
RESEARCH ARTICLE Open Access
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Abstract

Background: Poor understanding of diabetes management targets is associated with worse disease outcomes.
Patients may use different information than providers to assess their diabetes control. In this study, we identify the
information patients use to gauge their current level of diabetes control and explore patient-perceived barriers to
understanding the hemoglobin A1c value (HbA1c).

Methods: Adults who self-reported a diagnosis of diabetes were recruited from outpatient, academically-affiliated,
Internal Medicine clinics. Semi-structured interviews were conducted with participants and collected data were
analyzed using thematic analysis.

Results: The mean age of the 25 participants was 56.8 years. HbA1c was one of several types of information
participants used to assess diabetes control. Other information included perceived self-efficacy and adherence to
self-care, the type and amount of medications taken, the presence or absence of symptoms attributed to diabetes, and
feedback from self-monitoring of blood glucose. Most participants reported familiarity with the HbA1c (22 of 25),
though understanding of the value’s meaning varied significantly. Inadequate diabetes education and challenges with
patient-provider communication were cited as common barriers to understanding the HbA1c.

Conclusions: In addition to the HbA1c, several categories of information influenced participants’ assessments of their
diabetes control. Increased provider awareness of the factors that influence patients’ perceptions of diabetes control
can inform effective, patient-centered approaches for communicating vital diabetes-related information, facilitating
behavior change towards improved patient outcomes.
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Background
Correct knowledge of diabetes management targets is as-
sociated with better glycemic control and improved dia-
betes self-care [1–4]. However, past studies estimate that
as few as 25% of people with diabetes can accurately
describe the meaning of the hemoglobin A1c value
(HbA1c) or recall their most recent value [2, 5]. While this
may not seem surprising given the conceptual complexity
of the HbA1c value (e.g., expressed as a percentage,
non-intuitive goal range), even simpler assessments of dia-
betes control appear difficult [6–8]. In two prior studies,
individuals with poor glycemic control were asked to

more generally describe their current diabetes control
using Likert scales with qualitative descriptors. Many of
these individuals, particularly those with low health
literacy, erroneously described their diabetes as
well-controlled in spite of average HbA1c values over 9%
(11.7 mmol/L) [7, 8]. While these findings may simply in-
dicate a lack of patient understanding of the HbA1c, they
may also reflect differences in the ways patients and pro-
viders conceptualize and gauge diabetes control. Though
providers may expect patients to also use the HbA1c
value, the rubric used by patients to assess control may be
different and remains incompletely understood.
In several established models of health behaviors and

outcomes, individuals’ awareness and assessment of their
current disease status are important predictors of behav-
ior change or outcomes. Examples include perceived
“disease severity,” cited in the Health Belief Model, the

* Correspondence: Anjali.Gopalan@kp.org
1Division of Research, Kaiser Permanente Northern California, 2000 Broadway,
Oakland, CA 94612, USA
2Michael J. Crescenz VA Medical Center, 3900 Woodland Ave, Philadelphia,
PA 19104, USA
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Gopalan et al. BMC Endocrine Disorders           (2018) 18:79 
https://doi.org/10.1186/s12902-018-0309-4

http://crossmark.crossref.org/dialog/?doi=10.1186/s12902-018-0309-4&domain=pdf
http://orcid.org/0000-0002-9300-1154
mailto:Anjali.Gopalan@kp.org
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


role of “consciousness raising” in the Transtheoretical
Model of Health Behavior Change, where knowledge or
information can contribute to a shift from the
pre-contemplation stage to the contemplation stage, and
the “informed, activated patient” in Wagner’s Chronic
Care Model [9, 10]. Still, little remains known about the
factors that contribute to these disease-related assess-
ments for patients with diabetes. Better knowledge of
the factors influencing patients’ evaluations of their dia-
betes may enable providers to communicate more effect-
ively regarding diabetes management targets and current
levels of diabetes control.
We conducted semi-structured interviews with patients

with diabetes to address the following research questions: 1)
What information do patients use to assess their current
level of diabetes control? and 2) What are patient-perceived
barriers to understanding the HbA1c value?

Methods
Study design and oversight
The study was approved by the University of Pennsylva-
nia’s Institutional Review Board. Oral informed consent,
including approval for audio-recording, was obtained
prior to the start of each interview.

Setting and participants
We recruited patients from the waiting rooms of two
academically-affiliated Internal Medicine practices lo-
cated in West Philadelphia. The individuals approached
regarding participation were those that happened to
have an appointment with a provider on a day we were
recruiting (i.e., a convenience sample). Eligible individ-
uals were at least 18 years of age and self-reported a
diagnosis of diabetes. Pregnant women, non-English
speakers, and individuals unable to verbalize under-
standing of the provided study information sheet were
excluded. Participants received a $30 gift card to CVS (a
common drugstore) for their participation.

Data collection
Interviews, 30–60 min in length, were conducted by a re-
search assistant (KM) and then transcribed verbatim. AG
directly observed the initial interviews and regularly
reviewed interview transcripts to provide feedback to KM
on interview techniques. KM also took field notes. Socio-
demographic information and diabetes history was col-
lected from participants. The interview first focused on
what information participants use to decide if their
diabetes control is “good” or “bad” from day-to-day,
month-to-month, and year-to-year. Participants were then
asked if they were familiar with the HbA1c value. If they
reported familiarity, they were asked what the value meant
and about their most recent value. All participants, re-
gardless of stated familiarity, were then read a short

description: “The hemoglobin A1c is a blood test that doc-
tors use to measure how well a person is managing their
diabetes. The test measures a person’s average blood sugar
over the past 2-3 months. For most people with diabetes,
the goal for the hemoglobin A1c is 7% or less.” Participants
were then asked how this description changed their previ-
ous understanding of their level of diabetes control. Next,
participants were asked to perform an assessment of com-
prehension, referred to as the Sharon vs. John HbA1c
Comprehension Test. They were presented with two writ-
ten scenarios: 1) “John is a 56-year-old man with a history
of diabetes. His most recent hemoglobin A1c value was
9%” and 2) “Sharon is a 65-year-old woman with a history
of diabetes. Her most recent hemoglobin A1c value was
6.8%.” Participants were asked to select the individual
(Sharon or John) that they believed had better diabetes
control. The Sharon vs. John HbA1c Comprehension Test
was done after, rather than before, the above description
of HbA1c as it was intended to test participants’
comprehension and application of this provided informa-
tion (i.e., not intended to test baseline HbA1c understand-
ing). Finally, participants were told that many patients
with diabetes have trouble understanding the HbA1c
value and were asked for their thoughts on plausible rea-
sons for this difficulty. The interview guide is included in
the Additional file 1: Appendix.

Analysis
Descriptive statistics were performed on the collected
demographic and diabetes history data, as well as on
participant accuracy on the Sharon vs. John HbA1c
Comprehension Test. Participants’ interview responses
(identified by study ID only) were analyzed using a the-
matic analysis approach as described by Braun and
Clarke and summarized in Fig. 1 [11]. Two independent
reviewers, KK (a qualitative methods consultant) and
AG (a health services researcher with qualitative
methods training), read and re-read the transcripts to
familiarize themselves with the data. With input from
the entire research team, units of meaning, or “codes,”
within the data were then systematically defined. As
additional transcripts were reviewed, these codes were
organized into larger themes. The thematic definitions
were refined and revised as the analysis proceeded, and
variations and connections within the themes were
noted and explored. The entire research team worked to
determine the most salient themes pertaining to the re-
search questions and to select the relevant data elements
(participant [P] quotes) to synthesize a narrative address-
ing these questions. The reviewers independently coded
transcripts until thematic saturation (no new themes
emerging) was achieved (N = 20). The five remaining
transcripts were then coded by AG only. KK and AG
met to review coding comparison query results and
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discrepancies were resolved through study team discus-
sion leading to consensus, with the coding scheme and
definitions updated as needed. This process resulted in
an average final inter-reviewer agreement of 97.6%
(high inter-rater reliability was defined a priori as ≥90%
agreement). NVivo Qualitative Analysis Software (QSR
International Pty. Ltd., Version 10, 2014) was used to
facilitate data management, coding, inter-rater reliabil-
ity review, and analysis.

Results
Between June 2013 and December 2013, approximately
240 individuals were approached regarding participation.
Of those approached, 83 reported having diabetes, and
25 individuals agreed to participate. Of this 25, 68% were

women and 84% were Black. There was a wide range of
educational attainment, the mean duration of diabetes
was 11 years, 36% of participants self-reported a
diabetes-related health complication, and 40% reported
current treatment with insulin (Table 1).

Factors influencing participants’ assessments of diabetes
control
Participants’ assessments of current control fell into the
following thematic domains: 1) perceived self-efficacy
and adherence to self-management; 2) the types and
amount of medications taken; 3) the presence or absence
of symptoms attributed to diabetes; 4) numerical data,
both the HbA1c and self-monitoring of blood glucose
(SMBG); and 5) connections between these domains.

Fig. 1 Overview of thematic analysis approach as described by Braun and Clarke [11]
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1) Perceived self-efficacy and adherence to self-
management
Of the 25 participants, seven referred to diabetes

control in terms of self-efficacy, expressing confidence
in their abilities to complete self-care and prioritize
their health. For 17 participants, diabetes control was
intrinsically linked with their perceived adherence to
diabetes self-management behaviors. For the majority
of participants (n = 17), self-care activities used in
assessing diabetes control centered on maintaining a
healthy diet, exercising, and weight management. In
addition, four participants cited routine contact with
providers as part of self-care used to assess their
current diabetes control.

I’m on top of my job…I’m on top of doing what I’m
supposed to do to maintain this thing here. (P4)

[Referring to poor control] Not being disciplined, not
setting my priorities and my priority is my body. (P9)

If I keep this excess weight off me. That’s how I’ll know
[about level of diabetes control]. (P25)

I go to the doctor. Make sure that I get examinations
for my eyes and for my feet, and come into my doctor
regularly. (P18)

2) The type and amount of medication taken
Perceived medication adherence, as well as the num-

ber and type of medications taken, affected ten of the
participants’ perceptions of their current control. The
ability to stop a medication (based on a physician’s rec-
ommendation) and not requiring insulin therapy were
both considered markers of good control.

When you’re not taking your medicine or doing what
the doctors told you, you could tell by your health
digressing. Like, more and more complications could
arise or whatnot. (P13)

It’s well under control because I got a letter from my
doctor telling me that my diabetes is well under control
and if I wanted to stop the medication, I could. (P5)

I took insulin three times a day. And my doctor told
me I’m doing good because I haven’t been back on
insulin in ten years. (P8)

3) Presence or absence of symptoms attributed to diabetes
Over half of the participants (n = 14) cited the pres-

ence of diabetes-related symptoms as an indicator of
“bad” diabetes control. While eight participants men-
tioned specific symptoms often ascribed to hypergly-
cemia (e.g., polyuria, polydipsia, blurry vision), others
mentioned symptoms not as readily attributable to dia-
betes, such as pain (n = 3) or general feeling of low en-
ergy and malaise (n = 9).

Because, of course because you feel better, for one
thing. And like I said, some of the things like I was
doing, running to the bathroom frequently. (P15)

Because sometimes it be real high cause you get
headaches and a lot of pain. Your bones ache and
stuff and you’re in pain. (P21)

Things in your body that say, hey, it’s not right. (P18)

How do I tell if I’m in good control? When I don’t feel
tired. (P7)

4) Numerical data
Of the 25 participants, 16 referred to the HbA1c

without prompting (i.e., prior to any mention of the
HbA1c by the interviewer) as information used to as-
sess diabetes control. However, seven patients did not
refer to the value correctly by name (e.g., A1, AC1 U).

Table 1 Participant characteristics and diabetes history

Characteristic N = 25 %

Age (mean years ± SDa) 57 ± 13

Gender

Female 17 68

Ethnicity

Hispanic 1 4

Race

Black 21 84

White 1 4

Multipleb 3 12

Education

Less than High School 3 12

High School or GEDc 13 52

Some College/Technical School 6 24

College or beyond 3 12

Years since diabetes diagnosis (mean ± SD) 11 ± 7

Experienced a diabetes-related complication (Yes) 9 36

Diabetes Treatment

Oral medications only 12 48

Insulin 6 24

Oral medications & Insulin 4 16

Diet only 3 12
aSD Standard deviation
bMultiple = Individual 1: Black, White, and Asian, Individual 2: Black and Native
American, Individual 3: Black and White
cGED General equivalency diploma
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Besides the current HbA1c, eight participants stated
that improvements in the HbA1c over time were an in-
dicator of good diabetes control. Nearly all participants
(n = 21) also mentioned the use of SMBG as a means of
assessing current diabetes control.

Numbers—like when you take your sugar, hopefully all
your numbers are where they’re supposed to be. (P1)

I have to do finger pricks. I take my—got machine
where I take my diabetes, and that tells me what
amount the diabetes is. (P16)

5) Connections between domains
There were several commonly made connections be-

tween domains. Adherence to diabetes self-management
or medications, together with numerical data (SMBG or
HbA1c), was a combination that 11 participants used to
assess their diabetes control. Another combination used
by 13 participants to assess current control was numer-
ical data (SMBG or HbA1c) along with the presence or
absence of diabetes-attributed symptoms.

I try to keep my weight down, but I’m picking up
weight now. So I’ll be looking any day when I come
to the doctor that she tells me that the count
[referring to the HbA1c] is up again because
I’m gaining weight. And I know that. (P8)

Doing well, yeah, by my finger sticks. And even when
I go to the doctor, they check the blood through the
arm. That’s when they told me my A1c was up.
But now it’s down because I’ve been taking the
medicine twice. (P7)

It’s mainly the hemoglobin A1c and just how I feel.
(P22)

Exploring understanding of the HbA1c value

Although nearly all participants (n = 22) had at least
heard of the HbA1c in the past, and the majority men-
tioned the HbA1c without prompting (n = 16), under-
standing of the value varied greatly. When asked what
the value meant, six participants described what the
test measured (e.g., an average over a period of time),
ten participants described their general interpretation
(both accurately and inaccurately) of the value (i.e., goal
to be lower, target range), three participants described a
more personal importance of the value, and three par-
ticipants had just heard of the test before but could not
provide further description. After being given the basic
description of the HbA1c, seven participants reported

that this information changed their previous under-
standing in some way.

How much sugar was in my body for the last three
months. The HbA1c measures for the last three
months. And it’s supposed to be seven or below.
But I keep mine at 6.2, once in a while at 6.4. Once
it goes 6.4, I get back on my strict diet to knock it
down to 6.2. I don’t like for it to pass 6.2. (P24)

No, I don’t know the meaning. All I know is it’s got to
be low instead of high. (P21)

Like you could do your sugars every day and you
could see it, but that’s the main number that shows
that all of them numbers. (P3)

It means lot, it means that this is something that can
affect my health if I don’t stay on top of it. (P10)

I know it is life saving for me and like it helps like it’s
a super guideline. If it is off course, then my doctor can
correct it through the medication. (P11)

Several participants (n = 3) thought of the HbA1c as a sort
of detector of non-adherence to diabetes self-management.

And so, that level [referring to the HbA1c] let me
know I was cheating, and I have to just get back on
track. (P20)

Because that’s the only way that you can really find
out if a person is really doing what they supposed to
be doing as far as diabetes is concerned. (P4)

John vs. Sharon HbA1c Comprehension Test After
hearing our description of the HbA1c, most participants
(n = 22) accurately stated that Sharon (HbA1c = 6.8%)
had better diabetes control than John (HbA1c = 9%).
Most of the participants who answered Sharon stated
that their choice was based on Sharon’s lower HbA1c
value (n = 19), however, three participants explained
their choice differently (based on Sharon’s age, based on
decimal point) or doubted their choice (needed more
information).

Given she’s 65, I’m going with 6.8%. Because she’s
10 years older than John. And I don’t know, that was
my analogy of it. (P15)

I want to say the 6.8, but you don’t know all of the
factors that relate to why John’s is 9. He could be doing
everything he’s supposed to be doing. He could have his
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weight under control and he could be one of those folks
whose insulin levels is high. (P2)

Of note, the three individuals who answered incor-
rectly were not the same three who reported no prior fa-
miliarity with the HbA1c. The reasoning provided by
these individuals exposed general misunderstanding of
the HbA1c and its interpretation.

Because of the levels of it [referring to the HbA1c].
They’re supposed to be like I think seven, eight and
nine. So I think his is in more control because I think
nine is the top number or something, I think. (P5)

Participant Perceived Barriers to Understanding the
HbA1c Value Participants’ thoughts on why the HbA1c
might cause confusion for some patients fell into two
main categories: 1) need for more diabetes-related edu-
cation (n = 6) and 2) need for better provider communi-
cation of this information (n = 8).

I think people need to be a little more education…just
don’t give them the class and after they’re done, they
go about their business. They really need a follow-up.
(P2)

So I think education, if a diabetic is educated from the
door [referring to the time of diabetes diagnosis],
it would be more beneficial. (P20)

I think people psych their selves out listening to
medicalese. Like to me, the best doctors are doctors
that can make it plain. (P12)

They’re [referring to patients] scared of the doctors.
They think they [referring to doctors] went to school
all this time, they know what they’re talking about. (P8)

Discussion
While the HbA1c was an important contributor to partici-
pants’ evaluations of their diabetes control, participants
also considered other information, including perceived
self-efficacy and adherence to self-care activities, the types
and amounts of medications used, the presence or ab-
sence of symptoms attributed to diabetes, and SMBG.
The importance participants placed on diabetes

self-efficacy and self-care activities is well-founded and
supported by existing literature [12, 13]. Provider aware-
ness of the roles that self-efficacy and self-care activities
play in patients’ model of diabetes control is vital. By fo-
cusing on building self-efficacy, and supporting and re-
inforcing self-care in their communications with patients,

providers’ recommendations and feedback can be more in
line with patients’ perspectives and priorities, hopefully in-
creasing the effectiveness of these communications [14].
Medications, particularly the use of insulin, were

linked to many participants’ perceived diabetes control.
The belief that more medications or insulin use is an in-
dicator of worse or “end-stage” disease is established in
the current literature and is a common barrier to medi-
cation intensification, particularly insulin initiation [15,
16]. Dispelling the idea that insulin use is an indicator of
current diabetes control and addressing beliefs regarding
the number of medications taken could shift patients’
perceptions regarding diabetes control. Re-framing the
types of pharmacologic treatments prescribed not as fail-
ures of management, but rather as results of individual
physiologic differences, could have a beneficial impact
on patient-provider communication, patient self-efficacy,
and adherence to these prescribed medications.
Associations of patient-reported symptoms and symp-

tom severity with diabetes outcomes, including patients’
self-rated health status and measured glycemic control,
have been noted in past work [17, 18]. Although symp-
toms can be an indicator of poor glycemic control, two
potential issues complicate patients’ use of this metric to
gauge their current diabetes control. First, patients and
providers may differentially attribute certain symptoms
to diabetes. Patients may attribute symptoms such as
general malaise and fatigue to poorly controlled diabetes,
even though these are symptoms providers may not im-
mediately associate with this disease [19, 20]. Notably,
malaise and fatigue may actually be symptoms of depres-
sion, a condition that disproportionately affects patients
with diabetes, remains underdiagnosed in this popula-
tion, and may contribute to worse diabetes outcomes
[21]. Second, the absence of symptoms may provide false
reassurance to patients regarding their current diabetes
control. Many patients with blood glucose levels well
above goal do not experience any symptoms in spite of
their increased risk for future diabetes-related complica-
tions. Providers should emphasize this point to patients
in their communications about diabetes control.
Numerical information, either SMBG or the HbA1c,

was part of many participants’ assessment of diabetes
control. The frequent mention of SMBG as an important
source of information is noteworthy given mixed evi-
dence regarding the reported clinical value of ongoing
SMBG in patients not on insulin (only 40% of inter-
viewed participants reported insulin use) [22]. The im-
portance given to the HbA1c in assessing control and
management was somewhat surprising given the varying
levels of actual understanding of the value’s meaning.
Given past evidence supporting the value of an accurate
understanding of disease management targets, like the
HbA1c, further efforts are needed to improve the way
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care providers present this information to patients with
diabetes [2–4]. Improving providers’ communication of
this value could address the current barriers to HbA1c
understanding and, hopefully, increase the HbA1c’s in-
formational value for patients with diabetes. Further
work is needed to identify optimal approaches for com-
municating information on glycemic control to patients.
Towards this goal, in an in-progress mixed-methods
study, we elicited input from participants with diabetes
on a variety of visual formats for presenting the HbA1c
value (e.g., color-based scales, depictions of distance
from goal). Based on qualitative analysis of participants’
input, two formats were chosen for testing against
standard presentation of the HbA1c in a three-arm ran-
domized, controlled trial of patients with diabetes to
assess their impact on patients’ assessments of their
current diabetes control.
The study has several key limitations. First, the popula-

tion is small and demographically homogenous, limiting
the generalizability of the findings to other populations.
Of note, the race/ethnic demographics of the participants
do reflect that of West Philadelphia, a predominantly
Black neighborhood. Because demographic information
was not collected from eligible individuals who declined
participation, differential participation by race or educa-
tional attainment cannot be assessed. Second, while the
investigator AG’s supervision and coding of the initial in-
terviews may have introduced potential bias, it was neces-
sary for the interviewer’s (KM) training and unavoidable
given limited study staff. We feel that the use of a struc-
tured interview script, coding by two independent individ-
uals, and input from the broader study team during the
analysis process, helped to mitigate this potential bias.
Third, participants willing to take part in this type of inter-
view may be more engaged and activated than the typical
patient with diabetes. Finally, we did not ask participants
to specify whether they had Type 1 or Type 2 diabetes. In
our clinical experience, many patients are not sure of their
diabetes type and, in the absence of blood tests (i.e., insu-
lin autoantibodies, c-peptide), providers cannot always be
entirely certain of diabetes type among patients treated
only with insulin. However, the age of participants and use
of oral medications or diet for management suggest most
participants would be classified as having type 2 diabetes.

Conclusions
In this qualitative exploration of how patients with dia-
betes gauge their level of diabetes control we identified
several types of information used by participants to as-
sess their diabetes control. Most participants correctly
emphasized the role of medication adherence and a
healthy lifestyle in diabetes management and accurately
equated lower HbA1c and blood glucose values with
good diabetes control. However, many participants

inaccurately believed that the type and amount of medi-
cation taken was an indicator of diabetes control and felt
falsely reassured by the absence of diabetes-related
symptoms. Provider awareness of the factors influencing
patients’ assessments of their diabetes control may help
providers communicate more effectively with patients
about their diabetes management status and targets, to-
wards the goal of improved outcomes.

Additional file
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Abbreviations
Hemoglobin A1c: HbA1c; P: Participant; SD: Standard deviation; SMBG: Self-
monitoring of blood glucoses

Acknowledgements
Not applicable.

Funding
This study was funded by a pilot grant from the University of Pennsylvania
Department of Medical Ethics and Health Policy. The funder had no role in
conducting the study, analysis and interpretation of the results, the construction
of this manuscript, or the decision to submit the article for publication.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not
publicly available due to institutional policies but are available from the
corresponding author on reasonable request and with the appropriate IRB
approvals.

Authors’ contributions
All listed authors have met the necessary criteria for authorship. AG was
involved in the conception and design of the study, data analysis and
interpretation, and construction of the manuscript. KK was involved in data
analysis and interpretation, and review of the manuscript. KM was involved in
study design, data acquisition and interpretation, and review of the manuscript.
MS was involved in the conception and design of the study, data interpretation,
and review of the manuscript. All authors have approved the final version of this
manuscript.

Author’s information
No additional information.

Ethics approval and consent to participate
The protocol was approved by the University of Pennsylvania Institutional
Review Board. We received a waiver of written consent, as the signed consent
document would have been the only record linking the participant to the
research and would have created an unnecessary risk to subject confidentiality.
Further, we also confirm all patient/personal identifiers have been removed or
disguised so the patient/person(s) described are not identifiable and cannot be
identified through the details of the manuscript.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Gopalan et al. BMC Endocrine Disorders           (2018) 18:79 Page 7 of 8

https://doi.org/10.1186/s12902-018-0309-4


Author details
1Division of Research, Kaiser Permanente Northern California, 2000 Broadway,
Oakland, CA 94612, USA. 2Michael J. Crescenz VA Medical Center, 3900
Woodland Ave, Philadelphia, PA 19104, USA. 3Policy Lab, The Children’s
Hospital of Philadelphia, 3401 Civic Center Blvd, Philadelphia, PA 19104, USA.
4Division of General Internal Medicine, The Perelman School of Medicine at
the University of Pennsylvania, 3400 Civic Center Blvd, Philadelphia, PA
19104, USA.

Received: 19 June 2018 Accepted: 18 October 2018

References
1. Trivedi H, et al. Self-knowledge of HbA1c in people with type 2 diabetes

mellitus and its association with glycaemic control. Prim Care Diabetes.
2017;11:414–20.

2. Beard E, Clark M, Hurel S, Cooke D. Do people with diabetes understand
their clinical marker of long-term glycemic control (HbA1c levels) and does
this predict diabetes self-care behaviours and HbA1c? Patient Educ Couns.
2010;80:227–32.

3. Berikai P, et al. Gain in patients’ knowledge of diabetes management targets
is associated with better glycemic control. Diabetes Care. 2007;30:1587–9.

4. Yang S, et al. Knowledge of A1c predicts diabetes self-management and A1c
level among Chinese patients with type 2 diabetes. PLoS One. 2016;11:e0150753.

5. Heisler M, et al. The relationship between knowledge of recent HbA1c
values and diabetes care understanding and self-management. Diabetes
Care. 2005;28:816–22.

6. Zikmund-Fisher BJ, Exe NL, Witteman HO. Numeracy and literacy
independently predict patients’ ability to identify out-of-range test results. J
Med Internet Res. 2014;16:e187.

7. Ferguson MO, et al. Low health literacy predicts misperceptions of diabetes
control in patients with persistently elevated A1C. Diabetes Educ. 2015;41:
309–19.

8. Gopalan A, et al. Translating the hemoglobin A1C with more easily
understood feedback: a randomized controlled trial. J Gen Intern Med. 2014;
29:996–1003.

9. K. Glanz, B.K. Rimer, K. Viswanath, Health behavior : theory, research, and
practice, Fifth edition. ed., 2015.

10. Wagner EH. Chronic disease management: what will it take to improve care
for chronic illness? Eff Clin Pract. 1998;1:2–4.

11. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol.
2006;3:77–101.

12. Jones H, et al. Changes in diabetes self-care behaviors make a difference in
glycemic control: the diabetes stages of change (DiSC) study. Diabetes Care.
2003;26:732–7.

13. Gao J, et al. Effects of self-care, self-efficacy, social support on glycemic
control in adults with type 2 diabetes. BMC Fam Pract. 2013;14:66.

14. Lee YY, Lin JL. The effects of trust in physician on self-efficacy, adherence
and diabetes outcomes. Soc Sci Med. 2009;68:1060–8.

15. Grant RW, et al. Diabetes oral medication initiation and intensification:
patient views compared with current treatment guidelines. Diabetes Educ.
2011;37:78–84.

16. Ng CJ, et al. Barriers and facilitators to starting insulin in patients with type
2 diabetes: a systematic review. Int J Clin Pract. 2015;69:1050–70.

17. Nielsen AB, Gannik D, Siersma V, Olivarius Nde F. The relationship between
HbA1c level, symptoms and self-rated health in type 2 diabetic patients.
Scand J Prim Health Care. 2011;29:157–64.

18. Bulpitt CJ, Palmer AJ, Battersby C, Fletcher AE. Association of symptoms of
type 2 diabetic patients with severity of disease, obesity, and blood
pressure. Diabetes Care. 1998;21:111–5.

19. Fritschi C, Quinn L. Fatigue in patients with diabetes: a review. J Psychosom
Res. 2010;69:33–41.

20. Fritschi C, et al. Fatigue in women with type 2 diabetes. Diabetes Educ.
2012;38:662–72.

21. Holt RI, de Groot M, Golden SH. Diabetes and depression. Curr Diab Rep.
2014;14:491.

22. Professional Practice Committee. Standards of Medical Care in Diabetes-2016.
Diabetes Care. 2016;39(Suppl 1):S107–8.

Gopalan et al. BMC Endocrine Disorders           (2018) 18:79 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and oversight
	Setting and participants
	Data collection
	Analysis

	Results
	Factors influencing participants’ assessments of diabetes control
	Exploring understanding of the HbA1c value

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Author’s information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

