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                                                        ABSTRACT 

Introduction: Chronic obstructive pulmonary disease (COPD) is a common 

preventable and treatable chronic respiratory disease. According to global burden do 

disease study 2010, COPD is a leading cause of morbidity and mortality worldwide. 

Respiratory and peripheral muscle dysfunction are the common extrapulmonary 

manifestations, which are often present in patients with COPD. The pathogenesis for  

such respiratory and peripheral muscle dysfunction is multifactorial which includes 

inflammation, oxidative stress, smoking, aging and other associated comorbidities. 

This muscular dysfunction results in hypoxemia, dyspnoea and decreased exercise 

tolerance, which impact negatively on health-related quality of life. Pulmonary 

rehabilitation including exercise training, education, nutritional intervention and 

psychosocial support is a standard care for patients with COPD to counteract disease 

manifestations. 

 

Aim and objectives: The aim of the study is to investigate the role of Inspiratory 

Muscle Training (IMT) and Peripheral Muscle Training  as a adjuvant therapy in 

improving exercise capacity, Quality Of Life (QOL) and pulmonary function among 

the COPD patients. 

 

Materials and methods: 100 COPD patients were enrolled in the study, they were 

randomised by simple randomisation into 2 groups : inspiratory muscle training group 

(using THRESHOLD ®, inspiratory muscle trainer device) and peripheral muscle 

training group (using THERABAND ® elastic resistance loop). Among them 43 



 
 

subjects in inspiratory muscle training group and 39 subjects in peripheral muscle 

training arm completed the training program. Each training session lasts for 15-20 

mins for 6 days a week for 3 weeks duration. The following parameters are measured 

at the baseline and after the completion of 3 weeks training program, the results were 

tabulated and analysed using standard statistical software:  

1) mMRC dyspnoea score 

 2) COPD Assessment Test (CAT) score       - As a measure of Quality of  life 

 3) Body Mass Index (BMI) 

 4) 6 Minute Walking Distance (6 MWD) 

 5) Oxygen saturation (SpO2)                         -  As a measure of exercise capacity 

 6) Forced Expiratory Volume in one second (FEV1) – As a measure of lung function 

 

Results: Statistically significant improvement in mMRC dyspnoea grading ,CAT 

score and 6MWD were seen in both inspiratory and peripheral muscle training groups. 

(P = 0.013, 0.038, 0.055 and  P = 0.019, 0.044, 0.048) respectively, whereas no 

significant improvement were seen in SpO2%, BMI and FEV1% values in both the 

training groups. 

 

Conclusion : Thus a 3 week training program of inspiratory and peripheral muscle 

training shown improvement in quality of life and exercise capacity, whereas no 

significant improvement is seen in lung function in the patients with moderate to 

severe COPD. 
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INTRODUCTION: 
 

Chronic Obstructive Pulmonary Disease  (COPD) is defined by the Global 

Initiative for Chronic Obstructive for Lung Disease (GOLD) as a common, 

preventable and treatable disease, which is characterised by a persistent airflow 

limitation and respiratory symptoms that is due to airways and / or alveolar 

abnormalities due to significant exposure to noxious particles or gases (1) 

   

 

 Chronic Obstructive Pulmonary Disease (COPD) is a major public health 

problem (2). It is characterised by emphysema, small airway disease and bronchitis 

associated with pulmonary hypertension. The chronicity of COPD  is  well 

documented and characterised by a progressive decline in lung function associated 

with airway narrowing due to inflammation, fibrosis and mucus plugging and 

parenchymal destruction with a loss of elasticity , gas exchange surface area and 

airway support with subsequent early airway closure (3). 

 

 

 COPD is the end result of a susceptible lung which is  being exposed to 

sufficient environmental stimulus. Caused principally by tobacco smoking and 

household air pollution (2). In 2016, there were 251 million cases of COPD  in world 

and it is estimated that COPD causes 3.15 million deaths per year (4). A systemic 

review in 2012 revealed that the prevalence of COPD in India lies between 6.5% and 

7.68% and it may be the 2nd leading cause of death by 2030 (5). Respiratory muscle 
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dysfunction and peripheral muscle weakness , which is frequently observed in COPD, 

plays a key role in the perception of dyspnoea, contributes to exercise intolerance in 

these patients and deportation of health related quality of life of these patients. (6,7,8) 

 

 Pulmonary rehabilitation is standard care for COPD patients. Pulmonary 

rehabilitation comprises of several components such as education, smoking cessation, 

psychosocial support, Inspiratory / breathing training, vaccination, oxygen support. 

Outcome can be assessed by measuring severity of dyspnoea, functional exercise 

capacity, laboratory measures of exercise performance, functional performance and 

nutritional status (9).  
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AIMS AND OBJECTIVES: 

The study  the role of Inspiratory Muscle Training (IMT) and Peripheral Muscle 

Training  as a adjuvant therapy in improving exercise capacity, Quality Of Life (QOL) 

and pulmonary function among the COPD patients. 
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 REVIEW OF LITERATURE 

 

COPD DEFINITION: 

 

COPD is a common, preventable and treatable disease that is characterised by 

persistent respiratory symptoms and airway limitation that is use to airway and/or 

alveolar abnormalities usually caused by significant exposure to noxious particles and 

gases. The chronic airflow limitation which characterises COPD is caused by a 

combination of small airway diseases (obliterative bronchiolitis) and parenchymal 

destruction (emphysema), their relative contribution varies from person to person. 

Chronic inflammation results in structural changes, narrowing of small airway and 

destruction of lung parenchyma. A loss of small airways may contribute to airflow 

limitation and mucociliary dysfunction, a characteristic feature of the disease (GOLD 

report, 2019) Global Initiative for chronic obstructive Lung Disease (10). 

 

  Chronic Obstructive Pulmonary disease (COPD) is a lung disease 

characterised by chronic obstruction of lung airflow that interferes with normal 

breathing and is not fully reversible. The more familiar terms ‘chronic bronchitis’ and 

‘emphysema’ are seldom used now- a-days, but are included within the COPD 

diagnosis. COPD is not simply a “smoker’s cough” but an under-diagnosed, life 

threatening lung disease. (WHO) 
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DIAGNOSIS OF COPD 

 

  COPD is confirmed by a lung function test called “spirometry” that 

measures how much and how quickly a person can forcibly exhale air. The standard 

respiratory function test for case detection of Chronic Obstructive Lung Disease 

(COPD) is spirometry (11). The criterion for diagnosis defined in guidelines is based 

on the FEV1/FVC ratio and the disease severity / grading  is based on Forced 

Expiratory Volume in one second (FEV1) from measurements obtaining during 

maximal forced expiratory manoeuvres. Based on specific cut off points for FER 

(FEV1/FVC < 0.7 after bronchodilator) and FEV1  (mild > 80% predicted, moderate 

50-80%, severe 30-49%, very severe <30% predicted). Spirometry is a safe and 

practical procedure and when conducted by a trained operator using a spirometer that 

provides quality feedback, the majority of patients can be coached to provide 

acceptable and repeatable results (12). 

 

 

GOLD DIAGNOSTIC CRITERIA FOR COPD (10) 

 

 

  If any of these indicators are seen in an individual overage of 40 years, 

spirometer is performed. These indicators are not diagnostic by themselves, but the 

presence of multiple key indicators increases the probability of a of COPD diagnosis. 

Spirometry is required to establish a diagnosis of COPD. 



9 
 

 

Dyspnoea that is: 

 

• Progressive over time 

 

• Characteristically worse with exercise 

 

• Persistent 

 

Chronic cough: 

 

• May be intermittent and may be unproductive. 

 

• Recurrent wheeze 

 

Chronic sputum production: 

 

• Any pattern of chronic sputum production may indicate COPD. 

 

 

 

 

Recurrent lower respiratory tract infections 

 

History of risk factors: 

 

• Host factors (such as genetic factors, congenital/ developmental 

abnormalities etc.,) 

 

• Tobacco smoke (including popular local preparation) 

 

• Smoke from home cooking and heating fuels 
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• Occupational dusts, vapours, fumes, gases and 

 

• Other chemicals. 

 

Family history of COPD and/or childhood factors: 

 

• Low birth weight, childhood respiratory infections etc., 

 

EPIDEMIOLOGY OF COPD – GLOBAL 

 

The risk of developing COPD is related to the following factors: (10) 

 

1. Tobacco smoke – including cigarette, pipe, cigar, water-pipe and 

other types of tobacco smoking popular in many countries, as well as 

environmental tobacco smoke (ETS). 

2. Indoor air pollution – from biomass fuel used for cooking and 

heating in poorly vented dwellings, a risk factor that particularly 

affects women in developing countries. 

3. Occupational exposures – including organic and inorganic dusts, 

chemical agents and fumes , are under appreciated risk factors for 

COPD. 

4. Outdoor air pollution- also contributes to the lungs total burden of 

inhaled particles, although it appears to have a relatively small effect 

in causing COPD. 

5. Genetic factors – such as severe hereditary deficiency of alpha-1- 

antitrypsin (AATD) 
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6. Age and sex – aging and female sex increases COPD risk. 

7. Lung growth and development – any factor that hinders the lung 

growth during gestation and childhood (low birth weight , respiratory 

infections etc.,) has the potential to increase an individual’s risk of 

developing COPD. 

8. Socioeconomic status – there is a strong evidence that the risk of 

developing COPD is related to socioeconomic status of the 

individual. However, it is unclear, whether this pattern reflects 

situations such as exposure to indoor and outdoor pollutants, over-

crowding, inadequate nutrition, infections or other factors are related 

to low socioeconomic status. 

9. Asthma and airway hyper-reactivity – ashram may be a risk factor 

for the development of airflow limitation and COPD. 

10. Chronic bronchitis – may increase the frequency of total and severe 

exacerbations. 

11. Infections – a history of severe childhood respiratory infection has 

been strongly associated with reduced lung function and increased 

respiratory symptoms during adulthood. 
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Global burden: 

 

  COPD is one of the most common chronic and disabling diseases and a 

growing cause of morbidity and mortality. It is currently the fourth leading cause of 

death worldwide, and the World Health  Organisation (WHO) predicts that it will 

become the third leading cause by 2020 (13). 

 

  Heart, Lung and Blood institute estimated  that there were 14.8 million 

people in the U.S  with physician- diagnosed COPD  and another 12 million with 

undiagnosed COPD. The worldwide unadjusted annual rate for COPD in 2008 was 

45.3 per 100,000 population. An estimated 64-210 million people worldwide are 

living with a diagnosis of COPD. This substantial population affected with COPD is 

expected to increase. Most detailed information about prevalence, morbidity and 

mortality is from high- income countries, but 90% of COPD- related deaths occur in 

low- and middle income countries. Different studies in the U.S. have determined 

COPD prevalence to be between 5 – 10% . COPD was thought to affect men and 

women equally, but studies have noted COPD may be more prevalent in women than 

men died from COPD in 2000 with previously more men dying than women. The 

diagnosis of COPD  in females increased in the United Kingdom as well as Canada, 

where the rate of diagnosis have plateaued in males (14). 

 

  The Global Burden of Disease study analyses data for over 300 diseases 

for 188 countries from 1990 to the most recent year. The Global Burden of Disease 
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report in 2012 had shown that COPD had become the third leading cause of death in 

the world. Globally there were 2.8 million deaths due to COPD, where India and 

China contributed 6.5 percent. The Data from Latin America Project for the 

investigation of obstructive lung disease (PLATINO) and the Burden of Obstructive 

Lung Disease Program (BOLD) have documented more severe disease than 

previously found and a substantial prevalence (3-11%) of COPD among never-

smokers (15). 

 

 

 

COPD BURDEN – INDIA 

 

  COPD in India is experiencing a continued increase in burden of 

Chronic Obstructive Pulmonary Disease (COPD). With an estimated prevalence of 

>57000000 people suffering from obstructive airway diseases (OADs), by the end of 

2016. India is in the second position for most number of morbidity and mortality cases 

from OADs after China (16). As per the countrywide estimates of the World Health 

Organisation, the COPD  morbidity assessed with disability adjusted life years was 

690 per 100000 population in 2004 (17). This is likely to be enormously high in a 

country like INDIA with a population of 1.25 billion. The age standardised death rate 

of 64.7 per 100000 population accounts for 20% of the annual worldwide COPD 

mortality (556000 out of 2748000 cases). In a recent single day point cross sectional 

study across India (POSEIDON) study, 14.5% of total population had visited a 
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physician for OADs. However since most of the information was obtained from 

private facilities in the urban areas which is unlikely to reflect the true burden of 

disease,  in rural India where prevalence of COPD is reported to be even higher and is 

continuously increasing than the urban population. The national commission on 

Macroeconomics and Health (NCMH) has identified India as one of the most affected 

countries by COPD (18). The commission identified about 17 million Indians were 

suffering from COPD in 2006. According to NCMH estimates, COPD is more 

prevalent in the rural areas of India compared to the urban parts of the country, the 

numbers are continuously on the increasing trend (16). 

 

PATHOPHYSIOLOGY 

INSPIRATORY MUSCLE WEAKNESS IN COPD PATIENTS 

 

  It has been well established that the function of inspiratory muscles (mainly  

the diaphragm) deteriorates in subjects with pulmonary emphysema (21,22). It is  due 

to the significant increase in lung volume known as pulmonary hyperinflation, which 

results in  shortening of the diaphragm and negative modification in the length-tension 

relationships. As a result, the diaphragm loses its capacity to develop adequate 

contractile force (23). Similarly the involvement of the airways, in patients with 

COPD, implies that the respiratory muscles have to experience increased workload to 

cope with increased airway resistance and airflow obstruction. Hence dynamic airway 

hyperinflation and increase in airway resistance increases the work of breathing, 

which occurs mainly in the inspiratory muscles. In other words, based on respiratory 
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mechanics, respiratory muscles (both inspiratory and expiratory muscles) are being 

subjected for heavy duty in adverse conditions. From a metabolic point of view, 

although under normal normal the nutrient and oxygen demands of respiratory 

muscles are relatively low (24), in patients with COPD they become progressively 

higher as a negative consequence of their increase in workload. This is of atmost 

importance in COPD patients whose oxygen delivery to these muscles can be readily 

compromised by simultaneous gas exchange abnormalities occurring in the lungs. 

Thus, respiratory muscles especially inspiratory muscles, in COPD patients are at a 

potential threat of exposure to negative metabolic balance between delivery of need 

and their demands (20). 

 

Like other striated muscles in the whole body respiratory muscles can also be 

influenced by several systemic factors such as inflammation and oxidative stress,  

depletion of nutrition and the effect of certain drugs used in the treatment  (Figure 1) 

(25-30).  Result of these local and systemic factors such as local inflammation, 

oxidative stress and epigenetic changes (31-33) will negatively impact the diaphragm 

and other respiratory muscles of COPD patients. 

 

However, the ability of diaphragmatic muscles will be improved in the mean time to 

develop even greater strength when compared to healthy persons, which is sufficient 

to overcome the hyperinflation of the lung(22). This can be explained by a fact that 

striated muscles are highly affected by environmental modifications , by their ability 

to modify the phenotype to adapt these conditions. Along with this, several studies 
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have shown evidence that the reason for well preserved lung function even in patients 

with significant airway and/or alveolar changes will be due to structural and metabolic 

changes seen in the respiratory muscles.Phenotypic changes occurring in the 

respiratory muscles of patients with COPD include modifications in the expression of 

structural proteins myosin heavy chain, mitochondrial and capillary content, 

sarcomere length and fibre type proportions and sizes (35-43). Moreover, some 

experimental studies suggest that these adaptive changes might be due to the 

occurrence of cascading events such as chronic increase in respiratory loads (44), due 

to transient muscle damage (45,46), which would be followed by respiratory muscle 

repair/regeneration and remodelling  (Figure 2)(44). However, along with adaptive 

changes, and muscle damage, there are several indications that myopathy can be seen 

in the respiratory muscles of patients with COPD (47). Therefore, this explains the 

fact that at a point of time isolated muscle fibre of respiratory muscle can have 

tendency to develop lesser force, when compared to healthy individuals, due to 

owning process of muscle damage and repair (48). 

 

Till now several studies dealt only with the changes that occurs in the inspiratory 

muscles of COPD patients, even though being an obstructive lung disease the changes 

that occur in expiratory muscles are not studied adequately.It is not only the 

mechanical changes in the lung that attributes to the expiratory muscle dysfunction, as 

it is in the inspiratory muscles . Hence it is the dynamic hyperinflation which helps the 

expiratory muscles by improving the length-tension relationship (50). Muscle 

deconditioning has no significant role in expiratory muscle dysfunction, as seen in 
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peripheral muscle dysfunction. The major culprits of expiratory muscle dysfunction in 

COPD patients are molecular and cellular abnormalities. But there are  certain few 

evidences which shows alteration in the phenotype of these muscle fibres  (41) but 

their metabolic properties remains to be same (51). 

 

 

PERIPHERAL MUSCLE DYSFUNCTION IN COPD PATIENTS 

 

As upper and lower limb muscles tend to perform different activities like walking and 

manipulation of instruments as they possess heterogeneous group of contractile 

elements. In patients with COPD there will be both upper and lower limb 

dysfunction(20,34),but the level of dysfunction may not necessarily be the same. 

Comparatively lower limb muscle dysfunction appears to be more severe than the 

muscles of upper limbs (49). It is the variation in the activities performed by these two 

group of muscles, which results in variable group of muscular dysfunction in patients 

with COPD. 

 

In patients with COPD, even though Lower limb muscle dysfunction appears to be a  

localised problem, it has a direct and severe impact on the exercise capacity 

(58).which is characterised by a reduction in muscle strength, endurance (34), and 

efficiency of muscle metabolism. This modification are more significantly seen in  

lower limb muscles of COPD patients, as it requires more oxygen for increased 

workload which in turn results in  increased lactate production (58). Till now several 



18 
 

studies have been performed in the vastus lateralis muscle (a part of quadriceps 

muscle), to analyse regarding these structural and functional modifications. From 

these studies it is evident that these muscles have shown mass reduction, reduction in 

smaller  muscle fibres, which is characterised by reduced percentage of oxidative 

fibres (MyHC-I), fewer blood vessels and capillary contacts per muscle fibre and 

reduced myoglobin content (40,59,60,61). In patients with COPD, oxygen delivery to 

the muscles are  relatively increased due to reduction in the oxidative capacity of these 

muscles(58,62). This modification clearly explains the peripheral muscle early lactate 

production and myocyte acidification (58,60,63,64). In contrast to changes seen in the 

oxidative pathways, the activity of glycolytic pathways are intact or even increased at 

some instances in these patients (59,60). 

 

Even though lesser number of studies dealt with upper limb muscles than those 

dealing with lower extremities, there is no significant difference in the findings with 

the relative maintenance of histological, biochemical and functional properties in the 

muscles of upper limb muscles also (49,65-68). Similar to respiratory muscles other 

skeletal muscles also shows certain modifications but they are more characteristically 

seen in lower limb muscles compared to other group of muscles.which was evident by 

the study of Deltoid muscle, for instance, shows the coexistence of different fibre size 

subpopulations (normal, hypertrophic and atrophic) (65),thereby preserving the 

percentages of different fibre types as well as the enzyme activities in the aerobic 

pathways (66). The brachial biceps, on the other hand, show similar results with 

unchanged fibre type composition along with a mild decrease in size as well as 
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preserved behaviour in the aerobic pathways (67,68). The final result of all of these 

cellular and molecular changes is generally characterised by mild-to-moderate 

reduction in the functional properties of the upper limb muscles, which has a lower 

impact on the activities and life of the patients than lower limb muscle dysfunction 

(49). 

 

Even though the causes of peripheral muscle dysfunction have not been completely 

elucidated, the sequential events of reduced physical activity and muscle 

deconditioning in the lower limb muscles, plays a key role (Figure 1) (24,20,34). since 

other intrinsic and systemic factors are also implicated in this disease process, it is 

only partial reversibility of functional and structural limb muscle changes that can be  

achieved by muscle training. 

 

To sum up, changes shown by different skeletal muscles in COPD patients are very 

heterogeneous, depending upon the level of muscle group being involved. This 

indicates that these changes are most probably the result of the complex interaction of 

different factors, with each one being unique for any particular muscle (69).  
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Figure 1: Consequences of tobacco smoking include local (pulmonary) and 

systemic inflammation. The former will lead to pulmonary  

changes characteristic of COPD, whereas the latter appears to be linked to its 

extrapulmonary manifestations including muscle dysfuntion.  

However, the key deleterious etiologic factors for muscle dysfunction are 

pulmonary hyperinflation for respiratory muscles and  

deconditioning for limb muscles. 
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        Figure 2: Process of tissue regeneration and remodelling  

 

 

Systemic factors involved in muscle dysfunction in COPD 

Inflammation 

This involves both systemic and local factors since inflammatory activity has actually 

been demonstrated both in different organs such as skeletal muscles and in the blood 

of COPD patients (25,70-73). It is believed that the initial tobacco and/or other 

pollutants plays a major role by causing damage to the alveolus-capillary interface by 

initiating inflammatory process, which then immediately spreads through the systemic 

bloodstream targeting different organs (74). Initial inflammatory process induced by 

these deleterious factors is confined to the airways, lung parenchyma and pulmonary 

vessels is later disseminated through systemic circulation reaching different target-
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organs including skeletal and respiratory muscles which known as “spill over theory” 

(71,75-77). However, these pathophysiological pathway is not evident in all the cases, 

the absence of concordance between the inflammatory markers found in the blood and 

in other tissues, and the occasional occurrence of systemic manifestations preceding 

clear lung involvement strongly argues against this “spill over” theory (30,78,79). 

Whether by one way or the other, it is generally accepted that chronic systemic 

inflammatory signal and the subsequent multi-local inflammatory activity are 

significant contributors to muscle dysfunction occurring in COPD patients (20,30,34). 

Among the evidence for the persistent systemic inflammatory signal there are studies 

which show increase in the serum levels of C-reactive protein (CRP), fibrinogen and 

different pro-inflammatory cytokines (25,71,73). Similarly, inflammatory activity has 

been documented in other extra-pulmonary targets such as striated muscles. In this 

respect, an increase in inflammatory cells has been documented within the peripheral 

muscles of COPD patients (72). It is well known that these inflammatory mediators 

are capable of inducing an increase in the degradation of intracellular proteins either 

through direct activation of proteolytic pathways or the development of oxidative 

stress (80,81). 

 

It is important to consider the probable impact that these exacerbations have on the 

levels of systemic inflammation in COPD. It has been demonstrated that the 

inflammatory load already present in the bronchial tree of the patients can be further 

increased by colonization or infection by microorganisms (82), which in turn may lead 

to exacerbations (83). Thus both local anti-inflammatory or antibacterial drugs plays a 
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significant role in reducing the inflammatory overload present in the pulmonary 

circulation, thereby helps to control subsequent exacerbation. Whereas the extent of  

this local over inflammation, which  is reflected in extrapulmonary targets such as 

skeletal muscles still remains unclear. 

 

 

 

Oxidative and nitrosative stress 

Reactive oxygen species (ROS), a product of the oxygen metabolism, and nitric oxide 

(NO) are normally present in skeletal muscles. Moderate level of  ROS, which are 

provided by the mitochondrial respiratory chain pathway and some microsome 

enzymes, are necessary for excitation-contraction coupling and an appropriate muscle 

contraction (84). Whereas the NO (synthesized by specific enzymes in both fibres and 

endothelium), which plays a role in myeloblastic differentiation, carbohydrate 

metabolism, blood flow regulation to the fibres and electromechanical muscle 

coupling (85,86). when there is an imbalance in the production of oxygen or nitrogen 

reactants and their scavengers, which are unable to buffer them, it results in oxidative 

and nitrosative stress. Thereby leads to structural damage in proteins, lipids and DNA 

(87-89). Interestingly, the production of free radicals is modulated by a variety of 

factors including the presence of inflammatory mediators, blood supply and level of 

activity (90,9). 

 



24 
 

Free radical stress is believed to be involved in the pathogenesis of COPD. Moreover,  

inflammation, oxidative and nitrosative stress appears to extend beyond the 

pulmonary circulation to  reach the systemic circulation. The level of oxidative stress  

within the respiratory muscles appears to be directly related to the mechanical load 

that respiratory muscles have to deal with, and thereby oxidative stress directly 

influences their function (31). Increased activity of enzymes such as creatine kinase 

and carbonic anhydrase in lower limb muscles in turn show even more stress than 

respiratory muscles (92), and the functional consequences (93,98). In such  case, the 

local oxidative stress might be due to  the reduction in muscle activity, which is 

known to reduce the content of reduced glutathione, while increasing both oxidized 

glutathione and lipid peroxidation (99). However, the presence of all these deleterious 

phenomena open new therapeutic strategies for COPD patients, such as the use of 

antioxidants (93,96). 

 

Deconditioning 

Deconditioning is the result of the reduction in physical activity that, as previously 

mentioned, is frequent in COPD patients as a consequence of several factors such as 

their ventilatory limitation, a sedentary life style and reactive depression. The effects 

of deconditioning are especially more evident in lower limb muscles. There is strong 

evidence that deconditioning of limb muscles play a  key role in the structural, 

functional and biochemical changes observed in COPD  patients , characterised by 

fibres becoming smaller and the proportion of type II fibres increases (97), and they 

are partially reversible with training (98). However, the fact that muscle dysfunction 
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has been observed even in hand muscles (49), which are being continuously used even 

by very severe COPD patients, and that training does not completely reverse all 

muscle abnormalities (58,98), strongly suggests that deconditioning is not the only 

factor. 

 

A particular case is the muscle dysfunction appearing in those COPD patients who 

have been submitted to mechanical ventilation, with or without complete sedation. 

This therapeutic procedure, provides the advantage of  absolute or relative respiratory 

muscle rest, which leads to muscle involution and dysfunction (99). However, in this 

specific case, disuse is not limited to limb muscles but also affects respiratory muscles 

(100,101). However other factors commonly seen  in critically ill patients, like sepsis, 

and drugs (27,101-103) can cause further deterioration of muscle function in COPD 

patients submitted to mechanical ventilation. 

 

Nutritional abnormalities 

Nutritional abnormalities expressed as body wasting and changes in body composition 

are also frequently observed in COPD patients (28,29,104). Body mass index (BMI) is 

the most currently used nutritional threshold variable, since it is clearly related to life 

expectancy in COPD patients (105). However, this is a very general parameter that 

can lead to an underestimation of nutritional abnormalities, especially in women. 

Therefore, Fat Free Mass Index (FFMI) has been proposed as a better and more 

sensitive alternative for classifying these patients than BMI (106). Malnutrition 

associated with COPD can lead to reductions in muscle mass, changes in the 
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proportions and size of muscle fibres (107), and muscle dysfunction (29). It has been 

attributed to different factors including the presence of systemic inflammation 

(25,30,34,73), a reduction in food intake (probably due to changes in leptin 

metabolism) (108), and an increase in metabolic cost derived from the increased work 

of breathing (which in turn is the consequence of the impairment in the mechanical 

properties of the ventilatory system) (30,109). The prevalence of nutritional 

abnormalities, however, does not appear to be homogeneous through different 

geographical areas, since it seems to be lower in Mediterranean countries than in 

Northern Europe and North America (110,111). These differences have been 

attributed to life-style factors such as dietary habits and the level of physical activity 

(112). 

 

Gas exchange abnormalities 

Ventilation-perfusion mismatching present in COPD patients frequently results in 

chronic hypoxia, with or without hypercapnia. In addition, respiratory muscle 

dysfunction  also contribute to gas exchange abnormalities  due absolute or relative 

hypoventilation . In this condition, both chronic hypoxia and hypercapnia can have 

effects on muscle function. In hypoxia, due to reduced supply of oxygen for aerobic 

reactions  reduction of muscle strength and endurance are evident, which in turn  

contributing to exercise limitation (113,114). This loss of muscle function can be 

explained by the induction of systemic inflammation, oxidative stress and apoptosis, 

the imbalance between protein synthesis and catabolism (proteostasis), the limitation 

in the aerobic pathways and impaired muscle regeneration (115-118). Hypercapnia, 
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either  directly or through the development of respiratory acidosis,  induces an 

impaired muscle proteostasis and it  affects muscle contractile properties (119-121). 

 

 

Tobacco smoking 

It is well known that even nonsymptomatic smokers can exhibit fatigability and 

reduced muscle resistance (122,123). This can be due to the anorectic effects of 

tobacco, which leads to loss of muscle mass,  induces inflammation,  increase in 

oxidative stress, imbalance between protein synthesis and degradation in the muscle, 

and also blockade in  the neuromuscular transmission (74,78,124-126). 

 

Drugs 

Some drugs like systemic steroids is well known for its deleterious effects on muscle 

structure and/or function, they are frequently used in the management of COPD 

patients. Steroids can induce both chronic and acute myopathies .At times even low 

doses of systemic corticosteroids  can also result in weakness of proximal muscles, if 

taken during a relatively long period of time. Acute myopathy in turn appears a few 

days after steroid administration, and the symptoms do not predominate in a particular 

muscle group. Therefore, it is not surprising that corticosteroids have always been 

related to muscle dysfunction in COPD patients, since they even influence their 

survival expectancies (127). 

 

Anabolic hormones decrease or inefficiency 
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Plasma levels of testosterone, a steroid hormone with important anabolic effects such 

as the increase in muscle protein synthesis , have been shown to be reduced in some 

COPD patients. This abnormalities has been explained by the effects of smoking, 

hypoxia and drug therapies (19) but its functional implications still remains unclear . 

In the case of the growth hormone, another powerful anabolic agent, the problem is 

not the plasma level but the interaction with the insulin-like growth factor , which is 

altered and  they can potentially impair proteostasis and thereby reduces muscle mass 

leading to muscular dysfunction (30). 

 

Exercise 

This factor is essential to muscle performance but should be kept between 

physiological limits. When exercise is too intense it leads to development of metabolic 

dysregulation, systemic inflammation, oxidative stress, muscle damage and inhibition  

of gene expression, crucial for muscle mass maintenance (46). Therefore, it is not 

surprising that it can also contribute to muscle dysfunction . This could be the 

consequence of a reduced matching between the expression of genes linked to 

bioenergetics and those participating in programs of muscle regeneration and 

remodelling . Furthermore, its not only the intensity of  exercise but also exercise for 

longer can influence the response of the muscle in COPD patients, mostly in those 

COPD patients with reduced body weight. In this respect, high intensity training 

program can result in oxidative stress in the patient’s muscles during  first few weeks  

but if the program lasts longer for more than 8 weeks , these effects may disappear . 
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Exacerbations 

The relationships between inflammation and infections present during exacerbations 

and muscle dysfunction have been previously analysed. However, these acute 

exacerbation episodes will involve other deleterious factors such as physical 

inactivity, negative energy balance and use of systemic steroids (30). Therefore, it is 

not surprising that exacerbations are widely considered to be one of the factors that 

contribute the most to muscle wasting and dysfunction (19,20,30). Both of these 

develop early in an episode of exacerbation, and last for a relatively longer time (30). 

Conversely, those patients with muscle dysfunction show an increased risk of hospital 

admission due to exacerbations. 

 

Comorbidities and aging 

These are also potential additional contributors for muscle dysfunction in COPD 

patients. On the one hand, many of the most frequent comorbidities of this respiratory 

disorder, such as chronic heart disease, diabetes and cancer also lead to muscle 

wasting and dysfunction (19,20,30,107). On the other hand, developed societies are 

characterised by an increased number of elderly individuals with chronic conditions 

such as COPD. Aging per se associates with loss of muscle mass (sarcopenia), 

fibrosis, mitochondrial efficiency, functional impairment in the neuromuscular 

junction, and progressive muscle inability to perform daily life tasks. 
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Thus local and systemic inflammation,  oxidative stress, apoptosis, muscle 

injury, regeneration defects, imbalance between protein synthesis and destruction, loss 

of capacity of enzymes in the aerobic pathways, changes in fibre size and type 

proportions have the contribution in inspiratory and peripheral muscle dysfunction in 

COPD patients 

 

RELEVANT STUDIES: 

 

Impact of Inspiratory muscle training in COPD patients: 

 

  In Beckerman et al (2005) study the long-term benefits of inspiratory 

muscle training (IMT) on inspiratory muscle strength, exercise capacity, the severity 

of dyspnoea, quality of life and hospitalisations in patients with severe COPD were 

assessed. Forty-two COPD patients with FEV1< 50% of predicted were randomised 

into a group that received IMT for 1 year, and a control group that received inspiratory 

muscle training with a very low load as sham training. There was a statistically 

significant increment in inspiratory muscle strength (at the end of the third month of 

training) as evaluated  by maximal inspiratory pressure (from 71 ± 4.9 to 90 ± 5.1 cm 

H2O, p < 0.005) and 6-min walk distance (at the end of the third month of training; 

from 256 ± 41 to 312 ± 54 m; p < 0.005), comparatively a reduction in the mean Borg 

score during breathing against resistance (at the end of the ninth month of training), 

improvement in the health-related quality-of-life scores (at the end of the sixth month 

of training) in the training group however not in the control group.    Towards the end 
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of the training year, these progresses obtained were maintained; in addition, a decrease 

in utilisation of health-care and hospitalisation days was observed (128). 

 

 In Scherer TA et al (2008) study  30 COPD patients were  randomised to 

respiratory muscle training (RMT; n = 15) with a new portable device or to breathing 

exercises with an incentive spirometer (controls; n = 15). Both groups trained twice 

daily for 15 min for 5 days per week for 8 weeks duration. At the end of training 

period, training-induced changes were significantly higher  in the Respiratory Muscle 

Training group than in the control group for the following variables: respiratory 

muscle endurance measured through sustained ventilation (+825 +/- 170 s  versus -27 

+/- 61 s, p < 0.001), inspiratory muscle endurance measured through incremental 

inspiratory threshold loading (+58 +/- 10 g versus +21.7 +/- 9.5 g, p = 0.016), 

maximal expiratory pressure (+20 +/- 7 cm H2O versus -6 +/- 6 cm H2O, p = 0.009), 

6-Min Walking Distance (6 MWD) (+58 +/- 11 m versus +11 +/- 11 m, p = 0.002), V 

O2 peak (+2.5 +/- 0.6 ml/kg/min versus -0.3 +/- 0.9 ml/kg/min, p = 0.015), and the 

Short Form -12 (SF-12) physical component score (+9.9 +/- 2.7 versus +1.8 +/- 2.4, p 

= 0.03). Whereas changes in dyspnoea, maximal inspiratory pressure, treadmill 

endurance, and the SF-12 mental component score did not differ significantly between 

the RMT and control groups. Thus home based respiratory muscle endurance training 

by Inspiratory Muscle Trainer device has beneficial effects in COPD patients and 

ventilatory limitation (129). 
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 In Riera H et al (2001)  study the efficacy of target-flow inspiratory muscle 

training (IMT) on respiratory muscle function, exercise performance, dyspnoea, and 

health-related quality of life (HRQL) in patients with COPD were assessed. Twenty 

patients with severe COPD were randomly assigned to a training group (group T) or to 

a control group (group C). Patients in group T (n = 10) trained with 60 to 70% 

maximal sustained inspiratory pressure (SIPmax) as a training load, and those in 

group C (n = 10) received no training. Group T trained at home for 30 min daily, 6 

days per week for 6 months duration. The following parameters are measured 

spirometry, SIP max, inspiratory muscle strength,  maximal oxygen uptake (VO2), and 

minute ventilation (VE). Exercise performance in these subjects were evaluated by the 

distance walked in the Shuttle Walking Test (SWT). Changes in dyspnoea and HRQL 

also were measured. Results showed significant increases in SIPmax, maximal 

inspiratory pressure, and SWT only in group T (p < 0.003, p < 0.003, and p < 0.001, 

respectively), and significant differences after 6 months between the two groups (p < 

0.003, p < 0.003, and p < 0.05, respectively). Whereas the levels of VO(2) and VE did 

not change in either group. The values for transitional dyspnoea index and HRQL 

improved in group T at 6 months in comparison with group C (p < 0.003 and p < 

0.003, respectively).Thus targeted IMT helps in relieving dyspnoea, increases the 

capacity to walk, and improves HRQL in COPD patients (130). 

 

 In Hsiao SF et al (2003) study efficacy of  two types of inspiratory muscle 

training (IMT) devices on inspiratory muscle function, exercise capacity, and quality 

of life in patients with COPD were analysed. Forty two patients with moderate to 



33 
 

severe COPD were randomised to either a control group, a group receiving pressure 

threshold inspiratory muscle training, or a group receiving targeted resistive 

inspiratory muscle training. This is  home-based training program comprised of two 

15-minute sessions a day, 5 days a week for 8 weeks. Among them thirty patients 

completed the program, 10 from each group. After training, a significant increase in 

endurance time was found in the threshold group and targeted resistive group 4.4 +/- 

3.2 min and 3.0 +/- 2.9 min, respectively. The 6-minute walking distance also 

increased significantly in both training groups. Thus targeted resistive IMT with a 

controlled training load and threshold IMT and can be incorporated in the treatment of 

COPD patients (131).  

 

 In Berry JK et al (1996) study  25 patients with moderate COPD were 

randomly assigned into three groups. Eight patients received IMT along with General 

Exercise Reconditioning, GER+IMT; nine patients received general exercise 

reconditioning, GER; eight patients in control group. All groups used a spring-loaded 

inspiratory muscle trainer; however, the GER and CONTROL groups breathed 

through these devices at only 15% of their maximal inspiratory pressure. All patients 

had three training sessions per week for  12 week period as supervised sessions. At the 

end of training period there were no significant differences in spirometric 

measurements, maximal inspiratory pressure, or maximal oxygen consumption among 

any of the three groups after the intervention. whereas twelve-minute walk distance 

was significantly greater in the GER+IMT and GER groups than in the CONTROL 

group. These results demonstrate that GER+IMT and GER alone are equally effective 
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in improving exercise performance and severity of dyspnoea in patients with COPD 

(!32).  

 

 In Larson JL et al (1988) study the effects of two months of IMT with 

threshold breathing device at inspiratory pressure loads equal to either 15 or 30% of 

each patient's maximal inspiratory pressure (Pimax) among the COPD patients. In this 

study subjects were randomised into 2 treatment groups, 12 in the 15% group and 10 

in the 30% group. Patients who trained with the 30% load shown improvement in 

Pimax by a mean of 12 ± 9 cm H2O and 12-min distance walk (12MD) by 199 ± 90 

feet . Whereas Patients who were trained with the 15% load demonstrated no 

improvements in Pimax, endurance time, and 12MD. Similarly there were no changes 

in patients' report of functional impairment (Sickness Impact Profile), mood (Profile 

of Mood States), health status (Health Perceptions Questionnaire), and pulmonary 

symptoms (respiratory symptom log)in these patients (!33). 

 

 In Lisboa C et al (1997) et al study on the effects of IMT on exercise 

performance. Twenty COPD patients with mean age of  62 ± 1 years and mean 

FEV1/FVC 36 ± 2% were trained 30 min daily for 6 days a week during 10 weeks, in 

2 groups either 30% (Group 1) or 10% (Group 2) of peak maximal inspiratory 

pressure (P I max) as a training load. Exercise performance was evaluated by the 6 

Minute Walking Distance (6MWD), changes in oxygen consumption (V'O2) and 

minute ventilation (V'E). Results of the study showed a significant increment in peak 

PI,max in both groups, whereas dyspnoea and 6MWD improved only in Group 
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1.whereas no increment in maximal workload or in peak V'O2 was observed in either 

group. Thus inspiratory muscle training using a load of 30% peak maximal inspiratory 

pressure, improves dyspnoea, increases walking capacity in COPD patients (134). 

 

          In Shahin B et al (2008) study the benefits of a short outpatient program of 

Inspiratory Muscle Training (IMT) on inspiratory muscle performance, exercise 

capacity, perception of dyspnoea, and the Inspiratory Fraction (IF) were assessed. 

Thirty severe COPD patients (24 males, 6 females)with mean FEV1 = 46.21% ± 6.7% 

predicted, FEV = 33.6% ± 8.04% predicted were recruited for this study and had 3 

months of IMT (30 minutes/day for 6 days/week) as an outpatient program. Following 

IMT, there was a statistically significant increase in inspiratory muscle performance, a 

decrease in severity of dyspnoea , an increase in the distance walked during the 6 

minute walk test, from 245 ± 52.37 m to 302 ± 41.30 m, and finally an increase in the 

IF  from 27.6 ± 9.7% to 31.4% ± 9.8%.Hence this study concludes that in patients 

with significant COPD, IMT results in improvement in exercise capacity, 

performance, severity of dyspnoea, and IF as a prognostic factor (135). 

 

 In Covey MK et al (2001) study on High-intensity inspiratory muscle training 

(H-IMT) in COPD patients (n=27).These patients were randomised to IMT group (n = 

12) or control group (n = 15). The IMT group trained with a threshold loaded device 

for 30 minutes a day for 16 weeks using interval training techniques. Training was 

initiated with baseline of inspiratory pressure load of, 30% of maximal inspiratory 

pressure (Plmax) and if patient tolerated gradually increased to 60% of Plmax. The 
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following variables were measured before and after 4 months of IMT: inspiratory 

muscle strength (Plmax), respiratory muscle endurance (discontinuous incremental 

threshold loading test [DC-ITL]), dyspnoea (Chronic Respiratory Disease 

Questionnaire [CRQ]), and the Borg Category-Ratio Scale ratings of perceived 

breathing difficulty (RPBD) at equal loads during the DC-ITL.In the IMT group, 

Plmax increased from 64 ±15 to 75 ± 17 cm of H2O, whereas performance on the DC-

ITL test increased from a maximal load of 37 ± 12 to 53 ±13 cm of H2O, and RPBD 

decreased from 5.5 ± 2.5 to 3.8 ±   2.6 and the CRQ Dyspnea Scale improved from 

18.1± 5.1 to 22.4 ± 5.2 .Thus Inspiratory muscle training at high-intensity loads 

significantly improved inspiratory muscle strength, respiratory muscle endurance, and 

respiratory symptoms in COPD patients (136). 

 

 In Hill k et at study (2006) Sixteen COPD patients with mean FEV1 37.4 

±12.5% underwent High Inspiratory Muscle Training (H-IMT), which is performed at 

the highest tolerable inspiratory threshold load. Seventeen COPD patients with mean 

FEV1 36.5  ± 11.5% underwent sham inspiratory muscle training (S-IMT) at 10% of 

maximum inspiratory pressure.  Three training sessions a week for 8 weeks and 

training sessions were fully supervised. After the training period lung function, 

maximum inspiratory pressure, maximum threshold pressure, exercise capacity, 

dyspnoea and QoL (Chronic Respiratory Disease Questionnaire; CRDQ) were 

obtained. H-IMT increased maximum inspiratory pressure by 29%, maximum 

threshold pressure by 56%, 6-min walk distance by 27 m, and improved dyspnoea and 

fatigue (CRDQ) by 1.4 and 0.9 points per item, respectively. These changes were 
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significantly greater than any seen following S-IMT. Thus high-intensity inspiratory 

muscle training improves inspiratory muscle function in subjects with moderate-to-

severe chronic obstructive pulmonary disease, yielding meaningful reductions in 

dyspnoea and fatigue (137). 

 

 In Kim MJ et al (2003) study the effects of 6 months of muscle training with an 

inspiratory pressure load equal to 30% of the maximal inspiratory pressure (PImax) 

was compared with a sham training group, in which the subjects were trained with a 

light inspiratory pressure load. In this study 67 COPD patients were followed for 6 

months. Both groups demonstrated improvements in performance of PImax, 

respiratory muscle endurance time, 12-Minute Distance Walk, and severity of 

dyspnea. But the treatment group did not demonstrate significant effects beyond those 

observed in the control group. Improvements in performance were related to improved 

coordination of the inspiratory muscles and desensitization to dyspnea (138). 

 

 Perusser BA et al (1994)  study determined the effect of a high vs low resistive 

inspiratory muscle interval training protocol on inspiratory muscle strength (PImax), 

incremental inspiratory threshold loading (Pitl), inspiratory muscle endurance (IE), 

and 12-minute distance test (12 MD) in severe COPD patients. Patients were 

randomised into 3 groups ,Group 1 (n = 12) received supervised high resistive loading 

at approximately 52 percent PImax and group 2 (n = 8) received supervised low 

resistive loading at approximately 22 percent PImax. All subjects trained three times 

weekly (progressing from 5 min per session in week 1 to 18 min per session in week 
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12) for 12 weeks duration. After three practice sessions, measures of PImax, Pitl, IE, 

and 12 MD were taken at baseline, at 4-week intervals, and within 72 h of completing 

the protocol. Group 1 showed significant improvement in all four parameters while 

group 2 improvement only in Pitl, IE, and 12 MD. The results suggest there is no 

significant difference between high and low resistive interval training in more 

severely impaired patients with COPD (139). 

 

 Ramirez-Sarmiento A et al (2002)study evaluated the effects of a specific 

inspiratory muscle training protocol on the structure of inspiratory muscles in patients 

with chronic obstructive pulmonary disease. Fourteen patients with mean FEV1 of  24 

± 7 % predicted were randomised to either inspiratory muscle or control group. 

Supervised breathing using a threshold inspiratory muscle trainer device was 

performed 30 minutes per day, five times a week, in total 25 sessions per patient. The 

inspiratory training group was subjected to inspiratory loading equivalent to 40 to 

50% of their maximal inspiratory pressure (P I MAX). Biopsies were taken from 

external intercostal muscles and vastus lateralis (control muscle) before and after the 

training period. Muscle samples were analysed using monoclonal antibodies against 

myosin heavy chain isoforms I and II. Increase in both inspiratory muscle  strength 

and endurance were observed in the inspiratory training group. This improvement was 

associated with increases in the proportion of type I fibres by approximately 38%, and 

in the size of type II fibres by approximately 21% in the external intercostal muscles. 

No changes were observed in the control muscle. The study demonstrated the 
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inspiratory training induced functional improvement of the inspiratory muscles and 

structural adaptation  of external intercostal muscles (140). 

 

 In Weiner P et al study (2000) study on cumulative effect of long-acting 

bronchodilators, exercise, and inspiratory muscle training on the perception of 

dyspnoea in patients with advanced COPD. Spirometry, submaximal exercise 

performance, inspiratory muscle strength and endurance were assessed before and 

following three consecutive 6-week periods of therapy with a long-acting 

bronchodilator (LABD), the LABD plus exercise, and the LABD plus exercise plus 

Inspiratory Muscle Training (IMT) in 30 patients with moderate-to-severe COPD. 

There was a small, statistically insignificant, increase in FEV1 in the study group 

(from 1.42 ± 0.3 to 1.49 ± 0.4 L) following the LABD therapy period. There was a 

significant increase in the 6-min walk distance following the therapy period with the 

LABD plus exercise and an additional small increase following the therapy period 

with the LABD plus exercise plus IMT period. Thus in patients with moderate-to-

severe COPD, following sequential periods of therapy with the LABD, the LABD 

plus exercise, and the LABD plus exercise plus IMT, among which most significant 

improvement was associated with IMT and not with the LABD and exercise training 

(141).  

 

 In Weiner P et al study (2003) study on Compared specific expiratory, 

inspiratory, and combined muscle training programs in COPD patients .Thirty-two 

patients with significant COPD with mean FEV1 37% of predicted were recruited for 
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the study. The patients were randomized into four groups: eight patients were assigned 

to receive specific expiratory muscle training (SEMT); eight patients received specific 

inspiratory muscle training (SIMT); eight patients received SEMT and SIMT (ie, the 

SEMT + SIMT group); and eight patients who were assigned to control group. All 

patients trained daily, six days  a week, with each session for one hour duration, for 3 

months. Spirometry, respiratory muscle strength and endurance, 6-min walk test 

distance, the perception of dyspnoea, and the Mahler baseline dyspnoea index (BDI) 

were measured before and after training. At the end of Training period statistically 

significant increase in the expiratory muscle strength and endurance and in the 

inspiratory muscle strength and endurance (in the SIMT and SEMT + SIMT groups). 

There was significant increase in the distance walked in 6 min in all three training 

groups. Thus the inspiratory and expiratory muscles can be specifically trained with 

improvement of both muscle strength and endurance. The improvement in the 

inspiratory muscle performance is depicted with an increase in the 6-min walk test 

distance and improvement in the  sensation of dyspnoea (142).  

 

Impact of peripheral muscle training  

 

 In Nyberg A et al (2015) study 44 patients with moderate-to-very-severe 

COPD with  mean FEV1 of 44.6% predicted were randomised to either the 

experimental group receiving 8 weeks of Resistance Training (RT) using elastic 

bands, three sessions per week or the control group receiving the patient education 

alone. After the training period the experimental group shown statistically significant 

improvement  on the 6-min walk test [34 m (14-54)] and the 6-min pegboard and ring 
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test [20 rings (3-37)]. Whereas no significant improvement in chronic respiratory 

disease questionnaire [0.1 (-0.2 to 0.4)]. On secondary outcomes, results were in 

favour of the experimental group such as upper extremity endurance capacity, 

muscular function and depression. Resistance Training can increase functional 

capacity and muscular function but not cycle endurance capacity and HRQOL in 

patients with moderate-to-severe COPD (143). 

 

  In Weibing WU et al (2018) study aimed to investigate the effect of Liuzijue 

exercise (a forceful expiration exercise) combined with elastic band resistance 

exercise on patients with chronic obstructive pulmonary disease (COPD) for three 

times a week. In these subjects  Spirometry, 6-minute walking test (6MWT), 30-

second sit-to-stand test (30 s SST), handgrip strength test, and St. George’s 

Respiratory Questionnaire (SGRQ) were assessed at before and after the training 

period. After six-month intervention, the forced expiratory volume in 1 second (% 

predicted), 6-minute walking distance (6MWD), 6MWD% predicted, 30 s SST, and 

SGRQ were significantly improved  (p < 0.01). Thus intervention program of Liuzijue 

exercise combined with elastic band resistance exercise  has beneficial effects on 

COPD patients especially in the aspect of exercise capacity and quality of life (144). 

 

 In Simone D O’Shea et al (2007) study  54 moderate to severe COPD patients, 

performed six progressive resistance exercises three times per week (once a week 

hospital-based, twice a week home-based) for 12 weeks. Exercise intensity was three 

sets of 8 to 12 repetition maximum progressed against elasticised bands of increasing 
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resistance. The control group received no intervention. Primary outcomes were 

strength (knee extensor, hip abductor, shoulder horizontal flexor, shoulder flexor) 

measured using hand-held dynamometry, and walking capacity measured by the 6-

minute Walk Test performed before and after intervention and again at 12 weeks after 

the cessation of intervention. The experimental group increased their knee extensor 

strength by 4.9 kg (95% CI 1.1 to 8.7) more than the control group by Week 12. Thus 

home-based progressive resistance exercise program led to modest improvements in 

knee extensor strength in COPD patients (145). 

 

         In Marques et al study (2015) study 22 COPD patients with a mean age of 

68.0   ± 11.8 years and FEV1 of 72.2  ± 22.3% predicted, participated in a 12-week 

Pulmonary Rehabilitation (PR) program including exercise training and psychosocial 

support and education. Exercise training sessions comprised endurance, strength, and 

a specific component of balance training (elastic bands and free weights). The Timed 

Up and Go (TUG) test was used to measure the functional balance before and after  

PR. Health-related quality of life (St George's Respiratory Questionnaire), quadriceps 

muscle strength (10 repetition maximum), and exercise tolerance (6-minute walk test) 

were also assessed. Patients demonstrated significant improvements in TUG scores 

after PR (mean increase of 1.7 ± 1.4 seconds; P = .001), even St George's Respiratory 

Questionnaire symptoms score (P = .012), quadriceps muscle strength (P = .001), and 

exercise tolerance (P = .001) were also improved. Thus Pulmonary Rehabilitation with 

a specific component of balance training had a large effect on functional balance in 

patients with COPD (146).  
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 In Ortega T et al (2002) study on the effect of different exercise training 

modalities in COPD patients. They were randomised into 3 groups including strength 

training (n = 17), endurance training (n = 16), and combined strength and endurance 

training (n = 14). At the end of the 12-week exercise-training program, improvement 

in walking distance was only significant in the strength group. Subjects in all training 

modalities showed significant improvements of the breathlessness score and the 

dyspnoea grading of the chronic respiratory questionnaire (CRQ).Thus combination of 

strength and endurance training seems  to be an adequate training strategy for COPD 

patients (147). 

 

 In Ramos EM et at (2014) study  49 patients with moderate COPD patients 

were randomly assigned to perform elastic tubing training or conventional resistance 

training as  three times per week for eight weeks. The primary outcome measured was 

functional exercise capacity. The secondary outcome measured were peripheral 

muscle strength, health-related quality of life assessed by the Chronic Respiratory 

Disease Questionnaire (CRDQ), fat-free mass, and cytokine profile. After eight 

weeks, the mean distance covered in six minutes increased by 73 meters in the elastic 

tubing group and by 42 meters (±59) in the conventional resistance group. Thus 

improvement in muscle strength and quality of life were seen in both groups, with no 

significant differences between the groups. Elastic tubing training had a significant 

better outcome on functional exercise capacity than conventional resistance training. 
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But both interventions were equally effective in improving muscle strength and 

quality of life (148). 

 

 In Greulich et al (2009-2012) study 105 COPD patients were screened to 

participate in the study. Among them 61 patients were selected for the study and they 

were  randomised into an individualized training group or into a non-individualized 

training group which includes walking and climbing stairs, ball games, resistance 

training with elastic tubes. Both groups exercised once a week for 60 minutes over a 

time period of 3 months. Before and after three months of training , the following 

measurements were analysed: 6-minute walking test (6-MWT), health-related quality 

of life (St. Georges Respiratory Questionnaire; SGRQ and COPD-Assessment-Test; 

CAT), M. rectus femoris cross-sectional area, and inflammatory markers in peripheral 

blood. In the individualized training group significant change of the 6-MWT (increase 

of 32.47 m; p = 0.012) and the cross-sectional area of the M. rectus femoris (increase 

of 0.57 cm2; p = 0.049) were observed, whereas no significant changes occurred in the 

non-individualised training group (149). 

 

  In Takahashi H et al (2011) study Sixty-seven stable COPD patients were 

recruited and  they were randomised into two groups of  either calisthenics group (n = 

35), in which the subjects underwent Pulmonary rehabilitation program consisting of 

CSC (COPD Sitting Calisthenics), which includes stretching ; arm strength training; 

leg strength training and aerobic exercise, these are  performed at home for 3 months 

or a control group (n = 32)  undergone only as a monthly outpatient educational 
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program. The peak oxygen uptake (VO2) values for the aerobic CSC performed at 

target dyspnoea ratings of were 39.4‒52.1% of the peak VO2 values obtained from the 

6-min walking test; these findings indicated that the calisthenics were low-intensity 

exercises. A significant improvement was noted in VC, %VC, FVC, FRC, RV, 

RV/TLC, and 6MWD after 3 months of PR in the calisthenics group, whereas no 

significant change was observed in any parameter in the control group. CSC is an 

effective treatment strategy in patients with stable COPD (150). 

 

 In Anoma Santiworakul et al (2009) study on effect of Lower Extremity 

Exercise on Muscle Strength and Physical Capacity in COPD Patients. N= 20 

,moderate to very severe COPD patients were randomised into training and control 

groups. The training group received eight weeks of lower extremity functional 

exercise which includes forward step up, lateral step up, heel raise, and lunge as home 

based training program. Maximum muscle strength and Six Minute Walk Distance 

(6MWD) assessments were performed during following timeline pre-training, 4 th , 

and 8 th week in hospital settings. There was no spastically significant difference 

between trained and control groups in maximum muscle strength and 6MWD before 

the initiation of training program. However, there was a significant improvement in 

6MWD only after eight weeks of training, whereas there was no significant 

differences in the control group. Thus functional exercise may improve physical 

capacity in moderate to very severe COPD patients, at a home based training program 

(151). 
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 Janaudis – Ferreira et al study (2011) study COPD patients were 

randomised into an intervention and control group. The intervention group underwent 

arm resistance training. Both groups exercised three times a week for 6 weeks. 

Severity of dyspnoea was measured using the Chronic Respiratory Disease 

Questionnaire (CRDQ). Arm function and exercise capacity were measured by 6-min 

pegboard and ring test (6PBRT) and the unsupported upper limb exercise test 

(UULEX), respectively. Muscle strength for the biceps, triceps, and anterior and 

middle deltoids was obtained using an hand held isometric dynamometer. N=36 

COPD patients with a mean age of 66 years participated in this study. Compared with 

the control group, the magnitude of change in the intervention group was greater for 

the 6PBRT with P = 0.03, UULEX P = 0.01, elbow flexion force P = 0.01, elbow 

extension force P = 0.02, shoulder flexion force P = 0.029 and shoulder abduction 

force P = 0.01. There was no statistically significant difference in dyspnoea score or 

symptoms during the 6PBRT or UULEX .Thus  Resistance-based arm training 

improved arm function, arm exercise capacity, and muscle strength in patients with 

COPD. Whereas no improvement in dyspnoea or symptoms was demonstrated (152). 

 

In Mckeough KJ et al study (2012)  a randomised controlled trial was 

performed with COPD patients. These patients randomised into four groups to 

complete 8 weeks training program : (a) arm endurance training by using supported 

and unsupported arm exercises, (b) arm strength training using weight machines, (c) a 

combination of arm endurance and arm strength training (combined group), or (d) no 

arm training  as control group. The primary outcome measured was endurance arm 
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exercise capacity  by an endurance arm crank test. Secondary outcomes were 

functional arm exercise capacity measured by the incremental unsupported arm 

exercise test and health-related quality of life. Among the 52 subjects  38 (73%) 

completed the study. When comparing the arm endurance group to the control group, 

there was a significant increase in endurance time of 6 min following these 

interventions. When comparing the combined group to each of the control, endurance 

and strength groups, there was a significantly greater reduction in  severity of 

dyspnoea and rate of exertion at the end of the functional arm exercise test for the 

combined intervention group . The mode of training to be favoured to increase 

endurance arm exercise capacity is arm endurance training. However, combined arm 

endurance and strength training will also be useful in reducing the symptoms during 

everyday arm tasks (153). 

 

In Ricci-Vitor AL et al study (2013) in COPD patients  Autonomic evaluation 

as Heart Rate Variability, exercise capacity evaluation as 6-minute walking distance 

and strength evaluation using hand grip dynamometry were measured and evaluated 

before and after the resistance training program , which is performed for 24 sessions 

and session lasted 60 minutes of three times a week. At the end of training period it 

was observed that statistically significant  increase in shoulder abduction and knee 

flexion strength and functional capacity. In this resistance training had a  positively 

influence the autonomic modulation; in addition it promoted exercise capacity and 

strength benefits in individuals with COPD. Hence this study insists the role of 

resistance training as a part of pulmonary rehabilitation (154). 
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In Benton MJ et al (2013) study 19 men and women with mean age of 70.5 

years with COPD completed 8 weeks of Pulmonary Rehabilitation (PR) alone or PR 

plus Single Set Resistance Training (SSRT). Quality of  life (QOL) was measured 

using the Medical Outcomes Study Short Form 36 (SF-36). Upper and lower body 

strength were measured using chest and leg press, and lower body endurance was 

measured using 6 Minute Walk Test. In this study there were no significant 

differences in QOL between PR with and without SSRT before or after PR. Both 

groups demonstrated significant improvements in QOL, which includes Physical 

Function, Role Physical, Vitality, Social Functioning, and Mental Health domains. 

Before PR, it was only lower body strength and endurance were significantly related 

to Physical Function. Whereas after exercise program, both upper body strength as 

well as lower body strength and endurance were significantly related to Physical 

Function. Thus the addition of SSRT to traditional PR does not affect  improvement in 

QOL that are primarily influenced  by an increase in upper body strength (155).  

 

 

Charlotte lans et al study (2017) on Peripheral muscle training with resistance 

exercise bands in patients with Chronic Heart Failure (CHF). Long‐term (12 months) 

effects on exercise capacity and quality of life were assessed. In this study twenty‐two 

patients with stable CHF (19 men and 3 women), mean age 63.2 years , New York 

Heart Association (NYHA) dyspnoea class II–III were randomised into two groups as 

Home‐based Training (HT group), or home‐based training with a Group‐based start‐
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up in a hospital setting (GT group).In these 6 min walk test, the Minnesota Living 

with Heart Failure Questionnaire (MLHFQ), and Short Form with 36 items (SF‐36) 

were administered at baseline and during various time limits such as 3, 6, 9, and 12 

months. Exercise training resulted in statistically significant increased exercise 

capacity (6 minute walking distance) in both groups. The HT group increased on 

average 107 meters from baseline to 12 months, and the GT group by 100 meters. 

Health‐related quality of life, measured with MLHFQ and SF‐36, shown statistically 

significant improvements in both groups . There were no statistically significant 

differences between groups on any parameters even during follow‐ups. Thus  home‐

based peripheral muscle training with resistance bands in patients with CHF, with or 

without an introductory period in a hospital setting, can be used for  improvement in 

walking distance and health‐related quality of life in these patients (156). 

 

Bruna s de alencar silva et al (2017) study Patients with COPD were 

randomized into three groups: elastic band group (EBG), elastic tube group (ETG), 

and weight machines equipment group (MG). Combined analysis of EBG and ETG 

[elastic group (EG)]. The participants were evaluated with the following :  pulmonary 

function using spirometry, peripheral muscle strength using a hand held device digital 

dynamometry, Inflammatory markers  (IL-6, TNF-α, IL-10, IL-15  using 

Immunoassay), glucose, triacylglycerol, total cholesterol, HDL-c, and albumin levels 

by enzymatic colorimetric method. Blood samples were collected to assess the acute 

and chronic exercise responses after 12 weeks of training protocol. The patient's mean 

age was 71.53 ± 6.97 years old. In all groups increased muscle strength (p < 0.05) 
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with no differences between groups as an  acute response to exercise after 12 weeks of 

training showed improvement of inflammation when compared to baseline. On long 

term follow up,it was observed a decrease of all cytokines, except IL-10 (p < 0.05). 

After 12 weeks of training, the analysis of the metabolic profile showed a reduction in 

glucose concentration (p < 0.01), with no differences between groups (p = 0.30) and a 

decrease in triacylglycerol for the EG (p > 0.01).Thus training with elastic resistances 

or conventional weight machines showed improvement of inflammation response after 

12 weeks of training. As inflammation plays a major role skeletal muscle injury in 

COPD patients, resistance training shows reduction in inflammatory markers (157). 
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Materials and methods: 

 

Study design: 

- A prospective observational study 

- Patients admitted in our hospital with clinical symptoms, risk factors and 

spirometry suggestive of moderate to severe COPD (Post bronchodilator 

FEV1/FVC < 0.7, FEV1 < 80 %) (10) 

- Patients were randomised by simple randomisation into two groups one for 

inspiratory muscle training and other for peripheral muscle training  

- For all the subjects baseline and at the end of training period  

- tabulated and analysed using standard statistical software:  

o 1) mMRC dyspnoea score 

o  2) COPD Assessment Test (CAT) score    - As a measure of Quality of  life 

o  3) Body Mass Index (BMI) 

o  4) 6 Minute Walking Distance (6 MWD) 

o  5) Oxygen saturation (SpO2)                     As a measure of exercise capacity 

o  6) Forced Expiratory Volume in one second (FEV1) – As a measure of lung 

function. 

 

Based on GOLD report 2019 (10) 

 

Symptoms : 

• Progressive shortness of breath 

• Chronic cough 

• Chronic sputum          
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 History of Risk factors: 

• Host factors (genetic factors, congenital / developmental 

abnormalities) 

• Tobacco smoking 

• Occupational exposure to smoke, fumes, dust etc., 

• Indoor and outdoor pollution 

 

 

Spirometry: 

• Post bronchodilator ( 400 microgram of short acting beta 2 

agonist and/or 160 microgram of short acting anticholinergic 

after 10-15 mins of short acting beta 2 agonist ,or 30-45 mins of 

short acting anticholinergic or combination of both these classes 

of drugs) spirometry showing FEV1/FVC < 0.7 and fulfills the 

acceptability and repeatability criteria. 

 

Classification of Airflow limitation in COPD patients based on Post bronchodilator 

FEV1 ( in patients with FEV1/ FVC < 0.7): Based on GOLD report 2019(10) 

 

Mild FEV1  > 80 % predicted 

Moderate 50% < FEV1 < 80% predicted 

Severe 30% < FEV1 < 50% predicted 

Very Severe FEV1 < 30% predicted 

 

 

  Based on these history of symptoms, risk factors and spirometry values patients who 

were diagnosed as COPD were enrolled in this study. 

 

STUDY DURATION: 

June 2018 to May 2019 – 12 months 
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STUDY CENTRE: 

 Government Hospital of Thoracic Medicine, Tambaram sanatorium and Department  

of Respiratory medicine, Stanley Medical College, Chennai 

 

SUBJECT SELECTION : 

Inclusion criteria: 

Patients with symptoms, risk factors and spirometry suggestive of moderate to severe 

COPD patients (FEV
1
/FVC <0.7; post bronchodilator FEV

1
< 80%.)  (10) 

Exclusion criteria: 

• Patients not willing to participate in the study 

• Extremities of age 

• Respiratory failure 

• Post tuberculosis  sequlae  

• Unstable angina  

• Hemoptysis 

• Skeletal deformities 

• Severe hypertension 

• Cardiac failure 

SAMPLE SIZE: 

100  patients who admitted in government hospital of thoracic medicine, Tambaram 

and govt Stanley medical college 
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These patients were randomised by simple randomisation into 2 groups with 50 

subjects group. 

Among them 43 subjects in inspiratory muscle training  group and 39 subjects in 

peripheral muscle training group completed the 3 week duration of training period 

Informed consent was obtained in all patients who were participated and the 

willingness also obtained for participating the study 

DATA COLLECTION: 

Demographic profile 

                                 Name of the patient 

                                Age 

                                Sex 

                                Occupation 

                                Smoking status 

                                Symptom & Duration of the presenting illness:   

                               Vitals: 

                                         Pulse rate 

                                        Respiratory rate 

                                        SpO2 % 

                                        Blood pressure 

                                        Temperature 

         Body Mass Index (BMI) 
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Clinical history 

 

• Presence of cough with expectoration-nature , duration, additional 

characters 

• Presence of  breathlessness with mMRC dyspnoea grading 

• Presence of wheeze 

• Previous history of exacerbations and hospitalization in the past 1 year  

• History of previous ICU admission 

• Smoking history including smoking index and pack years 

• Previous history of co-morbid illness like diabetes mellitus, 

hypertension  

• History of exposure to biomass and noxious stimulus  

• History of Drug intake  

• History of inhaled bronchodilator or nebulized bronchodilator 

• History of atophy, allergic rhinitis, other allergic manifestations 

• Exposure to pet animals 

• History of previous tuberculous infection 

• Seasonal variation 

• Signs and symptoms suggestive of reflux disease 

• Any history of previous surgeries 

• History of invasive diagnostic procedures 

• Family history of similar illness 
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spirometry (post bronchodilator FEV1/FVC & FEV1 %) : 

 

 Baseline After training period 

mMRC dyspnoea score   

CAT score   

6MWD (Kg/m2)   

BMI   

SpO2%   

FEV1%   

 

      Assessment of smoking status:Smoking definition (CDC guidelines) 

Never smoker -  Not smoked greater than 100 cigarettes in their lifetime 

Former smoker -  Smoked greater than 100 cigarettes in their lifetime and does not 

current smoker 

Current smoker -  Smoked greater than 100 cigarettes in lifetime and now smokes 

every day or some days 

Pack-years = (number of cigarettes/ bidi smoked per day/20) × number of years 

smoked 

 

mMRC dyspnoea grading: 
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Grading from 0-4 according to the severity of breathlessness on ground level 

Grade Description 

0 I get breathlessness only  on strenuous exercise 

 

     1 I am Getting breathlessness on hurrying or walking up a slight hill 

 

    2 I am walking slower than people of the same age because of 

dyspnea or has to stop for breath when walking at own pace 

    3 Stops walking after 100 yards or few minutes 

 

    4 Too breathlessness to leave the house or dressing 
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COPD Assessment Test (CAT) score: 

 

 

 

6 minute walk test: (6 MWT)  

Based on ATS Statement: Guidelines for the Six-Minute Walk Test.MARCH 2002 

(157) 

 

The self-paced 6MWT assesses the submaximal level of functional capacity. Most 

patients do not achieve maximal exercise capacity during the 6MWT; instead, they 

choose their own intensity of exercise and are allowed to stop and rest during the test. 
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Requirement of the test are 

• The walking course must be 30 m in length, and the length of the 

corridor should be marked every 3 m. 

 

• Countdown timer (or stopwatch) 

• A chair that can be easily moved along the walking course 

•  Worksheets on a clipboard 

•  A source of oxygen 

•  Sphygmomanometer 

 

Body Mass Index (BMI): 

Based on Quelelet’s index 

  

BMI = weight in kg/ height in meter2 

 

<18.5 

 

 

Underweight 

 

 

18.5-24.9 

 

Normal 

 

 

25-29.9 

 

 

overweight 

 

>30 

 

 

obese 

 

Study protocol was presented at the institutional ethical committee, ethical committee 

clearance was obtained and enclosed 
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Training program: 

 

Inspiratory muscle training: 

 

One group of subjects were trained with inspiratory muscle trainer device 

(TRESHOLD ®, Philips respironics), . This device incorporates a flow-independent 

one-way valve to ensure consistent resistance and features an adjustable specific 

pressure setting (in cm H2O). During each training session the subject will be trained 

to inspire and expire through the device for 2 mins and 1 min rest such cycles are 

repeated each session  will be for 15 to 20 mins and each patient was trained for 18 to 

20 sessions , starting with the minimal inspiratory load of 7-9 cm of H
2
O and 

increased gradually based on patients improvement. 

    

Figure 3: Inspiratory Muscle Trainer device (TRESHOLD, Philips respironics) 
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Peripheral Muscle Training : 

These group of subjects trained with elastic resistance bands (Thera-Bands, Hygenic 

Corporation, USA) starting with low resistant bands and gradually progressed. These 

bands were colour coded based on their resistance levels as Green < Blue < yellow. 20 

mins of elastic band resistance exercise based on elastic band gymnastics developed 

by Xiangya Hospital affiliated with Central South University, which consisted of four 

motions for the upper and lower limbs, respectively; all of the exercises were 

performed in 2 sets of 8–12 repetitions and the patients were allowed a rest period of 

1–3 min between sets; the resistance exercises target the following muscles: shoulder 

and elbow flexion and extension muscles (deltoid, supraspinatus, latissimus dorsi, 

triceps brachii, and biceps brachii) and hip and knee flexion and extension muscles 

(gluteus maximus, gluteus medius, quadriceps femoris, hamstring); 10 min of 
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relaxation exercise mainly to adjust the patient’s breathing. For 18 -20 sessions 

Figure 4 : Elastic resistance bands (Thera-Bands, Hygenic Corporation, USA) 

 

 

 

 

 

 

 

 

 

 

 

  

 

RESULTS & OBSERVATIONS 
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  Based on history of symptoms, Risk factors and 

spirometric values patients with moderate and severe 

COPD were diagnosed and recruited to this study 

(n=100) 

Randomised into 2 groups 

Allocated to Inspiratory muscle 

training group (n=50) 

Allocated to Peripheral muscle 

training group (n=50) 

42 subjects completed the 

training program 

39 subjects completed the 

training program 

Drop out from training 

program (n=8) 

Due to clinical improvement 

before the completion of 

training (n=5) 

Other / personal reasons (n=3)  

Drop out from training 

program (n=11) 

Due To clinical improvement 

before completion of training 

(n=6) 

Other / personal reasons (n=5) 

Results were tabulated and analysed  
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Results & Observations: 

 

Table 1: Comparison of age between the groups 

 

Group Mean 

(in yrs) 

SD 

Inspiratory muscle training  60.4 9.0 

Peripheral muscle training 58.3 10.1 

 

 

 

Mean age of enrolled in inspiratory muscle training group was 60.4 years and in 

peripheral muscle training group was 58.3 years 

 

 

 

60.4

58.3

55

56

57

58

59

60

61

62

Inspiratory muscle trainer device Peripheral muscle training

Mean age (In yrs)
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Table 2:  Gender distribution of participants in each group 

 

Group Male  

n (%) 

Female 

 n (%) 

Total 

Inspiratory muscle training 34 (79) 9 (21) 43 

Peripheral muscle training 30 (76.9) 9 (23.1) 39 

 

 

 

 

 

            In the inspiratory muscle training group 79% (n = 34) , 21 % (n = 9) were 

males and females respectively, in peripheral muscle training group 77 % (n = 

30) , 23% (n = 9) respectively. 

 

72.1
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27.9
23.1
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Table 3: Smokers among males in each group 

 

 

Group Smokers n (%) Non – smokers n (%) 

Inspiratory muscle 

training  

29 (74.3 %) 10 (25.7 %) 

Peripheral muscle 

training 

22 (73.3 %) 8 (26.7 %) 

 

 

Among the males In the inspiratory muscle training  group 74.3% (n=29) and in 

peripheral muscle training group 73.3% (n= 22) were smokers   

 

 

Table 4: Biomass exposure and passive smoking among females in each group 

 

Group Biomass exposure/ 

passive smoker n (%) 

No H/o biomass exposure/ 

passive smoking n (%) 

Inspiratory muscle 

training  

8 (88.9 %) 1 (11.1 %) 

Peripheral muscle 

training 

9 (100 %) 0 ( 0%) 

 

 

Among the females in the inspiratory muscle training group 88.9% (n= 8) and in the 

peripheral muscle training group 100% (n=9) were exposed to either biomass or 

passive smoking 
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Table 5: Comparison of mMRC  

 

 

mMRC dyspnoea 

grading 

Before After p Value 

Mean SD Mean SD 

Inspiratory muscle 

trainer device 

2.5 0.6 1.6 0.6  0.013* 

Peripheral muscle 

trainer device 

2.3 0.7 1.4 0.7  0.019* 

 

*paired t test used to compare the values 

 

 

 

 

 

Both inspiratory muscle training and peripheral muscle training showed decrease in 

the dyspnoea score from mMRC dyspnoea score. In inspiratory muscle training group 

it  is decreased from grade 3 to grade 2, in peripheral muscle training group decreased 

from grade 2 to 1 

 

2.5
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Table 6: Comparison of CAT scores : 

 

CAT score Before After p Value 

Median IQR Median IQR 

Inspiratory muscle 

trainer device 

23 18-28 15 11-19   0.003* 

Peripheral muscle 

trainer device 

21 17-25.5 14 9-17   0.004* 

 

*Wilcoxon signrank test used to compare the values 

 

IQR – Interquartile Range 
 

 

 

 

 

 

Median CAT score of inspiratory muscle training group and peripheral muscle 

training before the training were 23 ± 5 and 21 ± 4 respectively. After the training 

period there were a statically significant decrease in the median CAT score to 15 ± 5 

(p = 0.003) and 14  ± 5 (p = 0.004). 

23
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Table 7: Comparison of BMI (kg/m2) 

 

BMI (kg/m2) Before After p Value 

Mean SD Mean SD 

Inspiratory muscle 

trainer device 

23.1 2.2 23.1 2.4 0.994* 

Peripheral muscle 

trainer device 

21.8 1.8 21.7 1.7 0.897* 

 

*Paired t  test  used to compare the values 
 

 

 

 

 

The baseline mean BMI of inspiratory and peripheral muscle training was 23.1 ± 2.2 

kg/m2  and 21.8 ± 2.4 kg/m2 respectively, after the training period no significant 

change in BMI was seen in both the training groups 
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Table 8: Comparison of 6 minute walk distance  

 

6 minute walk distance 

(in meters) 

Before After p 

Value Mean SD Mean SD 

Inspiratory muscle 

trainer device 

415.6 79.5 441.1 81.4 0.055* 

Peripheral muscle 

trainer device 

422.8 76.0 461.3 75.0 0.032* 

 

*Paired t test used to compare the values 

 
 

 

 

 

The mean 6 MWD at baseline in inspiratory and peripheral muscle training group 

increased from baseline of 415.6 ± 79.5 m to 441.1 ± 81.4 m  (P = 0.055) and from 

422.8 ± 76 m to 461.3 ± 75 m (P = 0.032) respectively. 
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Table 9: Comparison of SPO2 % 

 

SPO2 % Before After p 

Value Mean SD Mean SD 

Inspiratory muscle trainer 

device 

96 2.1 96.7 1.8 
0.782* 

Peripheral muscle trainer 

device 

95.7 2.5 96.4 2.1 0.661* 

 

*Paired t  test  used to compare the values 
 

 

 

The baseline mean SpO2 in inspiratory and peripheral muscle training groups were 96 

± 2.1% and 95.7 ± 2.5% respectively after the training period there were no 

statistically significant change in SpO2 values.(P = 0.782 and P = 0.661 respectively) 
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Table 10: Comparison of FEV1%  

 

FEV1% Before After p 

Value Mean SD Mean SD 

Inspiratory muscle 

trainer device 

49.1 10 51 10.2 0.398* 

Peripheral muscle 

trainer device 

46 9.9 46.8 9.4 0.709* 

 

*Paired t test used to compare the values 
 

 

 

 

 

The mean FEV1 % in inspiratory and peripheral muscle training group at baseline 

were 49.1 ± 10 % and 46 ± 9.9 % after the training period there were no statistically 

significant improvement  
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Table 11: Comparison  chart of  mMRC dyspnoea grading, CAT score, 6 MWD, 

BMI, SpO2 %, FEV1% in Inspiratory muscle training and peripheral muscle 

training group.   

 

 
Inspiratory Muscle Training 

Group 

Peripheral Muscle Training 

Group 

 Before After 
P 

value 
Before After 

P 

value 

mMRC 

dyspnoea 

grading 

2.5 +/- 0.6 1.6 +/- 0.6 0.013* 
2.3 +/- 

0.7 

1.4 +/- 

0.7 
0.019* 

CAT score 23 +/- 5 15 +/- 4 0.003* 21 +/- 4 14 +/- 5 0.004* 

6 MWD  (in 

meters) 

415.6 +/- 

79.5 

441.1 +/- 

81.4 
0.055* 

422.8 +/- 

76 

461 +/- 

75 
0.032* 

BMI (kg/m2) 23.1 +/- 2.2 
23.1 +/- 

2.4 
0.994* 

21.8 +/- 

1.8 

21.7 +/- 

1.7 
0.897* 

SpO2 % 96 +/- 2.1 
96.7 +/- 

1.8 
0.782* 

95.7 +/- 

2.5 

96.4 +/- 

2.1 
0.661* 

FEV1% 49 +/- 10 
51 +/- 

10.2 
0.398* 46 +/- 9.9 

46.8 +/- 

9.4 
0.709* 

 

*(statistical significance measured using paired t test , p <0.05 significant) 
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     DISCUSSION 
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Discussion: 

Chronic obstructive pulmonary disease (COPD) is a major cause of chronic morbidity 

and mortality worldwide (1,2). COPD is characterised by persistent expiratory flow 

limitation which is usually progressive (3). Dyspnoea is the most prominent exercise-

limiting symptom of the disease, which leads to chronic avoidance of physical 

activities (4). Consequently, low-physical activity levels contribute to skeletal muscle 

deconditioning and exercise capacity reduction, which impact negatively on health-

related quality of life (5,6). 

 

 Inspiratory muscle and peripheral muscle dysfunction are the extrapulmonary 

manifestation, which are often present in patients with COPD (7, 8). It contributes to 

hypoxaemia, hypercapnia, dyspnoea and decreased exercise tolerance (9–11). 

Pulmonary function, as an important objective index to reflecting the severity of 

COPD, was progressively declining and difficult to delay with medication alone (38).  

 

Pulmonary rehabilitation can effectively delay the decline of pulmonary 

function and improve exercise capacity in COPD patients (39).   Pulmonary 

rehabilitation including exercise training, education, nutritional intervention and 

psychosocial support is a standard care for patients with COPD to counteract 

extrapulmonary disease manifestations (6,12,13). 

 Inspiratory muscle training (IMT)  and peripheral muscle training has also 

been applied frequently and is extensively studied in recent years in patients with 

COPD (14) . In several studies both these inspiratory and peripheral muscle training 
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being carried out as a home based training for duration of 2 -3 months duration. This 

study is intended to assess the outcome of inspiratory and peripheral muscle training 

as a short coarse (3 week duration, 18 – 20 sessions) inpatient training program. 

Thereby to have a continuous monitoring in patient training technique, level of 

adherence and the shorter training period outcome. The outcomes were assess in the 

form of dyspnoea (mMRC dyspnoea grading), exercise capacity ( 6 MWD), disease 

severity and quality of life ( CAT score, oxygen saturation , FEV1 and BMI) 

 

mMRC dyspnoea grading : In this study mean mMRC dyspnoea grading of 

inspiratory muscle training group and peripheral muscle training group are Baseline 

2.5 ± 0.6 and 2.3 ± 0.7 respectively after the training period it was 1.6 ± 0.6 and 1.4 ± 

0.7 with a p = 0.013 and 0.019 respectively, both the groups shows statistically 

significant decrease in the severity of dyspnoea. Which is in accordance with Riera et 

al (130)and Lisboa et al (134) study on inspiratory muscle training shown statistically 

significant improvement in dyspnoea score with p<0.003 and <0.05 respectively and 

also in weibing et al and marquis et al study of peripheral muscle resistance training 

shown statistically significant improvement in St.George’s Respiratory Questionnaire 

(SGRQ) with a p <0.01 and p = 0.012 respectively. Where as in Beckerman (128) et al 

study on inspiratory muscle training shown decrease in severity of dyspnoea only after 

9 months of training only. 

 

CAT (COPD Assessment Test)  Score: In this study mean CAT score of inspiratory 

muscle training group and peripheral muscle training group are Baseline 23 ± 5 and 21 
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± 4.25 respectively after the training period it was 15 ± 4 and 14 ± 4.5 with a p = 0.003 

and 0.004 respectively, both the groups shows statistically significant decrease in the 

CAT score. These results are in accordance with Greulich (149) et al study on 

peripheral muscle training shows improvement in CAT score from 19.16 ± 6.37 to 

14.46 ± 7.37 with a P = 0.056. 

 

6 MWD (6 Minute Walking Distance): In this study mean 6 MWD of inspiratory 

muscle training group and peripheral muscle training group are Baseline 415.6 ± 79.5 

meters and 422.8  ±  76 m respectively after the training period it was 441.1 ± 81.4 m 

and 461.3 ± 75 m  with a p = 0.055 and 0.032 respectively, both the groups shows 

statistically significant improvement in the 6 MWD. Improvement in 6 MWD is much 

significant in peripheral muscle training group compared to inspiratory muscle 

training group. This is in accordance with shahin (135) et al study on inspiratory 

muscle training shown statistically significant improvement in 6MWD (baseline of 

245.9 ± 52.37 m to 302.4 ± 41.3 m) with p = 0.0054 and in weibing (144) et al study 

of peripheral muscle resistance training shown statistically significant improvement in 

6 MWD (baseline of 432.06 ± 52.78 m to 478.91 ± 48.93 m)with p = 0.006.Whereas 

in charususin et al study shows no statistically significant improvement in 6MWD (p 

= 0.967) 

 

Body Mass Index (BMI): In this study mean BMI of inspiratory muscle training group 

and peripheral muscle training group are Baseline 23.1 ± 2.2  and 21.8  ±  1.8  

respectively after the training period it was 23.1 ± 2.4  and 21.7 ± 1.7 with a p = 0.994 
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and 0.897 respectively, both the groups has not shown statistically significant 

improvement. Improvement in BMI was expected due improvement nutrition status, 

exercise capacity and decreased severity of dyspnoea.  

 

Oxygen saturation (SpO2): In this study mean SpO2 of inspiratory muscle training 

group and peripheral muscle training group are Baseline 96 ± 2.1  and 95.7  ±  2.5  

respectively after the training period it was 96.7 ± 1.8  and 96.4 ± 2.1 with a p = 0.782 

and 0.661 respectively, both the groups has not shown statistically significant 

improvement. This result is in accordance with scherer (129) et al study also shows no 

significant improvement in  maximal oxygen consumption (V O2 MAX) 

 

FEV1%: In this study mean FEV1 % of inspiratory muscle training group and 

peripheral muscle training group are Baseline 49.1 ± 10%   and 46 ±  9.9%  

respectively after the training period it was 51 ± 10.2%  and 46.8 ± 9.4% with a p = 

0.398 and 0.709 respectively, both the groups has not shown statistically significant 

improvement. This results are in accordance with shahin (135) et al study with no 

significant improvement in  FEV1 % ( baseline of 33.6 ± 8.04 to 33.09 ± 9.6, p = 

0.849) and Wei in wu et al study with a p =1.09 
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LIMITATIONS OF THE STUDY: 

• Small number of subjects 

• No control group, hence the outcome in the COPD patients without these 

interventions were unknown. 

• Few women patients, which is due to both under - diagnosis and lesser 

prevalence of COPD among women population. 

• Poor adherence, being an inpatient training keeping the to stay in the hospital 

till the completion of training program was more challenging despite adequate 

and frequent counselling about these training. 

• Inspiratory and peripheral muscle training were studied as individual training 

groups, the combined effort of these two training programs cannot be 

ascertained. 
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CONCLUSION 
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CONCLUSION: 

  It is concluded that both inspiratory and peripheral muscle training  plays a 

pivotal role in improving severity of dyspnoea, quality of life and exercise capacity in 

moderate to severe COPD patients, but no significant improvement in lung function 

was evident in this study.   
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                          ABBREVIATIONS AND GLOSSARY 

 

COPD - Chronic Obstructive Pulmonary Disease 

IMT – Inspiratory Muscle Training 

QOL – Quality Of Life 

mMRC – modified Medical Research Council 

NYHA – New York Heart Association 

CAT – COPD Assessment Test 

BMI – Body Mass Index 

6 MWD – 6 Minute Walking Distance 

SpO2 – Oxygen saturation 

FEV1 – Forced Expiratory Volume in one second 

FVC – Forced Vital Capacity 

GOLD – Global Initiative for Chronic Obstructive for Lung Disease 

ETS – Environmental Tobacco Smoke 

AATD – Alpha -1- Antitrypsin Deficiency 

WHO – World Health Organisation 

PLATINO – Latin America Project for the investigation of Obstructive Lung Disease 

BOLD -  Burden of Obstructive Lung Disease Program 

OAD – Obstructive Airway Diseases 

NCMH – National Commission on Macroeconomics and Health 

CRP – C- Reactive Protein 

ROS – Reactive Oxygen Species 

NO – Nitric Oxide 
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FFMI – Fat Free Mass Index 

RMT – Respiratory Muscle Training 

SF 12 – Short Form 12 Physical Component Score 

HRQL – Health Related Quality of Life 

SIP max – maximal Sustained Inspiratory Pressure 

VO2 – maximal oxygen uptake 

SWT – Shuttle Walking Test 

GER – General Exercise Reconditioning  

12 MD – 12 Minute Distance walk 

IF – Inspiratory Fraction 

CRDQ – Chronic Respiratory Disease Questionnaire 

DC-ITL – DisContinous Incremental Threshold Loading Test   

Pitl – incremental inspiratory  threshold loading 

IE – Inspiratory muscle Endurance 

LABD – Long Active BronchoDilator 

SEMT – Specific Expiratory Muscle Training 

BDI – Baseline Dyspnoea Index 

RT – Resistance Training 

PR – Pulmonary Rehabilitation 

SGRQ – St. Geroge’s Respiratory Questoinnaire 

6 PBRT – 6 min Pegboard and Ring Test 

UULET – Unsupported Upper Limb Exercise Test 
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EVALUATION FORM 

Name of the patient 

           Age 

           Sex 

           Occupation 

           Smoking status /  pack years: 

           Symptom & Duration of the presenting illness: 

                               Vitals: 

                                         Pulse rate 

                                        Respiratory rate 

                                        SpO2 % 

                                        Blood pressure 

                                        Temperature 

         Body Mass Index (BMI) 

spirometry (post bronchodilator FEV1/FVC & FEV1 %) : 
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 Baseline After training period 

mMRC dyspnoea score   

CAT score   

6MWD (Kg/m2)   

BMI   

SpO2%   

FEV1%   
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     PATIENT INFORMATION SHEET 

 

TITLE OF THE STUDY: “A prospective study on inspiratory muscle training using 

different techniques to improve pulmonary function and quality of life in COPD 

patients in a tertiary care centre”.We are conducting a study among patients 

attending Govt Hospital of Thoracic Medicine, Tambaram and Department of 

Pulmonary Medicine, Stanley Medical College. The purpose of this study is to  

compare the effects of inspiratory muscle training device  and breathing 

exercises associated with physical training in subjects with COPD, assessing the 

improvement of strength and endurance of the inspiratory muscles, using 

spirometry, GOLD classification, MMRC score,   thoraco- abdominal mobility, 6 

minute walk distance, Spo2. 

We are selecting stable COPD patients and the patients are trained with 

inspiratory muscle training device and with breathing exercise based on the 

clinical improvement,Patients will be treated with appropriate medications.  

The privacy of the patients in the research will be maintained throughout the 

study. In the event of any publication or presentation resulting from the 

research, no personally identifiable information will be shared. 

Taking part in this study is voluntary. You are free to decide whether to 

participate in this study or to withdraw at any time; your decision will not 

result in any loss of benefits to which you are otherwise entitled. 

The results of the study will be intimated to you at the end of the study to aid 

in the management or treatment. 

 

 

Signature of Investigator      Signature of Participant 

Date : 
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PATIENT CONSENT FORM 

 

Study detail:   “A prospective study on inspiratory muscle training using different 

techniques to improve pulmonary function and quality of life in COPD patients 

in a tertiary care centre” 

Study Centre: GHTM, Tambaram and Dept of Respiratory medicine, Stanley Medical College.  

Patient’s Name: 

Patient’s Age/sex: 

ID No: 

Patient may check (√) these boxes 

a) I confirm that I have understood the purpose of procedure for the above study. I have the 

opportunity to ask question and all my questions and doubts have been answered to my complete 

satisfaction                                                                                                                                                            ❏ 

b) I understand that my participation in the study is voluntary and that I am free to withdraw at any 

time without giving reason, without my legal rights being affected .                                                        ❏                                                                                                

c) I understand that sponsor of the clinical study, others working on the sponsor’s behalf, the ethical 

committee and the regulatory authorities will not need my permission to look at my health records, 

both in respect of current study and any further research that may be conducted in relation to it, 

even if I withdraw from the study I agree to this access. However, I understand that my identity will 

not be revealed in any information released to third parties or published, unless as required under 

the law. I agree not to restrict the use of any data or results that arise from this study.                     ❏                                                  

d) I agree to take part in the above study and to comply with the instructions given during the study 

and faithfully cooperate with the study team and to immediately inform the study staff if I suffer 

from any deterioration in my health or well being or any unexpected or unusual symptoms.           ❏                        

e) I hereby consent to participate in this study.                                                                                           ❏ 

f) I hereby give permission to undergo detailed clinical examination, radiographs ,blood investigation 

as required.                                                                                                            ❏ 

 

 

 

Signature/thumb impression    Signature of Investigator 

 

Patient’s Name and Address:    Study Investigator’s Name:   
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ஆராய்ச்சி ஒப்புதல் படிவம் 

ஆராய்ச்சி தலைப்பு: 

மூன்றாம் பராமரிப்பு மருத்துவமனையில் ஒரு வருங்கால ஆய்வின் மூலம் நாட்பட்ட 

மூச்சுக்குழாய் அனடப்பு நநாயாளிகளுக்கு வவவ்வவறு மூச்சிழுப்பு தசச பயிற்சி  
முசைகளின் மூலம் நுசையீைல் வசயல்திைன் மற்றும் வாழ்க்சக தைம் 
முன்வேற்ைத்சத  கண்டறிதல். 

ஆய்வு நிலையம்: தாம்பரம் நநஞ்சக மருத்துவமனை மற்றும் ஸ்டான்லி மருத்துவ கல்லூரி 

ஆராய்ச்சியாளர் பபயர் : மருத்துவர் மு.சிவசண்முகம்.  

பங்கேற்பாளர் பபயர் : 

பங்கேற்பாளர் எண் : 

நமநல குறிப்பிட்டுள்ள மருத்துவ ஆய்வின் விவரங்கள் எைக்கு விளக்கப்பட்டது. 
என்னுனடய சந்நதகங்கனள நகட்கவும், அதற்காை  தகுந்த விளக்கங்கனள நபறவும் 
வாய்ப்பளிக்கப்பட்டது. 

நான் இவ்வாய்வில் தன்ைிச்னசயாகத்தான் பங்நகற்கிநறன். எந்த காரணத்திைாநலா 
எந்த கட்டத்திலும் எந்த சட்ட சிக்கலுக்கும் உட்படாமல் நான் இவ்வாய்வில் இருந்து 
விலகி  நகாள்ளலாம் என்றும் அறிந்து நகாண்நடன்.  

இந்த ஆய்வு சம்மந்தமாகநவா  இனத சார்ந்த நமலும் ஆய்வு நமற்நகாள்ளும் நபாதும் 
இந்த ஆய்வில் பங்குநபறும் மருத்துவர் என்னுனடய மருத்துவ அறிக்னககனள 
பார்ப்பதற்கு என் அனுமதி நதனவயில்னல எை அறிந்து நகாள்கிநறன். நான் ஆய்வில் 
இருந்து விலகி நகாண்டாலும் இது நபாருந்தும் எை அறிகிநறன். 

இந்த ஆய்வின் மூலம் கினடக்கும் தகவல்கனளயும், பரிநசாதனை முடிவுகனளயும் 
மற்றும் சிகிச்னச நதாடர்பாை தகவல்கனளயும் மருத்துவர் நமற்நகாள்ளும் ஆய்வில் 
பயப்படுத்திக்நகாள்ளவும் அனத பிரசுரிக்கவும் என் முழுமைதுடன் சம்மதிக்கின்நறன் 

இந்த ஆய்வில் பங்கு நகாள்ள ஒப்புக்நகாள்கிநறன்.எைக்கு நகாடுக்கப்பட்ட 
அறிவுனரகளின்படி நடந்து நகாள்வதுடன் இந்த ஆய்னவ நமற்நகாள்ளும் மருத்துவ 
அணிக்கு உண்னமயுடன் இருப்நபன் என்று உறுதியளிக்கிநறன். 

 

 

ஆராய்ச்சியாளர் னகநயாப்பம்                                            பங்நகற்பாளர் னகநயாப்பம்  

நததி 
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ஆராய்ச்சி தேவல் தாள்  
ஆராய்ச்சி தலைப்பு: 

மூன்றாம் பராமரிப்பு  மருத்துவமனையில் ஒரு வருங்கால ஆய்வின் மூலம் 

நாட்பட்ட மூச்சுக்குழாய் அனடப்பு நநாயாளிகளுக்கு வவவ்வவறு மூச்சிழுப்பு 
தசச பயிற்சி  முசைகளின் மூலம் நுசையீைல் வசயல்திைன் மற்றும் வாழ்க்சக 
தைம் முன்வேற்ைத்சத  கண்டறிதல். 

ஆராய்ச்சியாளர் நபயர் : மருத்துவர் மு.சிவசண்முகம்  

பங்நகற்பாளர் நபயர் : 

ஆராய்ச்சியின் கநாக்ேம் :  

தாம்பரம் நநஞ்சக நநாய் மருத்துவமனைக்கும் அரசு ஸ்டான்லி மருத்துவமனை 

நநஞ்சக பிரிவுக்கும் வரும் நாட்பட்ட மூச்சுக்குழாய் அனடப்பு நநாயாளிகளுக்கு  
வவவ்வவறு மூச்சிழுப்பு தசச பயிற்சி முசைகளின் மூலம் நுசையீைல் 
வசயல்திைன் மற்றும் வாழ்க்சக தைம் முன்வேற்ைத்சத  கண்டறிதல். 

ஆய்வு முலை :  

நினலயாை நாட்பட்ட மூச்சுக்குழாய் அனடப்பு நநாயாளிகனள நதர்ந்நதடுத்து 

அவர்களுக்கு மூச்சிழுப்பு தசச பயிற்சி கருவி மற்றும் உடற்பயிற்சி 
முசைகசள பயிற்றுவித்து அதோல் ஏற்படும் நுசையீைல் வசயல்திைன் மற்றும் 
இதை அளவிகள் மூலம் உடல்நிசல முன்வேற்ைத்சத கண்டைிந்து  தக்க 

மருத்துவம் அளிக்கப்படும்.  

நநாயாளிகளின் ரகசியத்தன்னம ஆய்வின் முழுவதும் பாதுகாக்கப்படும். 

ஆய்வில் பங்நகற்பது நநாயாளிகளின் நசாந்த விருப்பத்திற்கு உட்பட்டது. 

ஆய்விைினடநய நநாயாளிகள் நதாடர்ந்து பங்நகற்க்க விரும்பாவிட்டால் 

அவர்கள் விலகி நகாள்ளலாம். இதைால் அவர்களுக்குண்டாை எவ்வித 

சலுனககளும் மறுக்கப்பட மாட்டாது. ஆய்வின் மூலம் கண்டறியும் முடிவுகள் 

நநாயாளிகளிடம் நதரிவிக்கப்படும். 

 

 

ஆராய்ச்சியாளர் னகநயாப்பம்                                            பங்நகற்பாளர் னகநயாப்பம்  

நததி 
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