the first draft 
and subsequent revision. YA supervised the whole research process, checked 
extracted data and edit the manuscript. AZ and EW revised the manuscript. All 
the authors approved the final manuscript.

Funding
Authors have no received fund to conduct this specific review.

Data availability
Data is provided within the manuscript or supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable because the review was dependent on secondary resources 
from published articles and did not collect data from human participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1School of Public Health, The University of Queensland, Brisbane, Australia
2College of Medicine and Health Sciences, Bahir Dar University, Bahir Dar, 
Ethiopia
3International Institute for Primary Health Care in Ethiopia, Addis Ababa, 
Ethiopia

Received: 5 November 2024 / Accepted: 10 March 2025

https://doi.org/10.1186/s12913-025-12548-5
https://doi.org/10.1186/s12913-025-12548-5


Page 14 of 16Endalamaw et al. BMC Health Services Research          (2025) 25:382 

References
1.	 World Health Organization. Multimorbidity: technical series on safer primary 

care. Geneva: World Health Organization; 2016. Licence: CC BY-NC-SA 3.0 IGO.
2.	 Le Reste JY, Nabbe P, Manceau B, Lygidakis C, Doerr C, Lingner H, et al. 

The European general practice research network presents a comprehen-
sive definition of multimorbidity in family medicine and long term care, 
following a systematic review of relevant literature. J Am Med Dir Assoc. 
2013;14(5):319–25.

3.	 Tan MM, Barbosa MG, Pinho PJ, Assefa E, Keinert AÁ, Hanlon C et al. Determi-
nants of multimorbidity in low-and middle‐income countries: a systematic 
review of longitudinal studies and discovery of evidence gaps. Obes Rev. 
2024;25(2):e13661.

4.	 World Health Organization. Global health estimates 2019: deaths by cause, 
age, sex, by country and by region, 2000–2019. Geneva: World Health Orga-
nization. 2020 (​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​d​a​t​​a​/​​g​l​o​​b​a​l​​-​h​e​a​​l​t​​h​-​e​s​t​i​m​a​t​e​s. Accessed 
21 Jun. 2024.

5.	 Chowdhury SR, Das DC, Sunna TC, Beyene J, Hossain A. Global and regional 
prevalence of multimorbidity in the adult population in community settings: 
a systematic review and meta-analysis. EClinicalMedicine. 2023;57:101860.

6.	 Hu Y, Wang Z, He H, Pan L, Tu J, Shan G. Prevalence and patterns of multimor-
bidity in China during 2002–2022: a systematic review and meta-analysis. 
Ageing Res Rev. 2024;93:102165.

7.	 Bellass S, Scharf T, Errington L, Bowden Davies K, Robinson S, Runacres A, et 
al. Experiences of hospital care for people with multiple long-term condi-
tions: a scoping review of qualitative research. BMC Med. 2024;22(1):25.

8.	 Arage MW, Kumsa H, Asfaw MS, Kassaw AT, Mebratu E, Tunta A et al. Assess-
ing the health consequences of Northern Ethiopian armed conflict, 2022. J 
Public Health Policy. 2024;45(1):43.

9.	 Moffat K, Mercer SW. Challenges of managing people with multimorbidity in 
today’s healthcare systems. BMC Fam Pract. 2015;16:1–3.

10.	 Søndergaard E, Willadsen TG, Guassora AD, Vestergaard M, Tomasdottir MO, 
Borgquist L, et al. Problems and challenges in relation to the treatment of 
patients with multimorbidity: general practitioners’ views and attitudes. 
Scand J Prim Health Care. 2015;33(2):121–6.

11.	 Nan J, Xu L-Q. Designing interoperable health care services based on 
fast healthcare interoperability resources: literature review. JMIR Med Inf. 
2023;11(1):e44842.

12.	 Zhang X, Hailu B, Tabor DC, Gold R, Sayre MH, Sim I, et al. Role of health 
information technology in addressing health disparities: patient, clinician, 
and system perspectives. Med Care. 2019;57:S115–20.

13.	 Jimenez G, Matchar D, Koh CHG, van der Kleij R, Chavannes NH, Car J. The 
role of health technologies in multicomponent primary care interventions: 
systematic review. J Med Internet Res. 2021;23(1):e20195.

14.	 Groenewegen PP, Hutten JB. Improving primary health care through techno-
logical innovation. Health Policy. 1989;13(3):199–211.

15.	 Evans RS, Pestotnik SL, Classen DC, Burke JP. Evaluation of a computer-
assisted antibiotic-dose monitor. Ann Pharmacother. 1999;33(10):1026–31.

16.	 Willis VC, Thomas Craig KJ, Jabbarpour Y, Scheufele EL, Arriaga YE, Ajinkya 
M, et al. Digital health interventions to enhance prevention in primary care: 
scoping review. JMIR Med Inf. 2022;10(1):e33518.

17.	 Yeung AWK, Torkamani A, Butte AJ, Glicksberg BS, Schuller B, Rodriguez B, 
et al. The promise of digital healthcare technologies. Front Public Health. 
2023;11:1196596.

18.	 Suthar AB, Khalifa A, Joos O, Manders EJ, Abdul-Quader A, Amoyaw F, et al. 
National health information systems for achieving the sustainable develop-
ment goals. BMJ Open. 2019;9(5):e027689.

19.	 Asi YM, Williams C. The role of digital health in making progress toward 
sustainable development goal (SDG) 3 in conflict-affected populations. Int J 
Med Informatics. 2018;114:114–20.

20.	 World Health Oeganiation. WHO guideline recommendations on digital 
interventions for health system strengthening: evidence and recommenda-
tions. Geneva: World Health Organization; 2019. ​h​t​t​p​​s​:​/​​/​a​p​p​​s​.​​w​h​o​​.​i​n​​t​/​i​r​​i​s​​/​h​a​​n​
d​l​​e​/​1​0​​6​6​​5​/​3​1​1​9​8​0. Accessed 21 June 2024.

21.	 World Health Organiation. Digital health research: World Health Organization. 
2024 [Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​o​b​s​​e​r​​v​a​t​​o​r​i​​e​s​/​g​​l​o​​b​a​l​​-​o​b​​s​e​r​v​​a​t​​o​r​
y​​-​o​n​​-​h​e​a​​l​t​​h​-​r​​e​s​e​​a​r​c​h​​-​a​​n​d​-​​d​e​v​​e​l​o​p​​m​e​​n​t​/​​a​n​a​​l​y​s​e​​s​-​​a​n​d​​-​s​y​​n​t​h​e​​s​e​​s​/​d​​i​g​i​​t​a​l​-​​h​e​​a​l​t​​
h​/​w​​h​o​-​s​​-​w​​o​r​k​-​i​n​-​d​i​g​i​t​a​l​-​h​e​a​l​t​h​-​r​e​s​e​a​r​c​h.

22.	 Wakefield BJ, Holman JE, Ray A, Scherubel M, Adams MR, Hills SL, et al. 
Outcomes of a home telehealth intervention for patients with diabetes and 
hypertension. Telemedicine e-Health. 2012;18(8):575–9.

23.	 Masoumian Hosseini M, Masoumian Hosseini ST, Qayumi K, Hosseinzadeh 
S, Sajadi Tabar SS. Smartwatches in healthcare medicine: assistance and 
monitoring; a scoping review. BMC Med Inf Decis Mak. 2023;23(1):248.

24.	 Kay-Lambkin FJ, Baker AL, Lewin TJ, Carr VJ. Computer‐based psychologi-
cal treatment for comorbid depression and problematic alcohol and/or 
cannabis use: a randomized controlled trial of clinical efficacy. Addiction. 
2009;104(3):378–88.

25.	 Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA 
extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann 
Intern Med. 2018;169(7):467–73.

26.	 Arksey H, O’Malley L. Scoping studies: towards a methodological framework. 
Int J Soc Res Methodol. 2005;8(1):19–32.

27.	 Pollock D, Peters MD, Khalil H, McInerney P, Alexander L, Tricco AC, et al. 
Recommendations for the extraction, analysis, and presentation of results in 
scoping reviews. JBI Evid Synthesis. 2023;21(3):520–32.

28.	 Erku D, Khatri R, Endalamaw A, Wolka E, Nigatu F, Zewdie A, et al. Digital 
health interventions to improve access to and quality of primary health care 
services: a scoping review. Int J Environ Res Public Health. 2023;20(19):6854.

29.	 Mateo-Abad M, Fullaondo A, Merino M, Gris S, Marchet F, Avolio F et al. 
Impact assessment of an innovative integrated care model for older com-
plex patients with multimorbidity: the CareWell project. Int J Integr Care. 
2020;20(2):8.

30.	 Parvaneh S, Mohler J, Toosizadeh N, Grewal GS, Najafi B. Postural transi-
tions during activities of daily living could identify frailty status: application 
of wearable technology to identify frailty during unsupervised condition. 
Gerontology. 2017;63(5):479–87.

31.	 Atalla S, Amin SA, Manoj Kumar M, Sastry NKB, Mansoor W, Rao A. Autono-
mous tool for monitoring Multi-Morbidity health conditions in UAE and India. 
Front Artif Intell. 2022;5:865792.

32.	 Kenning C, Bower P, Small N, Ali SM, Brown B, Dempsey K, et al. Users’ views 
on the use of a smartwatch app to collect daily symptom data in individuals 
with multiple long-term conditions (multimorbidity): a qualitative study. J 
Multimorb Comorb. 2024;14:26335565231220202.

33.	 Haverhals LM, Lee CA, Siek KA, Darr CA, Linnebur SA, Ruscin JM, et al. Older 
adults with multi-morbidity: medication management processes and 
design implications for personal health applications. J Med Internet Res. 
2011;13(2):e1813.

34.	 Siek KA, Ross SE, Khan DU, Haverhals LM, Cali SR, Meyers J. Colorado care 
tablet: the design of an interoperable personal health application to help 
older adults with multimorbidity manage their medications. J Biomed Inform. 
2010;43(5):S22–6.

35.	 Bousquet J, Agache I, Aliberti M, Angles R, Annesi-Maesano I, Anto J, et al. 
Transfer of innovation on allergic rhinitis and asthma multimorbidity in the 
elderly (MACVIA‐ARIA)‐EIP on AHA twinning reference site (GARD research 
demonstration project). Allergy. 2018;73(1):77–92.

36.	 Reeder B, Demiris G, Marek KD. Older adults’ satisfaction with a medication 
dispensing device in home care. Inform Health Soc Care. 2013;38(3):211–22.

37.	 Lee SC, Tsai JM, Tsai LY, Liang LJ, Wu CP. Promoting physical activity and 
reducing frailty of middle-aged and older adults in community: the effects of 
a health promotion program combining smart phone learning and exercise. 
Int J Gerontol. 2019;13(4):320.

38.	 Pariser P, Pham T-NT, Brown JB, Stewart M, Charles J. Connecting people with 
multimorbidity to interprofessional teams using telemedicine. Ann Fam Med. 
2019;17(Suppl 1):S57-62.

39.	 Wiseman JT, Fernandes-Taylor S, Barnes ML, Tomsejova A, Saunders RS, 
Kent KC. Conceptualizing smartphone use in outpatient wound assess-
ment: patients’ and caregivers’ willingness to use technology. J Surg Res. 
2015;198(1):245–51.

40.	 Valdivieso B, García-Sempere A, Sanfélix-Gimeno G, Faubel R, Librero J, 
Soriano E, et al. The effect of telehealth, telephone support or usual care 
on quality of life, mortality and healthcare utilization in elderly high-risk 
patients with multiple chronic conditions. A prospective study. Med Clin. 
2018;151(8):308–14.

41.	 Martín-Lesende I, Recalde E, Viviane-Wunderling P, Pinar T, Borghesi F, Aguirre 
T, et al. Mortality in a cohort of complex patients with chronic illnesses 
and multimorbidity: a descriptive longitudinal study. BMC Palliat Care. 
2016;15:1–9.

42.	 Takahashi PY, Pecina JL, Upatising B, Chaudhry R, Shah ND, Van Houten H, et 
al. A randomized controlled trial of telemonitoring in older adults with mul-
tiple health issues to prevent hospitalizations and emergency department 
visits. Arch Intern Med. 2012;172(10):773–9.

https://www.who.int/data/global-health-estimates
https://apps.who.int/iris/handle/10665/311980
https://apps.who.int/iris/handle/10665/311980
https://www.who.int/observatories/global-observatory-on-health-research-and-development/analyses-and-syntheses/digital-health/who-s-work-in-digital-health-research
https://www.who.int/observatories/global-observatory-on-health-research-and-development/analyses-and-syntheses/digital-health/who-s-work-in-digital-health-research
https://www.who.int/observatories/global-observatory-on-health-research-and-development/analyses-and-syntheses/digital-health/who-s-work-in-digital-health-research


Page 15 of 16Endalamaw et al. BMC Health Services Research          (2025) 25:382 

43.	 Schmidt S, Behrens J, Lautenschlaeger C, Gaertner B, Luderer C. Experiences 
with combined personal-online case management and the self‐reliance 
of older people with multimorbidity living alone in private households: 
results of an interpretative‐hermeneutical analysis. Scand J Caring Sci. 
2019;33(4):931–9.

44.	 Berner J, Anderberg P, Rennemark M, Berglund J. Case management for frail 
older adults through tablet computers and skype. Inform Health Soc Care. 
2016;41(4):405–16.

45.	 Tchalla AE, Lachal F, Cardinaud N, Saulnier I, Bhalla D, Roquejoffre A, et al. 
Efficacy of simple home-based technologies combined with a monitoring 
assistive center in decreasing falls in a frail elderly population (results of the 
Esoppe study). Arch Gerontol Geriatr. 2012;55(3):683–9.

46.	 Wang H, Shen C, Barbaro M, Ho AF, Pathak M, Dunn C, et al. A multi-level 
analysis of individual and neighborhood factors associated with patient 
portal use among adult emergency department patients with multimorbid-
ity. Int J Environ Res Public Health. 2023;20(2):1231.

47.	 Williams TB, Garza M, Lipchitz R, Powell T, Baghal A, Swindle T, et al. Cultivat-
ing informatics capacity for multimorbidity: a learning health systems use 
case. J Multimorb Comorb. 2022;12:26335565221122017.

48.	 Cesario A, D’Oria M, Calvani R, Picca A, Pietragalla A, Lorusso D, et al. The role 
of artificial intelligence in managing multimorbidity and cancer. J Personal-
ized Med. 2021;11(4):314.

49.	 Hassaine A, Salimi-Khorshidi G, Canoy D, Rahimi K. Untangling the 
complexity of multimorbidity with machine learning. Mech Ageing Dev. 
2020;190:111325.

50.	 Majnarić LT, Babič F, O’Sullivan S, Holzinger A. AI and big data in healthcare: 
towards a more comprehensive research framework for multimorbidity. J Clin 
Med. 2021;10(4):766.

51.	 Ambagtsheer R, Shafiabady N, Dent E, Seiboth C, Beilby J. The application 
of artificial intelligence (AI) techniques to identify frailty within a residential 
aged care administrative data set. Int J Med Informatics. 2020;136:104094.

52.	 Portz JD, Bayliss EA, Bull S, Boxer RS, Bekelman DB, Gleason K, et al. Using 
the technology acceptance model to explore user experience, intent to 
use, and use behavior of a patient portal among older adults with multiple 
chronic conditions: descriptive qualitative study. J Med Internet Res. 
2019;21(4):e11604.

53.	 Macdonald GG, Townsend AF, Adam P, Li LC, Kerr S, McDonald M, et al. 
eHealth technologies, multimorbidity, and the office visit: qualitative inter-
view study on the perspectives of physicians and nurses. J Med Internet Res. 
2018;20(1):e31.

54.	 Martínez-García A, Moreno-Conde A, Jódar-Sánchez F, Leal S, Parra C. Sharing 
clinical decisions for multimorbidity case management using social network 
and open-source tools. J Biomed Inform. 2013;46(6):977–84.

55.	 de Jong CC, Ros WJ, van Leeuwen M, Schrijvers G. How professionals share 
an E-care plan for the elderly in primary care: evaluating the use of an 
E-communication tool by different combinations of professionals. J Med 
Internet Res. 2016;18(11):e304.

56.	 Levine DM, Lipsitz SR, Linder JA. Changes in everyday and digital health 
technology use among seniors in declining health. J Gerontol Ser A. 
2018;73(4):552–9.

57.	 Tseng MH, Wu HC. A cloud medication safety support system using 
QR code and web services for elderly outpatients. Technol Health Care. 
2014;22(1):99–113.

58.	 Dupuy L, Froger C, Consel C, Sauzéon H. Everyday functioning benefits from 
an assisted living platform amongst frail older adults and their caregivers. 
Front Aging Neurosci. 2017;9:302.

59.	 Tomita MR, Mann WC, Stanton K, Tomita AD, Sundar V. Use of currently 
available smart home technology by frail elders: process and outcomes. Top 
Geriatric Rehabilitation. 2007;23(1):24–34.

60.	 Wakefield BJ, Holman JE, Ray A, Scherubel M, Adams MR, Hillis SL, et al. 
Effectiveness of home telehealth in comorbid diabetes and hypertension: a 
randomized, controlled trial. Telemedicine e-Health. 2011;17(4):254–61.

61.	 Lear SA, Norena M, Banner D, Whitehurst DG, Gill S, Burns J, et al. Assessment 
of an interactive digital Health–Based Self-management program to reduce 
hospitalizations among patients with multiple chronic diseases: a random-
ized clinical trial. JAMA Netw Open. 2021;4(12):e2140591–e.

62.	 Bernocchi P, Vitacca M, La Rovere MT, Volterrani M, Galli T, Baratti D, et al. 
Home-based telerehabilitation in older patients with chronic obstructive pul-
monary disease and heart failure: a randomised controlled trial. Age Ageing. 
2018;47(1):82–8.

63.	 Melchiorre MG, Lamura G, Barbabella F, Consortium IE. eHealth for people 
with multimorbidity: results from the ICARE4EU project and insights from the 
10 E’s by Gunther eysenbach. PLoS ONE. 2018;13(11):e0207292.

64.	 Yoo H, Park M, Kim T, Yang S, Cho G, Hwang T, et al. A ubiquitous chronic 
disease care system using cellular phones and the internet. Diabet Med. 
2009;26(6):628–35.

65.	 Park MJ, Kim HS, Kim K-S. Cellular phone and Internet-based individual inter-
vention on blood pressure and obesity in obese patients with hypertension. 
Int J Med Informatics. 2009;78(10):704–10.

66.	 Schiff GD, Klinger E, Salazar A, Medoff J, Amato MG, John Orav E, et al. Screen-
ing for adverse drug events: a randomized trial of automated calls coupled 
with phone-based pharmacist counseling. J Gen Intern Med. 2019;34:285–92.

67.	 Prabhakaran D, Jha D, Prieto-Merino D, Roy A, Singh K, Ajay VS, et al. Effective-
ness of an mHealth-based electronic decision support system for integrated 
management of chronic conditions in primary care: the mWellcare cluster-
randomized controlled trial. Circulation. 2019;139(3):380–91.

68.	 Zheng H, Ryzhov IO, Xie W, Zhong J. Personalized multimorbidity manage-
ment for patients with type 2 diabetes using reinforcement learning of 
electronic health records. Drugs. 2021;81:471–82.

69.	 Rifkin DE, Abdelmalek JA, Miracle CM, Low C, Barsotti R, Rios P, et al. Linking 
clinic and home: a randomized, controlled clinical effectiveness trial of 
real-time, wireless blood pressure monitoring for older patients with kidney 
disease and hypertension. Blood Press Monit. 2013;18(1):8–15.

70.	 Donesky D, Selman L, McDermott K, Citron T, Howie-Esquivel J. Evaluation 
of the feasibility of a home-based TeleYoga intervention in participants 
with both chronic obstructive pulmonary disease and heart failure. J Altern 
Complement Med. 2017;23(9):713–21.

71.	 Fried TR, Niehoff KM, Street RL, Charpentier PA, Rajeevan N, Miller PL, et al. 
Effect of the tool to reduce inappropriate medications on medication com-
munication and deprescribing. J Am Geriatr Soc. 2017;65(10):2265–71.

72.	 Mira JJ, Navarro I, Botella F, Borrás F, Nuño-Solinís R, Orozco D, et al. A Spanish 
pillbox app for elderly patients taking multiple medications: randomized 
controlled trial. J Med Internet Res. 2014;16(4):e99.

73.	 Jennings MV, Lee H, Rocha DB, Bianchi SB, Coombes BJ, Crist RC, et al. 
Identifying high-risk comorbidities associated with opioid use patterns 
using electronic health record prescription data. Complex Psychiatry. 
2022;8(1–2):47–56.

74.	 Orlandoni P, Jukic Peladic N, Spazzafumo L, Venturini C, Cola C, Sparvoli 
D, et al. Utility of video consultation to improve the outcomes of home 
enteral nutrition in a population of frail older patients. Geriatr Gerontol Int. 
2016;16(6):762–7.

75.	 Persson HL, Lyth J, Lind L. The health diary telemonitoring and hospital-based 
home care improve quality of life among elderly multimorbid COPD and 
chronic heart failure subjects. Int J Chronic Obstr Pulm Dis. 2020;15:527–41.

76.	 Marcolino MS, Oliveira JAQ, Cimini CCR, Maia JX, Pinto VSOA, Sá TQV, et al. 
Development and implementation of a decision support system to improve 
control of hypertension and diabetes in a resource-constrained area in Brazil: 
mixed methods study. J Med Internet Res. 2021;23(1):e18872.

77.	 Manning SE, Wang H, Dwibedi N, Shen C, Wiener RC, Findley PA, et al. 
Association of multimorbidity with the use of health information technology. 
Digit Health. 2023;9:20552076231163797.

78.	 Seifert A, Vandelanotte C. The use of wearables and health apps and the 
willingness to share self-collected data among older adults. Aging Health 
Res. 2021;1(3):100032.

79.	 King BL, Meyer ML, Chari SV, Hurka-Richardson K, Bohrmann T, Chang PP, 
et al. Accuracy of the electronic health record’s problem list in describing 
multimorbidity in patients with heart failure in the emergency department. 
PLoS ONE. 2022;17(12):e0279033.

80.	 Vos J, Gerling K, Linehan C, Siriwardena AN, Windle K. Understanding care 
navigation by older adults with multimorbidity: mixed-methods study using 
social network and framework analyses. JMIR Aging. 2018;1(2):e11054.

81.	 Ekstedt M, Kirsebom M, Lindqvist G, Kneck Å, Frykholm O, Flink M, et al. 
Design and development of an eHealth service for collaborative self-
management among older adults with chronic diseases: a theory-driven 
user-centered approach. Int J Environ Res Public Health. 2021;19(1):391.

82.	 Buawangpong N, Pinyopornpanish K, Pliannuom S, Nantsupawat N, 
Wiwatkunupakarn N, Angkurawaranon C, et al. Designing telemedicine 
for older adults with multimorbidity: content analysis study. JMIR Aging. 
2024;7(1):e52031.

83.	 Wathne H, Morken IM, Storm M, Husebø AML. Designing a future eHealth 
service for posthospitalization self-management support in long-term illness: 
qualitative interview study. JMIR Hum Factors. 2023;10:e39391.



Page 16 of 16Endalamaw et al. BMC Health Services Research          (2025) 25:382 

84.	 Ancker JS, Witteman HO, Hafeez B, Provencher T, Van de Graaf M, Wei E. You 
get reminded you’re a sick person: personal data tracking and patients with 
multiple chronic conditions. J Med Internet Res. 2015;17(8):e202.

85.	 Zulman DM, Jenchura EC, Cohen DM, Lewis ET, Houston TK, Asch SM. How 
can eHealth technology address challenges related to multimorbidity?? Per-
spectives from patients with multiple chronic conditions. J Gen Intern Med. 
2015;30:1063–70.

86.	 Greenhalgh T, Procter R, Wherton J, Sugarhood P, Hinder S, Rouncefield M. 
What is quality in assisted living technology? The ARCHIE framework for 
effective telehealth and Telecare services. BMC Med. 2015;13:1–15.

87.	 Runz-Jørgensen SM, Schiøtz ML, Christensen U. Perceived value of eHealth 
among people living with multimorbidity: a qualitative study. J Comorbidity. 
2017;7(1):96–111.

88.	 Moschonis G, Siopis G, Jung J, Eweka E, Willems R, Kwasnicka D, et al. Effec-
tiveness, reach, uptake, and feasibility of digital health interventions for adults 
with type 2 diabetes: a systematic review and meta-analysis of randomised 
controlled trials. Lancet Digit Health. 2023;5(3):e125–43.

89.	 Timurtas E, Inceer M, Mayo N, Karabacak N, Sertbas Y, Polat MG. Technology-
based and supervised exercise interventions for individuals with type 2 
diabetes: randomized controlled trial. Prim Care Diabetes. 2022;16(1):49–56.

90.	 Yap JM, Tantono N, Wu VX, Klainin-Yobas P. Effectiveness of technology-
based psychosocial interventions on diabetes distress and health-relevant 
outcomes among type 2 diabetes mellitus: a systematic review and meta-
analysis. J Telemed Telecare. 2024;30(2):262–84.

91.	 Yeşil F, Özçelik ÇÇ. Effect of wearable technology on metabolic control and 
the quality of life in children and adolescents with type 1 diabetes: a system-
atic review and meta-analysis. Balkan Med J. 2024;41(4):261.

92.	 Indraratna P, Tardo D, Yu J, Delbaere K, Brodie M, Lovell N, et al. Mobile phone 
technologies in the management of ischemic heart disease, heart failure, and 
hypertension: systematic review and meta-analysis. JMIR mHealth uHealth. 
2020;8(7):e16695.

93.	 Naddaf M. Brain-reading devices allow paralysed people to talk using their 
thoughts. Nature. 2023;620(7976):930–1.

94.	 Lorach H, Galvez A, Spagnolo V, Martel F, Karakas S, Intering N, et al. Walk-
ing naturally after spinal cord injury using a brain–spine interface. Nature. 
2023;618(7963):126–33.

95.	 Ming W-K, Mackillop LH, Farmer AJ, Loerup L, Bartlett K, Levy JC, et al. Tele-
medicine technologies for diabetes in pregnancy: a systematic review and 
meta-analysis. J Med Internet Res. 2016;18(11):e290.

96.	 Fadahunsi KP, O’Connor S, Akinlua JT, Wark PA, Gallagher J, Carroll C, et al. 
Information quality frameworks for digital health technologies: systematic 
review. J Med Internet Res. 2021;23(5):e23479.

97.	 Lauffenburger JC, Barlev RA, Sears ES, Keller PA, McDonnell ME, Yom-Tov E, et 
al. Preferences for mHealth technology and text messaging communication 
in patients with type 2 diabetes: qualitative interview study. J Med Internet 
Res. 2021;23(6):e25958.

98.	 Iorfino F, Piper SE, Prodan A, LaMonica HM, Davenport TA, Lee GY, et al. 
Using digital technologies to facilitate care coordination between youth 
mental health services: a guide for implementation. Front Health Serv. 
2021;1:745456.

99.	 Mangin D, Parascandalo J, Khudoyarova O, Agarwal G, Bismah V, Orr S. Mul-
timorbidity eHealth and implications for equity: a cross-sectional survey of 
patient perspectives on eHealth. BMJ Open. 2019;9(2):e023731.

100.	 Hughes A, Shandhi MMH, Master H, Dunn J, Brittain E. Wearable devices in 
cardiovascular medicine. Circul Res. 2023;132(5):652–70.

101.	 Canali S, Schiaffonati V, Aliverti A. Challenges and recommendations for 
wearable devices in digital health: data quality, interoperability, health equity, 
fairness. PLOS Digit Health. 2022;1(10):e0000104.

102.	 Farhud DD, Zokaei S. Ethical issues of artificial intelligence in medicine and 
healthcare. Iran J Public Health. 2021;50(11):i.

103.	 Murdoch B. Privacy and artificial intelligence: challenges for protecting health 
information in a new era. BMC Med Ethics. 2021;22:1–5.

104.	 Gerke S, Minssen T, Cohen G. Ethical and legal challenges of artificial 
intelligence-driven healthcare. In: Bohr A, Memarzadeh K, editors. Artificial 
intelligence in healthcare. 1st ed. Elsevier; 2020. pp. 295–336. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​1​6​​/​B​​9​7​8​​-​0​-​​1​2​-​8​​1​8​​4​3​8​-​7​.​0​0​0​1​2​-​5.

105.	 Naik N, Hameed B, Shetty DK, Swain D, Shah M, Paul R, et al. Legal and ethical 
consideration in artificial intelligence in healthcare: who takes responsibility? 
Front Surg. 2022;9:266.

106.	 Lehne M, Sass J, Essenwanger A, Schepers J, Thun S. Why digital medicine 
depends on interoperability. NPJ Digit Med. 2019;2(1):79.

107.	 Bennett S, Claisse C, Luger E, Durrant AC, editors. Unpicking Epistemic injus-
tices in digital health: on the implications of designing data-driven technolo-
gies for the management of long-term conditions. Proceedings of the 2023 
AAAI/ACM Conference on AI, Ethics, and Society; 2023. pp. 322–332.

108.	 United Nations Office for Outer Space Affairs. United Nations/World Health 
Organization International Conference on Space and Global Health Austria: 
United Nations. 2023. Cited 2024 Dec 21. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​u​​n​o​o​​s​a​
.​​o​r​g​/​​o​o​​s​a​/​​e​v​e​​n​t​s​/​​d​a​​t​a​/​​2​0​2​​3​/​u​n​​w​h​​o​_​i​​n​t​e​​r​n​a​t​​i​o​​n​a​l​​_​c​o​​n​f​e​r​​e​n​​c​e​_​​o​n​_​​s​p​a​c​​e​_​​a​
n​d​_​g​l​o​b​a​l​_​h​e​a​l​t​h​.​h​t​m​l.

109.	 World Health Organiation. Launch of the Global Initiative on Digital Health: 
World Health Organization. 2024. Available from: ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​w​h​​o​​.​i​​n​​t​/​n​​e​​w​​
s​-​r​​​o​o​m​​/​e​v​​e​​n​​t​s​/​​d​e​​t​​a​i​l​​/​​2​​0​​2​​4​/​​0​​2​/​2​0​​/​d​​​e​f​​a​u​l​t​​-​c​a​​​l​e​​n​d​a​​r​​/​l​​a​​u​n​​c​​​h​-​o​​f​-​t​h​​​e​-​g​​l​o​​b​a​l​-​i​​n​i​t​​i​
a​t​i​v​e​-​​o​n​-​d​i​g​i​t​a​l​-​h​e​a​l​t​h. Cited 2024 June 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/B978-0-12-818438-7.00012-5
https://doi.org/10.1016/B978-0-12-818438-7.00012-5
https://www.unoosa.org/oosa/events/data/2023/unwho_international_conference_on_space_and_global_health.html
https://www.unoosa.org/oosa/events/data/2023/unwho_international_conference_on_space_and_global_health.html
https://www.unoosa.org/oosa/events/data/2023/unwho_international_conference_on_space_and_global_health.html
https://www.who.int/news-room/events/detail/2024/02/20/default-calendar/launch-of-the-global-initiative-on-digital-health
https://www.who.int/news-room/events/detail/2024/02/20/default-calendar/launch-of-the-global-initiative-on-digital-health
https://www.who.int/news-room/events/detail/2024/02/20/default-calendar/launch-of-the-global-initiative-on-digital-health

	﻿A scoping review of digital health technologies in multimorbidity management: mechanisms, outcomes, challenges, and strategies
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Reporting the findings
	﻿Eligibility criteria
	﻿Information sources and search strategy
	﻿Selection of sources of evidence
	﻿Data charting process and data items
	﻿Collating, summarizing, and reporting the results

	﻿Results
	﻿Search results
	﻿Digital health technologies for individuals with multimorbidity
	﻿Mechanisms and outcomes of DHTs for multimorbidity
	﻿Challenges and strategies

	﻿Discussion
	﻿Limitation of the study

	﻿Conclusions
	﻿References


