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OBJECTIVE | Diabetes knowledge is associated with health, including lower A1C levels. The Diabetes Knowledge Ques-
tionnaire (DKQ-24), developed 30 years ago for Mexican Americans with type 2 diabetes and since used with diverse
samples in many countries, contains outdated items that no longer accurately assess current knowledge needed for di-
abetes self-management. We revised the DKQ-24 and tested psychometric properties of the DKQ-Revised (DKQ-R)
with a diverse sample.

METHODS | We conducted a five-phase instrumentation study as follows: 1) DKQ-24 items were revised to reflect current
diabetes care standards; 2) the Delphi method was used to evaluate the DKQ-R’s content validity (n = 5 experts); 3)
cognitive interviews were conducted with people with type 2 diabetes (n = 5) to assess their interpretations of DKQ-R
items; 4) cross-sectional administration of the DKQ-R to adults with type 2 diabetes was carried out to assess internal
consistency reliability and convergent validity; and 5) an item analysis was conducted using discrimination index and
point biserial analysis.

RESULTS | After receiving the experts’ feedback and conducting the cognitive interviews, 39 items were administered to
258 participants with type 2 diabetes (42.2% women; 29.1% Latino, 42.6% Asian, mean age 55.7 years). To select
the final items, we considered the item discrimination index, as well as item-to-total correlations, content area, and
participant feedback. The final 22-item DKQ-R uses the same yes/no/l don't know response format as the DKQ-24.
The DKQ-R is strongly correlated with the DKQ-24 (r=0.71, P<0.01) and is weakly correlated with diabetes numer-
acy (r=0.23, P <0.01), indicating adequate convergent validity; a Kuder-Richardson-20 coefficient of 0.77 indi-
cated good reliability.

CONCLUSION | The DKQ-R is a reliable and valid updated measure of diabetes knowledge for diverse populations with
type 2 diabetes.

In the United States, an estimated 373 million people have needed for effective diabetes self-management (e.g., self-effi-

diabetes, representing 11.3% of the population (1), and diabe-  cacy), having knowledge about diabetes is essential (6,7) and
is associated with improved health outcomes, including lower

AIC levels (6,7).

tes prevalence is expected to increase in the coming decades
(2). To avoid diabetes-related complications (e.g., nephropa-

thy, retinopathy, stroke, myocardial infarction, neuropathy, .. often-used and well-known measure of patients’ diabe-

and amputations), patients must keep their blood glucose
levels within a therapeutic range. Doing so requires multiple
and complex self-care behaviors such as following a healthy
eating plan, engaging in sufficient physical activity, being
aware of symptoms, performing routine foot care, monitor-

ing glucose levels, and taking medications (3-5).

Effective diabetes care starts with patients having sufficient
knowledge about diabetes and typical diabetes management
regimens (6). Although other qualities and expertise are
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tes knowledge is the Diabetes Knowledge Questionnaire
(DKQ-24) that was developed to measure Mexican American
patients’ knowledge about diabetes and its management in
the Starr County Diabetes Education Study, a randomized
controlled trial of a community-based educational interven-
tion (8).

Unlike other diabetes knowledge tests such as the Michigan
Diabetes Knowledge Test (9), the DKQ-24 does not include
questions about the use of insulin as medication because
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most people with type 2 diabetes are not prescribed insulin
to control their glucose levels and would not have received
education about insulin dosing or side effects. Therefore,
questions about insulin as a medication would not accu-
rately reflect the majority of patients’ diabetes knowledge,
nor would they identify gaps in education that need to be
addressed.

The DKQ-24 differs from other knowledge tests in its use of a
true/false response format with yes/no answer options rather
than multiple-choice options, which can be difficult to answer
for people with low literacy levels (9,10). Thus, the DKQ-24 is
more accessible to people with low literacy. The DKQ-24 items
consist of a short statement to which the patient responds
“yes,” “no,” or “I don’t know.” Items are checked against an
answer key and recoded as correct or incorrect. “I don't know”
is scored as incorrect. Correct responses are tallied, and a
summed score is produced that can be converted to a percent-
age of correct responses (11). The DKQ-24 was shortened from
64 to 24 items in 1998 after psychometric testing (11). Since
then, the DKQ-24 has been cited more than 440 times, trans-
lated into more than 30 languages, and used by clinicians and
researchers throughout the world. As of now, it is still being
used by researchers. The DKQ-24 has been a valid measure of
changes in patients’ knowledge about diabetes before and af-
ter receiving diabetes self-management education or as a
point-in-time assessment of patients’ diabetes knowledge (11).

In the 30 years since the DKQ-24 was developed, there have
been many advancements in knowledge about diabetes and
strategies for its management. Thus, some items on the DKQ-24
are no longer appropriate indicators of patients’ knowledge
about diabetes or diabetes care. For example, the item, “The
best way to check my diabetes is by testing my urine” (8,11),
for which the correct response was “no,” reflects the standard
of care in the early 1990s, before fingerstick blood glucose
monitoring became common (12). Furthermore, the DKQ-24
contains several items that refer to a person with diabetes as
a “diabetic” (8,11), which is not consistent with today’s person-
centered professional standards. These standards recognize
that a person has a disease but is not only a diseased person
(13). Moreover, some of the items in the DKQ-24 are “double-
barreled,” asking about two concepts within a single item,
which is potentially confusing and could result in the item be-
ing scored as incorrect if the respondent knew part but not
all of the content (14). Some DKQ-24 items are worded as
double negatives, such as, “Eating sugar and other sweet
foods is not bad for diabetics,” which requires the respondent
to think, “No, it is bad.” Double negatives are confusing to
both participants and response recorders, who might write
the response as “no” without taking into account that the re-
spondent actually meant to answer “yes” (14).
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Although the DKQ-24 is reliable, valid, easy to administer,
appropriate for people with low literacy levels, and widely
used, its items needed to be reformatted and updated to
reflect current standards. This article describes the steps
taken to update this crucial instrument and test psycho-
metric properties of the revised version. The goal of this
instrumentation study was to retain successful elements
of the DKQ-24, while creating a reliable, valid, and suc-
cinct measure of diabetes knowledge needed for effective
self-management that would be appropriate for patients
from diverse racial and ethnic backgrounds and with low
literacy.

Research Design and Methods

This instrumentation study was conducted in five phases: 1)
revision of the DKQ-24 items to reflect current diabetes care
standards and best practices for writing items; 2) use of the
Delphi process to evaluate content validity of the revised
questionnaire (DKQ-R) by five experts; 3) cognitive inter-
views with five participants with type 2 diabetes to assess
their interpretation of DKQ-R items, leading to further revi-
sions; 4) cross-sectional administration of the DKQ-R with a
sample of racially and ethnically diverse adults with type 2
diabetes to assess internal consistency reliability and conver-
gent validity; and 5) item analysis using discrimination index
and point biserial analysis to select the best items. The meth-
ods reflect coronavirus disease 2019 (COVID-19) protocols
and restrictions in place for patient and research staff safety.

Phase 1: Revision of DKQ-24 Items

The research team, composed of clinicians with expertise in
diabetes care and education and researchers with expertise in
survey development, reviewed and discussed the DKQ-24
items, coded them by topic, noted their relevance to diabetes
care, and identified problems with item wording. The DKQ-24
included items about basic diabetes pathophysiology, which
was considered good to know but unnecessary for effective di-
abetes self-management; thus, those items were eliminated.
Gaps in self-management topic areas were identified and new
questions were generated by research team members. Atten-
tion was taken to make items with as few words and syllables
as possible to lower the reading level, consistent with guide-
lines for respondents with low literacy (15). The research team
deliberated on each newly generated or reworded item. At the
end of phase 1, the newly developed DKQ-R contained 62
items, many purposefully redundant, to be tested in subse-
quent phases so that, ultimately, the final DKQ-R would con-
tain a relatively equal number of true/false items covering all
diabetes self-management behaviors.
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Phase 2: Evaluation of DKQ-R Validity

A Delphi study is a systematic process for a panel of experts to
achieve consensus (16). Five experts in diabetes care (a senior
nurse researcher, a registered nurse, an advanced practice
clinical nurse specialist, a certified diabetes care and educa-
tion specialist, and an endocrinologist) from different institu-
tions who were not part of the research team were invited to
provide feedback on DKQ-R items. Experts were offered $100
for each round of review. The experts provided feedback in
two rounds of the Delphi process, with refinements made af-
ter each round. The experts agreed that the 39 revised items
covered the breadth and depth of diabetes knowledge re-
quired for patients’ diabetes self-management.

Phase 3: Cognitive Interviews

After the study was approved by two university institutional
review boards, the DKQ-R was administered in one-on-one
cognitive interviews to five adults with type 2 diabetes re-
cruited via convenience sampling from a community-based
clinic. Cognitive interview participants received $25 for their
participation. Cognitive interviews are recommended by the
National Center for Health Statistics as a way of exploring
how respondents interpret test questions and derive re-
sponses (17). Thus, data from cognitive interviews consists of
respondents’ narrative statements about what they thought
of the item, notes about whether the respondents seemed to
struggle with the item wording or content, and participants’
responses to the item itself. Two authors (J.A.Z. and Y.-C.H.)
used a semistructured interview guide to conduct the inter-
views via computer videoconferencing. The researchers read
each question to participants and asked them to say what the
question meant in their own words or to explain what they
understood about the question. The interviewees were also
asked to describe how they came up with their answers to the
questions. After five interviews, participants’ feedback was
consistent, reaching saturation. After compiling responses
into a spreadsheet, the research team revised some items for
clarity and eliminated several items based on redundancy or
participants’ negative experiences with the items. At the end
of phase 3, the DKQ-R consisted of 39 items covering the
breadth of self-care behaviors.

Phase 4: Assessment of Reliability and Validity in a
Diverse Sample

We conducted a cross-sectional online survey to administer
the DKQ-R and evaluate its psychometric properties. Eligible
participants were adults =18 years of age who were diagnosed
with type 2 diabetes and were able to read, comprehend, and
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respond to questions in English, Spanish, or Mandarin
Chinese.

The study was advertised through Facebook; the University of
California, San Francisco, Collaborative Approach for Asian
Americans, Native Hawaiians, and Pacific Islanders Research
and Education research participant registry; churches in two
adjacent cities; and a research recruitment company. People in-
terested in the study contacted the researchers (J.A.Z. and
Y.-C.H.) by e-mail, and the researchers provided information
about the study’s purpose and screened potential participants
against the inclusion criteria. This type of recruitment can re-
sult in bias against individuals with low computer literacy.
However, at the time of data collection, we were unable to re-
cruit participants from clinics because of COVID-19 pandemic
restrictions, which did not allow research team members in
clinic waiting rooms.

Recruited individuals who were identified as eligible for the
study were sent a link to an online survey. After logging on, re-
spondents completed screening questions that confirmed their
eligibility, documented informed consent, and proceeded with
the survey. To prevent fraudulent responses, researchers al-
lowed only one survey for each Internet protocol address and
examined geolocations, time to complete the survey, and
e-mail addresses to ensure that they were logical. Responses
from Internet robots (bots) were identified by their similar
e-mail addresses and geolocation information and extremely
fast completion times. Survey responses that followed such pat-
terns were excluded. Additionally, the survey included atten-
tion check questions with obvious answers to minimize bot
responses. For example, a question might ask, “Please select ‘1
don’t know’ as the answer for this question.” Human respond-
ents were expected to answer the question correctly, and an
incorrect answer might result in exclusion from analysis. Partic-
ipants completed the 20-minute survey in English, Spanish, or
Mandarin Chinese and received a $25 electronic gift card for
completing it.

Instruments

The DKQ-R and other study measures were translated from
English to Mandarin Chinese and back-translated from
Chinese to English by two separate translators who were na-
tive speakers and had graduate degrees in health care fields.
The second author (Y.-C.H.) reviewed the final translations
to compare the original English to the back-translated En-
glish versions to ensure that the items were conceptually
equivalent. The instruments were translated into Spanish by
a professional, certified, native-speaking translator who pre-
served conceptual equivalence (18). The first and senior
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authors (J.AZ. and A.A.G.) reviewed the Spanish version for
equivalence to the English version.

Demographic and clinical data included participants’ self-
reported age, sex, race/ethnicity, marital status, education level,
time since type 2 diabetes diagnosis, prescribed diabetes medi-
cations, and diagnosis with any of the following nine medical
conditions commonly experienced by people with diabetes
and older adults: hypertension, heart disease, stroke, cancer,
arthritis, hepatitis, kidney disease, asthma, and chronic ob-
structive pulmonary disease (19).

The DKQ-24 was administered for comparison with the
DKQ-R. The DKQ-24 comprises 24 questions about basic dia-

» «

betes knowledge, with response choices of “yes,” “no,” and “I
don’t know.” Responses are checked against an answer key
and scored as correct or incorrect. Total scores range from o
to 24. Higher scores indicate more diabetes knowledge (11).
The DKQ-R consisted of 39 questions after phase 3. The re-
sponse options matched the original DKQ-24. With more

items, the sum of correct scores could range from o to 39.

A five-item version of the Diabetes Numeracy Test (the
DNT-5) was administered so that a correlation could be cal-
culated to assess for convergent validity with the DKQ-R. Di-
abetes numeracy refers to arithmetic skills such as addition,
subtraction, multiplication, division, fractions, and decimals,
as well as numerical hierarchy, inference skills, and multistep
calculations that patients use in diabetes self-management
(20). The DNT-5's items were selected from the longer
15-item DNT-15 (20) and are formulated as word problems re-
lated to diabetes treatment. A sample question is, “1/2 cup of
potatoes counts as 1 carbohydrate choice. How many choices
does 2 cups of potatoes count as?” (20). Because the majority
of patients with type 2 diabetes are treated with oral medica-
tions rather than insulin (21), we substituted an item about
insulin dose calculation with one about oral diabetes medica-
tion. Each correctly answered question received a score of 1;
total scores range from o to 5. Higher total scores indicate
greater diabetes-related numeracy (21).

Phase 5: Item Analysis

All data analyses were performed using IBM SPSS Statis-
tics, v. 26, software. Two-tailed P values =<0.05 determined
significance. In addition to descriptive analyses, Pearson
correlations were conducted to assess convergent and
construct validity among the DKQ-24, DKQ-R, and DNT-5
total scores. The Kuder-Richardson Formula 20 coefficient
was used to assess internal consistency reliability for the
DKQ-24 and DKQ-R (22). Discrimination indices (ranging
from +1 to —1) indicate how much a correct response on an
item correlates with scores on the overall scale. Items with
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negative or zero discrimination scores do not contribute to
the overall test score. Positive item discriminations are desir-
able, but a discrimination index close to 1.0 implies that the
item may be duplicative of other items on the test (23). We
used Truman Kelley’s “27% of sample” group size rule to
compute the discrimination index as the number of correct
responses on the item in the low-scoring 27% of the sample
subtracted from the number of correct responses on the
item in the high-scoring 27% of the sample, dividing the dif-
ference by the sample size. Discrimination indices of =0.4
are regarded as highly discriminating and those <o.2 as
minimally discriminating (24). We examined point biserial
correlations, which are measures of item-to-total score corre-
lation. Similar to the discrimination index, item-to-total cor-
relations are indications of item difficulty. Scoring correctly
on an individual item should correspond to the total score;
higher correlations (point biserial correlation >0.25) signify
that people who responded correctly to the item scored
higher on the total questionnaire (25-27). We also considered
the percentage of correct responses on each item as a mea-
sure of difficulty (23), item content area, and participants’
subjective feedback. A Flesch-Kincaid reading ease score
was calculated for the English version to test readability by
assessing the number of syllables for words and the number
of words per sentence. The readability score equates to
school grade levels 1-12 (28). The Fernandez Huerta calcula-
tor, adapted from the Flesch-Kincaid formula, was used to
assess readability of the Spanish version. Scores can range
from o to 100, with higher scores indicating greater reading
ease; scores were converted to school grade reading levels
for comparison with the English version (29).

Results

The sample included 258 participants from diverse racial and
ethnic groups (23% non-Hispanic White, nearly 4% Black,
29% Latino, nearly 43% Asian, and 1% Native Hawaiian or
Native American) (Table 1). About two-thirds were foreign-
born. More than half took the survey in English, one-fourth
in Spanish, and one-fifth in Mandarin Chinese. Participants
were, on average, 56 years of age, and more than half were
women and married or partnered with a significant other.
Most participants were highly educated and had both med-
ical and dental insurance. Three-fourths of the participants
reported that their income met their family needs. The av-
erage length of participants’ diabetes duration was 11 years.
Nearly all participants took oral antidiabetic medication,
about one-third were prescribed insulin, and one-fourth
used noninsulin injectable medications. Most participants
had =1 (mean 1.48 * 1.26) comorbid chronic conditions,
with hypertension (60.5%), arthritis (28.5%), and kidney
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TABLE 1 Descriptive Characteristics of Sample (N =

258)
Variables Mean + SD or % Range
Ethnicity/race
Non-Hispanic White 23.3 -
Black 3.9 —
Latino 29.1 -
Asian 42.6 -
Native American or Native Hawaiian 1.2 -
Foreign born 64.0 -
Age, years 55.71 + 11.55 22-83
Female sex 57.8 -
High school or greater education 93.4 -
Married or with a significant other 62.0 -
Income met family need 76.3 -
With health insurance 89.8 -
With dental insurance 64.2

Duration of diabetes, years 11.04 + 9.26 0-42

Diabetes treatment methods

Oral medication 93.7 —
Insulin 34.1 -
Noninsulin injectable medication 24.5 -

Number of comorbidities 1.48 + 1.26 0-5
problems (15.5%) having the highest prevalence. The mean
score for the DKQ-24 was 17.7 * 3.5 (73.8%). The mean score
for the DNT-5 was 3.7 + 1.3.

The Flesch-Kincaid reading ease score indicated a sixth-grade
reading level for the English version (28). The Fernandez,
Huerta calculator score was 76.01, indicating a somewhat easy
reading level (about a seventh-grade level) (29). The tally of
correct scores on the DKQ-R ranged from 40.7 to 95%. We
analyzed DKQ-R items in each language and retained items
that discriminated well in all three languages. We selected
one or two items that were most discriminating among the
several for each topic.

Every point biserial correlation was in the expected direction
and >o0.25. The range of discrimination indices was 0.13-0.67.
Two items had a discrimination index <o0.2: items related to
the need for an annual eye exam and those about the accept-
ability of eating sugar-free foods, which scored o.13 and 0.16,
respectively. Those items were retained because of their im-
portance to diabetes self-management. Diabetes educators
and clinicians need to identify patients who lack foundational
knowledge about preventing diabetes-related complications.
Seventeen other items had low discrimination indices (<0.20)
across the three language versions. Those 17 items were re-
moved, leaving a final total of 22 items. Fifteen items in the fi-
nal DKQ-R had a discrimination index >0.40, indicating very
good discrimination (Table 2) (24).
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The Kuder-Richardson Formula 20 coefficient for the 22-
item DKQ-R was 0.77, and reliability coefficients were
similar among English, Spanish, and Chinese versions, at
0.80, 0.72, and 0.75, respectively. The DKQ-R was strongly
correlated with scores on the DKQ-24 (r = 0.71, P <0.001)
and positively correlated with scores on the DNT-5 (r =
0.23, P <0.001) and with education level (r = 0.19, P <0.01)
(Table 3).

The range of total correct DKQ-R scores was 40.7-95.0%
(Table 2). The three items with the most correct responses
(i.e., least difficult items) were about the need to have an an-
nual eye exam (95% correct), the ability of high glucose lev-
els to damage the kidneys (94.2%), and the amount of fiber
in white bread compared with whole-wheat bread (90.7%).
The three items with the most incorrect responses (i.e., most
difficult items) were about the symptoms of high blood glu-
cose (59.3% scored incorrectly), the meaning of an AIC level
(46.5% incorrect), and whether it is safe for people with dia-
betes to wear flip-flop shoes (42.3% incorrect).

Discussion

The purpose of this five-phase instrumentation study was to
revise the DKQ-24 such that items were consistent with cur-
rent diabetes self-management standards, item development
followed best practices, and the revised questionnaire was re-
liable and valid with a racially and ethnically diverse sample.
After a methodical process of developing and pilot-testing
items, we translated the DKQ-R into three of the most com-
mon languages used in the United States (30) and adminis-
tered it in an online survey to 258 adults with type 2 diabetes.
From the pool of 62 possible items, 22 items that cover high-
priority content for diabetes self-management as recom-
mended by the American Diabetes Association (ADA) (5)
were selected based on adequate response discrimination
and item-total correlations.

The DKQ-24 was developed for Spanish- or English-speaking
Mexican Americans with type 2 diabetes living along the
U.S.-Mexico border (8). The DKQ-R was developed to meet
the need for a reliable and valid diabetes knowledge ques-
tionnaire for a more diverse patient populaton. The DKQ-R’s
22 jtems discriminated well and were internally consistent in
English, Spanish, and Mandarin Chinese. Some items were
included in the DKQ-R even if the majority of participants
answered them correctly because the content was deemed
important for all people with diabetes.

DKQ-R items are written with as few words and syllables
as possible to reduce their reading difficulty. The DKQ-R
attained a sixth-grade reading level, as indicated by its
Flesch-Kincaid score. The grade level would have been
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TABLE 2 Items, Answer Key, Correct and Incorrect Responses, Discrimination Index, and Item-to-Total Correlations

on DKQ-R (N = 258)

Answer Correct Incorrect Discrimination Item-to-Total

DKQ-R Item Key Responses, % Responses, % Index Correlation*®

The body needs insulin to use the sugar that a Yes 77.9 22.1 0.37 0.37
person eats.

When someone has diabetes, their children are Yes 76.0 24.0 0.34 0.34
more likely to get diabetes.

A fasting blood glucose level of 100 is too low. No 88.8 11.2 0.31 0.50

People with high glucose have problems with Yes 89.9 10.1 0.31 0.43
blood circulation in their legs.

People with high glucose can have damage to the Yes 94.2 5.9 0.21 0.51
kidneys.

Shaking and sweating are signs of high blood No 40.7 59.3 0.59 0.41
glucose.

It is safe for people with diabetes to wear flip No 57.8 42.3 0.47 0.40
flops.

Vaccines are highly recommended for people with Yes 74.8 25.2 0.43 0.40
diabetes.

People with diabetes should see the dentist twice Yes 75.6 24.5 0.40 0.36
a year.

Frequent urination and thirst are signs of low No 62.8 37.2 0.67 0.56
blood glucose.

A person with diabetes can eat as much as they No 86.8 13.2 0.16 0.27
want if it is sugar-free.

A1C measures a 3-month average of blood Yes 82.2 17.9 0.36 0.46
glucose levels.

After eating lunch, a glucose level of 200 is too low. No 88.0 12.0 0.31 0.49

Stress lowers blood glucose levels. No 81.0 19.0 0.39 0.50

Smoking will raise the chances of diabetes Yes 81.0 19.0 0.43 0.49
complications.

People with diabetes should increase the amount No 69.4 30.6 0.49 0.44
of trans-fat in their diets.

An A1C of 120 is good No 53.5 46.5 0.59 0.44

Someone with diabetes is more likely to get heart Yes 88.8 11.3 0.30 0.46
disease.

Feeling angry can raise blood glucose levels. Yes 65.9 34.1 0.47 0.41

Cooking with lard is healthier than cooking with No 81.0 19.0 0.31 0.39
vegetable oil.

People with diabetes should have their eyes Yes 95.0 5.1 0.13 0.36
checked every year.

White bread has more fiber than whole-wheat bread. No 90.7 9.3 0.23 0.36

*Each item was significantly correlated to the total DKQ-R (P <0.001).

lower given the numbers of syllables and words per sen-
tence (28) except for the frequent use of the four-syllable
word “diabetes” Had a single-syllable synonym for
“diabetes” been available in English, the Flesch-Kincaid
score would have indicated a fifth-grade reading level. The
Fernandez Huerta calculation indicated a similar level of
difficulty for the Spanish-language version. The DKQ-R can
be read aloud, either in one-on-one interviews or using
read-aloud software, for people with lower reading levels.
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Higher scores on the DKQ-R indicate more diabetes knowl-
edge. Cutoff scores representing adequate diabetes knowl-
edge have not been set. The range of correct scores on the
DKQ-24 with Mexican Americans in the Starr County
Diabetes Education study was 14-96% (11). The range of
correct scores for the DKQ-R in this study was less vari-
able (40.7-95%). Future studies could compare the
change in scores before and after diabetes education and
intervention.
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TABLE 3 Correlations Between the DKQ-R, DKQ-24,

DNT-5, and Education Level

DKQ-R DKQ-24 DNT-5
DKQ-R 1.0
DKQ-24 0.71% 1.0
DNT-5 0.231 0.231 1.0
Education level 0.19* 0.20%* 0.48

*P <0.01. P <0.001.

The number of correct responses on the DKQ-R com-
pared with the DKQ-24 is likely higher because our sam-
ple was well educated; nearly all participants had at least
a high school education. Education level is correlated
with DKQ-R scores. It is possible that we recruited a sam-
ple with high levels of education because the survey was
administered online, and people with more education
may have more computer literacy or resources to access
online surveys. With a less literate sample, the DKQ-R
could be administered in person, eliminating the need for
computer access (II).

It is to be expected that samples with less formal educa-
tion would be less likely to answer knowledge test items
correctly because people with more formal education are
more experienced in completing knowledge tests and
may have acquired information about diabetes informally
in the education setting. It is likely that scores on the
DKQ-R would also correlate with having recent diabetes
education or frequent contact with diabetes care pro-
viders; however, we did not collect those data.

Almost all of the items discriminated those who scored well
from those who did not. Discrimination indices were >0.20
for all but two items, and nine items had discrimination in-
dices >0.40, indicating that they were highly discriminating
items (24). All of the items were well correlated with total
scores, another indicator of discrimination. Three items
were retained in the DKQ-R despite having a discrimination
index <o0.2 or being answered correctly by >94% of the par-
ticipants. These items were retained because they represent
essential content for diabetes self-management and preven-
tion of diabetes-related complications (5). It is possible that
people with less formal education or less diabetes education
would score lower on these items.

Nearly all participants in our study correctly answered
items about the need to have an annual eye exam, the
ability of high glucose levels to damage the kidneys, and
the relative amount of fiber in white bread compared
with whole-wheat bread. It is possible that most people
with diabetes would be familiar with this content, having
learned it from their health care providers or through
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informal channels such as mass media (e.g., magazines,
television, or social media campaigns) or from family and
friends.

Our participants were much less likely to respond correctly
to questions about symptoms of high blood glucose, whether
an AIC level of 120 was good, and whether it is safe for peo-
ple with diabetes to wear flip-flop shoes. We purposely wrote
the item about an A1C level of 120 because people often mis-
take AIC for blood glucose levels. Responding that an A1C
level of 120 is good shows a clear knowledge deficit regarding
the difference between AIC and blood glucose levels. Of the
four AIC questions tested, this item was the most discriminat-
ing. Although participants answered these four items incor-
rectly, they may have previously discussed these topics with
health care providers without retaining the information. Fur-
thermore, content about AIC levels or about types of foot-
wear is less likely to be conveyed in mass media messages.
According to our item developers and Delphi process ex-
perts, these are areas of confusion for people with diabetes.

Another consideration regarding which items received the
most correct or incorrect responses is the format of the re-
sponse options. The DKQ-R response choices are “yes,” “no,”
and “I don’t know.” Respondents’ answers are compared with
an answer key before the items are recoded for analysis as
correct or incorrect. The response “I don’t know” is always
coded as incorrect. Including “I dont know” as a response
choice lessens the chance of choosing the correct response
by chance and is a strength of the DKQ-R (23,25,31). By design,
the number of items for which the correct response is “yes”
is equal to the number for which the response is “no.” The
correct response for the three items most often answered in-
correctly was “no,” perhaps because some respondents may
be biased against choosing “no” as a response (32). This may
be a limitation of the response choice format compared with
a multiple-choice format. However, multiple choice tests are
more burdensome to test-takers and especially to those with
lower literacy levels (23).

Based on the improvements in the item wording and con-
tent and the evidence for its reliability and validity, clinicians
and researchers should adopt the DKQ-R and discontinue
using the DKQ-24. Clinicians can use the DKQ-R to quickly
assess patients’ knowledge and identify gaps to be addressed
as part of diabetes education. The 22-item DKQ-R takes par-
ticipants <20 minutes to complete, and scoring it is simple.
The questions are in line with diabetes self-management be-
haviors outlined by the ADA (5). Clinicians could use either
missed items or total score to tailor education or use the in-
strument as a pre-/post-test to assess diabetes education
classes.
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Despite the research team’s stringent standards to maintain
rigor in the study, there are some possible limitations to the
findings. Collection of online survey data are associated with
a risk of interference by bots or by one person taking the
survey multiple times, presumably for the $25 electronic gift
card incentive. A protocol was created to ensure that inaccu-
rate data were excluded uniformly, and this process included
confirmation of inclusion of participants by two research
team members. Consensus did not need to be reached; if ei-
ther research member believed the survey was taken using a
fake account, it was excluded from analysis. As part of the
protocol, participants’ responses were checked for unique-
ness. For example, one bot wrote the wrong answer with the
same incorrect spelling across all of its responses, and all of
those surveys were excluded. Although the process was rig-
orous, it is possible that some participants did not answer
truthfully (e.g., that they did not actually have diabetes) or
did not answer mindfully. Additionally, using online meth-
ods to recruit participants and collect data resulted in the
enrollment of a relatively very well-educated sample. It is
possible that participants with lower education and income
levels would perform differently on the DKQ-R. Therefore,
future research should test the DKQ-R in samples with
lower education and income levels and shorter durations of
diabetes.

The DKQ-24 was strongly correlated with A1C, which added
additional evidence for its validity based on the assumption
that people with more knowledge of diabetes would have
better glycemic control (11). However, in this study, we were
unable to collect blood samples because of COVID-19 pan-
demic restrictions and the need for socially distant online re-
cruitment and data collection. Thus, evidence for validity
would be strengthened through future research demonstrat-
ing a relationship between DKQ-R score and AIC. Addi-
tional validity evidence could be gathered by using the
DKQ-R as a pre-/post-test measure of diabetes education. If
scores change significantly in the expected direction com-
pared with people randomly assigned to a waitlist or control
group, DKQ-R administrators could have more confidence
in its usefulness.

Conclusion

The DKQ-R is an updated, reliable, and valid measurement of
diabetes knowledge available in three languages for use with
adults of different races and ethnicities who have type 2 diabe-
tes. The revised instrument and answer key are shown in
Table 2 and can be used without an access fee. Clinicians
and researchers should begin to use the DKQ-R in place of the
1998 DKQ-24 to quickly assess patients’ diabetes knowledge
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and identify gaps to be addressed with diabetes self-management
education.
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