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Background: The Carbohydrate Counting (CC) is directly associated with
achieving glycemic control by people with Type 1 Diabetes Mellitus (T1DM).
Therefore, this study aims to analyze characteristics of the CC practice
associated with the adequacy of glycated hemoglobin (HbAlc) in adults with
T1DM in Brazil.

Methods: The study was cross-sectional, carried out using an online form with
questions about knowledge of CC, clinical, anthropometric, sociodemographic
data, follow-up with health professionals and understanding of the concepts of
CC. Pearson’s chi-square test and binomial logistic regression analysis (p<0.05)
were applied.

Results: 173 adults participated, of which 57.2% had increased HbAlc (>7%).
Having the diabetes duration <10 years (p=0.006), performing the CC at lunch
(p=0.040) and dinner (p=0.018), using specific applications to perform the CC
(p=0.001), having learned to perform CC with a nutritionist (p=0.037) and
knowing how to correctly define the concepts of food bolus (p=0.001),
correction bolus (p<0.001) and insulin/carbohydrate ratio (p<0.001) was
associated with having adequate HbAlc (<7%). Participants who were
undergoing CC practice were 3.273 times more likely to have adequate HbAlc
and participants with diabetes duration <10 years were 2.686 times more likely to
have adequate HbAlc.

Conclusion: It was concluded that variables transversal to CC favor adequate
HbAlc values in adults with TIDM and that practicing CC and having a diabetes
duration of less than 10 years are predictive factors of having adequate HbAlc.
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1 Introduction

In Brazil, the estimation for incident and prevalent cases in
individuals with Type 1 Diabetes Mellitus (T1DM) aged less than 20
years is 8,900 and 92,300, respectively, thus occupying the third
place in the ranking of countries with the highest rates of incident
and prevalent cases in this age group (1). Although the diagnosis of
T1DM is more common in childhood and adolescence, it can also
occur in adulthood (2, 3). However, there is still no estimation of the
number of incident cases in people with onset of TIDM in
adulthood in Brazil.

T1DM has hyperglycemia as a clinical manifestation, as a result
of the deficiency or absence of insulin production by the pancreas,
caused by the destruction of pancreatic beta cells. As a result, the
main objective of treatment is to achieve and maintain glycemic
control in patients, in order to prevent possible complications from
the disease and ensure a longer and healthier life expectancy (3-6).

Therefore, it is necessary to have a continuous treatment with a
high response cost, based on the behavior of applying multiple
doses of exogenous insulin throughout the day, regularly
monitoring blood glucose, practicing physical activity and
consuming a healthy diet (7). Adherence to a healthy diet is the
basis for all other pillars of treatment to work properly, however,
determining what to eat is the most costly task of the treatment plan
for many patients with diabetes (4).

Moreover, the professional nutritionist, who has specific
knowledge and skills for managing diabetes, plays a fundamental
role throughout the treatment, as there is no specific eating pattern
for this public, and it is essential that the patient himself participate
in the construction of the food plan, so that it is prepared
individually, considering the culture, financial condition, personal
preferences and comorbidities of the patient (4, 5, 7, 8).

In addition to the traditional dietary prescription model, there
are other strategies that help reduce glycemic variability in patients
with TIDM, such as Carbohydrate Counting (CC), which has been
recognized since 1993 for providing flexibility in food choices and
ensuring better quality of life (9-11).

CC involves balancing the amount of carbohydrates ingested,
the dose of insulin administered and the blood glucose value, and it
can be performed in two ways. The first is based on grouping foods
based on their nutritional composition, in portions that correspond
to approximately 15 grams of carbohydrates, allowing for
adjustments between foods in the same group (12-14). The
second approach is more accurate, as it involves summing up the
total carbohydrate grams of a meal, either by weighing, home
measuring, or nutritional information on labels, allowing for the
administration of bolus insulin based on the amount of
carbohydrates consumed (7, 12).

Based on this, CC contributes to the management and control
of carbohydrate intake, which is directly associated with achieving
glycemic control, as carbohydrate is the macronutrient that most
impacts the variation in blood glucose levels, as it is completely
converted into glucose in the bloodstream (11, 15, 16).

Glycemic control involves measures such as fasting blood
glucose, pre- and postprandial blood glucose, and glycated
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hemoglobin (HbAlc). Blood glucose values throughout the day
help in monitoring medications, correcting hyper or hypoglycemia,
and understanding the effects of food, stress, emotions and physical
exercise on glycemia. HbAlc reflects the average blood glucose
levels over the last three or four months, with values below 7% being
recommended to prevent long-term microvascular and
macrovascular complications. Therefore, self-monitoring of
capillary glycemia and HbAlc are complementary to glycemic
control (7, 17, 18).Studies already show the benefits of CC on
HbA1lc values and glycemic control. In the systematic review and
meta-analysis performed by Vaz et al. (19) it was found that HbAlc,
at the end of the analyzed studies, was significantly lower in groups
that used CC than in control groups, which received conventional
nutritional guidance and used fixed doses of insulin before meals.
Likewise, Donzeau et al. (20) observed, during the one-year
intervention period with children and adolescents, that the
average HbAIc at three, six, nine and twelve months was lower in
the group that received CC education compared to the control
group, which received traditional eating education.

In the study by Kostopoulou et al. (21), also carried out with
children and adolescents, it was possible to observe that there was
statistical significance between having worse glycemic control,
based on HbAlc values, and using fixed-dose insulin therapy,
compared to applying insulin doses according to the CC. The
concentrations of ferric reducing antioxidant power, used as a
marker of antioxidant capacity, were also significantly higher after
the use of CC, which suggests a better impact on antioxidant
defense mechanisms by obtaining a better glycemic profile. In
addition, it was observed that CC favors the reduction of the
malondialdehyde biomarker, which is a powerful biomarker of
oxidative stress and an intermediary of complications in TIDM.
Altogether, these results suggest that CC is an important strategy to
be implemented in the treatment of patients with TIDM, preferably
in the initial period of diagnosis, with the aim of achieving early
glycemic control.

Although studies have already shown the benefits of CC on
HbAlc values, there is still a scarcity of studies that analyze
variables cross-sectional to CC that may interfere with HbAlc
values, such as the means used for adherence, follow-up with
health professionals and understanding of strategy concepts.
Thus, the objective of this study was to analyze characteristics of
the practice of CC associated with the adequacy of HbAIc in adults
with T1DM in Brazil, as well as to verify the relationship between
the practice of CC, the time of diagnosis and the achievement of
adequate levels of HbAlc.

2 Materials and methods

2.1 Type of Study

This is a cross-sectional, descriptive and analytical study,
carried out between November 2021 and June 2022. The research
was disseminated through social networks (WhatsApp®,
Facebook® and Instagram®) of the researcher and the Extension
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Project “Grupo Educativo em Diabetes [Diabetes Education

Group]”, which is linked to the Faculty of Nutrition of a public
university in northern Brazil.

2.2 Participants

A convenience sampling was carried out with 173 adults.
Inclusion criteria were having a diagnosis of TIDM, age between
18 and 59 years old, of both genders, knowing how to perform the
Carbohydrate Counting (CC) and agreeing to participate in the
research voluntarily and anonymously, by checking the alternative
“I have read the FICF and I AGREE to participate in the research”,
displayed after reading the Free and Informed Consent Form
(FICF). Data from people who did not fit the inclusion criteria or
who did not complete the survey were excluded. If they clicked on
the option “I do not accept to participate in the research”, after
reading the FICF, the research was closed.

2.3 Instrument

An online questionnaire was used, built on the Google Forms®
platform, consisting of 31 questions, 26 objective and five simple
subjective questions (weight, height, HbAlc value, age and time
since diagnosis, in years), in the research format of opinion,
according to Resolution 510 of April 7, 2016 (22). The questions
were divided into five axes, namely:

(a) Knowledge of the CC practice: Containing questions
regarding knowing how to do the CC; at what time do
you do the CC; what means do you use to check the amount
of carbohydrates in food; if you use a kitchen scale to do the
CC; and why you use the kitchen scale;

(b) Clinical and anthropometric data: Containing questions
regarding the time of diagnosis; weight; height; HbAlc test;
and HbAlc value in the last test performed by the
participants;

(c) Sociodemographic and socioeconomic data: Containing
questions related to age; biological gender; country’s
region; level of education and family income;

(d) Monitoring with health professionals (considering the
three months prior to the survey): Questions about
whether it is attended in person, virtually, by both, or if it
is not attended; whether monitoring is carried out through
a health plan/insurance, through the SUS, through both, or
privately; and who taught you how to do the CC;

(e) Perception of difficulties related to understanding the
concepts of CC as a limitation: Questions to check
whether participants know the concepts of food bolus,
correction bolus, sensitivity factor, and insulin/
carbohydrate ratio; questions in which it is necessary to
mark the alternative that correctly defines the concept of
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food bolus, correction bolus, sensitivity factor, and insulin/

carbohydrate ratio; and finally, questions about the

participant’s perception of the influence of understanding the
concepts on performing the CC.

The construction of the questionnaire was based on a
preliminary study carried out by Uliana et al. (23), which aimed
to analyze sociodemographic and treatment factors associated with
adherence to the CC strategy by adults with TIDM during social
distancing in the COVID-19 pandemic in Brazil.

The questionnaire was submitted to two types of validation,
content and appearance. Content validity consists of checking
whether the concepts addressed within the tool are adequate,
whether they are presented correctly, as well as analyzing whether
the items are relevant within the product universe. While the
appearance validity corresponds to subjectively evaluating an
instrument or strategy, comprising the judgment stage regarding
clarity and understanding (24, 25).

In the present research, the content validation was carried out
first, and then the appearance validation, through the evaluation of
three specialist judges. All judges were nutritionists, working in the
state of Para, Brazil, and were qualified in diabetes education by the
SBD/ADJ/IDF (Brazilian Diabetes Society/Juvenile Diabetes
Association/International Diabetes Federation), one had a
doctorate degree and two had master’s degree.

2.4 Proceeding

Initially, the survey link was sent directly to people who claimed
to have TIDM in their bio on social networks (Whatsapp®,
Facebook® and Instagram®). By clicking on the available link, the
person was directed, first, to the summary explanation of the study.
Then, the link was provided, specifying that no type of identification
of the participants would be required. After reading the FICF, the
person agreed or not to participate. If the person clicked on the
option “I read the FICF and I AGREE to participate in the research”,
the person was forwarded to the page where the other inclusion
criteria were applied.

The participants who marked the alternatives referring to
knowing how to do CC, present in the first question of axis 1 of
the form, were directed to the questions referring to each axis,
following the order: 1) Knowledge of the CC practice; 2) Clinical
and anthropometric data; 3) Sociodemographic and socioeconomic
data; 4) Monitoring with health professionals; and 5) Perception of
difficulties related to understanding the concepts of CC as a
limitation. The participant was only forwarded to the next axis if
he had answered all the questions in the previous axis. At the end,
they were directed to the closing page of the research, which
contained the link to the Carbohydrate Counting Manual for
People with Diabetes, prepared by the Brazilian Diabetes Society,
SBD (11), which contains instructions for performing the CC, in
addition to a table with the amount of carbohydrates in different
kinds of food.
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2.5 Data analysis

For statistical analysis, the Statistical Package for Social Science
software, version 24.0, was used. Descriptive results were expressed
in absolute frequency and proportion. In the analytical stage,
Pearson’s Chi-Square test was applied, considering the sample n
and sample distribution respectively. The level of statistical
significance considered was p<0.05.

Before the logistic regression analysis, the absence of co-
linearity between the study variables was observed through linear
regression, observing tolerance and VIF values, all of which were
greater than 0.1 and less than 10, respectively. Finally, the binomial
logistic regression analysis was performed, consisting of having
adequate or increased HbAlc according to the reference values
(dependent variable) and practicing or not practicing CC (does or
does not practice it) and time since diagnosis (<10 years and >10
years) (independent variables). The reference values for HbAlc
were <7% for adequate HbAlc and >7% for increased HbAlc,
following the guidelines of the American Diabetes Association and
Brazilian Diabetes Society (17, 18). For the independent variable to
practice or not to practice CC (does or does not practice it), those
who checked the option “I do the CC” in the research questionnaire
were considered CC practitioners. Those who checked the options
“I already did, but currently I'm not doing it” and “I know how to
do it, but I've never done the CC” were considered non-
practitioners of CC. The final model was able to predict 64.2% of
the adequacy of HbAlc in the studied sample.

2.6 Ethical aspects

The research complied with the legal requirements of
Resolutions 466 of December 12, 2012, and 510 of April 7, 2016,
published by the National Health Council, which considers the
Declaration of Helsinki for studies involving human beings (22, 26).

The conduction of the study was approved by the Research
Ethics Committee from the Nucleus of Tropical Medicine of the
Federal University of Para - opinion n. 5.077.488 and
CAAE 51974621.7.0000.5172.

3 Results

The survey was answered by 260 people, of which 173 met the
inclusion criteria of the study, the majority were female (84.4%),
aged between 25 and 44 years (67.1%), residing in the Southeast
region of Brazil (30.1%), completed higher education (52.6%), had a
family income of more than three minimum wages (55.5%), had an
increased HbAlc value (57.2%), with an average of 7.3 + 1.3% and
mean duration of diabetes of 15.50 + 9.10 years.

When checking the average HbAlc according to nutritional
status, according to BMI, it was observed that the average HbAlc
was 9.07 + 1.87% for participants classified as malnourished, while
for participants classified as eutrophic, the average was 7.10 + 1.16%
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and for overweight participants it was 7.54 + 1.34%. When
separating the groups referring to the time of diagnosis < 10 years
and > 10 years, it was observed that the mean duration of diabetes in
the group with < 10 years of diagnosis was 5.04 + 2.95 years, in the
group with > 10 years was 19.64 + 7.19 years.

When analyzing the associations between socioeconomic and
demographic data and adequacy of HbAlc, it was observed that
there was no association between having adequate or increased
HbAlc and gender, age, country’s region of residence, education
and family income of the participants (Table 1).

Regarding the adequacy of HbAlc and clinical data, having
malnutrition (p = 0.033), according to BMI, and more than 10 years
of diagnosis (p = 0.006) was associated with having increased
HbAlc, while having a diagnosis time of less than 10 years was
associated with having adequate HbAlc (p = 0.006) (Table 1).

Having adequate HbA1c was associated with practicing CC (p =
0.007), practicing CC at lunch (p = 0.040) and dinner (p = 0.018),
using CC-specific (p = 0.001) and non-CC-specific (p = 0.001) apps
to research the amount of carbohydrate in food, use the food scale
to practice the CC only when eating something different than usual
(p = 0.009) and use the scale to practice the CC (p = 0.001) and
cooking recipes (p = 0.001). However, having already practiced CC
but not currently practicing it (p = 0.007), not having it (p = 0.009)
and not using a food scale to practice CC (p = 0.006) was associated
with having an increased HbAlc (Table 2).

It was observed that having learned to perform CC from a
nutritionist (p = 0.037) or another health professional (p = 0.004)
was associated with having adequate HbAlc. There was no association
between the adequacy of HbAlc and how consultations were carried
out in the last three months and the form of access to monitoring with
health professionals (Table 3).

Regarding the CC concepts, knowing what food bolus is (p =
0.001), correction bolus (p = 0.020) and sensitivity factor (p = 0.045),
and knowing how to correctly define food bolus concepts (p = 0.001),
bolus correction (p < 0.001) and insulin/carbohydrate ratio (p < 0.001),
was associated with having adequate HbAlc. Furthermore, considering
that not knowing what the insulin/carbohydrate ratio is does not
influence the lack of adherence to CC (p = 0.023) was also associated
with having adequate HbAlc (Table 4).

On the other hand, having heard about it, but not being able to
say what it is and not knowing what a food bolus is (p = 0.001), not
knowing what a correction bolus is (p = 0.020), not knowing how to
correctly define the concept of a food bolus (p = 0.001), bolus
correction (p < 0.001) and insulin/carbohydrate ratio (p < 0.001)
were associated with increased HbAlc (Table 4).

Practicing CC and having been diagnosed for less than 10 years
was a significant predictor of having adequate HbAlc. Participants
who were practicing CC were 3,273 times more likely to have
adequate HbAlc and participants with a diagnosis time of less than
10 years were 2,686 times more likely to have adequate
HbAIlc (Table 5).

It was observed with the linear regression that practicing CC is a
predictive factor for having adequate HbAlc, regardless of the time
of diagnosis (Beta=0.298; p=0.000; CI 0.454 - 1.308) (Table 6).
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TABLE 1 Association between socioeconomic, demographic, and clinical data and adequacy of HbAlc in adults with TIDM in Brazil, 2022.

Adequate Increased
n (%) n (%)
Sex
Male 10 (5.8) 17 (9.8) 0.512
Female 64 (37.0) 82 (47.4)
‘ Age (years old)
18 - 24 21 (12.1) 30 (17.3) 0.844
25 - 44 51 (29.5) 65 (37.6)
45 - 59 2(1.2) 4(2.3)
‘ Country's region
North 2(1.2) 8 (4.6) 0.441
Northeast 16 (9.2) 20 (11.6)
Midwest 20 (11.6) 19 (11.0)
Southeast 20 (11.6) 32 (18.5)
South 16 (9.2) 20 (11.6)
‘ Education
No higher education 32 (18.5) 50 (28.9) 0.344
Higher education 42 (24.3) 49 (28.3)
‘ Family Income**
Up to 3 MW 29 (16.8) 48 (27.7) 0.224
More than 3 MW 45 (26.0) 51 (29.5)
‘ HbAlc measurement time
Until 3 months ago 54 (31.2) 62 (35.8) 0.152
More than 3 months ago 20 (11.6) 37 (21.4)
‘ BMI Classification Categories
Eutrophic 50 (28.9) 54 (31.2) 0.033 "
Malnutrition 0(0.0) (-) 7 (4.0) (+)
Overweight 24 (13.9) 38 (22.0)
‘ Classification of diagnostic time
Less than 10 years 29 (16.8) (+) 20 (11.6) (-) 0.006
More than or equal to 10 years 45 (26.0) (-) 79 (45.7) (+)

*Chi-square. " Statistical Significance; Residue Analysis: (+) Significant Association (~) Negative Significant Association; HbAlc, Glycated hemoglobin; BMI, Body Mass Index; MW, Minimum

Wage; **Minimum Wage = R$1,100.00.

4 Discussion

In the present study, it was possible to observe a high percentage of
participating women (84.4%). Data from the Ministry of Health show
that the frequency of medical diagnosis of diabetes is higher in women
(9.6%) compared to men (8.6%) in Brazil, with no distinction between
types of diabetes (27). In the epidemiological study by Maahs et al. (28),
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T1DM affects men and women equally. However, in 2020, Uliana et al.
(23) conducted an online survey with adults with TIDM and observed
a high prevalence of female respondents (86.0%). The same occurred in
the online survey conducted by Fortin et al. (29) with adults with
T1DM, in which the majority of participants were women (64%).
Kemp (30), prepared a report to understand how people used
connected devices and services in Brazil in 2022, showing that in the

frontiersin.org


https://doi.org/10.3389/fendo.2023.1215792
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Uliana et al. 10.3389/fendo.2023.1215792

TABLE 2 Association between adherence to CC and adequacy of HbAlc in adults with T1IDM in Brazil, 2022.

Adequate Increased

n (%) n (%)

Adherence to the CC

I do the CC 63 (36.4) (+) 63 (36.4) (-) 0.007 "
I already did, but currently ’'m not doing it 10 (5.8) (-) 31 (17.9) (+)
1 know how to do it, but I've never done the CC 1 (0.6) 5(2.9)

Practicing CC in meals

Breakfast 65 (37.6) 80 (46.2) 0.214
Morning snack 48 (27.7) 52 (30.1) 0.104
Lunch 68 (39.3) (+) 80 (46.2) (-) 0.040
Afternoon snack 56 (32.4) 66 (38.2) 0.199
Dinner 67 (38.7) (+) 76 (43.9) (-) 0.018 "
Supper 39 (22.5) 51 (29.5) 0.877
Other meals 28 (16.2) 33 (19.1) 0.540
In no meal 7 (4.0) 16 (9.2) 0.199

Means used to research the amount of carbohydrate

Printed table 17 (9.8) 36 (20.8) 0.059
Online table 30 (17.3) 41 (23.7) 0.908
CC-specific apps 48 (27.7) (+) 39 (22.5) (-) 0.001
Non-CC-specific apps 35 (20.2) (+) 22 (12.7) (-) 0.001 "
Google and other sites 23 (13.3) 27 (15.6) 0.585
Guess the amount of carbohydrate 36 (20.8) 48 (27.7) 0.983
Does not use any means 1(0.6) 6(3.5) 0.120

Using the food scale to do the CC

Yes, I use it with every meal 8 (4.6) 9 (5.2) 0.009 *
Yes, I use it when I eat something different than usual 17 (9.8) (+) 9 (5.2) (-)

Yes, I use it in some meals 32 (18.5) 34 (19.7)

No, I don’t have a food scale 11 (6.4) (-) 34 (19.7) (+)

No, I don’t think it’s necessary 6 (3.5) 13 (7.5)

Why use the food scale

To practice the CC 54 (31.2) (+) 47 (27.2) (-) 0.001
To cooking recipes 29 (16.8) (+) 17 (9.8) () 0.001
To count calories 17 (9.8) 12 (6.9) 0.059

Does not use the food scale 18 (10.4) (-) 44 (25.4) (+) 0.006

*Chi-square. " Statistical Significance; Residue Analysis: (+) Significant Association (-) Negative Significant Association; HbAlc, Glycated hemoglobin; CC, Carbohydrate counting.

first half of the year more than 50% of the advertisement audience on Regarding the mean value of HbAlc, it was observed that more
the social networks Facebook® and Instagram® (53.6% and 58.7%,  than half of the participants had increased HbAlc, with a mean
respectively) was female. Thus, there is the hypothesis that the  value of 7.3 + 1.3%. Donzeau et al. (20) found a reduction in the
participation of women is greater in social networks, which may = mean HbAlc of children and adolescents who practiced CC
explain the predominance of this public in online surveys. compared to children who practiced traditional eating education
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TABLE 3 Association between follow-up with health professionals and adequacy of HbAlc in adults with TIDM in Brazil, 2022.

Adequate
n (%)

Increased

VA

In the last three months, | had consultations

Face-to-face 45 (26.0) 55 (31.8) 0.312
By Internet 6 (3.5) 3(1.7)

Face-to-face and via the internet 10 (5.8) 19 (11.0)

I had no consultation 13 (7.5) 22 (12.7)

Follow up with health professionals

Health plan/insurance 26 (15.0) 27 (15.6) 0.060
Unified Health System (SUS) 9(5.2) 29 (16.8)

Both (Health Plan/Insurance and SUS) 16 (9.2) 16 (9.2)

Private service 23 (13.3) 27 (15.6)

Health professional who taught how to do CC

Endocrinologist 42 (24.3) 66 (38.2) 0.183
General Practitioner 2(1.2) 3(1.7) 0.899
Nutritionist 44 (254) (+) 43 (24.9) (-) 0.037 "
Nurse 2 (1.2) 5(2.9) 0.438
Other 29 (16.8) (+) 19 (11.0) (-) 0.004 *

*Chi-square. " Statistical Significance; Residue Analysis: (+) Significant Association (-) Negative Significant Association; HbAlc, Glycated hemoglobin; CC, Carbohydrate counting.

during the one-year intervention period of the study (7.63 + 0.43 vs.
7.85% 0.47%). In the same way that Kostopoulou et al. (21)
identified a reduction in HbAlc values in children and
adolescents four months after starting CC practice (HbAlc =
7.40%) compared to the previous four months using standard
doses of insulin (HbAlc = 7.90%). Added to this, in the
systematic review and meta-analysis by Bell et al. (31) it was
observed that five of the seven studies analyzed favored CC. The
five adult studies with a parallel design, which compared CC with
alternative advice or usual care, showed a 0.64% reduction in
HbAlc in the CC groups when compared to HbAlc
concentration at baseline and at the end of the intervention.
Although no study with CC has found HbA1c values within the
values recommended by the SBD (Brazilian Diabetes Society) and
ADA (American Diabetes Association), which are HbAlc < 7.0%
for people with TIDM, in order to prevent microvascular and
macrovascular complications, it is possible to observe that CC helps
in the reduction of these values compared to the non-application of
the strategy (17, 18). From this, the importance of CC to help
glycemic control is reiterated and the need to implement the
strategy is reinforced through the consumption of a healthy diet
and with the monitoring of trained nutritionists (7, 11, 13, 14).
Furthermore, an association was found between having an
increased HbAlc and having malnutrition according to BMI,
which may be related to an imbalance in food consumption and,
consequently, calories, due to fear of increased blood glucose,
resulting in uncontrolled glycemic control, ketosis and other
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complications important for nutritional status (32-34). Another
factor that can interfere with the nutritional status of patients with
DML1 is diabulimia, a term that characterizes the omission of insulin
doses in order to lose weight (35, 36). In the study by Coleman &
Caswell (37) a high percentage (78%) of participants with DM1 who
declared weight loss as the main reason for insulin restriction was
observed. Other studies have also shown the behavior of restricting
insulin by patients with DMI1 due to fear of weight gain (38, 39).
Eating disorders in people with DM1 are associated with worse
glycemic control, with elevated HbAlc (40-42).

There was an association between having more than 10 years of
diagnosis and having increased HbAlc, while having less than 10
years of diagnosis was associated with having adequate HbA1c. These
results are in line with those in the literature (32, 43-45). In response
to these findings, it is understood that diabetes control may be more
difficult over the years, due to increasing risks and treatment
overload, such as the progressive reduction in the reserve of (3 cells
and C-peptide secretion, and reduction of insulin sensitivity (46).

When analyzing the factors associated with adherence to
Carbohydrate Counting and the HbAlc value, it was found that
having adequate HbAlc was associated with having CC. Studies
such as that by Donzeau et al. (20) and Kostopoulou et al. (21) show
similar results, in which there were reductions in HbAlc levels
when using the CC strategy. In the systematic review by Schmidt
et al. (47) and in the systematic meta-analysis review by Vaz et al.
(19), favorable results were also found for CC and HbA ¢ reduction.
Thus, CC can be considered an important tool for glycemic control.
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TABLE 4 Association between understanding the concepts of CC and adequacy of HbAlc in adults with TIDM in Brazil, 2022.

Increased

Adequate

Knowing what a “food bolus” is

n (%)

n (%)

I've heard of it, but I don’t know what it is 4(23) (-) 15 (8.7) (+) 0.001
Yes, I know what it is 68 (39.3) (+) 68 (39.3) (-)
1 do not know what is 2(1.2) (-) 16 (9.2) (+)
‘ Definition of “food bolus”
Correctly defined 59 (34.1) (+) 56 (32.4) (-) 0.001
Wrongly defined 15 (8.7) () 43 (24.9) (+)
‘ Knowing what a “correction bolus” is
T've heard of it, but I don’t know what it is 3(1.7) 11 (6.4) 0.020
Yes, I know what it is 66 (38.2) (+) 71 (41.0) (-)
I do not know what is 5(29) (-) 17 (9.8) (+)
‘ Definition of “correction bolus”
Correctly defined 60 (34.7) (+) 55 (31.8) () <0.001 "
Wrongly defined 14 (8.1) (-) 44 (25.4) (+)
‘ Knowing what a “sensitivity factor” is
I've heard of it, but I don’t know what it is 3(1.7) 11 (6.4) 0.045 "
Yes, I know what it is 68 (39.3) (+) 77 (44.5) (-)
1 do not know what is 3(1.7) 11 (6.4)
‘ Definition of “sensitivity factor”
Correctly defined 53 (30.6) 57 (32.9) 0.057
Wrongly defined 21 (12.1) 42 (24.3)
‘ Knowing what a “insulin/carbohydrate ratio” is
I've heard of it, but I don’t know what it is 6 (3.5) 9(5.2) 0.057
Yes, I know what it is 64 (37.0) 73 (42.2)
1 do not know what is 4 (2.3) 17 (9.8)
‘ Definition of “insulin/carbohydrate ratio”
Correctly defined 46 (26.6) (+) 32 (18.5) (-) <0.001
Wrongly defined 28 (16.2) (-) 67 (38.7) (+)
‘ Considers that not knowing what is “food bolus” influences the lack of adherence to CC
Yes, it influences a lot 46 (26.6) 66 (38.2) 0.771
Yes, it influences a little 16 (9.2) 19 (11.0)
Does not influence 8 (4.6) 7 (4.0)
1 don’t know 4 (2.3) 7 (4.0)
Considers that not knowing what “bolus correction” is influences the lack of adherence to CC
Yes, it influences a lot 41 (23.7) 60 (34.7) 0.855
Yes, it influences a little 21 (12.1) 24 (13.9)
(Continued)
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TABLE 4 Continued
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Increased

Adequate p- value*
n (%) n (%)
Does not influence 6 (3.5) 6 (3.5)
1 don’t know 6 (3.5) 9 (5.2)
Considers that not knowing what a “sensitivity factor” is influences the lack of adherence to CC
Yes, it influences a lot 42 (24.3) 60 (34.7) 0.338
Yes, it influences a little 21 (12.1) 25 (14.5)
Does not influence 7 (4.0) 4(2.3)
I don’t know 4(2.3) 10 (5.8)
Considers that not knowing what the “insulin/carbohydrate ratio” is influences the lack of adherence to CC
Yes, it influences a lot 46 (26.6) 67 (38.7) 0.023 "
Yes, it influences a little 17 (9.8) 18 (10.4)
Does not influence 8 (4.6) (+) 2(1.2) (-)
I don’t know 3(17) 12 (6.9)

*Chi-square. " Statistical Significance; Residue Analysis: (+) Significant Association (~) Negative Significant Association; HbAlc, Glycated hemoglobin; CC, Carbohydrate counting.

TABLE 5 Binomial logistic regression between adherence to CC, time of diagnosis and adequacy of HbAlc in adults with TIDM in Brazil.

95% C.l. for EXP(B)

Sig. OR (odds ratio)*
Lower Upper
Adherence to CC 1.186 0.388 ‘ 9.344 1 0.002 3273 ‘ 1.530 ‘ 6.999
Time of diagnosis 0.988 0359 ‘ 7.556 1 ‘ 0.006 2686 ‘ 1.328 ‘ 5.433
Constant -1.186 0.496 ‘ 5.722 1 0.017 0306 ‘ ‘

*OR- odds ratio (OR = ef); Binomial logistic regression. Dependent variable: Adequacy of Glycated Hemoglobin; Independent variables: Adherence to Carbohydrate Counting (yes or no) and

time of diagnosis (<10 years and >10 years).

TABLE 6 Linear regression between adherence to CC, time of diagnosis and adequacy of HbAlc in adults with TIDM in Brazil.

Unstandardized Coeffi- Standardized Coefficients Cl 95%
cients
Std. Error Beta Lower Bound Upper Bound

(Constant) 6.219 0.291 21.384  0.000 5.645 6.793
T

0 door not 0.881 0216 0.298 4081 0.000 0.455 1307
to CC
(Constant) 6.150 0.335 18361  0.000 5489 6.811
To do or not

0.881 0.216 0.298 4073 0.000 0.454 1.308

to CC
Time of diagnosis 0.004 0.011 0.031 0417 0677 -0.017 0.025

Linear regression. Dependent variable: Adequacy of Glycated Hemoglobin; Independent variables: Adherence to Carbohydrate Counting (to do or not to CC) and time of diagnosis (<10 years

and >10 years).

Regarding the association found between adequate HbAlc and
practicing CC at lunch or dinner, it is hypothesized that most
people should choose meals with a higher amount of carbohydrates
to practice CC, for fear of having hypoglycemia or postprandial
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hyperglycemia (47, 48). Uliana et al. (23) found in their study, with
adults with T1DM, that having more than six meals a day was
associated with not performing CC. Furthermore, Fortin et al. (29)
observed that finding it difficult to estimate the amount of
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carbohydrates before starting a meal was one of the greatest
difficulties encountered by participants with TIDM with the
practice of CC. Therefore, it is known that performing CC
demands a high response cost, as behaviors such as identifying
and calculating all carbohydrate-containing foods and estimating
portion sizes are necessary, which reinforces the hypothesis that the
patients can choose to do CC only in meals with higher amounts of
carbohydrates (7, 12). However, the monitoring of carbohydrate
intake by people with T1IDM at all meals is essential to maintain
control of bolus insulin doses, which requires discipline, but,
consequently, helps in the glycemic control and nutritional status
of these patients (29, 47).

As for the use of apps and the food scale, using specific and non-
specific CC apps and using the food scale to do the CC, when eating
something different than usual and to make culinary recipes was
associated with having adequate HbA1c in this study. Using mobile
apps and food scales helps to perform CC more accurately and
frequently, optimizing glycemic control and reducing counting errors
(49-51). In the cross-sectional study by Trawley et al. (52), the use of
apps among people with T1DM to perform CC was associated with a
lower self-reported HbAlc value and a higher frequency of glucose
monitoring, corroborating the result found in the present study.

Regarding the associations between the monitoring with health
professionals and the value of HbAlc, it was observed that having
learned to do CC with a nutritionist or another health professional
was associated with having adequate HbAlc. The SBD and the ADA
affirm the need for a nutritionist experienced in the treatment of
diabetes, with the purpose of carrying out specific training with
patients, teaching them to measure and/or estimate the size of food
portions, in addition to establishing the amount of carbohydrates
from meals, through an individualized food plan (4, 7).
Furthermore, undergoing medical nutrition therapy with qualified
nutritionists is associated with reductions of 1.0% and 1.9% in
HbAlc in adults with TIDM (53). Therefore, the present result
emphasizes the importance of regular monitoring with a
nutritionist and reinforces the relevance that other health
professionals can exercise in the treatment of diabetes.

Regarding the associations between understanding the concepts
of CC and HbAlc values, it is noted that knowing and knowing how
to define most of the concepts was associated with having adequate
HbAlc, while not mastering the concepts was associated with
increased HbAlc. To date, no studies have been found that
directly assess these relationships. However, in Brazil, there are
already manuals available on the internet (e.g. 11,12) that explain
the definitions of each concept. Thus, it is hypothesized that easy
access to these materials can contribute to a better understanding.
As a result, it is estimated that a better understanding favors
adherence to CC and, as a result, patients have better HbA1c values.

On the other hand, having adequate HbA1c was associated with
considering that not knowing what the insulin/carbohydrate ratio is
does not influence the lack of adherence to CC. No studies were
found that evaluated these variables either, however, it is assumed
that with the creation and improvement of new technologies, such
as mobile applications for CC, patients are able to perform the
necessary calculations more easily, not needing to apply the concept
at the time of use. In the systematic review by Dantas et al. (50) it
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was concluded that the use of CC applications contributes to better
glycemic control in patients with TIDM, which is confirmed with
the reduction of HbAlc.

In the present study, practicing CC and having been diagnosed
for less than 10 years were identified as predictors of having
adequate HbAlc, and practicing CC was a predictive factor for
having adequate HbAlc, regardless of the time of diagnosis.
Participants who were practicing CC were 3,273 times more likely
to have adequate HbAlc, which is in agreement with studies that
show that adherence to CC reduces HbAlc values in people with
T1DM (16, 20, 21, 43, 53, 54). As for having a shorter diagnostic
time being related to having adequate HbA I, there is already a vast
literature that reinforces this result and shows that over the years,
HbA1c tends to increase (32, 43-45).

4.1 Limitations

It is important to emphasize that this study presents as a
limitation the carrying out of the research in digital format, with
the form being sent directly to people with T1IDM via social
networks, which may have caused a bias in the study population,
with the exclusion of people without access to social networks.
Based on the previously mentioned limitation, it is also necessary to
highlight the difficulty of directly verifying whether the participants
actually ate certain meals. Data collection on food consumption was
based on participants’ self-reports through the online form, which
can present challenges in terms of accuracy and reliability of the
information provided.

Another limitation is the use of BMI as a parameter to assess
malnutrition, considering that the comprehensive definition of
malnutrition must consider factors other than BMI, such as
medical history, complementary exams, and individualized
clinical evaluation. However, an online survey has restrictions on
the collection of detailed clinical data, such as laboratory tests and
face-to-face clinical evaluation. Therefore, the use of BMI as an
initial criterion for assessing malnutrition was a specific
methodological decision, considering the inherent limitations of a
survey carried out in digital format.

However, no studies were found that evaluated these
particularities of the practice of CC associated with HbAlc in
adults with T1IDM in Brazil, which makes this study
unprecedented and important insofar as it can encourage the
conduct of new research. Therefore, it is necessary to carry out
other studies that investigate these factors in larger samples and
with a more homogeneous distribution of participants, in addition
to more detailed approaches and more accurate data collection
methods to investigate dietary patterns and their relationship with
control glucose in this population.

5 Conclusion

It was concluded from the study that cross-sectional variables to
CC, such as carrying it out in large meals, using applications and
food scales, knowing and knowing how to define the concepts and
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learning the strategy with a nutritionist or other health professional,
favor HbAlc values adequate in adults with TIDM. In addition,
practicing CC and having a diagnosis time of less than 10 years were
predictive factors of having adequate HbAlc.

Therefore, implementing CC in the treatment of people with
T1DM is of fundamental importance in order to achieve glycemic
control. For this, the need for the monitoring presence of the entire
health team is reiterated, in order to achieve better adherence.
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