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INTRODUCTION

Chronic obstructive pulmonary disease is a common preventable and
treatable illness. It is characterized by persistent airflow restriction that is
usually progressive and linked with chronic inflammatory response in the
airway and the lung to toxic particles and gases. Exacerbations and co
morbidity contribute to over all severity in individual patient Chronic
obstructive pulmonary disease(COPD) occurs as a result of the combined
effects of smoking exposure and genetic susceptibility to the damaging effects
of smoking.

The disease is characterised by progressive, minimally reversible
airflow limitation that results from varying combinations of lung parenchymal
destruction and fixed small airways disease from smooth muscle hypertrophy
and airway fibrosis>* . COPD is also a systemic disease with progressive
muscle wasting of the skeletal and respiratory system, which further limits
exercise capacity®’.Systemic manifestations of COPD include coronary artery
disease (CAD), osteoporosis and anemia®®. Although goblet cell hyperplasia
and excessive mucus production are also clinical manifestations in COPD they
do not appear to be associated with poor outcomes in COPD, unlike reduced
expiratory volumes and systemic inflammation . COPD, characterized by
long-term poorly irreversible airway limitation and persistent respiratory

symptoms, is a common and preventable disease °.



Global Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines give three criteria which are needed to diagnose the disease
e A post-bronchodilator FEV1:FVC
ratio of less than 70%,
e Appropriate symptoms like dyspnea, sputum production,
chronic cough, or wheezing,
* Significant exposures to toxic environmental stimuli'°

This disorder has at least three phenotypes: emphysema, chronic
bronchitis, and small airway remodelling and obstruction!! and environmental
and inherent factors are involved in the pathogenesis and development of the
disease.

Smoking is main cause of the disease, whereas only 10-20% of
smokers develop COPD *? and approximately 25-45% of incidence of COPD
is attributed to non smoking risk.**(The Global Burden of Disease study
2017)1

COPD attributed to active smoking, ambient particulate matter
pollution, job-related particulate matter/gases/fumes, ambient ozone
contamination, household air pollution from solid fuels, second hand smoke,
and lead contact was responsible for about 3.46 million of global all-age
deaths and 79.78 million of disability-adjusted life-years (DALYS) in 2017.
Active smoking and ambient particulate matter pollution  were the main

causes of deaths and DALY s for COPD .



Although the global age-standardized mortality rates and DALY rates
for COPD attributing to each of the above risk factors between 2007 and 2017
was reduced, this epidemical tendency forecasting is not optimistic as the
growth and aging of population. It is the fourth important cause of death
globally and will become the third leading cause of death by the year 2030. *°

The GOLD document state that “COPD is a common, preventable and
treatable disease that is defined by constant respiratory symptoms and airflow
limitation that is due to airway and/or alveolar abnormalities, usually caused
by significant exposure to noxious particles or gases!®'’ In 2017 revision
GOLD had revised the definition of COPD to include “persistent respiratory
symptoms” as an essential feature; however, the reasoning behind this has not
been provided and the definition is carried through into the current version'®

Statins inhibit HMG-CO A (3-hydroxy-3-methyl glutaryl coenzyme A
reductase) It is strong inhibitors of cholesterol biosynthesis and have greatly
enhanced the management of coronary artery disease. current studies data
suggest that Direct antithrombotic and anti-inflammatory property of statins
related at least partly related for the decline of cardiovascular events. statins
reduce high sensitive C reactive protein (hs-CRP), tumour necrosis factor
(TNF) and metalloproteinase 9 production. 2

Statins are now becoming accepted as powerful anti inflammatory
agents that have favorable effects beyond low-density lipoprotein cholesterol

reduction(LDL). Up regulation of endothelial function especially endothelial



nitric oxide synthase (eNOS enzyme activity) is thought to be a major
mechanism accountable for these anti inflammatory properties.Prufer.et.al®
give more information that statins decrease inflammation. It also has
cardiovascular protective action®

Recent data suggest that statins can transform the balance of T helper
subset 1 (Th 1) and 2 (Th 2) cells by inhibition of Thl improvement through
augmentation of Th 2 development of CD4+ T cells** .H.Yang et al
observed a relation between statin use and occurrence of an abnormal Thl
subset of T lymphocytes, CD4 +CD28 null which often expanded in unstable
angina 2°. We aimed in this study to assess anti inflammatory effects of statin

in COPD patients.



REVIEW OF LITERATURE

Chronic obstructive pulmonary disease (COPD) is defined as a preventable
and treatable disorder defined by persistent airflow restriction .1t is usually
progressive and associated with an enhanced chronic inflammatory response
in the airway and the lung to noxious particles or gases? .

COPD which is considered an inflammatory disease with pulmonary
and systemic components, is predominantly found in patients with a history of
cigarette smoking and has an enormous and increasing global health impact 2
COPD is defined as a modifiable and treatable disease [?% 30 Nevertheless,
apart  from long-term oxygen treatment in COPD patients with severe
hypoxaemia and smoking cessation in patients with mild-to-moderate lung
function impairment, to date, no treatment has convincingly been able to
influence the accelerated lung function decline or increased mortality
characterising this disease %

@7 common associated clinical disease associated with COPD is
chronic bronchitis which is characterized by chronic cough and sputum
production present in about one out of three people with early COPD. When
chronic mucus hyper secretion is associated with airflow obstruction, it is
often called chronic obstructive bronchitis. Patients with COPD also have
small and medium size airway with inflammation, narrowing, tortuosity
and fibrosis that contributes to the airflow limitation individuals are often
classified as having chronic asthmatic bronchitis and tend to have a some

better prognosis for survival than those with typical tobacco-related COPD.



The clinical course of COPD, determined as a continuous excessive
loss of ventilator capacity is an important and well-established outcome
measure. The long-term benefit of sustained and to a lesser extent,
intermittent smoking cessation as regards forced expiratory volume in one
second (FEV1) in patients with mild-to-moderate COPD has been
convincingly demonstrated.

PATHOPHYSIOLOGY :

COPD has both pulmonary and systemic components . The presence
of airflow limitation combined with premature airway closure leads to gas
trapping and hyperinflation, adversely affecting pulmonary and chest wall
compliance. Pulmonary hyperinflation also results, which flattens the
diaphragmatic muscles and leads to an increasingly horizontal alignment of
the inter costal muscles, placing the respiratory muscles at a mechanical
disadvantage. The work of breathing is therefore markedly increased first on
exercise, when the time for expiration is further reduced, but then as the
disease advances even at rest.

ENVIRONMENTAL FACTORS:
1. Tobacco smoke: accounts for 95% of cases in the UK
2. Indoor air pollution: cooking with biomass fuels in confined areas in
developing countries

3. Occupational exposures, such as coal dust, silica and cadmium



4. Low birth weight: may reduce maximally attained lung fun young
adult life
5. Lung growth: childhood infections or maternal smoking may affect
growth of the lungs during childhood, resulting in a lower maximally
attained lung function in adult life
6.Infections: recurrent infection may accelerate decline in FEV1; and
persistence of adenovirus in lung tissue may alter local inflammatory
response, predisposing to lung damage; HIV infection is associated with
emphysema
7. Low socioeconomic status
8. Cannabis smoking
HOST FACTORS:
(@). Genetic factors: al-antitrypsin deficiency; other COPD susceptibility
genes are likely to be identified
(b). Air way hyper-reactivity

Breathlessness grading related to activities

0 -No breathlessness, except for strenuous exercise

1- Breathlessness when hurrying on the level or walking up a slight hill

2- Walks slower than age group on level ground because of

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

3- Stops for breath after walking about hundred meter or after a few minutes

on level ground



4- Too breathless to leave the house, or breathless when  dressing or
undressing.
CLINICAL FEATURES:

COPD should be suspected in any patient over the age of 40 years who
presents with symptoms of chronic bronchitis and/or breathlessness.
Depending on the presentation, important differential diagnoses include
Chronic asthma, Tuberculosis, Bronchiectasis and Congestive cardiac failure.
Cough and associated sputum production are usually the first symptoms, and
are often referred to as a ‘smoker’s cough’. Haemoptysis may complicate
exacerbations of COPD but should not be attributed to COPD without
thorough investigation.

Breathlessness usually prompts presentation to a health professional.
The level should be quantified for future reference, often by documenting
what the patient can manage before stopping; scales such as the modified
Medical Research Council (MRC) dyspnoea scale may be useful. In advanced
disease, enquiry should be made as to the presence of oedema (which may be
seen for the first time during an exacerbation and morning headaches (which
may suggest hypercapnia).

Physical signs are non-specific, correlate poorly with lung function,
and are seldom obvious until the disease is advanced. Breath sounds are
typically quiet, crackles may accompany infection but, if persistent, raise the
possibility of bronchiectasis. Finger clubbing is not a feature of COPD and

should trigger further investigation for lung cancer or fibrosis.



Right heart failure may develop in patients with advanced COPD,
particularly if there is coexisting sleep apnoea or thrombo embolic disease
(‘cor pulmonale’).  However, even in the absence of heart failure, COPD
patients often have pitting oedema from salt and water retention caused by
renal hypoxia and hyper capnia. The term ‘cor pulmonale’ is a misnomer in
such patients, as they do not have heart failure. Fatigue, anorexia and weight
loss may point to the development of lung cancer or tuberculosis, but are
common in patients with severe COPD and the body mass index (BMI) is of

prognostic significance.

Depression also common and contribute to morbidity. Two classical
phenotypes have been described: ‘pink puffers’ and ‘blue bloaters’. The
former are typically thin and breathless, and maintain a normal PaCO2 until
the late stage of disease. The latter develop (or tolerate) hypercapnia earlier
and may develop oedema and secondary polycythaemia. In practice, these

phenotypes often overlap.



Figure -1.

INVESTIGATIONS:

Although there are no reliable radiographic signs that correlate with the
severity of airflow limitation, a chest X-ray is essential to identify alternative
diagnoses such as cardiac failure, other complications of smoking such as lung
cancer, and the presence of bullae. A blood count is useful to exclude anaemia
or document polycythaemia, and in younger patients with predominantly
basal emphysema al-antitrypsin should be assayed. The diagnosis requires
objective demonstration of airflow obstruction by spirometry and is

established when the post bronchodilator FEV1/FVC is < 70%.
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The severity of COPD may be defined in relation to the post-
bronchodilator FEV1 . Measurement of lung volumes provide an assessment
of hyperinflation. This is generally performed by helium dilution technique
However, in patients with severe COPD, and in particular large bullae, body
plethysmography is preferred because the use of helium may under-estimate
lung volumes.

The presence of emphysema is suggested by a low gas transfer .
Exercise tests provide an objective assessment of exercise tolerance and
provide a baseline on which to judge the response to bronchodilator therapy or
rehabilitation programmes; they may also be valuable when assessing
prognosis. Pulse oximetry may prompt referral for a domiciliary oxygen
assessment if less than 93%. The assessment of health status by the St
George’s Respiratory Questionnaire (SGRQ) is commonly used for research.

In practice, the COPD Assessment Test and the COPD Control
Questionnaire are easier to administer characterisation and quantification of
emphysema and is more sensitive than the chest X-ray at detecting bullae. It is
also used to guide lung volume reduction surgery.

Assessment of severity:

The severity of COPD has traditionally been defined in relation to the
FEV1% predicted. However, assessing the impact of COPD on individual
patients in terms of the symptoms and limitations in activity that they
experience and whether they suffer frequent or significant exacerbations may

provide a more clinically relevant assessment and help guide
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management.HRCT is likely to play an increasing role in the assessment of
COPD, as it allows the detection, smokers, and cessation remains the only
strategy that impacts favourably on the natural history of COPD.

Complete cessation is accompanied by an improvement in lung
function and deceleration in the rate of FEV1 decline . In regions where the
indoor burning of biomass fuels is important, the introduction of non-smoking
cooking devices or alternative fuels should be encouraged.

Spirometry is an significant diagnosis and classification method based
on the severity of airflow restriction in COPD patients. Though, spirometric
measures of airflow limitation do not completely reflect the complex
pathological and physiological disturbances of mild COPD.

The small airways less than 2 mm in diameter are known as the main
sites of airway obstruction in COPD-=?% |t has been demonstrated that
pathologic abnormalities in the small airways include a thickening of the
airway wall, inflammatory immune cells infiltration into the wall tissue, and
narrowing of the small airway lumen by inflammatory mucous exudates, are
the main reasons for airway obstruction in COPD patients with mild airflow
restriction.Deesomchok et al*® noted that the residual volume, functional
residual capacity, and total lung capacity were considerably higher than the
predicted values in GOLD stage 1, which confirmed the existence of lung
hyperinflation.

The presence of an increased residual capacity illustrated improved air

trapping because of enhanced airway closure during expiration.® earlier
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studies showed that a decline in the lung diffusing capacity for carbon
monoxide (DLCO) was found in many number of COPD patients with mild
airflow restriction compared with controls. 3% In addition 20% of the GOLD
stage 1 subgroup had DLCO<70% of that predicted, which may recommend
that the surface area of gas exchange was abnormal.

% In mild COPD patients there is evidence that ventilation—perfusion
mismatch and an raised alveolar—arterial oxygen pressure grade develop .3
3 In the study by Rodriguez-Roisin et al,*® the alveolar-arterial oxygen
tension gradient and ventilation—perfusion disparity were clearly atypical in
GOLD stage 1, but t changes throughout GOLD stages 1-4 were moderate,
signifying that perfusion heterogeneity had a better role than airflow
inadequacy in the early period of COPD development. Considerable
abnormalities in the pulmonary micro vascular blood flow also identified in
mild COPD patients.

40 MESA COPD Study indicated that pulmonary micro vascular blood
flow reduced in mild COPD in both emphysematous and Non
emphysematous lung regions which may demonstrate an pathological
increase procedure from small airway disease.

41 Smokers have earlier been described as GOLD stage 0 “at risk” for
COPD,*? of which 42% had radiological proof of emphysema or airway
disease.

43 Meanwhile, extensive small airway inflammation has been described

in smokers at risk for COPD, showing increased airway infiltration of
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Polymorphonuclear neutrophils, eosinophils, macrophages,CD4 cells, CD8
cells, and B cells. Moreover, there was no significant difference in the extent
of airway inflammation between smokers at risk for COPD and mild COPD.*
mINFLAMMATION AND EXTRACELLULAR MATRIX
PROTEOLYSIS

Elastin, the main component of elastic fibers, is a highly stable
component of the extracellular matrix that is significant to the integrity of the
lung. The elastase:antielastase hypothesis state that the equilibrium between
elastin degrading enzymes and their inhibitors determines the vulnerability of
the lung to damage resulting in air space enlargement.

This theory was based on the clinical surveillance that patients with
inherited deficiency in ol antitrypsin (alAT) which inhibit the serine
proteinase neutrophil elastase ,were at enhanced risk of emphysema and that
instillation of elastases, as well as neutrophil elastase, into experimental
animals, outcome in emphysema.

A compound network of immune and inflammatory cells and
proteinases that lead to emphysema has consequently been recognized. Lung
macrophages and epithelial cells get activated when they are exposed to
oxidants from smoking and produce proteinases and chemokines which
attract other inflammatory and immune cells.

Oxidative stress is a key component of COPD pathobiology; the
transcription factor NRF2, a major regulator of oxidant-antioxidant balance,

and SOD3, a potent antioxidant, have been implicated in emphysema

14



pathogenesis by animal models. Mitochondrial dysfunction in COPD may
worsen oxidative stress.

One method of macrophage activation occurs through oxidant-induced
inactivation of histone deacetylase-2 (HDAC?2), shifting the equilibrium
toward acetylated / loose chromatin, exposing nuclear factor-kappa B (NF-
Kb)sites, and resulting in copy of matrix metalloproteinases and
proinflammatory cytokines like interleukin 8 (IL-8) and tumor necrosis factor
o (TNF-a).It leads to neutrophil activation. CD8+ T cells are recruited in
response to cigarette smoke and liberate interferon-inducible protein-10 which
in turn leads to macrophage production of macrophage elastase called matrix
metalloproteinase-12 [MMP-12]).

Matrix metalloproteinases and serine proteinases, particularly
neutrophil elastase, work collectively by degrading the inhibitor of the other,
leading to lung damage. Elastin degradation and disordered repair are thought
to be primary mechanisms in the development of emphysema. Some data
explained that autoimmune mechanisms may advance the sequence of
disease. In advanced COPD patients there is increased number of B cells and
lymphoid follicles are present around the airways .

IgG auto antibodies  which cause cytotoxicity to  pulmonary
epithelium have been detected. Loss of cilia in the airway epithelium due to
cigarette smoke cause impaired macrophage phagocytosis predispose to

bacterial infection with neutrophilia.
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In advanced lung disease, after prolonged period of smoking
cessation, there remains an exuberant inflammatory reaction, signifying that
inflammation induced by cigarette smoking initiates the disease and, in
vulnerable individuals establishes a persistent process of cell death .Cigarette
smoke oxidant-mediated structural cell death occurs via a variety of
mechanisms as well as excessive ceramide production and Rtp801 inhibition
of mammalian target of rapamycin (mTOR) leading to cell loss ,inflammation
and proteolysis.

Association of mTOR and other senescence markers has led to the
thought that emphysema resembles early aging of the lung parenchyma.
Heterozygous gene targeting of one of the leading genetic determinants of
COPD identified by genome-wide association studies (GWAS), hedgehog
interacting protein (HHIP) in a murine model leads to aging related
emphysema.

The ability of the adult lung to replace lost smaller airways and
microvasculature and to repair damaged alveoli appears limited. Uptake of
apoptotic cells by macrophages normally results in production of growth
factors and dampens inflammation, promoting lung repair.

Cigarette smoking impair macrophage mediated uptake of apoptotic
cells .It also prevents cell repair. Study by Fletcher and Peto recommended
that depending on COPD severity the rate of decline in FEV1 accelerated, #°
current studies showed that the yearly FEV1 decrease in patients with Chronic

obstructive pulmonary disease in GOLD stage 2 was improved than those in

16



GOLD stages 3 and4.46-* Tantucci and Modina® stated that in large COPD
patients the mean decline rate of FEV1 in

GOLD stage 2 was between %’ and 79 mL/year, whereas the corresponding
person number in GOLD stages 3 and 4 was between 56 and 59 mL/year and
lesser than 35mL/year respectively.

Bhatt et al*® demonstrated that the rate of FEV1 decline was maximum
in mild COPD in a population of present and previous smokers. Those with
GOLD stagel had the most rapid rate of FEV1 decline of 53.8 (57.1) mL/year
compared to 45.6 (61.1) mL/year, 31.6 (43.6) mL/year, and 5.1 (35.8) mL/year
for GOLD stages from 2 to 4 respectively, indicating progressively slower
rates of decline with increasing GOLD stages.*

Thus, the reduction in pulmonary function, assessed as expiratory
airflow decline, seemed to occur mostly in the early course of the illness.
To delay the sequence of the disease early stage intervention can be
favorable in chronic obstructive pulmonary disease. In the most of the
COPD patients it is usually progressive, as lung function deteriorates over
time simultaneously with age-related decline in FEV14® Opposite to earlier
reports, the 3-year ECLIPSE study found that the rate of decline in FEV1 was
highly variable in COPD patients, and in more than half of the patients, the
rate of decline in FEV1 was no higher than that which has been observed in
the healthy control group. These outcomes indicated that COPD was not

consistently progressive.*®
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Likewise, a further large longitudinal cohort confirmed that an
accelerated decline in FEV1 was not an important characteristic of COPD.%°

Worldwide Three hundred and eighty million people were affected
by Chronic obstructive pulmonary disease .The data state that among them
twelve percent of adults were over 30 years of age. The occurrence of this
disease is rapidly increasing, and it will be the third cause of death worldwide
in the year 2020°1°2, The Co morbid condition associated with COPD is
cardiovascular disease (CVD).>3%4, Pulmonary hypertension (PH) is one of the
most essential functional derangements in these patients. It leads to poor
prognosis due to chronic hypoxia and loss of vascular bed from
emphysematous destruction 5%

The significance of CVD and other co morbidities in COPD is such
that all the cause of mortality has largely become the most applicable metric
for outcomes in patients 7 Localized chronic inflammation of the airways
has long been observed in this disease. There is a emergent understanding of
systemic inflammation in subset of COPD patients 8

Particularly high levels of CRP and IL-6 have been related with poor
outcomes in COPD [60.81- - Apart from treatment for dyslipedemia and benefit
for CVD as cholesterol lowering drug, it also been studied in a diversity of
other disease states, including dementia, contrast-induced nephropathy, and
erectile dysfunction and COPD over the past decade 2 83 The anti-

inflammatory actions that  alter the immune system and decrease
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inflammatory markers like CRP and IL-6 are gradually being discovered
[61,64].

Systematic reviews earlier to 2017 have been recommended that statins
are associated with a valuable role in treatment of COPD [®5-¢7) it including
reduce all-cause mortality, cause-specific mortality and Pulmonary
hypertension. Li et al. investigate which including twenty studies - %] statins
decreased all-cause mortality and COPD exacerbation.. Zhang et al. study
including 6 RCTS with both COPD and Pulmonary hypertension patients
found statin therapy was associated with improved 6-min walk test (6 MW)
and reduced PH. But there was no observed difference in all cause
mortality [67)

Statins can reduce inflammation and PH or not remains controversial
[67. 8.Current national and international guidelines for the management of
patients with chronic obstructive pulmonary  disease  suggest that
maintenance therapy with inhaled long-acting bronchodilators (long-acting
B2-adrenergic agonists [LABAs] and long-acting muscarinic antagonists
[LAMAS]), inhaled corticosteroids (ICSs) including glucocorticoids, and their
combinations (usuallyLABA/ICS in one single inhaler at fixed dose) for the
treatment of moderate-to-severe disease.®® "3 In addition,patients with COPD
may experience exacerbations requiring short-term treatment with systemic
corticosteroids.™

COPD is one of the most important global health problems.®®-"® COPD

is characterised by exacerbations, and these exacerbations constitute key
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events in COPD progression, prognosis and treatment.”*"3 In recent years
there has been a growing body of evidence suggesting systemic inflammation
as a key element in the pathogenesis of COPD.”>™ As a result, there is an
increasing focus on whether use of medications that reduce markers of
systemic inflammation may also reduce the risk of exacerbations in COPD."®

Statins have effects besides a lowering of plasma cholesterol, including
antiinflammatory effects which have been investigated in several studies’®”.
Studies have also shown that statin use has beneficial effects on cardiovascular
outcomes, possibly by reduction of C reactive protein (CRP) levels.” :® In
COPD, pharmaceutical database studies have indicated a possible beneficial
effect of statin use on exacerbations.®

Although this evidence comes from several populations, studies have
lacked clinical characteristics and data on markers of systemicinflammation.
Furthermore, a recent large randomized trial found no effect of simvastatin on
exacerbations in patients with the most severe COPD, but without

cardiovascular comorbidity-G1
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RISK FACTORS
CIGARETTE SMOKING

Cigarette smoking was a important risk factor for mortality from
chronic bronchitis and emphysema which was concluded by advisory
committee to the Surgeon General of United states. Successive longitudinal
studies have shown accelerated decrease in forced expiratory volume in one
second in a dose response relationship to the magnitude of cigarette smoking,
which is typically expressed as pack-years .Average number of packs of
cigarettes smoked per day multiplied by the total number of years of smoking

is called pack per years.

This dose-response relationship between reduced pulmonary function
and cigarette smoking intensity accounts, at least in part, for the higher
prevalence rates of COPD with increasing age. Previously higher rate of
smoking among males is the possible explanation for the higher occurrence of
illness among them. Now a days the prevalence of COPD between females is
increased. So the gender gap in smoking rates has diminished in the past 50
years.

Though the causal relationship between smoking and the progress of
COPD has been absolutely proved, there is significant variability in the
response to smoking. Pack-years of cigarette smoking is the most highly
significant interpreter of FEV1.But only 15% of the variability in FEV1 is

explained by pack-years. This result state that additional environmental and
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or heritable factors contribute to the effect of smoking on the development of
this disease.

Nonetheless, many patients with a history of cigarette smoking with
normal spirometry have evidence for worse health related quality of life,
reduced exercise capacity, and emphysema and/ or airway disease on chest CT
evaluation; thus, they have not escaped the harmful effects of cigarette
smoking. While they do not meet the classic definition of COPD based on
population normal for FEV1 and FEV1/FVC, studies have shown that these
subjects overall have a shift toward lower FEV1 values, which is consistent
with obstruction on an individual level . cigar and pipe smoking may also be
related with the development of COPD, the facts supporting such relations is
less compelling, likely correlated to the lower dose of inhaled tobacco by-
products during cigar and pipe smoking. The effect of electronic cigarettes (e-

cigarettes) on the development of COPD has not yet decided

AIRWAY RESPONSIVENESS AND COPD

On exposure to exogenous stimuli , such as methacholine and
histamine bronchoconstriction occurs which is one of the defining features
of asthma. However, many of the COPD patients also share this aspect of
airway hyper responsiveness. In older subjects, there is considerable overlap

between persons with a history of chronic asthma and smokers with COPD in
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terms of airway responsiveness, airflow obstruction, and pulmonary
symptoms.

The origin of asthma is viewed as an allergic disease while COPD is
thought to primarily result from smoking-related inflammation and damage;
however, they likely share common environmental and genetic factors and the
chronic form in older subjects can present similarly. This is particularly true
for childhood asthmatic subjects who become chronic smokers

A recent study from the Childhood Asthma Management Program
identified four lung function trajectories in children with persistent asthma.

Asthmatics with reduced lung function early in life were more likely to
meet spirometric criteria for COPD in early adulthood. Patients with features
of both asthma and COPD have been described as the asthma-COPD overlap
syndrome.

RESPIRATORY INFECTIONS

Respiratory infections  during adulthood leading to a decline in
pulmonary function is controversial, but considerable long-term reductions in
pulmonary function are not typically seen following an individual episode of
acute bronchitis or pneumonia. However, respiratory infections are important
causes of COPD exacerbations, and recent results from the COPD Gene and
ECLIPSE studies suggest that COPD exacerbations are associated with
increased loss of lung function longitudinally, particularly among those

individuals with better baseline lung function levels.
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Due to a lack of adequate data the impact of the effects of childhood
respiratory illnesses on the consequent development of COPD has been
difficult to assess , but recent studies have suggested that childhood
pneumonia may lead to increased risk for COPD later in life.
OCCUPATIONAL EXPOSURES

Occupational exposure to dust and fumes lead to increased respiratory
symptoms and airflow obstruction and other risk factors including coal
mining, gold mining, cotton textile dust have been implicated as risk factors

for chronic airflow obstruction.

Due to occupational exposure nonsmokers can develop some
reductions in FEV1.Because dust exposure is a risk factor for COPD,
independent of cigarette smoking, is not definite for most of these exposure.
Among coal miners, coal mine dust exposure was a considerable risk factor
for emphysema in both smokers and nonsmokers
AMBENT AIR POLLUTION

Some investigators data have reported there is increased respiratory
symptoms in those living in urban compared to rural areas, which explain that
augmented pollution in the urban settings.  After Prolonged exposure to
smoke created by biomass combustion( method of cooking in some
countries)also a important risk factor for COPD between women in those
countries. Conversely, in most populations, ambient air contamination is less

important risk factor for COPD than cigarette smoking.
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PASSIVE, OR SECOND-HAND, SMOKING EXPOSURE

In  children there is reduced lung growth occur due to maternal
smoking habit. During antenatal period, tobacco smoke exposure contributes
to significant reductions in postnatal pulmonary function. Decline in
pulmonary function occurs due to passive smoking .The importance of this
risk factor in the development of the severe lung function reductions often
noted in COPD remains doubtful.
GENETIC CONSIDERATIONS

Although cigarette smoking is the major environmental risk factor for
the development of COPD, the development of airflow obstruction in smokers
1s highly variable. Severe al AT deficiency is a proven genetic risk factor for
COPD; there is increasing evidence that other genetic determinants also exist.
* Antitrypsin Deficiency -Many variants of the protease inhibitor locus that
encodes a1l AT have been described. The alleles M,S and Z are associated
with normal,slightly and markedly reduced olAT levels respectively.

Atypical individuals inherit null alleles lead to the lack of any
alAntitrypsin  production through a a range of compilation of mutations.
persons with two Z alleles or one Z and one null allele are referred to as PiZ,
which is the common form of severe al Anti trypsinT insufficiency.

PiZ individuals frequently develop early-onset Chronic obstructive
pulmonary disease , but the ascertainment bias in the published series of PiZ

individuals—means that the tiny proportion of PiZ individuals who will
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develop COPD and the age-of-onset for the development of Chronic
obstructive pulmonary disease in PiZ subjects not known.

The clinical laboratory test used most frequently to screen for al AT
deficiency is measurement of the immunologic level of al AT in serum.
A significant percentage of the variability in pulmonary lung function
amongst PiZ individuals is defined by smoking. Cigarette smokers with
severe ol AT deficiency are more likely to develop COPD at early ages. The
development of COPD in PiZ subjects, even among current or ex-smokers, is
now not absolute. Asthma and male gender also appear to increase the danger
of COPD in PiZ subjects. Other genetic and/or environmental elements

possibly make a contribution to this variability.

Specific treatment in the structure of al AT augmentation therapy is
available for extreme alAT deficiency as a weekly 1V infusion.
The danger of lung ailment in heterozygous PiMZ individuals, who have
intermediate serum stages of olAT (60% of PiMM levels) has been
controversial. Several recent giant studies have tested that PiMZ topics who

smoke are in all likelihood at multiplied chance for the development of COPD.

Other Genetic Risk Factors

Familial aggregation of airflow obstruction vulnerability loci which
includes a area close to the HHIP gene on chromosome 4, a group of genes on
chromosome 15 and a region within a gene of unknown function

(FAMI3A).Like other complex diseases, the risk associated with individual
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GWAS loci is modest, but these genetic determinants may identify important
biological pathways related to COPD. Gene-targeted murine models for
HHIP,FAMI3A, and IREB2 exposed to chronic smoke had changed
emphysema susceptibility, signifying that those genes are likely to be involved
in COPD pathogenesis. A regulatory single nucleotide polymorphisms (SNP)
upstream from the HHIP gene has been recognized as one potential functional
variant; the specific genetic determinants in the different COPD GWAS

genomic areas have yet to be definitively identified.

NATURAL HISTORY

The effects of cigarette smoking on pulmonary function appear to
depend on the intensity of smoking exposure, the timing of smoking exposure
during growth, and the baseline lung function of the individual;other
environmental factors may have similar effects. Most individuals follow a
steady trajectory of increasing pulmonary function with growth during
childhood and adolescence, followed by a plateau in early adulthood, and then
gradual decline with aging.

Individuals appear to track in their quantile of pulmonary function
based on environmental and genetic factors that put them on different tracks.

The mortality in COPD is closely linked with reduction in FEV1.
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Disability or fatality from COPD can result from a normal rate of
decline after a decreased growth phase (curve C). Although accelerated rates
of lung function decline have classically been associated with COPD, recent
analyses of several population-based cohorts demonstrated that many subjects
meeting the spirometric criteria for COPD had reduced growth but normal
rates of lung function decline. The degree of decline in pulmonary function
can be modified by using changing environmental exposures (i.e., quitting
smoking), with smoking cessation at an in the young age is more beneficial
compared to those who stops smoking after developing disease .

The absolute annual loss in FEV1 tends to be highest in mild COPD
and lowest in very severe COPD. Multiple genetic factors influence the level
of pulmonary function achieved during growth; genetic determinants likely
also influence the rate of decline in response to smoking and potentially to
other environmental factors as well.

CLINICAL PRESENTATION
HISTORY

Most common symptoms in COPD are cough, sputum production, and
exertional dyspnea. The development of airflow obstruction is a gradual
process, several patients identified the onset of their disease during acute
illness or exacerbation.

A careful history normally reveals the occurrence of symptoms prior to

acute exacerbation. Exertional dyspnea often developed during augmented
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effort to breathe, air hunger can be insidious. It is best obtained by a detail
careful history focused on typical physical activities .

Actions involving considerable arm work mostly at or above shoulder
level, are particularly difficult for many patients with COPD. on the contrary,
patients well tolerated when they use accessory muscles of respiration such
as walking on a treadmill.

In advanced cases, the primary feature is deterioration of dyspnea on
effort with increasing disturbance on the capacity to perform occupational or
activities. In  Later stages, patients are breathless doing simple actions of
daily living, worsening airflow obstruction and increased occurrence of
exacerbations . They also develop resting hypoxemia and need institution of
supplemental oxygen.

PHYSICAL FINDINGS

Physical examinations are completely normal in initial stage of
disease .But signs of active smoking like an odor of smoke or nicotine
discoloration of fingernails are noted. In severe disease, the physical
examination of the lungs is remarkable for a prolonged expiratory phase |,
expiratory wheezing. signs of hyperinflation(barrel chest )and inflated lung
volumes with poor diaphragmatic excursion as assessed by percussion.

Other features of severe disease:
e They also show signs of use of accessory muscles of respiration

sitting in the feature “Tripod” position .

e cyanosis, noticeable in the lips and nail beds.
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Emphysema patients described as “Pink puffers,”. They are thin and non
cyanotic at rest and have prominent use of accessory muscles. chronic
bronchitis are more likely to be cyanotic termed as“Bluebloaters”. Recent
data stat that the majority patients have elements of both chronic bronchitis
and emphysema. So the physical examination does not reliably distinguish the
two entities.
Advanced disease features
e Cachexia, with significant weight loss
e Bi temporal wasting
e Diffuse loss of subcutaneous adipose tissue.
This syndrome has been related with both inadequate oral intake and elevated
levels of inflammatory cytokines (TNF-a). Such wasting is an independent
poor predictive factor in COPD. Some patients with advanced disease have
Hoover’s sign: paradoxical inward movement of the rib cage with inspiration
result of alteration of the vector of diaphragmatic contraction on the rib cage

as a result of chronic hyperinflation in advanced disease.

In COPD clubbing of the digits is not a sign and its presence should
aware the clinician to initiate an investigation for causes of clubbing. In this
population, the development of lung cancer is the most likely reason for newly

developed clubbing.
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LABORATORY FINDINGS

The feature of COPD is airflow obstruction . Pulmonary function
testing shows airflow obstruction with a decrease in FEV1 and FEV1/FVC . In
emphysema, the diffusing capacity may be reduced, reflecting the lung
parenchymal destruction feature of the disease.

The level of airflow obstruction is a significant prognostic factor in
COPD and it is the basis for the GOLD spirometric severity classification.
Although the degree of airflow obstruction generally correlates with the
presence and severity of respiratory symptoms, exacerbations, emphysema,
and hypoxemia, the correlations are far from perfect. Thus, clinical features
should be carefully assessed in each individual patient with COPD to
determine the most appropriate therapies.

It has been shown that a multi factorial index[Body mass
index(B),Degree of airflow obstruction(O),Dyspnea(D),Exercise capacity(E)
BODE] incorporating airflow obstruction, exercise performance, dyspnea, and
body mass index is a better predictor of mortality rate than pulmonary function
alone. The latest, GOLD clssification added additional elements to their
classification system incorporating respiratory symptoms and exacerbation
history these metrics are used to guide COPD treatment.

Arterial blood gases and oximetry may show resting or exertional
hypoxemia. It also provide further information about alveolar ventilation and
acid-base status by measuring arterial Pco2 and pH. The change in acute and

chronic state pH with Pco2 is 0.08 units/10 mmHg and 0.03 units/10 mmHg
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respectively. he arterial pH hence allows the classification of ventilatory
failure, defined as Pco2 >45 mmHg, into acute or chronic conditions with
acute respiratory failure being associated with acidemia. The arterial blood
gas is an important element of the assessment of patients presenting with
symptoms of an exacerbation.

Radiographic studies may support in the classification of the category
of COPD. On chest x-ray of emphysema patients we find out Obvious
bullae, paucity of parenchymal markings, or hyperlucency. Increased lung
volumes and flattening of the diaphragm suggest hyperinflation but do not
afford information about chronicity of the changes.

Chest computed tomography (CT) scan is the current definitive test to
rule out emphysema, the pattern of emphysema and the presence of
significant disease involving medium and large airways.

It also enables the discovery of coexisting interstitial lung disease and
bronchiectasis, which are common complications in COPD.

Smokers with COPD are at high risk for development of lung cancer,
which can be identified on a chest CT scan. In advanced COPD, CT scans can
help determine the possible value of surgical therapy .

Current guidelines have recommended testing for al AT deficiency in
all patients with COPD or asthma with chronic airflow obstruction. The
serum alAT level is a reasonable initial test and subjects with low alAT
levels, the definitive diagnosis requires Pl type determination. This is

generally performed by isoelectric focusing of serum or plasma, which reflects
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the genotype at the PI locus for the common alleles and also many of the rare
Pl alleles as well. Molecular genotyping of DNA can be performed for the
common Pl alleles (M, S, and Z).

Chronic Obstructive Pulmonary Disease

STABLE PHASE COPD

The two main goals of therapy are to provide symptomatic relief
(reduce respiratory symptoms, improve exercise tolerance, improve health
status) and reduce future risk (prevent disease progression, prevent and treat
exacerbations, and reduce mortality).

The institution of therapies should be based on symptom assessment,
benefits of therapy, potential risks, and costs. Response to therapy should be
assessed, and decisions should be made whether or not to continue or alter
treatment chronically hypoxemic patients, and lung volume reduction surgery
(LVRS) in selected patients with emphysema have been confirmed to improve
survival of patients with COPD. There is indicative, but not definitive, data
that the use of inhaled corticosteroids (ICS) and muscarinic antagonists may
reduce the mortality rate.

PHARMACOTHERAPY:
Smoking cessation

In middle-aged smokers who were able to effectively stop smoking
experienced a significant improvement in the rate of decline in pulmonary
function and returning to annual changes similar to that of nonsmoking

patients. In addition, smoking cessation improves survival. Thus, all patients
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with COPD should be strongly urged to stop smoking and educated about the
benefits of quitting.

An emerging body of evidence demonstrates that combining
pharmacotherapy with traditional supportive approaches considerably
enhances the chances of successful smoking cessation.

The three principal pharmacologic approaches to the problem:

(1) Nicotine replacement therapy available as gum, transdermal

patch, lozenge, inhaler

(2) Nasal spray; bupropion

3) Varenicline, a nicotinic acid receptor agonist/antagonist.

Recent recommendations from the United States Surgeon General are
that all adult, non pregnant smokers considering quitting will offered
pharmacotherapy, in the absence of any contraindication to treatment.
Smoking cessation counselling is also recommended and free counselling is
available through state Smoking Quit Lines.

Bronchodialators:

Bronchodialators are the primary treatment for almost all patients
with COPD and are used for symptomatic benefit and to reduce exacerbations.
The inhaled route is delivery because side effects are less than with systemic
medication delivery. In symptomatic patients, preferred for medication both
regularly scheduled use of long-acting agents and needed short-acting

medications are indicated.
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ANTICHOLINERGIC- MUSCARINIC ANTAGONISTS

Short-acting ipratropium bromide improves symptoms with acute
improvement in FEV1. Long-acting muscarinic antagonists (LAMA, including
aclidinium, glycopyrrolate, tiotropium, and umeclidinium) improve symptoms
and reduce exacerbations. In a large randomized clinical trial state that there
was a trend toward reduced mortality rate in tiotropium treated patients that
approached statistical significance.

Side effects are minor; dry mouth is the most frequent side effect.Beta
agonist Short-acting beta agonists ease symptoms with acute improvements in
lung function. Long-acting agents (LABA) provide symptomatic benefit and
reduce exacerbations, though to a lesser extent than a LAMA.

Currently available long-acting inhaled B agonists are arformoterol,
formoterol, indacaterol, olodaterol, salmeterol, and vilanterol. The main side
effects are tremor and tachycardia.

COMBINATIONS OF BETA AGONIST-MUSCARINIC
ANTOGONIST:

The combination inhaled B agonist and muscarinic antagonist therapy
has greater effect than either agent alone and reduces exacerbations. Inhaled
corticosteroid, the main role of ICS is to reduce exacerbations.

Their use has been linked with increased rates of oropharyngeal
candidiasis and pneumonia and in some other studies an increased rate of loss
of bone density. A trial of ICS should be considered in patients with frequent

exacerbations, defined as two or more per year and also in patients with
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features of asthma. In stable patients ICS withdrawal may be considered.
Though ICS withdrawal does not lead to an increase in exacerbations, there
may be a small decline in lung function.
ORAL GLUCOCORTICOIDS:

The chronic use of oral glucocorticoids for treatment of COPD is not
suggested because of an unfavorable benefit/risk ratio.
Side effects oral glucocorticoids on prolonged use in COPD patients:

(1) Osteoporosis

(2) Weight gain

(3) Cataracts

(4) Glucose intolerance and

(5) Increased risk of infection.
THEOPHYLLINE:
Theophylline produces modest improvements in airflow and vital capacity, but
it is not first-line therapy due to side effects and drug interactions. Among side
effects Nausea is the most common followed by tachycardia and tremor. To
decrease the toxicity Therapeutic Drug Monitoring (TDM) of blood
theophylline levels is required.
The selective phosphodiesterase 4 (PDE4) inhibitor roflumilast has been
proved that it minimize the exacerbation frequency in patients with severe
COPD, persistent bronchitis, and with a previous history of exacerbations.It

also have modest effects on symptoms and airflow obstruction .
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ANTIBIOTICS:

There are strong data implicating bacterial infection as one of
aggravating , considerable portion of exacerbations. A randomized clinical
trial of azithromycin, chosen for both its anti-inflammatory and antibacterial
properties. The drug administered daily to subjects with a history of
exacerbation in the past 6 months .It demonstrated a reduced exacerbation
frequency and longer time to first exacerbation in the macrolide-treated
cohort (hazard ratio, 0.73).

OXYGEN:

Supplemental O2 is the only pharmacologic treatment demonstrated to
unequivocally reduce mortality rates in patients with COPD. For patients with
resting hypoxemia (resting O2 saturation <88% in any patient or <89% with
signs of pulmonary hypertension or right heart failure), the use of O2 has been
demonstrated to have a considerable impact on mortality.

Patients meeting these criteria should be on continuous oxygen
supplementation because the mortality benefit is proportional to the number of
hours per day oxygen is used. A variety of delivery systems are available,
including portable systems that patients may carry to allow mobility outside
the home.

ALPHA-1 AUGMENTATION THERAPY:
For severe alAT there is Specific treatment in the form of intravenous

alpha one augmentation therapy is available for individuals with this
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deficiency. Due to sterilization procedures for these blood derived products
and the absence of reported cases of viral infection from therapy, several
physicians recommend hepatitis B vaccination prior to starting augmentation
therapy. Although biochemical efficacy of alAT augmentation therapy has
been shown, the benefits of a1 AT augmentation therapy are controversial.

A recent randomized study recommended a reduction in emphysema
progression patients receiving alAT augmentation therapy. Eligibility for
alAT augmentation therapy requires a serum alAT level <11 Mm(~50
mg/dL). characteristically, PiZ individuals will qualify, although other rare
types associated with severe deficiency are also eligible. Because only a tiny
proportion of individuals with severe al AT deficiency will develop COPD.
al AT augmentation therapy is not recommended for severely al AT-deficient
persons with normal pulmonary function and a normal chest CT .
NONPHARMACOLOGIC THERAPIES

COPD Patients must receive the influenza vaccine annually.
Pneumococcal and Bordetella pertussis vaccines are recommended.
PULMONARY REHABILITATION:

This refers to a comprehensive treatment program that incorporates
exercise, education, and psychosocial and nutritional counselling. In COPD,
pulmonary rehabilitation has following beneficial effects which include
improve health-related pleasant of life, dyspnea, and workout capacity as well

to reduce fees of hospitalization over a 6- to 12-month duration
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LUNG VOLUME REDUCTION SURGERGY
In correctly selected patients with emphysema, surgery to remove the
most emphysematous portions of lung improves exercise, lung function, and
survival. Patients with upper lobe predominant emphysema and a low post-
rehabilitation exercise capacity are likely to have advantage from LVRS.
Candidates not suitable for LVRS:
1) Patients with an FEV1 <20% of predicted and either
diffusely distributed emphysema on CT scan
(2) Diffusing capacity of lung for carbon monoxide (DLCO)
<20% of predicted have increased mortality after the
procedure.
Methods of achieving lung volume reduction by using bronchoscopic
techniques are under investigation.
LUNG TRANSPLANTATION:
At present COPD is the second leading indication for lung
transplantation.
Indications for lung transplantation :
(1) very severe airflow limitation
(2) severe disability despite maximal medical therapy and
(3) free of significant comorbid conditions such as liver, renal, or

cardiac disease.
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EXACERBATIONS OF COPD:

It defined by episodic acute worsening of respiratory symptoms
including increased dyspnea, cough, wheezing, and or change in the amount
and character of sputum. During episode they may or may not be accompanied
by other signs of illness such as fever, myalgias, and sore throat.

The strongest single predictor of exacerbations is a history of a
previous exacerbation. conversely, some individuals with very severe airflow
obstruction do not have it frequently .

Factors influence exacerbations:
(1) Elevated ratio of the diameter of the pulmonary artery to aorta on chest

CT.

(2) Gastro esophageal reflux.

Financial analyses have shown that more than 70% of COPD-related
health care expenditures are due to emergency department visits and hospital
care for COPD exacerbations; this translates to over $10 billion annually in the

United States.

PRECIPITATING CAUSES AND STRAEGIES TO REDUCE
FREQUENCY OF EXACEBRATIONS:

A diversity of stimuli may lead to the final common pathway of airway
inflammation and increased respiratory symptoms that are characteristic of
COPD exacerbations. Many data suggest that acquiring a new strain of

bacteria is associated with increased near-term  of exacerbation and that
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bacterial infection/superinfection is involved in  more than 50% of
exacerbations.

Viral respiratory infections are present in approximately one-third of
COPD exacerbations. In a considerable minority of instances (20-35%), no
specific precipitant can be identified.

In History the following information should included:

(1) Quantification of the degree and change in dyspnea by asking about
breathlessness during activities of daily living and typical activities for
the patient.

(2) The patient should be asked about fever; change in character of sputum
and associated symptoms such as wheezing, nausea, vomiting,
diarrhoea, myalgias, and chills.

(3) Inquiring about the frequency and severity of prior exacerbations can
provide important information; the single greatest risk factor for
hospitalization with an exacerbation is a history of previous
hospitalization.

(4) Specific attention should be focused on tachycardia, tachypnea, use of
accessory muscles, signs of perioral or peripheral cyanosis, the ability to speak
in complete sentences, and the patient’s mental status.

Chest examination should evaluate following findings:

(1)Presence or absence of focal findings
(2)Degree of air movement

(3) Presence or absence of wheezing
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(4) Asymmetry in the chest examination and

(5) The presence or absence of paradoxical motion of the abdominal wall.
TREATMENT OF ACUTE EXACERBATIONS

Bronchodialators:

Typically, patients are treated with inhaled B agonists and muscarinic

antagonists.
In this condition we can use two type of device:
(1) Nebulized therapy, as such treatment is often easier to administer in
those in respiratory distress.
(2) The change to metered-dose inhalers is effective when accompanied by
education and training of patients and staff.
This approach has significant economic benefits and also allows an easier
transition to outpatient care.

The addition of methylxanthines (theophylline) to this treatment can be
considered, although convincing  proof of its efficacy is lacking. During
treatmen serum levels should be monitored(Therapeutic Drug Monitoring -
TDM)in an effort to minimize toxicity.

Antibiotics :

COPD patients are susceptible to colonize with potential respiratory

pathogen. It is often complex to identify conclusively a specific species of

bacteria responsible for a particular clinical event.
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Following Bacteria were frequently involved in COPD exacerbations

(1) streptococcus pneumoniae,

(2) Haemophilus influenza

(3) Moraxella catarrhalis.

(4) Mycoplasma pneumonia or chlamydia pneumonia are found in 5-

10% of exacerbations.

The antibiotic choice is done based on local patterns of drug Sensitivity of
the above pathogens as well as their clinical condition. In severe conditions
they are treated with antibiotics, in the absence of statistics implicating a
specific pathogens.

The use benefits of systemic glucocorticoids in hospitalization:

(a)reduces the length of stay

(b) Accelerate recovery and

(c) Lower the rate of subsequent exacerbation or relapse.
One study demonstrated that two weeks of glucocorticoid therapy produced
advantage indistinguishable from eight weeks of therapy.
Current recommendations suggest 30-40 mg of oral prednisolone or its
equivalent typically for a period of 5-10 days in outpatients. Hyperglycemia
in known  diabetic patients is is the most frequently reported acute
complication of glucocorticoid treatment.
OXYGEN:

Supplemental O2 ,the saturation of oxygen should be more than or

equal to >90%.Studies data stated that In patients with acute or chronic
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hypercarbia the administration of supplemental O2 does not decrease minute
ventilation. It does, in some patients, result in modest increases in arterial
Pco2, chiefly by changing in ventilation-perfusion relationships within the

lung.

MECHANICAL VENTILATORY SUPPORT:

In patients with respiratory failure( defined as Paco2 >45 mmHg) the
initiation of noninvasive positive-pressure ventilation (NIPPV) results in a
significant reduction in death rate, need for intubation, complications of
therapy and hospital length of stay.

Contraindications to NIPPV :

e cardiovascular instability,

impaired mental status,

inability to cooperate,

copious secretions or the inability to clear secretions,

craniofacial abnormalities or trauma precluding effective fitting
of mask,
e extreme obesity or significant burns.
In patients with severe respiratory distress conventional —mechanical
ventilation via an endotracheal tube is indicated.
The goal of mechanical ventilation:
e In spite of initial therapy, life-threatening hypoxemia,

e Severe hypercarbia and/or acidosis
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e Markedly impaired mental status,
e Respiratory arrest,
e Hemodynamic instability, or other complications

Factors to consider during mechanical ventilatory support include the
need to give sufficient expiratory time in patients with severe airflow
obstruction and the presence of auto-PEEP (positive end-expiratory pressure),
which can result in patients having to generate significant respiratory effort to
trigger a breath during a demand mode of ventilation. The mortality rate of
patients requiring mechanical ventilatory support is 17-30% for that particular
hospitalization.

For patients aged more than 65 admitted to the intensive care unit for
treatment, the mortality rate doubles over the next year to 60%, regardless of
whether mechanical ventilation was essential. Following a hospitalization for
COPD, about 20% of patients are re-hospitalized in the subsequent 30 days
and 45% are hospitalized in the next year. Mortality following hospital

discharge is about 20% in the following year- ©2

CURRENT TREATMENT IN COPD®

The mainstay of treatment in COPD is short- and long-acting b-agonist
therapy to relax smooth muscle and dilate airways [ This approach is very
successful in relieving the brochoconstriction in asthma where hyperreactive
airways and smooth muscle constriction are important. The bronchodilating

response to this treatment is considerably less in COPD due to small airway
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fibrosis and emphysema secondary to matrix remodelling (imbalance of
elastin/collagen content).

Inhaled corticosteroids are also used to inhibit airway inflammation of
COPD although it is strongly neutrophil driven rather than the T-helper (TH)
type-2 inflammatory response of asthma, where activated lymphocytes are
thought to play a central role 4 Given these significant differences in
pathogenic pathways underlying COPD and asthma, it is perhaps not
surprising that current treatments in COPD modestly improve symptoms but
do no restore patients back to normal lung function.

Given that corticosteroids do little for neutrophilic inflammation 84 81
it is also not surprising that COPD is characterised by a progressive decline in
lung function, exercise tolerance and  premature death despite these
treatments. Although some studies suggest marginal benefits on mortality
from inhaled corticosteroids or combined b-agonist/corticosteroid therapy, the
data are not terribly convincing %92 Based on these limitations [*3 %4 interest
has turned to treatments with greater impact on neutrophil or macrophage
derived inflammation[®4-971
COPD AND SYSTEMIC INFLAMMATION

There are a growing number of studies showing that CRP is a marker of
systemic inflammation and a possible effector molecule in vascular
disease®>8”- Several cross-sectional and prospective studies have shown the
close inverse relationship between high-sensitivity CRP and lung function [°°-

101l CRP is synthesized and released by the liver into the systemic circulation
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in response to IL-6 released by inflammatory stimuli. This link between IL-6,
CRP and COPD is supported by population studies showing an inverse
relationship between serum IL-6 levels and FEV1 [ 102 103l and murine
models of emphysema resulting from IL-6 over expression 104}

Interestingly, alphal-antitrypsin is also an acute-phase protein released
by the liver at the time of inflammation. It should be noted that serum IL6 and
IL-8 levels are elevated in smokers with COPD in excess of those with normal
lung function [105 8% 108 |t would appear conceivable that, in those disposed to
COPD, smoking initiates an increase in the cytokines IL-6 and IL-8 which
might underlie the systemic (‘‘spill over’ effect > 81 ) and pulmonary
inflammation, respectively.

This could explain the observation that patients with COPD have a
greater than two-fold risk of coronary heart disease ") Genetic variation may
confer important effects on the expression of these effector molecules (e.g.
CRP, IL-6 and IL-8) that mediate the downstream effects on COPD [197] and
lung cancer 136108109,

The heavy oxidant load derived from smoking has effects both locally
in lung parenchyma and systemically on muscle function. Given these diverse
pathways and anatomically distant events, what evidence exists to suggest that
statin therapy (or 3-hydroxy-3-methylglutaryl coenzyme A reductase

inhibitors) might affect any of these pathological events.
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STATIN EFFECTS ON CLINICAL OUTCOMES IN COPD:
AN OVERVIEW

Statins are known to inhibit endogenous cholesterol synthesis in
hepatocytes by blocking the synthesis of cholesterol in the mevalonate
pathway. This explains the ability of statins to lower serum cholesterol.
However, facts from both human and animal studies has shown that statins
have strong immune-modulating effects in both the systemic [ and
pulmonary circulation %2 which may have useful anti-inflammatory
actions in COPD [98 112-135]

STATIN DRUG THERAPY:

Mechanism of Action

Statins exert their major effect—reduction of LDL levels—through a
mevalonic acid—like moiety that competitively inhibits HMG-CoA reductase.
By reducing the conversion of HMG-CoA to mevalonate, statins inhibit an
early and rate-limiting step in cholesterol biosynthesis.!3’

Statins affect blood cholesterol levels by inhibiting hepatic cholesterol
synthesis, which results in increased expression of the LDL receptor gene.
Some studies suggested that statins also can reduce LDL levels by enhancing
the removal of LDL precursors (VLDL and IDL) and by decreasing hepatic
VLDL production. The reduction in hepatic VLDL production induced by
statins is thought to be mediated by reduced synthesis of cholesterol, a

required component of VLDLSs.
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Reaction Catalyzed by HMG-CoA Reductase

HO Cf, TREN
NTONC00 NTNco0
[ NADPH + H' NADPH + H*
A - OH
SCoA 5CoA CoASH
HMG-CoA intermediate MEVALONATE

Figure-3

ABSORPTION /DISTRIBUTION/METABOLISM/EXCRETION:

After oral administration, intestinal absorption of the statins is variable
(30%-85%). AIll the statins, except simvastatin and lovastatin, are
administered in the B-hydroxy acid form, which is the form that inhibits
HMG-CoA reductase. Simvastatin and lovastatin are administered as inactive
lactones that must be transformed in the liver to their respective B-hydroxy
acids, simvastatin acid, and lovastatin acid. There is extensive first-pass
hepatic uptake of all statins, mediated primarily by the organic anion
transporter OATP1B1 .

HEPATIC CHOLESTEROL SYNTHESIS :

It is maximal between midnight and 2AM So thus statin with half life
of 4 hrs less all but atrovastatin and rosuvastatin should be taken in the
evening. Atorvastatin and rosuvastatin both have longer half-lives and may be

taken at other times of day to optimize adherence. Due to extensive first-pass
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hepatic uptake, systemic bioavailability of the statins and their hepatic
metabolites varies between 5% and 30% of administered doses.

The metabolites of all statins, except fluvastatin and pravastatin, have
some HMG-CoA reductase inhibitory activity. Under steady-state conditions,
small amounts of the parent drug and its metabolites produced in the liver can
be found in the systemic circulation. In the plasma, more than 95% of statins
and their metabolites are protein bound, with the exception of pravastatin and
its metabolites, which are only 50% bound. Peak plasma concentrations of
statins are achieved in 1-4 h. The t1/2 of the parent compounds are 1-4 h,
except in the case of atorvastatin and rosuvastatin, which have half-lives of
about 20 h, and simvastatin with a t1/2 of about 12 h.

The longer t1/2 of atorvastatin and rosuvastatin may contribute to their
greater cholesterol-lowering efficacy. The liver bio transforms all statins, and
more than 70% of statin metabolites are excreted by the liver, with subsequent
elimination in the faeces.

Therapeutic Effects

Triglyceride levels greater than 250 mg/dL are reduced substantially by
statins, and the amount reduction achieved is similar to the percentage
reduction in LDL-C.Most studies of patients treated with statins have
systematically excluded patients with low HDL-C levels. In studies of patients
with elevated LDL-C levels and gender-appropriate HDL-C levels (40-50
mg/dL for men; 50-60 mg/dL for women), an increase in HDL-C of 5%-10%

was observed, irrespective of the dose or statin employed. However, in
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patients with reduced HDL-C levels (<35 mg/dL), statins may differ in their
effects on HDL-C levels. More studies are needed to ascertain,
STATIN EFFECT ON LDL-C LEVEL:

Dose-response relationships for all statins demonstrate that the efficacy
of LDL-C lowering is log linear; LDL-C is reduced by about 6% (from
baseline) with each doubling of the dose. Maximal effects on plasma
cholesterol levels are achieved within 7-10 days.

The statins are effective in almost all patients with high LDL-C levels.
The exception is patients with HoFH who have very attenuated responses to
the usual doses of statins because both alleles of the LDL receptor gene code
for dysfunctional LDL receptors.

Adverse Effects and Drug Interactions
HEPATOTOXICITY:

Serious hepatotoxicity is rare and unpredictable, with a rate of about
one case per million person-years of use. ACC/AHA guidelines recommend
measuring ALT at baseline prior to initiation of statins. However since 2012,
the FDA has no longer recommended routine monitoring of ALT or other liver
enzymes following the initiation of statin therapy because routine periodic
monitoring does not appear to be effective in detecting or preventing serious
liver injury. Liver enzymes should be evaluated in patients with clinical
symptoms suggestive of liver injury following initiation or changes in statin

treatment (FDA, 2012).
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MYOPATHY

The major adverse effect associated with statin use is myopathy.
Myopathy refers to a broad spectrum of muscle complaints, ranging from mild
muscle soreness or weakness to life-threatening rhabdomyolysis. The risk of
muscle adverse effects increases in proportion to statin dose and plasma
concentrations. Consequently, factors inhibiting statin catabolism are
associated with increased myopathy risk, including advanced age (especially >
80 years of age), hepatic or renal dysfunction, peri operative periods, small
body size, and untreated hypothyroidism.

Measurements of creatinine kinase are not routinely necessary unless
the patient also is taking a drug that enhances the risk of myopathy.
Concomitant use of drugs that diminish statin catabolism or interfere with
hepatic uptake of drugs that diminish statin catabolism or interfere with
hepatic uptake is associated with increased risk of myopathy and
rhabdomyolysis.

The most common statin interactions occur with fibrates, especially
gemfibrozil (38%), and with cyclosporine (4%),digoxin(5%),warfarin (4%),
macrolide antibiotics (3%), and azole antifungals (1%).

Other drugs that increase the risk of statin-induced myopathy include niacin
(rare), HIV protease inhibitors amiodarone and nefazodone. . Gemfibrozil, the
drug most commonly associated with statin-induced myopathy, both inhibits

uptake of the active hydroxy acid forms of statinsinto hepatocytes by OATP1
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OATP1B1 and interferes with the transformation of most statins by
glucuronidases. Coadministration of gemfibrozil nearly doubles the plasma
concentration of the statin hydroxy acids. When statins are administered with
niacin, the myopathy probably is caused by an enhanced inhibition of skeletal
muscle cholesterol synthesis (a pharmacodynamic interaction). In 2016, the
FDA withdrew approval for statin drug combinations containing fibrates or
niacin (FDA, 2016).

Drugs that interfere with statin oxidation are those metabolized
primarily by CYP3A4 and include certain macrolide antibiotics; azole
antifungals ; cyclosporine; nefazodone a phenylpiperazine antidepressant; HIV
protease inhibitors; and amiodarone. These pharmacokinetic interactions are
associated with increased plasma concentrations of statins and their active
metabolites.  Atorvastatin, lovastatin, and simvastatin are primarily
metabolized by CYPs 3A4 and 3A5.

Fluvastatin is mostly (50%-80%) metabolized by CYP2C9 to inactive
metabolites, but CYP3A4 and CYP2C8 also contribute to its metabolism.
Pravastatin, however, is not metabolized to any appreciable extent by the CYP
system and is excreted unchanged in the urine . Because pravastatin,
fluvastatin, and rosuvastatin are not extensively metabolized by CYP3A4,
these statins may be less likely to cause myopathy when used with one of the
predisposing drugs. However, the benefits of combined therapy with any statin
should be carefully weighedagainst the risk of myopathy.

Other consideration:
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The choice of statins should be patient specific and based on factors
such as cost, drug interactions, possible adverse effects, and desired intensity.
Statin doses are characterized as low, moderate, or high intensity , based on
the degree of LDL-C lowering expected (range 30%-60%).

Rosuvastatin and pravastatin may be better tolerated than other statins
and should be considered in patients with a history of myalgias with other
statins. Lovastatin absorption is increased when taken with food, and patients
should be encouraged to take with their evening meal.

According to a 2012 FDA warning, simvastatin should not be used in
combination with cyclosporine, HIV protease inhibitors, erythromycin, or
gemfibrozil. In patients taking amlodipine or amiodarone, the daily dose of
simvastatin should not exceed 20 mg. No more than 10 mg of simvastatin
should be used in combination with diltiazem or verapamil. Concerns have
been raised about possible cognitive impairment with statins, although review

of the published data do not suggest that statins harm cognition.

In contrast, other studies suggested statins may have a role in the
prevention of dementias. Statins, especially at higher doses, likely confer a
small increased risk of developing diabetes. However, the beneficial effects of
statins on ASCVD events and mortality outweigh any increased risk conferred
by promoting the development of diabetes.

Atorvastatin is often the statin of choice for patients with severe renal

dysfunction as it does not require dose adjustment. Some statins have been
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approved for use in children with heFH. Atorvastatin, lovastatin, and
simvastatin are indicated for children 11 years and older. Pravastatin is
approved for children 8 years and older. Statins are contraindicated during
pregnancy and should be discontinued prior to conception,. Data regarding
statin use while breastfeeding are limited, and use should be discouraged®’,

B2 Adrenergic Agonists

The inhaled LABAs, salmeterol and formoterol, have a much longer
duration of effect, providing bronchodilation and bronchoprotection for more
than 12 h (Cazzola et al., 2013b).**® Formoterol has a bulky substitution in the
aliphatic chain and has moderate lipophilicity, which appears to keep the drug
in the membrane close to the receptor, so it behaves as a slow-release drug.
Salmeterol has a long aliphatic chain, and its long duration may be due to
binding within the receptor binding cleft (“exosite) that anchors the drug in
the binding cleft. Once-daily B2 agonists, such as indacaterol, vilanterol, and

olodaterol, with a duration of action more than 24 h have now been developed.

.LONG -ACTING INHALED BETA2 AGONIS.

The LABAs salmeterol, formoterol,and arformoterol have proved to be
a significant advance in asthma and COPD therapy. These drugs have a
bronchodilator action of more than 12hrs and also protect against

bronchoconstriction for a similar period.

Once-daily LABAs, such as indacaterol, vilanterol, and olodaterol,

with a duration of over 24 h have now been developed and are more
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effective in patients with COPD than twice-daily LABAs and more
frequent SABAs.

In COPD, LABAs are effective bronchodilators that may be used alone
or in combination with anti cholinergics or ICSs. LABASs improve symptoms

and exercise tolerance by reducing both air trapping and exacerbations.

Combination Inhalers.
Combination inhalers that contain a LABA and a corticosteroid (e.g.,
fluticasone/salmeterol, budesonide/formoterol) are now widely used in the
treatment of asthma and COPD. . The combination inhaler is more convenient
for patients, simplifies therapy, and improves adherence with the ICS. Also,
delivering the two drugs in the same inhaler ensures they are delivered
simultaneously to the same cells in the airways, allowing the beneficial
molecular interactions between LABAs and corticosteroids to occur.
Combination inhalers are also more effective in patients with COPD
than a LABA and an ICS alone, but the mechanisms accounting for this
beneficial interaction are less well understood than in patients with asthma.

SIDE EFFECTS

Muscle tremor due to stimulation of B2 receptors in skeletal muscle is
the most common side effect. It may be more troublesome with elderly

patients and so is a more frequent problem in patients with COPD.

. Tachycardia and palpitations are due to reflex cardiac stimulation
secondary to peripheral vasodilatation, from direct stimulation of atrial2
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receptors (human heart has a relatively high proportion of B2 receptors;, and
possibly also from stimulation of myocardial 1 receptors as the doses of 2
agonist are increased.

« Hypokalemia is a potentially serious side effect.

This is due to B2 receptor stimulation of potassium entry into skeletal

muscle, which may be secondary to a rise in insulin secretion.

Hypokalemia might be serious in the presence of hypoxia, as in acute

asthma, when there may be a predisposition

to cardiac arrhythmias
. In practice, however, significant arrhythmias after nebulized B2 agonists are
rarely observed in acute asthma or patients with COPD.

« Ventilation-perfusion V/Q mismatch due to pulmonary vasodilatation
in blood vessels previously constricted by hypoxia results in the
shuntingof blood to poorly ventilated areas and a fall in arterial oxygen
tension.

Although in practice the effect of B2 agonists on Pao2 is usually very small
(<5 mm Hg fall), occasionally in severe COPD it can be large, although it may
be prevented by giving additional inspired oxygen.

. Metabolic effects (increase in free fatty acid, insulin, glucose, pyruvate,

and lactate) are usually seen only after large systemic doses.'
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AIM:

To compare the Efficacy and safety of long acting beta agonist/long
acting muscarnic antagonist/inhaled corticosteroid along with Rosuvastatin in

moderate to severe COPD patients .

OBJECTIVES:

(1) To compare the efficacy and safety of long acting beta agonist/long
acting muscarnic antagonist/inhaled corticosteroid along with Rosuvastatin in

moderate to severe COPD patients .

(2)To understand the safety profile of Rosuvastatin
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METHODOLOGY

MATERIALS AND METHODS

The study was carried out after obtaining the Institutional Ethics committee

clearance.

METHODOLOGY

60 patients who were attending Respiratory medicine outpatient
department Govt .Stanley Medical College satisfying inclusion &exclusion
criteria were included in the study, the study subject was randomly allocated
into 2 groups of 30 patients each. Group 1 patients (control) were treated with
LABA/LAMA/ICS once daily. Group 2 patients (case) were treated with
LABA/LAMA/ICS with rosuvastatinlOmg once daily. Patients was followed

for 12 weeks .

MATERIALS AND METHODS

» STUDY DESIGN: Randomized prospective open labelled comparative

study.

» MATERIALS AND METHODS:

» Patients diagnosed with COPD as per Global initiative for Chronic

Ostructive Lung Disease(GOLD) guidelines and spirometry values.
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INCLUSION CRITERIA

» i)AIl adult patients (between 40-70 yrs of age)diagnosed with moderate
to severe COPD as per spirometry and dyspnoeic scale (nNMRC,CAT

scale) criteria

» (i) willing for investigations

»  (iii) Agreed to give informed written consent

4 (iv) willing for follow up visits

EXCLUSION CRITERIA

» (i)Major respiratory illness other than COPD
» (ii)Pulmonary disease or impairment in lung functions
»  (iii)Patients with co-morbid conditions like ischemic heart disease

congestive cardiac failure ,renal &hepatic dysfunction ,neurological

.endocrinal &haematological abnormalities.

»  (iv)Pregnant and lactating women

»  (v)History of known allergy/intolerance/hypersensitivity to study

drug

»  (vi)Patients on regular treatment with drug that interact with

rousuvastatin

» (vii)Patients who do not give consent for study
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» (viii) obstructive airway disease other than COPD

» (xi)COPD patients with pulmonary hypertension and cor pulmonale

» (X)COPD patients coexistence with other parenchymal or interstitial

disease

After getting the written informed consent ,patients were enrolled in the
study. Patients Demography details , respiratory symptoms, personal
history  were recorded. Baseline pulmonary function test laboratory

investigations such as AST, CPK and Hb % level were recorded.

METHODOLOGY

» 60 patients who were attending Respiratory medicine outpatient
department Govt .Stanley Medical College satisfying inclusion
&exclusion criteria have been included in the study. The study

subjects were randomly allocated into 2 groups of 30 patients each.

» Control group patients were treated with LABA/LAMA/ICS once
daily. Case group patients were treated with LABA/LAMA/ICS with

rosuvastatin10mg once daily. Patients were followed for 12 weeks .

» (i)Data collected were analysed for efficacy by Pulmonary Functions
Test (Spirometry) parameters like FEV1, FVC and PEFR were

recorded.

»  (ii)Clinical COPD questionnaires for symptoms reduction
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»  (iii)Use of rescue medicines like LABA/LAMA/ICS and rosuvastatin

in previous 12 weeks

» (iv)Safety by adverse drug reactions reported voluntarily by the

patients ,observed or enquired were recorded.:

» Investigation like Aspartate aminotransferase(AST) and creatine
phosphokinase(CPK) assessments at baseline and 12 weeks were

recorded.

STATISTICAL ANALYSIS:

The statistical analysis done by using the SPSS version 23 and
Excel software .The difference between FVC, FEV1,PEFR, AST

CPK was found by the t- test.
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RESULTS

SEX DISTRIBUTION

B Female ® Male

As per the inclusion and inclusion criteria, 60 patients were randomized into

rosuvastatin and control group.Demographic and baseline characteristic .The

Baseline and clinical characteristics of patients are shown into Tables 1 and
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TABLE-1

Case Control

Standard Standard

Mean | Deviation | Mean Deviation

AGE 52 6 52 6
HEIGHT | 161 9 158 7
WEIGHT | 59 15 57 9
TABLE-2
Case Control

SEX Female |9 13

Male 21 17

SMOKING YES 18 15

In our study 22 were females(37%) and 38were males(63%).the mean age

was 52(+/-6) years both control and case . Mean height in case

161cm( +/-9)  and in control158cm(+/-7)Mean weight in control 59kg(+/-

15) and in case57kg(+/-7)
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PULMONARY FUNCTIONS:

spirometry values Forced vital capacity (FVC),Forced expiratory
volume with in 1s (FVC) and Peak expiratory flow(PEFR) rate recorded at

the time of enrolment and at end of the study

0.7

o6 FVC
0.5
0.4
0.3
0.2
0.1

0
Case Control

Figure-5

FEV1
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Case Control
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Figuer-6

TABLE.3

Group
Case Control
Mean SD Min Max Mean SD Min Max

FVC-
Baseli | 1.83 04 | 0.85 2.54 1.68 054 | 0.79 2.43

ne

FVC-
After
12
Weeks

2.16 0.39 1.2 2.7 2.06 0.47 1.3 2.81

FVC-Liters/second

Forced vital capacity (FVC) Mean baseline values of case 1.83L (+/-0.4)
,control 1.68L ( +/-0.54) .At the end of study Mean value of case 2.16L(+/-

.39),control 2.06L(+/-0.47) There was no significant change in both groups.
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TABLE.4

Group
Case Control

Mean | SD Min | Max Mean SD Min Max
FEV —
Baseli 1.13 .32 .64 1.71 1.13 44 A7 2.40
ne
FEV —
1A2ﬁer 163 | 31 |111 234 | 165 | 33 | 111 | 260
Weeks

FEV1-Liters/second

Forced expiratory volume (FEV1) Mean baseline values of casel.13 L
(+/-.32) ,control 1.13 L ( +/-.44) At the end of study Mean value of case

1.63L(+/-.31),control 1.65 L(+/-.33). There was no significant change in both

groups.
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PEAK EXPLORATORY FLOW RATE(PEFR):

PEFR L/min
12

10

0 |

Case Control

Figure-7,PEFR L/min

On comparing PEFR of both groups ,there was a difference of 8L/min in
median change from baseline in rosuvastatin group as compared to control

at 12weeks which was statistically significant (P=0.001)
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TABLE-5

Group
Case Control

Mean SD Min Max Mean SD Min Max

PEFR - 178.3 56.3 105. 294 188.6 77.1 94.2 360
Baseline 6
PEFR —

After 12 186.7 56.4 113 302 188.9 77 95 360
Weeks

PEAK EXPIRATORY FLOW RATE (PEFR) initial baseline values in
casel78.3 L/min,control 188,6L/m At the end of 12week Mean value of

PEFR in case 186.7L/min and in control 188.9L/min

TABLE-6
Mean Standard | P

Group | pifference | Deviation | Value
Case 0.33 0.19

FVC | Control | 0.38 0.21 0.37
Case 0.50 0.18

FEV1 | Control | 0.52 0.22 0.75
Case 8.38 1.36

PEFR | Control | 0.35 0.53 <0.001
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Figure-8

On comparing both group mean change in CCQ symptom

score was not significant during study period (12 weeks)
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Table-7

Group
Case Control

Mean | SD Min Max Mean SD Min Max

AST —
Baseli 23.2 8.5 11 34.7 24.5 83 | 122 39
ne

AST —
After
12
Weeks

27 85 | 142 39.1 28.5 8 16 40.1

AST-Units/litter

Aspartate transaminase mean base line value in case 23.2 and control 24.5

after 12 weeks in case 27 and in control 28.5

TABLE-8
Group
Case Control

Mean | SD | Min Max | Mean SD Min Max
CPK —
Baseli 39.1 8.5 26.4 55 40.1 9.1 27 55
ne
CPK -
After
12 43.7 8.6 30.4 60.2 447 9.7 29.9 60
Weeks

CPK-units/litter

Creatinine  phosphokinae mean base line value in case39.1 and control

40.1after 12 weeks in case 43.7 and in control 44.7.
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TABLE-9

Group

Case Control

Mean SD | Min Max Mean SD Min Max

HB
Baseline 12.7 1.8 8.8 155 | 12.0 2.3 8.8 155

HB —
After 12 | 129 1.9 9.2 15 12.3 2.4 8.5
Weeks

155

Haemoglobin-gms/dl

Haemoglobin mean base line value in casel2.71 and control 12.9 After 12

weeks in case 12.02 and in control 12.3 ¢

The laboratory values AST, CPK and Hb% at the end of study there were no

significant change.

This study suggest that the study drug improve only peak expiratory flow rate
(PEFR)8L/min. During study period rosuvastatin was well tolerated safe,

significant therapeutic effect in patients with moderate to severe COPD.
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DISCUSSION:

Present study was carried out with the aim to evaluate the efficacy
of Rosuvastatin along with long acting beta agonist, long acting muscarinic

antagonist and inhaled corticosteroid in moderate to severe COPD patients.

Chronic obstructive pulmonary  disease is  non communicable disease
combined with pulmonary and systemic inflammation3%-14% It is one of the
element in pathogenisis of chronic obstructive pulmonary disease. statin
have anti-inflammatory action which influence inflammatory process of
airway disease. smoking is one of leading cause for COPD in Indian

population

Oxidative stress in the vascular wall lead to low grade inflammation
due to decreased level of endothelium derived nitric oxide .this is the initial

step in the atherosclerotic plaque formation®4%

Statin have beneficial pleotropic  effect on immune system which is in
dependant of the effect on lipids!*?.Experimental study explained that statin
have beneficial effects on airway inflammation .In Altose study state that
current treatment with long acting beta agonist therapy in chronic obstructive
relax smooth muscle and dilate airway*4*) which is very useful in asthma
patients who have hyper responsive airway and smooth muscle constriction.
This bronchodilating effect is considerably less in COPD due to fibrosis of
small airway and emphysema secondary to imbalance between elastin  and

collagen content.
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Airway inflammation in COPD mainly due to neutrophil driven rather
than T-helper type -2 cell(Th-2).inhaled corticosteroid inhibit neutrophil

mediated airway inflammation in lesser extent-(143.144)

Wright et al study explained that the pulmonary vasodilator Endothelin(ET)
have role in pathogensis and treatment of COPD patients**>-Endothelin and
nitric oxide maintain the patency of blood vessel. Damaged blood vessel
endothelin is synthesised and also released in large amounts but there is no
increase in synthesis and release of nitric oxide It will lead to imbalance of

endothelin and nitric oxide cause pulmonary artery remodelling,

Studies have shown that fluvastatin therapy increase the post
transcriptional activity of the endothelial nitric oxide synthase gene ,inhibit
the synthesis and secretion of Endothelin (ET), promote the NO synthesis

and secretion and improve pulmonary function46:147)

Biomarkers of disease progression in early COPD are uncertain. The
lungs secreted club cell and is consider to have an anti-inflammatory
characteristic. The data from the ECLIPSE Study state that baseline levels of
serum CC-16 were combined with accelerated FEV1 decline in COPD patients
over 3 years(® A similar result was also reported by the Lung Health
Study 49 Therefore, serum CC-16 may be apply as a biomarker of disease
progression. In addition to CC-16, the plasma pro-surfactant protein
B (pro-SFTPB) and the soluble iso form of the receptor for advanced

glycation end products (SRAGE) are also reported as possible biomarkers for
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disease evolution®Dvanfletern | et al state that  compared to
LAMA/LABA or LAMA/LABA triple therapy decreased the risk of
exacerbations and better pulmonary function and health condition.it also
denote that triple therapy showed a improved survival. it explained that
triple therapy is most effective treatment in moderate to severe symptomatic
patients  with  chronic obstructive pulmonary disease  with risk of
exacerbations, with mild if any risk of adverse effects along with
pneumonia.studies are examining the role of triple therapy in less severe
symptomatic patients with COPD  and asthma-COPD  overlap
slight®®2-chronic inflammatory sequale stimulate vascular endothelial cells
and smooth muscle cell to synthesis Endothelin ,promote the formation of
pulmonary hypertension.

Atrovastatin can reduce the secretion of IL-6 and TNF- alpha,decrease
the release of CRP,reduce the inflammatory  effect |, regulate the
equilibrium between Nitric oxide and ET-1 and  reduce the pulmonary
artery pressure and improve pulmonary function by inhibiting the
transcription of nuclear factor (NF)- KB-(15%

60 patients were evaluated in our study. They were randomly allocated
into two groups. Each group have 30patients.They were named as

case(study) and control .
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Case group treated with Long acting beta agonist(LABA),Long
acting  muscarinic  antagonist(LAMA),Inhaled  corticosteroids  and
Rosuvastatin  10mg, and control group treated with Long acting beta
agonist(LABA)/Long acting muscarinic antagonist(LAMA)/Inhaled
corticosteroids for 12 weeks out of 60 patients 22 were female(37%) and38
were male(63%).End of the study all patients were assessed by pulmonary
function test, clinical COPD Questionnaire symptoms score and laboratory
investigations

There was no change in pulmonary function test such as FVC and
FEV1,CCQ questionnaire symptom score Laboratery investigations
[AST,CPK,HB%] in both the groups. In case group there was significant
improvement in PEFR 8L/min from the baseline which is statistically
significant(0.001).

Study done by Chogtu .et al on Rosuvastsin in COPD and Pulmonary
hypertension also shows PEFR difference of 10L/min from baseline with
Rosuvastatin group as compared to placebo at 12 weeks which was

statistically significance(P-0.04)4
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CONCLUSION:

From this study we are concluding that Rosuvastatin  10mg  with
LABA/LABA/ICS for 12week regimen in moderate to severe COPD
patients. There was no change in FEV and FEV1.In study group there is
significant improvement in PEFR 8L/min which is statistically significant.
In our study rosuvastatin was well tolerated, safe has significant therapeutic

effect in patients with moderate to severe COPD
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SUMMARY:

In our study patients randomly allocated into two groups named as study
group(case) control group. Each group consists of 30 in number .case group
treated with LAMA/LABA/ICS with rosuvastatin 10mg for 12 weeks. control
treated with LABA/LAMAV/ICS for weeks.

According to GOLD guideline treatment of COPD depending on
symptoms and exacerbations various drugs include bronchodialators and
corticosteroids. But these drugs does not alter the basic pathology. The basic
pathology of COPD due to inflammatory process on the basis of available
study reports our study has been designed as Efficacy of long acting beta
agonist /long acting muscarinic antagonist Inhaled corticosteroid along with

rosuvastatin in moderate to severe COPD patients .

This study was conducted in tertiary care teaching hospital in Chennai after
approval from Institutional Ethics committee .After  obtaining informed
consent 60 patients were enrolled in this study .patients were followed up for

12weeks all patients were assessed by pulmonary function test.

Patients symptoms reduction assed by pulmonary function test. Patients
were followed up for 12 weeks .At the end of 12 weeks 60 patients
completed their treatment . There was no significant change in FVC, FEV1 in

both group .
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In study group shows significant improvement in PEFR 8L/ min
which was statistically significant (P=0.001).In our study Rosuvastatin was
well tolerated and safe has significant therapeutic effect in patients with

moderate to severe chronic obstructive pulmonary disease.

79



BIBLIOGRAPHY




Bib]iog]‘aphy

1. GOLD 2011, global initiative for chronic obstructive lung

disease, WWW.}ZOIdCODd.Ol'g.

2. Spurzem IR, Rennard SI. Pathogenesis of copp Semin Respir Crit
CareMed 2005; 26: 142—153.

3.Altose MD. Approaches to slowing the progression of COPD.Curr Opin
PulmMed 2003; 9: 125-130.

4. Mannino DM, Watt G,. Hole D, et al. The natural history of chronic
obstructive pulmonary disease. Eur Respir J 2006; 27:627—643.

5 .Gan WQ, Man SFP, Senthilselvan A, et al. Association between chronic
obstructive pulmonary disease and systemic inflammation:a systematic review
and a meta-analysis. Thorax 2004; 59:574—580.

6. Yende S, Waterer GW, Tolley EA, et al. Inflammatory markers are associated
with ventilatory limitation and muscle dysfunction in obstructive lung disease
in well functioning elderlysubjects. Thorax 2006; 61: 10-16.

7. Sin DD, Man PSF. Why are patients with chronic obstructive pulmonary
disease at increased risk of cardiovascular disease? The potential role of
Systemic inflammation in chronic obstructive pulmonary disease. Circulation

2003; 107: 1514-1519.

8Barnes PJ, Celli BR. Systemic manifestations and comorbities in COPD. Eur

Respir J 2009: 33: 1165-1185.

9. Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strategy for the

: . - ive lung discase
diagnosis, management, and prevention of chronic obstruct g



2017 report. GOLD  executjye SUmmary, Ay g Respir cyj
PIr Crit Care Med.

2017;195(5):557-582. doi: 10,1 164/rcem. 20170, 0218pPp

10.. Mirza S, Clay RD,

1. Postma DS, Bush A, van den Berge M. Risk factors and carly origins

of chronic obstructive pulmonary disease. Lancet. 2015;385(9971);399_909_
12. Perez-Rubio G, Cordoba-Lanus E, Cupertino P, Cartujano-Barrera
F,Campos MA, Falfan-Valencia R. Role of genetic susceptibility in nicotine
addiction and chronic obstructive pulmonary disease. Revinvest Clin.
2019;71(1):36-54.

13. Salvi SS, Bames PJ. Chronic obstructive pulmonary disease in non-
smokers. Lancet. 2009;374(9691):733-743.

14. Stanaway JD, Afshin A, Gakidou E, et al. Global, regional, and national
comparative risk assessment of 84 behavioural, environmental and
occupational, and metabolic risks or clusters of risks for 195 countries and
territories, 1990-2017: a systematic analysis for the Global Burden of Disease
Study 2017. Lancet. 2018;392(10159):1923-1994.

15. Diaz-Guzman E, Mannino DM. Epidemiology and prevalence'of chronic
obstructive pulmonary disease. Clin Chest Med. 2014;35(1):7-16.

16. D. Pruefer, J. Makowski, M. Schnell, et al., Simvastatin inhibits

inflammatory properties of staphylococcus aureus toxin,Circulation 106 (2002)

2104-2110.



17. 1. Armitage, The safety of stating i clinical practice, Lancey 370(2007)
1781-1790.

18. B.R. Kwak, I'. Mulhaupt, F. Mach, Atherosclerosis: antiinflammatoryand
immunomodulnlory activities of'slutins,Auloim]mm. Rev. 2 (2003) 332-333.

19. R. Hakamada-Taguchi, Y. Uchara, K. Kuribayashi, e al.,Inhibition of
hydroxymethylglutaryl-coenzyme A reductase reduces Thi development and
promotes Th2 development,Circ. Res. 93 (2003) 948-956.

20. G. Liuzzo, J.J. Goronzy, H. Yang, et al., Monoclonal T-cell proliferation
and plaque instability in acute coronary syndromes, Circulation 101 (2000)
2883-2888.

21. B.R. Kwak, F. Mulhaupt, F. Mach, Atherosclerosis: antiinflammatory

and immunomodulatory activities of statins,. Rev. 2 (2003) 332-338.

22. D. Pruefer, J. Makowski, M. Schnell, et al., Simvastatin inhibits
inflammatory properties of staphylococcus aureus toxin, Circulation 106 (2002)
2104-2110.

23. S.R. Rutgers, W. Timens, H.F. Kaufmann, Th.W. van der Mark, G.H. KoeE’

ter, D.S. Postma, Comparison of induced sputum with bronchial wash,

bronchoalveolar lavage and bronchial biopsics in COPD, Eur. Respir. J. 15

(2000) 109-115.
24. R. Hakamada-Taguchi, Y. Uchara, K. Kuribayashi, et al.,Inhibition of

l13’dTOXymethylglularyl-cocnzymt: A reductase reduces Thl development and

Promotes Th2 development,Circ. Res. 93 (2003) 948-956.



39. Rodrigucz-Roisin R, Drakulovic

Rodriguey, DA, e g4

staging severity. J Appl Physiol (1985), 2009; 106(6): 1902-1908
doi:10.1152/japplphysiol.00085.2009
40. Peinado VI, Pizarro S, Barberg JA Pulmonary vageular involvement,in

COPD. Chest. 2008; 134(4): 808-814. doi:IO.]378/chcst.08-0820

41. Hueper K, Vogel-Claussen J, Parikh MA, et al. Pulmonary microvascular

blood flow in mild chronic obstructive pulmonary disease and emphysema. The
MESA COPD Study. Am J Respir Crit Care

Med. 2015; 192(5): 570-580. doi:10.1 164/rcem.201411-21200C

42. Pauwels RA, Buist AS, Calverley PM, et al. Global strategy for the
diagnosis, management, and prevention of chronic obstructive pulmonary
disease. NHLBI/WHO Global Initiative for Chronic Obstructive Lung Disease
(GOLD) Workshop summary. Am J Respir Crit Care Med. 2001; 163(5): 1256
1276. doi:10.1164/ajrcem.163.5.2101039

43. Regan EA, Lynch DA, Curran-Everett D, et al. Clinical and radiologic
disease in smokers with normal spirometry. JAMA Intern Med. 2015; 175(9):
15391549, doi:10.1001/jamainternmed.2015.2735

44.Hogg IC, Chu F, Utokaparch S, et al. The nature of small-airway obstruction
in chronic obstructive pulmonary disease. N Engl J Med.

2004; 350(26): 2645-2653. doi:10.1056/NEIM0a032158

45 Fletcher C, Peto R The natural history of chronic airflow obstruction.

Scanned with CamScanner



25. G. Liuzzo, 1.J1. Goronzy, 1. v, g . T o
25.G A} ang, ctal., Monoclong| I-cellproliferation and

plaque instability in acute coronary syndromes, Circulation 10] (2000) 2883—

2888
26) Reid PT, Innes JA,Chuplcr

No 17 | chronic obstructive pulmonary discase

JIn:Ralston SH, Penman 1D, Strachan MWI, Hobson RP. Davidson’s Principles

And Practice Of Medicine.23"Edi(jon. ELSEVIER Edinburgh London New

York Oxford Philadelphia St Louis Sydney 2018

27)Silverman EK, Crapo ID, Make BJ,Chapter no 286,chronic obstructive

pulmonary disease,In:Jameson JL,Kasper DL, Longo DL, Fauci AS, Hauser

SL, Losscalzo J.Harrison’s priniciples of Internal Medicine.20™ Edition.United

states:McGraw-Hill Education;2018

28)Mannino DM, Buist AS. Global burden of COPD: risk factors, prevalence,
and future trends. Lancet 2007; 370:765-773.

29)World Health Organization. Chronic Respiratory  Diseases.Burde
Www.who.inUrespiratory/copd/burden/en Date last accessed: June 1. 2008.
Date last updated: May 20, 2008.

30)Celli BR, MacNee W. Standards for the diagnosis and treatment of patients
with COPD: a summary of the ATS/ ERS position paper. Eur Respir ] 2004;
23: 932946,

31) Rabe KF, Hurd S, Anzucto A, et al. Global strategy for the diagnosis,
Management, and prevention of chronicobstructive pulmonary disease. GOLD

€Xecutive summary.Am J Respir Crit Care Med 2007; 176: 532-555.



32) Anthonisen NR, Connet JE, Kiley JP, etal. Effects ol smoking intervention

and the usc of an inhaled ﬂnilCllolincrgic bronchodilator on the rate of decline

of FEV1.The Lung Health Study. JAMA 1994: 272: 1497-1505.

33) Anthonisen NR, Connett JE, Murray RP, Smoking and lung function of
Lung Health Study participants after 1 | years. Am J Respir Crit Care Med 2002;
166: 675-679.

34) Scanlon PD, Connett JE, Waller LA, Altose MD, Bailey WC, Buist AS.
Smoking cessation and lung function in

35. Deesomchok A,Webb KA, Forkert L, et al. Lung hyperinflation and its
reversibility in patients with airway obstruction of varying severity.Copd. 2010;

- 7(6): 428-437. doi:10.3109/15412555.2010.528087

36. Elbehairy AF, Ciavaglia CE, Webb KA, et al. Pulmonary gas exchange
abnormalities in mild chronic obstructive pulmonary disease.implications for
dyspnea and exercise intolerance. Am J Respir Crit Care Med. 2015; 191(12):
1384-1394. doi:10.1164/rccm.201501-01570C

37. Guenette JA, Chin RC, Cheng S, et al. Mechanisms of exercise intolerance
in global initiative for chronic obstructive lung disease grade 1 COPD. Eur
Respir J. 2014; 44(5): 1177-1187. doi:10.1183/09031936.00034714

38. Ofir D, Laveneziana P, Webb KA, et al. Mechanisms of dyspnea during
Cycle exercise in symptomatic patients with GOLD stage 1 chronic obstructive

PUImonary disease. Am J Respir Crit Care Med. 2008; 177(6): 622-629.

doi:10.1164/rccm.200707-10640C



BrMedJ. 1977; 1(6077). 1645-1643.

46. Tantucci C, Modina D L““g function decline in COPD. IntJ Chron Obstruct

Pulmon Dis. 2012; 7. 95-99, doi:10.2]47/COPD.SZ7480

disease: analysis from the randomised, placebo-controljed
TORCH study. Resp Res. 2009; 10:59.
48. Vestbo J, Edwards LD, Scanlon PD, et al. Changes in forced expiratory

volume in 1 second over time in COPD. N Engl J Med. 201 1:

365(13): 1184—1192, doi:10.1056/NEJMoa1105482

49. Bhatt SP, Soler X, Wang X, et al. Association between functional
small airway disease and FEV] decline in chronic obstructive pulmonary
disease. Am J Resp Crit Care. 2016; 194(2): 178-184.
doi:10.1164/rccm.201511-22190C

50. Lange P, Celli B, Agusti A, et al. Lung-function trajectories leading
to chronic obstructive pulmonary disease. New Engl J Med. 2015;

373(2): 111-122. doi:10.1056/NEJMoal411532

51. Marin L, Colombo P, Bebawy M, Young PM, Traini D. Chronic obstructive
pulmonary disease: patho-physiology, current methods of treatment and

the potential for simvastatin in disease management. Expert Opinion on

Drug Delivery. 2011;8:1205.

52. Adeloye D, Chua S, Chinwei L, Basquill C, Papana A, Theodoratou E, Nair

H,



on chronic obstructive pulmonaly disease €Xacerbation and mortality: a

systematic review and meta-analysis of observational research Sci Rep

2015;5:16461.

66. Li W, Huang Y, Cheng H, Feng Y. Statins reduce all-cause mortality in
chronic obstructive pulmonary disease: an updated systematic review and
meta-analysis of observational studies. Oncotarget. 201 7;8:73000-8.

67. Zhang MZ, Qian DH, Xy JC, Yao W, Fan Y, Wang CZ. Statins may be

beneficial for patients with pulmonary hypertension secondary to lung

diseases. Journal of Thoracic Disease. 2017;9:2437.

68) Zhou Y, Wang J, Zhang L. Statin therapy on pulmonary function in patients
with COPD: a meta-analysis of randomized controlled trials. Chinese

pharmacy. 2018;4(27):281-8.

69. Abdool-Gaffar MS, Ambaram A, Ainslie GM, et al. Guideline for the
management of chronic obstructive pulmonary disease—2011 update.

S AfrMed J. 2011;101(1 Pt 2):63-73.

70. Global Initiative for Chronic Obstructive Lung Disease. Global strategy
for the diagnosis, management and prevention of chronic obstructive
DUImonaly disease (2018 report) [Internet]. Available from: https:/gold
copd.org/wp-content/uploads/2017/11/GOLD-2018-v6.0-FINALrevised-
20-Nov_WMS pdf. Accessed April 6, 2018,

7. Miravitlles M, Vogelmeier C, Roche N, et al. A review of national
8uidelines for management of COPD in Burope. Eur Respir J. 2016:47

2):625-637. qoj-1 0.1183/13993003.01170-2015



Gasevic D, Sridha
rD, Campbe]| H. Globa] and regional estimates of COPD

prevalence: systematic review and Meta-analysis. J Glob Health. 2015:5

020415.

>3- Chen W, Thomas J, Sadatsafavi M, Fitzgerald JM. Risk of cardiovascular

e R R T TTR
X M e

comorbidity in patients with chronjc obstructive pulmonary diseasc: a
systematic review and meta-analysis. Lancet Respiratory Medicine. 2015:3:
631-9.

54. Curkendall SM, Deluise C, Jones JK, Lanes S, Stang MR, IJr GE, She D.
Cardiovascular disease in patients with chronic obstructive pulmonary
disease, Saskatchewan Canada cardiovascular disease in COPD patients.
Annals of Epidemiology. 2006;16:63.

55. Javad MSA, Hanieh R, Masoomeh F, Rostam Y, Mansour E. Evaluation of

the |
effects of atorvastatin on the treatment of secondary pulmonary ' |
hypertension\due to chronic obstructive pulmonary diseases: a randomized

controlled trial. Iran Red Crescent Med J. 2013;15:649-54.

56. Lee JH, Lee DS, Kim EK, Choe KH, Oh YM, Shim TS, Kim SE, Lee YS,

Lee SD.
Simvastatin inhibits cigarette smoking—induced emphysema and pulmonary
hypertension in rat lungs. Respiratory Medicine Copd Update. 2005;1:61-2.

57. Sin DD, Anthonisen NR, Soriano JB, Agusti AG. Mortality in COPD: role

of

comorbidities. Eur Respir J. 2006;28:1245-57.



58. Fabbri LM, Rabe KF. From COPD chronic systemic inflammatory
Syndrome? Lancet. 2007;370:797—9

59. Gan WQ, Man SF, Senthilselvan A, 8in DD. Association between chronic
obstructive pulmonary disease and systemic inflammation: a systematic
review and a meta-analysis. Thorax, 2004;59:574-80.

60. Agusti A, Faner R. Systemic inflammation and comorbidities in chronic
obstructive pulmonary disease. Proc Am Thorac Soc. 2012:9:43—6.

61. Lahousse L, Loth DW, Joos GF, Hofman A, Leufkens HG, Brusselle GG,
Stricker BH. Statins, systemic inflammation and risk of death in COPD: the
Rotterdam study. Pulm Pharmacol Ther. 2013;26:212-7.

62. LuY, Cheng Z, Zhao Y, Chang X, Chan C, Bai Y, Cheng N. Efficacy and
safety

of long-term treatment with statins for coronary heart disease: a Bayesian

network meta-analysis. Atherosclerosis. 2016;254:215-27.

63. Desai CS, Martin SS, Blumenthal RS. Non-cardiovascular effects

associated

with statins. BMJ. 2014;349:g3743.

64. Young RP, Hopkins RJ. The mevalonate pathway and innate immune

hYpel‘responsiveness

in the pathogenesis of COPD and lung cancer: potential for
chemoprevention. Curr Mol Pharmacol. 2017;10:15-21.
65. Cao C, Wu Y, Xu Z, Lv D, Zhang C, Lai T, Li W, Shen H. The effect of

Statins



corticosteroids in COPD: Systematic review and meta-analysis of

randomised controlled trials and observational studies. Thorax.
2011;66(8):699-708. doi:10.1 136/thx.2011.160028

79). Weatherall M, James K, Clay J, et al. Dose-response relationship for risk
of non-vertebral fracture with inhaled corticosteroids. Clin Exp Allergy.
2008;38(9):1451-1458. doi:10.111 17).1365-2222.2008.03029.x

80). Yang IA, Fong KM, Sim EH, Black PN, Lasserson TJ. Inhaled
corticosteroids for stable chronic obstructive pulmonary disease.

Cochrane Database Syst Rev. 2007;18(2):CD002991.

81). Bonnet N, Brunet-Imbault B, Arlettaz A, et al. Alteration of trabecular
bone under chronic beta2 agonists treatment. Med Sci Sports Exerc.

2005;37(9):1493-1501. doi:10.1249/01.mss.0000177592.82507.95

82) Silverman EK, Crapo JD, Make BIJ,Chapter no 286,chronic obstructive
pulmonary disease,In:Jameson JL,Kasper DL, Longo DL, Fauci AS, Hauser

SL, Losscalzo J.Harrison’s priniciples of Internal Medicine.20" Edition. United

states:McGraw-Hill Education;2018



72. O‘Donnell DE, Hernandez P, Kaplan A et

al. Canadian Thoracic
Society recommendationg for Management of chronic obstructive pulmonary

disease - 2008 update - highlights for primary care. Can

Respir J. 2008;15(Suppl A):l1a-8a.

73. Qaseem A, Wilt TJ » Weinberger SE, et al. Diagnosis and management
of stable chronic obstructive pulmonary disease: a clinjcal practice
guideline update from the American College of Physicians,

American College of Chest Physicians, American Thoracic Society,

and European Respiratory Society. Ann Intern Med. 20115155

(3):179-191. doi:10.7326/0003-4819-155-3-201 108020-00008

74)Chee C, Sellahewa L, Pappachan JM. Inhaled corticosteroids and

bone health. Open Respir Med 1. 2014;8:85-92. doi:10.2174/
1874306401408010085

75). Liu WT, Kuo HP, Liao TH, et al. Low bone mineral density in COPD
patients with osteoporosis is related to low daily physical activity and
high COPD assessment tést scores. Int J Chron Obstruct Pulmon Dis.
2015;10:1737—1744.

76). Sutter SA, Stein EM. The skeletal effects of inhaled glucocorticoids. Curr
Osteoporos Rep. 2016;14(3):106-113. doi:10.1007/s11914-016-0308-1
77) Calverley PM, Anderson JA, Celli B, et al. Salmeterol and fluticasone
Propionate and survival in chronic obstructive pulmonary disease.

N Engl J Med. 2007;356(8):775-789. doi:10.1056/NEJMc063190

78). Loke YK. Cavallazzi R, Singh S. Risk of fractures with inhaled



3

and

Postgrad Med J 2009;85:414—1

84) Altose MD. Approaches to slowing the progression of COPD

Curr Opin Pulm Med 2003; 9: 125-130.

85) Gan WQ, Man SFP, Senthilselvan A, et al. Association between
chronic obstructive pulmonary disease and systemic inflammation:

a systematic review and a meta-analysis. Thorax 2004; 59:

574-580.

86) Yende S, Waterer GW, Tolley EA, et al. Inflammatory markers

are associated with ventilatory limitation and muscle dysfunction

in obstructive lung disease in well functioning elderly

subjects. Thorax 2006; 61: 10-16.

87) Sin DD, Man PSF. Why are patients with chronic obstructive

. . 9
. . ¢!
pulmonary disease at increased risk of cardiovascular diseas

C inflammation in chronic obstructive

The potential role of systemi
e - 107: 9.
pulmonary disease. Circulation 2003: 107: 1514-151

s and comorbities in

88) Barnes PJ, Celli BR. Systemic manifestation

COPD. Eur Respir J 2009; 33: 1165-1185.



Eur Respir Rev 2007; 16 91-97.

106)Brown V., Elborn JS, Bradley T, et 41, Dysregulated apoptosis and

NF-kB expression in COPD Subjects, Respir Res .7009' 10: 24
107) He J-Q, Foreman MG, Shllmﬂllsky K, etal. Associations of I1.-G
polymorphisms with lung function decline and COPD. Thorax

2009; 64: 698-704.

108) Amos CI, Wu X, Broderick P, et al. Genome

-wide association

scan of tag SNPs identifies a susceplibility locus for lung cancer

at 15¢25.1. Nat Genet 2008; 40: 616-622.

109) Young RP, Hopkins RJ, Bay BA, et al. Lung cancer susceptibility
model based on age, family ﬁistory and genetic variants. PLOS

One 2009; 4: e5302.

110) Schonbeck U, Libby P. Inflammation, immunity, and HMG-CoA
reductase: inhibitors: statins as anti-inflammatory agents?

Circulation 2004; 109: I118-I126.

111) Melbye H, Halvorsen DS, Hartz I, et al. Bronchial airflow
limitation, smoking, body mass index, and statin use are strongly
associated with the C-reactive protein level in the elderly. The
Tromse Study 2001. Respir Med 2007; 101: 2541-2549.

112) Hurst JR, Hagan G, Wedzicha JA. Mechanism of statinassociated

mortality reduction in COPD. Chest 2007; 132: 1409.

113) Young RP, Hopkins RJ, Eaton TE. Potential benefits of statins on

morbidity and mortality in COPD: a review of the evidence.



89).Abboud RT, Vimalanathan S. Pathogenesis of COPD. Part I. The
role of protease-antiprotease imbalance in emphysema. Int J

Tuberc Lung Dis 2008; 12: 361-367.

90) Hattotuwa KL, Gizycki MJ, Ansari TW, et al. The effects of
inhaled fluticasone on airway inflammation in chronic obstructive
pulmonary disease: a double-blind placebo-controlled

biopsy study. Am J Respir Crit Care Med 2002; 165: 1592—1596.
91)Calverley PMA, Anderson JA, Celli B, et al. Salmeterol and
{luticasone propionate and survival in chronic obstructive
pulmonary disease. N Engl ] Med 2007; 356: 775-789.

92)Lung Health Study Research Group. Effect of inhaled triamcinolone
on the decline in pulmonary function in chronic

obstructive pulmonary disease. N Eng J Med 200, 343: 1902-1909.
93) Sin DD, Man SFP. Skeletal muscle weakness, reduced exercise
tolerance, and COPD: is systemic inﬂamm'ation the missing link?
Thorax 2006; 61: 1-3.

94) Roche N. Where current pharmacological therapies fall short in

COPD: symptom control is not enough. Eur Respir Rev 2007; 16:

95)Cazzola M, Ciaprini C, Page CP, et al. Targeting systemic
inflammation: novel therapies for treatment of chronic obstructive

pulmonary disease. Expert Opin Ther Targets 2007; 11: 1273-1286.

96 Hothersall E, McSharry C, Thomson NC. Potential therapeutic

role for statins in respiratory disease. Thorax 2006; 61: 729-734.



97 Walsh GM. Statins as emerging (reatments for asthma and

2008; 2: 329-335.

98)Hothersall E, McSharry C, Thonﬁsc)l] NC. Potential therapeutic

role for statins in respiratory disease. Thorax 2006: 61: 729-734

99) Pinto-Plata VM, Mullerova H, Toso JF, et al. C-reactive protein in

patients with COPD, control smokers and non-smokers. Thorax
2006; 61: 23-28.

100)Gan WQ, Man SFP, Sin DD. The interactions between cigarette
smoking and reduced I@1g function on systemic inflammation.

Chest 2005; 127: 558-564.

101) Rasmussen F, Mikkelsen D, Hancox RIJ, et al. High-sensitive Creactive
protein is associated with reduced lung function in

adults. Eur Respir J 2009; 33: 382-388.
102) Walker RE, Wilk JB, Larsen MG, et al. Systemic inflammation

and COPD: the Framingham Heart Study. Chest 2008; 133: 19-25.

103)Sin DD, Man SFP Interluekin 6, Chest 2008; 133: 4-6.

104)Kuhn C Homer RJ, Zhu 7., et al. Airway responsiveness and

airway obstruction in transgenic mice: morphologic correlates in

mice overexpressing IL-11 and IL-6 in the lung. Am J Respir Cell

Mol Biol 2000; 22: 289-295.

105)Rennard SI. Inflammation in COPD: a link to systemic comorbidities:



postgrad Med J 2009; 85: 4144271

114)Arnaud C, Burger F, Steffens S, et al. Statins reduce interleukin-6.-

induced c-reactive protein in human hepatocytes: new evidence

for direct antiinflammatory effects of statins. Arterioscler Thromb

Vasc Biol 2005; 25: 1231-1236.

115) Ikeda U, Shimada K. Statins and monocytes. Lancet 1999; 353: 2070.
116)Takayuki I, Tkeda U, Yamamoto K, et al. Regulation of interleukin-8
expression by HMG-CoA reductase inhibitors in human vascular

smooth muscle cells. Atherosclerosis 2002; 165: 51-55.

117) Murphy DM, Forrest IA, Corris PA, et al. Simvastatin attenuates
release of neutrophilic and remodeling factors from primary

bronchial epithelial cells derived from stable lung transplant

recipients. Am J Physiol Lung Cell Mol Physiol 2008; 294: L592-1.599.

118)Xue-Mei O, Ba.i-ding W, Fu-qiang W, et al. Simvastatin attenuates
ﬁpopolysaccharide—induced airway mucus hyper-secretion in

rats. Chin Med J 2008; 121: 1680-1687. |

119)Ferro D, Parrotto S, Basili S, etal. Simvastatin inhibits the
monocyte expression of proinflammatory cytokines in patients

with hypercholesterolemia. J Am Coll Cardiol 2000; 36: 427-431.

120) Takahashi S, Nakamura H, Furuuchi M, et al. Simvastatin

suppresses the development of elastase-induced emphysema in

mice (abstract). Proc Am Thor Soc 2005; 2: A135.

121)Lee JH, Lee DS, Kim EK, et al. Simvastatin inhibits cigarette



smoking-induced emphysema and pulmonary hypertension in

rat lungs. Am J Respir Crit Care Med 2005; 172: 987-993.

122) Takahashi S, Nakamura H, Seki M, e( al. Reversal of elastaseinduced
pulmonary emphysema and promotion of alveolar

epithelial cell proliferation by simvastatin in mice. Am J Physiol
Lung Cell Mol Physiol 2008; 294: 1,882-1.890.

123) Maher BM, Ni Dhonnchu T, Burke JP, et al. Statins alter
neutrophil migration by modulating cellular Rho activity — a
potential mechanism for statins-mediated pleiotropic effects? J
Leukoc Biol 2009; 85: 186-193.

124 Guasti L, Marino F, Cosentino M, et al. Simvastatin treatment
modifies polymorphonuclear leukocyte ﬁmction in high-risk
individuals: a longitudinal study. ] Hypertens 2006; 24: 2423-2430.
125 Kimura M, Kurose I, Russel J, et al. Effects of fluvastatin on
leukocyte endothelial cell adhesion in hypercholesterolaemic

mice. Arterioscler Thromb Vasc Biol 1997; 17: 1521-1526.

126 Scalia R, Gooszen ME, Jones SP, et al. Simvastatin exerts both

anti-inflammatory and cardioprotective effects on apolipoprotein

E-deficient mice. Circulation 2001; 103: 2598-2603.

127 Chello M, Patti G, Candura D, et al. Effects of atorvastatin on

systemic inflammatory response after coronary bypass surgery.
Crit Care Med 2006; 34: 660-667.

128 Montecucco F, Burger F, Pelli G, et al. Statins inhibit C-reactive



protein-induced chemokine S€cretion, ICAM
and chemotaxis in adherent human Monocytes, Rheumatology
2009; 48: 233-242.

129 Nishibori M, Tak

ahashi HK, Mor; S. The regulation of ICAM-]

and LFA-1 interaction by autacoijgs and statins: a nove| strategy

for controlling inflammation and immune responses. J Pharmaco]

Sci 2003; 92: 7—-12.

130 Jacobson JR, Barnard JW, Grigoryey DN, et al. Simvastatin

attenuates vascular leak and inflammation in murine inﬂammatory
lung injury. Am J Physiol Lung Cell Mol Physiol 2005; 288:
L1026-L1032.

[31Frick M, Dulak J, Cisowski J, et al. Statins differentially regulate
vascular endothelial growth factor synthesis in endothelial and
vascular smooth muscle cells. Atherosclerosis 2003; 170: 229-236.
132 Morimoto K, Janssen WJ , Fessler MB, et al. Lovastatin enhances
clearance of apoptotic cells (efferocytosis) with implications for
chronic obstructive pulmonary disease. J Immunol 2006; 176:
7657-7665.

133 Newton CJ , Ran G, Xie YX, et al. Statin induced apoptosis of
Vaécular endothelial cells is blocked by dexamethasone. J
Endocrino] 2002; 174: 7-16. |

134 Shishehbor MH, Brennan ML, Aviles RJ, et al. Statins promote

Potent systemic antioxidant effects through specific inflammatory



pathways. Circulation 2003; 108: 426431

135 Rikitake Y, Kawashimg S, Takeshita S, et al. Anti-oxidative

properties of fluvastatin, an HMG-CoAa reductase inhibitor

contribute to prevention of atherosclerosis in cholesterol-fed

rabbits. Atherosclerosis 2001; 154- 87-96.

136) Yanbeva DG, Detener MA, Creutzberg EC, et al. Systemic

inflammation in COPD: Is genetic susceptibility a key factor.

COPD 2006; 3: 51-61.

137. Gurgle HE, Blumenthal DK .Chapter No 33, Drug , Therapy for
Dyslipidemias. Editors :Brunton LL,Hilal-Dandan R, Knollmann
BC.Goodman&Gillman’s Pharmacological Basis of Therapeutics, 3%
Edition. Mc Graw Hill Education New York Chicago San Francisco Athens
London Madrid Mexico City Milan New Delhi Singapore Sydney Toronto
138. Barnes PJ ,Chapter40,Pulmonary Pharmacology . Editors : Brunton
LL, Hilal-Dandan R, Knollmann BC.Goodman&Gillman’s Pharmacological
Basis of Therapeutics,13""Edition. Mc Graw Hill Education New York
Chicago San Francisco Athens London Madrid Mexico City Milan New Delhj
Singapore Sydney Toronto.

139. Sinden NJ, Stockley RA. Systemic inflammation and comorbidity in

COPD: a result of ‘overspill’ of inflammatory mediators from the lungs?

Review of the evidence Thorax 2010; 65: 930-6.



. Thomsen M, Da}
140 ahl M, Lange P, Vestbo J, Nordestgaard BG, Inflammatory

iomarkers and comorbiditiac : _
biom morbidities in chromcobslructivc pulmonary discase. Am J

Respir Crit Care Med2012; 136 982-8

141. Bonetti PO, Pumper GM, Higano ST, Holmes DR Jr, Kuvin JT, Lerman
A Noninvasive identification of patients with early coronary atherosclerosis by

assessment of digital reactive hyperemia. J Am Coll Cardiol 2004: 44: 2137—
41

142. Liao JK. Effects of statins on 3-hydroxy-3-methylglutaryl coenzyme a
reductase inhibition beyond low-density lipoprotein cholesterol. Am J Cardiol
2005; 96: 24F33F.

143. Altose MD. Approaches to slowing the progression of COPD. Curr Opin
Pulm Med 2003; 9: 125-130. |

144. Abboud RT, Vimalanathan S. Pathogenesis of COPD. Part 1. Therole of

protease-antiprotease imbalance in emphysema. Int J Tuberc Lung Dis 2008;

12: 361-367.
145. Wright JL, Levy RD, Churg A. Pulmonary hypertension in chronic

obstructive pulmonary disease: current theories of pathogenesis and their

implications for treatment. Thorax. 2005;60:605.

146. Wang L, Mengjue L, Yanping T. Therapeutic effect of fluvastatin on

pulmonary hypertension in patients with chronic obstructive pulmonary

disease. Chin J Gerontol. 2011;31(9):1666-7.



o T Ki . .
147. Murata T, Kinoshita K, Hoy; M, Kuwahara M, Tsubone H, K araki H, Ozaki
) > Ozaki

in protects c lial nitri i
H.Statin p s endothelial nitric OXide synthase activity in hypoxia-induced
-induce

ar

Biology.2005;25:2335,

148.Vestbo J, Edwards LD, Scanlon PD, et al. Changes in forced expiratory

volume in 1 second over time in COPD. N Engl J Med. 2011;365(13): 1184—
1192. doi:10.1056/NEJMoal105482 Park HY, Churg A, Wright JL, et al. Club
cell protein 16 and discase progression in chronic obstructive pulmonary
discase. Am J RespirCrit Care Med. 2013; 188(12): 1413-1419.
doi:10.1164/rccm.201305-08920C

149.Park HY, Churg A, Wright JL, et al. Club cell protein 16 and disease
progression in chronic obstructive pulmonary disease. Am J Respir Crit Care
Med. 2013; 188(12): 1413—1419. doi:10.1164/rccm.201305-08920C

150. Leung JM, Mayo J, Tan W, et al. the Pan-Canadian Early Lung

Cancer Study Group. Plasma pro-surfactant protein B and lung function

decline in smokers. Eur Respir J. 2015; 45: 1037-1045.56.

doi:10.1183/09031936.00184214
151. Smith DJ. Yerkovich ST, Towers MA, et al. Reduced soluble receptor

for advanced glycation end-products in COPD. Eur Respir J. 2011;

37(3): 516-522 doi:10.1183/09031 036.00029310

152.Triple therapy (ICS/LABA/LAMA) in COPD: time for a reappraisal

Vanfleteran L Fabbri LM, Papi A, Petruzzelli S, CelliB

in i t of
133. Dan C Wang B. The clinical effect of atorvastatin m‘ the treatmen




e e

chronic obstructive p i
pulmonary disease complicated  with pul
monary

hypertension. Chin J of Clinical Rational Drug Us 2016;9(2
€ 2 Use, 29(2):1-3.

. Chogt y i
154. Chogtu B, Kuriachan S, Magazine R, Shetty KR Kamath A, Ge
2helly KR, Kamath A, George

MM et al. A pro ive. r i
MM prospective, randomized study: Evaluation of the effect of

5

—

T e e A e e L e YA




ANNEXURES




Annexures
STUDY PROFORMA
PATIENT INFORMATION;

NAME: OP Number:

Height:

AGE: Weight:
GENDER:
OCCUPATION:
SMOKING STATUS:
ADDRESS:
PHONE NUNHBER
HISTORY OF PRESENTWG ILLNESS:
H/O COUGH AND SPUTUM
SPUTUM-QUANTITY
COLOUR

HALISTOSIS

H/O BREATHLESSNESS




H/O WHEEZg

H/O FEVER
H/O OLIGURIA

H/O PEDAL EDEMA

PAST HISTORY:

H/O DM/HT

H/O BRONCHIAL ASTHMA

H/O PREVIOUS ATT

H/O INTERSTIAL LUNG DISEASE

H/O EXACERBATIONS OF COPD& HOSPITAL ADMISSION
H/O DRUG ALLERGY:

PERSONAL HISTORY:

H/O ALCOHOL INTAKE

DRUG HISTORY:

ATIONS
DRUGS FOR COPD:ORAL/INHALED MEDIC

GENERAL EXAMIN ATION:

PULSE RATE

RESPIRATORY RATE



BLOOD PRESSURE
PEDAL EDEMA
CARDIOVASCULAR SYSTEM
RESPIRATORY SYSTEM
PER ABDOMEN
CENTRAL NERVOUS SYSTEM
LABORATORY INVESTICATIONS
1. COMPLETE HAEMOGRAM
HB-
RBC/WBC-
2. LIVER FUNCTION TEST

AST

3. CPK

SPIROMETERY

AIRES
CLINICAL COPD QUESTIONN
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