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Abstract

Objectives

Health literacy is commonly associated with many of the antecedents of health disparities.

Yet the precise nature of the relationship between health literacy and disparities remains

unclear. A systematic review was conducted to better understand in how far the relationship

between health literacy and health disparities has been systematically studied and which

potential relationships and pathways have been identified.

Methods

Five databases, including PubMed/MEDLINE and CINAHL, were searched for peer-

reviewed studies. Publications were included in the review when they (1) included a valid

measure of health literacy, (2) explicitly conceived a health disparity as related to a social

disparity, such as race/ethnicity or education and (3) when results were presented by

comparing two or more groups afflicted by a social disparity investigating the effect of

health literacy on health outcomes. Two reviewers evaluated each study for inclusion and

abstracted relevant information. Findings were ordered according to the disparities identi-

fied and the role of health literacy in explaining them.

Results

36 studies were included in the final synthesis. Most of the studies investigated racial/ethnic

disparities, followed by some few studies that systematically investigated educational dis-

parities. Some evidence was found on the mediating function of health literacy on self-rated

health status across racial/ethnic and educational disparities, as well as on the potential

effect of health literacy and numeracy on reducing racial/ethnic disparities in medication

adherence and understanding of medication intake.

Conclusion

Overall the evidence on the relationship between health literacy and disparities is still mixed

and fairly limited. Studies largely varied with regard to health(-related) outcomes under

investigation and the health literacy assessments used. Further, many studies lacked a
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specific description of the nature of the disparity that was explored and a clear account of

possible pathways tested.

Introduction
Health disparities are differences in health that occur due to social, economic or environmental
disadvantages. In particular groups that are more likely to fall victim of discrimination or seg-
regation often face increased difficulties in preserving their health [1]. Disparities in health are
mostly measured by comparing two or more groups to each other or to a reference group in
general. Likely a disadvantaged group is compared to a more advantaged group, using an indi-
cator of health or health-related outcome [2, 3]. In the United States (US) for example, studies
have shown that those with lower education, less income and individuals from ethnic/racial
minorities are more often afflicted by worse health compared to more socially advantaged
groups [4, 5].

In the field of health literacy, often defined as the “degree to which individuals have the
capacity to obtain, process and understand basic health information and services needed to
make appropriate health decisions” [6], one does frequently find the underlying assumption
that health literacy might explain some of the variation in health disparities that would be oth-
erwise linked to other socioeconomic factors, such as education or income for example [7, 8].
Indeed health literacy has been found to be associated with many of the drivers of health dis-
parities. Studies in the US have shown that non-Whites have more often limited health literacy
than Whites [9–11]. Also factors such as lower income or education have been found to be
associated with lower levels of health literacy [12, 13]. Thus suggesting that individuals likely to
fall victim to social disparities, which in turn lead to worse health outcomes, are also more
likely to have lower levels of health literacy.

Healthcare practitioners and researchers, as well as policy makers, have recognized the need
to focus on health literacy as a potential intervenable factor by which health disparities can
potentially be reduced [14, 15]. However, the precise nature of the relationship between health
literacy and health disparities remains unclear. Consequently, also potential explanatory path-
ways and conceptualizations on how health literacy contributes to disparities remain rather
vague.

Adding to Berkman and colleagues’ work [9] the aim of this systematic review was to evalu-
ate to which extent research so far has systematically investigated the relationship between
health literacy and health disparities, and whether potential relationships and pathways have
been identified. In doing so, the review not only sought to contribute to a better theoretical
understanding on how health literacy contributes to disparities, but also to identify gaps and
missing links that might warrant further investigation, and to better understand potential
leverage points for research, as well as for interventions that aim at reducing disparities.

Methods

Search strategy and inclusion criteria
A review protocol was developed and reviewed by two experts in the field of health literacy and
health disparities. This review followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [16] (S1 Appendix). To identify relevant published articles the
following databases were systematically searched: Cochrane Library, Cumulative Index to
Nursing and Allied Health Literature (CINAHL), Educational Resources Information Center
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(ERIC), PsycInfo and PubMed/Medline. Searches were not limited to any specific time frame
or specific language.

The search terms for “health disparities” included related concepts such as “inequality”,
“race”, “minority” or “gender”, which had been identified previously using a scoping search.
For “health literacy” also the term literacy in combination with “health” was separately
included. In addition, the search term “numeracy” was included. When navigating the health-
care system people do not only need to have the ability to read and understand written medical
information but also often have to interpret information that is presented in numerical form,
such as information in a table or dosage instructions [17].

Truncations (wildcard searches) (�), hyphens and other relevant Boolean operators were
used to make the search as sensitive as possible (Fig 1). Appropriate MeSH terms were used for
searches in PubMed (S2 Appendix). Electronic searches were supplemented by hand searches,
and search alerts were set until February 2015. Reference lists of the included articles were fur-
ther reviewed to identify remaining studies.

Articles were included when they (1) were peer-reviewed (dissertations excluded), (2)
included a valid measure of health literacy (direct or indirect), (3) explicitly conceived a health
disparity as related to a social disparity/disadvantage, such as race, ethnicity, education or

Fig 1. Overview of search strategy. 1For demonstration purposes only the last search terms include Boolean operators.

doi:10.1371/journal.pone.0145455.g001
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gender and (4) when results were presented by comparing two or more groups afflicted by a
social disparity investigating the effect of health literacy on health outcomes.

Measures of health literacy were considered valid if they had been previously tested and
had shown construct and/or criterion validity. In addition, measures that showed to have suf-
ficient face validity and were validated in the study under investigation were also considered.
It was not sufficient if, for instance, a difference in health literacy levels between two racial
groups was reported as a secondary outcome. Furthermore, age was not considered to be
a predictor of health disparities because certain differences are natural and are likely to
occur for other reasons than being socially, economically, or environmentally disadvantaged
[2, 18]. Examples are differences between different work positions of which one is more
prone to accidents than the other or, in this case, differences between younger and older pop-
ulations [18].

Any observational study, including cross-sectional, cohort and case-control, examining the
relationship between health literacy and health disparities was considered, as well as any exper-
imental study testing for disparities with regard to health literacy. Studies had to report on the
association between the disparity under investigation and health literacy. Studies that measured
solely disease knowledge were excluded.

Screening process
After having extracted relevant abstracts from the databases, one reviewer screened all abstracts
and titles for duplicates. In a second step two reviewers screened the abstracts for relevance to
be included in the review. Discrepant assessments were resolved by discussion. Full manu-
scripts were retrieved for those abstracts that were identified to be relevant. Two reviewers
independently extracted data from the selected studies, using a pre-designed data extraction
form, which had been piloted before. Data were synthesized for final analysis and systemati-
cally screened by the two reviewers to ensure the correctness of the information. Based on crite-
ria defined by Berkman and colleagues [9], the same reviewers independently rated the quality
of articles. Studies were evaluated either as good, fair or poor. The quality assessment tool took
such things as selection bias, measurement bias and confounding variables into consideration.
Also here disagreement was resolved by consensus finding.

Given that study characteristics varied with regard to health literacy measures, health out-
comes, sample sizes and characteristics, it was not deemed feasible to carry out a meta-analysis.
Therefore a narrative synthesis was undertaken.

As initially described, disparities in health are mostly measured by comparing two or more
groups to each other using an indicator of health(-related) outcome. Therefore findings were
ordered according to the health(-related) outcomes that were under investigation in the differ-
ent included studies. This includes, for instance, self-reported health, cancer-related outcomes
or outcomes related to disease control. The social disparity, such as race/ethnicity or gender, as
related to the potential health disparity was further reported and the role of health literacy in
explaining the disparity under investigation described. Only the association between health lit-
eracy and the relevant outcome variables was extracted, even though some of the studies might
have reported on additional relationships.

Results
After the removal of duplicates, 5766 abstracts were reviewed and 92 articles were included for
full revision. 36 articles were included in the final synthesis (Fig 2). The authors are aware that
other studies [19–24] have looked at similar relationships. However, it was decided to exclude
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them, as they did not sufficiently elaborate or did not explicitly acknowledge the relationship
under investigation.

Most studies had been conducted in the US, except for five studies that had been conducted
in Canada, China, the Netherlands and respectively the UK.

The following health(-related) outcomes were identified: (1.) self-reported health status, (2.)
cancer-related outcomes, (3.) medication adherence/management, (4.) disease control, (5.)

Fig 2. Flowchart of screening process (adapted from: Moher, D., Liberati, A., Tetzlaff, J., & Altman, 2009).

doi:10.1371/journal.pone.0145455.g002
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preventive care, and (6.) end-of-life decisions. Other individual outcomes, such as usage of
complementary and alternative medicine or BMI, were also identified and were grouped into
(7.) “other health outcomes”.

Most of the studies focused on race/ethnicity as a social disparity leading to disparities in
health(-related) outcomes. For example, eight out of the 36 studies focused on racial/ethnic
and educational differences and investigated the influence of health literacy on disparities in
self-reported health. Six studies looked into how health literacy might explain cancer-related
outcomes that are potentially related to racial/ethnic disparities and another six studies investi-
gated the impact of health literacy and numeracy on medication adherence and management
with regard to race/ethnicity.

Some of the studies that were included in this review used multiple health literacy mea-
sures. However, the most commonly used measure was the Rapid Estimate of Adult Literacy
(-Revised) (REALM-R) [25], which was applied in 15 studies. This was followed by the
(Short)-Test of Functional Health Literacy (S-TOFHLA) [26], which had been used in 10
studies. Other measures included the Health Activities and Literacy Scale (HALS) [27] and
the health literacy items in the National Assessment of Adult Literacy (NAAL) [10]. Only two
studies used the screeners for limited health literacy developed by Chew and colleagues [28],
as well as the Newest Vitale Sign (NVS) [29]. Only five studies were identified that tested
numeracy skills.

Overall the quality was rated for 16 studies as “good”, 19 were rated as “fair” and only one
study was considered to be of “poor” quality (Table 1).

Self-reported health status
Eight studies investigated in how far health literacy might explain racial disparities in self-
reported health status, including mental health.

Two studies found that health literacy mediated or respectively reduced the effect of race/
ethnicity (black vs. Hispanic vs. white) and education on self-reported general health [30],
including physical and mental health [31]. Three studies explored the link by focusing on
Asian American groups and found mixed evidence. In one study, health literacy was signifi-
cantly associated with self-reported health status and depression symptoms in White and
Asian immigrants in general. However, when disaggregated in separate groups, health literacy
was only significantly associated with self-reported health status in Chinese and Korean partici-
pants [32]. Similarly another study found that low health literacy was significantly associated
with poor health status in Japanese and Filipinos, as well as in White participants [33]. On the
other hand, another study found that limited English proficiency (LEP) was a more important
predictor than health literacy in explaining differences in self-reported health status in Hispan-
ics, Vietnamese, Whites and “other races”. Low health literacy was only significantly related to
health status in Whites and “other races” but not in any Asian group. Further, Chinese, Viet-
namese, Hispanics and “other races” with low health literacy and LEP had the highest odds of
poor health status [34]. Similar patterns were identified in Canada (immigrants vs. non-immi-
grants) [35]. Even though health literacy was significantly associated with good self-rated
health, discordance between native language and language of data collection reduced the effect
of health literacy to non-significance. Similarly, another study from Canada found that among
different generations of immigrants, health literacy was significantly associated with reported
disability but the effect was largely accounted for by differences in education, employment and
income [36].

In one study from China, which compared two ethnic groups (Han vs. Hui), health literacy
was significantly associated with prevalence of pain in a minority group. There was also a

Health Literacy and Disparities: A Systematic Review

PLOSONE | DOI:10.1371/journal.pone.0145455 December 23, 2015 6 / 22



T
ab

le
1.

O
ve

rv
ie
w
o
fi
n
cl
u
d
ed

st
u
d
ie
s.

S
el
f-
R
ep

o
rt
ed

H
ea

lt
h
S
ta
tu
s

F
ir
st

A
u
th
o
r

D
es

ig
n

P
ar
ti
ci
p
an

ts
C
o
u
n
tr
y

In
st
ru
m
en

t;
C
u
t-
o
ff

p
o
in
ts

S
am

p
le

O
u
tc
o
m
es

as
se

ss
ed

A
ss

o
ci
at
io
n
s

Q
u
al
it
y

R
ac

e/
E
th
n
ic
it
y

Le
e,

20
15

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

91
%
,A

si
an

A
m
er
ic
an

Im
m
ig
ra
n
ts
:9

%
(C

hi
ne

se
(3
%
),
K
or
ea

ns
(2
%
),
F
ili
pi
no

s
(2
%
),
S
ou

th
A
si
an

s
(1
%
),
V
ie
tn
am

es
e

(1
%
)

U
S
A

E
ng

lis
h,

S
pa

ni
sh

,C
hi
ne

se
(M

an
da

rin
,C

an
to
ne

se
),

K
or
ea

n,
an

d
V
ie
tn
am

es
e:

tw
o
su

b
je
ct
iv
e
p
ro
xy

m
ea

su
re
s
o
f
h
ea

lt
h

lit
er
ac

y:
co

nt
in
uo

us
.

20
07

C
al
ifo

rn
ia

H
ea

lth
In
te
rv
ie
w
S
ur
ve

y
(C

H
IS
)

(N
=
33

,6
68

)

H
ea

lt
h
st
at
u
s;

S
ym

p
to
m
s
o
f

d
ep

re
ss

io
n

H
L
w
as

as
so

ci
at
ed

w
ith

he
al
th

st
at
us

an
d
de

pr
es

si
on

sy
m
pt
om

s
am

on
g
W
hi
te
s
an

d
ag

gr
eg

at
ed

A
si
an

im
m
ig
ra
nt
s

gr
ou

ps
(p

<
.0
1)
.I
n
C
hi
ne

se
an

d
K
or
ea

ns
H
L
w
as

a
pr
ed

ic
to
r
of

se
lf-
ra
te
d
he

al
th

st
at
us

(p
<
.0
5)
.

In
K
or
ea

ns
an

d
S
ou

th
A
si
an

s
H
L

w
as

a
si
g.

pr
ed

ic
to
r
of

de
pr
es

si
on

sy
m
pt
om

s
(p

<
.0
5)
.

F

O
m
ar
ib
a,

20
11

C
ro
ss
-

se
ct
io
na

l
N
o
n
-i
m
m
ig
ra
n
ts
:8

3%
(s
ec

on
d
ge

ne
ra
tio

n
C
an

ad
ia
ns

:1
4.
8%

),
Im

m
ig
ra
n
ts
:1

7%
(e
st
ab

lis
he

d
E
ur
op

ea
n
or

A
m
er
ic
an

:3
3.
1%

,
es

ta
bl
is
he

d
fr
om

ot
he

r
co

un
tr
ie
s:

42
.6
%
,r
ec

en
t

E
ur
op

ea
n
or

A
m
er
ic
an

:4
.6
%
,

re
ce

nt
fr
om

ot
he

r
co

un
tr
ie
s:

19
.7
%
)

C
an

ad
a

E
ng

lis
h
&
F
re
nc

h
H
ea

lt
h

A
ct
iv
it
ie
s
L
it
er
ac

y
S
ca

le
(H

A
L
S
)
(1
91

ite
m
s)
:l
ow

vs
.h

ig
h

P
ar
tic
ip
an

ts
In
te
rn
at
io
na

l
A
du

lt
Li
te
ra
cy

an
d
S
ki
lls

S
ur
ve

y
(I
A
LS

S
),
�1

6
ye

ar
s
(N

=
22

,8
18

)

H
ea

lt
h
st
at
u
s

A
m
on

g
im

m
ig
ra
nt
s
th
e
ef
fe
ct

of
H
L
on

go
od

se
lf-
ra
te
d
he

al
th

w
as

re
du

ce
d
to

n.
si
g.

by
di
sc

or
da

nc
e
be

tw
ee

n
m
ot
he

r
to
ng

ue
an

d
la
ng

ua
ge

of
su

rv
ey

ad
m
in
is
tr
at
io
n
(O

R
0.
65

;9
5%

C
I,
0.
45

–
0.
95

).

F

O
m
ar
ib
a,

20
14

C
ro
ss
-

se
ct
io
na

l
F
ir
st
:1

7%
,S

ec
o
n
d
:1

2%
,

T
h
ir
d
-p
lu
s
g
en

er
at
io
n

im
m
ig
ra
n
ts

an
d
n
o
n
-

im
m
ig
ra
n
ts
:7

1%

C
an

ad
a

E
ng

lis
h
&
F
re
nc

h
H
ea

lt
h

A
ct
iv
it
ie
s
L
it
er
ac

y
S
ca

le
(H

A
L
S
)
(1
91

ite
m
s)
:l
ow

vs
.h

ig
h

P
ar
tic
ip
an

ts
In
te
rn
at
io
na

l
A
du

lt
Li
te
ra
cy

an
d
S
ki
lls

S
ur
ve

y
(I
A
LS

S
),
�1

6
ye

ar
s
(N

=
22

,8
18

)

D
is
ab

ili
ty

H
L
w
as

n.
si
g.

as
so

ci
at
ed

w
ith

se
lf-
re
po

rt
ed

di
sa

bi
lit
y
am

on
g

di
ffe

re
nt

im
m
ig
ra
nt

gr
ou

ps
.

A
m
on

g
di
ffe

re
nt

ge
ne

ra
tio

ns
of

im
m
ig
ra
nt
s
a
si
g.

as
so

ci
at
io
n

w
as

fo
un

d
bu

te
du

ca
tio

n,
in
co

m
e
an

d
em

pl
oy

m
en

t
re
du

ce
d
its

ef
fe
ct

to
n.
si
g.

F

S
en

te
ll,

20
11

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

34
%
,J

ap
an

es
e:

24
.5
%
,F

ili
p
in
o
:1

4.
2%

,
N
at
iv
e
H
aw

ai
ia
n
s:

15
.7
%
,

o
th
er

A
A
/P
I(
A
si
an

A
m
er
ic
an

s/
P
ac

ifi
c
Is
la
nd

er
s)
:

11
.6
%

U
S
A

E
ng

lis
h
&
S
pa

ni
sh

S
in
g
le

H
ea

lth
L
it
er
ac

y
S
cr
ee

n
er

1
:l
ow

vs
.

ad
eq

ua
te

20
08

H
aw

ai
`i
H
ea

lth
S
ur
ve

y
(H

H
S
)
(N

=
4,
39

9)
H
ea

lt
h
st
at
u
s;

D
ep

re
ss

io
n
;D

ia
b
et
es

;
B
M
I

Lo
w
H
L
w
as

as
so

ci
at
ed

w
ith

po
or

he
al
th

st
at
us

in
Ja

pa
ne

se
,

F
ili
pi
no

s,
ot
he

r
A
A
/P
Ia

nd
W
hi
te
s;

w
ith

di
ab

et
es

in
H
aw

ai
ia
ns

an
d
Ja

pa
ne

se
;a

nd
w
ith

de
pr
es

si
on

in
H
aw

ai
ia
ns

(p
<
.0
5)
.N

o
si
g.

re
la
tio

ns
hi
p

be
tw
ee

n
H
L
an

d
be

in
g

ov
er
w
ei
gh

tw
as

fo
un

d.

F

S
en

te
ll,

20
12

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

49
%

(<
1%

LE
P
),

V
ie
tn
am

es
e:

1.
5
(3
8.
5%

LE
P
),
K
o
re
an

:1
.2
%

(3
9.
3%

LE
P
),
C
h
in
es

e:
3.
5%

(2
7.
4%

LE
P
),
L
at
in
o
:2

1.
6%

(3
7.
3%

LE
P
),
O
th
er

et
h
n
ic
it
y:

23
.1
%

(1
5.
2%

LE
P
)

U
S
A

E
ng

lis
h,

S
pa

ni
sh

,C
hi
ne

se
(M

an
da

rin
,C

an
to
ne

se
),

K
or
ea

n,
an

d
V
ie
tn
am

es
e:

tw
o
su

b
je
ct
iv
e
p
ro
xy

m
ea

su
re
s
o
f
h
ea

lt
h

lit
er
ac

y:
co

nt
in
uo

us

20
07

C
al
ifo

rn
ia

H
ea

lth
In
te
rv
ie
w
S
ur
ve

y
(C

H
IS
)

(N
=
48

,4
27

)

H
ea

lt
h
st
at
u
s

Lo
w
H
L
w
as

on
ly
si
g.

as
so

ci
at
ed

w
ith

po
or

he
al
th

st
at
us

in
W
hi
te

an
d
“o
th
er
”
pa

rt
ic
ip
an

ts
(p

<
.0
5)
.

LE
P
w
as

a
m
or
e
im

po
rt
an

t
pr
ed

ic
to
r
of

po
or

he
al
th

st
at
us

in
La

tin
os

,V
ie
tn
am

es
e,

an
d

W
hi
te
s.

H
ig
he

st
od

ds
of

po
or

he
al
th

st
at
us

w
he

n
lo
w
H
L
an

d
lo
w
E
ng

lis
h
pr
ofi

ci
en

cy
co

m
bi
ne

d
in

La
tin

o,
C
hi
ne

se
,

V
ie
tn
am

es
e
an

d
O
th
er
s.

F

(C
on

tin
ue

d
)

Health Literacy and Disparities: A Systematic Review

PLOSONE | DOI:10.1371/journal.pone.0145455 December 23, 2015 7 / 22



T
ab

le
1.

(C
on

tin
ue

d
)

W
an

g,
20

13
C
ro
ss
-

se
ct
io
na

l
H
u
im

in
o
ri
ty
:5

7.
5%

,H
an

m
aj
o
ri
ty
:4

2.
5%

C
hi
na

C
hi
ne

se
H
L
in
st
ru
m
en

ts
ba

se
d
on

re
vi
si
on

s
of

th
e

C
h
in
es

e
A
d
u
lt
H
ea

lt
h

L
it
er
ac

y
Q
u
es

ti
o
n
n
ai
re

(C
A
H
L
Q
):
lo
w
vs
.h

ig
h

F
ie
ld

su
rv
ey

in
N
or
th
w
es

te
rn

C
hi
na

(N
=
91

3)

H
ea

lt
h
-r
el
at
ed

q
u
al
it
y
o
f

lif
e

In
th
e
H
ui

gr
ou

p,
lo
w
H
L
w
as

a
si
g.

pr
ed

ic
to
r
of

pr
ev

al
en

ce
pa

in
/

di
sc
om

fo
rt
im

pa
irm

en
ts

(P
R

1.
88

30
,9

5%
C
I1

.0
6–

1.
58

)
bu

t
no

tf
or

th
e
H
an

gr
ou

p.
F
or

an
xi
et
y/
de

pr
es

si
on

th
e

in
te
ra
ct
io
n
ef
fe
ct

of
H
L
an

d
w
ith

et
hn

ic
w
as

si
g.

(p
<
.0
5)
.

F

E
d
u
ca

ti
o
n

va
n
de

r
H
ei
de

,2
01

3
C
ro
ss
-

se
ct
io
na

l
p
re
p
ri
m
ar
y
o
r
p
ri
m
ar
y

ed
u
ca

ti
o
n
:5

.5
%
,l
o
w
er

se
co

n
d
ar
y
ed

u
ca

ti
o
n
:

24
.5
%
,u

p
p
er

se
co

n
d
ar
y

ed
u
ca

ti
o
n
:3

0.
2%

,t
er
ti
ar
y

ed
u
ca

ti
o
n
:3

9.
5%

N
et
he

r-
la
nd

s
D
ut
ch

H
ea

lt
h
A
ct
iv
it
ie
s

L
it
er
ac

y
S
ca

le
(H

A
L
S
)

(1
91

ite
m
s)
:v

er
y
po

or
sk
ill
s
(le

ve
l1

)
to

ve
ry

st
ro
ng

sk
ill
s
(le

ve
l4

)

P
ar
tic
ip
an

ts
A
du

lt
Li
te
ra
cy

an
d
Li
fe

S
ki
lls

S
ur
ve

y
(A
LL

),
�2

5
ye

ar
s

(N
=
5,
13

6)

H
ea

lt
h
st
at
u
s
(g
en

er
al

he
al
th
,p

hy
si
ca

lh
ea

lth
,

m
en

ta
lh

ea
lth

)

H
L
pa

rt
ia
lly

m
ed

ia
te
d
th
e

re
la
tio

ns
hi
p
be

tw
ee

n
ed

uc
at
io
n

an
d
se

lf-
re
po

rt
ed

ge
ne

ra
lh

ea
lth

,
ph

ys
ic
al

he
al
th

an
d
m
en

ta
l

he
al
th

(p
<
.0
1)
.H

L
m
or
e

im
po

rt
an

ta
m
on

g
pa

rt
ic
ip
an

ts
w
ith

lo
w
er

ed
uc

at
io
n
th
an

am
on

g
th
os

e
w
ith

hi
gh

er
ed

uc
at
io
n.

G

M
ix
ed

B
en

ne
tt,

20
09

C
ro
ss
-

se
ct
io
na

l
R
ac

e/
E
th
n
ic
it
y:

W
hi
te
:

85
.3
%
,B

la
ck
:7

.3
%
,L

at
in
o/

H
is
pa

ni
c:

5.
1%

,O
th
er
:2

.3
%
;

E
d
u
ca

ti
o
n
:
<
hi
gh

sc
ho

ol
:

24
.3
%
,=

hi
gh

sc
ho

ol
:3

8.
5%

,
>
hi
gh

sc
ho

ol
:3

7.
3%

U
S
A

E
ng

lis
h
&
S
pa

ni
sh

N
A
A
L

h
ea

lth
lit
er
ac

y
sc

al
e:

28
h
ea

lth
-r
el
at
ed

lit
er
ac

y
ta
sk

s:
be

lo
w
ba

si
c,

ba
si
c,

in
te
rm

ed
ia
te
,p

ro
fi
ci
en

t

U
S
ad

ul
ts

na
tio

na
lly

re
pr
es

en
ta
tiv
e
sa

m
pl
e,

�
65

ye
ar
s
(R

ac
ia
l:

N
=
2,
66

8;
E
du

ca
tio

n:
N
=
2,
66

3)

H
ea

lt
h
st
at
u
s;

P
re
ve

n
tiv

e
h
ea

lth
b
eh

av
io
rs

H
L
m
ed

ia
te
d
re
la
tio

ns
hi
p

be
tw
ee

n
ra
ci
al
/e
th
ni
c
(b
la
ck

vs
.

w
hi
te
)
an

d
se

lf-
ra
te
d
he

al
th

st
at
us

an
d
in
fl
ue

nz
a
va

cc
in
at
io
n

(p
<
.0
01

).
H
L
m
ed

ia
te
s

re
la
tio

ns
hi
p
be

tw
ee

n
ed

uc
at
io
n

an
d
se

lf-
ra
te
d
he

al
th

st
at
us

,
in
fl
ue

nz
a
va

cc
in
at
io
n,

re
ce

ip
to

f
m
am

m
og

ra
ph

y,
de

nt
al

ca
re

(p
<

.0
01

).

G

H
ow

ar
d,

20
06

C
ro
ss
-

se
ct
io
na

l
R
ac

ia
l/E

th
n
ic
:
W
hi
te
:8

7%
,

B
la
ck
:1

3%
;E

d
u
ca

ti
o
n
:
hi
gh

sc
ho

ol
de

g.
:6

4%
,n

o
de

g.
:

36
%

U
S
A

E
ng

lis
h
&
S
pa

ni
sh

S
-T
O
F
H
L
A
:
in
ad

eq
ua

te
,

m
ar
gi
na

l,
ad

eq
ua

te

E
ld
er
ly
in
di
vi
du

al
s

en
ro
lli
ng

in
M
ed

ic
ar
e

m
an

ag
ed

ca
re

pl
an

s
in

4
di
ffe

re
nt

lo
ca

tio
ns

,�
65

ye
ar
s
(R

ac
ia
l:
N

=
2,
85

0;
E
du

ca
tio

n:
N
=
3,
26

0)

P
h
ys

ic
al

an
d
m
en

ta
l

h
ea

lth
;G

en
er
al

h
ea

lt
h

st
at
u
s;

R
ec

ei
p
t
o
f

va
cc

in
at
io
n
s

H
L
re
du

ce
d
ed

uc
at
io
na

l
di
sp

ar
iti
es

fo
r
ph

ys
ic
al

he
al
th

(d
ec

re
as

e
of

ad
ju
st
ed

di
ffe

re
nc

e
0.
7;

95
%

C
I0

.4
to

0.
9)
,m

en
ta
l

he
al
th

(d
ec

re
as

e
of

ad
ju
st
ed

di
ffe

re
nc

e
0.
3;

95
%

C
I0

.1
–
0.
5)
,

to
a
le
ss

er
ex

te
nt

fo
r
he

al
th

st
at
us

an
d
ve

ry
sm

al
le

xt
en

tf
or

va
cc
in
at
io
n
re
ce

ip
t.
H
L
re
du

ce
d

ra
ci
al

di
sp

ar
iti
es

fo
r
ph

ys
ic
al

he
al
th

(d
ec

re
as

e
of

ad
ju
st
ed

di
ffe

re
nc

e
0.
6;

95
%

C
I0

.3
to

0.
9)
,m

en
ta
lh

ea
lth

(d
ec

re
as

e
of

ad
ju
st
ed

di
ffe

re
nc

e
0.
3;

95
%

C
I

0.
1–

0.
5)
,t
o
a
le
ss

er
ex

te
nt

fo
r

se
lf-
ra
te
d
he

al
th

st
at
us

an
d
ve

ry
sm

al
le

xt
en

tf
or

va
cc

in
at
io
n

re
ce

ip
t.

F

C
an

ce
r-
R
el
at
ed

O
u
tc
o
m
es

F
ir
st

A
u
th
o
r

D
es

ig
n

P
ar
ti
ci
p
an

ts
C
o
u
n
tr
y

In
st
ru
m
en

t;
C
u
t-
o
ff

p
o
in
ts

S
am

p
le

O
u
tc
o
m
es

as
se

ss
ed

A
ss

o
ci
at
io
n
s

Q
u
al
it
y

R
ac

e/
E
th
n
ic
it
y

B
en

ne
tt,

19
98

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

49
%
,B

la
ck

:5
1%

U
S
A

E
ng

lis
h
R
E
A
L
M
:6

th
vs
.

3r
d
gr
ad

e
M
en

at
pr
os

ta
te

ca
nc

er
cl
in
ic
s
(1
.)
a
un

iv
er
si
ty

ho
sp

ita
la

nd
(2
.)
V
A

m
ed

ic
al

ce
nt
er

(N
=
21

2)

S
ta
g
e
o
f
p
re
se

n
ta
ti
o
n

w
it
h
p
ro
st
at
e
ca

n
ce

r
A
fte

r
ad

ju
st
m
en

tf
or

H
L,

an
d

ot
he

r
co

va
ria

te
s,

ra
ce

w
as

no
ta

si
g.

pr
ed

ic
to
r
an

ym
or
e.

H
ow

ev
er
,a

ls
o
H
L
(O

R
1.
6;

95
%

C
I0

.8
–
3.
4)

w
as

al
so

no
lo
ng

er
si
g.

as
so

ci
at
ed

w
ith

st
ag

e
of

pr
es

en
ta
tio

n
w
ith

pr
os

ta
te

ca
nc

er

G

(C
on

tin
ue

d
)

Health Literacy and Disparities: A Systematic Review

PLOSONE | DOI:10.1371/journal.pone.0145455 December 23, 2015 8 / 22



T
ab

le
1.

(C
on

tin
ue

d
)

F
re
ed

m
an

,
20

15
C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

44
.5
%
,A

A
:2

8.
5%

,
H
is
p
an

ic
:2

7%
U
S
A

E
ng

lis
h
&
S
pa

ni
sh

T
h
re
e

H
ea

lth
L
it
er
ac

y
S
cr
ee

n
er
s1
:c

on
tin

uo
us

F
em

al
e
br
ea

st
ca

nc
er

pa
tie

nt
s:

po
pu

la
tio

n-
ba

se
d

co
ho

rt
(N

=
50

0)

K
n
o
w
le
d
g
e
ab

o
u
t
o
n
e`
s

b
re
as

t
tu
m
o
r

ch
ar
ac

te
ri
st
ic
s

H
L
re
du

ce
d
di
ffe

re
nc

es
in

H
is
pa

ni
c
w
om

en
(v
s.

w
hi
te

w
om

en
)
fo
r
kn

ow
in
g
an

d
co

rr
ec

tn
es

s
ab

ou
tt
he

ir
br
ea

st
ca

nc
er

ch
ar
ac

te
ris

tic
s
(p

<
.0
5)
.

H
L
di
d
no

tr
ed

uc
e
di
ffe

re
nc

es
in

bl
ac

k
w
om

en
(v
s.

w
hi
te

w
om

en
).

O
ve

ra
ll
H
L
di
d
no

te
lim

in
at
e

m
os

to
ft
he

ra
ci
al

di
ffe

re
nc

es
fo
un

d.

F

M
at
su

ya
-

m
a,

20
11

C
ro
ss
-

se
ct
io
na

l
N
o
n
-H

is
p
an

ic
W
h
ite

:5
5.
1%

,
A
A
:4

4.
9%

U
S
A

E
ng

lis
h
R
E
A
L
M
,

S
-T
O
F
H
L
A
:c

on
tin

uo
us

N
ew

ly
di
ag

no
se

d
ad

ul
ts

w
ith

so
lid

tu
m
or

ca
nc

er
s,

st
ag

es
II–

IV
w
ho

w
ou

ld
be

re
ce

iv
in
g
tr
ea

tm
en

ta
ta

ca
nc

er
ce

nt
er

(N
=
13

8)

S
el
f-
re
p
o
rt
ed

ca
n
ce

r
in
fo
rm

at
io
n
n
ee

d
s

A
A
ra
ce

w
as

as
so

ci
at
ed

w
ith

gr
ea

te
r
in
fo
rm

at
io
n
ne

ed
bu

tH
L

w
as

no
ts

ig
.a

ss
oc

ia
te
d
w
ith

in
fo
rm

at
io
n
ne

ed
s.

E
du

ca
tio

na
l

at
ta
in
m
en

tr
ed

uc
ed

th
e
ef
fe
ct

of
ra
ce

fo
r
m
os

tv
ar
ia
bl
es

,i
nc

lu
di
ng

H
L,

on
in
fo
rm

at
io
n
ne

ed
s
to

n.
si
g.
.

F

W
ol
f,
20

06
C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

31
.5
%
,A

A
:6

8.
5%

U
S
A

E
ng

lis
h
R
E
A
L
M
:l
ow

m
ar
gi
na

l,
fu
nc

tio
na

l
M
en

w
ith

ne
w
ly
di
ag

no
se

d
pr
os

ta
te

ca
nc

er
in

ou
tp
at
ie
nt

on
co

lo
gy

or
ur
ol
og

y
cl
in
ic
s
in

fo
ur

cl
in
ic
s
(N

=
30

8)

P
ro
st
at
e-
sp

ec
ifi
c

an
ti
g
en

(P
S
A
)
le
ve

ls
:

m
ed

ic
al

ch
ar
ts

A
fte

r
ad

ju
st
m
en

tf
or

H
L
sk

ill
s

an
d
ag

e,
be

in
g
bl
ac

k
w
as

n.
si
g.

as
so

ci
at
ed

an
ym

or
e
w
ith

P
S
A

le
ve

ls
.T

he
in
cl
us

io
n
of

H
L

co
nt
rib

ut
ed

to
a
re
du

ct
io
n
of

35
%

in
th
e
as

so
ci
at
io
n
be

tw
ee

n
ra
ce

an
d
P
S
A
le
ve

l(
w
ith

ou
tH

L,
A
O
R
4.
6,

95
%

C
I2

.0
–
9.
5
vs

.
w
ith

H
L,

A
O
R
3.
0,

95
%

C
I0

.8
–

9.
1)

G

S
on

g,
20

14
C
ro
ss
-

se
ct
io
na

l
C
au

ca
si
an

-A
m
er
ic
an

:
49

.8
%
,A

A
:5

0.
2%

U
S
A

E
ng

lis
h
R
E
A
L
M
:<

hi
gh

sc
ho

ol
vs
.�

hi
gh

sc
ho

ol
P
ar
tic
ip
an

ts
of

a
pr
os

ta
te
-

ca
nc

er
po

pu
la
tio

n
ba

se
d

co
ho

rt
st
ud

y,
1
to

27
m
on

th
s
af
te
r
di
ag

no
si
s

(N
=
18

54
)

P
at
ie
n
t-
p
ro
vi
d
er

co
m
m
u
n
ic
at
io
n
(c
on

te
nt

of
di
al
og

ue
,a

ffe
ct
iv
e

co
m
po

ne
nt
.n

on
ve

rb
al

be
ha

vi
or
s)

N
.s
ig
.r
ac

ia
ld

iff
er
en

ce
s
w
ith

re
ga

rd
to

pa
tie

nt
-p
ro
vi
de

r
co

m
m
un

ic
at
io
n.

S
ig
.d

iff
er
en

ce
s

in
H
L
be

tw
ee

n
W
hi
te

an
d
A
A
.

H
L
(r
=
-0
.0
89

,p
=
.1
78

)
w
as

no
t

a
si
g.

pr
ed

ic
to
r
in

th
e
fi
na

l
m
od

el
,n

ei
th
er

w
as

ra
ce

,b
ut

am
on

gs
to

th
er
s
ed

uc
at
io
n

(r
=
0.
19

,p
=
.0
1)
.

G

M
ix
ed

H
ov

ic
k,

20
14

C
ro
ss
-

se
ct
io
na

l
R
ac

ia
l/E

th
n
ic
:W

hi
te
:5

0%
,

A
A
:2

5%
,H

is
pa

ni
c:

25
%
;

E
d
u
ca

ti
o
n
(c
on

tin
uo

us
):
hi
gh

sc
ho

ol
di
pl
om

a:
97

%
;

In
co

m
e
(c
on

tin
uo

us
):
be

lo
w

U
S
-$

20
00

0:
24

%

U
S
A

E
ng

lis
h
N
V
S
:c

on
tin

uo
us

N
at
io
na

lo
nl
in
e
re
se

ar
ch

pa
ne

lu
si
ng

pu
rp
os

iv
e

sa
m
pl
in
g
st
ra
te
gy

(N
=
10

07
)

C
an

ce
r
ri
sk

kn
o
w
le
d
g
e;

C
an

ce
r
ri
sk

in
fo
rm

at
io
n

se
ek

in
g

H
L
di
d
no

tm
ed

ia
te

th
e

re
la
tio

ns
hi
p
of

S
E
S
/r
ac

e
an

d
ca

nc
er

ris
k
in
fo
rm

at
io
n
se

ek
in
g

bu
ti
tm

ed
ia
te
d
th
e
ef
fe
ct
s
of

in
co

m
e,

ed
uc

at
io
n
an

d
ra
ce

/
et
hn

ic
ity

(H
is
pa

ni
c,

B
la
ck

vs
.

W
hi
te
)
on

ca
nc

er
ris

k
kn

ow
le
dg

e
(p

<
.0
1)

F

M
ed

ic
at
io
n
A
d
h
er
en

ce
/M

an
ag

em
en

t2

F
ir
st

A
u
th
o
r

D
es

ig
n

P
ar
ti
ci
p
an

ts
C
o
u
n
tr
y

In
st
ru
m
en

t;
C
u
t-
o
ff

p
o
in
ts

S
am

p
le

O
u
tc
o
m
es

as
se

ss
ed

A
ss

o
ci
at
io
n
s

Q
u
al
it
y

R
ac

e/
E
th
n
ic
it
y

B
ai
le
y,

20
09

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

42
%
,A

A
:5

8%
U
S
A

E
ng

lis
h
R
E
A
L
M
:l
ow

,
m
ar
gi
na

l,
ad

eq
ua

te
A
du

lts
in

th
re
e
ou

tp
at
ie
nt

fa
m
ily

m
ed

ic
in
e
cl
in
ic
s
in

(N
=
35

5)

U
n
d
er
st
an

d
in
g
o
f

d
o
sa

g
e
in
st
ru
ct
io
n
s
fo
r

a
liq

u
id

m
ed

ic
at
io
n

co
m
m
on

ly
pr
es

cr
ib
ed

fo
r

ch
ild
re
n

In
cl
us

io
n
of

H
L
re
du

ce
d
th
e

ef
fe
ct

of
ra
ce

on
m
is
un

de
rs
ta
nd

in
g
to

n.
si
g.
.

M
ar
gi
na

l(
A
O
R

2.
20

,9
5%

C
I

1.
19

–
3.
97

)
an

d
in
ad

eq
ua

te
H
L

(A
O
R

2.
90

,9
5%

C
I1

.4
1–

6.
00

)
re
m
ai
ne

d
si
g.

pr
ed

ic
to
rs

of
m
is
un

de
rs
ta
nd

in
g.

F

(C
on

tin
ue

d
)

Health Literacy and Disparities: A Systematic Review

PLOSONE | DOI:10.1371/journal.pone.0145455 December 23, 2015 9 / 22



T
ab

le
1.

(C
on

tin
ue

d
)

O
sb

or
n,

20
07

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

54
.9
%
,B

la
ck

:4
5.
1%

U
S
A

E
ng

lis
h
R
E
A
L
M
:l
ow

(�
6t
h
gr
ad

e)
,m

ar
gi
na

l
(7
th
-8
th

gr
ad

e)
,a

de
qu

at
e

(9
th

gr
ad

e)
,

H
IV

pa
tie

nt
s
on

on
e
or

m
or
e
an

tir
et
ro
vi
ra
l

m
ed

ic
at
io
ns

at
tw
o

ou
tp
at
ie
nt

in
fe
ct
io
us

di
se

as
e
cl
in
ic
s
(N

=
20

4)

S
el
f-
re
p
o
rt
ed

H
IV
-

m
ed

ic
at
io
n
ad

h
er
en

ce
W
he

n
H
L
w
as

in
cl
ud

ed
in

a
re
gr
es

si
on

m
od

el
th
e
ef
fe
ct

of
bl
ac

k
ra
ce

on
m
ed

ic
at
io
n

ad
he

re
nc

es
w
as

re
du

ce
d
by

25
%

to
no

n-
si
gn

ifi
ca

nt
(A
O
R

1.
80

,9
5%

C
I0

.5
1–

5.
85

),
lo
w
H
L

re
m
ai
ne

d
a
si
gn

ifi
ca

nt
pr
ed

ic
to
r

(A
O
R

2.
12

;9
5%

C
I1

.9
3–

2.
32

)

G

O
sb

or
n,

20
11

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

65
%
,B

la
ck

:3
5%

U
S
A

E
ng

lis
h
R
E
A
L
M
,W

R
A
T
-3
:

le
ss

th
an

9t
h
gr
ad

e,
9t
h

gr
ad

e
or

hi
gh

er
;D

ia
be

te
s

N
um

er
ac

y
T
es

t:
Q
ua

rt
ile
s

A
du

lts
w
ith

ty
pe

2
di
ab

et
es

fr
om

tw
o
pr
im

ar
y

ca
re

an
d
tw
o
di
ab

et
es

sp
ec

ia
lty

cl
in
ic
s
(N

=
38

3)

S
el
f-
re
p
o
rt
ed

d
ia
b
et
es

m
ed

ic
at
io
n
ad

h
er
en

ce
H
L
w
as

as
so

ci
at
ed

w
ith

ad
he

re
nc

e
(r
=
.1
2,

p
<
.0
2)
,b

ut
di
ab

et
es

-r
el
at
ed

nu
m
er
ac

y
an

d
ge

ne
ra
ln

um
er
ac

y
w
er
e
no

t
as

so
ci
at
ed

w
ith

ad
he

re
nc

e.
H
L

di
m
in
is
he

d
th
e
ef
fe
ct

of
ra
ce

on
ad

he
re
nc

e
to

n.
si
g.

G

W
al
dr
op

-
V
al
ve

rd
e,

20
10

C
ro
ss
-

se
ct
io
na

l
N
o
n
-A

A
:1

6%
,A

A
:8

4%
U
S
A

E
ng

lis
h
&
S
pa

ni
sh

T
O
F
H
L
A
:c

on
tin

uo
us

.
E
ng

lis
h
&
S
pa

ni
sh

ap
pl
ie
d

pr
ob

le
m
s
su

bt
es

ts
of

th
e

W
oo

dc
oc

k
Jo

hn
so

n—
III

T
es

ts
of

A
ch

ie
ve

m
en

t:
co

nt
in
uo

us

H
IV

pa
tie

nt
s
at

H
IV

ca
re

cl
in
ic
s
w
ho

w
er
e
en

ro
lle
d

in
an

A
ID
S
D
ru
g

A
ss
is
ta
nc

e
P
ro
gr
am

(N
=
20

7)

M
ed

ic
at
io
n
m
an

ag
em

en
t

ca
p
ac

it
y
(m

oc
k)

N
o
si
gn

ifi
ca

nt
di
ffe

re
nc

es
w
ith

re
ga

rd
to

H
L
fo
un

d
fo
r
di
ffe

re
nt

ra
ci
al

gr
ou

ps
bu

tf
or

nu
m
er
ac

y.
N
um

er
ac

y
m
ed

ia
te
d
th
e
ef
fe
ct

of
ra
ce

on
po

or
m
ed

ic
at
io
n

m
an

ag
em

en
t.
N
um

er
ac

y
w
as

si
gn

ifi
ca

nt
ly
as

so
ci
at
ed

w
ith

m
ed

ic
at
io
n
m
an

ag
em

en
t

(r
=
0.
67

,p
<
.0
01

)

G

G
en

d
er

W
al
dr
op

-
V
al
ve

rd
e,

20
09

C
ro
ss
-

se
ct
io
na

l
M
en

:5
8%

,W
o
m
en

:4
2%

U
S
A

E
ng

lis
h
&
S
pa

ni
sh

T
O
F
H
L
A
:c

on
tin

uo
us

.
E
ng

lis
h
&
S
pa

ni
sh

ap
pl
ie
d

pr
ob

le
m
s
su

bt
es

ts
of

th
e

W
oo

dc
oc

k
Jo

hn
so

n—
III

T
es

ts
of

A
ch

ie
ve

m
en

t:
co

nt
in
uo

us

H
IV

pa
tie

nt
s
at

H
IV

ca
re

cl
in
ic
s
w
ho

w
er
e
en

ro
lle
d

in
an

A
ID
S
D
ru
g

A
ss
is
ta
nc

e
P
ro
gr
am

an
d

cu
rr
en

tly
re
ce

iv
ed

/a
bo

ut
to

st
ar
ta

nt
ire

tr
ov

ira
l

tr
ea

tm
en

t.
(N

=
15

5)

M
ed

ic
at
io
n
m
an

ag
em

en
t

ca
p
ac

it
y
(m

oc
k)

N
o
si
gn

ifi
ca

nt
di
ffe

re
nc

es
w
ith

re
ga

rd
to

H
L
fo
un

d
fo
r
ge

nd
er

bu
tf
or

nu
m
er
ac

y.
N
um

er
ac

y
m
ed

ia
te
d
th
e
re
la
tio

ns
hi
p

be
tw
ee

n
ge

nd
er

an
d
m
ed

ic
at
io
n

m
an

ag
em

en
t(
a:

β
=
-0
.4
28

,p
<

.0
1,

b:
β
=
0.
64

4,
p
<
.0
5)

G

D
is
ea

se
C
o
n
tr
o
l

F
ir
st

A
u
th
o
r

D
es

ig
n

P
ar
ti
ci
p
an

ts
C
o
u
n
tr
y

In
st
ru
m
en

t;
C
u
t-
o
ff

p
o
in
ts

S
am

p
le

O
u
tc
o
m
es

as
se

ss
ed

A
ss

o
ci
at
io
n
s

Q
u
al
it
y

R
ac

e/
E
th
n
ic
it
y

C
ur
tis
,2

01
2

C
oh

or
tS

tu
dy

W
h
it
e/
O
th
er
:1

5%
,A

A
:5

6%
,

L
at
in
o
:2

9%
U
S
A

E
ng

lis
h
R
E
A
L
M
:l
im

ite
d

vs
.a

de
qu

at
e

A
st
hm

a
pa

tie
nt
s,

18
–
40

ye
ar
s
ol
d:

fo
ur

sc
ho

ol
sa

m
pl
in
g
gr
ou

ps
(N

=
34

8)

S
ix
fo
llo
w
-u
p
in
te
rv
ie
w
s
on

as
th
m
a
q
u
al
it
y
o
f
lif
e

(A
Q
O
L)
,a

st
h
m
a-
re
la
te
d

em
er
g
en

cy
d
ep

ar
tm

en
t

vi
si
ts
,h

o
sp

ita
liz

at
io
n
,

as
th
m
a
co

n
tr
o
l

H
L
re
du

ce
d
ef
fe
ct

of
ra
ce

be
tw
ee

n
La

tin
os

an
d
W
hi
te
s
fo
r

qu
al
ity

of
lif
e
an

d
as

th
m
a
co

nt
ro
l

(p
<
.0
1)

to
n.
si
g.
.H

L
re
du

ce
d

th
e
ef
fe
ct

of
ra
ce

on
di
sp

ar
iti
es

be
tw
ee

n
A
A
s
an

d
W
hi
te
s
fo
r

as
th
m
a
co

nt
ro
l,
E
R

vi
si
ts

an
d

as
th
m
a
qu

al
ity

of
lif
e
to

n.
si
g.
.

O
nl
y
th
e
ris

k
fo
r
as

th
m
a-
re
la
te
d

ho
sp

ita
liz
at
io
n
fo
r
A
A
s
re
m
ai
ne

d
(R

R
=
2.
97

;9
5
C
I=

1.
09

,8
.1
2,

p
=
.0
3)
.

G

O
sb

or
n,

20
09

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

65
%
, B

la
ck

:3
5%

U
S
A

E
ng

lis
h
R
E
A
L
M
,W

R
A
T
-3
:

le
ss

th
an

9t
h
gr
ad

e,
9t
h

gr
ad

e
or

hi
gh

er
;D

ia
b
et
es

N
u
m
er
ac

y
T
es

t:
Q
ua

rt
ile
s

A
du

lts
w
ith

ty
pe

2
di
ab

et
es

fr
om

tw
o
pr
im

ar
y

ca
re

an
d
tw
o
di
ab

et
es

sp
ec

ia
lty

cl
in
ic
s
(N

=
39

8)

G
ly
ce

m
ic

co
n
tr
o
l(
C
ha

rt
re
vi
ew

:m
os

tr
ec

en
tA

1C
va

lu
e)

H
L
an

d
ge

ne
ra
ln

um
er
ac

y
n.
si
g.

pr
ed

ic
to
rs

of
gl
yc

em
ic
co

nt
ro
l.

D
ia
be

te
s-
re
la
te
d
nu

m
er
ac

y
(r
=

-0
.1
7,

p
<
.0
1)

di
m
in
is
he

d
th
e

ef
fe
ct

of
A
A
ra
ce

on
gl
yc

em
ic

co
nt
ro
lt
o
n.
si
g.
.

G

(C
on

tin
ue

d
)

Health Literacy and Disparities: A Systematic Review

PLOSONE | DOI:10.1371/journal.pone.0145455 December 23, 2015 10 / 22



T
ab

le
1.

(C
on

tin
ue

d
)

S
pe

rb
er
,

20
13

R
C
T

W
h
it
e:

54
%
,B

la
ck

:4
3%

U
S
A

R
E
A
L
M
:l
ow

vs
.h

ig
h

P
ar
tic
ip
an

ts
en

ro
lle
d
in

pr
im

ar
y
ca

re
at

a
V
A

m
ed

ic
al

ce
nt
er

w
ith

di
ag

no
si
s
of

hi
p
an

d/
or

kn
ee

os
te
oa

rt
hr
iti
s
an

d
pe

rs
is
te
nt
,c

ur
re
nt

se
lf-

re
po

rt
ed

jo
in
ts

ym
pt
om

s
(N

=
46

1)

E
ffe

ct
s
of

a
12

-m
on

th
s

te
le
ph

on
e-
ba

se
d

os
te
oa

rt
hr
iti
s
se

lf-
m
an

ag
em

en
ts

up
po

rt
in
te
rv
en

tio
n:

A
rt
h
ri
ti
s

o
u
tc
o
m
es

In
th
e
te
le
ph

on
e-
ba

se
d

os
te
oa

rt
hr
iti
s
(O

A
)
se

lf-
m
an

ag
em

en
ts

up
po

rt
in
te
rv
en

tio
n
co

m
pa

re
d
to

th
e

us
ua

lc
ar
e
ar
m

(p
<
.0
5)

a
si
g.

in
te
ra
ct
io
n
ef
fe
ct

fo
r
ra
ce

an
d
H
L

on
ch

an
ge

in
pa

in
w
as

fo
un

d;
no

n-
w
hi
te
s
w
ith

lo
w
H
L
in

th
e

in
te
rv
en

tio
n
ha

d
th
e
hi
gh

es
t

im
pr
ov

em
en

ti
n
pa

in
.F

or
m
ob

ili
ty
,w

al
ki
ng

an
d
be

nd
in
g,

af
fe
ct
,g

en
er
al

pa
in

an
d
se

lf-
ef
fi
ca

cy
no

si
g.

ef
fe
ct
s
w
er
e

fo
un

d.

G

E
d
u
ca

ti
o
n

P
an

di
t,

20
09

C
ro
ss
-

se
ct
io
na

l
g
ra
d
e
1–

8:
15

.5
%
,g

ra
d
e

9–
11

:1
5.
5%

,=
h
ig
h
sc

h
o
o
l:

36
%
,>

h
ig
h
sc

h
o
o
l:
33

%

U
S
A

E
ng

lis
h
S
-T
O
F
H
L
A
:fi

ve
ca

te
go

rie
s

P
at
ie
nt
s
w
ith

di
ag

no
se

d
hy

pe
rt
en

si
on

an
d

sc
he

du
le
d
ap

po
in
tm

en
ts

at
si
x
pr
im

ar
y
ca

re
sa

fe
ty

ne
tc

lin
ic
s
(N

=
28

9)

H
yp

er
te
n
si
o
n
kn

o
w
le
d
g
e

an
d
co

n
tr
o
l

W
he

n
H
L
w
as

ad
de

d
to

m
od

el
s

th
at

in
cl
ud

ed
on

ly
ed

uc
at
io
n,

th
e

as
so

ci
at
io
n
be

tw
ee

n
ed

uc
at
io
n

an
d
kn

ow
le
dg

e
w
as

di
m
in
is
he

d
to

n.
si
g.

(G
ra
de

s
1–

8:
β
=
-.
30

,
95

%
C
I-
1.
44

–
0.
83

),
w
he

re
as

th
e
as

so
ci
at
io
n
be

tw
ee

n
ed

uc
at
io
n
an

d
hy

pe
rt
en

si
on

co
nt
ro
lw

as
on

ly
m
in
im

al
ly

re
du

ce
d
(A
O
R

2.
46

,9
5%

C
I

2.
10

–
2.
88

).
Li
m
ite

d
H
L
w
as

as
so

ci
at
ed

w
ith

hy
pe

rt
en

si
on

co
nt
ro
li
n
th
e
fi
na

la
dj
us

te
d

m
od

el
(A
O
R

2.
68

,9
5%

C
I1

.5
4–

4.
70

).
N
o
si
g.

in
te
ra
ct
io
n
ef
fe
ct
s

w
er
e
fo
un

d.

G

S
ch

ill
in
ge

r,
20

06
C
ro
ss
-

se
ct
io
na

l
<
h
ig
h
sc

h
o
o
lg

ra
d
u
at
e:

46
.8
%
,h

ig
h
sc

h
o
o
l

g
ra
d
u
at
e
o
r
G
E
D
:2

4.
1%

,
te
ch

n
ic
al

sc
h
o
o
lo

r
co

lle
g
e

at
te
n
d
an

ce
o
r
g
ra
d
u
at
io
n
:

29
.1
%

U
S
A

E
ng

lis
h
&
S
pa

ni
sh

S
-T
O
F
H
L
A
:c

on
tin

uo
us

T
yp

e
2
di
ab

et
es

pa
tie

nt
s

fr
om

tw
o
pr
im

ar
y
ca

re
cl
in
ic
s
(N

=
39

5)

G
ly
ce

m
ic

co
n
tr
o
l(
C
ha

rt
re
vi
ew

:m
os

tr
ec

en
tA

1C
va

lu
e)

H
L
si
g.

m
ed

ia
te
d
th
e
ef
fe
ct

of
ed

uc
at
io
n
on

A
1C

(p
<
.0
5)
,t
he

di
re
ct

as
so

ci
at
io
n
be

tw
ee

n
ed

uc
at
io
n
an

d
A
1c

di
m
in
is
he

d
to

n.
si
g.
.

G

P
re
ve

n
ti
ve

C
ar
e3

F
ir
st

A
u
th
o
r

D
es

ig
n

P
ar
ti
ci
p
an

ts
C
o
u
n
tr
y

In
st
ru
m
en

t;
C
u
t-
o
ff

p
o
in
ts

S
am

p
le

O
u
tc
o
m
es

as
se

ss
ed

A
ss

o
ci
at
io
n
s

Q
u
al
it
y

Li
nd

au
,

20
02

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

14
%
,A

A
:5

8%
;

H
is
p
an

ic
:1

8%
,O

th
er
:1

0%
U
S
A

E
ng

lis
h
R
E
A
L
M
:

in
ad

eq
ua

te
,m

ar
gi
na

l,
ad

eq
ua

te

W
om

en
in

am
bu

la
to
ry

w
om

en
`s

cl
in
ic
s
at

an
ac

ad
em

ic
m
ed

ic
al

ce
nt
er

(N
=
52

9)

C
er
vi
ca

lc
an

ce
r

sc
re
en

in
g
h
is
to
ry

an
d

kn
o
w
le
d
g
e

W
he

n
ad

ju
st
in
g
fo
r
H
L,

et
hn

ic
ity

w
as

no
ta

si
g.

pr
ed

ic
to
r
of

ce
rv
ic
al

ca
nc

er
sc

re
en

in
g

kn
ow

le
dg

e
(A
O
R

2.
25

;9
5%

C
I,

1.
05

–
4.
80

).
N
o
ra
ci
al

di
ffe

re
nc

es
w
ith

re
ga

rd
to

be
ha

vi
or
al

va
ria

bl
es

fo
un

d.

F

S
en

te
ll,

20
13

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

91
%

(1
%

LE
P
),

A
si
an

:9
%

(3
3.
5%

LE
P
)

U
S
A

E
ng

lis
h,

S
pa

ni
sh

,C
hi
ne

se
(M

an
da

rin
,C

an
to
ne

se
),

K
or
ea

n,
an

d
V
ie
tn
am

es
e:

tw
o
su

b
je
ct
iv
e
p
ro
xy

m
ea

su
re
s
o
f
h
ea

lt
h

lit
er
ac

y:
co

nt
in
uo

us
.

P
ar
tic
ip
an

ts
20

07
C
al
ifo

rn
ia

H
ea

lth
In
te
rv
ie
w

S
ur
ve

y
(C

H
IS
)
50

–
75

ye
ar
s
(N

=
15

,8
88

)

C
o
m
p
lia

n
ce

w
it
h

co
lo
re
ct
al

sc
re
en

in
g

g
u
id
el
in
es

Lo
w
H
L
on

ly
w
as

no
ta

si
g.

pr
ed

ic
to
r
am

on
g
A
si
an

s
(O

R
0.
71

,9
5%

C
I0

.3
9–

1.
28

)
fo
r

m
ee

tin
g
co

lo
re
ct
al

ca
nc

er
sc

re
en

in
g
gu

id
el
in
es

bu
tL

E
P
-

on
ly
w
as

a
si
g.

pr
ed

ic
to
r
(O

R
0.
62

,9
5%

C
I0

.3
8–

0.
99

).
B
ot
h

LE
P
an

d
lo
w
H
L
w
as

si
g.

as
so

ci
at
ed

w
ith

ha
vi
ng

a
lo
w
er

lik
el
ih
oo

d
of

ca
nc

er
sc

re
en

in
g

(O
R
0.
50

,9
5%

C
I0

.2
8–

0.
89

).

F

(C
on

tin
ue

d
)

Health Literacy and Disparities: A Systematic Review

PLOSONE | DOI:10.1371/journal.pone.0145455 December 23, 2015 11 / 22



T
ab

le
1.

(C
on

tin
ue

d
)

E
n
d
-o
f-
L
if
e
D
ec

is
io
n
s

F
ir
st

A
u
th
o
r

D
es

ig
n

P
ar
ti
ci
p
an

ts
C
o
u
n
tr
y

In
st
ru
m
en

t;
C
u
t-
o
ff

p
o
in
ts

S
am

p
le

O
u
tc
o
m
es

as
se

ss
ed

A
ss

o
ci
at
io
n
s

Q
u
al
it
y

S
ud

or
e,

20
10

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

25
%
,A

A
:2

4%
,

L
at
in
o
:3

1%
,A

si
an

/P
ac

ifi
c

Is
la
n
d
er
:9

%
,M

u
lt
ir
ac

ia
l:

10
%

U
S
A

E
ng

lis
h
&
S
pa

ni
sh

S
-T
O
F
H
L
A
:l
im

ite
d
vs
.

ad
eq

ua
te

G
en

er
al

m
ed

ic
in
e

ou
tp
at
ie
nt
s
in

a
co

un
ty

ho
sp

ita
l�

50
ye

ar
s

(N
=
20

5)

D
ec

is
io
n
al

u
n
ce

rt
ai
n
ty

ab
o
u
t
m
ak

in
g
ad

va
n
ce

tr
ea

tm
en

t
d
ec

is
io
n
s

A
dj
us

te
d
an

al
ys

is
:a

de
qu

at
e
H
L

(A
O
R

2.
11

,9
5%

C
I1

.0
3–

4.
33

),
be

in
g
La

tin
o
(A
O
R
2.
50

,9
5%

C
I

1.
01

–
6.
16

)
or

A
si
an

-P
ac

ifi
c

Is
la
nd

er
(A
O
R

4.
25

,9
5%

C
I

1.
22

–
14

.7
6)

vs
.W

hi
te

re
m
ai
ne

d
in
de

pe
nd

en
tly

as
so

ci
at
ed

w
ith

un
ce

rt
ai
nt
y
ab

ou
tt
re
at
m
en

t
(B
la
ck

w
as

no
ta

ss
oc

ia
te
d
at

al
l).

M
ag

ni
tu
de

of
ef
fe
ct

of
ra
ce

di
d

no
tc

ha
ng

e
si
gn

ifi
ca

nt
ly
w
he

n
H
L
w
as

ad
de

d
to

th
e
m
od

el
.

F

V
ol
an

de
s,

20
08

C
ro
ss
-

se
ct
io
na

l
ex

pe
rim

en
ta
l

st
ud

y

W
h
it
e:

44
%
,A

A
:5

6%
U
S
A

E
ng

lis
h
R
E
A
L
M
:l
ow

,
m
ar
gi
na

l,
ad

eq
ua

te
P
at
ie
nt
s
sc
he

du
le
d
to

se
e

a
ge

ne
ra
li
nt
er
ni
st
:a

ts
ix

pr
im

ar
y
ca

re
cl
in
ic
s;

�4
0

ye
ar
s
(N

=
14

4)

E
n
d
-o
f-
lif
e
ca

re
p
re
fe
re
n
ce

s
B
ef
or
e
ex

pe
rim

en
ta
ls

tim
ul
us

:
A
dj
us

te
d
an

al
ys

is
:H

L
m
ed

ia
te
d

th
e
re
la
tio

ns
hi
p
be

tw
ee

n
ra
ce

an
d
en

d-
of
-li
fe

pr
ef
er
en

ce
s
fo
r

A
fr
ic
an

-A
m
er
ic
an

s
(L
ow

H
L:

A
O
R
7.
3,

95
%

C
I2

.1
–
24

.2
;

M
ar
gi
na

lH
L:

A
O
R
5.
1,

95
%

C
I

1.
6–

16
.3
)

F

W
ai
te
,2

01
3

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

56
.9
%

(6
.9
%

“o
th
er
”)
,

A
A
:4

3.
4%

U
S
A

E
ng

lis
h
T
O
F
H
L
A
:

in
ad

eq
ua

te
,m

ar
gi
na

l,
an

d
ad

eq
ua

te

P
ar
tic
ip
an

ts
at

on
e

ac
ad

em
ic
ge

ne
ra
li
nt
er
na

l
m
ed

ic
in
e
cl
in
ic
or

fo
ur

he
al
th

ce
nt
er
s;

55
–
74

ye
ar
s
(N

=
78

4)

H
av

in
g
an

ad
va

n
ce

d
ir
ec

ti
ve

In
tr
od

uc
tio

n
of

H
L
(lo

w
H
L:

R
R

0.
45

,9
5%

C
I0

.2
2–

0.
95

)
in
to

m
ul
tiv
ar
ia
bl
e
m
od

el
re
du

ce
d

in
fl
ue

nc
e
of

ra
ce

bu
tA

A
ra
ce

re
m
ai
ne

d
si
g.

as
so

ci
at
ed

(R
R

0.
64

,9
5%

C
I0

.4
7–

0.
88

)
w
ith

ha
vi
ng

an
ad

va
nc

e
di
re
ct
iv
e.

G

O
th
er

H
ea

lt
h
O
u
tc
o
m
es

F
ir
st

A
u
th
o
r

D
es

ig
n

P
ar
ti
ci
p
an

ts
C
o
u
n
tr
y

In
st
ru
m
en

t;
C
u
t-
o
ff

p
o
in
ts

S
am

p
le

O
u
tc
o
m
es

as
se

ss
ed

A
ss

o
ci
at
io
n
s

Q
u
al
it
y

R
ac

e/
E
th
n
ic
it
y

B
ai
ns

,2
01

1
C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

56
%
,A

A
:4

1%
,

H
is
p
an

ic
/O

th
er
:3

%
U
S
A

E
ng

lis
h
R
E
A
L
M
-R

:
in
ad

eq
ua

te
vs
.a

de
qu

at
e

P
at
ie
nt
s
at

an
ad

ul
t

pr
im

ar
y
ca

re
cl
in
ic

(N
=
34

7)

U
sa

g
e
o
f

co
m
p
le
m
en

ta
ry

an
d

al
te
rn
at
iv
e
m
ed

ic
in
e

(C
A
M
)

S
ig
.i
nt
er
ac

tio
n
be

tw
ee

n
ra
ce

an
d
H
L.

W
hi
te
s
w
ith

ad
eq

ua
te

H
L
w
er
e
m
or
e
lik
el
y
to

us
e
C
A
M

(a
dj
us

te
d
O
R
9.
42

,9
5%

C
I:

1.
66

–
53

.5
,p

=
.0
1)

bu
ti
n
A
A
s

ad
eq

ua
te

H
L
w
as

no
ts

ig
.

re
la
te
d
to

C
A
M

us
ag

e
(a
dj
us

te
d

O
R
0.
97

,9
5%

C
I:
0.
27

–
3.
48

).

F

La
ng

fo
rd
,

20
12

C
ro
ss
-

se
ct
io
na

l
W
h
it
e:

81
%
,B

la
ck

:1
0%

,
H
is
p
an

ic
:9

%
U
S
A

E
ng

lis
h
&
S
pa

ni
sh

N
u
m
er
ac

y:
th
re
e

su
b
je
ct
iv
e

m
ea

su
re
m
en

ts
(H

IN
T
S

20
07

):
Li
ke

rt
-t
yp

e
sc
al
e

H
ea

lth
In
fo
rm

at
io
n

N
at
io
na

lT
re
nd

s
S
ur
ve

y
(H

IN
T
S
):
na

tio
na

lly
re
pr
es

en
ta
tiv
e
sa

m
pl
e

(N
=
6,
75

4)

A
w
ar
en

es
s
o
f
D
ir
ec

t-
to
-

co
n
su

m
er

(D
T
C
)
g
en

et
ic

te
st
s

W
he

n
tw
o
nu

m
er
ac

y
va

ria
bl
es

w
er
e
ad

de
d
to

th
e
m
od

el
,t
he

ef
fe
ct

of
bl
ac

k
(v
s.

w
hi
te
)
w
as

no
lo
ng

er
si
g.

(O
R

=
0.
84

;C
I0

.6
9–

1.
04

).
H
is
pa

ni
cs

di
d
no

ts
ig
.

di
ffe

r
fr
om

W
hi
te
s
w
ith

re
ga

rd
to

D
T
C
ge

ne
tic

te
st
s
aw

ar
en

es
s.

N
o
si
gn

.i
nt
er
ac

tio
n
of

ra
ce

/
et
hn

ic
ity

w
ith

S
E
S
an

d
nu

m
er
ac

y
va

ria
bl
es

D
T
C
ge

ne
tic

te
st
s
aw

ar
en

es
s.

F

(C
on

tin
ue

d
)

Health Literacy and Disparities: A Systematic Review

PLOSONE | DOI:10.1371/journal.pone.0145455 December 23, 2015 12 / 22



T
ab

le
1.

(C
on

tin
ue

d
)

S
m
ith

,2
01

2
C
ro
ss
-

se
ct
io
na

l
E
n
g
lis

h
-s
p
ea

ki
n
g
:5

0%
,

S
p
an

is
h
-s
p
ea

ki
n
g
:5

0%
U
S
A

E
ng

lis
h
&
S
pa

ni
sh

T
O
F
H
L
A
:l
ow

,m
ed

iu
m
,

hi
gh

P
at
ie
nt
s
in

an
E
D

w
ho

ha
d
re
ce

iv
ed

in
st
ru
ct
io
ns

fo
r
a
fo
llo
w
-u
p

ap
po

in
tm

en
ta

nd
/o
r

m
ed

ic
at
io
n
re
fi
ll
w
ith

in
on

e
w
ee

k
(N

=
10

0)

A
d
h
er
en

ce
to

E
D

d
is
ch

ar
g
e
in
st
ru
ct
io
n
s

S
pa

ni
sh

-s
pe

ak
in
g
pa

rt
ic
ip
an

ts
w
ith

lo
w
le
ve

lo
fH

L
w
er
e
si
g.

le
ss

lik
el
y
th
an

E
ng

lis
h-
sp

ea
ke

rs
to

sh
ow

up
fo
r
fo
llo
w
-u
p

ap
po

in
tm

en
ts

(p
<
.0
01

).
S
pa

ni
sh

-s
pe

ak
in
g
pa

rt
ic
ip
an

ts
w
ith

hi
gh

H
L
le
ve

lw
er
e
m
or
e

lik
el
y
th
an

th
e
ot
he

r
gr
ou

ps
to

ha
ve

un
de

rs
to
od

th
ei
r
di
sc

ha
rg
e

in
st
ru
ct
io
ns

.

P

G
ar
di
ne

r,
20

13
C
ro
ss
-

se
ct
io
na

l
N
o
n
-H

is
p
an

ic
W
h
ite

:2
9%

,
N
o
n
-H

is
p
an

ic
B
la
ck

:5
2%

,
H
is
p
an

ic
/o
th
er

ra
ce

:1
9%

U
S
A

E
ng

lis
h
R
E
A
L
M
:l
ow

vs
.

hi
gh

P
at
ie
nt
s
in

an
in
ne

r-
ci
ty

ho
sp

ita
l(
N

=
58

1)
U
sa

g
e
o
f

co
m
p
le
m
en

ta
ry

an
d

al
te
rn
at
iv
e
m
ed

ic
in
e

(C
A
M
)

S
ig
.i
nt
er
ac

tio
n
fo
un

d
be

tw
ee

n
H
L
an

d
ra
ce

fo
r
an

y
C
A
M

us
e

an
d
fo
r
pr
ov

id
er
-d
el
iv
er
ed

th
er
ap

ie
s.

U
se

of
an

y
C
A
M

am
on

g
W
hi
te

(O
R

3.
68

,9
5%

C
I

1.
27

–
9.
9)

or
H
is
pa

ni
c/
ot
he

r
ra
ce

(O
R
3.
40

,9
5%

C
I1

.4
6–

7.
91

)
w
as

si
g.

hi
gh

er
am

on
g
th
os

e
w
ith

hi
gh

er
H
L.

H
is
pa

ni
cs

/o
th
er

ra
ce

w
ith

hi
gh

er
H
L
w
er
e
m
or
e

lik
el
y
to

us
e
pr
ov

id
er
-d
el
iv
er
ed

th
er
ap

ie
s
(O

R
3.
59

,9
5%

C
I

1.
27

–
10

.1
9)
.

F

M
ix
ed

M
ot
tu
s,

20
14

C
ro
ss
-

se
ct
io
na

l
E
d
u
ca

ti
o
n
:
N
o
qu

al
ifi
ca

tio
n:

17
%
;O

-le
ve

l:
39

%
,A

-le
ve

l:
16

.3
%
,(
S
em

i)p
ro
fe
ss
io
na

l:
12

.2
%
,U

ni
ve

rs
ity

de
gr
ee

:
15

.5
%
;O

cc
u
p
at
io
n
al

so
ci
al

cl
as

s:
U
ns

ki
lle
d:

0.
5%

,
S
em

is
ki
lle
d:

3.
4%

,S
ki
lle
d

m
an

ua
l:
16

.6
%
,S

ki
lle
d
no

n-
m
an

ua
l:
21

.5
%
,I
nt
er
m
ed

ia
te
:

38
.2
%
,P

ro
fe
ss
io
na

l:
19

.7
%

S
co

tla
nd

B
rit
is
h
ve

rs
io
ns

of
:

R
E
A
L
M
,S

-T
O
F
H
L
A

p
as

sa
g
e
B
,N

V
S
:a

ll
co

nt
in
uo

us
co

m
bi
ne

d
in
to

a
la
te
nt

H
L
fa
ct
or

Lo
th
ia
n
B
irt
h
C
oh

or
t1

93
6

–
pa

rt
ic
ip
an

ts
at

ar
ou

nd
ag

e
73

ye
ar
s
(N

=
73

0)

T
hr
ee

ob
je
ct
iv
e
he

al
th

ou
tc
om

es
in

ol
de

r
pe

op
le
:

G
en

er
al

p
h
ys

ic
al

fi
tn
es

s ;
B
M
I;
N
u
m
b
er

o
f
n
at
u
ra
l

te
et
h

Lo
w
er

H
L
w
as

lin
ke

d
to

w
or
se

he
al
th

ou
tc
om

es
,b

ut
ed

uc
at
io
na

la
nd

oc
cu

pa
tio

na
l

le
ve

l,
as

w
el
la

s
co

gn
iti
ve

ab
ili
tie

s,
ac

co
un

te
d
fo
r
m
os

to
f

th
es

e
re
la
tio

ns
hi
ps

.A
fte

r
ad

ju
st
in
g
fo
r
co

va
ria

te
s

(in
cl
ud

in
g
ed

uc
at
io
n
an

d
oc

cu
pa

tio
n)
,o

nl
y
ph

ys
ic
al

fi
tn
es

s
w
as

si
gn

ifi
ca

nt
ly

as
so

ci
at
ed

w
ith

H
L.

G

Y
in
,2

00
9

C
ro
ss
-

se
ct
io
na

l
C
h
ild

d
is
p
ar
it
ie
s—

P
ar
en

t’
s

ed
u
ca

ti
o
n
:
S
til
li
n
sc
ho

ol
:

0.
5%

,<
H
ig
h
sc
ho

ol
:1

3.
7%

,
=
H
ig
h
sc
ho

ol
:2

9.
5%

,>
H
ig
h

sc
ho

ol
:5

6.
3%

;R
ac

e/
E
th
n
ic
it
y:

N
on

-H
is
pa

ni
c

W
hi
te
:6

6.
1%

,N
on

-H
is
pa

ni
c

B
la
ck
:1

2.
2%

,H
is
pa

ni
c:

16
.1
%
,O

th
er
:5

.7
%
;I
n
co

m
e:

<
P
ov

er
ty

th
re
sh

ol
d:

18
.2
%
,

10
0%

-1
75

%
of

po
ve

rt
y

th
re
sh

ol
d
16

.2
5%

,>
17

5%
of

po
ve

rt
y
th
re
sh

ol
d:

58
%
;

E
n
g
lis

h
P
ro
fi
ci
en

cy
:

U
nd

er
st
an

ds
ve

ry
w
el
l:

83
.1
%
,U

nd
er
st
an

ds
w
el
l:

10
.8
%
,U

nd
er
st
an

ds
no

tw
el
l/

no
ta

ta
ll:
6.
1%

U
S
A

E
ng

lis
h
&
S
pa

ni
sh

N
A
A
L

h
ea

lth
lit
er
ac

y
sc

al
e:

13
ou

to
f2

8
he

al
th
-r
el
at
ed

lit
er
ac

y
ta
sk
s:

B
el
ow

ba
si
c,

B
as

ic
,I
nt
er
m
ed

ia
te
,

P
ro
fi
ci
en

t

P
ar
en

ts
of

ch
ild
re
n—

na
tio

na
lly

re
pr
es

en
ta
tiv
e

sa
m
pl
e
(N

=
6,
10

0)

C
h
ild

h
ea

lt
h
in
su

ra
n
ce

st
at
u
s;

D
if
fi
cu

lt
y

u
n
d
er
st
an

d
in
g
O
T
C
-

m
ed

ic
at
io
n
la
b
el
s;

F
o
o
d

la
b
el

u
se

A
fte

r
in
cl
us

io
n
of

H
L
(b
el
ow

ba
si
c
H
L:

O
R
:2

.4
,9

5%
C
I1

.1
–

4.
9)

ed
uc

at
io
n
an

d
ra
ce

/e
th
ni
ci
ty

w
as

no
lo
ng

er
a
si
g.

pr
ed

ic
to
r
of

he
al
th

in
su

ra
nc

e
st
at
us

.
E
du

ca
tio

n,
ra
ce

/e
th
ni
ci
ty

an
d

in
co

m
e
w
er
e
no

lo
ng

er
si
gn

ifi
ca

nt
af
te
r
in
cl
ud

in
g
H
L

(b
el
ow

ba
si
c
H
L:

O
R
:3

.4
,9

5%
C
I1

.6
–
7.
4)

in
pr
ed

ic
tin

g
un

de
rs
ta
nd

in
g
of

O
T
C

m
ed

ic
at
io
n
la
be

ls
.H

L
w
as

n.
si
g.

re
la
te
d
to

fo
od

-la
be

lu
se

.

F

S
ig
ni
fi
ca

nt
(s
ig
.)
;N

on
-s
ig
ni
fi
ca

nt
(n
.s
ig
.)
;L

im
ite

d
E
ng

lis
h
P
ro
fi
ci
en

cy
(L
E
P
);
A
fr
ic
an

-A
m
er
ic
an

(A
A
);
C
at
eg

or
iz
at
io
ns

of
ra
ce

/e
th
ni
ci
ty

re
po

rt
ed

as
in

th
e
st
ud

ie
s.

1
C
he

w
et

al
.,
[2
8]

2
Y
in

et
al
.[
48

]r
ep

or
te
d
on

“M
ed

ic
at
io
n
A
dh

er
en

ce
&
M
an

ag
em

en
t”
an

d
“O

th
er

O
ut
co

m
es

”.
3
B
en

ne
tt,

C
he

n,
S
or
ou

i,
&
W
hi
te
,S

.(
20

09
);
H
ow

ar
d,

S
en

te
ll,
&
G
az

m
ar
ar
ia
n
(2
00

6)
re
po

rt
ed

on
“S
el
f-
re
po

rt
ed

H
ea

lth
S
ta
tu
s”

an
d
“P
re
ve

nt
iv
e
C
ar
e”

do
i:1
0.
13
71
/jo
ur
na
l.p
on
e.
01
45
45
5.
t0
01

Health Literacy and Disparities: A Systematic Review

PLOSONE | DOI:10.1371/journal.pone.0145455 December 23, 2015 13 / 22



significant interaction effect between health literacy and ethnicity on self-reported anxiety/
depression [37].

Only one study from the Netherlands looked specifically into educational disparities, and
discovered that health literacy partially mediated the relationship between education and self-
reported general health [38].

Cancer-related outcomes
Six studies investigated how health literacy might explain disparities in cancer-related out-
comes. Three studies looked into the effect of race/ethnicity (black vs. white) and health literacy
in prostate cancer patients [39–41]. One study found that, after adjustment, race/ethnicity and
health literacy were no longer significant predictors of presentation with advanced stage pros-
tate cancer [39], whereas another study found that health literacy contributed to a reduction of
35% in the association between race/ethnicity and prostate-specific antigen levels [41]. With
regard to disparities in patient-provider communication in a sample of patients with prostate
cancer, Song and colleagues [40] did not find any significant relationship between race/ethnic-
ity and health literacy and in the final model health literacy was not a significant predictor.

An additional two studies found that education was a more important predictor for infor-
mation needs in newly diagnosed cancer patients [42] and cancer risk information seeking [43]
than health literacy. Yet, health literacy was a significant mediator between SES and race/eth-
nicity on cancer risk knowledge [43].

One study investigated how health literacy might influence racial/ethnic differences (black
vs. Hispanic vs. white) in female patients’ knowledge about their breast cancer characteristics,
and found that health literacy did not eliminate most of the racial/ethnic differences under
investigation. However, health literacy reduced differences between White and Hispanic
women for being accurately knowledgeable about their breast cancer characteristics [44].

Medication adherence & management
Health literacy mediated the effect of race/ethnicity (black vs. white) on HIV and diabetes med-
ication adherence in two studies. However, the studies did not find a significant relationship
between diabetes-specific and general numeracy on medication adherence [45, 46]. In another
study, the inclusion of health literacy as a predictor reduced the effect of race/ethnicity (black
vs. white) on understanding of dosage instructions for pediatric liquid medication [47]. These
results concur with Yin and colleagues [48] results, where after including health literacy in the
final model, neither race/ethnicity, nor education or income predicted the understanding of
OTC medication labels.

Yet two other studies discovered that numeracy mediated the effect of race/ethnicity (black
vs. white) and gender on medication management capacities in HIV patients [49, 50].

Disease control
Five studies looked into disease control (e.g. asthma-related hospitalizations or glycemic con-
trol in diabetes patients). One study found that diabetes related numeracy diminished the effect
of race/ethnicity (black vs. white) on glycemic control to a level of non-significance. However
general health literacy or numeracy were no significant predictors of glycemic control [51].
Another study demonstrated that health literacy reduced the effect of race/ethnicity in African-
Americans and Hispanics on asthma quality of life and asthma control, and for African-Ameri-
cans only on emergency department visits. However, differences between Afro-Americans and
Whites for asthma-related hospitalizations remained [52].
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Overall only one experimental study looked at the differential effects of race/ethnicity (black
vs. white) and health literacy. The telephone-based osteoarthritis (OA) self-management sup-
port intervention found a significant interaction effect between health literacy and race/ethnic-
ity on change in pain. Non-Whites with low health literacy had the highest improvement in
pain in the intervention group compared to the usual care group [53].

Two studies looked into educational disparities. Whereas in one study health literacy signifi-
cantly mediated the effect of education on glycemic control [8], in the other study health liter-
acy reduced only minimally the effect of education on hypertension control but reduced it to
non-significance for hypertension knowledge [54].

Preventive care
Three studies investigated the influence of health literacy on cancer screening behavior and
knowledge. One study did not find significant racial/ethnic (black vs. Hispanic vs. white vs.
other) differences with regard to behavioral variables. Yet, after adjusting for health literacy,
race/ethnicity was no longer a significant predictor of cervical cancer screening knowledge
[55]. Another study in Asian Americans found that low health literacy was not significantly
associated with meeting colorectal cancer screening guidelines in the Asian group. LEP was a
more important predictor, as well as the combination of LEP and low heath literacy [56].

Bennett and colleagues [30] discovered that health literacy mediated the relationship
between education and receipt of a mammography. Also, they found that it mediated the effect
of educational disparities on dental care and educational and racial disparities on receipt of
influenza vaccine.

One study looked into receipt of vaccinations, in which health literacy reduced the influence
of race/ethnicity and education on vaccination receipts only minimally [31].

End-of-life decisions
Three studies investigated the relationship between health literacy and end of life related deci-
sions. One study found that, before an experimental stimulus was introduced to the partici-
pants, health literacy reduced the association between race and end-of-life preference to non-
significance [57]. On the other hand, in two other studies, even though health literacy was
significantly associated with decisional uncertainty about making an advance treatment deci-
sion [58] or having an advance directive [59], it did not significantly reduce the effect of race/
ethnicity.

Other health outcomes
Two studies looked into racial/ethnic disparities (black vs. Hispanic/other vs. white) in the
usage of complementary and alternative medicine (CAM), and both found a significant inter-
action effect between race/ethnicity and health literacy. In both studies, Whites with higher
levels of health literacy were more likely to use any kind of CAM [60, 61]. Gardiner and col-
leagues [61] identified the same effect in Hispanics, as well as a higher likelihood to use pro-
vider-delivered therapies. This was not the case for the relationship in black participants.

One study looked into how numeracy was related to direct-to-consumer genetic testing, in
which the addition of numeracy to the final model reduced the effect of black race to non-sig-
nificance. On the other hand, Hispanics did not significantly differ fromWhite participants.
There were no significant interactions between race/ethnicity and numeracy [62].

Overall, this review identified only one study that evaluated the relationship between health
literacy and physiological outcomes as an indicator of general health status. The study, con-
ducted in an elderly population in Scotland, found that health literacy was linked to worse
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health outcomes. However, educational and occupational level, as well as cognitive abilities
accounted for most of the relationships. Only physical fitness was significantly related to health
literacy after adjusting for educational and occupational level and other variables [63].

Yin and colleagues [48] investigated in how far parents’ health literacy mediated the effect
of a variety of potential disparities on outcomes relevant to their children. However, after the
inclusion of health literacy in the final model, the association of race/ethnicity and health insur-
ance status was no longer significant. As already described above, only understanding of OTC
medication labels was significantly associated with parents’ below basic health literacy.

Another study compared Spanish- to English-speakers in an emergency department and
concluded that the former were less likely to keep up follow-up appointments if they had lower
health literacy [64].

Discussion
In the conceptual literature health literacy is commonly described as a contributing factor to
health disparities but little is known about its actual contribution and potential role in the rela-
tionship between social and health disparities. This review identified overall 36 studies that
have investigated this relationship. Most of these studies focused on racial/ethnic disparities,
followed by some few studies that systematically looked into educational disparities. Only one
study specifically investigated the contribution of health literacy on potential gender differ-
ences in health.

Given that nearly all studies were conducted in the US, the large focus on racial/ethnic dis-
parities in the identified studies is not surprising. Race/ethnicity is often an assumed proxy for
other variables. Whether race is a biological category as such, an indication of socioeconomic
status or an independent predictor in which socioeconomic status solely is a mediator, studies
on health disparities in the US have largely used race/ethnicity as a predictor of health out-
comes [65].

Overall the review showed that the evidence on the role of health literacy on disparities is
still mixed and, for most outcomes, very limited. Even though race/ethnicity was a commonly
investigated social disparity, outcomes under investigation and measurements largely varied in
the identified studies. Thus, making direct comparisons between different studies rather diffi-
cult. There were no evident patterns on whether some health literacy measures were more pre-
dictive than others in the relationships under investigation. As suggested for clinical settings,
measures of functional health literacy, such as the REALM or the S-TOFHLA, had been most
frequently used when evaluating the relationship in patients. On the other hand, when investi-
gating the relationship in population-based data, relatively often subjective health literacy mea-
sures were used.

Overall, some very limited evidence was found on the mediating function of health literacy
on self-rated health status when looking into educational disparities. Further, some evidence
was identified on the role of health literacy as an independent predictor of health status across
different racial/ethnic groups, which showed to be a constant relationship independently from
health literacy measures used. However, results need to be carefully evaluated given that the
racial/ethnic groups under investigation largely varied from one study to another. There was
also some limited evidence of the potential effect of health literacy, in particular numeracy, on
reducing racial/ethnic disparities on medication adherence and understanding of its intake. Fur-
ther, some evidence was found on the effect of health literacy on knowledge-related outcomes.

With regard to cancer-related outcomes, the included studies yet failed to show any pat-
terns. Four out of six studies did not find health literacy to be a significant predictor in the rela-
tionships under investigation.
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Part of the explanation for the differences found for self-reported heath status on the one
side and cancer-related outcomes on the other side, might lie in the fact that some of the can-
cer-related outcomes were not related to actual health outcomes but related concepts, such as
information seeking/needs, presentation stage or doctor-patient communication. This in turn
might be related to other, in this case, more important mediating mechanisms, such as self-effi-
cacy for instance [66–68]. The role of other mediating mechanisms indeed has to be carefully
evaluated. This review found, for example, that in the case of immigrants language proficiency
was more important in predicting differences in health than health literacy. Other studies, even
though not with the focus on examining health disparities, have found similar patterns when
scrutinizing the relationship between health literacy and health(-related) outcomes and found
that other variables, such as the above-mentioned self-efficacy or knowledge were indeed
important mediating variables [69–71].

Even though two independent reviewers rated the quality of most studies as “fair”, there are
still some limitations that are inherent to a number of the included studies. Overall, most of the
data sets that had been used in the studies originally had not been collected to investigate the
relationship between health literacy and disparities per se, but also to investigate a variety of
other relationships. Hence, some of the results presented in these studies initially might have
been of secondary interest and were not necessarily built on previous results and literature.
This might explain some of the incongruences between the different studies. Further, from a
conceptual perspective, studies often neglected to sufficiently describe the disparity under
investigation. General assumptions were made on how health literacy should contribute to dis-
parities but the disparity as such was often only vaguely described. Moreover, descriptions of
the disparities under investigation often primarily focused on discussing health literacy as a
social determinant of the disparity tested. Even though the conclusion that health literacy
might be a determinant per se in this relationship is certainly not wrong, it does not sufficiently
take the possible pathways on how health literacy influences health disparities into account.
This is also mirrored in the fact that only few studies tested for predefined hypotheses, in
which the possible pathways were described. A couple of studies made assumptions about its
mediator role, testing for it by using appropriate analysis techniques, including mediation anal-
ysis and estimating structural equation models. Other studies tested its potential moderator
role and tested, for example, for interaction effects. Still, in most of these studies the potential
role of health literacy was not specifically predefined and left a lot of room for interpretation.

Potential pathways might distinguish between social disparities, including race, income or
education, and a potential “health literacy disparity” as such (Fig 3), thereby trying to identify
not only research gaps but also potential leverage points for interventions that aim at reducing
disparities. It is indeed here that the conceptualization and measurement of health literacy
might need to move beyond the functional dimension, and instead focus more systematically
on other dimensions such as interactive and critical literacy [72]. By taking these dimensions
into account, one would be able to identify crucial points that are key to, for example, access-
ing and processing health services and information needed. This also has implications from
an interventionist point of view. It would provide clear indications on how and where to
increase efforts to reduce health disparities by means of health literacy related interventions,
such as providing simplified access to information or support during health-related decision
making.

Limitations
The synthesis presented in this review needs to be carefully evaluated. Studies included in this
review used different health literacy measures, cut-off points and analysis techniques, which
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made comparability sometimes difficult. Further, even though all studies sufficiently controlled
for covariates, there are still inconsistencies between studies. Due to this heterogeneity it was
not possible to perform a meta-analysis. Also, despite the attempt to be as comprehensive as
possible in the search strategy, some studies might not have been included in this review. More-
over, the search was limited to already published material, thus potentially missing any work
that is currently in preparation or under evaluation for publication.

Included in the review were only studies that explicitly acknowledged the disparity under
investigation, therefore ignoring any study that evaluated the relationship between literacy and
disparity as a secondary outcome. Future reviews might therefore need to focus on smaller
characteristics, such as race/ethnicity or education, to fully grasp the relationships leading to
health disparities. In addition, as the field of health literacy is still evolving, consensus on which
dimensions should be included when assessing health literacy is still lacking. Therefore, studies
that primarily assessed health knowledge, including mental health literacy, were excluded.
Only studies that explicitly acknowledged health literacy and included a valid measure of
health literacy were included.

Fig 3. Possible pathways on how health literacy explains disparities in health outcomes.

doi:10.1371/journal.pone.0145455.g003
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Conclusions
Evidence on the exact nature of the relationship between health literacy and health disparities
remains still scarce. Most studies identified in this review focused on racial/ethnic disparities,
being a proxy for other important predictors of health disparities. Some limited evidence was
found on the role of health literacy in mediating educational and racial/ethnic disparities with
regard to self-reported health status. Also, some evidence was found on its role as a mediator
between racial/ethnic disparities and medication management/adherence and health knowl-
edge. Only few studies tested for hypothesized pathways and systematically scrutinized the
relationship between health literacy and health disparities. There is a need to systematically
conceptualize the pathways that link health literacy to health disparities and to address whether
other social disparities interfere with this relationship. Especially longitudinal studies would
shed more light on the potential causal pathways explaining the potential mediating function
of health literacy and other mediating variables on health disparities. More rigorous studies are
needed that not only clearly define the disparity but also the groups under investigation, by
choosing an appropriate reference group and potentially holding other social factors constant
between these groups.
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