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Abstract

Background: With increased reliance on digital health care, including telehealth, efficient and effective ways are needed to
assess patients' comfort and confidence with using these services.

Objective: Thegoal of this study was to develop and validate a brief scale that assesses digital health care literacy.

Methods: We first developed an item pool using existing literature and expert review. We then administered the items to
participants as part of alarger study. Participants were caregivers of children receiving care at a pediatric clinic who completed
a survey either on the web or over the telephone. We randomized participants into development and confirmatory samples,
stratifying by language so that exploratory factor analysis and confirmatory factor analysis could be performed with separate
samples of participants. We assessed the scale's validity by examining its associations with participants’ demographics, digital
access, and prior digital health care use.

Results: Participants (N=508) were, on average, aged 34.7 (SD 7.7) years, and 89.4% (454/508) were women. Of the 508
participants, 280 (55.1%) preferred English as their primary language, 157 (30.9%) preferred Spanish, and 71 (14%) preferred
Arabic; 228 (45%) had a high school degree or less; and 230 (45.3%) had an annual household income of <US $35,000. Using
exploratory factor analysis, 3 itemswere retained in areduced scale with excellent reliability (Cronbach a=.90) and ahigh variance
explained (78%). The reduced scale had excellent fit, with factor loadings between 0.82 and 0.94. All fit statistics exceeded the
criteriafor good fit between the proposed factor structure and the data. We refer to this scale asthe Digital Health Care Literacy
Scale. The scale was positively associated with education (p=0.139; P=.005) and income (p=0.379; P<.001). Arabic speakers
had lower scores than English (P<.001) and Spanish speakers (P=.02), and Spanish speakers had lower scores than English
speakers (P<.001). Participants who did not own a smartphone (P=.13) or laptop computer (P<.001) had lower scoresthan those
who owned these devices. Finally, participantswho had not used digital tools, including health apps (P<.001) and video telehealth
(P<.001), had lower scores than those who had used these tools.

Conclusions: Despite the potential for digital health care to improve quality of life and clinical outcomes, many individuals
may not have the skills to engage with and benefit from it. Moreover, these individuals may be those who aready experience
worse outcomes. A screening tool such as the Digital Health Care Literacy Scale could be a useful resource to identify patients
who require additional assistance to use digital health services and help ensure health equity.
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Introduction

Background

Digital technologies for managing health have proliferated in
recent years, in large part as a response to the COVID-19
pandemic [1-3]. These technologies include telehealth, patient
portals, and mobile health, such as app-based programs.
Telehealth or the delivery of health care services at a distance
using information and communication technology has been
particularly helpful for alowing individuals to still receive
treatment when in-person interaction is not possible. Given its
convenience and now integration with many clinic workflows,
itislikely that telehealth will continueto be offered asaddlivery
modality [4]. From aclinical trial standpoint, evidence supports
the efficacy of telehealth to improve clinical outcomes across
a variety of conditions [5]. Moreover, it may be more
cost-effective than other approaches and patientswho useit are
generaly satisfied with the experience [6,7]. However, to
promote the continued utility of telehealth, consideration must
be given to the types of individuals who have both access to,
and confidence in using, it.

Despite increased access to technology over the past decade,
disparities in access persist among those with lower income,
with less education, or who areracial or ethnic minorities[8,9].
With respect to tel eheal th access, specifically, numerous studies
have demonstrated stark racial and socioeconomic disparities
during the COVID-19 pandemic [10-13]. This concept, known
asthe digital divide or the gap between people who do and do
not have access to technology, affects health equity. Namely,
there is concern that with the advancement in digital
technologies, we may leave behind those individuals who tend
to have worse health outcomes and need help the most, thereby
widening the gap [14,15]. Recent efforts to expand broadband
and telehealth access have begun at the federal and state levels
and will require long-term, widespread investment [16,17]. An
additional component of addressing the digital divide includes
determining whether individualswho have accessto theinternet
and digital devices also have the skills to use technology for
accessing health care.

A certain level of digital literacy is necessary to effectively
engage with, and benefit from, digital health tools. For example,
individuals must fedl somewhat confident in their skills using
technology to install and engage with a health app or start up a
telehealth visit with their provider. The telehealth modality of
today’s world requires that patients initiate the visit compared
with prior telehealth approaches where clinics provided all
required digital health care connection. Digita literacy is
considered unique and separate from technology access. In a
recent study of patients admitted to the hospital, most of the
participantswith low health literacy had accessto digital devices
and had used theinternet previously but were unableto perform
web-based tasks without assistance [18]. Digital literacy may
in fact present as a larger barrier to using digital tools than

https://formative.jmir.org/2022/4/e36043

access, which underscores the need to appropriately measure
and understand it.

There have been attemptsin the past to measure digital literacy,
although many are based on using computersgenerally or using
the internet to find health information [19-22]. For example,
the Computer Literacy Scale focuses only on computers and
recognizing computer symbols and terms [22]. Likewise, the
eHealth Literacy Assessment Toolkit isacompilation of scales
for assessing both health literacy and digital literacy; however,
the digital literacy scales primarily focus on familiarity with
computer terms and confidence using computers [21]. The
eHealth Literacy Scaleisapopular scalefor assessing el ectronic
health literacy, but all items are anchored on using the internet
to find health information [20,23]. Another scale for assessing
digital literacy, the Digital Health Literacy Instrument, assesses
competencies for both gathering health information and using
the internet; however, the skillsit assesses are very specific (ie,
protecting privacy and adding self-generated content, such as
writing health-related messagesto aphysician) [19]. It wasalso
developed among a highly educated sample, limiting its
generalizability, and thefull scale consists of 21 items, limiting
its efficiency [19]. To our knowledge, there are no scales that
assess one's comfort and confidence with the foundational
digital skills necessary to use digital health care services such
as telehealth. We refer to this as digital health care literacy.
Such a scale has critical implications for clinical care and
understanding the types of patients who are strong candidates
for telehealth versus those who may need additional assistance.
Objectives

To address these gaps, we sought to develop a brief measure
that assesses digital health careliteracy called the Digital Health
Care Literacy Scale (DHLS). The item pool was developed
using existing literature and expert review, and the survey was
then administered to participants as part of a larger study on
telehealth equity. Participantsin the larger study were randomly
split into development and confirmatory samples to identify a
reduced version of the survey. We assessed the scale’s validity
in avariety of ways, including examining its associations with
digital access; prior digital health care use; and demographics,
including education, income, language, race, and ethnicity.

Methods

Data Collection and Sample

Thisresearch was conducted as part of alarger study that sought
to examine telehealth use among caregivers of young children
from diverse populations. Participants were recruited from the
Vanderbilt Pediatric Primary Care Clinic at Vanderbilt
University Medical Center (VUMC) in Nashville, Tennessee.
This clinic predominantly cares for underserved populations
with higher medical and social needs. Eligible participantswere
aged >18 years, spoke a primary language of English, Spanish,
or Arabic; and were a parent or guardian of a child aged <13
years who received care at the clinic between March 1, 2020,
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and September 30, 2020. We used the el ectronic medical record
to query for caregiversof children who met theinclusion criteria
and received permission from their providers to recruit them
through telephone calls.

Interested and eligible caregivers completed informed consent
and a baseline survey. All data were collected using REDCap
(Research Electronic Data Capture; Vanderbilt University), a
secure web-based application designed exclusively to support
data capture for research studies. Surveys were administered
either on the web or over the telephone and in the participant’s
primary language (English, Spanish, or Arabic). Because of
technical specificationsin REDCap at the time of thisstudy (ie,
content was formatted to only read from | eft to right), all Arabic
speakers (except for asingle participant) completed the survey
over thetelephone. All key study personnel (KSP) weretrained
and certified before data collection and survey administration.
K SPwho collected survey datain anon-English language were
either native speakers or fluent in the language concerned.

K SP started making telephone callsto caregivers on December
14, 2020. Roalling recruitment occurred for approximately 6
months until 500 eligiblefamilies of pediatric patients completed
the survey. The final participant completed the survey on June
6, 2021. Participantswere compensated withaUS $15 Wal mart
gift card for completing the survey.

Table 1. Finalized item pool for administration and factor anaysis.

Nelson et al

Ethics Approval

The Vanderbilt University institutional review board approved
all study procedures (approval humber: 201990).

Item Pool Development

Relevant literature and gaps in the literature were reviewed by
2 research team members (ECS and FP) to develop an initial
potential item pool, covering arange of digital literacy domains
and related digital skills and abilities. Input from experts from
within and outside VUM C was then used to narrow down and
finalize the set of items that was ultimately administered.
Experts could aso suggest modifications to existing items or
propose new items to represent any aspects of digital literacy
that may have been missing. Experts within VUMC included
clinicians from the Vanderbilt Pediatric Primary Care Clinic
and directorsfrom Patient Care Operations, I nterpreter Services,
the Telemedicine Department, and the Department of
Biomedical Informatics. We also dlicited input from the manager
of Nashville Public Library’s Digital Inclusion Initiatives
Program. The initial item pool consisted of 81 items; after
synthesizing feedback, the refined item pool for administration
consisted of 6 items that were focused on confidence in the
ability to usetechnological programsor services and the ability
to independently troubleshoot technical issues (Table 1).

Item number Refined item pool

1 | can install applications/programs (like Zoom) on my cell phone, computer, or another electronic device on my own (without
asking for help from someone else).2

2 | can use applications/programs (like Zoom) on my cell phone, computer, or another electronic device on my own (without asking
for help from someone else).2

3 | can set up avideo chat using my cell phone, computer, or another electronic device on my own (without asking for help from
someone else).?

4 | can solve or figure out how to solve basic technical issues on my own (without asking for help from someone else).2

S If you encounter atechnical issue while using your cell phone, computer, or another electronic device, what do you do fi rst?

6 How often do you need someone (like your child/children) to help you with using your digital devices?®

8Response options range from O (strongly disagree) to 4 (strongly agree).

bR%ponse optionsinclude 0 (ask someone for help) and 1 (try and solve the technical issue on my own—without help from someone else).
®Response optionsinclude 0 (always), 1 (almost always), 2 (about half the time), 3 (not very often), and 4 (never).

Trandation Process

The items were trandlated into Spanish by a native Spanish
speaker from the VUMC Division of Academic Genera
Pediatrics. Theitemswere trandated into Arabic by aformally
trained medical translator and native Arabic speaker from the
VUMC Interpreter Services Department. Both trandlators are
fluent in, and understand, both English and their native language
(Spanish or Arabic). Other than their role as trandators, the
Spanish and Arabic trandators had no other involvement in the
study. Both the Spanish and Arabic translations were checked
by KSP from the research team to ensure that the translations
were accurate. KSP who were involved in this process were
either native speakers of, or fluent in, the language concerned.

https://formative.jmir.org/2022/4/e36043

The original documents (in English), translated documents (in
Spanish and Arabic), and translator declaration forms (for the
Spanish and Arabic trand ators) were submitted to, and approved
by, the Vanderbilt University institutional review board before
participant recruitment and data collection.

M easures

The survey included (1) the 6 digital health care literacy items
(Table 1), (2) demographic questions, (3) questionsabout digital
access, and (4) questions about digital health care use.

To scorethedigital health careliteracy items(Table 1), we used
a sum score of all the items such that higher scores indicated
higher digital health care literacy. For item 5, we recoded the
response values—0=1 and 1=3—to better aign with the
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response val ues of the other itemswithin the scale. The possible
sum score for the 6 items ranged from O to 23.

Demographic data included age, gender, race, ethnicity,
language, education, and income. Regarding digital access,
participants were asked whether they owned a smartphone, a
laptop computer, and/or a desktop computer. Participants were
also asked about the stability of their network connection to use
Internet at home and a cell phone data plan. Response options
ranged from 1 (no internet or cell phone data plan) to 4 (very
good). Finally, several questions assessed participants prior
experience using digital health care. Specifically, among
participants who said that they owned a smartphone, we asked
whether they had ever accessed a health app. We also asked
participants whether they were currently signed up for the patient
portal at VUMC. The portal is a secure, web-based tool that
provides patients with 24-hour access to persona health
information, visit summaries, test results, and secure messaging.
Finally, we asked participants whether they had used video
telehealth to get carefor their child in the past year. Those who
had used telehealth in the past year were asked how easy it was
to schedule the visit, and those who had not used telehealth in
the past year were asked how difficult they thought it would be
to schedule avisit. For both theseitems, response optionsranged
from 1 (very difficult) to 5 (very easy).

Analyses

Data cleaning included evaluation of missing data, checking
implausible values, and evaluating variable distributions. To
evaluate the proposed scale, the participants were first divided
into development and confirmatory samples so that exploratory
factor analysis (EFA) and confirmatory factor analysis (CFA)
could be conducted with separate samples of participants. To
ensure a balanced number of surveys in each language,
participants were randomized into the development and
confirmatory samples stratified by language. Demographic
characteristics were reported for the overall sample as well as
divided by sample. Chi-sguare tests of independence and
independent samples 2-tailed t tests were computed to check
for balance in demographic characteristics by sample. SPSS
software (version 28.0; IBM Corp) was used for data cleaning,
EFA, and validation analysis. The lavaan packagein R (version
3.6.2; The R Foundation for Statistical Computing) was used
for CFA analysis [24], and a was set at .05 for statistical
significance.

EFA of Development Sample

EFA was performed on the devel opment sample using principal
axis factoring, and varimax rotation was allowed in the case of
asolution with more than one factor. EFA was used to evaluate
the factor structure of the 6 items proposed for inclusion in the
scale as well asto reduce the 6 items to a smaller set of items
that could potentially be used to measure digital health care
literacy more parsimoniously. Eigenvalues >1, factor loadings
>0.4, Cronbach a>.75, and variance explained >0.40 were used
as the criteria to evaluate the items retained in the full factors
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and to attempt to create areduced factor [25-27]. Once the full
and reduced factors were finalized, CFA was performed on the
confirmatory sample using the items suggested by the EFA.

CFA of Confirmatory Sample

The CFA was conducted using robust maximum likelihood
estimation to test the goodness of fit between the theorized
factor structure suggested by the EFA and the confirmatory
sample data set. Therobust estimation was used because of the
Likert-type ordinal responses of the items and does not assume
multivariate normality of theitems. A constraint value of 1 was
placed on 1 item in the factor as is common in modeling
analyses with a defined scale. Goodness of fit for the CFA was
assessed evaluating the absolute fit, incremental fit, and
parsimonious fit of the full and reduced factors [28]. The
absolute fit criteria to conclude good fit between the proposed
factor structure and the dataincluded nonsignificant chi-square
values, root mean square error of approximation, and
standardized root mean squareresidual <0.08[29]. Incremental
fit criteriaincluded the comparative fit index and nonnormed
fit index >0.95. Parsimonious fit was indicated by adjusted
chi-square (c2/df)<3.0 [30]. To assess the reliability of the full
and reduced factors, Cronbach a was computed for the EFA
and CFA. Composite reliabilities, calculated according to the
weighted Q formulafrom McDonald [31], were a so calcul ated
for the CFA because of concerns that Cronbach a may be
inappropriate for usein structural equation modeling [32]. The
variance explained was also reported for the EFA, and the
average variance explained (AVE) values were calculated for
the CFA with the recommended critical value >0.50 indicating
that the factors explained enough of the variance in the construct
[33].

Validation

We assessed the scale’s validity by examining its associations
with participants demographics (ie, gender, race, ethnicity,
language, education, and income), digital access, and prior
digital health care use. We used the Spearman p for continuous
variables and the Kruskal-Wallis test for categorical variables.

Results

Sample Characteristics

Participants were, on average, aged 34.7 (SD 7.7) years. Of the
508 participants, 454 (89.4%) were women; 173 (34.1%) were
Hispanic, 129 (25.4%) Black, 95 (18.7%) White, and 78 (15.4%)
Middle Eastern; 280 (55.1%) preferred English astheir primary
language, 157 (30.9%) preferred Spanish, and 71 (14%)
preferred Arabic; 228 (45%) had an educational attainment of
high school degree or less; 230 (45.4%) had an annual household
income of <US $35,000; and 351 (69.1%) had children with
Medicaid insurance (Table 2). Chi-square and independent
samples 2-tailed t tests revealed no significant differences
between the development and confirmatory samples for any
demographic characteristics.

JMIR Form Res 2022 | vol. 6 | iss. 4 | €36043 | p. 4
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH Nelson et &

Table 2. Demographic characteristics of the sample overall and by development and confirmatory samples (N=508).

Characteristic Overall Development sample (n=254)  Confirmatory sample (n=254)
Participant age (years), mean (SD) 34.7 (7.7) 34.3(7.9) 35.0(7.6)
Gender, femalen (%) 454 (89.4) 223 (87.8) 231 (90.9)

Race and ethnicity,b n (%)

White 95 (18.7) 46 (18.1) 49 (19.3)
Black 129 (25.4) 64 (25.2) 65 (25.6)
Hispanic 173 (34.1) 88 (34.6) 85 (33.5)
Asian 13(2.6) 5(2) 8(3.1)
Middle Eastern 78 (15.4) 39 (15.4) 39 (15.4)
Multiple 13(2.6) 7(2.8) 6(2.4)
Prefer not to answer 7(1.4) 5(2) 2(0.8)
Preferred language, n (%)

English 280 (55.1) 139 (54.7) 141 (55.5)
Spanish 157 (30.9) 79 (31.1) 78(30.7)
Arabic 71 (14) 36 (14.2) 35(13.8)

Education level, n (%)

Less than a high school graduate or GED® 97 (19.0) 51(20.2) 46 (18.1)
High school graduate or GED 131 (25.8) 67 (26.4) 64 (25.2)
Some college or technical or vocational school 125 (24.6) 62 (24.4) 63 (24.8)
College degree (associate's or bachelor’s) 105 (20.7) 47 (18.5) 58 (22.8)
Postgraduate or professiona degree 49 (9.6) 26 (10.2) 23(9.1)
Missing 1(0.2) 1(0.4) 0(0)
Annual household income (US $), n (%)

<10,000 56 (11) 33(13) 23(9.1)
10,000-19,999 45 (8.9) 26 (10.2) 19 (7.5)
20,000-34,999 129 (25.4) 63(24.8) 66 (26)
35,000-49,999 75 (14.8) 36 (14.2) 39 (15.4)
>50,000 93(18.3) 43(16.9) 50 (19.7)
Don't know or not sure 110 (21.7) 53(20.9) 57 (22.4)

Child’sor children’sinsurance, n (%)

None 7(L.4) 3(L2) 4(16)
Medicaid 351 (69.1) 184 (72.4) 167 (65.7)
Private insurance 75 (14.8) 33(13) 42 (16.5)
Other type of insurance 74 (14.6) 34 (13.4) 40 (15.7)
Missing 1(0.2) 0(0) 1(0.4)

Digital Health Care Literacy Scale reduced score, mean (SD) 8.6(3.1) 8.7 (3.0) 8.5(3.3)

8Gender was assessed with the following response options: male, female, and other. No participant identified as other.

bSeparate databases were used for English-, Spanish-, and Arabic-speaking participants, and the data were combined for analysis. Race and ethnicity
were collected with a single item; the response options included White, Black, Asian, Middle Eastern, Hispanic, Native American, Native Hawaiian,
other race or ethnicity, and prefer not to answer. In the English and Arabic database, participants could select all options that applied. Participants were
coded as multipleif they selected more than one race and/or ethnicity, except for Middle Eastern+White, which was coded as Middle Eastern. Because
of incorrect configuration, the race and ethnicity item was not enabled as a check-all item in the Spanish-speaking database (ie, these participants could
only check 1 race or ethnicity). Of the 151 participants who completed the Spanish survey, 144 (95.4%) selected Hispanic, 6 (4%) selected White, and
1 (0.6%) selected Black.

CGED: General Educational Development.
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EFA of Development Sample

To evaluate the full digital health care literacy score, all 6items
were initially entered into the EFA, and 1 factor was extracted
with an eigenvalue >1 and factor loadings between 0.45 and
0.96. Cronbach o was excellent a .89, and the variance
explained was high at 62% (Table 3). Next, a reduced factor
was created by eliminating items from the full factor one at a

Nelson et al

time and evaluating the resulting factor loadings and variance
explained. Items were eliminated based on correlations with
other items >0.90 with conceptual overlap (1 item; | caninstall
applications/programs... overlapped with | can use
applications/programs...) and the lowest factor loadings (2
items). On the basis of these criteria, 3 items were retained in
thereduced scale (Table 3), with aresulting excellent reliability
(Cronbach a=.90) and a high variance explained (78%).

Table 3. Summary of factor loadings and fit statistics for the full and reduced models.

Full Reduced
EFA® CFAP  EFA  CRA
| can use applications/programs (such as Zoom) on my cell phone, computer, or another electronic deviceon 096  0.95 0.96 0.94
my own (without asking for help from someone else)
| can set up avideo chat using my cell phone, computer, or another electronic device on my own (without 0.89 0.81 0.89 0.82
asking for help from someone else)
Llcar)l solve or figure out how to solve basic technical issues on my own (without asking for help from someone 0.81 0.84 0.80 0.85
se
| can install applications/programs (such as Zoom) on my cellphone, computer, or another electronic device 093  0.93 N/AC N/A
on my own (without asking for help from someone else)
If you encounter atechnical issue while using your cell phone, computer, or another electronic device, what  0.52 0.42 N/A N/A
do you do first?
How often do you need someone (like your child/children) to help you with using your digital devices? 045 038 N/A N/A
Absolutefit
Chi-square N/A 15.99 N/A <0.01
RMSEAY N/A 0.07 N/A <0.01
SRMR® N/A 041  NA <001
Incremental fit
crlf NA 099  NA >0.99
NNFI9 N/A 0.98 N/A >0.99
Parsimonious fit, adjusted chi-square N/A 178 N/A 0.00
Reliability
Cronbach a .89 .88 91 .90
Composite reliability (coefficient Q) N/A 0.88 N/A 0.90
Variance explained (EFA); average variance explained (CFA) 0.62 0.62 0.78 0.75

3EFA: exploratory factor analysis.

BCFA: confi rmatory factor analysis.

°N/A: not applicable.

9RMSEA: root mean square error of approximation.
®SRMR: standardized root mean square residual.
fcr: comparative fit index.

INNFI: nonnormed fit index.

CFA of Confirmatory Sample

Both the full and reduced factors were evaluated with CFA
(Table 3). The factor loadings for the full factor ranged from
0.38 to 0.95, with model statistics of x%=16.0; P=.07. All the

fit statistics exceeded the criteria for good fit between the
proposed factor structure and the data. The reliability was
excellent, with coefficient Q=0.88, and the AVE was high at
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0.62. The reduced scale also had excellent CFA fit, with factor
loadings between 0.82 and 0.94. The chi-sguare value was 0,
meaning the model was saturated (equal number of parameters
and df). This also means that the factor was perfectly
parsimonious (adjusted chi-square value of 0). All the fit
statistics well exceeded the criteria for good fit between the
proposed factor structure and the data. The reliability was
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excellent, with coefficient Q=0.90, and the AVE was high at  Figure 1 shows the final version of the scale with response

0.75.
DHL S Validation

Overview

options and scoring instructions. The associations between the
DHLS and measured categorical variables are shown in box
plots in Figure 2. Associations with continuous variables are
described only in the text.

Because of the excdllent fit of the reduced factor, we focus on
thisversion of the scaleand itsvalidity in the following sections.

Figure 1. Digital Health Care Literacy Scale (DHLS).

https:/formative.jmir.org/2022/4/€36043
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D H L Digital Health Care
Literacy Scale

| can use applications/programs (like Zoom)
on my cell phone, computer, or another
electronic device on my own (without asking
for help from someone else).

| can set up a video chat using my cell phone,
computer, or another electronic device on
my own (without asking for help from
someone else).

| can solve or figure out how to solve basic
technical issues on my own (without asking
for help from someone else).

Response options:
Strongly disagree=0 points
Disagree=1 point
Neutral=2 points
Agree=3 points

Strongly agree=4 points

Sum score of individual items to create total score. Possible
scores range from 0 to 12, with higher scares indicating higher
digital health care literacy.
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Figure 2. Associations between scores on the Digital Health Care Literacy Scale and participants' demographic variables, digital access, and digital
health care use. For al variables with the same superscripted designator, the difference between the mediansis not statistically different. If 2 variables
have different superscripted designators, they are significantly different from each other.

Demographics Median (IQR) H statistic P value Effect size
Language 117.12 <001  0.18
English - ¢ = 11.0 (9.0-12.00*
Spanish 1 — . 7.0(6.0-9.0)"
Arabic 1 = 6.0 (3.0-9.0)°
Race and ethnicity 1 93.17 <001 0.15
White 1 r . 11.0 (8.0-12.0)?
Black 4 s 9.0 (9.0-12.00°
Hispanic 1 ' - 8.0(6.0-10.0)°
Middle Eastern I 7.5(3.0-9.0°
Asian 1 ] 11.0 (10.0-12.0)
Multiple{ —— === 12.0 (7.5-12.0)°
Digital access
Owns smartphone 6.17 01 0.11
Yes 1 ' IS 90 (7.0-12.0)
Noj— I —— 3.0 (7.0-9.0)
Owns laptop computer1 46.43 <.001 0.30
Yes k BN 90 (85-12.0)
No 1 ’ —— ' 8.0(6.0-9.0)
Owns desktop computer 1.51 22 0.08
Yes — °.0(8.0-12.0)
No N 9.0 (7.0-11.0)
Digital health care use
Has used a health app 86.86 <.001 0.42
Yes 1 ' mmmmm  11.0(9.0-12.0)
No 4 — 7.5 (5.0-9.0)
Is currently signed up for patient portal 1
Yes 1 ' I 9.0 (8.8-12.0) 16.28 <.001 0.18
No 1 ' [ ————— « 9.0(6.0-11.0)
Has used video telehealth
Yes ' BN 9.0 (8.0-12.0) 4983 <.001 0.32
No 4 — IS 8.0 (5.0-9.0)
T T 1
0 5 10 15

Reduced score

Demographics

The DHL S score was negatively associated with age (p=—0.164;
P<.001), and positively associated with both education
(p=0.139; P=.005) and income (p=0.379; P<.001). There was
not a significant association with gender, H;=1.267; P=.26. The
overall model for language was significant, H,=117.115;
P<.001. Arabic speakers had lower scores than English and
Spanish speakers, and Spanish speakers had lower scores than
English speskers (Figure 2). The model for race was also
significant, Hs=93.167; P<001. Middle Eastern participants had
lower scores than all other racial groups, and Hispanic
participants had lower scores than all groups, except Middle
Eastern (Figure 2).

Digital Access

Among the 508 participantsin the study, 25 (4.9%) did not own
asmartphone, 191 (37.6%) did not own alaptop computer, and
401 (78.9%) did not own a desktop computer; in addition, 30
(5.9%) did not have internet access at home and 43 (8.5%) said
that their internet connection was not good. We found significant
associations between most of our digital access items and the
DHL S score such that participantswho did not have digital tool
access had lower scores than those who did. Specifically,
participantswho did not own asmartphone or alaptop computer
had lower digital literacy scores (Figure 2). However, there was
not an association between desktop computer ownership and
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scores (Figure 2). Having a more stable network connection to
use the internet at home (p=0.343; P<.001) and to use a cell
phone data plan (p=0.312; P<.001) were both associated with
higher scores.

Digital Health Care Use

Nearly half of the participants (211/508, 41.5%) had never
accessed a health app, and 35.8% (182/508) were not signed up
for the patient portal. Most (341/508, 67.1%) had not used video
telehealth to obtain carefor their children. Participantswho had
never used a health app had lower digital health care literacy
scores than those who had (Figure 2). In addition, participants
who were not signed up for the patient portal had lower scores
than those who were signed up. Participants who had not used
video telehealth to obtain care for their children had lower
literacy scores than those who had (Figure 2). Among those
who had, there was a positive association between the ease of
scheduling the visit and their DHL S score (p=0.279; P=.001).
Among those who had not used video telehealth, perceived
difficulty of scheduling avisit was associated with lower scores
(p=0.459; P<.001).

Discussion

Principal Findings
Given the increased reliance on digital technologies during the
COVID-19 pandemic, it is critical that we understand which
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patients are and are not equipped for this shift in health care
delivery. Without gauging patients confidence in skills for
using telehealth and similar health care technologies, we risk
exacerbating health disparities [14,17]. We developed the
DHLS, ascale designed to measure anindividual’sdigital health
care literacy, and validated it among a diverse sample of
caregivers of young children. Overall, the scale had strong
psychometric properties, and the reduced version of the scale
performed just as well as the full version, supporting its
continued and more efficient use. Participantswith lower digital
health care literacy had less experience with digital health care
and werelesslikely to own digital tools. In addition, those with
less education, with lower income, and people of color had
lower digital health care literacy.

To our knowledge, this is one of the first tools intended to
measure confidence with the skills necessary for using digital
health care services, including telehealth. The Digital Health
Literacy Instrument isanother scale designed to measure digital
health literacy; however, the items are complex and highly
specific (eg, When typing a message [ e.g., to your doctor, on a
forum, or on social media such as Facebook or Twitter] how
easy or difficult isit for you to clearly formulate your question
or health-related worry); furthermore, the scale is long (21
items), which could lead to attrition among users with less
education or literacy. The DHLS is a brief, 3-item assessment
developed among a racially and socioeconomically diverse
sample, and it measures the basic skills necessary for using
digital health services. Of note, we focused our application of
the scale in this paper on telehealth; however, it may have
application to other types of digital tools. Thisis supported by
our study, which validated the scale against the use of similar
technologies (eg, whether patients had used a health app and
whether they were signed up for a patient portal). Although the
reduced 3-item scaleis easier to administer, we encourage other
researchers to use either the reduced or full scale (the latter
includes additional items about digital skills, more broadly,
beyond video chat) to explore other applications.

Overall, we found similar associations between participants
characteristics and DHL S scores as other studies reporting on
similar digital literacy tools. For example, having less education
and lower income has previously been associated with lower
eHealth Literacy Scale scores [34]. Although lower telehealth
literacy was associated with older age, aligning with other
studies examining digital literacy [35,36], the effect was very
small. Thisislikely due to the limited variation in age among
our sample: all participants were caregivers of children aged
<13 years, with the average caregiver age being only 34.7 (SD
7.7) years. In our study, we found that Hispanic and Middle
Eastern participants had lower digital health care literacy than
White and Black participants, and Middle Eastern participants
had significantly lower scores than Hispanic participants. A
similar pattern emerged when looking at language such that
Arabic speakers had the lowest digital health care literacy,
followed by Spanish speakers, and then English speakers. The
findings highlight the importance of examining differencesin
race and language by unique groups rather than collapsing
groups into non-White or non-English.
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Our scale could be applied as a brief assessment in clinical
settings when assessing individuals’ ability to use telehealth. If
a participant identifies as more digitally fluent, they may be a
strong candidate for telehealth and can receive subsequent
instructions for setting up a visit. However, if they identify as
being less digitally fluent, resources can be provided to help
that individual be better equipped for a visit. Severd
organizations are exploring solutions to help those with lower
technology literacy prepare for telehealth appointments. For
example, at VUMC, amedica student—ed volunteer initiative
was started to help patients set up and test devices for their
telehealth appointments [37]. Students used a standardized
telephone script to guide patients with downloading the proper
software and understanding what to expect for the visit [37].
Another approach in Harris County, Texas, included a
nonphysician staff member reaching out to ensure that patients
had the proper technology and had resolved issues before the
appointment [38]. Primary care practices at University of
Cdlifornia San Francisco started an outreach program to all
patients aged >65 years with scheduled visits to walk them
through setting up and using the video platform app [39].
Although such initiatives have had success with preparing
patients for telehealth, they are extremely time and resource
intensive; a screening tool such asthe DHL S could help identify
only thosewho are most in need of assistance, thereby increasing
efficiency and effectiveness. Another approach could be to
simply ask patients whether they need extra help setting up a
telehealth visit; however, this may have the opposite effect and
lead to missing patients who do require help. That is, it is
possiblethat someindividuals may not know they need the help,
especidly if they have never had a telehedlth visit. By using
items that target the basic skills necessary to use digital tools,
the scale could help to accurately identify patients who are
unaware that they need assistance. Moreover, some patients
may feel uncomfortable communicating that they need help.
We hope that this tool provides a respectful approach for
identifying those patients who require assistance.

With respect to research, the DHLS could be used as away to
help describe the digital literacy of the sample and determine
whether there was representation from low digital literacy
communities. It could also be useful to assess whether the use
ratesor efficacy of adigital technology or program wererelated
to digital literacy. In general, we hope that the scale isincluded
in other studies, whether for descriptive purposes, asapredictor,
or asacovariate, to broaden our understanding of its applications
and how it functions.

This study includes several limitations. First, these data were
collected cross-sectionally; therefore, we cannot draw
conclusionsregarding causality. It is possiblethat having lower
digital health care literacy leads to a lower likelihood of
accessing digital health care services or vice versa. Similarly,
as part of a cross-sectional study, we are limited in our ability
to propose a cutoff scorefor determining who requires additional
assistance with digital health care; however, certain study
designs can effectively answer this question. For example, a
future study might administer the DHLS and then attempt to
conduct a telehealth visit with al participants. By examining
the difference in scores between those who were and were not
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successful with compl eting the visit, we could determine a cutoff
score that helps identify the likelihood of being able to
successfully carry out atelehealth visitin typical circumstances.
In this study, one of our goals was to explore associations
between the scale and avariety of barriersto telehealth, of which
scheduling avisit was one; however, scheduling avisitislikely
reflecting both clinic-level and patient-level characteristicsand
therefore we recommend interpreting this association with some
degree of caution. All participants were caregivers of children
and recruited from a clinic in Middle Tennessee, which limits
generalizability to other populations and other regions; however,
weenrolled aracialy, ethnically, and socioeconomically diverse
sample of participants. We developed the items such that they
can theoretically be used widely with different types of
individuals, and we encourage researchers to use and validate
the scale in other populations. Although the DHLS was
negatively correlated with age, the sample was, on average, of
younger age (mean age 34.7, SD 7.7 years), and it will be
especially important to see how the scale functions with older
populations who tend to experience more barriers to digital
health [40-42]. In addition, although we included participants
who spoke English, Spanish, and Arabic, there were likely
confounding differences among the groups, and we did not use
a sample-matching approach to ensure comparability of
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participant characteristics among languages. To consider the
scale validated for all languages, a future study would need to
include large numbers of individuals who spoke each language
with sufficient heterogeneity and representation of participant
characteristics. Relatedly, because our scale items were
originally written and derived by English speakers, itispossible
that the lower mean scores observed within the Spanish and
Arabic groups could have been at least partially caused by
intrinsic bias. Full validation within each language would help
to confirm whether intrinsic bias was present. Finally, patients
were not included in the devel opment of the scale; it ispossible
that the inclusion of patient input could have strengthened it.

Conclusions

Widespread adoption of telehealth by clinicians and patients
alike has the potential to revolutionize health care delivery,
improving both quality of life and clinical outcomes. However,
as part of this quest, we must consider those patients who may
not have the digital access or skillsto use telehealth—in many
cases, these are the same patients who tend to have worse
outcomes. A screening tool such as the DHLS can be a useful
resource to identify patients who require additional assistance
to effectively engage with tel ehealth. Validating the scale among
other patient populations and in other settings will support the
scale’s ultimate utility to reduce health care inequities.

Thiswork was supported by the National I nstitute on Minority Health and Health Disparities (3U54MD010722-05S1 and COEUS
M2003140). LAN was supported by a career development award from the National Heart, Lung, and Blood Institute
(K12HL 137943). The content is solely the responsibility of the authors and does not necessarily represent the official views of
the National I nstitutes of Health. The authors thank the Vanderbilt Pediatric Primary Care Clinic at Vanderbilt University Medical
Center and the participants for their contributions to this research.

Conflictsof Interest
None declared.

References

1. KeesaraS, Jonas A, Schulman K. Covid-19 and health care's digital revolution. N Engl JMed 2020 Jun 04;382(23):e82.
[doi: 10.1056/NEJM p2005835] [Medline: 32240581]

2. BuddJ, Miller BS, Manning EM, Lampos V, Zhuang M, Edelstein M, et a. Digital technologies in the public-health
response to COVID-19. Nat Med 2020 Aug;26(8):1183-1192. [doi: 10.1038/s41591-020-1011-4] [Medline: 32770165]

3. Monaghesh E, Hgjizadeh A. Therole of telehealth during COVID-19 outbreak: a systematic review based on current
evidence. BMC Public Health 2020 Aug 01;20(1):1193 [FREE Full text] [doi: 10.1186/s12889-020-09301-4] [Medline:
32738884]

4.  Expertssay the ‘new normal’ in 2025 will be far more tech-driven, presenting more big challenges. Pew Research Center.
2021. URL: https.//www.pewresearch.org/internet/2021/02/18/
experts-say-the-new-normal-in-2025-will-be-far-more-tech-driven-presenting-more-big-challenges/ [ accessed 2022-04-10]

5. Snoswell CL, Chelberg G, De Guzman KR, Haydon HH, Thomas EE, Caffery LJ, et al. The clinical effectiveness of
telehealth: a systematic review of meta-analyses from 2010 to 2019. J Telemed Telecare 2021 Jun 29:1357633X2110229.
[doi: 10.1177/1357633x211022907]

6. EzeND, Mateus C, Cravo Oliveira Hashiguchi T. Telemedicine in the OECD: an umbrellareview of clinical and
cost-effectiveness, patient experience and implementation. PLoS One 2020;15(8):e0237585 [FREE Full text] [doi:
10.1371/journal .pone.0237585] [Medline: 32790752]

7.  Wade VA, Karnon J, Elshaug AG, Hiller JE. A systematic review of economic analyses of telehealth services using real
time video communication. BMC Health Serv Res 2010 Aug 10;10:233 [FREE Full text] [doi: 10.1186/1472-6963-10-233]
[Medline: 20696073]

https:/formative.jmir.org/2022/4/€36043 JMIR Form Res 2022 | vol. 6 | iss. 4 | €36043 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1056/NEJMp2005835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32240581&dopt=Abstract
http://dx.doi.org/10.1038/s41591-020-1011-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32770165&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09301-4
http://dx.doi.org/10.1186/s12889-020-09301-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32738884&dopt=Abstract
https://www.pewresearch.org/internet/2021/02/18/experts-say-the-new-normal-in-2025-will-be-far-more-tech-driven-presenting-more-big-challenges/
https://www.pewresearch.org/internet/2021/02/18/experts-say-the-new-normal-in-2025-will-be-far-more-tech-driven-presenting-more-big-challenges/
http://dx.doi.org/10.1177/1357633x211022907
https://dx.plos.org/10.1371/journal.pone.0237585
http://dx.doi.org/10.1371/journal.pone.0237585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32790752&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-10-233
http://dx.doi.org/10.1186/1472-6963-10-233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20696073&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Nelson et &

8.  AtskeS, Perrin A. Home broadband adoption, computer ownership vary by race, ethnicity inthe U. S. Pew Research Center.
URL: https.//www.pewresearch.org/fact-tank/2021/07/16/
home-broadband-adopti on-computer-ownership-vary-by-race-ethnicity-in-the-u-g/ [accessed 2022-04-10]

9.  VogelsE. Digital divide persists even as |ower-income Americans make gains in tech adoption. Pew Research Center.
URL: https://www.pewresearch.org/fact-tank/2021/06/22/
digital-divide-persists-even-as-americans-with-l ower-incomes-make-gains-in-tech-adoption/ [accessed 2022-04-10]

10. Eberly LA, Kalan MJ, Julien HM, Haynes N, Khatana SA, Nathan AS, et al. Patient characteristics associated with
telemedicine access for primary and specialty ambulatory care during the COVID-19 pandemic. JAMA Netw Open 2020
Dec 01;3(12):€2031640 [FREE Full text] [doi: 10.1001/jamanetworkopen.2020.31640] [Medline: 33372974]

11. HsiaoV, Chandereng T, Lankton RL, Huebner JA, Baltus JJ, Flood GE, et a. Disparities in telemedicine access: a
cross-sectional study of a newly established infrastructure during the COVID-19 pandemic. Appl Clin Inform 2021
May;12(3):445-458. [doi: 10.1055/s-0041-1730026] [Medline: 34107542]

12.  ChenEM, Andoh JE, Nwanyanwu K. Socioeconomic and demographic disparitiesin the use of telemedicinefor ophthalmic
care during the COVID-19 pandemic. Ophthalmology 2022 Jan;129(1):15-25 [FREE Full text] [doi:
10.1016/j.0phtha.2021.07.003] [Medline: 34245753]

13. RiveraV, Aldridge MD, Ornstein K, Moody KA, Chun A. RESEARCHRacia and socioeconomic disparitiesin accessto
telehealth. JAm Geriatr Soc 2021 Jan 24;69(1):44-45 [FREE Full text] [doi: 10.1111/jgs.16904] [Medline: 33075143]

14. Ramsetty A, Adams C. Impact of the digital divide in the age of COVID-19. JAm Med Inform Assoc 2020 Jul
01;27(7):1147-1148 [FREE Full text] [doi: 10.1093/jamia/ocaal78] [Medline: 32343813]

15. Veinot TC, Mitchell H, Ancker JS. Good intentions are not enough: how informatics interventions can worsen inequality.
JAmM Med Inform Assoc 2018 Aug 01;25(8):1080-1088 [ FREE Full text] [doi: 10.1093/jamia/ocy052] [Medline: 29788380]

16. How statesare expanding broadband access. Pew Trust. URL: https://www.pewtrusts.org/en/research-and-analysis/reports/
2020/02/how-states-are-expanding-broadband-access [accessed 2022-04-10]

17. Gray DM, Joseph JJ, Olayiwola JN. Strategies for digital care of vulnerable patientsin a COVID-19 world—keeping in
touch. JAMA Health Forum 2020 Jun 12;1(6):€200734. [doi: 10.1001/jamaheal thforum.2020.0734]

18. Vollbrecht H, AroraV, Otero S, Carey K, Meltzer D, Press VG. Evaluating the need to address digital literacy among
hospitalized patients: cross-sectional observational study. JMed Internet Res 2020 Jun 04;22(6):€17519 [FREE Full text]
[doi: 10.2196/17519] [Medline: 32496196]

19. vander Vaart R, Drossaert C. Development of the digital health literacy instrument: measuring a broad spectrum of health
1.0 and health 2.0 skills. JMed Internet Res 2017 Jan 24;19(1):€27 [EREE Full text] [doi: 10.2196/jmir.6709] [Medline:
28119275]

20. Norman CD, Skinner HA. eHEALS: the eHealth literacy scale. JMed Internet Res 2006 Nov 14;8(4):e27 [FREE Full text]
[doi: 10.2196/jmir.8.4.€27] [Medline: 17213046]

21. KarnoeA, Furstrand D, Christensen KB, Norgaard O, Kayser L. Assessing competencies needed to engage with digital
health services: development of the eHealth literacy assessment toolkit. JMed Internet Res 2018 May 10;20(5):€178 [FREE
Full text] [doi: 10.2196/jmir.8347] [Medline: 29748163]

22.  Sengpiel M, JochemsN. Validation of the Computer Literacy Scale (CLS). In: Human Aspectsof I T for the Aged Population.
Cham: Springer; 2015.

23. Chung S, Nahm E. Testing reliability and validity of the eHealth Literacy Scale (eHEALS) for older adultsrecruited online.
Comput Inform Nurs2015 Apr;33(4):150-156 [FREE Full text] [doi: 10.1097/CIN.0000000000000146] [Medline: 25783223]

24. Rossed Y. lavaan: an R packagefor structural equation modeling. J Stat Softw 2012;48(2):1-36. [doi: 10.18637/jss.v048.102]

25. CortinaJM. What is coefficient alpha? An examination of theory and applications. J Applied Psychol 1993;78(1):98-104.
[doi: 10.1037/0021-9010.78.1.98]

26. Encyclopediaof Survey Research Methods. Thousand Oaks, Californiaz SAGE Publications; 2008.

27. Applied Multivariate Statistics for the Social Sciences. Oxfordshire United Kingdom: Taylor & Francis; 2015.

28. Hul, Bentler PM. Cutoff criteriafor fit indexesin covariance structure analysis: conventional criteriaversus new alternatives.
Structural Equation Modeling Multidisciplinary J 1999 Jan;6(1):1-55. [doi: 10.1080/10705519909540118]

29. Browne MW, Cudeck R. Alternative ways of assessing model fit. Sociol Methods Res 2016 Jun 29;21(2):230-258. [doi:
10.1177/0049124192021002005]

30. Marsh HW, Hocevar D. Application of confirmatory factor analysis to the study of self-concept: first- and higher order
factor models and their invariance across groups. Psychol Bulletin 1985 May;97(3):562-582. [doi:
10.1037/0033-2909.97.3.562]

31. McDonaldR. Test Theory A Unified Treatment. Abingdon-on-Thames, Oxfordshire, England, UK: Taylor & Francis;
1998.

32. Bacon DR, Sauer PL, Young M. Composite reliability in structural equations modeling. Educ Psychol Measure 2016 Jul
02;55(3):394-406. [doi: 10.1177/0013164495055003003]

33. Fornell C, Larcker DF. Evaluating structural equation models with unobservable variables and measurement error. JMarket
Res 2018 Nov 28;18(1):39-50. [doi: 10.1177/002224378101800104]

https:/formative.jmir.org/2022/4/€36043 JMIR Form Res 2022 | vol. 6 | iss. 4 | €36043 | p. 11

(page number not for citation purposes)


https://www.pewresearch.org/fact-tank/2021/07/16/home-broadband-adoption-computer-ownership-vary-by-race-ethnicity-in-the-u-s/
https://www.pewresearch.org/fact-tank/2021/07/16/home-broadband-adoption-computer-ownership-vary-by-race-ethnicity-in-the-u-s/
https://www.pewresearch.org/fact-tank/2021/06/22/digital-divide-persists-even-as-americans-with-lower-incomes-make-gains-in-tech-adoption/
https://www.pewresearch.org/fact-tank/2021/06/22/digital-divide-persists-even-as-americans-with-lower-incomes-make-gains-in-tech-adoption/
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2020.31640
http://dx.doi.org/10.1001/jamanetworkopen.2020.31640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33372974&dopt=Abstract
http://dx.doi.org/10.1055/s-0041-1730026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34107542&dopt=Abstract
http://europepmc.org/abstract/MED/34245753
http://dx.doi.org/10.1016/j.ophtha.2021.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34245753&dopt=Abstract
http://europepmc.org/abstract/MED/33075143
http://dx.doi.org/10.1111/jgs.16904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33075143&dopt=Abstract
http://europepmc.org/abstract/MED/32343813
http://dx.doi.org/10.1093/jamia/ocaa078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32343813&dopt=Abstract
http://europepmc.org/abstract/MED/29788380
http://dx.doi.org/10.1093/jamia/ocy052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29788380&dopt=Abstract
https://www.pewtrusts.org/en/research-and-analysis/reports/2020/02/how-states-are-expanding-broadband-access
https://www.pewtrusts.org/en/research-and-analysis/reports/2020/02/how-states-are-expanding-broadband-access
http://dx.doi.org/10.1001/jamahealthforum.2020.0734
https://www.jmir.org/2020/6/e17519/
http://dx.doi.org/10.2196/17519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32496196&dopt=Abstract
https://www.jmir.org/2017/1/e27/
http://dx.doi.org/10.2196/jmir.6709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28119275&dopt=Abstract
https://www.jmir.org/2006/4/e27/
http://dx.doi.org/10.2196/jmir.8.4.e27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17213046&dopt=Abstract
https://www.jmir.org/2018/5/e178/
https://www.jmir.org/2018/5/e178/
http://dx.doi.org/10.2196/jmir.8347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29748163&dopt=Abstract
http://europepmc.org/abstract/MED/25783223
http://dx.doi.org/10.1097/CIN.0000000000000146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25783223&dopt=Abstract
http://dx.doi.org/10.18637/jss.v048.i02
http://dx.doi.org/10.1037/0021-9010.78.1.98
http://dx.doi.org/10.1080/10705519909540118
http://dx.doi.org/10.1177/0049124192021002005
http://dx.doi.org/10.1037/0033-2909.97.3.562
http://dx.doi.org/10.1177/0013164495055003003
http://dx.doi.org/10.1177/002224378101800104
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Nelson et &

34.

35.

36.

37.

38.

39.

40.

41.

42.

Richtering SS, Hyun K, Neubeck L, Coorey G, Chalmers J, Usherwood T, et al. eHealth literacy: predictorsin apopulation
with moderate-to-high cardiovascular risk. IMIR Hum Factors 2017 Jan 27;4(1):e4 [FREE Full text] [doi:
10.2196/humanfactors.6217] [Medline: 28130203

Schrauben SJ, Appel L, RiveraE, LoraCM, Lash JP, Chen J, CRIC Study Investigators. Mobile health (mHealth) technology:
assessment of availahility, acceptability, and usein CKD. Am JKidney Dis 2021 Jun;77(6):941-50.€l. [doi:
10.1053/j.a]kd.2020.10.013] [Medline: 33309860]

Knitza J, Simon D, Lambrecht A, Raab C, Tascilar K, Hagen M, et al. Mobile health usage, preferences, barriers, and
eHealth literacy in rheumatology: patient survey study. IMIR Mhealth Uhealth 2020 Aug 12;8(8):€19661 [FREE Full text]
[doi: 10.2196/19661] [Medline: 32678796]

Triana AJ, Gusdorf RE, Shah KP, Horst SN. Technology literacy as abarrier to telehealth during COVID-19. Telemed J
E Health 2020 Sep 01;26(9):1118-1119. [doi: 10.1089/tmj.2020.0155] [Medline: 32429770]

Rogg J, Ben MZ, PandyaM, MedinaG, Walker B, SharmaK. How to make telemedicine more equitable. Harvard Business
Review. URL: https://hbr.org/2021/10/how-to-make-tel emedi cine-more-equitabl e [accessed 2022-04-10]

Addressing equity in telemedicinefor chronic disease management during the Covid-19 pandemic. NEJM Catalyst Innovations
in Care Déelivery. URL: https://catalyst.nejm.org/doi/full/10.1056/CAT.20.0123 [accessed 2022-04-10]

Wildenbos GA, Peute L, Jaspers M. Aging barriers influencing mobile health usability for older adults: aliterature based
framework (MOLD-US). Int JMed Inform 2018 Jun;114:66-75. [doi: 10.1016/j.ijmedinf.2018.03.012] [Medline: 29673606]
Hirvonen N, Enwald H, Kénsakoski H, Eriksson-Backa K, Nguyen H, Huhta A, et al. Older adults views on eHealth
services: a systematic review of scientific journa articles. Int JMed Inform 2020 Mar;135:104031. [doi:
10.1016/j.ijmedinf.2019.104031] [Medline: 31918340]

LeeC, Coughlin J. PERSPECTIVE: older adults adoption of technology: an integrated approach to identifying determinants
and barriers. J Prod Innov Manag 2014 Jun 03;32(5):747-759 [FREE Full text] [doi: 10.1111/jpim.12176]

Abbreviations

AVE: average variance explained

CFA: confirmatory factor analysis

DHLS: Digital Health Care Literacy Scale
EFA: exploratory factor analysis

KSP: key study personnel

REDCap: Research Electronic Data Capture
VUMC: Vanderbilt University Medical Center

Edited by A Mavragani; submitted 30.12.21; peer-reviewed by V Press, R Blair, S Miller; comments to author 19.02.22; revised
version received 22.03.22; accepted 26.03.22; published 29.04.22

Please cite as:

Nelson LA, Pennings JS, Sommer EC, Popescu F, Barkin SL

A 3-Item Measure of Digital Health Care Literacy: Development and Validation Sudy
JMIR Form Res 2022; 6(4):€36043

URL: https://formative.jmir.org/2022/4/e36043

doi: 10.2196/36043

PMID:

©Lyndsay A Nelson, Jacquelyn S Pennings, Evan C Sommer, Filoteia Popescu, Shari L Barkin. Originally published in IMIR
Formative Research (https://formative.jmir.org), 29.04.2022. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in IMIR Formative Research, is properly cited. The
complete bibliographic information, alink to the original publication on https://formative.jmir.org, as well as this copyright and
license information must be included.

https:/formative.jmir.org/2022/4/€36043 JMIR Form Res 2022 | vol. 6 | iss. 4 | €36043 | p. 12

RenderX

(page number not for citation purposes)


https://humanfactors.jmir.org/2017/1/e4/
http://dx.doi.org/10.2196/humanfactors.6217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28130203&dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2020.10.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33309860&dopt=Abstract
https://mhealth.jmir.org/2020/8/e19661/
http://dx.doi.org/10.2196/19661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32678796&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2020.0155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32429770&dopt=Abstract
https://hbr.org/2021/10/how-to-make-telemedicine-more-equitable
https://catalyst.nejm.org/doi/full/10.1056/CAT.20.0123
http://dx.doi.org/10.1016/j.ijmedinf.2018.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29673606&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2019.104031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31918340&dopt=Abstract
https://doi.org/10.1111/jpim.12176
http://dx.doi.org/10.1111/jpim.12176
https://formative.jmir.org/2022/4/e36043
http://dx.doi.org/10.2196/36043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

