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Abstract

Background: In the digital era, health literacy is essentia for informed decision-making and improved
outcomes. This PRISMA systematic review evaluates the effectiveness of digital health interventions
(DHIs) in enhancing health literacy, using WHO definitions and classification frameworks.

Methods: Cross-sectional studies, surveys, and case reports were included, focusing on DHIs such as
mobile apps, online platforms, and telehealth services. PubMed, IEEE, and ACM databases were
searched for publications from 2013 to 2024.

Results: Of 1,029 initia articles, 39 met inclusion criteria. DHIs, including multimedia tools, apps,
and remote programs, show potential to improve health literacy across populations, though results vary
by age and socioeconomic status. Studies were categorized as follows: mobile apps (10.3%), online
platforms (30.8%), multimedia tools (5.1%), telehealth/mHealth (15.4%), EHRs and portals (2.6%),
conference proceedings (17.9%), and review studies (17.9%). Regarding the level of evidence, most
studies were classified at Oxford Level 4 (64.1%), with fewer reaching Level 1 (20.5%) or Level 2
(10.3%).

Conclusion: DHIs show potential to enhance user engagement and health knowledge, though results
remain heterogeneous. While user-centered and culturally sensitive designs represent promising
strategies, current evidence is insufficient to determine the definitive superiority of specific features,
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such as gamification. Standardized evaluation methods and targeted efforts to address digital inequities
are needed to guide equitable digital-first healthcare policies.

1. INTRODUCTION

In 2024 with over 5.5 billion people using the internet, more than two-thirds of the global population,
digital tools play a central role in accessing information and services, including healthcare [1]. In this
digital era, promoting health literacy remains essential for shaping individuals' health outcomes, and
thereis an increasing and varied number of new tools that can be used to achieve this goal. The World
Health Organization (WHO) defines health literacy as the ability to access, understand, and use
information to maintain and improve health for oneself, one's family, and the wider community [2,3].
A wide range of interventions exists to enhance health literacy, from small group sessions and
personalized education to digital communications, multimedia learning tools, animated content, and
mobile applications [4,5]. Many of these interventions leverage digital technologies, collectively
referred to as digital health interventions (DHIs) or eHealth interventions. According to the WHO
classification, DHIs encompass a broad spectrum of tools and practices, including artificial
intelligence, big data analytics, telemedicine, and other digital innovations, designed to improve
health outcomes [6-8].

DHiIs have demonstrated potentia in promoting healthy behaviors, managing chronic conditions, and
improving access to treatments, thus supporting public health goals such as delivering targeted
interventions and reducing barriers to care. Examples include encouraging smoking cessation,
healthy eating, physical activity, and supporting patients with cardiovascular disease, diabetes, or
mental health conditions [4,9-11]. Digital interventions also facilitate remote access to treatments,
such as computerized cognitive behaviora therapy, which is particularly valuable for mental health
care[10,11].

Despite their promise, the adoption and effectiveness of DHIs are influenced by the digital divide,
which reflects disparities in access to and use of technology. Factors such as age, education, income,
and urban versus rural residence shape this divide and are closely linked to eHealth literacy levels
[12]. Addressing these inequalities is critical to ensure equitable benefits of DHIs and reduce
preventable health disparities associated with social, economic, or environmental disadvantage [13].
Previous reviews have examined the effectiveness of digital health interventions in improving health
literacy across various populations, including older adults and migrant communities, and health
domains such as chronic disease and mental health. Many studies, particularly those employing
interactive multimedia and internet-based platforms, report positive effects on health knowledge,
attitudes, and in some cases, behaviors. However, outcomes are not uniformly consistent [14-17]. For
instance, a meta-analysis of older adults found significant gains in eHealth literacy knowledge, but no
improvement in practical digital health skills [18]. Similarly, digital menta heath literacy
interventions enhanced knowledge but showed only moderate or variable effects on broader mental
health outcomes [19].

While DHIs often improve health literacy, not all interventions translate into long-term behavior
change or improved clinical outcomes [14]. Their effectiveness depends heavily on thoughtful design
and implementation, particularly when educational content is explicitly integrated to help users
understand and act on health information [4]. As digital technologies continue to advance rapidly, itis
important to continuously reassess the evidence supporting DHIs for health literacy.

This study presents a systematic review of digital interventions aimed at improving health literacy
[20]. The review is guided by the question: To what extent have DHIs improved health literacy across
diverse populations and health domains? The objectives are to:
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Categorize the types of DHIs used to enhance health literacy.
Evaluate their effectivenessin improving health literacy outcomes.
Examine the approaches used to measure health literacy within these interventions.

w N

2. METHODS

We conducted a multilingual literature search of three major databases: PubMed, |IEEE, and ACM.
This specific triad was purposively selected to reflect the highly interdisciplinary nature of Digital
Health Interventions (DHIs), which reside at the intersection of public health and computer science.
While PubMed provided comprehensive coverage of the biomedical, clinical, and public health
literature, IEEE and the ACM Digital Library were specifically targeted to capture literature on
technological innovation, human-computer interaction (HCI), system design, and software
engineering. These technologica aspects are fundamental to DHI development but are frequently
underrepresented in traditional medical databases. We devel oped specific search strings adapted to the
syntax of each database, with the complete list of keywords provided in the Supplementary Material.
A key objective of this search strategy was to update the existing evidence base, building upon prior
foundational work such as the 2014 systematic review by Jacobs et al [14].

2.1. Inclusion Criteria

We included original research, cross-sectional studies, surveys, case reports, and other types of

primary studies, as well as reviews, commentaries, and observational studies, when they included a

description of a digital intervention aimed at increasing health literacy. Articles in English, French,

German, and Italian published from 2013 to 2024 were considered eligible. For interventional

studies, we used the following PICOT framework:

» Population (P): Any population.

» Intervention (I): Any technological intervention in digital health as defined by the World Health
Organization [6]. Digital health, as mentioned within the introduction, is defined as the ability of
individuals to gain access to, understand and use information in ways which promote and
maintain good health for themselves, their families and their communities.

e Control (C): Not defined (a specific control or comparator group was not required as this review
encompasses diverse study designs, including single-arm, pre-post, observational, and qualitative
studies, which do not universally employ control groups).

e Qutcome (O): Any outcomes related to health literacy as defined by the Center for Disease
Control and Prevention (CDC) [21,22].

» Time (T): Papers/proceedings published from 2013 to 2024.

We adopted the CDC framework to define health literacy outcomes, as it provides clear, measurable
indicators such as patient activation and improved communication. For categorizing interventions, we
used the WHO Classification of Digital Health Interventions (CDHI), which offers a structured,
intervention-based taxonomy. Studies were excluded if they focused on general digita literacy
unrelated to health (e.g., smartphone use for non-health purposes) or if the interventions did not meet
the WHO definition of digital heath. While the primary focus was explicitly on hedth literacy
outcomes, a small subset of studies was retained if they extensively evaluated fundamental digital
health skills, usability, or engagement (eHealth literacy) as direct proxy prerequisites for achieving
health literacy, even if post-intervention health literacy was not formally quantified.
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2.2. Papers selection process

The selection process followed three main phases:

» Initial search: A total of 1,029 articles were identified across PubMed (n = 682), IEEE (n = 32),
and ACM (n = 315) after removing duplicates.

» Title and abstract screening: Five reviewer pairs independently screened titles and abstracts in a
double-blind process. Discrepancies were resolved by a third reviewer. At this stage, 124 papers
were selected for full-text review.

A tota of six authors were randomly assigned, in equal parts, manuscripts to evaluate for
inclusion or exclusion. In cases of uncertainty, a second reviewer made the final determination.
By the end of this phase, 46 articles were included. During the data extraction phase, 7 additional
papers were excluded for not being exclusively focused on health literacy, leaving 39 articles for
manuscript preparation.

Identification of studies via databases and registers

]

Records identified from three

databases: PubMed, IEEE, ACM > Records removed before screening:

Duplicate records removed (n = 15)

Identification

[

}

—
Records screened » Records excluded during
(n=1.029) title/abstract screening (n = 905)
. Records not retrieved (n = 1)
o (Fiegzir;i)sough( for retrieval | Records excluded during the full-text screening phase (n = 38)
£ Duplicates removed by humans (n = 30)
s Records excluded during data extraction phase (n = 9)
: I
»
A Records excluded:
E]efr:r‘tis) assessed for eligibility — - Reason 1: Not exclusively centered on health literacy
- (n=7)
)
4
2
s Studies included in review
E (n=39)

[

Figure 1. PRISMA flow diagram

2.3. Data Extraction and Synthesis

A structured dataset with over 32 key variables was created for each included study, see Table A in
supplementary material. Seven reviewers extracted data from primary studies (around seven papers
each), while two reviewers focused on systematic reviews. Data extraction distinguished between
primary and non-primary studies, followed by a narrative synthesis and comparative anaysis. Studies
were categorized by intervention type to promote health literacy, and methodological design
(systematic review, quantitative, or qualitative).

2.4. Level-of-evidence assessment and reporting

The study used the 2011 Oxford Centre for Evidence-Based Medicine (OCEBM) Levels of Evidence
tool to assess the strength of evidence [23]. In accordance with this framework, study designs were
mapped hierarchically to reflect their methodological robustness. Level 1 was dtrictly reserved for
systematic reviews and meta-analyses; Level 2 included randomized controlled trials (RCTs); Level 3
comprised non-randomized controlled cohorts;, Level 4 encompassed pre-post studies, feasibility
studies, cross-sectional designs, and conference proceedings lacking full peer review; and Level 5
was assigned to conceptual papers based on mechanism-based reasoning. Furthermore, the review
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followed the PRISMA guidelines [24] to ensure transparent, comprehensive, and standardized
reporting of the review findings.

3. RESULTS

3.1. Characteristics of included studies

While 39 studies were identified exploring digital approaches to enhance hedlth literacy, their
geographical and demographic distributions reveal substantial disparities. Most studies originated
from North America (53.8%, n = 21; predominantly the U.S., n = 19), limiting the generalizability of
findings to other regions. Europe (20.5%, n = 8), Asia (17.9%, n = 7), and Australia (7.7%, n = 3)
were underrepresented, with no studies from Africa or South America, highlighting critical gaps in
understanding DHIs across diverse cultural and healthcare contexts. This imbalance aligns with data
from the Global Digital Health Monitor, which indicates slower adoption of digital health solutionsin
severa world regions [25].

Age representation was similarly uneven: while adults were frequently studied (33.3%, n = 13),
research involving elderly (10.3%, n = 4) and youth (12.8%, n = 5) remained limited, despite these
groups known challenges with digital literacy. Many studies (43.6%, n = 17) included mixed or
unspecified age groups, hindering age-specific insights. Ethnic minorities and underserved
populations were examined in only 17.9% (n = 7) of studies, with most lacking ethnic detail (69.2%,
n = 27), constraining evaluation of intervention equity and cultural relevance [26].

Regarding publication types and intervention categories, the evidence base primarily consisted of
primary studies (64.1%, n = 25). Within this group, websites and online platforms were the most
frequently evaluated digital tools (30.8%, n = 12), followed by telehealth and mHeath services
(15.4%, n = 6), mobile applications (10.3%, n = 4), multimedia tools (5.1%, n = 2), and electronic
health records and patient portals (2.6%, n = 1). The remainder of the included literature was
categorized as secondary studies, which comprised systematic and narrative reviews synthesizing
existing evidence (17.9%, n = 7) and conference proceedings reporting on emerging design and
feasibility trends (17.9%, n=7).

The level-of-evidence assessment revealed that most studies were classified at Level 4 (64.1%, n =
25). Only afifth of the included literature was categorized at Level 1 (20.5%, n = 8), followed by a
subset of randomized controlled trials at Level 2 (10.3%, n = 4). Studies at Level 3 (2.6%, n = 1) and
Level 5 (2.6%, n = 1) were rare, underscoring the need for more rigorous research designs. See Table
1

Although our focus is on hedlth literacy, DHIs address multiple types of literacy: a) Health literacy:
The ability to access, understand, and use information to maintain and promote health for oneself and
others (WHO definition) [3]; b) Digital literacy: The ability to use information and communication
technologies to find, evaluate, create, and communicate information, involving both cognitive and
technical skills [27]; c) eHealth (digital health) literacy: The ability to search, understand, and
critically evaluate health information from digital sources and apply it to solve health-related
problems [28].

While related, these literacies differ: heath literacy focuses on health content, digital literacy on
accessing information digitally regardless of topic, and eHealth literacy combines both, reflecting the
ability to appraise and use digital health information effectively.

3.2. Narrative overview of the studiesincluded

We present a narrative overview of the included studies, which provides a flexible approach to
summarize existing knowledge, integrate diverse perspectives, identify gaps, and suggest future
research directions. By combining qualitative and quantitative evidence, the narrative method can
reveal trends and patterns not always evident in structured reviews [29].
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Interventional studies are grouped by the type of DHI used, while conference proceedings and

reviews are presented separately, as they typically focus on broader thematic insights into DHIs and

health literacy. Overall, publications are classified into primary peer-reviewed studies and secondary

peer-reviewed studies.

Primary studies:

1. Mobile Applications. Studies exploring health literacy interventions delivered via mobile apps (n =
4, 10.3 %) [30-33].

2. Websites and Online Platforms. Digital tools designed to disseminate health information or
facilitate interactive learning experiences (n = 12, 30.8 %) [34-45].

3. Multimedia Tools. Interventions leveraging various media formats to enhance health literacy (n =
2, 5.1 %) [46,47].

4. Telehealth and mHealth. Remote healthcare services and mobile health technologies aimed at
improving patient education and engagement (n = 6, 15.4 %) [48-53].

5. Electronic Health Records (EHRs) and Patient Portals. Studies assessing the role of digital health
records in enhancing patient involvement and literacy (n = 1, 2.6 %) [54].

Secondary studies:

1. Review Sudies. Systematic and narrative reviews synthesizing existing evidence in the field (n =7,
17.9 %) [14,15,18,55-58].

2. Conference Proceedings. Research presented at conferences, offering valuable insights into
emerging trends and innovations (n = 7, 17.9 %) [59-65].

Mobile applications represent a key component of digital health interventions (DHIs) aimed at

improving health literacy across different populations and chronic conditions. Owens et al. (2020)

[30] implemented a culturally tailored mobile app for African American lung cancer survivors,

supporting symptom self-management and improving quality of life. Parker et al. (2022) [31] applied

a mobile app-based health coaching program for overweight adults, which improved diet-related

health literacy though it had limited effects on physical activity. Similarly, Seinberg et al. (2022) [32]

evaluated the SweetMama app for diabetes in pregnant women, reporting engagement levels that

varied according to eHealth literacy, while Lemos et al. (2024) [33] demonstrated high satisfaction

among older adults using an app to support medication adherence, though device-use skills limited its

impact.

Web-based platforms constituted the largest category of digital health literacy interventions,

encompassing diverse populations and implementation models. Chenneville et al. (2021) [34]

evaluated the Bijou mHealth program for young men who have sex with men living with HIV,

reporting improvements in e-literacy but high attrition rates that limited long-term impact. Reininger

et al. (2013) [35] demonstrated knowledge gains through a diabetes prevention website across ethnic

groups, although variation in internet literacy persisted. Similarly, Horvath et al. (2017) [36] explored

the acceptability of tailored online interventions for HIV/STI testing among young men who have sex

with men (YMSM), highlighting the role of eHealth literacy in intervention design. Studies focusing

on adolescents, including McKinnon et al. (2020) [37], Zaim et al. (2021) [38], Scull et al. (2021,

2022) [39,40], and Konig et al. (2022) [41], consistently showed that interactive and educational web

programs improved media, digital, and health literacy. Among adults and older users, De Main et al.

(2022) [42] and Conte et al. (2023) [43] reported superior eHealth literacy outcomes from digital

tutorials and educational websites, while Bickmore et al. (2016) [44] and Moretti et al. (2023) [45]

demonstrated that conversational search systems and informatics courses effectively enhanced

accessibility and digital competence in low-literacy and student populations.

Two studies evaluated multimedia interventions directly. While Monkman et al. (2015) [46] proposed

a conceptual adoption model for consumer health information systems, Chang et al. (2021) [47]

showed that internet-based health education significantly improved digital literacy among older South
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Korean adults. These results highlight that interactive and multimedia approaches can enhance
comprehension and engagement, especially in low-literacy populations.

Telehealth and mHealth interventions broadened the application of DHIs across populations. Taha et
al. (2014) [48] found that older adults often lacked the digital skills needed for patient portals, while
Zodllner et al. (2020) [49] achieved behavioral change through an interactive voice system reducing
sugary drink intake. Spindler et al. (2022) [50] and Roh et al. (2023) [51] reported improved
engagement, literacy, and health behavior through telerehabilitation and literacy-based activity
programs. Lee et al. (2022) [52] improved hypertension outcomes with culturally tailored telehealth,
and Quialheiro et al. (2023) [53] enhanced digital literacy via community workshops, though health
literacy remained unchanged. Collectively, these studies highlight that telehealth interventions are
most effective when they combine behavioral theory, user-tailored design, and continuous support.
Implementation of electronic health records also influenced digital literacy among healthcare staff.
Kayser et al. (2022) [54] found that heathcare professionals eHealth literacy remained stable
following EHR adoption, suggesting that ongoing professional development is necessary for sustained
competence.

Seven systematic reviews supported the effectiveness of digital interventions in improving health
literacy. Jacobs et al. (2016) [14] reported significant literacy and behavior gains across populations,
while Kim et al. (2017) [55] identified barriers related to reading difficulty and technology access
among low-literacy users. Cheng et al. (2020) [56] emphasized cultural tailoring and participatory
design, and Lin et al. (2021) [57] confirmed that mHealth tools effectively enhance literacy in both
healthy and clinical populations. Birati et al. (2022) [58] focused on gestational diabetes, finding
improved glycemic control with culturaly adapted apps. Dong et al. (2023) [18] demonstrated
literacy and self-efficacy gains in older adults following long-term interventions, while Verweel et al.
(2023) [15] confirmed broad improvementsin chronic disease popul ations.

Conference proceedings expanded the evidence base with a focus on design and feasibility aspects of
DHls rather than long-term clinical outcomes. Jacobs et al. (2014) [59] conducted an early evaluation
of amobile tool for cancer patients, identifying a strong need for accessible health information. Jean
et al. (2015) [60] described an after-school digital literacy program for disadvantaged middle school
students that increased motivation, confidence, and career preparedness. Desai et al. (2023) [61]
assessed a voice-user interface (VUI) for health education, showing that younger adults benefited
more from conceptual scaffolding, though both age groups achieved similar learning outcomes. Pillai
et al. (2018) [62] evaluated the Awareness Computer Concepts initiative, where most students
demonstrated high understanding of alcohol's physical and social impacts but limited awareness of
psychological effects. Wiji Utami et al. (2022) [63] used augmented reality to promote hydration
literacy, while Kim et al. (2015) [64] reviewed eHealth strategies and concluded that effective literacy
interventions need not be complex or costly but require proper training for implementation. Finally,
Duran et al. (2023) [65] evaluated the usability of the uMind app among university students and
mental health specialists, exploring how to integrate mental health education into mobile learning.
Evidence synthesis using the WHO Framework revealed that the majority of the studies aligned with
Domain 1 - Interventions for Clients, emphasizing user empowerment through digital tools. Within
this domain, the most frequent subdomains were Targeted Client Communication, focused on
education and behavior change; Personal Health Tracking, promoting self-monitoring and chronic
condition management; Client Access to Health Records, improving information accessibility; and
Client Education and Training, which enhanced confidence and digital literacy through multimedia
and interactive learning. Domain 2 - Interventions for Healthcare Providers included studies
addressing professional training and digital competence, highlighting the importance of readiness and
cross-sector collaboration. No interventions targeted Domain 3 - Health System Managers, indicating
a research gap in organizational and leadership-level digital literacy. Finally, Domain 4 - Data
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Causioet a.

Services encompassed studies on digital data collection, management, and policy use, demonstrating
the role of data-driven approaches in evaluating interventions and informing digital health strategies.
Review studies were not included. See Table 2.

Table 1: Detailed study characteristics and evidence levels
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Causioet a.

Note. HLQ: The Health Literacy Questionnaire; eHEALS: e-Health Literacy Scale; REALM: Rapid Estimate of Adult Literacy in
Medicine; eHLQ: eHealth Literacy Questionnaire; TOFHLA: Test of Functional Health Literacy in Adults; NVS: New Vital Sign;
Staff eHLQ: Staff version of the eHealth Literacy Questionnaire; MDPQ-16: Mobile Device Proficiency Questionnaire — 16 item
version; HLS-12: Health Literacy Survey Questionnaire — 12 item versionlT-e; HEALS: Italian version of the eHealth Literacy
Scale; S-TOFHLA: Short Test of Functional Health Literacy in Adults METER: Medical Term Recognition Test SILS: Single Item
Literacy Screener WRAT: Wide Range Achievement Test HLS-APP-Q14: Health Literacy Survey — Application Questionnaire,
14 items; HLS-EU-Q16: Health Literacy Survey — European Union Questionnaire, 16 items

Table 2: WHO Framework Evidence Synthesis Table

Domain

Subdomain

Focus

References*

1.0 — Interventions for Clients

1.4.2 — Personal Health
Tracking

1.4.3 — Client Access to
Health Records

1.6 — Client Education and
Training

2.0 — Interventions for
Healthcare Providers

3.0 — Interventions for Health
System Managers

4.0 — Data Services

4.3 — Data Use for Health
Policy and Planning

1.1 — Targeted Client
Communication

Apps and platforms
supporting self-monitoring
and chronic condition
management.

Digital portals and tools to
access and organize
personal health information.

Conversational systems, and
blended learning to build
eHealth skills.

2.8 — Healthcare Provider
Training

4.1 — Data Collection and
Management

Efficient data management,
and governance to optimize
health information systems
and decision-making.

Web-based and mobile tools
for education, behavior
change, and digital literacy
enhancement.

Spindler (2022); Steinberg
(2022); Lemos (2024); Duran
(2023); Lee (2022)

Taha (2014); Jacobs (2014)

Bickmore (2016); De Main
(2022); Chang (2021);
McKinnon (2020); Desai
(2023); Quialheiro (2023);
Pillai (2018); Jean (2015)

Training programs
enhancing professional
digital competencies and
readiness.

Digital tools for enhancing
health management,
coordination, and decision-
making among support
personnel.

Digital tools for data tracking
and literacy assessment.

Kim (2015); Monkman
(2015); Cheng (2020); Kim
(2017)

Scull (2021); Scull (2022);
Kdnig (2022); Moretti (2023);
Conte (2023); Jean (2015);
Owens (2020); Zaim (2021);
Parker (2022); Reininger
(2013); Chenneville (2021);
Roh (2023); Wiji (2022);
Horvath (2017)

Kayser (2022); Duran (2023)

Parker (2022); Reininger
(2013); Quialheiro (2023);
Zoellner (2020)

Note. *Some studies appear across multiple domains, as their content Is relevant to more than one classification category.

4. DISCUSSION

This systematic review synthesized evidence from DHIs designed to improve health literacy,
identifying six overarching themes that shape their effectiveness. a) theory-driven approaches, b)
user-centered design, ¢) cultural competence, d) sustainability, €) accessibility, and f) standardized
measurement. Levels of evidence are reported in abbreviated form; for example, level 4 isindicated as
L4.

4.1. Theory-Driven Strategiesfor Behavior Change

The integration of theoretical frameworks within DHIs appears to support more consistent and
sustained behavioral outcomes in the studied cohorts. Systematic reviews and meta-analyses indicate
that theory-driven DHIs promote higher motivation, engagement, and adherence. Spindler (2022) [50]
(L2) demonstrated that applying Self-Determination Theory enhanced intrinsic motivation and
long-term engagement in telerehabilitation for heart failure patients. Similarly, Zoellner (2020) [49]
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(L4) utilized the Theory of Planned Behavior to foster healthier attitudes and self-efficacy toward
sugar-sweetened beverage reduction. Investigations such as Scull (2021) [39] (L4), reveded that
theoretical constructs underpin preventive health behaviors among adolescents. Collectively, these
findings underscore that embedding psychological and behavioral theories (particularly those
emphasizing autonomy, self-efficacy, and perceived control) provides a structured foundation for
intervention design and facilitates evaluation of engagement and behaviora change across diverse
contexts.

4.2. User-Centered Design

User-centered design emerged as a cornerstone for successful DHI implementation. Systematic
reviews and meta-analyses confirm that DHIs prioritizing readability, simplicity, and personalization
improve usability and satisfaction. Kim (2017) [55] (L1) reported that online health information often
exceeds recommended literacy levels, reinforcing the need for simplified and clear design. Bickmore
(2016) [44] (L2) and Seinberg (2022) [32] (L4) demonstrated that conversational agents and
simplified app interfaces improve engagement, satisfaction, and information accessibility (e.g.,
successful clinical trial search performance) among low-literacy users, even when formal
post-intervention health literacy scores are not reassessed; when users feel supported in navigating
these tools, they can more effectively overcome literacy barriers. Jacobs (2014) [59] (L4) struggled
with designing a tool that benefited the female breast cancer participant, calling attention to the
challenge of designing informative tools for minority populations. Verweel (2023) [15] (L 1) found that
tailored interfaces for chronic disease management increase confidence and sustained use. Qualitative
studies, including McKinnon (2020) [37] (L4), emphasize that younger and inexperienced users
benefit from visual, interactive, and multimodal content. Altogether, this evidence highlights that
DHIs designed around user needs and preferences may support engagement, adoption, and digital
inclusion. Available studies suggest that tailoring design to user characteristics can facilitate usability
and engagement, although further research is needed to confirm these effects across all age groups and
literacy levels[66].

4.3. Cultural Competence and Tailored Content

Cultural and linguistic tailoring is critical to the adoption and effectiveness of DHIs, particularly
among underserved populations. Cheng (2020) [56] (L1) showed that culturally adapted interventions
enhance trust, participation, and clinical outcomes; this finding supports the view that cultural
relevance fosters trust and enhances intervention efficacy. Lee (2022) [52] (L4), Birati (2022) [58]
(L1) confirmed that language-concordant coaching and culturally resonant content improved health
self-management and patient empowerment in multiethnic cohorts. These studies emphasize that
integrating cultural competence into DHIs is crucia for achieving positive health outcomes.
Qualitative evidence from Owens (2020) [30] (L4) demonstrated that culturally sensitive design
fosters emotional connection and adherence.

4.4, Sustainability and Adherence

Sustaining engagement and literacy improvements beyond intervention periods remains a magor
challenge in DHIs. Systematic reviews and meta-analyses consistently note that reinforcement
mechanisms are essential for maintaining literacy gains. Spindler (2022) [50] (L2) demonstrated that
ongoing telerehabilitation support preserved motivation and digital literacy over time. Studies such as
Scull (2022) [40] (L2) and Konig (2022) [41] (L4), found that gamification elements and periodic
program engagement enhance adherence, particularly among younger participants. Findings from
Owens (2020) [30] (L4) suggested that while initial benefits are achievable, long-term adherence may
be challenging without sustained user support, underlining the need for design strategies that extend
beyond the intervention phase. Similarly, Jacobs (2014) [59] (L4) highlighted that social interaction,
peer forums, and personalized feedback encourage sustained participation. Lastly, Scull (2021) [39]
(L4) observed that socia features, such as discussion boards, increased motivation and adherence,
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particularly among younger users. Collectively, this evidence suggests that combining digital
reinforcement tools with community-based engagement strategies represents a promising strategy for
maintaining behavioral change and health literacy over time.

4.5. Accessibility and Digital Equity

Digital equity remains a central determinant of DHI effectiveness. Verweel (2023) [15] (L 1) found that
improvements in health literacy were most pronounced among individuals with sufficient digital
access and skills, underscoring that digital skills, connectivity, and tool access are prerequisites for
equitable outcomes. Parker (2022) [31] (L2) observed that socioeconomic barriers, such as low
connectivity and limited device access, constrained engagement among low-income participants,
emphasizing the importance of low-cost or offline-compatible options. Taha (2014) [48] (L4)
identified that older adults frequently overestimated their digital competence, indicating a need for
baseline digital training and guided support. Inclusive solutions such as blended learning, offline
access, and simplified interfaces, help bridge these gaps. Promoting digital equity aligns with WHO
global digital health strategies.

4.6. Standar dized Outcome M easur ement

The absence of standardized evaluation tools and outcome measurement hinders comparison across
DHI studies. Cheng (2020) [56] (L1) emphasized the importance of consistent use of validated
instruments, such as the eHealth Literacy Scale, to measure intervention impact; in fact Scull (2022)
[40] (L2) demonstrated that standardized assessments enable longitudinal tracking of digital and
health literacy outcomes. Lin (2021) [57] (L1) found that mHealth interventions, especially mabile
applications, effectively enhance health literacy, although measurement tools often lacked consistency
and specificity. Similarly, Dong (2023) [18] (L1) showed that digital health literacy programs
improved health management and overall well-being among older adults. Jacobs (2016) [14] (L1),
found that technology-based interventions, when compared to control interventions, yielded
significant or promising outcomes in improving health literacy across various settings, diseases, and
diverse populations. Insights from McKinnon (2020) [37] (L4) suggested that integrating
self-assessment and reflective tools enhances user engagement. Establishing standardized evaluation
frameworks is therefore essential for linking literacy gains to measurable behavioral and health
outcomes.

4.7.WHO DHI framework

According to the WHO DHI framework, the reviewed evidence spans three domains. Domain 1
(Client Interventions), Domain 2 (Healthcare Providers), and Domain 4 (Data Services). Domain 1
dominated, emphasizing digital skill development among diverse populations. Domains 2 and 4 were
modestly represented, focusing on training and data collection through user-generated data. Domain 3
(Health System Managers) was absent, highlighting a critical gap in system-level digital literacy
integration.

4.8. Discussion summary

Our review highlights several overarching factors influencing DHIs effectiveness. Although most
studies targeted working-age and younger populations, older adults also benefited when appropriate
guidance and support were provided. Cultural and linguistic tailoring proved particularly valuable for
minority and underserved communities, improving trust and sustained engagement. Blended
interventions that integrate digital and in-person components were frequently associated with
maintained literacy gains, although direct comparative evidence remains limited. Pre-existing digital
literacy strongly predicted intervention success, suggesting that foundational training enhances
impact. While improvements in digital and health literacy were common, few studies directly linked
these gains to behavioral outcomes. Moreover, post-intervention follow-up revealed that literacy gains
often declined without continued reinforcement. Collectively, the evidence supports the potential
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utility of DHIs in promoting equitable health literacy, but future research should emphasize long-term
sustainability, standardized outcome assessment, and theoretically grounded, user-centered design.
Overall, the available evidence was insufficient to determine whether certain interventions were more
effective than others, highlighting the need for further research.

4.9 Limitations

This review has several limitations. First, we restricted our search to PubMed, IEEE, and ACM to
focus on the intersection of medical and engineering literature; however, this means relevant literature
in other potentially relevant databases may have been missed. Second, extreme design heterogeneity
precluded a formal risk-of-bias assessment; thus, we relied on the Oxford Levels of Evidence to
evaluate design hierarchy. This heterogeneity, alongside inconsistent measurement tools, constrains
data synthesis. Third, performing full-text data extraction primarily by single reviewers may have
introduced extraction bias. Finally, geographic clustering, narrow demographic focuses, and
persistent digital inequities restrict the generalizability of our findings, highlighting the need for more
standardized and inclusive future research.

5. CONCLUSION

This study highlights the multifaceted nature of DHIs in supporting health engagement. While
elements like user-centered design and cultural competence appear beneficial in specific contexts
(e.g., culturally adapted apps for minority groups), the overall evidence base is too heterogeneous to
definitively claim one intervention type over another. Rather than universally recommending specific
strategies like gamification, future efforts should prioritize robust, standardized investigations to
establish long-term efficacy, maintain health literacy gains, and ensure equitable access across diverse
populations. The findings align with the global shift toward digital-first healthcare and the WHO
Digital Health Strategy, particularly Goal 4, which emphasizes health literacy [67].
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