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Abstract

Background: Although deficits in health literacy and numeracy have been described among Latinos, the impact
of low numeracy on diabetes outcomes has not been studied. Study objectives were (1) to establish the reliability
and validity of a 15-item Spanish, diabetes-specific numeracy measure (Diabetes Numeracy Test [DNT]-15
Latino) and (2) to examine the relationship between diabetes-specific numeracy and diabetes-related outcomes
among a sample of Latino adults with diabetes.
Methods: Data collection included patient demographics, health literacy, general numeracy, diabetes-specific
numeracy, acculturation, self-efficacy, self-care behaviors, and most recent glycosylated hemoglobin (HbA1c).
Results: Participants (n = 144) were on average 47.8 years old (SD = 12.1). The majority were female (62%),
uninsured (81%), and of Mexican nationality (78%) and reported low levels of acculturation (96%). The DNT-15
Latino had high internal reliability (Kruder–Richardson 20 = 0.78). The DNT-15 Latino demonstrated construct
validity, correlating with measures of health literacy (q = 0.291), general numeracy (q = 0.500), education
(q = 0.361), and income (q = 0.270) (P < 0.001 for each). The DNT-15 Latino was significantly associated with
acculturation but unrelated to self-efficacy, self-care behaviors, insulin use, and HbA1c.
Conclusions: The DNT-15 Latino is a reliable and valid measure of diabetes-specific numeracy for Latino
patients with diabetes; however, additional studies are needed to further explore the association between dia-
betes-specific numeracy and acculturation and their impact on diabetes-related outcomes for Latinos.

Introduction

According to the Agency for Healthcare Research and
Quality, Latinos are a priority group in need of improved

healthcare access and quality.1 Latinos with diabetes often
receive care that is suboptimal.2 For example, compared with
non-Latino whites, Latinos have a higher prevalence of type 2
diabetes (11.8% vs. 7.1%),3 are less likely to receive timely
recommended services (such as eye exams, foot exams, and
glycosylated hemoglobin [HbA1c] measurement), and are
more likely to experience hospital admission for lower-
extremity amputations secondary to diabetes-related compli-
cations.2 Caring for patients with diabetes is often a challenge
in that self-care plays a major role in successful treatment
(e.g., monitoring blood glucose levels, following specific di-
etary and exercise programs, and administering medications).

Health literacy is ‘‘the degree to which individuals have the
capacity to obtain, process, and understand basic health in-
formation and services needed to make appropriate health

decisions’’4 and has been associated with the ability to per-
form diabetes self-care activities.5–8 In a study of 400 English-
and Spanish-speaking patients with diabetes, lower health
literacy was associated with poorer glycemic control.5 In 2003,
the U.S. Department of Education conducted a study in which
66% of Latinos were found to have basic or below basic health
literacy skills.9 This high prevalence was based on a sub-
sample of Latinos with some English proficiency; the preva-
lence may be even higher in the millions of Latinos residing in
the United States who do not speak English.10

Quantitative literacy, also referred to as numeracy, is the
ability to use and understand numbers in daily life.8 Examples
of specific numeracy skills relevant to diabetes care include the
ability to accurately calculate and adjust insulin doses, count
carbohydrates, calculate portion sizes from food labels, and
understand number hierarchy when testing blood sugar. In
general, low numeracy skills have been associated with diffi-
culty understanding health information, less disease-specific
knowledge, and difficulty performing self-management tasks,
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including understanding food labels,8 estimating portion
size,11 and adhering to medications.12 Cavanaugh et al.13 found
that low diabetes-specific numeracy was associated with poor
adherence to self-care activities, lower diabetes management
self-efficacy, and higher HbA1c in English-speaking patients
with type 2 diabetes. Little is known, however, about the re-
lationship between numeracy and diabetes-related outcomes
in Latinos. In fact, to our knowledge, only two published
studies in the broader medical literature have attempted to
document numeracy skills in Latino patients.14,15

To better understand the role of numeracy in Latino pa-
tients with diabetes, we translated the Diabetes Numeracy
Test (DNT)-15, an instrument designed to measure the array
of numeracy skills necessary for successful diabetes man-
agement in English-speaking patients with diabetes, into the
DNT-15 Latino. We then examined the psychometric prop-
erties of the DNT-15 Latino: specifically, internal consistency
reliability and construct validity with measures of health lit-
eracy, general numeracy, education, and income. We also
explored the relationship between diabetes-specific numeracy
and measures of acculturation, self-efficacy, self-care behav-
iors, insulin use, and glycemic control.

Research Design and Methods

The DNT-15 Latino was developed based on the recently
validated DNT.16 The original DNT was designed for English-
speaking patients and initially contained 43 items assessing
numeracy skills applied to nutrition, exercise, glucose moni-
toring, oral medications, and insulin use. Items require re-
spondents to perform addition and subtraction, understand
fractions, divide, understand numerical hierarchy, and per-
form multistep calculations. A shortened, 15-item version of
this instrument demonstrated strong psychometric properties
while covering all the skills tested by the 43-item version and
has been recommended for use among English-speaking pa-
tients with diabetes.13,16,17 This shortened version of the DNT
provided the content that was translated into the DNT-15
Latino.

The first step was an iterative translation and back-
translation process for each of the 15 items of the English-
version scale, excluding text contained within food labels,
using input from bilingual members of the research team in-
cluding a physician, a certified diabetes educator, and re-
search staff of Latino heritage. During this process, we also
conducted cognitive interviews with six Latino patients with
type 2 diabetes as well as with two other healthcare providers
who care for Latino patients with diabetes. For items in which
the translation was unclear, we solicited suggestions for clari-
fication and incorporated these suggestions into the translated
scale. These steps established the readability and compre-
hension of each item, as well as the instrument’s content (face)
validity prior to administration. The final version of the DNT-
15 Latino is available elsewhere (www.mc.vanderbilt
.edu/diabetes/drtc/preventionandcontrol/tools.php).

Identification of participants and data collection

Patients were recruited from an adult internal medicine
clinic affiliated with a community-based academic medical
center and from two urban primary care clinics designated as
federally qualified community health centers in Nashville,
TN. All three centers serve a growing Latino population.18

Eligible patients were 18–85 years old, self-identified as
Hispanic/Latino(Latina) with spoken Spanish fluency, had
corrected visual acuity £ 20/50 as determined by a Ro-
senbaum pocket vision screening test, and did not have a
history of psychosis or dementia. The Meharry Medical
College Institutional Review Board approved the study pro-
tocol, and both federally qualified community health center
clinics provided written agreements for participation. Written
informed consent and HIPAA authorization to access medical
records were obtained from each participant in Spanish prior
to enrollment.

Recruitment and enrollment co-occurred with scheduled
office visits at the participating sites. Trained bilingual re-
search assistants conducted a 60–90-min private, semi-
structured interview with each participant before or after their
office visit. For patients with inadequate literacy according to
the Spanish version of the Short Test of Functional Health
Literacy in Adults (S-TOFHLA), the research assistant ad-
ministered all measures verbally to promote patient under-
standing of the items and accuracy of their responses.
Glycemic (HbA1c) and lipid control were collected with the
Cholestech (Hayward, CA) GDX and LDX point-of-care de-
vices for participants who did not have a recent HbA1c in the
medical record < 6 weeks prior to recruitment. All partici-
pants were compensated $20 for their participation.

All measures were administered in Spanish only because of
the high prevalence of limited English proficiency in the study
population. Sociodemographic data were collected from each
participant, including age, gender, nationality, diabetes type,
years since diagnosis, education level, income, insurance
status, and insulin use. Body mass index was calculated using
chart extracted weight and height measurements by dividing
weight (kg) by the square of height (m2).

As described above, the DNT-15 Latino is a scale that as-
sesses an array of numeracy skills needed for successful dia-
betes management. Each item is scored as correct or incorrect,
and no partial credit is given. There is no time limit for ad-
ministration of the scale and participants are provided a cal-
culator to use if necessary. Scores are reported as total
percentage correct (0–100%).

The S-TOFHLA is a 36-item questionnaire that measures
health literacy skills using two prose passages that utilize a
modified Cloze method in a medical context.19 S-TOFHLA
scores of 0–16, 17–23, and > 23 indicate inadequate, marginal,
and adequate health literacy, respectively.

The Wide Range Arithmetic Test (WRAT-4) is the fourth
version of a validated general numeracy measure that
assesses overall computational math skill.20 Scores are stan-
dardized by age and can be used to determine the math grade-
level equivalent using the indexed charts found in the manual.

The Short Acculturation Scale for Hispanics is a 12-item
measure of acculturation in the areas of language, media use,
and social interactions.21 This scale has been used with a va-
riety of Latino subgroups, including Mexicans, Cubans,
Puerto Ricans, Dominicans, and Central and South Ameri-
cans.21 Scores are summed across all 12 items, and the average
is reported. Average Short Acculturation Scale for Hispanics
scores that are greater than 3 identify individuals with higher
levels of acculturation.21

The Perceived Diabetes Self-Management Scale is an
eight-item measure of one’s confidence in diabetes self-
management.22 Higher scores indicate greater confidence.
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The Summary of Diabetes Self-Care Activities (SDSCA)23 is
a 14-item measure that assesses self-report to various self-care
behaviors including diet, exercise, blood glucose testing, foot
care, and medication use in the past week.

Participant characteristics were described using mean and
SD values or median and interquartile range as appropriate
for continuous variables and frequencies with percentiles for
categorical variables. Internal consistency reliability of the
DNT-15 Latino was evaluated with the Kruder–Richardson 20
formula, an appropriate test for dichotomous data. As no
‘‘gold standard’’ for diabetes-specific numeracy skills in La-
tinos exists, the construct validity of the DNT-15 Latino was
ascertained by examining its association with other validated
measures of health literacy, general numeracy, education, and
income. Specifically, we expected that higher DNT-15 Latino
scores would be associated with higher health literacy scores,
higher general numeracy scores, higher educational attain-
ment, and higher incomes. We also explored the relationships
between DNT-15 Latino scores and acculturation, self-
efficacy, self-care behaviors, insulin use, and glycemic control.
Insulin use was included given the assumption that many
patients on insulin are required to adjust their dose based on
carbohydrate intake, which requires sufficient numeracy skills.

Statistical analysis

Spearman correlation coefficient (q) values were used to
test bivariate relationships between DNT-15 Latino scores and
the aforementioned variables except for insulin use, where a
Wilcoxon rank sum test was performed. Bivariate analyses
were performed with SPSS� version 18 (SPSS, Inc., Chicago,
IL), whereas multivariate analyses were performed with R
statistical software version 2.10.1.24 The independent associ-
ation of DNT-15 Latino scores with glycemic control was as-
sessed using a multivariate linear regression analysis adjusted
for age, gender, education, income and insurance status.
HbA1c was log transformed to normalize residuals. Non-
transformed HbA1c results are presented as results were
consistent and for ease of interpretation of b coefficient.

Results

Between March 2008 and August 2009, 163 patients with
diabetes were approached. Thirteen patients did not partici-
pate because of a lack of interest, lack of time, inability to sign
the consent form, or having a diagnosis of dementia. Com-
plete data are available on 144 (96%) of the 150 who agreed to
participate (Table 1). Overall mean age was 47.8 – 12.1 years.
The majority were female, self-reported Mexican nationality,
were uninsured, and had poor glycemic and lipid control.
Adequate health literacy measured by the S-TOFHLA ( > 23)
was observed for 64% of participants; however, only 3%
demonstrated greater than 8th grade math skills according to
the WRAT-4.

Average time to complete the DNT-15 Latino was
23 – 10.2 min. Participants’ overall performance was poor,
with a mean score of 26% correct. Table 2 presents the sample
performance on each item with the corresponding diabetes-
specific skill(s) and numeracy skill(s) tested. More than half of
the participants demonstrated consistent difficulty with tasks
that required simple calculations such as addition, subtrac-
tion, integer multiplication, and recognition of numerical
hierarchy. A vast majority of the participants had difficulty

estimating portion size, calculating carbohydrate intake, ex-
tracting data from food labels, and performing multistep
calculations. The internal reliability of the DNT-15 Latino was
strong with a Kruder–Richardson 20 coefficient of 0.78.

To test the construct validity of our instrument, we used
Spearman correlations to assess the bivariate relationship
between DNT-15 Latino scores and each of the aforemen-
tioned variables that were part of our validation model (Table
3). Construct validation was met with correlations between
the following: DNT-15 Latino and validated measures of
health literacy (S-TOFHLA), q = 0.29, P < 0.001; general nu-
meracy (WRAT-4), q = 0.50, P < 0.001; education level, q = 0.36,
P < 0.0001; and income, q = 0.27, P = 0.0012. The DNT-15 La-
tino was also associated with acculturation level (q = 0.28,
P = 0.001) but not related to self-efficacy (q = - 0.11), self-care
behaviors (diet, q = 0.031; exercise, q = 0.023; blood glucose
monitoring, q = 0.080; and medication adherence, q = - 0.096),
glycemic control (q = 0.064), or insulin use (all P > 0.05).

Discussion

The DNT-15 Latino is a reliable and valid measure of dia-
betes-specific numeracy skills among adult Latino patients
with type 2 diabetes. Of the four a priori hypotheses in our
construct validation model, all four were significant and in the
expected direction. Specifically, the DNT-15 Latino was
strongly associated with valid measures of health literacy,
general numeracy, education, and income. To our knowledge,
the DNT-15 Latino is the first scale that measures diabetes-
specific numeracy skills in Latino patients. Our findings
further suggest that among Latinos with many socio-
demographic challenges and diabetes, both general and dia-
betes-specific numeracy skills are often inadequate. This is
consistent with Gerber et al.15 and Ginde et al.,14 who previ-
ously reported numeracy skills deficits among Latinos.
However, unique to this study was the high prevalence of low
numeracy skills even among patients with adequate health
literacy. This suggests that in Latino patients with diabetes,
numeracy skills should be considered irrespective of health
literacy status and complements similar observations among
English-speaking diabetes patients reported by Rothman
et al.8 and Cavanaugh et al.13

Our study also adds to the literature on acculturation and
health among Latinos. To our knowledge this study is the first
to find a positive association between diabetes-specific nu-
meracy and level of acculturation. Acculturation has been
defined as a process in which individuals adopt varying de-
grees of behaviors, knowledge, and beliefs from a dominant
culture.25 Many have explored the impact of acculturation on
Latino health behaviors and outcomes in several contexts,
including diabetes, with some studies reporting a protective
effect, whereas others have demonstrated deleterious ef-
fects.25 Our findings suggest that higher diabetes-specific
numeracy skills are associated with higher levels of
acculturation.

There are several possible reasons for the lack of significant
association between the DNT-15 Latino and our measures of
self-efficacy, self-care behaviors, insulin use, and glycemic
control. First, and most importantly, patients performed
poorly overall on the DNT-15 Latino, which may have re-
sulted in a floor effect. This floor effect may have limited
our ability to accurately identify relationships between the
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DNT-15 Latino and these measures. Performance on our
measure was in fact similar to the poor performance reported
by Gerber et al.,15 who independently translated and mea-
sured numeracy using five of the original DNT-15 items; their
sample, albeit small, shared similar demographic character-
istics with our sample. Thus, future studies could potentially
overcome floor effects by targeting a more heterogeneous
Latino population in terms of education and socio-
demographic status and/or considering alterations and ad-
justments to the measure itself, both of which we are currently
exploring. Second, although we assessed self-care activities
using a validated instrument, the SDSCA, their measurement
was fairly insensitive, with each consisting of a single item on
the SDSCA. Third, the relatively low percentage of insulin
users in our sample (28%) may have contributed to perfor-
mance on the DNT-15 Latino in which seven out of 15 ques-
tions contained contextual references to insulin and may
explain the observed absence of association between diabetes-
specific numeracy and insulin use. Sample size might also have
limited our ability to demonstrate significant relationships.
Finally, our measure of glycemic control utilized two methods
including chart extraction and point-of-care testing, which may
have introduced important measurement discrepancies.

Several other limitations are present. First, although we en-
rolled from three clinics in our community, the convenience
sample of patients in this study may not be representative of
the broader Latino population, thus limiting the generaliz-
ability of our findings. Our cross-sectional study design also
limits conclusions regarding the positive association between
diabetes-specific numeracy and acculturation. Why this asso-
ciation did not additionally associate with improved self-
efficacy, self-care behaviors, and glycemic control is also
unclear. Similarly, one may argue that our decision to not
translate the information presented in food labels in the DNT-
15 Latino may serve as a confounding factor for participants,
but we have attempted to simulate real life settings in which
Spanish-speaking patients with diabetes are expected to self-
manage. Further study with perhaps larger, more heteroge-
neous samples and prospective designs may shed additional
light on the impact of numeracy and the acculturative process
on diabetes care and outcomes for Latino patients. To that end,
our measure may ultimately provide researchers, clinicians,
and educators with useful information regarding the numeracy
skills of their Latino diabetes patients that they can then use to
tailor educational instructions surrounding self-care.

Table 1. Patient Characteristics

na Valueb

Demographic variable
Age (years) 149 47.8 – 12.1
Gender 150

Female 93 (62)
Nationality 150

Mexico 117 (78)
El Salvador 12 (8)
Honduras 6 (4)
Puerto Rico 6 (4)
Guatemala 4 (3)
Peru 2 (1)
Colombia 1 (0.7)
Panama 1 (0.7)

Diabetes type 148
Type 2 128 (87)
Unsure 15 (10)
Type 1 5 (3)

Time since diagnosis (years) 147 4.0 (2.0, 9.0)
Education 148

< High school 83 (56)
Some high school 25 (17)
High school graduate 27 (18)
Some college or beyond 13 (9)

Household income 141
< $10,000 65 (46)
$10,000–19,999 56 (40)
$20,000–39,999 20 (14)

Insurance status 149
Uninsured 121 (81)

Insulin use 149
Yes 41 (28)

Previously received diabetes
education

146

Yes 73 (50)
Clinical variables

Current HbA1c (%) 147 8.1 – 2.3
BMI (kg/m2) 144 31 – 7.2
LDL (mg/dL) 137 110 – 38.3

Participant skills
S-TOFHLA raw scorec 149 24.1 – 10.1
Health literacy based on

S-TOFHLA
149

Inadequate 32 (21)
Marginal 22 (15)
Adequate 95 (64)

WRAT-4
Standard score 145 75.2 – 9.5
Math grade equivalent 145

4th grade or less 108 (72)
5th–7th grade 33 (22)
8th–12th grade 4 (3)

DNT-15 Latino (% correct) 149 26.4 – 18.9
Time to complete DNT-15

Latino (min)
144 23.0 – 10.2

Participant behaviors
SASH average score 144 1.5 – 0.60
Acculturation level 144

Low 138 (96)
PDSMS (self-efficacy)d 142 22.8 – 6.4
SDSCA (days)

General Diet Score 146 3.5 (1.4, 5.0)
Exercise Score 147 2.0 (0.5, 3.5)

(continued)

Table 1. (Continued)

na Valueb

Blood Glucose Monitoring 147 1.5 (0.0, 5.5)
Foot Care 146 3.5 (1.8, 7.0)
Medication Adherence Score 147 7.0 (4.0, 7.0)

an is the number of non-missing values.
bMean – SD, median (interquartile range), or n (%).
cScore range 0–36.
dScore range 0–40.
BMI, body mass index; DNT-15, Diabetes Numeracy Test-15;

HbA1c, glycosylated hemoglobin; LDL, low-density lipoprotein;
PDSMS, Perceived Diabetes Self-Management Scale; SASH, Short
Acculturation Scale for Hispanics; SDSCA, Summary of Diabetes
Self-Care Activities; S-TOFHLA, Short Test of Functional Health
Literacy in Adults; WRAT-4, Wide Range Arithmetic Test, version 4.
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Overall, our study contributes positively to the growing
number of studies focusing on health literacy and numeracy
in diabetes care. We provide validation of a new Spanish in-
strument that measures the array of numeracy skills required
for Latino patients with diabetes. This instrument may be
used to evaluate the unique influence of diabetes-specific
numeracy on diabetes outcomes. Finally, we have identified a
positive association between diabetes-specific numeracy and
acculturation and have begun to explore the role of numeracy
on self-care behaviors and glycemic control in this vulnerable
population. To better understand the role of health literacy

and numeracy in diabetes education, we have developed a
diabetes educational program culturally tailored to Latinos
with limited health literacy and numeracy skills that accounts
for low levels of acculturation. We are currently evaluating
this program in a quasi-experimental pre–post design.
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