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Abstract 

Background In Canada, virtual health care rapidly expanded during the COVID-19 pandemic. There is substantial 
variability between older adults in terms of digital literacy skills, which precludes equitable participation of some older 
adults in virtual care. Little is known about how to measure older adults’ electronic health (eHealth) literacy, which 
could help healthcare providers to support older adults in accessing virtual care. Our study objective was to examine 
the diagnostic accuracy of eHealth literacy tools in older adults.

Methods We completed a systematic review examining the validity of eHealth literacy tools compared to a reference 
standard or another tool. We searched MEDLINE, EMBASE, CENTRAL/CDSR, PsycINFO and grey literature for articles 
published from inception until January 13, 2021. We included studies where the mean population age was at least 
60 years old. Two reviewers independently completed article screening, data abstraction, and risk of bias assessment 
using the Quality Assessment for Diagnostic Accuracy Studies-2 tool. We implemented the PROGRESS-Plus framework 
to describe the reporting of social determinants of health.

Results We identified 14,940 citations and included two studies. Included studies described three methods for 
assessing eHealth literacy: computer simulation, eHealth Literacy Scale (eHEALS), and Transactional Model of eHealth 
Literacy (TMeHL). eHEALS correlated moderately with participants’ computer simulation performance (r = 0.34) and 
TMeHL correlated moderately to highly with eHEALS (r = 0.47–0.66). Using the PROGRESS-Plus framework, we identi-
fied shortcomings in the reporting of study participants’ social determinants of health, including social capital and 
time-dependent relationships.

Conclusions We found two tools to support clinicians in identifying older adults’ eHealth literacy. However, given the 
shortcomings highlighted in the validation of eHealth literacy tools in older adults, future primary research describ-
ing the diagnostic accuracy of tools for measuring eHealth literacy in this population and how social determinants of 
health impact the assessment of eHealth literacy is needed to strengthen tool implementation in clinical practice.

Protocol registration We registered our systematic review of the literature a priori with PROSPERO 
(CRD42021238365).
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Background
Virtual care is used 4.6 times more often by older adults 
than before the COVID-19 pandemic [1]. Virtual care has 
rapidly expanded in most care sectors in Canada during 
the pandemic [2]. Despite this rise in virtual care use, 
older adults participate less in videoconference-based 
assessments than their younger counterparts and they 
predominantly use telephone as opposed to videocon-
ference-based assessments [3]. Videoconference-based 
virtual care is uniquely complex in comparison to tel-
ephone-based care, as it requires the patient to be able 
to access and navigate webpages and webcam technol-
ogy. Patients must possess a level of electronic health 
(eHealth) literacy in order to successfully navigate online 
healthcare videoconferencing platforms to communicate 
with their physician [4]. Not only are telephone-based 
assessments suboptimal because clinicians cannot see 
patients, but there is greater diagnostic uncertainty asso-
ciated with telephone as opposed to videoconference-
based cognitive assessments [4, 5]. Further, inexperience 
with technology created unreadiness among older adults 
towards accessing healthcare via videoconferencing [6]. 
Reduced use of videoconferencing and barriers associ-
ated with its use among older adults suggest a digital 
divide and uncertainty about how rapidly evolving virtual 
care practices are addressing older patients’ needs and 
concerns [6–9].

To tackle the digital divide, we must be able to assess 
eHealth literacy. eHealth involves health information 
and services provided via the Internet and other tech-
nologies, including virtual care, forums, electronic health 
records, and smartphone applications to facilitate health-
care decision-making [10–12]. eHealth literacy consists 
of more than computer literacy because it also incorpo-
rates traditional medical and information literacy [13]. 
Higher eHealth literacy is associated with improved cog-
nitive health and low eHealth literacy is associated with 
poor medication adherence and increased risk of cardiac 
events in older adults [14, 15].

Increased uptake of virtual care, specifically the need 
to use videoconference-based assessments due to our 
greater certainty in their diagnostic accuracy compared 
to telephone-based assessments, indicates an urgent need 
for evaluation of eHealth literacy skills [16]. Clinicians 
and patients are concerned about the accuracy, effective-
ness of virtual assessments and online health interven-
tions, and older adults’ eHealth literacy skills [17–25]. 
An accurate method for assessing eHealth literacy would 
enable providers to predict if patients may have difficulty 
accessing virtual care and provide appropriate support 
to help them access virtual care. Given these concerns 
and the diagnostic uncertainty associated with how to 
assess older adults’ eHealth literacy skills, we completed 

a systematic review examining the diagnostic accuracy of 
eHealth literacy tools in older adults.

Methods
We reported our systematic review as per the Preferred 
Reporting Items for Systematic reviews and Meta-Anal-
ysis of Diagnostic Test Accuracy Studies (PRISMA-DTA) 
and Synthesis without meta-analysis (SWiM) guidance 
[26, 27]. This systematic review protocol was registered 
with PROSPERO (CRD42021238365) [28].

Data sources and search strategy
We searched MEDLINE, EMBASE, CENTRAL/CDSR, 
and PsycINFO for citations in any language. Our search 
was conducted from inception until January  13th, 2021. 
We used controlled vocabulary and keywords related to 
clusters of terms for eHealth Literacy and Older Adults 
(details in Supplementary File 1). Grey literature was iden-
tified using the Canadian Agency for Drugs and Technol-
ogies in Health (CADTH) Grey Matters Guide, following 
the Grey Literature Checklist and study authors’ content 
knowledge on July  26th, 2021 (Supplementary File 2) [29]. 
We searched references of included studies. Our search 
strategy was created and reviewed by authors (YQH, ZG, 
JAW) and a librarian experienced in developing system-
atic review literature searches (JM).

eHealth literacy reference standard
As of now, there is no agreed-upon reference standard for 
measuring eHealth literacy [16, 30]. We considered com-
puter simulation or direct observation of eHealth-related 
tasks as the reference standard, and we made an a priori 
decision to include studies comparing two electronic 
health literacy assessments in older adults. We included 
articles that described eHealth literacy as either a general 
eHealth literacy tool or a disease-specific eHealth literacy 
tool. For articles that met our inclusion criteria and did 
not report diagnostic accuracy outcomes (e.g., sensitivity, 
specificity), we emailed authors to see if these data were 
available.

Study selection
All articles with data related to diagnostic accuracy com-
paring one eHealth literacy tool to a reference standard 
or another tool, where the mean population age was at 
least 60 years old, were eligible for inclusion. Upon com-
pleting our systematic review, we realized that our par-
ticipant age inclusion criteria (enrolling subjects of 60 
and older with the mean age of 65 and older – initially 
selected based on the definition from Centers for Dis-
ease Control and Prevention) was too restrictive, and we 
revised our criteria to include all studies where the mean 
population age was 60  years of age or older [31]. We 
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chose the mean population age of 60 years of age or older 
as it is the threshold defined by United Nations for “older 
persons” [32]. All abstracts were reviewed independently, 
in duplicate by four authors (YQH, LL, JAW, ZG), and 
any abstract included by either author was reviewed at 
the full-text stage. Two authors (YQH, LL) independently 
reviewed all full-text articles; disagreement was resolved 
by discussion and a third author (JAW), if needed. We 
calculated the Cohen’s kappa coefficient (κ) using SAS 
University Edition to determine inter-reviewer agree-
ment on article selection [33].

Data abstraction and quality assessment
Two reviewers independently (YQH, LL) abstracted data 
from each included full-text article and appraised the 
risk of bias using the Quality Assessment for Diagnostic 
Accuracy Studies-2 (QUADAS-2) tool [34]. Discrepan-
cies were resolved within reviewer pairs and adjudicated 
by a third reviewer (JAW). We abstracted aggregate-
level data from included studies such as name of the first 
author, study design, year of publication, country where 
the study was conducted, sample size, study setting (e.g., 
geriatric medicine clinic, general practitioner clinic), 
names of tools compared, participant’s primary language, 
demographic characteristics and experience in Internet 
use, number of items on each tool, reported cut-offs on 
tools, and reference standard used for measuring eHealth 
literacy. We abstracted data as per the PROGRESS-Plus 

framework, which is suggested by the Cochrane Hand-
book to assess the inclusion of social determinants of 
health in included studies [35, 36].

Synthesis
We could not complete a meta-analysis of diagnostic 
accuracy outcomes because there were too few included 
studies.

Results
We screened 14,940 titles and abstracts and 99 full-text 
articles, which resulted in two included studies (365 
participants) (Fig.  1). Agreement between reviewers 
who completed full-text article screening was excellent 
(κ = 0.89; 95% confidence interval 0.82—0.97). The cor-
responding author of one included article, Neter et  al., 
provided further data specific to the group of adults 
who were at least 60  years old [37]. Of the 50 excluded 
studies, the most frequently used tool was the eHealth 
literacy scale (eHEALS) (n = 45) [13, 38]. Most articles 
were excluded because they did not include a comparator 
group.

Included articles
Neter et al.
This study enrolled 82 community-dwelling older adults 
living in Israel; 83% were of Jewish ethnicity (Table  1) 
[37]. The mean population age was 66.9 years old, and the 

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram
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study population was predominantly female (60%), well-
educated (72% graduated from high school) and earned 
above-average income (53%) [37]. Further ethnicity data, 
religion, occupation, social support and personal charac-
teristics such as frailty or disability and time-dependent 
relationships such as hospitalization or respite care were 
not reported [37]. Fifty-one of 82 individuals who under-
went eHEALS testing and computer simulation were 
aged 60  years or older as per subgroup data provided 
by the study author [37]. The primary study outcome 
was the correlation between eHEALS (a self-reporting 
tool) score and computer simulation performance [37]. 
eHEALS is an 8-item self-reporting tool that assesses 
an individual’s perceived eHealth skills using a 5-point 
Likert scale to answer each question; response options 
range from “strongly agree” to “strongly disagree” (maxi-
mum score of 40) [38]. The cut-off value for eHEALS in 
this study was defined as the mean score of participants 
(Table  2) [37]. The computer simulation consisted of 
15 tasks to be completed within an allotted time frame, 
which reflected participants’ operational, formal, infor-
mation and strategic skills (total time of 108  min) [37]. 
Each participant received a rating on each task, which 
ranged from “not completed” to “completed indepen-
dently” and the amount of assistance required was noted 
[37]. eHEALS scores (“perceived eHealth literacy”) cor-
related moderately to computer simulation results (“per-
formed eHealth literacy”), with a correlation coefficient r 
of 0.34 (p < 0.01) [37].

Risk of bias assessment of Neter et al.
There was high risk of bias for patient selection as study 
recruitment was completed by telephone and 90% of 
surveyed participants withdrew from the study before 
participating in the computer simulation component; 
additional participants were recruited by snowball sam-
pling (Table 3) [37]. There was no reporting of standardi-
zation of the telephone interviews to mitigate bias from 
the administrator such as a formalized script or train-
ing of the interviewers. The risk of bias from reference 
test (computer simulation) administration was unclear 
because the training and inter-rater reliability of the 
reference standard assessors were not reported. Index 
(eHEALS) and reference (computer simulation) tests had 
low applicability concerns [37].

Paige et al.
This study included 283 community-dwelling older 
adults from a university-based research registry in 
the United States (Table  1) [39]. The mean population 
age was 64.3  years, and participants were predomi-
nantly White (90.1%), female (56.5%), well-educated 

(95% had an education level of high school and higher) 
and earned more than $50,000 annually (51.6%) [39]. 
Authors did not report social determinants of health 
such as religion, social capital and personal characteris-
tics or time-dependent relationships [39]. The study’s pri-
mary outcome was the correlation between TMeHL and 
eHEALS [39].

TMeHL is an 18-item self-reporting tool with four to 
five items under functional, communicative, critical and 
translational literacy [39]. TMeHL uses a 5-point Likert 
scale for each item (maximum score of 90) [39]. There 
was no cut-off value proposed to identify sufficient 
eHealth literacy for TMeHL (Table 2) [39]. The internal 
validity of TMeHL was determined via dimensionality 
and item analysis. The external validity of TMeHL was 
assessed through a comparison of scores to eHEALS (no 
added cut-off value by the study author), other online 
health information-seeking styles, and a health literacy 
tool (the All Aspects of Health Literacy Scale [AAHLS]) 
[39–42]. TMeHL had a moderate-to-high positive corre-
lation with eHEALS on all four components of eHealth 
literacy: functional (r = 0.47; p < 0.01), communicative 
(r = 0.63; p < 0.01), critical (r = 0.66; p < 0.01), and transla-
tional (r = 0.65; p < 0.01) scales [39].

Risk of bias assessment of Paige et al.
There was a high risk of bias related to patient selection 
and applicability because individuals from a university 
research registry were recruited into the study via an 
email survey, which would select participants with higher 
digital literacy (Table 3) [39]. It was unclear if the index 
and reference standards were interpreted independently 
[39]. Unclear risk of bias from flow and timing primar-
ily reflected a lack of reporting of the time between 
administration of index and reference standards [39]. 
The eHEALS as a reference standard has a high risk of 
bias because it has not been externally validated [43]. It 
was unclear if index test results were interpreted without 
knowledge of the reference standard [39].

Discussion
We found two tools that will support clinicians in meas-
uring older adults’ eHealth literacy [37, 39]. However, 
both studies had components of their risk of bias assess-
ments at unclear or high risk of bias and only one study 
assessed the external validity of eHEALS. Neter et  al. 
found a moderate correlation between eHEALS and com-
puter simulation [37]. TMeHL had a moderate-to-high 
correlation compared to eHEALS, but authors did not 
compare TMeHL to a reference standard [39]. Further, 
important social determinants of health such as social 
capital were not reported, which limits our understand-
ing of how health equity factors influence the diagnostic 
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accuracy of tools measuring eHealth literacy in older 
adults in older adults. Although we highlight limitations 
in our understanding of how eHEALS and TMeHL can 
be used to assess older adults’ eHealth literacy, as listed 
above, our systematic review is important because it is the 
first systematic review reporting on the diagnostic accu-
racy of tools for measuring eHealth literacy in older adults 
and our findings further a timely conversation about how 
we can equitably support older adults in accessing vide-
oconference-based care, mobile health tools, and other 
digital health solutions.eHEALS was the most widely used 
eHealth literacy tool, as per our systematic review. Stud-
ies have validated eHEALS’ internal consistency, but not 
its external validity [38, 44–46]. For example, one study 
evaluating the internal validity of eHEALS found a Cron-
bach’s coefficient of 0.94 when re-tested eight weeks later 
in a group of educated older adults with high internet use; 
construct validity was evaluated by relating eHEALS score 
to individual Internet use, which was gathered via surveys 
[47]. Studies that solely validate eHEALS through the con-
struct validity concept of Internet use are insufficient to 
represent the exhaustiveness of eHealth literacy such as 
the six spheres of the Lily Model [13]. This is further sup-
ported by a recent systematic review of studies assessing 
eHealth literacy tools’ ability to measure the competence 
areas of eHealth literacy against the European Commis-
sion’s Digital Competence (DigComp) framework [48, 
49]. eHEALS only covered one out of five criteria of the 
DigComp framework. We did not identify any eHealth lit-
eracy tools within the two included studies that were eval-
uated based on all three subtypes of validity either (that 
is, content, construct, and criterion), which are imperative 
to ensure methodological quality of a tool’s measurement 
properties [50]. Further, Lee et  al. showed that eHEALS 
had inconsistent low-quality evidence for relevance and 
insufficient very low-quality evidence for comprehen-
siveness [51]. On the other hand, eHEALS had moder-
ate to high-quality evidence in structural validity, internal 
consistency, and measurement invariance [51]. Further 
research will be needed to fill these gaps in our under-
standing of the validity of eHEALS as a tool for measuring 
eHealth literacy in older adults.

Not being able to assess older adults’ eHealth lit-
eracy represents a critical knowledge gap and barrier 

to the sustainability of digital health solutions, espe-
cially as virtual care is integrated into routine health-
care delivery [7]. Further, there is a burgeoning interest 
in interventions to improve older adults’ eHealth lit-
eracy, especially in terms of technology use and inter-
net and mobile applications; however, how can these 
interventions be developed and tested if there is no 
agreed-upon reference standard for assessing eHealth 
literacy and the diagnostic accuracy of tools for assess-
ing eHealth literacy has not been compared to this ref-
erence standard [43, 52–54]? Griebel et al. summarized 
multiple definitions of eHealth literacy and underlined 
the importance of agreeing on an updated definition 
of eHealth literacy [55, 56]. Despite global efforts to 
develop eHealth literacy tools, there is no eHealth liter-
acy tool of reference, even in adults of other age groups 
(< 65 years of age) [51, 57]. Evidence suggests that tools 
may be excessively restrictive in scope (disease-spe-
cific or not accounting for the rise of social media and 
mobile web) [51, 57]. The implementation of tools for 
assessing older adults’ eHealth literacy will be strength-
ened by further research to standardize the definition 
of eHealth literacy and understand a tool’s external 
validity and the influence of social determinants of 
health (Fig. 2).

Our systematic review has limitations. First, we could 
be missing relevant articles; however, we were inclu-
sive in our database search and grey literature search. 
Second, there were too few studies to complete a 
meta-analysis of diagnostic accuracy estimates. Third, 
included studies had small sample sizes with limited 
recruitment strategies. Recruited participants were 
predominantly Israeli and White. As illustrated by our 
equity analyses following the PROGRESS-Plus frame-
work, the applicability of these two eHealth literacy 
tools is limited as there wasn’t diverse representation 
within the small sample size [35]. Moreover, both stud-
ies’ participants were not patients requiring medical 
attention or intervention; they were on a national tel-
ephone registry or part of a university-based research 
registry. Thus, these findings may not be applicable to 
the clinical setting. Lastly, there was no description 
of personal characteristics such as cognitive impair-
ment or frailty, among other factors, for participants 

Table 3 Quality assessment of diagnostic accuracy studies (QUADAS-2)

Study Identification Risk of Bias Applicability Concerns

Author, Year Patient 
Selection

Index Test Reference 
Standard

Flow and Timing Patient 
Selection

Index Test Reference 
Standard

Neter et al., 2017 [37] High High Unclear Unclear High Low Low

Paige et al., 2019 [39] High Unclear High Unclear High Unclear High
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in included studies; hence, our findings may not be 
generalizable to a population of older adults attending 
a geriatric medicine clinic. To overcome this limita-
tion, future validation studies will need to include more 
diverse populations of older adults seeking medical 
care and describe the potential impact of geriatric syn-
dromes on the assessment of eHealth literacy.

Conclusions
In conclusion, we completed the first systematic review 
on the diagnostic accuracy of eHealth literacy tools in 
older adults. We identified two eHealth literacy tools that 
were compared to a reference standard or another tool 
(that is, eHEALs and TMeHL); however, study limita-
tions such as incomplete reporting of diagnostic accuracy 
measures (e.g., lack of sensitivity or specificity for stud-
ied tools) and unclear to high risk of bias across multi-
ple components of each study’s risk of bias assessment 
preclude us from recommending one tool over another. 
Future research describing the sensitivity and specificity 
of tools for measuring eHealth literacy in older adults and 
how social determinants of health impact the diagnostic 
accuracy of eHealth literacy tools would strengthen tool 
implementation in clinical practice.
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