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Abstract.  The World Health Organization report, projected, in the Indian population, the number 

of deaths attributable to chronic diseases rising from 3.78 million in 1990 (40.4% of all deaths) to 

an expected 7.63 million in 2020 (66.7% of all deaths). The four leading chronic diseases in India, 

as measured by their prevalence, in descending order are: cardiovascular disease (CVD), diabetes 

mellitus, chronic obstructive pulmonary disease (COPD) and cancer. 
 
Statistics reveal that the 

number of people diagnosed with chronic cardiac and pulmonary disease has been on the rise in 

India as compared to other developing countries. Prevention, early diagnosis and controlling the 

progression of these diseases
 
helps people to live longer and healthier lives. The current study 

showcases the effect of a comprehensive rehabilitation program on the overall aerobic capacity of 

patients with chronic cardiovascular and pulmonary diseases in a tertiary care hospital in India. 

Methodology: 171 patients which included those with cardiac diseases (126), primary prevention 

(29) and pulmonary diseases (16) were assessed as part of this study over a period of 2 years. The 

patients enrolled into the comprehensive rehabilitation program for a month which comprised of 

exercise sessions - 3 days a week, yoga therapy- once a week, a physician consult and a diet 

consult. The aerobic capacity was assessed pre and post exercise rehabilitation by means of the 6 

Minute Walk Test (6MWT) and the distance (6MWTD) walked by the patient was documented. 

Results: The  6 minute walk test distance (6MWTD) in the cardiac group improved from 327 ± 93 

to 410 ± 102 meters (p<0.05); primary prevention improved from 368 ± 246 to 442 ± 238 meters 

(p<0.05) and pulmonary group improved from 310 ± 100 to 342 ± 112 meters (p<0.05)  

Conclusion: A comprehensive rehabilitation program is beneficial to patients with chronic 

cardiovascular and pulmonary disease conditions and helps to improve their overall aerobic 

capacity. Improving participation in a rehabilitation program will improve health outcomes in 

patients suffering from these diseases. 

Keywords:  cardiovascular disease, pulmonary disease, exercise rehabilitation, aerobic capacity, 

India. 
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1.      Introduction   
 

Chronic diseases and injuries are a large and heterogeneous group of 

disorders, most of which are common and often occur as comorbidities [17].
 

Current trends in population growth, age distribution, and disease dynamics 

foretell a rise in the prevalence of chronic diseases [10]. 
 
The World Health 

Organization report, ‘Preventing chronic diseases: a vital investment’, projected, 
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the number of deaths attributable to chronic diseases rising from 3.78 million in 

1990 (40.4% of all deaths) to an expected 7.63 million in 2020 (66.7% of all 

deaths), in India [29].
 
The four leading chronic diseases in India, as measured by 

their prevalence, in descending order are: cardiovascular disease (CVD), diabetes 

mellitus, chronic obstructive pulmonary disease (COPD) and cancer [26].
 

Statistics reveal that the number of people diagnosed with chronic cardiac and 

pulmonary disease has been on the rise in India as compared to other developing 

countries [11, 13, 19]. 
 
Most of these diseases may not result in sudden death. 

Rather, they are likely to cause people to become progressively ill and debilitated, 

especially if their illness is not managed correctly. Death is inevitable, but a life of 

protracted ill-health is not. Prevention, early diagnosis and controlling the 

progression of these diseases will help people to live longer and healthier lives 

[29]. The beneficial relationship between exercise and health has been well known 

dating back to the 5th century BC, when Hippocrates said that ‘Eating alone will 

not keep a man well; he must also take exercise’. Exercise is medicine, is a known 

fact and it can be seen as the much needed vaccine to prevent chronic disease and 

premature death. There is clear evidence proving the benefits of regular physical 

activity in the prevention of chronic disease and lowering of mortality rates [20]. 
 

In addition to exercise and physical activity, Yoga, as a form of physical activity 

consisting of various postures (Asana), breathing and meditation techniques 

(Pranayama), has been shown to have therapeutic benefits for individuals with a 

wide range of health conditions [31]. The current study showcases the effect of a 

comprehensive rehabilitation program on the overall aerobic capacity of patients 

with chronic cardiovascular and pulmonary diseases in a tertiary care hospital in 

India. 

 

2.      Methodology  
 

171 patients with chronic disease conditions were assessed as part of this 

study over a period of 2 years in the out-patient setup of the department of 

rehabilitation and sports medicine at the Sir H.N. Reliance Foundation Hospital, 

Mumbai. These patients were either referred by their treating physician or self-

referred. The patients were divided into three groups based on their symptoms and 

clinical diagnosis. It included those with cardiac diseases (126), primary 

prevention (29) and pulmonary diseases (16).  

The patients enrolled in the comprehensive rehabilitation program for a 

month which comprised of exercise sessions - 3 days a week, yoga therapy- once 

a week, a physician consult and a diet consult. A detailed history and assessment 

was done prior to enrollment into the program and an informed consent was taken. 

The aerobic capacity was assessed pre and post exercise rehabilitation by means 

of the 6 Minute Walk Test (6MWT) and the distance (6MWTD) walked by the 

patient was documented. The 6 MWT is a valid and reliable sub-maximal exercise 

test used to assess aerobic capacity and endurance. It evaluates the global and 

integrated responses of all the systems involved during exercise, including the 

pulmonary and cardiovascular systems, systemic circulation, peripheral 

circulation, blood, neuromuscular units, and muscle metabolism. The 6MWT, 
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being a submaximal test, is a good indicator and it reflects the functional exercise 

level for daily physical activities because most activities of daily living are usually 

performed at submaximal levels of exertion [2]. The heart rate (HR), blood 

pressure (BP), oxygen saturation (SpO2), respiratory rate (RR) and rate of 

perceived exertion (RPE) were assessed pre, post and 3 minutes after the test. The 

rate of perceived exertion (RPE) scale was measured using the 6-20 Borg’s scale 

[3]. 

During the test, the patients’ electrocardiograms (ECG) and SpO2 were 

continuously monitored with the Phillips MX 40 wireless telemetry ECG 

monitoring system. In pulmonary patients, supplemental oxygen was given as 

appropriate depending on the drop in the SpO2 levels [2].  

 

Comprehensive Rehabilitation Program:  
The one month long rehabilitation program comprised of the following: 

 

  
Exercise Sessions Yoga 

Physician 

consult 
Diet Consult 

  

Aerobic 

exercises 

Resistance 

Training       

No of 

sessions 

Total 12 sessions - 3 times a 

week 

Total 4 sessions -

once a week 

Once a 

month 
Once a month 

Duration per 

session 
60 minutes 60 minutes 

30-45 

minutes 
15-30 minutes 

Type of 

exercises 

Treadmill,  

Stationary 

cycle and  

Elliptical 

Large 

muscle 

groups of  

upper and 

lower body 

Breathing exercise, 

 Flexibility 

exercises, 

Self-awareness,  

mindfulness and 

relaxation 

Individual one on one assessment and 

counselling 

Progression 

Low 

intensity - 

15- 30 

minutes  

and then 

progress to 

moderate to 

high 

intensity 

for 40-45 

minutes 

12-15 

repetitions -

single set,  

then progress 

by increasing 

the number 

of sets 

Low to 

 moderate to high 

intensity 

Weekly 

reviews 

Monthly review and 

reassessment   

 

 

The patients exercised at an intensity of 60-80% of their maximum heart rate 

(HRmax = 220 - age) and/or an RPE of 11-13 on the Borg’s scale. The patients 

ECG were continuously monitored while they exercised. At the end of 12 exercise 

sessions, the aerobic capacity was reassessed with the help of the 6MWT and the 

6MWTD was documented. 

 

3. Statistical analysis  

 

The data collected was compiled using Microsoft Excel 2013. The data was 

analyzed using SPSS (Statistical Package for Social Sciences) version 16 
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software. Data is presented with the help of mean, standard deviation and median. 

The data being normal in distribution, Paired t- test was used to assess level of 

significance. P value of less than 0.05 was taken as significant level.  

 

 
Table 1. 
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Parame-
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Cardiac Primary Prevention Pulmonary 
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Age  126  

    

62  

     

12  

        

62     18  

    

85   29  

   

56   10  

      

58  

    

28  

    

70   16     59  

    

11  

     

59  

    

35  

    

78  

BMI  126  

    

27  

       

5  

        

27     13  

    

43   29  

   

32      5  

      

33  

    

23  

    

42   16     30  

      

6  

     

32  

    

19  

    

38  

6MWTD 
(Pre)  126  

  

327  

     

91  

      

336     96  

  

512   29  

 

368   84  

   

368   128  

 

480   16   310  

 

103  

   

341  

    

84  

 

432  

6MWTD 

(Post)  126  

  

410  

   

102  

      

416     96  

  

592   29  

 

442   81  

   

448   256  

 

592   16   342  

 

116  

   

384  

 

108  

 

456  

 

BMI- body mass index, N – total sample, SD - standard deviation 

 

Table 2. 

 

  Cardiac Primary Prevention Pulmonary  

Variables Pre 6MWTD Post 6MWTD Pre 6MWTD Post 6MWTD Pre 6MWTD Post 6MWTD 

Mean 327 410 368 442 310 342 

Mean ± 3SD 327 ± 93 410 ± 102 368 ± 246 442 ± 238 310 ± 100 342 ± 112 

Test used One - tailed paired t test One - tailed paired t test One - tailed paired t test 

t Stat 15.8 7.57 3.25 

P value ( < 0.05) 0.000 0.000 0.000 

 

 

4. Results 

 

Table 1 displays the descriptive statistics for the three study groups. As 

displayed in table 2, it was found that the 6 minute walk test distance (6MWTD) 

in the cardiac group improved from 327 ± 93m to 410 ± 102m (p<0.05); primary 

prevention improved from 368 ± 246m to 442 ± 238m (p<0.05) and pulmonary 
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group improved from 310 ± 100m to 342 ± 112m (p<0.05). The results were 

found to be both clinically as well as statistically significant. 

 

 

 

 
 

Figure 1. Distribution of the study group 

 

 

 

 

 

 

 

 

Figure 2. Improvement in the 6MWTD in the cardiac group 
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Figure 3. Improvement in the 6MWTD in the primary prevention group 

 

 

 
 

 
Figure 4. Improvement in the 6MWTD in the pulmonary group 
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5. Discussion 

 

The emergence of the CVD epidemic in India poses a great challenge to its 

health systems. Considering the increasing burden of cardiovascular diseases in 

India, both primary and secondary prevention are equally important [14].  

The patients who underwent open heart surgery and percutaneous 

transluminal angioplasty (PTCA) have shown a 30.68% and 20.15% improvement 

in their 6MWTD, respectively (Figure 2). It is recommended that all eligible 

patients with acute coronary syndrome or post coronary artery bypass surgery or 

post-PTCA should be referred to a comprehensive outpatient cardiovascular 

rehabilitation program either prior to hospital discharge or during the first follow-

up visit [5, 24, 25].  (Class I, Level of Evidence: A) [21]
 
The improvement 

achieved in these patients underscores the positive effect of cardiac rehabilitation 

on aerobic capacity in patients who have had a recent cardiac event [1, 5, 21, 24]. 

The group consisting of patients under medical management comprised 

mainly of patients diagnosed with low ejection fraction, chronic heart failure and 

stable angina. These patients showed an improvement of 21.44% in their 6MWTD 

(Figure 2). These patients are often at a higher risk than those who have 

undergone surgical intervention, and usually have a slower progression in their 

exercise intensity and duration. However, the improvement in their aerobic 

capacity was observed to be at a par with those who have undergone surgery. A 

comprehensive outpatient cardiovascular rehabilitation program should be 

recommended in patients with chronic angina [25, 27] (Class I, Level of 

Evidence: B) [21]. These programs can also be safe and beneficial for clinically 

stable outpatients with a history of heart failure [6, 15] (Class 2a, Level of 

Evidence: B) [21]. This being true, it is essential to closely monitor the symptoms 

of these patients as their exercise intensity and duration progresses. 

Patients in the primary prevention group were those with cardiac risk factors 

and who were at a potential risk of developing coronary artery disease. They 

showed a 20.15 % improvement in their 6MWTD (Figure 3). These patients being 

relatively fit, the progression in the exercise intensity is faster as compared to 

those who have undergone a recent cardiac event. However, the percentage 

improvement in their walking distance was lesser compared to the cardiac group 

because they began at a relatively higher baseline level. Hence, the scope of 

improvement is limited.  

In addition, it was observed that the highest number of patients that enrolled 

into the rehabilitation program were those who underwent open heart surgery and 

this can be attributed to the high salience of the surgical procedure to the patient 

and systematic referral by cardiac surgeons [23].
 
 It has been seen that in the 

Indian population, patients who received in-hospital care by a cardiologist, and 

were referred to CR while still in the hospital were more likely to follow up for 

rehabilitation as compared to those who visited their cardiologist on an outpatient 

basis [14]. 

As compared to the cardiac and primary prevention group of patients, those 

suffering from pulmonary conditions showed 10.14% improvement in their 

6MWTD (Figure 4). The pathophysiological changes in pulmonary conditions are 
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irreversible. Hence, the primary goal of the rehabilitation program is to help in 

reduction of perception of symptoms of dyspnea, improve aerobic capacity and 

quality of life. 

The improvement in skeletal muscle function after exercise training is 

responsible for gains in exercise capacity despite the absence of changes in lung 

function. Moreover, the improved oxidative capacity and efficiency of the skeletal 

muscles leads to a reduced ventilatory requirement for a given submaximal work 

rate, [18] this may reduce dynamic hyperinflation, thereby adding to the reduction 

in exertional dyspnea. Exercise training may have positive effects in other areas, 

including increased motivation for exercise beyond the rehabilitation 

environment, reduced mood disturbance. [8, 12, 16] less symptom burden [22] 

and improved cardiovascular function [4, 9].  

The patients diagnosed with obstructive lung disease clinically showed a 

better improvement in their aerobic capacity as compared to those diagnosed with 

restrictive lung disease. Studies on effect of rehabilitation in chronic respiratory 

patients highlight similar observations [22].
 
However, in the present study, due to 

the small number of patients in this group, it was difficult to find the significance 

for the same. 

While exercise forms the cornerstone of any rehabilitation program, yoga 

and diet helps to deal with the psychological stress related to the disease and 

maintain the nutritional status of the patient respectively. Yoga therapy uses the 

practices of asana, breathing, relaxation, visualization and meditation. It helps to 

reduce the underlying stress due to the disease experience that interferes in of 

healing and recuperation. It builds stamina, improves oxygenation and helps 

patients experience a sense of control, self-awareness and mindfulness. This has a 

very encouraging effect on the patient to continue the rehabilitation process [31].
    

Disease specific diet modifications help in reducing the risk of CVD and 

maintaining the overall nutritional balance in pulmonary patients with special care 

given to the protein intake in these patients [7, 28].
 

 

3.       Conclusion 
 

A comprehensive rehabilitation program is beneficial to patients with 

chronic cardiovascular and pulmonary diseases and helps to improve their overall 

aerobic capacity.  Patients should participate in a secondary prevention program 

(whether they have had an intervention or not), to reduce the risk of future 

cardiovascular or pulmonary disease progression. This is followed by 

maintenance of a healthy state and prevention of any further complications. 

Exercise rehabilitation can be beneficial to these patients irrespective of their 

stage of the disease. The amount of improvement depends on the pathophysiology 

and manifestation of the disease in these patients. It is well known that exercise 

coupled with yoga done at a specific intensity and duration improves the 

cardiovascular and physical well-being of the patients. However, in spite of this 

the participation rates in these programs in India are still very low. Improving 

participation in rehabilitation programs will improve health outcomes in patients 

suffering from chronic diseases. This in turn would help to improve their overall 
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quality of life and also help them cope with the disease as whole. The future scope 

of this study would be to assess the impact of such a comprehensive program on 

quality of life.  
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