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Abstract
While low health literacy and suboptimal medication adherence are more prevalent in racial/ethnic
minority groups than Whites, little is known about the relationship between these factors in adults
with diabetes, and whether health literacy or numeracy might explain racial/ethnic disparities in
diabetes medication adherence. Previous work in HIV suggests health literacy mediates racial
differences in adherence to anti-retroviral treatment, but no study to date has explored numeracy
as a mediator of the relationship between race/ethnicity and medication adherence. This study
tested whether health literacy and/or numeracy were related to diabetes medication adherence, and
whether either factor explained racial differences in adherence. Using path analytic models, we
explored the predicted pathways between racial status, health literacy, diabetes-related numeracy,
general numeracy and adherence to diabetes medications. After adjustment for covariates, African
American race was associated with poor medication adherence (r=−0.10, p<0.05). Health literacy
was associated with adherence (r=.12, p<0.02), but diabetes-related numeracy and general
numeracy were not related to adherence. Furthermore, health literacy reduced the effect of race on
adherence to non-significance, such that African American race was no longer directly associated
with less medication adherence (r=−0.09, p=.14). Diabetes medication adherence promotion
interventions should address patient health literacy limitations.
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In diabetes, suboptimal adherence to pharmacotherapy is associated with poor glycemic
control (Rhee et al., 2005), increased risk of hospitalization, and mortality (Ho et al., 2006).
African Americans are less adherent to their diabetes medications than Whites (Trinacty et
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al., 2009), and, as a result, have worse glycemic control than Whites (Heisler et al., 2007).
The factors that explain racial disparities in diabetes medication adherence are unknown.
One potential explanatory factor is health literacy, or one’s ability to understand, engage,
and actively apply health information toward the goal of improving one’s health (IOM,
2004). Racial and ethnic minority groups are disproportionately affected by low health
literacy, with an estimated 41% of Hispanics, 24% of African Americans, and 9% of Whites
having below basic health literacy skills (The Health Literacy of America's Adults: Results
from the 2003 National Assessment of Adult Literacy, National Center for Education
Statistics. 2006).

Numeracy is the ability to understand and use numbers in daily life and, when inadequate, is
associated with poor health outcomes (Rothman, Montori, Cherrington, & Pignone, 2008).
While health literacy and numeracy are strongly correlated, there are patients with adequate
health literacy who have poor numeracy (Rothman et al., 2006) and instances when
numeracy, but not health literacy is related to outcomes (Cavanaugh et al., 2008; Huizinga,
Beech, Cavanaugh, Elasy, & Rothman, 2008; Lokker et al., 2009). In diabetes, low health
literacy and low numeracy have each been associated with worse diabetes knowledge, self-
management behaviors, and glycemic control (Cavanaugh, et al., 2008; Schillinger et al.,
2002). However, in the current sample of diabetes patients, diabetes-related numeracy, but
not health literacy or general numeracy, explained the relationship between African
American race and poor glycemic control (Osborn, Cavanaugh, Wallston, White, &
Rothman, 2009). However, we did not test whether health literacy, diabetes-related
numeracy, or general numeracy were associated with diabetes medication adherence, and/or
explained relationships between racial status and medication adherence or any other self-
care activity.

In other chronic disease contexts, health literacy and numeracy have been associated with
medication adherence and medication management, respectively; and have explained racial
disparities in medication adherence and health outcomes. For example, health literacy was
associated with adherence to antiretroviral medications and explained racial differences in
self-reported adherence (Osborn, Paasche-Orlow, Davis, & Wolf, 2007). In another study,
health literacy and numeracy were significantly related to the capacity to manage
antiretroviral medications, but only numeracy explained the association between African
American race and poor medication management (Waldrop-Valverde et al., 2009). Currently
unknown is whether these relationships apply to medication adherence in diabetes.

We performed additional analyses on a dataset we have published from before (Cavanaugh,
et al., 2008; Huizinga et al., 2008; Osborn, Cavanaugh, Wallston, & Rothman, 2010;
Osborn, et al., 2009) to test whether racial status is associated with diabetes medication
adherence, and whether health literacy, diabetes-related numeracy, or general numeracy
explain this relationship. We hypothesized that: (a) African Americans race would be
associated with poor medication adherence; and (b) higher health literacy, higher diabetes-
related numeracy, and higher general numeracy scores would be associated with medication
adherence and explain the association between racial status and adherence.

Methods
Participants and Procedures

Participant recruitment, data collection procedures, and the majority of the measures used in
our current analyses have been previously described (Cavanaugh, et al., 2008; Huizinga,
Elasy, et al., 2008; Osborn, Cavanaugh, Wallston, et al., 2010; Osborn, et al., 2009). To
prevent redundancy, we describe only our measure of diabetes medication adherence and
new data analyses here.
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Diabetes medication adherence—Diabetes medication adherence was assessed with
the medication adherence subscale of the Summary of Diabetes Self-Care Activities
(SDSCA) questionnaire (Toobert, Hampson, & Glasgow, 2000). The medication adherence
subscale of the SDSCA is a valid and reliable measure of adherence (Feil, Glasgow, Boles,
& McKay, 2000; Toobert, et al., 2000), and individual items have correlated with objective
measures of medication adherence (e.g., medication possession ratio, (Cohen, Shmukler,
Ullman, Rivera, & Walker, 2010)).

Data Analyses
First, we tested for racial differences on demographic characteristics, as well as measures of
health literacy, diabetes-related numeracy, general numeracy, diabetes characteristics,
diabetes medication adherence, and glycemic control. Independent samples t-tests were
performed on continuous variables stratified by racial status (White or African American).
Fisher’s exact tests with a one-sided significance level were performed on categorical
variables.

Next, we performed a series of path analytic models using AMOS, version 19; a structural
equation modeling program. We relied on the comparative fit index (CFI) and root mean
error of approximation (RMSEA) to assess model fit. CFI values that exceed 0.90 and
RMSEA values below 0.08 indicate acceptable model fit; and RMSEA values close to 0.06
have been designated as indicative of “good fit” (Kline, 2004).

Hypotheses regarding the specific structural relations between variables in the model were
evaluated through inspection of the direction and magnitude of the path coefficients. A path
coefficient is a standardized regression coefficient (beta) showing the direct effect of one
variable on another variable. When there are two or more variables, the path coefficient
reflects the effect of one variable controlling for all other variables. Path coefficients may be
decomposed into direct and indirect effects, corresponding to direct and indirect arrows in a
path model. A direct effect occurs when variable A is significantly related to variable B,
whereas an indirect effect occurs when variable C is related to variable A and a part of this
relationship is transmitted to variable B (i.e., part of that “direct effect” is due to relations
between A and C).

A series of path models were estimated with 383 cases; a sample size with adequate power
for our estimated models (Kline, 2004; MacCallum, Browne, & Sugawara, 1996). Model 1
tested whether racial status was associated with diabetes medication adherence after
controlling for age, gender, education, income, insulin use, diabetes type, and duration of
diabetes. Model 2 tested whether health literacy, diabetes-related numeracy, and general
numeracy were associated with diabetes medication adherence; and, whether these variables
explained any observed association between racial status and adherence. Finally, we created
a parsimonious version of Model 2, dropping non-significant paths to diabetes medication
adherence and performing a chi-square difference test against the full model for retention of
the trimmed version.

Results
Participant Characteristics

During recruitment, 615 patients were referred for possible enrollment. Of these, 191
refused participation and 18 were excluded due to poor vision (n=7), age (n=4), non-English
speaking (n=2), or other criteria (n=5). Of 406 patients that were consented, 398 (98%)
completed the study. Only participants who reported being African American or White race
(n=383; 96% of 398) were included in the current analyses. Characteristics of this sample
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are presented in Table 1. Mean age was 54 years; 50% were male, and 35% were African
American. Fifty-six percent reported having greater than a high school education or
equivalent, 31% had low health literacy according to the REALM, and 69% had low general
numeracy according to the WRAT-3. The majority of participants (62%) were on insulin,
and the mean (SD) HbA1c was 7.6% (1.7%).

Compared to White participants, African American participants were more likely to be
female, report annual incomes <20K, have less education, public health insurance, higher
BMIs, be less adherent to diabetes medications (6.5 ± 1.3 vs. 6.8 ± 0.8; p=0.04), and have
worse glycemic control (see Table 1). African American participants were also more likely
to have low health literacy (<9th grade reading level), low diabetes-related numeracy, and
low general numeracy compared to White participants.

Path Models
As shown in Figure 1, Model 1 included eight exogenous variables: age, gender, education,
income, insulin use, diabetes type, duration of diabetes, and racial status (White or African
American); and one endogenous variable: diabetes medication adherence. Examination of
the path coefficients in this fully adjusted model showed marginal associations between
African American race and less medication adherence (r=−0.09, p=0.10), and longer
diabetes duration and greater medication adherence (r=0.10, p=0.10). Because the remaining
exogenous variables were not associated with medication adherence (all p-values >0.40),
these paths were dropped to create the most parsimonious model and to test the direct effect
of African American race on medication adherence adjusting for diabetes duration only. As
shown in Figure 1, after adjustment for diabetes duration, which had a direct effect on
medication adherence (r=0.13, p<0.01), African American race was significantly associated
with less medication adherence (r=−0.10, p<.05)

Model 2 (see Figure 2) tested whether health literacy, diabetes-related numeracy, and
general numeracy were associated with diabetes medication adherence; and, whether these
variables explained the relationship between African American race and less medication
adherence. Health literacy had a direct effect on medication adherence (r=.12, p<0.02), but
diabetes-related numeracy and general numeracy were not related to diabetes medication
adherence. Furthermore, health literacy reduced the effect of race on adherence to non-
significance, such that African American race was no longer associated with less medication
adherence (r=−0.09, p=.14).

In an effort to create the most parsimonious model (see Figure 3), non-significant paths to
diabetes medication adherence were dropped from Model 2. In this trimmed version of
Model 2, African American race remained not significantly associated with diabetes
medication adherence (r=−.07, p=.19), health literacy became marginally associated with
adherence (r=.10, p=.06), and diabetes duration retained its direct effect on adherence
(r=0.13, p<0.01). Furthermore, African American race had an indirect effect on diabetes
medication adherence through health literacy (r=−.03, p<.01), suggesting health literacy
explained the relationship between racial status and adherence. The estimated model
produced excellent data fit: χ2 (2, N=383)=.08, p=.78; RMSEA= .00, 90% .00–.09; CFI =
1.00.

Discussion
In our previous work, we reported health literacy was not related to glycemic control, and
thus could not explain the association between racial status and glycemic control (Osborn, et
al., 2009). Here, we performed additional analyses on the same dataset to test whether health
literacy, diabetes-related numeracy, and general numeracy are determinants of diabetes
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medication adherence, and could explain the association between racial status and
adherence. Consistent with our hypothesis and prior work in the diabetes literature, African
American race was associated with less adherence to diabetes medications after adjustment
for demographic and socioeconomic covariates (Heisler, et al., 2007; Trinacty, et al., 2009).
However, to our knowledge, this study is the first to report a relationship between low health
literacy and less adherence to diabetes medications, and show that health literacy, but not
diabetes-related numeracy or general numeracy, explains racial disparities in adherence.

Successful adherence to medications relies on the correct identification of medications,
understanding the correct amount of medication to take at each dose, the timing of doses,
determination of missed doses, need for refills and comprehension of warnings and other
ancillary instructions (e.g., “take on an empty stomach”). Low health literacy is a risk factor
for incorrect identification of medications (Kripalani et al., 2006), misinterpretation of drug
label instructions (Davis, Wolf, Bass, Thompson, et al., 2006), and difficulty understanding
drug label warnings (Davis, Wolf, Bass, Middlebrooks, et al., 2006). In addition, patients
with low health literacy often rely upon verbal instructions about their medications, and yet
report inadequate provider communication across domains critical to successful chronic
disease care and self-management, including a how providers communicate about
medications (Schillinger, Bindman, Wang, Stewart, & Piette, 2004). It is therefore not
surprising that health literacy was associated with diabetes medication adherence in this
study.

Diabetes-related numeracy and general numeracy were unrelated to our measure of diabetes
medication adherence, and thus could not explain the association between African American
race and less medication adherence. This was somewhat surprising, as the interpretation and
application of quantitative information is an important part of medication management. This
finding is also inconsistent with a study in HIV that showed an association between
numeracy and medication management, with numeracy explaining the association between
African American race and poor management of antiretroviral medications (Waldrop-
Valverde, et al., 2009). We previously demonstrated that diabetes-related numeracy
explained the association between African American race and poor glycemic control
(Osborn, et al., 2009) and hypothesized this might in part be related to self-care behaviors.
However, medication adherence is only one element of successful diabetes self-care. Other
self-care activities, including dietary adherence, glucose monitoring, and participation in
preventive health care services might be more strongly associated with numeracy than health
literacy. In addition, few participants reported poor medication adherence, potentially
limiting our ability to detect an association between numeracy and medication adherence in
this study. Perhaps examination in a larger cohort of patients would yield additional
information regarding the role of numeracy and medication adherence in diabetes.

Factors other than health literacy might also contribute to diabetes medication adherence. In
our study, we also found diabetes duration was independently associated with adherence.
Patients who have had diabetes for a longer time are probably more accustomed to taking
medications on a regular basis and therefore report better adherence. This is similar to the
relationship between advancing age and adherence (Gazmararian et al., 2006). Previous
literature also suggests that socioeconomic status might explain observed racial disparities in
diabetes status (Signorello et al., 2007), and might also be associated with poor adherence to
diabetes medications (Trinacty, et al., 2009). Interestingly, in our study, we did not observe
an association between income or years of education and medication adherence. This might
be due to how we measured these variables, or it might be that health literacy represents a
broad range of skills (IOM, 2004) more closely related to certain behaviors such as
medication adherence.
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There are study limitations to acknowledge. First, we assessed diabetes medication
adherence via a single, validated self-report measure rather than using more objective
measures of adherence (e.g., pill counts, prescription refills, electronic monitoring devices).
While patients might under-report non-adherence through questionnaires, a handful of
studies suggest self-report measures are viable and accurate measures of adherence (Gehi,
Ali, Na, & Whooley, 2007; Schroeder, Fahey, Hay, Montgomery, & Peters, 2006). Second,
our measure of health literacy, the REALM, while validated and considered one of the
primary health literacy assessments, measures word-recognition and might not assess patient
health literacy to the most specific level possible, particularly when compared to other
health literacy assessments (Baker, 2006). Third, although path models propose a causal
relationship between variables, the current study measured all variables cross-sectionally
and, thus, can most appropriately speak to associations between variables observed at a
single point in time, not causality. Future research is needed to investigate the longitudinal
effects of these variables on changes in diabetes medication adherence over time. Fourth,
although our path models adjusted for many potential confounding variables, there remains
the possibility of residual confounding. Finally, this study excluded non-English speaking
participants who are at high risk for low health literacy, medication non-adherence, and poor
glycemic control. Despite these limitations, our study is the first to examine the role of
health literacy, diabetes-related numeracy, and general numeracy in both predicting
medication adherence in adults with diabetes and in explaining the relationship between
racial status and diabetes medication adherence.

Low health literacy presents a wide-reaching barrier to disease control that, unlike race/
ethnicity or socioeconomic reasons for non-adherence (e.g., cost, access, competing
demands), can be easilly targeted to improve diabetes medication adherence. This is why our
study has important implications, particularly with respect to educational efforts to promote
diabetes medication adherence among patients of all health literacy levels. Efforts should
include increasing the awareness of the impact of low health literacy and improving the
training of providers in clear communication skills (Kripalani & Weiss, 2006); exercising
clear health communication strategies (e.g., using plain language, the teach-back method,
and education materials that are sensitive to low health literacy and low numeracy) when
interacting with patients (Osborn, Cavanaugh, & Kripalani, 2010); and improving
medication packaging, labeling, and dispensing (Davis, Wolf, Bass, Thompson, et al., 2006).
Instructional and educational improvements such as these might help decrease racial
disparities in diabetes medication adherence; and, ultimately, contribute to reducing
disparities in the early development of diabetes complications and disease-related mortality.
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Figure 1.
African American race and diabetes duration predict diabetes medication adherence.
Note: Coefficients are standardized path coefficients. For tests of significance of individual
paths, *p<.05 and **p<.01.
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Figure 2.
Health literacy reduces the race effect on diabetes medication adherence [full model].
Note: Coefficients are standardized path coefficients. For tests of significance of individual
paths, *p<.05, **p<.01, and ***p<.001.
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Figure 3.
Health literacy reduces the race effect on diabetes medication adherence [trimmed model].
Note: Coefficients are standardized path coefficients. For tests of significance of individual
paths, tp=.06, *p<.05, **p<.01, and ***p<.001. Excellent model fit: χ2 (2, N=383)=.08, p=.
78; RMSEA= .00, 90% .00–.09; CFI = 1.00.
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Table 1

Characteristics of the study population by racial status.

Characteristics All Subjects Racial Status P-value

Mean ± SD or n (%) White
Mean ± SD or n (%)

African American
Mean ± SD or n (%)

N 383 249 134

Age (years) 54.4 ± 13.0 54.4 ± 13.6 54.3 ± 12.0 0.97

Female 193 (50) 107 (43) 86 (64) <0.001

Income (n=375)

      < $20,000 166 (44) 84 (35) 82 (62) <0.001

      ≥ $20,000 209 (56) 159 (65) 50 (38)

Education

      ≤ High School Grad/GED 167 (44) 90 (36) 77 (58) <0.001

      > High School Grad/GED 216 (56) 159 (64) 57 (42)

Insurance status (%yes)

      Private 185 (48) 135 (54) 50 (37) <0.001

      Public 186 (49) 112 (45) 74 (55) <0.03

      None 6 (2) 2 (.8) 4 (3) <0.11

Literacy status, REALM 58.9 ± 12.7 61.5 ± 10.3 54.0 ± 15.1 <0.001

      < 9th grade 120 (31) 45 (18) 75 (56) <0.001

      ≥ 9th grade 263 (69) 204 (82) 59 (44)

General numeracy, WRAT-3 89.3 ±14.9 94.0 ± 13.0 80.6 ± 14.3 <0.001

      < 9th grade 266 (69) 147 (59) 119 (89) <0.001

      ≥ 9th grade 117 (31) 102 (41) 15 (11)

Diabetes-related numeracy, DNT 60.0 ± 0.24 69.0 ± 0.20 44.0 ± 0.24 <0.001

Diabetes: Type 2 (% yes) 327 (85) 199 (80) 128 (95) <0.001

Years of diabetes 11.3 ± 9.5 11.9 ± 10.1 10.3 ± 8.4 0.11

Insulin use (% yes) 236 (62) 161 (65) 75 (56) 0.06

BMI (n=377) (kg/m2) 33.6 ± 8.1 32.7 ± 7.4 35.4 ± 9.2 0.002

Medication adherence, SDSCA 6.7 ± 1.0 6.8 ± 0.8 6.5 ± 1.3 0.04

Hemoglobin A1c (%) 7.6 ± 1.7 7.4 ± 1.5 7.9 ± 1.9 0.005

Note: Groups were categorized by racial status and compared using independent samples t-test for continuous variables and Fisher’s exact test with
a one-sided significance level for categorical variables. REALM=Rapid Estimate of Adult Literacy in Medicine (Health literacy); WRAT-3=Wide

Range Achievement Test-3rd edition (General numeracy); DNT=Diabetes Numeracy Test (Diabetes numeracy); BMI=Body Mass Index. The DNT
score is the percent of correct items, with 24% of the sample being in the lowest DNT quartile (Osborn, et al., 2009). The SDSCA medication
adherence subscale score is the number of days being adherent to diabetes medicines in the past seven days, of which 14% of the sample reported
less than perfect adherence.
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