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Abstract 
Background: Studies suggest that patients do not understand the hemoglobin A1c value (A1c). 
However, clinicians may communicate information about glycemic control in other ways. Given 
this, this study evaluates patients’ understanding of current diabetes control, independent of the 
A1c, and the factors affecting this understanding. Method: Cross-sectional survey of patients with 
poorly controlled diabetes seen in urban clinics in fall of 2010. Results: 177 people completed the sur- 
vey. 73.5% were women, 83.0% were African-American and the average age was 56.5 years. 80.2% of 
respondents reported having had diabetes for at least five years. 39% reported past participation in 
a diabetes education course. Average A1c was 9.9(S.D. 1.7)%; no differences were noted based on 
income, education, disease duration, or complication history. 23.7% described their disease control 
as “good” or “excellent” in spite of an average A1c of 9.5% (1.2). Notably, most of this group reported 
diabetes for over five years and did not differ in history of diabetes-related complications or educa- 
tional attainment compared to those with more accurate perceptions of control. Conclusion: The high 
proportion of participants who reported “good” or “excellent” control in spite of mean A1c greater 
than 9.5% raises serious questions about the effectiveness of current communication methods for 
patients with poorly controlled diabetes. 
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1. Introduction 
Diabetes management, arguably more than many other chronic diseases, requires a high level of patient under-
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standing and comprehension. Patients must master a variety of complex skills, including medication dosing, in- 
sulin adjustments, and blood sugar tracking to manage their disease on a daily basis. Achieving ideal glycemic 
control relies to some degree on health literacy. Unfortunately poor health literacy is highly prevalent amongst 
individuals with diabetes and has been shown to be associated with worse glycemic control and increased di- 
abetes-related complications [1]. Previous work has also suggested that better understanding of disease man- 
agement targets, specifically accurate understanding of hemoglobin A1c (A1c) value, is associated with better 
glycemic control [2] [3]. Such studies have estimated that only 25% of patients with diabetes have an accurate 
understanding of the A1c value [2] [4]. 

However, the A1c value may be only one type of feedback provided by clinicians about glycemic control and 
thus studies that focus specifically on understanding of the A1c as a marker of understanding may underestimate 
actual patient knowledge and understanding [5]. In this study, we examine general perceptions of glycemic con- 
trol, independent of knowledge of the A1c, amongst patients with poorly controlled diabetes, and the demo- 
graphic and other factors associated with low levels of understanding. 

2. Method 
Following approval from the study site institution’s institutional review board, we conducted telephone surveys 
as part of baseline data collection for a randomized-controlled trial. The randomized-controlled trial tested the 
use of alternative information formats to the A1c in providing feedback regarding glycemic control to patients 
with diabetes [6]. For the study, we enrolled individuals seen at three internal medicine practices at an urban 
academic medical center that predominantly serve an African-American population. Potentially eligible patients 
were identified in the electronic medical record based on a history of poorly controlled diabetes defined by an 
A1c value of greater than 8% within six weeks of enrollment. We excluded anyone who reported being pregnant 
or who had a documented cognitive impairment. Informed consent was obtained from all individuals prior to 
survey administration. 

The survey contained several categories of questions including demographic information (age, sex, race, level 
of education, and individual annual income); and personal diabetes history (time since diagnosis, current dia- 
betes treatment regimen and any history of diabetes-related complications). Given the contention that patients’ 
health literacy mediates accurate understanding of diabetes control and related health outcomes [7], we assessed 
patient numeracy, an important component of health literacy needed to comprehend numeric values like the A1c. 
For this assessment, we used the Schwartz numeracy assessment tool, which is comprised of three questions as- 
sessing participant ability to handle basic numerical scenarios (example “Imagine that we flip a fair coin 1000 
times. What is your best guess about how many times the coin would come up heads in 1000 flips?”) [8]. The 
numeracy score was the number of questions that participants were able to answer correctly, so the minimum 
score was zero and the maximum score was three. Participants were also screened for depression via the Whoo- 
ley Depression Screening Tool [9]. We assessed participants’ understanding of disease severity and disease 
management goals, including perceptions of disease severity, assessments of their current disease control and 
their level of concern for future disease related complications using a 5-point Likert scale with response items 
ranging from “excellent” to “terrible” and “not at all” to “extremely”. 

This study was funded by the CMU Penn Roybal Center and the funding source played no role in the study’s 
design, conduct, or reporting. 

Analysis 
Descriptive statistics were used to describe the demographic and diabetes-related characteristics of the survey 
participants. Chi-squared analysis (or the Fisher’s exact test, when appropriate) was used to assess the relation- 
ship of these characteristics with participants’ enrollment A1c values. Given our aim to examine the accuracy of 
patients’ understanding of their current diabetes control and future diabetes-associated risk, the primary out- 
comes examined were the relationships between subjects’ self-reported perceptions of their disease control and 
disease-associated complication risk and their measured A1c values at time of study enrollment. We focused our 
comparisons on those participants who were in the top two categories with those in the bottom two categories on 
the 5-point scale for self-described level of control and personal complication risk. For example, we compared 
those describing their control as ‘excellent” or “good” to those describing their current control as “poor” or “ter- 
rible”. Comparisons were made using ANOVA analysis and chi-squared analysis as appropriate. We hypothe- 
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sized a significant inverse relationship between self-perceptions of glycemic control and A1c, with A1c for 
those who reported “poor” or “terrible” control being higher than for those who reported “good” or “excellent” 
control. In regards to perceptions of risk for future diabetes-related complications, we hypothesized a significant 
positive relationship between A1c and reported risk, with those who reported having the lowest level of risk 
having the lowest A1c values. In the examination of the relationship between demographic factors such as edu- 
cation level and income and diabetes-related factors such as length of disease or a history of diabetes-related 
complications, we used proportional odds models to predict the effect of these baseline participant characteris- 
tics on two main outcomes, perception of current diabetes control and perception of future risk for diabetes-relat- 
ed complications. This statistical approach was done since the possible responses for these two variables were 
ordered categories (e.g. “terrible”/”poor” to “good”/”excellent”) [10]. 

3. Results 
Between May 2010 and November 2010, 177 participants were enrolled in the study (Table 1). 73.5% of par- 
ticipants were women, 83.0% were African-American and the average age was 56.5 years. The population was 
relatively low income, with 52.4% reporting incomes less than $20,000 per year and only 13.1% had self-report- 
ed annual incomes greater than $50,000 per year. The majority (80.2%) reported having had diabetes for at least 
five years and 39% reported having participated in a formal diabetes education class. 53.1% of enrolled partici- 
pants had a positive depression screen (answering yes to at least one of the two questions of the Whooley 
screening tool). About 50% of the sample reported getting “mostly C’s” or “mostly D’s and F’s” while in school. 
The numeracy of enrolled participants was quite low, with 90% of respondents answering none or only one of 
the Schwartz assessment tool questions correctly. Only 1 participant of the 177 answered all three numeracy 
questions correctly. 

The average A1c of enrolled participants at baseline was 9.9(1.7)% (Table 1). There was no statistically sig- 
nificant difference in A1c values at enrollment based on gender, with the average enrollment A1c for enrolled 
men being 10.1(1.7)% compared to 9.8(1.7)% for women (p = 0.3). We noted no difference in enrollment A1c’s 
based on ethnicity with White participants having an average enrollment A1c of 9.5(1.4)% compared with 
10(1.8)% for African-Americans and 9.4(1)% for others (p = 0.37). Lower income and lower education level 
were not associated with higher enrollment A1c values (p = 0.13 and p = 0.58, respectively). A self-reported 
personal history of disease-related complications was not associated with participants’ A1c values at the time of 
enrollment, with those reporting a history of disease-related complication having an average A1c of 10.1(1.7)% 
compared to 9.7(1.7)% for those who denied a history of prior complication (p = 0.07). Time since diabetes di- 
agnosis and completion of a diabetes education course were also not associated with participant A1c values at 
enrollment (p = 0.19 and p = 0.3, respectively). 

Glycemic control among those who described their current level of control as “poor” or “terrible” was in fact 
suboptimal, as this group had a mean hemoglobin A1c of 10.2(1.8)%. Among participants who deemed their 
current level of control as “moderate” and those reporting “good” or “excellent” control, actual control was 
slightly better but remained clinically far from optimal, as the mean A1c value within these group were 9.8(1.8)% 
and 9.5(1.2)%, respectively (p = 0.02) for difference between “poor/terrible” and “good/excellent” groups (Table 2 
and Figure 1). 

We compared the characteristics of participants with differing perceptions regarding current control, i.e., the 
24% reporting “good” or “excellent” control versus the 37% reporting “poor” or “terrible” control (Table 2). 
Participant ethnicity, income, and educational level did not correlate with positive or negative perceptions of 
current control. There was no difference in rates of having taken a diabetes education course between the two 
groups (33.3% vs. 44.6%, p = 0.25). Participants who described their current diabetes control as “poor” or “ter-
rible” were more likely to have a positive depression screen than their counterparts who thought their control 
was good or excellent (50% vs. 70.8%, p = 0.03) (Table 2). Notably, there was no relationship between a posi- 
tive depression screen and a history of disease-related complications or a participant’s A1c value at the time of 
study enrollment (Table 1). Reported grades in school were not associated with self-described glycemic control 
(p = 0.7). 

Regarding the relationship between reported perceptions of future diabetes-related complication risk and 
enrollment A1c value, the 63.6% of enrolled participants who reported being “very” or “extremely” concerned 
about complications had an average A1c of 10.0(1.6)%, slightly higher, though arguably not clinically significant, 
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Table 1. Participant characteristics and baseline hemoglobin A1c values (SD). 

  Hemoglobin A1c, % p-Valuea 

Overall N = 177 9.9(1.7)  

Age (Mean) 56.5 ± 12.8 Years   

Age ≤ 56 Years 51% 10.2(1.9) 0.02 

Gender, % Female 73.5% 9.8(1.7) 0.3 

Ethnicity (Missing 1)    

African-American 83% 10(1.8) 0.37 

White 12.5% 9.5(1.4)  

Other 4.6% 9.4(1)  

Education Level    

Some High School, but No Degree 17.5% 10(1.9) 0.58 

Completed High School 37.3% 9.9(1.9)  

Some College, but No Degree 23.2% 10(1.5)  

College Degree 14.1% 9.8(1.4)  

Beyond College 7.9% 9.2(1)  

Grades Earned in School    

Mostly A’s 10.7% 9.8(1.5) 0.76 

Mostly B’s 41.2% 9.8(1.4)  

Mostly C’s 43.5% 10(2)  

Mostly D’s and F’s 8% 9.7(1.2)  

Income (Missing 9)    

Less than $20,000 52.4% 9.8(1.6) 0.13 

$20,000 -$50,000 34.5% 9.8(1.6)  

$50,000 -$80,000 8.9% 10.8(2.5)  

Greater than $80,000 4.2% 9.1(1)  

Time since Diabetes Diagnosis    

Less than 1 Year 3.4% 11.1(3.6) 0.19 

1 - 5 Years 16.4% 10.2(2.2)  

5 - 10 Years 18.1% 9.8(1.7)  

Greater than 10 Years 62.1% 9.7(1.3)  

Diabetes Education Course, % Yes 39.0% 9.7(1.3) 0.3 

Depression Screen, % Positive 53.1% 9.9(1.6) 0.74 

History of DM Complication, % Yes 48.0% 10.1(1.7) 0.07 

Numeracy Score    

0 46.9% 10.1(1.9) 0.3 

1 43.5% 9.8(1.5)  

2 or 3 9.6% 9.4(1.2)  
ap-value is for the difference between A1c values between the categories for the corresponding participant characteristic. 
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Table 2. Participant characteristics based on perception of current level of diabetes control (SD). 

 Current Control Is “Good” or “Excellent” Current Control Is “Poor” or “Terrible” p-Value 

Overall N = 42 N = 65  

Hemoglobin A1c 9.5(1.2)% 10.2(1.8)% 0.02 

Age (Mean) 61.2(14) Years 53.9(10.2) Years 0.01 

Gender, % Female 71.4% 84.6% 0.1 

Ethnicity (Missing 1)    

African-American 85.7% 82.8% 0.72 

White 9.5% 7.8%  

Other 4.8% 9.4%  

Education Level    

Some High School, but No Degree 21.4% 16.9% 0.97 

Completed High School 35.7% 40%  

Some College, but No Degree 23.8% 26.2%  

College Degree 14.3% 12.3%  

Beyond College 4.8% 4.6%  

Grades Earned in School    

Mostly A’s 9.5% 12.3% 0.7 

Mostly B’s 42.9% 38.5%  

Mostly C’s 40.5% 46.2%  

Mostly D’s and F’s 7.1% 3.1%  

Income (Missing 9)    

Less than $20,000 53.8% 52.5% 0.56 

$20,000 -$50,000 38.5% 32.8%  

$50,000 -$80,000 5.1% 13.1%  

Greater than $80,000 2.6% 1.6%  

Time since Diabetes Diagnosis    

Less than 1 Year 4.8% 0% 0.04 

1 - 5 Years 16.7% 15.4%  

5 - 10 Years 7.1% 24.6%  

Greater than 10 Years 71.4% 60%  

Diabetes Education Course, % Yes 33.3% 44.6% 0.25 

Depression Screen, % Positive 50% 70.8% 0.03 

History of DM Complication, % Yes 47.6% 53.8% 0.53 

Numeracy Score    

0 52.4% 40% 0.21 

1 42.9% 49.2%  

2 or 3 4.8% 10.8%  
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Figure 1. Participant perceptions of current diabetes control and the relationship of this perception with 
enrollment hemoglobin A1c values. Percentages indicate the percentage of participants reporting each of 
the levels of current diabetes control on the x-axis below (e.g., 23.7% described their current diabetes con- 
trol as “Good” or “Excellent”). 

 
than the 21% of participants reporting little to no concern regarding future complications who had an average 
A1c of 9.3(1.2)% (p = 0.03 for difference, Figure 2). High versus low concern regarding future disease-related 
complications was not associated with education, income or a reported history of complications. Similar to those 
participants with more negative perceptions of current diabetes control, higher concern regarding future compli- 
cations was associated with a positive depression screen (p = 0.03). We noted a correlation between participants’ 
reported perceptions of current control and their perceptions of future diabetes-related complication risk, with 
those with more positive impressions of current diabetes control being less concerned regarding future compli- 
cation risk (p < 0.0001), as would be appropriate. 

We could not examine the degree to which numeracy scores were associated with poor glycemic control and 
comprehension of disease because numeracy scores in this population were almost uniformly low. 

4. Discussion 
In this population of patients with poorly controlled diabetes, a significant mismatch between reality and percep- 
tion exists. The most concerning findings are that 23.7% of patients believe they have “good” or “excellent” 
control of their diabetes despite an average A1c of 9.5(1.2)% and that 39.6% of the population describes their 
control as “moderate” in spite of an average A1c of 9.8(1.8)%. 

It is important to note that while prior studies have already shown that most patients do not understand the 
A1c value, the poor glycemic control noted in our study cannot simply be attributed to poor understanding of the 
A1c value as we assessed general understanding of control and not specific understanding of the A1c. The ma- 
jority (71.4%) of these patients mistakenly describing their control as “good” or “excellent” reported having di- 
abetes for over ten years, suggesting that the feedback they have been getting on glycemic control from their 
healthcare providers over many years has had little impact. The significant misunderstanding of how well blood 
sugars are controlled within this group cannot be attributed to a lower education level, worse school perfor- 
mance, lower rates of diabetes education courses, or more disease-related complications as these characteristics 
did not differ between those with opposite perceptions of their diabetes control within our sample. This suggests 
that some of the demographic and other factors that physicians may assume influence their patients understand- 
ing of current disease control may not, within a population of largely lower income African-American patients, 

23.7%                                        39.6%                                     36.7%

18

16

14

12

10

8
Good or Excellent Moderate Poor or Terrible

Perception of current control

En
ro

llm
en

tA
1c



A. Gopalan et al. 
 

 
1970 

 
Figure 2. Participant level of concern about future diabetes-related complications and the relationship of 
this level of concern with enrollment hemoglobin A1c values. Percentages indicate the percentage of par- 
ticipants reporting each of the levels of concern on the x-axis below (e.g., 21% of participants reported 
being “not at all” of “slightly” concerned about future diabetes complications). 

 
actually affect patients’ perceptions regarding their diabetes control. These low levels of understanding in this 
population suggest that the current approach to communicating feedback regarding diabetes control may need to 
be significantly augmented. 

These findings can be viewed in light of other studies that suggest that patients for the most part do not accu- 
rately assess their current glycemic control or future disease-related risk [2] [4]. In a similar population of pa- 
tients, the majority of African-American patients with diabetes were found to grossly underestimate their risk of 
developing disease-related complications in spite of poor glycemic control (mean A1c 8.7%) [11]. In contrast, a 
study by Heisler et al. did show a statistically significant association between patients’ self-assessments of di- 
abetes care and actual glycemic control [12]. However, their study was not focused on patients with poorly con- 
trolled diabetes (average A1c’s in this population ranged from 7.3% to 8.3%) and their method of assessing of 
self-care focused on more concrete diabetes-related tasks that may be easier to appraise such as exercise, foot 
care, and urinalyses as compared to the more general impressions of control and future risk elicited in our study. 

Approaches to improving communication between providers and patients regarding diabetes control could be 
helpful in improving patients’ understanding of glycemic control. One approach, the translating of medical in- 
formation into laypeople’s terms, might have significant potential. A study in the British Medical Journal high- 
lighted this possibility by comparing smoking cessation rates among smokers who received feedback on lung 
function in terms of either pulmonary function test results (FEV1) or in terms of “lung age” [13]. Patients given 
their “lung age” in place of their FEV1 value had significantly higher rates of smoking cessation at the end of 
the study (13.6% vs. 6.4%, p = 0.005). This may be thought of as a relevant exemplar for other clinical contexts 
in which feedback to patients is provided using medical terms that are poorly understood by patients. Work in 
other contexts, such as mandates for calorie labeling on restaurant menus, a “stop-light” food labeling system in 
hospital cafeterias, and the use of “sad” faces on the bills of energy customers with above average usage, have 
all suggested that information provision that is more intuitive can affect behavior more effectively than more 
standard information provision approaches [14]-[17]. 

Our study has several limitations. First, the population was a demographically homogenous convenience 
sample, with the majority of enrolled participants being African-Americans, relatively low income, and female. 
This may limit the generalizability of the findings to other populations. Second, as mentioned the numeracy 
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amongst the group was notably poor, making the findings relevant only to other low numeracy populations. 
Third, the questions used to assess perceptions of current control and future diabetes-related risk were written by 
the study team and not piloted prior to enrollment. Last, we elicited associations between perceptions and certain 
patient measures, such as depression and age, for which we cannot determine the direction of causality.  

In summary, given the clear mismatch between many patients’ understanding of their glycemic control and 
their actual control, it seems the manner in which providers communicate information about glycemic control to 
patients with low numeracy levels and low incomes could be improved. We would encourage research that tests 
different ways of providing this information to patients along with measurement of how these methods improve 
patients’ understanding of their diabetes severity and impact subsequent glycemic control. 
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