Development and Validation of the HLé: a Brief,
Technology-Based Remote Measure of Health Literacy
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BACKGROUND: Most health literacy measures require
in-person administration or rely upon self-report.
OBJECTIVE: We sought to develop and test the feasibility
of a brief, objective health literacy measure that could be
deployed via text messaging or online survey.

DESIGN: Participants were recruited from ongoing NIH
studies to complete a phone interview and online survey
to test candidate items. Psychometric analyses included
parallel analysis for dimensionality and item response
theory. After 9 months, participants were randomized to
receive the final instrument via text messaging or online
survey.

PARTICIPANTS: Three hundred six English and Spanish-
speaking adults with > 1 chronic condition

MAIN MEASURES: Thirty-three candidate items for the
new measure and patient-reported physical function,
anxiety, depression, and medication adherence. All par-
ticipants previously completed the Newest Vital Sign
(NVS) in parent NIH studies.

KEY RESULTS: Participants were older (average 67
years), 69.6% were female, 44.3% were low income, and
22.0% had a high school level of education or less. Can-
didate items loaded onto a single factor (RMSEA: 0.04,
CFI: 0.99, TLI: 0.98, all loadings >.59). Six items were
chosen for the final measure, named the HL6. Items dem-
onstrated acceptable internal consistency («=0.73) and
did not display differential item functioning by language.
Higher HL6 scores were significantly associated with
greater educational attainment (r=0.41), higher NVS
scores (r=0.55), greater physical functioning (r=0.26), few-
er depressive symptoms (=—0.20), fewer anxiety symp-
toms (r=—0.15), and fewer barriers to medication adher-
ence (r=—0.30; all p<.01). In feasibility testing, 75.2% of
participants in the text messaging arm completed the HL6
versus 66.2% in the online survey arm (p=0.09).

Prior presentations: findings related to psychometric testing were
presented virtually in an oral abstract for the 2021 International Confer-
ence on Communication in Healthcare (ICCH) on October 20, 2021.
Findings from feasibility testing were presented in an oral abstract for the
2022 Society of General Internal Medicine (SGIM) Annual Meeting in
Orlando, FL on April 8, 2022.
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Socioeconomic disparities in completion were more com-
mon in the online survey arm.

CONCLUSIONS: The HL6 demonstrates adequate reli-
ability and validity in both English and Spanish. This
performance-based assessment can be administered re-
motely using commonly available technologies with fewer
logistical challenges than assessments requiring in-
person administration.
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INTRODUCTION

Health literacy, or one’s ability “to find, understand, and use
information and services to inform health-related decisions
and actions for themselves and others,” has been linked to
numerous health behaviors and health outcomes over the past
few decades.' ™ As the evidence detailing the impact of health
literacy on health outcomes has proliferated, so has the need
for accurate and reliable measurement of individuals® health
literacy skills.>® As a result, researchers have developed a
number of health literacy assessments that can be used across
various disease states, languages, age groups, and research
contexts.”

Despite the growth of this field, there is a paucity of tools
available to measure health literacy via currently available
consumer technologies; the most commonly used health liter-
acy measures require in-person administration by a trained
interviewer, which can be both costly and time-consuming.
In fact, the Health Literacy Tool Shed, a National Library of
Medicine—funded database of available health literacy assess-
ments, shows that although more than 205 health literacy
measures exist, there is no single measure that is a brief (<5
min), performance-based, general health literacy assessment
that can be administered remotely in English or Spanish to
adults.*” To our knowledge, there are also no measures that
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have been validated for completion via text messaging, cur-
rently one of the most commonly used methods of
communication.®’

As 93% of American adults report accessing and using the
Internet and 97% own a cell phone (85% own a smartphone),
opportunities now exist to measure health literacy skills re-
motely via commonly available consumer technologies.®® For
this study, we sought to develop a brief, performance-based
health literacy measure for adults—in both English and
Spanish—that could be administered via online survey or text
messaging. We also sought to explore the feasibility of
deploying this measure using these modalities. The availabil-
ity of such a measure could provide opportunities to study
health literacy in new, previously unexplored contexts, utiliz-
ing fewer resources. Importantly, such a measure could also be
used safely during COVID-19 or other pandemics without the
need for in-person contact to measure health literacy.

METHODS

We used qualitative and quantitative methodology to develop
and validate a new measure of health literacy. This multi-
phase study included (1) item generation and refinement by
health literacy and cognitive science experts and with input
from community-dwelling adults, (2) psychometric testing via
structured in-person interviews and online surveys, and (3)
feasibility testing of the final measure among participants
randomized to receive the instrument via either text messaging
or online survey. All study procedures were approved by our
Institutional Review Board.

Item Generation

We sought to create a brief measure of health literacy that
could be easily completed remotely among individuals from
diverse backgrounds and with varying levels of comfort with
technology. As such, we acknowledged that the measure
would be limited in scope and unable to comprehensively
measure all skills and attributes reflected in the concept of
health literacy."* To ground the item generation process, we
therefore reviewed health forms and tasks that patients are
commonly required to complete in healthcare settings. To
generate candidate items for the measure, we sought expert
opinions from researchers, healthcare providers, educators,
and psychometricians. We considered multiple types of as-
sessments and test formats used to assess reading and cogni-
tive skills, such as spot-the-word, Cloze procedure, multiple
choice, and open-ended response.'®!" With this background,
we generated a set of candidate items that used different
formats for review and potential inclusion in the measure.

To obtain input from the target audience on candidate items,
we recruited convenience samples of English- and Spanish-
speaking adults. Participants were identified via Internet ad-
vertisements or from prior participation in research studies led
by our team. A total of 34 adults (19 English speakers and 15

Spanish speakers) provided feedback on items via cognitive
interviews and discussion groups. During these sessions, we
asked participants to review candidate items, reflect on how
they interpreted the items, and offer specific suggestions for
improvement.

Candidate ltem Selection and Testing

Through the item development process described above, we
created 33 candidate items for further testing. Based on the
input from patients and our scientific advisors, all items used a
multiple-choice format with 4 response options. Due to the
COVID-19 pandemic, our original methodology for psycho-
metric testing via in-person interviews had to be modified.
Instead, we tested items among a unique cohort of patients
who had already completed in-person health literacy assess-
ments prior to the pandemic.

Study Participants. Study participants were active enrollees in
the COVID-19 and Chronic Conditions (C3) study. This study
was launched in March 2020 during the first week of the
outbreak. C3 leveraged five active NIH projects (e.g., “parent
studies” RO1AG030611; RO1AG046352; ROIDK110172;
RO1HL126508; ROINRO015444) to rapidly recruit participants
to form the C3 cohort. The objective of C3 was to capture the
experiences of middle-aged and older adults during the pan-
demic. All of the parent studies had uniform data collection of
sociodemographic, health literacy, and patient-reported out-
comes, as well as access to participants’ electronic health
record (EHR) data. In brief, parent studies included a longitu-
dinal cohort study examining cognitive function and aging
among older adults (called LitCog) and three randomized trials
evaluating strategies to improve medication adherence and
safety. Participants were originally recruited from academic
or community health centers in Chicago, IL."

Eligibility criteria for each parent study varied and have
been described elsewhere in detail.'* In general, the target
population for these studies was middle-aged or older,
English-speaking patients, who had been diagnosed with one
or more chronic conditions according to electronic health
record data. One trial also recruited Spanish-speaking adults.'*
Only participants who provided consent to be contacted
for future research were eligible for the C3 study or this
instrument development study. Additional eligibility
criteria to enroll in this instrument development study
included (1) access to a personal email, (2) prior com-
pletion of the Newest Vital Sign, an in-person, validat-
ed, performance-based health literacy measure, '’ 3)
ownership of a personal cell phone, and (4) willingness
to send and receive text messages.

Data Collection Procedures. Trained research assistants
(RAs) contacted patients and completed a phone-based survey
with them as part of the C3 study. At the conclusion of the
interview, participants were invited to participate in the instru-
ment development study. Eligible and interested participants
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were sent a link to an online consent form. After providing
consent, participants were automatically directed to the online
survey of 33 candidate items. If a participant did not complete
the survey within 7 days, a reminder email was sent.

To maximize the participation of Spanish-speaking pa-
tients, we enrolled an additional 51 patients who had not
participated in the C3 study but were active enrollees in one
of the C3 parent studies (R01AG046352). These individuals
completed the same relevant measures as the C3 study via
telephone and were then directed to complete the online
survey of 33 candidate items. Participants received $40 for
their participation in the psychometric testing phase of the
study.

Measures. All participants completed standardized
assessments of personal attributes as part of their
participation in the parent studies. This included items
assessing sociodemographic (e.g., age, sex, race, ethnicity,
poverty level, education, employment status) and health
characteristics (chronic conditions, overall health) as well as
health literacy (The Newest Vital Sign).'> Participants in the
LitCog cohort study (ROIAG030611) also completed two
other commonly used, validated measures of health literacy:
the Rapid Estimate of Adult Literacy in Medicine (REALM)
and Test of Functional Health Literacy Assessment
(TOFHLA).'®!7

As part of the phone interviews for C3 and/or this study,
participants also completed the Ask-12 Barriers to Medication
Adherence survey and Patient-Reported Outcomes Measure
Information Systems (PROMIS) assessments of anxiety
(Short Form 4a and 7a), depression (Short Form 4a), and
physical function (Short Form 10a).'*'?

Analyses. Psychometric analyses were performed to select
items for the brief health literacy measure. To assess
dimensionality, a scree plot and parallel analysis using
Lubbe’s method compared the empirically observed
eigenvalues to eigenvalues drawn from randomly shuffled
data.”® Additionally, Differential Item Functioning (DIF) anal-
yses were performed to choose items not impacted by lan-
guage. Then, we performed item response theory (IRT) anal-
yses, using a 2PL model, as well as a simpler 1PL model with
a common slope for all items. Empirical reliability was esti-
mated, along with Pearson’s correlations for convergent and
predictive validity. IRT reliability was implemented using the
mirt package of R. Kappa statistic was used to test the agree-
ment between the new tool and other health literacy
measures.”!

Descriptive statistics, including means with standard devi-
ation and percentage frequencies, were calculated for all pa-
tient characteristics and item responses. Associations between
the new tool and patient characteristics were measured using
x° test, r-test, or analysis of variance, as appropriate. Psycho-
metric analyses were performed using R 4.1.2 and all other
analyses using SAS, version 9 (Cary, NC).

Finalizing the HL6 Instrument

The final items selected for the tool were compiled in a draft
measure, named the Health Literacy-6 or HL6. Using a vid-
eoconferencing platform, cognitive interviews were conduct-
ed with 9 participants (4 Spanish speakers, 5 English speakers)
to finalize measure instructions and appearance. Participants
in the cognitive interviews were shown a draft of the HL6 on a
screen and asked to complete the tool in a “think aloud”
interview. Based on participant feedback, the instructions
and item order were finalized, as well as a suggested time
limit of 8 min for completion. This time limit was considered
long enough to give participants with low literacy skills and/or
poor familiarity with technology enough time to read and
answer items, but not so much time that participants would
be tempted to search for answers online or from others. An
additional 10 participants pilot-tested the tool in each modality
(n=5 per modality, per language) to ensure that the measure
was casy to complete and that the 8-min time limit was
appropriate in a “real-world” context. All participants were
recruited via convenience sampling and provided informed
consent.

Feasibility Testing

In the final phase of the study, we investigated the feasibility
of completing the new HL6 instrument via the two modalities.
Specifically, we sought to determine whether participants’
willingness and ability to complete the measure online or via
text message varied by participant characteristics, such as age,
race, ethnicity, health literacy, and education.

No additional participants were recruited for feasibility
testing. Instead, we used the same participants from prior
psychometric testing. Participants were randomized to re-
ceive the HL6 via either (1) text messaging or (2) online
survey. Randomization stratified by language was per-
formed using the Proc Rank statement in SAS version 9
(Cary, NC). Participants were then sent the final instru-
ment via their assigned modality approximately 9 months
after the conclusion of the psychometric testing phase.
Participants did not receive any financial incentives for
completing the measure. Differences between completion
rates by modality and participant characteristics were
assessed using X2 test, #-test, or analysis of variance, as
appropriate.

RESULTS
Study Sample

A total of 488 participants were approached for this study. Of
those, 42 could not be reached, 32 refused, 4 were lost to
follow-up, 39 were ineligible, and 65 never completed the
online survey. A total of 306 participants were enrolled
(Table 1). On average, participants were older (average of
67 years), 69.6% were female, and 22.0% had a high
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Table 1 Participant Characteristics and HL6 Score (N=306)

Variable Overall* HLG6 total score (0—6)
Mean (SD) P

Age 0.002
<60 62 (20.3) 4.6 (1.6)

60—69 112 (36.6) 4.9 (1.5)
>70 132 (43.1) 5.3 (1.2)

Language spoken <0.001
English 225(73.5) 5.3 (1.2)

Spanish 81 (26.5) 4.2 (1.7)

Sex <0.001
Female 213 (69.6) 4.8 (1.5)

Male 93 (30.4) 5.5(1.0)

Race and ethnicity <0.001
Hispanic 98 (32.0) 4.5 (1.7)
Non-Hispanic White 133 (43.5) 5.7 (0.7)
Non-Hispanic Black 65 (21.2) 4.6 (1.5)

Other 10 (3.3) 5.1(1.9)

Education <0.001
High school graduate or less 67 (22.0) 3.9 (1.8)

Some college or technical 76 (24.9) 5.1 (1.3)

school
College graduate or higher 162 (53.1) 5.5 (1.0)

Employed 0.29
Yes 95 (31.1) 4.9 (1.6)

No 210 (68.9) 5.1 (1.3)

Poverty level <0.001
Above 170 (55.7) 5.7 (0.7)

Below 135 (443) 4.2 (1.6)

Health literacy, NVS <0.001

Low 65 (21.4) 39 (1.7)

Marginal 79 (26.1) 4.6 (1.5)

Adequate 159 (52.5) 5.7 (0.6)

Health literacy, REALM* 0.001
Limited 12 (9.0) 3.5(1.6)

Adequate 122 (91.0) 5.5 (1.0)

Health literacy, TOFHLA® 0.002
Limited 15 (11.0) 39 (1.7)

Adequate 121 (89.0) 5.5 (1.0)

>3 chronic conditions 0.11
Yes 135 (443) 49 (1.4)

No 170 (55.7) 5.1 (1.4)

*Values are frequencies and percentages, unless otherwise noted.

“n=134, n=136

school level of education or less. The sample was racially
and ethnically diverse, almost half (44.3%) lived below
the 2020 US Federal poverty level, and 26.5% spoke
Spanish as their primary language. Nearly a quarter
(21.4%) had low health literacy according to the NVS."

Item Selection

Of the 33 candidate items, 22 were removed from consider-
ation as they displayed differential item functioning by lan-
guage, using the lordif package for DIF analyses using a
McFadden pseudo-R2 of 0.18 as the cutoff. For the 11 re-
maining items, we used the mirt package to estimate model
IRT parameters, model fit, and factor loadings. Factor
loadings were all .59 or greater based on the 2PL model,
and model fit was good; RMSEA = .04, CFI = .99, TLI =
.98. We selected 6 items from the 11 based on factor
loadings from the 2PL model, endorsement frequencies,
and item content. This resulted in the final HL6 instru-
ment, which demonstrated adequate internal consistency
reliability (« =0.73; Table 2).

HL6 Performance

Individuals who spoke Spanish as their primary language,
were female, were Hispanic or Black, were younger, had a
high school level of education or less, and lived below the
poverty line were significantly more likely to score lower on
the HL6 (Table 1). The overall range of HL6 scores was 0 to 6,
with an average score of 5 (standard deviation: 1.4).

The HL6 demonstrated moderate to high convergent valid-
ity with the NVS (+=0.55, p<0.001; Table 3). Among the
cohort of LitCog participants who completed additional health
literacy measures, the HL6 demonstrated moderate convergent
validity with the REALM and TOFHLA (=0.51, p<0.001;
r=0.45, p<0.001, respectively, Table 3). Among the entire
sample, higher HL6 scores were also predictive of greater

Table 2 Correctly Answered HL6 Items and IRT Analyses (#=306)"

Items Correctly Factor
answered* loadings

The chance of having a side effect from a medication is 5%. If 1000 people take the medicine, about how 234 (76.5) 0.71

many will have a side effect?

Anita weighs 250 pounds. She loses 10% of her body weight. How much does she weigh now? 270 (88.2) 0.60

A pulse is measured in beats per minute. If you count 40 beats in 30 s, how many beats is that per 250 (81.7) 0.84

minute?

The flu vaccine reduces the risk of flu for 60% of a population. Among 1000 people, how many people 232 (75.8) 0.81

have a reduced risk?

A blood pressure reading under 120/80 mmHg is considered normal. Which of these values is normal? 207 (67.6) 0.79

If you jog for 20 min 4 days a week, how much time in total do you spend jogging in a week? 285 (93.1) 0.66

You eat 2100 mg of sodium daily. Your doctor recommends reducing your daily intake by a third. How much 163 (53.2) 0.81

sodium should you eat?

Half a cup of yogurt has 155 calories. If you eat 1 cup of yogurt, how many calories will you eat? 281 (91.8) 0.80

You want to consume 2500 calories a day. If you had a 300-calorie breakfast and a 1000-calorie lunch, 288 (94.1) 0.83

how many calories should you consume for dinner?

Take 1-2 pills every 6 h for pain. Do not exceed 3000mg a day. Imagine each pill is 600mg. What is the 256 (83.7) 0.78

maximum number of pills you can take daily?

This vaccine will protect against all three influenza strains that are expected to circulate this year. 266 (87.2) 0.76

*Values are frequencies and percentages, unless otherwise noted

*Bolded items are used in the final HL6 measure
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Table 3 Psychometric Properties of HL6 (N=306)

Overall*  Association with P
HL6'
Convergent validity
NVS 34 (2.0 0.55 <0.001
REALM? 63.7 0.51 <0.001
(5.0
TOFHLA" 82.6 0.45 <0.001
9.3)
Predictive validity
Physical function 46.6 0.26 <0.001
(PROMIS) 8.9)
Depression (PROMIS) 50.0 -0.20 <0.001
(8.5)
Anxiety (PROMIS) 51.9 —-0.15 0.008
9.0)
Medication adherence 9.9 (7.8) -0.30 <0.001

(Ask-12)

*Values are mean (SD), unless otherwise noted
‘Pearson’s correlations
“n=134, *'n=136 (LitCog participants only)

physical function (=0.26, p<0.001), fewer depressive symp-
toms (r=—0.20, p<0.001), fewer anxiety symptoms (r=—0.15,
p=0.008), and fewer barriers to medication adherence
(=—0.30, p<0.001).

Feasibility Study

For the feasibility study, the final instrument was sent via text
message to 154 participants and via an online survey to 152
participants. Of the 306 participants, 211 completed the HL6
in their assigned modality (online survey: 98, text message:
113). Of those who did not complete the HL6 in either mo-
dality (n=95), 88 did not initiate the instrument, 2 did not
complete the entire measure, and 5 participants took longer
than the 8 min allowed to finish the items. In the text message
arm, 4 of the 38 patients who did not complete the HL6 never
received it due to disconnected or wrong phone numbers. We
do not know how many participants in the online survey arm
did not receive the emailed survey link. We are also unable to
determine which type of device (e.g., computer, tablet, smart-
phone) patients in the online survey arm used to complete the
survey. Patients took an average of 3 min to complete the
remote measure in either modality.

There were no significant differences in completion rates
between modalities, with 75.2% of participants in the text
message arm completing the measure versus 66.2% in the
online survey arm (p=0.09; Table 4). However, socioeconom-
ic differences in completion were more marked in the online

Table 4 Feasibility Testing of the HL6 (NV=306)*

Online HL6 Text HL6
Did not complete ~ Completed testing P Did not complete =~ Completed testing P
(n=54) (n=98) (n=41) (n=113)
Age 0.01 <0.001
< 60 15 (41.7) 21 (58.3) 14 (53.9) 12 (46.1)
60—69 24 (48.0) 26 (52.0) 17 27.4) 45 (72.6)
>70 15 (22.7) 51(77.3) 10 (15.2) 56 (84.8)
Language <0.001 0.01
English 28 (25.0) 84 (75.0) 24 (21.2) 89 (78.8)
Spanish 26 (65.0) 14 (35.0) 17 (41.50 24 (58.5)
Gender 0.92 0.90
Female 39 (35.8) 70 (64.2) 28 (26.9) 76 (73.1)
Male 15 (34.9) 28 (65.1) 13 (26.0) 37 (74.0)
Race 0.001 0.21
Hispanic 27 (54.0) 23 (46.0) 18 (37.5) 30 (62.5)
Non-Hispanic Whites 14 (20.3) 55 (79.7) 13 (20.3) 51 (79.7)
Non-Hispanic Blacks 11 (39.3) 17 (60.7) 9 (24.3) 28 (75.7)
Others 2 (40.0) 3 (60.0) 1 (20.0) 4 (80.0)
Education 0.005 0.32
HS graduate or less 21 (55.3) 17 (44.7) 10 (34.5) 19 (65.5)
Some college 10 (38.5) 16 (61.5) 15 (30.0) 35 (70.0)
College or more 22 (25.3) 65 (74.7) 16 (21.3) 59 (78.7)
Employed 0.52 0.35
Yes 14 (31.8) 30 (68.2) 16 31.4) 35 (68.6)
No 40 (37.4) 67 (62.6) 25 (24.3) 78 (75.7)
Poverty level® <0.001 0.83
Above 35 (50.7) 34 (49.3) 24 (27.3) 64 (72.7)
Below 19 (23.2) 63 (76.8) 17 (25.8) 49 (74.2)
Health literacy, NVS <0.001 0.86
Low 25 (78.1) 7(21.9) 10 (30.3) 23 (69.7)
Marginal 11 (30.6) 25 (69.4) 11 (25.0) 33 (75.0)
Adequate 18 (21.7) 65 (78.3) 20 (26.0) 57 (74.0)
>3 chronic conditions 0.65 0.87
Yes 26 (37.7) 43 (62.3) 18 (27.3) 48 (72.7)
No 28 (34.2) 54 (65.8) 23 (26.1) 65 (73.9)
Physical function, mean (SD) 45.1 (8.2) 46.5 (9.3) 0.34 47.9 (9.6) 47.1 (8.6) 0.60
Depression, mean (SD) 52.2 (8.4) 49.9 (8.6) 0.10 50.9 (9.3) 48.7 (8.0) 0.14
Anxiety, mean (SD) 53.1 (9.4) 52.3 (8.9) 0.61 51.9 (9.0) 50.9 (8.8) 0.55
Medication adherence, mean (SD)° 14.4 (9.2) 7.8 (6.0) <0.001 11.0 (8.2) 9.2 (7.5) 0.20

*Values are frequencies and percentages, unless otherwise noted. “According to 2020 US Federal Poverty Level Guidelines. *Five missing ASK12

adherence
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survey arm. Patients receiving the measure via online survey
were significantly less likely to complete it if they were
Spanish-speaking, Hispanic, younger, less educated, living
below the poverty level, and had lower health literacy accord-
ing to the NVS."> Among patients receiving the HL6 via text
messaging, the only significant predictors of non-completion
were younger age and speaking Spanish (Table 4).

DISCUSSION

Using mixed methods, we developed and tested a pool of
items that could be used to broadly capture adults’ health
literacy skills. From this pool, we created a unidimensional,
reliable, and brief measure: the HL6. The HL6 demonstrated
convergent validity with the NVS, REALM, and TOFHLA,
validated, commonly used measures of health literacy that are
administered in-person.'>'®!” A summed score of the HL6
items was also significantly associated with key patient health
behaviors and outcomes, including medication adherence,
physical function, depression, and anxiety. Importantly, our
study demonstrated that adults can complete the measure
themselves, remotely, in an average of 3 min.

Interestingly, findings from our feasibility test indicate that
text messaging may be an optimal modality for surveys,
particularly among socioeconomically disadvantaged popula-
tions. This is consistent with evidence from other studies,
which have shown a patient preference for completing surveys
via text messaging, and have found socioeconomic differences
in participation with online surveys.**>* In our study, 3 out of
4 participants in the text messaging arm completed the HL6
when it was sent to them via text, even though they received
no additional compensation for completion. The only signifi-
cant predictors of non-completion were speaking Spanish and
younger age. The latter, while statistically significant, may not
be particularly meaningful as study participants were predom-
inately older. In contrast, completion of the HL6 by online
survey differed by key participant attributes, including educa-
tion level, language spoken, ethnicity, income, age, and health
literacy level according to the NVS. While not examined in
this study, it is also plausible that deploying the HL6 via text
messaging could help bridge the rural digital divide as cell
phone ownership is more pervasive in rural communities than
access to high-speed Internet.”> Additional research is needed,
however, to further investigate the feasibility of the HL6 in
both modalities and across diverse populations and contexts.

There are limitations to this research that should be noted.
First, because of the COVID-19 pandemic, we were unable to
conduct this study as originally conceived as it would have
required in-person interviews. Instead, we recruited and used
data from existing and prior study participants, who had
already completed an in-person assessment of health literacy,
to develop and evaluate our measure. This affects the gener-
alizability of our results, yet further underscores the need for a
remote measure of health literacy, especially during the

pandemic. Second, because of the cross-sectional design of
our study, we are unable to infer a causal relationship between
HL6 scores and patient outcomes such as medication adher-
ence, functional health, depression, and anxiety. However,
findings did show a significant association between HL6
scores and these constructs. Finally, our study sample was
predominately older and lower-income, all had at least one
chronic condition and nearly half had 3 or more. While our
sample represents arguably the most difficult patients to reach
and those for whom health literacy is likely to be a challenge, it
does affect the generalizability of our results to younger and
healthier populations. Additional research is therefore needed
to test the tool in other populations and to determine its ability
to predict outcomes over time. Our team is now including the
HL6 in multiple recently funded research studies, including
two large, longitudinal NIH studies among younger and
middle-aged adults (1IR01DK127184; 1R01AG070212). Re-
sults will help determine the utility of this new tool and its
performance in comparison to other commonly used, validat-
ed, in-person measures.

In summary, the HL6 appears to be a unidimensional,
reliable, and brief assessment of adult health literacy skills
that can be successfully completed by patients remotely. Giv-
en the ease of use of this tool, and its availability in both
English and Spanish, we envision the HL6 to be a useful asset
for future studies, particularly when in-person interviews are
not feasible. The HL6 is available in the public domain, at no
cost, and should be used for research purposes only. While
additional validation studies are warranted, we hope the HL6
can help advance the field of health literacy measurement and
research and help researchers overcome many of the chal-
lenges posed to this area of research during the pandemic.
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