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This article aimed to provide a descriptive review of the psychometric properties and
conceptual dimensions of published health literacy measurement tools. PsycINFO
and PubMed search from 1999 through 2013, review of the grey literature, and
an environmental scan was conducted to identify health literacy measurement tools.
For each tool, we evaluated the conceptual dimensions assessed, test parameters, and
psychometric properties. Of the 51 tools identified, 26 measured general health lit-
eracy, and 15 were disease or content specific, and 10 aimed at specific populations.
Most tools are performance based, require in-person administration, and are
exclusively available in a pencil and paper testing mode. The tools assess 0 (proxy
measure) to 9 of the 11 defined dimensions of health literacy. Reported administra-
tion times vary, from less than 1 to 60 minutes. Validation procedures for most of the
tools are limited by inadequate power to ensure reliability across subgroups (i.e.,
race, age, ethnicity, and gender). The health literacy measurement tools currently
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available generally represent a narrow set of conceptual dimensions with limited
modes of administration. Most of the tools lack information on key psychometric
properties. Significant work is needed to establish important aspects of the con-
struct, convergent, and predictive validity for many tools. As researchers develop
new measures, inclusion of a full range of conceptual dimensions of health literacy,
more representative sampling for testing, and additional modes of administration
will allow a more refined and flexible approach to research in this field.

On the basis of significant data linking health literacy to health outcomes, the Insti-
tute of Medicine identified health literacy as a national priority (Nielsen-Bohlman,
Panzer, & Kindig, 2004). Recent federal initiatives including the Affordable Care
Act of 2010, the Department of Health and Human Services’ National Action Plan
to Improve Health Literacy, and the Plain Writing Act of 2010, emphasize the need
for continued efforts to improve health literacy (Koh et al., 2012). In Europe, health
literacy is highlighted as a strategic priority area for the European Commission
(2007) and the European Office of the World Health Organization in terms
(Regional Committee for Europe, 2012) to promote patient empowerment and
population health. For these initiatives to be successful, health literacy will need
to move from the margins to the frontline. Accurate measurement is a critical
component of this process to better identify topics and populations most in need
of support, to help tailor interventions, and to provide metrics to evaluate progress.
(McCormack, Haun, Sørensen, & Valerio, 2013).

Instrument Proliferation

Numerous tools have been developed over the course of the past 20 years in an effort to
measure health literacy in various contexts. Some of these tools were developed as
screening tests and others were developed as more comprehensive assessments.
Researchers have used a range of procedures to establish the validity of their tools
including comparison of subjects’ performance on the new tool to performance on gen-
eral literacy measures (Markwardt & Service, 1989; Slosson, 2008; Wilkinson, 1993).

Health Literacy Instrument Variation

The diversity of health literacy instruments has led to inconsistencies in measure-
ment, complicating the task of interpreting findings across disparate studies and
choosing the appropriate tool for new studies. Several studies have examined the
variation across the range of the most commonly used health literacy measures (Grif-
fin et al., 2010; Haun, Luther, Dodd, & Donaldson, 2012). Such variations may stem
from the fact that the tools measure different conceptual dimensions of health liter-
acy. Variations may also stem from tools being more, or less, appropriate for a given
context or population (Davis et al., 1991).

Goal of This Article

The purpose of this article is to review the psychometric properties, test parameters,
and conceptual dimensions of published health literacy measurement tools. This work
can serve as an inventory for researchers, decision makers, and practitioners who seek
to identify validated measurement tools that are fitting for their research and practice.

Method

We systematically searched the peer-reviewed literature for health literacy measure-
ment tools via the PsycINFO and PubMed databases. The search was limited to

Health Literacy Measurement 303
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peer-reviewed publications from 1999 to the end of 2013. These dates were selected
to encompass the date of the first widely known health literacy measure, the Rapid
Estimate of Ault Literacy in Medicine, to the date when the search was conducted.
Our strategy involved a series of queries linking the term health literacy with each
of the following terms: measure, assessment, screening, and instrument. In reviewing
publications we found references to other tools that we also subsequently reviewed
for inclusion. We also conducted an environmental scan in the field for additional
references. This activity yielded a catalogue of health literacy measurement tools
maintained by the organizers of the Health Literacy Annual Research Conference
(Boston University, 2013), a set of measures reviewed in the Institute of Health
Promotion Research’s document, ‘‘The Development and Validation of Measures
of ‘Health Literacy’ in Different Populations’’ (Kwan, Frankish, & Rootman,
2006) and a set of measures listed in the National Cancer Institute’s (2012).

Abstracts gleaned by these methods were then reviewed by the research team
for primary data relating to validation of health literacy measurement tools and full
articles were obtained accordingly. Short forms of measures were not identified
as distinct measures, but were included in the review of the original full-length
versions (e.g., Test of Functional Health Literacy in Adults [TOFHLA] and
S-TOFHLA). Additionally, the authors only included an instrument once it was
subsequently translated into another language. Data abstraction included: name,
indication of short-form options, year of publication, tool description, if the tool
represents an objective or subjective (i.e., self-report) assessment, determination of
self-administration, option for long distance administration, administration time,
number of items=scales, training requirements, scoring details, target audience
(i.e., general, specific disease population, or specific demographic population), and
correlation with other tools.

To examine the specific skills and competencies measured by the different tools
we used the taxonomy of skills identified by Sorensen and colleagues in their content
analysis of health literacy definitions (Sørensen et al., 2012).The specified dimensions
include literacy—the ability to perform basic reading tasks (Programme for Inter-
national Student Assessment [PISA], 2006); interaction—the ability to communicate
on health matters (Nutbeam, 2000); and comprehension—the ability to derive mean-
ing from sources of information (Snow, 2002; University of California San Francisco
Medical Center, n.d.). Numeracy was included as the ability to perform basic
numerical tasks and arithmetic operations (PIAAC Numeracy Expert Group,
2009)—if focus was numeracy, credit was not given for prose literacy even though
numeracy measures may require reading. Remaining dimensions include information
seeking—which entails the ability to find health related information to manage one’s
health (Case, 2012); application=function—the ability to use, process or act on health
related information, and apply new information to changing circumstances
(Nutbeam, 2000); decision making=critical thinking—the ability of making sound,
health-related decisions and informed choices (Foundation for Critical Thinking,
2013); evaluation—the ability to filter, interpret, and evaluate information (University
of California San Francisco Medical Center, n.d.); responsibility—the ability to
take responsibility for one’s health and health care decision making (Resnik,
2007). In addition, we included two dimensions regarding confidence (i.e., level of
confidence to take action to improve personal and community health; Nutbeam,
2008) and navigation (i.e., level of skill to navigate in society and in health systems
tomanage one’s health needs; U.S. Department ofHealth andHuman Services, 2000).

Originally, the dimension maintaining and promoting health was defined as
the ability to increase control over health, reduce health risks, and enhance and
improve health to accomplish health related objectives and increase quality of life
(World Health Organization, n.d.) was included in the taxonomy; however, the lack

304 J. Haun et al.

D
o
w

n
lo

ad
ed

 b
y
 [

V
ie

n
n
a 

U
n
iv

er
si

ty
 L

ib
ra

ry
] 

at
 0

0
:4

5
 1

6
 O

ct
o
b
er

 2
0
1
4
 



of agreement in the review process on the application of this dimension resulted in its
exclusion from the review.

The authors used a consensus process to determine the characteristics, dimen-
sions, validation, strengths and limitations of each tool. Each tool was assigned to
two authors and reviewed separately. Characteristics, validation, strengths, and lim-
itations information was based on original article content. To conduct the dimension
review, the authors completed a multistep review process. First, the authors evaluated
each tool based on the functional definition of each dimension. In most cases deter-
minations were able to be made based on defined subscales and=or item content
reviewed in the original articles. In some cases, the dimension was implied in the tool
items. In these cases, implied skills were accounted for in the dimension review. Next,
the authors then met to present their reviews; when disagreements occurred, justifica-
tions were presented by the reviewers and a third reviewer was assigned to indepen-
dently review the discrepancy to present a determination, upon which time all
authors met to come to a consensus. Then, the tools were divided a final time among
the authors for review, at which time all dimensions for each tool were finalized. Last,
the authors had a final call to discuss the tools and finalize determinations.

Results

The PsycINFO search produced 575 publications on the basis of our search terms
and the PubMed search yielded 2,614 publications. Upon initial review of the
3,189 abstract titles, 2,888 were excluded. Upon abstract review another 270 were
excluded based on several factors including relevance, requirement for empirical
data, exclusion of eHealth literacy and content and knowledge based measures.
Ultimately the search (n¼ 30) and the environmental scan (n¼ 21) yielded 51 unique
health literacy measurement tools with empirical data (see Figure 1). The 51 mea-
surements included 26 general health literacy tools, 15 disease or content specific
tools (e.g., diabetes, asthma, HIV, nutrition), and 10 tools for specific populations.
Most tools are performance based, require in-person administration, and are
exclusively available in a pencil-and-paper testing mode. Reported administration
times vary from less than 1 to 60min. Descriptive details of the measures are
illustrated by type in Table 1. The tools assessed 0 (proxy measure) to 9 of the 11
defined health literacy dimensions, as seen in Table 2. Validation data, as well
as our assessment of each tool’s strengths and limitations, are illustrated in Table 3.

Figure 1. Literature search for health literacy tools.
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N
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Y
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a
n
a
g
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t
S
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�
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Y

N
Y

Y
N

N
N

Y
Y

T
h
e
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u
ro
p
ea
n
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lt
h

L
it
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a
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Q
u
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o
n
n
a
ir
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N
Y

Y
N

Y
Y

Y
Y

Y
Y

Y

A
ll
A
sp
ec
ts

o
f
H
ea
lt
h

L
it
er
a
cy

S
ca
le

�
Y

Y
Y

N
Y

N
N

Y
N

N
N

G
en
er
a
l
H
ea
lt
h

N
u
m
er
a
cy

T
es
t;

sh
o
rt

fo
rm

N
N

Y
Y

N
Y

N
N

N
N

N

S
ig
n
a
tu
re

T
im

e
N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

D
is
ea
se
-
o
r

co
n
d
it
io
n
-s
p
ec
if
ic

h
ea
lt
h
li
te
ra
cy

L
it
er
a
cy

A
ss
es
sm

en
t

fo
r
D
ia
b
et
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Y
N

N
N

N
N

N
N

N
N

N

A
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h
m
a
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Q
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ti
o
n
n
a
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Y
N

N
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N
N

N
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S
ti
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fo
rm

a
l

R
ea
d
in
g
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t
o
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C
a
n
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T
ex
t

Y
N

Y
N

N
N

Y
Y

N
N

N

T
es
t
o
f
F
u
n
ct
io
n
a
l
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ea
lt
h
L
it
er
a
cy
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D
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Y
N

Y
Y

N
N

N
Y

N
N

N

N
u
tr
it
io
n
a
l
L
it
er
a
cy

S
ca
le

Y
N

Y
Y

N
N

N
Y

N
N

N

R
a
p
id

E
st
im

a
te

o
f

A
d
u
lt
L
it
er
a
cy

in
D
en
ti
st
ry

9
9
;
sh
o
rt

fo
rm

Y
N

N
N

N
N

N
N

N
N

N

D
ia
b
et
es

N
u
m
er
a
cy

T
es
t;
sh
o
rt

fo
rm

N
N

Y
Y

N
N

N
Y

N
N

N

R
a
p
id

E
st
im

a
te

o
f

A
d
u
lt
L
it
er
a
cy
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G
en
et
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s;
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o
rt

fo
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Y
N

N
N

N
N

N
N

N
N

N

R
a
p
id

E
st
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a
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o
f

A
d
u
lt
L
it
er
a
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V
a
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u
la
r
S
u
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er
y
;
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o
rt

fo
rm

Y
N

N
N

N
N

N
N

N
N

N

B
ri
ef

E
st
im

a
te

o
f

H
ea
lt
h
K
n
o
w
le
d
g
e

a
n
d
A
ct
io
n
—
H
IV

V
er
si
o
n

N
N

Y
N

N
N

N
Y

N
N

N

H
B
P
-H

ea
lt
h
L
it
er
a
cy

S
ca
le

Y
N

Y
Y

N
N

N
Y

N
N

N

F
o
o
d
L
a
b
el

L
it
er
a
cy

fo
r
A
p
p
li
ed

N
u
tr
it
io
n

K
n
o
w
le
d
g
e

Q
u
es
ti
o
n
n
a
ir
e

Y
N

N
N

N
N

N
N

N
N

N

C
h
in
es
e
H
ea
lt
h

L
it
er
a
cy

S
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le

fo
r

C
h
ro
n
ic

C
a
re

Y
N

Y
N

N
N

Y
N

N
N

N

C
h
in
es
e
H
ea
lt
h

L
it
er
a
cy

S
ca
le

fo
r

D
ia
b
et
es

Y
N

Y
N

N
N

Y
N

N
N

N

N
u
tr
it
io
n
L
it
er
a
cy

A
ss
es
sm
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t
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m
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t

Y
N

Y
Y

N
Y

Y
Y

N
N

N
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T
a
b
le

2
.
C
o
n
ti
n
u
ed

L
it
er
a
cy

In
te
ra
ct
io
n

C
o
m
p
re
h
en
si
o
n

N
u
m
er
a
cy

In
fo
rm

a
ti
o
n

se
ek
in
g

A
p
p
li
ca
ti
o
n
=

fu
n
ct
io
n

D
ec
is
io
n

m
a
k
in
g
=

cr
it
ic
a
l

th
in
k
in
g

E
v
a
lu
a
ti
o
n

R
es
p
o
n
si
b
il
it
y

C
o
n
fi
d
en
ce

(s
el
f-

ef
fi
ca
cy
)

N
a
v
ig
a
ti
o
n

P
o
p
u
la
ti
o
n
-
o
r

la
n
g
u
a
g
e-
sp
ec
if
ic

h
ea
lt
h
li
te
ra
cy

R
a
p
id

E
st
im

a
te

o
f

A
d
o
le
sc
en
t
L
it
er
a
cy

in
M
ed
ic
in
e

Y
N

N
N

N
N

N
N

N
N

N

H
eb
re
w

H
ea
lt
h

L
it
er
a
cy

T
es
t

Y
N

Y
Y

N
Y

Y
Y

N
N

N

K
o
re
a
n
H
ea
lt
h

L
it
er
a
cy

S
ca
le

Y
Y

Y
Y

Y
Y

Y
N

N
N

N

S
h
o
rt

A
ss
es
sm

en
t
o
f

H
ea
lt
h
L
it
er
a
cy

fo
r

S
p
a
n
is
h
-s
p
ea
k
in
g

A
d
u
lt
s

Y
N

Y
N

N
N

N
Y

N
N

N

In
st
ru
m
en
t
fo
r

M
ea
su
ri
n
g
H
ea
lt
h

L
it
er
a
cy

fo
r

C
a
n
a
d
ia
n
H
ig
h

S
ch
o
o
l
S
tu
d
en
ts

Y
N

Y
Y

N
Y

Y
Y

N
N

N

T
a
iw
a
n
H
ea
lt
h

L
it
er
a
cy

S
ca
le
;

sh
o
rt

fo
rm

Y
N

Y
N

N
Y

N
N

N
N

N

M
a
n
d
a
ri
n
H
ea
lt
h

L
it
er
a
cy

S
ca
le

Y
N

Y
Y

Y
Y

Y
Y

N
N

Y

P
a
re
n
ta
l
H
ea
lt
h

L
it
er
a
cy

A
ct
iv
it
ie
s

T
es
t;
S
p
a
n
is
h

v
er
si
o
n
;
sh
o
rt

fo
rm

Y
N

Y
Y

N
Y

N
Y

N
N

N

C
a
n
ce
r
M
es
sa
g
e

L
it
er
a
cy

T
es
ts

L
is
te
n
in
g
a
n
d

R
ea
d
in
g

Y
N

Y
Y

N
Y

Y
Y

N
N

N

H
ea
lt
h
L
it
er
a
cy

T
es
t

fo
r
S
in
g
a
p
o
re

Y
N

Y
Y

N
N

N
Y

N
N

N

N
o
te
.
Y
¼
Y
es
;
N
¼
N
o
;
N
A
¼
n
o
t
a
p
p
li
ca
b
le
.

�
In
d
ic
a
te
s
su
b
je
ct
iv
e
se
lf
-r
ep
o
rt

m
ea
su
re

o
f
th
e
id
en
ti
fi
ed

h
ea
lt
h
li
te
ra
cy

d
im

en
si
o
n
s.
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T
a
b
le

3
.
V
a
li
d
a
ti
o
n
,
st
re
n
g
th
s,
a
n
d
w
ea
k
n
es
se
s
o
f
h
ea
lt
h
li
te
ra
cy

m
ea
su
re
s

V
a
li
d
a
ti
o
n

S
tr
en
g
th
s

L
im

it
a
ti
o
n
s

G
en
er
a
l
h
ea
lt
h
li
te
ra
cy

C
o
m
p
re
h
en
si
o
n
o
f
5
0

m
ed
ic
a
l
te
rm

s
In
te
rr
a
te
r
re
li
a
b
il
it
y
o
f
9
6
%
.
C
o
n
te
n
t
v
a
li
d
it
y
,

su
p
p
o
rt
ed

b
a
se
d
o
n
fe
ed
b
a
ck

fr
o
m

p
a
ti
en
ts
,
d
o
ct
o
rs
,

m
ed
ic
a
l
re
si
d
en
ts
,
a
n
d
m
ed
ic
a
l
st
u
d
en
ts

F
ir
st

m
ea
su
re

o
f
co
m
p
re
h
en
si
o
n
o
f
h
ea
lt
h
-r
el
a
te
d

in
fo
rm

a
ti
o
n

R
eq
u
ir
es

sk
il
le
d
a
d
m
in
is
tr
a
ti
o
n
a
n
d
is
n
o
t
q
u
ic
k
to

a
d
m
in
is
te
r.

R
a
p
id

E
st
im

a
te

o
f

A
d
u
lt
L
it
er
a
cy

in
M
ed
ic
in
e;

sh
o
rt

fo
rm

s

C
o
rr
el
a
te
d
w
it
h
W
R
A
T
-R

2
(r
¼
0
.8
2
)
W
R
A
T
-R

3
,

(0
.8
8
);
S
O
R
T
-R

,
(0
.9
5
,
0
.9
6
);
P
IA

T
-R

,
(0
.9
4
,
0
.9
7
);

T
O
H
F
L
A
,
(0
.3
0
,
0
.8
4
).
T
es
t–
re
te
st
re
li
a
b
il
it
y
o
f
0
.9
8

a
n
d
0
.9
9
.
In
te
rr
at
er

re
li
a
b
il
it
y
o
f
0
.9
9
(p

<
.0
0
0
1
).

C
o
n
te
n
t
v
a
li
d
it
y
—

w
o
rd
s
se
le
ct
ed

fr
o
m

ed
u
ca
ti
o
n
.

F
a
ce

v
a
li
d
it
y
—

b
a
se
d
o
n
p
h
y
si
ci
a
n
,
st
a
ff
,
a
n
d
p
a
ti
en
t

re
ce
p
ti
v
it
y
to

th
e
te
st
a
n
d
it
s
a
p
p
li
ca
b
il
it
y
to

m
ed
ic
a
l

se
tt
in
gs
.

Q
u
ic
k
a
n
d
ea
sy

to
a
d
m
in
is
te
r;
sh
o
rt

v
er
si
o
n
a
v
a
il
a
b
le
.

M
in
im

a
l
tr
a
in
in
g
is
re
q
u
ir
ed

to
a
d
m
in
is
te
r
th
e
te
st
.

H
a
s
h
ig
h
co
n
ce
n
tr
a
ti
o
n
o
f
it
em

s
a
t
lo
w
er

li
te
ra
cy

le
v
el
s
in
cr
ea
si
n
g
d
is
cr
im

in
a
to
ry

p
o
w
er

w
h
en

a
d
m
in
is
te
re
d
to

p
a
ti
en
ts
w
it
h
li
m
it
ed

re
a
d
in
g
a
b
il
it
y
.

O
n
ly

m
ea
su
re
s
o
n
e
d
im

en
si
o
n
o
f
h
ea
lt
h
li
te
ra
cy
.

P
re
se
n
ce

o
f
a
ce
il
in
g
ef
fe
ct
.
D
o
es

n
o
t
m
ea
su
re

th
e

p
a
ti
en
t’
s
u
n
d
er
st
an

d
in
g
o
f
th
e
w
o
rd
s.

T
es
t
o
f
F
u
n
ct
io
n
a
l

H
ea
lt
h
L
it
er
a
cy

fo
r

A
d
u
lt
s;
sh
o
rt

fo
rm

C
o
rr
el
a
te
d
w
it
h
W
R
A
T
-R

3
,
(0
.7
4
);
R
E
A
L
M
,
(0
.8
4
).

P
ea
rs
o
n
’s
co
rr
el
a
ti
o
n
,
(0
.7
1
)
fo
r
S
-T
O
F
H
L
A

a
n
d

R
E
A
L
M

a
s
co
n
ti
n
u
o
u
s
v
a
ri
a
b
le
s;
a
s
ca
te
g
o
ri
ca
l

v
a
ri
a
b
le
s
(0
.5
2
).
In
te
rn
a
l
co
n
si
st
en
cy
,
C
ro
n
b
ac
h
’s

a
¼
.9
8
fo
r
b
o
th

E
n
g
li
sh

a
n
d
S
p
a
n
is
h
v
er
si
o
n
s;

C
ro
n
b
a
ch
’s
a
>
.9
5
w
it
h
in

ea
ch

o
f
3
p
a
ti
en
t

p
o
p
u
la
ti
o
n
s;
in
te
rc
o
rr
el
a
ti
o
n
s
a
m
o
n
g
th
e
R
ea
d
in
g

C
o
m
p
re
h
en
si
o
n
a
n
d
th
e
N
u
m
er
a
cy

su
b
te
st
s
w
er
e

r
¼
0
.7
9
a
n
d
0
.7
0
fo
r
th
e
E
n
g
li
sh

a
n
d
S
p
a
n
is
h

v
er
si
o
n
s.
T
es
t–
re
te
st

re
li
a
b
il
it
y
,
S
p
ea
rm

an
-B
ro
w
n

eq
u
a
l-
le
n
g
th

co
ef
fi
ci
en
t
o
f
0
.9
2
fo
r
th
e
E
n
g
li
sh

v
er
si
o
n
,
a
n
d
0
.8
4
fo
r
th
e
S
p
a
n
is
h
v
er
si
o
n
.
C
o
n
te
n
t

a
n
d
fa
ce

v
a
li
d
it
y
:
b
a
se
d
o
n
co
m
m
o
n
ly

u
se
d
h
o
sp
it
a
l

te
x
ts

re
v
ie
w
ed

b
y
a
li
te
ra
cy

ex
p
er
t.

A
v
a
il
ab

le
in

S
p
a
n
is
h
,
G
er
m
a
n
,
F
re
n
ch
,
a
n
d
It
a
li
a
n
.

S
h
o
rt

v
er
si
o
n
a
v
a
il
a
b
le
.
H
a
s
b
ee
n
v
a
li
d
a
te
d
in

se
v
er
a
l
sa
m
p
le
s
re
p
re
se
n
ti
n
g
d
iv
er
se

p
o
p
u
la
ti
o
n
s.

L
o
n
g
v
er
si
o
n
s
a
re

ti
m
e-
co
n
su
m
in
g
=m

a
y
o
v
er
es
ti
m
a
te

h
ea
lt
h
li
te
ra
cy
.
L
o
n
g
er

v
er
si
o
n
is
m
o
re

u
se
fu
l
a
s
a

re
se
a
rc
h
to
o
l
th
a
n
a
cl
in
ic
al

sc
re
en
in
g
to
o
l.

T
h
re
e-
it
em

N
u
m
er
a
cy

M
ea
su
re

A
cc
u
ra
cy

w
a
s
re
la
te
d
to

n
u
m
er
a
cy
,
a
cc
u
ra
cy

w
a
s
5
.8
%

(9
5
%

C
I,
0
.8
%

to
1
0
.7
%
)
fo
r
a
n
u
m
er
a
cy

sc
o
re

o
f
0
,

8
.9
%

(C
I,
2
.5
%

to
1
5
.3
%
)
fo
r
a
sc
o
re

o
f
1
,
2
3
.7
%

(C
I,

1
3
.9
%

to
3
3
.5
%
)
fo
r
a
sc
o
re

o
f
2
,
a
n
d
4
0
%

(C
I,

2
5
.1
%

to
5
4
.9
%
)
fo
r
a
sc
o
re

o
f
3
.

Q
u
ic
k
a
n
d
ca
n
b
e
se
lf
-a
d
m
in
is
te
re
d
re
m
o
te
ly
.
H
a
s

b
ee
n
v
a
li
d
a
te
d
in

se
v
er
a
l
sa
m
p
le

p
o
p
u
la
ti
o
n
s.

D
o
es

n
o
t
a
d
d
re
ss

o
th
er

d
im

en
si
o
n
s
o
f
h
ea
lt
h
li
te
ra
cy

b
ey
o
n
d
n
u
m
er
a
cy

M
ed
ic
a
l
A
ch
ie
v
em

en
t

R
ea
d
in
g
T
es
t

C
o
rr
el
a
te
d
w
it
h
W
R
A
T
-R

3
(0
.9
7
)
a
n
d
g
ra
d
e
le
v
el
s

(0
.9
8
)
w
it
h
W
R
A
T
;
re
li
a
b
il
it
y
w
a
s
d
em

o
n
st
ra
te
d

(0
.9
8
).

V
a
li
d
at
ed

u
si
n
g
a
ra
n
d
o
m
iz
ed

cr
o
ss
o
v
er

d
es
ig
n
w
it
h

4
0
0
re
sp
o
n
d
en
ts

re
p
re
se
n
ti
n
g
a
d
iv
er
se

sa
m
p
le
.

M
ea
su
re

is
q
u
ic
k
a
n
d
ea
sy

to
a
d
m
in
is
te
r.

M
ea
su
re
s
w
o
rd

re
co
g
n
it
io
n
o
n
ly
.
D
o
es

n
o
t
m
ea
su
re

th
e
p
a
ti
en
t’
s
u
n
d
er
st
a
n
d
in
g
o
f
th
e
w
o
rd
s.

L
ip
k
u
s
E
x
p
a
n
d
ed

H
ea
lt
h
N
u
m
er
a
cy

S
ca
le

C
o
rr
el
a
ti
o
n
s
ra
n
g
ed

fr
o
m

0
.4
4
to

0
.4
9
a
cr
o
ss

sa
m
p
le
s;

a
lp
h
a
s
fo
r
th
e
g
en
er
a
l
n
u
m
er
a
cy

sc
a
le

w
er
e

0
.5
7
–
0
.6
3
;
a
lp
h
a
s
fo
r
th
e
ex
p
a
n
d
ed

n
u
m
er
a
cy

sc
a
le

w
er
e
0
.7
0
–
0
.7
5
.
F
a
ct
o
r
a
n
a
ly
si
s
in
d
ic
a
te
d
g
en
er
a
l

a
n
d
ex
p
a
n
d
ed

ri
sk

n
u
m
er
a
cy

it
em

s
ta
p
p
ed

th
e

co
n
st
ru
ct

o
f
g
lo
b
a
l
n
u
m
er
a
cy
,
a
o
n
e-

to
th
re
e-
fa
ct
o
r

R
el
a
ti
v
el
y
q
u
ic
k
a
n
d
o
b
je
ct
iv
e
m
ea
su
re

o
f
n
u
m
er
a
cy

a
n
d
ri
sk
.

S
a
m
p
le

w
a
s
n
o
t
re
p
re
se
n
ta
ti
v
e
o
f
th
e
g
en
er
a
l
U
.S
.

p
o
p
u
la
ti
o
n
,
a
n
d
w
a
s
p
ri
m
ar
il
y
W
h
it
e
a
n
d
h
ig
h
ly

ed
u
ca
te
d
.
D
o
es

n
o
t
a
d
d
re
ss

o
th
er

d
im

en
si
o
n
s
o
f

h
ea
lt
h
li
te
ra
cy

b
ey
o
n
d
n
u
m
er
a
cy
.

(C
o
n
ti
n
u
ed

)
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T
a
b
le

3
.
C
o
n
ti
n
u
ed

V
a
li
d
a
ti
o
n

S
tr
en
g
th
s

L
im

it
a
ti
o
n
s

so
lu
ti
o
n
w
a
s
co
m
p
u
te
d
to

ex
a
m
in
e
th
e

d
im

en
si
o
n
a
li
ty

o
f
a
ll
th
e
n
u
m
er
a
cy

it
em

s,
th
e

b
is
er
ia
l
co
rr
el
a
ti
o
n
s
ra
n
g
ed

fr
o
m

0
.6
7
8
to

0
.9
07
;
th
e

fa
ct
o
r
lo
a
d
in
g
s
ra
n
g
ed

fr
o
m

0
.5
4
9
to

0
.8
2
6
.
P
o
o
li
n
g

a
ll
it
em

s,
th
e
co
ef
fi
ci
en
t
a
lp
h
a
w
a
s
0
.7
8
.

H
ea
lt
h
L
it
er
a
cy

C
o
m
p
o
n
en
t
o
f
th
e

N
a
ti
o
n
a
l
A
ss
es
sm

en
t

o
f
A
d
u
lt
L
it
er
a
cy

S
u
b
sc
a
le

o
f
la
rg
er

N
a
ti
o
n
a
l
A
ss
es
sm

en
t
o
f
A
d
u
lt

L
it
er
a
cy

a
ss
es
sm

en
t,
n
o
t
te
st
ed

fo
r
re
li
a
b
il
it
y
o
r

co
rr
el
a
te
d
w
it
h
st
a
n
d
a
rd

ex
is
ti
n
g
h
ea
lt
h
li
te
ra
cy

te
st
s

F
ir
st

n
a
ti
o
n
al
-l
ev
el

a
ss
es
sm

en
t
o
f
h
ea
lt
h
li
te
ra
cy
,

in
cl
u
d
in
g
m
ea
su
re

o
f
n
u
m
er
a
cy
.

D
es
ig
n
ed

to
b
e
u
se
d
a
s
a
su
b
sc
a
le

o
f
a
la
rg
er

in
st
ru
m
en
t,
le
n
g
th

is
ti
m
e
co
n
su
m
in
g
;
ca
n
n
o
t
b
e

q
u
ic
k
ly

a
d
m
in
is
te
re
d
.

H
ea
lt
h
A
ct
iv
it
ie
s

L
it
er
a
cy

S
ca
le

o
f

N
A
L
S

S
u
b
sc
a
le

o
f
la
rg
er

N
A
L
S
su
rv
ey
.
U
si
n
g
it
em

re
sp
o
n
se

th
eo
ry
,
th
e
st
a
b
il
it
y
o
f
it
em

p
a
ra
m
et
er
s
w
er
e
g
o
o
d
.

C
o
n
te
n
t
v
a
li
d
it
y
d
em

o
n
st
ra
te
d
b
y
re
se
a
rc
h
er
s’

a
b
il
it
y
to

fi
t
th
e
it
em

s
in
to

th
e
h
ea
lt
h
a
ct
iv
it
ie
s

fr
a
m
ew

o
rk
.

C
o
m
p
u
te
r
a
d
a
p
te
d
;
se
n
si
ti
v
e
to

ch
a
n
g
e
p
o
st

in
te
rv
en
ti
o
n
;
S
h
o
rt

v
er
si
o
n
a
v
a
il
a
b
le
.

D
es
ig
n
ed

to
b
e
u
se
d
a
s
a
su
b
sc
a
le

o
f
a
la
rg
er

in
st
ru
m
en
t,
le
n
g
th

is
ti
m
e
co
n
su
m
in
g
;
ca
n
n
o
t
b
e

q
u
ic
k
ly

a
d
m
in
is
te
re
d
.

T
h
re
e-
it
em

H
ea
lt
h

L
it
er
a
cy

S
cr
ee
n
in
g
;

fo
u
r-
it
em

B
ri
ef

H
ea
lt
h
L
it
er
a
cy

S
cr
ee
n
in
g
T
o
o
l

T
es
te
d
a
g
a
in
st

S
T
O
F
H
L
A
,
it
em

s
A
U
R
O
C

cu
rv
e

ra
n
g
ed

fr
o
m

0
.7
6
-
0
.8
7
(9
5
%

C
I)
.
T
h
e
g
ro
u
p
ed

it
em

s,
in
cl
u
d
in
g
a
fo
u
rt
h
it
em

a
b
o
u
t
v
er
b
a
l

in
fo
rm

at
io
n
,
(B
R
IE

F
),
d
em

o
n
st
ra
te
d
a
n
A
U
R
O
C

cu
rv
e
o
f
.7
9
(9
5
%

C
I)

fo
r
id
en
ti
fy
in
g
in
a
d
eq
u
a
te

sk
il
ls
.
C
o
rr
el
a
ti
o
n
s
a
s
g
ro
u
p
ed

it
em

s
a
g
a
in
st

S
-T
O
F
H
L
A

(0
.4
2
)
a
n
d
R
E
A
L
M

(0
.4
0
)
in

m
u
lt
ip
le

d
em

o
n
st
ra
ti
n
g
m
o
d
er
a
te

co
rr
el
a
ti
o
n
.

V
a
li
d
at
ed

in
se
v
er
a
l
d
iv
er
se

sa
m
p
le

p
o
p
u
la
ti
o
n
s.

Q
u
ic
k
,
ea
sy
,
a
n
d
in
ex
p
en
si
v
e
to

a
d
m
in
is
te
r;

a
d
d
re
ss
es

fu
n
ct
io
n
a
l
d
o
m
a
in
s
a
ss
o
ci
a
te
d
w
it
h

in
a
d
eq
u
a
te

h
ea
lt
h
li
te
ra
cy
.
L
es
s
li
k
el
y
to

in
d
u
ce

a
n
x
ie
ty

a
n
d
sh
a
m
e.

M
et
h
o
d
s
ty
p
ic
a
ll
y
re
li
ed

o
n
co
n
v
en
ie
n
ce

sa
m
p
le
s.

S
el
f-
a
ss
es
sm

en
t
h
a
s
p
o
te
n
ti
a
l
fo
r
se
lf
-r
ep
o
rt

b
ia
s.

M
ed
ic
a
l
D
a
ta

In
te
rp
re
ta
ti
o
n
T
es
t

R
el
ia
b
il
it
y
(t
es
t–
re
te
st

co
rr
el
a
ti
o
n
(0
.6
7
),
C
ro
n
b
a
ch
’s

a
lp
h
a
(0
.7
1
).
C
o
n
st
ru
ct

v
a
li
d
it
y
,
h
ig
h
er

sc
o
re
s
w
er
e

fo
u
n
d
fo
r
re
sp
o
n
d
en
ts

w
it
h
h
ig
h
es
t
v
er
su
s
lo
w
es
t

n
u
m
er
a
cy

(7
1
v
s.
3
6
,
p
<
.0
0
1)
,
h
ig
h
es
t
q
u
a
n
ti
ta
ti
v
e

li
te
ra
cy

(6
5
v
s.
2
8
,
p
<
.0
0
1
),
a
n
d
h
ig
h
es
t
ed
u
ca
ti
o
n

(6
9
v
s.
4
2
,
p
¼
.0
0
4)
.

M
ea
su
re

p
ro
v
id
es

fu
n
ct
io
n
a
l
o
b
je
ct
iv
e
m
ea
su
re

o
f
ri
sk

a
n
d
n
u
m
er
a
cy

w
it
h
in

th
e
co
n
te
x
t
o
f
h
ea
lt
h

in
fo
rm

a
ti
o
n
.

T
es
te
d
in

a
re
la
ti
v
el
y
sm

a
ll
co
n
v
en
ie
n
ce

sa
m
p
le
.

S
ev
er
a
l
it
em

s
co
u
ld

b
e
p
er
ce
iv
ed

a
s
su
b
je
ct
iv
e
b
a
se
d

o
n
it
em

w
o
rd
in
g
.

N
ew

es
t
V
it
a
l
S
ig
n

R
el
ia
b
il
it
y
C
ro
n
b
a
ch
’s
a
lp
h
a
in

E
n
g
li
sh

(0
.7
6
)
a
n
d
in

S
p
a
n
is
h
(0
.6
9
)
a
n
d
co
rr
el
a
te
d
w
it
h
th
e
T
O
F
H
L
A

(0
.4
9
).
A
U
R
O
C
cu
rv
e
is
0
.8
8
fo
r
th
e
E
n
g
li
sh

v
er
si
o
n

a
n
d
0
.7
2
fo
r
th
e
S
p
a
n
is
h
v
er
si
o
n
.

Q
u
ic
k
fu
n
ct
io
n
a
l
h
ea
lt
h
li
te
ra
cy

a
ss
es
sm

en
t
th
a
t

in
cl
u
d
es

n
u
m
er
a
cy
.
T
es
te
d
in

E
n
g
li
sh

sp
ea
k
in
g
a
n
d

S
p
a
n
is
h
sp
ea
k
in
g
sa
m
p
le
.
V
a
li
d
a
te
d
S
p
a
n
is
h

v
er
si
o
n
.

V
a
li
d
at
io
n
sa
m
p
le

d
id

n
o
t
fu
ll
y
re
p
re
se
n
t
a

d
em

o
g
ra
p
h
ic
a
ll
y
d
iv
er
se

p
o
p
u
la
ti
o
n
.
T
es
t
fo
rm

a
t

m
ig
h
t
in
ti
m
id
a
te

re
sp
o
n
d
en
ts
.

S
in
g
le

It
em

L
it
er
a
cy

S
cr
ee
n
er

T
es
te
d
u
si
n
g
S
-T
O
F
H
L
A
,
se
n
si
ti
v
it
y
in

d
et
ec
ti
n
g

li
m
it
ed

re
a
d
in
g
a
b
il
it
y
w
a
s
5
4
%

[9
5
%

C
I:
4
7
%
,
6
1
%
]

a
n
d
th
e
sp
ec
if
ic
it
y
w
a
s
8
3
%

[9
5
%

C
I:
8
1
%
,
8
6
%
]
w
it
h

a
n
A
U
R
O
C

o
f
0
.7
3
[9
5
%

C
I:
0
.6
9
,
0
.7
8
].

Q
u
ic
k
a
n
d
ea
sy

to
a
d
m
in
is
te
r;
a
v
a
il
a
b
le

in
S
p
a
n
is
h

S
el
f-
a
ss
es
sm

en
t
h
a
s
p
o
te
n
ti
a
l
fo
r
se
lf
-r
ep
o
rt

b
ia
s.

S
u
b
je
ct
iv
e
N
u
m
er
a
cy

S
ca
le

F
a
ct
o
r
a
n
a
ly
si
s
co
n
fi
rm

ed
th
a
t,
w
it
h
th
e
ex
ce
p
ti
o
n
o
f
a

m
in
o
ri
ty

o
f
q
u
es
ti
o
n
s,
th
e
it
em

s
fe
ll
in
to

3
h
y
p
o
th
es
iz
ed

fa
ct
o
rs
:
ex
p
er
ie
n
ce
,
in
te
re
st
,
a
n
d

a
b
il
it
y
.
F
in
a
l
S
u
b
je
ct
iv
e
N
u
m
er
a
cy

S
ca
le

co
rr
el
a
te
d

w
it
h
L
ip
k
u
s=
o
th
er
s’
o
b
je
ct
iv
e
n
u
m
er
a
cy

sc
a
le

(0
.6
3

to
0
.6
8
);
re
li
a
b
il
it
y
w
a
s
.8
2
.

V
a
li
d
at
ed

in
a
la
rg
e
sa
m
p
le

o
f
th
e
g
en
er
a
l
p
o
p
u
la
ti
o
n

u
si
n
g
a
n
it
er
a
ti
v
e
te
st
in
g
p
ro
ce
ss
.

S
a
m
p
li
n
g
m
et
h
o
d
w
a
s
co
n
v
en
ie
n
ce

a
n
d
d
a
ta

w
a
s

co
ll
ec
te
d
u
si
n
g
se
lf
-a
d
m
in
is
tr
a
ti
o
n
a
n
d
th
u
s
co
u
ld

h
a
v
e
re
su
lt
ed

o
f
se
lf
-e
x
cl
u
si
o
n
o
f
th
o
se

w
it
h
lo
w
er

le
v
el
s
o
f
n
u
m
er
a
cy
.
It
em

s
a
re

n
o
t
p
re
se
n
te
d
w
it
h
in

h
ea
lt
h
in
fo
rm

a
ti
o
n
co
n
te
xt
.
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D
em

o
gr
a
p
h
ic

A
ss
es
sm

en
t
o
f
H
ea
lt
h

L
it
er
a
cy

T
h
e
S
-T
O
H
F
L
A

a
n
d
D
em

o
gr
a
p
h
ic

A
ss
es
sm

en
t
o
f

H
ea
lt
h
L
it
er
a
cy

a
re

co
rr
el
a
te
d
(0
.5
8
),
a
n
d
a
li
n
ea
r

re
g
re
ss
io
n
o
f
th
e
D
em

o
gr
a
p
h
ic

A
ss
es
sm

en
t
o
f

H
ea
lt
h
L
it
er
a
cy

o
n
S
-T
O
H
F
L
A

g
iv
es

a
co
ef
fi
ci
en
t

es
ti
m
a
te

o
f
0
.9
3
.
T
h
e
A
U
R
O
C

w
a
s
0
.8
1
,
9
5
%

C
I

[0
.7
9
,
0
.8
3
].
In
te
ra
ct
io
n
te
rm

s
re
su
lt
ed

in
C
-s
ta
ti
st
ic

a
t
0
.8
1
.

D
a
ta

el
em

en
ts

n
ee
d
ed

fo
r
a
ss
es
sm

en
ts

a
re

o
ft
en

re
a
d
il
y
a
v
a
il
a
b
le
.

D
o
es

n
o
t
a
ss
es
s
sk
il
ls
a
n
d
is
n
o
t
a
p
re
ci
se

m
ea
su
re
.

V
a
li
d
a
te
d
o
n
ly

fo
r
o
ld
er

a
d
u
lt
s.

F
u
n
ct
io
n
a
l
H
ea
lt
h

L
it
er
a
cy

T
es
t

R
el
ia
b
il
it
y
w
a
s
d
em

o
n
st
ra
te
d
fo
r
g
en
er
a
l
p
u
b
li
c
a
n
d

rh
eu
m
a
ti
c
p
a
ti
en
ts

(0
.7
2
,
0
.6
8
).
C
o
n
v
er
g
en
t
v
a
li
d
it
y

w
a
s
d
em

o
n
st
ra
te
d
w
it
h
co
rr
el
a
ti
o
n
b
et
w
ee
n

F
u
n
ct
io
n
a
l
H
ea
lt
h
L
it
er
a
cy

T
es
t
a
n
d
R
E
A
L
M

(0
.6
5
,

0
.6
8
).
D
iv
er
g
en
t
v
a
li
d
it
y
w
a
s
sh
o
w
n
b
y
w
ea
k

co
rr
el
a
ti
o
n
b
et
w
ee
n
th
e
F
u
n
ct
io
n
a
l
H
ea
lt
h
L
it
er
a
cy

T
es
t
sc
o
re

a
n
d
ed
u
ca
ti
o
n
le
v
el

(0
.3
3
,
0
.2
8
)

T
es
t-
re
te
st

re
li
a
b
il
it
y
o
f
th
e
F
u
n
ct
io
n
a
l
H
ea
lt
h

L
it
er
a
cy

T
es
t
a
m
o
n
g
rh
eu
m
a
ti
c
p
a
ti
en
ts

w
a
s
sh
o
w
n

to
b
e
h
ig
h
(I
C
C
¼
0
.9
5
).

A
ss
es
se
s
m
u
lt
ip
le

h
ea
lt
h
li
te
ra
cy

d
o
m
a
in
s.

C
o
m
p
u
te
r
b
a
se
d
a
ss
es
sm

en
t
m
a
y
b
e
co
n
fo
u
n
d
ed

b
y

co
m
p
u
te
r
li
te
ra
cy

is
su
es
.

M
ed
ic
a
l
T
er
m

R
ec
o
g
n
it
io
n
T
es
t

C
o
rr
el
a
te
d
w
it
h
R
E
A
L
M

(0
.7
4
).
M
E
T
E
R

sh
o
w
ed

a
h
ig
h
d
eg
re
e
o
f
re
li
a
b
il
it
y
(0
.9
3
).
T
o
d
em

o
n
st
ra
te

p
re
d
ic
ti
ve

v
a
li
d
it
y
th
e
m
a
g
n
it
u
d
e
o
f
th
e
a
ss
o
ci
a
ti
o
n
s

b
et
w
ee
n
M
E
T
E
R

a
n
d
th
e
m
ed
ic
a
l
v
a
ri
a
b
le
s,
h
ea
lt
h

b
eh
a
v
io
rs
,
a
n
d
n
eu
ro
p
sy
ch
o
lo
g
ic
a
l
m
ea
su
re
s
w
er
e

si
m
il
a
r
to

th
e
m
a
g
n
it
u
d
e
o
f
th
e
a
ss
o
ci
a
ti
o
n
s
b
et
w
ee
n

R
E
A
L
M

a
n
d
th
es
e
m
ea
su
re
s.

Q
u
ic
k
a
n
d
ea
sy

to
a
d
m
in
is
te
r.

O
n
ly

m
ea
su
re
s
o
n
e
d
im

en
si
o
n
o
f
h
ea
lt
h
li
te
ra
cy
.

D
o
es

n
o
t
m
ea
su
re

th
e
p
a
ti
en
t’
s
u
n
d
er
st
a
n
d
in
g

o
f
th
e
w
o
rd
s.

H
ea
lt
h
L
it
er
a
cy

S
k
il
ls

In
st
ru
m
en
t;
sh
o
rt

fo
rm

C
o
rr
el
a
te
d
w
it
h
S
-T
O
F
H
L
A

(0
.3
6
)
a
n
d
d
em

o
n
st
ra
te
d

g
o
o
d
in
te
rn
a
l
co
n
si
st
en
cy

(0
.8
6
).
T
h
e
h
ig
h
er

o
rd
er

co
n
fi
rm

a
to
ry

fa
ct
o
r
a
n
a
ly
si
s
m
o
d
el

fi
t
w
el
l

(C
F
I
¼
0
.9
5
,
T
L
I
¼
0
.9
8
,
a
n
d
R
M
S
E
A
¼
0
.0
3
).

A
ss
es
se
s
m
u
lt
ip
le

h
ea
lt
h
li
te
ra
cy

d
o
m
a
in
s
w
it
h

a
sk
il
ls
-b
a
se
d
a
p
p
ro
a
ch
.
A
v
a
il
ab

le
in

sh
o
rt

fo
rm

.
P
ri
m
a
ri
ly

fo
cu
si
n
g
o
n
fu
n
ct
io
n
a
l
h
ea
lt
h
li
te
ra
cy

u
si
n
g

d
if
fe
re
n
t
m
ea
n
s
su
ch

a
s
d
o
cu
m
en
ts
,
o
ra
l

co
m
m
u
n
ic
a
ti
o
n
a
n
d
In
te
rn
et
.

H
ea
lt
h
L
it
er
a
cy

A
ss
es
sm

en
t
U
si
n
g

T
a
lk
in
g
T
o
u
ch
sc
re
en

T
ec
h
n
o
lo
g
y

C
o
rr
el
a
te
d
w
it
h
R
E
A
L
M

(0
.6
9
),
T
O
F
H
L
A

(0
.6
5
),

N
ew

es
t
V
it
a
l
S
ig
n
(0
.5
6
).
T
h
re
e-
fa
ct
o
r
m
o
d
el

h
a
d

sl
ig
h
tl
y
b
et
te
r
fi
t
co
m
p
a
re
d
to

a
o
n
e
fa
ct
o
r
m
o
d
el
.

H
o
w
ev
er
,
co
rr
el
a
ti
o
n
s
a
m
o
n
g
th
e
th
re
e
fa
ct
o
rs

(g
ro
u
p
ed

b
y
p
ro
se
,
d
o
cu
m
en
t
a
n
d
q
u
a
n
ti
ta
ti
v
e

it
em

s)
w
er
e
0
.9
0
–
0
.9
5
,
su
g
g
es
ti
n
g
g
o
o
d
ev
id
en
ce

fo
r

u
n
id
im

en
si
o
n
a
li
ty
.
T
h
e
2
-P
L

it
em

re
sp
o
n
se

th
eo
ry

m
o
d
el

a
ls
o
fi
t
th
e
d
a
ta

w
el
l.

S
el
f-
a
d
m
in
is
te
re
d
;
co
m
p
u
te
r
a
d
a
p
te
d
;
a
v
a
il
a
b
le

in
S
p
a
n
is
h
.

N
o
t
a
b
le
to

d
is
ti
n
g
u
is
h
h
ig
h
er

le
v
el
s
o
f
h
ea
lt
h
li
te
ra
cy
.

C
o
m
p
u
te
r-
b
a
se
d
a
ss
es
sm

en
t
m
a
y
b
e
co
n
fo
u
n
d
ed

b
y

co
m
p
u
te
r
li
te
ra
cy

is
su
es
.

N
u
m
er
a
cy

U
n
d
er
st
a
n
d
in
g
in

M
ed
ic
in
e
In
st
ru
m
en
t

C
o
rr
el
a
te
d
w
it
h
W
R
A
T
-A

ri
th
m
et
ic

(0
.7
3
),
L
ip
k
u
s

(0
.6
9
),
M
D
IT

(0
.7
5
),
S
T
O
F
H
L
A

(0
.4
3
).

A
co
m
p
re
h
en
si
v
e
m
ea
su
re

a
ss
es
si
n
g
se
v
er
a
l

d
im

en
si
o
n
s
o
f
h
ea
lt
h
n
u
m
er
a
cy

D
o
es

n
o
t
a
d
d
re
ss

o
th
er

d
im

en
si
o
n
s
o
f
h
ea
lt
h
li
te
ra
cy

b
ey
o
n
d
n
u
m
er
a
cy
.

S
w
is
s
H
ea
lt
h
L
it
er
a
cy

S
u
rv
ey

E
x
p
lo
ra
to
ry

a
n
d
co
n
fi
rm

a
to
ry

fa
ct
o
r
a
n
a
ly
se
s

su
p
p
o
rt
ed

a
fo
u
r
fa
ct
o
r
m
o
d
el
w
it
h
re
a
so
n
a
b
ly

g
o
o
d

fi
t.
F
a
ct
o
r
in
te
rc
o
rr
el
a
ti
o
n
s
ra
n
g
ed

fr
o
m

�
0
.0
5
to

0
.8
1
,
su
g
g
es
ti
n
g
d
is
ti
n
ct

co
m
p
o
n
en
ts
.

A
ss
es
se
s
m
u
lt
ip
le

h
ea
lt
h
li
te
ra
cy

d
o
m
a
in
s.

L
en
g
th

o
f
a
ss
es
sm

en
t
in
cr
ea
se
s
re
sp
o
n
se

b
u
rd
en
.

H
ea
lt
h
L
it
er
a
cy

Q
u
es
ti
o
n
n
a
ir
e

A
n
in
e-
fa
ct
o
r
m
o
d
el

w
a
s
fi
t
u
si
n
g
4
4
fi
n
a
l
it
em

s
w
it
h

n
o
cr
o
ss
-l
o
a
d
in
g
s
o
r
co
rr
el
a
te
d
re
si
d
u
a
ls
.
M
o
d
el

fi
t

S
el
f-
a
d
m
in
is
te
re
d
;
m
ea
su
re
s
m
u
lt
ip
le

d
o
m
a
in
s
o
f

h
ea
lt
h
li
te
ra
cy
.

S
el
f-
a
ss
es
sm

en
t
h
a
s
p
o
te
n
ti
a
l
fo
r
se
lf
-r
ep
o
rt

b
ia
s.

(C
o
n
ti
n
u
ed

)
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T
a
b
le

3
.
C
o
n
ti
n
u
ed

V
a
li
d
a
ti
o
n

S
tr
en
g
th
s

L
im

it
a
ti
o
n
s

w
a
s
sa
ti
sf
a
ct
o
ry

C
F
I
¼
0
.9
3
6
¼
0
.9
3
0
,

R
M
S
E
A
¼
0
.0
7
6
,
a
n
d
W
R
M
R
¼
1
.6
9
8
.
C
o
rr
el
a
ti
o
n
s

b
et
w
ee
n
fa
ct
o
rs

sh
o
w
ed

a
cl
ea
r
d
is
ti
n
ct
io
n
b
et
w
ee
n

th
e
a
g
re
e=
d
is
a
g
re
e
sc
a
le
s,
b
u
t
le
ss

d
is
ti
n
ct
io
n
fo
r

ca
n
n
o
t
d
o
=v
er
y
ea
sy

sc
a
le
s.

T
h
e
H
ea
lt
h
L
it
er
a
cy

M
a
n
a
g
em

en
t
S
ca
le

C
o
n
fi
rm

a
to
ry

fa
ct
o
r
a
n
a
ly
si
s
in
d
ic
a
te
d
g
o
o
d
fi
t
o
f
th
e

d
a
ta

w
it
h
th
e
m
o
d
el
R
M
S
E
A
¼
0
.0
7
,
S
R
M
R
¼
0
.0
5
,

C
F
I
¼
0
.9
7
.
A

fu
ll
ei
g
h
t-
fa
ct
o
r
m
o
d
el
w
a
s
ev
a
lu
a
te
d
.

N
o
cr
o
ss

lo
a
d
in
g
s
o
r
co
rr
el
a
te
d
er
ro
rs

w
er
e
a
ll
o
w
ed

a
n
d
g
o
o
d
m
o
d
el

fi
t
re
su
lt
ed
.

A
ss
es
sm

en
t
o
f
m
u
lt
ip
le

d
o
m
a
in
s
ca
n
ta
rg
et

o
r
ta
il
o
r

p
a
ti
en
t
n
ee
d
s.

Is
v
a
li
d
a
te
d
fo
r
A
u
st
ra
li
a
w
it
h
it
s
sp
ec
if
ic

h
ea
lt
h
ca
re

sy
st
em

,
b
u
t
m
a
y
p
er
fo
rm

d
if
fe
re
n
tl
y
w
h
en

a
p
p
li
ed

in
o
th
er

co
u
n
tr
ie
s.

T
h
e
E
u
ro
p
ea
n
H
ea
lt
h

L
it
er
a
cy

Q
u
es
ti
o
n
n
a
ir
e

C
o
rr
el
a
te
d
w
it
h
N
V
S
(0
.2
5
).
A

m
u
lt
iv
a
ri
a
te

li
n
ea
r

re
g
re
ss
io
n
m
o
d
el
w
it
h
th
e
to
ta
l
sa
m
p
le
m
ea
su
re
d
th
e

re
la
ti
o
n
b
et
w
ee
n
so
ci
a
l
v
a
ri
a
b
le
s
a
n
d
h
ea
lt
h
li
te
ra
cy

y
ie
ld
in
g
a
n
a
d
ju
st
ed

R
2
¼
1
7
.4
%
,
p
¼
.0
0
.
F
in
a
n
ci
a
l

d
ep
ri
v
a
ti
o
n
w
a
s
th
e
st
ro
n
g
es
t
p
re
d
ic
to
r
o
f
h
ea
lt
h

li
te
ra
cy
.

C
o
m
p
re
h
en
si
v
e,

co
n
ce
p
tu
a
l
b
a
se
d
m
ea
su
re

o
f
m
o
st

d
im

en
si
o
n
s
o
f
h
ea
lt
h
li
te
ra
cy
;
a
v
a
il
a
b
le

in
1
0
þ

la
n
g
u
a
g
es
.

L
en
g
th

o
f
a
ss
es
sm

en
t
in
cr
ea
se
s
re
sp
o
n
se

b
u
rd
en
.

S
el
f-
a
ss
es
sm

en
t
h
a
s
p
o
te
n
ti
a
l
fo
r
se
lf
-r
ep
o
rt

b
ia
s.

A
ll
A
sp
ec
ts

o
f
H
ea
lt
h

L
it
er
a
cy

S
ca
le

P
ri
n
ci
p
a
l
co
m
p
o
n
en
t
a
n
a
ly
si
s
in
d
ic
a
te
d
th
a
t
th
e
sc
a
le

it
em

s
lo
a
d
ed

o
n
fo
u
r
fa
ct
o
rs

w
it
h
ei
g
en
v
a
lu
es

g
re
a
te
r
th
a
n
1
a
cc
o
u
n
ti
n
g
fo
r
5
9
%

o
f
th
e
v
a
ri
a
n
ce
.

S
u
b
sc
a
le

co
rr
el
a
ti
o
n
s
ra
n
g
ed

fr
o
m

r
¼
0
.1
8
6
,

p
¼
.0
1
7
to

r
¼
0
.5
9
,
p
¼
.0
3
6
.
O
v
er
a
ll
sc
o
re
s
a
n
d

d
if
fe
re
n
t
su
b
sc
a
le
sc
o
re
s
w
er
e
a
ss
o
ci
a
te
d
w
it
h
et
h
n
ic

m
in
o
ri
ty

st
a
tu
s,
ed
u
ca
ti
o
n
a
l
le
v
el
,
a
n
d
se
lf
-r
a
te
d

h
ea
lt
h
st
a
tu
s,
b
u
t
th
e
o
v
er
a
ll
p
ic
tu
re

w
a
s
co
m
p
le
x
.

C
o
m
p
re
h
en
si
v
e,

co
n
ce
p
tu
a
ll
y
b
a
se
d
to
o
l
re
fe
rr
in
g
to

N
u
tb
ea
m
’s
th
re
e
le
v
el

o
f
h
ea
lt
h
li
te
ra
cy
.

S
el
f-
a
ss
es
sm

en
t
h
a
s
p
o
te
n
ti
a
l
fo
r
se
lf
-r
ep
o
rt

b
ia
s.

G
en
er
a
l
H
ea
lt
h

N
u
m
er
a
cy

T
es
t;
sh
o
rt

fo
rm

C
o
rr
el
a
te
d
w
it
h
W
R
A
T
-3

(0
.6
4
,
0
.6
5
),
R
E
A
L
M

(0
.5
4
,

0
.4
5
),
S
N
S
(0
.5
7
,
0
.5
8
),
d
em

o
n
st
ra
te
d
re
li
a
b
il
it
y

(0
.8
7
,
0
.7
7
),
a
n
d
b
o
th

w
er
e
a
ss
o
ci
a
te
d
w
it
h
in
co
m
e,

ed
u
ca
ti
o
n
,
h
ea
lt
h
li
te
ra
cy
,
o
b
je
ct
iv
e
n
u
m
er
a
cy
,
a
n
d

su
b
je
ct
iv
e
n
u
m
er
a
cy

(p
<
.0
0
1)
.

G
en
er
a
l
h
ea
lt
h
n
u
m
er
a
cy

te
st

a
ss
es
si
n
g
v
a
ri
o
u
s

d
im

en
si
o
n
s
o
f
n
u
m
er
a
cy
.

S
m
a
ll
st
u
d
y
sa
m
p
le

a
n
d
fr
o
m

a
si
n
g
le

a
ca
d
em

ic
m
ed
ic
a
l
ce
n
te
r.

S
ig
n
at
u
re

T
im

e
T
es
te
d
a
g
a
in
st

R
E
A
L
M

(a
d
ju
st
ed

O
R
¼
0
.7
8
5
,

C
I
¼
0
.6
6
–
0
.9
3
).
S
ig
n
a
tu
re

ti
m
e
d
if
fe
re
n
ti
a
te
d

p
a
rt
ic
ip
a
n
ts

w
it
h
a
d
eq
u
a
te

a
n
d
m
a
rg
in
a
l
li
te
ra
cy

v
er
su
s
in
a
d
eq
u
a
te

li
te
ra
cy

(O
R
¼
0
.7
1
9
,
C
I

[0
.6
0
8
–
0.
8
5
1
],
A
U
C
¼
0
.7
6
0
9
),
a
s
w
el
l
a
s
th
o
se

w
it
h

a
d
eq
u
at
e
li
te
ra
cy

v
er
su
s
m
a
rg
in
a
l
a
n
d
in
a
d
eq
u
a
te

li
te
ra
cy

(O
R
¼
0
.5
4
4
,
C
I
[0
.4
0
9
–
0
.7
2
5
],

A
U
C
¼
0
.8
2
9
0
).

D
o
es

n
o
t
re
q
u
ir
e
a
d
m
in
is
tr
a
ti
o
n
a
n
d
ca
n
b
e
ea
si
ly

a
ss
es
se
d
.

D
o
es

n
o
t
p
ro
v
id
e
p
re
ci
se

m
ea
su
re

a
n
d
co
v
er

n
o
n
e
o
f

th
e
d
im

en
si
o
n
s
in

h
ea
lt
h
li
te
ra
cy

a
p
a
rt
fr
o
m

li
te
ra
cy
.

D
is
ea
se
-
o
r
co
n
d
it
io
n
-s
p
ec
if
ic

h
ea
lt
h
li
te
ra
cy

L
it
er
a
cy

A
ss
es
sm

en
t

fo
r
D
ia
b
et
es

C
o
rr
el
a
te
d
w
it
h
W
R
A
T
-3

(0
.8
1
)
a
n
d
R
E
A
L
M

(0
.9
0
);

a
n
d
d
em

o
n
st
ra
te
d
te
st
–
re
te
st

re
li
a
b
il
it
y
(0
.8
6
)

Q
u
ic
k
a
n
d
ea
sy

to
a
d
m
in
is
te
r.

O
n
ly

m
ea
su
re
s
o
n
e
d
im

en
si
o
n
o
f
h
ea
lt
h
li
te
ra
cy
;
d
o
es

n
o
t
d
is
cr
im

in
a
te

a
b
o
v
e
a
n
in
th

g
ra
d
e;

g
iv
es

g
ra
d
e

ra
n
g
e
es
ti
m
a
te
;
n
o
t
sp
ec
if
ic
.
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A
st
h
m
a
N
u
m
er
a
cy

Q
u
es
ti
o
n
n
a
ir
e

C
o
rr
el
a
te
d
w
it
h
S
-T
O
F
H
L
A

(0
.4
7
)
a
n
d
R
E
A
L
M

(0
.4
1
).
In
te
rn
a
l
co
n
si
st
en
cy

w
a
s
0
.5
7
.
R
a
sc
h
m
o
d
el

g
o
o
d
n
es
s-
o
f-
fi
t
te
st
in
g
w
a
s
fo
u
n
d
w
it
h
v
a
ri
o
u
s
te
st
s

(p
¼
.7
4
),
(p

¼
.4
4
),
(p

¼
.6
9
).

Q
u
ic
k
a
n
d
ea
sy

to
a
d
m
in
is
te
r.
B
as
ed

o
n
g
u
id
el
in
es

sp
ec
if
ic

a
st
h
m
a
m
a
n
a
g
em

en
t
re
co
m
m
en
d
a
ti
o
n
s.

H
ig
h
ra
n
g
e
o
f
n
u
m
er
a
cy

sc
o
re
s
o
n
tw

o
q
u
es
ti
o
n
s.

V
a
li
d
a
te
d
in

a
sm

a
ll
sa
m
p
le

o
f
p
ri
m
ar
il
y
fe
m
a
le
s.

S
ti
eg
li
tz

In
fo
rm

a
l

R
ea
d
in
g
A
ss
es
sm

en
t

o
f
C
a
n
ce
r
T
ex
t

N
o
t
te
st
ed

fo
r
v
a
li
d
it
y
o
r
re
li
a
b
il
it
y
n
o
r
co
rr
el
a
te
d

w
it
h
st
a
n
d
a
rd

ex
is
ti
n
g
h
ea
lt
h
li
te
ra
cy

te
st
s.

T
es
ts

re
a
d
a
b
il
it
y
a
s
w
el
l
a
s
co
m
p
re
h
en
si
o
n
o
f
ca
n
ce
r

in
fo
rm

a
ti
o
n
a
l
te
x
t.
D
es
ig
n
ed

to
re
d
u
ce

sh
a
m
e.

L
im

it
ed

te
st
in
g
in

sm
a
ll
sa
m
p
le

a
n
d
n
o
t
v
a
li
d
a
te
d
.

T
es
t
o
f
F
u
n
ct
io
n
a
l

H
ea
lt
h
L
it
er
a
cy

in
D
en
ti
st
ry

C
o
rr
el
a
te
d
w
it
h
R
E
A
L
D
-9
9
(0
.8
2
),
T
O
F
H
L
A
,
(0
.5
2
),

a
n
d
R
E
A
L
M

(0
.5
3
);
w
a
s
p
o
si
ti
v
el
y
co
rr
el
a
te
d
w
it
h

O
H
IP
-1
4
(P

<
0
.0
5)
,
b
u
t
n
o
t
w
it
h
p
a
re
n
t
o
r
ch
il
d

o
ra
l
h
ea
lt
h
.
R
el
ia
b
il
it
y
w
a
s
0
.6
3
.

In
cl
u
d
es

a
te
st

o
f
n
u
m
er
a
cy
.

L
o
n
g
v
er
si
o
n
m
a
y
b
e
ti
m
e
co
n
su
m
in
g
,
v
a
li
d
a
te
d
in

sm
a
ll
p
o
p
u
la
ti
o
n
w
it
h
h
ig
h
ed
u
ca
ti
o
n
a
tt
a
in
m
en
t.

N
u
tr
it
io
n
a
l
L
it
er
a
cy

S
ca
le

C
o
rr
el
a
te
d
w
it
h
S
-T
O
F
H
L
A

(0
.6
1
),
a
n
d
d
em

o
n
st
ra
te
d

in
te
rn
a
l
co
n
si
st
en
cy

(0
.8
4
).
S
co
re
s
a
m
o
n
g
g
ro
u
p
s

w
er
e
d
if
fe
re
n
t
w
it
h
o
v
er
w
ei
g
h
t
re
sp
o
n
d
en
ts

sc
o
ri
n
g

lo
w
er

a
n
d
th
o
se

in
te
re
st
ed

in
n
u
tr
it
io
n
sc
o
re
d
h
ig
h
er

(F
¼
6
.7
4
,
p
<
.0
0
1
).

M
a
y
a
d
d
to

u
n
d
er
st
a
n
d
in
g
o
f
n
u
tr
it
io
n
a
l
li
te
ra
cy

a
n
d

h
ea
lt
h
o
u
tc
o
m
es
.

S
m
a
ll
sa
m
p
le

u
se
d
fo
r
v
a
li
d
a
ti
o
n
w
it
h
li
tt
le

d
is
cr
im

in
a
ti
o
n
2
%

sc
o
re
d
in

th
e
in
a
d
eq
u
a
te

ra
n
g
e

a
n
d
9
3
%

in
th
e
a
d
eq
u
at
e
ra
n
g
e.

R
a
p
id

E
st
im

a
te

o
f

A
d
u
lt
L
it
er
a
cy

in
D
en
ti
st
ry

9
9
;
sh
o
rt

fo
rm

R
E
A
L
D
-9
9
co
rr
el
a
te
d
w
it
h
R
E
A
L
M

(0
.8
0
),

se
lf
-p
er
ce
iv
ed

o
ra
l
h
ea
lt
h
st
a
tu
s
o
f
th
e
p
a
re
n
t
(0
.6
1
)

a
n
d
th
e
O
H
IP
-1
4
(0
.7
3
);
w
a
s
a
ss
o
ci
a
te
d
w
it
h

p
a
re
n
ts
’
O
H
IP
-1
4
sc
o
re

in
m
u
lt
iv
a
ri
a
te

a
n
a
ly
si
s;
a
n
d

d
em

o
n
st
ra
te
d
re
li
a
b
il
it
y
(0
.8
6
).

Q
u
ic
k
a
n
d
ea
sy

to
a
d
m
in
is
te
r.

O
n
ly

m
ea
su
re
s
o
n
e
d
im

en
si
o
n
o
f
h
ea
lt
h
li
te
ra
cy

a
n
d

v
a
li
d
a
te
d
w
it
h
co
n
v
en
ie
n
ce

sa
m
p
le
.
D
o
es

n
o
t

m
ea
su
re

th
e
p
a
ti
en
t’
s
u
n
d
er
st
a
n
d
in
g
o
f
th
e
w
o
rd
s.

D
ia
b
et
es

N
u
m
er
a
cy

T
es
t;
sh
o
rt

fo
rm

C
o
rr
el
a
te
d
w
it
h
R
E
A
L
M

(0
.5
4
),
W
R
A
T

(0
.6
2
),
a
n
d

D
ia
b
et
es

K
n
o
w
le
d
g
e
T
es
t
(0
.7
1
);
a
n
d
h
a
d
in
te
rn
a
l

re
li
a
b
il
it
y
(0
.9
5
).
C
o
n
st
ru
ct

v
a
li
d
it
y
w
a
s
in
d
ic
a
te
d
b
y

co
rr
el
a
ti
o
n
w
it
h
ed
u
ca
ti
o
n
,
li
te
ra
cy

a
n
d
m
a
th

sk
il
ls

(p
<
.0
5
).
D
N
T
1
5
h
a
d
g
o
o
d
in
te
rn
a
l
re
li
a
b
il
it
y
(0
.9
0

a
n
d
0
.8
9
);
sp
li
t
sa
m
p
le

a
n
a
ly
si
s,
co
rr
el
a
te
d
w
it
h
th
e

fu
ll
D
N
T

in
b
o
th

su
b
sa
m
p
le
s
(0
.9
6
a
n
d
0
.9
7
).

T
es
ts
n
u
m
er
a
cy

a
ss
o
ci
a
te
d
w
it
h
d
ia
b
et
es

m
a
n
a
g
em

en
t.

V
a
li
d
at
ed

in
h
ig
h
ly

ed
u
ca
te
d
sa
m
p
le

a
n
d
re
su
lt
ed

in
m
ea
n
sc
o
re

co
rr
ec
t
o
f
6
1
%
—

m
a
y
b
e
d
if
fi
cu
lt
o
r

re
q
u
ir
e
h
ig
h
n
u
m
er
a
cy

sk
il
ls
.

R
a
p
id

E
st
im

a
te

o
f

A
d
u
lt
L
it
er
a
cy

in
G
en
et
ic
s;
sh
o
rt

fo
rm

R
E
A
L
-G

co
rr
el
a
te
d
w
it
h
R
E
A
L
M

(0
.8
3
),
a
n
d

id
en
ti
fi
ed

re
a
d
er
s
a
t
th
e
si
x
th

g
ra
d
e
le
v
el

o
r
b
el
o
w

(9
5
.4
%

se
n
si
ti
vi
ty

a
n
d
8
8
.5
%

sp
ec
if
ic
it
y
).
S
co
re
s
o
n

th
e
8
-i
te
m

R
E
A
L
-G

w
er
e
co
rr
el
a
te
d
w
it
h
th
e

ei
g
h
t-
it
em

R
E
A
L
M

(0
.8
0
)
a
n
d
R
E
A
L
M

(0
.8
0
).

Q
u
ic
k
a
n
d
ea
sy

to
a
d
m
in
is
te
r.

O
n
ly

m
ea
su
re
s
o
n
e
d
im

en
si
o
n
o
f
h
ea
lt
h
li
te
ra
cy
.
D
o
es

n
o
t
m
ea
su
re

th
e
p
a
ti
en
t’
s
u
n
d
er
st
a
n
d
in
g
o
f
th
e

w
o
rd
s.

R
a
p
id

E
st
im

a
te

o
f

A
d
u
lt
L
it
er
a
cy

in
V
a
sc
u
la
r
S
u
rg
er
y

C
o
rr
el
a
te
d
w
it
h
R
E
A
L
M

(0
.9
1
,
0
.8
2
);
b
o
th

m
ea
su
re
s

d
em

o
n
st
ra
te
d
h
ig
h
in
te
rn
a
l
co
n
si
st
en
cy

(0
.9
8
,
0
.8
6
).

Q
u
ic
k
a
n
d
ea
sy

to
a
d
m
in
is
te
r.

O
n
ly

m
ea
su
re
s
o
n
e
d
im

en
si
o
n
o
f
h
ea
lt
h
li
te
ra
cy
.
D
o
es

n
o
t
m
ea
su
re

th
e
p
a
ti
en
t’
s
u
n
d
er
st
a
n
d
in
g
o
f
th
e

w
o
rd
s.

B
ri
ef

E
st
im

a
te

o
f

H
ea
lt
h
K
n
o
w
le
d
g
e

a
n
d
A
ct
io
n
—

H
IV

V
er
si
o
n

P
C

a
n
a
ly
si
s
m
a
p
p
ed

o
n
to

tw
o
fa
ct
o
rs
,
it
em

-t
o
ta
l

co
rr
el
a
ti
o
n
s
w
er
e
si
g
n
if
ic
a
n
t:
k
n
o
w
le
d
g
e
(0
.6
3
)
a
n
d

a
ct
io
n
(0
.9
4
).
S
co
re
s
p
re
d
ic
te
d
m
ed
ic
a
ti
o
n

a
d
h
er
en
ce

w
it
h
a
se
n
si
ti
vi
ty

o
f
0
.7
6
,
a
n
d
sp
ec
if
ic
it
y

o
f
0
.8
2
.

A
ss
es
sm

en
t
o
f
k
n
o
w
le
d
g
e
o
f
H
IV

ca
n
b
e
in
te
g
ra
te
d

in
to

h
ea
lt
h
ca
re
.

L
im

it
ed

p
sy
ch
o
m
et
ri
c
te
st
in
g.

H
B
P
-H

ea
lt
h
L
it
er
a
cy

S
ca
le

C
o
rr
el
a
te
d
w
it
h
T
O
F
H
L
A

(0
.8
0
),
N
V
S
(0
.7
6
),
a
n
d
th
e

to
ta
l
fu
n
ct
io
n
a
l
h
ea
lt
h
li
te
ra
cy

su
b
sc
a
le

(0
.8
2
),
a
n
d

F
o
cu
s
o
n
fu
n
ct
io
n
a
l
h
ea
lt
h
li
te
ra
cy
.

L
im

it
ed

te
st
in
g
in

sp
ec
if
ic

p
o
p
u
la
ti
o
n
K
o
re
a
n

A
m
er
ic
a
n
s.

(C
o
n
ti
n
u
ed

)

323

D
o
w

n
lo

ad
ed

 b
y
 [

V
ie

n
n
a 

U
n
iv

er
si

ty
 L

ib
ra

ry
] 

at
 0

0
:4

5
 1

6
 O

ct
o
b
er

 2
0
1
4
 



T
a
b
le

3
.
C
o
n
ti
n
u
ed

V
a
li
d
a
ti
o
n

S
tr
en
g
th
s

L
im

it
a
ti
o
n
s

th
eo
re
ti
ca
ll
y
se
le
ct
ed

v
a
ri
a
b
le
s
(e
d
u
ca
ti
o
n
,
0
.6
7
;

h
ig
h
b
lo
o
d
p
re
ss
u
re

k
n
o
w
le
d
g
e,

0
.3
3
).
T
es
ti
n
g

in
d
ic
a
te
d
re
li
a
b
il
it
y
(0
.9
8
).

F
o
o
d
L
a
b
el

L
it
er
a
cy

fo
r
A
p
p
li
ed

N
u
tr
it
io
n

K
n
o
w
le
d
g
e

Q
u
es
ti
o
n
n
a
ir
e

D
em

o
n
st
ra
te
d
re
li
a
b
il
it
y
(0
.7
7
)
a
n
d
te
st
–
re
te
st

co
rr
el
a
ti
o
n
(0
.6
8
).

D
es
ig
n
ed

a
s
a
ss
es
sm

en
t
o
f
ch
a
n
g
e
in

u
n
d
er
st
a
n
d
in
g

fo
ll
o
w
in
g
p
a
rt
ic
ip
a
ti
o
n
in

a
n
u
tr
it
io
n
p
ro
g
ra
m
.

O
n
ly

m
ea
su
re
s
o
n
e
d
im

en
si
o
n
o
f
h
ea
lt
h
li
te
ra
cy
.
N
o
t

ri
g
o
ro
u
sl
y
v
a
li
d
a
te
d
a
g
a
in
st
li
k
e
co
n
st
ru
ct

m
ea
su
re
s.

C
h
in
es
e
H
ea
lt
h

L
it
er
a
cy

S
ca
le

fo
r

C
h
ro
n
ic

C
a
re

C
o
rr
el
a
te
d
w
it
h
C
h
in
es
e
li
te
ra
cy

le
v
el

(0
.8
0
)
w
a
s

n
eg
a
ti
ve
ly

co
rr
el
a
te
d
w
it
h
a
g
e
(�

0
.3
1
),
h
a
d
g
o
o
d

in
te
rn
a
l
re
li
a
b
il
it
y
(0
.9
1
),
a
n
d
g
o
o
d
te
st
–
re
te
st

re
li
a
b
il
it
y
(0
.7
7
).

A
ss
es
sm

en
t
o
f
re
m
em

b
er
in
g
,
u
n
d
er
st
a
n
d
in
g
,
a
p
p
ly
in
g

a
n
d
a
n
a
ly
zi
n
g
in

p
o
p
u
la
ti
o
n
w
it
h
co
m
o
rb
id
it
ie
s.

T
es
te
d
o
n
ly

in
C
h
in
es
e
o
ld
er

a
d
u
lt
p
o
p
u
la
ti
o
n
.

C
h
in
es
e
H
ea
lt
h

L
it
er
a
cy

S
ca
le

fo
r

D
ia
b
et
es

C
o
rr
el
a
te
d
w
it
h
D
ia
b
et
ic

K
n
o
w
le
d
g
e
S
ca
le

(0
.4
0
),
th
e

D
ia
b
et
ic

M
a
n
a
g
em

en
t.
S
el
f-
E
ff
ic
a
cy

S
ca
le

(0
.2
6
),

P
re
sc
h
o
o
l
a
n
d
P
ri
m
a
ry

C
h
in
es
e
L
it
er
a
cy

S
ca
le

(0
.8
2
),
C
h
in
es
e
V
a
lu
e
o
f
L
ea
rn
in
g
S
ca
le

(0
.3
0
).

C
H
L
S
D

a
n
d
it
s
fo
u
r
su
b
sc
a
le
s
d
em

o
n
st
ra
te
d

re
li
a
b
il
it
y
(0
.8
8
),
(0
.8
9
),
(0
.6
7
),
(0
.6
5
),
(0
.7
2
).

A
ss
es
sm

en
t
o
f
d
ia
b
et
es

d
ec
is
io
n
m
a
k
in
g
.

T
es
te
d
in

sm
a
ll
sa
m
p
le
.

N
u
tr
it
io
n
L
it
er
a
cy

A
ss
es
sm

en
t

In
st
ru
m
en
t

C
o
rr
el
a
ti
o
n
w
it
h
R
E
A
L
M

w
a
s
n
o
t
si
g
n
if
ic
a
n
t

(0
.3
8
,
p
¼
.0
6
).

Q
u
ic
k
a
n
d
ea
sy

to
a
d
m
in
is
te
r.

T
es
te
d
in

sm
a
ll
sa
m
p
le
.
V
a
li
d
a
ti
o
n
te
st
in
g
w
a
s

in
a
d
eq
u
a
te
.

P
o
p
u
la
ti
o
n
-
o
r
la
n
g
u
a
g
e-
sp
ec
if
ic

h
ea
lt
h
li
te
ra
cy

R
a
p
id

E
st
im

a
te

o
f

A
d
o
le
sc
en
t
L
it
er
a
cy

in
M
ed
ic
in
e

C
o
rr
el
a
te
d
w
it
h
W
R
A
T
-3

(0
.8
3
),
S
O
R
T
-R

(0
.9
3
).

In
te
rn
a
l
co
n
si
st
en
cy

w
a
s
d
em

o
n
st
ra
te
d
(0
.9
4
).

A
d
d
re
ss
es

sp
ec
if
ic

n
ee
d
s
o
f
a
d
o
le
sc
en
ce
;
q
u
ic
k
a
n
d

ea
sy

to
a
d
m
in
is
te
r.
It

is
sh
o
rt
,
ca
n
b
e
ea
si
ly

a
d
m
in
is
te
re
d
w
it
h
m
in
im

a
l
tr
a
in
in
g
,
a
n
d
is
st
ro
n
g
ly

co
rr
el
a
te
d
w
it
h
st
a
n
d
a
rd
iz
ed

li
te
ra
cy

a
ss
es
sm

en
ts
.

T
es
t
sc
o
re
s,
w
h
ic
h
a
re

ex
p
re
ss
ed

a
s
g
ra
d
e-
le
v
el

es
ti
m
a
te
s
ca
n
b
e
co
m
p
a
re
d
w
it
h
a
ct
u
a
l
g
ra
d
e
le
v
el
.

O
n
ly

m
ea
su
re
s
o
n
e
d
im

en
si
o
n
o
f
h
ea
lt
h
li
te
ra
cy
.
D
o
es

n
o
t
m
ea
su
re

th
e
p
a
ti
en
t’
s
u
n
d
er
st
a
n
d
in
g
o
f
th
e

w
o
rd
s.
It

ca
n
o
n
ly

d
et
ec
t
re
a
d
in
g
g
ra
d
e
ra
n
g
es

a
n
d

b
el
o
w
-g
ra
d
e
re
a
d
in
g
le
v
el
s
(l
o
w

li
te
ra
cy
),
n
o
t

sp
ec
if
ic

g
ra
d
es
.
It

ca
n
n
o
t
d
ia
g
n
o
se

le
a
rn
in
g

p
ro
b
le
m
s.
It

re
q
u
ir
es

a
n
in
te
rv
ie
w
er

to
a
d
m
in
is
te
r
it

a
n
d
fo
cu
se
s
o
n
li
te
ra
cy

v
er
su
s
h
ea
lt
h
li
te
ra
cy
.
O
n
ly

a
v
a
il
a
b
le

in
E
n
g
li
sh

a
n
d
a
p
p
ro
p
ri
a
te

fo
r
a
li
m
it
ed

ta
rg
et

a
u
d
ie
n
ce

o
f
te
en
s.

H
eb
re
w

H
ea
lt
h

L
it
er
a
cy

T
es
t

C
o
rr
el
a
ti
o
n
w
it
h
su
b
je
ct
iv
e
le
v
el

0
.6
7
(p
<
.0
0
01
).
In

a
li
n
ea
r
re
g
re
ss
io
n
m
o
d
el
,
se
x
,
a
g
e,

a
n
d
ed
u
ca
ti
o
n

ex
p
la
in
ed

5
3
%

o
f
th
e
v
a
ri
a
n
ce

in
th
e
le
v
el
s
o
f
H
H
L
T

a
n
d
th
e
th
re
e
v
a
ri
a
b
le
s
w
er
e
si
g
n
if
ic
a
n
tl
y
a
ss
o
ci
a
te
d

w
it
h
h
ea
lt
h
li
te
ra
cy

le
v
el
s
in

th
e
m
o
d
el
.

P
re
d
ic
ti
v
e
v
a
li
d
it
y
w
a
s
g
o
o
d
a
s
re
su
lt
s
o
f
H
H
L
T

co
rr
es
p
o
n
d
ed

w
it
h
st
u
d
ie
s
in

th
e
U
n
it
ed

S
ta
te
s

re
g
a
rd
in
g
a
ss
o
ci
a
ti
o
n
w
it
h
a
g
e,

se
x
,
ed
u
ca
ti
o
n
.

D
ev
el
o
p
ed

u
si
n
g
a
co
n
v
en
ie
n
ce

sa
m
p
le

o
f
o
n
ly

1
1
9

p
eo
p
le
.

K
o
re
an

H
ea
lt
h

L
it
er
a
cy

S
ca
le

T
h
e
o
v
er
a
ll
fi
t
o
f
th
e
tw

o
-f
a
ct
o
r
m
o
d
el
o
f
th
e
sc
a
le
w
a
s

a
ss
es
se
d
b
y
ro
o
t
m
ea
n
sq
u
a
re

er
ro
r
o
f

a
p
p
ro
x
im

a
ti
o
n
(0
.0
3
9
),
in
d
ic
a
ti
n
g
a
g
o
o
d
fi
t

(c
ri
te
ri
o
n
.0
5
o
r
le
ss
);
w
it
h
a
n
in
te
rn
a
l
co
n
si
st
en
cy

o
f
0
.8
9
.

M
ea
su
re

u
se
s
q
u
es
ti
o
n
n
a
ir
e
fo
rm

a
t
co
n
ta
in
in
g
sh
o
rt

p
a
ss
a
g
es
,
p
ic
tu
re
s,
a
n
d
g
ra
p
h
s
w
it
h
m
u
lt
ip
le
-c
h
o
ic
e

a
n
sw

er
fo
rm

a
t,
p
ro
v
id
in
g
a
sk
il
ls
-b
a
se
d
a
p
p
ro
a
ch

to
m
ea
su
re
m
en
t.
A
u
th
o
rs

u
se
d
fa
ct
o
r
a
n
a
ly
si
s
m
et
h
o
d
s

fo
r
d
ev
el
o
p
m
en
t.

D
ev
el
o
p
ed

u
si
n
g
a
co
n
v
en
ie
n
ce

sa
m
p
le

o
f
4
1
1

co
m
m
u
n
it
y
m
em

b
er
s.
N
o
co
n
cu
rr
en
t
v
a
li
d
it
y
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Discussion

This work presents the most comprehensive inventory of health literacy measures to
date. The measures vary from basic screening items to more comprehensive
performance-based assessments. Instruments vary in how they operationalize
the concept of health literacy into a measureable construct. Most measures address
a limited set of the conceptual dimensions of health literacy. While some measures
address communication and comprehension; others focus on function, participation,
and decision making. Performance based measures vary from word recognition to
cloze style—fill in the blank, and question-and-answer based on some type of stimuli
(e.g., food label). Mode and administration styles vary, including self-report,
in-person timed performance assessments, and remote electronic data collection.
The time and resources needed to implement measures varies considerably across
the measures. Scoring approaches and categories=levels of health literacy on the
basis of measure performance also vary.

While some studies used psychometric analyses including exploratory and
confirmatory factor analysis, others used regression analyses to examine the
relationships between their new measure and demographic and social variables.
Many measures were correlated with the REALM or TOFHLA (S-TOFHLA),
as gold standards. Few measures were examined for all the key types of validity
including content, construct, criterion, internal, and predictive validity.

Despite the large number of tools available, significant gaps in health literacy
measurement exist. Health literacy measurement will advance when available tools
assess all of the defined dimensions of health literacy. This will allow investigators
to examine and compare the predictive validity of the different dimensions in various
settings and populations. This can then lead to further refinement of conceptual
models and ultimately to improvements in intervention design. The dearth of
assessment of navigation may be due to challenges in operationalizing the concept
into a form that is amenable to the testing modes being developed. The dimension
confidence has also been rarely represented in these tools; however, multiple other
tools outside the scope of this paper are dedicated to measuring self-efficacy. The
dimension responsibility has also rarely been included in these tools, but this may
be due to lack of consensus for the inclusion of this concept as a dimension of health
literacy. Consensus about the conceptual dimensions of health literacy and
assessment of these dimensions in tool development will guide future efforts in health
literacy measurement design, validation, and reporting (McCormack et al., 2013).

This article provides an extensive inventory of health literacy measures; however
limitations should be considered when evaluating the presented information. First,
health literacy is a broad concept without a single definition; thus, it is a challenge
to place distinct parameters on the definition of what should be accepted as a health
literacy measure. For example, a tool described as a measure of mental health liter-
acy was not included in this review as it was deemed by the authors to be a measure
of mental health knowledge and not a measure of health literacy. Second, several
publications did not report all information necessary to complete a comprehensive
review of their properties. We were able in some cases to identify additional
validation data from subsequent sources, but we did not contact authors to obtain
unpublished details which may exist. Furthermore, more comprehensive validation
information for these tools may have been presented in subsequent publications
not included in this review. Third, we made assessments of the instruments’ dimen-
sions, strengths, and weaknesses on the basis of our own experience and judgment;
as such, this was a subjective review. To minimize the effect of the issue of subjectivity,
each measure was analyzed by multiple authors, and any discrepancy was addressed
by all the authors and resolved through discussion. Throughout the dimension
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review process we struggled to find consensus on the dimensions and are acutely
aware that the field is still evolving as to how dimensions are operationalized. We
anticipate there is much room for growth in crystalizing the dimensions of health lit-
eracy and how they are directly measured—we propose this dimension review as a
starting point—a point for discussion and debate to help move the field forward
in the context of measuring the dimensions of health literacy.

Practice Implications

As instruments for measuring health literacy continue to be published, we advise
clinicians, health professionals and researchers to evaluate available health literacy
measurements for a conceptual and practical match with the goals of their work
when choosing a health literacy instrument. When selecting a practical match, style
of administration, purpose for measurement, and availability of time and resources
should be considered. Choosing a health literacy measurement closely aligned with
the topic or task under consideration and one that has been validated in a similar
target population may be important to have an accurate measure of the domain
being assessed. In addition measures should be considered given their predictive
qualities and appropriateness for assessment of changes in health literacy and
outcomes over time.

In some contexts brief screening tools and=or subjective measures may be the
most efficient and appropriate choice; it depends on the goals and purpose for
use. Such instruments may minimize performance pressure and embarrassment,
although the subject’s test experience was also outside the scope of the present
article. In many research contexts, performance-based tools are more appropriate.
When possible, use of comprehensive measures to gain in-depth comparative
knowledge regarding the dimensions of health literacy or across multiple measures
to allow comparison across instruments is particularly useful to the field. Repeated
measures are also recommended to support validity and a knowledge base in
longitudinal research. It is our hope that this inventory and review of health literacy
measurements can improve health literacy measurement selection in policy, research
and quality improvement projects.

Conclusion

A plethora of health literacy measures exist but they vary in the dimensions they
measure and the level of psychometric rigor to exhibit various aspects of validity.
Health literacy measures currently available demonstrate few modes of adminis-
tration and vary in the time and resources needed to use them. On the basis of these
findings we conclude the field still lacks in a single rigorously validated health
literacy measure that addresses the full range of dimensions which represent this
complex construct.

The ongoing development of instruments suggests that there is still a need for
comprehensive measurement across diverse populations. This review provides evi-
dence that comprehensive validated measurements for diverse populations are
needed. Multiple dimensions that figure prominently in conceptual models are rarely
measured in existing tools. This has severely narrowed the field of health literacy. In
addition, fundamental limitations in validation procedures are common. This threa-
tens the appropriateness of general use for multiple tools.

This inventory provides information to enable decision makers and health
professionals in research, policy, and practice to select the most appropriate tool
available. Although we hope the tables in this article will help numerous health
and public health investigators and practitioners, new tools and validation papers

Health Literacy Measurement 327

D
o
w

n
lo

ad
ed

 b
y
 [

V
ie

n
n
a 

U
n
iv

er
si

ty
 L

ib
ra

ry
] 

at
 0

0
:4

5
 1

6
 O

ct
o
b
er

 2
0
1
4
 



will continue to emerge. Although this article presents a much-needed comprehen-
sive review of health literacy measurements, because of the ongoing evolution of
the field, this article is already dated. As such, our inventory exhibits the need for
an ongoing publically accessible compendium of health literacy tools and validation
data with expert critical appraisal to serve as a public resource. To support clarity
and accuracy authors can explicitly report measure characteristics, strengths, weak-
nesses and dimensions, along with their validation efforts. This will create continuity
and a standardized approach to reporting that will help advance the science of health
literacy measurement.
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