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ABSTRACT 
Many post-surgical patients after coronary artery bypass who are eligible for cardiac rehabilitation are not being attended. 
Progression in the centers which deliver the rehabilitation is important, so that others may benefit from treatment. The 
objective of this study was to investigate the possible effects of transition froma program of supervised cardiac rehabilitation 
(Phase III) to unsupervised (Phase IV), for two months, on functional capacity, heart rate variability (HRV) and 
cardiometabolic parameters of individuals with a diagnosis of cardiovascular disease. In total, 10 individuals were 
evaluated,who had been on the Phase III cardiac rehabilitation program for at least six months and who were eligible for 
unsupervised rehabilitation. The parameters analyzed were functional capacity, HRV, blood pressure, blood glucose, waist-
hip ratio and body mass index. Individuals undergoing unsupervised activities for two months presented no significant 
changes in the evaluated parameters. The cardiovascular and functional adaptations achieved in Phase III were maintained in 
Phase IV and should be encouraged for individuals at low cardiovascular risk who demonstrated benefits in Phase III. 
Keywords: Cardiovascular diseases.Physical education and training.Physical therapy speciality. 

RESUMO 
Muitos pacientes pós-cirúrgicos de revascularização do miocárdio elegíveis para reabilitação cardíaca não estão sendo 
atendidos, é importante uma rotatividade nos centros de atendimento, de forma que outros possam se beneficiar do 
tratamento. O objetivo deste estudo foi investigar possíveis efeitos da transição de programa de reabilitação cardiovascular 
supervisionado (fase III) para não supervisionado (fase IV), durante dois meses, na capacidade funcional, variabilidade da 
frequência cardíaca (VFC) e parámetros cardiometabólicos de individuos com diagnóstico de doenças cardiovasculares. 
Foram avaliados 10 indivíduos que encontravam-se em programa de reabilitação cardíaca fase III por período mínimo de seis 
meses, elegíveis para reabilitação não supervisionada. Os parámetros analisados foram capacidade funcional, VFC, pressão 
arterial, glicemia capilar, relação cintura quadril e índice de massa corpórea. Indivíduos submetidos a atividades não 
supervisionadas durante dois meses, não apresentaram alterações significativas nos parámetros avaliados. A Fase IV manteve 
adaptações obtidas e deve ser incentivada à indivíduos de baixo risco cardiovascular que apresentaram beneficios na fase III. 
Palavras-chave: Doenças cardiovasculares. Educação Física e treinamento. Fisioterapia. 

 

Introduction 
 

Cardiac rehabilitation programs, in general, are divided into four stages: the acute or 
in-hospital Phase I, lasting 1 week; late Phase II discharge, lasting from 6 to 12 weeks; late 
Phase III performed under supervision,for 12 weeks to 6 months; and Phase IV, performed in 
a semi supervised or unsupervised fashion, with an indefinite term1-4 . 

Phase III consists of exercise programs supervised by physical therapists or physical 
educators4 for recovery, adaptation and maintenance of the cardiovascular system5. Phase IV 
is a long-term program, of undefined and variable duration, with the objective of increasing 



Page 2 de 11 Palma et al. 

 J. Phys. Educ. v. 27, e2728, 2016. 

and maintaining physical fitness3, recommended for low-risk patients who are able to properly 
control the intensity and frequency of exercise2. The activities are not necessarily supervised 
and patients receive guidance on exercises that should be performed, adherence to healthy 
habits and administered therapy6. 

Participating in a regular exercise program provides benefits to the cardiovascular 
system7-9 that are transient and reversible; a decrease in the benefits occurs with a decrease or 
absence of the exercise program, the so-called principle of reversibility10. 

In this context, individuals who participate in rehabilitation programs duringPhase III 
and are then transitioned to unsupervised cardiac rehabilitation phases may present significant 
losses in the benefits obtained during Phase III10. 

It is estimated that only 25-30% of post-surgical CABG patients eligible for cardiac 
rehabilitation are included in rehabilitation programs offered in institutions11. It is notable that 
a large proportion of patients who need this physical training are not being attended, 
therefore, rotation in rehabilitation centersis important, transferring patients to Phase IV 
(unsupervised), so that others who need care can benefit from the program11,12. 

It is also important that after undergoing a rehabilitation program in Phase III, the 
regular and ongoing practice of exercise be maintained in Phase IV, in order to improve or 
maintain the gains already acquired13. 

The aim of this study was to investigate the possible effects of transition from a 
supervised cardiac rehabilitation program (Phase III) to an unsupervised program (Phase IV), 
for two months, on functional capacity, heart rate variability (HRV) and cardiometabolic 
parameters of individuals diagnosed with cardiovascular diseases. 

 
Methods 
 
Casuistry 

This was a prospective, cross-sectional and descriptivestudy. Data were analyzed 
in10 individuals, eight males and two females, with a mean age of 65 ± 10.07 years, who had 
undergone coronary artery bypass surgery and had been in cardiac rehabilitation program 
Phase III for at least six months and were thus eligible for unsupervised rehabilitation (Phase 
IV). The following eligibility criteria for Phase IV were considered: classified as low risk by 
the stratification of cardiovascular risk and being able, after training, to properly control the 
intensity of exercise14. These individuals belonged to a framework of Cardiac Rehabilitation 
patients in a clinical school of physiotherapy at a university in the state of São Paulo. 
 
Ethical aspects 

Subjects were properly informed about the type of treatment and purpose of the study 
and after agreeing, signed a free and informed consent. This study was approved by the Ethics 
Committee (Protocol no. 121/08) and complied with Resolution 466/2012 of the National 
Health Council. 
 
Study Design 

The evaluations were divided into two stages, the first was held after at least six 
months of supervised rehabilitation and the second after two months without supervision. 
Information was collected from individuals, such as personal data, medication use and the 
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presence of risk factors for atherosclerotic disease. The physical examination included: 
anthropometric assessment, functional capacity evaluation, verification of cardiometabolic 
parameters such as blood pressure determination, according to criteria of the III Consensus on 
Hypertension15, heart rate, oxygen saturation, blood glucose and evaluation of HRV. 
 
Cardiac Rehabilitation Program Phases III and IV 

The cardiac rehabilitation program Phase III consisted of supervised training twice a 
week and unsupervised training once a week, a total of three weekly sessions. The program 
comprised aerobic exercise, flexibility exercises and muscle strength. The intensity was 
moderate and calculated by the method of up to 60% heart rate reserve (Karvonen method), 
the maximum HR obtained from a maximal exercise stress test (Bruce protocol) under the use 
of beta-blockers14. 

Each session of Phase III rehabilitation (supervised exercise program) was performed 
according to the Standardization of Equipment and Techniques of Supervised Cardiovascular 
Rehabilitation, prepared by the Brazilian Society of Cardiology 200416. Initially subjects were 
monitored for frequency, cardiac rhythm and PA and were released for the exercise program 
if their mean BP was below 120 mmHg. Initially, a warm-up was performed with flexibility 
exercises (active stretching), two sets of 15 seconds each, for 10 minutes, involving the 
following muscle groups: lateral inclination muscles of the cervical spine, wrist flexors and 
extensors, pectoral, triceps brachii, quadriceps, iliopsoas and triceps surae. Next, the aerobic 
conditioning phase was initiated on the floor, treadmills or stationary bikes for 30 minutes in 
which individuals reached the calculated pre training HR.Cardiovascular parameters (HR and 
BP) were monitored after 5 minutes and every following 5 minutes, in addition to their feeling 
of exertion measured on the modified Borg scale (score between 6- 20, slightly tiring 13 is 
recommended). Resistance exercises were performed with 2 sets of 10 graduated repetitions 
according to the sensation of effort, also measured on the modified Borg scale. The main 
muscle groups involved in the training program with dumbbells were: chest, biceps and 
triceps, and for training the quadriceps muscles, leg extension equipment was used17. After 
this phase a slowdown was performed with the same session as the warm-up, stretching 
exercises and respiratory diaphragmatic breathing exercises. Finally, the cardiovascular 
parameters were checked again. 

Upon completion of Phase III, the subjects were instructed to continue the  exercises 
unsupervised for two months, during which new adaptations, positive or negative, would be 
induced by the completion of this phase10,18,19. To perform the unsupervised rehabilitation 
(Phase IV) the patients were given instructions for carrying out the activities safely and 
effectively. Before starting the aerobic exercise, subjects were instructed to perform a 10 
minute warm-up with stretching of the major muscle groups in three sets of 15 seconds each 
(lateral inclination muscles of the cervical spine, wrist flexors and extensors, pectoral, triceps 
brachii, quadriceps, iliopsoas and triceps surae), followed by slow walking. After the warm-
up period, the participants were instructed to carry out conditioning, with walkingas the 
recommended mode of exercise. The walk should be carried out in a flat and safe place, 
lasting 20 to 30 minutes. After this phase, the patient decelerated for 10 minutes or relaxed, 
with slow walking followed by stretching. The exercise totaled 40 minutes to 1 hour, three 
times a week, preferably at the same time to make it a habit20. 

To graduate the intensity of effort the participants were directed to use the Borg 21 
scale, the same as used in Phase III, and maintain a score of 13 (slightly tiring).The 
participants were advised to suspend or decrease intensity if the following symptoms 
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appeared; pain or pressure in the chest, neck, jaw or left arm, palpitations, difficulty breathing, 
nausea, cold sweat, blurred vision, dizziness or faintness and weakness2. 
 
Anthropometric variables 

Weight, height, and waist and hip circumference were evaluated. To evaluate weight 
and height a mechanical scale was used (model 31, Filizola, Brazil). From the data obtained, 
the body mass index (BMI) was calculated using the formula: BMI = weight / height2 (in kg / 
m2), and subjects classified according to the III Brazilian Obesity Guidelines. Individuals with 
a BMI greater than 30 kg / m² were considered obese22. 

For verification of the waist and hip circumferences a flexible tape measure was 
used, accurate to 01 millimeter (mm) and the measures undertaken with the tape firmly 
against the skin without compression of tissues. The waist circumference measure was carried 
out according to the procedure described by Callaway et al.23, with the participant in the 
orthostatic position, relaxed abdomen and arms relaxed beside the body, the tape was placed 
horizontally at the midpoint between the lower edge of the last rib and the iliac crest. To 
measure the hip circumference, the tape was positioned in the area of greatest gluteal 
protuberance. These measures enabled the calculation of the waist-hip ratio (WHR). 
 
Analysis of functional capacity 

The analysis of functional capacity was carried out by the six-minute walk test 
(6MWT), according to the criteria established by the American Thoracic Society24. The test 
was performed in a 33 meter long track, with monitoring;the participants received standard 
guidance every minute.The cardiovascular parameters monitored before and after the test 
were: heart rate (HR), measured by a heart rate monitor, Polar S810 (Polar Electro, Kempele, 
Finland), blood pressure (BP) through auscultation in the left arm, using an aneroid 
sphygmomanometer (BD , Becton Dickinson, Brazil) and stethoscope (Littmann, Saint Paul, 
USA), respecting the criteria set by the VI Brazilian Guidelines on Hypertension15, and 
peripheral oxygen saturation (SpO2) by pulse oximetry (72042A1 model, Emai, Transmai, 
Brazil). The subjective sense of effort (Borg scale), and the values of HR and SpO2 were 
recorded at 2, 4 and 6 minutes, Calculation of the predicted distance was carried out according 
to the equation of Enright and Sherrill25, considering variables such as age, weight and height. 
The distance and symptoms were recorded. 
 
Analysis of Heart Rate Variability 

For HRV analysis, the HR was captured beat to beat by a Polar S810 heart rate 
monitor (Polar Electro, Kempele, Finland) with the individuals in the supine position at rest 
and spontaneously breathing for 20 minutes. Prior to the capture, the belt was placed on the 
chest of the individuals and the heart rate receiver Polar S810 on the wrist, previously 
validated to capture heart rate. The equipment consists of two electrodes mounted on a sealed 
electronic transmitter. These telemetric units obtained the electrical impulses of the heart and 
transmitted the information through an electromagnetic field to monitor the participant's 
pulse26,27. 

HRV indices were calculated by linear methods in the time and frequency domains. 
In the time domain, the RMSSD and pNN50 indices were used. The RMSSD index is the root 
mean square of the successive differences between adjacent normal RR intervals, expressed in 
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milliseconds. The pNN50 index expresses the percentage of successive differences in the RR 
intervals greater than 50ms26,28. 

For analysis in the frequency domain,the spectral components of low frequency (LF: 
0.04 to 0.15 Hz) and high frequency (HF: 0.15 to 0.40 Hz) were used in ms² and in 
normalized units (nu), and the ratio of these components (LF / HF), which represents the 
relative value of each spectral component in the total power minus the very low frequency 
component (VLF). Spectral analysis was calculated using the Fast Fourier Transform 
algorithm26. 

The HRV analysis software - Version 2.0 was used to determine these rates. For 
HRV analysis, 20-minutes at rest were considered, divided into two 10-minute windows in 
each collection29. 
 
Data analysis 

Data analysis was performed using GraphPad Prism software, and determination of 
normality was carried out by the Shapiro-Wilk test. According to the presented normality, the 
paired t test or Wilcoxon test was used for comparison of variables. The significance level 
considered was 5%. Data were expressed as percentage, mean, standard deviation, median 
and confidence interval of 95%. 

 
Results 
 

The characteristics of the individuals who composed the sample of this study are 
presented in Table 1. 
 
Table 1. Characterization of the individuals expressed in absolute frequency and percentage. 

Characteristics N % 

Age (years) 
41-50 1 10.00 
61-70 3 30.00 

Over 71 6 60.00 

Comorbidities 

Hypertension 8 36.36 
Diabetes Mellitus 4 18.18 

Acute myocardial infarction 1 4.54 
Coronary insufficiency 1 4.54 

Stroke 1 4.54 
Dyslipidemia 3 13.63 
Labyrinthitis 1 4.54 

Surgery Time 
1-4 years 5 55.55 
5- 6 years 2 33.33 

More than 6 years 3 22.22 

Drug in use 

Diuretic 6 35.29 
Beta-blocker 3 17.64 

Antihypertensive 6 35.29 
Antilipemic 2 11.76 

Source: Authors. 
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The individuals enrolled on the unsupervised rehabilitation program after at least six 
months of supervised rehabilitation, were evaluated after two months and no significant 
changes were observed in the BMI, waist-hip ratio, systolic  (SBP) and diastolic (DBP) blood 
pressure, HR, blood glucose or functional capacity variables. These data are presented in 
Table 2. 
 
Table 2. Anthropometric and clinical data of subjects before and after two months of 

unsupervised cardiac rehabilitation. 
Variables PHASE III PHASE IV 

BMI (Kg/m2) 23.90 ± 1.80 17.70 ± 1.60 
Waist-hip ratio 0.95 ± 0.16 0.96 ± 0.12 
SBP (mmHg) 114.60 ± 8.50 112.30 ± 10.10 
DBP (mmHg) 72.80 ± 7.90 71.30 ± 9.10 
HR (bpm) 61.29 ± 11.48 58.91 ± 7.23 
Capillary glycemia (mg/dl) 74.80 ± 4.50 57.80 ± 8.10 
6MWT Distance (m) 

Expected distance in 6MWT (m) 

586.80 ± 73.05 
492.60 ± 19.10 

560.45 ± 61.08 

Note: BMI - body mass index; Kg/m2 - Kilograms per meter 2; SBP - systolic blood pressure; DBP - diastolic blood pressure; 
mmHg - Millimeters of mercury; HR- heart rate; bpm - beats per minute; mg / dL - milligrams per deciliter; 6MWT - six 
minute walk test; m - meter. Data expressed as mean and standard deviation. 
Source: Authors. 
 

Tables 3 and 4 present the HRV data in the time and frequency domains respectively. 
There were no statistically significant differences (p> 0.005) when comparing the data from 
the supervised (Phase III) and unsupervised (Phase IV) phases. 
 
Table 3. HRV indices in the time domain before and after two months of unsupervised 

cardiac rehabilitation. 

 
PHASE III PHASE IV 

 
1.01 ± 0.17 1.04 ± 0.12 

MEAN RR 1.02 1.06 

 
[0.89 – 1.13] [0.96 – 1.12] 

 
24.75 ± 18.47 29.49 ± 22.78 

RMSSD 19.15 17.9 

 
[11.53 – 37.97] [13.19 – 45.79] 

 
8.65 ± 18.73 7.77 ± 13.44 

pNN50 3.2 1.8 

 
[-4.75 – 22.05] [-1.8 – 17.38] 

 
21.6 ± 11.90 36.9 ± 25.21 

SDNN 20 24 

 
[13.09 – 30.11] [18.87 – 54.93] 

Note: RMSSD – root mean square  of the successive differences between adjacent normal RR intervals, for a period of time, 
expressed in milliseconds; pNN50 - percentage of adjacent RR intervals greater than 50ms; SDNN - average standard 
deviation of all normal RR intervals, expressed in milliseconds. Data expressed as mean, standard deviation, median and 
confidence interval of 95%. 
Source: Authors. 
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Table 4. HRV indices in the frequency domain before and after two months of unsupervised 
cardiac rehabilitation. 

 
PHASE III PHASE IV 

 
64.20 ± 72.22 131.5 ± 167.00 

LF (ms2) 45 61 

 
[12.54 – 115.90] [12.03 – 251.00] 

 
49.72 ± 13.90 55.03 ± 15.61 

LF (un) 47.7 55.55 

 
[39.77 – 59.67] [43.87 – 66.19] 

 
125.10 ± 268.40 167.70 ± 269.50 

HF (ms2) 48.50 44.00 

 
[-66.90 – 317.10] [-25.08 – 360.50] 

 
50.28 ± 13.90 44.97 ± 15.61 

HF (nu) 52.30 44.45 

 
[40.33 – 60.23] [33.81 – 56.13] 

 
1.13 ± 0.59 1.52 ± 1.02 

LF/HF 0.92 1.25 

 
[0.71 – 1.55] [0.79 – 2.25] 

Note: LF - LF - low frequency component; HF - High-frequency component; LF / HF - LF / HF ratio; ms2 - Milliseconds 
squared; nu - Normalized Units. Data expressed as mean, standard deviation, median and confidence interval of 95%. 
Source: Authors. 
 
Discussion 
 

This study showed that patients with low cardiovascular risk undergoing a period of 
two months of unsupervised exercise (transition from rehabilitation Phase III to Phase IV) 
maintained all cardiometabolic and functional parameters obtained in Phase III. 

These subjects had controlled risk factors for cardiovascular disease in Phase III 
rehabilitation, demonstrated by pressure control, adequate levels of blood glucose, 
eutrophicand higher functional capacity than anticipated. All these cardiometabolic and 
functional parameters were maintained after transition to the unsupervised cardiac 
rehabilitationphase. 

Cardiac rehabilitation is effective in reducing total and cardiovascular mortality18. In 
addition, it generates improvements in general cardiopulmonary fitness, and according 
toLavieet al.7, the re-education and counseling aimed at patients leads to a sharp reduction in 
cardiovascular events, mortality and hospitalizations. 

After Phase III of cardiac rehabilitation, patients are encouraged to perform physical 
activity in the community (Phase IV)30. Phase IV is a long-term program, with indefinite and 
variable duration, carried out without supervision, so it is important to continue the exercises 
following the guidelines appropriately4. 

Exercise induces morphological and functional adaptations that may decrease or 
disappear even after short periods of detraining. This will be greater if the adaptations are 
more recent and less consolidated. 

In cardiac rehabilitation, aerobic exercises, flexibility and muscle strength are 
recommended 8,14. Aerobic exercise should be performed for a period sufficient to stimulate 
the production of energy, predominantly aerobically. If the exercise lasts for 30 minutes, it 
reaches 75% of maximum oxygen consumption (VO2 max); a longer duration adds little 
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benefit and may increase the risk of complications2. Exercise improves health in general, 
increases functional capacity, improves aerobic power (VO2 max) and assists in the control of 
risk factors for cardiovascular diseases such as dyslipidemia, hypertension, insulin sensitivity 
and body fat8,17,31. 

Contrary to the benefits gained from physical training there is the principle of 
reversibility, which shows that when the exercise is suspended, reduced or performed 
improperly, the body systems readjust according to the decrease in the stimulus. Thus, 
physical detraining results in a loss of the cardiovascular and metabolic adaptations 
acquired33. Moreover, a reduction in physical activity is associated with physiological and 
psychological consequences11. 

When the individual performing physical exercise generates a global physical 
deconditioning, with decreased functional capacity, making them susceptible to a number of 
risk factors for health, such as increased blood pressure, increased body weight and decreased 
flexibility18. Anthropometric parameters and functional capacity did not change in this study, 
indicating that previous adaptations were maintained in Phase IV. 

With detraining, the resting heart rate increases sharply, reflected in cardiovascular 
compensation to offset reductions in blood volume and ejection volume33. The response of the 
intrinsic heart rate with detraining is considered a result of re-adaptation of the mechanisms 
that regulate their behavior and this is reflected in HRV and blood pressure34. 

Decreased HRV in cardiac patients is associated with an increased risk of mortality. 
Cardiac rehabilitation-based exercise induces an improvement in autonomic modulation35. In 
this study there were no changes in HRV or BP, which shows that the proposed guidelines 
were followed appropriately, and individuals maintained the benefits acquired in the Phase III 
cardiac rehabilitation program in Phase IV. 

Phase IV is based on the maintenance of physical activity in the long term and 
lifestyle change36. Patients who reach stage IV are considered stable enough to perform 
physical activity in the community, they should be aware that physical exercise is part of the 
treatment and when performed irregularly, inadequately, sporadically and with disregard to 
individual limits, it can be harmful, and if stopped, the benefits achieved will be lost2. Thow 
et al.36 observed in their study that the participants who joined and presented good results in 
the Phase IV treatment believed in the efficacy of exercise, and concluded that good results in 
the long run were directly related to understanding by patients about rehabilitation and the 
benefits of exercise in the prevention of coronary disease. 
 
Conclusion 
 

Therefore, we conclude that the transition from a supervised cardiac rehabilitation 
program (Phase III) to unsupervised (Phase IV) was effective and these individuals were able 
to maintain cardiovascular and functional adaptations achieved previously.Transition to Phase 
IV should be encouraged in low risk heart patients who obtained benefits in Phase III. The 
factors that limited this study include the small sample size, Phase III not being completely 
supervised, the difference in time spent in Phases III and IV and the absence of further 
evaluations, such as a cardiopulmonary exercise test. 
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