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Abstract 

Background: Cardiac rehabilitation (CR) is a multifaceted treatment that can 
increase the survival and quality of life of cardiac patients by increasing their 
functional capacity (FC). In this study, we aimed to investigate the FC changes 
of cardiac patients after the CR program in different subgroups in terms of 
anthropometric, clinical, and psychological indices. Materials and Methods: 
This is a descriptive retrospective study that has been derived from the results 
of a Cohort study at the Rehabilitation Research Center of the Cardiovascular 
Research Institute of Isfahan (Iran), from 2006 to 2017. In this study, the de-
pendent variable is functional capacity changes based on Mets obtained in 
exercise testing at the beginning and end of the CR program. Independent 
variables included age, sex, dyslipidemia, diabetes, smoking, and Body mass 
index, type of intervention, depression, and EF. Results: The sample size is 
1250 cardiovascular patients, of which 917 (73.5%) are male and 331 (26.5%) 
are female. Functional capacity after the CR program significantly increased 
in all age, gender, body mass index, hypertension, hyperlipidemia, diabetes, 
smoking, depression, EF, and type of operation performed (angioplasty or 
open-heart surgery) subgroups, (p < 0.001). Using multiple linear regression 
analysis, a significant relationship was found between Mets changes and only 
the variables of gender, depression, and EF. Conclusion: The results of this 
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study show the importance of rehabilitation programs in the secondary pre-
vention of cardiovascular disease in different subgroups and factors such as 
gender, level of primary depression, and EF less than 35 are the most impor-
tant factors affecting functional capacity increase after CR program in heart 
patients. 
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1. Introduction 

Heart disease is one of the leading causes of disability and the most common 
cause of death worldwide [1]. The prevalence of cardiovascular risk factors in 
the population of Iran is the same as some Middle Eastern countries and more 
than Western countries [2]. The main risk factors for cardiovascular disease are 
age, sex, total cholesterol, low-density lipoprotein (LDL) cholesterol, systolic 
blood pressure, diabetes, and smoking, most of which can be corrected [3]. Inac-
tivity is one of the main risk factors for heart disease and improving physical ac-
tivity in coronary heart disease reduces the mortality of these patients, which is 
directly related to the dose of physical activity in patients [4]. Regular exercise in 
elderly patients with heart failure can also improve aerobic capacity and improve 
heart function [5]. Cardiac Rehabilitation is one of the treatment and prevention 
methods recommended by the American Heart Association and the European 
Heart Association for all patients with coronary heart disease or heart failure [6] 
[7] [8]. 

Cardiac rehabilitation is a multifaceted treatment that includes exercise and 
other interventions to reduce the risk factors for heart disease [9]. Cardiac reha-
bilitation reduces the mortality of coronary heart disease patients and reduces 
the number of hospitalizations [10] [11]. In patients with heart failure, although 
the effect of cardiac rehabilitation in reducing mortality has not been significant, 
but it can improve the quality of life of these patients [12].  

One of the important factors in the effectiveness of cardiac rehabilitation pro-
grams is the positive effect of these programs on patients’ functional capacity. 
Because improving functional capacity increases patients’ life expectancy and re-
duces their mortality [9]. Various studies have been performed in this field and 
most of them show the improvement of functional capacity in cardiac patients 
admitted to the cardiac rehabilitation units. But so far the rate of improvement 
of functional capacity in the different subgroups have not been studied separate-
ly [13] [14]. In this study, in addition to examining the changes in FC in the 
whole target population, the differences of these changes in different subgroups 
in terms of anthropometric, clinical and psychologic indices have been investi-
gated. 

https://doi.org/10.4236/health.2021.1311095


H. M. Mahdi et al. 
 

 

DOI: 10.4236/health.2021.1311095 1305 Health 
 

2. Methods and Analysis 
2.1. Study Design 

This study is derived from the results of a cohort study at the Cardiac Rehabili-
tation Research Center of the Isfahan Heart Research Institute from 2006 to 2017 
The sample size of the study is 1250 people whose information was extracted 
from the database entered in the Heart Research Institute. Inclusion criteria: All 
patients referred to the cardiac rehabilitation unit during the years 2006 to 2017 
who have completed at least one 12-session rehabilitation course including aero-
bic and resistance exercise with cardiac monitoring, nutrition and psychological 
counseling, control and treatment of cardiac risk factors and self-care training 
programs. Other criteria for inclusion in the study include lack of Uncompen-
sated heart failure, providing consent to participate in the study, lack of con-
traindication for CR, consent of the physician for his/her patient participation in 
the study, and undergoing percutaneous coronary intervention (PCI) or cardiac 
surgery at most 2 months previously. Exclusion criteria: includes all patients 
who did not complete the rehabilitation period due to reasons such as major de-
pression, orthopedic problems and other physical disorders, uncontrolled hyper-
tension and arrhythmia. All patients had been received the necessary training 
and care under the same conditions, including:  

1) Three one-hour sessions of physical activity per week (warm up phase for 5 
to 10 minutes, aerobic exercise using a treadmill, cycle ergometer and arm er-
gometer for 30 to 40 minutes and finally cool down phase for 5 to 10 minutes 
with reduced activity intensity) with heart monitoring under the supervision of a 
rehabilitation team consisting of a cardiologist, a sports medicine specialist and a 
nurse. 

2) Participating in a 30- to 45-minute training session to control risk factors, 
including hyperlipidemia, diabetes, smoking, as well as psychosocial training 
under the supervision of a psychiatrist once during the course. 

3) Participating in a 30- to 45-minute nutrition counseling session at the be-
ginning of the cardiac rehabilitation course. 

The recorded information of all patients before and after the rehabilitation 
period was evaluated. This information includes:  

1) Demographic information, anthropometric indices and risk factors by a re-
searcher-made questionnaire. 

2) Patients’ heart function is based on the amount of cardiac ejection fraction 
(EF) recorded in the echocardiographic report obtained at the beginning and 
end of the course by the same cardiologist using a standard device. 

3) Functional capacity (FC) of patients based on the amount of Mets recorded 
in the patient’s exercise test report performed by a standard exercise testing de-
vice with Modified Bruce protocol obtained at the beginning and end of the 
course.  

4) Patients’ depressive status based on Beck Depression Inventory (BDI): This 
questionnaire. Includes 21 four-choice questions, each of which scored 0 - 3. 
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This questionnaire has been studied for validity and reliability in some studies in 
Iran and its cut-off points are as follows: Patients with a BDI score of 0 - 9 are 
normal, those attaining a score of 10 - 19 have mild depression, those with a 
score of 20 - 29 have moderate depression and those with a score of over 29 have 
severe depression. 

5) All patients who completed the cardiac rehabilitation program were fol-
lowed up in two stages: after 3 months and one year of cardiac rehabilitation.  

2.2. Statistical Analysis 

Kolmogorov-Smirnov test was used to investigate the normal distribution of va-
riables and descriptive statistics in form of tables were used to analyze the data. 
Comparisons between groups were performed using Independent samples t-test 
and analysis of variance (ANOVA) was used to compare the mean differences 
between groups and Multiple linear regression analysis was used to investigate 
the effects of different indices on the rate of MET changes. All statistical analyses 
were performed using the SPSS version 21 (SPSS Inc., Chicago, IL, USA). The 
significance level (p value) was considered < 0.05. 

3. Results 

In this study, 1250 cardiovascular patients were studied. The results show that 
73.5% of our statistical population are men and 26.5% are women, 40.9% of 
these people are under 55 years old and 59.1% are over 55 years old. Other pa-
tients’ characteristics are shown in Table 1. 

Table 2 shows the findings related to Mets changes in terms of anthropome-
tric, psychological and clinical indicators. By performing paired t-test and ex-
amining the changes in each group separately, it was observed that the increase 
in Mets (which indicates the patient’s functional improvement) after cardiac re-
habilitation was statistically significant in all groups.  

Table 3 shows the mean changes of METS in terms of age groups, sex, body 
mass index, hypertension, hyperlipidemia, diabetes, smoking, depression, EF, 
and type of intervention, using analysis of variance.  

In Table 4, multiple linear regression analysis was used to investigate the ef-
fects of anthropometric, clinical and psychological indices on the mean changes 
of Mets. Findings show that after adjusting the effect of confounding variables, a 
statistically significant relationship was found between Mets changes and va-
riables of gender, depression and EF, but no statistically significant relationship 
was found in other variables.  

4. Discussion 

Functional capacity is a very important factor in diagnosing the recovery of car-
diovascular patients and also predicts mortality in heart patients [15]. In this 
study, the mean functional capacity in terms of METs, after the end of the reha-
bilitation period, was significantly increased in all participating patients. This  
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Table 1. Sociodemographic and clinical characteristics of study population (N = 1248). 

Variable Number (%) 

Age  

>55 511 (40.9) 

≤55 738 (59.1) 

Gender  

Men 917 (73.5) 

Women 331 (26.5) 

Marital status  

Single 24 (1.9) 

Married 1224 (98.1) 

Schooling  

Graduate 173 (13.9) 

Undergraduate 1075 (86.1) 

Body Mass Index  

<25 360 (29.0) 

25 - 35 842 (67.8) 

>35 40 (3.2) 

Hypertension  

Yes 766 (61.4) 

No 482 (38.6) 

Diabetes  

Yes 862 (69.1) 

No 386 (30.9) 

Hyperlipidemia  

Yes 576 (46.2) 

No 671 (53.8) 

Smoking  

Yes 197 (15.8) 

No 1053 (84.2) 

depression  

Yes 459 (36.7) 

No 791 (63.3) 

Ejection fraction  

>35 155 (12.4) 

≤35 1085 (87.6) 

Type of intervention  

Non-surgical 537 (42.9) 

Surgical 713 (57.1) 
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Table 2. Comparison of mean Mets changes before and after intervention between different 
variables. 

 Mean Mets changes 

Variable 
Start CRa Finish CRa 

p-value* 
M ± SDb M ± SD 

Age    

>55 9.51 ± 2.93 12.46 ± 3.35 0.001 

≤55 7.75 ± 2.90 10.43 ± 3.28 0.001 

Gender    

Men 9.07 ± 2.89 12.08 ± 3.20 0.001 

Women 6.35 ± 2.43 8.44 ± 2.53 0.001 

Body Mass Index    

<25 8.64 ± 3.04 11.43 ± 3.21 0.01 

25 - 30 8.58 ± 2.97 11.36 ± 3.42 0.01 

31 - 35 7.65 ± 2.88 10.39 ± 3.55 0.01 

>35 6.04 ± 2.83 8.48 ± 3.41 0.01 

Hypertension    

Yes 7.85 ± 2.85 10.61 ± 3.40 0.001 

No 8.67 ± 3.10 11.44 ± 3.43 0.001 

Diabetes    

Yes 7.69 ± 2.93 10.14 ± 3.16 0.001 

No 8.64 ± 3.02 11.56 ± 3.47 0.001 

Hyperlipidemia    

Yes 8.22 ± 3.04 10.91 ± 3.50 0.001 

No 8.44 ± 2.99 11.29 ± 3.64 0.001 

Smoking    

Yes 8.45 ± 3.17 11.10 ± 3.26 0.001 

No 8.31 ± 3.01 11.09 ± 3.46 0.001 

depression    

Yes 8.66 ± 3.01 11.27 ± 3.40 0.001 

No 7.46 ± 2.92 10.59 ± 3.52 0.001 

Ejection fraction    

>35 7.66 ± 3.08 11.12 ± 3.08 0.001 

≤35 8.41 ± 3.01 11.08 ± 3.48 0.001 

Type of intervention    

Non-surgical 8.54 ± 3.18 11.5 ± 3.71 0.001 

Surgical 8.08 ± 2.82 10.7 ± 3.06 0.001 

aCR (Cardiac rehabilitation), bM ± SD (Mean ± Standard deviation). 
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Table 3. Comparison of mean differences of Mets between different groups using analysis 
of variance. 

Variable Mean changes of Mets ± SD p 

Age   

>55 2.71 ± (2.52) 
0.2 

≤55 2.51 ± (2.40) 

Gender   

Men 2.79 ± (2.61) 
0.001 

Women 2.05 ± (1.83) 

Body Mass Index   

<25 2.98 ± (2.52) 
 

0.001 
25 - 35 2.63 ± (2.47) 

>35 2.30 ± (2.33) 

Hypertension   

Yes 2.76 ± (2.7) 
0.1 

No 2.77 ± (2.66) 

Hyperlipidemia   

Yes 2.69 ± (2.71) 
0.4 

No 2.85 ± (2.64) 

Smoking   

No 2.71 ± (2.65) 
0.1 

yes 2.66 ± (2.38) 

depression   

Minimal 2.44 ± (2.45) 
0.011 

Mild-moderate-severe 2.92 ± (2.76) 

Ejection fraction   

>35 3.18 ± (2.18) 
0.02 

≤35 2.52 ± (2.48) 

Type of intervention   

Non-surgical 2.84 ± (2.79) 
0.1 

Surgical 2.54 ± (2.37) 

 
Table 4. Relationship between age, sex, body mass index, hypertension, diabetes, hyper- 
lipidemia, smoking, depression, EF, Surgical and Mets changes using regression analysis. 

Variable Βeta (95% CI) p-value 

Age −0.003 (4.32) 0.9 
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Continued 

Sex −0.154 (0.48) 0.001 

Body Mass Index 0.023 (−0.43) 0.5 

Hypertension 0.016 (−0.27) 0.7 

Diabetes −0.004 (−0.82) 0.16 

Hyperlipidemia 0.011 (0.12) 0.9 

Smoking 0. 016 (0.91) 0.2 

Depression 0.077 (0.48) 0.04 

Ejection fraction −0.079 (−1.24) 0.03 

Intervention −0.046 (−0.43) 0.2 

 
finding is consistent with most studies in this field, including the study of McKee 
et al. (2020), Esteki et al. (2018) and Shabani et al. (2011) [13] [16] [17]. But it 
contradicts the study of Ayoubi et al. (2005), which did not find a significant 
change in patients’ functional capacity. 

In order to determine the most effective and predictive indicators in function-
al capacity change among anthropometric, clinical and psychological indices, 
multiple regression analysis was performed, in which three variables of gender, 
depression and EF < 35 were identified. In this study, age was not an effective 
indicator and predictor of changes in functional capacity. By comparing the dif-
ference between the average changes in functional capacity in the age group un-
der 55 years and above 55 years, no statistically significant difference was found. 

Having compared the difference between the mean change of METS in terms 
of body mass indexes of the subjects, it was observed that the improvement of 
functional capacity in patients with body mass index ≤ 25 was more than pa-
tients with body mass index between 35 - 35 and above 35 kg/cm2, but this dif-
ference was not statistically significant. [18] reported an inverse relationship 
between body mass index and functional capacity. Excess body fat reduces ske-
letal muscle oxygen uptake and impairs functional capacity [19]. In addition, in 
people with high body mass index, type II muscle fibers increase while type 1 
decrease. It can lead to a significant reduction in oxygen uptake which is ac-
companied by a decrease in functional capacity [20]. 

Gender variable was an effective and predictive indicator of change in func-
tional capacity. The results of this study showed that in men the change in Mets 
was significantly higher than women. This finding is consistent with a study by 
McKee et al., Who found that Mets had more changes in men than women [16] 
but it is inconsistent with the study of Kakoli et al., Who stated that gender is 
not an influential factor in increasing functional capacity [21]. 

This study also showed that the rate of METS increase was significantly higher 
in people with depression at the beginning of the CR period compared to non- 
depressed patients, which could be due to the fact that these patients had low 
functional capacity because of depression at the beginning of the CR period and 
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gradually, with the betterment of depression, they found a significant increase in 
METS compared to the other group. In the study of McKee et al., no significant 
relationship was found between depression and functional capacity [16]. 

Other influential and predictive factors in changes in functional capacity are 
clinical indices. In this study, by comparing the mean change of METS between 
patients with hypertension and without hypertension, patients with diabetes and 
without diabetes, patients with hyperlipidemia and without hyperlipidemia and 
patients in the surgical and non-surgical groups, no statistically significant dif-
ference was found. But this difference was statistically significant in patients with 
EF less than or equal to 35 compared to patients with EF greater than 35. Also, 
multiple linear regression analysis showed that among the clinical variables, only 
the EF is an effective indicator in improving functional capacity. This finding 
was consistent with the study of Bjarnason-Wehrens B et al. (2019) [22] but in 
contrast to the studies of MALOBERTI et al. (2019) and PERETTI, A et al. (2020) 
which showed that there was no significant relationship between functional ca-
pacity improvement and EF [23] [24]. This inconsistency can be attributed to 
the amount of initial functional capacity of patients with severe heart failure and 
it can be said that patients with low EF are more affected by the rehabilitation 
programs. 

5. Conclusion 

In general, the results of this study showed that the cardiac rehabilitation pro-
gram is important in the secondary prevention of CVD and cardiac rehabilita-
tion can increase the functional capacity of heart patients in all age groups and 
different subgroups by activating physiological mechanisms such as oxygen up-
take from the blood, increasing the oxidative response and increasing cardiac 
output [25] [26]. Among anthropometric, clinical and psychologic indices, gender 
variable, level of primary depression and EF less than 35 were identified as the 
most effective indicators affecting the improvement of functional capacity. Tak-
en together, these findings may reinforce the importance of rehabilitation pro-
grams for patient’s recovery and survival. 
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