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ABSTRACT

Background: Diabetes Mellitus (DM) affects 12.3% of the U.S. population and is responsible for $245 billion in annual costs.
Knowledge about their disease is an important part of patients’ self-management.
Objective: The objective of this study was to describe the baseline level of knowledge of patients with diabetes in this emergency
department (ED), including behaviors related to healthy eating such as carbohydrate counting (CC).
Methods: This was a cross sectional interview survey conducted at an academic tertiary center. An 8-item survey was developed
to assess areas of diabetes self-care and carbohydrate knowledge. Trained research assistants approached all medically stable,
non-pregnant ED patients with a past medical history of diabetes for participation. Descriptive statistics and ANOVA analysis
were used.
Results: Of the 115 patients approached, 98 were willing to participate; 54% were using insulin and 68% were female. The
average age was 55 (SD +/- 14) years and diagnosed for an average of 12 (SD +/- 10) years. Fifty three percent did not check their
morning blood sugar. Only 20% could accurately state the target hemoglobin A1c. While 48% of participants could relate the
importance of carbohydrates to blood sugar, only 5% could state the number of grams of carbohydrates in a slice of bread. Only 1
participant correctly answered all 4 of the carbohydrate questions. Higher education and more visits with a nutritionist were
associated with carbohydrate knowledge.
Conclusions: Carbohydrate knowledge among this ED population was poor. Opportunities exist for patient education.

Key Words: Diabetes knowledge, Carbohydrate knowledge, Emergency department patient, Diabetes self-management
education and training

1. INTRODUCTION
Diabetes has become one of the fastest growing health epi-
demics in the U.S. According to the Centers for Disease
Control and Prevention, diabetes currently affects 29 million
individuals or 12.3 percent of the US population over the age
of 20, with 3.5% being undiagnosed. This statistic consists
of 1.7 million people ages 20 years or older newly diagnosed

in 2012 alone. The financial burden to treat the disease is
just as staggering with diabetes responsible for $245 billion
in direct and indirect costs in the U.S. in 2012.[1] Diabetes a
commonly encountered diagnosis in the emergency depart-
ment (ED), accounting for 9.4% of all adult ED visits.[2]

Using the National Hospital Ambulatory Medical Care Sur-
vey (NHAMCS) data, Asao et al. noted that diabetes among
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patients visiting the EDs, diabetes related hospitalizations,
and diabetes related deaths are likely underreported.[1, 3] Dia-
betes is often missed when a patient makes an ED visit, and
may have indirectly affected the ED visits.[3] A study by
Menchine et al. noted a 14% undiagnosed diabetes preva-
lence rate and 42% suboptimal glycemic control for those
with known diabetes at their urban ED.[4]

Numerous studies indicate that better glycemic control, de-
termined by glycosylated hemoglobin A1c (Hb A1c), re-
duces the risk of microvascular and macrovascular compli-
cations.[5–9] Precision and knowledge with carbohydrate
counting (CC), as well as health literacy is associated with
lower A1c values.[9–15] Studies, mostly from primary care
settings, have shown low knowledge about diabetes and gen-
eral health, contribute to poorer diabetic outcomes.[9, 12, 14]

Diabetes self-management education and training (DSME),
supported by the American Diabetes Association as well
as the American Association of Clinical Endocrinologists,
is a critical component of care for people with diabetes.[16]

The National Standards for Diabetes Self-Management Ed-
ucation and Support define DSME as an ongoing process
to facilitate the knowledge, skills, and abilities needed for
diabetic self-care by DSME trained providers (i.e. diabetic
educator such as a registered nurse, nutritionist, etcetera).[17]

The seven key areas that self-care focus on include healthy
eating, being active, monitoring blood sugars, medication
adherence, problem solving for diabetes control, healthy cop-
ing, and reducing risks of complications.[18] While healthy
eating incorporates many aspects, CC is one of the tools that
may be needed, depending on an individual’s goals.[9] The
approach used in diabetes education is not only education
of the patient but also the integration of techniques that pro-
mote effective self-management, such as goal setting and
follow up.[18, 19] Currently, only 6.8% of privately insured
people newly diagnosed with diabetes in the United States
received DSME within the first 12 months. The age adjusted
proportion of diabetic adults having ever attended a diabetes
education class is just 57%.[19]

The objective of this study was to describe the baseline level
of knowledge of patients with diabetes in this ED, including
behaviors related to healthy eating such as CC.

2. METHODS

2.1 Study design

This was a cross sectional interview survey study of a con-
venience sample of adults presenting to an urban, academic
emergency department during a four-week timeframe.

2.2 Study setting and population
This study was conducted at a Level I trauma and tertiary
care referral center in the Midwest with an annual volume
of approximately 36,000 and admission rate of 30%. The
center is located in an urban area with a racial/ethnic mix of
African American (50%), Caucasian (46%), and other (4%)
and a poverty rate of 27.8% as defined by the federal poverty
level.[20] The prevalence of diabetes within the state coun-
ties served by the institution varies from 10.9%-11.5%.[21]

All surveys were administered in December 2011. After
an initial medical screening to assess acuity and history of
insulin dependent or non-dependent Diabetes Mellitus (DM),
patients age 18 years and older who self-reported the ability
to read, write, and understand English were invited to par-
ticipate. Exclusion criteria included the critically ill, acute
psychiatric conditions (such as homicidal/suicidal ideation),
altered mental status from any cause, language barriers, or
attending physician discretion. All participants provided
verbal consent. Survey responses were anonymous. The
Institutional Review Board of the university approved the
study.

2.3 Survey content and administration
Due to the fast paced nature of the ED, a novel 8 item survey
with the lowest possible reading grade level was developed
to assess participants’ health knowledge about diabetes. The
authors developed the survey with specific guidance from
one author (EA) with 14 years of experience in diabetes
self-management education research and community-based
health programs. Demographic information included age,
gender, years as a diabetic, diabetic medications, use of a
diabetic educator or nutritionist, and reason for ED visit. Par-
ticipants were also asked about their most recent morning
blood sugar results. The first four questions (identifying
symptoms of hyperglycemia, normal hemoglobin A1c level
[Hb A1c], normal blood sugar range, and importance of self-
foot exam) were adapted from a validated survey, the Spoken
Knowledge in Low Literacy in Diabetes Scale (SKILLD).[22]

In order to determine knowledge regarding carbohydrates
and diabetes, participants were asked what a carbohydrate
is (or an example), why carbohydrates are important to dia-
betics, how many carbohydrates should be eaten in a single
meal, and how many carbohydrates are in a slice of bread.
Before the study began, a draft version of the survey was
tested by interviewing 14 people with diabetes who attended
a community forum for diabetes education and support. The
interviews focused on respondent understanding of items,
word choices, challenges with administration and sugges-
tions for improvement. The draft survey was revised based
on feedback, which improved the instrument’s readability
and content validity. The revised survey has a Flesch-Kincaid
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grade level of 4.7.

The survey was administered by trained research associates
(e.g., medical students) between the hours of 8 a.m. to 5
p.m. on a convenience sample of weekdays and weekends.
Research associates identified potential participants through
the computerized tracking system as well as discussion with
ED staff, and approached patients after the initial evaluation
by a physician.

A key of correct and possible incorrect answers was created
prior to the start of the survey. When a respondent’s an-
swers were not addressed by the key, such exceptions were
handled by discussion of two or more qualified researchers
to reach consensus about the correctness of the response.
For this study, items were either correct or incorrect for the
purposes of scoring; missing answers or responses such as
“I don’t know” were considered incorrect. Partial credit was
not given. While this approach to scoring likely results in
lower measurements of patient knowledge, it was consis-
tently applied across participants.

All data were analyzed using the Statistical Package for the
Social Sciences, version 19.0 (SPSS Inc., Chicago, IL). The
demographic and medical history characteristics of the sam-
ple were reported with the percent correct for each item of
the knowledge assessment of the survey. A total knowledge
score (range 0 to 4) related to nutritional knowledge about
carbohydrate was created by summing the correct scores
across the 4 related items, yielding a possible range of 0
(none correct) to 4 (all correct). The association between the
total carbohydrate knowledge score and selected respondent
attributes (i.e., insulin use, gender, years of diabetes, and
education, frequency of visits with a nutritionist) was mea-
sured with ANOVA. Years of diabetes were recoded from a
continuous variable to a categorical one with 4 levels (1-5
years, 6-10 years, 11-19 years, and 20+ years); frequency of
visits with a nutritionist/diabetes educator was also recoded
from a continuous variable to a categorical one (0 visits, 1-2
visits, 3-9 visits, 10+ visits). Two respondents who reported
that had seen a nutritionist but could not recall the number
of visits was classified as having 1-2 visits for the purpose
of the analysis. An alpha of 0.05 was deemed statistically
significant on a two-tail test. In addition, a logistic regression
model was developed to measure the association between car-
bohydrate knowledge (defined as a total score of 2 or more)
and frequency of visits with a nutritionist, while controlling
for educational level of the participant. Odds ratios with 95%
confidence intervals were reported for the included variables.

3. RESULTS
A total of 115 patients were approached; 98 were willing to
participate.

Table 1. Demographics of sample population (n = 98)
 

 

Demographic Items Valid, n (%) 

Gender  

 Male 31 (31.6) 

 Female  67 (68.4) 

Age (SD) 55 (14) 

Education Level   

 Less than high school 35 (35.7) 

 High school/GED  38 (38.8) 

 Some college 19 (19.4) 

 College completion 6 (6.1) 

Years as diabetic (SD) 12 (10) 

Insurance  

 Private 26 (26.5) 

 Medicaid 20 (20.4) 

 Medicare 20 (20.4) 

 Medicaid and Medicare 21 (21.4) 

 None 11 (11.2) 

Insulin Use  

 Yes 53 (54.1) 

 No 45 (45.9) 

Meeting with Nutritionist/Diabetes Educator 

 Yes 68 (69.4) 

 No 30 (30.6) 

Note. GED: General Educational Development 

 As shown in Table 1, the majority of the sample was female,
had some form of insurance, and had met with a diabetic
educator/nutritionist at some point since their diagnosis. The
participants reported a variety of complaints as reasons to
be seen in the ED including chest pain (13%), shortness of
breath (12%), and head pain (12%). Only seven patients
presented for hyperglycemia. Fifty-three participants stated
they took pills for their diabetes but only 29 knew the name
of their diabetes medication. Fifty-two participants stated
that they did not check their blood sugar in the morning. Of
those who did, the average self-reported blood sugar was 147
(range 40-456). Of those using insulin (n = 53), only twenty
nine checked their morning blood sugar.

Table 2 shows the percentage correct of the knowledge ques-
tions. While more than half of the participants knew some
symptoms of hyperglycemia, normal blood sugar range, and
what to look for on a self-exam of the foot, less than half
were aware of the normal Hb A1c level or the answers to the
carbohydrate focused questions.

Table 3 lists the total score of carbohydrate knowledge by im-
portant demographic factors. The logistic regression model
showed that controlling for education, those who had more
visits with a nutritionist were 1.7 times more likely to have
some knowledge.
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Table 2. Percent correct of all knowledge questions (n = 98)
 

 

Questions Percent Correct (n) 95% CI 

Symptoms of hyperglycemia 66.3% (65) (56.8, 75.9) 

Hemoglobin Alc Target 20.4% (20) (12.3, 28.5) 

Normal blood sugar range 69.4% (68) (60.0, 78.7) 

Foot exam purpose 75.5% (74) (66.8, 84.2) 

Carbohydrate Focused   

 Definition/example 48.0% (47) (37.9, 58.0) 

 Importance to diabetics 44.9% (44) (34.9, 54.9) 

 Number in bread 5.1% (5) (6.7, 9.5) 

 Number in meal 16.3% (16) (8.9, 23.8) 

       All 4 answers correct 1.0% (1)  

 

Table 3. Total carbohydrate knowledge score by selected
patient characteristics (n = 98)

 

 

Demographic Items 
Total Score

*
 

(mean, SD) 
p-value 

Gender  .37 

 Male 1.0 (0.9)  

 Female  1.2 (1.1)  

Insulin Use  .891 

 Yes 1.2 (1.0)  

 No 1.1 (1.0)  

Education Level   .002 

 Less than high school 0.8 (1.0)  

 High school/GED  1.1 (1.0)  

 Some college 1.5 (0.9)  

 College degree 2.3 (1.0)  

Nutritionist Visits   .001 

 0 0.7 (0.9)   

 1-2 1.2 (1.0)  

 3-9 1.0 (1.0)  

 10+ 1.9 (1.1)  

Years as diabetic (SD)  .884 

 1-5 1.1 (1.0)  

 6-10 1.2 (1.1)  

 11-19 1.0 (1.0)  

 20+ 1.3 (1.2)  

Note. 
*
Total score is from 0 (no questions correct) to 4 (all questions 

correct); GED: General Educational Development 

 4. LIMITATIONS
As a descriptive survey, the attempt was to measure the
knowledge of the patient with diabetes. Cross-sectional
survey designs have inherent limitations including recall
bias and potential instrument related issues such as valid-
ity. Therefore, measures were taken to strengthen face and
content validity as described in the methods sections.

The use of a single, urban emergency department may not
be representative of other health care centers, or emergency
departments serving a different subset of patient. The sur-

vey was a convenience sample conducted during times when
the research assistant was available to enroll patients, and
certain members of the patient population declined to par-
ticipate in the survey. Both of these may add to selection
bias, although screening was consecutive when a research
assistant was available. The type of diabetes was not asked
or recorded in this study, as many patients are not aware of
this classification. Insulin use was used as a proxy for insulin
dependent although this may not necessarily be the case, and
adjustments of daily insulin dosing cannot be assumed. An
actual Hgb A1c was not ordered to look for a correlation
between knowledge and glycemic control.

Finally, health literacy was not tested in this cohort with
one ED systematic review showing a collective health liter-
acy level at or below an eighth grade level for 40% of ED
patients.[23] However, education may be used as a proxy
as studies note limited education is associated with limited
health literacy.[24, 25] We also noted higher education to be
associated with greater knowledge.

5. DISCUSSION

Overall, knowledge regarding carbohydrates and its rela-
tionship to diabetes, as well as Hb A1c testing, was poorly
understood in this cohort. Participants were more knowl-
edgeable about other self-care behaviors such as foot exam,
symptoms of hyperglycemia, and normal blood sugar range.
Only one person, who had diabetes for over 20 years, was
able to answer all carbohydrate questions correctly. The
survey recognizes the need for ongoing education regarding
diabetes management, even for those who present for other
reasons to an ED.

It is interesting to note, there was no difference in carbohy-
drate knowledge based upon insulin use or years as a diabetic.
CC has been considered the gold standard for mealtime ad-
justment of insulin dose for type 1 diabetics.[15, 26] This prac-
tice of CC ranges from an awareness of carbohydrate foods
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and its effects on insulin levels to counting of carbohydrate
grams or portion size consumed.[26] While some systematic
reviews call into question the utility of CC in type 1 diabetics
on factors such as glycemic control, weight, psychosocial
factors, others suggests CC as beneficial for both type 1 and
2 diabetics.[9, 11, 15, 27] Although medical management may
not change based on blood sugar or CC in Type 2 diabetes,
it is an important tool to manage their blood sugars. As the
disease progresses, even type 2 diabetics may need insulin
therapy.[11]

Regarding DSME, studies have shown improved outcomes
such as decreasing Hb A1c level, receiving care within rec-
ommended guidelines, and adhering to prescription regimens
leading to lower utilization trends.[16, 18, 28, 29] Still, only
56.7% of Missouri diabetics have ever attended a DSME
class, which is below the Healthy People 2020 goal of
62.5%.[1] Our results also suggest that those who visit with
a nutritionist or diabetes educator have more knowledge to
manage their diabetes. DSME begins with a diagnosis from a
primary care provider, yet 28% of patients diagnosed with di-
abetes have no provider.[30] A recent randomized controlled
trial by Lewis et al. concluded that learner-centered DSME
presented in the ED can be effective with uncontrolled type
2 diabetic patients.[30] Other innovative techniques such as
automated mobile health programs have been developed to
help bridge the gap of underserved diabetic populations.[31, 32]

Arora et al. found that while text messages did not statisti-
cally improve Hb A1c, it did improve medication adherence,

and healthy behaviors.[31, 32]

This study supports the need for continued education from
experienced providers who understand the complexities of
diabetes management, in addition to other innovative tech-
niques. Patients who may have even visited a nutritionist as
part of their disease management have difficulty recalling
CC and normal levels of blood sugar and A1c levels. An ad-
ditional checkbox and process in the electronic health record
to identify diabetic patients who need additional education
prior to ED or hospital discharge, or referral to available
outpatient DSME, may be helpful. Additional research is
needed to evaluate the feasibility and effectiveness of starting
DSME for patients who present to the ED.

6. CONCLUSIONS
Carbohydrate knowledge and other self-care behaviors have
been shown to be important in the self-management of dia-
betes. There is a vast deficit in carbohydrate knowledge in
the diabetic ED population at this institution. There is a need
for additional diabetes education whether started in the ED,
or a referral to existing programs.
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