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Abstract
Background: This study aimed to systematically identify, synthesize, and evaluate
measurement properties of patient-reported outcome measures (PROMSs) of eHL in adult

populations.

Method: A systematic review was conducted, considering studies reporting the development
or validation of eHL instruments for adult populations. Four databases and grey literature
were searched from January 2000 to 2024, with additional website searches up to 2022.
Quality assessment, data analysis and synthesis followed the COSMIN methodology and
findings were reported according to PRISMA 2020 guidelines. The GRADE framework was

used to assess evidence quality.

Results: A total of 8558 citations were identified. Seven instruments, 89 articles and three
reports were included in this review. The HL;9-DIGI, DHLI, TeHLI, eHLQ, eHLA and
Lisane demonstrated sufficient ratings for aspects of content validity, albeit with varying
levels of evidence, ranging from very low to high. Five instruments showed sufficient ratings
for structural validity and internal consistency, but evidence on their reliability was
insufficient. No information on responsiveness was mentioned in articles. The HL19-DIGI,

DHLI, eHEALS and eHLQ were the most frequently investigated instruments.

Conclusion: This review identified 17 eHL instruments, of which seven demonstrated
adequate content validity. However, insufficient evidence exists regarding psychometric
properties for widespread implementation. It is strongly recommended that the content of
these instruments be updated to reflect patients' evolving use of eHealth services, and that

further psychometrics evaluations be conducted systematically.

Systematic review registration: PROSPERO CRD42021232765



Keywords: eHealth Literacy, Health Literacy, Psychometrics, Validation Studies, Systematic

Review

Background

The increasing availability and use of personal digital devices (e.g. computers, tablets, and
smartphones) and the Internet have shifted health information delivery from traditional face-
to-face interactions to digital interventions (1, 2) and virtual care (3, 4). In this context,
improving eHealth literacy (eHL) -a subset of health literacy- remains a global challenge
(5,6). The European Health Literacy Survey (HLS;9) 2019-2021 revealed a high proportion of
low or problematic eHL, with 75.8% of the population in Germany, 72% in Switzerland and
52.7% in Portugal affected (7). This widespread low eHL poses a barrier to effective health
information delivery, potentially contributing to poorer health behaviors and outcomes.
Studies measuring eHL in adults living with chronic disease reported positive effects of
educational interventions on the improvements.in self-reported eHL skills (8). It is therefore
important to examine eHL in large longitudinal studies to improve the management of chronic

health conditions (9) at the professional level, but also at the public level (10).

Norman and Skinner define eHL as “the ability to seek, find, understand, and appraise health
information from electronic sources and apply the knowledge gained for addressing or solving
health problems” (5, p.3). eHL has a significant potential to improve health outcomes, bridge
the digital divide, and reduce health inequalities (11). Kim and coll. found a positive
correlation between eHL and health-related behaviors that indicate that eHL can be a mediator
in the process by which health-related information leads to changes in health-related
behaviors (12). Instruments to assess eHL inform Internet access to information and uses, but
also patient-health providers communication intervention and can therefore facilitate a
tailored information plan (13) or bring data for health policy decisions to strengthen eHL and

health equity in many countries (14). Among available instruments, the e-Health Literacy



Scale (eHEALYS) is the only instrument with available psychometric properties (8). However,
the assessment of eHL is typically not considered by care providers and the issue of low
digital health remains a current problem to address (15, 16). Patient-reported outcome
measures (PROMs) are used to assess the patients’ own views about their health, and existing
PROMs are available to assess eHL in general (17). A recent descriptive review based on the
nine measurement properties suggested by the COnsensus-based Standards for the selection of
health Measurement INstruments (COSMIN), shows that the mostly reported measurement
properties in studies, using PROMs (n=27) were structural validity and internal consistency,
and none of the studies assessed measurement error and responsiveness (18). Current research
on eHL highlights the need for specific measurements to assess whether eHealth initiatives

are effectively enhancing patient care (19, 20).

The assessment of measurement properties of PROMs is essential to the quality evaluation
and selection of instruments (21, 22). COSMIN conducted an international Delphi study with
57 experts to reach consensus on the terminology of measurement properties and suggested
the following nine key properties for PROMSs: content validity, structural validity, internal
consistency, cross-cultural validity/measurement invariance, reliability, measurement error,
criterion validity, hypotheses-testing construct validity, and responsiveness (21). However,
strong evidence regarding the measurement properties of eHL instruments is lacking. To date,
only a narrative review and a systematic review on eHL instruments have been published. The
previous narrative review (23) summarized eHL instruments without conducting quality
assessments or data synthesis. Similarly, a systematic review of the measurement proprieties
of eHL instruments (24) synthesized and assessed the quality of data without considering grey
literature reporting on instruments used in large-scale population surveys. Population surveys
with representative samples of the adult population in each country using eHL instruments,

they provide a solid database (25) to include in a systematic review. To the best of the



author’s knowledge, no systematic review has comprehensively assessed the measurement
properties of patient-reported outcome measure (PROMSs) for eHL in adult populations,
including grey literature reporting on population surveys. Therefore, the aim of this study was
to systematically identify, synthesize, and evaluate measurement properties of patient-

reported outcome measures (PROMs) of eHL in adult populations.

Method

Study design

This systematic review adhered to the Cochrane methods for conducting systematic reviews
(26): developing a question and deciding the scope of the review, searching for studies,
selecting studies and collecting data, assessing risk of bias in studies, analyzing data,
interpretation and presenting results (27). It followed the COnsensus-based Standards for the
selection of health Measurement INstruments (COSMIN) guidelines (28). COSMIN
methodological steps were conducted to assess the measurement properties of questionnaires:
Methodological quality (COSMIN Risk of bias checklist), measurement proprieties
(COSMIN updated criteria), Quality of evidence (Modified Grade), Overall recommendation
(COSMIN) (29). Findings were reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) 2020 statement (30). The protocol for this

systematic review was registered in PROSPERO (registration number CRD42021232765).

Review question
This systematic review addressed the following research question: Which instruments have
been developed to assess eHealth literacy (eHL) in adult populations, and what are their

psychometric properties?

Search strategy
Using an iterative process, the database search strategy was formulated and tested by an

expert Health Sciences Librarian from Laval University (M-CL). Studies describing the



development and the validation of eHL PRO instruments from January 2000 until June 2024
were collected. A three-step search strategy was employed in this review (26). The first step
involved an initial limited search of PubMed and CINAHL, where the titles and abstracts of
relevant articles were screened for terms, keywords and index terms. This step informed the
development of a tailored search for each information source. The second step involved a
comprehensive search across four databases: CINAHL, PubMed, PsycINFO and Web of
Science (see additional file 1). For the grey literature, ProQuest Dissertations and Thesis,
OpenGrey, DART and BASE were consulted to locate relevant theses. In the third step,
reference list of all identified reports and articles were screened for additional studies. A
sample search strategy from PubMed, using a filter specifically created for the search of
PROMs was utilized (31) and MeSh terms were updated by the same expert Health Sciences
Librarian (see additional file 2). Furthermore, a specific search for each instrument identified
during the initial search was performed, following COSMIN methodology. A search on
Google® was conducted to locate unpublished reports through February 2022, and authors of
original articles were contacted to request additional data. No date restrictions were applied.

All searches were conducted in June 2022, with an update in June 2024.

All identified citations were uploaded into EndNote X9 (32), and duplicates were manually
removed. Additionally, four more duplicates were identified and removed using Covidence

web tool (33) before screening.

Inclusion criteria

This review included studies focused on the development and/or validation (including
psychometric quality) of PROMs of eHL in adults. Studies were required to meet the
following inclusion criteria: related to human health, involving an adult population (>18 years
old), focused on the development and/or validation of eHL instruments, and published

between 2000 and 2024 in English, French, Spanish, or Italian (languages read by the



researchers). Studies published from 2000 onwards were included, as the adoption of eHealth
by health institutions began in the early 2000s, coinciding with the rapid emergence of digital

technology (34).

The eHL of children and adolescents has been conceptualized in a contradictory manner, with
the “digital generation” often seen as particularly competent and active users of the digital
world (35). Therefore, studies assessing eHL among individuals under 18 years old were
excluded. Additionally, studies that utilized an eHL instrument as an outcome measure
without the primary goal of developing or validating the instrument were not included.
Literature providing limited information, such as conference abstracts, review protocols, or

notes were also excluded.

Study selection (selection process)

Four reviewers (CDE, FNA, MCA, MPG) independently screened the titles and abstracts of
all identified citations against the inclusion criteria for the review. Following this, the same
four reviewers assessed the full text of selected citations. Reasons for exclusion of full-text
studies were documented and presented in the PRISMA 2020 flow diagram (Figure 1).

Disagreements were resolved with another member of the research team (MSA).
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Figure 1 PRISMA flow diagram 2020 eHealth literacy (30)

Data extraction

Data extracted included general information about the characteristics of the instruments (i.e
authors, title, DOI), specific details about the instrument (construct, number of items,
population, response options, mode of administration, scoring system, language), and their
measurment properties. Additionally, conceptual frameworks and specified definitions were
presented in accordance with the COSMIN guidelines. Three researchers (CDE, FNA, MCA)
independently extracted the qualitative data, while the quantitative data for all included
studies were independently extracted by four researchers (CDE, AYA, FNA, MPG).
Consensus was reached on the accuracy and completeness of the extracted data.

Disagreements were resolved with another member of the research team (ARO).

Assessment of methodological quality of included studies and level of evidence



A three-steps method was employed to assess the methodological quality of the studies and
the measurement proprieties of the instruments (29). Four researchers (CDE, AYA, FNA,
MPG) independently conducted this assessment. A narrative synthesis of results was made

(36).

Assessment of methodological quality

All studies that described the methods and results of PROM development, as well as
additional studies assessing the content validity of specific PROMs, were considered. Each
study was evaluated using the COSMIN Risk of Bias checklist (29, 37). Checklist items were

rated as ‘“very good’’, ‘‘adequate’’, ‘‘doubtful’’, ‘‘inadequate’’, or ‘‘not applicable’’.

Measurement proprieties assessment

Following the COSMIN taxonomy, the measurement properties assessed included validity
(content validity, criterion validity, and construct validity, covering aspects such as structural
validity, hypothesis testing, and cross-cultural validity), reliability (internal consistency,
measurement error, and reliability), and responsiveness (38). Psychometrics validity was
evaluated using Terwee et al.’s quality criteria (39). Each measurement property was
classified as sufficient (+), insufficient (-), Inconsistent (+/-) or indeterminate (?) (29, 40).
Content validity was rated based on the evidence provided by content validity studies
included in this systematic review. For construct validity, the hypotheses formulated by the

authors of each individual study were considered (29).

Quality of evidence assessment

The quality of the evidence was graded as “high”, “moderate”, “low,” or “very low” using a
modified Grading of Recommendations Assessment, Development and Evaluation (GRADE)
framework by the first author (30). The criteria for downgrading the quality of evidence were
based on: (1) risk of bias (i.e., the methodological quality of the studies), (2) inconsistency

(i.e., unexplained variability in results across studies), (3) imprecision (i.e., total sample size



of the available studies), and (4) indirectness (i.e., evidence from populations different from
population of interest in the review) (29, pp. 32-35). In line with COSMIN recommendations,
the starting point for determining the quality of evidence for internal consistency was the

quality of evidence for structural validity.

An overall recommendation for each instrument was formulated based solely on COSMIN
guidelines (29) and the results of this review. According to COSMIN, PROMs are categorized
as: (A) Suitable for use (PROMs with evidence of sufficient content validity AND at least
low-quality evidence for sufficient internal consistency); (B) Potentially suitable for use
(PROMs not classified in categories A or C); or (C) Not recommended (PROMs with high-

quality evidence of an insufficient measurement property).

Given that content validity is the most critical measurement property of a PROM, as it ensures
the instrument adequately reflects the construct being measured, and according to COSMIN,
instruments with insufficient content validity were graded (C) (29). Seven instruments

underwent a more in-depth assessment of their psychometric validity.

Results

Search and study selection

Electronic searches identified 14,119 records from PubMed, CINAHL, Web of Science, and
Psycinfo. After removing duplicates, 8,558 records were screened. Additionally, three
research reports were identified through manual searches on the M-POHL website (7). Thus,
the total number of included sources was 89 and 3 reports. Figure 1 presents the PRISMA

flow diagram (30). A list of excluded full-text articles is provided in Additional File 3.

No relevant records were found in grey literature databases, either through additional
searching using the identified instrument names, or by applying the measurement-property

filter in PubMed (31).



A total of 92 sources were associated with the following 17 instruments: HL;9-DIGI, TeHLI,
eHealth Literacy Scale 2.0, eHLQ, eHLA, DHLI, eHEALS-E, e-HLS, HLSI, eHEALS,
EDLQ, Lisane, DHLC, DHTL-AQ, eHLS-Web3.0, DHLA and GR-eHEALS. Theoretical
and conceptual frameworks, definitions, and intended uses for these instruments are

summarized in Additional File 4.

Characteristics of included PROMs

Seventeen different instruments assessing eHL were included in this review (see Additional
File 5). Only four instruments were examined in multiple studies on large sample sizes:
eHEALS, Digital Health Literacy (HL19o-DIGI), DHLI and the eHLQ. A total of 17 PROMs
underwent assessment. Reliability was evaluated for 10 PROMs, validity for 16 PROMs, and

internal consistency for 16 PROMs (see Additional File 6).

The first instrument, the eHEALS, is a widely used 5-point Likert scale with eight items,
originally developed in English (41) and translated into several languages, including: Dutch
(42), Portuguese (43), German (44, 45), Swiss German (46), Korean (47,48,49), Spanish
(50,51), Italian (52,53), Chinese (54,55, 56), Polish (57), Greek (58), Persian (59), Hungarian
(60), Norwegian (61, 62), Ethiopian (63), Swedish (64), Sinhala (65), Arabic (66), Indonesian
(67), Vietnamese (68), Brazilian (69, 70, 71) and French (72) . eHEALS has been used to
assess diverse populations, including youths, adults, older adults, individuals with chronic
conditions, caregivers, military personnel, and health professionals across school, community,
and clinical settings. The second instrument, Digital Health Literacy (HLio-DIGI), was
developed to measure eHL in general adult populations. This 4-point Likert scale with eight
items (73) has been employed in large samples across 13 countries participating in the HLS1g
study, using various data collection methods. The third instrument, eHLQ, comprises 35 items
scored on a 4-point Likert scale (74) and has been translated into Dutch (75), Swedish (76),

and Serbian (77). The fourth instrument, DHLI includes 21 items scored on a 4-point Likert



scale. Initially developed for the general population, it was recently validated for use with
teenagers (78) and older adults (79). DHLI has also been translated into Chinese (80), Korean

(81), Brazilian Portuguese (82), and Turkish (83).

Furthermore, several instruments target specific technologies aspects, such as the use of
online health communities (eHEALS-E, 84), online information searches (e-HLS,85; HLSI,
86) and online administrative tasks (TeHLI ,87). More recent instruments focus on assessing
digital competences for older adults (EDLQ, 88) or citizens (DHLC, 89), the use of digital
health technologies, services, and data (DHTL-AQ, 90), eHealth skills in Web 3.0 for self-
health management and data usage (eHLS-Web3.0, 91), and the use of information by
individuals with chronic diseases trough information and communication technologies (ICT)

(Lisane, 92).

Assessment of the content validity: overall ratings and quality of evidence

The overall ratings and quality of evidence for content validity across the 17 instruments is
presented in Table 1. eHEALS was rated as having sufficient, moderate-quality evidence for
comprehensibility but displayed inconsistent low-quality evidence for relevance and
insufficient, very low-quality evidence for comprehensiveness. Although e-HEALS designer
chose a youth population for the initial development primarily because they have high levels
of eHealth, the eHEALS as the most widely used research tool among adults, has been
selected as an instrument and evaluated. Instruments such as HL1o-DIGI, DHLI, eHLQ and
TeHLI received sufficient ratings for relevance, comprehensiveness, and comprehensibility
albeit with low-to-moderate or very low-quality evidence. eHLA and Lisane received
sufficient ratings with moderate to high-quality of evidence. Based on the content validity

assessment, 11 instruments were rated as ‘‘C: Not recommended for use’” (29). The



remaining seven instruments and their 17 associated PROMs underwent further

psychometrics validity assessments.

Table 1 Overall rating and quality of evidence for the content validity of each instrument @

Instrument | Relevance Comprehensiveness Comprehensibility
Overall | Quality of | Overall Quality of | Overall Quality of
rating | evidence rating evidence rating evidence recommendation
DHLIP + High + High + High B
TeHLI + Low + Very low + Low B
HL19-DIGI° + Low + Very low + Low/Moderate B
eHLQ® + High + High + High B
eHLAT + Low + Low + Low B
Lisane® + High + High + Moderate B
eHEALS" * Low - Very low + Moderate B
HSLI + Low + Low + Low C
eHLscale2.0’ - Very low - Very low - Very low C
e-HLS" + Low * Low + Low C
eHEALS-E + Moderate + Very low * Very low C
EDHLQ™ + Low - Low - Low/Moderate C
DHLC" - Low - Low - Low C
DHTL-AQ’ - Low - Low - Low C
DHLAP - Very low - Very low X Very low C
eHLS- t Low - Very low = Very low C
Web3.0° C

a Sufficient (+), insufficient (-), and inconsistent ().

Overall recommendation: (A) Suitable for use: PROMs with evidence of sufficient content validity AND at least
low quality evidence for sufficient internal consistency; (B) Potentially suitable for use: PROMs not categorized
in A or C; or (C) Not recommended: PROMs with high quality evidence of an insufficient measurement
property.

b digital health literacy instrument.

¢ transactional eHealth literacy instrument.

d Digital Health Literacy.

e eHealth literacy questionnaire.

f eHealth literacy assessment toolkit.

g digital health literacy for people living with chronic conditions
h eHealth literacy scale.

i Health Literacy Skills Instrument.

j eHealth Literacy Scale 2.0.

k electronic health literacy scale.

| eHealth literacy scale-extended.

m Everyday Digital Literacy Questionnaire

n digital health literacy competencies for citizens

o digital health technology literacy assessment questionnaire
p digital health literacy assessment

g eHealth Skills in the Web 3.0

r revised German eHEALS was considered with eHEALS



Assessment of other measurement properties: Overall Ratings and Quality of Evidence

The results of the overall ratings and quality of evidence of measurement properties of seven
instruments are presented in Tables 2 and 3. Structural validity, internal consistency, cross-
cultural/measurement invariance, reliability, and hypotheses testing (convergent validity and
discriminant/known-groups validity) are summarized in Additional File 6. No PROM

presented sufficient evidence on reliability or measurement error.

Among the seven instruments, HLjo-DIGI (93), which follows a one-factor structure,
exhibited the strongest level of evidence. It demonstrated sufficient high-quality evidence for
structural validity (via Confirmatory Factor Analysis and Rasch analysis), internal consistency
and hypotheses testing, including both convergent validity and discriminant/known- groups
validity. There was also moderate high-quality evidence for cross-cultural measurement
invariance, although some Differential Item Functioning (DIF) was observed across countries.

No reliability data was available, as this was the first instance of the instrument being used.



Table 2 Measurement properties of structural validity, internal consistency, and cross-cultural/measurement

invariance: Overall rating and quality of evidence

a

Instrument | # of factors Structural validity Internal consistency Cross-cult'ural/.
measurement invariance
Overall Quality of Overall Quality of Overall Quality of
rating evidence rating evidence rating evidence
eHEALS® 1 - Moderate + Moderate + High
eHEALS 2° - High + High N/A° N/A
eHEALS 2° + Low + Low N/A N/A
eHEALS 2 - High + High N/A N/A
eHEALS 38 + High + High + High
eHEALS 3" + Low N/A N/A N/A N/A
eHEALS 3 + High + High + High
eHEALS Bifactor ? Low N/A N/A N/A N/A
HL19-DIGI" 1 + High + High + High
DHLI 7 + Low + Low N/A N/A
DHLI 6" + High + High N/A N/A
DHLI 5" + Low + Low N/A N/A
DHLI 3° + High + High N/A N/A
eHLA? 7 ? Very low - Very low N/A N/A
eHLQ' 7 + High + High + High
TeHLI" 4 + High + High N/A N/A
Lisane® N/A - N/A + Moderate - N/A

a Sufficient (+), insufficient (=), and inconsistent ().

bThe item numbers of the eHEALS are those assigned by Norman and Skinner (41).
eHealth literacy scale (41, 42, 47, 48, 49, 50, 52, 53, 54, 55, 56, 57, 59, 60, 64, 65, 66, 67, 68, 69, 70, 71, 94, 95,

96, 104, 105).

Cinformation seeking (items 1, 2, 3, 4, 5, 8), information appraisal (items 6, 7): Soellner et al. (44), Juvalta et al.
(46), Diviani et al. (52), Wangdahl et al. (64), Foote et al (106).

dNo information.
€Factor 1 (items 1, 2, 4), factor 2 (items 3, 5, 6, 7, 8): Neter et al. (97).

fractor 1 (items 1, 2, 3, 4, 5), factor 2 (items 6, 7, 8): Efthymiou et al. (58), Dale et al. (61), Shiferaw (63),
Chaniaud et al. (72)

BAwareness (items 3, 4), skills (items 1, 2, 5), evaluation (items 6, 7, 8): Sudbury-Riley et al. (98), al, Brgrs (62),

Long (107).

hAwareness (items 1, 2), skills (items 4, 5), evaluation (items 6, 7, 8): Hyde et al. (99), Gartrell et al (108).

iInformation awareness (items 3, 4), information seeking (items 1, 5), information engagement (items 2, 6, 7,
8): Paige et al. (100).

J.General factor (items 1, 2, 3, 4, 5, 6, 7, 8), subfactor 1 (items 1, 2, 3, 4, 5, 8), subfactor 2 (items 6, 7): Juvalta et

al. (46).

kdigital health literacy (73).

Idigital health literacy instrument (101).

M digital health literacy instrument: 6 factors, Cetin et al. (83).

M digital health literacy instrument: 5 factors, Kim et al (49).

Odigital health literacy instrument: 3 factors, Xie et al (79-80).

PeHealth literacy assessment toolkit (102).

QeHealth literacy questionnaire (74, 75, 76, 77).

"transactional eHealth literacy instrument (87).

SLisane (103)




The second commonly used instrument, eHEALS, follows a single-factor structure but
demonstrated insufficient moderate-quality evidence (see Tables 2 and 3). Internal
consistency was supported by a qualitative summary of results, with Cronbach’s alpha
ranging from .84 to .93, omega of .99, person reliability of .80 to .87, person separation index
of 2.36, item reliability index ranging from .61 to -.93 (negative values indicate poor item fit),
and item separation index of 3.62, all rated as sufficient. However, reliability and hypothesis
testing for convergent validity were found to have insufficient high-quality evidence. In
addition to the single-factor structure, eHEALS has also been explored with a three-factors

and two-factor structures, each with different subscale structures (see Table 2, 3).

Table 3 Measurement properties of reliability, convergent validity, and discriminant/known-groups validity:

Overall rating and quality of evidence®

Hvpoth&ei testing: Hypothesis testing:
Instrument | # of factors Reliability ypotnests eslln.g. discriminant/known-
convergent validity .
groups validity

Overall Quality of Overall Quality of Overall Quality of

rating evidence rating evidence rating evidence
eHEALS® 1 - High - High + Moderate
eHEALS 2° N/Ad N/A + Moderate N/A N/A
eHEALS 2° N/A N/A + Moderate N/A N/A
eHEALS 2' + Very low + Very low N/A N/A
eHEALS 38 - Low - High + High
eHEALS 3& N/A N/A N/A N/A N/A N/A
eHEALS 3 . N/A N/A N/A N/A + High
eHEALS Bifactor’ N/A N/A N/A N/A N/A N/A
HL19-DIGIF 1 N/A N/A + High + High
DHLI' 7 + Low - High N/A N/A
DHLI 6" + Low N/A N/A + High
DHLI 5" + Low + Moderate N/A N/A
DHLI 3° + Low + Moderate N/A N/A
eHLA? 7 N/A N/A N/A N/A N/A N/A
eHLQ" 7 + Low + High + High
TeHLI" 4 N/A N/A * Low N/A N/A
Lisane® N/A N/A N/A N/A N/A N/A N/A

a sufficient (+), insufficient (), and inconsistent ().

b The item numbers of the eHEALS are those assigned by Norman and Skinner (41).

eHealth literacy scale (41, 42, 47, 48, 49, 50, 52, 53, 54, 55, 56, 57, 59, 60, 64, 65, 66, 67, 68, 69, 70, 71, 94, 95,
96, 104, 105).

Cinformation seeking (items 1, 2, 3, 4, 5, 8), information appraisal (items 6, 7): Soellner et al. (44), Juvalta et al.
(46), Diviani et al. (52), Wangdahl et al. (64), Foote et al (106)

dNo information.
€Factor 1 (items 1, 2, 4), factor 2 (items 3, 5, 6, 7, 8): Neter et al. (97).




fractor 1 (items 1, 2, 3, 4, 5), factor 2 (items 6, 7, 8): Efthymiou et al. (58), Dale et al. (61), Shiferaw et al. (63),
Chaniaud et al. (72)

8Awareness (items 3, 4), skills (items 1, 2, 5), evaluation (items 6, 7, 8): Sudbury-Riley et al. (98), Brgrs et al.
(62), Long et al. (107).

hawareness (items 1, 2), skills (items 4, 5), evaluation (items 6, 7, 8): Hyde et al. (99), Gartrell et al (108).

iInformation awareness (items 3, 4), information seeking (items 1, 5), information engagement (items 2, 6, 7,
8): Paige et al. (100).

jGeneral factor (items 1, 2, 3, 4, 5, 6, 7, 8), subfactor 1 (items 1, 2, 3, 4, 5, 8), subfactor 2 (items 6, 7): Juvalta et
al. (46).

kdigital health literacy (73).

Idigital health literacy instrument (101).

M digital health literacy instrument: 6 factors, Cetin et al. (83).

N digital health literacy instrument: 5 factors, Kim et al (49).

Odigital health literacy instrument: 3 factors, Xie et al (79-80).

PeHealth literacy assessment toolkit (102).

AHealth literacy questionnaire (74, 75, 76, 77).

"transactional eHealth literacy instrument (87).

SLisane (103)

Regarding the DHLI (101), a seven-factor structure demonstrated sufficient low-quality
evidence for structural validity. Although the instrument had high-quality evidence for
internal consistency, this was downgraded to low-quality evidence due to the low-quality
structural validity. Additionally, there was sufficient low-quality evidence for reliability and
insufficient high-quality evidence for convergent validity. Variations of the DHLI with six-

factor (83), five-factor (81) and three-factor structures (79-80) have also been explored (see

Tables 2 and 3).

The eHLQ (74, 75, 76, 77) had sufficient high-quality evidence for structural validity, internal
consistency, and measurement invariance. However, it had sufficient low-quality evidence for
reliability and insufficient high-quality evidence for convergent validity. The eHLA (102)
demonstrated indeterminate, very low-quality evidence for structural validity and insufficient
very low-quality evidence for internal consistency. The TeHLI (100) showed sufficient high-

quality evidence for both structural validity and internal consistency, but inconsistent low-



quality evidence for convergent validity. Finally, Lisane (103) had a moderate-quality of

evidence for reliability.

Discussion

This systematic review identified 17 PROMs measuring eHealth Literacy (eHL). Seven
instruments presented sufficient content validity. The HL19-DIGI emerged as the most
psychometrically robust instrument, demonstrating sufficient high-quality evidence for
structural validity, internal consistency, and both convergent and discriminant validity, though
measurement error and responsiveness were not assessed. Based on the COSMIN criteria
(39), seven instruments were classified “potentially suitable for use” (Grade B) for content
validity. All PROMs included were assessed based on their results but need further
investigation and reporting on measurement errors and responsiveness to complete data on
measurement properties. Thus, none of the identified PROMs had adequate rating to

recommend his use in research or clinical practice.

This review aimed to comprehensively assess the measurement properties of patient-reported
outcome measure (PROMs) for eHL in adult populations, including grey literature reporting
on population surveys. This review led us to extract measurement properties of 89 articles and
three reports. Results showed that the development of PROMSs has grown in the last three
years with more than 10 new instruments compared to the results found by Lee et al. (24).
Although the most widely used, the eHealth Literacy Scale (eHEALS), has limitations in
scope and adaptability (110). The review also provides an overview of eHL PROMs
validated to use for the population with chronic conditions, eHEALS (95, 54, 63) DHLI (101),
eHLQ (109) and Lisane (103) and for caregivers of patients with Demetia (58). The point is
that the focus of eHL should be on population health improvement, not just elevating eHL
levels. Our results suggest that clinicians and researchers should know the limitations of these

questionnaires and should use them with caution.



A critical finding is the limited content validity of most instruments. Only seven instruments
were assessed with sufficient content validity (Relevance, Comprehensiveness and
Comprehensibility) indicating that for most of them might not be relevant to measure chronic
patients’ eHL (111). Content validity refers to the degree to which the content of an
instrument adequately reflects the construct to be measured (21). There is conceptual diversity
across instruments, ranging from narrow operationalizations (e.g., digital information search
and appraisal) to broader competencies (e.g., ability to engage with health services and
technologies). Few instruments described their theoretical underpinnings, and many lacked a
comprehensive framework aligned with current models of digital health engagement or digital
determinants of health. The inconsistency in constructs also limits comparability across
studies and may contribute to poor structural validity observed in several instruments. It is
imperative to develop instruments that are easily understandable by patients in a
comprehensive approach to eHL assessments addressing diversity and relevance to give

response to patient needs (112).

The three factors eHeals structure reported in three studies (62, 98, 107) were found to be the
best structures, with sufficient high-quality evidence for structural validity, internal
consistency, hypotheses testing for convergent and divergent validity which is in line with the
results of Lee et al (24). The three factors DHLI reported in two studies (79-80) and the six
factors DHLI reported in Cetin et al. (83) were found to be new structures, with sufficient
high-quality evidence for structural validity, internal consistency and moderate to high quality
of evidence for hypotheses testing for convergent and divergent that need more investigation.
Most evidence for measurement properties that were rated as low or very low quality is often
due to small sample sizes, inadequate reporting, or non-replicated factor structures (113, 114).

Measurement error and responsiveness, key properties for instruments intended for



monitoring change over time, were not evaluated in any included study, a significant gap for
both researchers and practitioners aiming to assess digital health interventions (115). Finally,
studies in the sample rarely involved assessments of longitudinal measurement aspects,
namely the reliability and validity of change scores (responsiveness) that reflect the quality of

outcome measurement instrument in clinical practice (116, 117).

All the measurements studies adhered to traditional concepts of psychometric assessment,
which focus on reliability and validity. In this systematic review, we applied the COSMIN
taxonomy consistently across included studies. Studies in the sample did not give results for
all measurement proprieties in order to give a grade of recommendation. This systematic
review highlights the need for further high-quality studies on responsiveness of PROMs

aimed to assess eHL’s knowledge and/or skill improvement in clinical practice.

Strengths and limitations

A systematic review of eHL instruments for adult populations was performed, including grey
literature reporting on population surveys in English, French, Spanish, or Italian. We followed
the COSMIN methodology for systematic review of PROM and the first author was trained to
use it. A possible limitation of this study is that we didn’t include the results from inadequate
quality studies of weak content validity instruments (40), which may have resulted as meta-
bias. To avoid inconsistency, the investigators met to discuss how to achieve consensus on
subjective questions, and the reviewer trained to COSMIN methodology checked all ratings.
Lisane instrument was developed by CDE, but assessment was made by FNA and AYA.
Furthermore, the manuscript was revised according to an in-development reporting guidelines

PRISMA-COSMIN for systematic reviews of outcomes measurement instruments (118).
Implications for Future Studies on eHealth Literacy Instruments

This review offers critical insight for future instrument development and selection in eHL.

These findings reinforce recommendations in the measurement science community for greater



attention to instrument development protocols, particularly the use of qualitative methods
(e.g., cognitive interviewing) and involvement of target populations in early stages of
instrument design. Considering the dynamic nature of current digital health ecosystems (e.g.,
Web 3.0, wearables, Al-assisted tools), future instruments should aim to integrate
competencies related to emerging digital health contexts, particularly those relevant to
underserved populations and individuals managing chronic conditions. Current eHL
instruments lack information mainly on measurement error and responsiveness. It is thus

important to acknowledge these limitations when using these instruments in research.

Conclusion

This systematic review identified 17 eHealth Literacy (eHL) PROMs from 89 articles across
four databases, as well as three reports from a website. A full evaluation of all measurement
properties could not be completed due to insufficient information in the studies. Based on
content validity assessments, ten PROMs are not recommended for use. Seven PROMs were
identified as potentially suitable but require further high-quality research. Future
psychometric studies on eHL instruments are strongly encouraged, particularly regarding their
development and the assessment of the psychometric adequacy of change scores
(responsiveness). It is essential that eHL instruments accurately reflect patients' ability to

adapt to eHealth services.
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