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Abstract

Background: With the widespread use of the internet and mobile devices, eHealth literacy promotion is critical for medical
equity. Mobile health (mHealth) serves as a pivotal tool for enhancing eHealth literacy by providing accessible, interactive
platforms for health information engagement. However, the evidence regarding the effectiveness of mHealth interventions on
eHealth literacy among patients with chronic diseases remains inconclusive.

Objective: This study aimed to evaluate the effectiveness of mHealth interventions on eHealth literacy among patients with
chronic diseases based on randomized controlled trials (RCTs) and summarize supportive evidence from quasi-experimental
and qualitative studies.

Methods: A comprehensive search strategy was developed, and 8 electronic databases were systematically searched for
studies published up to February 12, 2026. Patients with chronic diseases were included based on predefined inclusion criteria.
The Cochrane risk of bias 2 tool for RCTs and the ROBINS-I tool for quasi-experimental studies were used to assess the risk
of bias. Given the anticipated substantial heterogeneity among the studies included, we used a random-effects model based
on the Hartung-Knapp-Sidik-Jonkman method to pool effect sizes. A narrative and quantitative synthesis of the findings was
provided where appropriate.

Results: A total of 15 studies were included in this review, including 6 RCTs, 5 quasi-experimental studies, and 4 qualitative
studies, involving a total of 2884 patients with chronic diseases. Meta-analyses of RCTs suggested that mHealth interventions
could improve eHealth literacy, with a pooled mean effect size of standardized mean difference (SMD)=1. 19 (95% CI
0.14-2.23; P=.03; I’=97.75%; PI [prediction interval]=—2.68 to 5.05). Subgroup analyses by intervention targets showed that
interventions on targets with specific disease produced larger mean effects (SMD=1.61; 95% CI 0.16-3.06; PI=—5.40 to 8.63),
while interventions targeting the population with general chronic diseases produced smaller effects (SMD=0.36; 95% CI
0-0. 73; PI=-0. 21 to 0. 94). Analysis by intervention duration subgroup showed that the combined effect of studies with
intervention duration <3 months was statistically significant (SMD=0.61; 95% CI 0.09-1.13; I°’=88.04%; PI=-5.72 to 6.95);
while the combined effect of studies with intervention duration =3 months was not statistically significant. Taking into account
bias and the risk of GRADE (Grading of Recommendations, Assessment, Development, and Evaluation), the certainty of RCT
evidence was moderate, and the certainty of quasi-experimental evidence was low.

Conclusions: mHealth interventions could improve eHealth literacy among patients with chronic diseases on average. By
using prediction intervals, this study reveals that the effectiveness of mHealth interventions is highly context-dependent
and closely linked to implementation factors. Advancing beyond prior work, this study centers on eHealth literacy as a
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core outcome and integrates multiple types of evidence. Meanwhile, this finding emphasizes the need for evidence-based
intervention programs and more rigorous implementation of intervention designs in future research.

Trial Registration: PROSPERO CRD 42024622807; https://www .crd.york.ac.uk/PROSPERO/view/CRD42024622807

J Med Internet Res 2026,28:e82004; doi: 10.2196/82004
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Introduction

Chronic diseases pose a threat to population health across
the life course, particularly affecting older adults, and
have emerged as a major challenge in global public
health. According to the World Health Organization, chronic
diseases, including cardiovascular diseases, cancers, chronic
respiratory diseases, and diabetes, lead to approximately 41
million deaths globally each year, accounting for 74% of
all-cause deaths [1], with type 2 diabetes mellitus, cardiovas-
cular diseases, cancers, and respiratory diseases accounting
for 80% of premature deaths [2]. Moreover, factors such as
population aging, lifestyle changes such as smoking, physical
inactivity, and environmental pollution increase the incidence
of patients with chronic diseases [3]. To address the ris-
ing prevalence of patients with chronic diseases, effective
strategies for managing chronic diseases are urgently needed.

eHealth literacy is an extension of health literacy,
underpinned by digital literacy as its technical foundation.
It refers to an individual’s comprehensive ability to use
electronic resources to obtain, process, evaluate, and apply
health information. eHealth literacy is defined as the ability
of individuals to seek, find, understand, and appraise health
information from electronic sources and apply the knowl-
edge gained to address or solve a health problem [4],
whose development relies upon the synergistic interplay of
cognition, skills, motivation, and self-efficacy, rather than
being a mere outcome variable. Studies have reported that
enhanced eHealth literacy empowers patients to leverage
online resources, telemedicine, and mobile health (mHealth)
apps, thereby promoting treatment adherence and health
outcomes [5]. Several studies showed eHealth literacy was
insufficient among patients with chronic diseases. Zhenxiang
et al [6] reported that only 5% of hospitalized patients
with stroke in tertiary hospitals achieved adequate health
literacy. Similarly, Sadeghi et al [7] reported that only
38.5% of patients with type 2 diabetes mellitus had ade-
quate eHealth literacy, with 61.5% exhibiting low literacy.
Moreover, studies reported that inadequate health literacy
among patients with chronic diseases was associated with
increased mortality and readmission rates [8,9], decreased
quality of life [10], and increased disease-related health care
costs [11]. Studies collectively underscore that inadequate
health literacy impedes self-management and preventive care
adherence in chronic disease populations [12,13]. Despite the
potential of digital tools, many patients exhibit low eHealth
literacy, limiting their capacity to effectively navigate and use
these technologies. Consequently, improving eHealth literacy
among patients with chronic diseases has become an urgent
priority [14]. Improving eHealth literacy is key to achieving
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medical equity. It bridges the digital divide for vulnerable
patients, ensures a fairer distribution of mHealth benefits, and
reduces disparities in chronic disease outcomes.

mHealth is defined as “medical and public health practice
supported by mobile devices, such as mobile phones, patient
monitoring devices, personal digital assistants, and other
wireless devices” [15]. Compared with traditional education,
mHealth can offer multimodal learning materials (text, audio,
video, and images), interactive functions (reminders, quizzes,
and goal tracking), and repeated practice opportunities. The
Lily model proposed by Norman posits that the abilities
to obtain, communicate, and engage are core skills. And
mHealth could promote eHealth literacy through convenient
access to health care resources, facilitating doctor-patient
communication and interaction, and enabling personalized
feedback and monitoring [16,17]. The Integrative Model of
eHealth Use theory posits that eHealth literacy serves as
a crucial mediating variable for health outcomes, including
behavioral and prognostic outcomes [18]. For instance, Qiu
et al [19] research reported that mHealth apps could enhance
the eHealth literacy and thereby improve the quality of life
for older adult populations. Melholt et al [20] developed an
interactive cardiac telerehabilitation tool within the dedicated
online platform “Vital Heart,” and found that rehabilitation
interventions delivered via text, video, and images signifi-
cantly enhance eHealth literacy among patients with chronic
diseases. However, He et al [21] conducted a pilot study
in Hong Kong where trained university students provided
home-based, personalized mHealth apps for older adult
participants and found that eHealth literacy was not signif-
icantly improved, suggesting that mHealth might limit the
effectiveness in enhancing electronic health literacy. Given
the great advantages of mHealth interventions in enhanc-
ing eHealth literacy, it is urgently needed to explore their
effectiveness on eHealth literacy among patients with chronic
diseases.

Hence, despite the potential of mHealth tools to improve
eHealth literacy and health outcomes, few studies have
examined the effectiveness of mHealth interventions on
enhancing eHealth literacy among patients with chronic
diseases. Although many researchers have explored strat-
egies to improve eHealth literacy among patients with
chronic diseases, existing studies remain limited by het-
erogeneous methodologies, inconsistent outcomes, and a
lack of theoretical grounding [22,23]. Hence, there is an
urgent need for rigorous, standardized approaches to evaluate
intervention effectiveness, with randomized controlled trials
(RCTs) providing the primary basis for causal inference,
and to optimize eHealth literacy interventions for patients
with chronic diseases. Therefore, we conducted this study
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to evaluate the effectiveness of mHealth interventions on
eHealth literacy among patients with chronic diseases based
on RCT evidence, while synthesizing quasi-experimental and
qualitative studies as supportive and contextual evidence. Our
findings will provide evidence for designing targeted, scalable
mHealth strategies.

Methods

Data Sources and Search Strategy

We performed this systematic review and meta-analy-
sis in accordance with the PICOS (population, interven-
tion, comparator, outcome, and study design) framework
and PRISMA-S (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses—Search) guidelines [24]
(Checklist 1). The study protocol was registered with
PROSPERO (CRD42024622807). All databases were
searched individually on their native platforms (no multi-
database platform searching was used). Two researchers
(XY and YW) independently conducted a thorough search
of all relevant studies published in the following databa-
ses: PubMed, Embase, Web of Science, Cochrane Library,
WanFang Database, China National Knowledge Infrastruc-
ture (CNKI), CQVIP, and Chinese Biomedical Literature
(CBM) from inception to February 2026 to ensure no recent
studies had been published since the initial search. No study
registries (eg, ClinicalTrials.gov and World Health Organi-
zation International Clinical Trials Registry Platform) were
searched. No additional online resources or print sources
(eg, conference proceedings and websites) were purposefully
searched or browsed. Medical subject headings terms and
free words were used in combination to search the relevant
studies. No published search filters were used in any of the
database searches. The search strategies were developed de
novo by the authors based on the PICOS framework and
were not adapted from prior reviews. To maximize sensitivity
for the population concept, the chronic disease component
was searched using both generic terms (eg, chronic disease
or illness, noncommunicable disease, and multimorbidity
or comorbidity) and comprehensive controlled vocabulary
or keywords covering major chronic conditions (cardiovas-
cular diseases, cancers or neoplasms, chronic respiratory
diseases, diabetes, hypertension, stroke or cerebrovascular
disease, chronic kidney disease, and chronic liver disease).
In addition, the language of the studies was set as English
and Chinese. The references of pertinent previous systematic
reviews were also screened as supplementary sources. We
did not contact authors, experts, or manufacturers to seek
additional studies or data. No additional search methods
beyond those described were used. Following the completion
of the initial draft, a supplementary literature search was
conducted in February 2026 to identify any newly published
studies (as noted in Deviations from the Registered Protocol).
No automatic email alerts were used. The search strategies
were developed by 2 reviewers (XY and YW) and reviewed
by a third reviewer (XL) for completeness and accuracys;
however, no formal peer review of the search (eg, using
PRESS [Peer Review of Electronic Search Strategies]) was
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conducted. The full search strategies were shown in Tables S1
to S8 (Multimedia Appendix 1).

Eligibility Criteria

Eligibility criteria were set based on the PICOS framework:

1. Population: chronic disease has various definitions,
which generally include the concepts that the condi-
tion is long-lasting, daily life is impacted, and ongoing
management is required [25]. In our retrieval strategy,
we used common chronic disease terminology, people
with chronic illnesses (diabetes, high blood pressure,
heart disease, lung disease, kidney disease, cancer,
stroke, or any combination of these conditions that meet
the diagnostic criteria for clinical diseases).

2. Interventions: mHealth-based interventions aimed at
improving eHealth literacy in patients with chronic
diseases. Eligible interventions included: mHealth
apps (eg, disease management apps and medica-
tion reminders), SMS or text message—based health
education, telehealth consultations via mobile devices,
interactive mobile learning modules, and wearable
device—integrated education programs. All interventions
required primary delivery through mobile platforms
(smartphones or tablets) with at least one eHealth
literacy outcome measure.

3. Control: the study subjects in the control group received
either no intervention at all or conventional interven-
tions (eg, health education or general nursing practices).

4. Outcome: eHealth literacy score. The primary outcome
measure of this study is the change in patients’ eHealth
literacy scores, assessed using validated scales such
as eHealth Literacy Scale (eHEALS). This indicator
was selected as the core basis for evaluating effec-
tiveness (primarily within RCTs). In line with best
practice, meta-analyses were conducted separately by
study design (like-for-like pooling): RCTs were pooled
only with RCTs, and quasi-experimental studies were
pooled only with quasi-experimental studies; different
designs were not combined within the same meta-anal-
ysis. The primary outcome was the eHealth literacy
score. This outcome was selected because eHealth
literacy represents both a key prerequisite capabil-
ity and a direct outcome for patients to effectively
use mHealth and engage in self-management. Given
the anticipated clinical and methodological diversity,
we used a random-effects model for all quantitative
syntheses. Because eHealth literacy represents both a
key prerequisite capability and a direct outcome for
patients to effectively use mHealth and engage in
self-management. It serves as a fundamental and widely
recognized surrogate measure for determining whether
interventions are effective.

5. Research design: RCTs and quasi-experimental studies
were included in this systematic review and meta-anal-
ysis. In the former, the experimental group receives
mHealth intervention, while the latter group either
receives no intervention or traditional interventions
(mostly written or spoken health education materials).
Nonexperimental trials, review or discussion papers,
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non-Chinese and non-English papers, studies with no
full text available, and studies with inadequate data
were excluded.

Study Selection

A thorough screening procedure was conducted in compli-
ance with PRISMA 2020 and 2 reviewers (XY and YW)
screened the included studies independently. Among the
initial 4057 records imported into EndNote X9 software, a
total of 1142 duplicate publications were identified through
a combination of EndNote software and manual verification.
Subsequently, studies were excluded based on inclusion and
exclusion criteria by reviewing titles and abstracts. Finally,
full-text articles were reviewed for eligibility. Discussions or
negotiations with a third reviewer (XL) were used to settle
disagreements.

Data Extraction and Quality Assessment

XY and YM extracted data from each study separately. Study
authors, publication date, country, population (population
and sample size), study design (description of numerical
interventions, characteristics of intervention groups, and
duration), theoretical framework, intervention site outcome
indicators (measurement tools), and primary research
outcome were extracted. The author team engaged in
discussions and reexamined the original study in cases
where there were disagreements over data extraction until an
agreement was reached. The quality of evidence was assessed
using the GRADE (Grading of Recommendations, Assess-
ment, Development, and Evaluation) professional guidance
development tool. Evidence quality was determined by
evaluating five aspects: (1) risk of bias, (2) inconsistency, (3)
indirectness, (4) imprecision, and (5) small-study effects [26].

Risk of Bias Assessment

This study used the risk-of-bias assessment tools recom-
mended by the Cochrane Collaboration, evaluating studies
according to their specific design types. For RCTs, the
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Cochrane Risk of Bias 2 (RoB 2) tool was used [27].
This tool evaluates six domains: random sequence genera-
tion, allocation concealment, blinding of participants and
personnel, blinding of outcome data, selective reporting, and
other bias. Each domain is rated as “Low risk of bias,” “High
risk of bias,” or “Unclear risk of bias.” Bias in nonrandom-
ized studies (eg, quasi-experimental designs) was appraised
using the ROBINS-I tool specifically designed for such
intervention studies [28]. The 7 domains of bias addressed in
the ROBINS-I assessment tool include bias due to confound-
ing, bias arising from measurement of the exposure, bias
in the selection of participants into the study, bias due to
post-exposure interventions, bias due to missing data, bias
in measurement of the outcome, and bias in selection of the
reported result. Each domain is addressed using a series of
signaling questions that aim to gather relevant information
about the study and analysis being assessed. Most signal-
ing questions offer five response options: “Yes,” “Probably
yes,” “Probably no,” “No,” and “No information.” Respon-
ses of “Yes” and “Probably yes” are treated equivalently in
risk-of-bias judgments, as are “No” and “Probably no.” The
categories for risk of bias judgments are “No information,”
“Low risk,” “Moderate risk,” “Serious risk,” and “Critical
risk” of bias. All assessments were conducted independently
by 2 reviewers (XY and YT). Disagreements were resolved
through joint discussion or consultation with a third reviewer
(XL).

Small-Study Effects

As the funnel plot requires at least 10 original studies, this
study used regression analysis with Egger test to assess
small-study effects. The results indicated that the intercept
term [3; was not statistically significant ($,=2.22, SE=1.83;
P=.22), suggesting no significant small-study effects were
detected in the current analysis, as shown in Table 1. For
details on testing small-study effects in quasi-experimental
studies, see Table S9 (Multimedia Appendix 1).

Table 1. Egger test for small-study effects in randomized controlled trial (n=6).

Terms Values
B4 222
SE 1.827

z 1.21

P 22

2The regression-based Egger test was performed under a random-effects model (Hartung—Knapp-Sidik—Jonkman estimator). Hy: 34=0 (no small-
study effects). The non-significant P value suggests no evidence of small-study effects was detected in the present set of studies. However, it is
important to note that the statistical power of the Egger test is limited when the number of included studies is small (k=6 in this analysis). Therefore,
this result should be interpreted with caution, and the possibility of publication bias cannot be definitively ruled out.

Data Synthesis and Statistical Analysis

Although most included studies used Norman’s eHealth
Literacy Scale [29], some used other validated instruments to
measure eHealth literacy. Given the variability in assessment
tools, the standardized mean difference (SMD) and its 95%
CI were calculated to enable pooling of continuous outcome
data. In line with best practice, meta-analyses were conducted
separately by study design (like-for-like pooling): RCTs were
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pooled only with RCTs, and quasi-experimental studies were
pooled only with quasi-experimental studies; different designs
were not combined within the same meta-analysis. Given
anticipated clinical and methodological diversity, we used
a random-effects model for all quantitative syntheses. The
Hartung-Knapp-Sidik-Jonkman method was used to construct
the random-effects model for effect estimation and pooling.
This method is strongly recommended in meta-analyses as it
enables more reliable uncertainty estimation while reducing
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the rate of false positives [30]. All analyses were conducted
in Stata 17 using the meta suite with the Hartung—Knapp—
Sidik—Jonkman method. To investigate potential sources of
heterogeneity, we conducted pre-specified subgroup analyses
based on target of intervention (specific chronic disease vs
chronic disease in general) and intervention duration (=3 mo
vs <3 mo). Studies were sequentially excluded in sensitivity
analyses. Egger tests were used to assess small-study effects
for meta-analyses that involved more than 10 studies [31].
P<.05 was set as statistically significant.

Prediction Interval Calculation

To quantify the real-world impact of heterogeneity, we
computed the 95% prediction interval (PI) for the pooled
overall estimate. Due to the limited number of included
studies (k=6) and substantial between-study heterogeneity,
we applied the confidence distribution method proposed by
Nagashima et al [32], which is recommended for small-sam-
ple meta-analyses. PIs were presented for meta-analyses with
a sufficient number of studies (=3). When the number of
studies in a subgroup was small, PI estimates were interpreted
cautiously.

Deviations From the Registered Protocol

During the implementation of this study, several adjustments
were made to the protocol pre-registered on the PROSPERO
platform (CRD42024622807). Following the completion of
the initial draft, a supplementary literature search was
conducted in February 2026, resulting in the inclusion of
15 studies [16,20,33-45] that met the eligibility criteria.
Given the limited number of included studies, small-study
effects were assessed using the Egger test instead of the
initially planned funnel plot analysis. For data synthesis, the
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Hartung-Knapp-Sidik-Jonkman random-effects model was
used to pool effect sizes. The literature search was restric-
ted to publications in Chinese and English. All adjustments
were documented throughout the research process and were
deemed unlikely to substantially affect the validity of the
study conclusions.

Results

Selection of the Studies

The screening procedure for the subsequent subphases (title
or abstract screening, full text assessment) was strictly
followed by the PRISMA framework to ensure transparency
and reproducibility. Initially, 4057 articles were searched,
including PubMed (n=652), Embase (n=110 1), Web of
Science (n=955), Cochrane Library (n=875), the Wan Fang
Database (n=65), the CBM (n=144), the CQVIP (n=55), and
the CNKI (n=210). Using EndNote software, 1142 duplicate
references were excluded. The remaining 2915 papers were
screened by title and abstract. A total of 2840 papers were
excluded due to noncompliance with inclusion criteria or
irrelevance to the research topic. After full-text review of
the remaining 84 studies, 69 were excluded for reasons
detailed in the supplementary file. (Multimedia Appendix 2).
The final analysis incorporated 15 eligible studies [16,20,33-
45], comprising 6 RCTs [33,38-40,44.45] for the primary
quantitative synthesis, 5 quasi-experimental studies [34-37,
43] for supplementary quantitative synthesis, and 4 quali-
tative studies [16,204142] were included and synthesized
narratively. Figure 1 shows the comprehensive flowchart of
the literature search process.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the literature selection process for the
systematic review on the effectiveness of mobile health interventions on eHealth literacy among patients with chronic diseases (studies published

between 2016 and 2026).

PRISMA 2020 flow diagram for new systematic reviewswhich included searches of databases, registers and other sources

Identification of studies via databases and registers

L

Identification of studies via other methods

Records identified from databases
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Identification
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= synthesis (n=4)
Study Characteristics

15 clinical studies [16,20,33-45] were reviewed and 2884
participants with various chronic conditions were included.
Geographically, the studies were predominantly conducted
in China (n=7) [33-39], Australia (n=2) [40,41], Canada
(n=1) [42], Denmark (n=2) [16,20], South Korea (n=1) [43],
and the United States [44.45]. All studies were published
between 2016 and 2026. Two of the papers were published in
Chinese, while thirteen were published in English. Regard-
ing intervention formats, the 15 included studies predomi-
nantly used blended online-offline models (n=8) [33-36,38-
4045], followed by purely online interventions (n=4) [20,
41,42 .44], and face-to-face interventions (n=3) [16,37,43].
Regarding intervention content, the primary focus encom-
passed eHealth literacy skills training (n=6) [33,34,36-39],
disease self-management and monitoring (n=5) [16,20,35,39,
40], health knowledge dissemination (n=4) [16,20,35,41], and
social interaction and support (n=3) [16,39.44]. Regarding
intervention methodologies, approximately half of the studies
were designed based on explicit theoretical frameworks
(n=9) [16,33,35,37-39,42-44], with widespread adoption
of personalized feedback (n=4) [16,35,4043], interactive
learning (n=5) [16,33,35,36,43], and multimedia instruction
(n=5) [16,20,36,37,44], to enhance patient engagement and
learning outcomes. The key features of the 15 studies are
presented in Table 2. A summary of intervention implementa-
tion is provided in Table S10 (Multimedia Appendix 1).
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Risk of Bias Assessment

A total of 15 studies [16,20,33-45] were included in this
review. Of these, 11 studies contributed quantitative data
to the meta-analyses (the primary meta-analysis pooled 6
RCTs [33,38-40,44 ,45], and the supplementary meta-analysis
pooled 5 quasi-experimental studies [34-37,43], while the
remaining 4 qualitative studies [16,20,41,42] were synthe-
sized narratively. Importantly, risk-of-bias assessments were
conducted for all included quantitative studies, regardless of
whether they were ultimately pooled in the meta-analyses.
Specifically, we used the Cochrane risk of bias assessment
tool to evaluate the methodological quality of the 9 inclu-
ded RCTs [16,33,38-42,44.45,] (Figure 2A). Five studies
[16,33,384041] were judged to be at high risk of bias

Yang et al

due to deviations from intended interventions or implemen-
tation issues. Four studies [16,33,38.44] had some concerns
related to the randomization processor selection-bias—related
information. Two studies [16,45] presented an unclear risk
of reporting bias. Overall, the primary limitations of the
RCT evidence centered on inadequate blinding and imple-
mentation, whereas other domains were relatively consistent,
leading to an acceptable overall risk-of-bias profile. For the
6 quasi-experimental studies [20,34-37,43] included, we used
the ROBINS-I tool for bias risk assessment (Figure 2B). The
assessment revealed that 5 studies [20,34,35,37,43] exhibited
a core issue of serious risk of confounding bias, and 2 studies
[20,37] presented a high risk of bias due to missing data.

Figure 2. Summary of risk of bias assessment for included studies. (A) Risk of bias in randomized controlled trials (assessed using the Cochrane RoB
2 tool). (B) Risk of bias in non-randomized controlled trials (assessed using the ROBINS-I tool) [16,20,33-45].
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® >0 000 ® 0 O othebis -y (VI) Bias in measurement of the outcome
0 No information (VII) Bias in selection of the reported result.
Certainty of Evidence Overall Effectiveness of RCTs mHealth

The initial quality of evidence in this study was rated
as high due to the inclusion of RCTs. However, the cer-
tainty of evidence was downgraded by one level owing
to substantial heterogeneity between studies that could not
be fully explained. Consequently, the overall quality of
evidence supporting the conclusion that mHealth interven-
tions can improve eHealth literacy among patients with
chronic diseases is moderate. The GRADE evidence level
for the pooled estimate from quasi-experimental studies was,
as expected, rated as low due to the very serious risk
of confounding bias inherent in their design. (Multimedia
Appendix 3.)
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Interventions on eHealth Literacy for
Patients With Chronic Diseases

The effectiveness of eHealth literacy interventions in patients
with chronic diseases was systematically assessed in this
review, with effectiveness primarily assessed using RCT
evidence. As explained below, specific data could be found in
Table S11 (Multimedia Appendix 1). Quantitative syntheses
followed a like-for-like approach by design: the primary
meta-analysis pooled RCTs only (Figure 3 [33,38-40,44 45]),
and a separate supplementary meta-analysis pooled quasi-
experimental studies only (Figure 4 [34-37 43]).
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Figure 3. Forest plot of the meta-analysis of randomized controlled trials: effect of mHealth interventions on eHealth literacy in patients with chronic
diseases. mHealth: mobile health; SMD: standardized mean difference [33,38-40.,44 45].

Treatment Control SMD Weight

Study N Mean (SD) N Mean (SD) with 95% CI (%)
I

Yu (2022) 29 3679 (1.11) 29 28.86 (2.68) ! —l— 381(295467) 1548

Nahm et al (2019) 113 31.58 (5.21) 138 30.62 (5.02) o 0.19 (-0.06 to 0.44) 17.12

Parker etal (2022) 25 295 (47) 69 225 (5.3) ‘ 1.35(0.86-1.84) 16.64

Cheng etal (2024) 46 9667 (18) 46 90.96 (19) i B 0.31(-0.10 to 0.71) 16.84

Gao et al (2026) 65 29.48 (514) 65 2349 (551) B 1.12 (0.75-1.49) 16.92
I

Lyles et al (2019) 75 162 (24) 75 144 (3.7) .: 0.57 (0.25-0.90)  17.00

Overall ‘ 1.19(0.14-2.23)

Prediction interval 1 (-2.68 to 5.05)

Heterogeneity: T° = 1.65, I’ = 97.75%, H’ = 44.40 }

Test of 8 = 6 Q(5) = 82.16, p = 0.00 |

Testof 8=0:2=222 p=0.03 :

Random-effects model f T T T 1

Hartung-Knapp-Sidik-Jonkman adjustment -3 -1 1 3 5

Figure 4. Forest plot of the meta-analysis of quasi-experimental studies: effect of mHealth interventions on eHealth literacy in patients with chronic
diseases. mHealth: mobile health; SMD: standardized mean difference [34-37 43].

Treatment Control SMD Weight
Study N Mean (SD) N Mean(SD) with 95% CI (%)
‘
Hu (2024) 38 24 (121) 38 14 (1.345) 3 —— 1.15 (0.67-1.63) 18.88
Jiang etal (2024) 30 29.27 (4.23) 30 25.57 (5.97) —— 0.71(0.19-1.22)  17.98
Guo etal (2023) 96 31.72 (4.287) 96 30.65 (4.859) 1 0.23 (-0.05 t0 0.52) 24.31
Chiuetal (2016) 20 31.7(54) 39 30.9 (5.1) : 0.15 (0.38 to 0.68) 17.53
Sonetal (2022) 50 28.1 (9.16) 50 24.32 (9.55) - 0.40 (0.01-0.79)  21.30

Overall

Prediction interval

Heterogeneity: 1° = 0.12, I* = 71.63%, H* = 3.53
Test of 6= 6;: Q(4) = 12.61, p=0.01
Testof8=0:z2=2.81,p=0.00
Random-effects model
Hartung-Knapp-Sidik-Jonkman adjustment

Primary Analysis: RCTs

The meta-analysis of 6 RCTs [33,38-40,44,45] showed that
mHealth interventions can enhance eHealth literacy among
patients with chronic diseases. The pooled average effect was
positive (SMD=1.19; 95% CI 0.14-2.23; P=.03; Figure 3).
The 95% CI quantifies uncertainty around this pooled average
effect. Between-study heterogeneity was substantial; while /2
is commonly reported (I’=97.75%, P<.001), it has limited
pragmatic utility for understanding how much true effects
vary across settings. Therefore, to describe the expected
distribution of true effects across different populations and
settings, we calculated the 95% PI, which was extremely
wide (-2.68 to 5.05; Figure 3). Thus, although the average
effect is beneficial, a future implementation could plausibly
observe little or no benefit or even harm, or conversely,
a very large benefit, depending on context and implementa-
tion. This interpretation is consistent with the risk-of-bias
assessment (several trials had limitations related to blinding
and implementation) and with the GRADE rating of moderate
certainty for the RCT evidence, downgraded for unexplained
inconsistency.

https://www jmir.org/2026/1/e82004

0.51 (0.15-0.87)
(-0.73 to 1.75)

Supplementary Analysis: Quasi-
Experimental Studies

Overview

A separate meta-analysis of the 5 quasi-experimental studies
[34-37,43] also indicated a positive pooled average effect
(SMD=0.51; 95% CI 0.15 - 0.87; P<.001; Figure 4).
Between-study heterogeneity was notable; although I? was
moderate to high (I’=71.63%), the 95% PI was also broad
(-=0.73 to 1.75), indicating that true effects may range from
little or no benefit to meaningful benefit across settings.
Given the serious risk of bias (primarily confounding) and
low-grade certainty associated with these studies, these results
should be considered supportive but less robust than the
primary RCT findings.

Analysis of Subgroups

We conducted subgroup analyses based on prespecified
subgroups (including intervention targets and intervention
duration), as detailed below, to more specifically explore
potential effect modifiers in the RCT-based estimates of
intervention effectiveness on eHealth literacy.
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The Effect of mHealth Intervention on eHealth
Literacy Varied by Intervention Targets

After grouping by intervention target, specific disease
interventions yielded a positive and substantial pooled
average effect (SMD=1.61, 95% CI 0.16-3.06; Figure 5).
However, the 95% PI was very wide (PI -5.40 to 8.63),
indicating that true effects may vary considerably across
implementation contexts, ranging from apparent ineffective-
ness or even negative outcomes to highly significant benefits.
In contrast, interventions targeting the general chronic disease
population yielded smaller average effects (SMD=0.36, 95%

Yang et al

CI 0.00-0.73; Figure 5 [33,38-40,44.45]), with a PI of —0.21
to 0.94. This implies that in certain contexts, the interven-
tion may approach ineffectiveness, while in others, there
remains a modest possibility of achieving some degree of
positive effect. For completeness, conventional I? statistics
are reported in Figure 5 (specific disease: 1’=97.25%; general
chronic disease population: /’=68.46%), but the PI provides
the more clinically interpretable description of between-set-
ting variability. The test for between-group differences failed
to reach statistical significance (P=.10). Consequently, this
grouping outcome should be regarded more as a suggestive
trend than as a definitive effect modifier.

Figure 5. Subgroup analysis by intervention target: effect of mHealth interventions on eHealth literacy in patients with chronic diseases; SMD:
standardized mean difference (Group 1: interventions targeting a specific disease [33,38-40]; Group 2: interventions targeting general chronic

diseases population [44,45]).

Treatment Control SMD Weight
Study N Mean(SD) N Mean(SD) with 95% CI (%)
1 Specific diseases \
Yu (2022) 29 36.79(1.11) 29 28.86(2.68) } - 3.81(2.95-467) 1548

Parker et al (2022)
Cheng et al (2024) 46 96.67 (18)

Gao et al (2026) 65 29.48 (514)
Heterogeneity: T° = 2.11, I = 97.25%, H* = 36.31

Testof 8 = 6; Q(3) =53.82, p=0.00
Prediction interval

25 295(47)
46 9096 (19)

2 General chronic diseases population
Nahm et al (2019)
Lyles et al (2019) 75 162 (24) 75
Heterogeneity: T° = 0.05, I’ = 68.46%, H' = 3.17
Testof 6, =6; Q(1)=3.43,p=006

Prediction interval

Overall

Heterogeneity: 1° = 1.65, I° = 97.75%, H” = 44.40
Test of 8, = 8; Q(5) = 82.16, p = 0.00

Test of group differences: Q,(1)=2.67,p=0.10

Random-effects model
Hartung-Knapp-Sidik-Jonkman adjustment

The Effect of mHealth Intervention on eHealth
Literacy Varied by Duration of Intervention

After grouping by intervention duration, results indicated that
the mean effect in the =3-month group was positive, yet
its 95% CI encompassed zero (SMD=1.79, 95% CI -0.22
to 3.80; Figure 6 [33,38-40,44,45]). The corresponding PI
was extremely wide (95% PI —23.98 to 27.56), suggesting
that true effects may vary dramatically across studies and

https://www jmir.org/2026/1/e82004

69 225(53)

65 23.49 (551)

113 3158 (521) 138 30.62(5.02)
14.4 (3.7)

1.35(0.86-1.84) 16.64
0.31 (-0.10 to 0.71)16.84
1.12(0.75-1.49) 1692
1,61 (0.16-3.06)

(-5.40 to 8.63)

0.19(-0.06 t0 0.44) 17 12

0.57 (0.25-0.90) 17.00
0.36 (0-0.73)

(-0.21 to 0.94)

1.19 (0.14-2.23)

implementation contexts. In contrast, the group with an
intervention duration of <3 months also exhibited a positive
mean effect (SMD=0.61, 95% CI 0.09-1.13; Figure 6) with
a broad PI (PI -5.72 to 6.95). Although conventional /2
values were reported in Figure 6 (=3 mo: /°=97.52%;<3 mo:
1’=88.04%), the PIs better quantify the likely range of effects
in new settings. This suggests that short-term interventions
may yield benefits in some contexts, yet the possibility of
near-ineffectiveness or even negative outcomes persists.
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Figure 6. Subgroup analysis by intervention duration: effect of mHealth interventions on eHealth literacy in patients with chronic diseases; SMD:
standardized mean difference (Group 1: intervention duration =3 months [33,38,40]; Group 2: intervention duration <3 months [39,44 45]).

Treatment Control SMD Weight
Study N Mean(SD) N Mean (SD) with 95% CI (%)
1 >3 months }
Yu (2022) 29 36.79(1.11) 29 28.86 (2.68) I i 3.81(2.95-4867) 15.48
Parkeretal (2022) 25 295(47) 69 225(5.3) - 1.35(0.86-1.84) 16.64
Cheng et al (2024) 46 96.67 (18) 46 90.96 (19) \ 16.84

Heterogeneity: 1 = 3.06, I = 97.52%, H’ = 40.31
Test of 8, = 8; Q(2) = 53.80. p = 0.00

031(-010100.71)
1.79 (-0.22 to 3.80)

"

Prediction interval
2 <3 months
Nahm et al (2019) 113 31.58 (5.21) 138 30.62 (5.02)
Gao et al (2026) 65 2948 (5.14) 65 2349 (551)
Lyles et al (2019) 75 162 (24) 75 144 (37)
Heterogeneity: r= 0.18, I = 88.04%, H = 8.36

Test of 8= 8; Q(2) = 17.11, p=0.00

Prediction interval

Overall

Heterogeneity: 1° = 1.65, I = 97.75%, H® = 44.40

Test of 6= 8;: Q(5) =82.16, p = 0.00

Test of group differences: Q,(1) =124, p=027
Random-effects model
Hartung-Knapp-Sidik-Jonkman adjustment

Sensitivity Analyses

The leave-one-out sensitivity analysis (Figure 7) demonstra-
ted that no single study was solely responsible for the overall
positive pooled effect. The point estimate remained positive

(—23.98 to 27.56)

= 0.19(-0061t00.44) 1712
1.12 (0.75-1.49) 16.92
0.57 (0.25-0.90) 17.00

0.61(0.09-1.13)

(-5.72 t0 6.95)
1.19(0.14-2.23)

T emg

6 -4 2

o
[a%]
E=N
=]

and all CIs overlapped after the sequential exclusion of each
study, indicating that the overall conclusion of an average
positive effect is relatively robust to the influence of any one
study.

Figure 7. Leave-one-out sensitivity analysis of the pooled effect size for the effect of mHealth interventions on eHealth literacy in patients with

chronic diseases [33,38-40,44 45].
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Discussion

Principal Findings

This review aimed to understand whether mHealth tools
could improve eHealth literacy among patients with chronic
diseases. We used the results of RCTs as primary evidence.
A combined analysis of 6 RCTs showed that the intervention
had a positive effect on average. This study is consistent
with previous research findings [46.,47]. However, there are
large differences between the studies. The 95% PI was wide.
The wide pPI suggests that the effectiveness of the same
intervention may differ substantially across implementation
contexts, with true effects potentially ranging from negligible
to clinically meaningful. Due to this large uncertainty and
some problems with the study (such as the lack of blind-
ing), we rated the overall quality of evidence from RCTs
as moderate using the GRADE system [48,49]. We also
synthesized 5 quasi-experimental studies, and the results of
the quasi-experiment supported the results of RCT with large
PIL.

Effectiveness of mHealth Interventions

The findings indicated that mHealth interventions are
effective in enhancing eHealth literacy among patients with
chronic diseases. The effect was more robust in RCTs,
while quasi-experimental studies showed more modest effects
accompanied by higher uncertainty. This result is generally
consistent with previous reviews, which have shown that
mHealth interventions are generally beneficial for health
literacy-related outcomes, but the effects vary widely [50].
The observed differences may stem from heterogeneity in
patient characteristics, intervention design, and outcome
measures [51]. Lyles et al [45], in a study of underserved
populations, found that portal use among individuals with
limited health literacy was substantially lower than among
those with adequate health literacy. Nahm et al [44] repor-
ted more favorable outcomes in older adults with higher
educational attainment, suggesting that socioeconomic status
and access to resources are critical determinants of inter-
vention effectiveness. Intervention intensity and theoretical
grounding also appear to be pivotal [52,53]. Gao et al [39]
demonstrated that an intervention based on the self-regula-
ted learning model was more effective than one relying on
a single theoretical framework. Cheng et al [38] showed
that experiential learning significantly improved eHealth
literacy. By contrast, the findings of Parker et al [40] did
not achieve meaningful improvements in clinical endpoints,
likely owing to insufficient intervention intensity and limited
tailoring. Future research should prioritize the development
of stratified, adaptive, and theory-informed multimodal
interventions [54]. In particular, greater attention should be
directed toward designing and validating more personalized
and supportive strategies for vulnerable populations with
limited health literacy and inadequate social resources [55,
56].
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Intervention Targets

This study conducted subgroup analyses by intervention
target. The results showed that interventions designed for
one specific disease (eg, diabetes alone or heart failure
alone) appeared to work better than interventions designed for
patients with all chronic conditions. This finding is consistent
with previous research [57]. Interventions on patients with
specific diseases showed greater effects on average. mHealth
intervention programs targeting the general chronic disease
population have smaller average effects, and their PIs suggest
that they may not always be beneficial. When an intervention
focuses on a specific disease, its content, tasks, and feedback
closely match what patients need to do every day [58]. This
may make the tool more useful to patients and keep them
engaged [59]. In the field of mHealth, higher engagement
generally leads to better outcomes [60,61]. For example, apps
that help manage diabetes or blood pressure often include
self-management tasks and provide direct feedback, which
may explain why they work so well [62]. In contrast, trying
to cover multiple conditions can make it difficult to pro-
vide in-depth, personalized support for each condition [51].
Recent research on tools for patients with multiple conditions
showed that combining several disease-specific tools could
feel burdensome and did not always provide useful, actiona-
ble recommendations [63,64]. Therefore, it may be wiser to
start with small, sophisticated tools for a single disease and
consider expanding to more diseases later.

Duration of Intervention

We further compared studies with an intervention duration
of less than 3 months versus an intervention duration of
more than 3 months. Subgroup analysis showed a statisti-
cally significant combined effect of the less than 3-month
intervention, which is generally consistent with the find-
ings of Sevda and Mechelle [65,66]. However, the PI
remained notably wide, suggesting considerable uncertainty
in the effectiveness of the intervention when applied across
diverse implementation contexts. In contrast, the subgroup
with intervention for more than 3 months had larger point
estimates, but its combined effect did not reach statistical
significance, and the PI was extremely wide. Given that
the test for subgroup differences did not reach statistical
significance, it is unwarranted to conclude that long-term
interventions are inherently less effective than short-term
ones. A more plausible interpretation is that the effective-
ness of longer-duration mHealth interventions may be more
susceptible to contextual factors and the fidelity of implemen-
tation processes [67]. The possible reason is that the benefits
of mHealth interventions depend not only on the duration
of the intervention itself but also on whether patient engage-
ment can be sustained over time [68]. Existing evidence
suggests that user engagement in mHealth interventions often
declines as time progresses, while higher levels of engage-
ment are generally associated with better adherence and
improved self-management outcomes [52]. For longer-dura-
tion interventions, factors such as treatment burden, reduced
interaction, or implementation barriers may weaken sustained
patient participation [69]. Therefore, future research should
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not only focus on extending the duration of interventions
but also prioritize optimizing intervention content, feedback
frequency, personalized support, and engagement strategies
to enhance long-term adherence and participation, thereby
maximizing the long-term effectiveness of mHealth interven-
tions.

Limitations

Four major limitations of this study should be mentioned.
First, the restriction to English and Chinese language
publications may introduce selection bias and limit the
cross-cultural applicability of our findings. Second, there was
considerable methodological heterogeneity among the studies
included, particularly in terms of intervention protocols and
outcome measures. Third, this study acknowledges certain
limitations in the current analysis, primarily reflected in
the relatively small sample size. Fourth, this study used
eHealth literacy scores as the primary indicator of inter-
vention effectiveness. While this metric directly reflects

Yang et al

improvements in digital health capabilities, it struggles to
comprehensively capture the intervention’s overall benefits
regarding clinical symptoms, quality of life, and health
care costs. Future research should adopt multidimensional
indicators to conduct more comprehensive assessments.

Conclusions

Overall, current evidence suggests that mHealth interven-
tions can improve eHealth literacy among patients with
chronic diseases on average. However, the wide PIs indi-
cate substantial between-study variability, suggesting that
intervention effects are highly context-dependent and closely
related to implementation factors. By focusing on eHealth
literacy as a core capability outcome and integrating evidence
from RCTs, quasi-experimental studies, and qualitative
research, this review extends previous work in the field.
These findings highlight the need for more rigorously
designed and better-implemented mHealth interventions in
future research.
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