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Abstract

Introduction: Hypertension is among the main primary 

factors for the cause of death from cardiovascular diseases. 

Among the treatments for hypertension, physical exercise 

has stood out. However, the adherence of patients 

with hypertension to the practice of physical exercises 

is low, and thus strategies such as virtual rehabilitation 

may be beneficial, in addition to increasing adherence. 

Objective: This study aimed to evaluate the effect of a 

virtual cardiovascular rehabilitation (VCR) program on 

arterial blood pressure, physical conditioning and the 

quality of life of patients with hypertension. Methods: 

This is a randomized clinical trial with 59 patients with 

hypertension, divided into three groups: conventional 

cardiac rehabilitation (CCR), VCR and control (CO). 

Before and after the intervention period the patients were 

submitted to anthropometric data (BMI, body mass index), 

vital data (SBP, systolic blood pressure; DBP, diastolic blood 

pressure), quality of life (SF-36 questionnaire), respiratory 

muscle strength (MIP, maximum inspiratory pressure; MEP, 

maximum expiratory pressure) and functional capacity (6-

MWT, six-minute walk test) assessment. Both VCR and CCR 

groups underwent aerobic training. Results: VCR protocol 

increased functional capacity (p < 0.001), expiratory muscle 

strength (p < 0.002), and quality of life in the domains in 

relation to limitation of physical (p < 0.018), emotional 

aspects (p < 0.019), social aspects (p < 0.042), and mental 

health (p < 0.002) when baseline and post-intervention 

were compared. Conclusion: The VCR program is an 

effective treatment strategy for improving the physical 

capacity and quality of life of patients with hypertension.
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Introduction

Hypertension is a multifactorial clinical condition 

characterized by sustained high arterial blood pressure 

levels.1 Studies have shown that hypertension may 

increase from 594 million adults in 1975 to 1.56 billion 

adults in 2025, mainly in developing countries.2 In 

addition, there are several complications arising from 

hypertension (e.g., acute myocardial infarction, stroke, 

and kidney failure), which are among the main causes of 

morbidity and mortality, with significant consequences 

for public health.3 Thus, the control of hypertension is 

an important step both to prevent and to reduce these 

complications.3

Among the various treatments for hypertension, 

non-pharmacological treatment has become important, 

mainly because it facilitates hemodynamic and auto-

nomic adjustments, which help in controlling arterial 

blood pressure and, consequently, the quality of life of 

patients.4 Thus, physical exercise has been an effective 

strategy because it produces a series of physiological 

responses (e.g., reduced sympathetic autonomic system 

activity and reduced peripheral vascular resistance), 

and it has proven to be important when associated with 

conventional pharmacological treatment.4

According to the World Health Organization, cardiac 

rehabilitation (CR) “is defined as the sum of activities 

required to favorably influence the underlying cause of 

the disease and to provide the best possible physical, 

mental, and social conditions, so that the patients may, 

by their own efforts, preserve or resume, as normally as 

possible, a place in the community”.5 Typically, patients 

in CR programs are supervised during established 

exercises in order to improve functional capacity 

and reduce cardiovascular risk factors.6 One of the 

mechanisms involved in the reduction of cardiovascular 

risks by exercise is the reduction of hypertension.7,8  

This effect is found both in the treatment and control of 

this pathology by exercise. Physical training can reduce 

systolic and diastolic blood pressure levels by up to 11 

and 8 mmHg, respectively.9 In 1984, a study conducted 

by Blair et al.10 had already shown that physically active 

individuals are 1.52 less likely to develop hypertension.

In addition, many types of physical training have 

emerged to complement resources aimed at improving 

fitness and physical rehabilitation. Virtual rehabilitation 

(VR) is one of these modalities. VR started to be used 

as a tool in motor rehabilitation at the end of the 

20th century, and today it is used in several types of 

treatments for different pathologies that involve motor 

rehabilitation.11 VR provides a unique medium suited to 

satisfy several requirements for effective rehabilitation 

intervention.11 Furthermore, it can create a totally virtual 

and three-dimensional environment, where the patient 

interacts through visual, tactile, auditory, and sensory 

stimuli, recreating as much of the reality as possible, 

and facilitating the improvement of gait, balance, 

motor coordination, and physical capacity, among 

Resumo

Introdução: A hipertensão está entre os principais fatores 

primários para a causa de morte por doenças cardiovasculares. 

Dentre os tratamentos para hipertensão, o exercício físico tem 

se destacado. No entanto a adesão dos hipertensos à prática 

de exercícios físicos é baixa e, assim, estratégias como a 

reabilitação virtual podem ser benéficas, além de aumentarem 

a adesão. Objetivo: Este estudo teve como objetivo avaliar o 

efeito de um programa de reabilitação cardiovascular virtual 

(RCV) sobre os níveis de pressão arterial, condicionamento 

físico e qualidade de vida de pacientes com hipertensão. 

Métodos: Trata-se de um ensaio clínico randomizado com 59 

pacientes hipertensos, divididos em três grupos: reabilitação 

cardíaca convencional (RCC), RCV e controle (CO). Antes e 

após o período de intervenção os pacientes foram submetidos 

à avaliação de dados antropométricos (IMC, índice de massa 

corporal), dados vitais (PAS, pressão arterial sistólica; PAD, 

pressão arterial diastólica), qualidade de vida (questionário 

SF-36), força muscular respiratória (PImáx, pressão inspiratória 

máxima; PEmáx, pressão expiratória máxima) e capacidade 

funcional (TC6, teste de caminhada de seis minutos). Ambos os 

grupos RCV e RCC foram submetidos a treinamento aeróbio. 

Resultados: O protocolo de RCV aumentou a capacidade 

funcional (p < 0,001), a força muscular expiratória (p < 0,002) 

e a qualidade de vida em relação aos domínios limitação por 

aspectos físicos (p < 0,018) e emocionais (p < 0,019), aspectos 

sociais (p < 0,042) e saúde mental (p < 0,002) quando os valores 

basais e pós-intervenção foram comparados. Conclusão: O 

programa de RCV é uma estratégia de tratamento eficaz para 

melhorar a capacidade física e a qualidade de vida de pacientes 

com hipertensão. 

Palavras-chave: Hipertensão arterial. Reabilitação cardíaca. 

Exercício físico. Qualidade de via.
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other aspects.12-14 Although the use of virtual reality in 

various forms of rehabilitation is remarkably effective, 

few studies have investigated this treatment strategy in 

patients with heart disease. Thus, the aim of this study 

was to verify the effect that a virtual cardiovascular 

rehabilitation (VCR) program has on the arterial blood 

pressure, physical conditioning, and quality of life of 

patients with hypertension.

Methods

This was a randomized clinical trial with hypertensive 

subjects, and it was registered in the Registration 

Platform of Clinical Trials. The study was approved 

by the local Ethics Research Committee (CAAE: 

40764014.8.0000.5414) and conducted in accordance 

with the Declaration of Helsinki and the CONSORT 

recommendations for non-pharmacological trials.15

Participants who had been waiting for physio-

therapeutic treatment at a local public health system 

and who fulfilled the following criteria were included: 

diagnosis of controlled hypertension with a medical 

referral form for physiotherapeutic treatment provided 

by the local public health system; any race or gender; 

no history of orthopedic, neurological, or psychological 

disorders; aged 30 or older; and had not performed 

physical activity in the previous three months. The 

exclusion criteria were as follows: grade III or grade IV 

heart failure; recent acute myocardial infarction; unstable 

angina; acute pericarditis; pulmonary hypertension; 

uncontrolled diabetes mellitus; patients who had three 

consecutive absences during the intervention; and 

pregnancy. Additionally, participants were excluded 

if they were unable to answer the quality of life 

questionnaire and fulfil the exercise protocols.

All participants (n = 85) with potential for eligibility 

were contacted by telephone, and those who were 

interested (n = 72) in participating were invited to attend 

a physical examination for inclusion and exclusion 

criterion. A physiotherapist, who was unaware of the 

treatment allocation, screened the people in order to 

confirm eligibility.

Eligible participants were informed about the study 

procedures. Those who agreed to participate in the study 

signed a consent form and were randomized, assessed, 

and allocated to three experimental groups, using a 

simple 1:1:1 computer-generated randomization ratio. 

The allocation was concealed by using consecutively 

sealed, numbered, opaque envelopes. Due to the 

characteristic of the treatment, which included physical 

exercise, neither the therapist nor the participants 

could be blinded. The groups in which the participants 

were randomized were the following: control (CO, n 

= 23), patients with hypertension that did not perform 

any type of physical activity; CCR (n = 25), patients 

with hypertension undergoing conventional cardiac 

rehabilitation; VCR (n = 24), patients with hypertension 

undergoing virtual cardiac rehabilitation. 

The primary outcomes evaluated were arterial 

blood pressure, functional capacity, and quality of live; 

the secondary outcomes were heart rate, maximum 

inspiratory pressure (MIP), maximum expiratory pressure 

(MEP), and body mass index (BMI). The evaluation 

consisted of anamnesis and information about when the 

hypertension arose (history of the current and previous 

illness), symptoms, quality of life, pharmacotherapy 

use, level of physical activity, and type of occupation. 

Additionally, anthropometry, respiratory muscle 

strength, functional capacity, vital signs, and quality of 

life were evaluated, as described below. 

Height and body mass were measured in order to 

calculate the BMI. Weight was measured using a portable 

stadiometer (Seca 217, CA, USA), in which the barefoot 

subjects were positioned upright, with arms hanging 

beside the body, and the heels, back, and head touching 

the wooden column. Body weight was measured in 

kilograms on a platform scale (Filizola, São Paulo, Brazil), 

200 kg capacity and accurate to 100 g, placed on a 

flat surface and calibrated for each weighing. BMI was 

evaluated according to the reference values previously 

described in the literature.16,17

For measurements of diastolic blood pressure 

(DBP) and systolic blood pressure (SBP), participants 

were seated at rest for 10 min, and the mid-upper arm 

circumference was evaluated using a calibrated aneroid 

sphygmomanometer coupled to an appropriately sized 

brachial blood pressure cuff placed on the arm. All 

measurements were made on the left arm at the level 

of the heart. The average of two readings was recorded 

as the blood pressure value for the individual. Standard 

recommended procedures were used for the selection of 

the position and size of the sphygmomanometers used.18 

Measurements of MIP and MEP, which are 

indicators of respiratory muscle strength, were taken 

while the individual was seated, using an analogic
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manovacuometer (Wika, SP, Brazil) with a range of 

-120 to +120 cmH2O in a scale intervals of 4 cmH2O, 

with a silicone adapter for manual maneuvering and 

a mouthpiece with an orifice at the distal end that was 

sealed during inhaling, thereby facilitating the exact time 

to be measured.19

For evaluation of physical capacity, we used the six-

minute walking test (6-MWT) in accordance with the 

guidelines of the American Thoracic Society.20 The test 

was conducted on a 30-meter indoor walkway, whose 

length was marked every 5 m with non-slip-colored tape 

glued to the floor. Before and immediately after the test, 

heart rate (HR), SBP, DBP, and rating of perceived exertion 

scores of each subject were measured and recorded. 

Using a wristwatch, the resting HR was measured for 

60 seconds, by palpation at the radial artery. This 

measurement was preceded by at least 5 minutes of 

seated rest. 

The quality of life was evaluated via the SF-36 (Short 

Form Health Survey) questionnaire, which consisted of 36 

items, in which all but one of the items were assigned to 

one of the eight health domains covering various aspects 

of physical and mental health: physical functioning (10 

items), physical role functioning (4 items), bodily pain (2 

items), general health perceptions (5 items), vitality, (5 

items), social role functioning (2 items), emotional role 

functioning (3 items), and mental health (5 items).21 The 

highest scores in each domain represent better health 

status, with scores ranging from 0 to 100: the closest to 

0, the least favorable to health status, and the closest to 

100, the most favorable one. During the administration of 

the questionnaire, the questions were read and clarified 

by the evaluator and answered by the participants. The 

administration of the entire questionnaire, as well as the 

scoring, was done using the SF36+ app.

All measurements previously described were taken 

between 7:30 and 10:00 AM, with the participants 

instructed to avoid coffee, alcohol, nicotine, and exercise 

for at least two hours before the assessment. After 

baseline assessments, participants of VCR and CCR 

groups started training, and on the two days after the last 

session a new assessment was carried. In the CO group, 

reevaluation was done similarly to the intervention 

groups. Blind investigators have taken all outcomes 

assessments to the interventions.

For interventions, CCR group participants performed 

three 50-minute sessions of aerobic exercise in treadmill 

(Movement RT250, Brazil) per week, on non-consecutive 

days, for 12 weeks, and a total of 36 sessions. VCR group 

performed two 70-minute sessions per week on non-

consecutive days, for 15 weeks, and a total volume of 

30 sessions. VCR´s sessions consisted of six supervised 

aerobic exercises: three for the upper limbs and three for 

the lower limbs, selected from the video games Nintendo 

Wii (Hula Hoop, Footing, and Rhythmic Boxeo) and Xbox 

360 (Run the Word-Broadway, Wall Breaker, and Legs-

100%). For CCR group, at the beginning, during every 

10 minutes, and at the end of each session, SBP, DBP, 

HR, and the perceived exertion rating were checked. In 

the VCR group, these variables were measured before 

the session and after each of the six exercises. In the 

CO group, participants were instructed to perform only 

simple activities associated with daily living.

Both CCR and VCR groups exercised at 60 - 70% HR 

(target zone), calculated in accordance with the Karvonen 

formula,22 and measured continuously with a portable 

HR monitor (Polar, NY, USA). The CCR group started the 

training program with 50 minutes of activity divided as 

follows: 5 minutes warm-up, 40 minutes of training in the 

target zone and final 5 minutes of cool down. While the 

VCR group performed the same period for warm-up and 

cool down, the training was maintained at 60 minutes. 

Both interventions were performed between 7:00 and 

10:00 AM. After the study, patients in the CO group were 

invited to participate in the CR program.

For the present study, the sample size was calculated 

based on a previous study.23 This study was chosen for 

the sample calculation, due to the similarity with the 

analyzed variables and the experimental protocols of the 

present study. The calculation was performed using the 

Gpower version 3.1.9.2 program, in which a significance 

level of 0.05, a power of 80%, and a correlation coefficient 

of 0.8 for all variables were adopted. Based on the means 

obtained in the aforementioned study, which found an 

aerobic training-induced decrease in SBP values (147.3 ± 

6.9 mmHg) compared to control group control (155.4 ± 

8.3 mmHg), the calculations were performed, which took 

into account the primary outcomes and demonstrated 

the need for an “n” of at least 14 individuals in each 

group. Considering the possibility of dropouts, we 

decided to increase the number of study participants in 

relation to the estimated sample size.

Statistical analysis

Analyses related to the effect of cardiac rehabilitation 

programs were performed in the per-protocol population. 

This population considers all eligible patients treated 
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and evaluated, which in the case of the interventions 

arms was defined as all patients who completed at least 

one VCR or CCR programs.

Descriptive statistics was used to report the sample 

characterization data, considering measures of central 

tendency and frequency of outcomes. Shapiro-Wilk test 

was used to assess the normality of the data. Numerical 

data normally distributed were presented as means and 

standard deviation. Non-parametric numerical data were 

presented as median and interquartile range. In turn, 

qualitative variables were presented through frequency 

distribution, with the percentage of occurrence of each 

variable in the investigated sample being reported.

To investigate the differences in clinical variable and 

quality of life between baseline and post-intervention, 

two-way ANOVA was used. For two-way ANOVA, the 

assumptions of normal distribution of the residues 

(graphic analysis) and homogeneity of variances (Levene 

test) were verified and respected for each outcome. 

For clinical variable and quality of life that showed 

statistical significance in the two-way ANOVA, followed 

by Bonferroni post hoc test. All analyzes were performed 

using the Statistical Package for the Social Sciences 

(SPSS) for Windows (Version 23.0), and the level of 

significance was set at 5%. Data analysis was performed 

by a blinded statistician.

Results

This study began with 72 participants. After 

randomization, 23 were allocated to the CO group, 25 

to the CCR group, and 24 to the VCR group. During the 

study, 13 subjects did not complete, which was finished 

with 59 participants (20 in the CO group, 20 in the CCR 

group, and 19 in the VCR group) (Figure 1).

Figure 1 - Flowchart of recruitment. 

Pre-assessed for eligibility: 85 
hyperthensive subjects

13 individuals did not accept
to participate in the study

CCR group
(n = 25)

5 did not  complete
the intervention 

(no reason given)

72 underwent baseline assessment

72 randomized

VCR group 
(n = 24)

5 did not  complete 
the intervention 

(no reason given)

CO group (n = 23)
3 did not participate in the 

reassessment: 
- 2 no reason given

- 1 moved to another city

20 analyzed 19 analyzed 20 analyzed
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Most participants of the study were women (73%), 

60% composed the CO group, 65% the CCR group, 

and 94.7% the VCR group (Table 1). The average age of 

the participants was 65.8 + 2.4 years, which remained 

homogeneous in the three groups (VCR: 63.2 + 10.3; 

CCR: 67.9 + 6.4; CO: 66.5 + 8.3). In addition, the median 

values of the characterization of the total sample of the 

study demonstrate the presence of hypertension (140 

x 80 mmHg), slight reduction in respiratory muscle 

strength (MIP: -100 cmH2O, MEP: 91 cmH2O) and good 

physical capacity (399.5 m walked in the 6-MWT) (Table 

1). Median values for BMI (29.5 kg/m²) characterize the 

total sample as overweight.16,17 Furthermore, HR values 

were controlled in the study participants (Table 1).

Table 1 - Characterization of participants of the study

Clinical variable
CO group 
(n = 20)

Mean (SD) or 
Median (IR)

CCR group 
(n = 20)

Mean (SD) or 
Median (IR)

VCR group 
(n = 19)

Mean (SD) or 
Median (IR)

Total sample 
(n = 59)

Mean (SD) or
Median (IR)

Men (%) 40 35 5.3 27

Women (%) 60 65 94.7 73

Age (years) 66.5 ± 8.3 67.9 ± 6.4 63.2 ± 10.3 65.8 ± 2.4

PAS (mmHg) 140.0 (130 - 140) 130.0 (120 - 140) 140.0 (130 - 150) 140.00 (130 - 140)

PAD (mmHg) 80.0 (80 - 90) 80.0 (80 - 90) 80.0 (80 - 90)  80.0 (80 - 90)

HR (bpm) 72.4 ± 10.3 70.8 ± 11.3 77.7 ± 15.8 73.5 ± 12.8

6-MWT (m) 420.0 (390.0 - 470.0) 395.3 (315.2 - 556.6) 360 (300.0 - 420.0) 399.5 (315.7 - 464.0)

MIP (cmH20) -90.0 (-60.0 - -100.0) -100.0 (-69.7 - -120.0) -100.0 (-70.0 - -120.0) -100.0 (-69.5 - -120.0)

MEP (cmH20) 90.0 (80.0 - 120.0) 99.0 (105.0 - 120.0) 90.0 (86.0 - 120.0) 91.0 (-76.0 - 120.0)

BMI (kg/m²) 28.6 (29.9 - 32.0) 29.6 (25.7 - 31.7) 31.0 (26.8 - 32.8) 29.5 (26.3 - 32.0)

Note: CO group = control group; CCR group = conventional cardiac rehabilitation group; VCR group = virtual cardiac rehabilitation group; SBP = 

systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate; 6-MWT = six-minute walking teste; MIP = maximal inspiratory pressure; 

MEP = maximal expiratory pressure; BMI = body mass index. Data indicated as mean ± standard deviation (SD) or median and interquartile range (IR) 

or percentage (%).  

Regarding clinical variable, the present study demon-

strated a significant reduction (p < 0.029) of systolic  

blood pressure from baseline to post-intervention values 

in the CCR group, as demonstrated in Table 2 (moment 

baseline vs. post by ANOVA). In addition, MEP values 

increased significantly in both CCR (p < 0.001) and VCR 

(p < 0.002) groups when baseline and post-intervention 

were compared (Table 2). VCR group also presented a 

significant increase (p < 0.001) in the distance walked on 

the 6-MWT when baseline and post-intervention were 

compared (Table 2).

In addition to clinical variable, the Table 2 shows 

a significant improvement in quality of life domains 

limitation of physical aspects (p < 0.003), pain (p < 0.013), 

vitality (p < 0.001), social aspects (p < 0.003), limitation 

of emotional aspects (p < 0.001), and mental health 

(p < 0.009) in CCR group when baseline and post-

intervention were compared (moment baseline vs. post 

by ANOVA). VCR group also significantly improved 

the limitation of physical aspects (p < 0.001), social 

aspects (p < 0.003) and limitation of emotional aspects 

(p < 0.001) domains when baseline and post-intervention 

were compared. 

Interestingly, this study found a significant 

improvement in CO group in relation to limitation of 

physical aspects (p < 0.001) and limitation by emotional 

aspects domains (p < 0.001) when baseline and post-

intervention were compared (Table 2).
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Table 2 - Clinical variables and quality of life of study participants

Clinical
Variables

CO group 
(n = 20)

Mean (SD)

CCR group 
(n = 20)

Mean (SD)

VCR group
 (n = 19)

Mean (SD)

ANOVA

Baseline Post Baseline Post Baseline Post P group P moment P 
interaction

SBP 
(mmHg)

136.84 
±12.49

133.16 
±14.92

135.00 
±15.39

126.50† 
±11.82

137.89 
±16.18

134.74 
±15.04

0.302 0.025* 0.554

DBP 
(mmHg)

84.21 
±8.37

85.74a 
±10.73

82.50 
±7.86

76.00a,b 
±9.94

84.74 
±10.73

84.74b 

±14.28
0.047* 0.336 0.131

HR
(bpm)

72.4 
±10.3

73.4 
±10.0

70.8
±11.3

68.8 
±13.2

77.7 
±15.8

73.7 
±10.3

0.249 0.214 0.339

6-MWT
(m)

423.05 
±60.37

408.21
 ±65.25

436.77 
±128.55

432.67 
±105.01

357.23 
±99.86

455.20† 
±110.77

0.614 0.007* 0.001*

MIP
(cmH20)

-87.37 
±25.78

-89.47 
±28.76

-90.60 
±31.41

-96.20 
±27.24

-94.11 
± 25.83

-95.00 
±2 4.75

0.714 0.383 0.827

MEP
(cmH20)

88.84 
±20.13

93.68 
±26.50

93.60 
±27.22

110.55† 
±14.54

89.16 
±25.14

104.68† 
±20.54

0.259 0.001* 0.150

BMI 
(kg/m²)

30.15 
±6.36

30.17
 ±6.91

29.26 
±3.47

27.85 
±2.59

30.37 
±3.76

30.29 
±4.07

0.411 0.344 0.401

FC
72.89 

±21.87
75.26 

±18.52
71.25 

±22.35
77.75 

±26.38
58.68 

±25.59
66.32 

±22.03
0.129 0.051 0.716

LPA
44.89 

±36.06
66.32† 
±26.71

56.30 
±34.28

82.50† 
±25.77

42.11 
±40.87

63.16† 
±36.67

0.145 0.001* 0.892

Pain
40.7 

±22.8
46.4a 
±24.7

57.1 
±26.0

73.5†a 
±23.6

53.1 
±29.0

59.5 
±21.3

0.007* 0.014* 0.425

GH
58.6 

±20.2
56.32a

±20.71
66.4 

±17.6
77.25a 
±18.64

61.3 
±22.2

63.32 
±24.06

0.046* 0.169 0.082

VIT
56.5 

±26.0
54.7a 
±25.5

59.0 
±25.8

74.7†a

±17.5
54.4 

±26.9
62.6 

±25.0
0.027* 0.009* 0.037*

AS
73.74 

±23.72
74.74 

±28.33
61.25 

±32.65
79.40† 
±24.15

72.64
±29.67

84.92† 
±21.48

0.542 0.003* 0.116

LAE
27.00 

±34.79
57.53† 
±37.55

48.30 
±41.20

78.40† 
±29.18

54.33 
±38.82

75.39† 
±31.19

0.143 0.001* 0.684

MH
68.42 

±19.68
66.11 

±19.48
68.35 

±24.16
79.90† 
±17.49

62.32 
±23.14

68.84 
±25.66

0.358 0.040* 0.080

Note: CO group = control group; CCR group = conventional cardiac rehabilitation group; VCR group = virtual cardiac rehabilitation group; 

SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate; 6-MWT = six-minute walking teste; MIP = maximal inspiratory pressure; 

MEP = maximal expiratory pressure; BMI = body mass index; SF-36 domains: FC = functional capacity; LPA = Limitation of physical aspects; 

GH = general health; VIT = vitality; SA = social aspects; LEA = limitation of emotional aspects; MH = mental health. Data indicated as mean ± standard 

deviation (SD) were compared using Two-Way ANOVA. *Significant p-values (p < 0.05) in two-way ANOVA. †Significant intra-groups differences

(p < 0.05) in the post-hoc test. Significant between-groups differences in the post-hoc test: aCO group post vs CCR group post; bCCR group post vs VCR 

group post. No significant difference between groups were found in the post hoc test in the baseline comparisons. 
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baseline values. Although patients did not undergo 

respiratory muscle strength training, we suggest that 

the use of respiratory muscles, especially expiratory 

muscles, during aerobic exercise may be responsible for 

this finding. Another study showed that aerobic exercise 

increases respiratory muscle strength in patients with 

obstructive pulmonary disease.30 Furthermore, a study 

evaluating male and female swimmers found that 

expiratory muscle strength was higher after the physical 

training, demonstrating that this parameter may be 

used as a marker of physical performance.31 In addition, 

although our study did not correlate these data, a study 

found an improved expiratory muscle strength with 

reduction in the arterial blood pressure in hypertensive 

patients who underwent CCR for eight weeks.32 

Furthermore, a decrease in MEP was associated with a 

reduction in palmar strength (assessed by handgrip) in 

congestive heart failure patients.33 Taken together, these 

findings demonstrate that the increase in expiratory 

muscle strength is directly associated with a healthy life 

condition, and this may be imposed by VCR. 

Some limitations of this study must be considered. 

One of them concerns the frequency of weekly sessions 

for each group subjected to the exercise, which was 

not similar, but could certainly influence the physical 

performance. In addition, the baseline values of the 

6-MWT in the control group were lower than in the 

other groups, although the comparison between groups 

found no differences.

Although CCR program is essential for hypertensive 

patients, statistics show that adherence is low. Studies 

have shown that 40-50% of patients who participate 

fail to complete the full program.34,35 Thus, we believe 

that in addition to improving functional capacity, muscle 

expiratory strength and quality of life, virtual cardiac 

rehabilitation may produce motivational effects through 

interesting and fun tasks that can increase patient 

adherence.

Conclusion

The present study concludes that VCR may be 

an effective treatment strategy for patients with 

hypertension, mainly for improving quality of life and 

functional capacity. However, in relation to the control 

of arterial blood pressure no effect was found after this 

intervention, and more studies are necessary for this 

indication.

Discussion

The current study showed that VCR was efficient in 

improving the quality of life of patients with hypertension, 

especially in relation to limitation of physical and 

emotional aspects, social aspects and mental health. In 

addition, this rehabilitation cardiac protocol improved 

the functional capacity and expiratory muscle strength 

when compared to baseline values. A reduction in SPB 

and DBP values found after CCR demonstrates that this 

protocol may be more efficient in controlling blood 

pressure and, consequently, the cardiovascular risk than 

VCR. In addition, a study found that a blood pressure 

reduction of 5/2 mm Hg reduced the first incidence 

of fatal and non-fatal stroke by 29%.24 Although most 

studies have shown a reduction in arterial blood pressure 

after aerobic training, most of them were performed 

with young adults, unlike the present study that was 

conducted in hypertensive elderly with higher blood 

pressure levels.25 Furthermore, studies have shown 

that greater the number of weekly sessions, greater the 

reduction in SBP and DPB levels.26 Thus, we suggest that 

if the number of sessions was greater than three per 

week, we could find a reduction in SBP and DBP values 

in the VCR group.

Both VCR and CCR increased the quality of life of 

patients with hypertension in several domains evaluated. 

Another study had already shown an improvement in 

quality of life of subjects with cardiac disease after a CCR 

program of eight weeks composed of muscle strength 

training and 20-30 minutes of daily aerobic exercise.27 

However, this was the first study to find this effect by 

VCR, demonstrating that this protocol may be effective 

in improving the quality of life of hypertensive patients.

When evaluating physical capacity by 6-MWT, we 

found a significant improvement only in VCR compared 

to baseline values. The 6-MWT proved to be a reliable 

test for assessing functional capacity in a phase II/III CR 

population.28 Despite the baseline levels found in the 

6-MWT being very low in relation to the other groups, 

it was possible to verify the importance of the VCR in 

improving this parameter. This finding was verified by 

the interaction between group and time. Furthermore, in 

our study the improvement in functional capacity found 

by the VCR was similar to that found by the CCR in a 

study conducted by Bellet et al.29

Besides the results of the 6-MWT, our study showed 

that both VCR and CCR improved expiratory muscle 

strength (assessed by MEP) when compared to their 



FISIOTERAPIA EM MOVIMENTO  Physical Therapy in Movement

Leandro LAB et al. Fisioter Mov. 2021;34:e34126   9

8. Paffenbarger Jr RS, Wing AL, Hyde RT, Jung DL. Physical 

activity and incidence of hypertension in college alumni. Am J 

Epidemiol. 1983;117(3):245-57. DOI

9. Fletcher GF, Balady GJ, Amsterdam EA, Chaitman B, Eckel 

R, Fleg J, et al. Exercise standards for testing and training: a 

statement for healthcare professionals from the American Heart 

Association. Circulation. 2001;104(14):1694-740. DOI

10. Blair SN, Goodyear NN, Gibbons LW, Cooper KH. Physical 

fitness and incidence of hypertension in healthy normotensive 

men and women. JAMA. 1984;252(4):487-90. Full text link

11. Sveistrup H. Motor rehabilitation using virtual reality. J 

Neuroeng Rehabil. 2004;1(1):10. DOI

12. Deutsch JE, Borbely M, Filler J, Huhn K, Guarrera-Bowlby P. 

Use of a low-cost, commercially available gaming console (wii) 

for rehabilitation of an adolescent with cerebral palsy. Phys Ther. 

2008;88(10):1196-207. DOI

13. Santos LF, Christ O, Mate K, Schmidt H, Krüger J, Dohle 

C. Movement visualisation in virtual reality rehabilitation of 

the lower limb: a systematic review. Biomed Eng Online. 

2016;15(Suppl 3):144. DOI

14. Holden MK. Virtual environments for motor rehabilitation: 

review. Cyberpsychol Behav. 2005;8(3):187-211. DOI

15. Schulz KS, Altman DG, Moher D. CONSORT 2010 Statement: 

Updated guidelines for reporting parallel group randomized 

trials. Ann Intern Med. 2010;152(11):726-32. DOI

16. World Health Organization. Obesity: preventing and 

managing the global epidemic: report of a WHO consultation. 

Geneva: World Health Organization; 2000. Full text link

17. Blüher M. Metabolically healthy obesity. Endocr Rev. 2020; 

41(3):405-20. DOI

18. TRUE Consortium. Recommended standards for assessing 

blood pressure in human research where blood pressure or 

hypertension is a major focus. J Clin Hypertens (Greenwich). 

2017;19(2):108-13. DOI

19. Naseer BA, Al-Shenqiti AM, Ali ARH, Aljeraisi T. Effect of 

cardiac surgery on respiratory muscle strength. J Taibah Univ 

Med Sci. 2019;14(4):337-42. DOI

Acknowledgments

This work was supported by Fundação de Amparo 

à Pesquisa do Estado de Minas (FAPEMIG) and by the 

Coordination for the Improvement of Higher Education 

Personnel (CAPES) (Grant 001).

 

Authors´contribution

GG supervised the research. Design and data 

collection were conducted by LBL and GCA. Tabulation, 

analysis and statistical interpretation of data by GG and 

JPS. LBL, GCA and GG were responsible for the writing of 

the manuscript and creation of tables and charts. GG and 

JPP, for the text preparation according to the journal´s 

guidelines. GG and JPS reviewed the manuscript, and all 

authors have approved the final version here published.

References

1. Magder S. The meaning of blood pressure. Crit Care. 

2018;22(1):257. DOI

2. Shim JS, Jung SJ, Kim HC. Self-reported diet management, 

dietary quality, and blood pressure control in Korean adults with 

hypertension. Clin Hypertens. 2019;25:24. DOI 

3. Kallikazaros IE. Arterial hypertension. Hellenic J Cardiol. 

2013;54(5):413-5. PubMed

4. Carey RM, Muntner P, Bosworth HB, Whelton PK. Prevention 

and control of hypertension: JACC Health Promotion Series. J 

Am Coll Cardiol. 2018;72(11):1278-93. DOI

5. World Health Organization. Needs and action priorities in 

cardiac rehabilitation and secondary prevention in patients 

with coronary heart disease. Geneva: WHO Regional Office for 

Europe; 1993.

6. Servey JT, Stephens M. Cardiac rehabilitation: improving 

function and reducing risk. Am Fam Physician.  2016;94(1):37-

43. Full text link

7. Hagberg JM, Park JJ, Brown MD. The role of exercise training 

in the treatment of hypertension: an update. Sports Med. 

2000;30(3):193-206. DOI

https://doi.org/10.1093/oxfordjournals.aje.a113537
https://doi.org/10.1161/hc3901.095960
https://jamanetwork.com/journals/jama/article-abstract/393666
https://doi.org/10.1186/1743-0003-1-10
https://doi.org/10.2522/ptj.20080062
https://doi.org/10.1186/s12938-016-0289-4
https://doi.org/10.1089/cpb.2005.8.187
https://doi.org/10.7326/0003-4819-152-11-201006010-00232
https://apps.who.int/iris/handle/10665/42330
https://doi.org/10.1210/endrev/bnaa004
https://doi.org/10.1111/jch.12948
https://doi.org/10.1016/j.jtumed.2019.06.002
https://doi.org/10.1186/s13054-018-2171-1
https://doi.org/10.1186/s40885-019-0130-z
https://pubmed.ncbi.nlm.nih.gov/24100188/
https://doi.org/10.1016/j.jacc.2018.07.008
https://www.aafp.org/afp/2016/0701/p37.html
https://doi.org/10.2165/00007256-200030030-00004


FISIOTERAPIA EM MOVIMENTO  Physical Therapy in Movement

Leandro LAB et al. Fisioter Mov. 2021;34:e34126   10

28. Hamilton DM, Haennel RG. Validity and reliability of the 

6-minute walk test in cardiac rehabilitation population. J 

Cardiopulm Rehabil. 2000;20(3):156-64. DOI

29. Bellet RN, Adams L, Morris NR. The 6-minute walk 

test in outpatient cardiac rehabilitation: validity, reliability 

and responsiveness-a systematic review. Physiotherapy. 

2012;98(4):277-86. DOI

30. Roceto LS, Takara LS, Machado L, Zambon L, Saad IAB. 

Effectiveness of pulmonary rehabilitation once a week for 

patients with obstructive pulmonary disease. Braz J Phys Ther. 

2007;11(6):475-80. DOI

31. Santos MARC, Pinto ML, Sant'Anna CC, Bernhoeft M. 

Maximal respiratory pressures among adolescent swimmers. 

Rev Port Pneumol. 2011;17(2):66-70. DOI

32. Galdino G, Silva AM, Bogão Jr JA, Oliveira MPB, Araújo 

HAGO, Oliveira MS, et al.  Association between respiratory 

muscle strength and reduction of arterial blood pressure levels 

after aerobic training in hypertensive subjects. J Phys Ther Sci. 

2016;28(12):3421-6. DOI

33. Hammond MD, Bauer KA, Sharp JT, Rocha RD. Respiratory 

muscle strength in congestive heart failure. Chest. 1990;98(5): 

1091-4. DOI

34. Meillier LK, Nielsen KM, Larsen FB, Larsen ML. Socially 

differentiated cardiac rehabilitation: can we improve referral, 

attendance and adherence among patients with first myocardial 

infarction? Scand J Public Health. 2012;40(3):286-93. DOI

35. Ruano-Ravina A, Pena-Gil C, Abu-Assi E, Raposeiras S, van 't 

Hof A, Meindersma E, et al. Participation and adherence to 

cardiac rehabilitation programs. A systematic review. Int J 

Cardiol. 2016;223:436-43. DOI

20. ATS Committee on Proficiency Standards for Clinical 

Pulmonary Function Laboratories. ATS statement: guidelines 

for the six-minute walk test. Am J Respir Crit Care Med. 

2002;166(1):111-7. DOI

21. Campolina AG, Bortoluzzo AB, Ferraz MB, Ciconelli RM. 

Validation of the Brazilian version of the generic six-dimensional 

short form quality of life questionnaire (SF-6D Brazil). Cienc 

Saude Colet. 2011;16(7):3103-10. DOI

22. Tabet JY, Meurin P, Driss AB, Thabut G, Weber H, Renaud N, 

et al. Determination of exercise training heart rate in patients on 

beta-blockers after myocardial infarction. Eur J Cardiovasc Prev 

Rehabil. 2006;13(4):538-43. DOI

23. Higashi Y, Sasaki S, Sasaki N, Nakagawa K, Ueda T, Yoshimizu 

A, et al. Daily aerobic exercise improves reactive hyperemia in 

patients with essential hypertension. Hypertension. 1999;33(1 

Pt 2):591-7. DOI

24. PATS Collaborating Group. Post-stroke antihypertensive 

treatment study. A preliminary result. Chin Med J (Engl). 

1995;108(9):710-7. PubMed

25. Wen H, Wang L. Reducing effect of aerobic exercise on 

blood pressure of essential hypertensive patients: A meta-

analysis. Medicine (Baltimore). 2017;96(11):e6150. DOI

26. Kazeminia M, Daneshkhah A, Jalali R, Vaisi-Raygani A, Salari 

N, Mohammadi M. The effect of exercise on the older adult's 

blood pressure suffering hypertension: systematic review 

and meta-analysis on clinical trial studies. Int J Hypertens. 

2020;2020:2786120. DOI

27. Andersen KS, Laustsen S, Petersen AK. Correlation between 

exercise capacity and quality of life in patients with cardiac 

disease. J Cardiopulm Rehabil Prev. 2018;38(5):297-303. DOI

https://doi.org/10.1097/00008483-200005000-00003
https://doi.org/10.1016/j.physio.2011.11.003
https://doi.org/10.1590/S1413-35552007000600009
https://doi.org/10.1016/s2173-5115(11)70016-1
https://doi.org/10.1589/jpts.28.3421
https://doi.org/10.1378/chest.98.5.1091
https://doi.org/10.1177/1403494812443600
https://doi.org/10.1016/j.ijcard.2016.08.120
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1590/s1413-81232011000800010
https://doi.org/10.1097/01.hjr.0000209813.05573.4d
https://doi.org/10.1161/01.hyp.33.1.591
https://pubmed.ncbi.nlm.nih.gov/8575241/
https://doi.org/10.1097/md.0000000000006150
https://doi.org/10.1155/2020/2786120
https://doi.org/10.1097/hcr.0000000000000281

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References

