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Abstract

Background: Digital health technologies (ie, the integration of digital technology and health information) aim to increase the
efficiency of health care delivery; they are rapidly adapting to health care contexts to provide improved medical services for
citizens. However, contrary to expectations, their rapid adoption appears to have led to health inequities, with differences in health
conditions or inequality in the distribution of health care resources among different populations.

Objective: This scoping review aims to identify and describe the inequities of health care services brought about by the adoption
of digital health technologies. The factors influencing such inequities, as well as the corresponding countermeasures to ensure
health equity among different groups of citizens, were also studied.

Methods: Primary studies and literature, including articles and reviews, published in English between 1990 and 2020 were
retrieved using appropriate search strategies across the following three electronic databases: Clarivate Analytics’ Web of Science,
PubMed, and Scopus. Data management was performed by two authors (RY and WZ) using Thomson Endnote (Clarivate Analytics,
Inc), by systematically screening and identifying eligible articles for this study. Any conflicts of opinion were resolved through
discussions with the corresponding author. A qualitative descriptive synthesis was performed to determine the outcomes of this
scoping review.

Results: A total of 2325 studies were collected during the search process, of which 41 (1.76%) papers were identified for further
analysis. The quantity of literature increased until 2016, with a peak in 2020. The United States, the United Kingdom, and Norway
ranked among the top 3 countries for publication output. Health inequities caused by the adoption of digital health technologies
in health care services can be reflected in the following two dimensions: the inability of citizens to obtain and adopt technology
and the different disease outcomes found among citizens under technical intervention measures. The factors that influenced
inequities included age, race, region, economy, and education level, together with health conditions and eHealth literacy. Finally,
action can be taken to alleviate inequities in the future by government agencies and medical institutions (eg, establishing national
health insurance), digital health technology providers (eg, designing high-quality tools), and health care service recipients (eg,
developing skills to access digital technologies).

Conclusions: The application of digital health technologies in health care services has caused inequities to some extent. However,
existing research has certain limitations. The findings provide a comprehensive starting point for future research, allowing for
further investigation into how digital health technologies may influence the unequal distribution of health care services. The
interaction between individual subjective factors as well as social support and influencing factors should be included in future
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studies. Specifically, access to and availability of digital health technologies for socially disadvantaged groups should be of
paramount importance.

(J Med Internet Res 2022;24(3):e34144) doi: 10.2196/34144
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Introduction

Background
An evolution in health care services is occurring across the
globe in response to an explosion in readily available digital
technologies. The adoption of digital technologies as a means
for citizens to access health and social care is accelerating at an
unprecedented pace, pushing patient-centered care toward digital
health [1]. Many countries and organizations are paying greater
attention to digital health, which has seen a sharp increase in
the release of health policies and reports, such as the United
Kingdom’s Digital Strategy published in 2012 [2], the European
Union’s Europe’s Digital Decade and Digital Europe
Programme [3], the World Health Organization’s Draft Global
Strategy for Digital Health (2020-2025) [4], China’s Outline
of Healthy China 2030 Plan [5], and so on. Digital health refers
to the use of readily available information and communication
technologies for the following: to provide patients with
preventive services, treatment, and education; to promote disease
tracking and monitoring; and to enable consumers to participate
in health care services [6,7]. Digital health is the integration of
digital technology and health information with the aim of
increasing the efficiency of health care delivery and improving
the health of patients [8]. Digital health technology is the
adoption of digital technology in health, with examples being
seen in electronic health records, telemedicine or telehealth
services, robotics, and eHealth, along with mobile health
supported by the use of smartphones, wearables, mobile apps,
and various monitoring devices [9-11].

Lupton [12] had said that “Digital health technologies are
positioned to enable people to effectively become ‘managers’
of their own health and healthcare.” In our internet-enabled
world, the use of digital health technologies is becoming the
core of health care delivery. Studies have shown that digital
health technology can improve health literacy, enhance patient
participation in health care, enable patients to better manage
their own health, and improve health care efficiency, especially
in patients with chronic diseases [13,14]. Digital health
technology interventions, that is, those delivered through digital
technologies, such as smartphones and websites [15], can
improve health care delivery and contribute to the triple aim of
health care, that is, better care, better health outcomes, and
reduction in medical spending [16]. However, compared with
expectations, the rapid development of digital health
technologies has led to health inequities.

Health inequities refer to differences in health conditions or the
distribution of health care resources among different populations
because of social conditions, such as the citizens’place of birth,
growth, life, or work [17]. Although digital health technologies
are being adopted rapidly, it is likely that those who do not use

the internet or mobile devices regularly or have difficulty in
using them, such as older adults, those living in low-income
regions, and people in remote areas with poor internet
connectivity, will be forgotten [18-20]. This phenomenon not
only represents inequities among income, education, and age
groups and between the healthiest and least healthy [17] but
also represents inequities in access to and availability of
technology, which is a continuing barrier to the use of digital
health services [21].

The potential of technologies to induce health inequities has
been widely recognized [22]. As early as 2016, the World
Bank’s Information Industry Report identified that information
technology innovations have the potential to lead to new
inequities [20]. The report stated that those who are wealthy
and better educated are well positioned to take advantage of the
internet. However, many global citizens do not have access to
the internet. In some regions where women have low
socioeconomic status (SES), they are discouraged from going
on the web and do not have access to cell phones [20]. In
addition, there are still people in parts of the world who are
illiterate and do not benefit from access to the internet. Some
studies found that mobile health interventions can exacerbate
treatment disparities [23,24]. Digital health technology
interventions work better for those who are already better off—a
situation that can induce inequities. This phenomenon is well
established in public health and is referred to as
Intervention-Generated Inequalities [19]. Socially disadvantaged
groups [25] have more challenges in access to and availability
of digital health technologies [26], which may lead to more
severe health inequities.

Objectives
From an ethical perspective, health equity is more important
than health inequity as the latter can have negative social and
economic consequences [27]. The databases of Cochrane, JBI
Evidence Synthesis, and PROSPERO (the international
prospective register of systematic reviews administered by the
University of York’s Centre for Reviews and Dissemination)
show that there is no literature review to date on inequities
caused by the application of digital health technologies in health
care services. The aim of this scoping review is to systematically
review and synthesize information on health inequities in health
care delivery resulting from digital health technologies and to
provide insights for future research and practice. Such a review
can provide a better understanding of the health inequities
caused by digital health technologies, the influencing factors,
and countermeasures and can inform future corresponding policy
decision-making to ensure health equities among different
citizen groups, and thereby achieve social equity and stability.
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Methods

Overview
This scoping review used the framework of Arksey and
O’Malley [28], which comprises the following five stages:
identifying the research question; identifying relevant studies;
study selection; data extraction and analysis; and collating,
summarizing, and reporting the results. The reporting of the
scoping review was guided by the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews) checklist; for details of items
included in the checklist, please see Multimedia Appendix 1
[29]. In addition, the study was registered in an open science
framework and an independent registry. The registration type
of this scoping review is open-ended and the registration digital
object identifier is 10.17605/OSF.IO/A5R7F.

Search Strategy
The electronic databases Clarivate Analytics’ Web of Science,
PubMed, and Scopus were searched for articles published in
English between 1990 (in the late 1990s, the combination of
medical care and technology gave birth to a new field called
eHealth [30]) and 2020. Two coauthors (RY and WZ) developed
and performed a Boolean search strategy based on SPIDER
(Sample, Phenomenon of Interest, Design, Evaluation, Research)
type—a search tool used to identify relevant qualitative and
mixed method studies [31]. The search frame included
phenomenon of interest (digital technologies, such as ehealth
or telehealth*), evaluation (inequit*), and research type (primary
studies and literature including articles or reviews; see Table 1
for details). Through a review of the keywords that appeared in
the title or summary field of each article, a list of literature was
retrieved. The title information was then exported to EndNote
X9 (Clarivate Analytics, Inc) for evaluation to promote the
selection process and collaboration among reviewers.

Table 1. Database search strategy.

Number of resultsSearch strategyDatabase

910TS= (eHealth OR telehealth* OR telemedicine OR mHealth OR mobile health OR health IT OR health infor-
mation technolog* OR health informat* OR digital health* OR digital health technolog* OR [ICT AND
(health* OR healthcare settings OR healthcare delivery OR healthcare service*)] OR [technolog* AND
(health* OR healthcare settings OR healthcare delivery OR healthcare service*)]) AND TS= inequit*. Time
span=January 1, 1990, to December 31, 2020.

Web of science

566(1990[Date—Publication]: 2020[Date—Publication]) AND (eHealth[Title/Abstract] OR telehealth*[Title/Ab-
stract] OR telemedicine[Title/Abstract] OR mHealth[Title/Abstract] OR mobile health[Title/Abstract] OR
health IT[Title/Abstract] OR health information technolog*[Title/Abstract] OR health informat*[Title/Abstract]
OR digital health*[Title/Abstract] OR digital health technolog*[Title/Abstract] OR [ICT(Title/Abstract) AND
(health*[Title/Abstract] OR health care settings[Title/Abstract] OR health care delivery[Title/Abstract] OR
health care service*[Title/Abstract])] OR [technolog*(Title/Abstract) AND (health*[Title/Abstract] OR health
care settings[Title/Abstract] OR health care delivery[Title/Abstract] OR health care service*[Title/Abstract])]
OR [telemedicine(MeSH Terms)]) AND (inequit*[Title/Abstract]).

PubMed

849(TITLE-ABS-KEY[eHealth] OR TITLE-ABS-KEY[telehealth*] OR TITLE-ABS-KEY[telemedicine] OR TITLE-
ABS-KEY[mHealth] OR TITLE-ABS-KEY[mobile health] OR TITLE-ABS-KEY[health IT] OR TITLE-ABS-
KEY[health information technolog*] OR TITLE-ABS-KEY[health informat*] OR TITLE-ABS-KEY[digital
health*] OR TITLE-ABS-KEY[digital health technolog*] OR [TITLE-ABS-KEY(ICT) AND (TITLE-ABS-
KEY[health*] OR TITLE-ABS-KEY[healthcare settings] OR TITLE-ABS-KEY[healthcare delivery] OR TITLE-
ABS-KEY[healthcare service*])] OR [TITLE-ABS-KEY(technolog*) AND (TITLE-ABS-KEY[health*] OR
TITLE-ABS-KEY[healthcare settings] OR TITLE-ABS-KEY[healthcare delivery] OR TITLE-ABS-
KEY[healthcare service*])]) AND TITLE-ABS-KEY(inequit*) AND PUBYEAR AFT 1989 AND PUBYEAR
BEF 2021.

Scopus

Inclusion Criteria
Studies were considered eligible if they met the following
criteria: (1) published in English between the years 1990 and
2020, (2) either a primary study or literature review, and (3)
discussed health inequities related to digital health technology
interventions or explored the influencing factors for digital
health inducing health inequities or the countermeasures to
alleviate health inequities.

Exclusion Criteria
Studies considered ineligible included those that only related
to the following: (1) books or book sections or editorials,
commentary, and columns; (2) studies beyond the reach of the
full text; (3) public health intervention and policy intervention
measures; (4) the design of health technology, service systems,
or frameworks to make up for health differences; or (5) studies

that did not explore the relationship between digital health
technologies and health inequities.

Study Selection
After designing the search strategy, inclusion criteria, and
exclusion criteria, the literature was reviewed according to the
PRISMA-ScR process [29]. A total of 2325 records were
collected from the following electronic databases: Clarivate
Analytics’ Web of Science, PubMed, and Scopus. To review
the relevance of the literature, coauthors RY and WZ screened
the titles and abstracts of all remaining records after the removal
of duplicates. All full texts were read and analyzed by 2
individual researchers (RY and WZ), and individual data
extraction forms were then merged into a single, unifying
document that was used for the interpretation and presentation
of results. Discrepancies were adjudicated by the corresponding
authors. Next, the full article text of the retrieved results was
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examined by RY and WZ based on the inclusion and exclusion
criteria. Of the 2325 papers, 41 (1.76%) papers were identified

for the systematic analysis, as illustrated in Figure 1.

Figure 1. PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews) procedural flowchart.

Data Extraction and Analysis
A bespoke data extraction form was used to systematically
extract information relevant to the descriptive information. Data
were extracted from each article to describe the following: (1)
the characteristics of each study (including author, year of
publication, publication country, and methods used), (2) the
concrete embodiment of the inequity of health care services
brought about by the application of digital health technology,
(3) the factors contributing to the inequities in health care
services resulting from the adoption of digital health technology,
and (4) the measures used to mitigate health inequities.

Furthermore, a qualitative descriptive synthesis [30] was
performed to determine the outcomes of this scoping review.

Results

Overview of the Included Studies
Of the 41 papers retained, the earliest publication related to
health inequities caused by digital health technologies was
published in 1993. Thereafter, the number of relevant
publications remained at 0 from 1994-2003, fluctuated between
0 and 2 from 2004-2016, and grew after 2016, reaching a peak
of 14 in 2020, as shown in Figure 2.
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Figure 2. Change in trend of number of publications over time.

The United States published the greatest number of papers on
the topic, accounting for 46% (19/41), followed by the United
Kingdom (8/41, 20%), and Norway (3/41, 7%), whereas other
countries published only 1 or 2 papers, as shown in Table 2. Of
the 41 records, 6 (15%) were literature reviews, 17 (41%)

records used a quantitative approach, 15 (37%) records used a
qualitative approach, and 3 (7%) records used mixed methods.
Specific information on the included studies is presented in
Table 3.

Table 2. Statistics of literature publications in different countries (N=41).

Number of literatures, n (%)Country

1 (2)Australia

1 (2)Bangladesh

2 (5)Canada

1 (2)Indonesia

1 (2)Israel

2 (5)Italy

1 (2)Korea

1 (2)Netherlands

3 (7)Norway

1 (2)Switzerland

8 (20)United Kingdom

19 (46)United States
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Table 3. Overview of included studies.

Countermeasures for
health inequities

Influencing factors of
health inequities

Manifestations of
health inequities

Research methodCountryYearAuthors

Countermeasures of gov-
ernment agencies: estab-

IncomeAccess to health care
resource: medical in-
surance access

Quantitative ap-
proach

Korea1993Yang [32]

lish national health insur-
ance

Countermeasures of
technology providers:

Age and SESbN/AaQualitative ap-
proach

Switzerland2004Steiger et al [33]

design high-quality web-
sites

Countermeasures of gov-
ernment agencies: struc-

SESAccess to health care
resource: technical ac-
cess and availability

Qualitative ap-
proach

United States2007Viswanath et al [34]

tural adjustment at the
policy system level

Countermeasures of gov-
ernment agencies: free

Economy, age, and
eHealth literacy

Access to health care
resource: technology
acquisition

Quantitative ap-
proach

United States2009Kim et al [35]

PCs, internet connec-
tions, and help from
nursing students and ac-
commodation staff

N/ASES and health litera-
cy

Health and disease
outcome: disease
mortality

Qualitative ap-
proach

Norway2010Andreassen et al [36]

Countermeasures of gov-
ernment agencies: give

SESHealth and disease
outcome: disease risk

Qualitative ap-
proach

United States2012Goldberg [37]

priority to people with
diseases

Countermeasures of gov-
ernment agencies and

Health condition and
economic barriers

N/AQuantitative ap-
proach

United Kingdom2013Jones [38]

health care service re-
ceivers: provide technical
support, medical institu-
tions take actions or vol-
unteer services

N/AN/AAccess to health care
resource: technology
acquisition

OverviewUnited States2013Jennings et al [23]

Countermeasures of
health care service re-

SES and ageAccess to health care
resource: technology

Combination of
qualitative and
quantitative

United Kingdom2014McAuley [18]

ceivers: develop informa-
tion and skills for access
to digital technology

acquisition; health and
disease outcome: in-
creased risk of disease

N/AAgeAccess to health care
resource: technology
acquisition

Quantitative ap-
proach

United States2015Albright et al [39]

Countermeasures of gov-
ernment agencies: role of

Health conditionHealth and disease
outcome: disease risk

Qualitative ap-
proach

Italy2015Matteucci [40]

community and health
professionals

N/AN/AAccess to health care
resource: digital partic-
ipation

Quantitative ap-
proach

United Kingdom2016Mierlo et al [41]

Countermeasures of
technology providers:

eHealth literacy, age,
SES, rural, and sexual
orientation

Health and disease
outcome: disease
prevalence, mortality;
access to health care

OverviewCanada2017Latulippe et al [42]

universal eHealth care
tool and technology de-
signresource: technology

acquisition
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Countermeasures for
health inequities

Influencing factors of
health inequities

Manifestations of
health inequities

Research methodCountryYearAuthors

Countermeasures of gov-
ernment agencies: health
inequities monitoring
embedded in national
health information sys-
tem

N/AHealth and disease
outcome: Health out-
comes; access to
health care resource:
technical services

Qualitative ap-
proach

Indonesia2017Hosseinpoor et al [43]

Countermeasures of gov-
ernment agencies and
technology providers: in-
vest in resources and
time or technical design
that is easy to understand
and health professionals
publish relevant policies

Education level and
health literacy

N/AQualitative ap-
proach

United States2018Veinot et al [19]

Countermeasures of gov-
ernment agencies: devel-
op more detailed strate-
gies to bridge the digital
divide

Age, education, and
eHealth literacy

Access to health care
resource: digital
health technologies

Quantitative ap-
proach

Netherlands2018Bol et al [44]

N/ASES, health condition,
age, and race

Health and disease
outcome: disease
morbidity and mortali-
ty

OverviewItaly2018Weiss et al [45]

Countermeasures of
health care service re-
ceivers: the role of li-
braries in providing re-
sources

Age, SES, and ruralAccess to health care
resource: technical
services

Qualitative ap-
proach

United Kingdom2019Gann [46]

Countermeasures of gov-
ernment agencies and
medical institutions:
health science re-
searchers should consider
the population with needs
and insufficient coverage

Age and SESAccess to health care
resource: digital
health technologies

Quantitative ap-
proach

United States2019Toscos et al [47]

N/ARaceHealth and disease
outcome: health out-
comes

Qualitative ap-
proach

United States2019Sherman et al [1]

N/AN/AHealth and disease
outcome: health out-
comes

Quantitative ap-
proach

United States2019Parker et al [48]

N/ASES, age, and health
condition

Access to health care
resource: technical
services; health and
disease outcome: dis-
ease morbidity and
mortality

Quantitative ap-
proach

Norway2019Hansen et al [49]

Countermeasures of gov-
ernment agencies: health
promotors must under-
stand and explain the
complex interaction
among digital literacy,
health literacy, and basic
literacy

SES and health litera-
cy

Access to health care
resource: technical
services

Qualitative ap-
proach

Australia2012Baum et al [50]
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Countermeasures for
health inequities

Influencing factors of
health inequities

Manifestations of
health inequities

Research methodCountryYearAuthors

Countermeasures of gov-
ernment agencies and
technology providers:
health professionals
should receive better
training in the evidence

and use of DHIc; the par-
ticipant should be consult-
ed during the design and
implementation phase of
the technology

RaceN/AQualitative ap-
proach

United Kingdom2019Banerjee [51]

Policy documents should
focus on inequities

EconomyN/AQualitative ap-
proach

United Kingdom2019Rich et al [52]

Countermeasures of
health care service re-
ceivers: raising public
awareness and political
incentives

Age, SES, and digital
health awareness and
skills

Access to health care
resource: technical
services

Combination of
qualitative and
quantitative

Bangladesh2020Ahmed et al [53]

N/AEducationHealth and disease
outcome: disease
mortality

Quantitative ap-
proach

United States2008Glied et al [54]

N/ARace, income, and
health condition

Health and disease
outcome: health out-
comes

OverviewCanada2020Fujioka et al [55]

N/AAge, SES, rural, and
digital resources

Health and disease
outcome: health out-
comes

Qualitative ap-
proach

United States2020Khilnani et al [56]

Countermeasures of
health care service re-
ceivers: public libraries
provide equipment and
hardware support

Rural and broadband
coverage

Access to health care
resource: technical
services

Quantitative ap-
proach

United States2020DeGuzman et al [57]

Countermeasures of gov-
ernment agencies: encour-
age enterprises to donate
tablets, smartphones, and
laptops, and provided
tablet devices to hospi-
tals, nursing homes, and
hospice care institutions

Economy and ageHealth and disease
outcome: health out-
comes

Qualitative ap-
proach

United Kingdom2020Gann [58]

N/AAge and SESN/AQuantitative ap-
proach

United States2020Bommakanti et al [59]

N/ASESHealth and disease
outcome: health out-
comes

Quantitative ap-
proach

Norway2020Weiss et al [60]

N/ARace, SES, and place
of residence

Access to health care
resource: access and
availability of technol-
ogy

OverviewUnited Kingdom2020Nittas et al [24]

N/ASES, race, age, and
health condition

Access to health care
resource: technical
services

Quantitative ap-
proach

United States2020Karri et al [61]

N/AAge and ruralN/AQuantitative ap-
proach

Israel2020Jaffe et al [62]

N/ADigital literacy and
skills and provision of
broadband facilities

Access to health care
resource: digital
health technologies

Combination of
qualitative and
quantitative

United States2020DeGuzman et al [63]
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Countermeasures for
health inequities

Influencing factors of
health inequities

Manifestations of
health inequities

Research methodCountryYearAuthors

Countermeasures of gov-
ernment agencies:
strengthen the national
digital health strategy
and the governance of
human rights–oriented
digital health technolo-
gies at the national level

Digital literacyAccess to health care
resource: technical
services

Qualitative ap-
proach

United States2020Sun et al [64]

N/ASocioeconomic fac-
tors, age, and race

Health and disease
outcome: health out-
comes and care

Quantitative ap-
proach

United States2019Ukoha et al [65]

N/AAge, race, income, ru-
ral, health condition,
and health literacy

N/AReviewUnited States2020Hamideh et al [66]

N/AIncome level, rural lo-
cation of the hospital
and insurance status

Health and disease
outcome: treatment
results

Quantitative ap-
proach

United States2020Erhunmwunsee et al
[67]

aN/A: not available.
bSES: socioeconomic status.
cDHI: digital health intervention.

Inequities Caused by Digital Health Technologies
Health inequities were reflected in 2 aspects. The first was
access to and availability of digital health technologies by
different social groups, with 19 (46%) of the 41 studies
describing unfair distribution. Among these 19 studies, 9 (47%)
studies referred to a lack of network infrastructure (eg, internet
broadband access, satellite towers, and power) and the
availability of smartphones or computers when using digital
health technologies [32,39,41,43,47,53,57,63,64]. A study
pointed out that access to home-based telemedicine was
inequitably distributed in the United States owing to the limited
reach of fixed broadband in rural areas [57]. Of the 41 studies,
12 (29%) studies reported an unfair phenomenon of digital
exclusion [19,23,24,34,35,41,44,46,49,50,61,64]. A study
described how, without proper planning and safeguards, digital
health technologies can contribute to expanding health inequity,
widening the digital divide that separates those who can from
those who cannot access such interventions [64].

The remaining (17/41, 41%) studies discussed the related health
outcomes caused by the lack of or limited access to digital health
technologies [1,18,36,37,40,42,43,45,48,49,54-56,58,60,65,67].
Researchers have reported different health outcomes following
the introduction of digital health technology interventions,
including disease incidence rates and mortality, with particular
attention paid to chronic diseases and Black groups
[49,56,58,60]. For example, the average blood sugar level of
diabetic patients who use innovative health technologies
generally drops [49], and the use of robotic lobectomy is limited
by sociodemographic factors, leading to significant treatment
differences in patients with lung cancer [67].

Factors Leading to Health Inequities
Most (37/41, 90%) papers reported the factors that influence
health inequities brought about by digital health services. Of
these 37 studies, 18 (49%) studies reported the important role

of age in determining whether patients use or do not use digital
health technologies, especially among the older adults
[18,33,35,39,42,44-47,49,53,56,58,59,61,62,65,66]. Race and
ethnicity have long been considered as one of the causes of the
causes of health inequities [51]; the acknowledged health
benefits of eHealth or mobile health initiatives have seen limited
applicat ion among Black communit ies
[1,24,42,45,51,55,61,65,66]. In addition, some studies (8/41,
20%) reported that citizens living in rural areas were affected
by poor access to and availability of digital health technologies
resulting from limited internet broadband coverage
[24,42,45,46,56,57,62,66]. In rural areas with multiple health
barriers, the unequal distribution of health information is more
complex and, therefore, may exacerbate rather than narrow the
gap [68]. Furthermore, SES (eg, education and income) [69]
was also discussed. Some (18/41, 44%) studies have reported
differences in the acquisition and adoption of digital health
technologies by different groups of citizens based on a
combinat ion of  income and educat ion
[18,24,33,34,36,37,42,44,46,47,49,50,53,56,59-61,64], whereas
others (13/41, 32%) have independently explored the 2
dimensions of income [32,35,38,52,55,58,65-67] and educational
attainment [19,44,54,62].

In addition to the above factors, poor health conditions have
been observed to hinder access to digital health technologies at
a physical level [38,40,45,49,55,61] or a lack of confidence in
health advice and health decision-making at a psychological
level [38,42]. A literature review found that some people may
have difficulty learning to use the internet because of visual or
hearing impairment, arthritis, or hand movement difficulties
[38]. Studies (11/41, 27%) have also pointed out that the
so-called low eHealth literacy (defined as “the ability to seek,
find, understand, and appraise health information from electronic
sources and apply knowledge gained to addressing or solving
a health problem” [70]), including a lack of awareness of digital
health services, literacy, and skills, as well as the understanding
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of the operation mode and availability of digital health, may
reduce acceptance of digital health technologies
[20,35,36,38,41,42,50,53,63,64,66].

Countermeasures Lessening Health Inequities

Measures of Government Agencies and Medical
Institutions
Government agencies and medical institutions are required to
alleviate the inequities in digital health technology interventions.
This study identified that human rights–oriented digital health
technologies should be strengthened at the national level [64]
and new research trajectories for policy documents must explore
how culture, practice, and power relationships influence access,
availability, and engagement with digital health technologies
[34,52]. Furthermore, those who develop and apply these
interventions, including policymakers and public health
professionals, should have a better understanding of whether,
how, and under what circumstances digital health technology
interventions can overcome inequities and realize their potential
[19,40,51,61]. Studies (2/41, 5%) have also recommended that
the monitoring of health inequities be embedded within national
health information systems and suggested that hybrid web-based
and offline interventions can ameliorate health inequities
[20,43].

Studies (4/41, 10%) reported that government agencies and
medical institutions should provide help with resources, whereby
government agencies could establish universal health insurance
[32], provide free PC and internet connection help [35,38], and
provide limited resources to treat disabled populations, such as
those with brain injuries [37]. At the same time, government
agencies should ensure increased public funding input [65] and
encourage companies to donate tablets, smartphones, and laptops
to hospitals, care homes, and hospice facilities [58] to make the
use of services more accessible to socially disadvantaged groups,
such as families who were not originally connected to the
network [47].

Actions of Digital Health Technology Providers
Digital health services are inseparable from the design and
development of targeted digital health technology. A study in
Switzerland [33] proposed the adoption of high-quality internet
portals with hashtags to promote autonomous learning and use
among citizens. A study pointed out that most digital health
technologies were not designed for socially disadvantaged
groups, such as older adults or those with limited health literacy
skills [47]. Therefore, the individual needs of groups should be
carefully considered, including those of groups that need to be
consulted during the design and implementation stage [42,51];
resources and time should be invested in the design of
easy-to-understand language [19] and bespoke digital health
tools should be created and popularized to maximize
acceptability [51].

Recommended Measures for Health Care Service
Receivers
The eHealth literacy of health care service receivers is an
important factor hindering access to digital health services.
Addressing health inequities depends on increasing public

awareness [53]. Some studies (5/41, 12%) suggested that
relevant technical tools and volunteers can be provided [1,38]
to develop patients’ confidence and skills in digital technology
access and improve their eHealth literacy [18,38,50,58]. In
addition, some studies (2/41, 5%) reported on the important
role of libraries. As a special public space, libraries have unique
benefits, including auxiliary digital access, health information
resources and services [46,57], and the voluntary services they
provide, which can help patients improve their health literacy
[46].

Discussion

Principal Findings
This scoping review identifies and describes the health inequities
in health care services brought about by the adoption of digital
health technologies. The evolution of publications over time
and their distribution by country in the included literature
reflects the concerns of related researchers to some extent. The
rate at which the related literature has increased over time is
consistent with the developing trend in health information
technology. The included literature that has been published from
12 countries indicate the specific prevalence of health inequities
on a global scale. Among them, the United States and the United
Kingdom have published the most papers, mainly because they
were the first to invest heavily in digital health information.
Accordingly, health inequities caused by digital health
technologies have been quickly noticed and studied.

The health inequities caused by digital health technologies
highlight that not all citizens have equal access to and use of
interventions, resulting in different health outcomes for the
population. From our analysis of the studies investigated, we
identified that these indicators, including age, race, SES, health
conditions, eHealth literacy, and geographic location, all affect
health inequity among groups. First, most theoretical
frameworks that are widely used to understand the adoption of
new technologies by users, such as the technology acceptance
model, the extended unified theory of acceptance and use of
technology, and the diffusion of innovations theory, have
demonstrated potential individual differences by considering
factors such as age and race. Regarding age, we found that older
patients had less ownership, which was consistent with other
studies [59,71]. During the COVID-19 pandemic, mobile smart
devices have been the most effective way for people to seek
medical treatment. The older adults may be unable to use mobile
devices to register health codes or even for medical service
preregistration. However, their long-term demand for medicines
is higher [46], reflecting the gap in the use of digital health
technologies among different age groups. Rogers [72], in his
book Diffusion of Innovations, proposed that the older adults
belong to laggards; they are relatively conservative when they
encounter technological innovation and they feel skeptical and
cautious about new things, which may affect their health.
Meanwhile, in terms of gender, previous studies have reported
a general trend that women are more involved in health issues,
eHealth, and social media [49]; however, there are also studies
that report that women in Africa are the least likely to use digital
health technologies worldwide [46]. Moreover, previous studies
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have found that gender and some ethnic differences in internet
use may have disappeared among the general population [73,74]
but differences will still expand with age. Health inequities have
gradually become a social issue that has received attention from
government decision-making departments and related
institutions. The National Institutes of Health added a health
information section to its official website, which includes links
to many health care websites, such as child and adolescent
health, men’s health, women’s health, minority health, and older
adult health, to provide users and inquirers with the ability to
obtain web-based health information.

Second, health inequities caused by socioeconomic status are
prevalent throughout society, and digital health technologies
are accessed to a greater degree by individuals with higher social
standing. Link [75] referred to SES as a fundamental factor in
health inequities. Social causality provides a theoretical
explanation for health inequities and maintains that SES, such
as education and income, are an important cause of health
inequities. The knowledge gap hypothesis [76] holds that as the
mass media increasingly disseminate information to society;
higher SES groups access information at a faster rate than lower
SES groups, so the knowledge gap between these groups will
expand. On the basis of existing studies, the main reasons for
health inequities caused by SES are as follows: (1) increased
income can improve living conditions and access to digital
health technologies and (2) a good educational level provides
advantages in the adoption of digital health technologies [77].
As early as 20 years ago, Gordon Brown, the United Kingdom’s
Chancellor of the Exchequer, announced a plan to shrink the
digital divide, proposing the provision of free internet access
for poor communities, free information technology training,
and 100,000 second-hand computers for low-income families.
As early as 2010, the United States enacted the Affordable Care
Act, which promoted access to and availability of health care
information resource services by inquirers, especially those that
were uninsured and low-income [78].

Third, as health literacy in the digital era may be considered a
prerequisite for solving health problems in web-based
environments [44], it requires people to better understand mobile
health devices such as mobile health apps and how to obtain
health information through the internet. In addition, the level
of health literacy in the digital era determines the severity of
health inequities to a large extent and the level of health literacy
in the digital era is not determined by individuals alone.
Compared with individual-level behavioral interventions, policy-
and system-level interventions often have a greater impact on
a population’s health literacy in the digital era [34,79]. In
February 2000, the US government released the report From
the Digital Divide to Digital Opportunity, pointing out that the
importance of bridging the digital divide lies in the
popularization of professional technology, skills training, and
the practicality of network content.

As a result, it can be found that it is necessary for stakeholders
to take some measures to jointly build patient-centric digital
health technology services to reduce inequities, promoting
greater patient access to and use of high-quality digital health
technology services. First, policymakers and medical
decision-makers should promote digital health technologies to

poverty-stricken areas and provide low-income patients with
free and high-quality health information resources and services,
as appropriate [56]. Second, medical institutions should simplify
the web-based service process and create channels for family
members, relatives, friends, and physicians to make
appointments. Manual service windows, such as registration,
payment, and printing test results, should be reserved to deliver
a combination of web-based and offline medical services [24].
Third, related institutions should increase investment in
education and train individuals in health literacy or health
information literacy to improve health outcomes and reduce
health inequities [44]. Meanwhile, it is suggested that relevant
departments should promote and encourage the older adults,
the poor, the poorly educated, and other socially disadvantaged
groups to use the internet and enrich and standardize the health
information and knowledge of the internet to improve their
eHealth literacy [18,38]. In view of the difficulties in the
application of the internet in daily life, industry training
institutions and experts should be organized to carry out special
training to improve their operational ability with digital health
technologies. Finally, when designing tools, health care service
providers must participate in the development of assistive
technologies, simplifying operations to help individuals who
are older, have poor electronic literacy, or are poorly educated
to overcome difficulties in using the internet and consider the
patient’s reading and writing skills and major languages, as well
as the ways and facilities used [80]. In addition, guide
manufacturers should design and produce special easy-to-use
manuals and video tutorials for the functions of products
commonly used by the older adults [51].

Research Gaps
We found that the literature included in this study still had
certain research gaps. First, from the perspective of research
methods, most of the included literature was based on statistical
analysis and a qualitative approach to confirm the influence of
various factors such as age on health inequities. Future research
can use machine learning, deep learning, and other methods to
explore the impact of more indicators on health inequality, dig
deeper into the incidence relation between indicators, and then
analyze the causal relationship of related indicators to propose
more targeted countermeasures.

Second, in terms of influencing factors, scholars have studied
objective factors such as age, race, rural residence, health
conditions, and eHealth literacy. However, subjective factors,
such as an individual’s willingness to use digital health
technologies and attitudes toward the internet, have not been
studied. Age and education also influence eHealth literacy but
the literature we have included does not study the moderating
effect of age, education, and other factors on the relationship
between eHealth literacy and health inequities. Therefore, future
research could include subjective factors and the social support
received by individuals while considering the moderating effects
of multiple factors.

Finally, from the strategy perspective, the included literature
showed that no more innovative technologies were applied to
socially disadvantaged groups. In the new digital health era,
people are demanding more high-quality and personalized health
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care services. In the future, services should be provided to
different socially disadvantaged groups based on their population
classification. The integration of multiple digital health
technologies, such as internet multiparty voice call technology
and virtual reality, could be applied to disease diagnosis and
treatment, virtual reality in surgery, telemedicine, and health
management monitoring to assist individuals in obtaining better
health care services.

Limitations
This study had several limitations. First, we only searched the
literature in the three databases of Clarivate Analytics’ Web of
Science, PubMed, and Scopus, which may have resulted in the
related literature not being retrieved. Second, owing to the large
differences in the types of literature studies and outcome
indicators included in the study, only 17 (41%) of the 41
included articles discussed related health consequences, such
as morbidity and mortality, caused by digital health
technologies. Therefore, we failed to perform a meta-analysis
of quantifiable outcome measures. Third, we aimed to reduce
publication bias, and although our inclusion criteria were broad,
our search was limited to articles written only in English.
Finally, the decision to exclude gray literature, including books
and reports, might have led to the exclusion of relevant literature
that could possibly have been used to widen or further support
the perspectives presented in our results. Nevertheless, as gray
literature includes reports and documents often drafted by
political or special-interest organizations, it is more difficult to
assess underlying biases, which may negatively add bias to our
results.

Conclusions
This scoping review investigates the existing literature on
inequities in health care services caused by the adoption of
digital health technologies. We identified health inequities
brought about by digital health technologies, related influencing
factors, and countermeasures against the inequities. The results
of the review show that health inequities caused by the adoption
of digital health technologies in health care services can be
reflected in the following two dimensions: the inability of the
population to obtain and adopt technology (eg, no access to
technology) and the different disease outcomes among
populations under technical intervention measures (eg, disease
mortality). In addition, this study found that factors (including
age, race, region, economy, and education level), health
conditions, and eHealth literacy had an impact on the inequities.
Government agencies, medical institutions, digital technology
providers, and health care service receivers need to initiate
relevant actions to reduce these inequities. Considering the
increasing number of health technology interventions provided
by mobile technologies, digital health plans that may bring
inequities should be implemented and evaluated more carefully.
Meanwhile, all parties should pay attention to the impact of
individual subjective factors, social support, and the interactions
of different factors. The results of this review can help socially
disadvantaged groups acquire and use digital health technologies
more efficiently, thereby ensuring health equity among different
groups of citizens and achieving social equity and social
stability.
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