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Abstract

Background: To determine the relationship between adherence to the diet reported by patients with type 1
diabetes under routine clinical care in Brazil, and demographic, socioeconomic status, glycemic control and
cardiovascular risk factors.

Methods: This was a cross-sectional, multicenter study conducted between December 2008 and December 2010 in
28 public clinics in 20 Brazilian cities. The data was obtained from 3,180 patients, aged 22 ± 11.8 years (56.3%
females, 57.4% Caucasians and 43.6% non-Caucasians). The mean time since diabetes diagnosis was 11.7 ± 8.1 years.
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Results: Overall, 1,722 (54.2%) of the patients reported to be adherent to the diet without difference in gender,
duration of diabetes and socioeconomic status. Patients who reported adherence to the diet had lower BMI,
HbA1c, triglycerides, LDL-cholesterol, non HDL-cholesterol and diastolic blood pressure and had more HbA1c at
goal, performed more frequently self-monitoring of blood glucose (p < 0.001), and reported less difficulties to follow
specific schedules of diet plans (p < 0.001). Less patients who reported to be adherent were obese or overweight
(p = 0.005). The quantity of food and time schedule of the meals were the most frequent complaints. Logistic
regression analysis showed that ethnicity, (Caucasians, (OR 1.26 [1.09-1.47]), number of medical clinical visits in the
last year (OR 1.10 [1.06-1.15]), carbohydrate counting, (OR 2.22 [1.49-3.30]) and diets recommended by diabetes
societies’, (OR 1.57 [1.02-2.41]) were related to greater patients’ adherence (p < 0.05) and age, [adolescents (OR 0.60
[0.50-0.72]), high BMI (OR 0.58 [0.94-0.98]) and smoking (OR 0.58 [0.41-0.84]) with poor patients’ adherence (p < 0.01).

Conclusions: Our results suggest that it is necessary to rethink medical nutrition therapy in order to help patients
to overcome barriers that impair an optimized adherence to the diet.
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Introduction
The treatment of diabetes should start with non-
pharmacological therapies such as lifestyle interventions. A
healthy lifestyle with regular physical activity and healthy
eating are very important tools in reaching and maintaining
an adequate glycemic control in patients with type 1 dia-
betes (T1D) [1].
Health care professionals are frequently challenged with

the task of motivating patients to follow dietary and exer-
cise guidelines and take insulin injections to improve their
diabetes control and thereby slow or avoid the occurrence
of diabetes-related acute and chronic complications. Life-
style modification is an integral part of T1D management.
Patients with T1D, because of a universal need for insulin,
must learn to count or closely estimate the amount of
carbohydrate they consume to help regulate their blood
glucose levels and adjust their insulin doses. Failure to do
so can lead to hyperglycemia or hypoglycemia [1].
Medical nutrition therapy (MNT) is important at all

levels of diabetes care. MNT is also an integral component
of diabetes self-management education and training. The
first nutrition priority for individuals requiring insulin ther-
apy is to change their lifestyle in order to incorporate an in-
sulin regimen into their preferred diet and exercise
routines. With the many insulin options now available, an
appropriate insulin regimen can usually be developed to
conform to an individual’s preferred meal routine, food
choices and physical activity pattern [2].
In addition, the guidelines recommend reaching an opti-

mal glycemic control avoiding the development of over-
weight or obesity as well as hypoglycemia and diabetes-
related comorbidities (hypertension and dyslipidemia) and
cardiovascular diseases [3].
The diet regimen for T1D is complex. Studies conducted

in order to investigate the diet adherence of children and
adolescents with T1D have found rates of dietary adherence
ranging from 21% to 56% based on self-reported adherence
rates [4] and rather poor adherence to nutritional recom-
mendations in adults with T1D [5,6].
The aim of this study was to determine the relation-

ship between the adherence to the diet reported by the
patient and demographic, socioeconomic status, gly-
cemic control and cardiovascular risk factors, in patients
with T1D under routine clinical care in Brazil.

Research design and methods
This was a retrospective observational, cross-sectional,
multicenter study conducted between December 2008
and December 2010 in 28 secondary and tertiary care
public clinics. These clinics were located in 20 cities
within four Brazilian geographic regions (north/north-
east, midwest, southeast and south). The methodology
has been described previously [7]. Briefly, all patients re-
ceived health care from the National Brazilian Health
Care System (NBHCS). Each clinic provided data from
at least 50 T1D outpatients that regularly attended this
clinic. All patients were treated by an endocrinologist in
secondary or tertiary care settings. The inclusion criteria
included T1D patients diagnosed by a physician based
on a typical clinical presentation including variable de-
grees of weight loss, polyuria, polydipsia and polyphagia,
as well as the need of using insulin continuously since
the diagnosis. Appendix lists each local center’s ethics
committee approval of the study. Each center had a co-
ordinator who was trained to analyze the data that were
obtained from the medical charts.
Our sample size was of 3,591 patients; however, this

study was comprised of only patients with at least one
year of medical follow-up at each respective center that
was a total of 3,180 patients (88.5%). All patients were
diagnosed with T1D between 1960 and 2010. Patients
younger than 13 years old were considered to be chil-
dren, patients between 13 and 19 years old were classi-
fied as adolescents, and patients older than 19 were
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considered to be adults according to the American Dia-
betes Association criteria (ADA) [2].
The following variables were assessed by a questionnaire

applied during a clinical visit: current age, age at diagnosis,
diabetes duration, height (m), weight (kg), treatment mo-
dalities for diabetes or diabetes-related comorbidities,
frequency of self-monitoring of blood glucose (SMBG) and
smoking status. The questionnaire included also self-
reported questions related to nutritional factors associated
with diet in daily clinical practice such as if the patient
followed any prescribed diet, the specific health care profes-
sional that prescribed the diet, how adherent to the re-
ported diet patients were (it is of note that adherence was
defined as following at least 80% of the time of the reported
diet), type of reported diet, main difficulties found to follow
the diet, presence of comorbidities, self-reported frequency
of severe hypoglycemia and hospitalization because of
either diabetes ketoacidosis or hyperglycemia. The levels of
HbA1c, fasting plasma glucose (FPG), total cholesterol,
low-density lipoprotein (LDL) cholesterol, high-density
lipoprotein (HDL) cholesterol, and triglycerides measured
during the last clinical visit were obtained from the patients’
medical records. Within one year of the study assessment,
the patients with a diabetes duration greater than or
equal to five years were screened for chronic diabetes-
related complications: retinopathy (classified as absent,
nonproliferative, or proliferative; by fundoscopy); clinical
nephropathy (according to ADA recommendations [8];
macrovascular diseases (classified as clinical coronary artery
disease, stroke, and peripheral vascular disease); and foot
pathologies.
The following ADA goals for adequate metabolic and

clinical control [8] were adopted by the Brazilian Type 1
Diabetes Study Group (BrazDiab1SG). Good glycemic
control (HbA1c at goal) was defined as HbA1c levels
of < 58 mmol/mol (7.5%) for T1D patients between 13
and 19 years old; < 64 mmol/mol (8%) for patients
between 6 and 12 years old; between 58 mmol/mol
(7.5%) and 69 mmol/mol (8.5%) for patients < 6 years old;
and <53 mmol/mol (7%) for adult T1D patients (8). Poor
glycemic control was defined as HbA1c levels higher than
75 mmol/mol (9%).
The body mass index (BMI) was determined by divid-

ing an individual’s weight (kg) by the square of the
height (m2). In adults, being overweight was defined as
having a BMI of ≥ 25 kg/m2, and obesity was defined as
a BMI of ≥ 30 kg/m2 [9]. In children and adolescents,
overweight was defined as a BMI of ≥ 85th percentile for
age and gender, and obesity was defined as a BMI of ≥
95th percentile for age and gender [10].
In 2,765 patients (87.1%), HbA1c was measured using

methods certified by the National Glycohemoglobin
Standardization Program (NGSP): high- performance li-
quid chromatography in 1,512 patients (54.7%) and
turbidimetry in 1,253 patients (45.3%). HbA1c levels de-
termined using methods that were not certified by the
NGSP and patients with missing data were excluded
from the analyses (n = 411, 12.9%).

Sample calculation and socioeconomic status definition
A detailed description of how the study sample was se-
lected has been described previously [9]. Briefly, the study
aimed to represent the distribution of T1D cases across
each geographic region of Brazil estimated according to the
population distribution reported by the 2000 Brazilian Insti-
tute of Geography and Statistics Census (IBGE) [11] com-
bined with national estimates of diabetes prevalence
derived from a survey conducted in 1988, to determine the
minimum number of patients that should be studied in
each region [12]. Each region enrolled more than 95% of
the estimated number of patients in this study. Socioeco-
nomic status were defined according to the Brazilian
Economic Classification Criteria which also considers edu-
cation level, which is categorized as illiterate/incomplete
primary education, complete primary education/incomplete
secondary education, complete secondary education/in-
complete high school, complete high school/some college
and complete college education [13]. For this analysis, the
following classes of economic status were considered: high,
middle, low and very low.

Statistical analysis
The data are presented as the mean (± SD) or the me-
dian (minimum-maximum) for continuous variables and
as numbers (relative frequencies) for discrete variables.
Comparisons between independent continuous variables
were performed using independent, two-sided t-tests,
linear association or ANOVA with Bonferroni correc-
tion, as indicated. Two-sided Z-tests were used for com-
parisons between discrete variables with a normal
approximation to the binomial distribution. A multiple
logistic regression was performed with adherence to the
prescribed diet (yes/no) as dependent variable. The fol-
lowing independent variables were included: ethnicity
(Caucasian or non-Caucasian established by medical
charts or self-report); age (categorized in three groups:
0–12.9, 13.0-18.9 and ≥19.0 years); gender; type of re-
ported diet, duration of diabetes, level of care (tertiary or
secondary), follow-up time in each center, smoking sta-
tus, BMI, number of medical clinical visits in the previ-
ous year and socioeconomic status. For this analysis, the
Nagelkerke R-squared was also calculated. The analyses
were performed using SPSS version 16.0 (Statistical
Package for the Social Sciences, Chicago, Illinois). Odds
ratios with 95% CI were expressed as indicated. A two-
sided p value of less than 0.05 was considered signifi-
cant. When using multiple statistical tests, the p-values
were adjusted using the Bonferroni correction.
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Results
Overview of adherence to the prescribed diet and
participant demographics, economic status, level of care
and insulin treatment modalities
Demographic data are detailed in Table 1. Overall, 1,722
(54%) of the patients reported adherence to the pre-
scribed diet, without difference according to gender,
mean age, age at diagnosis of diabetes, duration of dia-
betes, economic status, geographical region of the coun-
try, time of follow-up at each respective center and level
of care. More Caucasian patients reported adherence to
the diet than non-Caucasian patients (p = 0.001). The
comparison between adolescents and adults showed that
the former reported less adherence to the diet (p <
0.001). These data are described in Table 2.
An association was also observed between insulin regi-

mens and a reported adherence to the prescribed diet as
follows: among the patients treated by conventional
therapy (CT) (intermediate human insulin one to two
injections daily), 163 (51.6%) reported to be adherent to
the diet; among those on intensive therapy (IT) 761
(50.7%) of the patients treated by one or two injections
of intermediate human insulin plus human regular insu-
lin; 324 (52.7%) of the patients treated by one or two
Table 1 Clinical and demographic data of the studied
population

Variable

N 3,180

Female, n (%) Age, y 1,791 (56.3)

Age range, y, n (%) 22 ± 11.8

0-4.9 51 (1.6)

5-9.9 308 (9.7)

10-14.9 604 (19)

15-29.9 1,471 (46.3)

30 or older 746 (23.5)

Ethnicity, n (%)

Caucasian 1,824 (57.4)

Non-Caucasian* 1,356 (42.6)

Economic status**

High 229 (7.2)

Medium 710 (22.3)

Low 1,052 (33.1)

Very low 1,102 (34.7)

Level of care n (%)

Secondary 897 (28.2)

Tertiary 2,283 (71.8)

Duration of diabetes, y 10.3 ± 8.04

y = year; data are presented as number (percentage) or mean ± SD.
*African-Brazilians, Mulattos, Asians, and Native Indians. **Missing data from
87 participants.
insulin injections of intermediate human insulin plus
short-acting insulin- analogues; 363 (64.0%) of the pa-
tients treated by basal-bolus (one or two insulin injec-
tions of long-acting insulin-analogues plus short-acting
insulin-analogues or long-acting insulin-analogues plus
regular insulin); and 29 (76.3%) of the patients treated
by basal-bolus with continuous subcutaneous insulin in-
fusion (CSII) reported to be adherent to the diet. The
adherence was greater in patients using basal-bolus (one
or two insulin injections of long-acting insulin-analogues
plus short-acting insulin-analogues or long-acting
insulin-analogues plus regular insulin and CSII in com-
parison to each of the other groups (p < 0.001). No dif-
ference was found between both insulin regimens.

Overview of medical nutrition therapy and adherence to
the prescribed diet and its determinants
More patients who reported adherence to the diet had had
an appointment with a dietitian in the previous year in
comparison to those patients that did not have an appoint-
ment. The adherence to diet was not related to who pre-
scribed the diet, either a dietitian or an endocrinologist.
The majority of the patients 1,546 (48.6%) followed a

diet avoiding only sweets and sugar, 397 (12.5%)
followed a diet according to Brazilian Diabetes Society
(BDS) [14] and the ADA 2008 recommendations [2],
967 (30.4%) followed a diet of carbohydrate counting,
155 (4.9%) a diet according to foods’ glycemic index and
115 (3.6%) other types of diet.
An association was noted between adherence and type

of diet as follows: 626 (36.4%) of the patients who re-
ported a diet of carbohydrate counting, 224 (13.0%) of
the patients who reported a diet according to BDS and
ADA’s 2008 recommendations; 80 (4.6%) of the patients
who reported a diet according to foods’ glycemic index;
741 (43.0%) of the patients who reported a diet avoiding
only sweets and sugar; and 51 (3.0%) of the patients who
reported other types of diet, (p < 0.001).
Patients who reported adherence to the diet reported

less difficulties to follow the diet compared to those that
were not adherent (p < 0.001). These data are described
in Table 2.
Using multivariate analysis and adjusting for other vari-

ables, the probability of a given patient be adherent to the
prescribed diet was of 6.7%. The independent variables as-
sociated with adherence were ethnicity, age, BMI, number
of medical clinical visits in the previous year, smoking sta-
tus, carbohydrate counting and diets recommended by
BDS and ADA’s. The adjusted model is shown in Table 3.

Overview of adherence to the prescribed diet and
glycemic control
A lower mean of HbA1c levels was observed in patients
who reported adherence to the diet in comparison to the



Table 2 Demographic, clinical and nutrition management in patients with type 1 diabetes according to adherence to
the prescribed diet

Variable Adherence * P-value

Yes (%) No (%)

N 1,722 (54.2) 1,458 (45.8) -

Demographic and social data

Age 22.1 ± 12.3 21.8 ± 11.0 0.5

Age range, y, n (%) <0.001

0-12,9 415 (24.1) 251 (17.2)

13-18,9 374 (21.7) 430 (29.9)

≥19 933 (54.2) 822 (53.3)

Age at diagnosis of diabetes 11.6 ± 8.3 11.6 ± 7.7 0.5

Female, n (%) 962 (55.9) 829 (56.9) 0.4

Duration of diabetes 10.4 ± 8.3 10.2 ± 7.7 0.9

Ethnicity**

Caucasian 1,032 (59.9) 792 (43.4) 0.001

Non-caucasian 690 (50.9) 666 (49.1)

Economic status, n (%)*** 0.08

High 134 (8.1) 95 (6.6)

Medium 397 (23.9) 313 (21.9)

Low 570 (34.3) 482 (33.7)

Very Low 563 (33.8) 539 (37.7)

Geographical region 0.5

North/Northeast 525 (30.5) 413 (28.3)

Southeast 703 (40.8) 607 (41.6)

South 389 (22.6) 338 (23.2)

Midwest 105 (6.1) 100 (6.9)

Medical nutrition therapy

Appointment with dietitian, y (%) 1,288 (75.0) 979 (43.2) <0.001

Diet prescriptor 0.07

Dietitian 1,188 (56.4) 918 (43.6)

Endocrinologist 435 (52.8) 389 (47.2)

Difficulties to follow the prescribed diet, y(%)

Avoiding sugar and sweets 620 (36.0) 743 (51.0) <0.001

Eating vegetables and fruits 308 (17.9) 339 (23.3) <0.001

Quantity of prescribed foods 811 (47.1) 971 (66.6) <0.001

Schedule time of the meals 778 (45.2) 881 (60.4) <0.001

Understanding foods substitution lists 350 (20.4) 476 (32.7) <0.001

Glycemic control

HbA1c (%) 8.8 ± 2.1 9.9 ± 2.4 <0.001

HbA1c (mmol/mol) 73.5 ± 23.5 84.3 ± 26.8

HbA1c at goal, n (%) ## 317 (21.1) 145 (11.5) <0.001

HbA1c ≥ 9.0%, n (%)### 740 (43.0) 799 (47.2) 0.2

Hospitalization, y (%) # 176 (48.2) 185 (51.2) 0.03

Severe hypoglycemia, y (%) 179 (16.09) 141 (16.9) 0.5

SMBG **** y, (%) 1,377 (91.6) 1,106 (87.5) <0.001
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Table 2 Demographic, clinical and nutrition management in patients with type 1 diabetes according to adherence to
the prescribed diet (Continued)

SMBG (n) 3.5 ± 1.7 3.1 ± 1.6 <0.001

Number of medical clinical visits (previous year) 4.3 ± 1.6 3.9 ± 1.7 0.001

Cardiovascular risk factors

BMI 21.6 ± 4.2 22.8 ± 4.3 0.001

Overweight or obesity, n (%)#### 446 (29.8) 437 (34.7) 0.005

sBP (mmHg) 111.7 ± 17.5 112.2 ± 16.7 0.4

dBP (mmHg) 71.3 ± 11.4 72.4 ± 11.4 0.01

Cholesterol (mg/dl) 167.1 ± 39.6 174.7 ± 43.3 <0.001

Triglycerides (mg/dl) 85.9 ± 59.4 99.3 ± 78.5 <0.001

HDL-cholesterol (mg/dl) 53.5 ± 14.8 52.3 ± 14.4 0.04

LDL-cholesterol (mg/dl) 97.2 ± 31.8 103.3 ± 34.4 <0.001

Non-HDL-cholesterol (mg/dl) 113.4 ± 36.4 122.4 ± 42.6 <0.001

Current smoker, y (%) 56 (3.3) 81 (5.6) <0.001

*The data are presented as number (percentage) or mean ± SD.
**African-Brazilian, Mulatto, Asian, or Native Indian.
***Missing data: 87 patients.
****SMBG: self monitoring blood glucose.
#Hospitalization for hyperglycemia or ketoacidosis.
## HbA1c at goal was defined as: as HbA1c levels of < 58 mmol/mol (7.5%) for T1D patients between 13 and 19 years old; < 64 mmol/mol (8%) for patients
between 6 and 12 years old; between 58 mmol/mol (7.5%) and 69 mmol/mol (8.5%) for patients < 6 years old; and <53 mmol/mol (7%) for adult T1D patients.
###HbA1c levels higher than 75 mmol/mol (9%) was defined as poor glycemic control.
####Overweight and obesity were considered together.

Table 3 Final adjusted logistic regression model with adherence to the prescribed diet as dependent variable#

Adjusted

N OR (95% CI) P-value

Ethnicity reference

NonCaucasians* 1,318

Caucasians 1,762 1.26 (1.09-1.47) 0,003

Type of reported diet

Other types of diet** 115 1 reference

Avoiding only sweets and sugar 1,498 1,12 (0.76 - 1.66) 0.53

Regular diet*** 379 1.57 (1.02-2.41) 0.03

Carbohydrate counting 938 2.22 (1.49- 3.30) <0.001

Glycemic index 150 1.21 (0.73-2.00) 0.44

Age

≥19 years 1,702 1 reference

13-18.9 years 802 0.60 (0.50-0.72) <0.001

0-12.9 years 576 0.94 (0.74-1.20) 0.66

BMI 3,080 0.58 (0.94-0.98) 0.001

Number of medical clinical visits (previous year) 3,080 1.10 (1.06-1.15) <0.001

(previous year)

Current smoker, y 135 0.58 (0.41- 0.84) 0.004
#Missing data of 100 patients.
*African-Brazilians, Mulattos, Asians, and Native Indians.
**Other type of diet included diets like gluten free, vegetarian and hypocaloric.
***Regular diet: diet according to ADA and BDS statement (references [2,15]).
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other group. More patients who reported adherence to
the diet reached the target of HbA1c, and performed
SMBG more frequently. Less patients which reported
adherence to the diet had hospitalization because ketoa-
cidosis or hyperglycemia. Severe hypoglycemia was not
associated with adherence. These data are described in
Table 2.

Overview of adherence to the prescribed diet and
cardiovascular risk factors
Being overweight or obese was observed in 990 patients
(31.3%). Less patients who reported adherence to the
prescribed diet were overweight or obese and were
current smokers in comparison to the other group. Pa-
tients who reported adherence to the diet had lower
BMI, diastolic blood pressure, total cholesterol, triglycer-
ides, LDL-cholesterol, non HDL-cholesterol and higher
HDL-cholesterol than the other group. These data are
described in Table 2.

Discussion
The evaluation of adherence to the prescribed diet in
Brazilian patients with T1D revealed that approximately
54.2% of them were adherent to the reported diet. The
majority of these patients were Caucasians, had gone to
more medical clinical visits in the previous year and
were under carbohydrate counting and diets recom-
mended by diabetes societies’ guidelines and using more
complex schedules of insulin therapy. Moreover, adher-
ence to the diet was associated with better glycemic and
cardiovascular risk factors control including lower rates
of overweight or obesity and healthier lifestyle habits
such as non-smoking. The most frequent difficulties to
follow the diet reported by the patients were the quan-
tity of prescribed food and the eating time patterns.
A systematic review of 23 manuscripts on dietary ad-

herence in youth with T1D showed rates of adherence to
eating behaviors ranging from 21% to 95% and studies
examining the contents of macronutrients and dietary
recommendations revealed higher intakes of fat and sat-
urated fat and lower than recommended intakes of
fruits, vegetables, and whole grains [15]. The same was
found among adults with T1D [5,6].
Several studies have shown problems with dietary ad-

herence in patients with T1D [4-6,16]; in our study we
have found that the adherence to the diet was less sig-
nificantly found in adolescents than in adults [16,17].
Some studies have established that current age, gender,
and diabetes duration are crucial non-modifiable risk
factors for diabetes poor management and suggest that
adolescents who are older, whose disease duration is lon-
ger are more likely to have problems with diabetes self-
care [18-20]. Previous evidence on a larger multiethnic
sample of youth with T1D suggest that both progressive
loss of beta cell function and difficulties in maintaining a
long lasting motivation for the intensive daily diabetes
care patterns required for an optimal glucose control are
risk factors for poor glucose control and decreased ad-
herence to diabetes management tasks, which often
occur during the adolescence [19,20].
The adherence to the diet was higher in patients who

reported an appointment with a dietitian in the previous
year compared with patients who had not [21,22]. It is
well established that appointments with a dietitian is
beneficial to the management of diabetes in youth and
improve their eating habits and glycemic control [17].
An association between the type of reported diet and

adherence showed that carbohydrate counting [23] was
frequently performed, following the recommendations of
the BDS [14] and ADA [2]. The interest in carbohydrate
counting is increasing since its results are effective and
allows greater flexibility in foods choice [23,24]. Al-
though controversial, the glycemic index diet [25] was
also reported by some patients. The data concerning
those diet avoiding only sweets and sugar is consistent
with a study that has found differences in perceptions of
healthy eating versus perceptions of eating practices that
are good for diabetes management. Specifically, foods
high in fat but low in carbohydrate were commonly re-
ported as being good for diabetes management [26]. An-
other study has found parents and youth that classified
fruits as “unhealthy” foods because they can lead to
higher postprandial glucose levels. They identified
“healthy” vs “unhealthy” foods based on their effect on
glycemic control [25]. There are many barriers that pre-
vent T1D patients adhering to the treatment and to the
diet more specifically. For adults with T1D twelve types
of problematic situations have been identified: negative
emotions, resisting temptation, eating out, feeling de-
prived, time pressure, temptation to relapse, planning,
competing priorities, social events, family support, food
refusal and absence of friends’ support [27]. In young
adults with an average age of 22 years, family conflicts,
psychological problems, and carbohydrate counting ob-
stacles remain unsolved problems worsening glycemic
control [28]. In youth aged 7 to 16 years, the most com-
monly discussed barrier to healthy eating was the con-
stant and extensive exposure to unhealthy food at and
outside home, peer interactions, convenience (preference
for prepackaged foods that require no preparation) and
consuming fast food and other less healthy meals be-
cause of busy schedules and lack of time to prepare the
meals [26]. A recent study conducted with adolescents
with T1D identified 10 relatively homogeneous categor-
ies of obstacles to dietary adherence: being tempted to
stop trying; negative emotional eating; facing forbidden
foods; peer interpersonal conflict; competing priorities;
eating at school; social events and holidays; food



Davison et al. Nutrition Journal 2014, 13:19 Page 8 of 11
http://www.nutritionj.com/content/13/1/19
cravings; snacking when at home, alone, or bored; and
social pressure to eat [29]. The difficulty in understand-
ing the proposed food plans, for example lists of replace-
ments or carbohydrate counting therapy charts [30-32]
are problems that are frequently reported.
It is well documented that MNT favors the reduction

of glycated hemoglobin levels [14,25,33]. Similar to our
data, a study with T1D, aged between 9–14 years showed
that adherence to diet was associated with better HbA1c
levels and more frequent SMBG. A relationship between
modality of insulin injection and diet adherence showed
that patients in more complex insulin therapy schedules
were more adherent to diet. The same was observed in
the study that investigated the association between diet-
ary adherence and glycemic control. The results showed
that patients treated with ≥ 4 injections/day or insulin
pump were in the highest and middle level of dietary ad-
herence and concluded that greater dietary adherence
was associated with lower A1c among youth with type 1
diabetes [34]. Healthy eating habits were also associated
with better glycemic control in adolescents [35,36] and
adults who have been training flexible intensive insulin
treatment combined with more relaxed dietary flexibility
and with insulin doses adjustment, have shown to im-
prove both glycemic control and quality of life [23].
Our results are consistent with other studies linking

dietary intervention with lower levels of sBP, dBP, tri-
glycerides, HDL and LDL cholesterol [37,38]. The high
intake of calories originated from fat and low intake of
fibers, fruits and vegetables is a concern given the risk
that T1D poses for CVD [20,39-42]. The adherence to
the prescribed diet is a contributing factor to the reduc-
tion of the cardiovascular risk factors [25] and weight
control [36]. Our study has shown that patients who re-
ported being adherent to diet had lower rates of over-
weight and obesity. A Norwegian study has shown that
skipping meals is associated with negative stigma such
as being overweight and having a higher intake of added
sugar and lower intake of fiber [36]. Close adherence to
dietary management has been found to be correlated
with better glycemic control in youth with T1D [16,34]
and following recommendations for healthy eating may
be the best way for preventing or treating comorbid con-
ditions [2].
Multiple injections therapy has been found in several

studies to be a main predictor of weight gain, overweight
and obesity that are cardiovascular risk factors. This
could be explained by increased caloric intake due to the
flexibility allowed by intensive insulin treatment [43,44].
This greater flexibility may also increase the opportunity
to choose types and amounts of foods, potentially mak-
ing nutritional education even more important [26]. Our
study showed better adherence to diet in non-smoking
patients which could be related to a better adherence to
behavioral advice (diet, exercise, and smoking cessation)
although we did not address adherence to exercise. It is
important to emphasize that better adherence to behav-
ioral advice after acute coronary syndrome was associ-
ated with a substantially lower risk of recurrent
cardiovascular events [45].
We did not find significant difference in poor glycemic

control between subjects who did follow or did not fol-
low the diet, probably because the number of patients
with an inadequate glycemic control, evaluated by the
HbA1c levels was very expressive (almost 47% of the pa-
tients had HbA1c levels higher than 9%).
The primary strength of our large sample size is that it

represents the diverse, young T1D Brazilian population.
Patients included in the study belonged to a wide range
of ethnic groups and socioeconomic backgrounds from
all of the geographic regions of the country, with a uni-
form, standardized recruitment protocol in all participat-
ing centers.
Finally, our study has also some limitations that must

be mentioned. One limitation was the sample character-
istics. All patients lived in large cities and were cared for
in a public health center by a specialist; thus, patients
who rely on primary care facilities and live in rural areas
may not have been considered. However, the latter T1D
patients are the minority of those receiving treatment in
Brazil. Additionally, the recruitment of patients within
each center may have led to a selection bias. Also, the
data related to nutritional factors were self reported in-
cluding adherence to diet which was based on informa-
tion reported on adherence to medication in clinical
trials [46]. These data were obtained during an interview
conducted by a doctor during a clinical evaluation and
were not based in diet diary (work and weekend days).
The lack of standardization for evaluation of HbA1c
levels which is currently an unsolved problem in our
country, lack of control for physical activity and the ab-
sence of psychosocial evaluation were other limitations
of our study. Family support and patient self-efficacy has
been associated with several positive outcomes, includ-
ing better glycemic control and compliance to perform
SMBG but this was not investigated concerning the ad-
herence to a specific diet plan.
In conclusion, despite the advantages of being adher-

ent to the diet upon glycemic and cardiovascular risk
factors control, nearly 45% of Brazilian T1D patients did
not report adherence to the diet. The diabetes care team
must change the approach to the patients and their fam-
ilies reinforcing the importance of the diet in reaching
an adequate metabolic control and consequently in
avoiding or postponing diabetes-related complications
and also helping them to overcome the difficulties they
have in following the diet. Our results suggest that it is
necessary to rethink medical nutrition therapy in order
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to help patients to overcome barriers that impair an op-
timized adherence to the diet.
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