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Abstract

This review explores the acceptance of digital health (DH) technologies for managing non-communicable diseases (NCDs)
among older adults (> 50 years), with an extended focus on artificial intelligence (Al)-powered conversational agents (CAs)
as an emerging notable subset of DH. A systematic literature search was conducted in June 2024 using PubMed, Web of
Science, Scopus, and ACM Digital Library. Eligible studies were empirical and published in English between January 2010
and May 2024. Covidence software facilitated screening and data extraction, adhering to PRISMA-ScR guidelines. The
screening process finally yielded 20 studies. Extracted data from these selected studies included interventions, participant
demographics, technology types, sample sizes, study designs and locations, technology acceptance measures, key outcomes,
and methodological limitations. A narrative synthesis approach was used for analysis, revealing four key findings: (1) overall
positive attitudes of older adults towards DH acceptance; (2) the Technology Acceptance Model (TAM) and the Unified
Theory of Acceptance and Use of Technology (UTAUT) are the most frequently used standard frameworks for evaluating
technology acceptance; (3) the key facilitators of technology acceptance include perceived usefulness, ease of use, social
influence, and digital or e-health literacy, while barriers involve technical challenges, usability issues, and privacy concerns;
(4) the acceptance of Al-based CAs for NCD management among older adults remains inadequately evaluated, possibly due
to limited adaptation of established frameworks to specific healthcare contexts and technology innovations. This review sig-
nificantly contributes to the DH field by providing a comprehensive analysis of technology acceptance for NCD management
among older adults, extending beyond feasibility and usability. The findings offer stakeholders valuable insights into how
to better integrate these technologies to improve health outcomes and quality of life for older adults. Protocol Registration:
PROSPERO (Registration ID: CRD42024540035).

Keywords Technology acceptance - Digital health - Artificial intelligence - Conversational agents - Older adults - Non-
communicable disease management

Introduction

Prevalence of Non-Communicable Diseases Among

Older Adults
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environmental factors [4, 5]. The increasing prevalence of
NCD:s in the growing aging population is a pressing global
health concern, particularly in low- and middle-income
countries (LMICs), where the burden is disproportionately
high [6]. By 2050, the global population of individuals
aged > 65 years is projected to double [7], which is expected
to substantially increase the burden of NCDs responsible for
premature deaths in older adults aged < 70 years [1]. Alarm-
ingly, 86% of these premature mortalities occur in LMICs
[1].

The high prevalence of NCDs in older populations can
be largely attributed to lifestyle choices, such as physical
inactivity, poor diet, tobacco use, and excessive alcohol
consumption [3]. These modifiable behavioral factors, and
unmodifiable physiological changes associated with aging,
exacerbate the risk of developing NCDs [1, 3]. Moreover,
environmental and social determinants such as urbaniza-
tion, socioeconomic status, and access to healthcare fur-
ther influence health outcomes for older adults globally [8].
Therefore, addressing this rising health burden requires a
coordinated approach, targeting effective NCD management
strategies for the aging population [2, 6].

The Role of Technology in NCD Management

In response to the challenges posed by NCDs, technology is
increasingly recognized as a vital tool for enhancing chronic
disease management, particularly for older adults, who may
face barriers to accessing traditional healthcare services.
Digital health (DH) interventions encompass a wide range
of digital tools (e.g., e-health apps, telemonitoring sys-
tems, wearable devices, etc.), which have shown promise in
enhancing the management of NCDs by improving acces-
sibility, patient engagement, and health outcomes [9].

Telehealth services have expanded substantially, espe-
cially during the COVID-19 pandemic, driven by rapid
technological advancements and widespread adoption
of mobile devices, allowing patients to access healthcare
remotely [10]. This approach addresses the mobility chal-
lenges older adults encounter, while also reducing hospital
visits and conserving resources for critical health conditions
and emergencies. As older adults experience social isolation
due to younger family members relocating for education,
work, or other reasons, the need for remote care is growing
[11, 12], making telehealth a viable solution [2]. DH tools
facilitate continuous monitoring of health indicators through
wearable devices and mobile applications, enabling timely
interventions and personalized care plans tailored to indi-
vidual health needs [2, 10].

Building on the foundation established by telehealth,
advanced artificial intelligence (Al)-assisted technologies
in the form of conversational agents (CAs), such as chat-
bots (e.g., ChatGPT), voicebots (e.g., Amazon Alexa), and

@ Springer

digital human-like avatars (e.g., Replika) [2], represent an
emerging subset of DH innovations that can further enhance
telehealth experience for older adults, especially those with
limited technological experience or disabilities [2, 13, 14].
These agents, designed to mimic human-like interaction, can
provide personalized health advice in simplified language,
thereby improving usability and patient engagement [2, 15].
Prior research has demonstrated the potential effectiveness
of Al-based CAs in managing chronic conditions, such as
atrial fibrillation (AF) and type 2 diabetes mellitus (T2DM),
with significant improvements in quality of life (P <0.05)
among older adults [2, 16-18]. Therefore, integrating Al
CAs as virtual health caregivers into healthcare delivery
can improve remote care accessibility and strengthen health
management strategies for older adults with NCDs [2].

State-of-the-Art-Summary

The recent developments in Al-assisted telehealth, particu-
larly through Al-based CAs, offer promising avenues for
enhancing chronic disease management through person-
alized and timely intervention in human-like manner [2].
Nevertheless, the acceptance of such modern technologies
for managing NCDs among older adults remains underex-
plored. While existing systematic and scoping reviews have
addressed DH adoption barriers and facilitators for older
adults with chronic diseases or multimorbidity [19-21],
none, to the best of our knowledge, has explicitly focused
on the acceptance of DH, especially Al-based CAs, for
NCD management in this demographic. Our recent scop-
ing review on Al-powered CAs for remote management of
NCDs [2] predominantly identified conventional feasibility
and usability studies that primarily emphasize design factors
influencing user-friendliness and user experience [22, 23],
underscoring substantial inadequacy in acceptability evalu-
ations of Al CAs, which assess users’ intention to adopt
or utilize a digital tool for its intended purpose [22, 24].
This gap inspired the present review, focusing on technology
acceptance aspects of DH in the NCD management context
for older adults. The findings of this review present both
challenges and opportunities for advancing DH research in
geriatric NCD care.

Objective

This systematic scoping review aims to explore the accept-
ance of different DH technologies, with extended empha-
sis on Al-powered CAs, regarded as a prominent subset
of DH. The review seeks to understand the trends and the
growing adoption of these emerging tools for self-man-
agement of NCDs in older adults (> 50 years), providing
a comprehensive overview of perceived acceptability, key
influential factors, methodological frameworks, acceptance
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evaluation measures employed to determine users’ inten-
tion to use a technology (e.g., perceived usefulness, ease of
use, performance expectancy, effort expectancy, etc.), fol-
lowed by implications for future research and practice in this
domain. By examining the current literature on this topic, we
intended to identify key areas for further investigations and
provide insights to facilitate technology acceptance in the
aging population for improved health outcomes.

Research Questions
Overall DH Acceptability:

i) What is the current perceived acceptability of various
DH technologies, especially Al-based CAs, among older
adults for managing different types of NCDs?

ii) Does technology acceptance vary across different
NCDs?

Theoretical Frameworks and Corresponding Influential
Factors:

iii)) Which models or frameworks are commonly used to
assess technology acceptance in this context?

iv) What factors based on the frameworks used, may influ-
ence acceptance of such technologies for managing
NCDs among older adults?

Methods

The review utilized a scoping review approach, following
PRISMA Extension for Scoping Reviews (PRISMA-ScR)
guidelines [25], to encompass a comprehensive scope and
examine diverse evidence from various study designs and
methodologies in the literature [26]. Our review protocol
was prospectively registered in PROSPERO (Registration
ID: CRD42024540035) on May 13, 2024 [27].

Search Strategy

A comprehensive search strategy guided by the SPIDER
framework (Sample, Phenomenon of Interest, Design, Evalu-
ation, Research type) [28] was established without imposing
restrictions on research types to ensure the broad inclusion
of studies exploring the acceptance of DH, including Al-
based CAs among older adults for managing NCDs. Initially,
research questions were formulated, followed by a systematic
literature search conducted on June 1, 2024, using four major
electronic databases: PubMed, Web of Science, Scopus, and
the ACM Digital Library, employing various combinations
of search terms associated with older adults, technology
acceptance, digital health, AI, CAs and NCD management.

These databases were selected for their extensive coverage of
peer-reviewed literature on DH and Al technologies, which
corresponds to our scoping review’s interdisciplinary scope
spanning health sciences, technology, and social sciences.
Scopus and Web of Science comprise diverse disciplines
that support such interdisciplinary research focus. PubMed
emphasizes medical and healthcare-related fields, encompass-
ing research on DH interventions and NCD management. The
ACM Digital Library offers a broad coverage of technology
and human—computer interaction (HCI), including confer-
ence proceedings on innovative technologies, essential for
capturing the latest advancements in DH and Al-based CAs.
The comprehensive search strategy implemented using these
databases was deemed sufficient for a thorough exploration of
peer-reviewed literature, which aided in minimizing publica-
tion bias. Consequently, an additional gray literature search
was not considered necessary.

The search query utilized a combination of keywords, such
as “older adults”, “non-communicable diseases”, “self-man-
age”, “digital health”, artificial intelligence, and “technology
acceptance”, including their associated synonyms and abbre-
viations (as shown in Textbox 1). The Boolean operators “*”
and “OR” were applied to capture various word combinations,
while the operator “AND” was used to refine the search to
studies specifically addressing technology acceptance in the
context of managing NCDs among older adults.

Textbox 1 Search Query (PubMed)

(“older adult*” OR “older patient*” OR “elderly” OR “geriatric*”
OR “aging” OR “ageing” OR “senior*”)

AND (“health” OR “*care” OR “chronic disease*" OR “non-commu-
nicable disease*” OR “noncommunicable disease*”)

AND (“self-manage*” OR “self-monitor*”” OR “self-care” OR
“self-treat*” OR “manage*” OR “monitor*” OR “control*” OR
“prevent*” OR “treat*”” OR “remote care” OR “intervention”)

AND (“artificial intelligence” OR “intelligent” OR “AI” OR “Al-
based” OR “Al-powered” OR “Al-assisted” OR “machine learning”
OR “deep learning” OR “chatbot*” OR “conversational agent™”’
OR “virtual agent*” OR “virtual coach*” OR “virtual assistant*”
OR “digital health” OR "internet*" OR "web" OR "mobile*" OR
"smartphone*" OR "ubiquitous" OR “e-health” OR “e-Health”

OR “mHealth” OR “mbhealth” OR “m-health” OR “m-Health” OR
"mobile health" OR “telehealth” OR “telemedicine”)

AND (“technology” AND “acceptance”) OR (“technology” AND
“adoption”) OR (“acceptance model” OR “technology accept-
ance”) OR (“TAM” OR “TAM?2” OR “STAM” OR “UTAUT” OR
“UTAUT2”)

Eligibility Criteria

Our eligibility criteria (Table 1) targeted empirical stud-
ies on the acceptance of DH technologies and Al-based
CAs for managing NCDs among older adults, including
full-text scholarly articles in English published between
January 2010 and May 2024. Exclusions included studies
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Table 1 The inclusion and exclusion criteria

Inclusion Criteria

Exclusion Criteria

Studies including or focusing on older adults (> 50 years)

At least one study objective was to evaluate technology acceptance of
a DH® technology or an AIP-based CA®

The DH intervention emphasized self-management of NCDs or
chronic diseases

Empirical peer-reviewed scholarly articles published within the last
15 years (approx.) between January 1, 2010 and May 31, 2024, par-
ticularly corresponding to the substantial rise in CAs after 2010 [29]

Studies with full-text availability in English

Studies limited to younger populations (<50 years)

Studies limited to questionnaire development and validation, or solely
focused on usability evaluations (primarily emphasizing design fac-
tors affecting user-friendliness and user experience) [23], without any
acceptance outcomes indicating users’ intention to use a digital tool
[22,24]

Studies on physically embodied robots (unless digital robot-like avatars
which are available on computers or mobile devices), social media
(e.g., Facebook community groups, health forums, websites, etc.), or
telephone-based interventions, and telehealth relying solely on online
video consultations with human healthcare professionals without the
involvement of any e-health® apps

Studies focusing on communicable diseases (e.g., COVID-19),
substance use disorders, dentistry, surgery, maternity/pregnancy,
accidents, and loneliness

Review articles, protocols, position papers, commentaries, editorials,
and conference abstracts

“DH: digital health
YAl artificial intelligence
°CA: conversational agent

de-health: electronic healthcare

focusing on physically embodied robots, questionnaire
development, usability evaluations without acceptance
outcomes, social media or telephone-based interven-
tions, and telehealth involving only human professionals
without e-health apps were excluded. Other exclusions
involved review articles, protocols, commentaries, stud-
ies on communicable diseases, younger populations, or
non-NCD topics such as surgery, maternity, accidents, and
loneliness.

Screening and Selection

Two authors independently searched each database. We
used Endnote (Ver. 21) to export articles, and the online
Covidence software (SaaS Enterprise) [30, 31] to aid
the screening process which was conducted in stages.
First, the titles and abstracts of the articles retrieved were
screened to identify and remove irrelevant studies based
on the predetermined inclusion and exclusion criteria.
Abstract screening yielded 172 eligible studies, which
were then subjected to full-text screening, when each
article was carefully assessed according to predeter-
mined selection criteria and clear reasons for exclusion
were recorded. Any discrepancies were resolved through
discussion between the authors and consultation with a
third reviewer. The search and selection processes are
illustrated in Fig. 1.

@ Springer

Data Extraction and Reporting

The final selection of studies for synthesis was determined
by consensus among all the authors after careful assessment
of their diverse methodologies for technology acceptance
evaluation. Quantitative data, such as statistical measures
and acceptance scores, were extracted from included studies
alongside qualitative insights derived from thematic analysis,
reflecting older adults' intention to use the proposed DH tool
for NCD management. The Covidence software [30, 31] facil-
itated the systematic extraction of quantitative and qualitative
data from these studies, which were subsequently summa-
rized in a tabular format. A narrative synthesis approach was
used to integrate and analyse the findings, with quantitative
data providing measurable insights into perceived acceptabil-
ity and qualitative data offering a contextual understanding
of user attitudes toward DH adoption. The complementary
integration of these data types facilitated the identification of
main themes related to the acceptance of DH and CA tech-
nologies for NCD management among older adults.

Results
Characteristics of Included Studies

The 20 included studies in this review were published
between 2016 and 2024, with 80% (n=16) in the past
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Records identified in databases
c (n=2750)
2 PubMed (n=667)
‘g Web of Science (n=985)
'g Scopus (n=588)
@ ACM DL (n=510)
=
> Duplicates removed
(n=521)
\ 4 = - .
b = s Excluded irrelevant* studies
= Title and Abstract screening o (n=2057)
. (n=2229) =
- *studies that didn’t meet inclusion criteria
A
\ 4
Full-text articles assessed for eligibility Full-text articles excluded
(n=172) (n=152)
e  Not NCD self-management-related: 53
g e  Wrong target population: 36
a e  Noe-health or Al app: 6
_-5_" »{ * Video consultations with humans: 5
u" e Technology acceptance unaddressed: 17
. Questionnaire development & validation only: 3
e  Reviews: 17
. Protocols or proposals: 12
. Position papers: 3
v
2
b Full-text articles included in review
3
< (n=20)

Fig.1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the search and screening process

5 years. Information related to characteristics of included
studies, such as intervention, participants' demographics,
type of technology, sample size, study design and location,
measures of technology acceptance, key outcomes, and limi-
tations, are presented in Table 2.

Health Interventions

A large proportion of the included studies mainly focused
on digital lifestyle interventions aimed at supporting health
monitoring and self-management of T2DM (5/20; 25%)
[32-36], hypertension (3/20; 15%) [33, 37, 38], and MetS
(1/20; 5%) [39]. Some studies (7/20; 35%) emphasized
telemonitoring and self-management of CVDs [40, 41]

(6/20; 30%), including AF [42], heart failure (HF) [43-45],
and chronic obstructive pulmonary disease (COPD) [46].
Two studies (10%) addressed technology acceptance for
managing cognitive impairments, such as dementia [47] and
Alzheimer’s disease [48], while the remaining (3/20; 15%)
explored technology acceptability for managing chronic dis-
eases more generally instead of focusing on any particular
NCD [49-51].

Types of DH Technologies
e Mobile Health (nHealth) apps: Most of the studies

(13/20; 65%) focused on mHealth apps, such as Mov-
ing Analytics (Movn) [41], Intergenerational Mobile

@ Springer
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Table 2 (continued)

XCOPD: Chronic Obstructive Pulmonary Disease

'MCI: mild cognitive impairment

™DH: digital health

"TAM2: Extended Technology Acceptance Model

°MetS: metabolic syndrome

PRCT: randomized controlled trial

9Movn: Moving Analytics
"AF: Atrial Fibrillation

SSETAF: Self-management and Educational technology support Tool for AF patients

'SRQR: Standards for Reporting Qualitative Research

YHBM: Health Belief Model

YUTAUT?2: Extended Unified Theory of Acceptance and Use of technology

“IMTOP: Intergenerational Mobile Technology Opportunities Program

*CA: conversational agent

Technology Opportunities Program (IMTOP) [36], and
Self-management and Educational Technology Support
Tool for AF patients (SETAF) [42], which are typically
accessed via smartphones and tablets. Many of them
(6/13; 46%) utilized commercial mHealth app probes
without specifying the app names [32, 37, 38, 40, 44,
51], while one evaluated a prototype’s acceptability for
early diagnosis of Alzheimer’s disease [48].

o Wearable Trackers: Some studies (6/20, 30%) used

wearable tracking devices, including Apple Watch® [46],
Fithit® [35, 41, 49], Misfit Shine, Jawbone Up 24, With-
ings Pulse, and a simple pedometer [49]. A few studies
(3/20; 15%) also used unspecified commercial wearables
[34, 44].

o Tele-monitoring systems: Three studies explored tel-
ehealth monitoring systems [33, 45], including eWALL,
a home-based health monitoring system prototype
designed to monitor users' physical and cognitive behav-
iors [50].

o Conversational Agent (CA): One study (1/20; 5%) inves-
tigated the acceptance of Anne4Care, a human-like,
voice-activated CA avatar accessible via smartphones
and tablets, designed to support dementia self-manage-
ment among older adult immigrants [47]. While the CA
is expected to be Al-based, the study did not specify Al
integration.

Study Durations

The study durations ranged from 8 days to 14 months. Short-
term durations included 8-9 days [33, 51] and 4-6 weeks
[42, 50], while intermediate durations spanned 2—4 months
[37, 39, 41, 48, 49]. Longer durations extended from
5-7 months [32, 35, 43, 46], and up to 12—14 months [36,
47]. The remaining studies (5/20; 25%) did not specify dura-
tions [34, 38, 40, 44, 45].

Study Populations

The target population consisted of older adults (> 50 years)
with chronic diseases, ensuring comprehensive understand-
ing across an inclusive age range. Half of the included stud-
ies (10/20; 50%) specifically focused on participants aged
60 years and above. However, a few studies (3/20; 15%) did
not restrict age and included a broad range of participants,
encompassing younger and middle-aged adults [32, 40, 42].

Locations
The majority of the studies (19/20; 95%) were conducted
in high-income and upper-middle-income countries. Half

occurred in North America — 8 (40%) in the USA, and 2
(10%) in Canada. Three studies (15%) were conducted in
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Table 3 Theoretical frameworks and key influential factors affecting technology acceptance

Theoretical Frameworks ~ Frequency,

n (%)

Influential Factors
(ranked by importance and frequency)

Facilitators

(Factors positively influencing Behavio-
ral Intention to Use Technology)

Barriers
(Factors negatively influencing Behavioral
Intention to Use Technology)

TAM? 6 (30%) (38, 42-44, 49, 50] 1. Perceived Usefulness [32, 34, 37,38, 1. Privacy concerns [33, 37, 48]
TAM?2b 1 (5%) [34] 42-44, 48-50] 2. Technical challenges (e.g., app naviga-
c 2. Perceived Ease of Use [32, 34, 37, 38, tion difficulty, connectivity problems,

HI-TAM 1(5%) [33] 42-44, 49, 50] inadequate tzchnical suppert)) [32, 37]
TAM +HI-TAM + MARS? 1 (5%) [32] 3. Social Influence [32, 34, 43, 44, 49] 3. Usability issues (e.g., complex or poorly
TAM + HBM® 1 (5%) (48] 4. Digital or e-health literacy [33, 37, designed interfaces) [32, 33]
MoHTAM! 1 (5%) [37] 40, 44] 4. Sensory impairments [37]

5. Motivation to use e-health [32, 37, 44] 5. Cost [44]

6. Perceived credibility or trust [34, 50]

7. Controllability [50]

8. Aesthetics [50]

9. Compatibility [34]

10. Perceived irreplaceability [34]

11. Personalization [37]
UTAUT® 2 (10%) [36, 45] 1. Performance expectancy (e.g., per- 1. Technical challenges (app complexity,
UTAUT2" 2 (10%) [46, 51] ceived usefulness) [36, 45, 46, 51] inadequate technical support) [36, 46]

2. Social Influence [36, 45, 46, 51]
3. Facilitating conditions (e.g., clinical
and technical support access, owner-

2. Sensory impairments (e.g., poor eye-
sight) [36]
3. Price value or cost [46]

ship of DH devices) [36, 45, 46, 51]

4. Effort expectancy (e.g., perceived ease
of use) [36, 46]

5. Hedonic or intrinsic motivation (e.g.,
novelty, enjoyment, personal interest)

[36, 46]

6. Familiarity with Telehealth [45]
7. Device Trust [51]

“TAM: Technology Acceptance Model

"TAM2: Extended Technology Acceptance Model

“HI-TAM: Health Information Technology Acceptance Model
4MARS: Mobile App Rating Scale

*HBM: Health Belief Model

"MoHTAM: Mobile Health Technology Acceptance Model
EUTAUT: Unified Theory of Acceptance and Use of technology

"UTAUT?2: Extended Unified Theory of Acceptance and Use of technology

fe-health: electronic healthcare
'DH: digital health

Europe: Austria, Denmark, Italy, the Netherlands [47, 50],
and Germany [48]. One study (5%) was performed in rural
Australia [32], while the remaining six (30%) were con-
ducted in Asia, including Singapore [33, 42], South Korea
[51], China [39, 40], and Bangladesh (the only low-income
country) [34].

Study Designs

Nearly half of the studies (9/20; 45%) were qualitative,
including three qualitative descriptive studies [45-47] and

@ Springer

one pilot study [35]. The instruments included focus groups
(n=2) [35, 37], interviews (n=4) [32, 45-47], short sur-
veys (n=1) [42], participatory workshops (n=1) [48], and
usability testing using the think-aloud technique (n=1) [44],
all aimed at elucidating user perceptions and technology
acceptability for health management.

A considerable portion (7/20; 35%) utilized mixed-meth-
ods approaches, comprising two cross-sectional studies with
focus groups [49] and surveys [43], two randomized con-
trolled trials (RCTs) [39, 41] — one using structured health
assessment questionnaires [39] and the other combining



Journal of Medical Systems (2025) 49:35

Page210f28 35

semi-structured interviews and quantitative survey question-
naires for user satisfaction evaluation [41], one convergent
parallel design using qualitative focus groups and quanti-
tative health measures [38], and one longitudinal observa-
tional study utilizing both quantitative surveys and qualita-
tive interviews [50].

The remaining four studies (20%) adopted quantitative
methods, predominantly cross-sectional [40, 51], including
one cross-sectional observational study [33], utilizing sur-
veys [34, 51] and interviews as instruments [33, 40].

Theoretical Frameworks and Influential Factors

The Technology Acceptance Model (TAM) was the most
frequently used theoretical frameworks, applied in eleven
(55%) studies, including its extended (TAM?2) and health-
focused modified versions— Health Information Technol-
ogy Acceptance Model (HI-TAM), Mobile Health Technol-
ogy Acceptance Model (MoHTAM) [32-34, 37, 38, 4244,
48-50]. Two studies combined TAM with other relevant
models— Health Belief Model (HBM) and Mobile App
Rating Scale (MARS) [32, 48]. The Unified Theory of
Acceptance and Use of Technology (UTAUT), including its
extended version (UTAUT?2), was used in four (20%) studies
[36, 45, 46, 51]. The remaining five (25%) studies focused
on older users’ attitudes towards technology adoption for
chronic disease self-management without applying a specific
theoretical framework [39—41, 47]. Table 3 presents an over-
view of these frameworks, highlighting the influential fac-
tors (as facilitators or barriers) based on their importance
and prevalence across studies.

e Facilitators: The primary positive determinants of
technology adoption are perceived usefulness (or per-
formance expectancy) [32, 34, 36-38, 42-46, 48-51]
and perceived ease of use (or effort expectancy) [32,
34, 36-38, 42-44, 46, 49, 50]. both strongly associ-
ated with the intention to use health applications [24,
52-54], though ease of use was found insignificant
in two studies [45, 48]. Social influence, especially
recommendations from family and healthcare profes-
sionals, was another key driver [32, 34, 36, 43—-46,
49, 51]. Digital literacy and telehealth familiarity
[33, 37, 40, 44, 45], along with motivation and posi-
tive attitudes toward technology can further promote
behavioral intention to use DH [32, 36, 37, 44, 46,
55], although e-health literacy was insignificant in one
study (P =0.799) [43].

e Barriers: Privacy concerns [33, 37, 48], along with
technical challenges and usability issues, including
inadequate technical support, connectivity issues,
internet dependency and interface navigation com-
plexities, substantially hinder technology accept-

ance [32, 36, 44, 47, 49]. Sensory impairments (e.g.,
reduced eyesight) can also impede adoption in older
adults [36, 37]. Cost was reported as a barrier in two
studies [44, 46], while one study found it insignificant
(P=0.345) [43].

Discussion
Principal Findings

The discussion in this review synthesizes the prominent find-
ings aligned with each research question, which highlights
the perceived acceptability of DH and Al-based CAs, theo-
retical frameworks, and key influential factors of technology
acceptance for NCD management among older adults, as
reflected in the reviewed literature.

Acceptability of DH Technologies Among Older
Adults

Most reviewed studies indicated that older adults generally
exhibit positive attitudes towards acceptance of DH tech-
nologies, which is evidenced both quantitatively through
high acceptance scores (> 63 out of 95) [49], and the signifi-
cance of key factors influencing intention to use technology
(»<0.05) [33, 38, 40, 43, 50, 51], as well as qualitatively
through participants’ favorable comments [35, 36, 46, 47].
Beyond quantitative measures, understanding the nuances
of technology acceptance requires insights from qualitative
and mixed-method approaches, as utilized in most of the
included studies. These approaches provide a deeper under-
standing of patients' individual experiences and subjective
attitudes toward telehealth systems, which can substantially
predict their adoption [56]. Likewise, a few related exter-
nal studies further contributed valuable perspectives on
DH acceptability. For instance, Rochmawati et al. (2022)
found through a qualitative study that older adults in pri-
mary healthcare settings preferred remote e-health monitor-
ing systems for home health management owing to comfort
and ease of use [57], which aligns with this demographic’s
mobility limitations and the need for user-friendly DH tools
to reduce their frequent hospital visits [58]. Conversely, a
mixed-methods study by D'Haeseleer et al. (2020) reported
low behavioral intention to use self-management e-health
systems among healthy older adults, primarily due to a lack
of perceived value in these interactive technologies, despite
reasonably high levels of perceived ease of use and confi-
dence [53]. These contrasting findings suggest that users’
health status, comfort and perceived usefulness of DH tech-
nologies can significantly influence their acceptance.

@ Springer
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One notable finding is the limited acceptance evaluation
of Al-assisted CAs among older adults for managing NCDs,
with only one included study involving a potentially Al-
based CA, though not explicitly stated [47]. This inadequate
evaluation exists despite the emergence and growing appli-
cation of Al-based CAs powered by large language models
(LLMs) (e.g., GPT series, Llama) in remote care [2], as well
as the availability of established methodological frameworks
for evaluating technology acceptance (e.g., TAM, UTAUT).
This deficiency may be attributed to a paucity of studies
employing these frameworks or methodological limitations,
such as inadequate expansion or validation of such frame-
works tailored to the specific healthcare context addressed
in these studies [24]. However, recent studies indicate that
older adults may be more inclined to adopt CAs because of
their voice-enabled, human-like interactions, associated with
improved user-friendliness and trust [18, 59], which resonate
with their preferences and needs [2, 29, 60, 61].

Variation of Technology Acceptance Across NCDs

The review found no clear evidence of variation in perceived
technology acceptance across various NCDs (e.g., diabetes,
hypertension, MetS, CVDs, and dementia) when managing
them with different DH technologies. Notably, most of the
NCDs highlighted in these studies were physical chronic dis-
eases, with only a few addressing cognitive conditions like
dementia [47] and Alzheimer’s disease [48], both commonly
classified as age-related cognitive impairments. In contrast,
our recent scoping review focusing on Al-powered CAs for
NCD self-management identified a significant proportion of
studies targeting mental health issues (e.g., depression and
anxiety) predominantly observed in younger populations [2].
This difference may stem from the prioritization of physical
health needs as a fundamental concern in older adults [62],
leading to a greater perceived value of digital technologies
for managing physical or age-related chronic diseases com-
pared to mental health or psychological needs. Neverthe-
less, it remains crucial to consider the influential factors of
technology adoption, both as facilitators and barriers, when
developing DH tools to enhance their use and acceptance
among older adults for self-managing targeted NCDs.

Theoretical Frameworks for Technology Acceptance
Evaluation

Technology acceptance is a multifaceted assessment influ-
enced by various determinants affecting users' willingness
to adopt new technologies [63], often guided by standard
theoretical frameworks. The two widely used frameworks
are the TAM established by Davis (1986, 1989) [64, 65],
and the UTAUT introduced by Venkatesh et al. (2003) [66].
TAM is favored for its simplicity and ease of application,

@ Springer

providing quick insights into individual perceptions of tech-
nology while demonstrating high explanatory power through
extensive validation [67, 68]. UTAUT offers greater explana-
tory power incorporating elements from eight prior mod-
els, including moderating factors such as gender, age, and
experience, to provide a more comprehensive understanding
of technology acceptance, particularly in organizational set-
tings [69]. Additionally, multiple studies used their extended
(e.g., TAM2, UTAUT?2) [34, 46, 51] or modified versions
(e.g., HI-TAM, MoHTAM) [32, 33, 37] for more tailored
evaluations in the healthcare context. Interestingly, the Sen-
ior Technology Acceptance Model (STAM), a modified ver-
sion of TAM designed for older adults, was not utilized in
any of the included studies, despite its recognized focus on
the perceived usefulness of assistive technologies like wear-
ables, in supporting older adults' independence, safety and
health-related outcomes [70, 71]. Nonetheless, STAM's lim-
ited expansion on the acceptance of healthcare technologies
specifically, coupled with its inadequate consideration of the
impact of novelty and complexity on technology acceptance,
may have hindered its widespread application [24].

Influential Factors of Technology Acceptance

Perceived usefulness and ease of use consistently emerge as
primary determinants of technology acceptance, particularly
in studies applying the TAM and UTAUT models. While
TAM emphasizes these factors, UTAUT extends by incor-
porating performance and effort expectancy respectively,
offering a more holistic understanding of acceptance criteria.
Social influence, particularly support from family members,
caregivers, and healthcare providers, also plays a significant
role in both models, enhancing trust and encouraging adop-
tion [32, 34, 44, 45, 49, 51, 57]. Additionally, while digi-
tal or e-health literacy [33, 37, 40, 44], and familiarity with
telehealth [45] are frequently identified as favourable deter-
minants, positive attitudes [52, 55] and motivation to use
mHealth have also been recognized as key facilitators of DH
acceptance among older adults, irrespective of digital literacy
[32, 36, 37, 44, 46, 59]. Nevertheless, multiple studies have
reported an inverse relationship between age and technol-
ogy use intention, often attributed to limited digital literacy
[40, 72, 73]. Older adults, especially in LMICs, generally
have less exposure to technology, reducing their inclination
toward adoption [74, 75]. Besides, the complexity, internet
access, affordability (or cost-effectiveness) of Al-based DH
tools, along with the limited availability of Food and Drug
Administration (FDA)-approved Al-assisted medical devices
tailored to geriatric health needs [76], can further restrict their
acceptability among aged populations in LMICs with scarce
technological resources and widespread financial constraints
[75, 77]. Moreover, concerns about prolonged and repeated
use of digital devices for accessing contents, leading to eye
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strain or an increased risk of Computer Vision Syndrome, can
pose challenges in managing regular use of DH tools for older
adults, affecting their long-term acceptance [78, 79]. Con-
sequently, targeted awareness and training programs aimed
at improving key facilitators, such as perceived usefulness,
e-health literacy, and social influence [44], may improve DH
acceptance in older adults for NCD management, potentially
contributing to mitigating the global health burden.

Beyond the commonly identified factors, anthropomor-
phism, which enhances human-like interaction in AI CAs (e.g.,
digital avatars), can make interactions more intuitive and engag-
ing, thus facilitating adoption [2, 61, 80]. However, only one
study involved a CA without explicitly evaluating these anthro-
pomorphic characteristics [47]. Besides, factors such as educa-
tion, employment, hospital visits, health management motiva-
tion, technology engagement and companionship, were noted
in studies lacking structured theoretical frameworks [35, 40, 41,
47], indicating underexplored practical elements. Furthermore,
privacy and data security concerns regarding sensitive health
data handling [10, 48, 81], highlight a need for model adapta-
tions to include these factors specific to older adults.

Implications and Future Recommendations

Our review highlights limited attention to DH acceptance for
NCD management among seniors, despite their potential and
rapid advancements in healthcare [24, 82]. Recent studies
indicate the potential effectiveness of Al-assisted telehealth
in non-pharmacological interventions for constant remote
management of NCDs [2]. Nevertheless, healthcare profes-
sionals often regard lifestyle modifications as challenging
treatments due to the need for sustained patient effort and
initiative [83]. While many healthcare providers feel capa-
ble of discussing lifestyle changes, constraints such as their
limited time and perceived patient resistance frequently
impede the effective implementation of these interventions
for chronic disease management [84, 85].

Patient-centered telehealth with Al integration offers a fea-
sible and cost-effective approach to complement traditional in-
person treatments [21, 86]. Evidently, Al-based CAs can miti-
gate usability challenges in conventional telehealth for older
adults by providing voice-activated, user-friendly interfaces
that support multilingual, human-like interactions, tailored to
specific chronic diseases with cultural and contextual sensitiv-
ity to meet older users' personalized needs [2, 37, 41]. Further-
more, Al-based CAs can act as health educators not only to
older adult patients but also to the family and other caregivers
[87, 88], creating a collaborative environment for patient edu-
cation and engagement for decision-making and management
similar to technology-enhanced collaborative learning which
has proven to be highly beneficial [§9]. Despite these benefits,
the acceptance of Al-based CAs for NCD management among
older adults is relatively unknown. Therefore, further research

is essential to thoroughly evaluate the acceptance and willing-
ness to use these advanced technologies for health manage-
ment among older adults who are more susceptible to NCDs
and require ongoing healthcare support. This help ensure the
long-term effectiveness of such technologies and provide valu-
able insights to inform designers, developers, and policymak-
ers in implementing inclusive health technologies tailored to
the aging population’s needs.

Al algorithms can collect and process vast amounts of sen-
sitive patient data to provide insights into health conditions,
predict disease progression, identify high-risk patients, and
recommend personalized treatment plans, potentially improv-
ing adherence to treatment protocols and enhancing overall
health outcomes [2, 9, 90]. However, these advancements also
raise significant privacy and security concerns [91], which
necessitate robust data protection measures during the devel-
opment of DH systems [81, 92]. Additionally, Al-generated
responses from CAs regarding health management should be
supervised by respective healthcare professionals to ensure
accuracy and patient safety, preventing the dissemination of
inappropriate medical advice. Moreover, assessing healthcare
professionals’ perspectives on the appropriateness of technol-
ogy is also crucial [52], as their recommendations can signifi-
cantly influence the perceptions of patients often relying on
medical advice. Hence, future research needs to investigate
healthcare professionals' views on the suitability and effec-
tiveness of DH tools to better support NCD self-management.

Limitations

Despite this research area’s novelty and our thorough litera-
ture search strategy, relevant studies might have been excluded
(e.g., those published in non-English languages, not indexed in
our searched databases, or overlooked due to unlisted search
terms or keywords). Our strict inclusion and exclusion criteria
focused on the acceptance of DH, including CA technologies
for NCD management among older adults to ensure relevance.
However, this may have unintentionally narrowed the scope,
potentially missing studies offering broader insights. We aimed
for a fair selection to minimize selection bias and maintain
a balanced representation, though publication bias and other
biases beyond our control may still exist. Additionally, new
studies published after our search deadline of June 1, 2024,
could introduce further variations in the findings.

Methodological Limitations

The methodological limitations of included studies may also
affect this review’s overall findings:

o Small Sample Sizes: The majority of the studies (15/20;

75%) involved relatively small participant numbers
(<100) [32, 35, 37-39, 41, 42, 44-50], which may limit
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the generalizability of findings pertaining to technology
acceptance for NCD management in the aging population.

e Sampling Bias: Many studies utilized purposive or con-
venience sampling methods, which may not accurately
represent the broader population and could lead to biased
results [36-38, 43, 44, 49, 51]. Besides, a few studies had
homogeneous participant groups (e.g., predominantly
female or specific age ranges), which may have over-
looked the needs and experiences of other demographic
groups [32, 37].

e Geographic Limitations: A significant constraint is the
geographic concentration of studies, predominantly in
high-income countries [33, 34, 37, 38, 44, 45, 49]. This
geographic bias restricts the generalizability of findings,
particularly in LMICs, where healthcare infrastructure,
digital literacy, and technology access may differ sub-
stantially [74, 93]. The underrepresentation of LMICs
emphasizes the necessity for future research in more
diverse settings to ensure broader applicability.

e Reliance on Self-reported Data: Most studies depended
on self-reported measures for data collection, introducing
potential bias and affecting the accuracy of the findings
[32, 33, 42, 45, 49].

o Short Study Durations: A substantial number of studies
had relatively short testing durations for assessing tech-
nology acceptance, potentially overlooking insights into
long-term acceptance and sustained use of these tech-
nologies for health management [33, 39, 42, 49-51]

o Inclusion of Broad Age Ranges: Some studies included
a broad age range, including younger participants, which
may dilute the focus on older adults and affect the gener-
alizability of findings specifically for this demographic
[32, 40, 42].

o Technical Issues and Barriers: Participants reported
various technological challenges, including usability
concerns and lack of familiarity, which could hinder the
acceptance and effective use of interventions [32, 50].

Conclusion

This systematic scoping review uniquely examines DH
acceptance among older adults for managing NCDs, beyond
feasibility and usability assessments. It comprehensively
synthesizes diverse studies, providing broad insights into
technology acceptance frameworks and influential factors
of DH acceptance among older adults. Facilitators such as
perceived usefulness, ease of use, and social influence posi-
tively impact their acceptance, while barriers like usability
issues, technical challenges, and privacy concerns persist
that must be addressed to promote long-term DH adoption.

Our findings disclose generally positive attitudes of
older adults towards the adoption of DH technologies

@ Springer

for NCD self-management, highlighting their potential
to enhance remote care for the aging population. Never-
theless, effective integration of these technologies into
healthcare practice requires collaboration among respective
stakeholders including healthcare providers, technology
developers, and policymakers to establish user-centered
designs, comprehensive training programs with supportive
resources, and robust data protection measures to facilitate
the adoption of DH solutions tailored to the unique needs
of the aging population.

Furthermore, continued research, particularly focused on
Al-based CAs for specific chronic conditions, is crucial to
deepen our understanding of their acceptance and impact.
Besides, inclusive research incorporating healthcare profes-
sionals' perspectives is highly encouraged, as their insights
can substantially shape patients’ perceptions of DH tools.
Additionally, researchers are recommended to conduct
extensive evaluations of technology acceptance frameworks
within this context to ensure the successful implementa-
tion of Al-assisted DH solutions. In conclusion, this work
serves as a foundational resource for stakeholders seeking to
integrate DH technologies into NCD management, eventu-
ally improving health outcomes and quality of life for older
adults.
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