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Abstract

Background: Web-based technology has recently become an important source for sharing health information with patients
after an acute cardiac event. Therefore, consideration of patients’ perceived electronic health (eHealth) literacy skillsis crucial
for improving the ddlivery of patient-centered health information.

Objective: Theaim of this study was to trandate and adapt the eHealth Literacy Scale (eHEALS) to conditions in Norway, and
to determineits psychometric properties. More specifically, we set out to determine the reliability (internal consistency, test-retest)
and construct validity (structural validity, hypotheses testing, and cross-cultural validity) of the eHEALS in self-report format
administered to patients after percutaneous coronary intervention.

Methods: Theoriginal English version of the eHEALS was trandated into Norwegian following awidely used cross-cultural
adaptation process. Internal consistency was calculated using Cronbach a. The intraclass correlation coefficient (ICC) was used
to assess the test-retest reliability. Confirmatory factor analysis (CFA) was performed for a priori-specified 1-, 2-, and 3-factor
models. Demographic, health-related internet use, health literacy, and health statusinformation was collected to examine correlations
with eHEALS scores.

Results: A total of 1695 patients after percutaneous coronary intervention were included in the validation analysis. The mean
agewas 66 years, and the mgjority of patientswere men (1313, 77.46%). Cronbach o for theeHEAL Swas>.99. The corresponding
Cronbach o for the 2-week retest was .94. The test-retest ICC for eHEAL S was 0.605 (95% CI 0.419-0.743, P<.001). The CFA
showed a modest model fit for the 1- and 2-factor models (root mean square error of approximation>0.06). After modifications
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in the 3-factor model, all of the goodness-of-fit indices indicated a good fit. There was a weak correlation with age (r=—0.206).
Between-groups analysis of variance showed a difference according to educational groups and the eHEAL S score, with a mean
difference ranging from 2.24 (P=.002) to 4.61 (P<.001), and a higher eHEAL S score was found for patients who were employed
compared to those who were retired (mean difference 2.31, P<.001). The eHEALS score was aso higher among patients who
reported using the internet to find health information (95% CI —21.40 to —17.21, P<.001), and there was a moderate correlation
with the patients' perceived usefulness (r=0.587) and importance (r=0.574) of using the internet for health information. There
were also moderate correlations identified between the eHEALS score and the health literacy domains appraisal of health
information (r=0.380) and ability to find good health information (r=0.561). Weak correlations with the mental health composite
score (r=0.116) and physical health composite score (r=0.116) were identified.

Conclusions: Thisstudy provides new information on the psychometric properties of the eHEAL Sfor patients after percutaneous
coronary intervention, suggesting a multidimensional rather than unidimensional construct. However, the study also indicated a

redundancy of items, indicating the need for further validation studies.

Trial Registration:

(J Med Internet Res 2020;22(7):€17312) doi: 10.2196/17312

Clinical Trials.gov NCT03810612; https://clinicaltrials.gov/ct2/show/NCT03810612
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Introduction

Electronic health (eHealth) delivery provides an opportunity to
redesign and improve health care services and health information
using web-based technologies that can be accessed over the
internet following diagnosis and discharge from hospital [1].
eHealth interventions have shown promising results using a
behavioral approach and are recommended for supporting
clinica and secondary prevention care for coronary artery
disease such as &fter coronary revascularization (eg,
percutaneous coronary intervention) [2]. eHealth has also been
shown to be a cost-effective solution essential to increase
geographical accessibility to secondary prevention programs,
particularly as an addition to existing programs or when other
offers are not available. eHealth interventions can be targeted
within the natural settings where patients receive access to
resources at their discretion [2]. However, patient-related
barriers, specificaly low health literacy and socioeconomic
status, remain obstaclesto the large-scal e deployment of eHealth
in cardiology [1]. Furthermore, patients with low eHealth
literacy have lower odds of using eHeath sources to
communicate with health care professionals and gain accessto
health information [3]. Understanding the varying eHealth
literacy of patients—defined as the ability to seek, find,
understand, and appraise health information from electronic
sources and apply the knowledge gained to address or solve a
health problem [4]—is thereby pivotal when developing and
implementing eHealth resources. Assessing eHealth literacy to
identify skill gaps makes it possible to better assist those with
low comfort levelsin taking advantage of the potential benefit
that eHeath can offer, and can empower patients to fully
participatein health-rel ated decision making [4]. To assessthese
benefits, the identification and validation of patient reported
outcome measures (PROMS) assessing patients perceived
eHealth literacy skills are therefore crucial to developing
efficient patient-centered eHealth information strategiesin the
future [5].

To date, there has been limited evidence on PROMS that are
most appropriate for assessing eHealth literacy. Systematic

https://www.jmir.org/2020/7/e17312

reviews havereported that the eHealth literacy scale (EHEALYS)
was the only PROM used to measure eHealth literacy in more
than one study [6,7]. The eHEAL S assesses patients’ perceived
eHealth literacy skillsbased on the eHealth literacy Lily modd,
which combines six literacy types [4,8]. The categories
traditional, media, and information literacy are anaytic
components that involve skills applicable to a broad range of
information sources, whereasthe scientific, computer, and health
literacy categories are context-specific that rely on more
situation-specific skills. Combined, these six literacy typesform
the foundational skills required to fully optimize patients
experiences with eHealth. The underlying theories of the
eHEALS are based in part on self-efficacy theory and social
cognitive theory. These two theoretical frameworks promote
competencies and confidence as precursors to behavior change
and skill development [4,8]. More specifically, the eHEALS is
based on the premise that the core literacies in the Lily model
are not static but rather process-oriented skills that evolve over
time as new technol ogies areintroduced and the personal, socidl,
and environmental contexts change [8]. In this way, the Lily
model is clearly related to social cognitive theory, asit is based
on a model of causation where behavior, environmental
influences, and personal factors all interact and influence each
other [9]. This means that eHesalth literacy is influenced by a
patient's presenting health issues, educational background,
health status at the time of the eHealth encounter, motivation
for seeking the information, and the technol ogies used [4,8].

The eHEALS has been adapted to different languagesin Asia
[5,10-13] and Europe [14-18]. Furthermore, the psychometrics
properties have been evaluated in different populations such as
in students[4,12,15,19,20], adults[9,11,16-18,21], and patients
with chronic diseases [5,14,22,23], as well as in different
cultures in Australia [9,24] and North America [9,17,20-22].
Theinternal consistency reliability coefficient was shown to be
acceptable (ranging from .80 to .90) in the majority of the
linguistic versions of theeHEAL S[4,11-13,15-19,23], indicating
areliable scale. According to construct validity, the majority
of the studies supported a 1-factor model
[5,10,12-14,16,22,23,25] recommended by the original scale
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[4], whereas a few other studies have recommended a 2-factor
[11,15,18] or 3-factor [9,21,24] model. However, al of these
studies varied contextually when evaluating the dimensions of
theeHEAL S construct. To our knowledge, no validated version
of the eHEALS from the Nordic-Baltic countries has been
published to date, and there is limited evidence on its use in
patients in the acute coronary care setting such as after
percutaneous coronary intervention.

Therefore, in this current study, hypotheses were tested and
evaluated against existing knowledge. For instance, a lower
eHEALS score has been demonstrated among people with
chronic illnesses [3], and differences in eHEALS scores
according to age and education have been reported [5,14].

Brarset al

Significant relationships between the eHEALS score and
physical and mental health composites among patients with
heart failure have been described [23]. An association was a so
reported between eHealth literacy and health literacy on patients
perceptions of the usefulness of eHealth in a population with
moderate-to-high cardiovascular risk [26], whereas there was
aweak-to-moderate correlation between theeHEAL S score and
health-rel ated internet use among patientswith rheumatic disease
[14]. This evidence formed the basis for our hypothesis testing
according to the COnsensus-based Standards for the selection
of health status Measurement INstruments (COSMIN) criteria
for validation [27] on the relationship between eHEAL S scores
and demographic information, health-related internet use, health
literacy, and health status in this study (Table 1).

Table 1. Hypotheses regarding the relationship between eHEAL S? scores and demographic information, health-related internet use, health literacy,

and health status based on previous evidence.

Variables

Evidence (relationship with eHEALS)?

CONCARD-PCI hypothesis ~ Analysis

Demographic information

Age Weak [14,16,18] or significant [5] Weak to moderate relationship  Pearson correlation
Gender Weak [5,16,18] Weak relationship t test
Education Wesk [14,16,18] or significant [5] Wesk relationship ANOVAP
Employment Weak [5] Weak relationship ANOVA
Health-related internet use
Used the internet to find information about  Weak [14], moderate [18], and significant Moderate relationship t test
health (5]
Patient’s interest in using the internet for ~ Significant [5,16] Moderate relationship Spearman correlation
health information in general (frequency of
information-seeking)
Health literacy
Ability to find good health information Moderate [11] Moderate relationship Pearson correlation
Appraisal of health information Positive [26] Moderate relationship Pearson correlation

Health status based on RAND-12¢ (mental and  VVeek [5] or significant [16,23]

physical component)

Moderate relationship

Pearson correlation

8eHEALS: Electronic health literacy scale.
BANOVA: analysis of variance.
°RAND-12: 12-item short-form health survey.

Thus, the aim of this study was to translate and adapt the
eHEALS to conditions in Norway, and to determine its
psychometric properties. More specificaly, we set out to
determine the reliability (internal consistency, test-retest) and
construct validity (structural validity, hypotheses testing, and
cross-cultural validity) of the eHEALS in a self-report format
administered to patients after percutaneous coronary
intervention.

Methods

Design
Thisvalidation study used across-sectional design and was part

of alarger prospective multicenter cohort study, CONCARD™,
which seeks to identify bottlenecks and hurdles in the patient

https://www.jmir.org/2020/7/e17312

journey, and to suggest the optimal timing of services and
alignment with preferences for patients with coronary artery
disease undergoing percutaneous coronary intervention [28].
The study adheres to the COSMIN taxonomy of relationships
of measurement propertiesfor reliability and construct validity
throughout the validation process. The COSMIN taxonomy was
developed with the aim to improve the selection of health
measurement instruments. It comprises three domains
(reliability, validity, and responsiveness), which contain the
measurement properties[27]. The COSMIN taxonomy has been
widely used for the selection of health measurement instruments
for observational studies. To ensure appropriate reporting, the
validation study was also performed in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statements, which constitute an
established checklist of itemsthat should be addressed in articles
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reporting within the three main study designs of analytical
epidemiology: cohort, case-control, and cross-sectional studies
[29].

Procedure and Participants

The study included 1695 patients at index admission for
percutaneous coronary intervention at three large Norwegian
university hospitalsfrom June 12, 2017 through December 2018
(Figure 1). These three Norwegian university hospitals were

Brarset al

selected based on the presence of a committed research team,

including CONCARDP® study nurses and a local principal
investigator, and prior research experience, including research
infrastructure, geographic location, and size. The percutaneous
coronary intervention centers perform between 900 and 2000
(mean 1531) procedures annually, have 482 to 1400 beds (mean
860), and are referral centers for coronary angiography and
percutaneous coronary intervention for a total of 17 local
hospitals.

Figure 1. Flow chart of the inclusion process. PCI: percutaneous coronary intervention; TAVI: transcatheter aortic valve implantation.

Screened
(n=2654)

Excluded (n=570) - 21 %
-Reduced capacities (n=164)
-Language barriers (n=96)

Eligible

(n=2084)

-PCl related to TAVI (n=30)

-PCl without stent implementation (n=91)
-Life expectency < 1 year (n=12)

-Death (n=31)

-Previously included (n=56)

-Do not live at home (n=7)

-Other (n=83)

Non consent (n=389) -19%

Included (N=1695)
Inclusion rate: 81%

Baseline

Inclusion criteria were patients undergoing percutaneous
coronary intervention, 218 years of age, living at home at the
time of inclusion, and having access to electronic equipment
with internet access at the time of inclusion. Exclusion criteria
were theinability to speak Norwegian or inability to fill out the
self-reported questionnaire due to reduced capacity. To prevent
a substantial difference in follow-up time or participants
responding based on different assumptions, the patients who
were likely to die within less than 1 year were excluded from
the study. Institutionalized patients, who may be less likely to
have follow up by a primary health care provider or to use the
internet to find health information, were also excluded.
Similarly, patients undergoing percutaneous coronary
intervention without stent implantation and patients undergoing
percutaneous coronary intervention related to transcatheter aortic
valve implantation or MitralClip often have other indications
for the examination or treatment including other follow-up
routines and were therefore also excluded from this study.

Self-reports relating to eHealth literacy, health-related internet
use, hedlth literacy, hedth status, as well as demographic
information and clinical dataidentified through the Norwegian
Registry for Invasive Cardiology and patient medical records
were obtained before discharge from hospital after percutaneous
coronary intervention. The self-report was administered using

https://www.jmir.org/2020/7/e17312
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-Do not want to participate (n=232)
-Discharged before inclusion (n=122)
-Too many questions (n=26)

-Glasses forgotten (n=9)

apencil and paper survey delivered with other PROMs used as

part of the CONCARD™ study. A random subgroup of 100
patients was approached for an eHEALS retest after 2 weeks,
74 (74.0%) of whom completed the retest.

Translation and Cross-Cultural Adaptation of the
eHEALS

A cross-cultural adaptation process was conducted to reach
equivalence between the original source and the Norwegian
target version of theeHEAL S[30]. Thetranslation processwas
conducted systematically in six steps [30]. Pilot testing was
performed with a prefinal version of the eHEALS including
150 patients before being employed in the main cohort study.
A summary of the overall translation procedure is described in
Textbox 1. The research team encountered some difficultiesin
trandlating all of the words and phrases in the original English
version of theeHEAL Sinto Norwegian. Theoriginal eHEALS
guestions related to “health resources’ were trandated as
“sources of health information” after approval from the
developer of the eHEALS. The patient representatives who
participated in the cognitiveinterviews reported that they clearly
understood the items and response options and did not provide
any suggestion for additional changesto the prefinal version of
the instrument.

JMed Internet Res 2020 | vol. 22 | iss. 7| €17312 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Brarset al

Textbox 1. Steps for trandation and cross-cultural adaptation of the eHealth literacy scale (EHEALS) into Norwegian.

o  Step 1: Forward tranglation

their mother tongue.

o  Step 2: Synthesis

o  Step 3: Back trandation

eHEALS.

o Step 4: Synthesis and back trandlation

o Step 5: Instrument pilot testing

items as well asthe instructions.

«  Step 6: Revised instrument

the questionnaire.

i.  Two forward translations of the English eHEALS were made by two bilingua translators for whom the target language (Norwegian) was

ii. Thetrandators worked independently, and wrote a report (TL1 and TL2) that identified challenging phrases and described their rationale
for final translation choices. An example of a difficult phrase to translate into Norwegian was “ health resources.”

iii. Thetwo trandations were compared and discrepancies were identified.

i.  Theresearch team synthesized the reports (TL 1 and TL 2) into one consensus version (TL 3) and described how they resolved discrepancies.

i.  Two individuals who had a good understanding of English and also spoke Norwegian fluently independently translated TL3 back into
English (TL4 and TL5). Neither of the translators who spoke English as their native language was aware of the original version of the

i.  Theresearch team agreed on the modified Norwegian version of the eHEALS (TL6).

ii.  Theresearch team discussed the timing of administration and meaning of certain words and sentences, and the Likert-type scale.

i.  Theprefina version (TL6) was discussed with patient representatives and piloted before being employed in the large-scale cohort study.

ii. A cognitive interview was conducted to test the feasibility and understanding of the items. The patients were asked to read the questionnaire

i.  Theresearchers evaluated the adapted eHEALS questionnaire (TL6) and &l necessary changes were made.

ii. Patientswho answered that they did not have access to electronic equipment with internet accessin the pilot found it challenging to answer
theeHEAL Sitems. Therefore, the research team decided that the eHEAL Sitems had |ow relevance and released these patients from answering

Study Instruments and M easures

Characteristics of the Study Population

Demographic information collected included age, gender, civil
status, smoking status, education level (secondary school, trade
school, high school, college/university less than 4 years,
college/university 4 years or more), and employment status
(working, retired, or other, including sick leave, disability
pension, seeking employment). Clinical dataincluded medical
history (peripheral vascular disease, stroke, myocardial
infarction, diabetes, previous percutaneous coronary
intervention, previous coronary artery bypass grafting, previous
other heart surgery) and indication for percutaneous coronary
intervention (stable angina pectoris, unstable angina pectoris,
nonST-segment elevation myocardial infarction [NSTEMI] or
ST-segment elevation myocardial infarction [STEMI]).

eHealth Literacy Scale

The original English eHEALS comprises eight items and
assesses patients’ own perception of their knowledge, comfort,
and perceived skillsat finding, evaluating, and applying eHealth
information [4]. The questionnaire containstwo supplementary

https://www.jmir.org/2020/7/e17312

itemsto use alongside the eHEAL Sto better understand patients
interest in using the internet for health information in general.
These items are not a formal part of the eHEALS and are not
included in the total score. The original English questionnaire
showed high levels of internal consistency (Cronbach a=.88)
and modest test-retest reliability [4]. The eHEALS items were
used to calculate a mean score using the half rule and were
linearly transformed to a 0-100 scale, with higher scores
indicating better eHealth literacy. To be able to compare the
mean eHEALS score with those reported in other studies, the
scale was linearly converted to an 8-40 scale, computed as 8 +
(scale from O to 100) x (40 — 8)/100.

Health-Related I nternet Use

To assess patients health-related internet use, the following
two supplementary items in the eHEALS were used: 1. How
useful do you feel the internet is in helping you in making
decisions about your health? 2. How important is it for you to
be able to access health resources on the internet? [4]. Another
guestion was also developed specifically for this study with
“yes’ or “no” as the response options. Have you used the
internet to find information about health?
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Health Literacy Questionnaire

The health literacy questions were selected from the Health
Literacy Questionnaire (HLQ), which assesses nine separate
domains of health literacy. In this study, two domainsreflecting
skills to use resources and critical evaluation were used: HLQ
domain 5 (appraisal of health information, 5 items) and HLQ
domain 8 (ability to find good information, 5 items). The first
domain had a 4-point response option scale (strongly disagree
to strongly agree) and the second domain had a5-point response
option scale (ranging from cannot achieve or aways difficult
to always easy). The items in the appraisal of the health
information domain were used to calculate a total mean score
ranging between 1 and 4, and the items in the ability to find
good information domain were used to calculate a total mean
score between 1 and 5. A low HLQ score indicates that the
respondent has difficulties within the domain, and a high score
indicates greater health literacy ability. In the event of more
than two missing items, the domain score was regarded as
missing [31]. The HLQ shows sufficient psychometric properties
[31,32], and the Norwegian version of the HLQ has been
translated and validated [33].

Health Status Questionnaire

The 12-item short-form survey RAND-12 [34] was used to
assess overall generic health status through 12 items covering
eight domains. physical functioning (2 items), bodily pain (1
item), physical role functioning (2 items), genera health (1
item), vitality (1 item), social functioning (1 item), emotional
role functioning (2 items), and mental health (2 items),
summarized into physical and mental health composite scores.
The RAND-12 questionnaire has been validated in European
populations and shows sufficient properties [35].

Expected Relationships and Subgroup Means

The hypotheses testing (convergent validity, known-groups
validity, and divergent validity) regarding the relationship
between eHEALS scores and demographic information,
health-related internet use, health literacy, and health statuswas
formulated apriori. The hypotheses are based on evidence from
previous studies on eHEALS as summarized in Table 1.

Statistical Analyses

We investigated the psychometric properties of the Norwegian
version of the eHEALS by assessing the construct validity of
three aspects: structural validity, hypotheses testing, and
cross-cultural validity [27]. Descriptive statistics were used to
summarize patients’ sociodemographic characteristics, clinical
data, health-related internet use, health status, and eHEALS
scores. Floor and ceiling effects were estimated. Nonparametric
tests were used for ordinal variables and parametric tests were
used for comparisons of continuous variables. Continuous
variables were characterized by the mean (SD). The missing
rates for each item were calcul ated.

Thereliability of the eHEAL S was assessed by determining its
internal consistency and test-retest reliability. Test-retest
reliability was cal culated by the intraclass correl ation coefficient
(ICC). Internal consistency reliability (ie, how well the items
on atool fit together) was cal culated using Cronbach o, inwhich
0>.70 was considered to be acceptable [27].

https://www.jmir.org/2020/7/e17312
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Confirmatory factor analyses (CFAS) were used to validate the
extent to which the a priori hypotheses concerning dimensions
of the eHEALS construct, based on theory and previous
analyses, fit the actual data. CFA was used to explore the model
fit of eHEALS as a 1-factor model as recommended by the
origina scale developer [4], in addition to a 2-factor model
(information seeking: items 1-5 and 8; information appraisal:
items 6 and 7) proposed by Soellner et a [15] and a 3-factor
model (awareness: items 1 and 2; skills: items 3-5; and evaluate:
items 6-8) proposed by Sudbury-Riley et a [9]. For the CFAS,
the robust weighted least square mean and variance adjusted
procedure (WLSMV) was used sincetheitemsare ordinal. The
model fit was evaluated by various goodness-of-fit measures,
including the model Chi square statistic with its degrees of
freedom and P value, in addition to the root mean square error
of approximation (RMSEA) (good fit<0.06) and its associated
95% Cl, standardized root mean sgquare residual (SRMR; good
fit<0.08), comparative fit index (CFI; good fit>0.95), and
Tucker-Lewisindex (TLI; good fit>0.95) [27].

The convergent validity and divergent validity between the
eHEALS and other constructs were assessed by computing
Pearson correl ation coefficients (r) between continuous variables
and Spearman correlation coefficients (p) between ordinal
variables. Correlation coefficients were interpreted such that
0.3 is considered aweak correlation, 0.3 to 0.6 is considered a
moderate correlation, and above 0.6 is considered a strong
correlation [27,36]. For known-groups validity (eg, gender,
education level, employment status, and use of internet), at test
or one-way analysis of variance was used. If there was an
indication of significant differences (P<.05) between groups, a
posthoc analysis test for multiple comparisons that does not
assume equal variances (Tamhane T2 statistic) was used to
investigate where the differences occurred.

SPSS (IBM Corp. Released 2016, IBM SPSS Statistics for
Windows, Version 24.0; Armonk, NY, USA) was used for
summary dtatistics and correlations, and for conducting
statistical comparisons. Mplus (Computer software, 1998-2018,
version 7) developed by BO Muthén and LK Muthen, was used
to perform CFAs.

Ethical Consider ations

The study was approved by the Norwegian Regional Committee
for Ethics in Medical Research (REK 2015/57). All patients
provided written informed consent, and confidentiality and the
right to withdraw from the study were assured. The study
conformed with the ethical principlesoutlined inthe Declaration
of Helsinki.

Results

Characteristics of the Study Population

A total of 1695 patients consented to participate in the study
(Figure 1). The mean age of the patients was 66 years, ranging
from 30 to 96 years. The majority of patients were men,
married/living with partner, and hospitalized for an acute
coronary event (unstable anginapectoris, NSTEMI, or STEMI).
Of the patients included at index admission for percutaneous
coronary intervention, astrong majority reported that they have
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access to electronic equipment with internet access. Most
patients reported that they used the internet to find information
about health (Table 2). Overal, 37.27% (499/1339) of the
patients stated that the internet was useful for making decisions

https://www.jmir.org/2020/7/e17312
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concerning their health and 41.51% (555/1337) stated that it
was important to them that they could access health resources
on the internet (Multimedia Appendix 1).
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Table 2. Demographic and clinical characteristics of patients after percutaneous coronary intervention (N=1695).2

Characteristic Vaue NG
Age (years), mean (SD) 66 (10) 1695
Gender (male), n (%) 1313 (77.46) 1695
Civil status, n (%) 1529
Married/Living with partner 1173 (76.72)
Living alone 356 (23.28)
Smoking status, n (%) 1561
Current smoker 372 (23.83)
Previous smoker (>1 month) 713 (45.68)
Never smoked 476 (30.49)
Education level attained, n (%) 1522
Secondary school 331 (21.75)
Trade school 543 (35.68)
High school 156 (10.25)
College/university (<4 years) 269 (17.67)
College/university (=4 years) 223 (14.65)
Employed, n (%) 1544
Working 559 (36.20)
Retired 771 (49.94)
Other (sick leave, disability pension, seeking employment) 214 (13.86)
Medical history, n (%) 1685
Peripheral vascular disease 129 (7.66)
Stroke 72 (4.27)
Myocardial infarction 346 (20.53)
Diabetes 314 (18.63)
Previous PCI? 426 (25.28)
Previous CABG® 180 (10.68)
Previous other heart surgery 19 (1.13)
Indication for PCI, n (%) 1695
sap 473 (27.91)
UAP® 266 (15.69)
NSTEMI 522 (30.80)
STEMI? 346 (20.41)
Other 88 (5.19)
Access to electronic equipment with internet access, n (%) 1402 (93.66) 1497
Used the internet to find information about health, n (%) 980 (66.08) 1483

3N umber of observations for each characteristic may not total 1695 because of missing data.

bpc: percutaneous coronary intervention.

CCABG: coronary artery bypass grafting.

dSAP: stable angina pectoris.

CUAP: unstable angina pectoris.

'NSTEMI: nonsT: -segment elevation myocardial infarction.
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9STEMI: ST-segment elevation myocardial infarction.

Psychometric Analyses

General Properties

The mean eHEALS score was 25.66 (SD 6.23). The highest
mean of the eHEAL S items was 3.40 and the lowest mean was
2.92. Among all respondents, 80% were most likely to select
one (41%) or two (39%) response options across all items, with
34%-51% responding “undecided” and 22%-47% responding
“agree” (Multimedia Appendix 1). In total, 45 (3%) maximum

Brarset al

possible scores and 27 (2%) minimum possible scores were
identified, indicating limited ceiling and floor effects. The total
mean eHEAL S score for the retest was 53.52 (SD 19.79), with
afloor of 5.6% (n=4) and ceiling of 1.4% (n=1).

Reliability

Cronbach o for the eHEALS was >.99 (Table 3). The
corresponding Cronbach a for the 2-week retest was .94. The

ICC for theeHEAL Swas 0.605 (95% Cl 0.419-0.743, P<.001),
indicating moderate stability over time.

Table 3. Mean (SD) scores and Cronbach o values of the eHEALS?, HLQb, and RAND-12° of patients after percutaneous coronary intervention

(N=1659).
Item Mean (SD) Cronbach a
eHEALS? 25.66 (6.23) >.999
HLQP
HLQ5® 2.43 (0.66) 844
HLQ 8¢ 3.22(0.73) 875
RAND-12°
Pcs12 43.93 (10.89) N/AY
mcs'12 46.48 (11.14) N/A

%HEALS: eHealth literacy scale.

bHLQ: health literacy questionnaire.

®HLQ 5:Appraisal of health information.

dHLQ 8: Ability to find good health information.
®RAND-12: 12-item short-form health survey.
fpcs: physical composite score.

IN/A: not applicable; since PCS12 and MCS12 of RAND-12 are not computed as means or sum scores, there is no Cronbach a.

PMCS: mental headlth composite score.

Structural Validity

The strong standardized factor loadings for the 1-factor model,
ranging from 0.79 to 0.93, indicated promising item properties.
The Chi sguaretest of model fit (P<.001), SRMR, CFl, and TLI
indices suggested a good fit. However, the high RMSEA vaue
suggested a poor structural fit of the eHEALS in the 1-factor
model.

For the 2-factor model, standard factor loadings ranged from
0.80t0 0.93. Similar to the 1-factor model, thismodel suggested
agood fit based on the SRMR, CFI, and TLI, and a poor fit for
the RMSEA (Table 4). Furthermore, examination of the
modification indicesthrough pairing items 5 and 8 to the second
(appraisal) factor did not suggest an appreciable improvement

https://www.jmir.org/2020/7/e17312

in fit for the RMSEA, athough it was slightly reduced (0.176,
90% Cl 0.165-0.187).

Standard factor loadingsin the 3-factor model ranged from 0.84
to 0.97. Similar to the 1- and 2-factor models, the CFA
supported agood fit for the threeindices SRMR, CFl, and TLI,
whereas the RMSEASs remained high (Table 4). Examination
of themodification shown in the output file conducted by pairing
item 3 in the first (awareness) and second (skills) factor, and
item 5inthe second (skills) and third factor (evaluate) suggested
an improvement in the model fit (SRMR=0.008, CFI=0.999,
TL1=0.997, RM SEA=0.057; 90% CI 0.045-0.070). The standard
factor loadings and correlations for the modifications are
presented in Figure 2.
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Table 4. Goodness-of-fit indices of the eHEALS? 1-, 2-, and 3-factor structure model.

Model Chi square (df) RMSEAP (90% C1) SRMRC crd TLI®

Modd 1 1649.256 (20) 0.247 (0.237-0.257) 0.045 0.966 0.952

Model 29 1482.130 (19) 0.240 (0.230-0.251) 0.040 0.969 0.955

Mode 3" 510.925 (17) 0.148 (0.137-0.159) 0.019 0.990 0.983

%eHEALS: eHedlth literacy scale.

PRMSEA: root mean square error of approximation.

CSRMR: standardized root mean square residual.

derr: comparative fit index.

®TLI: Tucker-Lewis index.

f1-factor model: Factor 1:1-8 [4].

92-factor model: Factor 1: 1-5, 8; Factor 2: 6, 7 [15].

h3 factor model: Factor 1: 1, 2; Factor 2: 3-5; Factor 3: 6-8 [9].

Figure 2. Electronic health literacy scale (eHEALS) 3-factor model proposed by Sudbury-Riley et a [9] with modification for items 1 and 5.

1. l know what health resources are availible on the internet

Awareness of what @
health resources are @
10

availible

Skills and behaviour
needed to access
health resources

Evaluate health
resources once
accessed

2.1 know where to find helpful resources on the internet
:@ 3. | know how to find helpful health resources on the internet
4. | know how to use the internet to answer my question about health

5.1 know how to use the health information | find on the internet to help me

@ 6. | have the skills | need to evaluate the health resources | find on the internet

7.1 can tell high quality health resources from low quality health resources on the internet

8. | feel confident in using information from the internet to make health decisions

Convergent and Discriminant Validity

Demographic Information

Pearson correlation analysis showed aweak negative correlation
between the eHEAL S score and age. An independent-sample t
test did not indicate substantia differencesinthe eHEAL S score
between men (mean 25.64, SD 6.15) and women (mean 25.47,
SD 6.60) (t13,3=—0.526, P=.60) (Table 5 and Figure 3).

As shown in Table 5, the between-group analysis of variance
showed a difference according to educational groups in the
eHEAL S score. A posthoc test indicated that patientswith 4 or
more years of college/university education scored higher onthe
eHEALS compared to those with secondary school (mean
difference=4.61, P<.001), trade school (mean difference=3.23,

https://www.jmir.org/2020/7/e17312
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P<.001), and high school (mean difference=2.24, P=.002)
education. Patients with less than 4 years of college/university
education scored higher on the eHEALS than those with
secondary (mean difference=3.39, P<.001) and trade school
(mean difference=2.00, P<.001) education. Patients with high
school education had higher eHEALS scores than those with
secondary school education (mean difference=2.37, P<.001).

The between-groups analysis of variance also indicated a
difference according to employment groupsand eHEAL S scores
(Table 5). The posthoc test indicated a higher eHEALS score
for patients who were employed compared to those who were
retired (mean difference=2.31, P<.001). Similarly, the “ other”
patients group showed a higher eHEALS score compared to
that of the retired patients (mean difference=1.28, P=.05).
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Figure 3. Association between electronic health literacy scale (EHEALS) scores, gender, and age. The scale was linearly transformed to a 0-100 scale.
The scale was linearly converted to an 8-40 scale (scale from 8 to 40 computed as 8 + [scale from 0 to 100] x [40 — 8]/100). The eHEALS scalein the
figureis: 0=8, 20=14.4, 40=20.8, 60=27.2, 80=33.6, 100=40.
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Health-Related Internet Use

An independent sample t test showed a higher eHEAL S score
for patients who reported that they used the internet to find
information about health (mean 27.45, SD 5.10) than that of
patientswho did not (mean 21.27, SD 6.31) (95% CI —21.40 to
—17.21, P<.001). Spearman correlation analysis reveded a
moderate positive correlation between the eHEALS score and
patients perceived usefulness and importance of using the
internet to find health information (Table 5).
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Health Literacy

Pearson correlation analysis revealed a moderate positive
correlation between the eHEALS score and the HLQ scale for
appraisal of health information and the HLQ scale for ability
to find good information (Table 5).

Health Status

Pearson correlation analysisrevealed aweak positive correlation
between the eHEALS score and self-reported health assessed
with RAND-12 (Table 5).
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Table 5. Group statistics and correlations between eHEAL S? score, patients demographic, and other instruments.

Variable Statistic P value
Demographic information
Age, Pearson correlation coefficient -0.206 <.001
Gender, 95% Cl -3.38-1.95 .60
Education, F 1080 (ANOVAP) 21.085 <.001
Employment, F2 1206 (ANOVA) 19.615 <.001
Health-related internet use
Use of internet, 95% ClI —21.40t0-17.21 <.001
eHEALS supp. 1°, Spearman correlation coefficient 0.587 <.001
eHEALS supp. 2 Spearman correlation coefficient 0.574 <.001
Health literacy
HLQ® 5!, Pearson correlation coefficient 0.380 <.001
HLQ 89, Pearson correlation coefficient 0.561 (<.001) <.001
Health status (RAND-12")
Mental component, Pearson correlation coefficient 0.116 <.001
Physical component, Pearson correlation coefficient 0.112 <.001

%eHEALS; eHedlth literacy scale.
bANOVA: analysis of variance.

CeHEALS supp.1: How useful do you feel the internet isin helping you in making decisions about your health?
deHEALS supp.2: How important isit for you to be able to access health resources on the internet?

CHLQ: hedlth literacy questionnaire.

fHLQ domain 5: appraisal of health information.
9HLQ domain 8: ability to find good information.
PRAND-12: 12-item short-form health survey.

Discussion

Principal Findings

To our knowledge, this is the first study to determine the
psychometric properties of the eHEALS in patients after
percutaneous coronary intervention. The Norwegian trandation
of the eHEALS appears to have acceptable construct validity.
However, the high internal item consistency and the high
RMSEA suggest that the fit of the data to the hypothesized
models based on existing knowledge is not entirely adequate
to fully capture the construct validity in this setting.

The structural validity was confirmed by three (SRMR, CHl,
and TLI) out of four goodness-of-fit indices, indicating an
adequate fit of the three hypothesized models. The RMSEA
was lower in the 3-factor model [9] than in the 1-factor [4] and
2-factor [15] models. After two modifications of the 3-factor
model, all four goodness-of-fit indices indicated a good fit.
These results suggest that the eHEALS is a multidimensional
construct that, as proposed by other studies, is a better fit for
the 2-factor model [11,15,18] and 3-factor model [9,21,22,24].
However, in linewith the current study, several previous studies
conducting CFA showed an RMSEA value above the cut-off
criteria for the 1-factor model [9,11,22], 2-factor model
[15,18,22], and 3-factor model [9,24]. The high RMSEA

https://www.jmir.org/2020/7/e17312

indicated a poor fit, suggesting that complexity exists in al
three models, but the 3-factor model was found to have
acceptable fit after alow number of reasonable modifications.
The differences in model fit among the three CFA models
suggest that it is possible to distinguish between different
conceptualizations even with high redundancy.

A high proportion of patients were most likely to select the
response “undecided” or “agree” across al items, suggesting
that most of the patients either considered themselves as neutral
(neither disagree or agree) or relatively confident about their
knowledge, comfort, and perceived skills at finding, evaluating,
and applying eHeath information. Although there is
inconclusive evidence about the number of categories in a
response scale and whether the neutral category has an impact
on measurement quality [37], it has been recommended that
future research should expl ore which response options are most
appropriate to include in the eHEAL S to obtain a more precise
measure of eHealth literacy [22]. One explanation for the high
proportion of respondents most likely to select these two
response options could be that the patients experienced
difficulties filling out the questionnaire in the context of an
acute coronary event. Furthermore, patients with acute coronary
syndrome may be more prone to survey response bias in such
a manner that they select a neutral option irrespective of their
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actual attitude or behavior. This suggests that the scale may
work differently for patients with chronic diseases than for
patients in acute settings. This finding also underpins that
eHealth literacy is a process-oriented skill that evolves over
time as new technol ogies are introduced and the personal, socid,
and environmental contexts change [8]. Similarly, it is aso
possible that the very high estimate of internal consistency is
attributed to the patients’ difficultiesin differentiating between
the meanings of the items in an acute coronary setting. A
Cronbach a value above .90 has aso been reported in other
studies [5,10,14]. However, the very high Cronbach a in this
study may indicate that thereisapotential redundancy of items,
wherein patients immediately after percutaneous coronary
intervention may perceive that the same items are essentially
rephrased in severa different ways. The need for further research
investigating item interpretation across populations has been
suggested [14,24)].

The current study indicates adequate discriminant validity of
the eHEALS, and most of the demographic information and
other instruments confirmed the hypotheses defined a priori.
As confirmed in previous psychometric studies within general
adult European populations [14,16,18], the measurement
properties of the eHEAL S were affected by age and gender to
a lesser extent. However, the Chinese version showed a
difference in eHEALSS scores according to age among chronic
disease patients[5]. In addition, the latter study showed that the
eHEALS score was affected by education levels [5], whereas
other studies reported a weak correlation with education in
general adult European populations [14,18]. The results of
previous studies and those of the current study diverge in this
respect, indicating insufficient evidence to link perceived
eHealth literacy with education. However, these findings may
also be related to the fact that different methods were used to
categorize and analyze education levels, and therefore should
be interpreted with caution.

Asthe promotion of eHealth literacy takes place within alarger
context, the origina scale developer recommended involving
other groups engaged in the literacy sectors in the work on
validating the eHEAL S[4]. Additionally, to addressthe patients
eHealth literacy level, patient integration in the evaluation is of
great importance, specifically in accordance with PROMs such
as health-related internet use, health literacy, and health status.
A moderate correl ation between the eHEAL S score and patients
interest in using the internet for health information in general
has been suggested, which strengthens the discriminant validity
[16,18]. This provides a direction for skills, motivation, and
interest that is applicable to a broad range of information
sources, irrespective of the topic or context, in line with the
analytic components of the Lily model [8]. Furthermore,
according to the context-specific nature of eHealth literacy skills
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[8], a moderate correlation was found between the eHEALS
score and health literacy. Consistent with previous studies that
showed a relationship between eHealth literacy and health
literacy [11,26], the current study indicates that patients with
higher eHEAL S scorestend to be “information explorers,” able
toidentify good information and reliable sources of information,
and to resolve conflicting information by themselves or with
the help of others [31]. This relationship suggests that the
construct validation in the scale is adequate. However, this study
also showed aweak correlation between the eHEAL S scoreand
health status. Thisdiffersfrom other studies[16,23], suggesting
modest divergent validity of the eHEALS in terms of its
relationship with health status.

Strengthsand Limitations

The current study has several methodological strengths and
limitations that should be addressed. The stringent linguistic,
cultural, and measurement adaptation procedures are likely to
have contributed to strengthening the conduct of the study.
However, the Norwegian eHEAL S showed mixed psychometric
performance, which is likely due to the context of an acute
coronary event. This indicates that hospitalization can affect
the response to thistype of PROM. Another key strength of the
study is the large sample size, which allowed us to investigate
the correlations between eHEALS scores, other PROMSs, and
subgroups. However, the analysis of the translated eHEALS
was determined to be specific to patients who underwent
percutaneous coronary intervention and cannot be generalized
to other scenarios. There is therefore a need to determine the
psychometric properties of the eHEALS in a more diverse
population and in other settings to provide empirical evidence
of the generalizability of the Norwegian eHEALS. Finaly, the
study only determined the administration of the eHEALS in
self-reported written format (paper and pencil) in a hospital
acute care setting. Further work should explore other modes of
administration, including online administration developed for
eHealth sources such as tablets, smartphones, and email.

Conclusion

This study provides new information on the psychometric
properties of the eHEALS for patients after percutaneous
coronary intervention, suggesting that the eHEALS is a
multidimensional construct. Nevertheless, the RMSEA is not
entirely adequate to fully capture the construct validity based
on existing knowledge, and further factorial validation studies
are needed. The internal item consistency was very high,
indicating a redundancy of items. There is nonetheless a need
for more research on the psychometric properties of the
eHEALS. Moreover, use of theeHEAL Sin thisstudy identified
areas of eHealth literacy that are important for the further
development of eHealth as a source of health information.
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RMSEA: root mean square error of approximation
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STEMI: ST-segment elevation myocardia infarction
STROBE: Strengthening the Reporting of Observational Studiesin Epidemiology
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