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Introduction: Cardiovascular autonomic dysfunction reflex of the pathophysiology of diabetes mellitus (DM) favors an increase in
morbidity and mortality related to cardiovascular events, and for this reason has been one of the most studied clinical entities.

Method: An experimental study of a randomized clinical trial type was therefore proposed to analyze the hemodynamic and
glycemic response after the practice of a rehabilitation program in patients with type 2 diabetes mellitus (T2DM). In this clinical trial the
patients will initially be submitted to an evaluation protocol that consists of assessing blood pressure, heart rate, Borg scale,
respiratory rate, oxygen saturation, distance traveled through the 6-minute walk test, quality of life questionnaire, Pittsburgh sleep
quality questionnaire, and still glycated hemoglobin and heart rate variability through the cardiofrequency meter. After careful
evaluation of the patients, they will be submitted to a metabolic rehabilitation program composed of aerobic and resisted exercises,
performed for 12weeks, in 3weekly meetings of 60minutes each.With such evaluations, it will be possible to construct with evidence
that it is possible to work safer metabolic rehabilitation programs in patients with T2DM or other diseases that generate
cardiovascular risks, guaranteeing them an improvement in cardiorespiratory fitness, hemodynamic and glycemic variables, allowing
improvement of the quality of life.

Ethics and Dissemination: The protocol is approved by the host institution’s ethics committee under the number 1.616.721.
Results will be disseminated via peer-reviewed journal articles and conferences. This clinical trial is registered at ClinicalTrials.gov
identifier: NCT3094767.

Abbreviations: 6MWT = distance walked through the 6-minute walk test, BP = blood pressure, CAPES = Coordination and
Improvement of Higher Education Personnel, CVD = cardiovascular diseases, DM = diabetes mellitus, DQOL = diabetes quality of
life-Brazil, DT = distance traveled, HR = heart rate, HRV = heart rate variability, PSQI = Pittsburgh Sleep Quality Index Questionnaire,
RR = rate receiver, SPIRIT = Standard Protocol for Randomized Assays, T2DM = type 2 diabetes mellitus.
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CVD. Most of the risk factors for these diseases are related to
living conditions and are estimated to be responsible for more
than 40% of global mortality worldwide (hypertension,
smoking, high blood glucose, sedentary lifestyle, overweight,
and obesity).[1]

CVDs are the main cause of morbidity and mortality in the
world.[2,3] They were responsible for more than 17million deaths
in 2008, of which 3 million occurred before the age of 60, and
much of it could have been avoided. The World Health
Organization estimates that by 2030 almost 23.6 million people
will die from cardiovascular disease.[3,4]

The set of cardiovascular risk factors result in the metabolic
syndrome which is a complex disorder that can lead to the
occurrence of CVD. Healthy living habits are strongly related to
the improvement of the quality of life and positively interfere in
the control of the risk factors present in this clinical condition,
minimizing the chances of occurrence of CVD.[5]

Among the cardiovascular risk factors is diabetes mellitus
(DM), characterized by a heterogeneous group of metabolic
disorders resulting from defects in insulin secretion and/or action,
leading to hyperglycemia.[6] DM is responsible for highmorbidity
rates worldwide, including young individuals.[7,8]

In the epidemiological narrative review proposed by Peter-
mam,[9] a variation of 2% to 13% of DM in the Brazilian
population in the last 3 decades was observed, being more
prevalent in women, elderly, sedentary, subjects with lower
educational level and those overweight or obese.
According to the International Diabetes Federation,[8] an

epidemic of DM is underway, with the number of diabetics
worldwide being approximately 382 million, reaching 471
million in 2035.
Among the several complications from DM, neuropathies are

included, and autonomic cardiac neuropathy is one of the most
worrying, since it is related to the higher risk of developing
cardiac diseases and mortality in this population, due to the
presence of autonomic nervous system alterations.[10–12]

This group of patients presents an increase in morbidity and
mortality related to cardiovascular events, and for this reason it
has been one of the most important clinical entities.[10–12]

Therefore, it is understood that studies on the behavior of blood
pressure (BP), and heart rate (HR), as well as the autonomic
control of circulation and glycemic control in diabetic individua-
ls, may contribute to the understanding of the pathophysiological
mechanisms involved.[13]

The study by Lee et al[14] demonstrated that regardless of the
type of exercise intervention, this practice is potentially effective
in improving the metabolic control of patients with type 2
diabetes mellitus (T2DM).
Therefore, to analyze the hemodynamic and glycemic behavior

in relation to the real role of physical exercise in patients with
T2DM, as well as all cardiovascular and metabolic diseases, will
allow a more in-depth analysis of the heart rate variability
(HRV), a technique used to evaluate the Performance of the
autonomic nervous system, and of the metabolic markers
pertinent to each disease.
The knowledge of these data can be used as a physiological

parameter for the prescription of exercises, favoring the search
for interventions that early improve not only the metabolic
control, but also the autonomic dysfunction, guaranteeing the
practice of metabolic rehabilitation programs that favor the
activation of the autonomic modulation in a safety way, based on
evidence, allowing improvement of their quality of life and
reducing the morbidity and mortality rates related to CVD.
2

2. Method

This study protocol followed the Items of the Standard Protocol
for Randomized Assays (SPIRIT). This is an experimental study
of the type randomized clinical trial on the autonomic response
and cardiovascular and metabolic serum markers of individuals
submitted to a metabolic rehabilitation program.
2.1. Study population

The study population consists of diabetic patients assisted at the
Health Institution called Policlínica do Tucumã, located in the
municipality of Rio Branco-Acre.
2.2. Inclusion and exclusion criteria

Included in the research are the T2DM individuals, of both sexes,
sedentary, nonsmokers, referred with medical prescription and
current glycated hemoglobin result.
Patients with neurological disease, acute heart failure, type 1

diabetes, morbid obesity, atrial fibrillation, sinus arrhythmia,
grade II or III atrioventricular block, smokers, and those taking
beta-blockers or antiarrhythmic medication were excluded from
the study.
2.3. Expected risks

Some risks related to the study may be: dizziness and small
tiredness due to physical exercise, however in the presence of
these symptoms, exercise will be interrupted until the patient is
stabilized.
2.4. Expected benefits

It is hoped to make it possible to work cardiovascular
rehabilitation programs in patients with T2DM more safely,
guaranteeing them an improvement in cardiorespiratory, hemo-
dynamic and glycemic conditioning, allowing them a better
quality of life, contributing to scientific advancement.
2.5. Intervention

Raimundo et al,[15] used a program based on 5minutes of warm-
up and 25minutes of aerobic exercise. Such a program was
adapted to increase the aerobic exercise time to 30minutes.
Therefore, individuals will be referred to a treadmill where they
will begin aerobic exercise, consisting of 5minutes of warm-up
and 30minutes of aerobic exercise, during which they will be
monitored to maintain between 50% and 70% of their HR
calculated individually.
After completing the aerobic training, the patients will be able

to begin resistance training, which was adapted from the study by
Umeda,[16] which will consist of light weight exercises, compris-
ing a load of up to 40% to 60% of that found in the test of a
maximum repetition up to 3 sets of 10 repetitions increased by 10
minutes as proposed by Umeda for 20minutes, followed by 5
minutes of deceleration.
We chose a program of aerobic and resistance exercises based

on the results of the study by Church,[17] where they found better
results in patients with T2DM that combined aerobic activities
and resistance training compared to the control group (without
exercise) and also in comparison with the group that trained with
aerobic or isolated resistance exercises.
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The metabolic rehabilitation program consists of aerobic and
anaerobic exercises performed for 12 weeks in 3 weekly meetings
of 60minutes each, totaling 36 sessions, performed in a period of
3 months.
2.6. Data collection

The evaluation instrument of the research will be applied before
and after the practice of the proposed rehabilitation program.
The instrument is based on the following collection protocol: BP,
HR, Borg scale, respiratory rate, oxygen saturation, distance
walked through the 6-minute walk test (6MWT), quality
questionnaire (Which must be specific for each disease, and
therefore the research used the diabetes quality of life-Brazil-
DQOL), sleep quality questionnaire (Pittsburgh) and also the
outcome variables that are glycated hemoglobin (sent by
physician along with medical referral) and HRV through the
cardiofrequency meter.
It is also suggested the insertion of cardiovascular and

metabolic serum markers of individuals submitted to a metabolic
rehabilitation program, in order to evaluate patients regarding
cardiovascular risks.
With this evaluation, before and after the rehabilitation

program, it will be possible to observe the response of these
variables (Fig. 1).

2.7. Instruments

The main instrument is the HRV that will be evaluated in 2 ways:
at rest and in exercise. At rest, to describe the autonomic profile of
diabetic and exercise patients for 2 moments (pre- and
postintervention) to observe the response to the stimuli offered
to the patient during the stages (warm up—5 minutes, aerobic
training—30 minutes, strength training—20 minutes, cool down
—5 minutes) of metabolic rehabilitation.
Figure 1. Protocol of evaluation and interventio
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In the first form of collection (at rest) patients will be placed in
the supine position, where they will remain for 20minutes in an
air-conditioned room (22–25°), with a capture tape attached at
the time of the xiphoid process. Such a brace has 2 electrodes
attached to a sealed electronic transmitter, which pick up the
heart’s electrical impulses to which it is transmitted to the
POLAR[18] heart rate monitor attached to the volunteer’s wrist.
In the second form of collection (in exercise), patients will

undergo a metabolic rehabilitation program, however, previous-
ly they will also position the brace at the level of the xiphoid
process to record the data and then initiate the intervention. This
equipment will be positioned in the patient from the beginning of
the metabolic rehabilitation and will remain until the end of the
recovery.
The HRV will be analyzed by means of linear methods,

analyzed in the domains of time and frequency, and also by
nonlinear methods and the Poincaré plot.[19]

The analysis of the HRV will be performed from the heart beat
recorded to beat throughout the protocol, and only series with
more than 95% of sinus beats will be used for analysis.[20]

After the error check, the trace will be selected for analysis and
subjected to a digital filtering, performed in Polar Precision
Performance SW software (version 4.01.029). Finally, the HRV
analysis will be done using the software: Kubios.[15]

Another instrument used is the 6MWT, which aims to evaluate
an individual’s response to exercise and provides an overall
analysis of the respiratory, cardiac, and metabolic systems.[21]

The test consisted of a walk at maximum speed and constant
(without running) in a corridor of 30m, free of human traffic and
marked to each meter by yellow tape, the delimitation of the
circuit was indicated by signaling cones during the test was used
verbal stimuli every minute, so that the participant did not reduce
the speed of the walk as: “You are walking very well, continue
like this!,” “Keep up the pace,”[22] and at the end, the distance
traveled (DT) in meters is compared with the predicted DT that is
n for reduction of cardiovascular risk factors.

http://www.md-journal.com
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calculated by means of the formula that indicates the
distance expected for the Brazilian population: 6MWT distance
(meters)=622,461� (1846�age in years)+ (61,503�male=1,
female=0).[23]

Still, 2 questionnaires will be applied, one that evaluates
quality of life and another that evaluates the quality of sleep of
the patients. The quality of life questionnaire should be specific
for the metabolic alteration present, and for this study the
DQOL, which is a specific instrument to measure the quality of
life of patients with T2DM, will be applied. This questionnaire
has 44 separate questions in 4 domains: satisfaction with 15
questions, impact with 18 questions, social/vocational concerns
with 7 questions and concerns related to diabetes with 4
questions. The answers are systematized on a 5-point scale. In
an intensity scale is satisfaction (1=very satisfied, 2=very
satisfied, 3=average satisfied, 4=not very satisfied, 5=not
satisfied). In frequency scale are impact and concerns (1=never,
2=almost never, 3= sometimes, 4=almost always, 5=always).
The result established in these scales for better quality of life
values closer to 1.[24]

Finally, the quality of sleep of these patients will be evaluated
through the Pittsburgh Sleep Quality Index Questionnaire (PSQI)
developed by Buysse.[25] This instrument has 19 questions of self-
report, 5 questions directed to the spouse or companion, and 5
questions that are used only for clinical practice. The 19 questions
are categorized into 7 components, graded in scores of 0 (no
difficulty) to 3 (severe difficulty). The 7 components are: C1
subjective sleep quality, C2 sleep latency, C3 sleep duration, C4
usual sleep efficiency, C5 sleep disturbances, C6 sleep medication
used, and C7 daytime sleep dysfunction.[26]

The sum of the values attributed to the 7 components ranges
from 0 to 21 in the total questionnaire score indicating that the
higher the number the worse the quality of sleep. A total score
greater than 5 indicates that the individual is experiencing major
dysfunctions in at least 2 components, or moderate dysfunction
in at least 3 components.[26]
3. Material

For General Cardiovascular Semiology you will need a
stethoscope, sphygmomanometer, stopwatch, and thermometer.
The equipment that will be used is the Polar RS800CX heart

rate receiver (RR) for the capture of the RR intervals, previously
validated equipment to capture the HR beat and use of its stored
data for future HRV.[18] This equipment consists of 2 electrodes
mounted on a sealed electronic transmitter that will be positioned
in the volunteer’s chest at the level of the distal third of the
sternum, using an elastic band. These telemetric units will obtain
the electrical impulses of the heart and will transmit such
information through an electromagnetic field to the monitor that
will be positioned in the wrist.[19]

For the 6MWT you will need a pulse meter and pulse
oximeter, both handheld, stopwatch, measuring tape, signal-
ing cones, stethoscope, sphygmomanometer, symptom per-
ception scale printed on plasticized paperboard, suitable size
and allowing easy reading and chair along if the patient
needs rest.
After conducting the evaluation, equipment will be needed for

the implementation of the metabolic rehabilitation program. The
necessary equipments are: treadmill, cardiofrequencimeter (to
monitor the training), dumbbells and shiners of the most diverse
loads to respect the result of the test of a maximum repetition of
each individual.
4

4. Measures

4.1. Primary outcomes

Recruitment began in September 2016, and is underway. A total
of 9 patients were evaluated and submitted to the intervention
protocol by the end of June 2017.
4.2. Secondary outcomes

The protocol may provide subsidy for implantation of metabolic
rehabilitation programs in patients with other CVD such as
dyslipidemia, hypertension among others.

4.3. Data analysis

Data will be expressed as mean and standard deviation. The SPSS
software version 24.0 will be used for statistics. The descriptive
data will be measured by measures of central tendency and
dispersion. The Shapiro–Wilk test will be used to verify the
normality of the data. To compare the cardiorespiratory
parameters, we will use the Friedmann test or the ANOVA test
of repeated measures according to the normality of the data. The
level of significance will be P< .05. All values will be compared
with the rest condition.

5. Ethics and dissemination

The study protocol was submitted and approved by the Research
Ethics Committee of the Hospital das Clínicas do Acre through
Opinion No. 1,616,721. Only participants who agree to provide
written informed consent will be entered into the survey.
This registry of clinical trials was titled “Cardiorespiratory

Parameters and Glycated Hemoglobin of Patients With Type 2
Diabetes After a Rehabilitation Program,” onMarch 28, 2017 in
“ClinicalTrials.Gov” (NCT03094767).

6. Discussion

The presence of cardiovascular risk factors as well as the presence
of CVD contribute to an increase in the number of deaths,
hospitalizations, and disabilities in the adult population. In view
of this, primary care assistance with health promotion can be
considered as the response to the modification of modifiable
factors that influence the installation of risks and CVD,
improving living conditions and creating favorable environments
for health.[27]

The health promotion strategy represents an assertive
alternative for addressing these risk factors.[1] However, the
multidisciplinary and transdisciplinary approach strengthens the
actions in health, since the collaborative posture reinforces the
purposes of prevention, control, and treatment of diseases.
However, the inclusion of a protocol that includes a detailed
evaluation followed by the implementation of metabolic
rehabilitation will contribute to the construction of patient-
centered care and its needs in order to improve people’s health
conditions.[4,28]
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