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Aims Digital health literacy (DHL) is essential for managing chronic diseases and promoting healthy aging. Despite its importance,
evidence on how to improve DHL remains limited. This systematic review and meta-analysis assessed the impact of edu-
cational interventions on DHL among adults with chronic diseases and healthy older adults, with implications for both pri-
mary and secondary prevention.

Methods This review followed PRISMA guidelines and was registered in PROSPERO (CRD42024592890). Studies from 200024 tar-

and results geting adults (>18 years) with chronic diseases or healthy individuals (>65 years) and evaluating educational interventions to
improve DHL were included. Nine databases were searched. Outcomes were assessed using validated tools (e.g. eHEALS).
Follow-up was categorized as short-term (T1) and long-term (T2), with durations ranging from 3 to 12 months, depending
on the study. Risk of bias was evaluated with ROB 2 and ROBINS-I. Twenty-one studies (n = 4195) were included: 14 ran-
domized controlled trials and 7 pre—post studies. Most interventions (n = 17) were in-person programmes. Meta-analysis
revealed significant eHEALS score improvements at short-term {T1: [mean difference (MD) 3.30, 95% confidence interval
(Cl): 1.21-5.40, I* = 0%, P = 0.03]} and long-term (T2: MD 2.18, 95% Cl: 1.42-2.95, I* = 1%, P = 0.007). In-person and inter-
active interventions were most effective; app-based and online-only approaches showed limited benefit. Learning-by-doing
interventions had limited impact on DHL but reduced clinical events.

Conclusion Educational interventions, especially in-person, improve DHL among older adults and individuals with chronic disease. Given
the high heterogeneity among studies, standardized methodologies and tailored educational strategies are needed to maxi-
mize effectiveness and ensure equitable access. Addressing foundational digital skills and bridging the digital health divide re-
main crucial priorities in secondary prevention care.
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Lay summary

Older adults and people with chronic conditions learn to use digital health tools most effectively through structured,

face-to-face training, rather than by trying to use apps or websites on their own.

e In-person, interactive training led to big improvements in people’s ability to use digital health tools both immediately and
months later, whereas app-only or online lessons had only a small effect.

e Programmes that left people to ‘learn by doing’ with little guidance did not improve their digital skills much
(although some health improvements were seen), underscoring that structured, personalized training is crucial to
help patients manage their conditions and avoid complications, and to ensure everyone can benefit equally from digit-

al health tools.
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Introduction

Digital health care concerns the use of information and communications
technology in support of health,’ which stimulates patients to actively
engage in personal health.? As the health system faces challenges due
to aging population, workforce constraints, availability, and affordability,
it is important to take advantage of digital healthcare to address these
challenges.3 Digital interventions such as text messages, apps, and wear-
able devices are recommended to improve adherence to healthy life-
style and medical therapy among patients with coronary artery

Control: absence of intervention

Findings

Educational methods improve DHL, especially
through in-person, structured, and interactive
approaches.

+/" Short- and long term effects are significant.

T1: MD 3.30; 95% ClI
1.21-5.40; p = 0.03

T2: MD 2.18; 95% CI
1.42-2.95; p = 0.007

Favours control Favours experimental

+ High heterogeneity limits conclusions,
emphasizing the need for standardized interventions
and measurements.

~ Addressing the digital divide is essential to
ensure equitable access and inclusivity in digital
health interventions.

disease.? Furthermore, the EAPC clinical consensus statement on ad-
herence to treatment in secondary prevention of cardiovascular disease,
identified that digital health also can improve health literacy.*
Unfortunately, due to limitations in the healthcare system and
patients-related barriers, ideal conditions for implementing digital health
care are often not met. An important issue that requires more atten-
tion is patients’ digital health literacy (DHL) and readiness to benefit
from digital tools.> A previous systematic review reported that DHL
can mediate changes in health-related behaviour.® As such, educational
methods supporting DHL may improve secondary prevention care.
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Educational methods for digital health literacy

Digital health literacy represents the ability and motivation to access,
understand, appraise, and use digital information to solve health pro-
blems.” Without adequate DHL, individuals may struggle to manage
their health, leading to poorer health outcomes and higher costs.
Moreover, it encompasses the ability to confidently communicate
and interact about health, both synchronously and asynchronously,
using digital tools and services.? Various instruments have been devel-
oped to measure DHL, including the eHealth Literacy Scale
(eHEALS)” and the eHealth literacy questionnaire (eHLQ).” Data
from these instruments can guide educational methods to improve
DHL and promote health and equity outcomes.® This includes ensur-
ing that every patient, despite age and socioeconomic factors, can ac-
cess digital health services."!

Digital health literacy is a dynamic skill that evolves over time as digital
health is introduced. In this way, DHL is as much a process as an out-
come. A process that requires constant attention and education.'?
Digital health literacy interventions have shown positive effects among
older adults'® and patients with chronic diseases,'* and across different
population groups.'> Given these results, it is crucial that healthcare
services invest in educational methods designed to bolster DHL."®

This systematic review and meta-analysis was conducted to identify
optimal educational methods to improve DHL. Given its role in sup-
porting adherence to lifestyle and pharmacological recommendations
after myocardial infarction, strengthening DHL is a key strategy in sec-
ondary prevention. This review was carried out within the Optimal
Therapy after Myocardial Infarction (Opti(Ml)se) Programme of the
European Association of Preventive Cardiology (EAPC) of the ESC; a
series of scientific documents developed to address the optimal treat-
ment of patients to prevent further cardiovascular events after myocar-
dial infarction.

Aim
The aim is to identify and evaluate the impact of educational methods
on DHL among adults with chronic diseases and healthy elderly indivi-

duals, and to summarize the implications for healthcare practice in en-
hancing patient DHL in secondary prevention contexts.

Methods

This systematic review and meta-analysis was conducted in accordance with
the guidelines outlined by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement."”” A protocol detailing
the research methodology was registered in the international prospective
register of systematic reviews (PROSPERO CRD42024592890) prior to
the commencement of the review.

Eligibility criteria
The study eligibility criteria were based on the Population, Intervention,
Comparison, Outcomes and Study Design (PICOS) framework.®

Studies were eligible if the population included adults (>18 years) with a
chronic disease or healthy elderly individuals (>65 years). This differenti-
ation addressed the unique challenges of these groups, and thus to capture
interventions targeting those most likely to benefit from improved DHL.
Adults with chronic diseases may benefit from digital health tools support-
ing chronic condition management. Healthy elderly individuals are more vul-
nerable to lower DHL.

The interventions had to include educational methods explicitly designed
to improve DHL or consist of learning-by-doing approaches that, though
not primarily intended to improve DHL, included it as a secondary

outcome. These interventions promoted healthy behaviours through digital
tools such as smartphone apps, online platforms, or wearables. Although
their primary focus was not on DHL, they met eligibility by incorporating
educational elements like feedback, interactive learning, and digital skill-
building, emphasizing experiential learning through the use of these tools.
Educational elements within learning-by-doing interventions were defined
as having at least one instructional feature, such as structured user guidance,
digital skill-building exercises, feedback mechanisms, or interactive learning
activities. Their presence was assessed based on the original intervention
descriptions. Two reviewers independently evaluated each study resolving
discrepancies with a third reviewer. No formal threshold or checklist was
applied, allowing flexibility in identifying diverse educational components.

The comparison included all interventions types and no-intervention
groups. Although causality cannot be established, such studies provide valu-
able insights into the potential effects on DHL.

The outcome of interest was improvements in DHL, primarily measured
through validated tools like the eight-item eHeals” or equivalent metrics.
Studies using qualitative methods to assess DHL were also eligible for inclu-
sion to ensure a comprehensive understanding of outcomes. This approach
promoted consistency while accommodating diverse methodologies to
capture DHL improvements.

Eligible study designs included randomized controlled trials (RCTs), non-
randomized controlled trials (NRCTs), and pre—post studies. Randomized
controlled trials were prioritized for their high-quality evidence on interven-
tion efficacy. Other designs were included to capture broader range of evi-
dence in this emerging area. No minimum follow-up duration was required.
Studies with varying follow-up periods and intervention durations were in-
cluded to explore both short- and long-term impacts.

Only peer-reviewed articles published from 1 January 2000 to 31
December 2024 were included to ensure relevance to the context of con-
temporary digital health technologies. There were no language restrictions.
Non-peer-reviewed literature, reviews, editorials, abstracts, commentaries,
and letters were excluded to maintain methodological rigour and focus on
primary research.

Information sources

A comprehensive search strategy was developed in consultation with an ex-
perienced librarian. The following databases were searched for articles pub-
lished between 1 January 2000 and 31 December 2024: PubMed/Medline,
Embase, Web of Science, Scopus, Cochrane Library, CINAHL, IEEE, ERIC
(ProQuest), and APA PsycNet. Additionally, reference lists of relevant stud-
ies and grey literature sources were screened. The search strategy was ini-
tially designed for PubMed/Medline and subsequently modified for
application in other databases (see Supplementary material online,
Table S1).

Search strategy

The search strategy combined keywords and Medical Subject Headings
(MeSH) related to DHL, and educational methods. The search terms and
MeSH headings are listed in Supplementary material online, Table ST.
Search terms for all databases are available on PROSPERO
(CRD42024592890).

Selection process

All search results were imported into Endnote (Clarivate, Philadelphia, PA,
USA, version 21) to remove duplicates. Two independent reviewers (S.E.K.
and L.X\) screened the titles and abstracts for eligibility based on the prede-
fined inclusion and exclusion criteria. Full-text articles of potentially eligible
studies were subsequently retrieved and assessed. Disagreements were re-
solved through discussion or by consultation with a third reviewer (M.F.).

Data collection process

Data extraction used a standardized form designed for this review.
Extracted data included study characteristics (e.g. title, first author, year,
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country, and trial), population characteristics (e.g. sex, age, recruitment,
race/ethnicity, income, and education), sample size, inclusion and exclusion
criteria (see Supplementary material online, Table S2), disease description
(if patients), study objectives, intervention characteristics (e.g. intervention
procedure, session frequency and duration, follow-up, technology used for
the intervention, training/instruction on technology, health information
source, performer, location, theory, delivery, and adherence), comparison
details (if applicable), and outcomes (e.g. primary and secondary outcomes,
time points, and summary of findings).

Two reviewers (S.E.K. and L.X\) independently extracted data; discrepan-
cies were resolved by consensus. If needed, a third reviewer (M.F.) resolved
disagreements.

For data were missing, controversial, or unclear, authors were contacted
for clarification.

Study risk of bias assessment
The methodological quality was assessed using the Cochrane Risk of Bias
tool for RCTs (ROB 2)"® and ROBINS-I1?° for NRCTs and pre—post studies.
Each domain was rated as low, high, or unclear risk of bias, and an overall
risk of bias score was assigned to each study. Two reviewers (B.A. and
O.B.) independently performed quality assessment; disagreements were re-
solved by consensus, or if needed, by consulting a third reviewer (S.E.K.).
Funnel plot asymmetry was not assessed due to the small number of
studies, as such methods are unreliable with fewer than 10 studies.

Effect measures
Effect measures for the DHL outcome were calculated as mean differences
(MDs) with 95% confidence intervals (Cls). For between-group analyses,
MDs reflect the difference in change in eHEALS score between intervention
and control groups, calculated as (T1 or T2) minus TO: T1 for short-term
and T2 for long-term. A positive MD indicates an improvement in DHL.
For studies without control groups, pre—post differences were reported.
The MDs account for variability across studies by standardizing the effect
sizes, enabling comparisons between studies with different measurement
scales.
All calculations were performed using Review Manager Version 5.4, en-
suring consistent and robust evaluation.

Synthesis methods

Narrative synthesis was used to summarize findings. VWhere appropriate,
meta-analyses were performed using statistical software (Review
Manager Version 5.4) to pool estimates from RCTs using eHEALS with
mean and standard deviation (SD) data. A random-effects model with
inverse-variance weighting, restricted maximum likelihood estimation, and
Knapp—Hartung adjustment was used. Heterogeneity was assessed using
the I* statistic. Heterogeneity was assessed using the I statistic: <25%
low, 26-50% moderate, and >50% substantial. Missing summary statistics
and data conversions were documented. If data were missing and not re-
ported, the lead author (S.E.K.) contacted study authors.

Certainty assessment

The certainty of evidence was evaluated using the Grading of
Recommendations, Assessment, Development, and Evaluations (GRADE)
framework.>" This included an assessment of risk of bias, inconsistency, in-
directness, imprecision, and publication bias. Study-level influence was eval-
uated via studentized residuals, Cook’s distance, leverage, and changes in
heterogeneity statistics (7, Q).

Sensitivity analysis

The sensitivity analysis was conducted using the leave-one-out method used
to assess the influence of individual studies on the overall results. It involved
systematically removing one study at a time from the meta-analysis and re-
calculating the pooled effect estimate.

Results

Literature search and study selection

The initial search of nine electronic databases yielded 6017 records. After
removing 885 duplicate records, 5132 records were screened for eligibil-
ity. Following the title and abstract screening, 5108 records were excluded,
and 24 reports were sought for full-text retrieval. All 24 reports were suc-
cessfully retrieved and assessed for eligibility (Figure 7).

Of the 24 reports assessed, three were excluded for the following rea-
sons: one study population focused on young, healthy individuals, one
study targeted caregivers rather than patients, and DHL was not reported
as an outcome in one study. Ultimately, 21 studies met the eligibility cri-
teria and were included in the final synthesis.”>** No additional studies
were identified from manual searches of reference lists. The PRISMA
checklist can be found in Supplementary material online, Table S3.

Study characteristics

Study characteristics are reported in Table 1. All 21 studies were pub-
lished between 2011 and 2024. Of these, 11 studies focused on healthy
elderly individuals > 65 years, while 10 studies investigated patients
with chronic diseases. The chronic diseases studies included diabetes,
cardiovascular disease (CVD), heart failure, human immunodeficiency
virus, high cardiovascular risk, and multiple comorbidities such as arth-
ritis, cancer, and osteoporosis. The study design included 14 RCTs and
7 pre—post studies. Studies were conducted across multiple countries,
with the majority originating from the USA (n =12, 60%), followed by
Taiwan (n=3), South Korea (n=2), and one study each from ltaly,
Spain, Australia, and Denmark. A total of 4195 participants enrolled
across all the studies, with sample sizes ranging from small pilot studies
(n=11) to larger RCTs with up to 934 participants. Mean ages over the
studies are spanning from 42 to 75 years. Sex distributions were re-
ported in most studies, with some showing balanced male-to-female ra-
tios and others reporting predominance of one gender, depending on
the condition studied. Dropout rates varied, ranging from 0% in smaller
studies to as high as 39.2% in larger trials. Of all studies, 86% reported
on level of education, 62% reported on ethnicity/race, and 52% income
(see Supplementary material online, Table $4).

Intervention characteristics
reported in Table 2 and
Supplementary material online, Table S5. The interventions reported

in the included studies primarily consisted of educational programmes
(n  =17)?7333637.394042 34 learning-by-doing

Intervention  characteristics are

interventions
(n = 4) 34353841

Studies with educational programmes as interventions (n = 17) were pre-
dominantly delivered in-person (n = 14), with one study delivered online,*®
another using a combination of in-person and online methods,* and one
study not providing information on the delivery method.*’

All the studies with learning-by-doing intervention as intervention were
delivered online. Two of these four studies used specifically a smart-
phone application®'~*

The comparison groups of the 14 RCTs varied across studies, with
nine studies with an absence of intervention as comparison
group,?633736384192 and in six studies employing educational pro-
grammes as comparison group,>>*>%323%40 3 |beit implemented differ-
ently from the intervention group, which included following
approaching: four studies that compared collaborative training with in-
dividualistic training group,”*3**' one study that compared
computer-based training with paper-based training,29 and one study

as intervention.
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Records identified from 9

Records removed before screening:

databases (n = 6017)

\

Duplicate records removed (n =
885)

\J

Studies included in review
(n=21)
Reports of included studies

(n=0)

Records screened Records excluded**
—>
(n=5132) (n=5108)
Y
Reports sought for retrieval Reports not retrieved
(n = 24) (=0}
A
Reports assessed for eligibility Reports excluded:
B
(n=21) Reason 1 (n = young healthy)
Reason 2 (n = focus on
caregiver)
Reason 3 (n = no DHL outcome)

Figure 1 The PRISMA flow diagram'” describing selection procedure of reviewed articles.

that compared in-person training with online training.3? Six other
studies employed pre—post analyses without formal control
groups. 2242728303137

Intervention frequencies ranged from one-time sessions>>>° (n = 2) to
weekly programmes?2~2+26:27:29.:333637.39.4042 (; — 1) and daily use in
learning-by-doing interventions.>*3>384! Some studies did not provide
the intervention frequency?®*"3? (n=3). The duration of intervention
also varied widely, ranging from 2 to 52 weeks.

Technology played a central role in delivering the interventions, with
computers being the most frequently used tool (n=11), followed by
tablets and smartphones (n = 7). Customized platforms, such as elec-
tronic personal health records (ePHR) and patient portals, were used
in several studies to facilitate learning 233%3"

Education characteristics

To analyse educational characteristics, it is essential to understand the
teaching methods, categorized teaching methods into five domains

(teaching strategies, learning environment, structure, mechanisms of
engagement, and feedback and evaluation); see Supplementary
material online, Tables S6-S8.

Teaching strategy

Reviewed studies described teaching strategies to improve DHL in old-
er adults. Common methods included blended learning with hands-on
exercises, competition, collaborative peer-based approaches, and per-
sonalized, age-specific designs using tailored modules and tech-assisted
training. Theoretical frameworks like COM-B,* Intervention
I"Iapping,24 and Self-Determination Theory35 ensured behavioural
change and engagement.

Engagement mechanisms

Engagement mechanisms often included collaborative approaches
(n = 12),2272527:2931.3637.39:4042 \yhere participants engaged in small
group discussions, peer collaborations, or interactive exercises. Some

Gz0z AInr L€ uo Jasn Austealun yesseH Aq 00010z8/vssremz/odline/c601 01 /10p/aonie-aoueape/odiing/wod dno-olwapeoe//:sdiy Wwolj papeojumoc]



S.E. Kizilkilic et al.

Downloaded from https://academic.oup.com/eurjpc/advance-article/doi/10.1093/eurjpc/zwaf354/8201000 by Hasselt University user on 31 July 2025

‘[B14] P3[0J3UOD PIZILIOPUE ‘| DY ‘9SESSIP JB|NISBACIPIED ‘A JBINISBAOIPJIED ‘A ‘SNUIA ADURIdijapounwiwl uewny ‘AJH 9|qeaiidde Jou ‘v/N

€T/ee 09 C bid 9¢/01 99 L 9% 6 10y sa3eqeIg uemie| ¥T0T Bu3yD 1T
VIN VIN VIN 18 VIN VIN VIN 18 8Ll 10Y 2dn|ley JesH uredg 1»CCOT UNA 0T
V/N V/N V/N V/N V/N V/N VIN oL Ul 10y s[enpiaipul Al1apfe AyieeH vsn opELOT 'SUPIBAA - 61
8G1/SL L oYl [ 324 ySli6L 0L 9vl €€C 99 10y s[enpiAipul Al1apjo Auifes vsn «c€00C ‘Zonbzep  g|
IL¥S 19 (343 0L 9L/LS 9 6'€C L9 LE) 10v 24n|ley JesH SMewusQq geCC0T “Plpuds /|
V/N V/N V/N V/N LT SL 0 €L €l 150d-a.g S[enplAipul AlJapja Auifea vsn ,ePT0T ‘UBURARIES 9]
L/68 [45 VLl 6Ll €9/66 [& ol 08l 69¢€ 12d AH vsn 0¢0C0T ‘siapues G|
00L/8¥¢€ 89 8¢ 8y  811/89¢ 19 €9 98y ¥E6 154 AAD 404 sl 38 IO YUM sjudlled  BIJO3 YINoS <¢0C0T ‘U34pay |
aJed Asewiud Suipusye
ce/e9 9s q0€ 96 09/09 69 [433 0cL  Sle 12d sjuaned 3s9qo pue YSRMISAQ El[edisny (0T ped €]

sisoudelp QAD Pays!|qeisa
U 40 3sld AD Y31y 01 ajedapow
‘sa3aqelp ‘s1s040dos)so ‘swajqoud
Jeay ‘Jadued ‘uoissaudap

86/9¢ (74 (4] vEl €6/5¥ (74 '8l 8€lL  T/LT 1204 ‘s dunssaud poojq y3iH vsnN 6107 ‘WYEN  T|
ST/9C €9 L9 6v €0/6C 9 Sy vy €6 jio).] 9SEISIp dlUoIYD vsN 266107 'SRKT 1L
VIN VIN VIN VIN S€/0C YL 89 [ 1s0d-a.gd s[enpialpul AlJap| Ayyea vsn 1¢610C 927 0L
SL/ILT 34 VIN 9¢ yeeL [44 VIN 96 CEl 13s0d-a.d s919qeld uemie | 00T oD 6
ge/LL vL VIN 0S LE/8lL [44 VIN 6y 66 jio).] s[enpialpul AlJap|a Ayyea vsN (0T UBN>d 8
VIN VIN VIN VIN VIN 0L 8y 68 6& 1s0d-a.d s[enpiAipul AlJapja AuifeaH uemie | g0 YD £
VIN VIN VIN VIN VIN VIN 0 L L 13s0d-a.d s|enpiAipul Aapja AyiesH €903 yinos ;20T BueyDd 9
8//10L 39 90 08l 89/CLL (4 0 08L 09¢ 1204 AIH vsN 96L0T104®D G
VIN VIN VIN VIN VIN V/IN VIN 8Ll 8l 12d s[enpialpul AlJap| Ayyea vsn oz exog
VIN VIN VIN VIN VIN VIN VIN oL T 13s0d-a.d s|enpiAipul Aapja AyiesH vsnN yehlocexog g
VIN VIN VIN VIN VIN VIN VIN orlL ol jio).] s[enpialpul AlJap|a Ayyea vsN hlogeIxog ¢
VIN VIN VIN VIN 14943 89 VIN 85 89 1s0d-a.g s[enpialpul AlJap| Ayyea Aey 27170 ‘enboejinag 3

dnous3 joayuo) sdno.3 jeyuswiiadxy N u3isop [elaL uonejndod An3uno) Jeaf ‘aoyny

(17 = u) sansRIdesRYd APNIS | 3|qeL



Educational methods for digital health literacy

Downloaded from https://academic.oup.com/eurjpc/advance-article/doi/10.1093/eurjpc/zwaf354/8201000 by Hasselt University user on 31 July 2025

'SpJ0d3. Yi[eay [euosuad 21uou3dse YHdR ‘o|qeaijdde jou /N

SUOISSSS Usamiaq Ul C.\_.hOt.,m_n_

SJojluoW Y3[eay ‘SadIASp

BIpSW [BD0S BIA pue UOSJad U] d|qeaeam ‘suonedddy SpPam 7| ulW 06 ‘SSam g Ao UOIUSAIRIUI JO IDUISqY swuweJdoud [euonyeonpy ¥C0T BUdyD 1T

papirod JoN papiro.d JoN S9aMm 97 Areq UOIUSAIRIUI JO IDUISqY uonuaAIUl Suiop-Ag-3uiuJean ,,C20T Unk - 0T
(8uiuaes) onsijenpiaipul) (8uiuaes| aARIOGR||0D)

uosuad uj Jandwor I EEIYN S99M B 9IM | swweJdoud [euoneonpy swuweJdoud [euonyeonpy opELOT SUDIEAA 61
(8uiuaes) onsijenpiaipun) (8uiuues| aAnRIOGR||0D)

uosJad u) J9ndwon SHOIM § UlW 07| “o9M © 2dIM | swweu3oud jeuoiyeonp] swwes3oud [euoleonpy (££C0T 'Zonbzep  g|

auluo [e}IOd1EaH Sjoam 7§ Areq UOIUSAIRIUI JO IDUISqY uonuaAIUl Sulop-Ag-3uluJean geCC0T Rpuids /|

uosJad u) 19|1qe | SHOOM ¢ uiw O ‘APIRSAA (3sod—aud) w/N swwes3oud [euoleonpy 146700 ‘UeARIES 9

uosuad uj WHd® SyeaMm 9 uiw Qg ‘APRRAA UOIUSAIRIUI JO IDUISqY swuweJdoud [euonyeonpy 4¢00T ‘s4opues g

auluo suoydirews Sjoam 7§ Areq UOIUSAIRIUI JO IDUISqY uonuaAIUl Sulop-Ag-3uluJean «c0C0T ‘URpay |

auluo suoydirews Sj9aMm 7§ Areq UOIUSAISIUI JO IDUISqY uonuaAIUl Suiop-Ag-3uiuJean LeCC0T 4ied €

YHJ® ‘wa3sAs

auuo juswadeuew 3uluesa SYeaMm ¢ APIROAA UOIUSAIRIUI JO 3DUISqY swuweJdoud [euonyeonpy 60T ‘WYeN 7L
(suruo) (uosuad

uosJaad u) SOSPIA MIIA 0} Ul SYoaM 97T | papiroad JoN swweJ3oud jeuoiyeonp] ul) swwe.3oud [euoneonpy 266107 'SAKT 1L

suoydyprews

uosJad u) pue Jayndwod) papiroad JoN V/N (3sod—aud) w/N swwes3oud [euoleonpy ,£610T 997 0L

uosuad uj Jandwor uiw 09—-0€ awn | UOIUSAISIUI JO IDUISqY swuweJdoud [euonyeonpy 0s£20TOND 6
(paseg-uaded) (paseg-usndwiod)

uosuad uj Jandwor I EEIYN UlW 07| o9M B 3IM | swweJdoud [euoneonpy swuweJdoud [euoneonpy (0T UeN2a 8

uosJad u) suoydiiews pue 19|qe | Syoam g uiw 06 ‘APPIAA (3sod—aud) w/N swwes3oud [euoleonpy g9L0T MuD

uosaad uj Jayndwod SH9OM G uiw Oz ‘APR9AA (3sod—aud) /N swwes3oud [euoleonpy ,2420T Queydy 9
(Suiuues)
ddy yieaHYN Pam 7§ (ddy yeaHyYN 03 ssedde J11SI[BNPIAPIUI PUE SAI}BIOGER||0D)

uosuad uj UHd® ‘pod! 'SUOISSDS SUIUIeJ] [SHPIM §  WINIUGI PD+) UIW 06 ‘APPIAA  UOIUSAISIUI JO 9DUISQY swuweJdoud [euonyeonpy 526107 01D g
(8uiuaes) onsijenpiaipur) (8uiuues| aARIOGR||0D)

uosuad uj Jandwor awn | uiw Qg ‘awn | swweJdoud [euoneonpy swuweJdoud [euonyeonpy gLz exog ¥
(Buiuues| aAneIOQE||0D)

uosJad uj J9ndwon SYoIM uiw 07| “eam/sawn g (3sod—aud) w/N swuwre.3oud [euoneonpy Lbogexog €
(8uiuaes) onsijenpiaipur) (8uiuaes| aARIOGR||0D)

uosuad uj Jandwor SjeaMm ulw 07| “feam/sawn 7 swweJdoud [euoneonpy swuweJdoud [euonyeonpy hlozexog g

uiw 06
uosJad u) 19|qe} Jo Jandwod SHOIM § ‘|O9M B 9DIM] JO APOIAA (3sod—aud) w/N swuwe.doud [euoneonpy . 170T ‘enbaejineg L
UuoIU3AJIRIUI Jo A1dAIIRQ A3ojouyday uoljeanp uoijuaAIRIU]  Aduanbauy uonuaaialug dnoug uosiiedwo) dnou3 uonuaaiaiul ae/ “aoyyny
$213S1493dB4RYD UOIJUSAJIRIU] T 3d|qel



S.E. Kizilkilic et al.

studies (n = 2) combined collaborative mechanisms with individualistic
appr‘oaches,z‘/”28 incorporating elements such as one-on-one coaching
or independent task completion. Online tools were frequently
employed to facilitate engagement in the intervention groups
(n = 5)**3*353847 offering interactive platforms, progress tracking,
and gamification.

In contrast, comparison groups often employed individualistic me-
chanisms (n = 4),>>**3%%9 such as independent task completion or self-
paced learning. A significant portion of studies (n =9) reported an ab-
sence of active engagement mechanisms in the comparison groups,
where participants received no specific intervention,26:3033-363841.42
A few studies (n=2) used alternative methods, such as traditional
paper-based tr‘aining29 or online training.28

Feedback and assessment

Studies utilized real-time, constructive feedback?>27:223940 4nd pre-
and post-intervention assessments?2>#28303435 44 evaluate participant
progress and programme impact. Methods included questionnaires, fo-
cus groups, task-based evaluations, and engagement tracking via digital
platforms. Personalized and peer feedback were key approaches, with
many studies incorporating qualitative and quantitative measures to
capture participant experiences, attitudes, and skills. Long-term follow-
ups assessed sustained behaviour changes and clinical outcomes.
Technology tools, such as digital apps and DHL platforms, provided
continuous monitoring and feedback, enhancing participant self-
awareness and programme adaptability.

Outcomes and meta-analysis

Digital health literacy outcomes

Among the 21 studies, 17727363940 itilized the eight-item eHEALS,
two employed®®*? the 35-item eHealth Literacy Questionnaire
(eHLQ), one analysed qualitative data®’ and another assessed
traditional literacy and ICT (information and communication technol-
ogy) skills as measures for enhancing digital health readiness (DHR).*®
Of these, 12 studies conducted measurements at measured at base-
line (TO) and short-term follow-up (T1).2272%:28:29.31.32.35,37.4041 )
addition, nine studies collected measurements at three time points:
baseline (T0), short-term follow-up (T1), and long-term follow-up
(T2)262730333436383942  Njine  RCTs2323336384042  orivideqd
between-group differences from TO to T1. Three RCTs**23? did
not report between-group differences from T0 to T1 but presented
within-group effects, as did five pre—post studies.?>?*272831 One
RCT?® reported between-group differences from TO to T2. Table 3
presents the measured outcomes and a summary of results across all
studies.

Among the studies with educational programmes as intervention
(n =17), 16 utilized eHEALS,22’33'36‘39'40 one utilized eHLQ,42 and
one reported only qualitative data.’’

At the short-term follow-up, significant improvements in eHEALS
were observed in five pre—post studies that implemented in-person
education programmes,?>***”3%31 while one study did not report
any changes.”® Furthermore, two RCTs demonstrated significant
between-group differences, comparing an intervention group to a con-
trol group with absence of intervention.***? In contrast, another RCT
found no significant differences between the groups.®

For the long-term follow-up, two pre—post studies highlighted signifi-
cant improvements in eHEALS over time.?”*° Similarly, two RCTs iden-
tified significant between-group differences when comparing the
intervention group with a control group with absence of

intervention.”**¢ However, one RCT at this stage reported no signifi-
cant changes between the intervention and control groups.*

Four RCTs specifically investigated the differences between individu-
alistic training and collaborative training: two studies reported no signifi-
cant differences between the groups>>*°
report on between-group differences.”>>* Two RCTs found no signifi-
cant differences in eHEALS scores between computer-based in-person
education and either video-guided education®> or paper-based
education.”’

Among the studies with learning-by-doing as intervention (n = 4),
two RCTs**3> employed eHEALS to evaluate interventions delivered
via smartphone applications and found no differences in overall
eHEALS scores between the intervention group and comparison group
with absence of intervention. One RCT?® assessed the impact of
telerehabilitation-based learning-by-doing interventions through an on-
line portal using the eHLQ and found no significant difference between
intervention group and comparison group with absence of interven-
tion. An RCT*" examined the impact of telemonitoring-based
learning-by-doing interventions on DHR, evaluating traditional literacy
and ICT skills as separate outcomes. The findings demonstrated that
these interventions effectively reduced early heart failure events, re-
gardless of participants’ literacy or computer skills.

Eleven studies focused on healthy older adults, comprising 1347 par-
ticipants, compared to 2848 participants in studies involving patients
with chronic diseases. Of these 11 studies, five were RCTs and the re-
mainder were pre—post intervention studies. One study (Saravan) re-
ported only qualitative data, while the others used the eHEALS. Only
one study reported outcomes at T2. In contrast, studies involving pa-
tients with chronic conditions more frequently reported long-term
outcomes. These findings suggest that while digital health interventions
(DHI) appear beneficial for healthy elderly individuals in the short-term,
there is a lack of long-term data in this group, highlighting a need for
more robust follow-up in future research.

and two studies did not

Meta-analyses

Only 233 out of the 14 RCTs were included in the meta-analysis at T1,
and 326303336 3t T2, due to missing data or incompatible formats (e.g.
no mean/SD). Excluded RCTs and reasons are listed in Supplementary
material online, Table $13.The meta-analysis included only participants
with chronic diseases, as all eligible studies focused on this group.
Figure 2 shows a significant difference in eHEALS scores at T1 between
intervention and control groups (MD 3.30, 95% Cl: 1.21-5.40, I* = 0%,
P =0.03). Significant difference was also found between the groups at
T2 (after long-term follow-up) (MD 2.18, 95% Cl: 1.42-2.95, I = 1%,
P =0.007) (Figure 3). These results should be interpreted with caution
due to a limited number of included studies and the variation in follow-
up periods (3—12 months).

Risk of bias assessment

All 14 RCTs?325:27:2932-353842 3n1ysed using ROB 2 tool and the 6
pre—post studies®>2*2728:3031 355e55ed using the ROBINS-I tool exhib-
ited an overall high risk of bias (see Supplementary material online,
Tables S10 and S11) primarily due to issues in outcome measurement
and lack of assessor blinding.

In these studies, patient self-report was used for outcome measure-
ment, introducing a substantial risk of bias. Conversely, the areas with
the lowest risk of bias across all studies were those related to missing
outcome data and deviations from the intended protocol.
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Experimental Control Mean difference Mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nahm 2019 31.58 521 113 28.44 6.16 127  50.7% 3.14[1.70, 4.58] —i-
Sanders 2021 32.23 5.59 162  28.76 7.62 161 49.3% 3.47[2.01,4.93] =
Total (HKSJs) 275 288 100.0%  3.30 [1.21, 5.40] i
Test for overall effect: T = 20.02, df = 1 (P = 0.03) 10 5 ) : 10

Test for subgroup differences: Not applicable
Heterogeneity: Tau® (REMLs) = 0.00; Chi* = 0.10, df =1 (P = 0.75), F = 0%

Footnotes

+Cl calculated by Hartung-Knapp-Sidik-Jonkman method.
»Tau? calculated by Restricted Maximum-Likelihood method.

Figure 2 Meta-analysis of digital health literacy at T1.

Favours [control] Favours [experimental]

Experimental Control Mean difference Mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Carroll 2019 29.81 1.45 164  27.67 1.42 166  90.1% 2.14[1.83, 2.45] i)
Nahm 2019 31.42 52 114  29.52 5.73 125 5.0% 1.90[0.51, 3.29] —_—
Sanders 2021 32.35 5.29 162  29.09 127 161 4.9% 3.26[1.87 ,4.65) —_—
Total (HKSJ.) 440 452 100.0% 2.18[1.42,2.95] ‘

Test for overall effect: T = 12.30, df = 2 (P = 0.007)
Test for subgroup differences: Not applicable
Heterogeneity: Tau? (REMLs) = 0.00; Chi? = 2.55, df = 2 (P = 0.28); I’ = 1%

Footnotes
aCl calculated by Hartung-Knapp-Sidik-Jonkman method.
»Tau? calculated by Restricted Maximum-Likelihood method.

Figure 3 Meta-analysis of digital health literacy at T2.

Sensitivity analysis

We performed a leave-one-out sensitivity analysis to assess heterogen-
eity and evaluate the reliability of our findings by comparing the sensi-
tivity results with the main finding (see Supplementary material online,
Table $12). Excluding Carroll and Nahm increased heterogeneity
and eliminated group differences. However, when excluding the
study by Sanders significant difference was still observed between the
two groups (MD 213, 95% Cl. 1.48-278, I’=0%, P=0.02,
Supplementary material online, Table $12).

Discussion

This systematic review and meta-analysis examined how educational
methods impact DHL among adults with chronic diseases and
healthy elderly individuals, and summarized implications for health-
care practice in enhancing patient DHL in secondary prevention
contexts.

Two approaches to improving DHL were identified: direct educa-
tional methods and indirect learning-by-doing interventions. Direct
methods provide structured programmes that provide theoretical
and practical knowledge, while learning-by-doing emphasizes

4 2 0 2 4
Favours [control] Favours [experimental]

experiential learning through real-world applications, such as telemoni-
toring or smartphone-based interventions.

At short-term follow-up, several pre—post studies®>***72%31 re.
ported significant improvements in eHEALS scores, particularly among
healthy elderly individuals. 22242731 In-person format and interactive ele-
ments likely contributed to these consistent outcomes. Tailored inter-
ventions, addressing specific health conditions like diabetes, also
proved effective.*® However, one pre-post study 28 reported no signifi-
cant improvement, possibly due to app-based training, which may have
been less engaging for older adults unfamiliar with digital tools. Limited
in-person interaction in such interventions might reduce overall impact.

Randomized controlled trials comparing educational interventions to
the absence of intervention also yielded mixed results. Studies employ-
ing collaborative approaches, such as group discussions and interactive
exercises,*** tended to report significant improvements, underscoring
the value of active learning strategies.

At long-term follow-up, the positive effects of educational interven-
tions appeared to be sustained, with significant between-group differ-
ences observed in some studies.”’?%*¢ Although the magnitude of
effect was smaller compared to short-term follow-up, the persistence
of benefit supports the potential value of continued engagement or re-
inforcement over time. However, inconsistencies, such as the lack of
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improvements in Nahm'’s study,>> emphasize the critical role of inter-
vention delivery formats and participant engagement in achieving mean-
ingful outcomes.

In our meta-analysis, the observed improvement in eHEALS scores,
though statistically significant, may not be clinically meaningful on its
own. However, in populations with low baseline digital skills, even mo-
dest gains could signal meaningful progress towards digital inclusion and
better health decisions. While the improvement is relatively small, its
potential cumulative effect, especially if maintained through ongoing
intervention, should not be overlooked. Given the scalability and low
cost of digital tools, such interventions may still offer substantial public
health value, making even the modest improvements in DHL both ac-
ceptable and worthwhile.

No significant differences were observed between collaborative and
individualistic learning, suggesting that the success of collaborative ap-
proaches may rely heavily on factors such as the quality of facilitation
and the level of participant engagement.

The meta-analysis confirms the effectiveness of educational interven-
tions, with significant improvements in eHEALS scores observed at
both short- and long-term follow-ups. This suggests that educational
methods have an immediate impact on DHL while also providing lasting
benefits. The significant short-term effects indicate that participants can
quickly benefit from educational programmes, while the sustained im-
provements highlight the potential for long-term gains. Although the
mean difference at T2 was smaller than at T1, this reduction should
be interpreted cautiously, as the study contributing data at T2 included
one additional trial not present at T1. Therefore, while the magnitude
of effects across time points cannot be directly compared, the findings
indicate that the intervention continued to provide benefit relative to
control over time.

Learning-by-doing interventions showed limited effectiveness in im-
proving DHL, with most studies reporting no significant
between-group differences. The reliance on self-guided learning and
digital tools may have hindered participants with low baseline digital
skills. However, these interventions demonstrated potential to improve
clinical outcomes, even if their impact on DHL was minimal.

A recent systematic review and meta-analysis by Barbati et al.”® also
evaluated the effectiveness of DHL interventions but included a broader
population, incorporating younger individuals. While their meta-analysis
reported significant improvements in eHEALS scores, these results
were largely driven by studies involving younger participants, suggesting
that younger populations may acquire digital skills more easily. In con-
trast, our findings demonstrate that significant improvements in DHL
can also be achieved among patients with chronic diseases and healthy
elderly individuals. This highlights the importance of tailored educational
strategies that effectively support older adults and those with chronic
conditions in acquiring and sustaining digital health literacy.

Unlike Barbati et al.,"® this review specifically focused on educational
methods for DHL improvement in healthy elderly individuals and pa-
tients with chronic disease. This targeted approach is crucial for addres-
sing the specific barriers these populations face in accessing and using
digital health tools. Improving DHL for DHI is essential to prevent
the rise of a digital health divide.*® Digital health is often proposed as
a potential solution to increase access to healthcare.** It is well estab-
lished that patients with higher age, lower education level, lower socio-
economic status, or from an ethnic minority, have lower access to
healthcare.*® The same factors are linked with lower DHL.* It is crucial
to ensure that digital solutions aimed at improving access to healthcare
reach those who need them most. To do this, the first step is to assess
patients’ ability to use digital health technology and determine if they

are suitable for digital health programmes.47 Patients with low DHL
should be offered interventions to improve their digital skills.
Secondly, it is important to evaluate how easily patients can learn and
adapt to these interventions, tailoring them to their skill and knowledge
levels.*®  The recently developed Digital Health Readiness
Questionnaire (DHRQ) measures both DHR and capacity to learn.*®
This information could help personalize educational interventions to
better meet patients’ needs in the future.

A review by Pourrazavi et al. highlighted the importance of self-
efficacy as a tool to improve DHL.*® Moreover, a recent study by
Busse et al. proposed didactic sessions, workshops, collaborative learn-
ing, and peer tutoring models as potential interventions to increase
knowledge and improve self-efficacy.*> However, these learning oppor-
tunities often take place with the use of technology that leads to a digital
divide. Patients with lowest access to technology and lowest DHL levels
will then again miss out. Therefore, it is necessary to implement educa-
tional interventions that do not require digital applications.*’

Lastly, it is important to not only provide education at the start of a
DHI but also to ensure sufficient practical and technological support
throughout the intervention. Furthermore, follow-up should be ad-
vised, as it may play a crucial role in improving DHL and reinforcing
the messages and learning from the intervention. Follow-up allows
for continuous engagement, addressing any challenges patients may
face, and sustaining the benefits of the intervention over time.

Although this review focused on patient-reported outcomes, it is im-
portant to acknowledge that caregivers can play a critical role in sup-
porting digital health tasks. In some contexts, improving caregivers’
DHL may indirectly enhance patients’ ability to access, understand,
and act on health information online.*°

As most included studies were conducted in the USA, caution is
needed when generalizing findings internationally. Cultural and health-
care system differences can impact the effectiveness and implementa-
tion of DHI, meaning that successful strategies in one country may
not directly translate to another. For example, many low- and
middle-income countries have underdeveloped digital infrastructure,
and individuals with lower socioeconomic status often face limited ac-
cess to online resources, reducing the effectiveness of web-based inter-
ventions. In such settings, face-to-face or low-tech solutions may be the
only viable option, emphasizing the need to tailor digital health strat-
egies to local contexts and available resources. These factors highlight
the importance of formal oversight or accreditation of DHI at both
the individual and population level to ensure quality and effectiveness
across healthcare systems. At the policy and system level, supportive
frameworks are essential to enable broad DHI implementation. A re-
cent commentary on equitable telehealth stressed that individual, com-
munity, and policy-level actions must accompany technological
advances to ensure sustainable and inclusive adoption.”’

Future research should continue exploring innovative educational
methods to enhance DHL among people with chronic disease and eld-
erly to improve uptake, adherence, and effectiveness of digital DHI.

Strengths and limitations

This systematic review and meta-analysis has several limitations. First, high
heterogeneity in intervention design, duration, and outcomes limited the
ability to identify the most effective educational methods. Second, the re-
liance on self-reported tools such as eHEALS introduced bias and may not
capture objective DHL improvements. Although eHEALS is widely used, it
has been criticized for not addressing the dynamic and social dimensions of
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digital health.>* Future studies should include objective assessments like
performance-based tasks or tools like the Digital Health Literacy
Instrument (DHLI), which better reflect users’ ability to search, evaluate,
and apply online health information.>® Triangulation with system usage
data (e.g. log files, time on tasks, and feature use) may further strengthen
validity.>* Third, the predominance of studies from high-income countries
limits generalizability to low- and middle-income settings. Fourth, the inclu-
sion of studies with varied designs, including those without control groups,
reduced comparability, while inconsistent follow-up durations hindered
long-term effect evaluation. Fifth, potential publication bias and exclusion
of non-peer-reviewed literature may have led to missing relevant data.
Finally, most included studies did not involve participants with CVD.
Although our primary objective was to evaluate DHL interventions in
the context of cardiovascular secondary prevention, the limited availability
of such studies required us to broaden the scope to other chronic condi-
tions and older adults. As a result, applicability to cardiovascular care is lim-
ited, warranting further disease-specific research. Future research should
address these limitations by employing standardized outcomes, broader
population, longer follow-up periods, and disease-specific focus.

Conclusion

This systematic review and meta-analysis highlights the effectiveness of
educational methods in improving DHL among older adults and indivi-
duals with chronic diseases. Significant improvements in eHEALS scores
at both short- and long-term follow-ups suggest immediate and sus-
tained benefits. However, high heterogeneity and variable follow-up
periods indicate the need for more standardized intervention designs
and evaluation methods. Future research should address foundational
digital skills and ensuring equitable access to technology to maximize
the impact of digital DHI. Addressing the digital health divide is critical,
particularly for individuals with low digital literacy, socioeconomic chal-
lenges, or limited access to technology. Personalized educational ap-
proaches, tailored to patients’ digital readiness and learnability, may
help bridge this gap and maximize the benefits of DHI. Implementing
educational methods that do not rely solely on digital tools can further
ensure inclusivity. Future research should focus on standardizing DHL
measurement tools, evaluating long-term effects of interventions, and
expanding the geographic and socioeconomic diversity of study popu-
lations. Innovative and inclusive strategies are essential to enhance DHL,
enabling broader participation and improving the outcomes of DHI in
secondary prevention care.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology.
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