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SYNOPSIS
Objectives. We sought to determine whether literacy mediates the relationship
between education and glycemic control among diabetes patients.
Methods. We measured educational attainment, literacy using the Short Test
of Functional Health Literacy in Adults (s-TOFHLA), and glycemic control
(HbA1c) in 395 diabetes patients at a U.S. public hospital. We performed path
analysis to compare two competing models to explain glycemic control. The
direct effects model estimated how education was related to HbA1c; the
mediational model estimated the strength of the direct relationship when the
additional pathway from education to literacy to HbA1c was added.
Results. Both the model with a direct effect of education on HbA1c and the
model with literacy as a mediator were supported by good fit to observed
data. The mediational model, however, was a significant improvement, with the
additional path from literacy to HbA1c reducing the discrepancy from observed
data (p⬍0.01). After including this path, the direct relationship between
education and HbA1c fell to a non-significant threshold.
Conclusions. In a low-income population with diabetes, literacy mediated the
relationship between education and glycemic control. This finding has important implications for both education and health policy.
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While the association between education and health is
well established and is robust across health conditions
and outcomes,1–6 the paths by which education inﬂuences health require further elucidation. There are a
number of competing theories regarding mediators in
this relationship, including, but not limited to (1)
work, economic, and environmental conditions; (2)
social-psychological resources; and (3) health behaviors.7,8 Notably, relatively little attention has been paid
to how educational differences can affect health
through interactions with the health care system. In
this context, literacy may be particularly important.
Recently, researchers and policymakers have highlighted the gap between the literacy demands placed
on individuals in the health care context and individuals’ capacity to optimally function in these settings, or
“health literacy.” 9–11 With the demonstration of the
wide variation in literacy skills in industrialized nations,12,13 some have suggested that this variation might
explain some of the disparities in health attributed to
socioeconomic status, including educational attainment.14–16 While literacy may be an important explanatory variable in the relationship between education
and health, this hypothesis has not been formally tested.
Were literacy a mediator in the relationship between
education and health, the implications for both education policy and health policy would be signiﬁcant.17
“Health literacy” has been deﬁned as a measure of
an individuals’ ability to perform basic reading and
numerical tasks required to optimally function in the
health care environment,18 and more broadly 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.9,19 Current measures of health literacy are
highly correlated with standard measures of general
literacy.20–22 Inadequate literacy has been found to be
associated with demographic characteristics and markers of socioeconomic status, such as older age, nonWhite race/ethnicity, immigrant status, and lower educational attainment and income.9,12,23 While literacy
has been shown to be a robust determinant of health
in developing nations,24 its inﬂuence may not be limited to non-industrialized countries. Studies in the U.S.
have demonstrated that literacy is independently associated with self-rated health,25,26 risk of hospitalization,27
knowledge of self-management practices,28, 29 and metabolic control in adult-onset (type 2) diabetes.30
To assess whether literacy can explain the relationship between education and health outcomes, we studied an ethnically diverse population of patients with
type 2 diabetes cared for in a public health system. We
selected diabetes for a number of reasons. First, from

a research perspective, diabetes is unique in having a
readily available laboratory test of glycemic (blood
sugar) control (HbA1c), an intermediate outcome that
strongly inﬂuences health trajectory in diabetes and a
standard measure in clinical practice.31,32 Second, because diabetes self-management demands require
active participation by patients, interactive communication with health providers, and successful navigation of the health care system,33 diabetes is an ideal
model for identifying mediators between education
and health in the chronic disease context.34 Third, the
association between education and diabetes outcomes
is consistent across a number of outcomes, including
self-management practices,34,35 glycemic control, diabetes complications,36,37 and mortality.38,39 Finally, because the educational gradient in diabetes prevalence
is well established,40,41 examining mediators between
education and diabetes-speciﬁc outcomes could have
signiﬁcant public health implications.2,17
METHODS
Study sample
Details regarding the study participants, recruitment
procedures, and interview process have been previously described.30,42 Study participants were recruited
in 2000 from two primary care clinics at San Francisco
General Hospital (SFGH), the public hospital for the
City and County of San Francisco. A high proportion
of individuals cared for at SFGH have incomes below
the federal poverty level, are ﬁrst-generation immigrants to the United States, and are publicly insured
or uninsured. SFGH primary care clinic patients receive care from University of California, San Francisco
(UCSF) attending faculty and residents. Clinics have
diabetes educators available for individual consultation with patients. At the time of the study, there was
no systematic diabetes disease management system in
place.
Potential study participants were identiﬁed from
the hospital’s administrative and clinical computerized database. Patients were eligible if they had visited
one of the two primary care clinics in the prior 12
months, had at least one visit to a primary care physician in the prior six months, and had a recorded
hemoglobin A1c (HbA1c) in the database. Participation was restricted to individuals older than 30 years,
who spoke either English or Spanish ﬂuently, and had
type 2 diabetes as determined by a billing ICD-9 code
of 250.XX.43 Patients with a diagnosis of end-stage
renal disease, psychotic disorder, dementia, or blindness were excluded because these conditions can interfere with accurate literacy measurement.20
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Between June and December 2000, bilingual research assistants approached all eligible patients who
attended a clinic appointment. Individuals were offered $5.00 to participate in a study of diabetes and
doctor/patient communication. Informed consent was
obtained from participants by explaining the study
verbally and handing out an informed consent statement written at a ﬁfth-grade reading level. Individuals
who agreed to participate were tested with a pocket
vision screener to ensure that their corrected visual
acuity was better than 20/100. Those with acceptable
vision completed a measure of literacy and were administered the study questionnaire in either English
or Spanish. The protocol was approved by the UCSF
Human Subjects Committee.
Measures
Background information. Data collection involved oral
administration of a 45-minute questionnaire that included socio-demographic information, including age,
gender, race/ethnicity, marital status, employment, and
health insurance status. Educational attainment was
assessed by asking patients to choose their highest
educational level completed from the following
choices: 8th grade or less; some high school; high
school graduate or GED; some college or technical
school; and college graduate or graduate degree. For
our analyses, patients were grouped into one of three
education categories: less than high school graduate,
high school graduate or GED, and technical school or
college attendance or graduation. While our original
sample included 408 subjects, there were too few
(n⫽13) with graduate or professional degrees to examine them as a unique level, and due to insufﬁcient
power, these subjects were excluded, leaving a sample
of 395 patients. Questions queried how well individuals speak and read English. While all subjects spoke
either English or Spanish ﬂuently, we categorized patients who answered “no English,” or “more Spanish
[or preferred language] than English” to both questions as speaking a primary language other than English.44 We also administered an eight-item socialsupport inventory adapted from the Diabetes Care
Proﬁle45 that asks subjects to rate the extent to which
family or friends support their diabetes self-care.
Literacy. Participants completed, in English or Spanish, the Short Test of Functional Health Literacy in
Adults (s-TOFHLA), a reliable, validated measure of
literacy in the health care context.20,46 The abbreviated
s-TOFHLA is a 36-item timed reading comprehension
test that uses the modiﬁed Cloze procedure;47 every
ﬁfth to seventh word in a passage is omitted, requiring
individuals to select the likely word from four multiple-
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choice options. The measure includes two health care
passages written in 14-point type. One passage involves
instructions for preparing an upper gastrointestinal
tract radiograph series (Gunning-Fog Index readability grade 4.3)48 and the other is a portion of the “Rights
and Responsibilities” section from a Medicaid application (Gunning-Fog Index readability grade 10.4).49 Participants received a score ranging from 0 to 36, with
higher values representing greater literacy.
Health outcomes. We obtained each subject’s most recent HbA1c value from the SFGH database. HbA1c, a
measure of patients’ glycemic control over an approximately three-month period, has been demonstrated to
be a robust indicator of health status, as well as a
predictor of health care utilization, costs, and disease
trajectory.2,50,51 Ninety-eight percent of HbA1c values
were obtained within 12 months before the patient
interview. SFGH uses ion-exchange chromatography52
to measure HbA1c. To correct for the non-normal
distribution of HbA1c data, analyses incorporated logtransformed HbA1c values.
Statistical analyses
We employed path analysis to empirically investigate if
literacy might act as a factor mediating the relationship between educational level and glycemic control.
An extension of more familiar multiple regression
approaches, path analysis utilizes structural equation
modeling techniques with measured variables.53 Investigators ﬁrst specify models based on expected relationships between variables and then compare the
extent to which observed relationships between variables “ﬁt” those that would be expected based on the
model. This approach considers how much of the
variation in the data can be explained by expected
relationships in the model and how this ﬁnding compares to what one would ﬁnd using a model based on
chance relationships between variables. Path analysis
is a powerful analytic tool permitting the simultaneous
estimation of both direct and indirect inﬂuences on
outcomes,53 enabling comparison of the explanatory
power of competing models and observation of mediational effects by examining changes in the strength
of variable relationships across models. For our purposes, we were interested in exploring whether including literacy as a potential mediator in the model reduces the initial education/health relationship and
reduces uncertainty in the model.
Path analysis generates estimated path coefﬁcients,
or standardized linear regression coefﬁcients, reﬂecting standardized effect size values based on the variance accounted for by the speciﬁc relationship between
variables within the model. Speciﬁcally, standardized
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path estimates reﬂect the extent to which a one standard deviation unit change in a predictor variable is
associated with the corresponding standard deviation
change for an outcome variable. Signiﬁcance is determined by dividing the estimates by their standard estimates and using a t-test. Path analysis was conducted
using LISREL 8.54 software.54
Our analyses compared two competing models—a
direct effects model and a mediational model—to explain patients’ glycemic control (levels of HbA1c).
The direct effects model estimated how measured educational attainment was related to HbA1c (Figure 1;
note that in this model, there is no line [path] to allow
expression of any relationship between literacy scores
and HbA1c). The mediational model estimated the
strength of the direct relationship between educational
attainment and HbA1c when the additional pathway
from literacy to HbA1c was added into the model
(Figure 2; note that in this model, there is a line
[path] to allow expression of a relationship between
literacy scores and HbA1c).
Several other variables related to socioeconomic
status expected to inﬂuence HbA1c and/or literacy
were also included in each of the models. Both the
direct effects and the mediational models included

Figure 1. Path analytic model testing the direct effect
of educational attainment levels on log-transformed
HbA1c values in low-income adults with diabetes
0.24b

High school
graduatea
Some college
educationa ⫺0.29b
Age

Literary
score

0.51b

⫺0.06

⫺0.18b

Primary
language
Medicarea
Medi-Cala

⫺0.11b

0.00
0.05

Log HbA1c

⫺0.22b
⫺0.18b
⫺0.22b

Uninsureda
a

Categorical variables with more than two levels include a referent
group. For education, the referent group is those having less
education than a high school diploma. For insurance, the referent
group is having private insurance.
Indicates statistical significance based on t-test p values ⬍0.05.
Values shown represent standardized path estimates such that a one
standard deviation unit change in a predictor variable is associated
with the corresponding path value proportion of a standard
deviation change for either literacy score or log HbA1c.

b

Figure 2. Path analytic model testing the mediational
effect of educational attainment levels on logtransformed HbA1c values via literacy among lowincome adults with diabetes
0.24b

High school
graduatea
Some college
educationa

Literary
score

0.51b

⫺0.29b

Age

⫺0.07
0.02

⫺0.18b

⫺0.16b

⫺0.05
Primary
language

0.03

Log HbA1c

⫺0.20b
Medicarea

Medi-Cala

⫺0.16b
⫺0.23b

Uninsureda

a

Categorical variables with more than two levels include a referent
group. For education, the referent group is those having less
education than a high school diploma. For insurance, the referent
group is having private insurance.
Indicates statistical significance based on t-test p values ⬍0.05.
Values shown represent standardized path estimates such that a one
standard deviation unit change in a predictor variable is associated
with the corresponding path value proportion of a standard
deviation change for either literacy score or log HbA1c.
b

relationships between health insurance and HbA1c
because insurance is a powerful enabler of access to
diabetes health care providers and medications.55 Individual income was not included in the model because there was insufﬁcient variation among this lowincome sample and because it likely represents an
endogenous variable. The relationships of individual
age and immigration status both to literacy and to
HbA1c were also controlled because they might serve
as confounding explanatory mechanisms. All exogenous variables were permitted to correlate with one
another in the model.
Analyses tested the extent to which the direct effects model ﬁt the observed data. Speciﬁcally, the observed covariance matrix detailing relationships among
variables was compared to what would have been expected given the set of interrelationships depicted in
the hypothesized model. After estimating ﬁt for the
direct effects model, this process was repeated to investigate the ﬁt of the mediating model to the data. In
path analyses, models that explain the observed data
well have few discrepancies between expected and
observed covariances, resulting in low, non-signiﬁcant,
chi-square values. To compare the overall ﬁt observed

Public Health Reports / May–June 2006 / Volume 121

Literacy, Education, and Health Outcomes

between the two competing models, a chi-square difference test was conducted to evaluate if, given the
degrees of freedom used for each model, the mediational model results in signiﬁcantly lower chi-square
values (i.e., better ﬁt to observed data) than the direct
effects model. We hypothesized that, while both models might adequately ﬁt the observed data, the mediational model would provide greater explanatory power
and attenuate the direct relationship between education and glycemic control when compared to the results of the direct effects model.
To gain a more complete understanding of relationships between variables and to perform sensitivity
analyses, we also tested alternative models. These included a model in which literacy completely mediated
the relationship between education and glycemic control (i.e., no path was included from education directly to HbA1c) and a model in which we included
race/ethnicity and social support variables.56
RESULTS
Study patients represented a low-income population
and were racially and ethnically diverse (Figure 3).
Most were publicly insured or had no health insurance. Patients had educational attainment that ranged
from less than a high school graduate (47%), high
school graduate or GED (24%), and some college or
technical school (29%). The mean score on the sTOFHLA was 21 out of 36, and the mean HbA1c was
8.5%. The correlation matrix and the standard deviations used for path analyses are shown in Table 1.
Direct effects model
The conceptual model displaying a direct effect of
educational attainment levels on HbA1c was supported
(Figure 1; note the absence of a path from literacy to
HbA1c). The normal theory least squares chi-square
for the overall model (degrees of freedom [DF]⫽32,
n⫽395) was 19.62 (p⫽0.96), indicating that the model
ﬁt the data well. There was no statistically signiﬁcant
discrepancy between the covariance matrix observed
from the sample and the estimated matrix based on
the conceptual model of relationships between variables. Other indicators of model ﬁt also supported the
effectiveness of this conceptual model. The root mean
square error of approximation (RMSEA)57 was 0.0,
suggesting exact model ﬁt.58 The adjusted goodness of
ﬁt index (AGFI) and comparative ﬁt index (CFI) also
were 0.99 and 1.0 respectively, further supporting a
close model ﬁt.
Figure 1 shows the estimated path coefﬁcients, re-
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Figure 3. Characteristics of study patients (N⫽395)
Characteristic
Age
s-TOFHLA literacy score, 0–36

Mean (SD)
57.9 (11.4)
20.6 (12.1)
N (%)

Ethnicity
Asian/Pacific Islander
Black
Hispanic
White

73
100
167
55

Primary language other than English

204 (51.7)

Insurance
None
Medicare
Medi-Cal
Commercial

121 (30.6)
146 (37.0)
92 (23.3)
36 (9.1)

Income (dollars)
Less than 5,000
5,000 to ⬍9,999
10,000 to ⬍20,000
20,000 to ⬍30,000
30,000 and above

96 (24.3)
176 (44.5)
86 (21.8)
21 (5.3)
16 (4.1)

Education
Some high school or less than high school
High school graduate/GED
Some college and/or technical school

185 (46.8)
95 (24.1)
115 (29.1)

HbA1c (percent)

Mean (SD)
8.5 (1.9)

(18.5)
(25.3)
(42.3)
(13.9)

SD ⫽ standard deviation
s-TOFHLA ⫽ Short Test of Functional Health Literacy in Adults

ﬂecting standardized effect size values based on the
variance accounted for by the speciﬁc relationship
between variables within the model. In this model,
path coefﬁcient estimates revealed signiﬁcant relationships between educational attainment and HbA1c,
particularly at lower educational levels. Individuals with
a high school degree had statistically signiﬁcantly better glycemic control than those with less education.
While a similar relationship was observed for individuals with some college education, the strength of the
association did not reach signiﬁcance. These effects
were noted despite the inclusion of other variables
related to socioeconomic status, including age, immigration status, and type of health insurance. Because
the standardized path estimates shown in Figure 1 do
not lend themselves to clinical interpretation, we calculated non-standardized estimates with raw HbA1c as
the outcome. Compared to less than a high school
education, completion of high school and college education was associated with an absolute difference in
HbA1c of ⫺0.45 and ⫺0.22, respectively.
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Table 1. Correlation matrix and standard deviations used in analyses
Variable

SD

1

2

3

4

5

6

7

8

1. Log HbA1c
0.2053 1.00
2. s-TOFHLA
score
12.1086 ⫺0.148 1.00
3. High school
graduatea
0.4279 ⫺0.103 0.119 1.00
4. Some college
0.4549 ⫺0.027 0.471 ⫺0.361 1.00
educationa
5. Less than
high school
graduatea
0.4996 0.113 ⫺0.531 ⫺0.528 ⫺0.602 1.00
6. Age
11.4325 ⫺0.002 ⫺0.363 ⫺0.097 ⫺0.052 0.131 1.00
7. Primary
languagea
0.5004 0.092 ⫺0.389 ⫺0.202 ⫺0.239 0.390 0.155 1.00
8. Medicarea
0.4833 ⫺0.018 ⫺0.208 0.011 ⫺0.040 0.028 0.562 ⫺0.004 1.00
9. Medi-Cala
0.4232 0.012 ⫺0.012 0.026 0.003 ⫺0.025 ⫺0.175 ⫺0.114 ⫺0.422
10. Uninsureda
0.4616 ⫺0.072 0.178 ⫺0.014 ⫺0.003 0.015 ⫺0.306 0.083 ⫺0.509
11. Commercial
insurancea
0.2882 0.127 0.081 ⫺0.034 0.068 ⫺0.033 ⫺0.197 0.042 ⫺0.242
12. Asiana
0.3886 0.027 ⫺0.001 0.037 0.183 ⫺0.199 0.162 0.095 0.095
0.4354 0.005 0.159 0.176 0.024 ⫺0.173 ⫺0.128 ⫺0.590 ⫺0.012
13. Blacka
14. Latinoa
0.4946 ⫺0.011 ⫺0.312 ⫺0.242 ⫺0.300 0.480 0.017 0.664 ⫺0.050
15. Whitea
0.3466 ⫺0.021 0.248 0.082 0.193 ⫺0.246 ⫺0.044 ⫺0.313 ⫺0.020
16. Social
support
36.0009 0.032 ⫺0.044 0.023 ⫺0.037 0.014 ⫺0.043 0.024 ⫺0.085
a

9

1.00
⫺0.366

10

11

12

13

14

15

1.00
0.344

1.00

16

1.00

⫺0.174 ⫺0.210 1.00
⫺0.154 0.009 0.053 1.00
0.106 ⫺0.084 ⫺0.002 ⫺0.277 1.00
⫺0.047 0.087 0.014 ⫺0.407 ⫺0.498
0.107 ⫺0.029 ⫺0.077 ⫺0.192 ⫺0.234
0.066 ⫺0.013

0.067

0.016

0.102

0.026 ⫺0.184

1.00

Dummy coded variables where 1⫽presence of characteristic and 0⫽lack of characteristic

SD ⫽ standard deviation
s-TOFHLA ⫽ Short Test of Functional Health Literacy in Adults

Mediational effects model
The mediational effects model (Figure 2) included
literacy as a mediator between educational attainment
and HbA1c levels, with an additional path to estimate
the relationship between literacy and HbA1c. The same
potentially confounding variables related to demographic and socioeconomic status (age, immigrant status, and health insurance type) included in the direct
effects model remained in the mediational effects
model. The conceptual model with literacy mediating
the relationship of educational attainment on HbA1c
also was supported by good ﬁt to observed data. The
normal theory least squares chi-square for the overall
model (df⫽31, n⫽395) was 12.22 (p⫽0.999), indicating the model ﬁt the data well. Other indicators also
supported the effectiveness of model ﬁt (RMSEA⬍.0001,
AGFI⫽0.99, CFI⫽1.0).
Individual path estimates (Figure 2; note the presence of a path from literacy to HbA1c) showed a
statistically signiﬁcant relationship between literacy and
HbA1c such that individuals with higher literacy had
better glycemic control. This effect was independent
of education or the other control variables. In addition, when literacy was modeled as a mediator, direct
relationships between educational attainment levels
and HbA1c were attenuated, with the previously sig-

niﬁcant association of high school graduate with HbA1c
becoming non-signiﬁcant. To enable clinical interpretation, we calculated non-standardized path estimates
with raw HbA1c as the outcome. Comparing the extremes of literacy scores demonstrated a difference in
HbA1c value of ⫺0.88. In this mediated model, compared to less than a high school education, completion of high school and college education was associated with a non-signiﬁcant absolute difference in
HbA1c of ⫺0.28 and 0.11, respectively.
Model comparisons
Since both the direct effects model and the mediational model displayed effective overall model ﬁt, we
used a chi-square difference test to compare the extent to which the observed data ﬁt each of these nested
conceptual models. The mediational model was a signiﬁcant improvement over the direct effects model,
with the additional path from literacy to HbA1c reducing the discrepancy from the observed data (chi-square
difference test⫽7.40, df⫽1, p⬍ .01).
Alternative model considerations
Although initial conceptual models ﬁt the observed
data effectively without modiﬁcations, alternative models were tested to gain a more complete understanding
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of relationships between variables. We tested an alternative model in which relationships between educational levels and HbA1c were fully mediated through
literacy. In this model, there were no direct paths
from education to HbA1c, but the path from literacy
to HbA1c was included. Consistent with previous models,56 age, immigration status, and type of health insurance continued to be included in this analysis. Overall, this full mediational model also ﬁt the data well
(chi-square [df⫽33, n⫽395]⫽14.95, p⫽0.997; RMSEA⫽
0.0, AGFI⫽0.99, CFI⫽1.0). The path from literacy to
HbA1c retained a signiﬁcant relationship such that
higher levels of literacy resulted in lower HbA1c levels
(better glycemic control). A chi-square difference test
revealed that use of this more parsimonious model
relying on full mediation did not result in signiﬁcantly
greater discrepancies from the observed data than the
partial mediation model shown in Figure 2 (chi-square
difference⫽2.73, df⫽2, p⫽0.26). However, like the
model in Figure 2, the full mediational model signiﬁcantly reduced discrepancies from the observed data
when compared with the direct effects model in Figure 1 (chi-square difference⫽4.67, df⫽1, p ⫽0.03). In
sum, the inclusion of the path from literacy to HbA1c
was critical for improving model ﬁt. When the literacy/HbA1c path was in the model, the inclusion of
a direct path from educational attainment to HbA1c
did not result in signiﬁcantly better model ﬁt.
Alternative models that included race/ethnicity,
dummy coded for each type, models that coded
ethnicity dichotomously as white/non-white, and models that included social support as a continuous variable were also tested. In each case, paths between
educational attainment levels, literacy, and HbA1c did
not vary in signiﬁcance or direction from the results
presented herein. Likewise, model comparisons yielded
similar ﬁndings about the ﬁt of conceptual models.
For parsimony, results presented here have excluded
race/ethnicity and social support variables.
DISCUSSION
To our knowledge, this study is the ﬁrst to examine
the extent to which literacy may be a mediator in the
relationship between education and health outcomes.
Similar to others,36 we found that educational attainment was associated with better glycemic control, particularly when comparing the two lower strata of education (less than high school graduate vs. high school
graduate). The differences observed were both statistically and clinically signiﬁcant. We also demonstrated
that the inclusion of literacy as a mediator attenuated
the direct effects of education on glycemic control to
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non-signiﬁcant levels, while the path between literacy
and glycemic control was both statistically and clinically signiﬁcant. Furthermore, comparison of model
ﬁts demonstrated that the adoption of a mediational
model resulted in signiﬁcant improvement over the
direct effects model. These results suggest that in a
population of low-income, ethnically diverse patients
with diabetes, literacy at least partially mediates the
observed relationship between education and glycemic control.
Literacy could mediate the effects of education on
glycemic control through a number of mechanisms.
Individuals with inadequate literacy have been shown
to have problems with both written and oral forms of
communication in the clinical context.42,59–62 Since successful diabetes care involves interactive communication,63 participatory decision-making,64 and activation
of patients with regard to self-care65 and goal-setting,
those with inadequate literacy may be less prepared
and poorly supported to care for their condition.28 In
addition, given the self-management demands of contemporary diabetes care,66 individuals with inadequate
literacy may ﬁnd the diabetes self-care regimen overwhelming or unrealistic, particularly when the literacy
demands intrinsic to navigating a complex health care
system are also substantial.67 It is also possible that
inadequate literacy is a marker for unmeasured factors at the individual level (such as personality, cognitive resources,34,68 sense of control, and socioeconomic
status69) or at the neighborhood or community level
(such as community empowerment or availability of
goods and services that facilitate better health).70
There are a number of limitations to this study.
First, the cross-sectional design does not allow us to
infer that any associations were causal. In addition to
unmeasured confounding, it is possible that the association between literacy and glycemic control is a consequence of reverse causation, e.g. that poor glycemic
control leads to poor performance on tests of literacy71,72 and that inadequate literacy may itself reﬂect
the trajectory of chronic disease.73 Second, we only
modeled the relationships between education, literacy,
and glycemic control—an intermediate health outcome. While we were underpowered to evaluate more
distal outcomes, glycemic control is closely linked to
symptom burden, self-rated health,74 long-term complication rates, and mortality among diabetics.32 Third,
selecting a low-income population with diverse educational experiences and access to ongoing primary care
necessitates that our ﬁndings be corroborated in other
settings. Fourth, measures of educational attainment
may have inconsistent reliability and validity across
diverse populations, reﬂecting heterogeneous educa-
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tional experiences,75 whereas literacy tests may more
precisely reﬂect educational attainment. Finally, the
lack of variation in income and access to care in our
sample mitigated our ability to test the competing
mediational effects of economic resources and access
to care on glycemic control.1,76
Were our results to be replicated with other populations, in different settings, and across health conditions and outcomes, the implications for reducing
health disparities related to the gradient in socioeconomic status would be great. Mediation suggests that
education operates in part by improving literacy. From
the perspective of national education policy, identifying a link between education and health that is mediated by an outcome for which the educational system
is accountable may allow for more vigorous, multilateral support for investment in childhood and adult
basic education. Improving the quality of the educational experience and ensuring equity in the degree
to which educational systems assist individuals in attaining literacy skills could generate long-term public
health dividends. Embedding literacy and health education instruction into education curricula may also
prove beneﬁcial.9,77 From the health policy perspective, as the expanding self-management66 and selfadvocacy demands placed on individuals in complex,
technology-oriented health systems require greater
levels of oral, written, and computer literacy, our results could serve as a warning that educational disparities in chronic disease care may widen over time.9 On
the other hand, our results suggest an opportunity
may exist within health systems to reduce educationrelated disparities in outcomes by altering processes
of care, tailoring health education, and simplifying
navigation to better accommodate the literacy levels
of the populations they serve. A small body of evidence suggests that such approaches could reduce or
even eliminate education- and literacy-related disparities in the chronic disease context.33,34,78,79 It has been
estimated that between one-third and one-half of individuals with type 2 diabetes have inadequate or marginal literacy skills.30,40 Future work should attempt to
characterize those attributes of health systems and
clinician-patient relationships that reduce literacyrelated disparities and develop policy initiatives to more
consistently embed such practices into health promotion activities and health care delivery.80
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