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Abstract

Background: Virtual reality is an alternative therapeutic resource to be inserted into cardiovascular rehabilitation, 
stimulating the practice of physical activity through man-machine interaction.

Objective: To compare the effects of conventional and virtual reality cardiac rehabilitation on body composition 
and functional capacity in patients with heart disease.

Methods: Randomized clinical trial with 27 cardiac patients divided into conventional rehabilitation group (CRG) 
and virtual reality rehabilitation group (VRG). They underwent a rehabilitation program with 60-minute training 
sessions twice a week for eight weeks. The VRG training consisted of exercises from the Xbox 360® with Kinect™, 
using YourShape™ and Dance Central 3™ games. The CRG used conventional treadmills for aerobic exercise and 
free weights for resistance exercise. Bioimpedance and 6-minute walk test (6MWT) were evaluated at baseline and 
after training. For main outcome analysis, Student t and Mann Whitney tests were used with a 5% significance level.

Results: The VRG showed a significant increase in body fat percentage and fat weight when compared to the CRG, 
and a smaller amount of total water. There was a significant improvement in functional capacity evidenced by the 
increase in the distance covered in the 6MWT (54.00 m and 32.25 m in the CRG and VRG, respectively), but the 
gains did not differ between the groups.

Conclusion: The two rehabilitation modalities had no effect on the body composition of the groups. In addition, the 
improvement in functional capacity was similar in both groups. (Int J Cardiovasc Sci. 2018;31(6)619-629)

Keywords: Cardiovascular Diseases; Cardiac Rehabilitation; Physical Therapy Modalities; Body Composition; 
Virtual Reality Exposure Therapy.

Introduction

Cardiovascular diseases (CVD) are a major cause of 
mortality worldwide, with approximately 17.5 million 
deaths, accounting for three in every ten deaths.1 In 
Brazil, despite the progressive decline in deaths due to 
CVD, they remain the major cause of hospitalization and 
mortality, accounting for 31.3% of adult deaths.2,3

Therefore, cardiovascular rehabilitation programs, 
by use of physical activity, are essential to improve 

cardiovascular function and aerobic capacity, in 
addition to providing psychological benefits, risk 
factor control, improvement in CVD symptoms and 
mortality reduction.4-6

The advance of cardiovascular rehabilitation has 
witnessed the incorporation of technology to its methods, 
with virtual reality (VR) being included into physical 
therapy protocols7,8 to boost physical activity practice9 
and encourage the rehabilitation process.10 Virtual reality 
uses devices that promote man-machine integration, 
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allowing real-time three-dimensional movement.11 The 
videogames that adopt physical interaction with the user 
are called “exergames”12,13 and provide body motion as 
a form of exercise.14

Physical exercise influences physical fitness, whose 
components include flexibility, muscle strength, 
cardiorespiratory endurance and body composition.15 
The studies by Mandic et al.,16 and Calegari et al.,17 have 
shown that the regular practice of physical activity has 
favorable effects on the body composition and functional 
capacity of individuals with CVD. However, whether 
the VR intervention as a physical exercise modality has 
benefits similar to those of the cardiovascular rehabilitation 
process remains controversial. This study hypothesized 
that, after implementing conventional and VR cardiac 
rehabilitation, individuals have similar improvement in 
body composition and functional capacity. 

This study aimed at comparing the effects of 
conventional and VR cardiac rehabilitation on the body 
composition and functional capacity of individuals with 
CVD. In addition, food frequency and blood glucose 
levels were assessed. 

Methods

Ethical aspects

The individuals included in this study were informed 
about all the procedures and provided written informed 
consent to participate. This study was approved 
by the Ethics Committee of the institution (CAAE: 
62437816.4.0000.5515) and abides by the CONEP resolution 
466/2012. The registration of this randomized clinical trial 
can be found at Clinicaltrials.gov (NCT03169387).

Sample characterization 

This is a parallel group randomized clinical trial 
conducted at the physical therapy clinic of the Oeste 
Paulista University (UNOESTE), in the city of Presidente 
Prudente, São Paulo, Brazil, from February to October 
2017. The sample comprised 27 individuals divided 
into two groups: a conventional rehabilitation group 
(CRG) and a virtual reality rehabilitation group (VRG). 
Based on sample calculation, each group had at least 12 
individuals, using the study by Pimenta et al. (2013)18 
as reference. Fat-free mass was used, with standard 
deviation of 4.02, difference to be detected of 3.8 for the 
two-tail hypothesis test, power of 80%, and significance 
level of 5%. Figure 1 shows the flow diagram of the 

participants in every phase of the study, in accordance 
with the recommendations of the CONSORT Statement.19 

The random allocation sequence was generated by a 
researcher without previous contact with the participants 
by use of the Microsoft Office Excel® program, at an 
allocation ratio of 1:1.

The study included individuals over the age of 45 
years, of both sexes, with CVD (coronary heart disease, 
postoperative period of coronary artery by-pass 
grafting, acute myocardial infarction, systemic arterial 
hypertension, diabetes mellitus). The inclusion criteria 
were as follows: hemodynamic stability (systolic blood 
pressure < 200 mmHg and diastolic blood pressure < 110 
mmHg at rest, absence of angina, controlled arrhythmias, 
and resting heart rate < 120 beats per minute);20 absence 
of arteriopathy and muscle or orthopedic changes; and 
no supervised physical activity in the previous 30 days. 
The exclusion criteria were as follows: decompensations 
(circumstances posing a risk to individual integrity) 
during the training protocol; lack of adaptation to the 
protocol; and participation frequency lower than 75%. 

Experimental design

Participants underwent an initial evaluation to detect 
comorbidities, to establish the diagnosis, to collect the 
clinical history and medications used, and to measure 
the anthropometric variables. The following parameters 
were assessed before the intervention and eight weeks 
after that: body composition; waist circumference; food 
frequency; functional capacity; and blood glucose levels.

Anthropometric variables

Weight (in kilograms) was measured with a WELMY 
W300® scale (accuracy to the nearest 100 g), with the 
individual barefoot wearing light and comfortable 
clothes. Height (in meters) was measured with a Sanny® 
stadiometer (accuracy to the nearest 0.1 cm), with the 
individual barefoot, standing with his/her back to 
the height rule, feet together, head positioned in the 
Frankfurt plane, and the measuring rod lowered to the 
individual’s head. Body mass index (BMI) was calculated 
based on weight and height (weight/height2).

Body composition 

Body composition was the study’s primary outcome, 
and body fat percentage was defined as the primary 
variable. Body composition was assessed by use of 
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Figure 1 - Flow diagram of the participants in every phase of the study, in accordance with the recommendations of the 
CONSORT Statement.

INCLUSION Assessed for eligibility n = 40

Excluded n = 13

Did not meet the inclusion criteria n = 5 

Gave up participation n = 8

Randomized n = 27

Conventional cardiovascular rehabilitation

- Received intervention for allocation n = 13

ALLOCATION Virtual reality cardiovascular rehabilitation

- Received intervention for allocation n = 14

FOLLOW-UP
Conventional cardiovascular rehabilitation
- Lost to follow-up: n = 1
- Reasons: Study withdrawal

Virtual reality cardiovascular rehabilitation
- Lost to follow-up: n = 2
- Reasons: Study withdrawal and hyperuricemia

ANALYSIS
Conventional cardiovascular rehabilitation
- Analyzed: n = 12
- Excluded from the analysis: n = 1 (nonadherence 
  to treatment)

Virtual reality cardiovascular rehabilitation
- Analyzed: n = 14
- Excluded from the analysis: n = 0
- Intention-to-treat analysis: n = 2
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bioimpedance analysis with a tetrapolar bioimpedance 
device (Biodynamics®, model 310e), analyzing and 
quantifying the body fat percentage, body fat weight, lean 
weight, basal metabolic rate, and percent and total water. 
Bioimpedance analysis measurements were taken in the 

morning, in fasting condition, after voiding the urinary 
bladder, having suspended diuretics for 24 hours, no 
alcohol and caffeine consumption for 24 hours, and no 
intense physical activity for 72 hours in both the initial 
and final assessment.21,22
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Waist circumference

Waist circumference was measured with a non-
distensible measuring tape (accuracy to the nearest 1 
mm) and the subject standing, with parallel feet and 
arms hanging freely by the sides of the trunk. The 
measuring tape was placed in a horizontal plane around 
the abdomen, at the level of the umbilicus, just above 
the uppermost lateral border of the right iliac crest, not 
compressing the skin. Measurement (in centimeters) was 
taken three times, and the lowest value obtained was 
considered for analysis.23

Food frequency

The Food Frequency Questionnaire (FFQ) was used 
to assess the frequency of food consumption. The FFQ 
consists of a list of foods and beverages with response 
categories to indicate the frequency of consumption 
over the time queried. The frequency is registered in 
units of time (days, weeks, months or years) according 
to the need.24

Functional capacity

Functional capacity was assessed by use of the Six-
Minute Walk Test (6MWT) performed according to the 
American Thoracic Society criteria.25 The 6MWT was 
performed along a corridor of the UNOESTE gymnasium.

Blood glucose level

Postprandial capillary blood glucose level was 
assessed (milligram per deciliter) by use of an Optium 
Xceed® blood glucose meter that reads glucose in fresh 
capillary blood obtained by pricking the ring finger skin 
with a sterilized lancet. The measurements were taken 
before and after training in an individualized way.

Cardiovascular parameters

Heart rate was measured by use of a Sigma® cardiac 
frequency meter. Oxygen saturation was measured by 
use of a pulse oximeter (Choicemmed®, model Md300c1). 
With the subject in the sitting position, blood pressure 
was measured from the dominant arm, using a Premium® 
aneroid sphygmomanometer and a Littman® stethoscope, 
following the recommendations of the Brazilian 
guidelines on arterial hypertension.26 The subjective 
perception of exertion was assessed by use of the Borg 
scale of perceived exertion.27

Training protocol

Both groups underwent 60-minute training sessions 
twice a week for eight weeks at the UNOESTE physical 
therapy clinic, adding up to 16 sessions. Four physical 
therapy students conducted the sessions, two for 
each group, and each student was responsible for two 
participants per session. In the initial and final 5 minutes, 
the following parameters were assessed: blood pressure, 
blood glucose level, oxygen saturation, and subjective 
perception of exertion by use of the Borg scale. During the 
entire session, the Borg scale was used and heart rate was 
assessed to ensure that the training heart rate calculated 
individually with the Karvonen formula would not be 
exceeded (50% to 80% of the reserve heart rate).27,28 

The VRG training comprised the use of the Microsoft 
Kinect™ sensor for Xbox 360®, with a controller-free 
infrared camera that tracks user motion. Two games 
were used: Your Shape™ (Fitness Evolved) and Dance 
Central 3™. Your Shape™ (Fitness Evolved) is a program 
that allows users to exercise their upper and lower 
limbs in an isolated or combined way, and comprises 
mainly trunk rotation, diagonal flexion/adduction and 
extension/abduction movements, plantar flexion of 
ankle, hip flexion and squat. Dance Central 3™ is a music 
rhythm game involving performing given dance moves, 
which are tracked by Kinect. Both were performed for 
25 minutes, the former in association with ankle Velcro 
weights and dumbbells as resistance. The increase in 
resistance was individualized and based on the Borg scale 
of perceived exertion (13: somewhat hard).27

The CRG training comprised the use of treadmills 
(Embreex®) for aerobic training for 30 minutes and free 
weights, with 1-4-kg dumbbells and 2-4-kg ankle Velcro 
weights, for resisted training, performed in three sets 
of 10 repetitions, with 1-minute recovery interval. The 
exercises comprised shoulder abduction, elbow flexion, 
knee extension and flexion, all performed in the sitting 
position, except for knee flexion, performed in the 
standing up position.27 In the CRG training protocol, 
resistance was increased similarly to that in the VRG 
training protocol.

Statistical analysis

Data were assessed by use of the GraphPad Prism 
statistical software. Data normality of distribution 
was analyzed with Shapiro Wilk test. Proportion was 
compared by use of chi-square test. Paired analysis 
was carried out by use of paired Student t test in case 
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Table 1 - Baseline clinical and anthropometric characteristics of the conventional and virtual reality rehabilitation 
groups (CRG and VRG, respectively) expressed as mean ± standard deviation or absolute and percent value

Characteristics CRG n = 12 % VRG n = 14 % p value

Age (years) 63.75 ± 8.65 63.21 ± 8.27 0.8734

Weight (kg) 78.48 ± 16.86 72.43 ± 10.69 0.2785

Height (m) 1.629 ± 0.08 1.635 ± 0.079 0.8598

BMI (kg/m2) 29.38 ± 4.80 27.02 ± 3.19 0.1491

Sex (m/f) 6/6 50/50 12/2 85.71/14.28 0.0492

Medications n % / 95% CI n % / 95% CI

Antihypertensive agents 11 91.66 / 0.64-0.98 12 85.31 / 0.6-0.95 0.6358

Antiplatelet drugs 9 75 / 0.46 – 0.91 9 64.28 / 0.38 – 0.83 0.5551

Hypoglycemic agents 2 16.66 / 0.04 – 0.44 2 14.28 / 0.04 – 0.39 0.8668

Lipid-lowering drugs 8 66.66 / 0.39 – 0.86 10 71.42 / 0.45-0.88 0.7931

Beta-blockers 10 83.33 / 0.55 – 0.95 8 57.14 / 0.32-0.78 0.1492

Concomitant diseases n % / 95% CI n % / 95% CI

SAH 11 91.66 / 0.64 – 0.98 13 92.85 / 0.68-0.98 0.9096

Diabetes mellitus 4 33.33 / 0.13 – 0.60 4 28.57/ 0.11-0.54 0.7931

AMI 8 66.66 / 0.39 – 0.86 6 42.85 / 0.21 – 0.67  0.2247

BMI: body mass index; m: male; f: female; n: number of individuals; CI: confidence interval; SAH: systemic arterial hypertension; AMI: acute myocardial 
infarction. Statistical tests: chi-square test to compare proportions, and nonpaired Student t test to compare continuous variables.
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of normal distribution or Wilcoxon test for non-normal 
distribution variables. Intergroup comparisons were 
performed by use of absolute variation before and 
after the interventions, and nonpaired Student t test 
or Mann Whitney test were used according to data 
distribution. The magnitude of the differences between 
groups was described by calculating the effect size, 
using Cohen’s d. The effect sizes considered were as 
follows: small (d≤0.2), medium (d = 0.5), and large (d ≥ 
0.8). Continuous variables were expressed as mean and 
standard deviation or median and interquartile range, 
according to normal data distribution. Categorical 
variables were expressed as absolute and percentage 
values with their respective confidence intervals. The 
significance level adopted was 5%. 

Results

Clinical and anthropometric data

Table 1 shows the clinical and anthropometric data 
of the individuals assessed, whose mean age was 63.46 

± 8.12 years, most of whom were of the male sex. There 
was no significant difference between groups regarding 
age and anthropometry. Systemic arterial hypertension 
was the major comorbidity. Anti-hypertensives were the 
most frequently used medication. 

Body composition 

Table 2 shows the baseline and final body composition 
of both groups. The VRG showed a significant difference 
regarding the increase in body fat percentage and in fat 
weight, in addition to a decrease in basal metabolic rate 
and total water, while the CRG showed no significant 
difference. Waist circumference did not significantly 
differ between CRG and VRG.

Table 3 compares the absolute variation in body 
composition between the groups, evidencing significant 
differences regarding body fat percentage and fat weight, 
which were higher in the VRG, while total water was 
significantly lower in the VRG than in the CRG. The other 
variables showed no significant difference. The effect size 
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Table 2 - Body composition and waist circumference of the conventional and virtual reality rehabilitation groups (CRG 
and VRG, respectively) at baseline and study end, expressed as mean ± standard deviation

BIA / WC

CRG

p value

VRG

p value

Baseline Final Baseline Final

Fat (%) 33.66 ± 4.83 33.25 ± 5.53 0.5271 28.34 ± 4.59 30.02 ± 4.28 0.0117*

Fat weight (kg) 26.27 ± 6.09 25.95 ± 6.9 0.5654 20.43 ± 4.1 21.79 ± 3.95 0.0191*

Lean weight (kg) 52.22 ± 12.62 52.33 ± 12.29 0.8512 51.87 ± 8.92 51.79 ± 9.08 0.9269

BMR (Kcal) 1605 ± 378.4 1591 ± 373.9 0.6638 1579 ± 269.4 1553 ± 276.6 0.0407

Water (%) 76.06 ± 1.50 72.99 ± 8.67 0.0664 76.16 ± 1.97 76.13 ± 1.83 0.8504

Total water (L) 39.73 ± 9.84 41.99 ± 14 0.3601 39.57 ± 7 38.61 ± 7.37 0.0241*

WC (cm) 102.2 ± 11.70 103.3 ± 12.64 0.3115 95.36 ± 8.758 96.64 ± 9.018 0.0823

BIA: bioimpedance; WC: waist circumference; BMR: basal metabolic rate; * significant difference between study end and baseline. Statistical tests: paired 
Student t test or Wilcoxon test according to data normality.

Table 3 - Comparison of the variations in body composition and waist circumference between the conventional and virtual 
reality rehabilitation groups (CRG and VRG, respectively) expressed as median and interquartile range (25%-75%)

BIA / WC CRG 95% CI LL 95% CI UL VRG 95% CI LL 95% CI UL p value

∆ Fat (%) 0.10 [-1.87 - 1.32] -1.784 0.9676 2.05 [ 0.75 - 3.00] 0.4408 2.916 0.0213*

∆ Fat weight (kg) -0.30 [-1.70 - 1.30] -1.493 0.8592 1.20 [0.50 - 2.37] 0.2621 2.466 0.0325*

∆ Lean weight (kg) -0.25 [-1.12 - 1.12] -1.133 1.35 -0.9 [-1.70 - (-0.15)] -2.066 1.895 0.2683

∆ BMR (Kcal) -6 [-47.00 - 49.25] -83.98 55.65 -29.00 [-52.00 - (-4.00)] -50.3 -1.269 0.2367

∆ Water (%) -0.1500 [-1.75 - 0.0] -8.648 2.515 0.05 [-0.62 - 0.62] -0.4368 0.3653 0.1219

∆ Total water (L) -0.2 [-0.67 - 1.45] -2.947 7.463 -1.05 [-1.70 - (-0.37)] -1.768 -0.1467 0.0371*

∆ WC (cm) 1.50 [-1.00 - 2.00] -1.254 3.587 1.50 [-1.00 - 3.00] -0.1894 2.761 0.9253

BIA: bioimpedance; WC: waist circumference; ∆: amplitude; CI: confidence interval; LL: lower limit; UL: upper limit; BMR: basal metabolic rate;  
* significant difference between study end and baseline. Statistical tests: nonpaired Student t test or Mann Whitney test according to data normality.
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of body fat percentage between groups was considered 
high (d = 0.96), as was the effect size of fat weight (d = 
0.89). The effect size of lean weight was small (d = 0.06).

Food frequency

Regarding food frequency, the paired analysis showed 
no significant difference in most food groups (p > 0.05), 
but a significant increase in the intake of sweets and 
desserts was observed in the CRG (p = 0.0425), while 
the VRG showed a significant increase in the intake 
of vegetables (p = 0.0455), sauces and seasonings (p = 
0.0245). Table 4 compares the food frequency variation 

between the two groups, showing a significantly higher 
intake of vegetables, sauces and seasonings in the VRG 
as compared to that of the CRG. No significant difference 
was observed in the consumption of other food groups.

Functional capacity and blood glucose level 

Figure 2 shows the functional capacity values of the 
individuals assessed. The distance covered increased 
significantly in both groups after undergoing the training 
protocols. 

Figure 3 depicts the blood glucose levels during the 
training sessions and the significant differences found, 
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Figure 2 - Functional capacity (mean, standard deviation) of the conventional and virtual reality rehabilitation groups (CRG and 
VRG, respectively) at baseline and study end. *significant difference between study end and baseline.
CRG: conventional rehabilitation group; VRG: virtual reality rehabilitation group.
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Table 4 - Comparison of the variations in monthly food frequency between the conventional and virtual reality 
rehabilitation groups (CRG and VRG, respectively) expressed as median and interquartile range (25%-75%)

FFQ (monthly) CRG 95% CI LL 95% CI UL VRG 95% CI LL 95% CI UL p value

∆ Soups and pasta -0.03 [-0.62 - 0.39] 1.086 2.679 0.47 [-0.61 - 1.00] -0.3105 1.046 0.4253

∆ Meat and fish 5.69 [3.00 - 6.74] 3.793 6.639 -0.03 [-1.31- 1.48] -1.616 3.148 0.959

∆ Milk and dairy 

products
-1.25 [-5.48 - 3.34] -4.758 4.462 1.52 [-0.46 - 4.16] -1.413 8.867 0.1052

∆ Pulses and eggs 0.61 [-0.01 - 2.05] -0.8971 5.359 -0.62 [-6.67 - 1.37] -4.76 1.79 0.0896

∆ Rice and tubers 0.35 [-2.50 - 3.75] -1.465 2.93 1.32 [-0.25 - 4.49] -0.4805 3.702 0.5351

∆ Vegetables -1.14 [-7.37 - 1.96] -5.797 0.9937 4.13 [-1.30 - 7.60] 0.1081 9.09 0.0147*

∆ Sauces and 

seasonings
-2.62 [-10.53 - 3.87] -9.435 6.022 8.84 [-2.60 - 21.25] 2.479 17.8 0.0269*

∆ Fruits 2.35 [-0.20 - 6.09] -1.871 5.892 1.25 [-1.49 - 5.56] -0.6194 6.075 0.7617

∆ Beverages 0.44 [-3.66 - 3.40] -8.269 17.58 -0.21 [-6.79 - 5.46] -6.769 3.609 0.7381

∆ Breads and cookies 1.24 [-3.39 - 10.04] -2.224 10.33 -0.69 [ -4.19 - 3.69] -4.104 6.035 0.3413

∆ Sweets and desserts 5.12 [0.26 - 7.68] -1.185 7.903 2.50 [-0.90 - 8.75] -0.3229 8.867 0.9181

FFQ: food frequency questionnaire; ∆: amplitude; CI: confidence interval; LL: lower limit; UL: upper limit; * significant difference between study end and 
baseline. Statistical tests: nonpaired Student t test or Mann Whitney test according to data normality.
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Figure 3 - Blood glucose levels (mean, standard deviation) of the conventional and virtual reality rehabilitation groups (CRG 
and VRG, respectively) at baseline and study end. *significant difference between study end and baseline.
CRG: conventional rehabilitation group; VRG: virtual reality rehabilitation group.
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Table 5 - Comparison of the variations in functional capacity and blood glucose levels between the conventional and 
virtual reality rehabilitation groups (CRG and VRG, respectively) expressed as median and interquartile range (25%-75%)

6MWT/ BGL CRG 95% CI LL 95% CI UL VRG 95% CI LL 95% CI UL
p 

value

∆ Distance 

covered (m)
 54.00 [23.43 - 71.39] 10.83 120.3  35.25 [6.875 - 93.63] 4.719 106.2 0.4253

∆ BGL (mg/dL)  -19.80 [-52.45 - (-17.74)] -45.47 -17.66  -23.22 [-50.24 - (-12.56)] -44.13 -18.17 0.7381

6MWT: 6-minute walk test; BGL: blood glucose level; ∆: amplitude; CI: confidence interval; LL: lower limit; UL: upper limit; * significant difference 
between study end and baseline. Statistical test: Mann Whitney test according to data normality.
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with a significant decrease in capillary blood glucose 
levels in CRG and VRG by the end of the sessions. 

Table 5 compares the variation in functional capacity 
and blood glucose levels in the groups, but with no 
significant difference.

Unwanted effects

One individual reported dyspnea and intense fatigue 
when undergoing the VR protocol, which interrupted 
the session. 

Discussion

The present study showed that conventional and 
VR cardiovascular rehabilitation influenced functional 
capacity and blood glucose level positively, which did 
not significantly differ between the training modalities. 
However, no favorable change in body composition and 
food frequency was observed in the individuals assessed. 

Structured cardiovascular rehabilitation programs 
can provide several benefits to individuals with CVD, 
such as desirable changes in body composition.29,30 After 
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undergoing the training protocol, unexpected higher fat 
mass gain was observed in the VRG as compared to the 
CRG. Ades et al.,31 have reported that, of the behavioral 
changes for weight control, the following are worth 
noting: self-monitoring with systematic observation 
and recording of dietary habits; environmental change 
associated with eating and exercising to control stimuli; 
and strategies to control factors that can lead to excessive 
caloric ingestion. 

The use of technologies that allow man-machine 
interaction in a real three-dimensional environment 
as a modality of treatment is increasing.32 However, 
there is no substantial evidence of change in body 
composition by use of exergames as an alternative to 
other intervention types.

The methods used in this study included behavioral 
changes for weight control. However, the duration of 
the intervention might have influenced the results, and 
an intervention longer than eight weeks might benefit 
body composition.

Cardiovascular rehabilitation programs are usually 
12-week long or shorter, and, changes in lifestyle, such 
as weight loss, require a longer period, such as 16 to 
24 weeks. Thus, positive changes in body composition 
in a rehabilitation program might require a longer 
follow-up time. In addition, no nutritional guidance was 
provided. All those factors associated might explain the 
negative effects regarding body composition. Brennan 
B33 has reported that a combined aerobic and resistance 
training is more effective than aerobic training alone to 
improve body composition in individuals with coronary 
artery disease. 

Total body water is known to reduce as body fat 
increases; thus, a more metabolically active muscle tissue 
needs more water to perform the cellular exchange of 
metabolites and nutrients.34 Thus, one can infer that the 
greater the amount of muscle and the lower the amount of 
adipose tissue, the higher the total body water proportion. 
This reflects on the decrease of total water in the VRG, 
which had an increase in fat percentage. However, the 
opposite can happen: the hydration level can change 
resistance and lean and fat weight, influencing the results.

Lima et al.,35 have compared the effects of combined 
aerobic and resistance training with those of aerobic 
training alone on blood pressure and body composition 
of 44 hypertensive individuals, performing three 
training sessions per week for ten consecutive weeks. 
Regarding body composition, fat mass was reduced 

only in the combined aerobic and resistance training 
group, corroborating the findings of the present study, 
in which the CRG (aerobic and resistance exercises) 
showed a decrease in fat mass, although with no 
statistical significance.

This study showed inconsistent results regarding 
the food intake of individuals with CVD. The paired 
analysis showed an increase in the intake of sweets and 
desserts in a group without any significant change in 
body composition, while the group with an increase 
in the body fat percentage and fat weight showed a 
significant increase in the intake of vegetables, sauces 
and seasonings. These findings can be related to 
particularities of the FFQ used in the present study.

Slater et al.,36 have reported sources of errors related 
to the FFQ due to the restrictions imposed by a defined 
list of food, dependence on recollection, food portion 
perception and the way the questions are interpreted. 
Thus, the FFQ proved to be a subjective tool of food 
frequency analysis, emphasizing the lack of nutritional 
guidance during the treatment protocol.

Despite the limitations of the questionnaires that assess 
food frequency and dietary habits, such parameters 
should be assessed, because inadequate dietary intake 
can be one of the major determinants of the increase in 
deaths from CVD in Brazil.37

Regarding the distance covered in the 6MWT,25 
significant improvement was observed in both groups, 
but, when compared, the gains did not differ. Klompstra 
et al.,38 have reported similar results when adopting VR, 
by use of Nintendo Wii, at the home of individuals with 
heart failure for 12 weeks, with a significant improvement 
in the 6MWT. 

In addition, a systematic review has evidenced the 
susceptibility of the 6MWT to changes in the clinical status 
after cardiac rehabilitation.39 Thus, the improvement in 
functional capacity is believed to relate to the increase in 
the maximal consumption of oxygen in individuals with 
CVD, which results from training-induced adaptations, 
specifically the aerobic component, which leads to an 
increase in cardiac output, maximum systolic volume, 
tolerance to muscle acidosis, and elevation in the 
anaerobic threshold that characterize improvement of 
the tolerance to submaximal exercise.40

Regarding blood glucose levels, both groups showed 
a significant reduction after the sessions, but with no 
difference between them. Kempf et al.,41 have reported 
that the use of exergames reduced blood glucose 
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levels in individuals with type 2 diabetes mellitus 
who exercised with Nintendo Wii® (Wii Fit Plus) for 30 
minutes for 12 weeks. 

That finding results from the fact that the intervention 
proposed is the physical exercise practice, which increases 
muscle capillarization, improves mitochondrial function 
and, via an insulin-independent mechanism, involves the 
muscle glucose transporter (GLUT 4), improving insulin 
resistance and decreasing blood glucose levels.42
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variables for both training modalities, showing VR as a 
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