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Abstract: Global digital technology advances offer the potential to enhance primary health care
(PHC) quality, reach, and efficiency, driving toward universal health coverage (UHC). This scoping
review explored how digital health solutions aid PHC delivery and UHC realization by examining
the context, mechanisms, and outcomes of eHealth interventions. A comprehensive literature
search was conducted, capturing qualitative and quantitative studies, process evaluations, and
systematic or scoping reviews. Our analysis of 65 articles revealed that a well-functioning digital
ecosystem—featuring adaptable, interoperable digital tools, robust Information and Communications
Technology foundations, and enabling environments—is pivotal for eHealth interventions’ success.
Facilities with better digital literacy, motivated staff, and adequate funding demonstrated a higher
adoption of eHealth technologies, leading to improved, coordinated service delivery and higher
patient satisfaction. However, eHealth’s potential is often restricted by existing socio-cultural norms,
geographical inequities in technology access, and digital literacy disparities. Our review underscores
the importance of considering the digital ecosystem’s readiness, user behavior, broader health
system requirements, and PHC capacity for adopting digital solutions while assessing digital health
interventions’ impact.

Keywords: digital health; mHealth; eHealth; primary healthcare; universal health coverage

1. Introduction

The 2030 Sustainable Development Goals emphasize having everyone receive the
quality health services they need without any financial hardship [1]. Achieving universal
health coverage (UHC) entails making significant progress on efficient, accessible, quality
and equitable health services, while ensuring financial risk protection [2]. Primary health
care (PHC), which first came to the fore with the 1978 Alma Ata declaration [3], provides
the programmatic engine for UHC in most contexts and countries [4]. While the COVID-19
pandemic has resulted in global disruptions in the provision of essential health services
including those provided at the PHC level [5], the public health measures put in place (e.g.,
lockdown, social distancing) have forced to shift the paradigm of service delivery model
and provided an opportunity to accelerate the adoption and implementation of digital
health solutions [6].

Digital health is an overarching term that comprises eHealth (e.g., telemonitoring, tele-
and video- consultations, mHealth, electronic health records) and emerging technologies,
including the use of computing sciences in the fields of artificial intelligence, big data, and
genomics. The World Health Organization (WHO) defined electronic health (eHealth) as
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the use of information and communications technology (ICT) in support of health and
health-related fields, including health care services, health surveillance, health literature,
and health education, knowledge, and research [7].

The digital health infrastructure and its integration into PHC services vary greatly
among countries, often influenced by the economic status, health priorities, and techno-
logical advancements of a region. Notably, the increasing ubiquity of mobile devices and
internet connectivity offers a unique opportunity to leverage digital health solutions even
in resource-constrained settings. Recent data indicate that more than 8 in 10 people in
developing countries own a mobile phone, and nearly half the global population uses the
Internet [7,8]. This widespread accessibility to digital platforms underscores the potential
reach and impact of digital health interventions. Several countries have proactively re-
sponded to this rapidly evolving digital landscape. Approximately 87% of the World Health
Organization member states have developed national policies or strategies geared toward
eHealth, telemedicine, or the broader domain of digital health [7]. However, the degree of
implementation and maturity of these strategies differ widely. While some countries boast
advanced digital health ecosystems with comprehensive integration of electronic health
records and telemedicine services, others are in the nascent stages, piloting innovative
solutions tailored to their unique contexts. Factors such as internet penetration, mobile
device accessibility, and data protection regulations play a pivotal role in shaping these
digital health strategies. Recognizing the transformative potential of digital health, many
international organizations and stakeholders are collaborating to bolster the digital health
capacities of countries, especially in low- and middle-income regions.

The accelerated adoption of eHealth and mHealth platforms and the rapid change in
the access to digital technologies have created a tremendous opportunity to expand the
reach, quality, and efficiency of PHC service delivery and achieve UHC. Health systems
can leverage advances in ICT to improve and maintain the continuity of service delivery
post-COVID-19, such as by strengthening health management information systems and
optimizing the functionality of shared electronic health records. Digital technologies
also play an important role in advancing the core PHC tenet of a people-centered and
integrated health service delivery model and community empowerment by improving
information flows between patients and health workers, thereby shifting the nature of the
patient–provider relationship. The WHO recently published a framework of e-Health for
improved health service delivery [9], describing the potential contributions of e-Health to
each of the health system attributes (i.e., service quality, efficiency, equity, accountability,
sustainability, and resilience) at different levels—the individual, the service provider, the
health-care organization, and the overall health system. In addition, newly emerging
technologies, such as artificial intelligence and drones, have opened exciting possibilities
and new avenues to improve the quality and accessibility of PHC services. However,
without proper regulation and legislation, digital technologies may result in potentially
harmful effects (e.g., mental illness in children associated with the digital revolution) and
potential for worsening existing inequities [10].

In response to the 2018 World Health Assembly Resolution on Digital Health, the
WHO conducted a review of the evidence for digital health interventions. While this review
provided data regarding the impact of digital technologies on strengthening the overall
health system, it was limited to a few selected interventions and did not provide insight
on what works for whom and under what circumstances in the context of PHC [11]. This
scoping review aimed to explore the underlying contexts and mechanisms in which digital
health solutions contribute to improved PHC service delivery and the realization of UHC.
We employed the WHO’s Framework of e-Health for improved health service delivery as an
analytical framework to answer the following key questions: (i) Which eHealth solutions
are adopted or implemented to increase access to PHC services and achieve UHC [8]?
(ii) What is the role of contextual factors (i.e., why, how, for whom, and in what circum-
stances does it work?).
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2. Materials and Methods

We carried out a comprehensive review of both published research and grey literature
detailing digital health solutions related to PHC and UHC. This analysis was grounded in
the PRISMA-ScR guidelines tailored for scoping reviews [12] (refer to Supplementary Table
S1 for details). A detailed overview of our approach is available in Erku et al. [13].

2.1. Data Sources and Search Strategy

Six online databases (PubMed, CINAHL, Web of Science, Cochrane Library, EMBASE,
and Google Scholar) were explored, in addition to grey literature sources (PDQ-Evidence
and mHealth Database), to find studies discussing the background, strategies, and results
of eHealth strategies within PHC environments. Additionally, we undertook supplemen-
tary methods such as examining references and citations of the studies we found and
using generic online searches to include potential articles missed in our initial database
exploration. The search terms were formulated around three central themes: digital health,
primary health care, and universal health coverage. These terms were adapted to fit the
specific criteria of each database (for more details, refer to Supplementary Table S2). The
use of Boolean operators and truncations was tailored based on the specific database. We
considered articles written in English from the time the databases were created until De-
cember 2022 and we refreshed our search in August 2023. We did not set any restrictions
regarding the publication period or the country of origin.

2.2. Eligibility Screening

We included editorials, opinion/position pieces, commentaries, process evaluations,
qualitative and quantitative studies, program manuals, and systematic reviews that re-
ported data on (i) the effectiveness eHealth solutions in improving PHC service delivery
and UHC and (ii) contextual factors affecting the acceptability, feasibility, and implemen-
tation of eHealth solutions. We broadly categorized digital health solutions modalities
into (i) technologies used to monitor, track, and inform health (e.g., mobile devices, such
as smartphones and tablets, and clinical devices, mobile sensors, wearables, apps, social
media), (ii) technologies used to enable health communication and provision of health ser-
vices at a distance (e.g., client-to-provider and provider-to-provider telemedicine, targeted
client communication), (iii) technologies used to collect, manage, and use health data (e.g.,
electronic medical records, electronic health records, artificial) [14]. We also included all
system-level eHealth solutions targeting various levers of PHC and those modalities that
have functions that cut across multiple health system attributes (e.g., health worker decision
support tools, e-learning, stock notification and management tools, artificial intelligence).
We considered all forms of delivery channels, including digital applications, SMS text
messaging, voice calls, and interactive voice responses.

We excluded (i) eHealth solutions that were tailored for a specific health issue,
(ii) conference notes or thesis overviews where the full text was not available. The identi-
fied articles were moved to COVIDENCE (by Veritas Health Innovation Ltd., Melbourne,
Australia). Two reviewers separately checked all the titles, summaries, and the full content
of the articles to ensure they fit our criteria. If the reviewers had different views, they
discussed them until they agreed. Our search process is detailed in Figure 1. We used
the Mixed Methods Appraisal Tool (MMAT) [15] to assess the quality of the studies we
included, be they qualitative, quantitative, or a combination of both. This was to help us
better understand the results based on the study’s quality, not to decide which studies
to include.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
flow diagram.

2.3. Data Extraction and Synthesis

Information from each article was gathered and analyzed using both deductive and
inductive methods. This process of data extraction was recurring, involving continuous
discussions and agreements within the research team regarding the approach to data
extraction and the initial analytical structure. We collected the study features into a table to
provide a succinct summary of the digital health solutions that were included, focusing on
their context, methods, and results. We recorded details about the study like the authors,
publication year, objectives, design, and participant traits, as well as the main conclusions
such as the goals, kinds, and scope of eHealth initiatives and their effects, including the
ways eHealth affected PHC aspects and results related to UHC.

The extracted data were categorized into and analyzed as what caused an outcome,
through which mechanism, and under which context [16]. Digital health interventions
may work in one context but not in others, and as such, an outcome is measured as
the context and mechanisms in which the program is implemented. In this review, the
concept of “context” entails the relational, system-level, and dynamic features that shaped
the mechanisms through which a digital health intervention worked and whether the
country of the digital health implementation was a low-, middle-, or high-income country.
Mechanisms are “underlying entities, processes, or structures which operate in particular
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contexts to generate outcomes of interest” [17]. Outcomes from implementing digital health
solutions are measured as the impact on achieving UHC through improving PHC service
delivery and accessibility. When research conducted in similar settings or contexts showed
varying results, we combined and analyzed the evidence to pinpoint potential reasons for
the differences. Additionally, we compared evidence when data on digital health solutions
from one study provided insights into the outcomes mentioned in another study.

3. Results

After excluding duplicate entries and publications that did not fulfill the selection
criteria, we selected 65 articles from 16 different countries. This collection included sys-
tematic and scoping reviews [18–32], secondary analyses of trial and quasi-experimental
data [33–35], quantitative surveys [7,36–41], qualitative studies [14,42–48], mixed meth-
ods studies [49–60], program evaluations, case studies, and opinion pieces [61–79]. The
included studies’ characteristics are summarized in the Supplementary Table S3.

All cross-sectional studies we reviewed scored either average (score ≥ 65%) or above
(score ≥ 75%) based on the Mixed Methods Appraisal Tool. In the qualitative studies,
the data were obtained through detailed interviews, focus group discussions, or a mix of
the two. Each study explicitly stated its research objectives and clarified where its data
came from, whether from participants or specific recruitment sites. However, many studies
did not provide clear insights into the researchers’ roles or the specifics of the interview
questions. In the next section, we outline how digital health impacts the core qualities of a
high-functioning health system and we explore the contexts and strategies that bring about
these outcomes.

3.1. eHealth Foundations for Improved PHC Service Delivery

Digital health solutions are potential tools for strengthening PHC and improving care
delivery. However, they are only as good as the foundations, (pre)existing services, and
governance systems that are put in place. There is a significant difference among and within
countries in terms of eHealth adoption and the existing digital ecosystem. In countries with
strong ICT foundations, such as Australia, Canada, the United Kingdom, and the United
States, PHC practice transformed and responded rapidly to the COVID-19 pandemic by
instituting telehealth, and electronic records enabled change [57,63].

A detailed scoping review by Ndayishimiye et al. (2023) [30] on the role of digital
health tools in the COVID-19 response showed that these tools were frequently employed
for diverse functions, with better adoption in high-income countries. These included
facilitating virtual healthcare, offering clinical assistance, overseeing care quality, tracing
and monitoring coronavirus transmission, and managing the inventory of medicines and
vaccines [30]. However, disparities in internet access limited their adoption in LMICs and
PHC settings located in rural and remote areas within high-income countries [63,75]. The
adoption and success of eHealth in achieving UHC are also contingent on the presence
and comprehensiveness of national eHealth strategies and policies with an overarching
aim of achieving UHC via digitally enabled PHC service delivery. A recent global survey
conducted by the WHO reported that more than half of the responding Member States
have an eHealth strategy [7]. In Kerala, India, digital tools proliferated rapidly during the
COVID-19 pandemic and helped meet diverse patient needs within PHC settings due to
the foundation of their high-performing health system, existing eHealth strategy, and high
levels of intersectoral collaboration, engagement with the private sector, and community
volunteers [71]. Certain features of PHC practices, such as facilities with an affiliation to
an academic institution and facilities that are located in an urban environment, can also
increase the likelihood of eHealth adoption [54].

3.2. Digital Health and PHC Service Delivery

We found eleven articles reporting data on the impact of digital health solutions on
improving the reach, quality, and/or efficiency of PHC service delivery and managing
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its demand. Studies examined several eHealth modalities (e.g., telemonitoring, tele-,
video-, and email consultations) and a range of outcomes (e.g., health-seeking behavior,
provider workload, service delivery, and accessibility). While none of the studies provided
quantitative findings for interpreting causal relationships, positive intervention effects on
PHC service delivery were the most consistently reported in the literature. The identified
studies provided some level of evidence on some potential mechanisms through which
eHealth affects the utilization and/or delivery of PHC services, including community
outreach, PHC provider adherence to clinical guidelines, quality of care including patient–
provider interaction, client trust, and uninterrupted access to essential drugs and equipment.
Some of these mechanisms are intermediate (e.g., uninterrupted access to essential drugs
due to digital stock management leads to improved client trust and demand).

Findings from the included studies suggest that telemonitoring data empowered
patients to take a more proactive approach to their health care [37,45]. In India, a digital
health -enabled task-shifting intervention (from doctors to frontline health workers) im-
proved PHC service accessibility and helped meet the community’s diverse healthcare
needs [33,64]. A few studies reported unfavorable findings on the role of e-consultations.
Banks et al. [42] reported that an e-consultation system implemented in the UK primary care
settings did not improve patient access or staff workload. Similarly, Casey et al. reported
that although an online consultation system called TeleDoc had been rolled out successfully
in England, its overall impact on shaping working practices and service delivery appeared
insignificant [51]. Several local contextual factors influenced the effectiveness, including
eHealth characteristics (perceived value, data storage and governance), actors’ roles and
relationships (government champions, stakeholder networks), implementation processes
(evidence, operationalization), and context such as interoperability [58]. Community mem-
bers’ trust in frontline health workers as competent to undertake their new roles was
another contextual factor for the uptake of the new services, and legitimacy provided by
higher level providers (e.g., PHC doctors) enabled the development of trust [33,70]. One
study conducted in the Netherlands examined the use of email consultation and found it
to be extremely low; it also reported that its use by patients was largely dependent on its
provision by General Practitioners (GPs) [38].

While telemedicine was widely adopted across PHC in many countries during the
COVID-19 pandemic for delivering services such as maternal and newborn healthcare,
it was not optimally supported by guidelines, training for health providers, adequate
equipment, reimbursement for the cost of connectivity, and insurance payments for care
provided remotely [26,37]. Studies revealed that technical problems were common across
remote monitoring technologies, and infrastructure issues would need to be addressed for
these technologies to have a sustainable impact on PHC service delivery [34,43]. In addi-
tion, digital illiteracy (of providers and patients), inability to perform in-person physical
examinations, cost, lack of non-verbal feedback and client-provider relationship, language
barriers, and client distrust were some of the contextual factors affecting the adoption
and use of telemedicine [37]. Implementation (e.g., scaling up, provider workloads) and
innovation issues (e.g., relative advantage or efficiency, complexity, compatibility with the
pre-existing system) determine the widespread routine adoption of eHealth and the overall
impact on service delivery [45].

Mobile-based digital technologies (mHealth) are widespread and routinely used by
many PHC services, with providers often using their mobile phones to register clients,
track their health, make decisions about care, and share clinical information with specialists
and other healthcare providers. A Cochrane systematic review conducted by Gonçalves-
Bradley et al. [18] demonstrated that mobile technologies might reduce the time between
presentation and management of a health condition when PHC providers use them to
consult with specialists, thereby providing efficient and integrated PHC service delivery.
The mechanisms through which these outcomes are achieved include new opportunities
created by mHealth (i) in how health workers communicate and coordinate with each
other, patients, and management [80] (ii) in establishing, strengthening and/or maintain-
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ing engagement and relationships with clients and communities, (iii) in relation to the
portability and work schedule flexibility of mobile devices and the possibility to access
patients in rural and remote areas without having to travel, (iv) in relation to the ability to
use treatment and screening algorithms that were loaded onto the mobile devices. For PHC
providers working in rural and remote contexts, mHealth solutions provided an efficient
service delivery model as it is perceived to save traveling time, increase speed, and enable
the easy coordination of care delivery through robust provider-to-provider or provider-
to-organization information sharing. In a cross-sectional study involving 1446 pregnant
women in rural Madagascar from 2015 to 2019, the implementation of the Pregnancy and
Newborn Diagnostic Assessment (PANDA) mHealth system led to pregnant women attend-
ing their first antenatal care (ANC) visit earlier in their pregnancy [41]. The duration of the
ANC visits was significantly associated with several risk factors, including age, education
level, and experience of domestic violence. The mHealth system demonstrated potential in
standardizing ANC visits and boosting patient willingness for early and consistent ANC
attendance [41]. In a similar study conducted in Tanzania’s Mufindi district, the mHealth
system PANDA was assessed for its acceptability in antenatal care among pregnant women
and healthcare workers. The results showed that those in the implementation group were
significantly more satisfied with ANC visits than those in the control group [35]. The
PANDA system, recognized for its user-friendly interface, effectively enhanced the quality
of ANC, strengthened the relationship between healthcare workers and pregnant women,
and addressed language and literacy barriers [35]. Contextual factors related to costs (e.g.,
recharging phones), the health worker (e.g., perceived usefulness), the technology (e.g.,
ease of use), the health system (e.g., availability of training, technical support, resource
constraints, and extent of the integration with pre-existing electronic health systems—
interoperability), and the infrastructure (e.g., access to the network and electricity) affected
the extent of adoption of mHealth by healthcare providers in PHC settings [21].

To successfully implement mobile-based digital technologies in PHC, context-specific
implementation strategies are essential [78]. MomConnect is a mobile health messaging
service and helpdesk implemented in South Africa, providing pregnant women informa-
tion via a short message service (SMS). The evaluation of its implementation revealed
improvements in the quality of the services (e.g., decreased drug stockouts, behavioral
changes in health workers) [50] and improved the health-seeking behavior [52]. High-level
government buy-in and leadership, complex multistakeholder partnerships, formal inte-
gration with the public health system through facility-based registration and leveraging
existing ICT technologies, long-term commitment, and earmarked funding for core func-
tions were all fundamental to the successful scaling of and sustainable implementation of
MomConnect in South Africa [49,68,81]. The adoption of vertical, single-condition digital
health in PHC settings was reported to impede the sustainability of eHealth solutions and
contribute to inefficiency as a result of the implementation of multiple digital technologies
in overlapping geographies [58].

The reliable and uninterrupted availability of health commodities such as medicines
is fundamental to delivering PHC services. Digital tracking technologies provide low-cost
solutions to drug distribution and stockout challenges, including the real-time assessment,
tracking, and reporting of essential commodities. A change in the availability of drugs and
equipment in PHC facilities appeared as one of the mechanisms through which eHealth
affects the quality of PHC services [20]. The utility of mHealth-based digital tracking
technologies is contingent on several contextual factors, including the presence of strong
and meaningful partnerships with local stakeholders and authorities (ICT companies and
service providers), the availability of stock-level data at all levels of the health system, the
availability of technical support, training and ongoing maintenance, and the presence of
provider incentives (e.g., phone credit) [20]. The lack of consistent and standard outcome
measures and sufficient data on mechanisms and contexts meant that we could not make a
comparative analysis between studies and draw credible inferences regarding the role of
mHealth in stock management.
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3.2.1. Electronic Decision-Support Tools

A recent Cochrane review concluded that the evidence on whether mobile-based
clinical decision support tools make PHC providers better at following the recommended
practice and their effects on patients’ and clients’ behavior are unclear [19]. The studies
included in this Cochrane review did not take a systems lens or use a quality-of-care
framework. In South Africa, e-PC101, an electronic clinical decision support tool, improved
the quality and delivery of PHC in under-resourced health systems by streamlining the
process and providing opportunity to examine clients systematically, comprehensively,
and thoroughly [73]. However, the routine use of e-PC101 was challenged by the need
to balance comprehensive clinical assessments with heavy clinic demands and provider
workloads [73].

3.2.2. Electronic Health Records

Electronic health records (EHRs)—a digital space to record, store, and share client’s
health information—are another form of eHealth strategies widely implemented across
health sectors to improve healthcare service delivery, reduce medical errors, and achieve
healthcare cost saving. While we found limited evidence on the role of EHRs in PHC
contexts, a few published studies reported that EHRs are more likely to be utilized if client
information is easy to exchange between providers, both within and across PHC facilities
and other institutions [54]. Factors facilitating the successful implementation of EHRs
in PHC settings include improved ICT infrastructure, PHC provider’s motivation and
incentives to use them, perceived threat to provider autonomy, confidentiality concerns,
EHR design quality and functionality [28,29,60].

3.2.3. Artificial Intelligence, Machine Learning

The recent revolution in Artificial Intelligence (AI) and Machine Learning (ML)
presents a unique opportunity for PHC to deliver an effective, efficient, and equitable
service [72]. While it was more difficult to assess the impact of AI-based applications on
the continuity and coordination of PHC, there was a consensus among the studies that AI
has the potential to improve managerial and clinical decisions and processes, although un-
supervised machine learning is currently not robust enough to be widely adopted without
rigorous checks in place [25,55,72].

3.3. The Role of eHealth in Improving Community Engagement

While innovative digital solutions are increasingly being used to improve commu-
nity participation, the current evidence base regarding its impact is limited. Only two
reviews indicated improved community involvement and external accountability [31,32].
One notable approach through which eHealth might bolster community engagement is by
promoting involvement in online peer support programs. A comprehensive review on the
role of eHealth technologies in fostering patient engagement and community participation
by Barello et al. (2022) [31] found that digital solutions, while progressively leveraged,
often overlook the emotional dimension of engagement. Many eHealth interventions pre-
dominantly focus on either the cognitive or the behavioral facets, leading to a fragmented
understanding of the holistic patient experience. Furthermore, despite eHealth’s overar-
ching goal of enhancing patient proactivity, there is a prevailing passive approach in its
design. The study also highlighted that innovative eHealth solutions show promise in
amplifying community participation, especially through online peer support programs,
but evidence on their comprehensive impact remains limited. This underscores the nascent
stage of the research field and the need for multi-dimensional assessments in future eHealth
interventions [31].

3.4. Unintended Consequences of eHealth in PHC Settings

Several studies provide evidence on eHealth’s potential negative effects, or spillovers,
in the PHC context. While eHealth resulted in increased PHC visits, patient satisfaction, and
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provision of health prevention education, it also seemed to increase the costs or decrease
the usefulness for some parameters, e.g., leading to the loss of meaningful engagement with
the clients [21] and to an increased number of drugs prescribed [22]. While PHC providers
and administrators held positive views about remote monitoring technologies, several
studies reported concerns regarding the perceived reduced quality of care from fewer
face-to-face patient visits, overtreatment (e.g., over-prescription), and data incompatibility
with PHC’s electronic health records [27]. Another study conducted in Swedish PHC
settings reported that although PHC providers perceived working with digital consultation
as flexible with a high grade of autonomy, flexibility, and reduced workload, concerns
were raised regarding the loss of clinical competence when working exclusively with
digital consultation [44]. In the U.K., the asynchronous nature of electronic consultation-
based assessment meant that GPs could not probe for further information and make
clinical decisions, deferring many e-consultations to face-to-face or telephone consultations.
Furthermore, e-consultations did not substitute for, but were, rather, an ‘add on’ to, face-to-
face consultations, further duplicating their workload [59]. The authors attributed this to
the poor system integration, with the platform sitting outside the practice ITC and relying
on staff manually importing e-consultation details into the electronic patient record in
practice systems [42]. Confidentiality, privacy, and ethical issues were frequently discussed
within and across the included articles, especially regarding individuals accessing data
and the ability to send patient data to other facilities or institutions without a patient’s
permission or knowledge [57,76,78].

The Digital Divide: eHealth and Equity

Over the last decade, the use of and access to mobile phones has increased in poor,
remote rural areas and improved PHC access and delivery [48]. However, the differen-
tial interest in and/or the access to digital technology has important equity implications,
with compounding inequalities between people living in regions that have ICT access and
digitally excluded groups (those that do not have access or have restricted access). For
example, in a study conducted by Dahlgren et al. [36] in Sweden, it was reported that
the use of direct-to-consumer (DTC) telemedicine consultations was unevenly distributed
across the population, with younger people with higher income, higher education, and
born in Sweden being the most frequent users, raising some concerns about the equity
implications [36]. The fact that some eHealth solutions (e.g., electronic consultations) [44]
predominantly reach young, presumably healthy individuals raises equity issues for the
elderly population with a higher burden of disease [44]. In the U.K., for people experiencing
homelessness who may not have access to a phone, the move to remote telephone consulta-
tions highlighted the difficulties experienced in accessing PHC, as electronic consultations
are often made remotely without taking into consideration both the clinical and the social
factors underpinning health [46]. Furthermore, the rapid adoption and uneven expansion
of telemedicine during the COVID-19 pandemic across different socio-economic groups
further exacerbated the already existing inequalities in access to high-quality care [37]. The
issue of multilingualism is of particular importance. For digital technologies to help deliver
on the promises of an equity agenda that underpins UHC, linguistic diversity and cultural
identity need to be ensured in the development and implementation of these technologies,
so that health services and information are provided to people in the language they speak
and in a culturally responsive way [7].

4. Discussion

Digital health solutions—including eHealth and the use of computing sciences in
artificial intelligence and big data—are disruptive technologies that, in many ways, chal-
lenge the status quo of how healthcare services are provided. The overall evidence on
the effectiveness of eHealth in the PHC context was mixed and inconclusive, which is
consistent with other systematic reviews on digital health [20,23,27,80]. Our review high-
lighted several cross-cutting pathways and contextual factors that likely moderated the
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effects of digital health interventions in PHC, ranging from distal factors characterizing the
organizational and wider health system attributes to proximal factors characterizing the
individual, sociocultural, and facility-level attributes within which eHealth interventions
are implemented.

In terms of distal factors, the wider health system attributes, including leadership
and governance, regulatory and policy frameworks, and the level of decentralization of
the health system (e.g., budget availability and autonomy within PHC facilities), were
of key importance, as these factors determine the degree of financial and management
autonomy at the PHC facility level. The proximal factors at the PHC facility level include
individual-level factors (e.g., perceived benefit of eHealth, technical capacity, provider
motivations and incentives) and the quality of facility infrastructure and existing PHC
service delivery model before eHealth is adopted. These factors were important in shaping
the provider’s response to eHealth solutions. In PHC facilities where skills, motivation,
and digital literacy were higher and funding was adequate, the providers were more
likely to adopt and apply eHealth technologies, with a subsequent impact on an efficient,
quality, and coordinated service delivery and greater patient satisfaction. The presence
of an optimal digital ecosystem including functioning and adaptable ICT infrastructure
and conducive enabling environments is also crucial for eHealth interventions’ effective
and efficient functioning. In countries where the current digital ecosystem and enabling
environments are not mature enough to accommodate eHealth interventions, the adoption
of eHealth interventions to facilitate PHC coordination and continuity is limited and is
often fragmented. The proximal factors at the wider community level include pre-existing
socio-cultural norms, geographical access to digital technologies, and digital literacy, which
generally constrained the ability of eHealth interventions to improve demand. Other
eHealth design features such as ease of use and interoperability (i.e., extent of integration
with pre-existing electronic health systems) are also important contextual factors. Thus,
when evaluating the impacts of eHealth on PHC service delivery, it is important to consider
not only the technical functionality of the technology and the behavioral responses of the
end-users, but also the wider health system’s needs and the digital ecosystem readiness
including the capacity (individual, technological, organizational, and economic) available
to accommodate the introduction of digital solutions [62]. As with any introduction of
new and innovative approaches, eHealth requires providers and end-users to transition to
embrace new practices. This can be achieved by conducting an all-inclusive stakeholder
engagement in co-creating digital technologies, including design and implementation and
improving educational and capacity-building efforts [7,78].

The rise in eHealth solutions over the past decade presents both opportunities and
challenges for global public health. While the expansion of mobile phone usage in impover-
ished, remote regions has the potential to augment PHC access, concerns about the digital
divide are evident [82]. Findings from our review indicate an inequitable distribution of
eHealth services, where the more privileged demographics are the predominant users of
such technologies. The COVID-19 pandemic further intensified these disparities, with the
rapid, inconsistent growth of telemedicine highlighting pre-existing inequities in healthcare
access among different socio-economic groups [66]. Additionally, the matter of linguistic
inclusivity is pressing. For eHealth to truly uphold the equity tenets of UHC, it is essential
to integrate linguistic and cultural considerations in digital health solutions. Yet, a mere
third of nations with eHealth strategies in 2018 have incorporated multilingualism, pointing
to a significant oversight in addressing the diverse needs of global populations [7]. To
bridge the existing gaps, policymakers and stakeholders should prioritize the develop-
ment of multilingual and culturally sensitive platforms, while facilitating the access to
technology in economically disadvantaged and remote areas [82,83]. Moreover, integrating
feedback mechanisms and regular equity audits can further ensure that eHealth solutions
are evolving in a direction that caters to the diverse needs of the population, promoting a
universally beneficial and cohesive healthcare environment [82].
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The adoption of digital health interventions in PHC also brings forth other unique
challenges, particularly concerning security and potential malpractice [84,85]. For instance,
a local clinic using a mobile application to schedule appointments or monitor patient vital
signs must ensure that the patients’ personal and health information remains confidential
and secure. A breach in such environments could not only jeopardize patient trust but
also deter them from seeking timely medical care. This emphasizes a need for systems that
not only enhance PHC delivery but also embody the highest standards of data security. In
addition to comprehensive training for PHC providers, continuous monitoring, updates,
and quality assurance mechanisms must be embedded within these digital interventions in
order to maximize the benefits of digital tools while minimizing the potential risks [85].

This scoping review assessed how and why digital health solutions implemented in
PHC contexts result in intended or unintended outcomes by exploring the underlying
mechanisms and contextual and program design moderators. Although we employed
rigorous and standard approaches to describe and explain how and why digital health
solutions work (or fail to work) to produce varied UHC-related outcomes in PHC settings,
our review is not without limitations. Given that the majority of the included studies
were scoping reviews, observational, and/or qualitative studies, we attempted to describe
relationships between interventions (i.e., eHealth) and outcomes (service delivery, efficiency,
quality, accessibility) rather than attributing any causal effects to eHealth and associated
outcomes. Nearly all of the studies included in the review were not specifically designed to
study pathways through which eHealth outcomes were achieved, and in many of these
studies, it was often difficult to determine what factors moderated eHealth outcomes,
mainly due to generalizability and design differences across eHealth modalities and the
tendency of the included studies to conflate heterogeneous eHealth-specific factors (e.g.,
design feature) with non-intervention-specific moderators. Furthermore, most of the studies
assessed eHealth intervention’s impact on one or two health system attributes, and only a
few studies employed a systems lens to examine the overall impact of eHealth. Our review
found no empirical data on the potential mechanisms or links between the use of digital
and other attributes of PHC (e.g., governance and accountability, comprehensiveness),
which might be partially attributed to our limited search strategy. Despite these limitations,
the findings from this review can inform donors, policymakers, and implementers, helping
them to design more effective digital technologies to strengthen PHC and achieve UHC.

5. Conclusions

Our review highlighted several cross-cutting pathways and contextual factors that
likely moderated the effects of digital health interventions in PHC. When evaluating the
role of digital solutions in PHC settings, it is important to consider not only the technical
functionality of the technology and the behavioral responses of the end-users, but also the
wider health system’s needs and the digital ecosystem readiness, including the capacity
available at the PHC level to accommodate the introduction of digital solutions. There is a
need for conceptual and/or methodological frameworks to better understand, classify, and
examine the associative mechanisms of eHealth and PHC (or UHC-related) outcomes and
understand how multifarious individual, organizational, technological, and system-level
factors influence the performance of eHealth solutions.
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23. Lall, P.; Rees, R.; Law, G.C.Y.; Dunleavy, G.; Cotič, Ž.; Car, J. Influences on the implementation of mobile learning for medical
and nursing education: Qualitative systematic review by the digital health education collaboration. J. Med. Internet Res. 2019,
21, e12895. [CrossRef]

24. Mbunge, E.; Batani, J.; Gaobotse, G.; Muchemwa, B. Virtual healthcare services and digital health technologies deployed during
coronavirus disease 2019 (COVID-19) pandemic in South Africa: A systematic review. Glob. Health J. 2022, 6, 102–113. [CrossRef]

25. Rahimi, S.A.; Légaré, F.; Sharma, G.; Archambault, P.; Zomahoun, H.T.V.; Chandavong, S.; Rheault, N.; Wong, S.T.; Langlois,
L.; Couturier, Y. Application of artificial intelligence in community-based primary health care: Systematic scoping review and
critical appraisal. J. Med. Internet Res. 2021, 23, e29839. [CrossRef]

26. Bashshur, R.L.; Howell, J.D.; Krupinski, E.A.; Harms, K.M.; Bashshur, N.; Doarn, C.R. The empirical foundations of telemedicine
interventions in primary care. Telemed. e-Health 2016, 22, 342–375. [CrossRef]

27. Davis, M.M.; Freeman, M.; Kaye, J.; Vuckovic, N.; Buckley, D.I. A systematic review of clinician and staff views on the acceptability
of incorporating remote monitoring technology into primary care. Telemed. e-Health 2014, 20, 428–438. [CrossRef]

28. AlJarullah, A.; Crowder, R.; Wald, M.; Wills, G. Factors affecting the adoption of EHRs by primary healthcare physicians in the
kingdom of Saudi Arabia: An integrated theoretical framework. Int. J. e-Healthc. Inf. Syst. 2018, 5, 126–138. [CrossRef]

29. Ludwick, D.A.; Doucette, J. Adopting electronic medical records in primary care: Lessons learned from health information
systems implementation experience in seven countries. Int. J. Med. Inform. 2009, 78, 22–31. [CrossRef] [PubMed]

30. Ndayishimiye, C.; Lopes, H.; Middleton, J. A systematic scoping review of digital health technologies during COVID-19: A new
normal in primary health care delivery. Health Technol. 2023, 13, 273–284. [CrossRef] [PubMed]

31. Barello, S.; Triberti, S.; Graffigna, G.; Libreri, C.; Serino, S.; Hibbard, J.; Riva, G. eHealth for patient engagement: A systematic
review. Front. Psychol. 2016, 6, 2013. [CrossRef] [PubMed]

32. Schroeer, C.; Voss, S.; Jung-Sievers, C.; Coenen, M. Digital Formats for Community Participation in Health Promotion and
Prevention Activities: A Scoping Review. Front. Public Health 2021, 9, 713159. [CrossRef]

33. Schierhout, G.; Praveen, D.; Patel, B.; Li, Q.; Mogulluru, K.; Ameer, M.A.; Patel, A.; Clifford, G.D.; Joshi, R.; Heritier, S. Why
do strategies to strengthen primary health care succeed in some places and fail in others? Exploring local variation in the
effectiveness of a community health worker managed digital health intervention in rural India. BMJ Glob. Health 2021, 6 (Suppl.
S5), e005003. [CrossRef]

34. Hammersley, V.; Donaghy, E.; Parker, R.; McNeilly, H.; Atherton, H.; Bikker, A.; Campbell, J.; McKinstry, B. Comparing the
content and quality of video, telephone, and face-to-face consultations: A non-randomised, quasi-experimental, exploratory
study in UK primary care. Br. J. Gen. Pract. 2019, 69, e595–e604. [CrossRef]

35. Paduano, S.; Incerti, F.; Borsari, L.; Benski, A.C.; Ernest, A.; Mwampagatwa, I.; Lilungulu, A.; Masoi, T.; Bargellini, A.; Stornelli,
F. Use of a mHealth System to Improve Antenatal Care in Low and Lower-Middle Income Countries: Report on Patients and
Healthcare Workers’ Acceptability in Tanzania. Int. J. Environ. Res. Public Health 2022, 19, 15342. [CrossRef]

36. Dahlgren, C.; Dackehag, M.; Wändell, P.; Rehnberg, C. Determinants for use of direct-to-consumer telemedicine consultations
in primary healthcare—A registry based total population study from Stockholm, Sweden. BMC Fam. Pract. 2021, 22, 1–10.
[CrossRef]

37. Galle, A.; Semaan, A.; Huysmans, E.; Audet, C.; Asefa, A.; Delvaux, T.; Afolabi, B.B.; El Ayadi, A.M.; Benova, L. A double-edged
sword—Telemedicine for maternal care during COVID-19: Findings from a global mixed-methods study of healthcare providers.
BMJ Glob. Health 2021, 6, e004575. [CrossRef]

38. Huygens, M.W.; Swinkels, I.C.; Verheij, R.A.; Friele, R.D.; van Schayck, O.C.; de Witte, L.P. Understanding the use of email
consultation in primary care using a retrospective observational study with data of Dutch electronic health records. BMJ Open
2018, 8, e019233. [CrossRef]

39. Shah, S.S.; Safa, A.; Johal, K.; Obika, D.; Valentine, S. A prospective observational real world feasibility study assessing the role of
app-based remote patient monitoring in reducing primary care clinician workload during the COVID pandemic. BMC Fam. Pract.
2021, 22, 1–9. [CrossRef]

40. Oyeyemi, S.O.; Wynn, R. Giving cell phones to pregnant women and improving services may increase primary health facility
utilization: A case–control study of a Nigerian project. Reprod. Health 2014, 11, 1–8. [CrossRef]

41. Benski, A.C.; Schmidt, N.C.; Viviano, M.; Stancanelli, G.; Soaroby, A.; Reich, M.R. Improving the quality of antenatal care using
mobile health in Madagascar: Five-year cross-sectional study. JMIR Mhealth Uhealth 2020, 8, e18543. [CrossRef]

42. Banks, J.; Farr, M.; Salisbury, C.; Bernard, E.; Northstone, K.; Edwards, H.; Horwood, J. Use of an electronic consultation system in
primary care: A qualitative interview study. Br. J. Gen. Pract. 2018, 68, e1–e8. [CrossRef]

43. Donaghy, E.; Atherton, H.; Hammersley, V.; McNeilly, H.; Bikker, A.; Robbins, L.; Campbell, J.; McKinstry, B. Acceptability,
benefits, and challenges of video consulting: A qualitative study in primary care. Br. J. Gen. Pract. 2019, 69, e586–e594. [CrossRef]

44. Fernemark, H.; Skagerström, J.; Seing, I.; Ericsson, C.; Nilsen, P. Digital consultations in Swedish primary health care: A qualitative
study of physicians’ job control, demand and support. BMC Fam. Pract. 2020, 21, 1–11. [CrossRef]

45. Hanley, J.; Pinnock, H.; Paterson, M.; McKinstry, B. Implementing telemonitoring in primary care: Learning from a large
qualitative dataset gathered during a series of studies. BMC Fam. Pract. 2018, 19, 1–11. [CrossRef]

46. Howells, K.; Amp, M.; Burrows, M.; Brown, J.; Brennan, R.; Dickinson, J.; Jackson, S.; Yeung, W.-L.; Ashcroft, D.; Campbell, S.
Remote primary care during the COVID-19 pandemic for people experiencing homelessness: A qualitative study. Br. J. Gen. Pract.
2022, 72, e492–e500. [CrossRef]

https://doi.org/10.2196/12895
https://doi.org/10.1016/j.glohj.2022.03.001
https://doi.org/10.2196/29839
https://doi.org/10.1089/tmj.2016.0045
https://doi.org/10.1089/tmj.2013.0166
https://doi.org/10.20533/ijehis.2046.3332.2018.0018
https://doi.org/10.1016/j.ijmedinf.2008.06.005
https://www.ncbi.nlm.nih.gov/pubmed/18644745
https://doi.org/10.1007/s12553-023-00725-7
https://www.ncbi.nlm.nih.gov/pubmed/36628261
https://doi.org/10.3389/fpsyg.2015.02013
https://www.ncbi.nlm.nih.gov/pubmed/26779108
https://doi.org/10.3389/fpubh.2021.713159
https://doi.org/10.1136/bmjgh-2021-005003
https://doi.org/10.3399/bjgp19X704573
https://doi.org/10.3390/ijerph192215342
https://doi.org/10.1186/s12875-021-01481-1
https://doi.org/10.1136/bmjgh-2020-004575
https://doi.org/10.1136/bmjopen-2017-019233
https://doi.org/10.1186/s12875-021-01594-7
https://doi.org/10.1186/1742-4755-11-8
https://doi.org/10.2196/18543
https://doi.org/10.3399/bjgp17X693509
https://doi.org/10.3399/bjgp19X704141
https://doi.org/10.1186/s12875-020-01321-8
https://doi.org/10.1186/s12875-018-0814-6
https://doi.org/10.3399/BJGP.2021.0596


Int. J. Environ. Res. Public Health 2023, 20, 6854 14 of 15

47. Turner, A.; Morris, R.; Rakhra, D.; Stevenson, F.; McDonagh, L.; Hamilton, F.; Atherton, H.; Farr, M.; Blake, S.; Banks, J. Unintended
consequences of online consultations: A qualitative study in UK primary care. Br. J. Gen. Pract. 2022, 72, e128–e137. [CrossRef]

48. Watkins, J.O.T.A.; Goudge, J.; Gómez-Olivé, F.X.; Griffiths, F. Mobile phone use among patients and health workers to enhance
primary healthcare: A qualitative study in rural South Africa. Soc. Sci. Med. 2018, 198, 139–147. [CrossRef]

49. Barron, P.; Peter, J.; LeFevre, A.E.; Sebidi, J.; Bekker, M.; Allen, R.; Parsons, A.N.; Benjamin, P.; Pillay, Y. Mobile health messaging
service and helpdesk for South African mothers (MomConnect): History, successes and challenges. BMJ Glob. Health 2018, 3
(Suppl. S2), e000559. [CrossRef]

50. Barron, P.; Pillay, Y.; Fernandes, A.; Sebidi, J.; Allen, R. The MomConnect mHealth initiative in South Africa: Early impact on the
supply side of MCH services. J. Public Health Policy 2016, 37, 201–212. [CrossRef] [PubMed]

51. Casey, M.; Shaw, S.; Swinglehurst, D. Experiences with online consultation systems in primary care: Case study of one early
adopter site. Br. J. Gen. Pract. 2017, 67, e736–e743. [CrossRef] [PubMed]

52. Coleman, J.; Black, V.; Thorson, A.E.; Eriksen, J. Evaluating the effect of maternal mHealth text messages on uptake of maternal
and child health care services in South Africa: A multicentre cohort intervention study. Reprod. Health 2020, 17, 1–9. [CrossRef]

53. LeFevre, A.E.; Dane, P.; Copley, C.J.; Pienaar, C.; Parsons, A.N.; Engelhard, M.; Woods, D.; Bekker, M.; Benjamin, P.; Pillay, Y.
Unpacking the performance of a mobile health information messaging program for mothers (MomConnect) in South Africa:
Evidence on program reach and messaging exposure. BMJ Glob. Health 2018, 3 (Suppl. S2), e000583. [CrossRef] [PubMed]

54. Francisco, L.-V.; Frans, F.; Clara, F. Benchmarking Deployment of eHealth among General Practitioners. 2018. Available on-
line: https://op.europa.eu/en/publication-detail/-/publication/d1286ce7-5c05-11e9-9c52-01aa75ed71a1/language-en/format-
PDF (accessed on 11 July 2023).

55. Liyanage, H.; Liaw, S.-T.; Jonnagaddala, J.; Schreiber, R.; Kuziemsky, C.; Terry, A.L.; de Lusignan, S. Artificial intelligence in
primary health care: Perceptions, issues, and challenges. Yearb. Med. Inform. 2019, 28, 41–46. [CrossRef] [PubMed]

56. Mozes, I.; Mossinson, D.; Schilder, H.; Dvir, D.; Baron-Epel, O.; Heymann, A. Patients’ preferences for telemedicine versus
in-clinic consultation in primary care during the COVID-19 pandemic. BMC Prim. Care 2022, 23, 1–10. [CrossRef]

57. Murphy, M.; Scott, L.J.; Salisbury, C.; Turner, A.; Scott, A.; Denholm, R.; Lewis, R.; Iyer, G.; Macleod, J.; Horwood, J. Implementa-
tion of remote consulting in UK primary care following the COVID-19 pandemic: A mixed-methods longitudinal study. Br. J.
Gen. Pract. 2021, 71, e166–e177. [CrossRef]

58. Singh, N.S.; Scott, K.; George, A.; LeFevre, A.E.; Ved, R. A tale of ‘politics and stars aligning’: Analysing the sustainability of
scaled up digital tools for front-line health workers in India. BMJ Glob. Health 2021, 6 (Suppl. S5), e005041. [CrossRef]

59. Farr, M.; Banks, J.; Edwards, H.B.; Northstone, K.; Bernard, E.; Salisbury, C.; Horwood, J. Implementing online consultations in
primary care: A mixed-method evaluation extending normalisation process theory through service co-production. BMJ Open
2018, 8, e019966. [CrossRef]

60. Elsyed, H.M.F.; Bassiuoni, N.A.; Abou Hashish, E.A. Factors Facilitating or Hindering the Implementation of Electronic Health
Records at Primary Health Care Units as Perceived by the Health Care Providers. J. Nurs. Pract. 2020, 3, 129–138.

61. Kueper, J.K.; Terry, A.; Bahniwal, R.; Meredith, L.; Beleno, R.; Brown, J.B.; Dang, J.; Leger, D.; McKay, S.; Pinto, A. Connecting
artificial intelligence and primary care challenges: Findings from a multi stakeholder collaborative consultation. BMJ Health Care
Inform. 2022, 29, e100493. [CrossRef] [PubMed]

62. LeFevre, A.E.; Mohan, D.; Hutchful, D.; Jennings, L.; Mehl, G.; Labrique, A.; Romano, K.; Moorthy, A. Mobile Technology for
Community Health in Ghana: What happens when technical functionality threatens the effectiveness of digital health programs?
BMC Med. Inform. Decis. Mak. 2017, 17, 1–17. [CrossRef]

63. Liaw, S.-T.; Kuziemsky, C.; Schreiber, R.; Jonnagaddala, J.; Liyanage, H.; Chittalia, A.; Bahniwal, R.; He, J.W.; Ryan, B.L.; Lizotte,
D.J. Primary care informatics response to COVID-19 pandemic: Adaptation, progress, and lessons from four countries with high
ICT development. Yearb. Med. Inform. 2021, 30, 044–055. [CrossRef] [PubMed]

64. Nadhamuni, S.; John, O.; Kulkarni, M.; Nanda, E.; Venkatraman, S.; Varma, D.; Balsari, S.; Gudi, N.; Samantaray, S.; Reddy, H.
Driving digital transformation of comprehensive primary health services at scale in India: An enterprise architecture framework.
BMJ Glob. Health 2021, 6 (Suppl. S5), e005242. [CrossRef]

65. Neve, G.; Fyfe, M.; Hayhoe, B.; Kumar, S. Digital health in primary care: Risks and recommendations. Br. J. Gen. Pract. 2020, 70,
609–610. [CrossRef]

66. Pagliari, C. Digital health and primary care: Past, pandemic and prospects. J. Glob. Health 2021, 11, 01005. [CrossRef]
67. Peters, L.; Greenfield, G.; Majeed, A.; Hayhoe, B. The impact of private online video consulting in primary care. J. R. Soc. Med.

2018, 111, 162–166. [CrossRef]
68. Peter, J.; Benjamin, P.; LeFevre, A.E.; Barron, P.; Pillay, Y. Taking digital health innovation to scale in South Africa: Ten lessons

from MomConnect. BMJ Spec. J. 2018, 3, e000592. [CrossRef]
69. Shieshia, M.; Noel, M.; Andersson, S.; Felling, B.; Alva, S.; Agarwal, S.; Lefevre, A.; Misomali, A.; Chimphanga, B.; Nsona, H.

Strengthening community health supply chain performance through an integrated approach: Using mHealth technology and
multilevel teams in Malawi. J. Glob. Health 2014, 4, 020406. [CrossRef]

70. Srinidhi, V.; Karachiwala, B.; Iyer, A.; Reddy, B.; Mathrani, V.; Madhiwalla, N.; Periodi, V.; Sreevathsa, A.; Viswanatha, L.; Sen, G.
ASHA Kirana: When digital technology empowered front-line health workers. BMJ Glob. Health 2021, 6 (Suppl. S5), e005039.
[CrossRef] [PubMed]

https://doi.org/10.3399/BJGP.2021.0426
https://doi.org/10.1016/j.socscimed.2018.01.011
https://doi.org/10.1136/bmjgh-2017-000559
https://doi.org/10.1057/s41271-016-0015-2
https://www.ncbi.nlm.nih.gov/pubmed/27899795
https://doi.org/10.3399/bjgp17X693137
https://www.ncbi.nlm.nih.gov/pubmed/28993306
https://doi.org/10.1186/s12978-020-01017-3
https://doi.org/10.1136/bmjgh-2017-000583
https://www.ncbi.nlm.nih.gov/pubmed/29713510
https://op.europa.eu/en/publication-detail/-/publication/d1286ce7-5c05-11e9-9c52-01aa75ed71a1/language-en/format-PDF
https://op.europa.eu/en/publication-detail/-/publication/d1286ce7-5c05-11e9-9c52-01aa75ed71a1/language-en/format-PDF
https://doi.org/10.1055/s-0039-1677901
https://www.ncbi.nlm.nih.gov/pubmed/31022751
https://doi.org/10.1186/s12875-022-01640-y
https://doi.org/10.3399/BJGP.2020.0948
https://doi.org/10.1136/bmjgh-2021-005041
https://doi.org/10.1136/bmjopen-2017-019966
https://doi.org/10.1136/bmjhci-2021-100493
https://www.ncbi.nlm.nih.gov/pubmed/35091423
https://doi.org/10.1186/s12911-017-0421-9
https://doi.org/10.1055/s-0041-1726489
https://www.ncbi.nlm.nih.gov/pubmed/33882603
https://doi.org/10.1136/bmjgh-2021-005242
https://doi.org/10.3399/bjgp20X713837
https://doi.org/10.7189/jogh.11.01005
https://doi.org/10.1177/0141076818761383
https://doi.org/10.1136/bmjgh-2017-000592
https://doi.org/10.7189/jogh.04.020406
https://doi.org/10.1136/bmjgh-2021-005039
https://www.ncbi.nlm.nih.gov/pubmed/34548289


Int. J. Environ. Res. Public Health 2023, 20, 6854 15 of 15

71. Ummer, O.; Scott, K.; Mohan, D.; Chakraborty, A.; LeFevre, A.E. Connecting the dots: Kerala’s use of digital technology during
the COVID-19 response. BMJ Glob. Health 2021, 6 (Suppl. S5), e005355. [CrossRef] [PubMed]

72. Yang, Z.; Silcox, C.; Sendak, M.; Rose, S.; Rehkopf, D.; Phillips, R.; Peterson, L.; Marino, M.; Maier, J.; Lin, S. Advancing primary
care with Artificial Intelligence and Machine Learning. In Healthcare; Elsevier: Amsterdam, The Netherlands, 2022; p. 100594.

73. Yau, M.; Timmerman, V.; Zwarenstein, M.; Mayers, P.; Cornick, R.V.; Bateman, E.; Fairall, L. e-PC101: An electronic clinical
decision support tool developed in South Africa for primary care in low-income and middle-income countries. BMJ Glob. Health
2019, 3 (Suppl. S5), e001093. [CrossRef] [PubMed]

74. Mehl, G.L.; Tamrat, T.; Bhardwaj, S.; Blaschke, S.; Labrique, A. Digital health vision: Could MomConnect provide a pragmatic
starting point for achieving universal health coverage in South Africa and elsewhere? BMJ Glob. Health 2018, 3 (Suppl. S2),
e000626. [CrossRef]

75. Van der Kleij, R.M.; Kasteleyn, M.J.; Meijer, E.; Bonten, T.N.; Houwink, E.J.; Teichert, M.; van Luenen, S.; Vedanthan, R.; Evers,
A.; Car, J. SERIES: eHealth in primary care. Part 1: Concepts, conditions and challenges. Eur. J. Gen. Pract. 2019, 25, 179–189.
[CrossRef]

76. Boers, S.N.; Jongsma, K.R.; Lucivero, F.; Aardoom, J.; Büchner, F.L.; de Vries, M.; Honkoop, P.; Houwink, E.J.; Kasteleyn, M.J.;
Meijer, E. SERIES: eHealth in primary care. Part 2: Exploring the ethical implications of its application in primary care practice.
Eur. J. Gen. Pract. 2020, 26, 26–32. [CrossRef]

77. Houwink, E.J.; Kasteleyn, M.J.; Alpay, L.; Pearce, C.; Butler-Henderson, K.; Meijer, E.; van Kampen, S.; Versluis, A.; Bonten, T.N.;
van Dalfsen, J.H. SERIES: eHealth in primary care. Part 3: eHealth education in primary care. Eur. J. Gen. Pract. 2020, 26, 108–118.
[CrossRef]

78. Versluis, A.; van Luenen, S.; Meijer, E.; Honkoop, P.J.; Pinnock, H.; Mohr, D.C.; Neves, A.L.; Chavannes, N.H.; van der Kleij, R.M.
SERIES: eHealth in primary care. Part 4: Addressing the challenges of implementation. Eur. J. Gen. Pract. 2020, 26, 140–145.
[CrossRef]

79. Kasteleyn, M.J.; Versluis, A.; van Peet, P.; Kirk, U.B.; van Dalfsen, J.; Meijer, E.; Honkoop, P.; Ho, K.; Chavannes, N.H.; Talboom-
Kamp, E.P. SERIES: eHealth in primary care. Part 5: A critical appraisal of five widely used eHealth applications for primary
care–opportunities and challenges. Eur. J. Gen. Pract. 2021, 27, 248–256. [CrossRef]

80. Gagnon, M.-P.; Ngangue, P.; Payne-Gagnon, J.; Desmartis, M. m-Health adoption by healthcare professionals: A systematic
review. J. Am. Med. Inform. Assoc. 2016, 23, 212–220. [CrossRef]

81. Seebregts, C.; Dane, P.; Parsons, A.N.; Fogwill, T.; Rogers, D.; Bekker, M.; Shaw, V.; Barron, P. Designing for scale: Optimising the
health information system architecture for mobile maternal health messaging in South Africa (MomConnect). BMJ Glob. Health
2018, 3 (Suppl. S2), e000563. [CrossRef]

82. Honeyman, M.; Maguire, D.; Evans, H.; Davies, A. Digital Technology and Health Inequalities: A Scoping Review; Public Health Wales
NHS Trust: Cardiff, UK, 2020.

83. Kaihlanen, A.-M.; Virtanen, L.; Buchert, U.; Safarov, N.; Valkonen, P.; Hietapakka, L.; Hörhammer, I.; Kujala, S.; Kouvonen, A.;
Heponiemi, T. Towards digital health equity-a qualitative study of the challenges experienced by vulnerable groups in using
digital health services in the COVID-19 era. BMC Health Serv. Res. 2022, 22, 188. [CrossRef]

84. Zarif, A. The ethical challenges facing the widespread adoption of digital healthcare technology. Health Technol. 2022, 12, 175–179.
[CrossRef]

85. Iyamu, I.; Gómez-Ramírez, O.; Xu, A.X.; Chang, H.-J.; Watt, S.; Mckee, G.; Gilbert, M. Challenges in the development of digital
public health interventions and mapped solutions: Findings from a scoping review. Digit. Health 2022, 8, 20552076221102255.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1136/bmjgh-2021-005355
https://www.ncbi.nlm.nih.gov/pubmed/34312152
https://doi.org/10.1136/bmjgh-2018-001093
https://www.ncbi.nlm.nih.gov/pubmed/30899556
https://doi.org/10.1136/bmjgh-2017-000626
https://doi.org/10.1080/13814788.2019.1658190
https://doi.org/10.1080/13814788.2019.1678958
https://doi.org/10.1080/13814788.2020.1797675
https://doi.org/10.1080/13814788.2020.1826431
https://doi.org/10.1080/13814788.2021.1962845
https://doi.org/10.1093/jamia/ocv052
https://doi.org/10.1136/bmjgh-2017-000563
https://doi.org/10.1186/s12913-022-07584-4
https://doi.org/10.1007/s12553-021-00596-w
https://doi.org/10.1177/20552076221102255

	Introduction 
	Materials and Methods 
	Data Sources and Search Strategy 
	Eligibility Screening 
	Data Extraction and Synthesis 

	Results 
	eHealth Foundations for Improved PHC Service Delivery 
	Digital Health and PHC Service Delivery 
	Electronic Decision-Support Tools 
	Electronic Health Records 
	Artificial Intelligence, Machine Learning 

	The Role of eHealth in Improving Community Engagement 
	Unintended Consequences of eHealth in PHC Settings 

	Discussion 
	Conclusions 
	References

