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Abstract
In clinical practice, assessing digital health literacy is important to identify patients who may encounter difficulties adapt-
ing to digital health using digital technology and service. We developed the Digital Health Technology Literacy Assess-
ment Questionnaire (DHTL-AQ) to assess the ability to use digital health technology, services, and data. The DHTL-AQ 
was developed in three phases. In the first phase, the conceptual framework and domains and items were generated from 
a systematic literature review using relevant theory and surveys. In the second phase, a cross-sectional survey with 590 
adults age ≥ 18 years was conducted at an academic hospital in Seoul, Korea in January and February 2020 to test face 
validity of the items. Then, psychometric validation was conducted to determine the final items and cut-off scores of the 
DHTL-AQ. The eHealth literacy scale, the Newest Vital Sign, and 10 mobile app task ability assessments were examined 
to test validity. The final DHTL-AQ includes 34 items in two domains (digital functional and digital critical literacy) and 
4 categories (Information and Communications Technology terms, Information and Communications Technology icons, 
use of an app, evaluating reliability and relevance of health information). The DHTL-AQ had excellent internal consistency 
(overall Cronbach’s α = 0.95; 0.87–0.94 for subtotals) and acceptable model fit (CFI = 0.821, TLI = 0.807, SRMR = 0.065, 
RMSEA = 0.090). The DHTL-AQ was highly correlated with task ability assessment (r = 0.7591), and moderately correlated 
with the eHealth literacy scale (r = 0.5265) and the Newest Vital Sign (r = 0.5929). The DHTL-AQ is a reliable and valid 
instrument to measure digital health technology literacy.
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Introduction

Despite the rapidly increasing number of interven-
tions using mobile devices that support the education 
and self-management of patients with chronic disease, 
the utilization of digital health has been relatively low 
[1, 2]. The barriers to using digital health include lack 
of interest and unfamiliarity with technology, inexpe-
rienced user interaction, and lack of skills related to 
digital health use [3, 4]. Non-users exhibited lower 
technology-related health literacy, more concerns about 
data security, and less perceived value of using the app 
compared to users [5]. A pragmatic trial of a mobile 
app for self-management of diabetes reported that only 
18.2% of participants used the app consistently during 
the research period (182 days). In the trial, about half 
of the participants used the app for 10 days or less, and 
patients who were older, lacked individual motivation, 
and had low beliefs about the usefulness of digital health 
were significantly less likely to use mobile devices [3]. 
The success of digital therapeutics, which are the most 
common interventions where mobile devices are used, 
has been reported to rely on age and user ability to man-
age the technology when conducting interventions. This 
situation may lead to potential bias in the healthcare 
services online [6].

Digital health literacy (DHL) refers to the specific 
degree of skills and abilities necessary to use digital 
health technology and services [7, 8]. While the DHL 
requires various skills and abilities, most studies con-
sidered DHL to be the same as eHealth literacy, which 
is “the ability to seek, find, understand, and appraise 
health information from electronic sources and apply the 
knowledge gained to addressing or solving a health prob-
lem” [9–11]. However, the DHL has a broader scope in 
the context of technology, encompassing mobile devices 
and health information technology (IT), telehealth, and 
personalized medicine.1 Assessing DHL is important to 
identify patients who may encounter difficulties adapting 
to and using digital health [5]. A valid measurement of 
these skills and abilities is necessary to examine DHL. 
Most studies employed self-reported evaluations of indi-
viduals’ abilities to use the Internet, such as the eHealth 
literacy scale (eHEALS), or added only a few questions 
about digital technology based on weak theoretical 
foundations [12–14]. Moreover, studies were limited to 
assessing the literacy of certain groups, such as students 

[11]. Thus, we developed the Digital Health Technology 
Literacy Assessment Questionnaire (DHTL-AQ), which 
assesses the ability to use digital health technology, ser-
vices, and data.

Methods

Questionnaire development process

The DHTL-AQ was developed in three phases (Fig. 1). 
In the first phase, the conceptual framework was defined, 
and the items were generated to represent the dimensions. 
To explore the construct and specify the dimensions, 
we conducted a systematic literature review following 
the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) statement [15]. Using 
the health behavior model and unified theory of accept-
ance and use of technology (UTAUT) [16, 17], relevant 
items were identified from existing or newly developed 
eHealth literacy instruments [9, 10, 18–20], and other 
relevant surveys including Health Information National 
Trends (HINTS) from the National Cancer Institute in 
the United States,2 the Wisconsin Health Literacy ques-
tionnaire,3 and a survey on Korean digital literacy.4 After 
integrating the item pool, each item was reevaluated 
by three experts in digital health (JC, ML, and JY) for 
content relevance and representativeness. Five domains 
were finalized: digital functional, digital communicative, 
digital critical, device, and data literacy (Supplementary 
Fig. 1). The three domains were based on three aspects 
of health literacy: functional, communicative, and criti-
cal [21]; furthermore, the two domains represented digital 
health—device and data literacy (Supplementary Table 1). 
While most eHealth literacy scales only asked about use 
of Internet, the DHTL-AQ included various digital tools 
such as computer (e.g., Web browser, Domain/URL, and 
Cloud), table-pc, smartphone (e.g., mobile app; Update, 
Bluetooth, QR code, Play Store, or App Store), wearable 
device and Chabot. A pilot test was conducted with 10 
graduate students majoring in digital health. The items 
were reviewed and modified based on student feedback. 
A total of 115 item candidates were identified.

In the second phase, a survey was conducted at an aca-
demic hospital in Seoul, Korea, in January and February 

1  Administration, U.S.F.D. What is Digital Health? Sep.22.2020; 
Available from: https://​www.​fda.​gov/​medic​al-​devic​es/​digit​al-​health-​
center-​excel​lence/​what-​digit​al-​health.

2  National Cancer Institute, Health Information National Trends Sur-
vey (HINTS) Available from: https://​hints.​cancer.​gov/.
3  You Can Trust Available from: https://​wisco​nsinl​itera​cy.​org/​health-​
liter​acy/​progr​ams/​health-​liter​acy-​progr​ams/​health-​online-​findi​ng-​
infor​mation-​you-​can-​trust.​html
4  ICT, Korean Digital Literacy in 2018 Available from: https://​www.​
nia.​or.​kr/​site/​nia_​kor/​ex/​bbs/​List.​do?​cbIdx=​81623
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2020. The inclusion criteria were age ≥ 18 years, having a 
smartphone, and being able to read and understand Korean. 
People with cognitive problems and psychiatric diseases 
were excluded from the study. For this study, we determined 
the sample size by estimating sample required for an explor-
atory factor analysis (EFA). Regarding EFA, literature5 sug-
gested rules of thumb consisting either of minimum Ns in 
absolute numbers like 100—250 [22, 23], 300 [24] or 500 or 
more [25]. Another category of rules of thumb is ratios. In 
EFA the N:p ratio is used, i.e. of participants (N) to variables 
(p) set traditionally to 5:1 (5 participants per item) [26]. 
Thus, for this study we aimed to recruit 600 participants 
considering 5% missing.

In terms of sampling, we used a convenience sampling. 
We intended to include two-third of the study sample with 
patients with chronic disease considering that the utilization 
of digital health has been relatively low despite the rapidly 
increasing number of interventions using mobile devices 

that support the education and self-management of patients 
with chronic disease. We recruited one-third of the study 
population with people without chronic disease considering 
that digital health technology would be used for prevention. 
Then, we aimed to recruit equal proportion of study popula-
tion by gender and age. In addition, we tried to recruit 30% 
people with lower education considering who would be vul-
nerable for digital health technology.

All the participants provided informed consent at the onset. 
After the survey, trained researchers conducted a face-to-face 
task ability assessment (Supplementary Table 2). The par-
ticipants were asked to perform 10 tasks using the same app 
(a breast cancer information app) developed by the research 
team in 2019.6 The researchers helped the participants only 
when they hesitated or faced difficulties in completing the 
tasks and moved onto the next one. The results of the task 
performance were documented and evaluated by the degree 
of help of the researchers, ranging from 1 to 4 (“do not know” 

Fig. 1   Development process of Digital Health Technology Literacy Assessment Questionnaire (DHTL-AQ)

5  Kyriazos, T.A., Applied Psychometrics: Sample Size and Sample 
Power Considerations in Factor Analysis (EFA, CFA) and SEM in 
General. Psychology, 2018. 9(8). Available from: https://​www.​scirp.​
org/​journ​al/​paper​infor​mation.​aspx?​paper​id=​86856 6  BRAVO App 2019; Available from: http://​bravo​proje​ct.​or.​kr/.
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to “self-implementation”). We reviewed all items with experts 
based on the statistical results. The reduction and adjustment 
of items were determined in terms of face validity.

In the third phase, psychometric procedures were con-
ducted to determine the final items and cut-off scores of 
the DHTL-AQ. The Korean version of eHEALS [18], 
health literacy with the Newest Vital Sign (NVS)7 [27], 
and the Korean adaptation of the General Self-Efficacy 
Scale8 were assessed as standard measurements. In addi-
tion, we assessed the items on health behaviors such as 
drinking, smoking, and exercising, and sociodemographic 
factors including age, sex, educational level, family 
income, and marital status. Furthermore, we asked about 
clinical information, such as comorbidities and type of 
cancer.

Statistical analysis

Descriptive statistics and item analyses were performed 
to assess face validity. Based on the mean score of the 
mobile app task ability assessment (Supplementary 
Table 3), we considered each result of 115 items in terms 
of three groups (high, 39–40; moderate, 35–38; and 
low, < 35).

Exploratory factor analysis (EFA) was applied using 
principal component analysis (PCA) to obtain common 
latent factors and extract the items assuming that there 
is no unique variance, and the total variance is equal to 
common variance. For each factor of categories, an eigen-
value > 1.0 was retained, and orthogonal rotation (Vari-
max) was used. The Kaiser–Meyer–Olkin (KMO) sample 
fit test, and Bartlett’s sphericity test were conducted to 
verify whether each category was suitable for factor anal-
ysis. The KMO > 0.5 and Bartlett p < 0.05 were used to 
evaluate all available data for factor analysis. Cronbach’s 
αcoefficients ≥ 0.7 were considered reliable. Confirmatory 
factor analysis (CFA) was performed based on the factor 
structure and items extracted through the EFA. Structural 
equation modeling (SEM) was conducted using the maxi-
mum likelihood estimation method. Model goodness-of-fit 
using the standardized root mean square residual (SRMR), 

root mean square error of approximation (RMSEA), com-
parative fit index (CFI), and Tucker–Lewis fit index (TLI) 
were assessed. In addition, receiver operating character-
istic (ROC) analysis was conducted to calculate the cut-
off points of the final DHTL-AQ. All data were analyzed 
using STATA 14.

Results

Item reduction

A total of 590 individuals participated in this study. 
Their mean age was 46.5  years (SD, 13.0; range, 

Table 1   Participant characteristics (N = 590)

Characteristic N (%)

Age, mean (SD), range 46.5 (13.0), 20–84
 < 40 143 (24.3)
41–50 152 (25.7)
51–60 161 (27.3)
 > 61 154 (22.6)
Sex
Male 273 (46.3)
Female 317 (53.7)
Marital status
Married 459 (77.8)
Single/divorce/widowed 130 (22.0)
Unknown 1 (0.2)
Education
 ≤ High school 220 (37.3)
 ≥ College 370 (62.7)
Employment status
Employed 337 (57.1)
Unemployed 252 (42.7)
Unknown 1 (0.2)
Monthly household income
 < $2,000 63 (10.7)
$2,000-$3,999 134 (22.7)
$4,000-$5,999 179 (30.3)
 ≥ $6,000 205 (34.8)
Unknown 9 (1.5)
Status of disease
Chronic disease (yes) 377 (63.9)
Number of households
None 33 (5.6)
1 150 (25.4)
 ≥ 2 376 (63.7)
Unknown 31 (5.3)

7  Korean version of NVS: Kim, J. Measuring the Level of Health 
Literacy and Influence Factors: Targeting the Visitors of a Univer-
sity Hospital s Outpatient Clinic. 2011; Available from: https://​www.​
korea​scien​ce.​or.​kr/​artic​le/​JAKO2​01108​16139​5188.​page
8  Korean Adaptation of the General Self-Efficacy Scale. 1994; Avail-
able from: http://​userp​age.​fu-​berlin.​de/​~health/​korean.​htm.
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20–84 years), and 273 (46.3%) were men. Overall, 370 
(62.7%) had a college degree or above, and 337 (57.1%) 
were employed. A total of 377 (63.9%) patients were 
diagnosed with at least one chronic disease, including 
cancer (Table 1).

In terms of face validity, all the items of the digital com-
municative literacy, device literacy, data literacy domains, 
and four out of eight categories of the digital functional lit-
eracy domain were excluded based on the descriptive results 
of the survey—for example, low usage (< 55%)—across 
all the study participants or no statistically significant dif-
ferences between groups, and expert review (Fig. 1). The 
version for psychometric validation consisted of 40 items, 
including “ICT terms,” “ICT icons,” and “use of an app” in 
the digital functional literacy domain, and “evaluating the 
reliability and relevance of health information” and “degree 
of autonomy in the use of digital health”.

Item construction

In the EFA, six out of 40 items were excluded. The initial 
item retention and deletion criteria included (1) retaining 
items with a factor loading > 0.5, and (2) removing cross-
loaded items with a loading > 0.4 on two or more factors. 
After one PCA for each domain, one item, “degree of 
autonomy in the use of digital health,” with 0.4324 and three 
items (transferring photos, deleting an app, and app login) in 
“ability to use an app” that were cross-loaded on two factors 
were excluded.

The KMO ranged from 0.832 to 0.933, and the Bartlett 
p-value was < 0.05. Initially, the EFA indicated a five-factor 
solution with two factors from ICT-related terms, while we 
designed a four-factor solution. Further examination of the 
factor structure was conducted using a five-factor solution, 
and two items were extracted: app menu icon from “ICT 
icons” with low factor loading (-0.4082) and the function of 
app install in “use an app” with cross-loading on two factors 
(0.5736, 0.4998; Table 2).

Subsequently, a four-factor solution was determined for 
the CFA (Supplementary Table 4). After the four-factor 
solution loading, “Bluetooth” was 0.466, and “Play store, 
App store” was cross-loaded with two factors (-0.4298, 
0.5655). However, two items were retained from the descrip-
tion of results and expert review because paring with a 
digital device through a mobile phone and downloading 
the app were necessary for chronic disease management. 
The final DHTL-AQ consists of four categories (34 items; 
Supplementary Fig. 2). Cronbach’s αcoefficients were cal-
culated for the total (0.95) and for each category (ability to 
use an app, 0.94; knowing of app icons, 0.91; ICT-related 
terms, 0.91; and evaluating the reliability and relevance of 
digital health, 0.87). The chi-squared test for overall model 

fit was significant (χ2 = 2938.252, p < 0.000). The fit indi-
ces showed a good fit: SRMR = 0.065, RMSEA = 0.090 
(CI = 0.087–0.094), TLI = 0.807, and CFI = 0.821. (Fig. 2).

The DHTL-AQ was strongly associated with task ability 
assessment (r = 0.7591); “ICT terms” showed an especially 
high correlation (r = 0.7084). The NVS (r = 0.5168) and 
eHEALS (r = 0.4076) were moderately associated with task 
ability assessment (Table 3). The DHTL-AQ was moder-
ately correlated with NVS (0.5929) and eHEALS (0.5265), 
and the correlation between eHEALS and NVS was low 
(r = 0.3298) (Fig. 3).

The ROC analysis revealed that the maximum point at 
which the sum of sensitivity and specificity (a sensitivity 
of 86.4% and a specificity of 86.4%) was determined was 
considered a cutoff score, and the total cutoff value was 22 
out of 34.

Short version

A short version of DHTL-AQ was developed with 20 items 
covering two categories—“ICT terms” and “use an app” 
(Table 2) in the digital functional literacy domain—which 
were selected from the inspection of content validity rat-
ing based on experts’ reviews and factor analysis. Model fit 
indices were acceptable (SRMR = 0.076, RMSEA = 0.131, 
TLI = 0.784, CFI = 0.808), and the total cutoff value was 11 
out of 20.

Discussion

We developed a measurement to assess digital health tech-
nology literacy (DHTL) for use in clinical settings. The 
DHTL-AQ consists of 34 items from four categories, includ-
ing “ICT terms,” “ICT icons,” and “use of an app” in the 
digital functional literacy domain and “evaluating reliability 
and relevance of health information” in the digital critical 
literacy domain. It can be concluded that the overall validity 
of these categories is sufficient, with excellent internal con-
sistency (overall instrument Cronbach’s α = 0.95; 0.87–0.94 
for subtotals) and acceptable model fit. The categories “ICT 
terms” and “ICT icons” covered basic terms and icons to 
enable individuals to understand the mobile device, “use 
of an app” presented more advanced skills to use mobile 
apps effectively, and “evaluating reliability and relevance 
of health information” focused on cognitive skills to criti-
cally analyze the health information and data from digital 
technology and effectively use them to make health-related 
decisions.

During the initial development stage, we conceptualized 
that the DHTL would cover five domains based on litera-
ture reviews. However, we found that the domains of digital 
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Table 2   Initial results of exploratory factor analysis (36 items)

* These items were deleted from the final EFA

Domain Items Factor1 Factor2 Factor3 Factor4 Factor5

Digital Functional Literacy
Use of an app 1.I can record the amount of activity (steps), weight, and meals 

through the app
0.8613 -0.114 0.0842 0.1531 -0.1728

2.I can check the amount of activity (steps), weight, and meals 
recorded through the app

0.8586 -0.125 0.0817 0.1457 -0.165

3.I can use the recorded health information for my health 
through the app

0.8327 -0.133 0.0624 0.2196 -0.1836

4.I can record my health information through the app 0.8212 -0.1368 0.0916 0.2494 -0.1829
5.I can set preferences (sound, security, display, notification etc.) 

for the app
0.7303 -0.2218 0.2897 0.099 -0.1306

6.I can find more reliable apps by comparing different apps 0.6588 -0.1734 0.1425 0.2405 -0.1974
7.I can update the app 0.6466 -0.2097 0.4645 0.1638 -0.0382
8.I can easily find the app to help my health 0.6455 -0.0959 0.2159 0.0882 -0.1991
9.I can sign up to use the app (create ID, password, etc.) 0.6098 -0.2432 0.4272 0.1212 -0.0635
10.I can download the app.* 0.5736 -0.3082 0.4998 0.1477 -0.0005

ICT icons 11.Icon (Download) -0.1213 0.7535 -0.1113 -0.1194 0.123
12.Icon (Security file) -0.2204 0.7452 -0.169 -0.1415 0.1206
13.Icon (Search bar) -0.1604 0.7199 -0.1415 -0.2682 0.0107
14.Icon (Synchronization) -0.2823 0.7179 -0.12 -0.1744 0.059
15.Icon (Voice assistant) -0.163 0.6882 -0.0895 -0.229 0.1161
16.Icon (Social media) -0.0717 0.6815 -0.1821 0.0159 0.1305
17.Icon (Bluetooth) -0.2348 0.669 -0.3076 -0.2574 0.0588
18.Icon (URL) -0.1535 0.6603 -0.1904 -0.0873 0.0125
19.Icon (QR code) -0.1497 0.5973 -0.3424 0.0752 0.0754
20.Icon (App menu-hamburger icon)* -0.3725 0.288 -0.1231 -0.4082 0.069

ICT terms 21.Internet-related term (Update, synchronization) 0.2006 -0.1822 0.7682 0.2136 -0.0709
22.Internet-related term (Application) 0.1312 -0.1904 0.7601 0.2038 -0.0876
23.Internet-related term (Bluetooth) 0.2124 -0.2715 0.6523 0.1531 -0.0846
24.Internet-related term (QR code) 0.2977 -0.2147 0.5938 0.3141 -0.0949
25.Internet-related term (Play store, app store) 0.3197 -0.3631 0.5239 0.3642 -0.0459
26.Internet-related term (Wearable device) 0.2321 -0.146 0.128 0.7235 -0.1454
27.Internet-related term (Search bar) 0.1886 -0.1377 0.1952 0.6952 -0.1046
28.Internet-related term (Web browser) 0.2877 -0.2191 0.2406 0.6807 -0.1251
29.Internet-related term (Domain, URL) 0.3381 -0.2273 0.2221 0.6732 -0.115
30.Internet related term (Cloud) 0.3844 -0.1605 0.2583 0.5835 -0.1358
31.Internet-related term (Chatbot, voice assistant) 0.282 -0.1538 0.2598 0.5722 -0.0864

Digital Critical Literacy
Evaluating reliability and 

relevance of health infor-
mation

32.I can judge whether the information on the Internet or digital 
health was used for commercial benefit

-0.104 0.0006 -0.0222 -0.0327 0.8162

33.I can judge whether the information I find on the Internet or 
in digital health is properly used for myself

-0.2207 0.0592 -0.0946 -0.1169 0.8082

34.I can judge whether the information I got from the Internet or 
digital health is reliable

-0.1581 0.1422 -0.043 -0.0084 0.7944

35.I can check if the same information is provided by other 
websites or on the Internet

-0.2197 0.0886 -0.0799 -0.155 0.7609

36.I can use the information I find on the Internet or digital 
health to make health-related decisions

-0.2174 0.1172 -0.0381 -0.1561 0.7398
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Fig. 2   Confirmatory factor 
analysis
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communicative, device, and data literacy domain categories 
showed low overall usage and no statistically significant dif-
ferences between groups in face validity. This result may be 
because these domains mainly included social media, wear-
able devices, and personal health record (PHR), which were 
still nascent aspects; the low retention rates reflected indi-
vidual preferences in Korea [28–30], and most items focused 
on individuals’ perceived abilities, such as attitudes, pref-
erences, and expectations rather than performance-related 
abilities, including knowledge and skills. In contrast, the 
most statistically significant differences between the groups 
in this study were knowledge- and skill-based items. While 
individuals’ attitudes and preferences concerning digital 
health are still susceptible and most commonly used, meas-
uring objective knowledge and function-based technical 
aspects is necessary to assess the DHL. Several research-
ers have recently created a combined measurement encom-
passing objective evaluation of performance skills; however, 
most approaches do not fully reflect the aspect of digital 

technology, such as mobile devices [9–11]. Finally, we 
decided to include only two domains that are more focused 
on knowledge- and skill-based items to measure individu-
als’ competencies required for use and adoption in a rou-
tine clinical setting. Further measurement needs to reflect a 
variety of state-of-the-art technologies and services and to 
update content to improve the quality of DHTL.

As expected, the DHTL-AQ had a stronger associa-
tion with the actual performance skills of mobile app task 
ability. These results support our hypothesis that mobile 
technology skills are essential to assess the effect of digi-
tal health literacy. When we developed the scale, we found 
that digital health literacy had a broader scope in the con-
text of technology, and the mobile health (mHealth) sector 
has been increasing in importance and offering numerous 
health services with diverse functions. Recently, there has 
been a rising trend in hospitals and institutions encouraging 
patients to use mobile apps, such as digital therapeutics, to 
manage their illness and treatment. The DHTL-AQ would 

Table 3   Concurrent and discriminative validity (correlation)

DHTL digital health technology literacy, eHEALS eHealth literacy measurement, NVS Newest Vital Sign

Task Ability 
Assessment
(total)

DHTL
(total)

DHTL (4 categories) NVS
(total)

ICT Terms ICT Icons Use of an App Evaluating Reliability and 
Relevance of Health Informa-
tion

DHTL (total) 0.7591
ICT terms 0.7084 0.8963
ICT icons 0.6796 0.7559 0.6341
Use of an app 0.6407 0.8800 0.7031 0.5033
Evaluating reliability and 

relevance of health infor-
mation

0.3360 0.6241 0.3913 0.3137 0.5032

NVS (total) 0.5168 0.5929 0.5837 0.5430 0.4537 0.2745
eHEALS (total) 0.4076 0.5265 0.4240 0.3557 0.4620 0.4774 0.3298

Fig. 3   Correlation with digital 
health technology literacy and 
task ability, eHealth literacy, 
and health literacy. *eHealth 
literacy was assessed using the 
Korean eHealth literacy tool 
[18], and health literacy was 
measured using the Newest 
Vital Sign [27]

Digital Health Technology 
Literacy

Actual Task Ability
0.7591

eHealth Literacy*

Health Literacy* 

0.5265

0.5929

0.4076

0.5168

0.3298
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be helpful in identifying vulnerable populations for use in 
digital health. However, time and resources may be impor-
tant when adopting this tool. We recommend using 20 items, 
which are the short forms of DHTL-AQ. The DHTL-AQ can 
assess, acquire, and mediate clinically certain levels of the 
effectiveness of digital health in the future.

Most DHTL-AQ items were clearly loaded on their own 
factor based on the criteria for factor loadings > 0.5, and 
they were not cross-loaded items with a loading > 0.4 on 
two or more factors. In CFA, most fit indices met the recom-
mended criteria. While most items constituting each factor 
were correlated, the ICT-related terms loaded onto two fac-
tors, which were clustered app-related (Update, Bluetooth, 
QR code, Play Store, or App Store) and web-related terms 
(Web browser, Domain/URL, and Cloud) with new technol-
ogy terms (wearable device and chatbot). This scenario may 
be because digital health has significant differences in con-
structs with various technologies and services. Most stud-
ies used “eHealth literacy” or “digital literacy,” which only 
focused on the Internet or a computer as DHL (Supplemen-
tary Table 5). For example, a multifaceted eHealth literacy 
assessment toolkit (eHLA) [20] and DHLI, used to assess 
individuals’ ability to engage with digital health, also mainly 
emphasized computer-based technology and performance-
based skills to navigate the Internet and web pages [19]. In 
fact, while DHTL-AQ had a strong association with actual 
digital task skills, it had a moderate association with health 
literacy and eHealth literacy assessed by NVS and eHEALS, 
respectively. Further research should explore the expansion 
of digital technology and services, and how these factors 
affect and interact with DHTL.

The DHTL-AQ can be easily administered and completed 
by vulnerable digital health groups using simple question-
naires, including terms and icons. In our study, approxi-
mately half of the participants were aged > 50 years, two 
out of three had an educational qualification less than high 
school, and over 60% had chronic diseases. In the digital era, 
people need to be self-reliant and able to actively participate 
in their health management using digital health. Accord-
ing to previous review, however, a group with low DHL 
had a low level of technical readiness, a lack of trust, and 
data privacy concerns related to digital health [31], and they 
were less likely to use digital health such as diabetes mobile 
apps [3]. Therefore, a valid assessment of DHL can provide 
insights into the current population level of digital health 
education and improve levels through interventions. Addi-
tionally, we developed the short version with 20 items con-
sisting of “ICT terms” and “use of an app” and confirmed 
that this version was also valid for evaluating DHTL. The 
short version of the DHTL-AQ would be helpful in evaluat-
ing DHTL in a busy clinical setting.

Furthermore, digital technologies, and services such as 
mobile apps became more important due to COVID-19 

pandemic. Mobile apps are commonly used for reporting 
symptoms and monitoring COVID-19 patients. (REF) For 
example, in Korea, QR-code scan using mobile apps is 
required to enter certain public place such as restaurants, 
stores, or hospitals. Along with these changes, people’s 
DHTL might be improved. However, there might be some 
people who would experience more social or health dispar-
ities due to low DHTL. Under the COVID-19, DHTL-AQ 
would be helpful to screening people with low DHTL. So 
these digitally vulnerable population would also receive 
benefits from digital healthcare. Further research should 
look into the validation of the DHTL-AQ as a tool for 
assessing and evaluating to determine how the tool works 
as a predictor of actual education and intervention related 
to digital health such as digital therapeutics.

This study has some limitations. First, there might be 
items and content that are important for assessing DHL, 
but we may have missed them. The DHL includes a wide 
range of skills, and the factors comprise complex technol-
ogy-related health literacy in the digital era. In particu-
lar, approaches to DHTL have markedly changed over the 
past decade, are changing, and will continue to change. 
Therefore, the DHTL-AQ should be updated to reflect 
the various significant advances. Second, because we use 
the convenience sample and recruited the participants at 
a university hospital in Seoul, Korea, additional valida-
tion study would be necessary for other populations at 
other settings before using the DHTL-AQ. Third, we did 
not conduct the test–retest reliability of the DHTL-AQ; 
therefore, it will be needed for reproducibility. Finally, 
when we compared the DHTL-AQ to the actual skills with 
the mobile app, we only used certain mobile applications 
for patients with breast cancer. This choice is because the 
features and functions would be diverse, depending on the 
app in which the test results may vary.

Conclusion

We developed a instrument to measure DHTL. The instru-
ment can be used to clinically screen and assess the level 
of health literacy using digital health, as well as provide 
insight into the health equity impacts of the implementa-
tion and adoption of digital health in the community.
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