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É possível que um programa de reabilitação cardíaca reduza o risco 
cardiovascular em indivíduos com síndrome metabólica?

Is it possible that a cardiac rehabilitation program 
can reduce the cardiovascular risk in individuals with 
metabolic syndrome? 

Correspondence: Elias Ferreira Porto, Estrada de Itapecerica da Serra 5859, 05858-001 São Paulo SP. eliasfporto@
gmail.com

Received: December 28, 2020; Accepted: June 14, 2021.

Ana Denise Brandão1   , Keila Larissa Pereira Reis1   , Nathalia Moraes Ribeiro1   , Patricia Figueiredo1   , 
Daniela Martins de Fausto2   , Antônio Adolfo Mattos de Castro2    , Elias Ferreira Porto1   

1. Universidade Adventista de São Paulo (UNASP), São Paulo, SP, Brazil 
2. Universidade Federal do Pampa (UNIPAMPA), Uruguaiana, RS, Brazil

How to cite: Brandão AD, Reis KLP, Figueiredo NMRP, Fausto DM, Castro AAM, Porto EF. Is it possible that a cardiac rehabilitation 
program can reduce the cardiovascular risk in individuals with metabolic syndrome? Rev Bras Fisiol Exerc 2021;20(4):422-432. doi: 
10.33233/rbfex.v20i4.4541

ABSTRACT
Background: Metabolic syndrome is a complex disorder represented by a set of cardiovascular risk fac-
tors usually related to central fat deposition, insulin resistance, hypertension, and dyslipidemia. It is as-
sociated with accelerated atherosclerosis in response to chronic inflammation and vascular endothelial 
dysfunction, increasing overall mortality. Objective: We aimed to evaluate the effect of a cardiac reha-
bilitation program on cardiovascular risk factors in patients with metabolic syndrome. Methods: This is 
prospective interventional study. All patients underwent a 20-session cardiac rehabilitation program with 
aerobic and resisted exercises as well as an educational program for lifestyle changes. Results: Forty-seven 
patients participated in the present study. After the cardiac rehabilitation program (CRP), a significant 
reduction (p = 0,0092) for cardiovascular risk and fatigue (p > 0.001) was observed; 78% of the patients had 
positive effects on physical capacity, 72% of the patients presented HbA1c reduction, 51% increased HDL-
-cholesterol, 70% reduced total cholesterol, 63% reduced triglycerides, 61% reduced systolic blood pressure 
and 53% reduced diastolic blood pressure. Conclusion: Cardiac rehabilitation program with aerobic and 
resisted exercises associated with educational program for lifestyle changes is an effective approach in the 
treatment of patients with metabolic syndrome mainly seen by a reduced cardiovascular risk factors and 
reducing fatigue, improved physical capacity and reduced components of metabolic syndrome.
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RESUMO
Introdução: A síndrome metabólica é uma desordem complexa representada por um conjunto de fatores 
de risco cardiovascular geralmente relacionados à deposição central de gordura, resistência à insulina, hi-
pertensão e dislipidemia. Está associada à aterosclerose acelerada em resposta à inflamação crônica e dis-
função endotelial vascular, aumentando a mortalidade geral. Objetivo: O objetivo foi avaliar o efeito de 
um programa de reabilitação cardíaca sobre os fatores de risco cardiovascular em pacientes com síndrome 
metabólica. Métodos: Este é um estudo prospectivo de intervenção. Todos os pacientes foram submetidos 
a um programa de reabilitação cardíaca de 20 sessões com exercícios aeróbicos e resistidos, além de um 
programa educacional para mudanças no estilo de vida. Resultados: Quarenta e sete pacientes partici-
param do presente estudo. Após o programa de reabilitação cardíaca, observou-se redução significativa 
(p = 0,0092) para risco cardiovascular e fadiga (p > 0,001); 78% dos pacientes tiveram efeitos positivos 
na capacidade física, 72% dos pacientes apresentaram redução do HbA1c, 51% aumentaram o colesterol 
HDL, 70% reduziram o colesterol total, 63% reduziram os triglicerídeos, 61% reduziram a pressão arterial 
sistólica e 53% reduziram a pressão arterial diastólica. Conclusão: Programa de reabilitação cardíaca com 
exercícios aeróbicos e resistidos associado a um programa educacional para mudanças no estilo de vida 
é uma abordagem eficaz no tratamento de pacientes com síndrome metabólica por redução dos fatores 
de risco cardiovascular e redução da fadiga, melhora da capacidade física e redução dos componentes da 
síndrome metabólica. 

Palavras-chave: síndrome metabólica; diabetes; reabilitação cardíaca; estilo de vida. 
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Introduction

Metabolic Syndrome (MS) is a complex disorder represented by a set of car-
diovascular risk factors usually related to central fat deposition, insulin resistance, 
hypertension, and dyslipidemia. It is associated with cardiovascular disease increa-
sing overall and cardiovascular mortality up to two and threefold, respectively. Stu-
dies have shown that the prevalence of MS is high and varies with age [1]. Its preva-
lence accounts for up to 21.8% and 23.7% of subjects with unadjusted and adjusted 
age matched peers, respectively [2]. Prevalence increases from 6.7% among subjects 
aged 20-29 years to 43.5% and 42.0% for subjects aged 60-69 and at over 70 years, res-
pectively [3]. 

Health-related lifestyle can be a very effective strategy that is being used 
mainly in the prevention of chronic degenerative diseases [4]. Some studies have al-
ready shown positive associations between health-related lifestyle and components 
of MS improvement: systemic arterial blood, hypertriglyceridemia, high blood gluco-
se and HDL-c reductions. In addition, cardiac rehabilitation programs are considered 
adequate strategies for overall survival; it includes physical training, eating habits 
reeducation, smoke cessation and stress management [5]. 

Adopting a healthy lifestyle associated to a cardiopulmonary rehabilitation 
program may be an effective low-cost alternative treatment to reduce cardiovascular 
diseases risks, fatigue and loss of functional capacity associated to MS [6-10]. The aim 
of this study was to evaluate the effectiveness of a cardiac rehabilitation program 
and a therapeutic healthy lifestyle approach on the cardiovascular risk factors, fati-
gue and functional capacity of MS in adult volunteers.

Methods

This is a prospective study. The Research Ethics Committee of UNASP appro-
ved this research under the number 2.170.175, in agreement with Resolution No. 
466/2012 of the National Health Council and Declaration of Helsinki (WMA, 2013) 
[11].

The sample of this study consisted of 47 patients with MS invited to partici-
pate in our facility Cardiac Rehabilitation Program (CRP). Both genders participated 
in the study who presented minimally 3 of the 5 criteria for MS; also subject aged 
between 40 and 60 years old. Patients with MS receiving chemotherapy, with hemo-
dynamic instability and uncontrolled arrhythmias were excluded.

To evaluate cardiovascular risk, the Framingham Questionnaire was used; to 
assess individual’s lifestyle we used the Individual Lifestyle Profile (PEVI) [12] ques-
tionnaire, and to evaluate global fatigue, the Chalder’s Fatigue Scale [13]. Every ques-
tionnaire was performed pre and post rehabilitation.

For cardiovascular risk assessment, all patients underwent measurements of 
total and fractioned cholesterol, triglycerides, fasting blood glucose, blood pressure, 
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weight, body mass index (BMI) and abdominal circumference. Also, patients perfor-
med an incremental lower limb test (BRUCE treadmill protocol) [14] and a six-minute 
walk test. All patients accomplished a comprehensive cardiac rehabilitation program.

Framingham cardiovascular risk has a score of 0 to 25 points, and the higher 
the score, the higher the cardiovascular risk. 

The global fatigue was assessed using the Chalder scale, which has six ques-
tions. All individuals should have answered the first two questions, and only indivi-
duals who responded positively to the first two questions should have answered the 
last four questions. The last four questions were ought to quantify the individual’s 
overall fatigue, and the higher the score, the greater the fatigue.

To assess total, fractionated cholesterol (HDL-C, LDL-C) triglycerides, fasting 
glucose and Hb1Ac all participants underwent venous blood collection. Total choles-
terol below 200 mg/dl was considered normal. Reference values for LDL cholesterol 
were < 130 mg/dl, for HDL in men was > 40 mg/dl and in women was > 50 mg/dl. 
Triglycerides were normal when the value found was below 150 mg / dl on an empty 
stomach. For glycosylated hemoglobin (Hb1Ac) a normal value was considered be-
tween 4.0 and 5.6%

Body composition
BMI was classified according to criteria proposed by the World Health Orga-

nization (BMI < 18.5 kg/m² was considered as low weight, BMI between 18.5 and 24.9 
kg/m² as eutrophic; BMI betwwen 25 and 29.9kg/m² as overweight; BMI between 30 
and 34.9 kg/m² as grade I obesity; BMI between 35 and 39.9kg/m² as grade II obesity 
and BMI > 40 kg/m² as grade III obesity. For the elderly population aged 60 or over in 
this study, the classification recommended by the WHO was adopted in which BMI 
up to 18.49 kg/m2 is classified as low weight, between 18.5 to 24.99 k /m2 as eutro-
phic, between 25 and 29.9 kg/m2 as overweight and > 30kg/m2 as obesity.

MS was defined using the International Diabetes Federation (IDF) diagnosis 
criteria. It include five components: waist circumference, blood pressure, high-den-
sity lipoprotein (HDL) cholesterol, triglycerides and fasting glucose. 3 abnormal re-
sults assume the MS diagnosis.

Cardiac rehabilitation program
Patients with metabolic syndrome performed a comprehensive rehabilitation 

program with 20 sessions, each lasting 60 minutes, 4 times per week. All patients were 
assessed by our team doctors and then referred to rehabilitation. Each session had 30 
minutes of aerobic training for lower limbs on a treadmill. This training started with 
3 minutes of warm-up, with 2.6 km/h of speed, twenty-two minutes at a fixed speed 
and treadmill inclination ranging from 60 to 80% intensity of the maximum value 
reached during the Bruce protocol; finally, the last five minutes had 2.7km/h speed 
decreased for cool down purposes.
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Upper limbs and lower limbs strengthening exercises comprised of 15 mi-
nutes each; 2 sets of 10 reps for each exercise (with dumbbells and ankle weights 
ranging from 1 to 3 kg, theraband and Swiss ball). Specific loads were given for each 
individual and an interval of 60 seconds between each exercise was provided.

The participants were encouraged to practice health-promoting practices, 
through classes three times per week by our physiotherapists, athletic trainers, and 
nutritionists. Adoption of a diet rich in fruits and vegetables was oriented to meet 
metabolic targets [15] (mostly 3 to 5 times a day of fruit intake - the diet provided 
was comprehensive and, generally, oriented to all). No individual diet consult was 
provided; we oriented physical activity practice for at least 30 minutes three times 
a week, breathing fresh air and frequent water intake, smoking cessation and avoi-
dance of alcoholic beverages and soft drinks, 7-8 h/day of sleeping period, adequate 
exposure to sunlight [16].

Statistical analysis
The Shapiro-Wilk normality test was used to evaluate the distribution of data 

in relation to normality. The data are presented in mean and standard deviation, the 
paired test was used to compare the differences between the anthropometric varia-
bles and the functional capacity before and after intervention within groups. Propor-
tions were analyzed using the chi square test. Univariate logistic regression analy-
sis was used to identify which baseline variables were significantly associated with 
being a non-responder treatment patient. Due to the small number of non-responder 
patients, a multivariate logistic regression model was performed including the four 
baseline variables that showed the strongest association for being a non-responder 
in the univariate analyses. p < 0.05 was considered as statistically significant.

 Study Design

Figure 1 – Selection of the paticipants
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Results

The sample consisted of 47 patients with metabolic syndrome; out of these, 
70.2% were female (n = 33). Sample’s age ranged from 53 to 69 years. BMI was classi-
fied according to criteria proposed by the World Health Organization [17].

29.5% patients with grade I obesity, 27.7% with grade II obesity and 23.4% 
with grade III obesity. Initially, only 8% of patients had their blood arterial hyperten-
sion controlled, 55% of patients had total cholesterol over 200 mg/dl, 64.2% had low 
HDL, 31.9% had high LDL and 76.5% had high triglycerides. 

None of the women presented belly obesity; on the other hand, 28% of men 
presented abdominal circumference < 102 cm. After the cardiac rehabilitation pro-
gram there was an increase in patients’ proportion who had controlled blood pressu-
re and total cholesterol lower than 200 mg/dl (table I).

Table I - Demographic characteristics at baseline and after cardiac rehabilitation

Variables Pre-rehabilitation (%) Post-rehabilitation (%) p

Man (%) 14(29.8) 14 (29.8) 0.98

Woman (%) 33(70.2) 33 (70.2) 0.98

Age (years) 59.5 ± 8.1 59.5 ± 8.1 0.98

Overweight 14 (29.5) 15 (31) 0.87

Obesity, degree I 13 (27.7) 13 (27.7) 0.95

Obesity degree II 11 (23.4) 11 (23.4) 0.94

Obesity degree III 8 (17) 6 (12) 0.92

Glycosylated hemoglobin < 7 17 (36.1) 18 (38.2) 0.89

SBH Controlled 8 (17) 20 (42) 0.001

Total cholesterol > 200 mg/dl 26 (55) 31 (65) 0.03

HDL cholesterol

Man < 40mg/dl (%) 9 (64.2) 8 (57.1) 0.87

Woman < 50mg/dl (%) 19 (57.5) 21 (63.6) 0.84

LDL > 135 mg dl 15 (31.9) 10 (21.2) 0.21

Triglycerides > 150 mg/dl 36 (76.5) 36 (76.5) 0.98

Waist circumference

Woman < 88cm (%) 0 (0) 0 (0)

Man <102 cm (%) 4 (28) 4 (28) 0.99

IMC = Índice de Massa Corporal; TC6’= teste de caminhada de seis minutos; HbA1c = hemoglobina 
glicosilada; DP = desvio padrão

Após o programa de reabilitação cardíaca, foi possível observar que 55,3% dos 
pacientes reduziram o IMC e 59,6% reduziram a obesidade da barriga. A fadiga geral 
reduziu significativamente (p > 0,001). Observou-se também aumento da distância 
percorrida em seis minutos no SMWT (p > 0,001) e teste de duração do protocolo de 
Bruce (p = 0,0008) (Tabela II).
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Table II - Comparison of anthropometric results and physical capacity before and after intervention

Variables Pre-rehabilitation Post- rehabilitation p

Mean ± SD Mean ± SD

BMI (kg/m²) 34.1 ± 5.5 33.8 ± 5.4 0.377

Waist circumference (cm) 111.0 ± 11.2 109.5 ± 11.5 0.268

Global fatigue (score) 2.0 ± 1.6 0.6 ± 1.2 0.001

SMWT (meters) 509.2 ± 78.1 565 ± 93.7 0.001

Bruce Protocol (minutes) 10.0 ± 3.5 12.2 ± 3.2 0.0008

Dyspnea SMWT (score) 3.5 ± 3.0 3.4 ± 3.0 0.497

Dyspnea Bruce (score) 3.1 ± 2.7 2.7 ± 2.5 0.177

Festins glucose (mg/dl) 129.9 ± 53 117.7 ± 31.3 0.017

HBA1C (mg/dl) 7.1±1.9 6.8 ± 1.6 0.13

BMI = Body Mass Index; SMWT = six minutes walking test; HBbA1c = glycosylated hemoglobin; SD = 
standard deviation

Figure 1 compares the Framingham scores before and after the cardiac reha-
bilitation program. At the end of the program, the cardiovascular risk reduction was 
statistically significant in our patients with metabolic syndrome (p = 0.0092, Figure 
1).

Figure 2 - Comparison of the Framinghan score for cardiovascular risk before and after rehabilitation

 
Among the entire cohort of 47 subjects, we identified 29 individuals conside-

red as “non-responders” (Non-responders were defined as subjects that continued to 
have diagnostic criteria for metabolic syndrome after cardiac rehabilitation). Table 
III describes the baseline univariate predictors for being a non-responder. BMI, waist 
circumference, fasting glucose, total cholesterol, hypertriglyceridemia, were all sig-
nificant predictors of being a non-responder to treatment; also lower HDL-choles-
terol levels and exercise tolerance (Bruce protocol and six-minute walking distance) 
were significant variables either (table III).
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Table III - Univariate baseline predictors of being a non-responder to cardiac rehabilitation and lifes-
tyle programs in patients with metabolic syndrome 	

Variables Odds ratio 95% CI p

Waist circumference > 113 cm (median) 2.88 1.98 to 3.6 0.001

BMI > 31 kg/m² (median) 2.01 1.74 to 3.6 0.004

Fasting glucose > 131 mg/dl (median) 1.78 1.25 to 2.5 0.021

SMWT < 491 meters (median) 1.63 1.15 to 2.3 0.034

BMI = Body Mass Index; SMWT = six minutes walking test.

We created a multivariate logistic regression model containing the four ba-
seline variables most closely associated with being a non-responder patient consi-
dering the univariate analyses (Table IV). High waist circumference, BMI and fasting 
glucose, low physical capacity in the six-minute walk test were variables that remai-
ned significant predictors of maintaining the diagnosis of MS (table IV).

Table IV - Multivariate predictors of being a non-responder to cardiac rehabilitation and exercise trai-
ning programs in the entire metabolic syndrome cohort

Variables Odds ratio 95% CI p

BMI > 31 kg/m² (median) 1.4 1.03 a 3.21 0.0005

Waist circumference > 113 cm (median) 3.4 2.31 a 6.32 0.0001

Fasting glucose > 131 mg/dl (median) 1.34 1.54 a 4.3 0.001

Systolic arterial blood rest > 140 mmHg (median) 1.12 0.87 a 1.92 0.45

Diastolic arterial blood > 85 mmHg (median) 1.05 0.78 a 2.4 0.54

Total cholesterol 1.2 1.0 a 2.3 0.049

LDL cholesterol > 170 mg/dl (median) 1.7 1.08 a 4.6 0.015

HDL cholesterol < 40mg/dl (median) 0.52 -2.1 a -1.0 0.021

Hypertriglyceridemia > 234 mg/dl (median) 1.42 1.24 a 4.35 0.032

Bruce protocol > 9,5 minutes (median) 0.24 -2.5 a -4.9 0.002

SMWT < 491 meters (median) 2.85 1.80 a 4.95 0.005

BMI = Body Mass Index; SMWT = six minutes walking test 

Discussion

The objective of this study was to evaluate the effect of a cardiac rehabilita-
tion program on cardiovascular risk factors of patients with metabolic syndrome. 
Among the main results of this study, we can highlight that, after the cardiac reha-
bilitation program, there was reduction for cardiovascular risk (Framingham score). 
78% of our patients had a positive effect on physical ability, 72% had hemoglobin 
glycosylated reduction, 51% increased HDL cholesterol, 70% reduced total cholesterol, 
63% reduced triglycerides, 61% reduced SBP, 53% reduced DBP and 5% reduced overall 
fatigue.

Pontes et al. [18], while evaluating the effects of physical exercises in meta-
bolic syndrome patients, also noticed significant reductions in cardiovascular risk 
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assessed by the Framingham Score. Other authors showed that physical inactivity is 
one of the leading modifiable risk factors for global mortality in these patients - an 
estimated 20% to 30% increased risk of death compared with those who are physically 
active [19]. Physically active people of all age groups have higher levels of cardio-
respiratory fitness, health, wellness and a lower risk for developing several chronic 
medical illnesses, including cardiovascular disease - compared with those who are 
physically inactive [20,21]. Another study [22], also obtained significant values for 
reduction of cardiovascular risk with exercise and life style changes in a sample of 
obese, hypertensive and dyslipidemic women. 

The positive effects to reduced cardiovascular risk caused by the aerobic trai-
ning are associated with the speed and load imposed on the treadmill. Pontes et al. 
[18] confirm that disease burden imposes a positive impact on the cardiorespiratory 
performance. In this study, training speed was based on maximal heart rate and a 
load of 60 to 80% of maximum HR was applied. When performing exercise in this 
modality, some effects are known such as the increase of the shear stress mediated 
by the flow in the arteries walls that improves endothelial function. This mechanism 
increases the synthesis and release of nitric oxide that leads to endothelium vasodi-
lation and inhibits multiple processes involving atherogenesis and thrombosis [23].

One of the ways to reduce cardiovascular risk is to reduce blood pressure. 
The mechanism for blood pressure reduction is already well described both at short 
and long term; the short term it is due to the release of pro-vasodilation factors by 
the vascular endothelium after moderate to high intensity load exercise. In the long 
term, it occurs by vascular neo-formation in the muscles during anaerobiosis [24]. 
Reductions of only 2 mmHg in diastolic blood pressure can substantially reduce the 
risk of diseases and deaths associated with hypertension [25].

Aerobic training may reduce the risk of death from cardiac events due to re-
duced ventricular tachyarrhythmias by reducing sympathetic activity and increasing 
parasympathetic (vagal) activity, as evidenced by increased heart rate variability and 
increased baroreceptor sensitivity [23].

When assessing fatigue by Chalder’s scale, patients in our study reported a 
significant decrease in fatigue after CRP. Fatigue symptoms may be due in part to 
the inability of the muscle to use oxygen reducing heart overload [26-28]. Physical 
exercise is able to reverse this situation through adaptations of skeletal muscle, such 
as improvement of mitochondrial capacity, decrease of insulin resistance [3] and re-
duction of systemic oxidative stress and improvement in well-being [29].

 A systematic review with a meta-analysis [30] that evaluated cardiovascular 
risk factors during exercise testing in metabolic syndrome patients observed signifi-
cant mean reductions in waist circumference, blood pressure, HDL cholesterol, glu-
cose and triglycerides.

Aerobic and resistive physical exercises have positive effects on insulin sen-
sitivity [27]. One study showed that exercises have effects on insulin sensitivity be-
tween 12 and 48 hours after exercise, but these changes returned to pre-activity levels 
3 to 5 days after the last exercise session. Exercise improves the dyslipidemic profile 
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by increasing the ability of muscle tissue to consume fatty acids and increases the 
activity of the lipoprotein lipase enzyme in the muscle, causing an improvement in 
dyslipidemia in individuals with MS [31]. 

As previously shown [32,33], therapeutic lifestyle changes and cardiac reha-
bilitation programs can be extremely beneficial for MS patients. Other studies have 
seen clinical improvement in MS patients such as ours [34,35]. For instance, Met Fit 
program showed significant reductions in waist circumference, body fat, systolic and 
diastolic blood pressures in those patients accomplishing a comprehensive 12 week 
sessions of 45 minutes of exercise and 45 minutes of education. The target 150 to 200 
minutes weekly exercise and 5% loss in body weight were achieved by all patients 
[34]. Another study showed a significant improvement at 6 weeks and at 6 months 
period in waist circumference, body weight, diastolic blood pressure, and total cho-
lesterol occurred in 240 patients with MS after a cardiometabolic program [35].

This study brings important clinical applications mainly related to the fact 
that cardiac rehabilitation program and small lifestyle changes may improve cardio-
vascular risk in patients with MS. The limitations of this study are related to the fact 
that we only measured the behavior of these variables after the cardiac rehabilita-
tion program, not being able to measure the effects over a long period, as well as to 
follow other end points such as hospitalization and mortality. However, this cannot 
invalidate our results.

Conclusion

After evaluating the effect of the cardiac rehabilitation program on the car-
diovascular risk factors, physical capacity, and metabolic changes in patients with 
metabolic syndrome, our study can conclude that this is an effective result in the 
treatment of these patients by reducing cardiovascular risk factors, fatigue, blood 
pressure, triglycerides, total cholesterol and LDL cholesterol and fasting glucose and 
improving physical ability and HDL cholesterol.
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