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ABSTRACT 

ln this thesis, composed of two separate articles, we studied the 

frequency of COPO exacerbations and assessed the effecfiveness of 

inhaled corticosteroids in preventing a first exacerbation of COPO. We used 

an incepfion cohort of COPO patients, formed from the computerised 

data bases of Saskatchewan. 

The rate of COPO exacerbations was 11.5 per 100 person-years. It 

increased with age and was 50% higher in men than women. Use of 

inhaled corticosteroids in the year prior to the index date and current use 

were associated with a small increase in the risk of a first exacerbation 

(adjusted RR=1.27, 95% CI: 1.08-1.48 and 1.51, 95% CI: 1.22-2.87, 

respectively). The risk increased with increasing daily dose (adjusted RR per 

1000 I-Ig=1.83, 95% CI: 1.47-2.28). 

We did not find that the use of inhaled corticosteroids reduces the risk 

of a first exacerbation in patients with COPO. 
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RESUMÉ 

Dans cette thèse, composée de deux articles, nous avons étudié la 

fréquence d'exacerbations liées à la broncho-pneumopafhie chronique 

obstructive (BPCO), et avons évalué l'efficacité des corticostéroïdes en 

inhalation dans la prévention d'une première exacerbation de BPCO. 

Nous avons utilisé une cohorte de patients atteints de BPCO formée à partir 

des bases de données du Saskatchewan. 

Le taux d'exacerbations de BPCO était de 11.5 par 100 années­

personnes et croissant avec l'âge. Le taux d'exacerbations était de 50% 

plus élevé chez les hommes que chez les femmes. 

L'utilisation des corticostéroïdes en inhalation dans l'année précédente et 

l'utilisation courante étaient associées à une légère augmentation du 

risque relatif d'une première exacerbation (RR ajusté = 1.27, intervalle de 

confiance de 95%: 1.08-1.48 et 1.51, intervalle de confiance de 95%: 1.22-

2.87, respectivement). Le risque augmentait avec la dose moyenne par 

jour (RR ajusté par 1000 IJg = 1.83, intervalle de confiance de 95%: 1.47-

2.28.) 

Il n'a pas été possible de démontrer que l'utilisation des 

corticostéroïdes inhalés diminue le risque d'une première exacerbation 

chez les patients atteints de BPCO. 
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CHAPTER 1: INTRODUCTION 



1. INTRODUCTION 

This thesis consists of mo articles, one pertaining to rates of disease 

exacerbation in chronic obstructive pulmonary disease (CO PO), and the 

other to the effectiveness of inhaled corticosteroids, currently widely used in 

the treatment of the symptoms of COPD. 

The first article is a descriptive study of the rates of exacerbation of 

COPO patients according to demographic deferminants and durafion of 

the disease. The second article describes the effectiveness of inhaled 

corticosteroids in preventing a first exacerbation of COPO in newly 

diagnosed patients, in particular those who had never previously 

experienced a moderafe or severe exacerbafion of their disease. 

This first chapter is divided into four sections. First, a review of what is 

known about clinical aspects of COPO and, in particular, acute 

exacerbations and burden of the disease will be presented. This is followed 

by a section on the pharmacological properties of inhaled corficosferoids, 

with emphasis on their role in controlling inflammation. The third section is a 

literature review of published studies that were designed to evaluate the 

role of inhaled corticosteroids in COPD. Finally, the rationale and objectives 

of the two sfudies presenfed in this thesis will be sfated. 

1.1. CHROflUC OBSTRUCTiVE PUI.MONARY DISEASE 

Chronic Obstructive Pulmonary Oisease (COPO) is defined by the 

American Thoracic Society (ATS) as a condition characterised, clinically, by 

the presence of airflow obstruction due to chronic bronchitis and/or 
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emphysema. The airflow obstruction is generally progressive, may be 

accompanied by airway hyperreactivity, and may be parfially reversible. 

Chronic bronchitis is a condition with chronic or recurrent excess mucus 

secretion info the bronchial tree that occurs on most days durÎng a period 

of at least 3 months in each of two consecutive years in a patient in whom 

other causes of cough have been excluded. Emphysema is an abnormal 

permanent enlargement of the airspaces distal to the terminal bronchioles, 

accompanied by destruction of their walls and without obvious fibrosis (1 ). It 

is believed that chronic bronchitis is present in 85% of COPD (2). 

COPD symptoms do not usually become apparent until age 50. 

Individuals with COPD experience a reduced quality of life due to 

increasing shortness of breath, which causes a limitation in activities. 

Cigarette smoking is recognised as the underlying cause of COPD in at 

least 90% of cases, and it is also the major risk factor associated with an 

accelerated decline of FEY 1 (forced expira tory volume exhaled after 1 

second) (3). Moreover, smoking cessation is the only measure that has 

been shown ta slow the progression of the disease (4-7). Other factors 

which may contribute to the development of COPD include passive 

smoking, occupational exposure to dust and fumes, air pollution, airways 

hyperresponsiveness, and ex l-antitrypsin deficiency. The last is a rare genetic 

abnormality that causes panlobular emphysema in younger adults, and 

which accounts for less than 1 % of CO PD (1 ;2). In addition, the role of 

gender continues to be controversial. Some authors have shown that 

cigarette smoking is more detrimenfal in women than men (8;9), while 

others showed a higher mortality due to COPD in male patients, even aHer 

adjusting for disease severity and age (10). 
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One of the features of COPO is repeated respiratory infections. In the 

CO PO patient this can cause acute exacerbations in respiratory symptoms, 

and may contribute significantly ta accelerating the decline in pulmonary 

lung function tests due ta inflammation-induced fibrosis of bronchi and 

bronchioles (4). This hypothesis has been challenged by several studies, 

yielding conflicting results. In 1977, Fletcher and Peto concluded fram their 

10-year prospective study of early stages of the development of COPO that 

infective processes and chronic mucus hypersecretion do not cause airflow 

obstruction to decline more rapidly (11). The fact that this study was 

performed on young, mild COPO patients, who wou Id not be expected to 

have frequent bacterial colonization, despite being sputum praducers, has 

been raised to discredit the conclusion of the authors (12). More recently, 

Oonaldson and colleagues showed that the frequency of exacerbations 

contributes to long term decline in lung function of patients with moderate 

to severe COPO (13). 

The spirometer, invented by Hutchinson in 1846, is still the key 

instrument for the diagnosis of COPO. Spirometry has been considered 

essential to determine the degree of airflow obstruction, severity of the 

disease, and prognosis; it has also been used extensively in clinical trials to 

assess responses to therapy (14). This is most often measured as the forced 

expirafory volume exhaled after 1 second (FEVJ). It has not proven to be a 

good predictor of the symptomatic response to treatment (15) 1 however, or 

to quality of life (16) COPO patients. 

1.1.1. Acufe Exacerbations 

An acute worsening of respira tory symptoms in COPO patients, such 

as worsening dyspnea, fatigue, increased sputum volume, or sputum 
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purulence, is often described as an exacerbation or "flare" of COPO, 

although the definitions may vary (1 ; l 7). 

ln 1984, Anthonisen and colleagues described criteria to assess the 

severity of an acute exacerbation based on symptoms (9) 1 in order ta 

determine which patients with exacerbation would benefit from an 

antibiotic treatment. Briefly, a severe, or type 1, exacerbation, was defined 

whenever increased dyspnea, sputum volume, and sputum purulence 

were present. A moderate, or type 2, exacerbation was defined when two 

of these three symptoms were present. And finally, a mild, or type-3, 

exacerbation was defined when one of these symptoms was present in 

addition to at least one of the following findings: upper respiratory infection 

(sore throat, nasal discharge) within the previous 5 days; fever without other 

cause; increased wheezing; increased cough; or an increase in respiratory 

rate or heart rate by 20% as compared to baseline. 

ln 1999, an international working group of respirologists, proposed the 

following definition of a COPO exacerbation: 

a sustained worsening of a patient's condition, from the stable state 

and beyond normal day-to-day variations, that is acute in onset and 

necessitates a change in regular medication in a patient with 

underlying COPD. 

Furfhermore, three stages of a CO PO exacerbation based on 

healthcare utilisation were described: 1) mild severity when there is an 

increased need for medication that is managed in the patient' s own 

normal environment; 2) moderate, when the patient has an increased 

need for medication and seeks additional medical assistance; and 3) 

severe, when the patient or caregiver recognises obvious and/or rapid 

deterioration in the condition, requiring hospitalisation (18). 
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Bacterial tracheobronchial infections are believed to be the most 

common incifing cause of acute exacerbations of COPD (2). Exacerbations 

may al50 be provoked by inhalation of environ mental irritants, 

gastroesophageal reflux or aspiration, viral infections, illness !eading to 

debilify and weakness, disconfinuation of medications (19), deviation trom 

diet (17;19), and cardiopulmonary events, such as heart fallure, arrhyfhmia, 

or pulmonary emboli (l ;2;19). 

It is believed that the frequency with which bacterial infection causes 

an exacerbation depends on the dominant pathology, patients with 

chronic bronchitis being more susceptible to bacterial bronchial infections 

than those with predominant emphysema (20). Repeated in jury from 

inhalation of atmospheric pollutants or tobacco leads to mucus 

hypersecretion, loss of ciliated cells, an increase in the number of goblet 

cells, and mucosal gland hypertrophy. These changes in morphology of the 

airway make it susceptible to bacterial infection. Bacteria are believed to 

cause at lea5t half of exacerbations (20;21). Sethi and colleagues were 

able to demonstrate that bacterial infections are responsible for 70-75% of 

exacerbations, with up to 60% caused by Streptococcus penumoniae, 

Haemophilus influenzae or Moraxella catarrhalis (19). Atypical organisms 

are implicated in about 10% of exacerbations, and the remaining 25 to 30% 

of cases are caused by viruses. Another Une of evidence that supports the 

argument that bacteria are a major cause of acute exacerbations is the 

tact that bacteria present in airway secretions of exacerbated patients 

have been associated with increased ahway inflammation (22). 

Furthermore, a study by Anthonisen et al. demonstrated that antibiotic 

treatment in acute exacerbations results in a decrease in the levels of some 

inflammatory parameters (9). 
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Potential markers of aiiWay inflammation in acute exacerbations 

include an increase in neufrophil infiltration in the lung tissue, an increase in 

urinary excretion of isoprostane F2eell!, and, less specifically, an increase in 

plasma C-reactive profein (17). However, these markers have not been 

validafed, and it is not really known if aiiWay inflammation is a sine qua non 

of acute exacerbations (1 7). This makes the evaluation of treatment for 

COPO exacerbations difficult. 

Whether the underlying cause of an acute exacerbation is bacterial 

or not, these episodes have a considerable effect on morbidity and result in 

a decrease in COPO patients' quality of life (23J. 

Optimal ambulafory treatment of acute exacerbations of COPO 

includes use of bronchodilators and systemic corficosferoids, as weil as 

antibiotics if a bacterial infection is suspected (24). Without definite data on 

the optimal duration of therapy with antibiotics, most clinicians prescribe 

courses of 5 to 10 days. As for the duration of corticosteroid administration, 

a recent study supported a course of 5 to 10 days (25). The Global Initiative 

for Chronic Obstructive Lung Oisease (GOLO) guidelines recommend oral 

corticosteroids for outpatients tapering over a course of eight days 

(beginning with 40 mg a day and decreasing the dose by 10 mg every 

other day) (26). For patients who are severe enough to be hospitalised, 

oxygen and mechanical ventilation may also be required (24). 

A meta-analysis of randomised trials performed to assess the 

effectiveness of antibiotic therapy in acute exacerbations of COPO 

demonstrated a statistically significant difference benefiting antibiotic users 

(27). The authors based their estimation on units of standard deviafion, 

because of the diversity of outcome measure across the reviewed studies 

and, therefore, were not able to quantify that benefit. In general, the 

guidelines suggest that Gram 's stain and culture of expectorated sputum 
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are not cost-effective and, hence, should only be performed a more 

complicated subset of patients, such as patients who have not responded 

to initial therapy, patients residing in nursing homes, and patients who are 

sufficiently il! to require hospitalisation (28). ATS guidelines recommend 

antibiotic therapy only if there is evidence of infection, but recognise the 

tact that the decision needs be made clinically, because sputum culture 

is not cost-effective. In general, a change in sputum col our or consistency 

during an exacerbation is an indication for antibiotic therapy. However, the 

same symptoms may be present if the causative agent is a virus, in which 

case treatment with antibiotics is not warranfed (21). 

Acute exacerbations are often accompanied by hypoxemia and 

worsened hypercapnia (9; 18;29). Results from two recent studies suggest 

that patients experience exacerbations of the disease regularly, and 

presenfed median rates of 2.4 and 3 episodes per year (23;30). Another 

study suggesfed that acute exacerbations are more frequent in active 

smokers than non-smokers, and that stopping smoking can reduce the 

frequency by approximately one third (31). 

According to studies that involved daily assessment of symptom 

scores by patients, about 50% of acute exacerbations were not reported to 

physicians (23;30). 

1.1.2. BlJrden of the dlsease 

The World Bank has estimated that COPD is responsible for more than 

29 million disability-adjusted life-years, and 1 million years of life lost per 
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annum around the world (32). In the US, it is estimated 15 million people 

have COPD, making it the fourth leading cause of death, exceeded only 

by heart aHacks, cancers, and stroke (6). In 1996, in the US, caPD 

accounted for over 106,000 deaths (7), and costs were estimafed at 

more than $14 billion (33). Niederman et al. estimated that during 1995, in 

the US, total direct costs of inpatienf and physician services related to the 

treatment of acute exacerbations accounted for 1.6 billion dollars, of which 

1.2 billion dollars were spent for individuals ;::;65 years old (34). In 1998, it was 

estimated that in the US around 662,000 hospitalisations were aftributable to 

capo (1.9% of total hospitalisations), and in 2,530,000 hospitalisations (7.0% 

of total hospitalisations) capo was listed as a contributing cause (35). 

Furthermore, it has been estimated that by the year 2020, capo will be the 

fifth highest burden of disease worldwide and will rank third of the most 

common causes of death (5;36;37). Reasons for this rise include a reduced 

mortality trom other cause and both an increase in cigarette smoking and 

environmental pollution in developing countries (5). 

ln Canada, 1998 statistics show that capo was the primary cause of 

death for 9,398 Canadians (4% of ail deaths in Canada), although the real 

mortality rate may be higher as the National Mortality Oatabase does not 

capture underlying causes of death (38). According to the National 

Population Health Survey of 1998/99, the estimated number of Canadians 

diagnosed with COPO was 498,400. In addition, COPO accounted for 2.5% 

of ail male hospitalisations and 2.1 % of female hospital separations (38). In 

1997, the average length of stay ln hospifal for COPO was 10.5 days. 

Respiratory diseases accounted for nearly 3.79 billion dollars of direct health 

core costs in Canada in 1993. This estimate includes expenditures on drugs, 

physician care, hospital care and research. Approximately one-third of 

these costs ($1.33 billion) were spent on chronic bronchitis, emphysema 
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and asthma. Indirect costs, including mortality and morbidity costs (short 

and long-ferm disabilify) as measured by 1055 of producfivity, were double 

the direct costs in 1993, with approximately $3 billion attributed to chronic 

bronchitis, emphysema and asthma (38). 

1.2. INHAlED COlmcosTnolDs 

Inhaled corticosferoids have been widely used in the treatment of 

chronic obstructive pulmonary disease (CO PO) and asthma, and although 

their role in asthma therapy is weil established (39), their benefit in the 

management of COPO is still unclear. The recognition that chronic 

inflammation is also present in COPO provides a rationale for their use in this 

condition. Guidelines for the management of COPO have been developed 

over the last decade with the most widely cited being the Consensus 

Statement of the European Respiratory Society (ERS), the American 

Thoracic Society (ATS) Standards Statement and the Guidelines of the British 

Thoracic Society (BTS). Ali 3 guidelines recommend inhaled bronchodilators 

(anticholinergics and ~2-agonists) as first-line therapy, but while ERS and BTS 

suggest that lnhaled corticosteroids may be of value in patients 

documenfed to respond to corticosteroids, ATS does not recommend their 

use at ail (40). 

Table 1 shows ail the corticosteroids (lnhaled, oral and IV) currently 

available in Canada. Of the inhaled corticosteroids fluticasone and 

budesonide have higher affinity for the glucocorticoid receptor than 

beclomethasone, but in terms of therapeutic index they are similar and 

their full effect is only aHained after several days of therapy (39). 
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1.2.1. Mechemism of Action 

The mode of action of glucocorticosteroids (the group of 

corticosteroids used ln the therapy of asthma and COPO) is not weil 

understood. It is believed that at the cellular level the molecule penetrates 

the cel! wall and binds to the glucocorficoid-receptor present in the 

cytoplasm. This receptor is normally atfached to two heat shock proteins of 

90 kDa. each that stabilise the receptor and prevent if from adhering to 

DNA. Upon binding of the glucocorticoid molecule to the receptor, the 

receptor-hormone complex undergoes conformational changes that allow 

dissociation from the heat shock protein. The glucocorticoid molecule is 

then transported to the cell nucleus where it binds to a specifie sequence 

of DNA called the Glucocorticoid Responsive Element (GRE), which 

regulates a small set of primary Target genes. This, in turn, leads either to 

increased transcription with formation of new proteins, such as Ilpocortin-l, 

or to inhibition of transcription of certain target genes and consequent 

blockage of the synthesis of several cytokines (41). Upocortin-l inhibits 

phospholipase A2, which is involved in the production of pro-inflammafory 

lipid products such as prostaglandins, platelet activating factor and 

leukofrienes. Cytokines in turn are involved in several inflammatory 

processes, from exudation at inflammatory sites, through to the cytokine­

induced expression of nitric oxide synthase, and the trafficking of 

inflammatory cells to the site of inflammation. In addition, 

glucocorticosteroids have also vasoconstrictor properties that reduce the 

airway mucosal edema and thickening that is present in asthma (42). 

Inhaled corticosteroids are not completely deprived of adverse 

effects although these occur less than a comparable dose of oral 

corticosteroids (43). Some portion of the inhaled drug is swallowed, and 
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can therefore reach the circulation by direct absorption fram the 

gastrointestinal tract. The potential negative effects of inhaled 

corticosteroids inciude adrenal suppression, bone loss, skin thinning, 

dysphonia, candidiasis (39;44), cataracts (45-47), decreased linear growth 

in children, metabolic changes, and behavioural abnormalities (42;43). In 

children the effect inhaled corticosteroids in slowing the growth rate has 

been difficult to separate from the effect of the disease, as asthma itself is 

believed to delay puberty (39;46). Moreover, there is no evidence that 

inhaled corticosteroid therapy influences adult height (46). 

ln summary, inhaled corticosteroids have a recognised important 

anti-inflammatory action in asthma, but their benefit in COPD is not weil 

characterised (48-50). Although inhaled corticosteroids are less hazardous 

than systemic corticosteroids, there is still uncertainty as to adverse effects if 

used chronically. 

1.3. INHAI.ED CORTICOSTEROiDS IN CO PD 

Several studies have investigated the role of inhaled corticosteroids in 

the rate of deciine in FEV, among COPD patients, but the results have been 

conflicting. Table 2 summarises the principal findings of those sfudies. 

A meta-analysis by Van Grunsven et al. (51) showed that the long­

term use (at least 2 years) of high doses of inhaled corticosteroids in 

patients with moderate to severe COPD improved significantly the FEV i 

measurements before bronchodilator administration. The lmprovement 

observed in FEV, after bronchodilator administration was, however, not 

significantly different from the one observed with placebo. 
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ln the Lung Health Study (48) rate of FEY 1 decline after 

bronchodilator did not differ befween the group taking triamcinolone and 

the placebo group. Follow up af 9 and 33 months showed that patients in 

the triamcinolone group had significantly fewer respiratory symptoms and 

fewer visifs to a physician due to respiratory symptoms. Nevertheless, the 

fact that patients with a history of asthma were not excluded may have 

confounded the results. 

Pauwels et al. (52) reported a significant improvement in FEV1 after 6 

months of budesonide use and similor trends in the rate of decline in FEV 1 

between placebo and active group from 9 months until the end of the 

study. 

The Copenhagen City Lung Study (53) showed no significant effect of 

budesonide on the rate of FEV 1 decline after 36 months follow up. 

The ISOLDE study (Inhaled Corticosteroids in Obstructive Lung Disease 

in Europe) (54) showed similar an nuai rate of FEV1 decline in patients on 

placebo and patients on fluticasone. However, patients on fluticasone had 

significantly fewer exacerbations (median exacerbation rate was 0.99 year 

vs. 1.32 year on placebo, p=0.026), and a reduced rate of decline in quality 

of life. 

Conversely, in the study by Paggiaro et al. (55) the number of 

patients who had experienced at least one exacerbation after 6 months 

did not differ significantly between fluticasone and placebo groups, 

although in the placebo group more patients had moderate to severe 

exacerbations. 
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Bourbeau and colleagues (56) studied the effect of budesonide 1600 

~g a day in patients with advance COPO who had not shown an 

improvement with 40 mg/day prednisone administered for 2 weeks in the 

run-in phase. By the end of the study, at 6 months, the difference in the 

change in 

significanf. 

befween the placebo and the budesonide group was not 

Renkema et al. (57) studied the long-term effect of high dose 

budesonide in non-allergie patients with COPO in a randomised double 

blind placebo controlled parallel trial of budesonide and placebo tablet, 

budesonide and prednisolone 5 mg/d, and a third arm of placebo 

inhalations and placebo tablet. After 24 months, and taking into account 

only patients that had at least 3 FEY 1 measurements, median FEY 1 slopes 

between groups were not significantly different. In this study, symptom 

scores were significantly different in the two active treatment groups when 

compared with baseline, but the frequency and duration of exacerbations 

were similar in the three groups. In addition to these measurements, the 

authors also analysed plasma cortisol levels and found a significant 

decrease only in the group taking budesonide and prednisolone. 

Conclusions that can be drawn from this study are limited by the following: 

there were only between 18 and 21 patients in each group; there was 

variability in the frequency of FEY 1 measurements; 11 patients withdrew 

from the study between 2 and 22 months. 

A few small studies using a crossover design that looked at the effect 

of inhaled corticosferoids on lung function failed to provide significant 

results (58;59). However, the sample sizes were far too small and the follow­

up periods short. 
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Keatings et al. (60) studied the change ln inflammatory indices 

among COPO patients after crossing placebo and inhaled or oral 

corticosferoids periods. Asfhmatic patients were used as positive con trois. 

Results showed a signiflcant reductlon in sputum eosinophil number in 

asthmatic patients with oral corticosteroid, but no significant change in 

inflammatory ceUs in capo patients receiving either inhaled or oral 

corticosteroids. Nevertheless, the results must be carefuUy interpreted as the 

study was only single-blinded and used a small sample size (10 asthma 

patients and 8 COPO patients). In addition, the period of exposure to the 

inhaled corticosteroid was only 2 weeks. 

Culpitt et al. (61) investigated the effect of fluticasone on the change 

in inflammatory cells, as weil as on lung function. Again, no change in the 

number of inflammatory cells was observed between drug periods, and no 

significant improvement in daily lung function tests was found. Once more, 

care should be taken when interpreting these results due to the limifed 

number of patients involved. 

A recent systematic review of several of these randomised placebo­

controlled trials on the effect of long-term use of inhaled corticosteroids on 

the frequency of exacerbations of capo, showed a 30% protective effect 

of inhaled corticosteroids in reducing the rates of COPO exacerbations (62). 

Nevertheless, results should be interpreted with caution for several reasons: 

exacerbations were not an end point in the reviewed studies, the daily 

dose of inhaled corticosterold used varied even among studies that used 

the same inhaled corticosteroid agent, and patients' baseline 

characterisfics varied among sfudles. Moreover, fhe definition of acute 

exacerbation of COPO differed between studies or was not specified. In 

addition, the time of follow-up varied from 6 to 40 months among studies. 
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The majority of the studies described above, designed address the 

effed of inhaled corticosteroids in COPO, have focused prlmarily on the 

decline in lung fundion (FEV 1), which comtitutes only one measure of the 

disease process. Observations with exacerbations were not planned and 

should, therefore, be interpreted with caution. Recently, observafional 

studies have focused primarily on COPO outcomes. 

The populafion-based sfudy by Sin and Tu showed that patients 

receiving inhaled corticosferoids within 90 days post-discharge had a 

relative risk redudion for repeat hospitalisation of 24% (95% CI: 20-29%) and 

for ail-cause mortality of 29% (95% CI: 22-35%) (63). However, the authors 

did not exclude patients who could simultaneously have an asthmatic 

component of their disease, to whom inhaled corticosteroids are known to 

be beneficial. Moreover, the analysis did not account for time-dependency 

of exposure. In other words, we don't know whether the patients that were 

prescribed inhaled corticosteroids within 90 days of discharge continued on 

that medication or not, nor for how long. 

More recently, Soriano and colleagues used the UK General Pradice 

Research Oatabase (GPRO) to compare ali-cause mortality, over a three­

year period, in CO PO patients using regularly fluticasone propionate and/or 

salmeterol with COPO patients using other bronchodilators (64). Regular use 

was defined by three or more prescriptions of salmeterol or fluticasone 

propionafe occurring over a six month period. Results showed that the 

regular use of fluficasone, alone or in combination with salmeterol, was 

associated with increased survival of COPO patients managed in primary 

care. Here again, the authors first selected the regular users, and then 

performed an intention-to-treat analysis, i.e., fhey did not account for time­

dependency of exposure. 
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1.4. RATIONAlE AND OBJECTIVES 

A cohort study by Seemungal et al. showed that declines in lung 

funcfion aHer an exacerbation were highly significant, and that on day 

thirty-five following an exacerbation only 75.2% of the individuals had 

recovered their peak expira tory flow rate (PEFR) to baseline values (30). 

Moreover, on day ninety-one, 7.1 % of patients had still not recovered their 

baseline PEFR. In this same cohort it was observed that the median time to 

a next exacerbation was increased with oral steroid therapy (p=0.037). Blais 

et al. demonstrated that in asthmatic patients inhaled corticosteroids 

administered regularly in the year following the diagnosis reduce the risk of 

admission to the hospital for asthma by up to 80% (65). If a similar benefit is 

shown in COPO patients, there would be great impact in the disease 

therapeutics. These latter studies argue in favour of the need to assess the 

role of inhaled corticosteroids in the early stage of COPO. This is the 

rationale behind the second paper presented in this thesis. 

The aim of the first paper is to describe the rate of exacerbations of 

COPO, according to gender, age at exacerbation, and duration of 

disease. The aim of the second paper is to determine whether the use of 

lnhaled corticosteroids is associated with the risk of a first exacerbation in 

COPD patients. 

Taken together the first paper describing rates of exacerbation of 

COPO and the second, exploring the impact of inhaled corticosteroids in a 

first exacerbation will enhance understanding of This increasingly prevalent 

disease. 
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TABLE 1. CORTiCOSTEROIDS THAT CAN BE USED IN COPD. 

Pharmcu:eufical form of Corficosferoid 
Inhaled 

Oral 

Corficosteroid 
Beclomethasone 
dipropionate, 
monopropionate 
Fluticasone dipropionate 
Triamcinolone acetonide 
Budesonide 
Flunisolide 

Prednisone 
Triamcinolone 
Methylprednisolone 

Intravenous (IV) - for hospifal administration Methylprednisolone sodium 
only succinate 
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TABLE 2. UTERATURE REVIEW 

~" 

1 
~ 

leference, ofSNdy, 
publieaiicll Drug 'oJlow-u§) Outecme meœure Fmdmgt 

year sample sÎ%e, pcpulatfon 

Van Grunsven Meta-analysis of Inhaled coriicosteroids 24mo. FEVI pre- & post- Benefit in FEVI rate pre-
[48] 3 clinical trials bronchodilator bronchodilator after 2 yr.: +0.034L/yr 

OnlyCOPO (95% CI:0.005-O.063; p=0.026) 
1999 Similar FEVI rate post-

bronchodilator (95% CI: 0.006-
0.0084, p=0.095) 

Lung Health Multicentre placebo Triamcinolone 40mo. FEVI Similor rate of FEV 1 decline in both 
Study Research controlled, randomised trial 1200 J,lg/d groups(p=0.50) 
Group [49] l ,116 patients Fewer respiratory symptoms 

40-69 y.o. (p=0.005) 
2000 Fewer visits to a GP (p=0.03) 

Pauwels [50] Randomised double-blind, Budesonide 800 J,lg/d 36mo. FEVI Improvement after 6 mo.: + 17mL/yr 
placebo controlled vs-18 mL/yrin placebo (p<O.OOl) 

1999 Similor slopes from 9mo. until end 
OnlyCOPO (p=0.39) 

1,277 pts 
30-65y.o. 

Vestbo [51] Randomised, double-blind, Budesonide 36mo. FEVl Similor rate of decline (95% CI:-12.8 
placebo controlled 1200 ~lg/d for 6 mo + 800 to 19.0; p=0.9) 

1999 fi9/d for 30 mo. 
290 patients with mild-
moderate CO PO 
30-70 v.o. 

Burge [52] Randomised, double blind, Fluticasone 1000 J,lg/d 36mo. FEVI Similor rate of decline (p=0.16) 
placebo controlled 

2000 751 pts with moderate- Fewer exacerbations (p=0.026) 
severe COPO 

_ 40-75 y.g~__ 
- ------
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pUbkm10n 

Paggioro [531 

1998 

Bourbeau [54] 

1998 

Renkema [55] 

1996 

Type cf Studv, 
sample me, popukition Drug 

Multicentre randomised 1 Fluticasone 1000 Ilg/d 
double blind placebo 
controlled 

281 COPD pts 

50-75 y.o. 

Randomised double blind 1 Budesonide 1600 IJg/d 
parallel trial 
Age;:::40y.o. 
Non-responders to oral 
corticosteroids in run-in 
phase 

79 patients (39 in 
budesonide; 40 in placebo 
group) 

Randomised double-blind, 
placebo-controlled, 
parallel trial 

58 stable CO PD pts < 70 
y.o. 

1) 

2) 

3) 

Budesonide 
1600jJg/d+ 
placebo ta blet; 
Budesonide 
1600 jJg/d + 
prednisolone 
5mgod 
Placebo 
inhalations + 
placebo tablet 

foDlow .. up 

6mo. 

6mo. 

24mo. 

27 

Qutcome meamre fiildings 

FEVl Improvement of ;::10% in FEVI seen 
# and severity 
exacerbations 
6 min.-walking test 

of 1 in 29% of patients on fluticasone 
and 18% on placebo (p=0.053) 
Similor # of exacerbations 
(p=0.449); less severe exacerbations 
(p<O.OOl) 

FEVl 
Secondary outcomes: 
exercise capacity, 
dyspnea after exercise 
and quality of life 

FEV1, symptom scores, 
Frequency and duration 
of exacerbations, 
adrenal activity 

Improvement in 6 min walking test 
(p=0.032) 

Change in FEVI after 6 mo.: 
Budesonide: 8 (95% CI: -51 to 68); 
Placebo: 12 (95% CI: -61 to 85); 
difference: -4 (95% CI: -95 to 87) 
Secondary outcomes did not differ 
between treatment groups. 

Median FEVI slope: 
Placebo: -60 mL/yr (range:-570 to 
140 mL/yr) 
Budesonide: -30 mL/yr (range: 
-180 to 870 mL/yr) 
Combination Tx: -40 mL/yr (range: -
340 to 60 mL/yr) 
Symptom scores significantly lower 
in both active lx groups 
Frequency and duration of 
exacerbation were not significantly 
different in the 3 groups 
Mean plasma cortisollevel afier 2 yr 
decreased significantly in the 
combination group 



lefererice;-~ ,. type oUwdy, 
publk:afbn yem mmDie me. popmœion. Dnlg follow~up Omcome meœure ~9S 

Nishimura [56] 1 Randomised double blind 1 Beclomethasone 14 Wks 1 FEY1 1 Only 5 patients 
placebo controlled 3 mg/d improvement 

showed 

1999 

Weiner [57] 

1995 

Keatings [58] 

1997 

Culpitf [59] 

1999 

Alsaeedi [60] 

2002 

Crossover trial 
34COPO pts 
~55 y.o. 

Randomised double blind 1 Budesonide 800 Jlg/d 
placebo controlled 
crossover trial 
30COPD pts: 
8 respondents to p2-
agonists 

Single bHnd, 
design 

crossover 1 Budesonide 800 Jlg/d 
Prednisolone 30 mg/d 

For budesonide: 15 COPO 
pts aged 45-78 y.o. 

For prednisolone: 11 
asthmatics (positive 
control) 
9COPD 

Randomised 
placebo 
crossover trial 
13COPD pts 
62±2 y.o 

double blind 1 Fluticasone JOOO f.!g/d 
controlled 

Systematic review of Ilnhaled corticosteroids 
randomised placebo 
controlled trials on the 
effect of inhaled 
corficosteroids in COPD 
9 studies reviewed 
(n=3,976) 
OnlyCOPD 

6Wks 

2Wks 

4 Wks 

6-40 ma. 
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FEYl 

FEY1, FYC, PEFR 

Concentration of TNF-a, 
IL-8, ECP, EPO, MPO, HNL 
in sputum 
(inflammatory indices) 

PEF 
Dyspnea scores 
# inflammatory ce Ils 

Improvement in FEYl only in 
respondents to 132-agonists 
following drug (p<O.Ol) 

No significant changes in 
pulmonary function tests nOf 
inflammatory cells after placebo 
or budesonide. 
No significant changes in 
pulmonary function test nor in 
inflammatory ceUs in COPO pts 
aHer oral prednisolone 

Similar daily PEF between drug 
periods (p>0.05) 
No change in # of inflammatory 
cells, no change in median 
dyspnea scores 

Frequency of RR=0.70; 95% CI: 0.58 to 0.84 
exacerbations between Significant test of heterogeneity 
treated and not treated (p=O.03) 
patients 



pvbiic~n 

.x~r 

Sin [61] 

2001 

Soriano [62] 

2002 

type of Srody, 
semple mek pcpubion Drug 

Nested case-control in 1 Beciomethasone 
administrative databases Budesonide 
of Ontario Flunisolide 

Triamcinolone 
22,620 pts 

:<:65y.o. 

FoOow-up 

From 1992-1997 

1 Retrospective cohort of 1 Fluticasone propionate 1 3 yrs 
newly diagnosed COPO and for salmeterol 

1 patients identified in the 
GPRO during 1990-1999 

:<: 50 yrs 

1,045 COPO users of 
fluticasone and/or 
salmeterol and 3,620 
COPO users of other 
bronchodilators. 

Seemungal [30] 1 Cohort study Ilnhaled corticosteroids 130mo. 

2000 

Blais [63] 

1998 

101 CO PO pts 

Nested case-control in 1 Inhaled corticosteroids 
administrative data bases 
of Saskatchewan 

13,563 newly treated 
asthmatic patients 

5-44 y.o. 

12 mo. treatment 

29 

Outccme maasure 

Re-hospitalisation; 
mortality due to COPO 

3 year survival (all­
cause mortality) 

Rates of exacerbation 
Time to next 
exacerbation 
Lung function (PEFR, 
FEV1, FVe) 

findings 

OR (95% CI): 
0.71 (0.65-0.78) for re­
hospitalisation; 0.76 (0.71-0.80) for 
mortality 

Survival at 3 years in FP and/or 
salmeterol users (78.6%) greater 
than in the reference group 
(63.6%) 
FP + salmeferol: adjusted HR=0.48; 
95% CI: 0.31 to 0.73; 
FP: adjusted HR=0.62; 95% CI: 
0.45-0.85; 
salmeterol: adjusted HR=0.79; 95% 
CI: 0.58-1.07) 

Exacerbation rate: 2.4/yr; 
Median time to next 
exacerbation increased with oral 
steroids (p=0.037) 
Recovery of PEFR ta baseline: on 
day 35 only 75.2% reached 
baseline; on day 91, still 7.1 % had 
not recovered 

First admission to 1 Patients on inhaled 
hospital for asthma corticosteroids were 40% less likely 

ta be admitted ta hospital for 
asthma (OR=0.6; 95% CI 004-1.0). 
Patients on inhaled 
corticosteroids and theophylline 
given subsequently were 80% less 
likely to be admitted for asthma 

JOR=0.2; 95% CI 0.1-0.5) 
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For the two articles included this thesis we used as source 

information, data from the Saskatchewan Health databases. The 

Prescription Orug data base, that includes information on drugs covered by 

the government and dispensed in community pharmacies, served as the 

base for construction of the COPO cohort. Linked hospitai information was 

used in both articles to identify severe exacerbations of the disease. This 

chapter describes the source of information used, and how the COPO 

cohort was formed. 

2. THE HEAliH DATABASES OF SASKATCHEWAN 

The computerised data bases of Saskatchewan Health, a provincial 

government depadmenf, were created to help coordinate province-wide 

health care programs, which have been publicly funded since 1968. 

Residents of the province enjoy universal health insurance, except for those 

whose health care is funded federally, such as members of the Royal 

Canadian Mounted Police, members of the Canadian Forces, and inmates 

of federal penitentiaries, which account for less than 1 % of the total 

population (1). More than 2.2 million individuals have been registered for 

coverage since its initiation. Major databases include the Population 

Registry, the Prescription Drug Database and the Hospital Services 

Database. 

2.1 THE POPULATION REGISTRY 

The Population Registry con tains demographic and coverage 

information for 011 eligible residents, as weil as their Health Service Number 
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(HSN), which is a lifefime number, assigned at registrafion that uniquely 

identifies each resident. The HSN enables linkage of the computer 

data bases. In addition, the Population Registry also confains information on 

the date of coverage initiation and termination. 

2.2 TIiE PRESCRIPTION DRUG DATABASE 

The Prescription Drug Data contains information on drugs listed in the 

Saskatchewan Formulary, which are those generally covered and intended 

for outpatients. This formulary is updated bi-annually and listed drugs are 

under continuous review. Moreover, in order for a drug to be covered it 

must be prescribed by a licensed practitioner. When the Prescription Drug 

Plan began, on September l st, 1975, the beneficiaries paid a small 

dispensing fee for each prescription, and Saskatchewan Health paid the 

pharmacy for the balance of the cost. Currently, a family based deductible 

system is in place (l). 

This data base collects information on an individual patient basis and 

contains information about the patient, drug information, prescribing 

physician, pharmacy and cost. Patient fields include the HSN, which 

enables linkage to other data bases, sex, year of birth, and designation of 

special status (e.g" welfare recipient). Drug information consists of drug 

identification number (DIN), active ingredient number (AIN), generic and 

brand nomes, strength and dosage form, manufacturer na me, date 

dispensed, quantity dispensed, and "No substitution" indicator if applicable 

(1). In addition, it includes the pharmacologic-therapeufic classification, 

which was adapfed from The American Hospital Formulary Service 

classification system. 
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The Prescription Drug data base is submitted to several validation 

checks. Checks are done at the pharmacy level at the time a drug is 

dispensed, as to identification of the claimant, his eligibility, demographic 

accuracy and whether the drug is covered by the Plan. In addition, 

submifting pharmacies undergo routine audits (1 ). 

2.3 THE HOSPiTAL SERVICES DATABASE 

The Hospital Services Database con tains information on ail 

separations, that is, discharge, transfer, or death, taking place in ail 

hospitals of the province. The file contains the HSN, sex and month and year 

of birth, as weil as discharge diagnosis (up to three) and treatment 

information (up to three procedures), accident code, and other 

administrative data. The diagnostic and treatment classification system is 

the World Health Organisation International Classification of Diseases, Ninth 

Revision (ICD-9). The procedure classification system is the Canadian 

Classification of Diagnostic, Therapeutic, and Surgical Procedures (CCP). 

Both codes use four digits. The administrative information consists of the 

admission and discharge dates, length of stay, admission and separation 

types, level of care codes, case mix group and resource intensif y weight 

(for estimation of costs associated with a given hospitalisation), information 

on the attending physician and surgeon (if applicable), and hospital 

identification number (1). 

Ali hospital data are cross-checked with the population registry for 

patient eligibility, identification and demographic accuracy. Moreover, 

computer programs check for iIIogical enfries (1). 
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2.4 SWDY POPULATION 

To form the COPD cohort the Drug Prescription data base of 

Saskatchewan Health, was resfricted to include individuals aged 55 years or 

older who hadbeen dispensed at least one prescription of any inhaled or 

oral beta-agonist, xanthine or ipratropium bromide, or any oral 

corficosteroid between January 1st, 1990, and December 31st, 1997. In 

order to exclude individuals who might have had only a prescription for 

occasional treatment, selection was further resfricfed to subjects who had 

been dispensed a minimum of 3 prescriptions for a p2-agonist, ipratropium 

or xanthine, on 2 different dates in any one year period (from January 1990 

to December 1997). Entry to the cohort was the date of the third 

prescription. Moreover, in order to identify the newly treated COPD patients 

we furfher restricted entry into the cohort to subjects who had not received 

any p2-agonist, ipratropium bramide, xanthines, asthma medications, nasal 

corticosteroids or inhaled corticosteroids, during the 5 years pre-study entry. 

Figure l describes the construction of the COPD cohort. 

The COPD cohort was then linked to the Hospital data base to allow 

identification of ail hospitalisations related to respiratory diseases and to 

estimate true follow up time, taking into account time spent in hospital 

during the study period. 

The time frame was selected because it was after January 1990 that 

high dose inhaled corticosteroid therapy became generally available. 

Figure 2 shows the time frame of the cohort of interest for both sfudies. 
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fiGURE 1. CONSTRUCTION OF THE COPD COHORT. 
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fiGURE 2. TIME FRAME FOR COHORT ENTRY AND FOllOW UP. 

Cohort entry 

1990 1997 1999 

Follow-up 
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CHAPTER 3: RATES AND PATTERNS Of COPO EXACERBATIONS 
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3.1 PREFACE 

The following paper ls the first descriptive study, to our knowledge, to 

quantify the rate of treated chronic obstructive pulmonary disease (COPD) 

exacerbations in a population-based cohorf. In addition, the methodology 

used to determine the outcome of inferest has not been tested before. The 

knowledge that the occurrence of exacerbations in this patient population 

causes great burden for the individual and the society urges one to 

determine the frequency and patterns of these events. This would enable 

the development of preventive measures, as weil as, befter allocation of 

health care resources. 

The article describes the methodology used and provides rates by 

gender, age, duration of the disease, and calendar year. 

ln estimating the rate of exacerbations in a large cohort of COPD 

patients, the following assumptions were made: 

BI exacerbations follow a Poisson distribution; 

III censored observations have an outcome probability similor to 

that of individuals remalning under observation; 

BI losses are uniform during each interval of time; 

BI and there are no secular trends over the calendar period covered 

by the accrual (1990-1997). 

The use of a Poisson distribution to describe the occurrence of rare 

events, such as exacerbations in an incepfion cohort of COPD patients, 

suggests that the estimated rate is constant in any time unit within a 

deflned lnterval. That n persons followed during t units of time are 

equivalent to t persons observed during n units of time (1). This notion is 
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important 

paper. 

the inferprefafion of the results described in the following 
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3.2 RATES AND PATTERNS Of COPD EXACERBATIONS 

ABSTRACT 

Acute exacerbations of COPD are believed to be a common 

occurrence in COPD patients and are known to be associated with 

considerable disease deferioration, but their patterns are not weil known. 

Our aim is to describe the frequency of acute exacerbations of COPD in a 

large population-based cohort. 

We used an inception cohort of COPD patients, formed from the 

Administrative Databases of Saskatchewan. The outcome was the 

occurrence of ail moderate or severe exacerbations trom 1990 to 1999. 

Moderate exacerbations were defined by dispensing of both a prescription 

for an antibiotic and a prescription for an oral corticosteroid on the sa me 

day. Severe exacerbations were defined by a hospitalisation with a primary 

discharge diagnosis of COPD. 

There were 5,645 patients that entered the COPD cohort between 

1990 and 1997, of which 1 A89 experienced at least one exacerbation 

requiring treatment during follow-up. The overall rate of acute 

exacerbations was 11.5 per 100 person-years. It increased with age and 

was highest in the age group 75-84 years (13.0 exacerbations per 100 

person-years). The rate of exacerbations was higher in men than women 

(13.7 vs. 9.1 per 100 person-years). If was highest in the first trimester of 

therapy for the disease (13.8 per 100 person-years) and stabilised thereafter 

around 12.0 exacerbations per 100 person-years. 

Our results indicate that men have higher rate of exacerbations thon 

women, and that the rote does not increase with increasing diseose 

durafion over the first 10 years of disease. 
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INTRODUCTION 

Acute exacerbations of COPO are known to be associated with 

considerable morbidity and m orta lit y in patients with chronic obstructive 

pulmonary disease (COPO) (1 ;2). They are also associated with important 

loss of quality of life {3}, are a common cause of hospital admission (4), 

often after failed initial therapy in the community and are a frequent cause 

of readmission to hospital (5). The following factors are thoughf to trigger 

exacerbations of COPO: viral infections, bacterial infections, inhalation of 

environmental irritants, discontinuation of medications and changes in diet 

(6). 

There is little information on the frequency and pattern of 

exacerbations in CO PO, but economic studies suggest that the burden of 

these events to society is considerable. US data showed that, in 1995, total 

direct costs of inpatient and physician services related to the treatment of 

acute exacerbations were 1.6 billion dollars, of which 1.2 billion were spent 

on individuals ~65 years old (7). In 1998, about 2% of hospitalisations were 

aftributed to COPO, and in 7% of ail hospitalisations, COPO was lisfed as a 

confributing cause (8). If is believed that moderate to severe COPO 

patients experience 2-3 exacerbations a year (3;9), and that about 50% of 

exacerbations are not reported. However, this information is derived from 

studies based on patients' self-reports. 

Furthermore, the expression "frequent exacerbations" is sometimes 

used to endorse the use of certain medications in COPO patients, although 

if is not defined (10). The lack of a standard definition of acute 

exacerbation of COPO or of a severity grading system contributes to the 

difficulty in assessing the real impact of these episodes among COPO 
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patients, as weil as the impact on the health care system. Probably the 

most commonly used definition clinically involves the combinatlon of the 

three following cHnical findings: worsening of dyspnea, an increase in 

sputum purulence and increase in sputum volume. 

Our study ai ms to provide detaHed information regarding the 

frequency of treated exacerbations in a large population of capo patients 

followed over a prolonged period of time. 
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METHODS 

Source Population 

The primary source of data was a CaPD cohort that was formed from 

the computerised data bases of Saskatchewan Health. These data bases 

were developed to support the universal health insurance program 

provided to ail residents of the province since 1975 (with the exception of 

the native population who have their prescription costs paid by a federal 

government agency, members of the Royal Canadian Mounted Police 

and Armed Forces). Two million people have been covered by this 

program since it began. Dispensed prescriptions, use of health care services 

and vital status information are ail recorded, and the information can be 

linked for each individual through their Health Service Number (HSN). The 

HSN is a lifetime number that uniquely identifies a person and that is issued 

at registration (11). 

COPD Cohort 

The CaPD cohort was formed by seleding individuals aged 55 years 

or older, who had received at least 3 prescriptions for 132-agonists, 

ipratropium bromide or xanthines, in any one year period, on two different 

dates between January 15f, 1990, and December 31 st , 1997. Entry into the 

cohort was the date of the third prescription. In order to include only 

subjeds wlth new omet of therapy for CaPD, we excluded subjeds who 

had used 132-agonists, ipratropium bromide, xanthines, asthma medications, 

nasal corticosteroids or inhaled corticosteroids during the 5 years before 

these three prescriptions. 
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Ail patients in cohort were followed from cohort to the 

earliest of the following dates: Oecember 31, 1999, emigration tram the 

province, or death. 

Outcome 

The outcome was the occurrence of ail moderate or severe 

exacerbations during follow-up. Moderate exacerbations were defined as 

dispensing of a prescription for a systemic antibiotic and an oral 

corticosteroid on the same day. Severe exacerbations were defined by a 

hospitalisation with a primary discharge diagnosis of capo (ICO-9 codes 

490-492 and 496). If an exacerbation, whether moderate or severe, 

occurred within 30 days of a previous exacerbation, it was considered as a 

relapse and not a new exacerbation. A less restrictive definition of 

moderate exacerbation was also used, namely the dispensing of a 

prescription for an antibiotic and an oral corticosteroid within seven days of 

each other. 

Sfaflsflcal Analysis 

Crude rates of COPO exacerbations were computed by dividing the 

number of exacerbations by the person-time of follow-up. These rates were 

stratified by gender and time-dependent age. We also estimafed the 

overall rate of capo exacerbations using the less restrictive definifion for 

moderate exacerbation. In order to assess whether the burden of COPO 

has changed over time, we determined the rate of exacerbations that 

occurred in each calendar year, Le., from 1990 to 1999. 
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We repeated these analyses for the rate of the first exacerbation. We 

computed this rate over duration of follow-up, using the actuarial method. 

We excluded fram this analysis 1,192 patients that had had at least one 

exacerbation before cohorf entry, otherwise fheir first exacerbation affer 

cohort entry would not be their firsf exacerbation of the disease. Time 

infervals of different length were used to allow examinafion of longer 

duration of follow-up, where the number of individuals was small. 

ln 011 instances, we assumed that exacerbations follow a Poisson 

distribution, and that rates were constant within each stratum. Ninety-five 

percent confidence intervals were computed for 011 rates. Ali analyses were 

performed using SAS software version 8 (1999-2001 by SAS Institute, Cary, 

NC, USA). 

47 



RESUllS 

There were 5,648 patients who entered the capo cohort befween 

1990 and 1997. af these, 3 were excluded because they had no follow-up. 

af the remaining 5,645 patients, 53.9% were male, and the mean age was 

73.5 years. The distribution of the capo cohort by age groups at cohort 

entry, by respirafory drugs that defined cohort entry and prescriptions for 

antibiotics and/or oral corficosteroids during follow-up are shown in table 1. 

We identified a total of 3,048 exacerbations, of which 384 were 

excluded from ail subsequent analyses since they occurred within 30 days 

of a previous one. Thus, there were 2,664 exacerbations that occurred in 

1,489 patients, of which 627 were moderate and 2,037 were severe. 

The overall rate of exacerbations of capo during the 10-year follow 

up period was 11.5 per 100 person-years. Men had a higher overall rate of 

exacerbations than women (13.7 vs. 9.1 exacerbations per 100 person­

years), and this difference was constant across ail age groups. In general, 

rates of exacerbation increased with increasing age and were highest in 

the 75-84 age group (Table 2). Using the alternative definition of moderate 

exacerbation, i.e., the dispensing of a prescription for an antibiotic and an 

oral corticosferoid within seven days of each other, the overall rate of 

capo exacerbation was 13.3 per 100 person-years. The rate of capo 

exacerbations increased over calendar time trom 9.5 exacerbations per 

person-years in 1990, to 12.7 exacerbations per 100 person-years in 

1992, and then decreased, alfhough the accrual of patients continued until 

the end of 1997. In 1999, the rate of capo exacerbation was 12.5 

exacerbations per 100 person-years. In the first three months from onset of 

treatment of caPD (cohort entry), the rate of CaPD exacerbations was 
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i 3.8 per 100 person-years, in the twelfth monfh if was 8.7 per 100 person­

years, and then if stabilised around 11.7 exacerbations per 100 person-years 

as the duration of the disease increased. 

Table 3 shows that the rate of severe exacerbations was higher than 

that of moderate exacerbations for bath genders. in men the rate of severe 

exacerbations was almost four times that of moderate exacerbations (10.9 

vs. 2.8 per 100 person-years, respectively). In addition, the rate of a firsf 

exacerbation was also higher for men than women (5.9 vs. 4.4 

exacerbations per 100 person-years). The rate of a first severe exacerbation 

was also higher than the rate of moderate in bath genders (3.8 vs. 2.1 per 

100 person-years in males and 2.5 vs. 1.8 per 100 person-years in females). 

Figure 1 shows the hazard curve for the first exacerbation of COPD. The risk 

of a first exacerbation is higher in individuals that stay in the cohort only one 

year or less, and th en decreases as the time of survival increases. The 

hazard stabilises around 4.5 per 100 person-years in individuals that are 

followed for four years or more. 
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DISCUSSION 

The overall rate of an acute exacerbation of COPO in our 

population-based cohort was 11.5 per 100 person-years, or 0.115 

exacerbations per patient per year, which is lower thon the rates presented 

in other studies. Anthonisen et al. during a trial designed to assess the role of 

antibiotics in the treatment of exacerbations in stable COPO patients, with 

mean age 67.3 years, reporfed an average of 1.3 ± 1.5 exacerbations per 

patient per year, of which 40% were severe, as defined by the occurrence 

of three symptoms: increase in dyspnea, increase in sputum volume and 

sputum purulence, and 40% were moderate, defined by the presence of 

two of the previous symptoms (12). However, in their study exacerbations 

were diagnosed by patients' recall of symptoms. In our study, severe 

exacerbations accounted for 76% (2,037) of ail exacerbations. Seemungal 

et al. followed a cohort of patients with moderate to severe COPO to assess 

their quality of life during exacerbations and when their condition was 

stable and found a rate of 2.7 exacerbations per patient per year (3). In this 

study, exacerbations were defined as an increase in any two "major 

symptoms" (dyspnea, sputum purulence, sputum volume) and increase in 

one "major" and one "minor symptom" (wheeze, sore throat, cough, and 

nasal congestion/discharge) for at least two consecutive days. The 

information on exacerbations was obtained by self-report and by means of 

daily diary cards. The authors also found that 50% of exacerbations were 

not reported and were diagnosed only from the diary cards. A more recent 

study also by Seemungal and colleagues, where patients with moderate to 

severe COPO were followed for 2.5 years, suggested a median 

exacerbation rate of 2.4 exacerbations per patient per year (9). The authors 

used the same definition as used in the previous study. However, this study 

included only 101 patients that attended the outpatient clinics of a 
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reference hospital and who were willing to participate ln a long-term study. 

ln addition, only about 250 exacerbations (50%) were reporfed to the 

researchers, and only 154 of ail exacerbations were treated. Furthermore, in 

patients with two or more exacerbations and for whom the treatment had 

been recorded (n=134) only 25% of exacerbations were freated with both 

an antibiotlc and an oral steroid, and 12.1 % received no treatment. 

Another recent cohort study, where a total of 81 patients with moderate-to­

severe cOPD were followed for 56 months, found a mean rate of 2.1 

exacerbations per patient per year (13). In this study, an exacerbation had 

to be self-reported or caught by the physician at each monthly visit, in 

order to be identified. If was defined by a substantial worsening of one or 

more symptoms (dyspnea, cough, sputum production, viscosity, and 

purulence) as compared to a "usuallevel", or a minor worsening of two or 

more symptoms and after excluding other causes of worsening of 

symptoms, such as pneumonia, upper respiratory infection, and congestive 

heart failure. The fa ct that our results are lower than the ones obtained in 

these studies is not surprising for several reasons: our study was a population­

based study that included members of the general population who were 

being treated for CO PD and who contributed with person-time to the 

cohort; unlike the studies published so far, it was not only restricted to 

patients with moderate to severe disease; our definition of exacerbation 

required that a patient sought a physician, and then was prescribed 

treatment, or was hospitalised. However, our definition of exacerbation 

assures that they are clinically relevant and associated with morbidity and 

costs. One limitation of our definifion is that we excluded trom the 

numerator patients who might have had an exacerbation and were 

treated with only an antibiotic or with only an oral corticosferoid. The overall 

rate of cOPD exacerbations using an alternative approach to define a 

rnoderate exacerbation, Le., the dispensing or a prescription for an 
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antibiotic and an oral corficosteroid within seven days of each other, was 

not very diHerent from the one obtained by our more strict definition. The 

overall rate would have been higher (13.2 per 100 patients-year or 0.132 

exacerbations per patient per year instead of 0.115 per patient per year) if 

we had not excluded the 384 relapses that occurred within 30 days of an 

exacerbation. 

ln this study we were interested in assessing the effect of gender and 

age on the risk of acute exacerbations in a population-based cohort of 

COPO patients. Age is a known risk factor for a more rapid decline of lung 

function. It is also associated with the number of years of cigarette smoking, 

which is the major risk factor for COPO (14). The effect of gender in COPO 

has been disputed by several authors. Chronic obstructive pulmonary 

disease has historically occurred more frequently in men, which has been 

attributed to sex-related differences in smoking patterns worldwide. More 

recently, men were shown to report more respiratory symptoms thon 

women, even after adjusting for smoking {l4}. Furfhermore, men were 

found to have higher risk for dying of COPO after adjusting for disease 

severity and age (15). Nevertheless, a few studies on the gender related 

differences and lung function have suggested that smoking is more 

detrimental for women thon for men (15-1 7). 

Gender differences observed in our results point in the direction of 

the results of the study by Sunyer and colleagues (15). The authors followed 

the vital status of a cohort of asthma and COPO patients, who visited the 

emergency room of four major hospltals the city of Barcelona, between 

1985 and 1989. In their study men had higher risk of dying of 011 causes of 

death, for ail respiratory causes and for COPD, thon women. The risk of 
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dying of COPO remained higher among men than women even after 

adjusting for disease severity and for age. 

Dissimilar to our findings are the observations that women are more 

vulnerable to the effect of smoking than men (1 6; l 7), whlch argues against 

the higher rates of COPD exacerbation observed men in our study. A 

recent study on the gender related differences in severe, early-onset COPD 

suggested that women smokers were more susceptible to severe COPD 

than men (16). Chen et al. studied the interaction between sex and 

smoking habits on lung fundion in adults, 25 to 59 years of age, in a rural 

community in Saskatchewan, and found that cigarette smoking was more 

detrimental in women than men (17). It is likely that in our COPD cohorf, 

with a mean age of 74 years, the proportion of male smokers is higher than 

the proportion of female smokers and that this difference is accounting for 

the difference in the rates of exacerbation observed. 

Behind the definition of a severe exacerbation is the assumption that 

the patient is sick enough, first to be transporfed to an emergency unit of a 

hospital, and then to be admitted. This information depends on the ability 

of the diagnostic code to properly represent the condition, and also on the 

validity of the information entered. Rawson and colleague studied the 

validity of the recording of several conditions, lncluding chronic obstructive 

pulmonary disease, in the Saskatchewan hospital database, and 

concluded that for COPD there was exact agreement in 94.2% of the cases 

between computerised hospital data and discharge diagnosis in medical 

charts. Furthermore, the authors concluded that the concordance 

between medical charts and hospifal computer data on personal and 

demographic factors was excellent (~92%) (18). 

The results presented in this study depend also on the accuracy of 

the information registered in the Prescription Drug data base of the Province 
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Saskatchewan. The Prescription Orug data base is submitted to numerous 

validation checks, and pharmacies that collect information undergo 

regular audits (11). Moreover, drug utilisation reviews and program 

evaluations are ongoing within the Orug Plan, which also serves to validate 

the system. 

One strength of our study is the use of a population-based cohort of 

COPO patients, which provides a beffer picture of what happens in the 

community, away tram the artificial and strict environ ment of clinical trials. 

However, one can argue that our cohort is not a true COPO cohort, 

because it was not based on clinical information. By restricting entry into 

the cohort to individuals 55 years and older who during the previous 5 years 

did not have any prescription for respiratory drugs, nor had prescriptions for 

drugs more commonly used in asthma, we believe that we were able to 

isolate patients who were newly diagnosed COPO patients. Patients 

entered into the cohort at the same stage of their disease minimising 

possible selection bias and prevalence bias and, therefore, allowing for a 

more accurate estimate of the rate of exacerbation by duration of the 

disease. 

ln conclusion, our findings suggest that in a population-based cohort 

of COPD patients only about 23% will experience moderate or severe 

exacerbations during an average period of 3.7 years of follow-up. The 

average rate in this population-based study was 11.5 per 100 person-years. 

This can be interpreted in different ways. It means that among 1 patients 

followed for 1 year, the prabability of occurrence of an acute exacerbation 

is 0.115, which is the sa me probability for a cohort of 50 patients followed for 

2 years or for one single subject followed for 100 years. Of relevance is the 

rate of severe exacerbations requiring hospitalisation, which were 0.109 
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exacerbations per patient per year for men and 0.065 exacerbations per 

patient per year for women. From a population perspective, this is an 

important finding as it provides an indication on how resources will be used 

for COPO patients. The fact that in our study we detected more severe 

exacerbations than moderate may indicate that COPO patients 

underestimafe their condition, and, therefore, if ls nof until their condition 

worsens and they require hospitalisation that patients are treated for an 

exacerbation. Resulfs from a recent international survey suggest that 

subjects with COPO underestimate their morbidity and may, therefore, be 

under treated (19). 

Given that the frequency of exacerbations has been shown to be 

related with a long term decline in lung function in patients with moderate 

to severe disease (20), efforts should be made to develop new strategies to 

encourage smoking cessation, the major risk factor for the development of 

COPO (14), and to develop new ways to stabilise the disease. 
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TABLE 1. DEMOGRAPHIC CHARACTERISTICS OF THE COPD COHORT 

COHORT SilE (1990-1 999} 

MEAN DURAT10N OF FOLlOW-UP 

(YEARS) 

AGE AT ENTRY IN YEARS (%) 
55-64 
65-74 
75-84 
~85 

MEAN AGE (SO) 

AGE RANGE 

MALE GENOER (%) 
BRONCHOOILATORS OEFINING 

COHORT ENTRY (%)t 
Inhaled f32-agonists 
Oral f32-agonists 
Xanthines 
Inhaled ipratropium 
Ipratropium/Salbutamol 

SUBJECTS WHO HAO EXACERBATIONS 

PRIOR TO COHORT ENTRY (%) 
TOTAL NUMBER OF PRESCRIPTIONS 

OISPENSEO OURING FOlLOW-UP 

Oral corticosteroids 
Antibiofics 

SUBJECTS WHO HAO OURING FOLLOW­

UP AT LEAST 1 PRESCRIPTION OF: 

Only oral corticosteroids 
Only antibiotics 
Both antibiotics and oral 
corticosteroids 
None of the above 

5,645 

3.7 

1,048 (18.6) 
1,939 (34.4) 
1,814 (32.1) 
844 (15.0) 

73.5 (9.6) 

55-106 

3,041 (53.9) 

73.8 
10.8 
25.3 
32.3 
2.5 

1,192 (21.1) 

14,288 
31,865 

164 
2,825 

1,783 

873 
tPercentages add up to over 100 because subjects could 
have used up to three different drugs at cohort entry. 
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TAB!.E 2. RATES OF EXACERBATIONS BY AGE GROUP AND BY GENDER 

AGE GROUPS 
TOTAL 

55 s 64 65-74 75 s 84 ~85 

fEMALE EVENTS 
128 397 389 103 1,017 

PERSON= 
1,821.9 3,944.2 3,654.7 1,694.4 11, 115.2 

YEARS 

RATE'" 7.0 10.1 10.6 6.1 9.1 
95% CI 5.9-8.4 9.1-11.1 9.6-11.8 5.0-7.4 8.6-9.7 

MALE EVENTS 
207 616 606 218 1,647 

PERSON= 
1,991.7 4,641.8 

YEAR5 
4,026.3 1,399.9 12,059.7 

RAH:* 10.4 13.3 15.1 15.6 13.7 
95% Cl 9.1-11.9 12.3-14.4 13.9-16.3 13.6-17.8 13.0-14.3 

TOTAL EVENTS 
335 1,013 995 321 2,664 

PER50N= 

YEARS 
3,813.6 8,586.0 7,680.9 3,094.2 23,174.9 

RATE* 8.8 11.8 13.0 10.4 11.5 
95% CI 7.9-9.8 11.1-12.5 12.2-13.8 9.3-11.6 11.1-11.9 

*Rates per 100 person-years 
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TABLE 3. RATES OF ALL EXACERBATIONS BY TYPE AND GENDER 

GENDER N. EXACERBATIONS BY TYPE RATE PER 100 95% 
PERSON-YEARS PERSONm CONFIDENCE 

YEARS INTERVAlS 

ALL EXACERBATIONS 

Females Moderate 292 2.6 2.3-2.9 
(n=2,604) Severe 725 6.5 6.1-7.0 

Total 1,017 9.1 8.6-9.7 
Person-years 11,115.2 

Males Moderate 335 2.8 2.5-3.1 
(n=3,041 ) Severe 1,312 10.9 10.3-11.5 

Total 1,647 13.7 13.0-14.3 
Person-years 12,059.7 

FIRST EXACERBATIONt 

Females Moderafe 174 1.8 1.6-2.1 
(n=2,604) Severe 239 2.5 2.2-2.9 

Total 413 4.4 4.0-4.8 
Person-years 9,479.1 

Males Moderate 208 2.1 1.8-2.4 
(n=3,041 ) Severe 375 3.8 3.4-4.2 

Total 583 5.9 5.4-6.4 
Person-years 9,864.1 

tExcluded patients who had had an exacerbation before cohort entry (n= 1,192) 
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fiGURE 1. HAZARD CURVE FOR FIRST EXACERBATIONS OF COPD 
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CHAPTER 4: INHALED COIUlCOSTEROIDS AND THE RISI< Of A flRST EXACERBATION 

IN CO PO PATIENTS 
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1 PREfACE 

The paper presented in this chapfer focuses on the evaluatlon of 

some of the possible benefits associated with inhaled corticosteroids in 

treatment of COPD. In parficular, a major question is whether inhaled 

corficosteroids reduce exacerbations of the disease, thereby delaying the 

deferioration of lung function. 

The results and methodology employed are presented in this paper. 

Due to space limitations the rationale for assessing certain variables as 

potential confounders is not presenfed in the article, but will be discussed in 

the last section of thls chapter. 

The strength of this study is the use of a large cohort of newly 

diagnosed COPD patients. Entry into the cohort was the day of the third 

prescription (occurring on at least two different days) for COPD treatment 

occurring within a year of the first prescription of medicafions commonly 

used in the freatment of COPD (inhaled J32-agonist, oral J32-agonist, 

xanthine, ipratropium bromide, or a combination of inhaled ipratropium 

and inhaled J32-agonisf). This method of selecting subjects who reached the 

three-prescrlption entry criterion results in minimisation of the possible 

selection bias. Estimates of rate ratios are, therefore, not biased by left 

censoring of the data. We identified the first exacerbation, either moderate 

or severe, occurring after entry info the cohort. The other advantage of 

using an inception cohod is the fact that patients are at the same stage of 

the disease when they enter into the cohort, and, therefore, the assessment 

of exposure is not confounded by prevalence bias. 
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Confounding by indication is a major problem in 

pharmacoepidemiology studies because the reason for prescribing a given 

drug is usually associated with the outcome under study. In the present 

study we have tried to minimize confounding by indication by adjusting our 

analysis for the number of prescriptions for respiratory medications that 

were dispensed in the twelve mon th period preceding the index date, and 

by restricting our analysis to patients who had not experienced an 

exacerbation prior to cohort entry. 
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4.2 INHALED CORT!COSTEROiDS AND THE RISI< Of A flRST EXACERBATION iN COPO PATIENTS 

ASSTRACT 

Whiie the role of inhaled corticosteroids in asthma therapy is weil 

established, their benefit in the management of chronic obstructive 

pulmonary disease (COPO) is confroversial. We assessed whether 

inhaled corticosteroids were effective in preventing a first exacerbation of 

COPO. 

We used the Saskatchewan Health data bases to form a cohort of 

5,645 COPO patients, 55 years and older, newly treated for COPO. The 

patients entered the cohort from 1990-97 and were followed until 

Oecember 31, 1999, or the occurrence of their first ever exacerbation. 

Moderate exacerbations involved prescriptions for an antibiotic and oral 

corticosteroid on the same day. Severe exacerbations were hospitalisations 

with a primary discharge diagnosis for COPO. We used a nested case­

control design and matched on year of birth and cohort entry. Rate ratios 

were furfher adjusted for co-medication use and other confounders. 

There were 995 exacerbations among the 4,455 subjects who had 

not had an exacerbation prior to cohort entry. The rate of a first 

exacerbation was increased with any use of inhaled corticosteroids in the 

year prior to the index date (rate ratio 1.27; 95% CI: 1.08-1,48) and current 

use (rate ratio 1.51; 95% CI: 1.22-1.87). The rate of a first exacerbation 

increased with increasing daily doses; the rate ratios ranged from 1.28 for a 

daily dose of 500 Ilg or less to 2.94 for daily doses greater than 1500 Ilg/day. 

Our results suggest that inhaled corticosteroids are not beneficial in 

reducing the risk of a first ever exacerbation of COPO. The increased risk 

observed is likely a result of residual confounding by indication. 
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INTRODUCTION 

Inhaled corficosteroids are currently the mainstay of adult asthma 

management, and although their benefit in chronic obsfructive pulmonary 

disease (CapO) is still disputed (l ;2), they are also widely used in patients 

with capo (3). Certain similarifies befween asthma and capo, for 

example, the presence of both inflammatory and bronchospastic 

components, provides a rafionale for the use of inhaled corticosteroids in 

capo patients. Ouring the second part of the last decade several studies 

designed to investigate the efficacy of inhaled corticosferoids in the rate of 

decline of FEV1 have been published, with most reporting negative results 

(4-14). A few, however, suggested a beneficial effect of inhaled 

corficosteroids in reducing the number and severity of exacerbations 

(4;8;13;14). More recently, a systematic review of randomised clinical trials 

of inhaled corticosteroids in capo showed a 30% reduction in the rate of 

exacerbations with the use of inhaled corticosteroids (15). However, none 

of the studies in this review had acute exacerbations as their primary end­

point, and the definition of an acute exacerbation varied, or was not 

provided. 

An acute exacerbation or "flare" of capo is a frequent occurrence 

in capo patients. It is characterised by any combination of worsening 

dyspnea, increase in sputum purulence and increase in sputum volume 

(16). It is believed thaf bacterial infection is the underlying cause in as many 

as 70-75% of cases, with the remainder being attribufed to viruses (1 and 

other causes (16;18). Exacerbations have a considerable effect on 

morbidity and quality of life of capo patients (19) and constitute an 

important cause of hospital admission and readmission, with the 

consequent high burden on the health care system (19;20). In 1995, in the 
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US, total direct costs of in patient and physician services for the treatment of 

acute exacerbations of COPO accounfed for about 1.6 billion dollars (21), 

and in 1998, 662,000 hospitalisations (1.9% of ail hospitalisations) were 

aftribufed to COPO (22). 

a cohort of COPO patients followed for 2.5 years it was observed 

that 35 days atter an exacerbation about 25% of the cases had not 

reached their baseline lung tundion and that by day 91, complete 

recovery of lung function had still not occurred in 7% of the cases (13). 

These results suggest a constant deterioration in overall weil being with 

increasing episodes during the course of the disease. Hence, one important 

goal of treatment is to delay the time to a first exacerbation, as was 

demonsfrated with inhaled corticosteroids in asthma (23). This study 

assessed the effed of inhaled corficosteroids in preventing a first 

exacerbation of COPO in a population-based cohort of COPO patients. 
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METHODS 

Source data and population 

The primary source data was the computerised data bases of 

Saskatchewan Health. These data bases were developed to help 

coordinate the health care services that are provided to ail residents of the 

province since 1975, with the exception of members of the Royal Canadian 

Mounted Police and Armed Forces. Two million people have been covered 

by this program since it began. Dispensed prescriptions, use of health care 

services and vital status information are ail recorded and the information 

can be linked for each individual by means of a unique Health Service 

Number (HSN) (24). 

COPD cohort 

The COPD cohort was inifially formed from ail individuals 55 years or 

older, who had received at least one bronchodilator (inhaled or beta­

agonist, xanthine or ipratropium bromide) between January l st , 1990, and 

December 31 st, 1997. We restrided the cohort to individuals who had been 

dispensed at least 3 prescriptions on at least two different dates for these 

bronchodilators, in any one year period trom January 1990, to December 

1997. This ensures that treatment was not occasional. Enfry into the cohort 

was the date of the third prescription. Subjects who had received P2-
agonists, ipratropium bromide, xanthines, cromolyn or nedocromiL nasal 

corticosteroids or inhaled corticosteroids during the 5 years prior to cohort 

entry were excluded. This was done to eliminate asthma patients and to 

select subjeds with first onset of regular drug therapy for COPD. 
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Ail patients in the cohort were followed from the date of cohort entry 

to the earliest of the following dates: Oecember 31, 1999, occurrence of a 

first capo exacerbation, emigratlon fram the province or death. 

Outcome 

The outcome of interest was the first exacerbation of capo, 
moderate or severe, occurring aHer entry into the cohort. A moderate 

exacerbation was defined by prescriptions for a systemic antibiotic and an 

oral corficosteroid on the same day. A severe exacerbation was defined by 

hospitalisation with a primary discharge diagnosis of capo (ICO-9 codes 

490-492 and 496). The first of these exacerbations to occur was the 

outcome of interest, and the date of its occurrence was considered the 

index date. Because we were interested in a first exacerbation, we 

restricted our cohort to individuals who had never had a recorded 

exacerbation, either moderafe or severe, before entry into the cohort. 

Sfudy design 

We used a nested case-control design within the cohort. For each 

case we matched ail available controls on the year of birth (± l year) and 

the year of entry into the cohort to control for secular trends in medical 

practice. In addition, controls had to be at risk at the time the case 

occurred. That date was also the index date for the matched controls. 
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Exposure fo Inhaled Corficosferoids 

The exposure of interest was current exposure to inhaled 

corficosferoids, defined as dispensing of beclomefhasone, flunisolide, 

fluticasone, trlamcinolone, or budesonide in the two months prior to the 

index date. Given that there may be a prodromic phase of a COPO 

exacerbation, we identified dispensing of inhaled corticosteroids occurring 

in the 15 days before the index date. Current exposure was then analysed 

in two different ways: including the period of 15 days prior to the index date 

and excluding this period. The effect of having a prescription for inhaled 

corticosteroids in the period 16-60 days before index and at least another 

one in the period of 61-365 days before index was also analysed. Lastly, 

past use was considered whenever there was a prescription for an inhaled 

corficosteroid dispensed in the 61-365 days before index, but not in the 60 

days prior to the index date. 

ln order to ascertain the effect of differenf doses of inhaled 

corficosteroids in preventing a first exacerbation of the disease, average 

daily doses of inhaled corticosteroid over the previous year were 

calculated. For the calculation of daily dose of inhaled corficosteroids we 

excluded hospitalisation days, which occurred in the year prior to index 

date. Because the Saskatchewan Prescription Oatabase does not contain 

information on drugs used during hospitalisation we cannot exclude the 

possibility that some individuals might have used corticosteroids, either 

inhaled, oral or intravenously while the hospital. 
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Slafislicai Analysis 

We selected ail available controls for each case, and therefore 

descriptive statistics were welghted by the inverse of the number controls 

in each matched set. Conditional logistic regression for matched case­

control data was used to obtain crude and adjusted odds ratios as 

estimates of rate ratios of COPO exacerbations that were associated with 

the use of inhaled corticosteroids. Adjustment was performed for severity of 

COPO, believed to be closely related to severe and/or more frequent 

exacerbations (25), as weil as for concurrent diseases. 

Severity of COPO was assessed by the following variables: number of 

prescriptions for oral corticosteroids, antiallergic agents (cromolyn and 

nedocromil), inhaled, oral or nebulised ~2-agonists, xanthines, ipratropium 

bromide and for systemic antibiotic dispensed in the 12 months prior to 

index date. Medications used during the 12 month period before the index 

date served as proxy measures for chronic disease. Comorbidities of interest 

were cardiac diseases, cardiovascular diseases, diabefes, neurological 

disorders, psychiatrie diseases and rheumatoid arthritis. Gender was 

addressed as a possible determlnant and effect modifier. 

Ninefy-five percent confidence infervals were computed for ail rate 

ratios. Ali analyses were performed in SAS software version 8 (1999-2001 by 

SAS Institute, Cary, NC, USA). 
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The inception cohort of COPO patients was composed of 4,455 

individuals, after 1,192 subjeds were excluded because they had an 

exacerbation prior to cohort entry. patients with a first COPO 

exacerbation after cohort entry were identified and matched with ail the 

available controls. Befween January 15f, 1990, and Oecember 31 st, 1999, 

there were 995 patients identified with a first exacerbation, of which 381 

patients were identified with a moderate exacerbation and 614 with a 

severe exacerbation. The majority of the patients were men and mean age 

was 74. 

Table 1 describes the distribution of the study subjects by seleded 

charaderistics, study medication, and possible confounding variables. In 

general. the two groups were weil matched, with same mean age and 

similar follow-up time. Case patients were more likely to be men and had 

more severe COPO than controls as attesting by the higher mean number 

of prescriptions for respira tory medications and higher mean number of 

prescriptions for antibiotics dispensed during the 12 month period that 

preceded a first exacerbation (mean number of antibiotic prescriptions for 

cases 1.86 vs. 1.23 for contrais). Current use of ~-blockers and/or 

benzodiazepines was similar in cases and contrais. addition, case 

patients had more cardiac disease and more rheumatoid arthritis than 

controls. 

Table 2 summarises the results of the regression analyses for different 

time windows of inhaled corticosteroid exposure. The adjusted rate ratio for 

any use of inhaled corticosteroid in the previous year as compared with no 

use was 1.27 (95 percent confidence interval, 1.08 to 1,48). Current 
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exposure, excluding the 15 day-period prior to the index date, as 

compared to no exposure yielded an adjusted rate ratio of l 1 and a 95 

percent confidence interval ranging trom 1 .22 to 1 .87. When the prodromic 

period was included, the adjusted rate ratio did not change appreciably 

(adjusted RR=1.54, 95 percent confidence inferval, 1.28 to 1.86). Moreover, 

pa st use of inhaled corficosteroids and exposure in both the past and 

current periods were also associafed with the risk of a first exacerbation 

(adjusfed RR for past use=1.40, 95 percent confidence interval, 1.17 to 1.67, 

and adjusted RR for both current and past periods=1.52, 95 percent 

confidence inferval, 1.21 fo 1.92). Furfhermore, the risk of current exposure 

to inhaled corficosteroids in a first exacerbation occurring in the first two 

years of follow-up was slightly higher than the risk of a first exacerbation 

occurring after 2 years since cohort entry (Table 2). 

Crude and adjusted rate ratios for the effediveness of various daily 

doses of beclomethasone or the equivalent are displayed in Table 3. The 

majorify of cases and con trois that took inhaled corticosferoids used a daily 

dose of 500 j..Ig or less. The risk of a first exacerbation increased with 

increasing daily doses of inhaled corticosteroids, varying from 1 .28 for a 

daily dose of 500 j..Ig or less to 2.94 for a daily dose higher than 1500 j..I9. If 

corresponds to an increase of 83% for every additional 1000 j..I9. 
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DISCUSSiON 

ln our study we found that the use of inhaled corticosteroids was not 

associated with a reduction in the risk of a first exacerbation of COPD. In 

tact the risk appears to be slightly increased among users of inhaied 

corticosteroids. 

Our results are in accordance with Renkema's et al. study, which 

showed that frequency and duration of exacerbations were not 

significantly different between the two active treatments (budesonide 

alone and budesonide and prednisolone) and placebo (14). Paggiaro and 

colleagues showed similor number of exacerbations between active 

(fluficasone) and placebo groups administered for 6 months, but less severe 

exacerbations in the fluticasone group (8). On the other hand, results from 

the Lung Health Study and from the ISOLDE trial suggested fewer 

exacerbations (4;7) and fewer visits to general practitioners (4) among 

those receiving inhaled corticosteroids; these were not the primary 

end points of these studies, however, and patients involved were younger. 

Our results were not able to show a benefit of inhaled corticosteroids, 

which is in opposition to the results of a recent systematic review that 

showed a 30% protective effect of inhaled corficosferoids in preventing 

acute exacerbations of COPD (15). However, this systematic review used 

information trom studies where acute exacerbations were either not 

defined or where definifions varied substantially befween studies. 

Furthermore, the studies combined were heterogeneous in other relevant 

characteristics, such as dose of inhaled corticosteroids used and duration 

of follow-up. In particular, the authors did not study the very tirst 
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exacerbation as we did reduce the heterogeneity from varying disease 

severity and duration. 

Confounding by indication is a major concern in observationai 

studies of drug benefit such as this one, because the reason for prescribing 

a certain medication is often associated with the outcome of inferest (26), 

introducing a bias. Collet and Boivin state that in theory, it would be 

possible to control for this, if one could measure with sufficient accuracy the 

estimate of the effect of this confounder (26). In studies using information 

from large drug data bases we rarely have the indication for prescription, 

which makes it difficult, if not impossible, to control completely for this bias. 

ln our study we used the frequency of prescriptions for respiratory disease 

dispensed during the year that preceded the exacerbation, as a measure 

of severity. This assumes that sicker patients are more likely to receive more 

medications to treat their symptoms. Moreover, we used a matched design 

to control for effects of age and duration of disease, above and beyond 

the effect of severity of COPD. We noticed that after controlling for gender 

and severity of the disease, the association of an increase in the risk was 

reduced significantly; however, residual confounding was likely present. 

Furthermore, we minimised confounding by indication by focusing on the 

first treated exacerbation of COPD aUer initial treatment in order to select 

patients at the same stage of the disease. Nevertheless, confounding by 

indication remains the most likely expia nation for the increase in the risk of a 

first exacerbation observed with increasing daily doses of inhaled 

corticosteroids. More severe patients are more likely to be prescribed higher 

doses of inhaled corticosteroids or are more likely to be prescribed these 

drugs more frequently. Protopathic bias is also a concern in observational 

studies and is present when one attributes an outcome to an exposure that 

actually resulted from early signs and symptoms of the outcome under 

study (26). In our study we tried to avoid this bias by classifying as non-
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exposed the individuals who had been dispensed an inhaled corticosferoid 

only during the prodromic phase, that is, during the 15-day period that 

preceded an exacerbation. In our study there was no difference in the risk 

of a first exacerbation in current users of inhaled corticosteroids when we 

extended the period of exposure to allow exposure during the prodromic 

phase. 

We chose to study a true first exacerbation because the period of 

time between exacerbations is believed to decrease with the progression 

of the disease, and full recovery after an acute exacerbation may not 

occur (13J. Therefore, if there was a benefit in using inhaled corficosferoids it 

might be better perceived in the early stage of the disease. Any other 

exacerbation would be correlated with the preceding ones and the 

possible benefit of inhaled corticosteroids would be difficult to assess. By 

excluding subjects who had exacerbations before cohort entry we are only 

able to generalise our results to patients in an earlier stage of COPO. 

We considered an individual to be currently exposed if there was a 

dispensing of a prescription in the 60-day period prior to an exacerbation. 

Selection of a 60-day period was based on two factors: 1) inhaled 

corficosteroids are often prescribed in a high dose (1000 IJg/day) for COPD 

patients; 2) the most commonly prescribed high dose mefered-dose-inhaler 

delivered 200 doses of 250 IJg/each. Hence, we estimated that a compliant 

patient would need to refil! a prescription every 50 days. We used a period 

of 60 days to allow for some non-compliance and to allow for patients who 

are prescribed less than 1000 IJg/day. 

This study used information from the Prescription Drug data base of 

the province of Saskatchewan, which is subject to several validation checks 
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at the time a prescription is dispensed. in addition, submitting pharmacies 

routinely undergo audits (24). However, in this database, information 

avaUable represents only dispensed prescriptions and th us may not 

correspond entirely to medication used. This would result in a non­

differential misclassification of exposure with a consequent underestimation 

of the rate ratio. 

Our results depend in part on the definition of a moderate 

exacerbation. We defined a moderate exacerbation as a same day 

dispensing of an oral corticosteroid and antibiotic. This deflnition ls based on 

Canadian guidelines for the management of acute chronic bronchitis (16). 

However, because there is still a dispute on wh ether the use of antibiotics in 

treating exacerbations of COPD is useful (27;28), many physicians may not 

prescribe antibiotics if they are not certain that the exacerbation has a 

bacterial etiology. Seemungal et al. followed a cohort of COPD patients for 

2.5 years, and observed that treatment was started at a median of 3 days 

after onset of symptoms; prednisolone was administered in 27.3% of 

exacerbations; antibiotics in 85.6%; and both an antibiotic and a oral 

corticosteroid were administered in only 25% of patients with an 

exacerbation (13). Moreover, 12% of exacerbations were left untreated. 

Hence, it is likely that our cases represent an underestimafe of 011 

occurrences of exacerbations, in which case point estimates of rate ratios 

may be too low. In addition, we did not try to assess mild exacerbations, 

which the patient usually manages on his own without seeking the 

assistance of a physician, for instance, by increasing the frequency of 

administration of his bronchodilator (29). This would have been difficult to 

capture in a data base study. The accuracy of the information on severe 

exacerbations leading ta hospitalisation is dependent on how weil the 

codes of discharge diagnosis are entered. Any error in coding or entering 
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this information would result in non-differential misclassification, with 

underestimation of the rate ratio. 

ln conclusion, our results suggest that inhaled corticosteroids are not 

efficacious in preventing a first exacerbation of COPD. The small increase in 

risk is most likely due to residual confounding by indication, but it is unlikely 

that the remaining unmeasured confounding would account for a 

significant benefit of inhaled corticosteroids. 
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TABLE 1. CHARACTERISTICS OF THE STUDY SUBJECTS. 

Mean Age [sd) 
Male(%) 
Mean days of follow-up until index 

NUMBER OF PRESCRIPTIONS IN THE PREVIOUS 12 
MONTHS* OF: 

Oral corticosteroids 
Nasal corticosteroids 
Inhaled f32-agonists 
Combivent 
Oral f32-agonisfs 
Inhaled ipratropium 
Other asthma drugs 
Xanthines 
Antibiotics 

Use of f3-blockers andj or Benzodiazepinest 

COMORBIDITIES** 

Cardiac Oisease 
Cardiovascular Oisease 
Oiabetes 
Psychiatric Oisease 
Neurological Oisorders 
Rheumatoid arthritis 

Cases 
(11=995) 
73.9(8.5) 

58.6 
897 

26.0 (0.85±2.14) 
5.4 (0.16±0.90) 

74.6 (4.98±5.55) 
8.7 (0.58±2.46) 
6.2 (0.18± 1 .02) 

38.4 (2.34±4.31 ) 
2.1 (0.09±0.81) 
20.7 (1.01±2.62) 
69.1 (1.86±2. 11 ) 

14.7 

39.8 
52.7 
7.2 

31.3 
7.1 
1.0 

COl1trols 
(11=5,416)t 
73.9 (8.2) 

51.0 
921 

8.1 (0.23± 1.16) 
5.8 (0.16±0.90) 
52.7 (2.53±3.77) 
3.1 [0.17± 1.18) 
5.0 (0.17±0.95) 

22.1 (1.17±3.00) 
l .3 (0.05±0.64) 
15.7 (0.80±2.38) 
54.5 (1 .23± 1.73) 

16.6 

34.9 
52.7 
9.0 

32.3 
7.1 
0.7 

*Values are percentages (mean ± standard deviation) in the previous 12 months. 
**Year before index date; values are percentages. 
tTo account for case-control matching, ail means and percentages for controls 
were weighted by the inverse of the number of controls in each matched case­
control set. 
tAny use during the month before index date. 
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TABLE 2. MATCHED RATE RATIOS (RR) FOR caPD EXACERBATIONS ACCORDING TO DIFFERENT PATIERNS OF INHALED CORTICOSTEROID USE. 

USE IN THE PAST 

No USE 
ANY USEt 

CURRENT USE 
Current* 
Current** 

PAST USE *** 

P AST + CURRENT§ 

CURRENT USE** 

CASES CONTROLS C RR ADJUSTEDt RR 
(N=995) (N=5,416) RUDE (95% CI) 

453 3,232 reference reference 
542 2,184 1.77 1.27 (1.08-1.48) 

312 
198 

359 

171 

928 
626 

1,353 

524 

2.47 
2.33 

2.00 

2.44 

1.54 (1.28-1.86) 
1.51 (1.22-1.87) 

1.40 (1.17-1.67) 

1.52 (1.21-1.92) 

:::; 2 years of FU 528 2,835 2.13 1.50 (1.19-1.90) 
> 2 years of FU 467 2,641 2.68 1.25 (0.94-1.67) 

tAny use: any use in the previous 12 months 
*Includes the prodromic phase (0-15 days before event) 
**Excluding prodromic phase 
***Use of IC 61-365 days before index, but not in the 0-60 days before index 
§Past + Current: use in the period 16-365 days before index 
lAdjusted for gender, number of prescriptions for inhaled [3z-agonist, combination of a [32-agonist and 
ipratropium bromide, oral corticosteroids, antibiotics and ipratropium bromide in the previous 12 
months. 
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TABLE 3. MATCHED RATE RATIOS (RR) FOR COPD EXACERBATIONS BY DAILY DOSE OF INHALED CORTICOSTEROIDS. 

USE IN PAST YEAR 
CASES CONTROLS 

CRUDE RR 
ADJUSTEDt RR 

(N=995) (N=5,416) (95% CI) 

None 453 3,232 1.00 1.00 
(reference) (reference) 

::;500 IJg 350 1,755 1.51 1 .28 (1 .09-1 .52) 

501-1 000 IJg 118 328 2.70 1.56 (1 .19-2.04) 

1001-1500 IJg 56 76 5.48 2.32 (1.54-3.48) 

> 1500 IJg 18 25 6.36 2.94 (l.46-5.89) 

MEAN DAILY DOSE IN IJg (SD) 258.0 (440.7) 120.9 (258.6) 3.421: 1 .831: (1 .47-2.28) 

t Adjusted for gender, number of prescriptions for inhaled f32-agonist, combination of a 132-
agonist and ipratropium bromide, oral corticosteroids, antibiotics and ipratropium bromide in 
the previous 12 months. 
tlncrease in risk is per 1000 IJg increase in the daily dose of inhaled corticosteroids. 
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4.3 ADDIiIONAL COMMENTS 

Due to space limitations, some issues in the design of our study 

may not have received sufficlent attention the article presented in This 

chapter. In particular, the reason behind the selection of the possible 

confounders for our model was not addressed. In this section, we intend 

to justify the choice of certain variables. 

A confounder is a variable that is associated with both the drug 

exposure and the outcome, without being in the causal pathway 

between drug exposure and outcome (1). 

Gender is a variable that is usually considered for adjustment, 

even when the relation of This variable with the exposure or with the 

outcome is not fully understood, Le., even if one is not sure that it is a 

confounder. In our study, literature support the assessment of gender as 

a possible confounder or effect modifier in our analysis. Men are known 

to have more respiratory symptoms than women, even when adjusting 

for smoking (2) and disease severity (3;4), although a recent study on 

gender related differences in severe, early-onset COPD suggested that 

women that smoke were more susceptible to severe CO PD than male 

smokers (5). On the other hand, there is a concern that inhaled 

corticosteroids may have an effect on bone metabolism which would 

put postmenopausal women at higher risk of developing osteoporosis (6-

8) and, therefore, reduce the likelihood that such medications are 

prescribed. 

Use of j3-blockers is relafively contraindicated in COPD patients, 

due to the potential of these drugs to cause bronchoconstriction (2). 

Similarly, benzodiazepines may have a marked effect on respiration, 

especlally in severe cases and during sleep (2). Hence, the use of 13-

blockers or benzodiazepines in the month prior to index date, was 
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considered a risk factor for the occurrence of an acute exacerbation of 

COPO and its effect as possible confounder was tested in the logistic 

mode!. The use of l3-blockers or benzodiazepines did not predict a first 

exacerbation. 

ln our study we also considered some chronic diseases that are 

related to either the use of oral corticosteroids (one of the drugs used to 

define a moderate exacerbation), to a worsening of respiratory function 

and consequently to COPO, to the exposure of interest (inhaled 

corficosteroids) or related to ail of them. That is, these diseases can act 

as confounders. In the present study medications served as proxy 

measures for chronic disease, as proposed in Von Korff's Chronic Oisease 

Score (9) but with a few changes in order to include specifie drugs that 

became available after 1992. The following chronic diseases were 

evaluafed as possible confounders: cardiac and cardiovascular 

diseases, diabetes, rheumatoid arthritis, neurological disorders and 

psychiatrie disorders. 

Cardiac and cardiovascular diseases are related to cigarette 

smoking, which is clearly a risk factor for more severe pulmonary 

obstruction (2;10); cardiac diseases, such as heart failure may also mimic 

an exacerbation of COPO (11). 

Oiabetes patients are more prone to infectious diseases, a risk 

fador for acute exacerbations of COPO. In addition, physicians are 

reluctant to prescribe oral corficosteroids to diabetic patients, due to the 

known adverse effect of oral corticosteroids to cause hyperglycaemia 

(12; 13). This was the rationale that led us investigate diabefes as a 

potential confounding variable. 

Parkinson's disease, a neurological disorder, is related to COPO 

because muscular spasticity is an obstacle to coughing, and 
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consequently an obstacle to the removal of secretions trom the lungs. 

Parklnson's disease also impacts the exposure to inhaled corticosteroids, 

as these patients have difficulty in administering inhaled corficosteroids 

by use of available devices. 

Rheumatoid arthritis is a condition that may inhibit the patient's 

ability to administer inhaled corticosferoids. Therefore, it was expected 

that COPD patients suffering from rheumatoid arthritis would use less 

inhaled corticosferoids when compared with COPD patients without this 

condition. 

Furfhermore, psychiatrie patients are believed to be less compliant 

to therapy in general. Non-compliance to therapy was determined as 

one of the risk factors for an acute exacerbation of COPD (14). In 

addition, patients taking antidepressants are at risk of respiratory fallure 

and consequently should be closely monlfored. This information supports 

the need to control for psychiatrie dlsorders in our analysis. 
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ln this research, we found on average the rate COPD 

exacerbations in newly treated patients was 11.5 exacerbations per 100 

person-years. Men had a higher rate of exacerbations than women across 

ail age groups. The rate was greatest in the first three months of disease, 

and then stabilized with disease duration. We also found that inhaled 

corticosteroids do not appear to prevent a first ever exacerbation of the 

disease. These findings, however, are subject to the merits and drawbacks 

of observational sfudies, in particular, with regard to the accuracy and 

completeness of the Saskatchewan Health data bases. 

Epidemiological studies are now recognised as an essential research 

tool to assess beneficial or harmful effects of drugs aHer marketing. They 

were introduced to fill a gap left by pre-marketing studies, which due to 

their short-duration and artificiality of protoco!, do not document long-term 

safety and efficacy, nor safety and efficacy in the context of everyday 

clinical practice. This is of particular concern whenever a new indication is 

suggested aHer marketing, since the requirements that drug manufacturers 

have to comply with are less strict than when a drug is first introduced in the 

market, or when the medication is used off-label. Although randomised 

clinical trials are recognised as the only type of studies that are truly able to 

control for unknown confounders, due to the process of randomisation, 

their structure eliminates many "real-life" variables (1). Compliance is likely 

to be different when patients are not in an experimental setting, and drugs 

other than those being studled can augment or reduce efficacy or toxicity. 

Co-morbidities may also alter the bioavailability of the drug under sfudy. 

Moreover, in experimental studies, both patients' access to standard 

therapy and the physicians' freedom of therapeutic choice are strictly 

controlled. Another deficiency of randomised clinical trials is the assessment 

of long-term efficacy, as high costs and logisflc constraints mean these 
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studies tend to be short in duration. Outslde the artificial setting of a clinical 

trial, persons who might have been excluded trom participation in an 

experimenfal study are now not only likely to receive the drug, but may also 

differ as to dosage, adherence, and concomitant drugs, tram participants 

in clinical trials (2). 

A major advantage of non-experimental studies is that they do not 

interfere with the real world of medicine and disease (1) and, therefore, in 

some situations, are better able to study effectiveness of medications. Each 

observational study is more likely to include a broad representation of the 

population at risk. In addition, physicians do not use therapeutic agents in a 

uniform way, and observational studies usually include subjects with 

coexisting illnesses and a wide spectrum of disease severity, where 

treatment is tailored to the individual patient (3). Hence, well-designed non­

experimental epidemiological studies may provide a good reflection of 

clinical practice. 

The major criticism made of epidemiological studies of drug 

effectiveness performed using information trom administrative data bases is 

the potential for confounding by indication for treatment. This occurs 

because there is always a rationale for prescribing, which is related to the 

clinical outcome, and patients selected for therapy with a given drug may 

differ from those not receiving the drug, as to their expected clinical course 

(2). strom et al. advise a "judicious use of non-experimental techniques with 

due attention to potential confounding by indication" (4). administrative 

data bases reasons for prescribing a drug are usually not recorded or are 

incomplete. 
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Another limitation of pharmacoepidemlology studies performed 

using information from administrative dafabases is the inability to adjust for 

potential confounders not included in the database. This is the case for 

smoking habits ln sfudies of diseases where smoking is a risk factor. 

ln this fhesis, the source of information was the Saskatchewan Health 

databases. Information recorded in these data bases is accurate and 

complete. Residents of the province of Saskatchewan enjoy universal 

health insurance, except for those whose health care is funded federally, 

such as members of the Royal Canadian Mounted Police, members of the 

Canadian Forces, and inmates of federal penitentiaries, which account for 

less than 1 % of the total population (5). In addition, the Prescription Drug 

database is submitted to several validation checks. Checks are done at the 

pharmacy level when a drug is dispensed to an identified daimant, 

verifying eligibility, patient demographics, and whether the drug is covered 

by the Plan. In addition, on a regular basis, a sample of paid daims is 

selected and sent to the beneficiaries for confirmation that the service paid 

had been provided, and that ail the information on the daim was correct 

(6) . 

One important assumption in data base studies of dispensed 

medications is that the prescription dispensed is actually ingested as 

intended. A common approach to deal with this problem is to restrict entry 

into the study to patients who have been dispensed two or more 

prescriptions of the sa me drug in a defined time interval used to indicate 

exposure (6). 
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the two studies presented in this thesis, we attempted to address ail 

possible blases related to data base studies. We used the criterion of "three 

prescriptions on two different days during a one year-period" to identify 

treated COPD patients among individuals 55 years or older, who had been 

dispensed respiratory medications. We used recognized criteria of 

accurate identification of moderate and severe exacerbations of COPD. 

Furthermore, in the study presented in the second paper, we also 

controlled for ail available potential confounders and restrided our 

analyses to the first ever exacerbation. 

Our results suggest that the use of inhaled corticosteroids does not 

reduce the risk of a first exacerbation in patients with COPD. The increased 

risk observed is likely a result of residual confounding by indication. 

However, it is unlikely that the extent of the remaining unmeasured 

confounding conceals a significant benefit of inhaled corticosteroids. 
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