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The global prevalence of physiologically defined chronic obstructive pulmonary disease (COPD) 
in adults aged >40 yr is approximately 9-10 per cent. Recently, the Indian Study on Epidemiology of 
Asthma, Respiratory Symptoms and Chronic Bronchitis in Adults had shown that the overall prevalence 
of chronic bronchitis in adults >35 yr is 3.49 per cent. The development of COPD is multifactorial and 
the risk factors of COPD include genetic and environmental factors. Pathological changes in COPD are 
observed in central airways, small airways and alveolar space. The proposed pathogenesis of COPD 
includes proteinase-antiproteinase hypothesis, immunological mechanisms, oxidant-antioxidant balance, 
systemic inflammation, apoptosis and ineffective repair. Airflow limitation in COPD is defined as a 
postbronchodilator FEV1 (forced expiratory volume in 1 sec) to FVC (forced vital capacity) ratio <0.70. 
COPD is characterized by an accelerated decline in FEV1. Co morbidities associated with COPD are 
cardiovascular disorders (coronary artery disease and chronic heart failure), hypertension, metabolic 
diseases (diabetes mellitus, metabolic syndrome and obesity), bone disease (osteoporosis and osteopenia), 
stroke, lung cancer, cachexia, skeletal muscle weakness, anaemia, depression and cognitive decline. The 
assessment of COPD is required to determine the severity of the disease, its impact on the health status 
and the risk of future events (e.g., exacerbations, hospital admissions or death) and this is essential to 
guide therapy. COPD is treated with inhaled bronchodilators, inhaled corticosteroids, oral theophylline 
and oral phosphodiesterase-4 inhibitor. Non pharmacological treatment of COPD includes smoking 
cessation, pulmonary rehabilitation and nutritional support. Lung volume reduction surgery and lung 
transplantation are advised in selected severe patients. Global strategy for the diagnosis, management 
and prevention of Chronic Obstructive Pulmonary Disease guidelines recommend influenza and 
pneumococcal vaccinations.
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Introduction

 Chronic obstructive pulmonary disease (COPD) 
is a name coined for the diseases that were previously 
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known as chronic bronchitis and emphysema. The 
British Medical Research Council (BMRC) defined 
chronic bronchitis as “daily productive cough for 
at least three consecutive months for more than two 

**Former Director



successive years1. American Thoracic Society (ATS) 
in 1962 defined emphysema as an “anatomic alteration 
of the lung characterized by an abnormal enlargement 
of the air spaces distal to the terminal, non-respiratory 
bronchiole, accompanied by destructive changes of 
the alveolar walls”2. The definition of emphysema put 
forth by the National Heart, Lung and Blood Institute 
in 1984 is as “a condition of the lung characterized by 
abnormal, permanent enlargement of airspaces distal to 
the terminal bronchiole, accompanied by the destruction 
of their walls, and without obvious fibrosis”3. Reid 
reported that “the diagnosis of emphysema by itself is 
incomplete unless it is taken into account the presence 
or absence of chronic bronchitis and vice versa”4. 
McDonough et al5 have recently reported extensive 
obliteration of terminal bronchioles in patients with 
COPD who have emphysema, suggesting that “the 
permanent enlargement of the distal airspaces may serve 
only as a structural biomarker, being a secondary result 
of small airway inflammation and destruction”6. Thus, 
COPD has both airway (central and small airways) 
and airspace abnormalities. The Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) recently 
defined COPD as “a common preventable and 
treatable disease characterized by persistent airflow 
limitation that is usually progressive and associated 
with an enhanced chronic inflammatory response in 
the airways and the lung to noxious particles or gases. 
Exacerbations and comorbidities contribute to the 
overall severity in individual patient7”. It is worthwhile 
to mention that William Osler in 1892 in his “Textbook 
of Medicine” has described hypertrophic emphysema 
as “a well-marked clinical affection, characterized by 
enlargement of the lungs due to distension of the air cells 
and atrophy of their walls, and clinically by imperfect 
aeration of the blood and more or less dyspnea”8, a 
beautiful clinical description of emphysema.

Epidemiology

(i) Global scenario

 There are wide variations in the prevalence of 
COPD across countries. This variation in the estimated 
prevalence is due to the method of diagnosis and 
classification of COPD9. It has been observed that the 
prevalence estimates were higher when COPD has been 
diagnosed by spirometry compared with methods using 
symptoms10. COPD is common in older population 
and is highly prevalent in those aged more than 75 
yr. The global prevalence of physiologically defined 
chronic obstructive pulmonary disease (GOLD stage 

2 or more) in adults aged ≥40 yr is approximately 9-10 
per cent11. The Burden of Obstructive Lung Disease 
(BOLD) study from 12 sites involving 9425 subjects 
who had completed post bronchodilator spirometry 
testing found that the overall prevalence of COPD of 
GOLD stage II or higher was 10.1 per cent and the 
prevalence was 11.8 per cent for men and 8.5 per cent 
for women12. This study had also revealed that there 
were differences between countries, the prevalence 
ranging from 9 per cent in Reykjavik, Iceland to 22 per 
cent in Cape Town, South Africa for men and from 4 
per cent in Hannover, Germany to 17 per cent in Cape 
Town for women.The multicentre PLATINO study that 
described the burden of COPD in five Latin American 
countries using post-bronchodilator spirometry had 
reported that the prevalence of airway obstruction was 
14.3 per cent and the proportion of subjects in stages II- 
IV of the GOLD classification was 5.6 per cent13. The 
reported prevalence of COPD in China varied between 
5 and 13 per cent in different provinces/cities14.

(ii) Indian scenario

 One of the earliest studies to know the prevalence of 
COPD in India was carried out by Wig et al in 196415 in 
rural Delhi. The prevalence was 3.36 per cent in males 
and 2.54 per cent in females in this study. Viswanathan 
in 196616 reported 2.12 per cent prevalence in males and 
1.33 per cent in females in Patna. Radha and colleagues18 
noticed that the prevalence in New Delhi in 1977 was 
8.1 per cent in men and 4.6 per cent in women17. Jindal 
in 199318 reported that the prevalence was 6.2 per cent 
in men and 3.9 per cent in women in rural area, and 4.2 
and 1.6 per cent, respectively in urban area. All these 
studies were from north India and information from 
south India was scanty. Thiruvengadam et al in 197719 
from Madras (south India) reported the prevalence 
of COPD of 1.9 per cent in males and 1.2 per cent in 
females. However, Ray et al in 199520 from south India 
found that the prevalence was 4.08 per cent in males 
and 2.55 per cent in females. Recently, the Indian Study 
on Epidemiology of Asthma, Respiratory Symptoms 
and Chronic Bronchitis in Adults (INSEARECH) 
involving a total of 85105 men, 84470 women from 12 
urban and 11 rural sites was reported21. This study had 
shown that the overall prevalence of chronic bronchitis 
in adults >35 yr was 3.49 per cent (ranging 1.1% in 
Mumbai to 10% in Thiruvananthapuram). Thus there 
are wide variations in the prevalence of COPD in India 
subcontinent. Based on this study, the national burden 
of chronic bronchitis was estimated as 14.84 million.
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Risk factors
 The development of COPD is multifactorial 
and the risk factors of COPD include genetic and 
environmental factors. The interplay of these factors is 
important in the development of COPD.

(i) Genetic factors
 Αlpha1-antitrypsin deficiency is an established 
genetic cause of COPD especially in the young and 
it has been reported that α1-antitrypsin deficiency 
occurs in 1-2 per cent of individuals with COPD22. 
Alpha1- antitrypsin is mainly produced in the liver and 
normal alpha1 antitrypsin is due to the M allele. Severe 
alpha1-antitrypsin deficiency results from mutation 
in the SERPINA 1 gene [located on the long arm of 
chromosome 14 (14q31-32.3)] and this gives rise to the 
Z allele23.

 Genome-wide association (GWA) study has 
identified three loci (CHRNA3/CHRNA5/IREB2, 
HHIP, and FAM13A) that are associated with COPD 
susceptibility24-26. A new COPD locus has also been 
identified on chromosome 19q13, which harboured the 
RAB4B, EGLN2, MIA, and CYP2A6 genes27. GWA study 
on forced expiratory volume in 1 second (FEV1) and 
FEV1/FVC (forced vital capacity) ratio has identified 
five genome-wide significant loci for pulmonary 
function, three [2q35 (TNS1), 4q24 (GSTCD), and 
5q33 (HTR4)] for FEV1, and two for FEV1/FVC [6p21 
(AGER) and 15q23 (THSD4)]28. Another GWA study 
found significant associations with FEV1/FVC ratio 
for SNPs located in seven previously unrecognized 
loci: 6q24 (GPR126), 5q33 (ADAM19), 6p21 (AGER 
and PPT2), 4q22 (FAM13A), 9q22 (PTCH1), 2q36 
(PID1), and 5q33 (HTR4). One new locus for FEV1 
on 4q24 annotated by three genes (INTS12, GSTCD, 
and NPNT) was identified for FEV128. 4q24 (GSTCD), 
5q33 (HTR4) and 6p21 (AGER) were common in both 
studies28,29. The first GWA study on lung-function 
decline has recently reported one locus on chromosome 
13q14.3 containing the DLEU7 gene that is strongly 
associated with FEV1 decline30.

(ii) Environmental factors
 Tobacco smoking is the main cause of obstructive 
pulmonary disease31. Other important environmental 
factors associated with COPD are outdoor air pollution, 
occupational exposure to dusts and fumes, biomass 
smoke inhalation, exposure to second-hand smoke and 
previous tuberculosis32. 

(a) Tobacco smoking: Though tobacco smoking is 
the most important cause of COPD, the population-

attributable fraction for smoking as a cause of COPD 
ranged from 9.7 to 97.9 per cent32. A Swedish cohort 
study had observed that population-attributable fraction 
for smoking as a cause of COPD was 76.2 per cent33. 
In another Denmark study, the reported population-
attributable fraction as a cause of COPD was 74.6 per 
cent34. Thus, a significant proportional subjects with 
COPD had causes other than tobacco smoking. In our 
country, bidi smoking is an important factor in addition 
to cigarette smoking that causes COPD35. 

(b) Outdoor air pollution: Outdoor air pollution mainly 
from emission of pollutants from motor vehicles and 
industries is an important public health problem36. In a 
community-based study, it has been observed that higher 
traffic density was significantly associated with lower 
FEV1 and FVC in women37. In the Danish Diet, Cancer 
and Health cohort study involving 57,053 participants, it 
has been shown that COPD incidence was significantly 
associated with nitrogen dioxide levels38. Particulate 
pollutants, ozone and nitrogen dioxide can produce 
bronchial hyper reactivity, airway oxidative stress, 
pulmonary and systemic inflammation36. However, a 
causal relationship between outdoor air pollution and 
COPD is still not established.

(c) Indoor air pollution: Important indoor air pollutants 
are environmental tobacco smoke, particulate matter, 
nitrogen dioxide, carbon monoxide, volatile organic 
compounds and biological allergens37. Among these, 
environmental tobacco smoke39,40 and biomass smoke 
exposure are related to the development of COPD42. 
Globally, it has been estimated that about 2.4 billion 
people (about 50% of world’s population) use biomass 
fuel as the primary energy source for domestic cooking, 
heating and lighting43. Biomass (wood, crop residue and 
animal drug) are burnt in rural areas using substandard 
stoves in poorly ventilated indoors. Women, spending 
more time indoors for cooking than men, are exposed 
to biomass fuel combustion products and are prone 
to develop COPD41,42,44. A meta-analysis has shown 
that biomass smoke exposure was a risk factor for 
developing COPD in both women and men44.

(d) Other risk factors: Other risk factors associated with 
COPD and reduced FEV1 are occupational exposure 
to dusts and fumes, previous tuberculosis, maternal 
smoking, childhood asthma and childhood respiratory 
infections45.

Pathology

 Pathological changes in COPD are observed in 
central airways, small airways and alveolar space46. 
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Mucus glands and goblet cells are found in the lining 
of trachea-bronchial tree in normal individuals and 
mucus is produced by these cells. In chronic bronchitis 
patients, the mucus glands are enlarged and goblet 
cells undergo metaplasia. The excess mucus secreted 
by these cells as a result of irritation from cigarette 
smoke, air pollutants, etc. and cough are the cardinal 
features of chronic bronchitis. The size of the mucus 
glands can be determined by the Reid index which is 
measured by calculating the ratio of bronchial gland 
to the thickness of bronchial wall4. Narrowing and 
destruction of terminal bronchioles (airways <2 mm in 
diameter) are characteristic changes in COPD. Small 
airways offer <20 per cent of the total resistance below 
the larynx47 and the resistance of the small airways 
is increased 4- to 40-fold in lungs from patients with 
COPD48. Thus, the small airways are the major site 
of increased resistance in persons with COPD. The 
cellular events that occur in the small airways in 
COPD include replacement of Clara cells with mucus-
secreting and infiltrating mononuclear cells and goblet 
cell metaplasia46. Smooth muscle hypertrophy is also 
an important finding. As a result of excess mucus 
secretion, oedema formation and cellular infiltration 
and the resultant fibrosis cause airway narrowing. 
Pathological changes that occur in alveolar space 
include accumulation of macrophages and neutrophils. 
There is also an increase in T-lymphocytes particularly 
CD8+ T cells. Chronic inflammation and destruction of 
alveolar space lead to either cetriacinar or panacinar 
emphysema. 

Pathogenesis

 The proposed pathogenesis of COPD includes 
proteinase-antiproteinase hypothesis, immunological 
mechanisms, oxidant-antioxidant balance,systemic 
inflammation, apoptosis and ineffective repair46.

(i) The proteinase-antiproteinase hypothesis

 The proteinase-antiproteinase hypothesis is 
based on the assumption that tissue destruction and 
emphysema occur due to an imbalance between the 
proteinases and their inhibitors. It has been proposed 
that there is an increase in the quantity of elastic-
degrading enzymes compared to their inhibitors in 
emphysema. This concept has been suggested in 
emphysema that has been described in α1 antitrypsin 
(α1AT) deficiency, first reported by Laurell and 
Eriksson in 196349. The patients with α1AT deficiency 
have mutations in the α1AT gene. Z mutation is 
the common mutation and these mutations impair 

secretion of the protein from hepatocytes. As a result, 
there is markedly decreased circulating level of serine 
proteinase inhibitor. PiZ-α1AT is less effective than 
the normal PiM-α1AT. It has been recently reported 
that PiZ-α1AT is prone to polymerization which can 
inhibit hepatic secretion, impair neutrophil elastase 
(NE) inhibition and promote inflammation46. Chronic 
cigarette smoke exposure leads to accumulation 
of activated macrophages, neutrophils and CD8+ T 
lymphocytes in the distal airways and alveolar spaces50. 
Macrophages and neutrophils are the main sources of 
proteases in lungs. Excess neutrophil elastase produced 
by the activated neutrophils overwhelms the serine 
proteinase inhibitors leading to the development of 
emphysema. Cigarette smoke also activates airway 
epithelium to trigger airway remodelling51. Studies 
have demonstrated that there are correlations between 
the degree of macrophage and neutrophil inflammation 
and severity of airflow obstruction52.

 Matrix metalloproteinases (MMP), increased in 
many lung diseases including COPD, have the capacity 
to cleave structural proteins such as collagen and 
elastin and these MMPs are linked to the pathogenesis 
of COPD53. Increases in many MMPs are reported in 
smoking-related emphysema and three MMPs (MMP-2, 
-9, and 12) are shown to degrade elastin53. MMP-9 and 
MMP-12 are expressed in alveolar macrophages from 
COPD patients. Cigarette smoke causes macrophages 
to produce MMP-12 which can cleave elastin into 
fragments. Elastin fragments are chemotactic to 
monocytes and fibroblasts and this increases the 
inflammatory and protease burden in the lung and leads 
to subsequent lung destruction. This creates a positive 
feedback loop that results in continuous destruction of 
lung parenchyma54. A single-nucleotide polymorphism 
in MMP-12 has been identified as a protective factor 
for COPD55. Other proteases that play important 
roles in COPD are cathapsins S, L (in macrophages), 
and G, and proteinase-3 (in neutrophils)56. However, 
subsequent studies have unravelled a more complex 
pathogenesis in emphysema57. 

(ii) Immunological mechanisms

 COPD is associated with an abnormal inflammatory 
response of the lungs to noxious particles or gases, 
most commonly cigarette smoke7. Patients with COPD 
have been reported to have increased numbers of 
neutrophils in sputum, lung tissue and bronchoalveolar 
lavage (BAL)58 and neutrophils are important cells 
in the pathogenesis of COPD. Serum levels of 
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immunoglobulin free light chains (IgLC) were found 
to be increased in smoking-induced COPD59. IgLC 
were found to bind neutrophils and cross-linking of 
IgLC on neutrophils results in increased production 
of IL8/CXCL8 which is a selective attractant of 
neutrophils. B cells have been found to be increased 
in COPD and these cells produce IgCL, in addition to 
IgG and IgA in COPD60. It has also been reported that 
serum IgE levels are increased in patients with COPD 
and this may be related to smoking61. Both IgE and 
IgLC can exert similar proinflammatory effects via 
neutrophils59. However, the role of immunoglobulins 
in the pathogenesis of COPD is not understood.

(iii) Oxidant-antioxidant balance

 Abnormally accumulated inflammatory cells 
including neutrophils and macrophages and cigarette 
smoke produce reactive oxygen species which play an 
important role in the pathogenesis of COPD. Oxidative 
stress can impair vasodilation and endothelial cell 
growth. When the oxidant load exceeds the antioxidant 
capacity of the lung, modification of proteins, lipids, 
carbohydrates and DNA occurs in the local milieu 
resulting in tissue injury. Though the oxidants cannot 
degrade extracellular matrix, these can modify elastin. 
Modified elastin is then more susceptible to proteolytic 
cleavage. Cigarette smoke can inactivate histone 
deacetylase (HDAC2) and this leads to NF-kB-mediated 
transcription of neutrophil chemokines/cytokines 
(TNF-α and IL-8) and MMPs. Neutrophil elastase and 
MMPs overwhelm their respective inhibitors. This 
can augment the matrix-degrading capacity which can 
promote emphysema formation46.

(iv) Systemic inflammation

 In addition to the pulmonary component, COPD 
has several extrapulmonary manifestations. It has been 
postulated that persistent pulmonary inflammation may 
promote the release of pro-inflammatory chemokines 
and cytokines into the circulation62. These mediators 
can stimulate liver, adipose tissue and bone marrow to 
release excessive amounts of leucocytes, C-reactive 
protein (CRP), interleukin (IL)-6, IL-8, fibrinogen 
and tumour necrosis factor-α (TNF-α) into the 
circulation62,63. This may lead to a persistent low-grade 
systemic inflammation62. Systemic inflammation may 
initiate or worsen comorbid diseases, such as ischaemic 
heart disease, heart failure, osteoporosis, normocytic 
anaemia, lung cancer, depression and diabetes64. Two 
Danish population studies involving 8656 COPD 
patients had revealed that simultaneously elevated 

levels of CRP, fibrinogen, and leukocyte count were 
associated with a 2- to 4-fold increased risk of major 
comorbidities (myocardial infarction, heart failure, 
diabetes, lung cancer and pneumonia) in COPD65.

(v) Apoptosis

 Recent studies have highlighted that apoptosis is 
involved in the development of COPD and it has been 
demonstrated that there is an increase in apoptotic 
alveolar epithelial and endothelial cells in the lungs of 
COPD patients. Since this is not counterbalanced by an 
increase in proliferation of these structural cells, the net 
result is destruction of lung tissue and the development 
of emphysema. It has been suggested that there is a role 
for vascular endothelial growth factor (VEGF) in the 
induction of apoptosis of structural cells in the lung. 
Other mediators involved in apoptosis are caspase-3 
and ceramide51,66-68.

(vi) Ineffective repair

 There is ineffective repair in emphysema and 
this is due to the limited ability of the adult lung to 
repair the damaged alveoli. Studies have shown that 
treatment of normal rats with all-trans-retinoic acid 
increases the number of alveoli and this prompted the 
investigators to study whether a similar effect would 
occur in rats with emphysema. In experimentally 
produced emphysema in rats, it has been shown that 
treatment with all-trans-retinoic acid reversed the 
changes associated with emphysema. A similar effect 
in humans is a possibility69. Advances in regenerative 
medicine and stem cell biology may answer some of 
these issues.

(vii) Endothelial microparticles

 Pulmonary vascular disease is an important 
consequence of COPD. Endothelial microparticles 
(EMPs) which are microvesicles released from 
apoptotic endothelial cells are increased in smokers 
with normal spirometry and low diffusing capacity70. 
The majority of microparticles are angiotensin-
converting enzyme positive and this observation 
suggests that EMPs are of pulmonary vascular origin. 
EMPs can be a potential biomarker for pulmonary 
vascular disease associated with COPD.

Pathophysiology

 Pathophysiological changes in COPD are due 
to the pathological changes seen in central airways, 
small peripheral airways, pulmonary parenchyma 
and pulmonary vasculature. Mucus hypersecretion 
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is common in patients with predominant central 
airway involvement. Chronic obstructive pulmonary 
disease is characterized by an accelerated decline in 
FEV171. Airflow limitation in COPD is defined as a 
postbronchodilator FEV1 (forced expiratory volume in 
1 sec) to FVC (forced vital capacity) ratio <0.70, usually 
without reversibility to bronchodilators. Bronchodilator 
reversibility and bronchial hyper-reactivity are 
variable in COPD and, therefore, have limited value 
in distinguishing COPD from bronchial asthma72. 
Overall 23 to 42 per cent of patients with COPD have 
responsiveness to bronchodilators and 59 per cent of 
men and 85 per cent of women with moderate COPD 
have airway hyper responsiveness73,74. The severity of 
airflow limitation in COPD is classified based on post-
bronchodilator FEV1value into four groups (GOLD 
1, GOLD 2, GOLD 3 and GOLD 4). In patients with 
FEV1/FVC <70, if FEV1 >80 per cent predicted, they 
are classified as mild (GOLD 1), if FEV1 predicted  
< 80 per cent and > 50 per cent as moderate (GOLD 
2), if FEV1 predicted <50 per cent and >30 per cent 
as severe (GOLD 3) and if FEV1 predicted <30 per 
cent as very severe (GOLD 4) airflow limitation7. 
The Evaluation of COPD Longitudinally to Identify 
Predictive Surrogate Endpoints (ECLIPSE) study has 
shown that the rate of decline in FEV1 over a 3-year 
period was highly variable76. In this study, the mean rate 
of change in FEV1 was a decline of 33 ml per year with 
significant variation and only 38 per cent of patients 
had an estimated decline in FEV1 of more than 40 ml 
per year. The rate of decline in FEV1 in this study in 
more than half of the patients was no greater than that 
observed in subjects without lung disease suggesting 
that COPD is not invariably progressive. Current 
smokers, patients with bronchodilator reversibility, and 
patients with emphysema had increased rates of decline 
in FEV175. The ECLIPSE study further observed that 
Clara cell protein (CC-16) was significantly associated 
with a greater decline in FEV1 of 4 ± 2 ml per year 
for each decrease in one standard deviation of the 
CC-16 level75. Patients with COPD have pulmonary 
hyperinflation characterized by an increase in functional 
residual capacity and a decreased inspiratory capacity. 
Patients with emphysema have low carbon monoxide 
diffusing capacity. Low arterial oxygen and high carbon 
dioxide levels are observed in patients with COPD with 
respiratory failure. Pulmonary arterial hypertension 
(PAH) develops late in the course of the natural 
history of patients with COPD. This can be associated 
with the development of severe hypoxaemia and is a 
major cardiovascular complication of COPD. Chronic 
pulmonary hypertension leads to the development of 

right ventricular hypertrophy and cor pulmonale and 
has a poor prognosis76. Wells et al77 observed that 
computerised tomography-detected pulmonary artery 
enlargement defined as a ratio of the diameter of the 
pulmonary artery to the diameter of the aorta (PA: A 
ratio of >1) was independently associated with acute 
exacerbations of COPD77.

Co-morbidities

 Extrapulmonary manifestations in COPD, in 
addition to pulmonary component, are common. 
It has been observed in the ECLIPSE study that 
comorbidities were significantly higher in patients 
with COPD than in smokers and never smokers78. The 
important comorbidities associated with COPD are 
cardiovascular disorders (coronary artery disease and 
chronic heart failure, hypertension), metabolic diseases 
(diabetes mellitus, metabolic syndrome and obesity), 
bone disease (osteoporosis and osteopenia), stroke, 
lung cancer, cachexia, skeletal muscle weakness, 
anaemia, depression and cognitive decline79. Risk 
factors such as advancing age, cigarette smoking and 
environmental pollution are common to both COPD 
and ischaemic heart disease. The potential mechanisms 
of increased risk of cardiovascular disease in COPD 
are systemic inflammation, increased oxidative stress, 
neurohumoral disturbances and increased thrombotic 
tendency62. A systematic review of literature had 
shown that reduced FEV1 nearly doubles the risk for 
cardiovascular mortality independent of age, sex and 
cigarette smoking80. It has been reported that a 10 per cent 
decrease in FEV1 among COPD patients increases the 
cardiovascular event rate 28 per cent81. COPD patients 
were 1.76 times more likely to have arrhythmias, 1.61 
times more likely to have angina, 1.61 times more 
likely to develop acute myocardial infarction and 3.84 
times more likely to develop congestive heart failure82. 
There was also an inverse relationship between lung 
function and ischaemic stroke in subjects who had 
never smoked83. In a study of 12,04,110 patients aged 
>35 yr, COPD patients (n=29870) were five times more 
likely to have a cardiovascular disease compared with 
those without COPD (n=11,74,240)84. Analysis of data 
from 20,296 subjects aged ≥45 yr at baseline in the 
Atherosclerosis Risk in Communities Study (ARIC) 
and the Cardiovascular Health Study (CHS) has 
revealed that subjects with GOLD stages 3 or 4 COPD 
had a higher prevalence of diabetes, hypertension and 
cardiovascular disease85. Lucas-Ramos et al86 in a 
study of 1200 COPD patients and 300 control subjects 
showed that the COPD group had a significantly higher 
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prevalence of ischaemic heart disease, cerebrovascular 
disease, and peripheral vascular disease. COPD, 
hypertension, diabetes, obesity, and dyslipidaemia 
were risk factors for ischaemic heart disease in the 
univariate analysis. In the multivariate analysis 
adjusted for the remaining factors, COPD was still an 
independent risk factor suggesting that COPD patients 
had a high prevalence of cardiovascular disease, higher 
than expected given their age and the co-existence of 
classic cardiovascular risk factors86.

 Cachexia, defined as excessive weight loss is a 
frequent finding in COPD and is associated with poor 
functional capacity and increased mortality. It has 
been observed that 10 to 15 per cent of patients with 
mild to moderate COPD have significant weight loss 
whereas the weight loss is observed in 50 per cent of 
patients with severe COPD87. It has been reported that 
fat-free mass is significantly reduced in COPD61. The 
proposed mechanism of cachexia in COPD includes 
low testosterone levels, increased pro-inflammatory 
cytokines and increased catecholamine synthesis88-90.

 Skeletal muscle dysfunction due to loss of skeletal 
muscle mass occurs mainly in the thighs and upper 
arms91. As a result of skeletal muscle dysfunction, 
patients with COPD have reduced exercise endurance 
and present with symptoms of fatigue and dyspnoea92. 
There was significant reduction in type I fibres and a 
relative increase in type II fibres in skeletal muscles 
of patients with COPD93. Reduced oxidative energy 
metabolism as a result of the reduced cytochrome C 
oxidase and succinate dehydrogenase activities has 
been reported in COPD94. Microscopic findings in 
skeletal muscles of COPD patients include increased 
oxidative stress, lactic acidosis, increased apoptosis 
and inflammatory changes95. Deconditioning and disuse 
are other factors that may contribute to skeletal muscle 
dysfunction. Use of corticosteroids, poor nutrition and 
hormonal changes exaggerate muscle dysfunction in 
COPD96.

 Another important comorbid condition in COPD 
is reduced bone mass. A strong correlation between 
low bone mass and radiological emphysema has 
been reported in smokers97. The risk of osteoporosis 
increases by 1.9-fold in patients with airway obstruction 
compared with those without airway obstruction and by 
2.4-fold in patients with severe COPD98. The proposed 
aetiology for the bone loss includes smoking, vitamin 
D deficiency, low body mass index, hypogonadism, 
sedentary lifestyle, and use of glucocorticoids99. Patients 

with COPD are vulnerable to fractures particularly 
vertebral fractures100.

 Epidemiological studies have suggested that the 
risk of lung cancer is higher in smokers with COPD 
compared with smokers with normal lung function101,102. 
Previous lung diseases are also found to be associated 
with an increased risk of lung cancer101. The annual-
incidence rates of lung cancer per 10,000 person-
years were at least four-fold higher in patients with 
prior COPD compared with the general population 102. 
A longitudinal study has revealed that there is high 
incidence density of lung cancer in outpatients with 
COPD (16 per 1000 person- years compared with 1-1.5 
per persons in smokers with normal lung function)103. 
This study has also shown that the most frequent type 
of lung cancer was squamous cell carcinoma (44%) and 
lung cancer incidence was lower in patients with worse 
severity of airflow obstruction. GOLD stages I and II, 
older age, lower body mass index, and lung diffusion 
capacity of carbon monoxide less than 80 per cent were 
associated with lung cancer diagnosis103.

 Depressive symptoms were found to be common 
among patients with COPD104. In a study consisting of 
2,118 subjects with COPD, 335 smokers without COPD 
(smokers), and 243 non-smokers without COPD (non-
smokers), 26, 12, and 7 per cent of COPD, smokers, 
and non-smokers, respectively have been found 
to suffer from depression. In subjects with COPD, 
higher depression prevalence was seen in females, 
current smokers, and those with GOLD-defined 
severe disease105. Frontal-type cognitive decline with 
the worsening of the hypoxemia has been reported in 
COPD106.

 Anaemia was observed in 17 per cent of patients 
with COPD compared to 6 per cent seen with 
polycythemia and anaemia was an independent risk 
factor for reduced functional capacity in COPD107.

Exacerbations

 Exacerbation in COPD is defined as an acute 
event characterised by a worsening of the patient’s 
respiratory symptoms that is beyond normal day-to-
day variations and leads to a change in medication7. 
COPD exacerbations are important because they are 
associated with significant morbidity, health care 
cost and mortality108. Several factors exacerbate 
COPD and the common factors are bacterial or viral 
respiratory tract infections. Air pollution is another 
contributing factor. The cause of exacerbations cannot 
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be identified in one-third of cases. Patients with 2 or 
more exacerbations per year are classified as “frequent 
exacerbators”. A new patient-reported outcome diary 
known as EXAcerbation of Chronic Pulmonary 
Disease Tool (EXACT) has been developed to evaluate 
the frequency, severity, and duration of exacerbations 
of COPD and this 14-item daily diary has been found 
to be reliable, valid, and sensitive to changes during 
recovery from exacerbation109. Bafadhel et al110 using 
unbiased analysis have identified four distinct biologic 
exacerbation clusters and these were bacterial, viral, 
eosinophilic and pauci inflammatory. They have 
also found that sputum IL-1β, serum CXCL10, and 
peripheral eosinophils are biomarkers of bacteria-, 
virus-, or eosinophil associated exacerbations of 
COPD110. Tanabe et al111 reported that annual changes 
in CT parameters of emphysema are greater in patients 
with a history of exacerbations of COPD than in those 
without a history of exacerbations suggesting that 
exacerbations accelerate emphysema progression in 
patients with COPD111. A systematic review of the 
literature to determine the prevalence of pulmonary 
embolism in acute exacerbations of COPD had 
revealed that one of four COPD patients who require 
hospitalization for an acute exacerbation might have 
pulmonary embolism112.

 The diagnosis of exacerbation is based on the acute 
change of symptoms (baseline dyspnoea, cough and/or 
sputum production) that is beyond normal day-to-day 
variation. Differential diagnosis of COPD exacerbations 
includes pneumonia, pulmonary embolism, congestive 
cardiac failure, cardiac arrhythmias, pneumothorax 
and pleural effusion. These conditions may mimic 
and/or aggravate exacerbations and have to be 
treated if identified. The assessment of severity of 
exacerbations can be assessed by pulse oxymetry (for 
adjusting supplemental oxygen therapy), arterial blood 
gases (for diagnosis of acute-on-chronic respiratory 
failure), acid-base status (for initiating mechanical 
ventilation), chest X-rays to exclude alternate causes, 
electrocardiogram to diagnose cardiac conditions and 
whole blood count to identify polycythemia, anaemia 
or leucocytosis. In addition, the presence of purulent 
sputum is an indication for initiating empiric antibiotic 
treatment. Common pathogens in an exacerbation are 
Haemophilus influenzae, Streptococcus pneumoniae 
and Moraxella catarrhalis. Pseudomonas aerugenosa 
can be identified in COPD patients belonging to the 
GOLD groups 3 and 4. Electrolyte abnormalities and 
hyperglycaemia may be due to the associated co-
morbidities87.

Management

(i) Pharmacological agents

 The drugs for treatment of COPD are inhaled 
bronchodilators, inhaled corticosteroids, oral 
theophylline and oral phosphodiesterase-4 inhibitor. 
Oxygen therapy is indicated in COPD patients with 
chronic respiratory failure with hypoxemia.

(a) Bronchodilators: Inhaled bronchodilators are the 
main pharmacological agents that improve symptoms, 
decrease exacerbations and improve quality of 
life in COPD113. Bronchodilators can cause only 
a small (<10%) increase in FEV1 in patients with 
COPD. Though there is only a small improvement 
in spirometric measurements, bronchodilators may 
improve symptoms especially dyspnoea by reducing 
hyperinflation114,115. Inhaled bronchodilators can be 
either β2-adrenergic receptor agonists or cholinergic 
receptor antagonists. β2-adrenergic receptor agonists 
can be short-acting (e.g. salbutamol) or long-acting 
(e.g. formoterol fumarate and salmeterol xinafoate). 
Similarly, cholinergic receptor antagonists can be 
short-acting (e.g. ipratropium bromide) or long-acting 
(e.g. tiotropium bromide). The duration of action of 
inhaled short-acting β2-agonists is 4 to 6 h and that of 
short-acting inhaled anticholinergics lasts up to 8 h. The 
duration of action of inhaled long-acting β2-agonists 
is 12 h or more and the action of inhaled long-acting 
anticholinergics lasts more than 24 h. The adverse 
effects of inhaled short-acting β2-agonists include sinus 
tachycardia, somatic tremor and hypokalemia. The 
important adverse effects of inhaled anticholinergics 
are dry mouth and occasional prostatic symptoms.

 Patients with mild airflow limitation can be treated 
with a single short-acting inhaled bronchodilator, 
either with salbutamol or with ipratropium. Both 
drugs are equally effective to relieve symptoms and 
to improve airflow. Patients with moderate airflow 
limitation require treatment with either a long-acting β2-
adrenergic receptor agonist (formoterol or salmeterol) 
or long-acting cholinergic receptor antagonist 
(tiotropium). A short-acting bronchodilator (not a 
long-acting inhaled bronchodilator) is the appropriate 
treatment for relief of acute symptoms. Combination 
of short-acting bronchodilators, a β2-adrenergic 
receptor agonist and a cholinergic receptor antagonist 
(e.g. salbutamol and ipratropium) has been shown 
to have a greater bronchodilation than either drug 
used alone116. Combining a long-acting β2-adrenergic 
receptor agonist (e.g. salmeterol) with a short-acting 
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cholinergic receptor antagonist (e.g. ipratropium) 
has been shown to improve airways obstruction117. 
In a randomized, double-blind trial in patients with 
COPD, the Understanding Potential Long-Term 
Impacts on Function with Tiotropium (UPLIFT) study 
has demonstrated that treatment with tiotropium was 
associated with improvements in lung function, quality 
of life, and exacerbations during a 4-year period but did 
not significantly reduce the rate of decline in FEV1118. 
In a 1-year, randomized, double-blind, double-dummy, 
parallel-group trial, the investigators of the Prevention 
of Exacerbations with Tiotropium in COPD (POET-
COPD) trial reported that tiotropium (18 µg once daily) 
is more effective than salmeterol (50 µg twice daily) in 
preventing exacerbations in patients with moderate-to-
very-severe COPD119.

 Glycopyrronium is a novel long-acting 
anticholinergic and is a synthetic quaternary ammonium 
compound acting as a competitive antagonist by binding 
to muscarinic receptors in bronchial smooth muscle. It 
is currently in development for the treatment of COPD. 
The effect of glycopyrronium (50 µg) is similar to 
that of tiotropium in reducing dyspnoea and the risk 
of exacerbations, as well as improving lung function, 
exercise tolerance, and health status in patients with 
COPD120,121.

 Indacaterol is an “ultra” long-acting β2-adrenergic 
agonist that is distinguished by once-daily dosing. 
The duration of action of inhaled indacaterol is >24 h 
compared to twice-daily dosing of other long-acting β2-
adrenergic agonists such as salmeterol and formoterol 
that have a bronchodilator action of about 12 h. 
Indacaterol has a fast onset and produces sustained 
bronchodilation. It relaxes bronchial smooth muscles 
to reduce the symptoms of COPD and is well tolerated. 
Indacaterol is intended for the long-term maintenance 
treatment of COPD122. Indacaterol (150 or 300 µg) was 
found to be an effective once-daily bronchodilator and 
was at least as effective as tiotropium in improving 
clinical outcomes for patients with COPD122. Indacaterol 
150 μg administered once daily had been shown to 
have a clinically relevant bronchodilator effect over 24 
h post-dose and improved health status and dyspnoea 
to a greater extent than twice-daily 50 μg salmeterol123. 
Indacaterol given to COPD patients for one year was 
well tolerated and provided significant and well-
maintained bronchodilation that was accompanied by 
improved clinical outcomes124. Feldman et al125 had 
shown that low dose (75 µg) of indacaterol can be 
used for maintenance therapy for patients with COPD 

and indacaterol at this dose showed positive benefit 
in both decreasing dyspnoea and improving quality 
of life. The US FDA has approved 75 μg once-daily 
dose of indacaterol for use as a long-term maintenance 
treatment for patients with COPD126.

(b) Corticosteroids: The fact that COPD is associated 
with chronic inflammation is the rational for the use of 
inhaled corticosteroids in COPD. There is no evidence 
that inhaled or oral steroids suppress inflammation in 
COPD127. This is in contrast to the beneficial effects 
of inhaled steroids in the treatment of chronic asthma. 
However, there are evidences that inhaled and systemic 
steroids have beneficial effects in acute exacerbations 
of COPD128,129. Inhaled steroids have been shown to 
improve symptoms, lung function, quality of life and 
to reduce the frequency of exacerbations in COPD 
patients with FEV1 <50 per cent predicted130-132. 
Adverse effects of inhaled corticosteroids are oral 
candidiasis, hoarseness of voice and skin bruising. 
Long-term treatment with inhaled corticosteroids has 
been shown to be associated with an increased risk 
of pneumonia130,133,134. Oral corticosteroids are not 
recommended as long-term monotherapy in COPD 
patients and have numerous side effects if administered 
long-term. 

(c) Phosphodiesterase inhibitors: Theophylline, a weak 
oral bronchodilator is a non-selective phosphodiesterase 
inhibitor and has some anti-inflammatory properties. 
However, its narrow therapeutic index is a concern 
requiring frequent monitoring of blood levels, adverse 
drug reactions and drug interactions. COPD patients, 
if continued to be symptomatic despite combined 
inhaled bronchodilator treatment, can be prescribed 
theophylline and it provides additional improvement 
in lung function with a few exacerbations135. Important 
adverse effects of theophylline are atrial and ventricular 
arrhythmias, convulsions, headache, insomnia and 
nausea. Theophylline has also interactions with many 
commonly used medications.

 Roflumilast is a phosphodiesterase-4 (PDE-4)
inhibitor and it reduces inflammation by inhibiting 
the breaking down of intracellular cyclic AMP. It is 
administered orally with a once a day schedule (500 
mg) and it reduces acute exacerbations in patients 
with COPD136. Roflumilast used concomitantly with 
long-acting β2 agonists has been shown to reduce 
exacerbations in COPD137,138. Adverse reactions 
with roflumilast include nausea, diarrhoea, sleep 
disturbances, headache, and weight loss.
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(ii) Pharmacotherapy

 The clinical diagnosis of COPD is based on the 
history of progressive and persistent dyspnoea that 
worsens with exercise, chronic cough which may be 
initially intermittent and may be unproductive, chronic 
sputum production of any pattern, history of exposure to 
risk factors (tobacco smoke, smoke from home cooking 
and heating fuels, occupational dusts and chemicals) 
and a family history of COPD7. Spirometry is required 
to confirm the presence of persistent airflow limitation 
which is defined as the presence of post-bronchodilator 
FEV1/FVC <70.

(a) Assessment of disease: The assessment of COPD 
is required to determine the severity of the disease, its 
impact on the health status and the risk of future events 
(e.g. exacerbations, hospital admissions or death) 
and this is essential to guide therapy. Assessment of 
COPD is achieved by considering the patient’s current 
symptoms, the severity of spirometric abnormality, the 
exacerbation risk and the presence of comorbidities 
separately. GOLD guidelines recommend Modified 
British Medical Council (mMRC) questionnaire or 
COPD Assessment Test (CAT) to assess symptoms139,140. 
Spirometric assessment is required to classify the 
severity of airflow limitation. Spirometric evaluation is 
to be done after administration of inhaled short-acting 
bronchodilator. The best predictor of having frequent 
exacerbations (2 or more exacerbations per year) is 
a history of previous treated events141 and worsening 
airflow limitation is also associated with an increasing 
prevalence of exacerbations and risk of death7. 
Assessment of comorbidities is essential in COPD, as 
these can influence mortality and hospitalizations in 
COPD85.

 Combined COPD assessment is based on the 
combination of the symptomatic assessment with the 
spirometric classification and/or risk of exacerbations. 
The assessment of symptoms based on mMRC 
questionnaire or CAT scale indicates the level of 
symptoms. A high level of symptom is indicated 
when the mMRC grade is >2 or the CAT score is >10. 
Only one scale either mMRC grade or CAT scale is 
sufficient to assess the symptoms, preferring the CAT 
scale. Exacerbation risk can be assessed by using 
GOLD spirometric classification and by the individual 
patient’s history of exacerbations. GOLD spirometric 
categories 3 or 4 and two or more exacerbations in the 
preceding year indicate high risk. If the risk assessment 
done based on spirometric categories or exacerbation 

history shows any discrepancy, the assessment that 
provides the highest risk is to be used. Combined 
COPD assessment done as mentioned provides four 
groups as follows7:

 Group A (Low risk, less symptoms): GOLD 1 
or 2 (mild or moderate airflow limitation) and/or 0-1 
exacerbation per year and mMRC grade 0-1 or CAT 
score <10.

 Group B (Low risk, more symptoms): GOLD 1 
or 2 (mild or moderate airflow limitation) and/or 0-1 
exacerbation per year and mMRC grade >2 or CAT 
score >10.

 Group C (High risk, less symptoms): GOLD 3 or 
4 (severe or very severe airflow limitation) and/or >2 
exacerbation per year and mMRC grade 0-1 or CAT 
score <10.

 Group D (High risk, more symptoms): GOLD 3 
or 4 (severe or very severe airflow limitation) and/or 
>2 exacerbation per year and mMRC grade >2 or CAT 
score >10.

 Group A patients are treated with a short-acting 
bronchodilator (either short-acting anticholinergic or 
short-acting β2-agonist) as the first choice. The second 
choice is a combination of short-acting bronchodilators 
(short-acting anticholinergic and short-acting β2-
agonist) or a long-acting bronchodilator (either long-
acting anticholinergic or long-acting β2-agonist). 
Theophylline is an alternative choice.

 Group B patients can be treated with a long-acting 
bronchodilator (either long-acting anticholinergic 
or long-acting β2-agonist). Patients with severe 
breathlessness in group B can be treated with a 
combination of long-acting anticholinergic and long-
acting β2-agonist. Alternate choice is short-acting 
bronchodilators (short-acting anticholinergic and/or 
short-acting β2-agonist) and theophylline. 

 Group C patients require treatment with a fixed 
combination of inhaled corticosteroids and long-acting 
β2-agonist or long-acting anticholinergic. The second 
choice of treatment is with a combination of long-acting 
anticholinergic and long-acting β2-agonist. Alternate 
treatment is with short-acting bronchodilators (short-
acting anticholinergic and/or short-acting β2-agonist) 
and theophylline. A phosphodiesterase-4 inhibitor can 
also be added.

 Group D patients can be treated with a fixed 
combination of inhaled corticosteroids and long-acting 
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β2-agonist or long-acting anticholinergic. Different 
drug combinations are recommended as second choice 
for treatment of group D patients. The combinations are 
inhaled corticosteroid and long-acting anticholinergic 
or inhaled corticosteroid + long-acting β2-agonist and 
long-acting anticholinergic or inhaled corticosteroid 
+ long-acting β2-agonist and phosphodiesterase-4 
inhibitor or long-acting β2-agonist and long-acting 
anticholinergic or long-acting anticholinergic and 
phosphodiesterase-4 inhibitor. Alternate treatment 
is with short-acting bronchodilators (short-acting 
anticholinergic and/or short-acting β2-agonist) and 
theophylline and carbocysteine.

(b) Oxygen therapy: Patients with COPD with 
respiratory failure and with severe resting hypoxemia 
on long-term oxygen therapy (LTOT) (>15 h per day) 
have been found to have increased survival. LTOT 
is prescribed to COPD patients with PaO2 <7.3 kPa 
(55 mm Hg) or SaO2 <88 per cent with or without 
hypercapnia confirmed twice over a three week period 
or PaO2 between 7.3 kPa (55 mm Hg) and 8 kPa (60 
mm Hg) with evidence of pulmonary hypertension, 
peripheral oedema indicating congestive cardiac failure 
or polycythemia (haematocrit >55)142,143.

(c) Exacerbations: The treatment of exacerbations 
in COPD is with bronchodilators, corticosteroids and 
antibiotics. Short-acting inhaled β2-agonists or short-
acting anticholinergics are the preferred bronchodilator 
for the treatment of exacerbations144. Short-acting 
bronchodilators can be given either by metered-dose 
inhalers or by nebulizers and there are no differences 
in FEV1 whether given by metered-dose inhalers or 
by nebulizers145. When there is insufficient response 
to inhaled short-acting bronchodilators, intravenous 
methylxanthines (theophylline or aminophylline) can 
be given, keeping in mind the adverse effects and 
drug interactions of methylxanthines146,147. Systemic 
corticosteroids have been found to shorten recovery 
time and arterial hypoxemia129,148. The systemic 
corticosteroids also reduce the risk of early relapse, 
treatment failure and length of hospital stay148,149. Oral 
prednisolone 30-40 mg daily is given for 10-14 days. 
Alternative treatment is with nebulized budesonide. 
Increase in dyspnoea, sputum volume and sputum 
purulence are the cardinal features of exacerbations in 
COPD. Antibiotics for 5 to 10 days are prescribed if two 
of the three cardinal symptoms (increased purulence 
of symptoms is one of the symptoms) are observed. 
The COPD Clinical Research Network undertook a 
study to determine whether azithromycin decreased 

the frequency of exacerbations in patients with COPD, 
as macrolide antibiotics have immunomodulatory, 
anti-inflammatory, and antibacterial effects150. COPD 
patients (n=1142) with a history of prior exacerbation 
were randomised to receive azithromycin 250 mg daily 
or a placebo and continued their usual care. The study 
showed that azithromycin 250 mg daily taken daily 
for 1 year , when added to usual treatment in COPD 
patients, decreased the frequency of exacerbations 
and improved quality of life. However, azithromycin 
caused hearing decrements in a small percentage 
of subjects151. Supplemental oxygen is required to 
maintain arterial oxygen saturation 88 to 92 per cent. 
Ventilatory support either non-invasive mechanical 
ventilation or mechanical ventilation based on proper 
indications is required in patients in COPD patients 
with severe exacerbations admitted to hospitals. 

(iii) Non-pharmacologic treatment 

(a) Smoking cessation: Smoking cessation is the most 
important step in the treatment of COPD. Smoking 
cessation has been found to reduce the decline of 
FEV1152. Nicotine replacement treatment with nicotine 
gum, inhaler, nasal spray, transdermal patch, sublingual 
tablet or lozenges has been found to increase long 
term smoking-abstinence rates. Varenicline and 
bupropion are pharmacologic agents for the treatment 
of tobacco addiction. Smoking cessation counselling 
is also effective to treat tobacco addiction. It has been 
reported that even a 3 min counselling to a smoker 
enables smoking cessation rates of 5 to 10 per cent153. 
Patients with COPD who smoke and receive intensive 
counselling or a combination of intensive counselling 
and nicotine replacement therapy (NRT) or bupropion 
had significantly higher abstinence rates154.

(b) Pulmonary rehabilitation: Pulmonary 
rehabilitation is an important component of therapy 
of COPD. The components of a comprehensive 
pulmonary rehabilitation programme include exercise 
training, smoking cessation, nutrition counselling and 
education. The benefits of pulmonary rehabilitation 
include improvement in exercise capacity, reduction in 
the perceived intensity of breathlessness, improvement 
in health-related quality of life, reduction in the 
number of hospitalizations and days in the hospital and 
reduction in anxiety and depression associated with 
COPD. In an evidence-based review of the literature 
surrounding treatment strategies for patients with 
COPD, pulmonary rehabilitation including at least 4 
wk of exercise training is shown to cause clinically 
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and statistically significant improvements in health 
related quality of life (HRQOL) in patients with COPD 
and pulmonary rehabilitation also leads to a clinically 
and statistically significant improvement in functional 
exercise capacity155. In a randomized, double-blind, 
placebo-controlled trial (tiotropium, n=47; placebo, 
n=44), tiotropium (18 µg) administered to COPD 
patients participating in 8 wk of pulmonary rehabilitation 
(treadmill training three times a week; ≥ 30 min per 
session), it has been demonstrated that tiotropium in 
combination with pulmonary rehabilitation produced 
clinically meaningful improvements in dyspnoea and 
health status compared to pulmonary rehabilitation 
alone. Improvements with tiotropium were sustained 
for 3 months following pulmonary rehabilitation 
completion156.

(c) Nutritional support: Patients from the Copenhagen 
City Heart Study involving 1,218 men and 914 women, 
aged 21 to 89 yr, with airway obstruction defined 
as an FEV1/FVC ratio < 0.7 were prospectively 
examined to know whether body mass index (BMI) 
is an independent predictor of mortality in subjects 
with COPD. This study has shown that low BMI is an 
independent risk factor for mortality in subjects with 
COPD, and that the association is strongest in subjects 
with severe COPD157. In a prospective cohort study 
from Korea, it has been observed that the risk of death 
from respiratory causes was higher among subjects with 
a lower BMI158. Survival analysis studies have shown 
that body weight has an independent effect on survival 
in COPD and the negative effect of low body weight 
can be reversed by appropriate therapy in some of the 
patients with COPD90. Chailleux et al159 had shown that 
nutritional depletion was an independent risk factor for 
mortality and hospitalization in patients with COPD 
receiving LTOT and the best prognosis was observed 
in overweight and obese patients. European Society for 
Parenteral and Enteral Nutrition (ESPN)) guidelines 
state that enteral nutrition (EN) in combination with 
exercise and anabolic pharmacotherapy has the 
potential to improve nutritional status and function 
in COPD patients and frequent small amounts of oral 
nutritional supplements are preferred in order to avoid 
postprandial dyspnoea and satiety as well as to improve 
compliance160. It has been reported that nutritional 
supplementation may have a role in the management 
of COPD when provided as part of an integrated 
rehabilitation programme incorporating a structured 
exercise component as an anabolic stimulus161. Ghrelin 
is a novel growth hormone (GH)-releasing peptide that 

also induces a positive energy balance by decreasing fat 
utility and stimulating feeding through GH-independent 
mechanisms. Plasma ghrelin level has been shown to 
be decreased in COPD and this is different from other 
weight-loss diseases162. Repeated administration of 
ghrelin has been found to improve body composition, 
muscle wasting, functional capacity, and sympathetic 
augmentation in cachectic patients with COPD163.

(iv) Surgical treatment

(a) Lung volume reduction surgery: The National 
Emphysema Treatment Trial is a randomized, 
multicenter clinical trial that compared lung-volume-
reduction surgery (LVRS) with medical treatment. 
Patients with emphysema who have a low FEV1 and 
either homogeneous emphysema or a very low carbon 
monoxide diffusing capacity are at high risk for death 
after surgery and also are unlikely to benefit from the 
surgery164. LVRS has been shown to improve mortality, 
exercise capacity, and QOL in selected patients with 
upper lobe emphysema and poor exercise capacity. 
Patients with non-upper lobe emphysema and high 
baseline exercise capacity are poor candidates for 
lung-volume-reduction surgery, because of increased 
mortality and negligible functional gain165. Bilateral 
LVRS procedures result in greater short-term 
improvement than unilateral LVRS. Improvement has 
also been reported in dyspnoea and health status after 
LVRS and this is better preserved over longer-term 
follow up than physiological improvement. It has also 
been observed that physiological benefits are similar 
with video-assisted thoracoscopy (VATS) or median 
sternotomy (MS) techniques166. It has been reported 
that LVRS produces superior patient outcomes 
compared to medical treatment in terms of exercise 
capacity, lung function, quality of life and long-term 
(>1 yr post-operative) survival especially for patients 
with upper-lobe-predominant disease and low exercise 
capacity, but with a much greater cost per person over 
five years167,168.

 Alternative methods of lung volume reduction 
include bronchoscopic lung volume reduction and 
endobronchial valve placement. Endobronchial 
valve placement has been shown to improve lung 
volumes and gas transfer in patients with chronic 
obstructive pulmonary disease and prolongs exercise 
time by reducing dynamic hyperinflation169. Shah 
et al170 studied lung volume reduction by placing 
paclitaxel-coated metal stents through bronchoscope 
into the emphysematous lung in a randomised trial. 
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This method creates a bypass allowing exhalation 
from hyperinflated lung regions. Though there were 
significant improvements in radiographic lung volume, 
symptoms and lung physiology on day one, the 
beneficial effects were not sustained and the airway 
bypass intervention failed to improve dyspnoea and 
pulmonary function at 6 months170.

(b) Lung transplantation: Lung transplantation is an 
option in COPD patients who have FEV1 below 25 
per cent predicted and/or the paCO2 is > or = 55 mm 
Hg. Both single- and double-lung transplant have been 
reported in COPD. The reported survival rates after 
lung transplantation are approximately 80 per cent 
1-year, 50 per cent 5-year, and 35 per cent 10-year. 
The most important long-term complication after lung 
transplantation is bronchiolitis obliterans resulting in 
decreased pulmonary function166. Despite significant 
progress over the past 25 years, both short- and long-
term outcomes remain significantly inferior for lung 
recipients relative to other “solid” organs171.

(v) Immunization
 Vaccinations can prevent some of the infections that 
cause COPD exacerbations and can be administered to 
patients with COPD172. Influenza vaccination reduces 
lower respiratory tract infections and death in patients 
with COPD173,174. In a study of 177,120 patients with 
COPD (mean age 65 yr) with a mean follow up of 
6.8 yr between 1988 and 2006, it had been observed 
that influenza but not pneumococcal vaccination was 
associated with a reduced risk of all-cause mortality 
in COPD175. Two types of pneumococcal vaccines, 
polysaccharide and polysaccharide conjugated 
vaccines, are available. Studies have shown conflicting 
results with regard to the effectiveness and efficacy of 
the 23-valent polysaccharide vaccine. Pneumococcal 
polysaccharide vaccine is useful in COPD patients 65 
yr and older and in younger patients with significant 
comorbid conditions such as cardiac disease176,177. 
However, conjugate vaccine is found to have superior 
immunogenicity178. The pneumococcal polysaccharide 
conjugate vaccine (PCV) comprises capsular 
Streptococcus pneumoniae polysaccharide serotypes 
that are individually conjugated to non-toxic diphtheria 
protein. Immunization with conjugated vaccines 
results in the development of T cell dependent immune 
responses, whereas unconjugated vaccines do not 
lead to booster responses on revaccination179. GOLD 
guidelines recommend influenza and pneumococcal 
vaccinations to COPD patient and state that these are 
more effective in older patients and those with severe 
disease or cardiac morbidity7.

X. Conclusions and future directions

 The Indian Study on Epidemiology of Asthma, 
Respiratory Symptoms and Chronic Bronchitis in 
Adults funded by the Indian Council of Medical 
Research had shown that the overall prevalence of 
chronic bronchitis in adults > 35 years is 3.49% (21) 
and this study shows that COPD is an important public 
health problem in India. As there are differences in 
clinical presentation and in the progression of disease 
in COPD, there is a need to understand different 
phenotypes in relation to clinical presentation, changes 
in pulmonary function, exacerbations, response to 
treatment and prognosis. It is increasingly realised that 
COPD may be due to non-smoking factors especially 
in our country where solid fuels are used as a source 
for domestic energy. The indoor biomass smoke from 
these sources may be an important factor causing 
COPD. There is a need to study the differences, if 
any, in pathogenesis of smoking-induced COPD and 
non-smoking induced COPD. The contribution of bidi 
smoking in causing and aggravating COPD compared 
to cigarette smoking is another area for future research. 
It has already been known that alpha-1 antitrypsin 
deficiency predisposes to development of COPD. 
Future studies including genome-wide linkage studies 
and other related studies may establish specific genes 
that contribute to the development of COPD. There 
is a growing realisation that COPD is a disease not 
confined to the lung alone, but is being recognised as 
systemic disease with multi-system manifestations. 
Better understanding of the pathogenesis in future 
may throw light on the consequences of COPD on 
other organs and new therapeutic options may emerge 
from the on-going studies. Globally, COPD will be the 
third leading cause of death by 2030180, though COPD 
is a preventable disease. Therefore, urgent action is 
required from medical community and policy makers 
to reduce the burden of disease in our country by 
adopting appropriate preventive strategies giving due 
attention to COPD as is being done to diseases such as 
heart diseases and diabetes mellitus.

References
[No authors listed]. Definition and classification of chronic 1. 
bronchitis for clinical and epidemiological purposes. A report 
to the Medical Research Council by their Committee on the 
Aetiology of Chronic Bronchitis.  Lancet 1965; 1 : 775-9.
American Thoracic Society. Definitions and classification of 2. 
chronic bronchitis, asthma and pulmonary emphysema. Am 
Rev Respir Dis 1962; 85 : 762-7.

 VIJAyAN: CHRONIC OBSTRUCTIVE PULMONARy DISEASE 263



Snid3. er GL, Kleinerman J, Thurlbeck WM, Bengali ZH. The 
definition of emphysema: report of a National Heart, Lung 
and Blood Institute, Division of \lunlg Diseases, workshop. 
Am Rev Respir Dis 1985; 132 : 182-5.
Reid L. 4. The pathology of emphysema. Chicago: year Book 
Medical Publishers; 1967.
McDonough JE, yuan R, Suzuki M, 5. Seyednejad N, Elliott 
WM, Sanchez PG, et al. Small-airway obstruction and 
emphysema in chronic obstructive pulmonary disease. N Engl 
J Med 2011; 365 : 1567-75.
Mitzer W. Emphysema - a disease of small airways or lung 6. 
parenchyma? N Engl J Med 2011; 365 : 1637-9.
Global Initiative for Chronic Obstructive Lung Disease. 7. 
Global strategy for the diagnosis, management and prevention 
of Chronic Obstructive Pulmonary Disease (Revised 2011). 
Available from: http://www.goldcopd.org/uploads/users/files/
GOLD_Report_2011_Feb21_pdf, accessed on September 16, 
2012.
Osler W. 8. The principles and practice of medicine. New York: 
D. Appleton and Co.; 1892.
Lindberg A, Jonsson AC, Ronmark E, Lundgren R, Larsson 9. 
LG, Lundback B. Prevalence of chronic obstructive pulmonary 
disease according to BTS, ERS, GOLD and ATS criteria in 
relation to doctor’s diagnosis, symptoms, age, gender and 
smoking habits. Respiration 2005; 72 : 471-9.
Cerveri I, Accordini S, Verlato G, 10. Corsico A, Zoia MC, Casali 
L, et al. European Community Respiratory Health Survey 
(ECRHS) Study Group. Variations in the prevalence across 
countries of chronic bronchitis and smoking habits in young 
adults. Eur Respir J 2001; 18 : 85-92.
Halbert R11. J, Natoli JL, Gano A, Badamgarav E, Buist AS, 
Mannino DM. Global burden of COPD: systematic review 
and meta-analysis. Eur Respir J 2006; 28 : 523-32.
Buist A12. S, McBurnie MA, Vollmer WM, Gillespie S, Burney 
P, Mannino DM, et al. BOLD Collaborative Research Group. 
International variation in the prevalence of COPD (the BOLD 
Study): a population-based prevalence study. Lancet 2007; 
370 : 741-50.
Menezes A13. M, Perez-Padilla R, Hallal PC, Jardim JR, Muiño 
A, Lopez MV, et al, PLATINO Team. Worldwide burden of 
COPD in high- and low-income countries. Part II. Burden 
of chronic obstructive lung disease in Latin America: the 
PLATINO study. Int J Tuberc Lung Dis 2008; 12 : 709-12.
Fang 14. X, Wang X, Bai C. COPD in China: the burden and 
importance of proper management. Chest 2011; 139 : 920-9.
Wig KL, Guleria JS, Bhasin RC, Holmes E Jr, Vasudeva YL. 15. 
Singh H. Certain clinical and epidemiological patterns of 
chronic obstructive lung disease as seen in Northern India. 
Indian J Chest Dis 1964; 6 : 183-94.
Viswanathan R. Epidemiology of chronic bronchitis: morbidity 16. 
survey in Patna urban area. Indian J Med Res 1966; 54 :  
105-11.
Radha TG, Gupta CK, Singh A, Mathur N. Chronic bronchitis 17. 
in an urban locality of New Delhi - an epidemiological survey. 
Indian J Med Res 1977; 66 : 273-85.
Jindal SK. A field study on follow up at 10 years of prevalence 18. 
of chronic obstructive pulmonary disease & peak expiratory 
flow rate. Indian J Med Res 1993; 98 : 20-6.

Thi19. ruvengadam KV, Raghava TP, Bhardwaj KV. Survey 
of prevalence of chronic bronchitis in Madras city. In: 
Viswanathan R, Jaggi OP, editors. Advances in chronic 
obstructive lung disease. Delhi: Asthma and Bronchitis 
Foundation of India; 1977. p. 59-6.
Ray D, Abel R, Selvaraj KG. A 5-yr  prospective epidemiol-20. 
ogical studyof chronic obstructive pulmonary disease in rural 
South India. Indian J Med Res 1995; 101 : 238-44.
Jindal SK, Aggarwal AN, Gupta D, Agarval R, Kumar R, Kaur 21. 
T, et al. Indian study on epidemiology of asthma, respiratory 
symptoms and chronic bronchitis in adults (INSEARCH). Int 
J Tuberc Lung Dis 2012; 16 : 1270-7.
Gooptu B, Ekeowa UI, Lomas DA. Mechanisms of emphysema 22. 
in α1-antitrypsin deficiency: molecular and cellular insights. 
Eur Respir J 2009; 34 : 475-88.
Stoller J23. K, Aboussouan LS. A review of α1-antitrypsin 
deficiency. Am J Respir Crit Care Med 2012; 185 : 246-59.
Pillai SG, Ge D, Zhu G, 24. Kong X, Shianna KV, Need A, et 
al; ICGN Investigators. A genome-wide association study in 
chronic obstructive pulmonary disease (COPD): identification 
of two major susceptibility loci. PLoS Genet 2009; 5 : 
e000421.
Cho MH, Boutaoui N, Klanderman BJ, 25. Sylvia JS, Ziniti 
JP, Hersh C, et al. Variants in FAM13A are associated with 
chronic obstructive pulmonary disease. Nat Genet 2010; 42 
: 200-2. 
Bosse y. Updates on the COPD gene list. 26. Int J Chron Obstruct 
Pulmon Dis 2012; 7 : 607-31.
Cho MH, Castaldi PJ, Wan ES, 27. Siedlinski M, Hersh CP, Demeo 
D, et al;  ICGN Investigators; ELLIPSE \investigators; COPD 
Gene investigaors. A genome-wide association study of COPD 
identifies a susceptibility locus on chromosome 19q13. Hum 
Mol Genet 2012; 21 : 947-5.
Repapi E, Sayers I, Wain LV, 28. Burton PR, Johnson T, Obeidat 
M, et al. Genome-wide association study identifies five loci 
associated with lung function. Nat Genet 2010; 42 : 36-44.
Hancock DB, Eijgelsheim M, Wilk JB, 29. Gharib SA, Loehr 
LR, Marciante KD, et al. Meta-analyses of genome-wide 
association studies identify multiple loci associated with 
pulmonary function. Nat Genet 2010; 42 : 45-52.
Imboden M, Bouzigon E, Curjuric I, 30. Ramasamy A, Kumar A, 
Hancock DB, et al. Genome-wide association study of lung 
function decline in adults with and without asthma. J Allergy 
Clin Immunol 2012; 129 : 1218-28.
Fore31. y BA, Thornton AJ, Lee PN. Systematic review with meta-
analysis of the epidemiological evidence relating smoking to 
COPD, chronic bronchitis and emphysema. BMC Pulm Med 
2011; 11 : 36. 
Eisner MD, Anthonisen N, Coultas D, 32. Kuenzli N, Perez-
Padilla R, Postma D, et al. An official American Thoracic 
Society public policy statement: novel risk factors and the 
global burden of chronic obstructive pulmonary disease. Am J 
Respir Crit Care Med 2010; 182 : 693-718.
Lindberg A, Eriksson B, Larsson LG, 33. Rönmark E, Sandström 
T, Lundbäck B, et al. Seven-year cumulative incidence of 
COPD in an age-stratified general population sample. Chest 
2006; 129 : 879-85.

264  INDIAN J MED RES, FEBRUARy 2013



Lokke34.  A, Lange P, Scharling H, Fabricius P, Vestbo J. 
Developing COPD: a 25 year follow up study of the general 
population. Thorax 2006; 61 : 935-9.
Jindal S35. K, Aggarwal AN, Chaudhry K, Chhabra SK, D’Souza 
GA, Gupta D, et al. Asthma Epidemiology Study Group. A 
multicentric study on epidemiology of chronic obstructive 
pulmonary disease and its relationship with tobacco smoking 
and environmental tobacco smoke exposure. Indian J Chest 
Dis Allied Sci 2006; 48 : 23-9.
Ko FW, Hui DS. Air pollution and chronic obstructive 36. 
pulmonary disease. Respirology 2012; 17 : 395-401.
Kan H, Heiss G, Rose KM, 37. Whitsel E, Lurmann F, London 
SJ, et al. Traffic exposure and lung function in adults: the 
Atherosclerosis Risk in Communities study. Thorax 2007; 62 
: 873-9.
Andersen ZJ, Hvidberg M, Jensen SS, Ketzel M, Loft S, 38. 
Sørensen M, et al. Chronic obstructive pulmonary disease and 
long-term exposure to traffic-related air pollution: a cohort 
study. Am J Respir Crit Care Med 2011; 183 : 455-61.
yin P, Jiang CQ, Cheng KK, 39. Lam TH, Lam KH, Miller MR, et 
al. Passive smoking exposure and risk of COPD among adults 
in China: the Guangzhou Biobank Cohort Study. Lancet 2007; 
370 : 751-7. 
Eisner MD, Balmes J, Katz PP, 40. Trupin L, yelin EH, Blanc PD, 
et al. Lifetime environmental tobacco smoke exposure and the 
risk of chronic obstructive pulmonary disease. Environ Health 
2005; 4 : 7.
Po Jy, FitzGerald JM, Carlsten C. Respiratory disease 41. 
associated with solid biomass fuel exposure in rural women 
and children: systematic review and meta-analysis. Thorax 
2011; 66 : 232-9.
Salvi SS, Barnes PJ. Chronic obstructive pulmonary disease in 42. 
non-smokers. Lancet 2009; 374 : 733-43.
World Resources Institute (WRI), UNDP, World Bank. 43. 2007-
08. World Resources: A guide to the global environment. 
Oxford: Oxford University Press; 2008.
Hu G, Zhou y, Tian J, yao W, Li J, Li B,44.  et al. Risk of COPD 
from exposure to biomass smoke. Chest 2010; 138 : 20-31.
Decramer M, Janssens W, Miravitlles M. Chronic obstructive 45. 
pulmonary disease. Lancet 2012; 379 : 1341-51.
Shapiro SD, Ingenito EP. The pathogenesis of chronic 46. 
obstructive pulmonary disease: advances in the past 100 years. 
Am J Respir Cell Mol Biol 2005; 32 : 367-72.
Macklem PT, Mead J. Resistance of central and peripheral 47. 
airways measured by a retrograde catheter. J Appl Physiol 
1967; 22 : 395-401.
Hogg JC, Macklem PT, Thurlbeck WM. Site and nature of 48. 
airway obstruction in chronic obstructive lung disease. N Engl 
J Med 1968; 278 : 1355-60.
Laurell CB, Eriksson S. The electrophoretic alpha 1-globulin 49. 
pattern of serum in alpha 1-antitrypsin deficiency. Scand J 
Clin Lab Invest 1963; 15 : 132-40.
Houghton AM. Endogenous modifiers of cigarette smoke 50. 
exposure within the lung. Proc Am Thorac Soc 2012; 9 : 
66-8.

Sharafkhaneh A, Hanania NA, Kim V. Pathogenesis of 51. 
emphysema: from the bench to the bedside. Proc Am Thorac 
Soc 2008; 5 : 475-7.
Saetta M, Turato G, Maestrelli P, Mapp CE, Fabbri LM. 52. 
Cellular and structural bases of chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med 2001; 163 : 1304-9.
Atkinson JJ, Senior RM. Matrix metalloproteinase-9 in lung 53. 
remodelling. Am J Respir Cell Mol Biol 2003; 28 : 12-24.
Hunninghake GW, Davidson JM, Rennard S, Szapiel S, 54. 
Gadek JE, Crystal RG. Elastin fragments attract macrophage 
precursors to diseased sites in pulmonary emphysema. Science 
1981; 212 : 925-7.
Hunnighake GM, Cho MH, Tesfaigzi y, 55. Soto-Quiros ME, 
Avila L, Lasky-Su J, et al. MMP12, lung function, and COPD 
in high-risk populations. N Engl J Med 2009; 361 : 2599-
608.
Shapiro SD. Proteolysis in the lung. 56. Eur Respir J 2003; 44 
(Suppl): 30s-2.
Agusti A, Barnes PJ. Update in chronic obstructive pulmonary 57. 
disease 2011. Am J Respir Crit Care Med 2012; 185 : 1171-6.
Pesci A, Balbi B, Majori M, Cacciani G, Bertacco S, Alciato 58. 
P, et al. Inflammatory cells and mediators in bronchial lavage 
of patients with chronic obstructive pulmonary disease. Eur 
Respir J 1998; 12 : 380-6.
Braber S, Thio M, Blokhuis BR, Henricks PA, Koelink PJ, 59. 
Groot Kormelink T, et al. An association between neutrophils 
and immunoglobulin free light chains in the pathogenesis of 
chronic obstructive pulmonary disease. Am J Respir Crit Care 
Med 2012; 185 : 817-24.
Chauhan S, Gupta MK, Goyal A, Dasgupta DJ. Alterations in 60. 
immunoglobulin & complement levels in chronic obstructive 
pulmonary disease. Indian J Med Res 1990; 92 : 241-5.
Singh B, Arora S, Khanna V. Association of severity of COPD 61. 
with IgE and interleukin-1 beta. Monaldi Arch Chest Dis 
2010; 73 : 86-7.
Tkac J, Man SF, Sin DD. Systemic consequences of COPD. 62. 
Ther Adv Respir Dis 2007; 1 : 47-59.
Agusti A, Faner R. Systemic inflammation and comorbidities 63. 
in chronic obstructive pulmonary disease. Proc Am Thorac 
Soc 2012; 9 : 43-6.
Barnes P64. J, Celli BR. Systemic manifestations and 
comorbidities of COPD. Eur Respir J 2009; 33 : 1165-85.
Thomsen M, Dahl M, Lange P, Vestbo J, Nordestgaard BG. 65. 
Inflammatory biomarkers and co-morbidities in chronic 
obstructive pulmonary disease. Am J Respir Crit Care Med 
2012; 186 : 982-8.
Mouded 66. M, Egea EE, Brown MJ, Hanlon SM, Houghton AM, 
Tsai LW, et al. Epithelial cell apoptosis causes acute lung 
injury masquerading as emphysema. Am J Respir Cell Mol 
Biol 2009; 41 : 407-14.
Aoshiba 67. K, yokohori N, Nagai A. Alveolar wall apoptosis 
causes lung destruction and emphysematous changes. Am J 
Respir Cell Mol Biol 2003; 28 : 555-62.
Deme68. dts IK, Demoor T, Bracke KR, Joos GF, Brusselle GG. 
Role of apoptosis in the pathogenesis of COPD and pulmonary 
emphysema. Respir Res 2006; 7 : 53.

 VIJAyAN: CHRONIC OBSTRUCTIVE PULMONARy DISEASE 265



Massa69. ro GD, Massaro D. Retinoic acid treatment abrogates 
elastase-induced pulmonary emphysema in rats. Nat Med 
1997; 3 : 675-7.
Gordon C, Gudi K, Krause A, Sackrowitz R, Harvey BG, 70. 
Strulovici-Barel y, et al. Circulating endothelial microparticles 
as a measure of early lung destruction in cigarette smokers. 
Am J Respir Crit Care Med 2011; 184 : 224-32.
Fletcher C, Peto R. The natural history of chronic airflow 71. 
obstruction. BMJ 1977; 1 : 1645-8.
Han MK, Wise R, Mumford J, Sciurba F, Criner GJ, Curtis JL, 72. 
et al; NETT Researc Group. Prevalence and clinical correlates 
of bronchoreversibility in severe emphysema. Eur Respir J 
2009; 35 : 1048-56.
Calverley PM, Burge PS, Spencer S, Anderson JA, Jones PW. 73. 
Bronchodilator reversibility testing in chronic obstructive 
pulmonary disease. Thorax 2003; 58 : 659-64.
Tashkin DP, Altose MD, Bleecker ER, Connett JE, Kanner RE, 74. 
Lee WW, et al. The Lung Health Study: airway responsiveness 
to inhaled methacholine in smokers with mild to moderate 
airflow limitation. Am Rev Respir Dis 1992; 145 : 301-10.
Vestbo J, Edwards LD, Scanlon PD, Yates JC, Agusti A, 75. 
Bakke P, et al; ECLIPSE Investigators. Changes in Forced 
Expiratory Volume in 1 Second over Time in COPD. N Engl J 
Med 2011; 365 : 1184-92.
MacNee W. State of the art: pathophysiology of cor pulmonale 76. 
in chronic obstructive pulmonary disease. Part two. Am J 
Respir Crit Care Med 1994; 150 : 1158-68.
Wells JM, Washko GR, Han MK, Abbas N, Nath H, 77. Mamary 
AJ, et al for the COPD Gene Investigators; ECLIPSE Study 
Investigators. Pulmonary arterial enlargement and acute 
exacerbations of COPD. N Engl J Med 2012; 367 : 913-21.
Agusti A, Caverley PM, Celli B, Coxson HO, Edwards LD, 78. 
Lomas DA, et al.  Characterisation of COPD heterogeneity in 
the ECLIPSE cohort. Respir Res 2010; 11 : 122-36.
Boschetto P, Beghe B, Fabbri LM, Ceconi C. Link between 79. 
chronic obstructive pulmonary disease and coronary artery 
disease: implication for clinical practice. Respirology 2012; 
17 : 422-31.
Sin D80. D, Wu L, Man SF. The relationship between reduced 
lung function and cardiovascular mortality: a population-
based study and a systematic review of the literature. Chest 
2005; 127 : 1952-9.
Anthonisen NR, 81. Connett JE, Kiley JP, Altose MD, Bailey 
WC, Buist AS, et al. Effects of smoking intervention and the 
use of an inhaled anticholinergic bronchodilator on the rate of 
decline of FEV1. The Lung Health Study. JAMA 1994; 272 : 
1497-505.
Curkendall SM, DeLuise C, Jones JK, 82. Lanes S, Stang MR, 
Goehring E Jr, et al. Cardiovascular disease in patients with 
chronic obstructive pulmonary disease, Saskatchewan Canada 
cardiovascular disease in COPD patients. Ann Epidemiol 
2006; 16 : 63-70.
Hozawa 83. A, Billings JL, Shahar E, Ohira T, Rosamond 
WD, Folsom AR, et al. Lung function and ischemic stroke 
incidence: the Atherosclerosis Risk in Communities study. 
Chest 2006; 130 : 1642-9.

Fear84. y JR, Rodrigues LC, Smith CJ, Hubbard RB, Gibson 
JE. Prevalence of major co-morbidities in subjects with 
COPD and incidence of myocardial infarction and stroke: a 
comprehensive analysis using data from primary care. Thorax 
2010; 65 : 956-62.
Mannino D85. M, Thorn D, Swensen A, Holguin F. Prevalence 
and outcomes of diabetes, hypertension and cardiovascular 
disease in COPD. Eur Respir J 2008; 32 : 962-9.
de Lucas-Ramos P, Izquierdo-Alonso JL, Moro JMR, Frances 86. 
JF, Lozano PV, Bellón-Cano JM, CONSISTE study group. 
Chronic obstructive pulmonary disease as a cardiovascular risk 
factor: Results of a case-control study (CONSISTE study). Int 
J Chron Obstruct Pulmon Dis 2012; 7 : 679-86.
Creutzberg E87. C, Schols AM, Bothmer-Quaedvlieg FC, Wouters 
EF. Prevalence of an elevated resting energy expenditure in 
patients with chronic obstructive pulmonary disease in relation 
to body composition and lung function. Eur J Clin Nutr 1998; 
52 : 396-401.
Laghi F. Low testosterone in chronic obstructive pulmonary 88. 
disease: does it really matter? Am J Respir Crit Care Med 
2005; 172 : 1069-70. 
Van Vliet 89. M, Spruit MA, Verleden G, Kasran A, Van Herck 
E, Pitta F, et al. Hypogonadism, quadriceps weakness, and 
exercise intolerance in chronic obstructive pulmonary disease. 
Am J Respir Crit Care Med 2005; 172 : 1105-11. 
Schols A90. M, Slangen J, Volovics L, Wouters EF. Weight loss 
is a reversible factor in the prognosis of chronic obstructive 
pulmonary disease. Am J Respir Crit Care Med 1998; 157 : 
1791-7.
Schols AM. Nutrition in chronic obstructive pulmonary 91. 
disease. Curr Opin Pulm Med 2000; 6 : 110-5.
Sin D92. D, Jones RL, Mannino DM, Paul Man SF. Forced 
expiratory volume in 1 second and physical activity in the 
general population. Am J Med 2004; 117 : 270-3.
Mador MJ, Bozkanat E. Skeletal muscle dysfunction in 93. 
chronic obstructive pulmonary disease. Respir Res 2001; 2 : 
216-24.
Gosker HR, van Mameren H, van Dijk PJ, Engelen MP, 94. 
van der Vusse GJ, Wouters EF et al. Skeletal muscle fibre-
type shifting and metabolic profile in patients with chronic 
obstructive pulmonary disease. Eur Respir J 2002; 19 : 617-
25.
Agustí A95. G, Sauleda J, Miralles C, Gomez C, Togores B, Sala 
E, et al. Skeletal muscle apoptosis and weight loss in chronic 
obstructive pulmonary disease. Am J Respir Crit Care Med 
2002; 166 : 485-9.
Casaburi R. Skeletal muscle function in COPD. 96. Chest 2000; 
117 (5 Suppl 1): 267S-71S.
Bon J, Fuhrman CR, Weissfeld JL, Duncan SR, Branch RA, 97. 
Chang CC, et al. Radiographic emphysema predicts low bone 
mineral density in a tobacco-exposed cohort. Am J Respir Crit 
Care Med 2011; 183 : 885-90.
Sin D98. D, Man JP, Man SF. The risk of osteoporosis in Caucasian 
men and women with obstructive airways disease. Am J Med 
2003; 114 : 10-4.
Biskobing D99. M. COPD and osteoporosis. Chest 2002; 121 : 
609-20.

266  INDIAN J MED RES, FEBRUARy 2013



de Vries 100. F, van Staa TP, Bracke MS, Cooper C, Leufkens HG, 
Lammers JW. Severity of obstructive airway disease and risk 
of osteoporotic fracture. Eur Respir J 2005; 25 : 879-84.
Brenner D101. R, McLaughlin JR, Hung RJ. Previous lung diseases 
and lung cancer risk: a systematic review and meta-analysis. 
PLoS One 2011; 6 : e17479.
Kiri V102. A, Soriano J, Visick G, Fabbri L. Recent trends in lung 
cancer and its association with COPD: an analysis using the 
UK GP Research Database. Prim Care Respir J 2010; 19 : 
57-61.
de Torres J103. P, Marín JM, Casanova C, Cote C, Carrizo S, 
Cordoba-Lanus E, et al. Lung cancer in patients with chronic 
obstructive pulmonary disease - incidence and predicting 
factors. Am J Respir Crit Care Med 2011; 184 : 913-9.
Coultas D104. B, Edwards DW, Barnett B, Wludyka P. Predictors 
of depressive symptoms in patients with COPD and health 
impact. COPD 2007; 4 : 23-8.
Hanania N105. A, Müllerova H, Locantore NW, Vestbo J, Watkins 
ML, Wouters EF, et al. Evaluation of COPD Longitudinally 
to Identify Predictive Surrogate Endpoints (ECLIPSE) study 
investigators. Determinants of depression in the ECLIPSE 
chronic obstructive pulmonary disease cohort. Am J Respir 
Crit Care Med 2011; 183 : 604-11.
Antonelli Incalzi 106. R, Marra C, Giordano A, Calcagni ML, 
Cappa A, Basso S, Pagliari G, et al. Cognitive impairment in 
chronic obstructive pulmonary disease--a neuropsychological 
and spect study. J Neurol 2003; 250 : 325-32.
Cote 107. C, Zilberberg MD, Mody SH, Dordelly LJ, Celli B. 
Haemoglobin level and its clinical impact in a cohort of 
patients with COPD. Eur Respir J 2007; 29 : 923-9.
Celli BR, Vestibo J. The EXACT-Pro: measuring exacerbations 108. 
of COPD. Am J Respir Crit Care Med 2011; 183 : 287-8.
Leidy NK, Wilcox TK, Jones PW, Roberts L, Powers JH, Sethi 109. 
S; EXACT-PRO Study Group. Standardizing measurement 
of chronic obstructive pulmonary disease exacerbations. 
Reliability and validity of a patient-reported diary. Am J 
Respir Crit Care Med 2011; 183 : 323-9.
Bafadhel M, McKenna S, Terry S, Mistry V, Reid C, 110. Haldar P, 
et al. Acute Exacerbations of chronic obstructive pulmonary 
disease. Identification of biologic clusters and their biomarkers. 
Am J Respir Crit Care Med 2011; 184 : 662-71.
Tanabe N, Muro S, Hirai T, Oguma T, Terada K, Marumo S, 111. 
et al. Impact of exacerbations on emphysema progression in 
chronic obstructive pulmonary disease. Am J Respir Crit Care 
Med 2011; 183 : 1653-9.
Rizkallah 112. J, Man SF, Sin DD. Prevalence of pulmonary 
embolism in acute exacerbations of COPD: a systematic 
review and metaanalysis. Chest 2009; 135 : 786-93.
Aalbers R, Ayres J, Backer V, 113. Decramer M, Lier PA, Magyar 
P, et al. Formoterol in patients with chronic obstructive 
pulmonary disease: a randomized, controlled, 3-month trial. 
Eur Respir J 2002; 19 : 936-43.
Belman MJ, Botnick WC, Shin JW. Inhaled bronchodilators 114. 
reduce dynamic hyperinflation during exercise in patients 
with chronic obstructive pulmonary disease. Am J Respir Crit 
Care Med 1996; 153 : 967-75.

Barnes PJ. Chronic obstructive pulmonary disease. 115. N Engl J 
Med 2000; 343 : 269-80.
[No authors listed]. In chronic obstructive pulmonary 116. 
disease, a combination of ipratropium and albuterol is more 
effective than either agent alone. An 85-day multicenter trial. 
COMBIVENT Inhalation Aerosol Study Group. Chest 1994; 
105 : 1411-9.
van Noord JA, de Munck DR, Bantje TA, Hop WC, Akveld 117. 
ML, Bommer AM. Long-term treatment of chronic obstructive 
pulmonary disease with salmeterol and the additive effect of 
ipratropium. Eur Respir J 2000; 15 : 878-85.
Tashkin DP, Celli B, Senn S, Burkhart D, Kesten S, Menjoge S, 118. 
et al, UPLIFT Study Investigators. A 4-year trial of tiotropium 
in chronic obstructive pulmonary disease. N Engl J Med 2008; 
359 : 1543-54.
Vogelmeier C, Hederer B, Glaab T, Schmidt H, Rutten-van 119. 
MölkenP, Beeh KM, et al ; POET-COPD Investigators. 
Tiotropium versus Salmeterol for the prevention of 
exacerbations of COPD. N Engl J Med 2011; 364 : 1093-103.
Buhl R, Banerji D. Profile of glycopyrronium for once-daily 120. 
treatment of moderate-to-severe COPD. Int J Chron Obstruct 
Pulmon Dis 2012; 7 : 729-41.
Ulrik CS. Once-daily glycopyrronium bromide, a long-acting 121. 
muscarinic antagonist, for chronic obstructive pulmonary 
disease: a systematic review of clinical benefit. Int J Chron 
Obstruct Pulmon Dis 2012; 7 : 673-8.
Donohue JF, Fogarty C, Lotvall J, Mahler DA, Worth H, 122. 
yorgancioglu A, et al for the INHANCE study investigators. 
Once-daily bronchodilators for chronic obstructive pulmonary 
disease: indacaterol versus tiotropium. Am J Respir Crit Care 
Med 2010; 182 : 155-62.
Kornmann O, Dahl R, Centanni S, Dogra A, Owen R, Lassen 123. 
C, et al. Once-daily indacaterol versus twice-daily salmeterol 
for COPD: a placebo-controlled comparison. Eur Respir J 
2011; 37 : 273-9.
Chapman KR, Rennard SI, Dogra A, Owen R, Lassen C, 124. 
Kramer B, et al. Long-term safety and efficacy of indacaterol, a 
long-acting β2-agonist, in subjects with COPD: a randomized, 
placebo-controlled study. Chest 2011; 140 : 68-75.
Feldman G, Siler T, Prasad N, Jack D, Piggott S, Owen R, 125. 
et al. Efficacy and safety of indacaterol 150 μg once-daily 
in COPD: a double-blind, randomised, 12-week study. BMC 
Pulm Med 2010; 10 : 11.
Lowes R. FDA approves once-daily bronchodilator for COPD. 126. 
Medscape Medical News. July 11, 2011.
Keatings VM, Jatakanon A, Worsdell yM, Barnes PJ. Effects 127. 
of inhaled and oral glucocorticoids on inflammatory indices 
in asthma and COPD. Am J Respir Crit Care Med 1997; 155 
: 542-8.
Pagg128. iaro PL, Dahle R, Bakran I, Frith L, Hollingworth K, 
Efthimou J. Multicentre randomised placebo-controlled trial 
of inhaled fluticasone propionate in patients with chronic 
obstructive pulmonary disease. Lancet 1998; 351 : 773-80.
Niewoehner DE, Erbland ML, Deupree RH, 129. Collins D, Gross 
NJ, Light RW, et al. Effect of systemic glucocorticoids on 
exacerbations of chronic obstructive pulmonary disease. N 
Engl J Med 1999; 340 : 1941-7.

 VIJAyAN: CHRONIC OBSTRUCTIVE PULMONARy DISEASE 267



Calverley P130. M, Anderson JA, Celli B, Ferguson GT, Jenkins 
C, Jones PW, et al; TORCH investigators. Salmeterol and 
fluticasone propionate and survival in chronic obstructive 
pulmonary disease. N Engl J Med 2007; 356 : 775-89.
Calverley 131. P, Pauwels R, Vestbo J, Jones P, Pride N, Gulsvik 
A, et al; Trial of inhaled steroids and long-acting beta2 
agonists study group. Combined salmeterol and fluticasone 
in the treatment of chronic obstructive pulmonary disease: a 
randomised controlled trial. Lancet 2003; 361 : 449-56.
Jones P132. W, Willits LR, Burge PS, Calverley PM; Inhaled Steroids 
in Obstructive Lung Disease in Europe study investigators. 
Disease severity and the effect of fluticasone propionate on 
chronic obstructive pulmonary disease exacerbations. Eur 
Respir J 2003; 21 : 68-73.
Singh 133. S, Amin AV, Loke yK. Long-term use of inhaled 
corticosteroids and the risk of pneumonia in chronic 
obstructive pulmonary disease: a meta-analysis. Arch Intern 
Med 2009; 169 : 219-29.
Calverley P134. M, Stockley RA, Seemungal TA, Hagan G, 
Willits LR, Riley JH, et al. Investigating New Standards 
for Prophylaxis in Reduction of Exacerbations (INSPIRE) 
Investigators. Reported pneumonia in patients with COPD: 
findings from the INSPIRE study. Chest 2011; 139 : 505-12.
ZuWallack RL, Mahler DA, Reilly D, Church N, Emmett A, 135. 
Rickard K, et al. Salmeterol plus theophylline combination 
therapy in the treatment of COPD. Chest 2001; 119 : 1661-
70.
Metzger N136. L, Lundquist LM. A review of the advances in 
chronic obstructive pulmonary disease treatment. J Pharm 
Pract 2012; 25 : 576-82.
Bateman E137. D, Rabe KF, Calverley PM, Goehring UM, Brose 
M, Bredenbröker D, et al. Roflumilast with long-acting β2-
agonists for COPD: influence of exacerbation history. Eur 
Respir J 2011; 38 : 553-60.
Rennard SI, Calverley PM, Goehring UM, Bredenbroker D, 138. 
Martinez FJ. Reduction of exacerbations by the PDE4 inhibitor 
roflumilast-the importance of defining different subsets of 
patients with COPD. Respir Res 2011; 12 : 8.
Bestall J139. C, Paul EA, Garrod R, Garnham R, Jones PW, 
Wedzicha JA. Usefulness of the Medical Research Council 
(MRC) dyspnoea scale as a measure of disability in patients 
with chronic obstructive pulmonary disease. Thorax 1999; 54 
: 581-6.
Jones P140. W, Harding G, Berry P, Wiklund I, Chen WH, Kline 
Leidy N. Development and first validation of the COPD 
Assessment Test. Eur Respir J 2009; 34 : 648-54.
Hurst J141. R, Vestbo J, Anzueto A, Locantore N, Müllerova H, 
Tal-Singer R, et al. Evaluation of COPD Longitudinally 
to Identify Predictive Surrogate Endpoints (ECLIPSE) 
Investigators. Susceptibility to exacerbation in chronic 
obstructive pulmonary disease. N Engl J Med 2010; 363 : 
1128-38.
[No authors listed]. Continuous or nocturnal oxygen therapy in 142. 
hypoxemic chronic obstructive pulmonary disease: a clinical 
trial. Nocturnal Oxygen- Iherapy Trial Group. Ann Intern Med 
1980; 93 : 391-8.
[No authors listed]. Long term domiciliary oxygen therapy in 143. 
chronic car pulmonale complicating chronic bronchitis and 

emphysema Report of the Medical Research Council Working 
Party. Lancet 1981; 1 : 681-6.
Celli B144. R, MacNee W; ATS/ERS Task Force. Standards for the 
diagnosis and treatment of patients with COPD: a summary of 
the ATS/ERS position paper. Eur Respir J 2004; 23 : 932-46.
Turner M145. O, Patel A, Ginsburg S, FitzGerald JM. Bronchodilator 
delivery in acute airflow obstruction. A meta-analysis. Arch 
Intern Med 1997; 157 : 1736-44.
Lloberes 146. P, Ramis L, Montserrat JM, Serra J, Campistol J, 
Picado C, et al. Effect of three different bronchodilators during 
an exacerbation of chronic obstructive pulmonary disease. Eur 
Respir J 1988; 1 : 536-9.
Mahon J147. L, Laupacis A, Hodder RV, McKim DA, Paterson 
NA, Wood TE, et al. Theophylline for irreversible chronic 
airflow limitation: a randomized study comparing n of 1 trials 
to standard practice. Chest 1999; 115 : 38-48.
Davies 148. L, Angus RM, Calverley PM. Oral corticosteroids in 
patients admitted to hospital with exacerbations of chronic 
obstructive pulmonary disease: a prospective randomised 
controlled trial. Lancet 1999; 354 : 456-60.
Aaron S149. D, Vandemheen KL, Hebert P, Dales R, Stiell IG, 
Ahuja J, et al. Outpatient oral prednisone after emergency 
treatment of chronic obstructive pulmonary disease. N Engl J 
Med 2003; 348 : 2618-25.
Martinez FJ, Curtis JL, Albert R. Role of macrolide therapy in 150. 
chronic obstructive pulmonary disease. Int J Chron Obstruct 
Pulmon Dis 2008; 3 : 331-50.
Albert RK, Connett J, Bailey WC, Casaburi R, Cooper JA Jr, 151. 
Criner GJ, et al -for the COPD Clinical Research Network. 
Azithromycin for Prevention of Exacerbations of COPD. N 
Engl J Med 2011; 365 : 689-98.
Anthonisen N152. R, Connett JE, Murray RP. Smoking and lung 
function of Lung Health Study participants after 11 years.  
Am J Respir Crit Care Med 2002; 166 : 675-9.
Wilson D153. H, Wakefield MA, Steven ID, Rohrsheim RA, 
Esterman AJ, Graham NM. “Sick of Smoking”: evaluation of 
a targeted minimal smoking cessation intervention in general 
practice. Med J Aust 1990; 152 : 518-21.
Thabane M; COPD Working Group. Smoking cessation for 154. 
patients with chronic obstructive pulmonary disease (COPD): 
an evidence-based analysis. Ont Health Technol Assess Ser 
2012; 12 : 1-50.
COPD Working Group. Pulmonary rehabilitation for patients 155. 
with chronic pulmonary disease (COPD): An evidence-based 
analysis. Ont Health Technol Assess Ser 2012; 12 : 1-75.
Casaburi 156. R, Kukafka D, Cooper CB, Witek TJ Jr, Kesten 
S. Improvement in exercise tolerance with the combination 
of tiotropium and pulmonary rehabilitation in patients with 
COPD. Chest 2005; 127 : 809-17.
Landbo 157. C, Prescott E, Lange P, Vestbo J, Almdal TP. Prognostic 
value of nutritional status in chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med 1999; 160 : 1856-61.
Jee SH, Sull JW, Park J, Lee Sy, Ohrr H, Guallar E, 158. et al. 
Body-mass index and mortality in Korean men and women.  
N Engl J Med 2006; 355 : 779-87.
Chailleux 159. E, Laaban JP, Veale D. Prognostic value of 
nutritional depletion in patients with COPD treated by long-

268  INDIAN J MED RES, FEBRUARy 2013



term oxygen therapy: data from the ANTADIR observatory. 
Chest 2003; 123 : 1460-6.
Anker SD, John M, Pedersen PU, Raguso C, Cicoira M, Dardai 160. 
E, et al. ESPEN guidelines on enteral nutrition: cardiology 
and pulmonology. Clin Nutr 2006; 25 : 311-8.
Mall161. ampalli A. Nutritional management of the patient with 
chronic obstructive pulmonary disease. Nutr Clin Pract 2004; 
19 : 550-6.
Luo FM, Liu XJ, Li SQ, Wang ZL, Liu CT, yuan yM. 162. 
Circulating ghrelin in patients with chronic obstructive 
pulmonary disease. Nutrition 2005; 21 : 793-8.
Nagaya N, Itoh T, Murakami S, Oya H, Uematsu M, Miyatake 163. 
K, et al. Treatment of cachexia with ghrelin in patients with 
COPD. Chest 2005; 128 : 1187-93.
National Emphysema Treatment Trial Research Group. 164. 
Patients at high risk of death after lung volume reduction 
surgery. N Engl J Med 2001; 345 : 1075-83.
Fishman A, Martinez F, Naunheim K, Piantadosi S, Wise R, 165. 
Ries A, et al. National Emphysema Treatment Trial Research 
Group. A randomized trial comparing lung-volume-reduction 
surgery with medical therapy for severe emphysema. N Engl J 
Med 2003; 348 : 2059-73.
Martinez FJ, Chang A. Surgical therapy for chronic obstructive 166. 
pulmonary disease. Semin Respir Crit Care Med 2005; 26 : 
167-91.
Zahid 167. I, Sharif S, Routledge T, Scarci M. Is lung volume 
reduction surgery effective in the treatment of advanced 
emphysema? Interact Cardiovasc Thorac Surg 2011; 12 : 
480-6.
Naunheim K168. S, Wood DE, Mohsenifar Z, Sternberg AL, Criner 
GJ, DeCamp MM, et al. National Emphysema Treatment Trial 
Research Group. Long-term follow-up of patients receiving 
lung-volume-reduction surgery versus medical therapy for 
severe emphysema by the National Emphysema Treatment 
Trial Research Group. Ann Thorac Surg 2006; 82 : 431-43.
Hopkinson NS, Toma TP, Hansell DM, Goldstraw P, Moxham 169. 
J, Geddes DM. Polkey MI. Effect of bronchoscopic lung 
volume reduction on dynamic hyperinflation and exercise in 
emphysema. Am J Respir Crit Care Med 2005; 171 : 453-60.

 VIJAyAN: CHRONIC OBSTRUCTIVE PULMONARy DISEASE 269

S170. hah PL, Slebos DJ, Cardoso PF, Cetti E, Voelker K, Levine 
B, et al. Bronchoscopic lung-volume reduction with Exhale 
Airway Stents for Emphysema (EASE trial) randomised, 
sham-controlled, multicentre trial. Lancet 2011; 378 :  
997-1005.
Pierson RN 3171. rd. Lung transplantation: current status and 
challenges. Transplantation 2006; 81 : 1609-15.
Varkey J172. B, Varkey AB, Varkey B. Prophylactic vaccinations 
in chronic obstructive pulmonary disease: current status. Curr 
Opin Pulm Med 2009; 15 : 90-9.
Wongsurakiat 173. P, Maranetra KN, Wasi C, Kositanont U, 
Dejsomritrutai W, Charoenratanakul S. Acute respiratory 
illness in patients with COPD and the effectiveness of 
influenza vaccination: a randomized controlled study. Chest 
2004; 125 : 2011-20.
Nichol K174. L, Margolis KL, Wuorenma J, Von Sternberg T. The 
efficacy and cost effectiveness of vaccination against influenza 
among elderly persons living in the community. N Engl J Med 
1994; 331 : 778-84.
Schembri 175. S, Morant S, Winter JH, MacDonald TM. Influenza 
but not pneumococcal vaccination protects against all-cause 
mortality in patients with COPD. Thorax 2009; 64 : 567-72.
Jackson L176. A, Neuzil KM, yu O, Benson P, Barlow WE, Adams 
AL, et al. Effectiveness of pneumococcal polysaccharide 
vaccine in older adults. N Engl J Med 2003; 348 : 1747-55.
Centers for Disease Control and Prevention (CDC177. ). 
Recommended adult immunization schedule, by vaccine and 
age-United States, 2013. Available from: http://www.cdc.gov/
vaccines/schedules/hcp/imz/adult.html, accessed on February 
5, 2013.
Pitsiou G178. G, Kioumis IP. Pneumococcal vaccination in adults: 
does it really work? Respir Med 2011; 105 : 1776-83.
Scott L179. J, Sanford M. Pneumococcal polysaccharide conjugate 
vaccine (13-valent, adsorbed): a guide to its use in older adults. 
Drugs Aging 2012; 29 : 847-55.
The Global Burden of Disease, World Health Organization. 180. 
2004. Available from: http://www.who.int/healthinfo/
global_burden_disease/2004_rep, accessed on February 
5, 2013.

Reprint requests: Dr V.K. Vijayan, Advisor, Bhopal Memorial Hospital & Research Centre
 Raisen By-Road, Bhopal 462 038, India
 e-mail: vijayanvk@hotmail.com


