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Abstract

Background:

The objective of this study was to assess the published literature on health literacy and diabetes, as well as
identify opportunities for technology to strengthen information skills and modify behavior to improve diabetes
health outcomes.

Methods:

Medline (1990-2008), the Cumulative Index to Nursing and Allied Health Literature (1990-2008), and the
Education Resources Information Center (1990-2008) were searched, and reference lists from included articles
were reviewed to identify additional studies. Articles were included that presented measures of literacy or
numeracy specific to diabetes, examined associations between health literacy and diabetes outcomes, or tested
a health literacy intervention among persons with diabetes.

Results:

Twenty-four articles were included in this review. Five articles reported on measures of literacy or numeracy
specific to diabetes. Thirteen of the fifteen cross-sectional studies (87%) associated limited health literacy with
poorer diabetes outcomes. Two of the four (50%) health literacy intervention studies lead to improved health
outcomes.

Conclusions:

The cross-sectional studies provide evidence of an association between health literacy and diabetes outcomes;
however, there is a need to design and test strategies to improve diabetes health outcomes that consider health
literacy. Information and communication technology opportunities could help to mediate the effect that limited
health literacy has on diabetes-related health outcomes.
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Introduction

Often people with the greatest health burdens have
the least access to health care information that they can
understand.! Health literacy is 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.”? The
ability to apply reading, listening, speaking, analytic,
decision-making, and numeracy skills to health situations
is affected by low health literacy.?

Health literacy is vital to enable people to manage
their health. There are many activities that people are
responsible for when self-managing their diabetes that
can be particularly challenging when limited health
literacy is an issue. These activities include taking
medication, eating a healthy diet, glucose monitoring,
and reduction of risks. Persons with diabetes who
have multiple complications or experience repeated
hospitalizations might have some of these problems
because of unrecognized low health literacy.

Patients with low health literacy are usually embarrassed
by their situation and hide it from other people who
could possibly help (e.g., healthcare providers, friends,
and family members). Approximately half of the adults
in the United States have low health literacy.* The poor
health outcomes and costs to the health care system
associated with low health literacy have been estimated
to be as much as $58 billion per year.®

People need strong health information skills as we move
toward a consumer-centric health care system, where
individuals take an active role in health-care-related
decisions. Effective interventions to help persons with
low health literacy to strengthen their information skills
and modify their health behaviors also are needed.
The objective of this study was to assess the published
literature on health literacy and diabetes, as well as
identify opportunities for technology to strengthen
information and communication skills and modify
behaviors to improve diabetes health outcomes.

Methods

Data Sources

Medline (1990-2008), the Cumulative Index to Nursing
and Allied Health Literature (CINAHL, 1990-2008), and
the Education Resources Information Center (ERIC,
1990-2008) were searched for eligible articles using

combinations of the following search terms: (1) diabetes
mellitus, type 1 diabetes mellitus, or type 2 diabetes
mellitus and (2) literacy, illiteracy, readability, reading
ability, reading skill, numeracy, test of functional
health literacy in adults (TOFHLA), rapid estimate of
adult literacy in medicine (REALM), or wide range
achievement test, third edition (WRAT3). The reference
lists of included studies were also searched.

Study Selection and Data Extraction

The author screened the titles and abstracts of the
identified citations and identified eligible articles
based on the following criteria: measures of literacy or
numeracy specific to diabetes, studies of associations
between health literacy and diabetes outcomes, or health
literacy intervention among persons with diabetes. The
following information was collected from the eligible
articles for each of the categories. Category 1—measures
of literacy or numeracy specific to diabetes: name of
measure, sample, psychometric properties, number
of items, response format, and administration time.
Category 2—associations among literacy and diabetes
outcomes: sample, health literacy assessment used, and
outcomes reported. Category 3—literacy interventions
among persons with diabetes: sample, intervention and
control groups, and results.

Results

Comprehensive literature searches identified 136 articles.
The articles were screened by the author, and 24 articles
met the eligibility criteria (Figure 1). While the literature
was searched back to 1990, only one eligible article had
been published prior to 2000, and 19 of the 24 articles
(79%) were published in the past five years. The studies
represented in the articles involved more than 10,000
persons with diabetes.

Measure Development Studies

Five measures of literacy or numeracy specific to diabetes
or tested among persons with diabetes were identified
(Table 1).7° The purpose of these measures was to assess
adults’ ability to comprehend nutritional information;®
measure numeracy skills in persons with diabetes;
identify limited reading ability;® assess a patient’s
ability to pronounce terms that they would encounter
(e.g., during clinic visits, in reading menus, and in self-
care instructions);” and gauge diabetes knowledge among
persons with poor literacy.’® Most of these instruments
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are brief and only take a few minutes to complete,®81°
or there is an abbreviated version of the instrument
available.”

136 articles were identified and screened based on searches
conducted in Medline, CINAHL, and ERIC.

Association Studies

Fifteen studies examined associations between health
literacy and diabetes outcomes (Table 2).1% There is
a lack of information in the studies about how well or
poorly controlled the patients were; however, seven of
the studies provided information about the number of
years the patients had been living with diabetes, and
. this ranged from 5 to 11 years.!'>172! The studies used
a variety of health literacy assessments [e.g, TOFHLA,*
short-form of the TOFHLA (S-TOFHLA),3-151820-22.24
REALM, 1121623 WRAT3,1'77  diabetes numeracy test
(DNT),"* Raven’s standard progressive metric (RSPM),”
and national adult reading test (NART)V]. A few studies
administered the assessment in Spanish**?? or Chinese.?

95 articles excluded based on title and abstract:
(a) Health literacy was not a key element (n =52)
(b) Theoretical or conceptual article (n = 4)

(c) Patient outcomes were not measured (n = 39)

41 potentially relevant
articles reviewed in full text

17 articles excluded based on full text:

(a) Health literacy was not a key element (n = 8)
(b) Theoretical or conceptual article (n = 3)

(c) Patient outcomes were not measured (n = 6)

The outcomes reported by these studies indicated
significant associations between health literacy and
‘ knowledge,>141625 hemoglobin A1C (HbAlc),!116172021.24
medication refill adherence® access to health care? and
retinopathy.? Those with limited health literacy were
more likely to be interested in telephone support,”
more likely to report worse communication with their
health care provider,” and have less desire to participate
in medical decision making.!> The outcomes reported
by these studies also identified several nonsignificant

24 articles were included in the systematic review in 3 categories:
(1) Measures of literacy or numeracy specific to diabetes (n =5)
(2) Associations among literacy and diabetes outcomes (n =15)
(3) Literacy interventions among persons with diabetes (n = 4)

Figure 1. Trial flow diagram.

Table 1.

Measures of Literacy or Numeracy Specific to Diabetes

Response format and

Scale

patients

(Pearson correlation 0.61)

Study Measure Sample Psychometric properties Number of items R e
- . . internal consistency (Chronbach . . .
Diamond® Nutritional Literacy 341 primary care alpha 0.84); construct validity 32 written; 10 min to

complete

Huizinga et al.”

Diabetes Numeracy
Test

398 persons with
diabetes

internal reliability (Kuder—
Richardson coefficient 0.95)

43 or a shortened
version with 15

written or verbally
administered; 33 min
to complete the long
version

Morris et al.®

Single Item Literacy
Screener

999 persons with
diabetes

sensitivity 54%;
specificity 83%

verbally administered,;
less than 1 min to
complete

Nath et al.9

Literacy Assessment
for Diabetes

203 persons

concurrent validity (correlation
coefficient of 0.81 with the
WRAT3 and 0.90 with the
REALM); test-retest reliability
(interclass correlation coefficient
of reliability of 0.86 (p < .0001)).

3 lists of words,
60 words total

read and spoken;
3 min or less to
complete

Rothman et al.’®

Spoken Knowledge in
Low Literacy Patients
with Diabetes

217 persons with
type 2 diabetes

internal reliability (Kuder—
Richardson coefficient 0.72)

10

verbally administered;
less than 10 min to
complete
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Table 2.
Associations Among Literacy and Diabetes Outcomes”
Study Sample G T B SIS Outcomes reported
used
. . Lower DNT scores were associated with older age, nonwhite
Cavana1L1Jgh 398 adult pgnents with type 1 REALM; WRAT3; DNT race, fewer years of education, lower reported income, lower
et al. or type 2 diabetes . } .
literacy and general numeracy skills, and higher HbAlc.
Patients with low literacy had less desire to participate in
DeWalt ) . . medical decision making (p < .001) and less diabetes-related
et al.’? 268 patients with diabetes REALM knowledge (p < .001). Literacy was not associated with trust,
self-efficacy, or diabetes outcomes.
653 new Medicare enrollees
aged 65 years or older who Patients with inadequate health literacy knew significantly
Gazmararian | had at least one chronic S-TOFHLA less about their disease than those with adequate health
et al.’® disease (115 asthma, 266 literacy. Health literacy was independently related to disease
diabetes, 166 chronic heart knowledge.
failure, 214 hypertension)
1549 patients newly enrolled Health literacy was related to medication refill adherence
Gazmararian in Medicare identified as (p < .05). Patients with inadequate health literacy skills had
of al having coronary heart S-TOFHLA increased odds of low refill adherence compared with those
’ disease, hypertension, with adequate literacy skills (OR = 1.37; 95% CI: 1.08 to
diabetes, or hyperlipidemia 1.74).
Health literacy was not significantly associated with HbA1c
Morris 1002 English-speaking adults S-TOFHLA (p = .88), systolic blood pressure (p = .39), diastolic blood
et al.'® with diabetes pressure (p = .59), low density lipoprotein (p = .77), or self-
reported diabetes complications.
. . Health literacy was significantly associated with the diabetes
Z;’:’ﬁ! gfaé’:tt;z”ts with type 2 REALM knowledge test score (p = .004) and HbA1c (p = .02). Health
’ literacy was not significantly associated with DHBM (p = .29).
76 cricren an aescents Toe ol f o e ol wih ek o0 7 =02
17 H H d . = - ’
Ross et al.™ | with type 1 diabetes and NART, WRATS; RSPM (p = .01). The child’s WRAT3 and RSPM did not correlate
their mothers ;
with HbA1c.
Associations between self-efficacy and self-management
were consistent across health literacy and race/ethnicity
Sarkar 408 ethnically diverse S-TOFHLA levels. For each 10% increase in self-efficacy score, patients
et al.'® patients with diabetes were more likely to report optimal diet (p < .01), exercise
(p < .01), self-monitoring of blood glucose (p < .01), and foot
care (p < .01), but not medication adherence (p = .40).
Self-reported health literacy.
Interviewers asked participants ) e 3 .
796 low-income English- and | how often they have problems I?atlents W|th limited sglf reported health Iltelfacy were more
Sarkar . . ) . . . likely to be interested in telephone support (instead of group
19 Spanish-speaking patients learning about their medical . ) . .
et al. ) ] . o visits or internet support) than those not reporting literacy
with diabetes condition because of difficulty T
) ) deficits.
understanding written
information.
408 English- and Spanish- Patients with inadequate health literacy were less likely
Schillinger | speaking patients who were S-TOFHLA in English or to achieve tight glycemic control (p = .05) and were more
et al.?® older than 30 years and had Spanish likely to have poor glycemic control (p = .02) and to report
type 2 diabetes retinopathy (p = .01).
N 408 English- and Spanish- Patients with madequgte heallth literacy werg more likely to
Schillinger ) ) ; report worse communication in general clarity (p < .01),
Py speaking patients with S-TOFHLA : o N .
et al. ) explanation of condition (p = .03), and explanation of
diabetes
processes of care (p = .03).
Schillinger | 395 low-income patients with S-TOFHLA Health literacy mediated the relationship between education
et al.?? diabetes and HbA1c (p < .01)
continued >
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Table 2 (continued)

Study Sample R (LR ASSEsamEm: Outcomes Reported
Used
2512 black and white lelted health Iltgracy was assomatgd wm'! being male,
) . being black, low income, low education, diabetes,
community-dwelling older . .
Sudore . depressive symptoms, and fair/poor self-rated health
23 people who did not have REALM : : .
et al. . P (p < .02). Older people with a sixth-grade reading level
functional difficulties or . ) L
dementia or lower were twice as likely to have indicators of poor
healthcare access (OR = 1.96; 95% Cl: 1.34 to 2.88).
149 Chinese patients with Chinese version of the . .
24
Tang et al. type 2 diabetes S-TOFHLA Health literacy was negatively correlated to HbA1c (p < .001)
Knowledge scores for patients with diabetes with
. . inadequate, marginal, or adequate literacy were 5.8 + 2.1,
Williams 402 patler)ts with . 6.8 + 1.9, and 8.1 + 1.6 (p < .001), and 94% of patients with
o5 hypertension and 114 patients TOFHLA ) )
et al. with diabetes adequate functional health literacy knew the symptoms of
hypoglycemia compared with 50% of those with inadequate
health literacy.
2 Cl, confidence interval; OR, odds ratio.

associations between health literacy and trust'? self-
efficacy,!”? the diabetes health belief model (DHBM)
scale® HbAlc! systolic blood pressure!® diastolic blood
pressure,’® low-density lipoprotein,’® and self-reported
diabetes complications.!®

Intervention Studies

Four studies that tested a health literacy intervention
in a sample of patients with diabetes were identified
(Table 3).22° Two of the studies were randomized
controlled trials®®? and two were multicenter randomized
controlled trials.?**?” These interventions were diverse
and included patient education, a low-literacy reminder
card,® computer multimedia that included audio/
video sequences to communicate information, provide
psychological support, and promote diabetes self-
management skills without extensive text or complex
navigation,” individually tailored disease management
communication,® and notifying physicians of patients
with limited health literacy with a reminder notice
affixed to the patient’s chart.?’

The findings of the intervention studies were mixed. A
low-literacy reminder card did not significantly improve
any of the outcomes measured.” Access to multimedia
lessons resulted in an increase in perceived susceptibility
to diabetes complications, particularly in subjects with
lower health literacy; however, there was relatively less
use of the computer among participants with lower
health literacy.”” Patients with low literacy who received
individually tailored communication were more likely
to reach their HbAlc-level goal.?® Physicians were more
likely to use the recommended management strategies

to improve communication if they were notified of their
patients’ limited health literacy; however, these physicians
felt less satisfied and less effective regarding their visits,
while patient self-efficacy remained unchanged.?”

Discussion

This review assessed the published literature on health
literacy and its association with health outcomes and
processes of care for persons with diabetes. The 24
studies in this review contributed information on the
measurement of diabetes-related literacy, associations
between health literacy and diabetes outcomes, and
health literacy interventions for persons with diabetes.

Most literacy measures are of reading; however, health
information services and modes of delivery are changing.
Advances in consumer health informatics offer the
convergence of many technologies (e.g, computers,
internet, email, television, video, telephones, radio,
and audio) and the opportunity to move beyond the
traditional focus on print-based health literacy. When
selecting a literacy measure, it is important to select a
measure validated with a similar population.

Far fewer studies examined interventions designed to
mitigate the effects of low literacy on diabetes outcomes
than simply the association between literacy and diabetes
outcomes. The small number of intervention studies
highlights the need for additional studies to examine the
relationship between health literacy and health outcomes
and the mediating or moderating role of technology.
An evidence-based review observed that patient factors

J Diabetes Sci Technol Vol 3, Issue 1, January 2009 206

www.journalofdst.org



A Review of Health Literacy and Diabetes: Opportunities for Technology

Boren

(i.e., knowledge/skills, beliefs, participation in decision
making, motivation, problem solving, self-efficacy,
navigation skills, and perceived barriers), provider factors
(i.e, communication skills, teaching ability, time, and
patient-centeredness ), and extrinsic factors (i.e., education
and support technologies) are plausible causal pathways
between limited health literacy and diabetes outcomes.*

Diabetes interventions that address literacy may be
particularly beneficial for patients with limited literacy,
and increasing access to such interventions could help

reduce the disparities in health outcomes.>?® While some
health information technologies have been evaluated,
such as diabetes self-management care via cell phone®
or computerized learning technologies for diabetes,*
testing these types of interventions with populations of
all literacy levels is needed.

When designing the interventions that are suitable for
persons with limited literacy, the information needs
of the population as well as the existing evidence base
in diabetes or other chronic disease models for related

Table 3.
Literacy Interventions among Persons with Diabetes”
Study Sample Intervention and Control Groups Results Reported
I: Education and a low-literacy
reminder card describing risk
factors of cardiovascular disease.
166 patients with Instructions to discuss the risk HbA1c (NS); blood pressure (NS); lipid levels (NS); aspirin
Echeverry | diabetes hospitalized for factors described on the card use higher in control group (p = .001); angiotensin-
et al.?® cardiovascular disease, 55 with their primary care physician converting enzyme inhibitor use higher in control group
years of age or older on their first appointment after (p = .03)
discharge.
C: No Intervention.
I: Use of computer multimedia that
'tgcé‘:)dnf%:#iigg’ 'ﬂ?gr;i?i%inces HbA1c (NS), weight (NS), blood pressure (NS),
rovided psvchological su 'ort knowledge (NS), self-efficacy (NS), self-reported medical
Gerber :nd romgtgd diat?etes se‘ljf? ’ care (NS). Increase in perceived susceptibility to
ot a2’ 244 patients with diabetes mang ement skills without diabetes complications in the intervention group was
’ extengive text or complex greatest among subjects with lower health literacy. Time
naviaation P spent on the computer was greater for subjects with
9 ' higher health literacy within the intervention group.
C: Standard of care only.
I: All communication to patients
J\[/(v)a:nlE::]Vé(:usgrznedreahnéjngilrl]vered Among patients with low literacy, intervention patients
amona patients \L/)vith low literac were more likely than control patients to achieve goal
217 patients aged 18 years Patiengtspreceived intensive v- HbA1c levels (<7.0%) (42% versus 15%, respectively;
Rothman or older with type 2 diabetes disease management from a adjusted OR, 4.6; and 95% CI, 1.3 to 17.2; p =.02).
et al.?® and poor glycemic control multidisci Iina? team Patients with higher literacy had similar odds of
(HbA1c = 8.0%) P y ’ achieving goal HbA1c levels regardless of intervention
. . . - status (24% versus 23%; adjusted OR, 1.0; and 95% ClI,
C: Patients received an initial 0.4 to 2.5, p = .98)
management session and ’ P =99
continued with usual care.
Intervention physicians were more likely than control
. - L . physicians to use management strategies recommended
I.al:t)i?;ilscﬁzg I‘?’g:}i;fgﬁ% Ilfit::'zg for patients with limited health literacy (OR 3.2, p = .04).
63 primary care physicians Ekills Y Intervention physicians felt less satisfied with their visits
Seligman and 182 patients with ’ (81% versus 93%, p = .01). Intervention physicians felt
et al.?>® diabetes and limited health C: Physicians were not notified less effective (38% versus 53%, p = .10). Intervention
literacy if .thei?’/ atients had low health and control patients’ postvisit self-efficacy scores
literac pskills were similar (12.6 versus 12.9, p = .60). And 64% of
Y ' intervention physicians and 96% of patients felt health
literacy screening was useful.
a2 C, control; Cl, confidence interval; |, intervention; NS, not significant; OR, odds ratio.
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interventions should be considered. A few of the
information and communication technology opportunities
that might be appropriate for intervention are listed here.

e Communication  techniques and  interactive
communication strategies for patients and providers;

e Viewpoints and experiences of the patient population to
determine the optimal context, channels, and content;

e Computer-based algorithms that take a patient’s
characteristics into account such as language, age,
gender, ethnicity, reading ability, health literacy level,
and specific goals or needs;

e Electronic medical record to prompt the use of plain
language, limit the number of concepts covered, and
assess patient understanding by using tell back or
teach back;

* Interactive multimedia programs for education and
counseling;

e Health information prescriptions that include a link
or recommendation to an appropriate website and/or
referral to a health librarian; and

e Telephone or cell phone interventions for education,
counseling, and reminding.
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