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Objective: The purpose of this study is to establish demographic and clinical data associated
with the knowledge on diabetes management and its influence on glycemic control in patients
with type 1 diabetes.
Methods: This was a retrospective, observational, multicenter study conducted with
1,760 patients between August 2011 and August 2014 in 10 cities of Brazil.
Results: Overall, 1,190 (67.6%) patients knew what glycated hemoglobin (HbA1c) means.
These patients were older, had longer disease duration, longer follow-up in each center, reported
lower frequency of self-reported hypoglycemia, and were more frequently Caucasians and at
glycemic goal. Multivariate analysis showed that knowledge on what HbA1c means was related
to more years of school attendance, self-reported ethnicity (Caucasians), severe hypoglycemia,
economic status, follow-up time in each center, and participation on diabetes educational programs. Good glycemic control was related to older age, more years of school attendance, higher
frequency of daily self-monitoring of blood glucose, higher adherence to diet, and knowledge
on what HbA1c means.
Conclusion: Patients with a knowledge on what HbA1c means had a better chance of reaching
an adequate glycemic control that was not found in the majority of our patients. Diabetes care
teams should rethink the approaches to patients and change them to more proactive schedules,
reinforcing education, patients’ skills, and empowerment to have positive attitudes toward
reaching and maintaining a better glycemic control. Finally, the glucocentric approach to
diabetes management should be changed to actions that include patients’ psychosocial aspects
aiming to reduce the stress of living with diabetes, improving glycemic control, and avoiding
adverse outcomes.
Keywords: type 1 diabetes, diabetes knowledge, diabetes education, glycemic control, diabetes
complications
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Type 1 diabetes (T1D) is a chronic disease with an incidence that varies widely throughout the world and is continuously increasing.1 Nowadays, intensive insulin therapeutic
regimens, practice of physical activities, and personally tailored diets are the basis of
treatment for patients with T1D.2 These factors are fundamentally important in obtaining and keeping an adequate glycemic control and avoiding chronic complications that
are related to diabetes and result in very high costs (direct and indirect) and are associated with high rates of mortality.3,4 Data from the Diabetes Control and Complications
Trial (DCCT) and Epidemiology of Diabetes Interventions and Complications (EDIC)
studies have shown that intensive glycemic control reduces the risk of diabetes-related
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chronic complications4 and that intensive insulin treatment
is the best approach to treating patients with T1D, always
associated with regular practice of physical activities and
an individualized diet plan. Besides this, some other tools
related to diabetes management such as self-monitoring of
blood glucose (SMBG) and knowledge on all these tools
by the patients are cornerstone for reaching and maintaining a good glycemic control, which is still a challenge in
clinical practice, mainly among minorities.5 In the USA,
the Exchange study has shown that only 64% and 43% of
children and adolescents, respectively, met a good glycemic
control.6 In an international study comparing registries from
19 countries, it was found that only 15.8% had an adequate
glycemic control.7 In Brazil, only 13.2% of patients with T1D
presented glycated hemoglobin (HbA1c) at target.8
Moreover, many other factors can contribute to poor
glycemic control in daily clinical practice such as cognitive
dysfunction due to chronic hyperglycemia, poor (or absent)
family support, social economic inequalities, and poor
continuous educational support in many aspects regarding
diabetes and in its management.8–13 A recent study conducted
with hypertensive patients regarding knowledge on hypertension and medication adherence showed a lower number of
patients with better knowledge presenting a blood pressure
of .140/90 mmHg. Otherwise, these patients had a higher
adherence mainly to a nonpharmacological treatment of
hypertension.14 Regarding diabetes, a study conducted in
Mexico showed that patients who perceived themselves at
target for HbA1c had a lower mean HbA1c.15 In France, a
study performed with 235 patients with T1D showed that
87% of these patients knew what HbA1c means; in both
studies, they performed more SMBG.15,16 It seems that all
barriers to obtain an adequate glycemic control should be
explored in all groups of patients with T1D.5
The objective of the present study was to evaluate the
impact of patients’ knowledge on diabetes management and
its influence on glycemic control. Information obtained in
this study will be important to guide governmental health
policies to improve diabetes care in Brazil.

Research design and methods
Our study was retrospective, observational, and nationwide
performed from August 2011 to August 2014 in 14 public
clinics from 10 cities of Brazil belonging to all geographic
regions of the country (North/Northeast, Midwest, Southeast,
and South). The methodology has been described elsewhere.12 All patients received free health care from the Brazilian National Health Care System (BNHCS) that furnishes
all necessary supplies for diabetes treatment such as Neutral
54
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Protamine Hagedorn (NPH) and regular insulin, syringes,
needles, glucometers, and strips for SMBG. Each diabetes
center presented data from at least 50 outpatients with clinical
diagnosis of T1D aged at least 13 years who were regularly
attended in these clinics for at least 6 months. Our sample
included 1,760 patients with the diagnosis of diabetes made
between 1960 and 2014. Patients were classified according
to the American Diabetes Association criteria2 as adolescents
(13–19 years) and adults (.19 years). Ethics approval for the
study was obtained from Pedro Ernesto University Hospital,
number 2769/2010. A list of the people involved in the study at
each center is available in the Supplementary material. Written informed consent was obtained from all patients or from
their parents if the patients were younger than 18 years.
A questionnaire was applied during a clinical visit,
and the following variables were assessed: current age,
age at diagnosis, diabetes duration, treatment modalities
(different types of insulin therapy), frequency of SMBG,
smoking status, last month’s self-reported frequency of any
hypoglycemia (blood glucose levels #70 mg/dL), and severe
hypoglycemia (occasions in which the patient needed the
assistance of a third party) and hospitalization due to any
cause in the last 12 months.17 Body mass index (BMI) was
determined by dividing an individual’s weight (kg) by the
square of the height (m2).18 Adherence to diet and to insulin
therapy was self-reported, and both have been previously
described.12,13 Briefly, an adequate adherence to diet was
considered when the patient reported at least 80% of the
time adherence to the prescribed diet.13 Adherence to insulin
therapy was based on self-reported scales that evaluated last
month’s medication-taking behavior, using an adaptation of
the four questions proposed by Morisky–Green–Levine.12,19
Clinical visits to physicians as well as appointments with
nurses and participation on educational programs about
diabetes in the last year were also evaluated.
The Brazilian Type 1 Diabetes Study Group (BrazDiab1SG)
adopted the following American Diabetes Association (ADA)
goals for adequate metabolic and clinical control: HbA1c
,7.5% for adolescents and ,7% for adults were considered
as good glycemic control.2 HbA1c $9% was considered as
poor control. HbA1c was determined by high-performance
liquid chromatography (Bio-Rad Laboratories Inc., Hercules,
CA, USA) on the same day of the clinical visit to the physician. The last HbA1c reported by the patient at the time of
the clinical visit and the HbA1c levels registered in medical
records in the last year were also assessed. Smoking was
defined as the current use of any amount of cigarettes.
To evaluate knowledge on diabetes management, patients
were asked to answer six questions (Figure 1).
Patient Preference and Adherence 2018:12
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1. Do you know what does HbA1c mean? yes/no
2. What does HbA1c evaluate?
a. Current glycemic control
b. Glycemic control in the past 3 months
c. Glycemic control in the last year
3. Do you know what is the level of HbA1c considered as a good glycemic control?
a. ,7%
b. ,8%
c. ,9%
d. I do not know
4. Do you know the level of your last HbA1c?
5. Do you know why you need to perform SMBG?
6. If you have high glucose level according to SMBG
what do you do?
a. I change my insulin dose
b. I change my diet
c. I change the frequency and intensity of my
exercise schedule
d. I do all the above actions
Figure 1 Six questions to evaluate knowledge on diabetes managment.
Notes: Patients were asked to answer all six questions.

Sample calculation and economic status
definition
The sample size was calculated based on the BrazDiab1SG’s
number of patients found in each Brazilian geographical
region12 and the estimated territorial distribution of the
Brazilian population reported by the 2000 Brazilian Institute
of Geography and Statistics Census (IBGE).20 These data
were combined with national estimates of diabetes prevalence
derived from a survey conducted by Malerbi and Franco in
1988.21 More than 95% of the estimated number of patients
from each geographical region were evaluated. They had
their economic status defined according to the Brazilian
Economic Classification Criteria that considers education
as illiterate/incomplete primary education, complete primary education/incomplete secondary education, complete
secondary education/incomplete high school, complete high
school/some college, and complete college education.22
Economic classes were stratified as follows: high, middle,
low, and very low.

Statistical analysis
Independent continuous variables were compared using
independent, two-sided t-tests or ANOVA with Bonferroni
correction and were expressed as mean ± SD. Two-sided
Patient Preference and Adherence 2018:12
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Z-tests were used for comparisons between discrete
variables. Pearson correlation was performed between
HbA1c reported by the patient, current HbA1c, and HbA1c
value in the last year (evaluated in medical records).
Multivariate logistic regression was performed with the
patient’s knowledge on what HbA1c means (yes, group 1;
no, group 0). Ethnicity (Caucasian or non-Caucasian, as
described in medical charts or self-reported), economic
status, age, years of study, gender, duration of diabetes,
follow-up time in each center, severe hypoglycemia (yes/
no), number of clinical visits, appointment with nurses,
and participation in educational programs for diabetes were
included in the model as independent variables. Multivariate
logistic regression was also performed with HbA1c ,7.0
or ,7.5 and $9.0% as dependent (outcome) variables and
ethnicity, economic status, age, years of school attendance,
adherence to diet, adherence to insulin therapy, knowledge
on what HbA1c means or diabetes management, gender,
duration of diabetes, duration of follow-up in each respective center, type of insulin regimens, and number of SMBG
performed daily as independent variables. In all models, we
used the forward Wald stepwise logistic regression analysis. The Nagelkerke’s R2 value was also calculated. SPSS
Version 17.0 (SPSS, Inc., Chicago, IL, USA) program was
used for all analysis. Odds ratios with 95% CI were also
determined. A two-sided P-value of ,0.05 was considered
statistically significant.

Results
Clinical and demographic data and
patients’ knowledge on HbA1c
Clinical and demographic data of the studied population are
summarized in Table 1. Data stratified according to patients’
knowledge on HbA1c are described in Table 2. Patients from
group 1 were older, had longer diabetes duration and longer
years of follow-up at each diabetes center, and were more
frequently Caucasians than patients from group 0. A tendency
was noted for female gender (P=0.07).
The majority of patients knew what HbA1c means
(1,190 [67.4%]) and also knew that HbA1c means the
evaluation of glycemic control in the last 3 months (1,096
[62.3%]). A linear trend was observed between patients’
knowledge on what HbA1c means and economic status,
with more patients from high and medium classes than
patients from other classes (low and very low) found in
group 1 (P,0.001). In average, the total studied population had 12.2±3.8 years of school attendance. Patients from
group 1 had more years of school attendance than patients
from group 0 (P,0.001).
submit your manuscript | www.dovepress.com
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Table 1 Socio-demographic, clinical, and diabetes knowledge
characteristics of the study participants
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Variable
N
Gender, female, n (%)
Age (years)
,19, n (%)
$19, n (%)
Ethnicity, n (%)
Caucasians
Non-Caucasiansa
Economic status, n (%)
High
Medium
Low
Very low
Duration of diabetes (years)
Age of diagnosis (years)
Time of follow-up (years)
Insulin regimens, n (%)
Intermediate or long acting
Intermediate/long plus short acting
CSII
Insulin (IU/kg)
Knew what is the level of HbA1c considered as being
good glycemic control,b n (%)
Do you perform SMBG daily? Yes, n (%)
Do you know why you need to perform SMBG? n (%)

959 (54.5)
801 (45.5)
53 (3.0)
801 (45.5)
849 (48.3)
57 (3.2)
15.5±9.3
14.7±8.9
9.7±7.6
86 (4.9)
1,612 (91.6)
62 (3.5)
0.86±0.38
1,091 (62.0)
1,663 (67.3)
1,672 (95.2)

Notes: Data are presented as numbers (percentage) or mean ± SD. aAfricanBrazilians, Mulattos, Asians, and Native Indians. bHbA1c at goal was defined as
HbA1c ,7.5% (58 mmol/mol) for T1D patients between 13 and 19 years and ,7.0%
(53 mmol/mol) for adult T1D patients.
Abbreviations: CSII, continuous subcutaneous insulin infusion; HbA1c, glycated
hemoglobin; SMBG, self-monitoring of blood glucose; T1D, type 1 diabetes.

Participants’ glycemic control, insulin
therapeutic regimens, and knowledge
on HbA1c and diabetes management
Considering insulin therapeutic regimens data, more patients
from group 1 were using continuous subcutaneous insulin
infusion (CSII) and combining intermediate or long-acting
insulin with short-acting insulin than patients from group 0
(P,0.001).
Patients from group 1 had lower HbA1c (current and in the
last year) than patients from group 0. HbA1c levels reported
by the patients showed a positive correlation with last year’s
HbA1c levels found in the medical records (r=0.51, P,0.001)
and with the current HbA1c levels (r=0.72, P,0.001). There
were more adult patients in group 1 than adolescents (1,022
[85.9%] vs 168 [14.1%], respectively, P,0.0001). Higher
HbA1c levels were observed in adolescents than in adults
(9.7±2.2 vs 8.8%±2.0%, respectively, P,0.001).
More patients from group 1 were at goal for HbA1c
than patients from group 0 (P,0.001). More patients from
group 1 knew what was the threshold of HbA1c considered
56
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1,760
983 (55.9)
29.9±11.9
297 (16.9)
1,463 (83.1)
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as a good glycemic control than patients from group 0 (1,002
[84.2%] vs 89 [15.6%], P,0.001, respectively). Concerning
the actions that patients took after observing high glucose
levels according to SMBG, the majority of patients from
group 1 reported changing insulin doses compared with
patients from group 0 (835 [82.1%] vs 301 [74.9%], P=0.001,
respectively). No difference was noted concerning changes
in diet and in exercises.
Severe hypoglycemic episodes were reported by 251
patients (19.0%). Patients from group 1 reported lower frequency of severe hypoglycemia than patients from group 0
(P=0.004).
SMBG was performed by 1,663 (94.4%) patients with
a mean of 3.6±1.4/day. More patients from group 1 knew
why they should perform SMBG than patients from group 0
(1,176 [98.8%] vs 496 [87.0%], P,0.001, respectively);
they also performed more daily SMBG than patients from
group 0 (P,0.001).
Patients from group 1 reported more adherence to diet
and more participation on diabetes educational programs.
Maximum adherence to insulin therapy was less frequent
in group 1 than in group 0 (P=0.01). Overall, 278 patients
(15.8%) had a hospitalization for any cause in the previous
year, with a mean of 1.8±1.4 hospitalization/year without
difference between groups. The number of clinical visits to
physicians and the number of appointments with a nurse was
similar between groups. The mean BMI was 24.2±4.1 kg/m2,
with no difference between the two groups.
Considering the group of patients who knew what HbA1c
means (n=1,190), further analysis showed that 808 (67.9%)
patients answered correctly to the other questions about HbA1c
and knew the value of their last HbA1c and 382 (32.1%)
patients knew what HbA1c means but did not answer correctly
to any of the other questions. The former patients had lower
current HbA1c than the latter patients (8.6±1.9 vs 9.0±2.0,
P=0.001, respectively), and more patients from the former
group were within the goals for HbA1c than patients from
the latter group (144 [18.0%] vs 52 [13.8%], P=0.002), performed more daily SMBG (3.8±1.4 vs 3.6±1.4, P=0.05), and
related more adherence to diet (479 [65.3%] vs 190 [55.4%],
P=0.002, respectively). No difference was found concerning
the frequency of hypoglycemia and maximum adherence to
insulin therapy. These data are not described in Table 2.

Multivariate analysis with knowledge
on what HbA1c means as dependent
variable (yes/no)
Multivariate analysis with knowledge on what HbA1c
means as dependent variable showed that all the independent
Patient Preference and Adherence 2018:12
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Table 2 Socio-demographic, clinical, and diabetes management data stratified according to the knowledge on what HbA1c means
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Variable
N (%)
Gender, female, n (%)
Age (years)
Age (years), n (%)
,19
$19
Years of study (years)
Ethnicity, n (%)
Caucasian
Non-Caucasiana
Economic status, n (%)
High
Medium
Low
Very low
Duration of diabetes (years)
Mean age at diagnosis (years)
Time of follow-up (years)
Diabetes treatment, n (%)
Intermediate/long acting insulin
Intermediate- or long- and short-acting insulin
CSII
Glycemic control
HbA1cb (%), current
HbA1c (mmol/mol)
HbA1c (%) reported by the patient
HbA1c (mmol/mol) reported by the patient
HbA1c (%), last year
HbA1c (mmol/mol)
HbA1c (good), n (%)b
HbA1c (poor), n (%)b
Hypoglycemia (severe), yes, n (%)
Diabetes management
SMBG, yes, n (%)
SMBG, n
Adherence to insulin therapy,c yes, n (%)
Adherence to diet, yes, n (%)
Smoking status, yes, n (%)
BMI (kg/m2)
Hospitalization,d yes, n (%)
Clinical visits, n
Appointments with nurse, n
Participation in diabetes educational programs, yes, n (%)

Knowledge on HbA1c
Yes

No

1,190 (67.6)
682 (57.3)
30.2±11.8

570 (32.4)
301 (52.8)
29.6±12.1

168 (14.1)
1,022 (85.9)
13.0±3.7

129 (22.5)
441 (77.4)
10.5±3.4

713 (60.0)
476 (40.0)

246 (43.2)
324 (56.8)

46 (86.8)
637 (79.5)
489 (57.6)
17 (29.8)
16.2±9.3
14.1±8.7
10.1±7.7

7 (13.2)
164 (20.5)
360 (42.4)
40 (70.2)
13.9±9.0
15.9±9.2
8.5±8.7

24 (27.6)
1,105 (68.6)
61 (98.4)

63 (72.4)
506 (31.5)
1 (1.6)

8.7±1.9
71.6±2.7
8.5±1.9
69.4±2.7
8.9±2.9
73.8±8.2
196 (16.6)
432 (36.6)
160 (17.0)

9.5±2.3
80.3±1.6

,0.001

9.6±2.6
81.4±4.9
57 (10.3)
307 (55.2)
91 (23.9)

,0.001

1,143 (68.7)
3.7±1.4
95 (14.0)
669 (62.2)
39 (5.7)
24.3±4.1
105 (15.4)
3.6±1.7
2.5±1.4
95 (14.0)

520 (31.3)
3.4±1.5
71 (23.6)
234 (49.4)
20 (6.6)
23.9±4.2
59 (19.6)
3.6±1.8
2.5±1.9
25 (8.3)

,0.001
0.002
0.01
0.001
0.5
0.1
0.1
0.5
0.9
0.01

P-value
0.07
0.07
,0.001

,0.001
,0.001

,0.001

,0.001
,0.001
,0.001
,0.001

,0.001
0.004

Notes: Data are presented as a percentage, mean ± SD. aAfrican-Brazilians, Mulattos, Asians, Native Indians; bHbA1c at goal was defined as HbA1c ,7.5% (58 mmol/mol) for
T1D patients between 13 and 19 years and ,7.0% (53 mmol/mol) for adult T1D patients. HbA1c .9.0% (75 mmol/mol) was defined as poor glycemic control. cAdherence
to insulin therapy was considered the maximum adherence according to Morisky-Green-Levin, patients using CSII were excluded. dHospitalization for any cause.
Abbreviations: BMI, body mass index; CSII, continuous subcutaneous insulin infusion; HbA1c, glycated hemoglobin; SMBG, self-monitoring of blood glucose; T1D, type 1
diabetes.

variables, which entered in the model, even after adjustment,
could explain only 21% (Nagelkerke’s R2) of a given patient
knowing what HbA1c means. The independent variables
associated with the knowledge on what HbA1c means were
higher years of school attendance, self-reported ethnicity
(Caucasians), economic status, follow-up time in each
center, self-reported severe hypoglycemia, and participation
Patient Preference and Adherence 2018:12

on diabetes educational programs. Table 3 shows the final
adjusted model.

Multivariate analysis with HbA1c at goal
as the dependent variable
Eight hundred fourteen patients were included in this analysis
(n=222 with HbA1c at goal and n=592 with HbA1c $9.0%).
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Table 3 Final adjusted logistic regression model with knowledge on what HbA1c means as the dependent variable
Self-reported ethnicity, Caucasians, yes
Economic status
High
Medium
Low
Very low
Severe hypoglycemia, yes
Years of study
Follow-up at each center (years)
Participation on educational diabetes program

N

β

OR

95% CI

725

0.57

1.76

1.35

2.29

,0.001

43
635
605
33
251
1,316
1,316
170

0.67
0.44
0.43

3.379
3.633
2.068

1.00
1.55
0.90

12.4
8.53
4.76

0.34
0.18
0.02
0.94

1.40
1.20
1.03
2.56

1.02
1.15
1.01
1.60

1.92
1.25
1.04
4.11

0.06
0.003
0.09
Reference
0.038
0.001
0.001
0.002

P-value

Abbreviation: HbA1c, glycated hemoglobin.

Multivariate analysis performed with HbA1c at goal and
HbA1c $9.0% as dependent variables showed that all the
independent variables that entered in the model, even after
adjustment, could explain only 15% (Nagelkerke’s R2) of a
given patient reaching the goal for HbA1c. HbA1c at goal
was associated with the following independent variables:
older age, more years of school attendance, higher frequency
of daily SMBG, higher adherence to diet, and knowledge
on what HbA1c means. Table 4 shows the final adjusted
model.
Using the same model with knowledge on diabetes management (questions related to HbA1c, glycemic control, and
SMBG) instead of using only knowledge on what HbA1c
means did not change our final results, but the Nagelkerke’s
R2 was 20.1%.

Discussion
The evaluation of patients’ knowledge on HbA1c in the
BrazDiab1SG has shown that the majority of our patients
referred to know what HbA1c means and also that it translates how was glycemic control in the last 3 months. Patients
who showed a knowledge on what HbA1c means had lower
current HbA1c levels, were older, had a longer follow-up
in their respective diabetes center, were more frequently
Caucasians and mostly from high and medium social classes,

and had more years of school attendance and participation
on diabetes educational programs. Moreover, knowing the
meaning of HbA1c was an important variable related to an
adequate glycemic control together with adherence to diet,
higher number of SMBG performed daily, and lower rates
of severe hypoglycemia. However, a small difference in
current HbA1c levels was noted between patients who have
more knowledge on diabetes management (including many
questions related to HbA1c, glycemic control, and SMBG)
and patients who knew only what HbA1c represents; in other
words, just knowing what HbA1c means probably made an
important difference upon diabetes control outcomes.
Among patients who knew what HbA1c means, fewer
patients had HbA1c levels $9% and more patients were
at goal for good glycemic control. Only years of school
attendance was common to both knowledge on what HbA1c
means and HbA1c at goal in multivariate analysis, which
means that years of school attendance, independent of
socioeconomic status and ethnicity, was the most important
factor, leading to better diabetes control outcomes. Although
we have noted a relationship between knowledge on what
HbA1c means, lower rates of severe hypoglycemia, and participation on diabetes educational programs by the patients,
we have to emphasize that fewer patients in our study have
participated in these programs in comparison to patients with

Table 4 Final adjusted logistic regression model with patients with HbA1ca at goal as the dependent variableb
Knowledge on HbA1c means
Adherence to diet, yes
Years of study
Age (years)
SMBG, n

N

β

OR

95% CI

814
358
814
814
814

0.742
0.441
0.097
0.014
0.197

1.555
2.43
1.102
1.014
1.218

1.054
1.718
1.05
1
1.117

P-value
2.293
3.436
1.157
1.028
1.38

0.002
0.001
,0.001
0.047
0.001

Notes: aHbA1c at goal was defined as HbA1c ,7.5% (58 mmol/mol) for T1D patients between 13 and 19 years and ,7.0% (53 mmol/mol) for adult T1D patients. bIn this
analysis, 814 patients were included (n=222 with HbA1c at goal and n=592 with HbA1c $9.0%).
Abbreviations: HbA1c, glycated hemoglobin; SMBG, self-monitoring of blood glucose; T1D, type 1 diabetes.
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T1D enrolled in a collaborative study conducted in Mexico.15
This could be one among several explanations why a larger
proportion of our patients were out of target for HbA1c,
independent of the degree of knowledge that they had about
what HbA1c means.
Patients who experience hypoglycemia may develop an
excessive fear of presenting other hypoglycemic episodes
that could function as a stimulus for behavior modifications
including the acquisition of more knowledge on diabetes; this
fear could also lead patients to keep higher glycemic levels
to avoid other hypoglycemic episodes.23 In our study, we
have observed that patients who knew what HbA1c means
had less severe hypoglycemic episodes, although presenting
high HbA1c levels (8.7%), what is in accordance with the
findings of this former study.23
We have also to point out that the majority of our patients
had reported self-adjustment of insulin doses according to
the results of SMBG, mainly patients from group 1, but even
so, .30% of these patients still had HbA1c $9.0%. The
collaborative group study conducted in Mexico showed that
although 63.2% of patients with T1D used to practice selfadjustment on insulin doses, their mean HbA1c was 8.8%.15
As has been previously found in the Hvidoere International
Study Group and Exchange Study Group, adolescent patients
showed higher levels of HbA1c than adult patients.24,25
Different factors have been related to poor glycemic control
in patients with T1D including familial support, depressive
and anxiety disorders (in patients and parents), and many
other altered physiological and psychological processes that
are generally found in this age.10 Altogether, these factors
could lead to poorer interest and engagement in diabetes
educational programs what might have happened in our
study once in our sample less adolescent patients reported
knowledge on what HbA1c means than adult patients. The
perception of all these factors should help diabetes team to
focus on educational programs for adolescents to increase
their level of knowledge on diabetes and consequently make
their self-care behaviors stronger.26
Patients with better knowledge on what HbA1c means
had lower HbA1c levels (current and in the last year) than
patients who did not know its meaning. HbA1c levels
reported by the patients had a positive correlation with
last year’s HbA1c levels found in the medical records and
with the current HbA1c levels, showing that the level of
HbA1c could persist within the same range over a period
of time. A recent retrospective study conducted in the USA
in patients with T1D with persistent poor glycemic control
showed little improvement during the follow-up of 9 years.11
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We hypothesize that the same may occur in patients with
good glycemic control. Both poor and good glycemic control
could have an influence on metabolic memory; the legacy of
poor glycemic control could predispose patients to evolve to
micro- or macrovascular complications as described in the
DCCT; in contrast, good glycemic control could prevent or
postpone these complications.27
It is of note that in our study, after adjustment, the type of
insulin regimen did not predict glycemic control. The relationship between the type of insulin regimen and glycemic
control is still a matter of controversy.12,24 The lack of
association between type of intensive insulin regimen and
glycemic control was observed in the International Diabetes
Management Practice Study (IDMPS),28 Hvidoere Study,24
and BrazDiab1SG.29 Moreover, a multicenter study conducted in Germany showed that patients on conventional
insulin therapy, defined as three or less daily insulin shots,
had better HbA1c levels than patients under intensive insulin
regimens, including CSII.30 Considering intensive treatment
with multiple daily insulin shots, one study has addressed
the real-world adherence to insulin therapy in patients with
T1D, which could be lower than expected.12 In the Exchange
study, although 60% of the patients were using CSII, they
still had a mean HbA1c of .8%.6 Two other variables associated with glycemic control were the number of SMBG performed daily and adherence to diet, both conditions closely
related to a better diabetes management by the patient and
described as predictors of good glycemic control in many
studies.8,13,16,28–31 The IDMPS study, which had an arm in
South America, has shown that both performing SMBG and
participating in educational programs that include patients
and multiprofessional teams were the predictors of good
glycemic control.28
All the abovementioned facts point to the fact that we
should rethink the kind of attention we are delivering to
our patients with T1D.24,32 We should look for educational
programs with support groups that aim to reach an adequate
glycemic control, improve patients’ quality of life, and
decrease the psychosocial burden of living with diabetes.33
The care that is delivered to patients with T1D should be
centered in each individual patient, respecting this patient’s
needs and preferences. It should also be tailored respecting each age group (children, adolescents, and adults).34
We should also plan population interventions with a team
formed by several professionals from many different areas,
with different skills to support all patients and in particular
each one individually. Recently, several interventions have
been proposed aiming to improve self-efficacy and patients’
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empowerment and have presented better results mainly in the
most disadvantaged patients who generally present poorer
results regarding glycemic control.34
The major strength of our study is that we have evaluated
a large sample of Brazilian young patients with T1D from
four geographical regions of the country, representing our
highly ethnically mixed population from different socioeconomic backgrounds using the same uniform protocol in all
participating centers.
We have also to address some limitations of our study.
Taking in account that only years of school attendance was
common to both knowledge on what HbA1c means and
HbA1c at goal in multivariate analysis, independent of
socioeconomic status and ethnicity, we can consider that
this variable was the most important factor, leading to better
diabetes control. However, in both models of multivariate
analysis, all the independent variables explain ,25% of a
given patient reaching the goal for HbA1c and also having
the knowledge for what HbA1c means. We have to consider
that other factors that were not assessed in our study could
have negatively influenced our patients in not reaching these
goals, such as impairment of cognitive function, poor family
support, and many other adverse environmental factors. The
use of only direct questions about HbA1c and SMBG to
evaluate diabetes management could also be another limitation of our study.

Conclusion
In our cohort of Brazilian patients with T1D, a better knowledge on what HbA1c means was related to older ages, longer
disease duration, longer follow-up in each center, lower frequency of self-reported hypoglycemia, Caucasian ethnicity,
more years of school attendance, higher socioeconomic
status, and participation in diabetes educational programs.
These patients had also a better chance of reaching an
adequate glycemic goal. Professionals involved in diabetes
care teams should change their glucocentric approach to more
proactive schedules, reinforcing education and patients’ skills
to improve diabetes knowledge and empower them to have
positive attitudes toward reaching and maintaining a good
glycemic control.
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