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Abstract

Background: Although limited health literacy is a barrier to disease management and has been associated with
poor glycemic control, the mechanisms underlying the relationships between health literacy and diabetes out-
comes are unknown. We examined the relationships between health literacy, determinants of diabetes self-care,
and glycemic control in adults with type 2 diabetes.

Methods: Patients with diabetes were recruited from an outpatient primary care clinic. We collected information
on demographics, health literacy, diabetes knowledge, diabetes fatalism, social support, and diabetes self-care,
and hemoglobin Alc values were extracted from the medical record. Structural equation models tested the
predicted pathways linking health literacy to diabetes self-care and glycemic control.

Results: No direct relationship was observed between health literacy and diabetes self-care or glycemic control.
Health literacy had a direct effect on social support (r=—-0.20, P <0.05) and through social support had an
indirect effect on diabetes self-care (r =—0.07) and on glycemic control (r=—0.01). More diabetes knowledge
(r=0.22, P<0.05), less fatalism (r=—0.22, P <0.05), and more social support (r=0.27, P <0.01) were inde-
pendent, direct predictors of diabetes self-care and through self-care were related to glycemic control (r=—0.20,
P <0.05).

Conclusions: Our findings suggest health literacy has an indirect effect on diabetes self-care and glycemic control
through its association with social support. This suggests that for patients with limited health literacy, enhancing

social support would facilitate diabetes self-care and improved glycemic control.

Introduction

IT IS ESTIMATED THAT 90 MILLION Americans may have basic
or below basic health literacy skills, 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.”* Compared to patients
with adequate health literacy, patients with limited health
literacy have been shown to have difficulty understanding
their medical condition and its management,275 are less likely
to engage in self-care behaviors,® have poorer clinical out-
comes,” and a higher risk of mortality.*® While limited health
literacy is common among patients with diabetes,'®** the
evidence of its impact on glycemic control has been
mixed.'”!" Some studies report limited health literacy is as-
sociated with poor glycemic control, ' whereas others
report limited health literacy is associated with poor disease

knowledge and less adherence to diabetes self-care, but is not
associated with glycemic control.'*'*

The mechanisms linking health literacy to diabetes self-care
and clinical outcomes are poorly understood.">'® A recent
study examined potential mechanisms through which health
literacy impacts hypertension disease management and self-
rated health.'” Findings revealed significant paths from health
literacy to hypertension knowledge, from hypertension
knowledge to disease management self-efficacy, from disease
management self-efficacy to physical activity, and from
physical activity to self-rated health.'” To our knowledge,
there have been no published studies to date exploring the
mechanisms linking health literacy to diabetes self-care and
glycemic control. Identification of the factors linking health
literacy to behavior and clinical outcomes in diabetes could
have far-reaching utility, namely in the form of targeted in-
terventions to address health literacy limitations. This study
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examines whether limited health literacy was directly or in-
directly related to diabetes self-care and glycemic control via
relations with disease-specific knowledge and with personal
and social motivation as measured by diabetes fatalism and
social support, respectively.

We used the self-care domain of the conceptual framework
proposed by Paasche-Orlow and Wolf'® to examine the rela-
tionships between health literacy, determinants of diabetes
self-care, and glycemic control in an adult population with
type 2 diabetes mellitus (T2DM). The self-care domain posits
that the impact of health literacy on health outcomes is me-
diated by disease-related knowledge, motivation, problem
solving skills, self-efficacy, and, in turn, self-care behav-
iors.'®” Based on the conceptual underpinnings of this
framework, we hypothesized that, among adults with T2DM,
health literacy would be related to diabetes self-care via re-
lations with disease-specific knowledge and with personal
and social motivation and that health literacy would be in-
directly related to glycemic control via relations with these
determinants of behavior, which would be linked to diabetes
self-care and, in turn, glycemic control.

Subjects and Methods
Sample

We recruited consecutive patients diagnosed with T2DM
who had scheduled appointments at the University Internal
Medicine Clinic of the Medical University of South Carolina,
Charleston, SC. The Institutional Review Board at Medical
University of South Carolina approved all procedures prior to
study enrollment. Eligible participants were clinic patients,
age 18 years or older with a diagnosis of T2DM in the medical
record, and a clinic appointment between June and August
2008. Patients were ineligible if they did not speak English or
if the research assistant determined (by interaction or chart
documentation) they were too ill or cognitively impaired to
participate.

Data and procedure

Research assistants reviewed the electronic clinic roster to
identify eligible patients. Eligible patients were approached in
the clinic waiting room and provided a description of the
study. Those interested and eligible were consented and taken
to a private area in the clinic to complete the study instru-
ments. The entire assessment took approximately 30—45 min
to complete. Participants completed the assessment before or
after their scheduled clinic appointments, depending on clinic
flow. One hundred thirty subjects were consented and com-
pleted all study measures.

We collected data on self-reported age, sex, race/ethnicity,
education, household income, and marital status. Additional
measures included validated surveys of health literacy, dia-
betes knowledge, motivation (i.e., diabetes fatalism and social
support), and diabetes self-care. Hemoglobin Alc values were
extracted from the electronic medical record.

Health literacy

We assessed health literacy by using the Rapid Estimate of
Adult Literacy in Medicine, Revised (REALM-R), an eight-
item instrument designed to rapidly screen patients for po-
tential health literacy problems. The REALM-R has been
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previously correlated with the Wide Range Achievment Test
Revised (WRAT-R) (r =0.64) and demonstrated a Cronbach’s
alpha of 0.91."® The REALM-R is scored on a scale from 0 to 8
and asks patients to read a series of eight medical words and a
correct response is given for each correct pronunciation.
Scores of six or less correspond to a 6™ grade or less reading
level and identify patients at risk for poor health literacy.'®

Diabetes knowledge

Diabetes knowledge was assessed with the Diabetes
Knowledge Questionnaire (DKQ),l9 a 23-item instrument that
elicits information about a respondent’s understanding of the
cause of diabetes, types of diabetes, self-management skills,
and complications of diabetes. Responses are graded as “yes,”
“no,” or “don’t know.” The final score is based on the percent-
age of correct scores, with a maximum possible score of 100.*°

Diabetes fatalism

Diabetes fatalism served as our measure of personal moti-
vation and was assessed with the 18-item Diabetes Fatalism
Scale (DFS-18).%° Diabetes fatalism is operationally defined as
“a complex psychological cycle characterized by perceptions
of despair, hopelessness, and powerlesseness.” Items are
scored on a 6-point Likert scale with scores ranging from
1 =strongly disagree to 6 =strongly disagree. Higher scores
represent more fatalistic attitudes (i.e., less personal motiva-
tion). A summary score consisting of the sum of individual
items is created, such that higher scores represent greater
fatalistic attitudes. The DFS-18 has good internal consistency
(Cronbach’s alpha=0.73) and response variability (range,
30-90; mean, 58.2; SD, 6.8).%°

Social support

Social support served as our measure of social motiva-
tion and was assessed with the 19-item Medical Outcomes
Study (MOS) Social Support Survey.”' The MOS measures
perceived general functional support in four domains—
emotional/informational, tangible, positive social interaction,
and affection—and yields an overall support index, which
was used in our analysis.

Diabetes self-care

Diabetes self-care was assessed with the 11-item Summary
of Diabetes Self-Care Activities (SDSCA) scale.?” The SDSCA
scale measures frequency of diabetes self-care in the past 7
days for five aspects of the diabetes regimen: two items for
general diet (followed healthful diet), two items for specific
diet (ate fruits/low fat diet), two items for foot care, two items
for blood-glucose testing, two items for exercise, and one item
for cigarette smoking. Response options range from 0 to 7 to
correspond to the number of days in a week. The average
score across items for each subscale or, in the instance of
cigarette smoking, score for one item represents the frequency
of performing the self-care behavior in the past 7 days.

Glycemic control

Patients’” most recent hemoglobin Alc value was extracted
from the medical record and served as our measure of gly-
cemic control.
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Statistical analysis

Descriptive statistics were performed using SPSS version
17.0 (SPSS Inc., Chicago, IL). In our previous work,? a con-
firmatory factor analytic model (CFA) was estimated using
AMOS version 17.0, a structural equation modeling program.
The CFA model tested the measurement model (i.e., the latent
variable diabetes self-care was predicted to load onto six
measured variables: general diet, specific diet, foot care, blood
glucose testing, exercise, and cigarette smoking), and was
tested for data fit. Variables with nonsignificant factor load-
ings were omitted from the measurement model nested in the
structural equation model.

Next, we performed a series of structural equation models.
Advantages of this procedure include the generality and
flexibility of model specification and the ability to assess fit of
the hypothesized model to the observed data. The likelihood
ratio % tests are reported, but model fit was primarily eval-
uated with the comparative fit index and root mean square of
approximation (RMSEA).>** A comparative fit index value
can range from 0 to 1, where 1 indicates perfect data fit, 0.9
indicates adequate fit, and 0.8 is considered marginal fit.® An
RMSEA value can range from 0 to 1, with smaller values in-
dicating closer fit; specifically, values at 0.06 or lower indicate
close fit,? values at 0.08 or lower indicate reasonable fit, and
values greater than or equal to 0.10 indicate poor fit.***>

Hypotheses regarding the specific structural relations of
the constructs in the model were also evaluated through
inspection of the direction and magnitude of the path coef-
ficients. A path coefficient is a standardized regression co-
efficient (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).

Two structural equation models were estimated with a
correlation matrix generated by 130 cases, a sample size that
providers adequate power to detect medium effects.”” Model
1 tested whether health literacy had a direct effect on diabetes
knowledge, diabetes fatalism (personal motivation), and
social support (social motivation); whether health literacy had
a direct or indirect effect on diabetes self-care; and whether
health literacy had a direct or indirect effect on glycemic
control. To identify the most parsimonious model, Model 2
tested a trimmed version of the aforementioned model, which
included all significant paths to diabetes self-care and gly-
cemic control, omitting all nonsignificant paths.

Results
Sample characteristics

A total of 130 men and women with T2DM completed all
measures noted above. Participants were, on average, 63
years old. As shown in Table 1, the majority of the sample was
female (72.5%), African American (71.4%), and not working
(78.3%) and had health insurance (96.4%). Approximately
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TaBLE 1. SAMPLE DEMOGRAPHICS

Demographics Mean £ SD or %
Mean age (years) 62.7+11.8
Age categories

18-49 years 14.5

50-64 years 36.2

65+ years 49.3
Females 72.5
Race/ethnicity

Non-Hispanic white 28.6

Non-Hispanic black 71.4
Mean education (years) 124+5.2
Education categories

<High school graduate 34.1

High school graduate 34.1

>High school graduate 31.8
Married 41.2
Unemployed 78.3
Income categories

<$10,000 19.6

$10,000-<$15,000 26.1

$15,000+ 54.3
Insurance status

Individual plan 15.2

Group plan 13.8

Medicaid 31.2

Medicare 36.2

None/uninsured 3.6
Health status

Better than last year 19.6

Worse than last year 26.1

Same as last year 54.3
Health literacy

REALM-R scores <6 29.7

REALM-R scores 6+ 70.3

REALM-R, Rapid Estimate of Adult Literacy in Medicine,
Revised.

one-third (29.7%) of the sample had limited health literacy
skills according to the REALM-R.

Health literacy, diabetes self-care,
and glycemic control

As shown in Figure 1, health literacy did not have a direct
effect on diabetes knowledge, diabetes fatalism, diabetes self-
care, or glycemic control. Diabetes knowledge (r=0.22,
P <0.05), diabetes fatalism (r=—0.22, P <0.05), and social
support (r=0.27, P < 0.01) each had a direct effect on diabetes
self-care. Diabetes self-care, in turn, had a direct effect on gly-
cemic control (r = —0.020, P < 0.05). Health literacy had a direct
effect on social support (r = —0.20, P < 0.05) and, through social
support, had an indirect effect on diabetes self-care (r = —0.07)
and indirect effect on glycemic control (r=—0.01). Figure 2
presents the trimmed version of this model with all significant
paths to diabetes self-care and glycemic control, omitting all
nonsignificant paths to these outcomes.

Discussion

We performed cross-sectional structural equation model-
ing on data collected from adult patients with T2DM
receiving care at an academic medical center. Consistent
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FIG.1. Relationships between health literacy, diabetes knowledge, diabetes fatalism, social support, diabetes self-care, self-
care, and glycemic control (full model). Note that coefficients are standardized path coefficients. Overall model fit, x* (23,
n=130)=21.27, P=0.56, comparative fit index =1.00, root mean square of approximation =0.00 (90% confidence interval,
0.00-0.06). For tests of significance of individual paths, *P < 0.05, **P < 0.01, and ***P < 0.001. A1C, hemoglobin Alc; DFS,
Diabetes Fatalism Scale; DKQ, Diabetes Knowledge Questionnaire; MOS, Medical Outcomes Study; REALM-R, Rapid Es-
timate of Adult Literacy in Medicine, Revised; SDSCA, Summary of Diabetes Self-Care Activities.

with the conceptual framework of Paasche-Orlow and
Wolf'® and our study hypotheses, health literacy did not
have a direct effect on diabetes self-care or glycemic control.
We included our diabetes knowledge, diabetes fatalism, and
social support, in the predicted pathways linking health lit-
eracy to diabetes self-care. Our findings suggest health lit-
eracy has an indirect effect on diabetes self-care and glycemic
control through social support.

The research linking health literacy to glycemic control has
been mixed.!®!! For studies with null findings, our results
provide an alternative explanation, namely, that patients with
diabetes and limited health literacy may be eliciting support
from significant others (e.g., providers, family, friends, and
caregivers) to perform diabetes self-care needed for glycemic
control. When this occurs, health literacy does not have a di-
rect effect on glycemic control. Instead, it has an indirect effect
through determinants of diabetes self-care, and, in turn, dia-
betes self-care in and of itself. Intervening with patients with
diabetes and limited health literacy who do not have social
support and identifying other determinants of diabetes self-
care that can be targeted to address health literacy limitations
is an area of research that needs greater attention and may
inform clinical practice.”®

There are limitations to this study that should be
acknowledged. First, although our findings propose causal

relationships between variables, the cross-sectional nature of
the data precludes causal conclusions and can most appro-
priately speak to associations between constructs observed at
a single point in time. Consequently, we have relied on theory
and the research literature to direct our conclusions. Future
prospective research is needed to investigate the longitudinal
effects of these constructs on changes in health behaviors and
health outcomes.

Second, participants were recruited from a single outpa-
tient clinic at a single academic medical center. It is unclear if
our findings would generalize to other types of clinics (e.g.,
inpatient) and care facilities (e.g., federally qualified health
centers). Future work across settings would provide a more
comprehensive conceptualization of the core constructs be-
lieved to implicate health literacy as a barrier to performing
diabetes self-care and thus receiving the hemoglobin Alc
benefits of doing so.

Third, diabetes studies have used different assessments of
health literacy. Although we measured health literacy with
the REALM-R, which has demonstrated strong reliability and
construct validity,'® there have been no published studies
to date reporting its predictive validity. The REALM-R was
not predictive of diabetes knowledge, diabetes self-care, or
glycemic control in our study. While our findings suggest
health literacy as measured by the REALM-R does have an
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FIG. 2. Relationships between health literacy, diabetes knowledge, diabetes fatalism, social support, diabetes self-care, self-
care, and glycemic control (trimmed model). Note that coefficients are standardized path coefficients. Overall model fit, 3>
(24, n=130)=23.91, P=0.47, comparative fit index=1.00, root mean square of approximation =0.00 (90% confidence in-
terval, 0.00-0.07). For tests of significance of individual paths, *P < 0.05, **P < 0.01, and ***P < 0.001. A1C, hemoglobin Alc;
DFS, Diabetes Fatalism Scale; DKQ, Diabetes Knowledge Questionnaire; MOS, Medical Outcomes Study; REALM-R, Rapid
Estimate of Adult Literacy in Medicine, Revised; SDSCA, Summary of Diabetes Self-Care Activities.

indirect effect on diabetes self-care and glycemic control
through a direct effect on social support, finding no direct
effect on these outcomes with or without social support in the
predictive pathway may be indicative of a measurement
limitation. Future studies should examine the REALM-R’s
predictive validity with diabetes outcomes'® and provide
additional support for our findings with other measures of
health literacy.*™"

Fourth, we did not control for when participants com-
pleted the survey in our analyses. While bias might have
been introduced by when participants completed the survey
(i.e., participants felt more support after meeting with their
provider and inflated their estimates of social support), this
is an unlikely possibility because only a small proportion
(<20%) of participants completed the survey after their
provider visit. This should be verified and accounted for in
future research.

Finally, we did not collect information on other factors
believed to explain the relationship between health literacy
and health outcomes in the conceptual framework of
Paasche-Orlow and Wolf.'® This framework assumes health
literacy indirectly impacts health outcomes through a direct
effect on system-level factors (access and utilization of
health care), provider-level factors (provider—patient inter-
action), and individual-level factors (determinants of self-
care). Our study only tested two factors in the individual
level factors domain, specifically, disease-specific knowl-
edge and motivation as measured by diabetes fatalism and

social support. Future models should include system-level
factors (e.g., patient navigation skills and system complex-
ity), provider-level factors (e.g., patient participation in
decision-making and provider communication skills), and
additional individual-level factors (e.g., disease manage-
ment self-efficacy and problem solving skills), which may
explain more of the variability in the sequence of intervening
variables linking health literacy to diabetes self-care and
glycemic control.

Despite these limitations, this study is the first to our
knowledge to show the indirect effect of health literacy on
diabetes self-care via widely recognized determinants of
diabetes self-care (i.e., diabetes knowledge and personal and
social motivation), an indirect effect on glycemic control via
the aforementioned indirect effect, and the direct effect of
diabetes self-care on glycemic control. Our findings are just
one step in what should be an iterative process of model
specification and clarification. Future studies that can both
validate our findings and extend them would provide the
most useful explanation of the relationship between health
literacy and health outcomes in diabetes and inform pro-
fessional responses to the problem in many diverse contexts
of health care.’? In the meantime, health literacy-sensitive
interventions should aim to provide social support and teach
patients how to elicit support from significant others to
facilitate the performance of diabetes self-care necessary for
glycemic control. Future qualitative and quantitative re-
search to determine the most effective techniques to promote
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social support among patients with limited health literacy is
needed.

Our findings suggest the role social support links health
literacy to health outcomes for adult patients with T2DM,
highlighting the potential impact of peer navigators, provid-
ing instrumental and practical support to patients, and
teaching patients how to cultivate a supportive environment
to manage their diabetes as a means of improving glycemic
control. Healthcare providers can also function as liaisons
between patients and their social support networks (e.g.,
caregivers, relatives), communicating the types of support
that would be most beneficial for a patient.?® In these dis-
cussions, providers can encourage patients to effectively
communicate their request of the type of social support, the
amount, and timing of support they need from a caregiver.
Providers can also serve as a source of support for a patient
and help patients identify other sources of support. Social
support is a complex and multifaceted construct, under-
standing the problematic aspects in addition to the supportive
aspects is important to effectively tailor interventions that
utilize social support to improve the health of patients with
limited health literacy.
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