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Background: Individuals with low levels of health lit-
eracy have less health knowledge, worse self-manage-
ment of chronic disease, lower use of preventive ser-
vices, and worse health in cross-sectional studies. We
sought to determine whether low health literacy levels
independently predict overall and cause-specific mor-
tality.

Methods: We designed a prospective cohort study of
3260 Medicare managed-care enrollees in 4 US metro-
politan areas who were interviewed in 1997 to deter-
mine their demographic characteristics, chronic condi-
tions, self-reported physical and mental health, and health
behaviors. Participants also completed the shortened ver-
sion of the Test of Functional Health Literacy in Adults.
Main outcome measures included all-cause and cause-
specific (cardiovascular, cancer, and other) mortality using
data from the National Death Index through 2003.

Results: The crude mortality rates for participants with
adequate (n=2094), marginal (n=366), and inadequate
(n=800) health literacy were 18.9%, 28.7%, and 39.4%,

respectively (P<<.001). After adjusting for demograph-
ics, socioeconomic status, and baseline health, the haz-
ard ratios for all-cause mortality were 1.52 (95% confi-
dence interval, 1.26-1.83) and 1.13 (95% confidence
interval, 0.90-1.41) for participants with inadequate and
marginal health literacy, respectively, compared with par-
ticipants with adequate health literacy. In contrast, years
of school completed was only weakly associated with mor-
tality in bivariate analyses and was not significant in mul-
tivariate models. Participants with inadequate health lit-
eracy had higher risk-adjusted rates of cardiovascular
death but not of death due to cancer.

Conclusions: Inadequate health literacy, as measured
by reading fluency, independently predicts all-cause mor-
tality and cardiovascular death among community-
dwelling elderly persons. Reading fluency is a more pow-
erful variable than education for examining the association
between socioeconomic status and health.

Arch Intern Med. 2007;167(14):1503-1509

Author Affiliations: Division of
General Internal Medicine

(Drs Baker, Wolf, and Feinglass
and Mr Thompson), Institute
for Healthcare Studies

(Drs Baker, Wolf, and
Feinglass), and Department of
Preventive Medicine

(Dr Huang), Feinberg School of
Medicine, Northwestern
University, Chicago, Illinois;
and Rollins School of Public
Health, Emory University,
Atlanta, Georgia

(Dr Gazmararian).

DUCATION, AS MEASURED BY

the number of years of

school completed, is an im-

portant predictor of mortal-

ity."* Wong and colleagues’
reported that, in the United States, per-
sons without a high-school education lost
9.2 more potential life-years per person
than did individuals who had completed
high school or more. Although the asso-
ciation between education and life expec-
tancy is well documented, the underly-
ing causal pathways are poorly understood.
Much of the association between educa-
tion and health is caused by the positive
effect of education on job opportunities,
annual income, housing, access to nutri-
tious foods, and health insurance.*° Higher
levels of education could also have direct
effects on health through greater health
knowledge acquired during schooling and

greater personal empowerment and self-
efficacy.”™

Another possible mechanism by which
education could exert a direct effect on
health is reading fluency. The number of
years of school completed is strongly as-
sociated with reading fluency.'*"* As a re-
sult, individuals with more education tend
to have a better capacity to obtain, pro-
cess, and understand basic health infor-
mation and services needed to make ap-
propriate health decisions: ie, they have
higher levels of health literacy.'*!* Inad-
equate health literacy (eg, the inability to
read and comprehend basic health-
related materials such as prescription
bottles and appointment slips) is associ-
ated with less knowledge among patients
with chronic diseases, worse self-man-
agement skills, and lower use of preven-
tive services.'®!” According to the 2003 Na-
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tional Assessment of Adult Literacy, more than 75 million
adults in the United States have only basic or less than
basic health literacy.'® Inadequate health literacy is as-
sociated with worse health in cross-sectional stud-
ies,'*?! and direct measures of health literacy are more
strongly associated with self-reported health than the
number of years of school completed.**

Few prospective studies have examined the relation-
ship between health literacy and adverse health out-
comes. People with inadequate health literacy have 29%
to 52% higher hospitalization rates, even after adjust-
ment for baseline socioeconomic status, health status, and
health behaviors."*?* Sudore and colleagues* reported that,
among community-dwelling adults aged 70 to 79 years
without physical limitations, worse performance on the
Rapid Estimate of Adult Literacy in Medicine (REALM),
a word-recognition and pronunciation test,” was associ-
ated with higher mortality. We analyzed differences in mor-
tality during a 6-year period among a cohort of 3260 Medi-
care managed-care enrollees 65 years and older who had
undergone a detailed baseline interview to assess annual
income, education, chronic conditions, physical and men-
tal health, health behaviors, and reading comprehension.

o EEETEES

The study design for this project was approved by the institu-
tional review board of Northwestern University. The initial re-
cruitment and baseline data collection for this study have been
described previously.” Briefly, new Medicare enrollees 65 years
and older in 4 health care plans (Cleveland, Ohio; Houston,
Texas; Tampa, Florida; and Ft Lauderdale/Miami, Florida) of
a national managed care organization were sent a letter of in-
troduction. One week later, interviewers called each enrollee
to determine eligibility. Individuals were ineligible if they were
not comfortable speaking English or Spanish, were blind or had
a severe vision problem, or did not know what year or month
it was, the state where they lived, the year they were born, or
their address.

BASELINE INTERVIEW AND TESTS
OF HEALTH LITERACY

A total of 3344 participants (49.6% of all 6742 eligible) com-
pleted a 1-hour face-to-face home interview between July 1 and
December 31, 1997. Participants were very similar to nonpar-
ticipants.” The survey assessed race/ethnicity, education, an-
nual income, health behaviors (ie, smoking, alcohol consump-
tion, and exercise), body mass index (calculated as weight in
kilograms divided by height in meters squared), chronic medi-
cal conditions (ie, hypertension, diabetes mellitus, heart dis-
ease, chronic obstructive pulmonary disease or asthma, arthri-
tis, or cancer), depression (measured by the Geriatric Depression
Scale),” self-rated physical and mental health (measured by the
12-Item Short-Form Health Survey),” impairments in instru-
mental activities of daily living, and use of health care services
and prescription medications.

Health literacy was evaluated by measuring each enrollee’s
reading fluency using a shortened version of the Test of Func-
tional Health Literacy in Adults (S-TOFHLA) that included 2
reading passages (36 items worth 2 points each) and 4 nu-
meracy items (7 points each) to assess comprehension of hos-
pital forms and labeled prescription vials that contained nu-

merical information®?’; this test assesses quantitative skills and

the ability to read and understand prose and documents. The
sum of the 2 sections yields the S-TOFHLA score, which ranges
from 0 to 100. Scores from 0 to 55 indicate inadequate health
literacy; these individuals will often misread the simplest ma-
terials, including prescription bottles and appointment slips.
Scores from 56 to 66 indicate marginal health literacy, and scores
from 67 to 100 indicate adequate health literacy; the latter group
will successfully complete most of the reading tasks required
to function in the health care setting but may misread the most
difficult numerical information. Respondents who could not
read at all (n=10) were assigned a score of 0. We excluded par-
ticipants whose corrected vision was worse than 20/100 based
on results of testing with a Rosenbaum Handheld Vision Chart
(n=71) and individuals who could not complete the S-
TOFHLA for other reasons (n=13), leaving 3260 people for
analysis. Cognitive function was measured by the Mini-
Mental State Examination.*

IDENTIFICATION OF
PARTICIPANT DEATHS

We used the National Death Index to identify deaths through 2003.
The National Death Index provided possible matches based on
participants’ name, Social Security number, and birth informa-
tion (month, day, and year). A total of 714 death certificates con-
tained information that exactly matched a participant’s first and
last name, Social Security number, and birth date. An additional
101 matches were identified from death certificates that matched
at least 3 of these 4 identifiers, as well as additional identifiers
such as race, sex, and marital status. Cause of death was deter-
mined from International Classification of Diseases, Ninth Revi-
sion, codes, and participants were classified as cardiovascular death,
cancer death, other death, or alive through 2003.

STATISTICAL ANALYSIS

All analyses were conducted using Stata statistical software, ver-
sion 9 (StataCorp, College Station, Texas). The relationship be-
tween health literacy and time to death was first examined using
Kaplan-Meier curves, and unadjusted hazard ratios (HRs) were
determined from Cox proportional hazards models. We then ad-
justed for differences in demographic characteristics, socioeco-
nomic status, health behaviors, the number of chronic medical
conditions, and self-reported physical and mental health in mul-
tivariate Cox models. We imputed annual income on the basis
of age, sex, race/ethnicity, health literacy, past occupation, and
health status for 16.2% of participants who refused to report their
income. We assessed interaction terms between literacy and all
other significant variables and examined models stratified by race/
ethnicity and language, age, and baseline health status to deter-
mine whether associations between literacy and mortality varied
according to these characteristics.

Differences in the proportion of patients who died of specific
causes (ie, cardiovascular, cancer, and other) were determined
by x? tests. To examine differences in cause-specific mortality,
we conducted 3 separate multivariate Cox models for cardiovas-
cular death, cancer death, and combined noncardiovascular and
noncancer deaths; ie, for each model the dependent variable was
time to cause-specific death with censoring of individuals who
died of causes other than the outcome variable. A 2-sided P value
of .05 was used to determine statistical significance.

BEE  RESULTS e

Among the 3260 participants, 2094 (64.2%) had ad-
equate health literacy, 366 (11.2%) had marginal health

(REPRINTED) ARCH INTERN MED/VOL 167 (NO. 14), JULY 23, 2007

1504

WWW.ARCHINTERNMED.COM

Downloaded from www.archinternmed.com at University of Washington, on July 24, 2007
©2007 American Medical Association. All rights reserved.


http://www.archinternmed.com

Table 1. Characteristics of Participants With Adequate,
Marginal, and Inadequate Health Literacy?

Health Literacy Groups
I 1
Adequate Marginal Inadequate P

Characteristic (n=2094) (n=2366) (n=800) Value

Age, mean (SD), y 716(5.6) 74.1(6.3) 756(7.2) <.001

Female 1213 (67.9) 197 (53.8) 462 (57.8) .33

Race/ethnicity <.001
White 1752 (83.7) 249 (68.0) 465 (58.1)

African American 138 (6.6) 46 (12.6) 200 (25.0)

Hispanic, English 34 (1.6) 9(2.5) 18 (2.3)
speaking

Hispanic, Spanish 137 (6.5) 60 (16.4) 103 (12.9)
speaking

Other/missing 33 (1.6) 2(0.5) 14 (1.8)

Annual household <.001

income
<$10000 252 (12.0) 96 (26.2) 273 (34.1)
$10000-$14 999 461 (22.0) 97 (26.5) 241 (30.1)
$15000-$24 999 761 (36.3) 120 (32.8) 216 (27.0)
$25000-$34 999 303 (14.5) 39(10.7) 45 (5.6)
=$35000 317 (15.1) 14 (3.8) 25 (3.1)

Years of school <.001

completed
Grades 1-8 151(7.2) 90 (24.6) 328 (41.0)
Grades 9-11 311 (14.9) 93 (25.4) 194 (24.3)
High school/GED 801 (38.3) 110 (30.1) 182 (22.8)
>High school 831 (39.7) 73(20.0) 96 (12.0)

No. of chronic 5(1.2) 7(1.2) 7(1.2) .87
conditions, mean (SD)

Physical function score, 46.2 (10.7) 43.6 (11.7) 41.9(11.9) <.001
mean (SD)

Mental health score, 55.5(7.9) 549(9.2) 52.1(10.7) <.001
mean (SD)

IADL limitation 495 (23.6) 137 (37.4) 368 (46.0) <.001

ADL limitation 62(3.0) 21(5.7) 70(8.8) <.001

Smoking <.05
Never 801 (38.3) 156 (42.6) 361 (45.1)

Former 1030 (49.2) 164 (44.8) 343 (42.9)
Current 263 (12.6) 46 (12.6) 96 (12.0)

Current alcohol use? <.001
None 1226 (58.5) 238 (65.0) 601 (75.1)

Light to moderate 784 (37.4) 121 (33.1) 186 (23.3)
Heavy 84 (4.0 7(1.9) 13 (1.6)

Vigorous physical <.001
activity, times
per week

=4 988 (47.2) 150 (41.0) 254 (31.8)
3 314 (15.0) 61 (16.7) 110(13.8)
1-2 324 (15.5) 56 (15.3) 113 (14.1)
<1 468 (22.3) 99 (27.0) 323 (40.4)

BMI <.005
<185 87(42) 13(3.6) 62 (7.8)
18.5-24.9 1211 (57.8) 219 (59.8) 472 (59.0)
25.0-29.9 543 (25.9) 87 (23.8) 185 (23.1)
=30.0 253 (12.1) 47 (12.8) 81 (10.1)

Abbreviations: ADL, activities of daily living; BMI, body mass index
(calculated as weight in kilograms divided by height in meters squared); GED,
General Education Development; IADL, instrumental ADL.

2Unless otherwise indicated, data are expressed as number (percentage) of
subjects. Health literacy was assessed by measuring enrollees’ reading fluency
using a shortened version of the Test of Functional Health Literacy in Adults.

bCurrent alcohol use was classified as /ight to moderate for men who said
that they had 1 to 14 drinks of alcohol during the past month and women who
said that they had 1 to 7 drinks of alcohol during the past month. Those who
drank more than this were classified as heavy drinkers.
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Figure. Age-adjusted survival from the time of study enroliment for
participants with adequate, marginal, and inadequate health literacy. Health
literacy was assessed by measuring enrollees’ reading fluency using a
shortened version of the Test of Functional Health Literacy in Adults.
P<.001 for age-adjusted differences in survival by literacy.

literacy, and 800 (24.5%) had inadequate health lit-
eracy. Individuals with inadequate health literacy were
older and more likely to be nonwhite, had less annual
income and education, and had worse physical and men-
tal health than did individuals with adequate health lit-
eracy (Table 1). Participants with inadequate health lit-
eracy were less likely to have ever smoked cigarettes and
to have used alcohol during the past month, less likely
to perform frequent vigorous physical activity, and more
likely to be underweight (body mass index, <18.5).

A total of 815 participants (25.0%) died during an av-
erage follow-up of 67.8 months. Individuals with inad-
equate and marginal health literacy were more likely to
die during follow-up than were those with adequate health
literacy (39.4%, 28.7%, and 18.9%, respectively; P<<.001).
After adjusting for age, the HRs were 1.70 (95% confi-
dence interval [CI], 1.46-1.99) for participants with in-
adequate health literacy and 1.28 (95% CI, 1.03-1.59) for
participants with marginal health literacy compared with
participants with adequate health literacy (Figure). The
results were similar after adjusting for demographics and
socioeconomic variables (Table 2, model 2). After add-
ing self-reported physical and mental health, instrumen-
tal activities of daily living limitations, and chronic con-
ditions (Table 2, model 3), the adjusted HR for death for
participants with inadequate health literacy was 1.52 (95%
CI, 1.26-1.83) and the HR for participants with mar-
ginal health literacy was 1.13 (95% CI, 0.90-1.41), which
was no longer statistically significant. Older age, male sex,
lower annual income, the number of chronic condi-
tions, and worse self-reported physical health and func-
tioning were also associated with higher mortality
(Table 2). The results also did not change when we ex-
cluded individuals with Mini-Mental State Examination
scores of 18 or less and those with a previous stroke.

We explored several possible explanations for the as-
sociation between literacy and mortality. We added health
behaviors to the model (smoking history, body mass in-
dex, alcohol use, and physical activity) to determine the
degree to which differences in health behaviors ex-
plained the excess mortality among participants with in-
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Table 2. Association Between Health Literacy and All-Cause Mortality in Sequentially Adjusted Multivariate Models

Variable

HR (95% CI)

Model 12

Model 2P

Model 3°¢

Health literacyd
Adequate
Marginal
Inadequate
Age, y
65-69
70-74
75-79
80-84
=85
Sex
Male
Female
Race/ethnicity
White
Hispanic, English speaking
Hispanic, Spanish speaking
African American
School completed, y
>High school
High school/GED
Grades 9-11
Grades 1-8
Annual household income
=$35000
$25000-$34 999
$15000-$24 999

1 [Reference]
1.31 (1.05-1.64)
1.85 (1.57-2.19)

1 [Reference]

1.44 (1.16-1.79
2.41 (1.94-2.98
4.11(3.29-5.15
4.95 (3.82-6.43

o=

1 [Reference]
0.58 (0.51-0.67)

1 [Reference]

0.71 (0.38-1.33)
0.59 (0.43-0.81)
0.87 (0.69-1.10)

$10000-$14 999
<$10000
Physical health SF-12 score®
Mental health SF-12 score®
IADLs (any impairment)
ADLs (any impairment)
No. of chronic conditions’

1 [Reference]
1.22 (0.98-1.53)
1.73 (1.45-2.08)

1 [Reference]

1.44 (1.16-1.79
2.36 (1.90-2.93
3.92 (3.13-4.92
4.79 (3.68-6.25

= ====

1 [Reference]
0.52 (0.45-0.61)

1 [Reference]

0.66 (0.35-1.25)
0.50 (0.36-0.70)
0.78 (0.61-0.98)

1 [Reference]

0.93 (0.77-1.12)
0.95 (0.76-1.19)
0.88 (0.69-1.13)

1 [Reference]
1.22 (0.88-1.68
1.26 (0.95-1.67

1 [Reference]
1.13 (0.90-1.41)
1.52 (1.26-1.83)

1 [Reference]

1.45 (1.17-1.80)
2.23 (1.80-2.76)
3.58 (2.85-4.50)
4.06 (3.10-5.32)

1 [Reference]
0.46 (0.39-0.54)

1 [Reference]

0.73 (0.38-1.38)
0.61 (0.44-0.86)
0.78 (0.62-1.00)

1 [Reference]

0.95 (0.78-1.15)
0.91 (0.73-1.14)
0.85 (0.66-1.10)

1 [Reference]
1.20 (0.87-1.67
1.08 (0.81-1.43

)
( )
1.31(0.97-1.77)
1.52 (1.10-2.09)
0.82 (0.76-0.88)
( )
( )
( )
( )

==

(
1.57 (1.17-2.12
1.90 (1.39-2.61

0.97 (0.91-1.05
1.41 (1.18-1.70
1.40 (1.09-1.80
1.10 (1.04-1.18

Abbreviations: ADL, activities of daily living; CI, confidence interval; GED, General Education Development; HR, hazard ratio; IADL, instrumental ADL; SF-12,

12-ltem Short-Form Health Survey.
2Adjusted for demographic characteristics.
b Adjusted for demographic characteristics, annual income, and education.

¢ Adjusted for demographic characteristics, annual income, education, and health status.
dHealth literacy was evaluated by measuring enrollees’ reading fluency using a shortened version of the Test of Functional Health Literacy in Adults.

€Measured per 10-point change.
fRange, 0-7.

adequate health literacy, but the results changed little (ad-
justed HR for inadequate vs adequate health literacy, 1.48;
95% CI, 1.23-1.79). Adding the number of hospitaliza-
tions during the year before study entry and the self-
reported number of long-term medications at baseline to
the model also did not change our results.

EDUCATION

In contrast to health literacy, years of school completed
was only weakly predictive of mortality. The mortality
rates were 29.4,28.4,22.6, and 23.1 for participants who
had completed less than 9 years of school 9 to 11 years
of school, high school or General Education Develop-
ment, or education beyond high school (P=.002), re-
spectively. After adjusting for demographics, annual in-
come, and baseline health status (but not health literacy),
years of school completed had no association whatso-
ever with mortality; the adjusted HRs for participants who

had completed less than 9 years of school, 9 to 11 years
of school, or high school or General Education Devel-
opment were 1.01, 0.99, and 0.99, respectively, com-
pared with those who had attended college.

VARIATION IN THE ASSOCIATION BETWEEN
HEALTH LITERACY AND MORTALITY

In multivariate analyses stratified by race/ethnicity, the
HRs for participants with inadequate health literacy com-
pared with participants with adequate health literacy were
1.60 (95% CI,1.29-1.98; P<<.001) and 2.03 (95% CI, 1.12-
3.70; P=.02) for white (n=2464) and African American
(n=384) participants, respectively. However, there was
no association between health literacy and mortality
among Latino participants (n=361; adjusted HR, 1.02;
95% CI, 0.51-2.03). The association between health lit-
eracy and mortality was stronger among individuals who
were in better baseline physical health (interaction term
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between inadequate health literacy and physical health,
P=.002). The adjusted HR for participants with inad-
equate health literacy compared with participants with
adequate health literacy was 2.10 (95% CI, 1.60-2.75) for
individuals whose baseline physical health score was 1
SD above the mean (56.2), 1.69 (95% CI, 1.39-2.05;
P<.001) for individuals at the mean baseline physical
health score (44.9),and 1.36 (95% CI, 1.11-1.66) for in-
dividuals whose baseline physical health score was 1 SD
below the mean (33.6). The association between health
literacy and mortality was similar across all age groups.

CAUSE-SPECIFIC MORTALITY

A total of 380 (11.7%) participants died of cardiovascu-
lar disease. Rates were markedly higher for those with
inadequate health literacy (19.3%) and marginal health
literacy (16.7%) compared with those with adequate
health literacy (7.9%; P <.001) (Table 3). After adjust-
ing for demographic characteristics, socioeconomic vari-
ables, and baseline health status, participants with inad-
equate health literacy had a higher adjusted relative risk
of cardiovascular death (adjusted HR, 1.52;95% CI, 1.16-
2.00) (Table 3). Participants with marginal health lit-
eracy also had higher cardiovascular death rates (ad-
justed HR, 1.39; 95% CI, 1.02-1.90). Crude cancer
mortality rates were higher among those with inad-
equate health literacy, but rates were similar in multi-
variate models (Table 3). The mortality rate for all non-
cardiovascular and noncancer causes was also higher
among participants with inadequate health literacy in un-
adjusted and multivariate analyses (Table 3).

B coienr [

Inadequate health literacy, as measured by reading flu-
ency using the S-TOFHLA, had a strong, independent as-
sociation with mortality even after adjusting for an ex-
tensive set of covariates, including sociodemographic
characteristics, chronic conditions, and detailed mea-
sures of baseline physical and mental health. The mag-
nitude of the association between inadequate health lit-
eracy and mortality was similar to the association between
low annual income and mortality. Analysis of cause-
specific mortality showed that most of the excess mor-
tality among those with inadequate health literacy was
due to higher adjusted mortality rates from cardiovas-
cular disease; the adjusted rates of death due to cancer
were similar.

To our knowledge, only 1 previous study has exam-
ined the relationship between literacy and mortality. Su-
dore and colleagues® reported that participants in the
Health, Aging, and Body Composition Study who scored
at the eighth-grade level or lower on the REALM had an
adjusted HR of death of 1.75 compared with those at the
ninth-grade level. However, this study was restricted to
adults aged 70 to 79 years; it excluded non-English speak-
ers and people who reported any difficulty walking one-
quarter of a mile, climbing a flight of stairs, or perform-
ing basic activities of daily living; and it adjusted for
differences in health with a single item measuring self-

Table 3. Cause-Specific Mortality Rates and HRs
According to Health Literacy

Health Literacy?
I 1
Adequate Marginal Inadequate
Cause of Death (n = 2094) (n = 366) (n = 800)
Cardiovascular death, 165 (7.9) 61 (16.7) 154 (19.3)
No. (%)
Adjusted HR 1 [Reference] 1.39 (1.02-1.90) 1.52 (1.16-2.00)
(95% Cly°
Cancer death, No. (%) 122 (5.8) 17 (4.6) 70 (8.8)
Adjusted HR 1 [Reference] 0.65(0.38-1.09) 1.18 (0.81-1.72)
(95% Cl)P

Death due to all other 108 (5.2)
causes, No. (%)
Adjusted HR
(95% CI)P

27 (7.4) 91 (11.4)

1 [Reference] 1.18 (0.76-1.85) 1.87 (1.32-2.67)

Abbreviations: Cl, confidence interval; HR, hazard ratio.

2Health literacy was evaluated by measuring enrollees’ reading fluency using
a shortened version of the Test of Functional Health Literacy in Adults.

b Adjusted for age, sex, race/ethnicity, language, study site, annual income,
social class, years of school completed, physical and mental health (12-ltem
Short-Form Health Survey summary scales), instrumental activities of daily
living, activities of daily living, and prevalence of chronic conditions.

reported overall health. The Health, Aging, and Body
Composition Study also used the REALM, which is a word
recognition test and not a measure of current reading flu-
ency, and 18% of the original study population could not
undergo testing. In contrast, our study enrolled all pa-
tients 65 years or older regardless of health status, used
a measure of current reading fluency, and adjusted for
differences in baseline health with a comprehensive set
of health status measures. Despite these differences, our
adjusted mortality rate for those with inadequate lit-
eracy was only slightly lower than that of the Health, Ag-
ing, and Body Composition Study, and our results were
even more similar if we restricted our analyses to par-
ticipants who preferred English and reported no limita-
tions walking several blocks.

We found that years of school completed was only
weakly associated with mortality. Previous studies
have shown that the association between education and
mortality is less strong among the elderly popula-
tion.!>¢3132 For all age groups, years of school com-
pleted is an inaccurate measure of true educational at-
tainment because many individuals progress through the
educational system without meeting desired goals, in-
cluding the ability to read at grade level. Years of school
completed is more problematic among older persons be-
cause it does not capture lifelong learning or age-related
declines in reading fluency.?®> Therefore, reading flu-
ency appears to be a more powerful variable than edu-
cation for examining the relationship between socioeco-
nomic status and health.?>*

There are several possible mechanisms by which the
association between literacy and mortality might occur.
Inadequate health literacy is associated with less knowl-
edge of chronic disease and worse self-management skills
for patients with hypertension, diabetes mellitus, asthma,
and heart failure.'®*** Low levels of health literacy are
also negatively related to patients’ knowledge of human
immunodeficiency virus medications and dosing instruc-
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tions, adherence to the medication regimen, and human
immunodeficiency viral load.**3° Use of cancer screen-
ing and vaccinations are also lower among people with
inadequate health literacy.'” Thus, the association be-
tween health literacy and adverse health outcomes prob-
ably occurs as the result of a wide variety of pathways
that have a cumulative effect.

It remains possible that we overestimated the asso-
ciation between health literacy and mortality owing to
an unmeasured confounding variable. We adjusted for
annual income, but this does not fully capture eco-
nomic status. Participants had generous medication ben-
efits and low co-payments at baseline; however, this may
have changed over time, and those with inadequate health
literacy may have been more likely to face financial bar-
riers to care. It is also likely that individuals with lim-
ited health literacy had fewer assets (ie, net worth), even
after adjusting for annual income. Net worth may inde-
pendently predict health outcomes.* Patients with in-
adequate health literacy may also have underreported the
presence of medical conditions. It is not clear whether
the accuracy of self-reported chronic conditions varies
by education.®*** To mitigate any effect of underreport-
ing, we adjusted for the number of daily medications that
participants reported, and our results did not change.

Another possible confounding variable is cognitive
function. Previous studies have shown that perfor-
mance on the S-TOFHLA is correlated with perfor-
mance on the Mini-Mental State Examination, even for
items that should not depend on literacy or education
(eg, delayed recall).*” Performance on the REALM is also
associated with Mini-Mental State Examination scores.*
The National Adult Reading Test, a word recognition test
like the REALM, is highly correlated with performance
on intelligence tests given decades earlier.*” Moreover,
performance on cognitive function tests is associated with
the ability to understand medication instructions,*® and
individuals who perform better on cognitive tests in child-
hood have lower mortality.** Additional studies are
needed to examine the independent effects of health lit-
eracy and cognitive function.

Our study has several other limitations. The S-
TOFHLA is not a comprehensive measure of health lit-
eracy; more precise and comprehensive measures may
have shown a stronger relationship between health lit-
eracy and mortality. Only half of eligible new enrollees
participated, and nonparticipants had slightly higher so-
cioeconomic status; the association between health lit-
eracy and mortality may have differed among nonpar-
ticipants. Our study was limited to people 65 years or
older, so we cannot extrapolate our findings to younger
individuals.

Recent studies suggest that it may be possible to re-
duce the higher rate of adverse health outcomes among
patients with diabetes mellitus and heart failure and in-
adequate health literacy.*° Although these studies are
important, the interventions targeted only 1 aspect of pa-
tients” health and health care needs. Most people will have
many acute and chronic medical conditions during their
life and face many situations in which they must make
health and health care choices and decisions. As a result
of these myriad demands placed on patients today, wide-

spread improvements in health and health care commu-
nication will likely be necessary to reduce the associa-
tion between health literacy and mortality. To achieve
this goal, we must further elucidate the causal pathways
linking health literacy and adverse health outcomes and
use this information to design more comprehensive and
effective interventions.
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