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Abstract
Introduction Despite the benefits, cardiovascular rehabilitation programs (CRPs) have been related to the appearance of signals
and symptoms. Risk stratification protocols are commonly used to identify risks during the physical exercise; however, studies that
investigate their efficacy to previse signals and symptoms are inconclusive. Furthermore, clinical, physical, and biochemical
parameters have been used as risk markers for the appearance of adverse events, and to investigate their efficacy to previse signals
and symptoms during the CRP sessions that could better guide the strategies adopted on these programs.

Objectives The aim of this study was to evaluate the correlations between risk stratification protocols and clinical, physical, and
biochemical parameters with the appearance of signals/symptoms during CRP, as well as to evaluate if modifications on clinical,
physical, and biochemical parameters could influence in the appearance of signals/symptoms during CRP.

Materials and methods The study was prospectively registered at ClinicalTrials.gov (NCT03446742). Forty-four patient
participants of a CRP will be evaluated. First, their risk stratification is going to be performed by 2 evaluators and their clinical, physical,
and biochemical parameters are going to bemeasured. Then, the patients are going to be followed during 24 sessions during their CRP
routines in order to identify appearance of their signals/symptoms. So, the patients are going to perform their cardiovascular
rehabilitation routines for 6 months and then, their clinical, physical, and biochemical parameters are going to be measured again and
they are going to be followedduring 24 sessions during their CRP routines in order to identify the appearanceof their signals/symptoms.

Abbreviations: 6MWT = 6minutes walking test, AHA = American Heart Association, BMI = body mass index, BP = blood
pressure, CRP = cardiovascular rehabilitation programs, CVC = cardiovascular diseases, f = respiratory rate, FC = functional
capacity, FEV1= expiratory volume in 1second, FVC= forced vital capacity, HDL= high-density lipoprotein, HF= high frequency, HR
= heart rate, HRV = heart rate variability, IL = interleukin, LDL = low-density lipoprotein, LF = low frequency, MEP = maximal
expiratory pressure, MIP = maximal inspiratory pressure, MIR = maximum isometric resistance, MIVC = maximum isometric
voluntary contraction, MS =muscle strength, PEF = peak expiratory flow, RMSSD = root mean square to the successive difference
between each heartbeat, SatO2 = oxygen saturation, SD1 = standard deviation of distances of diagonal points, SD2 = standard
deviation of the distances from points to lines, SDNN = standard deviation of all normal RR intervals, TNF-alpha = tumor necrosis
factor - alpha, UNESP = São Paulo State University.

Keywords: autonomic modulation, blood pressure, cytokines, exercise, heart rate, inflammation, muscle strength, rehabilitation
services, risk, signals and symptoms
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1. Introduction

Cardiovascular diseases (CVDs) are considered the main
cause of death in the world and their appearance is
associated with changes[1–3] that directly compromise the quality
of life.[4] Therefore, strategies to treat and prevent CVD are
fundamental.
Cardiovascular rehabilitation programs (CRPs) are highlight-

ed as an efficient way to prevent and treat CVD, mainly because
of its beneficial effects.[5–8] However, during the physical activity
practice, a metabolic demand increase happens and promotes
changes in the organism,[9,10] which can facilitate the occurrence
of signals and symptoms commonly found in CRP.[11] In this
context, to investigate factors that could previse the appearance
of signals and symptoms during the CRP, would better guide the
strategies adopted for its performance.
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The literature has shown that clinical, physical, and biochemi-
cal parameters, such as heart rate variability (HRV),[4,12–15]

cardiorespiratory parameters,[16–19] functional capacity (FC),
muscle strength (MS),[20–23] and inflammatory cytokines,[24,25]

have been used as a risk marker of mortality, cardiovascular
complications, and adverse events on different population, and
that some of these parameters are also correlated with specific
responses during the physical exercise.[26–31] However, a
literature research did not point studies that analyzed whether
these parameters could be used as a risk predictor of signals and
symptoms during the CRP session. Furthermore, these param-
eters can directly influence the intensity of these alterations
promoted by the exercise and, consequently, be related with the
appearance of signals and symptoms.
It is important to highlight that patients submitted to a CRP

generally have their risk stratified through different protocols,
which allows the practitioner to identify their level of
cardiovascular risk.[32] However, some of these protocols efficacy
to previse serious complications during the CRP did not obtain
significative results.[33–35]

Taken together, these data point to some gaps in the literature.
How are the risk stratification protocols effective to previse
signals and symptoms during the CRP? Can clinical, physical,
and biochemical parameters be used to previse signals and
symptoms during the CRP? If yes, is it possible to establish a cut-
off point for these parameters that can better previse the
appearance of signals and symptoms in these programs? Are
changes in clinical, physical, or biochemical parameters induced
by CRP accompanied by changes in the appearance of signals and
symptoms during the CRP?
This study was designed to answer these questions: to evaluate

the risk stratification protocols efficacy to previse signals and
symptoms during the CRP; to analyze the correlation between
clinical, physical, and biochemical parameters, measured at rest,
with the presence of signals/symptoms in CRP participants; and
to evaluate whether changes in clinical, physical, or biochemical
parameters, induced by CRP, will influence the appearance of
signals and symptoms during these programs.
2. Materials and methods

This is a longitudinal observational study of a cohort, registered
prospectively on ClinicalTrials.gov (NCT03446742). It going to
be developed with a convenience sample of patients regularly
attending a CRP based on exercise.
2.1. Eligibility criteria

Subjects of both genders, with clinical diagnosis of CVD and/or
cardiovascular risk factor, able to realize all the evaluations
proposed and in accordance to the study procedures are going to
be included. Patients with less than 30% of attendance during the
period of the protocol are going to be excluded.
2.2. Sample size

The sample size was based on rMSSD index[36] because it
presents the highest sample number necessary for this study,
compared with the other main variables [6minutes walking
test[37] and tumor necrosis factor (TNF)-alpha[38]]. A standard
deviation of 17ms, alpha risk of 5%, and beta of 80% was
considered for the calculus, which resulted in 44 subjects.
2

2.3. Ethical aspects

The volunteers are going to be previously informed about the
objectives and procedures of the study and, after agreeing to
participate, they will sign a consent form. All the procedures that
are going to be used in the studywere approved by the Committee
for Ethics and Research of the São Paulo State University
(UNESP), School of Technology and Sciences, Presidente
Prudente (CAAE: 79213417.0.0000.5402).
2.4. Study design

This study is going to be divided in 3 phases. Initially, all the
volunteers are going to have their medical records analyzed, and
information about the sample characterization and medical
examinations are going to be extracted. Two independent blinded
and trained measurers are going to realize the risk stratification of
the volunteers, using the protocols described into the literature
review of Silva et al.[39] Following this, clinical (cardiorespiratory
parameters and autonomic modulation), physical [maximum
isometric resistance (MIR), maximum isometric voluntary con-
traction (MIVC), cardiorespiratory fitness, and physical activity
level], and biochemical [interleukin (IL)-6, TNF-alpha, and IL-10]
parameters are going to be evaluated by a blinded and trained
measurer and the subjects are going to be accompanied during 24
sessions of their CRP routines, to register the appearance of their
signals and symptoms.
In the second phase, the volunteers are going to realize their

normal CRP routines for 6 months. In the third phase, the
clinical, physical, and biochemical parameters, described above,
are going to be evaluated by a blinded and trained measurer and
the volunteers are going to be accompanied for more 24 sessions
of their CRP routines, to register the appearance of their signals
and symptoms as well.
The description of the phases and the volunteers that will be

included in each one of them are reported at Fig. 1.

2.5. Sample characterization

For the sample characterization, the volunteers’ medical records
are going to be analyzed in order to identify information about
their age, gender, clinical diagnoses, cardiovascular risk factors,
and associated pathologies (musculoskeletal, neurological,
pulmonary, and/or metabolic disfunction).
For the volunteers’ risk stratification according to the protocols

selected in this study, their clinical history and the results of their
last laboratory and complementary examinations related to the
cardiovascular system are going to be extracted from their
medical records.
For the clinical history, information about the number of

cardiorespiratory arrests, hospital days, and complications during
the hospital days or after procedures are going to be considered.
For the laboratory tests, blood glucose, triglycerides, total
cholesterol, high-density lipoprotein (HDL)-cholesterol, and
low-density lipoprotein (LDL)-cholesterol are going to be consid-
ered. For the complementary examinations, cardiovascular
examinations, such as exercise stress test, echocardiogram,Holter,
catheterization, myocardial scintigraph, electrocardiogram, and
coronary angiotomography are going to be considered.
We are also going to measure the height in orthostatic position

with a stadiometer (Sanny, Personal Caprice, Brazil) and body
mass with a digital balance (Balmak, Premium, Bk–200Fa,
Brazil), in order to calculate the body mass index (BMI).[40]



Analyzed (n= 52)

Development

Analysis

Elegibility (n= 52)

Phase 1 (n= 52)

- Medical records analysis and risk stratification 

- Clinical, physical and biochemical measures

- Signals and symptoms evaluation for 2 months

Inclusion

Phase 2 (n= 52)

- 6 months attended on CRP

Phase 3 (n= 52)

- Medical records analysis and risk stratification 

- Clinical, physical and biochemical measures

- Signals and symptoms evaluation for 2 months

Figure 1. Flowchart. CRP=cardiovascular rehabilitation program.
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2.6. Cardiac risk stratification

For the volunteers’ cardiac risk stratification, 8 protocols
reported by Silva et al[39] are going to be used. The patients
are going to be classified in accordance to each protocol,
considering their tests and evaluation, as less, moderate, and high
risk, and if they have 1 characteristic considered as higher
cardiovascular risk, they will be classified on this category.
Furthermore, if the patients do not fulfill the criteria for the
stratification in any of the protocols, they are going to be
classified as “impossible to classify.”
The American Heart Association (AHA)[41] protocol classifies

the patients according to risk classes (A, B, C, D), considering the
presence of symptoms or CVD, respiratory rate, and the exercise
stress test. The patients classified as A risk class are going to be
considered as less risk, B risk class are going to be considered as
moderate risk, and C risk class are going to be considered as high
risk. According to AHA, patients classified as C risk class should
not participate in CRP.
2.7. Evaluation of clinical parameters

In relation to clinical parameters, we are going to evaluate some
of them related to the cardiorespiratory system and autonomic
3

modulation, such as blood pressure (BP), heart rate (HR), oxygen
saturation (SatO2), respiratory rate (f), maximal inspiratory
pressure (MIP), maximal expiratory pressure (MEP), peak
expiratory flow (PEF), forced expiratory volume in 1second
(FEV1), forced vital capacity (FVC), FEV1/FVC ratio, and HRV.

2.7.1. Cardiovascular parameters. The blood pressure mea-
sure is going to be done as an indirect form, with an stethoscope
(Littmann, St Paul, MN) and aneroid sphygmomanometer
(Welch Allyn, Tycos, NY).[42] The HR is going to be verified
using a cardiac monitor Polar (Polar Electro OY, V800, Finland)
and its value is going to be obtained through the average of the 5
to 20minutes of the RR intervals.

2.7.2. Respiratory parameters. For the oxygen saturation, we
are going to use a pulse oximeter (Rossmax Innotek Corp, SB220,
Taiwan), which is going to be fixed on the index finger of each
volunteer. The respiratory rate is going to be measured
individually through the number of the respiratory cycles
performed for one minute.
TheMIP andMEP are going to bemeasured with an analogical

manovacuometer (Murenas, 71001WTB CL1.6, Brasil), cali-
brated in 300cmH2O.[43,44] To measure the spirometry values,
we are going to use a portable spirometry (MIR Medical

http://www.md-journal.com
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International Research, Spirobank II Advanced, Itália). Through
the time-volume curve, the peak expiratory flor (PEF), FEV1,
FVC, and FEV1/FVC[45] are going to be obtained.

2.7.3. Autonomic modulation. The autonomic modulation is
going to be evaluated through the HRV analysis. For this
analysis, the HR will be recorded beat-to-beat in a quiet room,
with temperature controlled between 21° and 24° C and air
relative humidity between 40% and 60%. The data collection is
going to be done individually and the patients remain at rest in an
orthostatic position for 30minutes. The patients are going to be
oriented to not consuming stimulant substances of the ANS such
as alcoholic drinks, coffee, tea, soda, and chocolate for 24hours
before HRV analysis.
A heart rate monitor Polar RS800CX (Polar Electro OY,

V800, Finland) is going to be used for HR record, and the data
recorded are going to be transferred to the computer through the
Polar Flow web service (https://flow.polar.com/).
For the data analysis, we are going to use 1000 consecutive RR

intervals, after a digital filtering complemented by a manual
filtering, to eliminate ectopic, premature, and artifacts beats, and
only series withmore than 95%of heart sinus beat are going to be
included in the study.
Linear indices of HRV in the time and frequency domain

are going to be used for HRV analysis. In the time domain,
RMSSD (root mean square to the successive differences
between each heartbeat) and SDNN (standard deviation of
all normal RR intervals) are going to be calculated.[46]

In the frequency domain, the spectral components of
low frequency (LF: 0.04–0.15Hz) and high frequency (HF:
0.15–0.40Hz) are going to be evaluated, in milliseconds
squared (ms2) and normalized units (nu), and also the relation
between LF andHF components (LF/HF). The spectral analyses
are going to be calculated using the algorithm of Fast Fourier
transform.[46]

In addition, the HRV is going to be also calculated through the
quantitative analysis of Poincaré Plot, considering the following
indices: SD1 (standard deviation of distances of diagonal points),
SD2 (standard deviation of the distances from points to lines),
and finally the SD1/SD2 that describes the ratio between short
and long variations of RR intervals.[46]

All the HRV indices are going to be obtained using Kubios
HRV Standard software – version 3.0.0 (Kubios, Biosignal
Analysis and Medical Image Group, Department of Physics,
University of Kuopio, Kuopio, Finland).

2.8. Physical parameters

For analysis of physical parameters, the MIR, MIVC, cardiore-
spiratory fitness, and physical activity level are going to be
measured.

2.8.1. Maximum isometric voluntary contraction (MIVC). The
maximalMS is going to be evaluated using aMIVC, performed at
the isokinetic dynamometer (Biodex system 4 Pro; NewYork).[47]

Before the beginning of the test, the equipment is going to be
calibrated and the patients positioned with individual measures,
which are going to be maintained for all moments. The
equipment has bands that are going to be fixed on the patients
in the trunk, hip, thigh, and distal area of the lower limb
(dominant) in order to isolate knee movement. The dominant
limb is going to be determined using the following question:
“Which leg do you use to kick a ball?”
4

Before the test, the patients are going to undergo a warm up,
consisting of 10 repetitions of concentric contraction of knee
flexion-extension at 180°/s throughout the range of motion. The
MS is going to be measured throughout the higher torque value
obtained among three 5-second repetitions of MIVC at 60° of
knee flexion (with 0° corresponding to the maximum extension).
To minimize possible fatigue effects, the volunteers are going to
have 2minutes of rest between the test repetitions. Furthermore,
the patients are going to be instructed to perform their maximum
strength performance.

2.8.2. Maximum isometric resistance (MIR).Maximal isomet-
ric muscle resistance is going to be measured using the MIR,
performed at the isokinetic dynamometer (Biodex Medical
Systems, System 4 Pro, New York) with the same initial
orientations of the CIVM.[48]

Initially, the patients are going to perform an isotonic warm-
up, consisting of 10 knee flexion-extension at a speed of 330°/s,
respecting a 90° amplitude. Next, an isometric warm-up is going
to be performed, where the patients are going to do 30seconds of
isometric contraction, with an intensity determined according to
Borg subjective perception of effort scale (5–6 of intensity).
After 2minutes of rest, the patients are going to be familiarized

with the isometric resistance test. For this, they are going to
perform his/her highest perceived effort (according to Borg scale)
and to maintain this effort for as long as possible until he/she is
unable to maintain muscle contraction. Twenty-five hours after
the familiarization, the patients are going to perform the MIR
test, which consists of the same familiarization procedures
described above.
In order to stimulate the patient, they are going to accompany,

in the monitor coupled to the equipment, the force generation line
that serves as a visual feedback. In addition, verbal stimuli are
going to be given by the measurer during the test.

2.8.3. Cardiorespiratory fitness. The cardiorespiratory fitness
is going to be evaluated using a 6-minute walking test
(6MWT).[49] The patients are going to be encouraged by the
measurer during the test to maintain the same walk rhythm until
the end of its. The test is going to be performed twice, with 30
minutes of interval between than, and the highest distance
performed by the patient is going to be considered for the
analysis.

2.8.4. Physical activity level. The physical activity level is going
to be measured day-by-day using a triaxial accelerometer
Actigraph GT3X-BT (ActiGraph, LLC, Pensacola, FL),[50,51]

calibrated at 30Hz. For this, the equipment is going to be
positioned on the hip (dominant side) and the patients are going
to use it for 7 days, withdrawing only during sleep and water
activities.
To be considered a valid day, the individual should remain a

period of 10hours (600minutes) with the equipment.[15,50,51]

After the use, counts activity are going to be analyzed using
ActiLife 6.11.8 software (ActiGraph, LLC, Pensacola, FL) with 1
second of epoch, and later, in order to obtain the total in minutes
of the time spent in moderate/vigorous physical activity data are
going to be re-entered for 60-second epoch. Valid periods are
going to be determined subtracting the 24hours nonvalid
periods.[50] These data will provide information related to
physical activity level (light, moderate, and high), total steps per
day, and total counts per minute, which is estimated based on the
following cutoff points: light intensity: 100 to 2019 counts;

https://flow.polar.com/
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moderate 2020 to 5998 counts; and vigorous 5999 counts or
more.
2.9. Biochemical parameters

The biochemical parameters IL-6, TNF-alpha, and IL-10 are
going to be analyzed. For these, the blood sample (15mL) is
going to be collected with the subjects in fasting for 12hours.
The blood samples are going to be allocated into 2 vacutainer
tubes (Becton Dickinson, BD, Juiz de Fora, MG Brazil)
containing EDTA for plasma separation, centrifuged at 3500g
during 15minutes at 4°C, and finally stored at -20°C for further
analysis. Cytosines IL-6, IL-10, and TNF-alpha are going to be
evaluated using the commercial ELISA kit (R&D Systems,
Minneapolis, MN).
2.10. Cardiac rehabilitation program

The CRP applied to patients who are going to be recruited for the
study is composed of the following steps: initial rest, warm-up,
resistance, and relaxation phase. The program is performed 3
times a week (Mondays, Wednesdays, and Fridays) totalizing
60minutes per day, divided as follows: 5minutes of initial rest,
which aims at assessing the BP, HR, and signals and symptoms
commonly found in subjects with CVD; 15minutes of warm-up,
performing overall stretching, lower limb exercises, upper limb
exercises, and exercises combining both modes; 30minutes of
resistance phase, performing individualized aerobic exercise
according to their HR reserve values,[52] using bicycle and
treadmill (15minutes of exercise in each one of these ergometers).
In both ergometers, the HR is measured at the 4th and 10th
minute, and in bicycle, the BP is also measured. If the patient has
some physical restriction, the protocol will be performed in only
one of the ergometers (in this case, theHR and BP aremeasured at
the 5th, 15th, and 25th minute); 10minutes of cooling down,
performing a cardiovascular deceleration, for example, with few
laps around the room, and finally stay at rest. At the end of this
phase, the HR is measured and, if necessary, so is the BP.
2.11. Signals and symptoms identification

For the identification of the signals and symptoms during the
CRP, a record is going to be prepared for each patient, containing
the additional personal data, clinical diagnosis, use of medicines,
and the signals and symptoms commonly found during CRP.
The most prevalent signals and symptoms found during CRP

are symptoms: fatigue, muscle pain, angina, dizziness, nausea,
and cramp; and signals: changes in pulse rate, increased systolic
blood pressure during the exercise, increased diastolic blood
pressure during the exercise, tachypnea, and pallor.
The signals are going to be observed and identified by

previously trained professionals, and the symptoms are going to
be referred to and/or confirmed by the patient at the end of the
session. The observation of signals and symptoms is going to be
performed during all phases of the session (initial rest, warm-up,
resistance, and cooling down).
When the changes in pulse rate have been observed, the

patients are going to perform the session with an electrocardio-
gram and the tracing is going to be recorded and analyzed to
identify the rhythm disorder presented.
The evaluation of signals and symptoms is going to be

performed during the 24 sessions. The symptomatology is going
5

to be counted per session, regardless the number of times that the
same signal/symptom occurs during the session.
2.12. Data analysis

The normality of data is going to be analyzed using Shapiro–Wilk
test. According to the distribution, the population characteristics
will be presented, as mean and standard deviation for parametric
distribution and median and interquartile interval for nonpara-
metric distribution.
The relationship between the number of signals and symptoms

of the patients and the scale degree of the protocols (1, 2, and 3) is
going to be analyzed using Pearson correlation. The concordance
degree of each protocol with the number of signals and symptoms
are going to be determined using coefficient of intraclass
correlation. To determine the efficacy of the risk stratification
protocols as soon as clinical, physical, and biochemical
parameters to previse signals and symptoms during the CRP,
analysis of sensibility and specificity using ROC curve is going to
be done. The sensibility, specificity, and predictive value (positive
and negative) for the occurrence of events are going to be also
registered. If the values of the area on the curve are ≥0.650, it will
be considered significative.
To evaluate whether the clinical, physical, and biochemical

modifications have influenced in the occurrence of signals and
symptoms, the sphericity of the data will be verified by Mauchly
test, and if the sphericity be violated, Greenhouse–Geiser
correction will be performed. The comparison between the
different moments of the clinical (cardiorespiratory parameters
and autonomic modulation), physical (maximum isometric
endurance,MIVC, cardiorespiratory fitness and physical activity
level), and biochemical (IL-6, TNF-alpha, and IL-10) are going to
be realized by repeated measures analysis of variance (ANOVA)
and the possible differences between the moments will be
performed by Bonferroni post-hoc.
The statistical significance difference adopted is going to

be fixed in 5% with 95% of confidence interval. The analysis is
going to be done on SPSS 15.0 version (SPSS Inc., Chicago, IL).
3. Final considerations

As final considerations, we need to highlight the innovation of
this study, which is going to be the first to investigate the efficacy
of different stratification protocols and clinical, physical,
and biochemical parameters to previse signals and symptoms
during the CRP. Their realization will permit new study
perspectives and to answer important questions that will help
researchers and clinics that work with CRP. Considering the
high prevalence of signals and symptoms observed in CRP,
identifying the stratification protocols able to previse the
appearance of these signals and symptoms will allow the
physical therapist to define the most adequate risk stratification
protocols, permitting more efficacy and security during these
programs.
In addition, some patients who perform CRP do not have

recent medical tests, which cannot enable an adequate risk
stratification based on the stratification protocols proposed at the
literature. In this sense, if clinical, physical, and biochemical
variables, obtained at rest, will be related with the appearance of
signals and symptoms during the CRP, it will also allow more
efficacy and safety for the realization of CRP, mainly because
these variables are at easy access and utilization.

http://www.md-journal.com


Vanzella et al. Medicine (2019) 98:24 Medicine
Acknowledgment

The authors would like to acknowledge the São Paulo research
foundation - FAPESP, for supporting this research (2017/20657-5).
Author contributions

Conceptualization: Laís Vanzella, Felipe Ribeiro, Anne Kaste-
lianne França da Silva, Diego Giuliano Destro Christófaro, Luiz
Carlos Marques Vanderlei.
Data curation: Laís Vanzella.
Formal analysis: Laís Vanzella, Diego Giuliano Destro Chris-

tófaro.
Investigation: Laís Vanzella, Anne Kastelianne França da Silva.
Methodology: Laís Vanzella, Carolina Takahashi, Felipe

Ribeiro, Isabelle Maina Lima, Anne Kastelianne França da
Silva, Diego Giuliano Destro Christófaro, Luiz Carlos
Marques Vanderlei.

Project administration: Laís Vanzella, Felipe Ribeiro, Isabelle
Maina Lima.

Supervision: Laís Vanzella, Carolina Takahashi, Luiz Carlos
Marques Vanderlei.

Writing – original draft: Laís Vanzella, Luiz Carlos Marques
Vanderlei.

Writing – review & editing: Laís Vanzella, Carolina Takahashi,
Felipe Ribeiro, Isabelle Maina Lima, Anne Kastelianne França
da Silva, Diego Giuliano Destro Christófaro, Luiz Carlos
Marques Vanderlei.

Laís Vanzella orcid: 0000-0002-9494-3143.
References

[1] Mozaffarian D, Benjamin EJ, Go AS, et al. Heart disease and stroke
statistics-2016 update: a report from the American Heart Association.
Circulation 2015;133:38–60.

[2] Perk J, De Backer G, Gohlke H, et al. European Guidelines on
cardiovascular disease prevention in clinical practice (version 2012). Eur
Heart J 2012;33:1635–701.

[3] Ribeiro ALP, Duncan BB, Brant LCC, et al. Cardiovascular health in
Brazil. Circulation 2016;133:422–33.

[4] Ades PA. Cardiac rehabilitation and secondary prevention of coronary
heart disease. N Engl J Med 2001;345:892–902.

[5] Asbury EA, Webb CM, Probert H, et al. Cardiac rehabilitation to
improve physical functioning in refractory angina: a pilot study.
Cardiology 2012;122:170–7.

[6] Tadic M, Ivanovic B. Why is functional capacity decreased in
hypertensive patients? Frommechanisms to clinical studies. J Cardiovasc
Med 2014;15:447–55.

[7] Heeschen C, Dimmeler S, Hamm CW, et al. Serum level of the
antiinflammatory cytokine interleukin-10 is an important prognostic
determinant in patients with acute coronary syndromes. Circulation
2003;107:2109–14.

[8] Bogavac-Stanojevic N, Djurovic S, Jelic-Ivanovic Z, et al. Circulating
transforming growth factor-(, lipoprotein and cellular adhesion
molecules in angiographically assessed coronary artery disease. Clin
Chem Lab Med 2003;41:893–8.

[9] Roger VL, Jacobsen SJ, Pellikka PA, et al. Prognostic value of treadmill
exercise testing. Circulation 1998;98:2836–41.

[10] Cacciatore F, Abete P, Mazzella F, et al. Six-minute walking test but not
ejection fraction predicts mortality in elderly patients undergoing cardiac
rehabilitation following coronary artery bypass grafting. Eur J Prev
Cardiol 2012;19:1401–9.

[11] Wordl Health Organization. Rehabilitation of Patients with Cardiovas-
cular Diseases. Report of a WHO Expert Committee [meeting held in
Geneva from 23 to 29 July 1963]. World Health Organization Technical
Report Series. 1964;270:3–46.

[12] Herdy AH, López-Jiménez F, Terzic CP, et al. South American guidelines
for cardiovascular prevention and rehabilitation. Arq Bras Cardiol
2014;103:1–36.
6

[13] Womack L. Cardiac rehabilitation secondary prevention programs. Clin
Sports Med 2003;22:135–60.

[14] Shephard RJ, Balady GJ. Clinical cardiology: new frontiers exercise as
cardiovascular therapy. Circulation 1999;99:963–72.

[15] Masse L, Fuemmeler B, Anderson C, et al. Accelerometer data reduction:
a comparison of four reduction algorithms on select outcome variables.
Med Sci Sports Exerc 2005;37:S544–54.

[16] Unverdorben M, Unverdorben S, Edel K, et al. Risk predictors and
frequency of cardiovascular symptoms occurring during cardiac
rehabilitation programs in phase III-WHO. Clin Res Cardiol 2007;
96:383–8.

[17] Pavy B. Safety of exercise training for cardiac patients. Arch Intern Med
2006;166:2329–34.

[18] Rognmo O, Moholdt T, Bakken H, et al. Cardiovascular risk of high-
versus moderate-intensity aerobic exercise in coronary heart disease
patients. Circulation 2012;126:1436–40.

[19] Van Camp SP, Peterson RA. Cardiovascular complications of outpatient
cardiac rehabilitation programs. JAMA 1986;256:1160–3.

[20] Davini R, Ribeiro LFP, Prado JMS, et al. Resting heart rate and cardiac
parasympathetic modulation in old athletes and physically active elderly.
Rev Ciências Méd 2004;13:307–15.

[21] Bulte CS, Keet SW, Boer C, Bouwman RA. Level of agreement between
heart rate variability and pulse rate variability in healthy individuals. Eur
J Anaesthesiol 2011;28:34–8.

[22] Danilowicz-Szymanowicz L, Figura-Chmielewska M, Ratkowski W,
et al. Effect of various forms of physical training on the autonomic
nervous system activity in patients with acute myocardial infarction.
Kardiol Pol 2013;71:558–65.

[23] Pinheiro TT, Brigliador GM, Nakazato L, et al. Effect of aerobic physical
training on cardiac vagal reactivation in young sedentary. Braz J Phys Act
Heal 2012;17:403–13.

[24] O’Connor DT, Insel PA, Ziegler MG, et al. Heredity and the autonomic
nervous system in human hypertension. Curr Hypertens Rep 2000;2:
16–22.

[25] Menezes ASJr, Moreira HG, DaherMT. Analysis of heart rate variability
in hypertensive patients before and after treatment with angiotensin
II-converting enzyme inhibitors. Arq Bras Cardiol 2004;83:169–72.

[26] Rantanen T, Era P, Heikkinen E. Maximal isometric strength
and mobility among 75-year-old men and women. Age Ageing 1994;
23:132–7.

[27] Kamiya K, Mezzani A, Hotta K, et al. Quadriceps isometric strength as a
predictor of exercise capacity in coronary artery disease patients. Eur J
Prev Cardiol 2014;21:1285–91.

[28] CriquiMH,LangerRD,FronerA, et al.Mortality over a periodof 10 years
in patientswith peripheral arterial disease.NEngl JMed1992;326:381–6.

[29] Liu C-J, Latham NK. Progressive resistance strength training for
improving physical function in older adults. Cochrane Database Syst
Rev 2009;CD002759.

[30] Volaklis KA, Halle M, Koenig W, et al. Association between muscular
strength and inflammatory markers among elderly persons with cardiac
disease: results from the KORA-Age study. Clin Res Cardiol
2015;104:982–9.

[31] Visser M, Pahor M, Taaffe DR, et al. Relationship of interleukin-6 and
tumor necrosis factor- with muscle mass and muscle strength in elderly
men and women: the Health ABC study. J Gerontol Ser A Biol Sci Med
Sci 2002;57:M326–32.

[32] Teramoto S. Increased C-reactive protein and increased plasma interleu-
kin-6may synergistically affect the progression of coronary atherosclerosis
in obstructive sleep apnea syndrome. Circulation 2003;107:40e–140e.

[33] Yokoe T, Minoguchi K, Matsuo H, et al. Elevated levels of C-reactive
protein and interleukin-6 in patients with obstructive sleep apnea
syndrome are decreased by nasal continuous positive airway pressure.
Circulation 2003;107:1129–34.

[34] Koenig J, Jarczok MN, Ellis RJ, et al. Heart rate variability and
experimentally induced pain in healthy adults: a systematic review. Eur J
Pain 2014;18:301–14.

[35] Tracy LM, Ioannou L, Baker KS, et al. Meta-analytic evidence for
decreased heart rate variability in chronic pain implicating parasympa-
thetic nervous system dysregulation. Pain 2016;157:7–29.

[36] Malfatto G, FacchiniM, Sala L, et al. Effects of cardiac rehabilitation and
beta-blocker therapy on heart rate myocardial infarction. Am J Cardiol
1998;81:834–40.

[37] Nieuwland W, Berkhuysen M, Landsman M, et al. Training effects on
peak VO 2, specific of the mode of movement, in rehabilitation of
patients with coronary artery disease. Int J Sports Med 2007;19:358–63.



Vanzella et al. Medicine (2019) 98:24 www.md-journal.com
[38] Kim C, Choi HE, Lim Y. The effect of cardiac rehabilitation exercise
training on cardiopulmonary function in ischemic cardiomyopathy with
reduced left ventricular ejection fraction. Ann Rehabil Med 2016;
40:647–56.

[39] Silva AK, Barbosa MP, Bernardo AF, et al. Cardiac risk stratification in
cardiac rehabilitation programs: a review of protocols. Rev Bras Cir
Cardiovasc 2014;29:255–65.

[40] Cercato C, Silva S, Sato A, et al. Cardiovascular risk in obese population.
Arq Bras Endocrinol Metab 2000;44:45–8.

[41] Fletcher GF, Balady GJ, Amsterdam EA, et al. AHA scientific statement.
Engl J 2001;6083:1694–740.

[42] Ko B-J, Chang Y, Jung H-S, et al. Relationship between low relative
muscle mass and coronary artery calcification in healthy adults.
Arterioscler Thromb Vasc Biol 2016;36:1016–21.

[43] de Carvalho Pereia CA. Espirometria. J Pneumol 2002;28:S1–82.
[44] Parreira V, França D, Zampa C, et al. Maximal respiratory pressures:

actual and predicted values in healthy subjects. Rev bras fisioter 2007;
11:361–8.

[45] Pereira CAC. Standardized pulmonary function reporting. J Pneumol
2002;28:51–238.
7

[46] Vanderlei LCM, Pastre CM, Hoshi A, et al. Basic notions of heart rate
variability and its clinical applicability. Rev Bras Cir Cardiovasc
2009;24:205–17.

[47] Baroni BM, Leal Junior ECP, De Marchi T, et al. Low level laser therapy
before eccentric exercise reduces muscle damage markers in humans. Eur
J Appl Physiol 2010;110:789–96.

[48] Souto L, Pastre C. Reliability and physiological analysis of an isometric
test of muscular fatigue localized. Repositório Institucional Unesp 2019;
1–58.

[49] American Thoracic SocietyAmerican Thoracic Society ATS statement:
guidelines for the six-minute walk test. Am J Respir Crit Care Med
2002;166:111–7.

[50] Troiano RP, Berrigan D, Dodd KW, et al. Physical activity in the United
States measured by accelerometer. Med Sci Sports Exerc 2008;40:181–8.

[51] Andersen LB, HarroM, Sardinha LB, et al. Physical activity and clustered
cardiovascular risk in children: a cross-sectional study (The European
Youth Heart Study). Lancet 2006;368:299–304.

[52] Camarda S, Tebexreni A, Páfaro C, et al. Comparison of maximal heart
rate using the prediction equations proposed by Karvonen and Tanaka.
Arq Bras Cardiol 2008;91:285–8.

http://www.md-journal.com

	Efficacy of risk stratification protocols and clinical, physical, and biochemical parameters to previse signals and symptoms during cardiovascular rehabilitation programs
	Outline placeholder
	1 Introduction
	2 Materials and methods
	2.5 Sample characterization
	2.7 Evaluation of clinical parameters
	2.7.2 Respiratory parameters

	2.8 Physical parameters
	2.8.4 Physical activity level

	2.12 Data analysis

	3 Final considerations
	Author contributions

	References


