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ABSTRACT

Chronic obstructive pulmonary disease (COPD) is an umbrella term which includes chronic bronchitis and emphysema
coexisting in the lungs of large number of patients. It is the fourth leading cause of death worldwide. The important risk
factors for COPD take account of genetic factors, tobacco smoke, exposure to indoor and outdoor air pollution,
occupational hazards, various infections etc. Significant pathological changes that take place in the lungs of patients can
be characterized by an excess of extracellular matrix deposition, increased thickness of airway walls, mucus
hypersecretions and destruction of alveolar septae. Both pharmacological and non-pharmacological treatment strategies
are currently employed to manage this diesease. Future advancements and innovations in this avenue at molecular level
and development of new drug therapies will surely lead to improved therapeutic interventions. This manuscript highlights
various clinical manifestations, diagnosis and treatment strategies of this severe disease.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) refers to
a group of disorders characterized by chronic airflow
obstruction and limitation [1]. It is a major cause of
health care burden worldwide and leading cause of death
[2]. According to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD), it is defined as a
disease state characterized by airflow limitation that is not
fully reversible. It includes emphysema, an anatomically
defined condition characterized by destruction and
enlargement of the lung alveoli, chronic bronchitis which
is a condition with chronic and recurrent mucus secretion
and small airways disease, a condition in which small
bronchioles are narrowed [3]. COPD patients can be
identified on the basis of smoking history, respiratory
symptoms and spirometric measurements of lung function
[4]. Figure 1 represents the clinical manifestations of
COPD. It depicts the main cause related to airflow
limitation is peripheral airway lesion. There are various
instances in which primarily destruction of the alveolar
system lead to conditions favoring emphysema. In some
cases, primarily progression of central airway lesion leads
to a preponderance of airway lesions. The concept of
COPD encompasses various alveolar-peripheral airway-
central airway lesions [5].

Different Stages of COPD: Disease severity is classified
into various stages based on spirometric classification as
shown in table 1. Spirometry is essential for diagnosis
and provides a useful description of the severity of
pathologic changes in COPD. Various stages include:
FEV,: Forced expiratory volume, FVC: Forced vital

capacity

Risk Factors: Risk factors for COPD include both host
factors and environmental exposures, and the disease
usually arises from an interaction between these two
types of factors. Host factor which is best documented is
a rare hereditary deficiency of a-antitrypsin. The major
environmental factors are tobacco smoke, heavy exposure
to occupational dusts and chemicals (vapors, irritants and
fumes); and indoor/outdoor air pollution [6].

Genetic Factors: The best known factor linked to COPD
is a deficiency of the serine protease oy antitrypsin, which
arises in 1-3% of patients with COPD. Having low
concentrations of this enzyme, particularly in
combination with smoking or other exposures, increases
the risk of panlobular emphysema [8].

Tobacco smoke: Worldwide, tobacco smoke remains the
most important cause of COPD [9]. Cigarette smokers
have higher prevalence of lung-function abnormalities
and respiratory symptoms [6]. WHO estimates that in
high-income countries, 73% of COPD mortality is related
to smoking [9]. Furthermore, smoking during pregnancy
can negatively affect fetal lung growth and result in
development of lung disease [10].

Occupational dust, vapors and fumes: Occupational
exposures include organic and inorganic dusts, chemical
agents and fumes [11]. Exposure to various dusts,
chemicals, vapors and fumes in the work place is a factor
for many people with COPD [12]. In countries of low and
middle income, where occupational exposures to dust and
fumes could be greater than in high-income nations
because of less stringent laws, work exposures can

Author for correspondence: E-mail: sharma_prabodh@rediffmail.com



http://www.ijtpr.com/

Prabodh Chander et.al./ Chronic obstructive pulmonary...

assume high importance as a risk factor [13].

Indoor and outdoor air pollutants: High levels of urban
air pollution are harmful to persons with existing heart or
lung disease. The role of outdoor air pollution in causing
COPD appears to be small when compared with cigarette
smoking [6].

Ageing: COPD prevalence, morbidity and mortality
increases with age. Lung function, which reaches its peak
level in young adults, starts to decline in the third and
fourth decades of life [14,15].

Infections: Infections have an important role in both
development and progression of COPD [16]. A history of
severe childhood respiratory infection has been associated
with reduced lung function and increased respiratory
symptoms in adulthood [17,18]. Most COPD
exacerbations are related to bacterial or viral infections
[16].

Socioeconomic status: Poor populations tend to have a
higher risk of developing COPD and its complications
than their wealthier counterparts [19-20]. There is
evidence that the risk of developing COPD is inversely
related to socioeconomic status [21].

Pathology: Pathological changes characterstic of COPD
are found in the central airways, peripheral airways, lung
parenchyma and pulmonary vasculature [22].

In the central airways- the trachea, bronchi and
bronchioles greater than 2-4 millimeter in internal
diameter-inflammatory cells infiltrate the surface
epithelium [23,24]. Enlarged mucus-secreting glands and
an increase in the number of goblet cells are associated
with mucus hypersecretion. In the peripheral airways-
small bronchi and bronchioles that have an internal
diameter of less than 2 millimeter, chronic inflammation
leads to repeated cycles of injury and repair of the airway
wall [25]. Repair process results in a structural
remodeling of the airway wall, with increasing collagen
content and scar tissue formation that narrows the lumen
and produces fixed airways obstruction [26]. Destruction
of the lung parenchyma in patients with COPD typically
occurs as centrilobular emphysema [27]. An imbalance of
endogeneous proteinases and antiproteinases in the lung
resulting from genetic factors or the action of
inflammatory cells and mediators is thought to be a major
mechanism behind emphysematous lung destruction [28].
Pulmonary vascular changes in COPD are characterized
by a thickening of the vessel wall that begins early in
natural history of the disease [29].

Different  pathogenic  mechanisms  produce the
pathological changes which in turn give rise to the
following physiological abnormalities in COPD: mucus
hyper secretion and cilliary dysfunction; airflow
limitation  and hyperinflation; gas  exchange
abnormalities; pulmonary hypertension and systemic
effects [30,31,32].

Pathophysiology: Pathologic changes in the lungs lead to
corresponding  physiologic  changes and  depict
characteristics of this disease, including mucus
hypersecretion, ciliary dysfunction, airflow limitation,
pulmonary hyperinflation, gas exchange abnormalities,
pulmonary hypertension, and cor pulmonale. Mucus

hypersecretion and ciliary dysfunction lead to chronic
cough and sputum production. In advanced COPD,
peripheral airways obstruction, parenchymal destruction,
and pulmonary vascular abnormalities reduce the lungs
capacity for gas exchange, producing hypoxemia and,
later on, hypercapnia [33]. In general, gas transfer
worsens as the disease progresses. Mild to moderate
pulmonary hypertension may develop late in the course of

COPD which is the major cardiovascular complication of

COPD [7,33]. COPD is characterized by periodic

episodes of worsening lung function and symptoms called

as exacerbation. Some estimates suggest that at least 50%

of episodes are viral. Furthermore, bacterial, viral and

atypical pathogens either alone or in concert have been
implicated in inducing majority of acute exacerbations

[34].

Symptoms of COPD: Various symptoms of this disease

are:

o Inability to take deep breath.

e Frequent sighing/erratic ventilation at rest.

o Chest tightness, malaise and fatigue.

e Decreased exercise tolerance.

e Wheezing and decreased breath sounds.

o Weight loss may be reported by the patients with
primary emphysema, but the patient with chronic
bronchitis is typically obese.

e Health related quality of life is also distressed
[32,35,36,37,38].

Prevalence: Most of the information available on COPD

prevalence, morbidity and mortality comes from

developed countries [39]. In 2000, over 119,000 deaths in
the United States and 2.74 million deaths worldwide were
attributed to COPD. Data from the National Health

Interview Survey in 2001 indicates that 12.1 million

people over age 25 years in the United States have

COPD. Over 9 million of these individuals have chronic

bronchitis; the remaining numbers have emphysema or a

combination of both diseases [32]. Study performed by

the Global Burden of Disease conducted under the
auspices of the World Health Organization (WHO) and

World Bank concluded that the worldwide prevalence of

COPD in 1990 was estimated as 9.34/1,000 and

7.33/1,000 in men and women respectively [40,41]. The

prevalence of this disease is highest in those countries
where cigarette smoking is very common [6]. This
disease also accounted for 8 million medical outpatients
visits, 1.5 million visits in emergency departments, and

around 700,000 hospitalizations in the year 2000 [35].

COPD is currently the fourth leading cause of death in the

united states and is expected to become third leading

cause of death by 2020 [42].

Indian Scenario: COPD in India has been recognized and

investigated with the help of several small surveys

conducted in different populations for the last 40 years.

Prevalence rates varying from about 2 to 22 % in men

and from 1.2 to 19 % in women [43]. A median

prevalence of 5 % in men and 2.7 % in women was

calculated which accounted for a total burden of 8.15

million male and 4.21 million female patients in a

population of 944.5 million in 1996 [44]. Study from
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Figure 1: Clinical manifestations of COPD

urban Kashmir points to a higher prevalence of 7.55 % in
smokers and 10.56 % in people living in poorly ventilated
houses [45]. Although the prevalence rates reported from
south India were earlier considered as lower, almost
similar findings were reported in population survey on
9,946 inhabitants from rural south India i.e., a prevalence
of 40.8/1000 for males and 22.5/1000 for females [46].

A multicentric study sponsored by the Indian Council of
Medical Research (ICMR) is the largest and the most
appropriately conducted field study on asthma and COPD
which provides data on prevalence as well as on the risk
factors. A field survey was conducted in both the urban
and rural populations at four large centers i.e., Bangalore,
Chandigarh, Delhi and Kanpur on a total sample of over
73,000 individuals. Of the 35,295 adult subjects of over
35 yr of age, COPD was diagnosed in 4.1 % individuals
with a male to female ratio of 1.56 to 1 i.e., a prevalence
of 5.0 % among men and 3.2 % in women [2]. Thus,
COPD is more common among males than females. The
male to female ratio varied from 1.32:1 to 2.6:1 with
median ratio of 1.6:1 [44]. A large scale study in
Hyderabad city and its surrounding municipalities,
covering a population of more than 54 lacs and 28
hospitals/health posts, was done in 2001. The rates of
hospital admissions of cases with COPD showed an age
differential. The rate was 47.84/100,000 persons at the
community level, it was 57.28 for those 18-64 years of
age and 546.17 for those above 65 years of age [47].
Diagnosis, Diagnosis of COPD should be performed in
any patient who has the symptoms of cough, sputum
production, dyspnea and history of exposure to risk
factors [37].  The diagnosis includes spirometry,
reversible testing, chest X-ray, arterial blood gas test,
computed tomography and pulse oximetry.

Spirometry: The presence of airflow limitation should be

confirmed with spirometry. Spirometry represents a
comprehensive assessment of lung volumes and
capacities. It should be performed by a qualified person
and according to American thoracic society criteria.
Obstruction to the airflow is present when the FEV,/FVC
ratio is less than 70% [32,34].

Bronchodilator reversibility testing: It should be
performed at least initially to establish a baseline, rule out
other causes and estimate prognosis. A short acting
bronchodilator is administered and spirometry is repeated
in 15 to 30 minutes [35]. Chest X-ray: Chest radiography
is performed on the majority of patients suspected of
having chest disease. A posterior-anterior film provides
information on the lung fields, heart, mediastinum,
vascular structures and the thoracic cage [36].

Computed tomography: CT scanning provides detailed
images of pulmonary parenchyma, mediastinum, pleura
and bony structures. High resolution computed
tomography and bronchoscopy are also done for direct
and indirect visualization of airway anomalies and
sampling of deep bronchial secretions. These tests are the
key to make the diagnosis of Mounier-kuhn syndrome
[36,48].

Pulse oximetry: It is useful in most patient, especially
those with advanced disease (FEV;<50%) or
polycythaemia, in order to check for significant
hypoxaemia [49].

Gamma scintigraphy: Diagnostic imaging using gamma
scintigraphy is well established procedure in nuclear
medicine and has been extensively used in inhalation
drug delievery development. It is the only non-invasive
method currently capable of providing human data on
total and regional lung deposition and mucociliary
clearance [50].

Other tests can be useful in some patients, such as more
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Table 1: Various Stages of COPD Severity [3,5,6,7]

Stage Stage 0 Stage | Stage 11 Stage 111 Stage IV

Classification At Risk Mild Moderate Severe Very Severe

Symptoms Chronic Chronic cough Regardless of the With or without Accompanied with
cough, and sputum  presence or chronic cough or chronic respiratory
sputum production absence of chronic sputum production.  failure or right
production sometimes symptoms. heart failure.

present.

Ratio of >70% <70% <70% <70% <70%

FEV:FVC

after

bronchodilator

FEV: % of =>80% >80% 50-80% 30-50% < 30%

predicted

value

extensive assessments of lung volumes through body
plethymography, arterial blood gas test, carbon dioxide
diffusion capacity, exercise testing and test of respiratory
muscle strength [35].

Management Strategies: There are three treatment
strategies for managing COPD which are summarized in
the following text.

Pharmacological treatment includes the use of
bronchodilators, inhaled corticosteroid, sympthomimetic,
combination therapy, long term oxygen therapy,
antibiotic therapy and respiratory stimulants. Non
pharmacological treatment includes smoking cessation,
optimizing nutrition, pulmonary  rehabilitation,
mechanical ventilation and breathing exercise. Surgical
management includes Bullectomy, lung volume reduction
surgery and lung transplantation.

Among the various agents currently available for the
treatment of COPD and asthma, the focus of treatment is
particularly recommended on bronchodilators. Within this
class, inhaled therapy is generally preferred over systemic
therapy due to improved efficacy and favorable margin of
safety for additive benefits such as reduced side effects.
Several options including short and long acting inhaled
B,-agonists, short and long acting inhaled
anticholinergics, and methylxanthines exist for the
treatment of COPD. Short acting bronchodilators may be
used for patients with mild disease but long acting
bronchodilators are more appropriate for patients with
moderate to severe disease. In general, B,-agonists act as
a broad class of sympathomimetic agents, which include
agents that stimulate a, B;, and B, receptors [35,36].
Currently available B, selective therapies are classified
depending upon the duration of action. These include
albuterol, levalbuterol, pirbuterol, and terbutaline which
act as short acting agents and formoterol, salmeterol and
arformoterol as long acting agents whose action lasts for
about 12 h [35].

Pharmacological treatment: Pharmacologic therapy is
used to prevent and control symptoms, reduce the
frequency and severity of exacerbations, improve health
status and exercise tolerance. Commonly available agents
used for the treatment of COPD include:

Bronchodilators: Bronchodilator medications are central

to the symptomatic management of COPD. They are
given either as-needed basis for relief of persistent or
worsening symptoms, or on a regular basis to prevent or
reduce symptoms [6]. Bronchodilator drugs commonly
used in treating COPD include [,-agonists,
anticholinergics, and methylxanthines [7]. Short-acting
bronchodilators can increase exercise tolerance acutely
[51,52]. Long-acting inhaled B,-agonists improve health
status possibly due to a greater extent than regular short-
acting anticholinergics, reduce symptoms, and rescue
medication use and increase time between exacerbations
compared with placebo [53-56]. Regular treatment with
long-acting bronchodilators is more effective and
convenient  than  treatment  with  short-acting
bronchodilators. Continuous use of a long-acting (-
agonist or a short or long acting anticholinergic improves
health status [53,57,58]. Treatment with a long acting
inhaled anticholinergic drug reduces the rate of COPD
exacerbations and improves the effectiveness of
pulmonary rehabilitation [59,60]. Theophylline is a weak
bronchodilator which may have some anti-inflammatory
properties [61]. It is effective in COPD, but due to its
potential toxicity, inhaled bronchodilators are preferred
when  available [7]. Combining  short-acting
bronchodilator agents (salbutamol
(albuterol)/ipratropium) produces a greater change in
spirometery than either agent alone [55]. Combining
long-acting B,-agonists and ipratropium leads to fewer
exacerbations than either drug alone [56]. Tiotropium
improves health status and reduces exacerbations and
hospitalizations compared with both placebo and regular
ipratropium [62,63].

Glucocorticoids: Glucocorticosteroids act at multiple
points within the inflammatory cascade, although their
effects in COPD are more modest as compared with
bronchial asthma [60]. However, regular treatment with
inhaled  glucocorticosteroids  is  appropriate  for
symptomatic patients with COPD with an FEV; < 50%
predicted (stages Il and V) and repeated exacerbations
(e.g., three in the last 3 yr) [64-67]. This treatment has
been shown to reduce the frequency of exacerbations and
thus improve health status and withdrawal from treatment
with inhaled glucocorticosteroids can lead to
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exacerbations in some patients [68,69]. Many existing
COPD guidelines recommend the use of a short course (2
weeks) of oral glucocorticosteroids to identify patients
with COPD who might benefit from long-term treatment
with oral or inhaled glucocorticosteroids [6]. Long-term
treatment with oral glucocorticosteroids is not
recommended in COPD [70,71]. Moreover, a side effect
of long term benefit with systemic glucocorticosteroids is
steroid myopathy which contributes to muscle weakness,
decreased functionality and respiratory failure in patients
with advanced COPD [6,71]. Some commonly used
glucocorticosteroids are beclomethasone, budesonide,
fluticasone, triamcinolone, prednisone and
methylprednisone.

Other pharmacological treatments: Influenza vaccines
can reduce serious illness and death in patients with
COPD by approximately 50% [72]. Vaccines containing
killed or live, inactivated viruses are recommended
because they are more effective in elderly patients with
COPD [73,74]. Regular use of mucolytics in COPD has
been evaluated in a number of long-term studies [75-77].
Various mucolytic agents like ambroxol, erdosteine,
carbocysteine, iodinated glycerol are commonly
available. However, few patients with viscous sputum
may benefit from mucolytics [78]. Oral and parenteral
opioids are effective for treating dyspnea in patients with
advanced COPD disease [79]. Various existing
medications for COPD are out of scope of this article and
are described elsewhere in detail.

Non pharmacological treatments: Pulmonary
Rehabilitation: Pulmonary rehabilitation results in
improvement in multiple outcome areas of considerable
importance to the patient, including dyspnea, exercise
ability, health status and healthcare utilization [80-84]. It
is a multidisciplinary programme of care for patients with
chronic respiratory impairment that is individually
tailored and designed to optimize physical and social
performance and autonomy [85]. The principle goals of
this rehabilitation program are to reduce symptoms,
improve quality of life, and increase physical and
emotional participation in everyday activities. To
accomplish these goals, pulmonary rehabilitation covers a
range of nonpulmonary problems, including exercise
deconditioning, relative social isolation, altered mood
states, muscle wasting, and weight loss. Patients with
COPD at any stages of disease benefit from exercise
training programs, improving with respect to both
exercise tolerance and symptoms of dyspnea and fatigue
[86]. Comprehensive pulmonary rehabilitation program
also includes exercise training, nutrition counseling, and
education [6].

Oxygen therapy: Oxygen therapy has a beneficial impact
on hemodynamics, hematologic characteristics, exercise
capacity, lung mechanics and mental state [87]. The
primary goal of oxygen therapy is to increase the baseline
partial pressure of oxygen in arterial blood (Pao) to at
least 8.0 kPa (60 mm Hg) at sea level and rest, and/or
produce a saturation of oxygen in arterial blood (Sao,) of
at least 90 %, which will preserve vital organ function by
ensuring adequate delivery of oxygen [6,7]. Oxygen

sources include gas, liquid and concentrator; while
oxygen delivery methods include nasal continuous flow,
pulse demand, reservoir cannulae and transtracheal
catheters [88]. Overall, the key role of oxygen therapy is
to preserve vital organ function by ensuring adequate
delivery of oxygen.

Smoking cessation: Smoking cessation is the single most
important and effective method of intervention to reduce
the risk of the occurrence of COPD [37]. Quitting
smoking can slow the progressive loss of lung function
and can reduce symptoms at any point of time [89,90].
Mechanical ventilation: Noninvasive positive pressure
ventilation should be offered to patients with
exacerbation when, after optimal medical therapy and
oxygenation,  respiratory  acidosis or  excessive
breathlessness persist [35, 37].

Breathing exercise: Breathing and physical exercises, as
accessories to medical and surgical treatment were
determined by Machmohan in 1915. Lip breathing results
in a positive expiratory pressure and is thought to have
similarities with continuous positive airway pressure and
positive end expiratory pressure [91].

Surgical treatments: Bullectomy: This procedure is
effective in reducing dyspnea and improving lung
function [92]. A thoracic CT scan, arterial blood gas
measurement, and comprehensive respiratory function
tests are essential before making a decision regarding
suitability for resection of a bulla [7].

Lung Volume Reduction Surgery: This is a palliative
surgical procedure. Patients with upper lobe emphysema
and low exercise capacity who received the surgery had a
greater survival rate than similar patients who received
medical therapy [93,94]. In addition, the surgery patients
experienced greater improvements in their maximal work
capacity and their health related quality of life [7].

Lung Transplantation: In appropriately selected patients
with very advanced COPD, lung transplantation has been
shown to improve quality of life and functional capacity
[95,96]. Single lung transplantation may be used for older
patients with emphysema and patient with intrapulmonary
restrictive disorders such as lung fibrosis. More recently,
living lobar transplantation has been introduced [36].
Associated disorders: COPD is characterized by a range
of pathological changes of the respiratory system
including airflow limitation secondary to structural
changes of the small airways, loss of alveolar
attachments, inflammation, ciliary dysfunction and
increased mucus production. It is evident that systemic
manifestations are common in COPD. This disease also
causes anaemia, sleep problem, anxiety, depression and
several mental disorders. There are also many
extrapulmonary effects such as systemic inflammation,
nutritional abnormalities, weight loss, skeletal muscle
dysfunction and additional organ effects [97,98].
Economic burden: Because of high prevalence of this
disease and the potential for severe disability, COPD
represents a substantial economic and social burden [99].
There are direct cost of healthcare services (admissions,
medications, durable medical equipments) and indirect
cost (lost work and productivity, premature death) that
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can be included in total cost. One look at either
attributable cost (cost related specifically to COPD) or
excess costs (additional cost of treatment in COPD vs.
non COPD patient for both COPD and non COPD illness)
[100]. When adjusted to 1993 US dollars, the costs per
capita are: $ 65 for the UK, $ 60 for Sweden and $ 87 for
the USA [37]. Estimated direct cost of COPD in the US
in 2004 was $ 20.9 billion. When the indirect cost of
COPD due to lost productivity is included ($ 16.3
billion), the total societal cost of COPD is an estimated $
37.2 billion. These numbers represent a significant
economic burden on health care system worldwide [101].
Future perspectives: Focus of further research must be
advanced so as to enhance our understanding of the
molecular basis of COPD and to determine how this
relates to the gross pathophysiological defects seen in
these patients. Further, it requires identification and
intervention in the basic disease process. COPD exerts a
substantial burden on health care system globally and will
continue to do so for the forceable future. Efforts should
be made for future clinical trials and economic studies to
harmonize study design and methods particularly toward
adopting a universal modeling framework. Furthermore,
the prospect for this disease in medical sciences
alongwith improved innovations as well as patient care
appears bright and quite emerging.

CONCLUSION

COPD is a systemic disease with debilitating and serious
impact worldwide. It has been observed that prognosis of
COPD in the developing countries is rather worse when
compared to the developed world. Resolving the complex
systemic nature as well as molecular basis of this ailment
may allow the optimization of current therapeutic
approaches alongwith novel intervention strategies
leading to improvements in health status. Commendable
research endeavors have been carried out for effective
management of COPD. However, it must be emphasized
that tobacco cessation strategies are crucial to prevent as
well as arrest in the development of COPD. Finally, in
heading towards the future, one cannot ignore the
changing demographics of the world’s population and the
reality that COPD is a disease of ageing.

ACKNOWLEDGEMENTS

The authors wish to thanks Professor D.N. Mishra, Dean,
Faculty of Medical Sciences, Guru Jambheshwar
University of Science and Technology, Hisar-125001, for
his valuable suggestions in preparation of this manuscript.

REFERENCES

1. Murthy KJR, Sastry JG. Economic burden of chronic
obstructive pulmonary disease. NCMH Background
Papers-Burden of disease in India. 264-274.
Available at
http://whoindia.org/LinkFiles/Commision_on_Macro
economic_and_Health_ Bg P2 Economic_burden_of
_chronic_obstructive_pulmonary_disease.pdf.
Accessed on 1% March 2010.

2. Jindal K Surinder. Emergence of chronic obstructive

10.

11.

12.

13.

14.

15.

16.

17.

pulmonary disease as an epidemic in India. Indian J
Med Res 2006; 124: 619-630.

Reilly, John J, Silverman, Edwin K, Shapiro, Steven
D. Chronic obstructive pulmonary disease. In:
Kasper, Dennis L, Braunwald, Eugene, Fauci,
Anthony S, Hauser, Stephen L, Longo, Dan L, et al.
eds. Harrisons principles of internal medicine. Edn
16, New York: McGraw-Hill; 2005 pp. 1547-1560.
Izquierdo LJ, The burden of COPD in Spain, Respir
med 2003; 97 (Supplement C): S61-S69.

The Japanese respiratory society, Edn 2", Guidelines
for the diagnosis and treatment of COPD. Available
on http://www.internationalcopd.org/documents
fenglish/Jrsguidelineseng.pdf. Accessed on 26" Feb
2010.

Pauwels RA, Buist AS, Calverley P, Jenkins CR,
Hurd SS. Global strategy for the diagnosis,
management, and prevention of chronic obstructive
pulmonary disease. GOLD workshop summary. Am J
Respir Crit Care Med 2001; 163: 1256-1276.

Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA,
Calverley P, Fukuchi Y, Jenkins C, Rodriguez-Roisin
R, Wheel CV, et al. Global strategy for the diagnosis,
management, and prevention of chronic obstructive
pulmonary disease: GOLD executive summary. Am J
Respir Crit Care Med 2007; 176: 532-555.

Stoller JK, Aboussouan LS. al- antitrypsin
deficiency. Lancet 2005; 375: 2225-2236.

Lopez AD, Mathers CD, Ezzati M, Jamison DF,
Murray CJL. Global burden of disease and risk
factors.Washington: The World Bank 2006.

Gilliland FD, LiYF, Dubeau L, et al. Effects of
Glutathione S-transferase M, maternal smoking
during pregnancy and environmental tobacco smoke
on asthma and wheezing in children. Am J Respir
Crit Care Med 2002; 166: 457-463.

Balmes J, Becklake M, Blanc P, Henneberger P,
Kreiss K, Mapp C et al. American thoracic society
statements occupational contribution to the burden of
airway disease. Am J Respir Crit Care Med 2003;
167: 787-797.

Hnizdo E, Sullivan PA, Bang KM, Wagner G.
Association between COPD and employment by
industry and occupation in the US population: A
study of the data from the third national health and
nutrition examination survey. Am J Epidemiol 2002;
156: 738-746.

Trupin L, Earnest G, San Pedro M, et al. The
occupational burden of COPD. Eur Respir J 2003;
22: 462-469.

Fletcher C, Peto R, Tinker CM, Speizer FE. The
natural history of chronic bronchitis and emphysema.
Oxford: Oxford University press.1976.

Jemal A, Ward E, Hao Y, et al. Trends in the leading
causes of death in the united states 1970-2002. JAMA
2005; 294: 1255-1259.

Wedzicha JA. COPD exacerbation: Defining their
cause and preventions. Lancet 2007; 370: 786-796.
Tager 1B, Segal HR, Speizer FE, Weiss ST. The
natural history of forced expiratory volumes: effect

IJTPR, September— November, 2012, 4(3): 62-70

Page6 7



Prabodh Chander et.al./ Chronic obstructive pulmonary...

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

of cigarette smoking and respiratory symptoms. Am J
Respir Dis 1988; 138: 837-849.

Barker DJ, Godfrey KM, Fall C, Osmond C, Winter
PD, Shaheen SO. Relation of birth weight and
childhood respiratory infection to adult lung function
and depth from chronic obstructive airways disease.
Br Med J 1991, 303: 671-675

Anto JM, Vermeire P, Vestbo J, et al. Epidemiology
of COPD. Eur Respir J 2001; 17: 982-994.

Shohaimi S, Wetch A, Bingham S, et al. Area
deprivation predicts lung function independently of
education and social class. Eur Respir J 2004; 24:
157-161.

Presscott E, Lange D, Vestbo J. Socioeconomic
status, lung function and admission to hospital for
COPD: Results from the Copenhagen city heart
study. Eur Respir J 1999; 13: 1109-1114.

Hogg JC. Pathphysiology of airflow limitation in
chronic obstructive pulmonary disease. Lancet 2004;
364: 709-721.

Mullen JB. Wright JL, Wiggs BR, Pare PD, Hogg
JC. Reassessment of inflammation of airways in
chronic bronchitis. Br Med J ( Clin Res Ed) 1985;
291: 1235-1239.

O’shaughnessy TC, Ansari TW, Barnes NC, Jeffery
PK. Inflammation in bronchial biopsies of subjects
with chronic bronchitis: inverse relationship of CD8+
T lymphocytes with FEV;. Am J Respir Crit Care
Med 1997; 155: 852-857.

Saetta M, Di Stefano A, Turato G, Facchini FM,
Corbno L et al. Cd8+ T-lymphocytes in peripheral
airways of smokers with chronic obstructive
pulmonary disease. Am Rev Respir Dis 1998; 157:
822-826.

Leopold JG, Goeff J. Centrilobular form of
hypertrophic emphysema and its relation to chronic
bronchitis. Thorax 1957; 12: 219-235.
McLean KA. Pathogenesis  of
emphysema. Am J Med 1958; 25: 62-74.
Repine JE, Bast A, Lankhorst I. Oxidative stress in
chronic obstructive pulmonary disease. Oxidative
Stress Study Group. Am J Respir Crit Care Med
1997; 156: 341-357.

Wright JL, Lawson L, Pare PD, Hooper RO, Peretz
DI, Nelems JM, Schulzer M, Hogg JC. The structure
and function of the pulmonary vasculature in mild
chronic obstructive pulmonary disease: The effect of
oxygen and exercise. Am Rev Respir Dis 1983; 128:
702-707.

Matsuba K, Wright JL, Wiggs BR, Pare PD, Hogg
JC. The changes in airways structure associated with
reduced forced expiratory volume in one second. Eur
Respir J 1989; 2: 834-839.

O’Donnell DE, Revill SM, Webb KA. Dynamic
hyperinflation and exercise intolerance in chronic
obstructive pulmonary disease. Am J Respir Crit
Care Med 2001; 164: 770-777.

Bourdet, Sharya V, Williams, Dennis M, Chronic
obstructive pulmonary disease. In: Dipiro, Joseph T,
Talbert, Robert L, Yee, Gary C, Matzke, Gary R, et

pulmonary

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

al. eds. Pharmacotherapy: A Pathophysiologic
Approach. Edn 6" , New York: McGraw-Hill; 2005.
pp. 537-556

Macnee W. Pathophysiology of core pulmonale in
COPD. Part 1l. Am J Respir Crit Care Med 1994;
150: 1158-1168.

Daheshia M. Pathogenesis of chronic obstructive
pulmonary disease. Clinical and applied immunology
reviews 2005; 5: 339-351.

Williams, Dennis M. Chronic obstructive pulmonary
disease. In: Helms, Richard A, Herfindal, Eric T,
Quan David J, Gourley Dick R, et al, eds. Textbook
of Therapeutics Drug and Disease Managenment.
Edn 8, Philadelphia: Lippincott Williams & Wilkins;
2006. pp. 919-939

Innes JA, Reid, PT, Respiratory disease. Boon,
Nicholas A, Colledge, Nicki R, Walker, Brian R, et
al. eds. Davidsons principles & Practice of medicine.
Edn 20" , London: Churchill livingstone; 2006.pp.
647-737

American Thoracic Society. Standards for the
diagnosis and management of with chronic
obstructive pulmonary disease. Am J Respir Crit
Care Med 1995; 152: S77-S121.

Reardon ZJ, RN, MSN, Lareaw CS. Functional status
and quality of life in chronic obstructive pulmonary
disease. Am Jmed 2006; 119(10A): S23-S27.

Pride NB, Vermiere P, Allegra L. Diagnostic labels
applied to model case histories of chronic airflow
obstruction: Responses to a questionnaire in North
American and western European countries. Eur
Respir J 1989; 2: 702-709.

Murray CJL, Lopez AD. Evidence based health
policy lessons from the global burden of disease
study. Science 1996; 274: 740-743.

Murray CJL, Lpoez AD. Editors 1996. The global
burden of disease: A comprehensive assessment of
mortality and disability from diseases, injuries and
risk factors in 1990 and projected to 2020. Harvard
university press, Cambridge, MA.

Stephen I, Rennard MD. Looking at the patient —
Approaching the problem of COPD. N Engl J Med
2004; 350: 965-966

Reddy KS, Gupta PC. Report on tobacco control in
India. New Delhi: Ministry of Health and Family
Welfare, Government of India. 2004; 99-102.

Jindal SK, Aggarwal AN, Gupta D. A review of
population studies from India to estimate national
burden of chronic obstructive pulmonary disease and
its association with smoking. Indian J Chest Dis
Allied Sci 2001; 43: 139-147.

Akhtar MA, Latif PA. Prevalence of chronic
bronchitis in urban population of Kashmir. J Indian
Med Assoc 1999; 97: 365-366.

Ray D, Abel R, Selvaraj KG. A 5-year prospective
epidemiological study of chronic obstructive
pulmonary disease in rural south India. Indian J Med
Res 1995; 101: 238-244.

IES project. Health effects analysis. Hyderabad:
Institute of health system 2001.

IJTPR, September— November, 2012, 4(3): 62-70

Page6 8



Prabodh Chander et.al./ Chronic obstructive pulmonary...

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Scheinfeld HM, Maniatis T, Gurell D. COPD?
Images in radiology. Am J med 2006; 119: 839-842.
Currie P.G., Legge S.J., Diagnosis. Available on
http://blackwellpublishing.com/content/BPL_images/
content_store/sample_chapter/9781405147118/9781
405147118 4 003.pdf. Accessed on 5" march 2010.
Utility of gamma scintigraphy in assessing
mucociliary clearance in COPD. Available on
http://ddI-
conference.org.uk/files/posters/29.limb.pdf.
Accessed on 5™ march 2010.

O’Donell DE, Lam M, Webb KA. Spirometric
correlates of improvement in exercise performance
after anticholinergic therapy in chronic obstructive
pulmonary disease. Am J Respir Crit Care Med
1999; 160: 542-549.

Belman MJ, Botnick WC, Shin JW. Inhaled
bronchodilators  reduce dynamic hyperinflation
during exercise in patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med
1996; 153: 967-975.

Dahl R, Greefhorst LA, Nowak D, et al. Inhaled
formoterol dry powder versus ipratropium in chronic
obstructive pulmonary disease. Am J Respir Crit
Care Med 2001; 164: 778-784.

Jones PW, Bosh TK. Quality of life changes in
COPD patients treated with salmeterol. Am J Respir
Crit Care Med 1997; 155:1283-1289.

Combivent trialists. In  chronic  obstructive
pulmonary 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: 1411-1419.
Zuwallack RL, Mahler DA, Reilly D, et al.
Salmeterol plus theophylline combination therapy in
the treatment of COPD. Chest 2001; 119: 1661-1670.
Vincken W, Van noord JA, Greefhorst AP, Bantie
TA, Kesten S, Korducki L, Cornalissen PJ. Improved
health outcomes in patient with COPD during 1 yr
treatment with Tiotropium. Eur Respir J 2002; 19:
209-216.

Mahler DA, Donohue JF, Barbee RA, Goldman MD,
Gross NJ, Wisniewski ME, Yancey SW, Zakes BA,
Rickard KA, Anderson WH. Efficacy of Salmeterol
xinafoate in the treatment of COPD. Chest 1999;
115: 957-965.

Niewoehner DE, Rice K, Cote C, Paulson D, Cooper
J Jr, Korducki L, Cssino C, Kesten S. Prevention of
exacerbations of chronic obstructive pulmonary
disease with tiotropium, a once-daily inhaled
anticholinergic Bronchodilator: A randomized trial.
Ann Intern Med 2005; 143: 317-326.

Casaburi 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: 809-817.

elli BR, Standards for the diagnosis and treatment of
patients with COPD: A summary of the ATS/ERS

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

position paper. Eur Respir J 2004; 23(6): 932-946.
Casaburi R, Mahler DA, Jones PW, et al. A long-
term evaluation of once daily inhaled tiotropium in
chronic obstructive pulmonary disease. Eur Respir J
2002; 19: 217-224.

Vicken W, Van Noord JA, Greefhorst AP, et al.
Improved health outcomes in patients with COPD
during 1 year treatment with tiotropium. Eur Respir J
2002; 19: 209-216.

Mahler DA, Wire P, Horstman D, Chang CN, Yates
J, Fischer T, Shah T. Effectiveness of fluticasone
propionate and salemterol combination delievered
via the Diskus device in the treatment of chronic
obstructive pulmonary disease. Am J Respir Crit
Care Med 2002; 166: 1084-1091.

Jones PW, Willits LR, Burge PS, Calverley PM.
Diesease severity and the effect of fluticasone
propionate on chronic obstructive pulmonary disease
exacerbations. Eur Respir J 2003; 21: 68-73.
Calverley P, Pauwels R, Vestbo J, Jones P, Pride N,
Gulsvik A, Anderson J, Maden C. Combined
salmeterol and fluticasone in the treatment of chronic
obstructive pulmonary disease: A randomized
controlled trial. Lancet 2003; 361: 449-456.
Szafranski W, Cukier A, Ramirez A, Menga G,
Sansores R, Nahabedian S, Peterson S, Olsson H.
Efficacy and safety of budesonide/formeterol in the
management of chronic obstructive pulmonary
disease. Eur Respir J 2003; 21: 174-181.

Spencer S, Calverley PM, Burge PS, Jones PW.
Impact of preventing exacerbations on deterioration
of health status in COPD. Eur Respir J 2004; 23:
698-702.

Van der Valk P, Monninkhof E, van der Palen J,
Zielhuis G, van Herwaarden C. Effect of
discontinuation of inhaled corticosteroids in patients
with chronic obstructive pulmonary disease: The
COPE study. Am J Respir Crit Care Med 2002; 166:
1358-1363.

Rice KL, Rubins JB, Lebahn F, Parenti CM, Duane
PG, Kuskowski M, Joseph AM, Niewoehner DE.
Withdrawal of chronic systemic corticosteroids in
patients with COPD: A randomized trial. Am J
Respir Crit Care Med 2000; 162: 174-178.

Decramer M, Lacquet LM, Fagard R, Rogiers P.
Corticosteroids contribute to muscle weakness in
chronic airflow obstruction. Am J Respir Crit Care
Med 1994; 150: 11-16.

Nichol KL, 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:
778-784.

Edwards KM, Dupont WD, Westrich MK, Plummer
WD Jr, Palmer PS, Wright PF. A randomized
controlled trial of cold-adapted and inactivated
vaccines for the prevention of influenza A disease. J
Ofect Dis 1994; 169: 68-76.

Hak E, van Essen GA, Buskens E, Stalman W, de
Melker RA. Is immunizing all patients with chronic

IJTPR, September— November, 2012, 4(3): 62-70

Page69



Prabodh Chander et.al./ Chronic obstructive pulmonary...

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

lung disease in the community against influenza cost
effective? Evidence from a general practice based
clinical prospective cohort study in Utrecht, The
Netherlands. J Epidemiol Community Health 1998;
52: 120-125.

Allegra L, Cordaro CI, Grassi C. Prevention of acute
exacerbations of chronic obstructive bronchitis with
carcocysteine  lysine  salt monohydrate: A
multicenter, double-blind, placebo-controlled trial.
Respiration (Herrlisheim) 1996; 63: 174-180.

Guyatt GH, Townsend M, Kazim F, Newhouse MT.
A controlled trial of ambroxol in chronic bronchitis.
Chest 1987; 92: 618-620.

Petty TL. The National Mucolytic Study: Results of a
randomized, double-blind, placebo-controlled study
of iodinated glycerol in chronic obstructive
bronchitis. Chest 1990; 97: 75-83.

Siafakas NM, Vermeire P, Pride NB, et al. Optimal
assessment and management of chronic obstructive
pulmonary disease (COPD). The European
Respiratory Society Task Force Eur Respir J 1995;
8: 1398-1420.

Jennings AL, Davies AN, Higgins JP, Gibbs JS,
Broadley KE. A systematic review of the use of
opioids in the management of dysponea. Thorax
2002; 57: 939-944.

Goldstein RS, Gort EH, Stubbing D, et al.
Randomised  controlled trial of respiratory
rehabilitation. Lancet 1994; 344: 1394-1397.
Reardon J, Awad E, Normandin E, Vale F, Clark B,
ZuWallack RL. The effect of comprehensive
outpatient pulmonary rehabilitation on Dyspnea.
Chest 1994; 105: 1046-1052.

Ries AL, Kaplan RM, Limberg TM, Prewitt LM.
Effect of pulmonary rehabilitation on physiologic
and psychological outcomes in patients with chronic
obstructive pulmonary disease. Ann Intern Med
1995; 122: 823-832.

Wijkstra PJ, Van der Mark TW, Kraan J, Van Altena
R, Koeter GH, Postma DS. Effects of home
rehabilitation on physical performance in patients
with chronic obstructive pulmonary disease. Eur
Respir J 1996; 9: 104-110.

Strijbos JH, Postma DS, van Altena R, Gimeno F,
Koeter GH. A comparison between an outpatient
hospital-based pulmonary rehabilitation program and
a home-care pulmonary rehabilitation program in
patients with COPD. A follow-up of 18 months.
Chest 1996; 109: 366-372.

Pulmonary rehabilitation: Official statement of the
American Thoracic Society. Am J Respir Crit Care
Med 1999; 159: 1666-1682.

Berry MJ, Rejeski WJ, Adair NE, Zaccaro D.

87.

88.

89.

90.

9L

92.

93.

94.

95.

96.

97.

98.

99.

Exercise rehabilitation and chronic obstructive
pulmonary disease stage. Am J Respir Crit Care Med
1999; 160: 1248-1253.

Tarpy SP, Celli BR. Long-term oxygen therapy. N
Engl J Med 1995; 333: 710-714.

Tiep BL, Barnett J, Schiffman G, Sanchez O, Carter
R. Maintaining oxygenation via demand oxygen
delivery during rest and exercise. Respir Care 2002;
47: 887-892.

Anthonisen NR, Connett JE, Kiley JP, et al. Effects
of smoking intervention and the use of an inhaled
anticholinergic bronchodilator on the rate of decline
of FEV;. JAMA 1994; 272: 1497-1505.

Buist AS, Sexton GJ, Nagy JM, Ross BB. The effect
of smoking cessation and modification on lung
function. Am Rev Respir Dis 1976; 114: 115-122.
Kant S, Singh GV. Breathing exercises as adjuvant in
the management of COPD: An overview, Lung India
2006; 23: 165-169

Mehran RJ, Deslauriers J. Indication for surgery and
patient work-up for bullectomy. Chest Surg Clin N
Am 1995; 5: 717-734.

Benditt JO, Albert RK. Surgical options for patients
with advanced emphysema. Clin Chest Med 1997;
18: 577-593.

Naunheim KS.Wood DE, Mohsenifar Z, Sternberg
AL, Criner GJ, DeCamp MM, Deschamps CC,
Martinez FJ, Sciurba FC, Tonascia J, et al. Long-
term follow-up of patients receiving lung-volume-
redution surgery versus medical therapy for severe
emphysema by the National Emphysema Treatment
Trial Research Group. Ann Thoracic Surg 2006; 82:
431-443.

Trulock EP. Lung transplantation. Am J Respir Crit
Care Med 1997; 155: 789-818.

Theodore J, Lewiston N. Lung Transplantation
comes of age. N Engl J Med 1990; 322: 772-774.
Decramer M, Benedero DF, Ponte DA. Systemic
effects of COPD, Respir med 2005; 99: S3-S10.
Marco DF, Verga M, Reggente M. Anxiety and
depression in COPD patients: The roles of gender
and disease severity, Respir med 2006; 100: 1767-
1774,

Pauwels AR, Rabe FK. Burden and clinical features
of chronic obstructive pulmonary disease (COPD).
Lancet 2004; 364: 613-620.

100.Mannino MD, Buist SA. Global burden of COPD:

Risk factors, prevalence and future trends. Lancet
2007; 370: 765-773.

101.Akazawa M, Halpern DF, Ponte DA. Economic

burden prior diagnosis, Respir med 2005; 102: 1744-
1752,

IJTPR, September— November, 2012, 4(3): 62-70

Page 7 O



