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Abstract

Diabetes mellitus requires clinical care and continuing education for the prevention of acute and chronic complications. The literature shows that educational
interventions can promote, among other benefits, the reduction of the glycemic level, especially when they include, in practice, the changes of lifestyle. The present
study aimed to evaluate the effects of an educational program, focused on self-care and concurrent physical training on glycemia and drug treatment in 15 diabetic
patients. There was a higher frequency of female patients, in the sixth decade of life with a low level of schooling, a diagnosis time of less than 10 years, and the use of
oral antidiabetics. It was observed a significant reduction of glycemic level (-58.1 mg/dL, p-value = 0.010) between the time of the study (T0 and T4), as well as the
number of tablets of the main drugs prescribed: glibenclamide” (p <0.005) and metformin® (p <0.001), suggesting the existence of physiological adaptations induced
by training. It is concluded that the proposed educational program, by including the regular and well-oriented practice of concurrent physical exercise, contributed to

self-care and consequently to glycemic control in the sample studied.

Introduction

The diabetes mellitus (DM) is considered an important global
health issue, both due to its epidemic proportions [1] and the burden
of disease attributable to it [2]. The estimated global prevalence in 2011
was 366 million people affected, with projection to reach 552 million
individuals in 2030. It is estimated that between 2011 and 2030, there
will be a 92% increase in the number of people with DM in low-income
countries, followed by middle-low-income countries (57%), middle-
high income countries (46%) and finally upper-income countries (25%)

(3].

In Brazil, a recent study aimed at identifying the self-reported
prevalence of DM in the adult population revealed a prevalence of 7.5%
[4]. Regarding the disease burden attributable to DM, another recent
Brazilian study showed that DM represents 5% of the disease burden in
the country [2]. In this context, DM is touted as one of the priority non-
communicable chronic diseases in the formulation of health policies
for its prevention, monitoring and treatment of its complications [5]
2011, which should include educational interventions at different levels
of health care [6].

Education is considered a fundamental element in the care of the
person with DM [7,8] since it is a strategy that can facilitate the person's
responsibility and decision making for self-care, as well as promote
their autonomy and motivation to use knowledge and skills in solving
problems, especially with regard to the prevention of complications [9-
11].

The literature has evidenced the benefits of educational
interventions on the glycemic control of people with DM [12-14] and
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although there is no "gold standard" approach or education program
[7] the documents National Standards for Diabetes Self-Management
Education and National Standards for Diabetes Self-Management
Education and Support propose evidence-based standards to guide
DM education programs, which include, among others, a description
of the disease process and treatment modalities, practice of lifestyle-
integrated physical activity, and monitoring of blood glucose and
of other parameters, its interpretation and use of the results for the
decision making to self-management.

The evaluation of an educational program should focus on the
results to be obtained, which range from the improvement of people's
knowledge about the disease, to cognitive-behavioural changes up to
the adoption of a healthy lifestyle and their consequential effects on the
glycemic profile and in drug therapy [1]. Thus, the present study aimed
to evaluate the effects of an educational program focused on self-care
and concurrent physical training on glycemia and drug treatment of
patients with DM.
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Materials and methods
Design and ethical aspects

It is an intervention study, quantitative approach, with a single
comparison group for the analysis of "before and after" results [15]
referring to educational program (EP) for people with DM centred on
the self-care and concurrent physical training (Figure 1).

This study was developed at the Centre for the Study of Health and
Physical Education (CESEF) of the University Centre of the Guaxupe
Educational Foundation (UNIFEG) during the period from August to
December 2017 and it is part of the matrix project entitled "Evaluation
of a program educational program (EP) for people with type 2 diabetes
mellitus, with a focus on physical activity and foot care", approved by
the Research Ethics Committee of the UNIFEG, dated n. 2,029,352,
May 3, 2017.

The study sample

The base population was made up of people with medical diagnosis
of DM2, regardless of the time of illness, not hospitalized and in
outpatient follow-up. The invitation to the study was carried out in
public health services and the local media. For the sample selection, the
following inclusion/exclusion criteria were considered:

Inclusion criteria: People of both sexes, at least 40 years old,
sedentary or not active, without advanced complications, whose drug
treatment included the use of oral antidiabetic agents (OADs) and/or
insulin, and who were able to maintain dialogue.

Exclusion criteria: People with DM2 who had at least one of
the following conditions were excluded on hemodialysis, amaurosis,
presence of sequelae of stroke, cardiac insufficiency, previous
amputations at any level of the lower limb, injury or ulcer active in
lower limbs, presence of any other incapacitating complication, use
of wheelchair and/or stretcher, inability to communicate verbal, and
participants in a physical training program in another institution.

Thus, the sample was initially composed of 19 people with DM2 that
met the inclusion criteria and attended voluntarily at the place of study.
After being informed about the objectives and procedures of the study
including the need for a medical certificate for the practice of physical
exercises, the Free and Informed Consent Form (ICF) was provided for
reading and signing. However, four participants dropped out due to
lack of interest and/or time to attend physical training sessions.

Number of participants at the baseline (n=19)

I
Collection of sociodemographic, clinical data and 1
registration of prescription drugs
I
Abandonment (n=4)
I
Educational meetings + concurrent physical training (n = 13)

I I
Evaluation of capillary Evaluation of capillary
glycemia before and after the glycemia before and after the
1t exercise session (Tq) 28% exercise session (T4)
I I
22 registration of prescription drugs (n=153)

Figure 1. Scheme of the study
Source: Own (2018)
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Data collection

After signing the ICF, the sociodemographic and clinical data
were collected in a private room, in the form of an individual
interview, with an average time of 30 minutes. All participants were
asked for the prescription of drugs for the control of the disease,
before beginning and after the end of the study interventions. Data
on the drug class and daily dosage were recorded in the individual
physical training sheets, as well as the capillary glycemia values
obtained through digital puncture with standardized equipment and
technique, pre and post first (T ) and pre and post the last exercise
session (T),).

It should be noted that the analysis of glycemic control through
capillary glycemia was due to the following reasons, low cost and easy
access, availability of equipment and supplies at the place of study,
obtaining immediate results, and as a motivational factor for the
participants' adherence to the study by enabling the practical assessment
of the effects of interventions, especially of physical exercises.

Study interventions

The EP was developed individually in a private room in the
premises of the study area by scheduling in common agreement and
through nursing consultations, with a properly trained professional.
The frequency of the meetings was in accordance with the individual
needs of each participant as to the topics discussed, conducted face-
to-face and dialogically, in a collaborative approach, with an average
duration of 50 minutes and a maximum periodicity of 30 days.

lustrative posters, prepared by the researchers themselves were
used containing public domain images related to general disease
management and self-care. The educational material was based on the
literature and included the following topics: description of the disease
process and treatment modalities; practice of physical activity integrated
with lifestyle; glucose monitoring and interpretation; control of body
weight; appropriate use of medicines and prevention of complications.

The EP also included 28 sessions of physical training for which
methodology of concurrent training characterized by aerobic physical
exercises in combination with anaerobic or resisted physical exercises
was adopted. The aerobic exercises consisted of three weekly sessions
of elliptical, treadmill and bicycle, lasting 30 minutes. The resisted
exercises were applied to the upper and lower limbs, with three sets of
12 repetitions, also in three weekly sessions with 30 minutes duration.

All exercise sessions were held in a fully equipped gym, in the
premises of the study, and with the direct supervision of physical
education professionals. It should be noted that the individual education
meetings took place in parallel with the concurrent physical training
sessions which were developed in small groups of three to five people,
during the four-month period.

Statistical analysis

The data collected was double typed in MS-Excel application and
then processed electronically for validation. Subsequently, the data was
exported to the GraphPad InStat software version 3.10 (public domain).
The sociodemographic and clinical variables were submitted to
descriptive statistics for the characterization of the sample. Numerical
data on capillary glycemia and drug dosage (number of tablets per
day) were submitted to the Komolgorow-Smirnov and Levene tests,
respectively, to verify the normal distribution and homogeneity of the
variances.
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For comparisons between two dependent samples (evaluation
before and after the development of the EP with physical training) we
used the t-test paired, since it showed the normal distribution. The
results were expressed as mean and standard deviation with a level of
significance (p) less than 0.05.

Results

Sociodemographic and clinical characterization of the
sample

The sample was consisted of 73.3% of female people; mean age
of 63 years (standard deviation - SD = 7); average schooling time
of 5.8 years (SD = 5.6); mean time of diagnosis of 8.9 years (SD =
7.6); presence of overweight/obesity; use of OADs as prescribed
medication treatment (86.7%); absence of prior participation in
diabetes counselling groups (100%); and sedentary (73.3%) (Table 1).

For capillary glycemia, two moments (pre and post) were
considered in the first (T0) and in the last session (T4) of physical
training, whose mean values and standard deviations were,
respectively: T0: 205.5 mg/dl = 86.7) and 174.3 mg/dl (SD = 73.6);
T4: 143.3 mg/dl (SD = 28.1) and 116.2 mg/dl (SD=16.3). There was no
statistically significant difference in the evaluation between the two
moments of the first exercise session (pre and post = T0), although
the mean reduction of 31.2 mg/dl (p-value = 0,321) in a single
session clinical relevance. On the other hand, there was a statistically
significant reduction (-27.1 mg/dl, p-value = 0.003) between the two
moments of the last exercise session (pre and post = T4), as well as
in the evaluation between the pre-first and pre-last (-52.2 mg/dL,
p-value=0.043), and post-first and post-last sessions (-58.1 mg/dL;
p-value = 0.010) (Figure 2).

Table 1. Sociodemographic and clinical characteristics of the sample studied. Guaxupé,
MG, Brazil, 2018

Variables (n = 15) n (%) Average (Sd *)
Sex

Female 11(73,3)

Male 4(26,7)

Age 63 (7)
‘Women 62,4 (9,6)
Men 63,5 (3,5)
School time (in years) 8,9 (7,6)
Marital status

Single 1(6,7)

Married 11(73,3)

Widower 3(20)

Occupation

Retired with remunerated activity 4(26,7)

Retired/pensioner 3(20)

Work at home, no pay 8(53,3)

Time of diagnosis (in years) 8,9 (7,6)
Body mass index (BMI) 30,4 (5,9)
Drug treatment of diabetes

Only oral antidiabetic (OAD) 13 (86,7)

Associations (OAD + insulin)

Prior participation in group guidance on diabetes

No 15 (100)

Regular physical activity

None (sedentary) 11(73.3)

Walk (little) 4(26.7)

* SD = standard deviation
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Figure 2. Mean values of capillary glycemia before and after concurrent training sessions

* Difference 2nd Pre x 2nd Post; & Difference 1st Post x 2nd Post (p <0.05)
Source: Own (2018)

Regarding drug therapy in the comparison between the period
prior to EP and the end of this period, there was a significant reduction
in the number of tablets of the main drugs prescribed: metformin” and
glibenclamide (Table 2).

Discussion

In the sample studied, there was observed a higher frequency of
female subjects in the sixth decade of life, with a low level of schooling,
a diagnosis time of less than 10 years, the absence of previous
participation in educational activities about the disease, presence of
overweight/obesity, and in the use of oral antidiabetics. In general,
these results resemble those of other studies developed among Brazilian
population samples of people with DM [16-19].

The higher frequency of women is consistent with the literature
[20-22] and this finding possibly is due to an increased demand and/
or the use of health services by female population [23-25]. In the last
decade, the Brazilian studies of prevalence of DM showed divergences
as to the association between the disease and the sex. In two studies no
statistically significant differences were found [6,26] and in the most
recent research there was higher prevalence in women (8.2%) than in
men (6.6%) (p-value = 0.001) [4].

Although the low level of schooling is a limiting factor for the
teaching-learning process [27] it is believed that the modality of PE
proposed in the present study, conducted in order to meet the individual
needs of each participant, has contributed to a better understanding
of the disease and its management. Thus, education in DM should
be a multidisciplinary intervention based on the principles of adult
education [28-30] and, particularly for people with low schooling, it
should be implemented gradually, continuous and interactive way [31].

Another important aspect to be considered is the fact that the
educational meetings were developed individually, not in groups. Some
studies have pointed out that the group modality is more advantageous
than the individual, especially about your effectiveness in glycemic
control [32,33]. However, it is reiterated that for the present study,
the individual face-to-face modality in a collaborative approach
was performed more feasible by allowing a closer contact between
professionals and participants, and the latter were able to consolidate
their knowledge and clarify your doubts, each at their own pace,
without the need to "follow a group". This strategy strengthens the sense
of autonomy and empowerment, especially of elderly individuals [17]
as it is the case with most of the participants of this study.

About the time of diagnosis, throughout the illness can favour
the learning process, since adults and the elderly require self-directed
learning, whose essence is their own life experiences [34]. In contrast,
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Table 2. Number of tablets of the main drugs prescribed, in the two study times. Guaxupé, MG, Brazil, 2018

Daily dosage prescribed (number of tablets)
Drug (concentration) Until the beginning of the EP At the end of the EP p- value *
Average (SD?) Average (SD®)
Glibenclamide® (5 mg) 2,1(0,7) 0,6 (0,5) <0,005*
Metformin® (500 mg) 2,5(0,5) 1,6 (0,6) <0,001*

®SD = standard deviation
# t-paired test
*statistical significance

the development of complications and associated comorbidities
is more frequent, and may limit access to new information and the
incorporation of new habits [17]. In the studied sample, the average
time to diagnosis was less than 10 years, considered a facilitating
factor for adherence to PE. The recent experience with the DM and
its treatment can be the motivation to develop skills and behaviours
directed at the control of the disease [35,36].

The fact that all the sample referred to the previous non-
participation in educational activities about DM suggests a
devaluation of the people regarding to this type of activity, and even a
difficulty in taking the treatment itself, as well as the lack of incentive
or appreciation on the part of health services. Both situations can be
a barrier to behavioural change. However, the development of the
present study may have supplied this demand and, even so, there were
four (21%) participants who dropped out during the research. It is
widely recognized that DM education is an integral part of disease
management [7,8], however, its achievement becomes a challenge
in the context of the Brazilian health system, which is still based on
prescriptive and curative actions [37]. In addition, depends on the
availability of professionals familiar with educational techniques [27]
and, especially, the will and the interest of people [38] and those with
lower educational levels do not seem to value preventive actions, such
as health education [27].

The presence of overweight/obesity is a condition commonly
associated with DM2 [1,6,26]. The control of body weight falls within
one of the American Association of Diabetes Educators (AADE)
self-care behavioural patterns ("reduce risks") to guide educational
interventions that focus on people's goals [39] and, for this reason it
was one of the themes addressed in the EP of this research. The studied
sample composed of people who were previously sedentary or not active
and considering the physiological changes characteristic of aging and
the evolution of DM, the BMI was expected to be above the normality
parameter. Studies show that the advancement of age, in addition to
possible physical limitations [40] as well as the lack of appropriate
locations and/or financial resources for professional supervision are
barriers to the practice of physical exercises [41].

It should be stand out the proposed EP included 28 sessions of
concurrent physical training, providing free access to equipment and
direct supervision of physical educators, besides making it possible to
coexist with peers in the small groups. It seems to be a motivational
factor for most of the participants stay in the study. A qualitative
research approach carried out among elderly women in Florianépolis-
SC, Brazil, about the barriers and facilitators to the practice of physical
activity, showed that physical exercises appropriate to the clinical
conditions and the perception of their benefits in terms of health and
quality of life, as well as the company of the pairs and the professional
monitoring were fundamental for the adhesion to this behavior of self-
care [40].

Even though it was not the objective of the present study, it
should be noted that the BMI suffered a reduction in the mean
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values (from 32,5£6,5 to 30,4+5,9 kg/m2), considering the pre and
post-intervention moments without statistical significance (data not
shown). This fact may have been another motivational factor for
the permanence in the study, corroborating the above-mentioned
research [40] on the perception of the benefits of physical activities as
a facilitator of its practice.

Regarding the drug treatment, the use of ADOs by most
participants is coherent to the average time of diagnosis (less than
10 years) and the clinical conditions of overweight/obesity, which
insulin resistance is the main etiopathogenic factor and the use of
an oral sensitizer agent, in isolation or in combination with another
pharmacological class, it assists in the improvement of glycemic
control [1]. Other studies developed in Brazilian samples of adults
and elderly with DM2, for which the disease time was up to 10 years,
the drug therapy resembles that found in this research [19,42-44].

Regarding the effects of the proposed EP on capillary glycemia,
no statistically significant difference was observed in the evaluation
between the two moments of the first exercise session (pre and post
= T0), although the mean reduction of 31.2 mg/dl (p = 0.321), in a
single session, has its clinical relevance. On the other hand, there was a
statistically significant reduction (-27.1 mg/dl, p = 0.003) between the
two moments of the last exercise session (pre and post = T4), as well as
in the evaluation between pre- (-52.2 mg/dL, p = 0.043), and post-first
and post-last sessions (-58.1 mg/dL, p = 0.010).

These findings suggest that the educational modality adopted, of
short-lived, based on the dialogical relationship and collaborative
approach, with a view to the individual needs of each participant, was
beneficial for the glycemic control of the sample studied. A systematic
review aimed to determine the effectiveness of education for the self-
management of DM2, showed that the positive effects of educational
interventions on the glycemic control were evidenced in studies with
a shorter follow-up period (less than six months). It was also observed
that the interventions of collaborative approach were more effective to
improve glycemic control, than the merely didactic interventions [45].
A study of meta-analysis [46] and other with systematic review [47],
with goals similar to the previously cited study, showed that the only
variable predictive of improvement in glycemic control was the face-to-
face education, which corroborates this research.

Other three meta-analyses on the effectiveness of DM education
in the improvement of biochemical parameters [48-50], reiterate their
positive effects on glycemic control in adults with DM2, when evaluated
immediately after the action, similar to the present study. However, the
researches reviewed by these authors used the glycated hemoglobin as
the only measure of glycemic control, being demonstrated an average
reduction that ranged from 0.36% [49] to 0.80% [48,50].

Observational study to evaluate the educational activities in
promoting self-management of DM2 care in a sample of 27 Brazilian
adults affected by the disease, developed analogously to this study in
some aspects of the educational modality, as well as the follow-up time,
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showed an average reduction of 0.4% of glycated hemoglobin, but with
no statistical significance (p=0,266) [43].

In a study of a "before and after" evaluation, also designed by this
research, it was observed a mean reduction of 0.36% of the glycated
hemoglobin between the time of the study (9.3%-8.95%; p = 0.0321) in
a sample of 82 Brazilians adults with DM2, participants of educational
interventions about the disease [51].

A randomized clinical trial involving a Brazilian sample of diabetic
adults (intervention group-IG; n=38 and the control group - CG; n=38)
with the purpose of analysing the effects of an educational intervention
on knowledge and biochemical and anthropometric parameters,
showed that despite there was no statistically significant difference
between the groups, there was a significant difference in intragroup
comparisons, that is, between the time of the study (pre and post) in
each group. In the CG, there was a mean increase of 0.5% of glycated
hemoglobin and 18.5 mg/dl of capillary glycemia (p=0.001) while in
the IG there was, respectively, a mean reduction of 2.9% and 75% 3 mg/
dl (p = 0.001) [18] the latter result being similar to the present study.

Another aspect to be considered is that the proposed EP made
possible the regular and oriented practice of physical exercises, which
also contributed to the reduction of glycemia. The literature establishes
that physical exercise induces physiological adaptations that lead
to greater sensitivity to insulin and, consequently, to better glycemic
control (ARSA et al,, 2009). Concurrent physical training contributes
to the increase in cardiorespiratory capacity, muscular strength and
endurance, which are necessary for the performance of daily life
activities and therefore for a better quality of life [52,53].

Two intervention studies also corroborate the findings of the
present investigation, although they have employed different training
modalities. The first one developed in 13 weeks to verify the effects
of aerobic training on blood pressure, BMI and capillary glycemia of
22 Brazilian, diabetic and sedentary elderly women, allocated in two
groups (G1: control group, n=11: educational guidelines, once a week,
and G2: intervention group, n=11: aerobic exercises three times a week)
did not show a statistically significant difference between the groups
in the evaluation of capillary glycemia. However, in the comparison of
baseline and final values in both groups, the average reduction of 73
mg/dl was observed in G1 (p<0.001) and 60.3 mg/dl in G2 (p<0,01)
[54].

The second study, carried out in a Brazilian sample of 20 physically
inactive, type 2 diabetic men, with a minimum age of 40 years and
allocated in two groups (exercised - IG; n = 10 and control - CG; n = 10),
in which the objective was to analyse the glycemic reduction caused by
high intensity resistance exercise, also showed that although there was
no statistically significant difference between the groups, there was a
significant reduction in intragroup comparisons, that is, between study
times (pre and post). In IG there was an average reduction of 6.7 mg/
dl (p <0.001) while in CG the mean reduction was 1.3 mg/dl (p>0,05)
[55].

It highlights that are still few studies on the effects of concurrent
physical training on glycemic control and that have used capillary
glycemia as a variable outcome in Brazilian population samples with
DM, which hindered the comparisons with the present study.

In relation to the effects of this EP on drug therapy, there was
observed a significant reduction in the number of tablets of the main
drugs prescribed: glibenclamide’ (p<0.005) belonging to the sulfonylurea
class, and metformin” (p<0.001) belonging to the biguanides class and
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the reduction of this last drug was more expressive. It is believed that
this fact is due to the hypoglycemic effect of physical training caused by
increased insulin sensitivity. Another possible explanation would be the
reduction of the glycemic level itself, which required adjustments in the
pharmacological dosage.

It is important to emphasize that during the educational meetings,
relevant aspects of the pharmacological regimen prescribed, including
on insulin therapy, were discussed. Regarding the ADOs, special
attention was given to the mechanism of action of each drug and the
respective time of taking, aiming at safety and maximum therapeutic
efficacy.

A review study about interactions between ADOs and foods
indicates that, for sulphonylureas, the recommended time for
administration is 30 minutes before meals [56] since its mechanism
of action is to increase the insulin secretion [1,56] and, in this way
the person will get a satisfactory amount of this hormone to reduce
glycemia from food [56]. As for biguanides, it is recommended to
administer them 15 to 20 minutes after feeding [56] since it reduces
the production of hepatic glucose and presents, even if discreetly, a
peripheral sensitizing action of insulin receptors [1,56].

A cross-sectional study of 31 Brazilian diabetic adults hospitalized
at a medical clinic to identify ADOs showed that 32.2% of respondents
did not know the name of the medication used; 51.6% took the
medication in an inappropriate time and the most had only notions of
the mechanism of action of the ADOs prescribed for their treatment
[57]. From this shortcoming, it was evidenced the need to include this
topic in the EP of the present study.

Although adherence to drug treatment has not been evaluated, it
is likely that the guidance provided in the educational sessions have
provided a better understanding and stimulated the appropriate use
of medications, which may also have contributed to adjustments in
dosage.

As limitations of the study, the small sample size and the non-
performance of biochemical analysis (glycated haemoglobin) should
be highlighted, not allowing generalizations. In addition the scarcity
of studies that used the same modality of EP, in Brazilian population
samples, made it difficult to discuss the results.

Conclusion

It is concluded that the proposed EP by including the regular and
well-oriented practice of concurrent physical training, contributed to
self-care, especially with regard to changes in lifestyle and drug therapy
and consequently, to glycemic control in the sample studied.

It is suggested that other studies, with different designs and larger
sample size, are performed in order to obtain more evidence about
educational practices in DM, since there is still no "gold standard" of EP.
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