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Abstract

Background: Inaworld of rapid digital technology development, the lack of digital health literacy (DHL) among older people
cannot beignored. DHL isbecoming an essential competency that can facilitate the health status and health management of older
adults. DHL interventions that are feasible and appropriate can be implemented on a large scale through the health care system
for older people.

Objective: The purpose of this meta-analysis was to assess the effectiveness of DHL interventions for older adults.

Methods: English publications in PubMed, Web of Science, Embase, and the Cochrane Library were searched from inception
to November 20, 2022. Two reviewers independently completed the data extraction and quality assessment. Review Manager
(version 5.4; Cochrane Informatics & Technology Services) software was used for al meta-analyses.

Results: A total of 7 studies, including 2 randomized controlled trials and 5 quasi-experimental studies, involving 710 older
adults were considered eligible. The main outcome was scores on the eHealth Literacy Scale, and secondary outcomes were
knowledge, self-efficacy, and skills. Quasi-experimental studies compared baseline and postintervention outcomes, while
randomized controlled trials compared pre- and postintervention outcomes in the intervention group. Of the 7 studies, 3 used
face-to-face instruction, while 4 adopted web-based interventions. Among them, 4 of the interventions were conducted using
theoretical guidance, while 3 were not. Intervention duration varied from 2 to 8 weeks. In addition, the studies included were al
conducted in developed countries, mainly in the United States. Pooled analysis presented that DHL interventions had positive
effectson eHealth literacy efficacy (standardized mean difference 1.15, 95% CI 0.46 to 1.84; P=.001). Subgroup analysisrevealed
that DHL interventions that chose face-to-face teaching (standardized mean difference 1.15, 95% CI 0.46 to 1.84; P=.001), were
guided by a conceptual framework (standardized mean difference 1.15, 95% CI 0.46 to 1.84; P=.001), and were sustained over
4 weeks (standardized mean difference 1.1, 95% CI 0.46 to 1.84; P=.001) had a more significant effect. Moreover, the outcomes
showed considerable gains in knowledge (standardized mean difference 0.93, 95% CI 0.54 to 1.31; P<.001) and self-efficacy
(standardized mean difference 0.96, 95% Cl 0.16 to 1.77; P=.02). No statistically significant effect wasfound for skills (standardized
mean difference 0.77, 95% CI —0.30 to 1.85; P=.16). The small humber of studies, variable study quality, and heterogeneity are
some limitations of this review.

Conclusions: DHL interventions have positive effects on the health status and health management of older adults. Practical and
effective DHL interventions are crucia for the use of modern digital information technology in managing the health of older
people.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42023410204;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordlD=410204
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Introduction

Digital health literacy (DHL) isan extension of eHealth literacy
[1], which refers to the ability of individuals as active
participants who can search for, understand, anayze, and
evaluate health information on the internet or in other digital
sources and share the information with others to help make
health-related decisions and solve health problems, both
individually and collectively [2]. DHL stresses the individual
asaparticipant and sharer, not just arecipient. However, eHealth
literacy only emphasizestheindividual asamerereceiver. Some
studies have shown that older adults with a higher DHL may
have more health knowledge and more appropriate attitudes
toward medical decision-making [3,4].

Several factors are likely to be associated with the DHL of an
individual, including computer or internet usage (number of
electronic devices, frequency of internet use, and computer
stress), age, income, education, persona experiences, marital
status, and social support [3,5]. Unlike young people born in
the digital age, older people may have less experiencein using
modern mediatechnol ogies and platforms[6], while many older
individuals find it difficult to use digital media, which they
deem to be complicated and sophisticated [7].

In recent years, along with the increase in the aging population,
older adults with multiple chronic diseases and physical
disabilities who are living alone have become an increasingly
large group [8-11]. Meanwhile, advancements in science and
technology have made adramatic differencein persona medical
experiences, health self-management, and social health services.
At present, telemedicine and tele-homecare are emerging as a
rapidly growing segment of the health care industry that can
provide assistance and care to older adults[12,13]. Asagroup
with a high prevalence of difficult-to-treat illnesses and
conditions, older adults have a greater need for telehealth [14].
For example, interventionsfor tele-transition of care can reduce
readmission and mortality rates and improve health-related
quality of life for older adults at high risk of readmission [15].
In addition, the internet has become one of the main sources of
health information. The types of web-based health information
searched by older people mainly include diseases, treatment,
nutrition, and exercise [16]. However, some older people find
it difficult to use digital health care services due to a lack of
ability to search for web-based health information and low DHL
[17]. Therefore, older people should be aware of theimportance
of seeking health information on the internet and improving
their DHL. Older adultswith ahigh DHL are able to accurately
search for and discriminate health information, judge the
veracity of the context, and improve resilience to misinformation
ontheinternet [18]. Moreover, theimprovementsin DHL could
facilitate medical procedures, persona health management
skills, and life satisfaction of individuals [19].

Practical and effective DHL interventions are crucial for
improving DHL and the ability to use information technology
among older adults [20,21]. Some DHL interventions, such as
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training on computer knowledge, attitudes, and skills, may be
the key to improving the understanding and application of
eHealth among older adults [22-24]. The target audience for
theseinterventions are mostly community-dwelling older adults.
The contents of the intervention include the following main
areas. computer basics, mainstream search engines, official
patient portals, and peer support forums. The methods of
interventions generally involve digital and on-site education or
training [25]. However, current DHL interventionsvary widely.
For example, intervention periods range from 2 weeks to 8
weeks or even longer [24]. The intervention groups are either
older individualsin the community or hospital patients [26].

Dueto their variability, the effectiveness of DHL interventions
needs to be further explored. Therefore, this review aims to
systematically summarize the effectiveness of DHL
interventionsin older adultsin termsof eHedlth literacy efficacy,
knowledge, self-efficacy, and skills.

It is expected that thisreview will provide a practical basis and
theoretical support for future research and the formulation of
DHL interventions for older adults.

Methods

Overview

Thisreview followed the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Anayses) guidelines
published in 2020 [27] and was registered in PROSPERO
(CRD42023410204).

Search Strategy

We searched PubMed, Web of Science, Embase, and the
Cochrane Library for al available relevant studies published
from inception until November 20, 2022. The search strategy
used Boolean logic to combine medical subject headings and
text word searches. We al so screened the references of relevant
prior systematic reviews as additional sources, and the language
was limited to English. The complete search strategy can be
found in Multimedia Appendix 1. An example of the search
strategy used on the PubMed database is as follows:

((“Computer  Literacy”[Mesh]) OR  ((((((((((((Computer
Literacy[Title/Abstract]) OR (Computer
Literacieg Title/Abstract])) OR (Literacies,
Computer[Title/Abstract])) OR (Literacy,

Computer[Title/Abstract])) OR (ehealth literacy[ Title/Abstract]))
OR (e-health literacy[Title/Abstract])) OR  (digita
literacy[Title/Abstract])) OR (digital health
literacy[ Title/Abstract])) OR (mhealth literacy[ Title/Abstract]))
OR (m-health literacy[Title/Abstract])) OR (telehedth
literacy[Title/Abstract])) OR (tele-health
literacy[Title/Abstract]))) AND ((((((aged[Title/Abstract]) OR
(elderly[Title/Abstract])) OR (old adult[Title/Abstract])) OR
(older adult[Title/Abstract])) OR (old people[ Title/Abstract]))
OR (older peopl e[ Title/Abstract]))
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Eligibility Criteria

Eligibility criteria were formulated based on the PICOS
framework (populations, interventions, comparisons, outcomes,
and study design): (1) populations—participants were older
adults (average age 60 years or older); (2) interventions—any
form of eHealth literacy and DHL interventions for older
individuals (eg, web-based courses and face-to-face teaching);
(3) comparisons—preintervention; (4) outcomes—main outcome
was eHealth literacy efficacy (the 8-item eHealth Literacy Scale
[e-HEALS] [28] scores, mean, or total scores) and secondary
outcomes were knowledge, self-efficacy, and skills; the study
included at least 1 secondary indicator to assess DHL, in
addition to eHealth literacy efficacy as the main outcome; (5)
study design—randomized controlled trials (RCTs) or
quasi-experimenta studies (single-group pretest-posttest design).

Moreover, thee-HEAL Swas presented in Multimedia A ppendix
2.

Exclusion criteriaincluded (1) nonexperimental trias, (2) review
or discussion papers, (3) non-English papers, (4) studies with
full text unavailable, and (5) studies with insufficient data.

Study Selection

Two reviewers (QD and RL) independently performed the
screening and selection of studies. Disagreementswereresolved
through discussion or consultation with a third reviewer (TL).
Duplicates were first removed, and then the title and abstract
were assessed for eligibility. In addition, clearly incompatible
studieswere excluded after thetitle and abstract were screened.
Finally, full-text and the identifications of qualified studiesthat
strictly adhered to theinclusion and exclusion criteria[29] were
screened.

Data Extraction

Data extraction from the studies included was performed by 2
independent reviewers. Characteristics of the studies (authors,
country, study design, and sample characteristics) and
intervention characteristics (intervention methods, theory
framework, duration, and results) were included.

Quality Appraisal

The Joanna Briggs Institute quality measurement was used to
assess the risk of biasin each trial included. Nine aspects (eg,
causality and baseline comparability) of the risk of bias were
assessed in the quasi-experimental studies. Thirteen aspects (eg,

randomization, allocation conceament, baseline, researcher
blindness, and outcome assessors) were evaluated for the risk
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of bias in the RCT studies. Each item could be answered as
“yes” “no,” “unclear,” or “inapplicable” In the event of
disagreement, athird reviewer was requested to arbitrate.

Statistical Analysis

In this meta-analysis, the quasi-experimental trials compared
baseline and postintervention outcomes, while the RCTs
compared pre- and postintervention outcomesin theintervention
group.

Based on the Cochrane Handbook for Systematic Reviews of

Interventions, heterogeneity was assessed using the I statistic,
which ranges from 0 to 100 (75%-100%=large, 50%-90%
=substantial, 30%-60%=moderate, 0%-40%=inessential) [30].
Since the continuous outcomeswere assessed by different scales,
we used the standardized mean difference (SM D) and expressed
the results as 95% Cls. We chose a random effects model due
to the high level of heterogeneity among the studies included
as a result of differences in the study design, intervention
approaches, and data collection methods. All meta-analyses
were performed using ReviewManager (version 5.4; Cochrane
Collaboration), and statistical significance was defined asa P
value of <.05. It is possible that the final pooled results show
considerable heterogeneity, and we performed a sensitivity
analysisto identify the cause of a high degree of heterogeneity.
Subgroup analyses of the study groups were performed for
intervention methods, theoretical guidelines, and duration to
assess the components that contributed to the intervention
effects.

”oow

Results

Identification of Studies

Initially, 3145 studies were retrieved from the selected
databases, and after the removal of duplicates, 2799 studies
remained.

After the titles and abstracts were screened, only 102 studies
were included in the full-text screening process. Subsequently,
91 studies were excluded as they did not meet the eligibility
criteria. The detailed reasons for exclusion are as follows: 18
were nonexperimental trials, 13 were overlapping publications,
24 provided results that were useless, 9 were non-English
reports, 11 included incompatible study populations, and the
full text was unavailable for 16 publications. Additionally, 4
trials were excluded due to inadequate outcome data. Finally,
7 trialswereincluded in thismeta-analysis. The study screening
process and the results are shown in Figure 1.
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram: papersincluded and excluded in thisreview.
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Characteristics of Included Studies

This meta-analysis included 7 trials conducted on 710 older
individuals with an average age of 60 years or older. Two of
these trials were RCTs conducted on 187 older adults in the
experimental groups and 184 in the control groups. Five
quasi-experimental trials used a single-group pretest-posttest
design to develop and evaluate DHL interventions for older
people. Moreover, the trialsincluded were implemented across
different countries, predominantly the United States. The
characteristics of included studies for this meta-anaysis are
shown in Multimedia Appendix 3 [31-37]. The raw data sets
for this study are presented in Multimedia Appendix 4.

Quiality of Assessment

Tables 1 and 2 show the results of the quality assessment of the
studiesincluded.

https://www.jmir.org/2023/1/e48166
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For the quasi-experimental trials, 4 trials were rated A (high
quality), while 1 was rated B (moderate quality). Clear cause
and effect, control group, the same outcome measurement,
reliability of outcome measurements, and appropriate statistical
analysiswerereported in all quasi-experimental trials. However,
none of these trials reported similarity at the baseline, while 4
trials did not report whether the groups received the same
treatment as the 1 being validated and 2 trials did not provide
information on follow-up. One tria was rated B (moderate
quality) because multiple measurements were not performed.
The 2 RCTs were rated B because they did not contain true
randomization, allocation concealment, and blinding of subjects
and researchers.
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Table 1. Risk of bias assessment for the quasi-experimental trials.

Dong et a

Reference Q12 sz Q3° Q4d Q5° Q6f Q79 Qgh Q9i Quality grade
Xie (2011) [31] vi uk u Y Y Y Y Y Y A
Chiu et al (2016) [33] Y u Y Y Y Y Y Y A
Leeand Kim (2019) [32] Y u u Y U Y Y Y A
Bevilacquaet al (2021)[34] Y u u Y Y Y Y Y A
Chang et al (2021) [35] Y U u Y N! U Y Y Y B

3Q1: clear cause and effect.

bQ2: similar at baseline.

©Q3: similar treatment other than the intervention.

dQ4: control group.

€Q5: multiple measurements.

fQ6: follow-up description.

9Q7: the same outcome measurement.

hQ8: reliability of outcome measurements.

'Q9: appropriate statistical analysis.

lY: yes.

KU: unclear.

IN: no.

Table 2. Risk of biasfor the randomized controlled trials.
Reference @12 Q2 Q¥ Q4 @ Q6 Q¥ Q" Qf Q0 Quf Q2 Q3" Ql;g' ity

grade

Nahmet a u" u Yo u u Y Y Y Y Y Y Y Y B
(2019) [36]
DeMainetd U u Y Y Y Y Y Y Y Y Y Y Y B
(2022) [37]

8Q1: true randomization.

bQ2: allocation conceal ment.

Q3: similar at basdline.

dQ4: blinding of subjects.

€Q5: blinding of the researcher.

fQ6: blinding of outcome assessors.

9Q7: identical treatment other than the intervention.
hQ8: follow-up description.

iQ9: intention-to-analysis.

)Q10: the same outcome measurement.
lel: reliability of outcome measurements.
Ile: appropriate statistical analysis.
MQ13: appropriate trial design.

MY: yes.

OU: unclear.

Digital Health Literacy Interventions

Of the studies included, 3 entailed face-to-face teaching, while
4 adopted web-based interventions. The face-to-face teaching
i nterventions combined with theoretical knowledge and practical
skillswere guided by university students and conducted in small
groups. Web-based education interventions adopted an
innovativetraining project that provided older adultswith DHL
to strengthen their health self-management. In addition, 4
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RenderX

interventions were theoretically based, while 3 were not. The
duration of 4 of theinterventionswas more than 4 weeks, while
the other 3 were less than 4 weeks long.

Effect of Digital Health Literacy Intervention

This review systematically assessed the impact of DHL
interventionsin older adults, using e-HEAL S scoresasthemain
measure and also analyzed changes in computer or web
knowledge, computer self-efficacy and procedural skills for
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computer or internet use in the studies included. Subgroup
analysis was performed on the eHealth literacy efficacy of the
intervention methods, theoretical guidelines, and duration of
theintervention.

eHealth Literacy Efficacy

All theincluded studiesreported achangein the eHealth literacy
efficacy of the participants from baseline to post-intervention
using an e-HEALS. Two studies [31,33] provided eHealth

Dong et a

literacy efficacy in terms of mean scores, while the remaining
trials [32,34-37] adopted atotal points system. As presentedin
Figure 2, asignificant positive effect was shown on the eHealth
literacy efficacy (SMD 1.15, 95% CI 0.46-1.84; P=.001). We
specul ate that the considerable degree of heterogeneity (P<.001,
12=95%) could be explained by the different forms of data
collection, intervention methods, and duration of the
interventions, as well as the presence or absence of theoretical
guidance.

Figure 2. Effects of digital health literacy interventions on eHealth literacy efficacy of older adults [31-37]. IV: inverse variance. Std: standardized.

Post- Pre- Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random. 95% CI
Bevilacqua,R.2021 284 81 58 243 B3 58 156% 0.48 (011, 0.849] =
Chang, 5.J.2021 33.04 064 a 2831 108 11 72% 4.97 [3.04, 6.90]
Chiu, 2016 M7 54 20 308 A1 33 148% 0.15 [-0.39, 0.69] -
De Main, A.5.2022 3328 328 45 2528 69 49 1532% 1.45(0.99,1.91] -
Lee, 0. and D.H.Kim.2019 383 086 55 278 162 53 155% 0.80 [0.41,1.18] -
Mahrm, E.5.20189 3158 521 113 3062 502 138 1589% 0.19 [-0.06, 0.44] o
ie, B.2011 404 049 111 259 083 172 158% 202 [1.73, 2.31] -
Total (95% Cl) 411 526 100.0% 1.15 [0.46, 1.84] <
Heterogeneity: Tau®= 0.76; Chif=123.18, df= 6 (P < 0.00001}; F= 95% I-m 5 1 5 1n=

Testfor overall effect: Z=3.25 (P =0.001)

Subgroup Analysis

Overview

Three subgroup analyses were conducted based on intervention
approaches, theoretical guidelines, and intervention duration.
The results are presented in Figures 3-5.

Favours [pre-] Favours [post]

Figure 3. Subgroup analysis on the outcome of eHealth literacy efficacy categorized by intervention methods (group 1: face-to-face teaching; group

2: web-based education) [31-37]. IV: inverse variance. Std: standardized.

Post- Pre- Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Face-to-face
Zhang, 5.4.2021 3304 064 9 2831 1.08 11 T.2% 4.97 [3.04, 5.90]
Lee, O and D.H Kim.2018 383 086 85 278 162 89 15.48% 0.80[0.41,1.18] -
Hie, B.2011 404 049 111 2489 083 172 158% 20211.73, 2.31] -
Subtotal (95% CI) 175 242 38.5% 2.15[0.90, 3.40] e
Hetarogeneity: Tau®= 0.99; Chi®= 36.60, df= 2 (P = 0.00001}; IF= 95%
Testfor overall effect: Z=3.37 (P =0.0008)
1.1.2 Online
Bevilacqua,R.2021 284 81 58 243 84 58 156% 0.45[0.11, 0.85] i
Chiu, C.2016 3F a4 20 308 ad 38 148% 0148 [-0.39, 0.69] o,
De Main, A.5.2022 3328 328 45 1528 BY 49 15.2% 1.451[0.99,1.91] -
Mahm, E.5.2014 AMea a2 113 3062 502 138 155% 019 [-0.06, 0.44] »
Subtotal (95% CI) 236 284 61.5% 0.56 [0.02, 1.10] b
Heterogeneity: Tau®= 0.26;, Chi*=23.84, df= 3 (P = 0.0001); F=87%
Testfor overall effect Z=2.02 (P=0.04)
Total (95% CI) 111 526 100.0% 1.15 [0.46, 1.84] &>

T T

Hetarogeneity: Tau®= 0.76; Chi*=123.18, df=6 (F = 0.00001); F= 85%
Testfor overall effect: Z=3.25 (P =0.001)
Testfor subaroun differences: Chif=523. di=1 (F=002). F=20.9%
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Figure4. Subgroup analysison the outcome of eHealth literacy efficacy categorized by theoretical guidelines (group 1: theoretically guided interventions;
group 2: no theoretically guided interventions) [31-37]. IV: inverse variance. Std: standardized.

Post- Pre- Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% Cl IV, Random, 95% CI
2.1.1 Theoretically guided
Zhang, 8.4.2021 3304 0.64 9 2831 108 11 T2% 4.97 [3.04, 6.90]
Chiuw, C.2016 MF a4 20 308 ad 39 14.8% 015 [-0.349, 0.69] T
Mahm, E.5.20149 MAEF A 113 3062 502 138 1589% 019 [-0.06, 0.44] o
Hie, B.2011 404 049 111 2489 083 172 1598% 20201.73, 2.31] -
Subtotal (95% CI) 253 360 53.7% 1.51[0.23, 2.80] -
Heterogeneity: Tau®=1.3; Chi*=112.41 df= 3 (F = 0.00001); F= 87%
Testfor averall effect 2= 230 (P =0.02)
2.1.2 No theoretically guided
Bewilacqua,R.2021 284 81 58 243 84 98 159.6% 0.481[0.11, 0.89] ™
De Main, A.5.2022 3328 328 45 1528 6BY 49 1482% 1.45[0.89 1.91] -
Lee, . and DLH.Kim.2019 383 086 55 278 1.62 99 159.45% 0.80[0.41,1.18] -
Subtotal (95% CI) 158 166 46.3% 0.89 [0.36, 1.43] L
Heterogeneity: Tau?=0.18; Chi*=10.56, df= 2 (P=0.00%); F=81%
Testfor averall effect 2= 3.29 (P = 0.0010)
Total (95% CI) 41 526 100.0% 1.15[0.46, 1.84] <>
Heterogeneity. Tau®= 0.78; Chi*= 123,18, df= 6 (P = 0.00001); F= 85% I I f I

Testfor overall effect: Z=3.25 (P =0.001)
Testfor subdaraun differences: Chif=0.76. df=1 (P=0.38). F=0%

-4 -2 il 2 4
Favours [pre-] Favours [post]

Figure 5. Subgroup analysis on the outcome of eHealth literacy efficacy categorized by length of whole duration (group 1: duration =4 weeks; group

2: duration <4 weeks) [31-37]. IV: inverse variance. Std: standardized.

Post- Pre-

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 =4 weeks

Bewilacgua,R.2021 284 81 58 243 84 58 15.6% 0.481[0.11, 0.89] ™
Zhang, 8.4.2021 3304 0.64 9 2831 108 11 T2% 4.97 [3.04, 6.90]

Chiu, C.2016 MF a4 20 308 ad 39 14.8% 0148 [-0.349, 0.69] o,

Hie, B.2011 404 049 111 259 083 172 158% 202[M.73, 23] -
Subtotal (95% CI) 198 280 53.3% 1.57 [0.36, 2.78] -
Heterogeneity: Tau®=1.33; Chi®= 73.96, df = 3 (P = 0.00001}; IF= 96%

Testfor overall effect 2= 254 (P=0.01)

3.1.2 <4 weeks

De Main, A.5.2022 3328 328 45 1578 6BH 489 148.2% 1.45[0.89 1.91] -
Lee, O and DLH.Kim.2019 383 086 55 278 1.62 99 159.45% 0.80[0.41,1.18] -
Mahm, E.5.20149 IME3 821 113 3062 502 138 159% 019 [-0.06, 0.44] o
Subtotal (95% CI) 213 246 46.T% 0.79[0.07, 1.51] <&
Heterogeneity: Tau®= 0.37, Chi®= 24.61, df = 2 (P = 0.00001}; 7= 92%

Testfor overall effect Z= 215 (P=0.03

Total (95% CI) 411 526 100.0% 1.15 [0.46, 1.84] &>

Heterogeneity: Tau®= 0.76; Chi*=12318, df=6 (F = 0.00001); F= 85%
Testfor averall effect: 2= 3.25 (P = 0.001)
Testfor subaroun differences: Chif=1.18.di=1 (P=0.28). F=14.9%

First Subgroup Categorized by | ntervention Methods

The first subgroup analysis was conducted based on the
intervention approaches, including (1) face-to-face and (2) on
the internet. Subgroup 1 results presented a greater positive
effect on eHedth literacy efficacy (SMD 2.15, 95% CI
0.90-3.40; P<.001), and subgroup 2 reveal ed a moderate effect
(SMD 0.56, 95% CI 0.02-1.10; P=.04). Both groups showed a

considerable level of heterogeneity (group 1: P<.001, 12=95%;
group 2: P<.001, 1°=87%). Subgroup differences were observed

(P=.02, 1°=80.9%). Moreover, a positive overall significance
wasdiscovered (SMD 1.15, 95% Cl 0.46-1.84; P=.001) in favor
of DHL interventions.

Second Subgroup Categorized by Theoretical Guidelines

The second subgroup analysis was performed based on the
theoretical guidelines, including (1) theoretically guided and
(2) no theoretical guidance. The results of subgroups 1 and 2
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showed greater effectiveness in improving eHealth literacy
efficacy (subgroup 1: SMD 1.51, 95% CI 0.23-2.80; P=.02;
subgroup 2: SMD 0.89, 95% CI 0.36-1.43; P=.001). Both
subgroups presented a high degree of heterogeneity (group 1:

P<.001, 1°=97%; group 2: P=.005, 1°=81%). Subgroup
differenceswere observed (P=.38, 12=0%). Moreover, apositive

effect was found (SMD 1.15, 95% CI 0.46-1.84; P=.001) in
favor of DHL interventions.

Third Subgroup Categorized by the Length of Whole
I ntervention Duration

The third subgroup analysis was performed based on
intervention duration and included (1) duration >4 weeks and
(2) duration <4 weeks. The results of subgroup 1 reveded a
large significant effect in increasing eHealth literacy efficacy
(SMD 1.57, 95% Cl 0.36-2.78; P=.01) and subgroup 2 presented
a moderate statistical significance (SMD 0.79, 95% CI
0.07-1.51; P=.03). Both groups presented a high degree of
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heterogeneity (group 1: P<.001, 1>=96%; group 2: P<.001,
1=92%). Subgroup differences were observed (P=.28,

12=14.9%). Moreover, a positive statistical overall effect was
shown (SMD 1.15, 95% CI 0.46-1.84; P=.001) in favor of DHL
interventions.

Knowledge

Four studies assessed knowledge of computers, the web, and
patient portals. Two studies [35,37] used a questionnaire

Dong et a

designed by Xie[38], 1[36] used aquestionnaire used in prior
studies[39], and another [31] used objectivetests. A statistically
considerable effect for knowledge (SMD 0.93, 95% CI
0.54-1.31; P<.001) is shown in Figure 6. Sensitivity analysis
detected that 1 study [35] was most likely the cause of the high
heterogeneity (P<.001, 1°=83%). After removing this study, the
heterogeneity was low (P=.46, 1>=0%) as shown in Figure 7.
We thought that the high heterogeneity might be due to
differences in the number of participants and questionnaires.

Figure 6. Effects of digital health literacy interventions on the outcome of knowledge among older adults (before sensitivity analysis) [31,35-37]. IV:

inverse variance. Std: standardized.

Post- Pre- Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% CI
Chang, 5.4.2021 16.74 077 9 10,01 112 11 2.3% B.58 [4.14,9.02]
De Main, A.5.2022 16.87 3.02 45 14.07 3.86 43 11.3% 0.80[0.38,1.22] -
Mahrm, E.5.2019 648 1.21 113 4828 163 138 253% 0.82 [0.56, 1.08] =
Kie, B.2011{ck) 413 115 111 336 1.24 172 256% 0.64 [0.38, 0.88] =
Wig, B.2011 (i) 431 131 111 263 209 172 265% 0.92 [0.67,1.17] =
Total (95% CI) 389 542 100.0% 0.93[0.54, 1.31] +
Heterogeneity: Tau*= 0.14; Chi*= 24.13, df= 4 (P = 0.0001); F= 83% b = 5 t .

Testfor overall effect £2=4.71 (P = 0.00001)

Favours[pre-] Favours[post]

Figure 7. Effects of digital hedlth literacy interventions on the outcome of knowledge among older adults (after sensitivity analysis) [31,36,37]. 1V:

inverse variance. Std: standardized.

Post- Pre- Stil. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% CI
De Main, AS.2022 16.87 3.02 45 14.07 3.86 49 106% 0.80[0.38,1.23) -
Mahm, E.5.2018 648 121 113 528 163 138 280% 0.82 [0.56,1.08] -
Wie, B.2011{ck) 413 118 111 336 1.24 172 31 5% 0.64 [0.35,0.88] u
Hie, B.2011 fuvk) 431 1.3 1M1 283 209 172 2049% 092 [0.67,1.17] ol
Total (95% CI) 380 531 100.0% 0.79 [0.65, 0.93] f
Heterogeneity: Tau®= 0.00; Chi®= 2.57, df= 3 (P = 0.46); F= 0% i + T t o

Test for averall effect 2=11.29 (P = 0.00001)

Self-Efficacy

Threetrialsmentioned self-efficacy on the computer and patient
portal. Two studies [31,32] assessed computer efficacy with the
5-item computer efficacy subscale of the Attitudes Toward
Computers Questionnaire [40], while 1 study [36] measured
patient portals SE using a modified 4-item Self-Efficacy for

Favours[pre-] Favours[post]

Computer-Based Personal Health Record scale using the
Personal Health Record Self-Efficacy tool [41]. A positive
significant effect (SMD 0.96, 95% CI 0.16-1.77; P=.02) is
presented in Figure 8. The high degree of heterogeneity (P<.001,
12=95%) could be dueto the differencesin intervention methods

and measurement scales. No sources of heterogeneity were
discovered in the sensitivity analysis.

Figure 8. Effects of digital health literacy interventions on the outcome of self-efficacy among older adults [31,32,36]. IV: inverse variance. Std:

standardized.
Post- Pre- Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% Cl IV, Random, 95% ClI
Lee, 0 and D.H.Kim.2019 416 0.62 85 163 1.4949 59 32.0% 1.68[1.25 2.11] -
Mahm, E.S5.2019 3401 86 113 2772 186 138 3349% 1.06[0.79,1.32] =
Hie, B.2011 424 061 111 413 0581 172 341% 0.20[-0.04, 0.44] =
Total (95% CI) 279 369 100.0% 0.96 [0.16, 1.77] -
Heterogeneity: Tau®= 0.48; Chi® = 43.58, df = 2 (P < 0.00001); F= 95% J I I I

Testfor overall effect Z=235 (P=0.02

Skills

Among the studiesincluded, only 2 studies assessed skills. One
study [31] measured skills using a 30-item procedural test and
the other [37] assessed skills using a 12-item procedural task.

https://www.jmir.org/2023/1/e48166
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In Figure 9, the pooled effect for skills was not statistically
significant (SMD 0.77, 95% Cl -0.30 to 1.85; P=.16). We
thought that the considerabl e degree of heterogeneity (P<.001,
1°=95%) was due to different intervention designs and
measurement tests.
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Figure9. Effects of digital health literacy interventions on the outcome of skills among older adults [31,37]. IV: inverse variance. Std: standardized.

Post- Pre- Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% CI
De Main, A5.2022 876 378 45  7.HB 347 43 49.0% 0.21 [-0.19, 0.62]
®ie, B.2011 2114 848 111 1261 707 172 &51.0% 1.31 [1.05,1.57] |
Total (95% CI) 156 221 100.0% 0.77 [-0.30, 1.85]

Heterogeneity: Tau®= 057, Chi®=19.74, df=1 (P = 0.00001); F=95%
Test for overall effect Z=1.41(F=0.16)

Discussion

Principal Findings

This meta-analysis evaluated the effects of DHL interventions
in 710 older adults. The results showed that DHL interventions
had a dramatic impact on eHealth literacy efficacy, knowledge,
and self-efficacy, but had no effect on skills.

Although a magjority of the studies included were of a
quasi-experimental design, the large heterogeneity among the
studies could be associated with differences in study subjects,
methods, duration of the intervention, and outcome assessment
tools. The results demonstrate that the effectiveness of DHL
interventions for older adultsis convincing.

Effect of DHL Interventionson eHealth Literacy
Efficacy

This meta-analysis revealed that DHL interventions could be
an effective way by which older adults could improvetheir DHL
and health self-management. These observations were more
evident in the DHL intervention groups that chose appropriate
intervention methods, were guided by aconceptual framework,
and were sustained for alonger duration.

DHL interventionswere delivered through face-to-face teaching
or web-based education. Each intervention hasits own strengths.
During the training process, face-to-face teaching allowed more
attention to be paid to physical and psychological changesin
the subjects and for adjustmentsto better meet their needs. This
type of training method is usually conducted through group
teaching, with 3 to 5 older adults in a group; this can help to
promote emotional communication among older people and is
popular among this age group. Web-based teaching can break
down time and space constraints, giving older people more
opportunities to practice independently. Additionally, with
web-based teaching, participants can practice the stepsthey are
not proficient in and repeat them as needed. Our meta-analysis
showed that face-to-face teaching was more effective than
web-based teaching. For instance, a previous study also found
that face-to-face interventions were more effective than
web-based interventions for psychological interventions [42].
During web-based interventions, there were often many
variations that were difficult to addressimmediately. However,
a previous review found that computer-based applications are
the most common intervention method [43]. Although
web-based courses are becoming more widespread, we still need
to consider some obstacles that they present for older adults
(for example, they may not have el ectronic devices, have limited
independent learning, and experience computer-rel ated fatigue).
Therefore, we should choose appropriate training methods based
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on the specific conditions of older peoplewho arereceiving the
training.

In the absence of a unified conceptual framework, DHL
interventions often use self-efficacy theory and the
Information-Motivation-Behavioral Skills model astheoretical
guides. Among the studies included, 2 studies used the
self-efficacy theory [31,36], 1 study was guided by the
Information-Motivation-Behavioral skills model [35], and
another study applied the Technology Acceptance Model and
the Diffusion of Innovations model [33]. Self-efficacy theory
isdefined asthe bliefs people hold about their ability to achieve
goals in certain domains [44]. The Information-Motivation
-Behavioral skillsmodel promotesindividuals healthy behavior
change by giving individualsinformation, increasing motivation,
and providing skills. When individuals have a certain level of
information, motivation, and behavioral skills, their behavior
changes[45]. The Technology Acceptance Modd isatheoretical
model that explains users' acceptance of new technol ogies and
systems [46]. The Diffusion of Innovations model is about
persuading peopl e to accept new products, concepts, and things
through the media, focusing on the impact of mass
communication on society and culture [47]. Compared to other
conceptual frameworks, our findings prefer to support the
self-efficacy theory to develop the DHL interventions. A
previous systematic review also argued that self-efficacy theory
was the most appropriate conceptual framework [48].
Theory-based DHL interventions are more systematic and
scientific. Inthisreview, DHL interventions based on theoretical
frameworks showed outstanding outcomes [36]. Our findings
support the results of previous studies that have considered the
application of theoretical frameworksin the context of eHealth
literacy interventions, indicating that they can have a dramatic
impact on intervention effectiveness [48].

DHL interventions typically take around a month and can be
as short as 2 weeks or go on for aslong as 3 months. A longer
duration of intervention may be associated with a better
outcome. A previous study supported this perspective by
showing that participants’ knowledge and use of digital media
increased significantly over a3-month intervention [49]. Inthis
meta-analysis, DHL interventions that lasted for more than 4
weeks had a better effect than those that lasted for less than 4
weeks. Currently, DHL interventions are typically delivered at
a frequency of 2 to 3 times per week. Participants are trained
morefrequently during longer duration DHL interventions, and
therefore these interventionsresult in amore significant increase
in eHealth literacy efficacy.
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Effect of DHL Interventionson Knowledge

Our meta-analysisresultsreveal ed that DHL interventions could
have a significant difference on the knowledge of older adults.
Among the studies included, Nahm et al [36] implemented a
theory-based patient portal e-learning program that included 3
modules, with module 1 providing an overview of patient portals
(eg, electronic health record and personal health record, patient
portal, privacy, and security). Participants in the theory-based
patient portal e-learning program intervention group had aclear
perception of the project overview in the first phase of the
intervention process and thereforeimproved their patient portals
knowledge to better manage their health. A previoustria also
adopted this approach and achieved the sameresults[50]. Armed
with a wealth of digital health knowledge, older adults could
become empowered to access health information for better
alternative decision-making [51]. Asaresult, it will be possible
for older adultsto identify health problems and use web-based
information to address them.

Effect of DHL Interventionson Self-Efficacy

Self-efficacy refers to a persona belief in one's ability to
perform the behaviors necessary to achieve a specific
performance [44]. In this review, self-efficacy refers to an
individual’s computer and internet use—related beliefsand skills.
Our findings show that the DHL interventions had a statistical
effect on self-efficacy. One of the factors preventing individuals
from using the internet is a lack of computer self-efficacy
[52,53]. DHL interventions have been proven to have apositive
effect on computer self-efficacy in older adults, as shown in
this review. Furthermore, scholars have found that people with
a higher level of web-based self-efficacy had a higher DHL
[54]. In an RCT, older people aged =60 years were trained on
information and communication technologies, such as email
and theinternet [49]. The results showed that the experimental
group with greater computer self-efficacy was more comfortable
in performing computer-related tasks and had a significantly
better quality of lifethan the control group; thisissimilar to the
findings of this review.

Effect of DHL Interventionson Skills

In terms of improving the skills of older adults, the DHL
interventions showed no statistical impact. This result can be
explained by the trial by De Main et a [37]. The authors
reported that participants in the intervention group who were
provided with a multimedia-based tutorial, Online Tutorial

Dong et a

Overlay Presenter, may have experienced computer-related
fatigue. In addition, according to the Knowledge-Attitude
-Practice Model, behavioral change is the most difficult to
achieve [55]. In this review, the duration of each intervention
was relatively short, and it may be difficult for older adults to
improvetheir procedural skillsrelated to computer and internet
use in such a short period of time. A previous mixed methods
study reported that experimental participants in a web-based
health education program had significantly higher internet use
skills[56]. This may be due to the fact that participantsin this
trial were younger (mean age 50 years) and more experienced
with the internet than participantsin the studiesincluded in our
meta-analysis. We hope that future DHL interventions will be
more effective in improving skillsin discerning the veracity of
web-based information and in operating computers and the
internet.

Limitations

Thelimitations of the review must be acknowledged. The studies
included were al published in English, which may have
introduced a language bias. Considerable heterogeneity was
attributed to differences in study populations, intervention
duration, training methods, and data collection. Furthermore,
the number of studiesincluded was small, and therefore the use
of funnel plotsto assess publication biaswas greatly restricted,
as there may have been some publication bias. Finaly, all of
the trials included were conducted in devel oped countries and
regions, which may also cause bias in the results.

Conclusions

DHL interventions benefit the health status and health
management of older adults. This meta-analysis reports on the
effectiveness of DHL interventions conducted in developed
countries. It shows a positive effect on eHealth literacy efficacy,
knowledge, and self-efficacy but no effect on skills. However,
the existing interventions did not take into account certain
influencing factors, such as the current state, health literacy
levels, changes in older adults, and their environment during
theintervention process. In addition, thereisalack of aunifying
conceptual framework that can guide the devel opment of DHL
intervention strategies for older individuals. Future studies
should focus on devel oping interventionsthat are morefeasible
and responsive to the real needs of older adults in the digital
age for widespread implementation in health care for older
people.
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