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ABSTRACT 

Background: Drug therapy is the mainstay medical treatment for asthma patients. 

Many asthma patients (up to 70%) receive suboptimal drug therapy. Inadequate use of inhaled 

corticosteroids (ICS) has been associated with increased emergency department (ED) visits 

and hospital admissions for asthma. To understand patientsô asthma drug use in British 

Columbia (B.C.) and improve health outcomes, this study describes the burden of asthma, 

identifies patients who received suboptimal asthma drug regimens according to asthma 

clinical practice guidelines, and examines the link between regimen optimality and health 

services utilization for asthma in an entire population with treated asthma in BC from 1996 to 

2009.  

Methods: A cohort of 336,901 asthma patients between 5ï55 years of age was 

identified using provincial health services utilization data from 1996 to 2009. Annual patient 

medication dispensings of short-acting bronchodilators (SABA) with or without ICS were 

categorized into optimal or suboptimal regimens based on the asthma clinical practice 

guidelines. The association between regimen optimality and health services utilization was 

examined in one-year, as well as during a 14-year study period, using logistic regression 

models and Cox Proportional regression models, respectively.   

Results: The prevalence (~2%) and incidence (0.7%) of asthma was stable in patients 

5-55 years of age in B.C. from 1996 to 2009. Asthma-related specialist visits, ED visits and 

hospital admissions declined by over 50% during the study period. In 2009, patients with 

suboptimal regimens had significantly greater risk of using health services than patients with 

optimal regimens of SABA and/or ICS. Over time, switching from a suboptimal to an optimal 

drug regimen was associated with a 30% reduction in the use of hospital services for asthma 
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(hazard ratio (HR) 0.71; 95% CI 0.54 ï 0.93), and a 50% reduction in the use of ED services 

for asthma (HR 0.49; 95% CI 0.33 ï 0.73).  

Conclusions: Much of the healthcare burden associated with asthma is preventable by 

optimizing drug therapy, in particular, with improved ICS adherence. Identifying patients with 

suboptimal asthma management practices is a critical step in reducing the burden of asthma 

on the healthcare system and ultimately improving the quality of life of asthma patients. 
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1.1 DEFINITION OF ASTHMA  

Asthma is a complex and highly variable condition defined by its physiological, clinical 

and pathological characteristics as a chronic inflammatory disease of the airways.  In general, 

asthma is characterized by airway obstruction, airway hyperresponsiveness, inflammation, 

and other recurrent symptoms including shortness of breath, chest tightness, as well as 

wheezing and coughing, particularly at night and in the early morning that can result in 

premature awakening and sleep disturbances[4, 5]. While a number of pharmacological 

agents provide effective symptom relief, several longitudinal studies indicate that significant 

proportions of patients experience symptom control followed by a return of symptoms[6]. 

Moreover, asthma symptoms can vary significantly from mild to severe, from person to 

person, and from one episode to the next. Because of this variability, there are challenges 

associated with asthma diagnosis and with adherence to therapeutic regimens.  

Asthma exacerbations are increases in symptom intensity and/or duration above the level 

a patient experiences when their condition is stable[7]. Severe exacerbations can last up to 

several weeks and may require ED visits or hospitalization[7, 8]. Recurrent exacerbations are 

a major cause of morbidity and health care expenditures for asthma patients [9]. 

1.2 PATHOPHYSIOLOGY  

The three primary pathophysiological factors contributing to asthma are 

bronchoconstriction, airway inflammation, and airway modeling, which will be discussed 

separately below. 

1.2.1 Bronchoconstriction 

Bronchoconstriction, or narrowing of the airways, is the primary contributor to 
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clinical symptoms of asthma. During acute exacerbations ɓ2 adrenergic receptor-mediated, 

smooth muscle contractions in the bronchia narrow the airways in response to asthma 

triggers such as  inhaled allergens or viruses[10]. Beta adrenergic receptors belong to the 

superfamily of G protein coupled receptors and include subtypes ɓ1, ɓ2 and ɓ3. ɓ1 receptors 

express primarily in heart and kidney, where they function to increase heart rate and force of 

contraction. ɓ3 receptors are known to express in adipose tissue, but their physiological role 

in humans is poorly understood. ɓ2 receptors are highly expressed in the smooth muscle of 

the airways and uterus[10]. In the airways of asthma patients, inhibition of ɓ2 adrenergic 

receptor activity reduces the conversion of adenosine triphosphate (ATP) into 3ô,5ô adenosine 

monophosphate (cAMP). As a direct result, the entry of calciumðan important signaling 

moleculeðinto smooth muscle cells is impaired, which in turn, limits activation of myosin 

light-chain kinase and causes smooth muscle contractions that lead to airway constriction[10]. 

ɓ2 receptor activation promotes bronchodilation, this can be enhanced by inhaled ɓ2 agonists 

used in the treatment of asthma (see Section 1.7.8). 

1.2.2 Airway inflammation 

Airway inflammation is another important defining characteristic of asthma and 

involves several types of cells including mast cells, structural cells like endothelial and 

epithelial cells, as well as eosinophils, neutrophils, lymphocytes, and dendritic cells[2].  

Inflammation is initiated when asthma triggers activate these cells to produce inflammatory 

mediators or drive inflammatory responses in the airway. Figure 1.1 demonstrates the 

mechanisms of airway inflammation in patients with asthma.  
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Figure 1.1 Mechanisms of airway inflammation in patients with asthma (copied from 

Goodman & Gilmanôs The Pharmaceutical Basis of Therapeutics, 12
th

 Edition with 

permission)[2]. 

 

 

Respiratory viral infection-induced inflammation is a result of damage to the airway 

epithelium or an initiation of inflammatory immune responses to the infection sites[11]. 

Respiratory viruses, such as influenza and respiratory syncytial virus (a common flu virus in 

infants and young children) cause asthma symptoms mainly through damaging airway 

epithelium[11]. These damages disturb the integrity of the epithelial layer, and in turn 

increase mucosal permeability and epithelial shedding, together with mucus production, 
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cause airway obstruction. The damage to airway epithelium also increases exposure of 

inflammatory and antigen cells to allergens.  

Rhinovirus, a common virus in older children and adults, do not damage the airway 

epithelium, in contrast, causes asthma symptoms mainly through initiating inflammatory 

responses. These inflammatory responses include increased inflammatory cells recruitment 

and secretion of a wide variety of chemokines (e.g., IL-6, IL-8 and IL-11)[11].  

In asthma triggered by inhaled allergens, an increased number of mast cells is 

characteristic of asthma; these cells contain high-affinity immunoglobulin E (IgE) receptors 

that, upon activation, trigger release of histamine, cytokines, interleukins, leukotrienes, and 

other inflammatory mediators[12, 13] that increase airway microvascular leakage and mucus 

secretion.  

Likewise, structural cells produce inflammatory mediators that, together with those 

produced by mast cells, initiate an inflammation cascade by recruiting additional 

inflammatory cells including dendritic cells, eosinophils, T-lymphocytes, and neutrophils to 

the airways. These, in turn, are activated to release additional inflammatory mediators, which 

contributes to a positive feedback mechanism that results in additional inflammatory cell 

recruitment and constriction, edema, and mucus secretion. In addition, airway epithelial cells 

produce arachidonic acid, which contributes to bronchoconstriction as well as nitric oxide 

that increases edema[2]. Moreover, epithelial cells can slough off and cause blockages within 

large and small airways, forming mucous plugs which further block airways[2, 10]. 

Structural cells are a major source of inflammatory mediators contributing to chronic 

inflammation and thus are the target cells of ICSs used as controller medications.  

Activation of dendritic cells by the binding of asthma triggers leads to subsequent 
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activation T-helper type 2 (Th2) cells, which produce interleukins including IL-4 and IL-5 

that recruit and activate eosinophils. Activated eosinophils have been associated with the 

development of airway hyperresponsiveness, and releasing and producing other 

inflammatory mediators such as leukotrienes and histamine to further injure airways[14]. 

Leukotrienes produced by eosinophils are actively involved in smooth muscle contraction, 

vascular permeability, increased mucus secretion, and the recruitment and activation of 

inflammatory cells, and their pharmacological inhibition reduces airway inflammation[2, 10].  

1.2.3 Airway remodeling 

When asthma symptoms are frequent and airway inflammation becomes chronic, 

structural changes occur, these include: hyperplasia, which results in increased airway 

thickness (can range from 10% to 300% of normal[15]); hypertrophy of mucous glands, 

increased mucus production; and increased blood supply. These structural changes may lead 

to a significant and permanent reduction in airways efficacy[12].  

In summary, airway constriction, airway inflammation and airway remodeling are the 

three main pathophysiological mechanisms of asthma. Constriction and inflammation are the 

two main target of asthma drug therapy, which will be described in detail in Section 1.7. 

1.3 ETIOLOGY OF ASTHMA  

The etiology of asthma involves complicated mechanisms and remains poorly 

understood, but it is widely accepted that the development of asthma results from an 

interaction between host factors including immunity and genetics, and environmental factors.  
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1.3.1 Host factors 

1.3.1.1  Innate immunity and asthma 

Innate immunity is critical for the inflammatory response[16], which is essential to the 

development of asthma symptoms. Specifically, an imbalance in the expression of two types 

of T-helper lymphocytes (Th1 and Th2) appears to play a major role in the development of 

asthma[16, 17]. Th1 cells produce IL-2 and interferon-ɔ, which are a primary defense against 

intracellular pathogens.  In contrast, Th2 generates interleukins (IL-4, -5, -6, -9 and -13), 

which mediate allergic inflammation.  It has been suggested that asthma is characterized by 

either over-expression of Th2, under-expression of Th1 cytokines, or a combination of the 

two[3]. 

1.3.1.2 Genetics and asthma 

There is a strong correlation between genetics and asthma. One study of 344 families 

revealed that among families with neither parent having asthma, only 6% of children 

developed asthma; while among families with both parents having asthma, the proportion of 

asthma development in their children reached 60%[18]. Another study examined 325 pairs of 

twins[19]. Among these, 84 pairs of twins where one twin had asthma were identified. Of 

these, 39 were identical and 55 were non-identical. 59% (23 pairs) of the 39 pairs of identical 

twins both had asthma, while 24% (13 pairs) of the 55 non-identical twins both had asthma. 

The strong familial clustering of asthma has encouraged research into the genetic 

predisposition to disease, which is important for the development of new asthma treatments.  

Five genes or gene complexes have now been associated with asthma development, 

including a disintegrin and metalloproteinase 33 (ADAM) on chromosome 20p; plant 
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homeodomain finger protein 11 (PHF11) on chromosome 13q12, dipeptidyl peptidase 10 

(DPP10) on chromosome 2q14, G-protein-coupled receptor for asthma susceptibility (GRPA) 

on chromosome 7p14 and serine peptidase inhibitor kazal type 5 (SPINK5) on chromosome 

5q33.1 [20-24]. The expression of DPP10, GRPA and SPINK5 has been studied 

comprehensively, and studies suggest that these gene products may play a role in the 

response of airway epithelium to triggers and damage caused by environmental factors[25], 

or in the production of mucus, perhaps via IL-3 which is known to regulate mucus 

production[25].  

1.3.1.3 Gender and asthma 

Gender is another critical factor in asthma. Asthma incidence in young children is 

greater among boys than girls (details in Section 1.4)[26-28]. However, after puberty, 

incidence becomes higher in females than in males[28-30]. Multiple theories have been put 

forth to explain the age and gender interaction in asthma prevalence and incidence. The first 

postulates that airway hyperresponsiveness is more common and severe among boys in 

childhood[31], but that it increases in adolescent females[32, 33]. By adulthood, 

hyperresponsiveness is more common and severe among adult women[34-36]. The second 

theory suggests that atopy (the production of IgE in response to allergens) is more common 

in males before age 13 years [37], and becomes more prevalent among females during 

adolescence and is equal between males and female in adulthood [38, 39].  The third theory 

suggests that hormones may have an impact on airway inflammation and airway smooth 

muscle function. Indeed, the fluctuation of estrogen levels due to female menstrual cycles has 

been reported to activate proteins that produce an inflammatory response[40]. Increased 

estrogen levels have been associated with reduced airway constriction via regulation of 
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calcium-dependent potassium channels, whereas low estrogen levels have been found to 

increase risk of asthma exacerbations[41].  

1.3.2 Environmental factors 

Allergens and viral respiratory infections are regarded as the two most important 

environmental factors in the development and persistence of asthma[42]. 

1.3.2.1 Allergens 

Exposure to indoor allergen like dust mites, pet dander, cockroaches, rodents, and 

mold have been found to trigger asthma episodes and exacerbations [43, 44], while other 

studies demonstrate increased risk of sensitization and subsequent development of asthma in 

individuals who are exposed to dust mites and cockroaches [45-48].  

1.3.2.2 Respiratory infections 

Respiratory infections during infancy and early childhood have been associated with 

asthma development in later life. The Tucson Childrenôs Respiratory Study group evaluated 

880 children to determine whether development of lower respiratory tract infections before 3 

years of age is associated with physician-diagnosed asthma and/or wheezing at ages 6 and 11 

years. The investigators reported that respiratory syncytial virus (RSV)-induced respiratory 

infections increased the risk of infrequent wheezing (3 episodes per year) by 3-fold and 

increased the risk of frequent wheezing (>3 episodes per year) by 4-fold[49]. 

Correspondingly, Sigurs and colleagues found that children who were hospitalized for RSV 

bronchiolitis in the first year of life had significantly higher risk of developing asthma up to 

age 7 compared to children who did not have RSV bronchiolitis during infancy[50]. Viral 
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respiratory infections cause damage to the epithelium, inducing edema, shedding, and mucus 

production, which can cause airway obstruction and wheezing. Viral respiratory infections 

also cause proinflammatory immune responses, which produce vast numbers of 

inflammatory cells and contribute to inflammation and obstruction[51, 52].  

1.3.2.3 Other environmental exposures 

Air pollution and tobacco smoke have also been associated with an increased risk of 

developing asthma. Reports detailing the role of pollution in asthma development are mixed, 

but the mechanism may be related to increased airway sensitization among patients exposed 

to heavy air pollution. Studies examining the association of tobacco smoke and asthma 

reported an increased risk of wheezing in infants whose mothers were exposed to tobacco 

smoking during pregnancy[53, 54]. Maternal smoking during pregnancy may affect the 

utero-placental flow, resulting in a reduction in foetal nutrition and consequent retardation in 

foetal lung development[55-57]. Moreover, in asthmatic adults, evidence indicates that 

smoking decreases responsiveness to ICSs[53].  

1.4 EPIDEMIOLOGY OF ASTHMA  

The World Health Organization estimates that asthma affects over 235 million people 

worldwide [58]. In Canada, asthma is one of the most common respiratory diseases, affecting 

an estimated 2.7 million Canadians[59], and Canada ranked the 10
th
 in asthma prevalence 

among more than 100 countries[60]. Analysis of Canadian Community Health Surveys 

showed that 10% of females and 7% of males aged 12 years or older were physician-

diagnosed with asthma each year from 2001 to 2010[61], with the highest prevalence being 

in children (13%)[61]. In Ontario alone, asthma was responsible for 864,868 physician visits, 
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57,458 ED visits and 14,737 hospital admissions in 2006[61]. In B.C., between 1996 and 

2000, the most recent evidence based on population-based data available on asthma burden 

estimates, asthma affects 2.5% of B.C residents 0-64 years of age. The asthma incidence, or 

the rate of newly diagnosed asthma was highest in children aged between 0 and 14 years 

(1%)[62]. These data are out of date, suggesting a need of updating the evidence on asthma 

burden estimates in B.C. The most recent data available on the economic burden of asthma 

shows that the costs of asthma-related hospital admissions, ED visits and prescription drug 

dispensings were estimated to be $41,858,610 between 1996 and 2000 ($311 per patient-year) 

in B.C. Of special interest and relevance to this study is that during this same period in B.C., 

64% of patients had poorly controlled asthma and these same patients accounted for 95% of 

health care expenditures[63].  

1.4.1 Challenges in asthma burden estimates 

Epidemiological statistics for asthma are commonly obtained using questionnaires 

and healthcare administrative data, which present several challenges. For example, 

questionnaire-based studies usually include the question ñdid patients receive any diagnosis 

of asthma in the previous yearò or ñin their lifetimeò. Since these analyses include one-time 

physician-diagnosed asthma questionnaire-based studies tend to overestimate the true 

prevalence of asthma in a given population.  

Health services utilization and prescription drug dispensing databases is widely used 

for burden estimation studies since these databases are inexpensive to maintain and provide 

information for large populations over a long period of time, but they are also problematic. 

For example, asthma cases are commonly defined by physician visit, hospital admission 

and/or prescription dispensing criteria from population-based databases, and their validity 
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depends on both the accuracy of diagnosis and the accuracy of transcription from medical 

charts to electronic database. Asthma prevalence and incidence data can vary significantly 

depending on which asthma case definition has been used and different researchers 

frequently base their studies on different case definitions, which can lead to disparate and 

potentially inaccurate estimates of the burden of asthma. For example, Lix et al. used 28 

different asthma case definitions to produce prevalence estimates for patients 12 years or 

older during the same time period (1998-2002), and the resulting prevalence estimates ranged 

from 2% to 18%[64]. As another example of reported variability, Van Wonderen et al. found 

60 different definitions of asthma from 122 papers; these produced astonishingly variable 

prevalence estimates ranging from 15.1% to 51.1%[65]. Thus, researchers should be aware 

the limitations of using different case definitions to estimate the burden of asthma and be 

cautious in the interpretation of results. 

1.4.2 Limitations in current asthma case definitions  

A variety of asthma case definitions have been used in previous asthma epidemiological 

studies. Several previous studies [66-68] used a single criterion of 1 or more physician visits 

during a 12-month period to define asthma cases. For example, using this criterion, 

Senthilselvan et al. reported an average asthma prevalence of 7% in children 0-4 years of age, 

5.5% in patients 5-14 years of age, 2.5% in patients 15-34 years of age and 2.2% in patients 

35-64 years of age between 1991 and 1998[66]. A major limitation arising from the use of 

this criterion is that the study cohort captures patients who have only a single visit for asthma 

which may in fact just be a presumed diagnosis and no future visits may occur.  These 

patients do not have asthma or future visits would occur given the chronic nature of this 

disease.  
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In 2004, Kozyrskyj et al. developed an asthma case definition: 1or more physician visits, 

or 1 or more hospital admissions for asthma, or 1or more ICS/ketotifen/cromone prescription 

dispensings, or 2 or more SABA or oral beta-agonist dispensings using Manitoba data[69]. In 

addition to the limitation associated with the use of 1 or more physician visits discussed 

above, study cohorts based on a criterion of either 1 or more or 2 or more prescription 

dispensings are likely to include patients who only received a single set of medications to 

help make a diagnosis, or for the treatment of wheezing in patients with respiratory infections 

who presented with wheezing as a chief symptom.  

Other studies used a criteria of 1 or more hospital admissions, or 2 or more physician 

visits, or 2 or more prescription drug dispensings to identify patients with asthma [70-72]. In 

B.C., there is a 100-day reimbursement policy for prescription refills [72], which means that 

patients with treated asthma need to refill their asthma prescription medications every 3 

months. When used with B.C. data, case definitions using 2 or more prescription drug 

dispensings will be limited by containing patients who only received a single set of 

medications to help develop a diagnosis or a group of patients with very mild asthma (i.e., 

patients who require SABA no more than 3 doses per week for symptom treatment, and do 

not require daily ICS for asthma management). Thus, this case definition is not suitable to 

limit the capture of patients who have chronic symptoms requiring regular drug use to 

manage symptoms.  

To address these limitations, the present research developed a superior case definition 

(i.e., 1 or more hospital admissions, or 2 or more physician visits or 3 or more asthma 

prescription drug dispensings during a 12-month period), with the aim of capturing the entire 

population with treated asthma in B.C. between 1996 and 2009. 
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1.5 DIAGNOSIS OF ASTHMA  

Proper diagnosis is the critical in order to facilitate optimal drug therapy and asthma 

management. Key components in diagnosis include a detailed medical history, family history, 

physical exam and proper testing of pulmonary (lung) function. Physical examinations 

include identification of allergic reactions such as skin rashes and/or abnormal sounds in the 

chest in response to various potential allergens. Hallmark symptoms include wheezing, 

shortness of breath, cough, nocturnal symptoms that lead to awakening and sleep 

disturbances, and a worsening of symptoms in the presence of triggers[13]. Testing of 

pulmonary function is important as it provides objective values to estimate the extent of 

airway limitation and its reversibility. However, it requires patient cooperation, making 

difficult to apply in young children, in patients who are experiencing asthma exacerbations, 

or in patients with poor health.  

The diagnosis of asthma is not always straightforward particularly since wheezing, 

coughing or chest tightness can arise from other conditions, such as bronchitis, colds, or 

pneumonia in children and adults and from chronic obstructive pulmonary disease (COPD) in 

adults. Thus, when patients are presenting with these conditions are admitted to clinics or 

EDs, diagnosis of asthma could be delayed or missed altogether. Further complications arise 

since other respiratory diseases can be misdiagnosed as asthma. On the other hand, some 

asthma symptoms like cough and/or wheeze are common and recurrent in many conditions, it 

is possible that other respiratory diseases are misdiagnosed as asthma in some patients. For 

example, one study examined whether asthma was overdiagnosed in patients from eight 

Canadian cities in 2008[73]. The investigators defined patients as not having asthma if they 

did not display evidence of acute worsening of symptoms, reversible airflow obstruction or 
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bronchial hyperresponsiveness while being weaned off asthma medications. Based on these 

criteria, this study identified that more than 30% of the study population with physician-

diagnosed asthma did not actually have asthma.  

Use of spirometry, a pulmonary function test, has been recommended to establish an 

asthma diagnosis[3].  Spirometry measures the amount and speed of air that can be inhaled 

and exhaled. The most common parameters measured in spirometry are vital capacity (VC; 

the maximum volume of air a person can expel from the lungs after maximal inhalation), 

forced vital capacity (FVC; the volume of air that can be forced to exhale after full 

inhalation), and forced expiratory volume (FEVX; volume of air exhaled at time point X 

during forced expiration).  

Spirometry is generally available only to children who are 5 years or older because of 

difficulties in application in young children.  To aid diagnosis, asthma clinical practice 

guidelines has recommended that physicians measure FEV1, FEV6, FVC, and the FEV1/FVC 

ratio before and after the patient inhales a short-acting bronchodilator. Reduced values for 

FEV1 and the FEV1/FVC ratio (or FEV1/FEV6 ratio) compared to predicted values are 

indicators of airway obstruction. An FEV1 increase of >200 mL combined with Ó12% from 

baseline or an Ó10% increase in FEV1 value after SABA administration indicates clinically 

significant airway reversibility. FEV1 and FEV1/FVC values have also been used to measure 

degree of asthma control, which is described in Section 1.8.  

Although spirometry provides objective values in pulmonary function, it does have 

limitations. In particular, test results may not always correlate directly with symptom severity; 

For example, in one study, Stout and colleagues reported that one third of children with 

moderate-to-severe asthma were reclassified to a more severe category when FEV1 values 
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were considered in addition to symptom frequency[74]. In contrast, another study by 

Bacharier and colleagues found that 68% of children with mild-to-moderate asthma classified 

by symptoms had normal FEV1[75]. 

In summary, several challenges exist in clinically diagnosing asthma, and these 

challenges produce variable results (e.g. in quantifying prevalence and incidence) that can 

result in errors in studies estimating the epidemiology of asthma. Degree of accuracy in 

asthma diagnosis also affects the validity of health service utilization database, which is 

discussed in detail in Section 1.5. 

1.6 GOAL OF ASTHMA TREATMENT  

The ultimate goals of asthma drug therapy are to enable a patient to live without 

asthma symptoms and associated functional limitations, to improve quality of life, and to 

reduce the risk of adverse side effects of medications[3]. Because of significant variations in 

asthma symptomology over time and in patientsô response to drug therapy, regular 

monitoring of the effectiveness of asthma control is necessary to achieve these goals. 

Research indicates that ongoing monitoring can help achieve disease management through 

routine follow-up visits with patients to review compliance with management plans, and self-

management skills including the use of inhalers, spacers, and peak-flow meters[13]. 

1.7 TREATMENT  OF ASTHMA  

Asthma is predominately managed by pharmacologic therapy, which can prevent and 

control symptoms, reverse airflow obstruction, and improve quality of life. There are two 

main classes of drug that are used to manage asthma: quick-relief medications that are taken 

to provide prompt reversal of acute airflow obstruction and relief of bronchoconstriction and 
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long-term controller medications that are taken daily over a longer period of time to achieve 

and maintain control.  

Long-term controller medications include: corticosteroids, mast cells stabilizers (i.e., 

cromolyn sodium and nedocromil), anti-IgE agents, leukotriene receptor antagonists (LTRA), 

long-acting bronchodilators (LABA) and methylxanthines.  

1.7.1  Inhaled corticosteroids 

Inhaled corticosteroids (ICSs) are the cornerstone of asthma drug therapy, and are by 

far the most effective and safest controller medication in asthma management. ICS were 

initially developed as a replacement therapy for oral steroids, which cause systemic adverse 

drug reactions (ADRs). Oral steroids were found to be effective at treating asthma and were 

widely used in the 1950s. However, potential ADRs, including growth retardation in children, 

osteoporosis, and metabolic disturbances soon became major concerns and suggested the 

need for development of an inhalation formulation designed to localize therapy at the target 

site (the lungs) and therefore reduce systemic ADRs associated with oral therapy. In the 

1970s, beclomethasone dipropionate (BDP) became the first corticosteroid developed for 

inhalation. Studies comparing the effectiveness and safety of ICSs in patients who transferred 

their drug therapy from oral steroids to ICSs[76-79], reported a 99% success rate in symptom 

control, along with relief of ADRs (especially Cushingoid features).  

Currently there are six different ICSs on the Canadian market, including 

beclomethasone, budesonide, fluticasone, flunisolide, mometasone and ciclesonide, and these 

share similar pharmacological characteristics. Clinical effects of ICSs are achieved mainly 

through inhibition of inflammatory cells via modulation of gene transcription, as well as 

prevention of inflammatory cell recruitment into the airways. The general mechanism of the 
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therapeutic action of corticosteroids is to increase transcription of anti-inflammatory genes 

and inhibit transcription of inflammatory genes, particularly in airway epithelial cells, the 

latter is the most important action of ICSs in inhibiting inflammation in asthma patients. In 

addition, ICSs reduce the number and activation of inflammatory cells in the airways and 

lungs, inhibit production of inflammatory mediators (e.g., cytokines and chemokines) by T-

lymphocytes, macrophages, and mast cells[13], and decrease vascular permeability, aiding in 

the reduction of airway edema. While they do have numerous therapeutic actions, ICSs are 

not able to reverse airway remodeling caused by chronic inflammation in the airways.  

1.7.1.1 ICS efficacy in asthma treatment 

 The therapeutic efficacies of ICSs relative to LTRA and cromolyn sodium have been 

established in a number of clinical trials. A Cochrane Collaborative systematic review 

involving 10,005 adults and 3,333 pediatric patients and 65 studies with trial durations 

ranging between 4-52 weeks published before December 2012 compared ICS to LTRA[80].  

In this review, the median dose of ICS was 200 µg/day of microfine hydrofluoroalkane-

propelled beclomethasone or equivalent, and its use was associated with significant reduction 

in exacerbations requiring systemic corticosteroids or hospital admission, improvement in 

lung function testing (e.g., FEV1), asthma control and quality of life, reduction in asthma 

symptom score, nocturnal awakenings, and use of SABAs. Another recent trial randomly 

assigned 309 patients 12 to 80 years of age with mild to moderate asthma, reduced asthma-

related quality of life and inadequate asthma control to three treatment groups: ICS 

monotherapy, ICS and LABA combined inhalers, and LTRA[81].  Over two years, this trial 

compared quality of life, symptom score and exacerbation rates between patient groups and 

reported no significant differences; however, the validity of this study may have been 



19 

 

compromised by the fact that patients were permitted to change or stop taking medications 

without restriction. By the second year, 50% of patients did not complete asthma symptom 

diaries, 50 to 67% did not strictly adhere to protocol medications, and 24 to 59% stopped 

taking prescribed ICS.  

Similarly to those comparing ICSs to LRTA, studies comparing ICSs to cromolyn 

sodium showed that ICS treatment groups had significant improvement in lung function, 

fewer exacerbations, lower asthma symptom scores and reduced use of SABAs[82].   

In addition, several studies have examined the efficacies of adjunctive therapy and 

have reported that addition of LABA to ICS produced more significant improvement in 

asthma outcomes than addition of LTRA or theophylline or doubling ICS dose[83, 84].  

1.7.1.2 ICS effectiveness in asthma treatment 

Several studies have demonstrated that the use of ICSs significantly reduces asthma-

related hospital admissions and deaths, regardless of severity and age.  

The earliest cohort study that assessed the risk of hospital admission for asthma in 

relation to ICS use was in 1994[85]. This study involved 216 children treated with 

budesonide and 62 children treated with theophylline, inhaled B2-agonists, and/or sodium 

cromolyn and followed these patients for up to 7 years. On average, only 0.4% of children 

who received ICS had hospital admissions for asthma each year during follow-up, a value 

nearly 10-fold lower than the rate for children treated with other asthma medications (3% per 

year)[85]. This apparent reduction in hospital admission rates among ICS users was 

supported by subsequent studies[85-88].  

Early investigations using asthma mortality as an outcome produced mixed results. A 

New Zealand study (1989) involved 117 cases of death from asthma and 468 controls 
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matched with respect to age and ethnic group, reported a 34% increase in asthma mortality in 

patients who received ICS[89]. In stark contrast, a second study conducted from 1988 to 

1990 reported a 30% reduction in asthma-related mortality in patients treated with ICS[90]. A 

major limitation of this study is that the measure of ICS exposure was binary (yes or no) and 

length of ICS use was not taken into account. In 1992, Ernst and colleagues conducted a 

study based on 129 cases of fatal or near-fatal asthma and 655 matched controls. After 

accounting for disease severity and risk of adverse drug events,  patients who received 12 or 

more ICSs (50 µg per actuation; 200 actuations) over a one-year period were 90% less likely 

to have fatal and near-fatal asthma (RR, 0.1; 95% CI, 0.02 ï 0.6) compared to those who did 

not receive any ICS during the study year. However, patients who received from 1 to 11 ICS 

inhalers had similar risk of experiencing the outcome events (RR 1.6; 95% CI 0.9-2.7). The 

authors concluded that there is no sufficient power to detect the differences between ICS 

treatment groups[91].     

Indeed, in 2000, Suissa et al. addressed methodological limitations found in previous 

studies and conducted a nested case-control study within a cohort of 30,569 patients with 

asthma identified using the Saskatchewan Health databases[92]. Asthma severity, time of 

drug use, length of follow-up at the time of death were considered and incorporated into the 

case and matched control criteria. This analysis seemed to resolve the contrasting results of 

early studies and showed that each additional ICS canister used in the baseline year resulted 

in a 20% reduction in the likelihood of asthma-related mortality.  

1.7.1.3 Safety of ICS 

Since ICSs are targeted directly to the site of inflammation directly, the risk of systemic 

ADRs is much lower compared with other therapeutics. However, ICS use can cause local 
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ADRs including include oral candidiasis and dysphonia [93-95].  

Oral candidiasis, an infection of oral mucus membranes by yeast fungi, occurs in 5 to 

34 percent of asthma patients[96-98] depending on ICS does[96]. Increased candidiasis 

occurrence in asthma patients is due to decreased local immunity caused by inhibition of 

normal host defense functions at the oral mucosal surface and in the esophagus.  It has also 

been suggested that oral candidiasis occurs because of an increase in salivary glucose levels, 

which stimulates the growth of Candida albicans. To reduce the incidence of oral candidiasis, 

clinical practice guidelines recommend mouth rinses with water immediately after inhalation 

and use of a spacer or valved holding chambers (VHCs) with a non-breath-activated metered 

dose inhaler (MDI). Mouthwashes with antifungal agents are another effective for treatment 

of oral candidiasis.    

Dysphonia occurs in 5-50% of patients who use ICS, but its etiology is still not clear. It 

has been suggested that dysphonia is associated with a fungal infection, vocal stress and 

dyskinesia of muscles that control vocal cord tension. Use of a spacer device or VHC with a 

non-breath-activated MDI, or a reduction in the frequency of ICS use can minimize the 

incidence of dysphonia.  

1.7.1.4 Systemic adverse effects 

Higher doses of ICS are associated with increased risk of systemic ADRs including 

reduced growth velocity in children, osteoporosis, skin thinning, cataracts and glaucoma and 

the suppression of the hypothalamic-pituitary-adrenal (HPA) axis[93, 94, 99]. These systemic 

effects are related to the total amount of corticosteroid that is absorbed and the rate of 

clearance from the body. For older ICSs (e.g., beclomethasone dipropionate, triamcinolone 

and flunisolide), systemic presence of corticosteroids is due to deposition of a significant 
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fraction of drug in the mouth[100], this fraction is swallowed, absorbed across the 

gastrointestinal (GI) lining and undergoes first-pass metabolism in the liver. In addition, older 

ICSs have low first-pass metabolism (50-70%), which, combined with swallowing and 

absorption in the GI tract, results in a higher concentration of ICS in systemic circulation 

after ñinhalationò. Newer ICSs (e.g., fluticasone, budesonide, ciclesonide), oral swallowing is 

less common due to improved drug delivery. Systemic availability of these corticosteroids 

results from local absorption through the lung[100]. Overall, evidence has shown that 

occurrence of systemic ADRs in patients with a low- to median- dose range of ICS is rare 

and that ADR events may be clinically insignificant and/or reversible. Patients who 

continuously receive high-dose range of ICS may have higher risk of experiencing systemic 

ADRs, but this risk can be reduced by use of a spacer device with an MDI, mouth washing, 

or using dry-powder inhalers.  

The primary concern of physicians and parents/patients in the regular use of ICSs in 

children is related to the potential for growth retardation [101]. A putative link between ICS 

use and growth is suggested by the known association between systemic corticosteroids 

levels and growth. Systemic corticosteroids have been associated with inhibition of growth 

hormone secretion, reduction in growth hormone receptor expression and direct suppression 

of growth[102-104]. However, the magnitude of the effects of ICS on growth are still not 

completely clear[100]. Evidence has shown that the reduction of linear height is small, 

nonprogressive, and possibly reversible [105-107]. For example, the Childhood Asthma 

Management Program conducted a 5-year, 8-center study that involved 1,000 children 5-12 

years of age with mild to moderate asthma[105].  This study reported that the mean height 

increase in children treated with budesonide was about 1 centimeter (cm) less than the mean 
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height increase in children treated with placebo in the first year of the study. However, after 

the first year and throughout the remaining 4 years of the study, children on budesonide grew 

at rate identical to the other children. In addition, poorly controlled asthma has also been 

linked to reduced growth in children[108, 109]. Since growth hormones are primarily 

secreted at night or during exercise, the limited physical activity and frequent wakening at 

night caused by poorly controlled asthma result in reduced growth hormone. These 

observations should be considered when interpreting findings from growth studies[100].  

In summary, ICSs are the most effective long-term maintenance therapy for asthma and 

have an excellent safety profile, especially in low dose ranges that are usually sufficient for 

asthma treatment. Adverse reactions can occur at higher doses, but can be avoided through 

using combination therapy or by decreasing ICS dose once asthma control has been achieved.  

 

Other controller medications 

1.7.2 Leukotriene receptor antagonists (LTRAs) 

LTRAs (Zafirlukast and montelukast) are an alternative therapy for the treatment of mild 

persistent asthma, and they function by inhibiting leukotriene-mediated inflammation. As 

discussed in Section 1.7.1, LTRA efficacy is lower compared with ICS, evinced by less 

reduction in exacerbations, less improvement in symptom-free days), LTRA is generally 

reserved for a second-line therapy, except in children who cannot properly apply ICS 

inhalation. 

Studies examining the effectiveness of LTRA or comparing the effectiveness of LTRA 

to ICS are limited and suffer from methodological flaws. Blais et al. conducted a cohort 

study involving 27,355 children who initiated ICS or LTRA monotherapy between 1998 and 
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2005 using Quebec administrative databases[110]. The primary outcome measured was the 

rate of exacerbations (defined as ED visit or hospital admissions or dispensed prescription of 

oral corticosteroids) over the subsequent year. In order to control confounding by severity, 

the analyses were stratified by the number of exacerbations that patients previously 

experienced. In patients who did not have previous exacerbations, ICS use was associated 

with significantly higher rates of exacerbations compared to montelukast use. However, in 

patients who had one or more previous exacerbations there was no significant association 

with ICS use. This study has two major limitations: first, the use of stratification as the sole 

method used to control confounding by severity is insufficient; second, the authors used a 

linear regression model for analysis, which did not account for the time-dependent nature of 

medication use. Together, these limitations challenge the validity of the results comparing 

exacerbation frequency with ICS use. However, this same study did show that adherence 

rates for montelukast were significantly higher than the rates for ICS. Recently, Ducharme 

and colleagues used Quebec health service utilization again to compare asthma-related health 

service utilization outcomes in 227 children 2-17 years of age[111]. There were no 

significant differences in the use of oral corticosteroids or ED services between montelukast 

and the ICS use groups. ICS monotherapy group showed significantly higher hospital 

admission rates and use of ɓ2-agonist for asthma than the montelukast group. Patients who 

received montelukast appeared to have poorer asthma control, but better adherence than 

those who received ICS during the baseline year. No valid method was used to measure 

adherence. The authors still failed to adjust for confounding by severity or use time-

dependent analysis to account for the time-dependent nature of asthma drug use.   

In 2008, the US Food and Drug Administration (FDA) issued a safety alert for 
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Montelukast for a possible link to suicide and other adverse neuropsychiatric events (e.g., 

tremor, depression, and anxiousness). Since then, 800 suicide-related adverse events 

associated with LTRAs have been reported to the FDA [112]. There is no clear 

pharmacological mechanism through which LTRAs might cause suicide, but several theories 

have been proposed. One theory suggests that, since leukotrienes and their receptors are 

present throught the nervous system and it is known that LTRAs can penetrate the blood-

brain barrier, the inhibition of leukotriene receptors in the brain by LRTAs might be 

responsible for adverse neuropsychiatric effects [113]. Another theory postulates that 

production of toxic nitric oxide by direct binding of montelukast to the cysteinyl leukotriene 

receptor 1[114] might be responsible. While it is interesting to speculate, there is currently no 

solid evidence to support either of these theories.  

1.7.3 Mast cells stabilizers 

Cromolym sodium and nedocromil, two mast cells stabilizers, act by inhibiting the 

release of histamine and leukotrienes from mast cells. Cromolyn was approved by the FDA 

in 1973 as maintenance therapeutic for children with asthma, but became less commonly 

used after the introduction of ICSs in 1990s. Both Cromolyn and nedocromil have been 

associated with a significant reduction in the use of ED services (50%) and hospital 

admissions (20%-60%) in population-based cohort studies [87] [115]. However, a Cochrane 

review pooled results from four available clinical trials that assessed cromolyn efficacy and 

showed no significant differences in the percentage of symptom-free days between cromolyn 

and placebo, and only minimal effects of cromolyn treatment on asthma outcomes [116]. 

However, both drugs are still used in practice, especially in pediatric patients who are ICS-

intolerant or are concerned about ICS-related ADRs. 
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1.7.4 Methylxanthines 

Methylxanthines, such as theophylline, have been used in the treatment of asthma since 

1930. Theophylline works as a bronchodilator and is used to prevent asthma symptoms. The 

bronchodilating action of theophylline is due to its inhibition of phosphodiesterase, which 

increases cellular cAMP and relaxes airway smooth muscle. Theophylline can also lead to 

behavioral disturbances and learning difficulties in children and high concentrations of can 

result in cardiac arrhythmias and seizure; thus, it is important to monitor its plasma levels of 

theophylline in order to prevent occurrence of serious ADR. Because of high ADR frequency 

relatively low efficacy, theophylline is generally only used as an adjunct therapeutic and is 

mainly indicated to patients with severe asthma.  

1.7.5 Anti-IgE agents 

 Omalizumab is a monoclonal anti-IgE antibody that is delivered subcutaneously 

every 2 to 4 weeks and that prevents binding of IgE to high-affinity receptors expressed on 

the surfaces of basophils and mast cells. Omalizumab was approved by the U.S. Food and 

Drug Administrative (FDA) in 2003 for the treatment of patients 12 years and older with 

moderate to severe persistent asthma that is controlled with ICS or ICS combined with a 

long-acting B2 agonist (discussed below). In clinical trials, omalizumab has demonstrated 

efficacy compared to placebo[117-121]. The effectiveness and safety of omalizumab in large 

populations have yet to be analyzed in detail.  

1.7.6 Long-acting ɓ agonists (LABA) 

Long-acting B2 agonists share similar pharmacological mechanisms with short-acting 

B2 agonistsðthey relax airway smooth muscle via ɓ2 adrenergic receptor mediated increases 
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in cyclic AMP. Because of their relatively high lipophilicity, LABAs have a more sustained 

effect on bronchodialtion, a single dose produces an effect that lasts at least 12 hours, 

permitting twice-daily administration.  

Randomized controlled trials (RCTs) have shown that adding a LABA to an ICS regimen 

provides greater improvements in lung function, symptom control and reduced need for 

SABA compared with increasing ICS dose[122-127].   

Safety concerns regarding LABAs arose shortly after their market introduction. Several 

large clinical trials and meta-analyses reported increases in respiratory and asthma-related 

deaths in patients who received salmeterol [128-130]. In 2004, the FDA issued black box 

warnings on all preparations containing LABAs. The mechanism(s) underlying the increased 

risk of severe respiratory events associated with LABA use are not fully understood but are 

likely related to genetic, environmental and/or disease factors. A recent study from the UK 

assessed the role of the B2 receptor Arg16 allele in asthma exacerbations in 1,182 children 

and adult patients [131] and associated increased risk of exacerbations with extra copies of 

the Arg16 allele in patients who regularly use inhaled salmeterol.  Interestingly, the 

associated risk was not observed in patients carrying an extra copy of the Arg16 allele who 

were also taking oral or ICS, suggesting that steroids may protect against LABA-mediated 

receptor down regulation and desensitization through the ADRB2 glucocorticoid response 

element (a DNA sequence that regulates transcription).  

1.7.7 Systemic corticosteroids 

Systemic corticosteroids are used in patients with severe asthma exacerbations as adjunct 

to SABAs since they reduce airway inflammation fast through systemic effects. They are also 

recommended to be used at the onset of symptoms in upper respiratory tract infection-
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induced exacerbations[13]. The risk of ADR effects depends on dose and duration, and the 

likelihood of ADRs occurring in patients with short courses of systemic corticosteroids is 

small[132].  However, regular use has been associated with a series of serious adverse effects, 

including growth retardation, osteoporosis, myopathy, adrenal supression and development of 

cushingoid habitus[3, 133, 134]. 

In contrast to controller medications designed to manage symptoms over sustained 

periods of use, reliever medications are designed to rapidly treat acute symptoms and this 

class of medications include SABAs and anti-cholinergic drugs.  

1.7.8 Short-acting bronchodilators 

SABAs are the most effective medication for relieving acute bronchoconstriction[13] 

and their  efficacy has been established in a number of RCTs trials. SABAs are adrenergic 

receptor agonists that relax airway smooth muscle via stimulation of ɓ2 adrenergic receptors, 

which leads to bronchodilation. ɓ2 receptors are coupled to stimulatory G proteins that 

activated adenylyl cyclase and increased intracellular cyclic AMP. Increased cyclic AMP 

leads to brochodilation by a number of mechanisms including activation of protein kinase A 

and increased calcium permeability. ɓ2 agonists also increase the conductance of large 

calcium- sensitive potassium channels in airway smooth muscle, which promotes membrane 

hyperpolarization and relaxation[2, 10].  

Historically, the first bronchodilator administered for asthma treatment was 

subcutaneous epinephrine, a nonselective adrenergic agonist that binds to ɓ1- and ɓ2- 

adrenergic receptors. By the mid twentieth century, an inhaled formulation of epinephrine 

became available. Studies in the early 1990s reported a series of epinephrine-induced severe 

ADRs including cardiac tachycardia and arrhythmias resulting from ɓ1 receptor stimulation 
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as well as peripheral blood vessel narrowing due to Ŭ-receptor stimulation. Due to these 

potentially serious ADRs, epinephrine is no longer commonly used to treat asthma. The next 

bronchodilator developed as an alternative to epinephrine was isoproterenol, a selective ɓ-

adrenergic agonist. However, isoproterenol stimulates both ɓ1 and ɓ2 receptors, like 

epinephrine it can cause cardiac stimulation in addition to the desired bronchodilation effect; 

indeed,  in the mid-1950s high-dose isoproterenol was found to significantly increase 

asthma-related deaths in England. This suggested the need for a more selective ɓ2 agonist, 

and in 1980s, the first ɓ2-selective SABA, salbutamol, was developed by GlaxoSmithKline, 

and remains a mainstay in the treatment of acute asthma symptoms.  

 

Safety of short-acting bronchodilators 

In the late 1980s and early 1990s, a series of studies associated chronic SABA use with a 

significant increase in asthma-related death[89]
, 
[90, 135-137]. This effect is likely due to the 

down-regulation of ɓ receptors that occurs with long term use, and could lead to decreased 

bronchodilation and bronchoprotection. Evidence has shown that regular use of SABAs also 

reduces drug effectiveness[138, 139], increase airway hyperresponsiveness[140-142], and 

increases the response of eosinophils and mast cells to allergen challenge[141, 142].  

 Because SABAs provide immediate effects in reliving symptoms, some patients 

maintain asthma control solely by SABA use. The negative outcome of regular SABA use 

highlights the need for physicians and asthma educators to provide patients with information 

on the improper use of medication, and to regularly monitor patientsô drug use.  

1.7.9 Anti-cholinergic medications 

Anti-cholinergic medications including ipratropium and tiotropium relax airway smooth 
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muscle by inhibiting muscarinic receptors in the lung and submucosal gland cells[143]. 

Because muscarinic receptors do not play a primary role in the pathophysiology of asthma, 

anti-cholinergic medications are less potent bronchodilators than SABAs. Ipratropium, a 

short-acting cholinergic medication is extensively used in EDs in combination with ɓ 

agonists to manage acute exacerbations. A recent review of 32 RCTs showed that use of a 

SABA and anticholinergics in combination produced a significant increase in lung function 

in pediatric and adult patients, and was associated with a 25% reduction in asthma-related 

hospital admissions in children and a 32% reduction in adults[144]. Recently, three RCTs 

showed that addition of tiotropium, a long-acting anticholinergic medication to patientsô 

regimens of ICS and LABA produced greater efficacy than those patients who added placebo 

to their regimens[145-148]. Two of these trials have small sample sizes (n=210 and 388) and 

short study durations (8-16 weeks)[146, 148]. More evidence based on larger study sample 

and longer study duration is needed to determine the role of tiotropium as adjunct therapy in 

patients with moderate to severe asthma.  

1.8 ASSESSMENT OF ASTHMA CONTROL 

 Well controlled asthma has been associated with significant reductions in ED visits 

and hospital admissions and with improved quality of life. Success in achieving and 

maintaining well controlled asthma has been associated with greater adherence to controller 

medication regimen, regular health professional assessment of asthma control, greater 

continuity of care, and easy access to care[3].  

Asthma control refers to the degree to a patientôs asthma symptoms are under control at a 

given point of time. The National Health Heart, Lung and Blood Institute (NHLBI) 

recommend that asthma control be measure asthma based on two criteria: current impairment 
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and future risk[13]. Impairment involves assessment of: 1) frequency and intensity of 

symptoms; 2) frequency of SABA use; 3) pulmonary function; and 4) reduction in patient 

activity (e.g., exercise, attendance at work or school). The risk component of asthma control 

estimates the likelihood of recurrent ED, progressive loss of lung function or reduction of 

lung growth in children, and ADRs.  

Risk of future exacerbations can be measured using spirometry. FEV1 values which have 

been used as markers of the degree of airflow obstruction and used by the NHLBI as a 

measure of asthma severity, are particularly useful. For example, in a pediatric population 

with asthma (n=13,842), the risk of having subsequent asthma attacks (i.e., wheezing or 

shortness of breath) is two-fold greater in patients with an FEV1 < 60% compared to those 

with and FEV1 > 80%[149].  Assessment of the risk of risk of reduced lung growth in 

children is measured by prolonged failure to attain predicted lung function values for a given 

age and by longitudinal assessment of lung function. In contrast, little is known about the risk 

and prevention of progressive loss of pulmonary function among asthma patients.  

Since population-based health services utilization data have been widely used nowadays 

to perform epidemiological studies in asthma, there is growing evidence on the development 

of indicators of asthma control level based on electronically available data records. Factors 

related to asthma control level are summarized in Table 1.1. Evidence has shown that 

patients who have had exacerbations requiring ED visits, hospital admission or intensive care 

unit (ICU) admission, especially in the past year, have a greater risk of exacerbations in the 

future[150-152].  In adults, hospital admission in the past 12 months increases the risk of 

future hospitalization;  patients with asthma-related hospital admissions in the previous 12 

months were 3 times more likely to have repeated ED visits for exacerbations[150, 151]. In 
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pediatric patients, a hospital admission or ED visit in the past 6 months doubles the risk of 

future hospital admission or ED visits for exacerbations[152].  Studies conducted by Firoozi 

et al. and Ungar et al. also reported using number of SABA and ICS inhalers, dispensing 

records of the second-, third- and fourth-line asthma drug therapy (e.g., LABA, LTRA, 

theophylline, and oral steroid prescriptions) is valid in measuring patientsô asthma level of 

control[153, 154].  
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Table 1.1 Factors affecting asthma control level 

Characteristic Association with risk of hospital 

admission or ED visit 

Rationale 

Demographic information 

Age  Young children are more likely to visit 

ED or be admitted to hospitals for 

asthma than older patients.  

Young children have smaller airway caliber[155]. Airway 

constriction and inflammation are more likely to cause 

airway blocking.  

 

Parents tend to take young children to the ED for asthma 

management mainly due to lack of knowledge or 

confidence in managing their childrenôs asthma at home 

[156].  

Gender Boys are more likely to have asthma 

exacerbations. Risks of using ED or 

hospital services for asthma are similar 

in teenager, but significantly higher in 

female adult patients.  

Airway hyperresponsiveness is more common and severe 

among boys in childhood[31]; 

Atopy (the production of IgE in response to allergens) is 

more common in males before age 13 years[37]; 

Fluctuation of estrogen levels due to female menstrual 

cycles has been reported to activate proteins that produce 

an inflammatory response[40]. 

Details see Section 1.3.1.3.  
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Characteristic Association with risk of hospital 

admission or ED visit 

Rationale 

Health service utilization 

Admission to hospital 

for asthma in the past 

12-month 

Admission to hospital in previous year 

increases the risk of hospital admissions 

or ED visits for asthma in the 

subsequent year 

Patients who were hospitalized for asthma may have 

more severe disease and/or poorer asthma control[157]. 

ED visit in the past 12-

month 

ED visits for asthma in previous year 

increases the risk of ED visits or 

hospital admissions in the subsequent 

year.  

Patients who visited ED for asthma may have more 

severe disease and/or poorer asthma control[157]. 

Asthma drug dispensing 

Number of SABA 

inhalers 

Patients with frequent SABA use may 

have higher likelihood of using ED or 

hospital services for asthma. 

Frequent use of SABA may imply poor asthma control 

[157]; higher risk of outcome. 

Number of theophylline 

prescriptions 

Patients with theophylline use for 

asthma may have higher likelihood of 

using ED or hospital services for 

asthma. 

Use of theophylline may imply poor asthma control. 

Thophylline is used as a third-line asthma drug therapy 

and is indicated to patients whose asthma cannot be well 

controlled by SABA, ICS and LABA[3]. Details see 

Section 1.7.4. 
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Characteristic Association with risk of hospital 

admission or ED visit 

Rationale 

Number of LABA 

prescriptions dispensed 

Patients with LABA use for asthma may 

have higher likelihood of using ED or 

hospital services for asthma. 

Use of LABA may imply poor asthma control. LABA is 

used as the second-line asthma drug therapy and is 

indicated to patients whose asthma cannot be well 

controlled by SABA and low/median-dose ICS[3]. 

Details see Section 1.7.6. 

Number of montelukast 

prescriptions dispensed 

Patients with montelukast use for 

asthma may have higher likelihood of 

using ED or hospital services for 

asthma. 

Use of montelukast may imply poor asthma control. 

Montelukast is used as the third-line asthma drug therapy 

and is indicated to patients whose asthma cannot be well 

controlled by SABA, ICS and LABA[3]. Details see 

Section 1.7.2. 

Number of Omalizumab 

prescriptions dispensed 

Patients with omalizumab use for 

asthma may have higher likelihood of 

using ED or hospital services for 

asthma. 

Use of omalizumab may imply poor asthma control. 

Omalizumab is used as the third-line asthma drug 

therapy and is indicated to patients whose asthma cannot 

be well controlled by SABA, ICS and LABA[3]. Details 

see Section 1.7.5. 

Note: SABA: short-acting broncodilators; ICS: inhaled corticosteroids; LTRA: leukotriene receptor antagonists; LABA: long-

acting bronchodilators 
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Another measure of asthma control is the ratio of controller medication to reliever 

medication, but the utility of this measure is unclear[158-162].  Fuhlbrigge et al. used 

prescription dispensing data and compared the association between two different asthma 

prescription measures and subsequent risk of ED visits in children enrolled in three U.S. 

managed care organizations[162]. The first measure, dispensing of a controller medication 

was associated with a 70% lower risk of ED visits.  However, results acquired using the 

second measure, the ratio of dispensed controller and dispensed reliever medications were 

dependent on the number of reliever medication dispensings.   A higher ratio of controller-to-

reliever dispensing was associated with a lower risk of ED visits in children dispensed <4 

relievers over the 1 year study; however, there was no significant relationship between the 

ratio of controller-to-reliever dispensing and ED visits in children dispensed Ó4 relievers. 

Also contradicting are the findings of Griffiths et al., who found a higher prescribing ratio 

was associated with a lower hospital admission rate[160], and Gottlieb et al., who observed 

an inverse correlation between the ratio of the ratio of controller-to-reliever dispensing and 

hospital admissions. Shelley et al. observed no correlation between hospital admission rate 

and the ratio of controller-to-reliever dispensing. Finally, Schatz et al. showed that patients 

who use <6 ɓ-agonist canisters per year are less likely than patients who are prescribed Ó 6 ɓ-

agonist canisters per year to experience subsequent ED visits. This suggests that the number 

of ɓ-agonist canisters dispensed may be a useful measure that reflects asthma control.   

1.9 CLINICAL MANAGEMENT OF ASTHMA  

1.9.1 Long-term control 

Due to the highly variable nature of asthma, a dynamic, closely monitored therapeutic 
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approach is recommended in clinical practice guidelines. Figure 1.2 and Figure 1.3 show the 

stepwise approach of asthma management recommended by the NHLBI Guidelines for the 

Diagnosis and Management of Asthma, EPR-3 (2007)[3]. Infrequent symptoms in the 

presence of expiratory flows can be treated with an inhaled SABA used as needed to relieve 

symptoms. If the rescue SABA is needed > 3 times a week (excluding 1 dose per day before 

exercise to prevent exercise-induced asthma), or if lung function is abnormal, an ICS should 

be added to the regimen at the minimum daily dose (equivalent to < 500 mcg/day of 

beclomethasone dipropionate in adults, and < 250 mcg/day in children). If symptoms are not 

adequately controlled by low ICS doses, guidelines recommend two options: 1) add a LABA 

to the low-dose ICS regimen; or 2) increase ICS dose to the medium-dose range (500 ï 1000 

mcg/day in adults and 250 ï 500 mcg/day in children <12 years). Because of the safety 

concerns associated of LABA use (see Section 1.7.6), the EPR-3 Panel recommended that 

equal consideration be given to the options of increasing ICS dose or adding a LABA for 

patients whose asthma is not sufficiently controlled with a low-dose ICS alone[3]. 
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Figure 1.2 Stepwise approach to therapy for managing asthma in patients 5-11 years of 

age (copied from the National Heart, Lung and Blood Institute Guidelines for the 

Diagnosis and Management of Asthma, Expert Panel Report-3 with permission)[3]. 

 

Note: PRN: as needed; SABA: short-acting broncodilators; ICS: inhaled corticosteroids; 

LTRA: leukotriene receptor antagonists; LABA: long-acting bronchodilators 
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Figure 1.3 Stepwise approach to therapy for managing asthma in patients 12 years or 

older (copied from the National Heart, Lung and Blood Institute Guidelines for the 

Diagnosis and Management of Asthma, Expert Panel Report-3 with permission)[3]. 

 

Note: PRN: as needed; SABA: short-acting broncodilators; ICS: inhaled corticosteroids; 

LTRA: leukotriene receptor antagonists; LABA: long-acting bronchodilators 

 

 

For patients whose symptoms cannot be sufficiently controlled by the regimens listed 

above, the next recommended step is to increase ICS dose to the medium-dose range and add 

a LABA.  If this still does not lead to improvement in asthma control, patients are 

recommended to take a high dose of ICS (> 1000 mcg/day in adults and > 500 mcg/day in 

children), or consult an asthma specialist. Upon achieving control, consideration of an ICS 

dose reduction is recommended.  
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1.9.2 Managing exacerbations of asthma 

Asthma exacerbations refer to acute episodes of progressively worsening shortness of 

breath, cough, wheezing and chest tightness. Generally, for patients with mild exacerbations 

(those with a Peak Expiratory Flow or PEF Ó70 % of predicted), administration of SABA via 

metered-dose inhaler or a nebulizer at home should quickly relieve symptoms. Patients with 

moderate exacerbations should take up to 2 SABA treatments of 2-6 puffs 20 minutes apart 

at home. Treatments should be followed by a reassessment of PEF and symptoms. Patients 

who do not achieve a PEF of Ó80% of predicted value after two SABA treatments should 

seek physician or emergency medical care[3]. Patients with severe exacerbations usually 

require ICU admission for more extensive monitoring and treatment. Patients who have 

previously experienced intubation or ICU admission for asthma, have had Ó 2 hospital 

admissions for asthma in the past year, Ó 3 or more ED visits for asthma in the past year, 

have had a hospital or ED visit for asthma in the past month, or are using >2 canisters of 

SABA per month may be at high risk for death from asthma. These patients may need more 

intensive treatment at the first sign of an exacerbation.  

A critical step in the management of acute asthma exacerbations is to identify the start of 

asthma exacerbation and initiate drug therapy. This avoids treatments delays, prevents 

worsening of exacerbations, and helps promote patient control of symptoms.  Asthma 

educational programs that provide comprehensive training in recognizing early signs of 

exacerbation, using asthma medications and asthma treatment plans will help patients initiate 

early treatment at home and reduce the need for acute care. The latest clinical practice 

guidelines include the recommend use of a written asthma action plan that summarizes daily 

drug treatments and shows how to recognize and react to exacerbations. 
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Despite their potential effectiveness in asthma management, studies assessing the utility 

of written action plans are inconsistent. Benefits of action plans have been observed in at 

least two studies. The first, conducted by Cowie et al[163] compared asthma healthcare 

outcomes in groups of patients using either no written plan, a symptom-based written plan, or 

a peak flow-based written plan. Over the 6-month follow-up period, patients who utilized a 

peak flow-based written plan had significantly fewer urgent care visits (5 visits in 46 patients) 

compared to patients who received a symptom-based plan (45 visits in 48 patients) or no 

written plan (55 visits in 48 patients). A second study by Gibson et al. systematically 

reviewed 36 RCTs comparing usual care to care that included self-management education 

programs coupled with regular medical reviews and written action plans. The pooled analysis 

showed a 36% reduction in hospital admissions, 18% reduction in ED visits by; 21% 

reduction of missed school or work days, and a 23% reduction in nocturnal asthma 

symptoms[164]; however, subgroup analyses were not able to isolate a specific contribution 

of written action plans to these outcomes. Other studies have shown no effect of written 

action plans on various asthma outcomes. For example, in 2004, Toelle and Ram conducted a 

systematic review to determine whether the provision of a written action plan increases 

adherence and improves asthma outcomes[165]. The authors pooled results from 7 trials and 

found no consistent evidence for positive effects of written plans, but this may have been due 

to small sample sizes (75 to 150) and a small number of outcomes. Other RCTs have 

indicated no effect of written asthma action plans in reducing health service utilization[166, 

167]. 

One 2-year RCT conducted by van der Palen[168] examined effects of education related 

to self-treatment on self-manageability during exacerbations and found a  significant 
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improvement in self-confidence and self-management behavior during a hypothetical asthma 

exacerbation. These results were confirmed in a follow-up study that measured outcomes in 

the same groups of patients after 2 years, but showed no significant effect on clinical asthma 

status (i.e., frequency of exacerbations, mean number of outpatient visits for asthma per 

patient per year, and percentage of symptom-free days and nights)[169].  

The cumulative results of these studies are inconsistent. One possible reason is that some 

asthma self-management plans are too general; some patients may require more specific 

information on how to identify and react to the onset of exacerbations. Studies have shown 

that 80-85 % of asthma patients are triggered by upper respiratory tract infections; these 

patients may need instructions on when to initiate drug therapy and which medication is 

needed in cases of infections. Some patients may have a high level of denial with respect to 

their asthmatic status, or may be unwilling to adhere to drug regimens. Adams et al. 

conducted a comprehensive asthma education program using monthly telephone contact to 

emphasize the importance of asthma action plans to participants[170]. This study showed 

that patients with high levels of disease denial and lower self-confidence had increased 

numbers of exacerbation-associated ED visits.  

In summary, asthma exacerbation is a major cause of patientsô poorer quality-of-life and 

increased burden on healthcare system. An effective written action plan facilitates the early 

detection and treatment of an exacerbation, further prevents unnecessary health services 

utilization. Key component of effective written action plan include: when to increase 

treatment, how to increase treatment, for how long and when to seek medical help[171]. As 

there is great inter-patient variability in asthma triggers, disease severity and medication use, 

written action plan has to be individualized in order to produce effectiveness.   
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1.10 ADHERENCE TO ASTHMA DRUG REGIMENS  

1.10.1 Regimen adherence 

In the literature, the term ñcomplianceò and ñadherenceò are usually used to describe 

agreement between prescribed medications and patientsô actual use. There has been a 

decades-long debate about the definition and differentiation between the two terms. Haynes 

et al. defined compliance as ñthe extent to which a personôs behavior (in terms of medications, 

diets, or life-style changes) coincides with medical or health advice.ò[172] Some researchers 

suggested that the terms adherence and compliance are interchangeable , but others claim 

they differ substantial, in particular that ñthe term compliance suggests a restricted medical-

centered model of behavior, while the alternative adherence implies that patients have more 

autonomy in defining and following their medication regimens.ò[172] This distinction is 

particularly important when considering chronic diseases, such as asthma, which involve 

complex drug management. Compliance is a term that refers to ñfollowing doctorôs ordersò 

and indicates that patients are largely responsible for their daily care requirements[172, 173]. 

Using the term adherence gives patients more freedom to decide whether or not to follow 

physician recommendations, and indicates an equal role of patients in determining treatment 

protocol, and will be used in the follow discussions.  

Patient adherence to medical regimens is a major problem in chronic disease 

management. Despite numerous clinical practice guidelines that carefully define drug 

management approaches, many asthma patients still do not adhere to drug regimens; reported 

rates of non-adherence range from 30 - 70 %[174-176]. Studies have reported that on average, 

half of asthma medications are taken in adherence with the prescription, while the remaining 

half are taken at incorrect times or using techniques inconsistent with physician 
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instructions[177]. Non-adherence to controller medications has been reported to result in 

more frequent exacerbations[178, 179], increased health services utilization[178] and 

decreased quality of life. In Canada in 2000, the estimated economic burden of 

hospitalizations attributable to patient non-adherence to controller medications exceeded $1.6 

billion[180].   

1.10.2 Measure of drug adherence 

Adherence to asthma drug regimens has been a concern for decades and a number of 

studies have attempted to accurately measure regimen adherence. These published measures 

can be divided into two main categories: direct and indirect methods. Direct methods include 

measurement of the level of medicine in blood and directly observed therapy. For example, 

early investigations used blood or urine analysis to directly quantify medication levels[181]. 

For example, adherence to theophyllineða previously widely used medication ïwas 

commonly measured using blood serum theophylline concentration[182]; sufficient use was 

defined as blood theophylline levels > 10 mg/ml[183]. However, such methods are less 

useful today, since commonly prescribed asthma medications such as becomethasone and 

salbutamol cannot be easily detected in bodily fluids due to the rapid and local elimination in 

respiratory system of these agents[176] and quantifying adherence requires other approaches. 

Another direct measure includes observing patientsô ability to of using an MDI. Manzella 

et al. developed a 10-item Inhaler Use Checklist (IUC)[184]. This IUC was completed by a 

trained administrator who directly observed the patientsô inhaler use, and awarded points for 

successful completion of each IUC item. There is currently insufficient data to assess the 

reliability of this approach.  

Indirect methods of adherence assessment include clinician judgment based on 
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conversations with patients on drug use, patient questionnaires, self-reports, pill counts, rate 

of prescription refills and patient diaries. Clinician judgment was commonly used in earlier 

investigations on drug adherence. Several factors have been shown to influence a physiciansô 

overall judgment including past clinical experience, as well as patient race, socioeconomic 

status (SES), and personality[176], making this measure subject to low validity and reliability. 

Previous studies have reported great overestimations of the degree to which patients adhered 

to medications[185, 186]. Steele et al. examined tape recordings of patients with 

hypertension communicating with their physicians and reported that physicians failed to 

identify 47% of patients who were not adherent[187].   

Questionnaires polling patients about drug use and symptoms have been widely used to 

assess adherence and healthcare outcomes. Kandane-Rathnayake et al. found that in a group 

of Australian adult asthma patients, more than one fourth of them did not use controller 

medications adequately[188]. Additionally, Marco et al. investigated the adequacy of drug 

usage in a random sample of Italian patients using the GINA guidelines and found that 48% 

of patients with persistent asthma did not receive sufficient controller medications[189]. 

Likewise, Finkelstein et al. reported that 73% of pediatric patients with persistent asthma 

underused controller medications, and that half of those reported no usage of controller 

medication[190].  Yoos et al. found that 32% of a small sample of pediatric patients with 

asthma (n=227) who experienced asthma symptoms during a 3-month period did not report 

any use of controller medications[191]. Self-reporting can be subject to patientsô recall bias. 

One early investigation compared self-reported use of inhalers with objective adherence data 

collected by an electronic monitoring device. They found that though all patients self-

reported using the inhaler on more than half of the study days, the objectively measured use 
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showed that only 52.6% of the patients were adherent [192].  

Another widely used approach, based on prescription dispensing data, uses prescription 

refill records to estimate patientsô adherence. Currently, the two most commonly used 

measures of medication adherence include Medication Possession Ratio (MPR) and the 

Proportion of Prescribed Days Covered (PPDC). MPR is the ratio of days medication 

supplied to days in a time frame. For example, Mattke et al. used MPR to measure ICSs 

adherence and reported a median MPR of 15%[193]. The PPDC measure was calculated by 

dividing the total daysô supply dispensed by the total daysô supply prescribed. Pando et al. 

used the PPDC methodology to measure adherence to ICSs in pediatric patients. The authors 

reported that in patients who required >3 doses of SABA per week, 20% only received one 

prescription for ICSs with no prescribed renewals. The mean PPDC was 62%, which 

suggested that patient adherence to these drugs was suboptimal[194]. These two 

methodologies allow estimating the days that patients are on medications within a time frame. 

However, these methodologies do not take into account whether patientsô adherence to 

medications is at an appropriate dose or when patients initiate the drug or change the doses of 

the medications.  

In 2000, Lagerlov et al. investigated the appropriateness of SABA and ICS use in adult 

asthma patients using a traffic light approach. Optimality was determined by patient use of 

inhaled SABAs and ICSs.  Green was used to indicate appropriate therapy, yellow to indicate 

uncertain therapy, and red to indicate inappropriate therapy[195]. This study reported that 34% 

of these patients did not use asthma regimens appropriately[195] but unfortunately this 

development was based on a group of physiciansô opinions and did not link adherence to 

healthcare outcomes.  
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What is needed is a classification approach that provides health planners, clinicians and 

patients with outputs that can be pragmatically used to improve asthma care.  The traffic light 

approach developed by Lagerlov et al. is a clinically relevant and easy method to identify 

patients who were inappropriate regimen users. Our study extended this development through 

incorporating published asthma clinical practice guidelines and linking health services 

utilization data in a complete population. Our comparison of obviously optimal users (e.g., 

Lagerlovôs Green Light patients) to obviously suboptimal users (e.g., Lagerlovôs Red Light 

patients) would allow all three stakeholder groups to improve asthma care by allowing 

categorization of patients to drive appropriate intervention strategies. In other words, Green 

Light patients need different interventions (or perhaps no intervention) while Red Light 

patients are likely to need different and more complex asthma management strategies.   

1.10.2  Reasons for non-adherence 

A variety of factors contribute to nonadherence in asthma therapy[13, 175, 196], and 

can generally can be categorized as physician- patient- or medication-related. Other factors 

include inappropriate expectations, poor supervision/training or follow up, anger about oneôs 

condition or its treatment, underestimation of severity, cultural issues, stigmatization, 

forgetfulness or complacency, and attitudes toward ill health and religious issues[197]. 

1.10.2.1 Physician factors 

Patient adherence is largely impacted by physician adherence to clinical practice 

guidelines (e.g., prescribing appropriate medications, assess asthma control and show how to 

use inhalers). Studies assessing potential barriers to physician adherence to guidelines 

identified two primary factors: 1) Physician knowledge, including lack of awareness or lack 
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of familiarity with guidelines; and 2) Physician attitude toward guidelines, including lack of 

agreement, lack of self-efficacy, lack of outcome expectancy, or inertia of previous practice 

[173, 198]. 

Wolff et al. reported that only 27% of U.S. FPs knew where to find a clinical practice 

guideline and that approximately one third of physicians were unfamiliar with the content of 

specific guidelines[199]. Conducting educational programs at the physician individual level 

has been shown to be successful, but is labour-intensive and costly.  

With respect to attitude toward clinical practice guidelines, the majority of physicians 

tend to agree that guidelines are good educational tools and convenient sources of advice, 

and that they are developed to improve the quality of health care. This positive attitude, 

however, was not found in all studies; approximately one quarter of physicians view 

guidelines negatively, describing them as oversimplified, too rigid to apply to individual 

patients, and a challenge to physician autonomy.  

When researchers examined guideline implementation, they discovered that few 

physicians reported making changes to their clinical practice based on published 

guidelines[200, 201]. Indeed, guidelines ranked well below other sources of information, 

including continuing medical education, discussions with colleagues, and review articles, in 

influencing physician practice[201]. In a 1997 Canadian study, Hayward et al. suggested that 

a major challenge in implementation is the generation of efficient strategies that facilitate 

physicians reading, remembering and using new guidelines[200]. The authors suggested the 

use of an authoritative endorsement in implementing guidelines, or that they are presented to 

doctors in a format that easy to read and refer to, such as pamphlets or pocket cards.  
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1.10.2.2 Patient factors 

Several studies highlight patient fear of potential ADRs caused by regular use of 

medications. In particular, parents of asthmatic children expressed concern that ICS use 

might cause shorter height and increased irritability, as well ICS addiction or dependency, in 

their children[172].  

Several studies also reported patients and/or caregiver concerns regarding the usefulness 

of controller medications[202, 203]. Due to the intermittent nature of asthma, many patients 

and/or caregivers believe that their asthma is not severe enough to require daily medication; 

rather, they believe it is sufficient to take asthma medications when acute symptoms occur 

and do not realize the importance of using ICSs regularly.  

Other evidence indicates that patients misunderstand the importance of taking ICS. 

Since ICS do not provide immediate effects, some patients believe they offer no real benefits. 

As such, patientsô adherence to long-term controller medications has been reported to be 

much lower than that of reliever medications[204, 205].   

Patients also reported a number of difficulties related to medication-use, including 

having to take several different medications or multiple doses per day, inconvenience of 

carrying medications around, and difficulty using inhalers. Some parents reported difficulty 

in administering their childrenôs medications, due in part to the childrenôs resistance.  

Different factors interfering with willingness to use daily asthma medications in 

pediatric patients have been identified in previous studies. Children, particularly adolescents, 

expressed that taking their medication is often undesirable when it reminds them that they are 

different from ñnormalò children and when it reveals their illness to other children[202]. This 

can lead to ongoing struggles between parent and child over the childôs willingness to take 



50 

 

medication. As children grow older, it is assumed that the responsibility for remembering to 

take the medication shifts from the parent to the child.  

Successful communication between a patients and their physician is a useful tool to 

enhance adherence. Successful communication facilitates more efficient delivery of 

information, offers support, and encourages patients to ask questions and express concerns. 

One study of 101 asthmatic children and their parents, demonstrated that that both children 

and their parents preferred to obtain more information on the disease and medication than the 

pediatricians anticipated. Additionally, both physicians and patients may benefit from 

interventions focused on better understanding the nature of asthma and drug management. 

For example, clarifying the multiple negative consequences of non-adherence and 

highlighting the positive outcomes of adherence to patients should increase adherence to 

controller medications. Negative patient attitudes toward pharmacotherapy should be 

identified and addressed, and multiple studies suggest interactive methods to deal with this. 

For example, a physician might ask, ñwhat evidence would convince you that the medicine 

did help?ò and then devise a way to collect that information. Alternatively, physicians might 

ask a patient if he or she would be willing to take a medication as recommended for a period 

of time and then examine measures of lung function to see if the drug had helped.  Such 

interventions focused on modifying patient beliefs have been show to improve adherence and 

positive outcomes[206, 207].  

1.10.2.3 Medication factors 

The primary medication-related factors include difficulties with inhaler devices, 

complex regimens and ADRs[172].  

Most asthma medications are delivered via inhalation to optimize delivery to the lung 
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and minimize potential ADRs. However, inhalation was reported to be the most disliked 

aspect of drug management by asthmatic children and their parents. Indeed, multiple studies 

have indicated a preference for oral over inhaled administration[208].  

For a chronic disease like asthma, patients may take multiple medications to control their 

asthma symptoms. The complex regimens may result in patientsô poor understanding of 

medication use, and patientsô forgetfulness of taking or refilling medications, Studies have 

reported that combing two drugs into one inhalation formulation reduces the number of doses 

required for administration, and thus decreases non-adherence due to forgetfulness. Stoloff et 

al. reported that this approach doubled adherence (4.06 refills per 12-month period with fixed 

combinations versus 2.35 refills with each compounds in a single inhaler, respectively). With 

a fixed combination fluticasone/salmeterol adherence was almost identical to oral treatment 

with montelukast (4.51 refills per 12-month period). In comparison with the inhalation, oral 

administration was always associated with better adherence rates. Several other reasons make 

adherence to asthma treatment regimens problematic: medication regimens can be long in 

duration and involve multiple medicines; dosing with different medications can occur on 

both a fixed schedule and an as needed basis; and because patients go through periods of 

symptom remission[176]. 

As described in Section 1.7.1, use of ICS may cause ADRs including oral candidiasis 

and hoarse voice. A Canadian survey of 603 patients with asthma reported the most common 

fear of taking asthma medication is the potential ADRs[209].  

1.11 PROGNOSIS OF ASTHMA 

Epidemiological studies have indicated a reduction in asthma symptoms with age. 

Longitudinal cohort studies have reported that 40-75% of patients whose asthma began in 
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infancy or childhood did not experience any asthma symptoms during their adulthood[210-

213]. Symptoms returned after a period of remission in 12-35%[212-214], while symptoms 

persisted through adulthood in approximately 30% of patients[214]. Levels of asthma control, 

as well as asthma severity in childhood and adolescence have been identified as predictors of 

adult asthma outcomes.  

 Poorer asthma control in childhood and adolescence has been associated with 

irreversible airway damage in adulthood. Lung growth (i.e., frequent pulmonary alveolar 

multiplication and lengthening and enlargement of the airways) occurs during childhood and 

adolescence and is complete by the end of puberty. Evidence has shown that frequent 

exacerbations during early childhood may result in significantly reduced lung function during 

adolescence[215, 216]. Furthermore, chronic airway inflammation during childhood and 

adolescence may lead to more irreversible airway limitation in adulthood[217].  

The Melbourne Epidemiological Study of Childhood Asthma is the lengthiest study 

completed thus far; this study recruited 479 children (374 with asthma and 105 controls) at 

the age of 7 or 10 years and followed up at 7-year intervals until 42 years of age. At the time 

of recruitment, patients were divided into groups: those with intermittent symptoms (i.e. 

symptoms occurring only with upper respiratory tract infections (URTIs)), persistent asthma 

(symptoms not associated with URTIs), severe persistent asthma (i.e., symptoms begin 

before the age of 3 years, persistent symptoms at 10 years, or an FEV1/FVC Ò50%). The 

disease severity at age 42 has not changed from that at age 35. The proportion of cases who 

did not have asthma exacerbations in the past 3 years has increased steadily from 20% at age 

14 years to 40% (126/317) at age 42[218]. 
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1.12 RESEARCH GOALS, HYPOTHESIS AND OBJECTIVES  

The overarching goal of this work is to identify patients with suboptimal drug 

regimens according to published clinical practice guidelines and determine the association 

between asthma drug regimen optimality and health services utilization.   

Objectives 

(1) To develop an optimal asthma case definition and more accurately identify 

patients with treated asthma in B.C.  

(2) To characterize the burden of asthma in patients aged 5-55 years of age in B.C. 

between 1996 and 2009 based on this optimal asthma case definition.  

(3) To determine the association between asthma drug regimen optimality defined by 

patientsô dispensings of SABA with or without ICS, and health services utilization 

(e.g., ED, hospital services) for asthma exacerbations.  

Hypothesis 

a) Patients who are on suboptimal regimens are more likely to visit the ED or be 

admitted to hospitals for asthma compared to those who are being treated 

optimally.  

b) Over time switching from suboptimal to optimal regimens is associated with 

reduced likelihood of asthma-related ED visits and hospital admissions 

compared to continuing on suboptimal regimens.  

(4) To determine the association between regular/intermittent use of ICS and asthma-

related ED visits or hospital admissions. 

Hypothesis 

Patients who are using ICS regularly are less likely to visit ED or be admitted 
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to hospitals for asthma exacerbations compared to those who are using ICS 

intermittently. 



55 

 

 

 

 

 

 

 

CHAPTER 2 : BURDEN OF ASTHMA IN BRITISH COLUMBIA  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



56 

 

2.1 SYNOPSIS 

Patients with asthma have been defined according to different criteria in previous studies 

using health services utilization data. Asthma burden estimates using health services 

utilization data vary significantly depending on which criterion is used. There are problems 

in the existing asthma case definitions. Patients who only receive physician-diagnosed 

asthma once may receive working diagnosis and those who only obtain 1 or 2 asthma 

prescription drugs may receive these medications for diagnostic purposes (e.g., those with 

only a single set of prescriptions for the two primary drugs used to treat asthma). Due to a 

lack of available prescription dispensing data in some jurisdictions, previous studies have 

mainly used hospital admission and physician visit criteria to identify patients with asthma. 

This chapter develops an optimal asthma case definition.  Using this optimal asthma case 

definition, this chapter estimates the burden of asthma in patients with treated asthma in the 

entire province of B.C. from 1996 to 2009.  

This Chapter defines patients with treated asthma if they meet any of the following 

criteria during a 12-month period: 1 or more hospital admission with the principal diagnosis 

as asthma; or 2 or more physician visit claims for asthma; or 3 or more asthma drug 

dispensings. This case definition is used to characterize the burden of asthma in B.C. from 

1996 to 2009, in terms of: 1) epidemiology (e.g., prevalence and incidence); 2) health 

services utilization (e.g., family physicians (FP), specialist, ED visits and hospital admission); 

and 3) drug dispensings. 

Asthma prevalence was stable around 2.3% in patients 5-55 years of age in B.C. from 

1996 to 2009. Asthma incidence was stable around 0.7% from 2001 to 2009. On average, 

each patient had 1.5 FP visits in 1996 and 1.1 FP visits for asthma in 2009.  Use of specialist 
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services for asthma changed from 40 to 20 per 100 patients, use of ED services decreased 

from 23 to 6 per 100 patients, while use of hospital services declined by 67% (3 per 100 

patients in 1996 and 1 in 2009). For asthma prescription medications, SABAs were dispensed 

to an average of 76% of patients in each study year. Percentage of patients receiving ICS 

decreased from 61% in 1996 to 42% in 2009. LABA and LABA/ICS combined inhalers were 

dispensed to patients since 1999 and increased to 33% in 2009. Use of FP and specialist 

services was significantly higher in large cities compared to rural and remote areas. In 

contrast, use of ED and hospital services was significantly higher in rural and remote areas 

than the use in large urban cities.  

In summary, the burden of asthma declined significantly over the 14-year period. The 

burden estimates were significantly different from findings from previous studies. This 

discrepancy is likely due to different case definition criteria that have been used in each study. 

Physicians and researchers need to be cautious when interpreting asthma burden estimates 

reported in different studies.  

2.2 METHODOLOGY  

2.2.1 Data Sources 

The B.C. linked health service utilization and drug prescription dispensing databases 

contain detailed and comprehensive information on all B.C. residents registered with the 

Medical Services Plan (MSP). This excludes about 3% of B.C. residents, including Native 

and Inuit residents (whose medical insurance is covered through Health Canada's First 

Nations and Inuit Health Branch) as well as federal employees, e.g., members of the Royal 

Canadian Mounted Police [219]. The linked database integrates physician visits records, 

http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&cad=rja&ved=0CDYQFjAB&url=http%3A%2F%2Fwww.rcmp-grc.gc.ca%2Frecruiting-recrutement%2Frm-mr%2Fsalary-avantages-eng.htm&ei=35OAUKHlLO7hiwKu5YCYAQ&usg=AFQjCNG_K3D72BZHuGHsrzmprSNyD8fT4g&sig2=-etOrqZLlxXX4pW4JV2bRw
http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=2&cad=rja&ved=0CDYQFjAB&url=http%3A%2F%2Fwww.rcmp-grc.gc.ca%2Frecruiting-recrutement%2Frm-mr%2Fsalary-avantages-eng.htm&ei=35OAUKHlLO7hiwKu5YCYAQ&usg=AFQjCNG_K3D72BZHuGHsrzmprSNyD8fT4g&sig2=-etOrqZLlxXX4pW4JV2bRw
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hospital admission records, prescription data, comorbidity information, socioeconomic status 

(SES), and regional information.  Residency status is established after being present in the 

province at least six months. Table 2.1 summarizes the B.C. linked databases used in this 

study and key variables contained therein. All files used in the analyses were stripped of 

personal identifiers by the BC Ministry of Health and therefore did not contain any variables 

that would permit identification of individuals.  

Table 2.1 Data sources of the present research 

Data Set 

 

Data Records 

Client Registry Gender, date of birth, Local Health Area (LHA) of patientôs 

residence, Duration registered with the Medical Services Plan 

(MSP) 

MSP Physician Visit 

Database 

Practitioner ID, practitioner specialty, date of service, fee item 

code, patient ID, referring physician code, service location, 

diagnostic code, amount paid and other codes 

Discharge Abstracts 

Database (DAD) of 

Hospitalization records 

Patient ID,  levels of care, physician services, case mix group, 

types of diagnosis, procedures performed, resource intensity 

weight, length of stay, admission and discharge dates, physician 

IDs, hospital ID, transfer dates, death flag, admission route 

PharmaNet Prescription 

Dispensing Database  

Drug names, drug identification number, strength, days supply, 

dosage form, prescriber identification number, pharmacist 

identification number, and date of service provided by pharmacist 

Comorbidity Database Annual sets of Expanded Diagnosis Cluster (EDC) codes for each 

patient based on annual application of Johns Hopkins ACG case 

mix algorithm to MSP and DAD records 

Census Database Annual sets of socioeconomic status quintiles for each patient 

 

There is a substantial overlap between some respiratory diagnoses (e.g., bronchiolitis, 
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reactive airways disease) and asthma, particularly in children, some patients may not be 

coded as having asthma in health services utilization databases despite having asthma. To 

ensure that the databases used in the present study captured all asthma patients, seven 

respiratory diseases (excluding asthma) which are commonly comorbidities in asthma 

patients were used to form the source population in addition to asthma diagnosis. Specifically, 

the source population was defined as having at least one of the following respiratory 

diagnoses between April 1, 1991 and March 31, 2010:  

Medical Services Plan (MSP) claims database of fee-for-service physician services in 

which diagnostic codes (based on the International Classification of Diseases, ninth version; 

ICD-9) 466 (acute bronchitis and bronchiolitis), 472 (chronic pharyngitis and 

nasopharyngitis), 490 (bronchitis, unspecified), 491 (chronic bronchitis), 492 (emphysema), 

493 (asthma), 494 (bronchiectasis), or 496 (COPD) were entered on the record. All ICD-9 

and corresponding ICD-10 codes are summarized in Table 2.2. 

Discharge Abstracts Database (DAD) of hospital admissions in which any of the 

above ICD-9 (or equivalent ICD-10) codes which occur in any of the 16 diagnosis fields 

(data 1991-2000) and 25 diagnosis fields (data 2001-2009).  
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Table 2.2 ICD-9 and ICD-10 codes for respiratory conditions tracked in the asthma 

cohort 

Diagnosis ICD-9 ICD-10 

acute bronchitis or bronchiolitis 466 J20, J21 

chronic pharyngitis / nasopharyngitis 472 J31 

bronchitis - other 490 J40 

chronic bronchitis 491 J41, J42 

emphysema 492 J43 

asthma 493 J45, J46 

bronchiectasis 494 J47 

chronic airways obstruction 496 J44 

 

For each patient identified using these criteria, all respiratory-related physician visits,  

hospitalization records and prescription dispensing records for respiratory disease-related 

medications records from April 1, 1996 and March 31, 2010 were obtained. Prescription data 

were obtained from PharmaNet, a province-wide computer network that links pharmacies 

with a central database and records all prescription drug dispensings regardless of source of 

payment.  

British Columbia Medical Services Plan database 

The MSP database contains fee-for-service (FFS) billing records (e.g. visit dates, 

locations, principal diagnoses) filed by B.C. physicians for services to B.C. and non-B.C. 

residents as well as payment information for B.C. residents who received physician services 

in Quebec, the U.S. and other countries. When physicians claim FFS, clinic staff usually 

transforms the patientôs medical chart to a computer-based telecommunications (Teleplan) 

system within 90 days of the service date[220]. Teleplan is available for physicians to submit 

claims, notes and requests to MSP, and to receive payment statements and reject patient MSP 

claims[220]. During 1996 and 2009 approximately 70-80% of B.C. physicians work on a 
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FFS basis[221, 222]. In 2002 (the most recent available data), 2,250 physicians were funded 

by alternative payment arrangements. More specifically, an estimated 24% of psychiatry, 12% 

of oncology, 10% of paediatric services, and 4% of emergency services were funded through 

the Alternative Payment Program (APP)[223].  The APP database includes salary, sessional 

payment, and service agreement data for each physician who is funded through the APP 

program. Salaried physicians are primarily on staff at hospitals, private corporations, 

government agencies or universities. For example, many ED physicians working in the three 

main tertiary hospitals (B.C. Childrenôs, Vancouver General and St. Paulôs) or academic 

health centers (physicians employed by the B.C. Cancer Agency, Riverview Hospital) or the 

Centre for Disease Control, and regional and provincial medical health officers in Greater 

Vancouver are salaried. Physicians who received sessional payments (based on time, where 

one sessions equals 3.5 hours) are generally those who work in mental health and palliative 

care. Based on the most recent data available, the percentage of physicians paid through the 

APP increased from 21.3% in the fiscal year 1999 (i.e. April 1, 1999 to March 31, 2000) to 

28.4% in 2002 and 29.3% in 2005[221, 222, 224]. Despite these alternative forms of 

payment, which are not included in the MSP database, it has been estimated that MSP data 

covers visit and payment information for over 90% of FPs [222] and 77% of specialists [225].  

Hospital Admission Discharge Abstract Database (DAD) 

All B.C. hospitals submit information on acute inpatient care and day surgery 

separation to the Canadian Institute for Health Information (CIHI). When patients are 

discharged, their medical records are coded and abstracted based on CIHI criteria. The 

resulting DAD abstract, including coded diagnostic, intervention and patientsô demographic 

information is submitted to CIHI. After checking record quality, CIHI returns reports to each 
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hospital for further review and corrections, if need. Completed records are then used in the 

production of CIHI reports and disseminated to the provincial Ministry of Health [226].  

British Columbia PharmaNet Database 

PharmaNet is administered by the Ministry of Health in order to facilitate prescription 

payment and patient-pharmacist interaction. It also fosters drug utilization and outcome 

research. It captures comprehensive information from every outpatient prescription dispensed 

in B.C., regardless of source of payment. As of 2007, B.C. PharmaNet contained over 47 

million prescription dispensing records[227]. Upon presentation of a prescription, 

pharmacists transmit the prescription information on PharmaNet, which includes the patientôs 

personal health number, identification numbers for the prescriber, pharmacy and pharmacist, 

and drug information (e.g., drug identification number, quantity, strength, form, and 

dispensing date).  

2.2.2 Quality of data 

Health service utilization data are frequently used to estimate disease prevalence and 

healthcare burdens resulting from chronic conditions, as well as to study healthcare outcomes, 

predict future health service utilization and evaluate prevention and treatment 

interventions[228]. Disease case definitions are primarily based on ICD diagnostic codes; as 

such, the accuracy of diagnostic codes documented in population-based health service 

utilization has been examined. There are several issues to be considered when evaluating the 

accuracy of diagnostic codes in databases: the accuracy of diagnosis, the accuracy of 

transcription of ICD codes from medical charts to databases, and the method used for 

evaluation.  

As to the quality of MSP database, the quality of the MSP database in B.C. has not 
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been examined. Using similar data from Ontario, To et al. compared consistency between 

medical charts and physician visit database and reported an overall agreement of 99.4% in 

the diagnostic field and 98.1% in the use of asthma diagnostic code[71]. Given the 

consistency of asthma diagnostic information in the physician visit database in Ontario and 

medical charts, as well as the similar type of information contained in the B.C physician visit 

database, the use of the MSP data to identify patients with asthma is a reasonable 

representation of reality.  

To ensure the accuracy and quality of hospital separation DAD databases, CIHI has 

conducted a series of cross checks and data quality control measures. These include: 

implementation of a standardized abstracting procedure through the use of abstracting 

software; annual tests of abstracting software; offering educational programs about coding 

and abstracting to abstractors, conducting correction processes and data quality-assessment 

studies (i.e., re-abstracting patientsô medical records to test the consistency with the original 

abstracted information)[226]. The most recent (and the largest) validation study in Canada to 

date involved 14,500 discharges from 18 hospitals in Ontario between April 1
st
, 2002 to 

March 31
st
, 2004 and reported an 85% exact match on diagnosis codes over the study 

period[229].  

The accuracy of PharmaNet data for adherence assessment was examined during a 

six-month prospective study that compared PharmaNet prescription drug dispensing records 

with the Medication Event Monitoring System for each study patient[230]. This study 

reported a high level of agreement between the two methods and suggested that using refill 

records in the PharmaNet data accurately reflect medication adherence for the majority of 

patients.  
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2.2.3 Data preparation 

To prepare the data for analysis, a series of examinations of data integrity were 

conducted. For the MSP data, several issues are associated with the raw physician visit data 

in the MSP database, including: duplication of records; ñNo chargeò referral records; unpaid 

claims; and retroactive adjustments. Since these records do not reflect patientsô physician 

visits, these records (0.4%) were removed from our analysis.  

When preparing the hospital admission data for analysis, 0.1% of discharge dates were 

recorded as occurring after the patientsô date of death. A new variable was created to indicate 

this error.   

For B.C. PharmaNet data, SABA and ICS dispensing records were checked. SABAs 

inhalers contain 50 - 200 inhalations, while ICS inhalers contain 8 - 240 inhalations, 

depending on brand and packaging. For some prescription drug dispensing records, the 

supplied quantity was not a multiple of the packaging units, and instead correlated with the 

number of inhalers provided. As such, these values were adjusted by multiplying the number 

of inhalations per canister by the recorded supplied quantity. For example, one inhaler 

provided 200 doses; the value ñ1ò was changed to ñ200ò. In total, 0.26% of dispensation 

records were modified.  

Patient birth year and month are included in the demographic, MSP, DAD and 

PharmaNet databases. To ensure consistency in patient age calculations, birth years and 

months from the demographic database were used and birth years and months from other 

databases were not used.  

All the processes were performed at the level of individual records to maximally ensure 

claim records accuracy. 
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2.2.4 Cohort definition 

Patients were classified as having asthma if they satisfied any of the following criteria 

in each study year: 1 or more hospital admission with asthma as the principal diagnosis based 

on ICD-9 code 493 or ICD-10 code J45; 2 or more physician visits for asthma as the 

principal diagnosis based on ICD-9 code 493; or 3 or more asthma drug dispensings. Asthma 

drugs include SABA, ICS, LABA, LTRA, mast cell stabilizers, xanthenes and anti-IgE 

agents. Generic names of these drug categories were summarized in Table 2.3.  

Both two physician visits and three asthma drug dispensings in a given year provide 

some assurance that these patients have chronic asthma, and were not just seen by a 

physician a single time or provided drug therapy for trial purposes only. Patients younger 

than 5 years of age were excluded because of the uncertainties associated with asthma 

diagnosis. Asthma symptoms - wheezing, coughing and chest tightness can arise from other 

conditions such as upper respiratory tract infections (URTI), colds or pneumonia, which 

commonly occur in pediatric patients and may lead to temporary working diagnosis or 

further misdiagnosis. We also excluded patients aged 55 years or older since older patients 

are more likely to develop chronic obstructive pulmonary disease (COPD), which is a 

common comorbidity in asthma patients. Figure 2.1 summarizes the study cohort.  

 

 

 

 

 

 



66 

 

Table 2.3 Prescription medications for the treatment of asthma by class 

Short-acting ß2-agonists Systematic Corticosteroids Anti -allergic agents 
· Salbutamol · Hydrocortisone · Ketotifen 

· Terbutaline · Methylprednisolone · Sodium cromoglycate 

· Fenoterol · Prednisone · Nedocromil sodium 

 · Dexamethasone  

Long-acting ß2-agonists · Betamethasone Leukotriene-receptor 

antagonists 
· Salmeterol Anticholinergics · Montelukast 

· Formoterol · Ipratropium · Zafirlukast 

· Formoterol/budesonide · Tiotropium  

· Fluticasone/salmeterol ·   

 Xanthines  

Inhaled corticosteroids · Aminophylline   

· Beclomethasone · Theophylline  

· Budesonide · Oxtriphylline  

· Flunisolide   

· Fluticasone   

· Triamcinolone   

· Ciclesonide   
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Figure 2.1 Form of study cohort 

 

Note: MSP indicates Medical Services Plan; ICD indicates International Classification of 

Diseases. 

2.2.5 Validity of asthma case definitions 

A variety of asthma case definitions on the basis of population-based health services 

utilization data have been used by researchers (see To et al.[231], Kozyrskyj et al.[69], 

Wilchesky et al.[68], and Huzel et al. [67] for examples).  Asthma cases are typically defined 

by physician visit, hospital admission and/or prescription dispensing criteria for population-

based epidemiological studies. As discussed in the Introduction, there are multiple challenges 

associated with the clinical diagnosis of asthma, in particular, the accuracy of diagnosis and 

the accuracy of transcription from medical charts to electronic database can significantly 

impact the validity of asthma case definition. Using a single physician visit as a criterion is 
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also problematic. Patients may visit a physician for multiple reasons, but MSP database 

contains only one diagnostic field; thus, that diagnoses other than asthma could be entered. In 

addition, patients could receive asthma as part of a differential diagnosis, but the specific 

diagnosis of asthma might be excluded upon further visits. Because of these confounding 

issues, it is critical to test the validity of asthma case definitions. 

Three strategies are frequently used to test the validity of case definitions obtained 

from population-based health service utilization data: testing the agreement between different 

definitions; using statistical methods; and most commonly, using a ñgold standardò 

comparison.  

The traditional approach to testing case definition validity is to examine the 

agreement between multiple case definitions. This method expresses agreement using a 

kappa value, but cannot determine which case definition is more accurate. Another approach 

is to use statistical methods to evaluate case definition validity. One commonly used 

approach is latent class modeling (LCM), a grouping methodology that calculates scores 

based on a set of observed categorical variables and assigns patients to different classes 

according to these scores.   

The most commonly used validation approach is to use survey data or medical chart 

review as a ñgold standardò with which to compare results derived from health service 

utilization data. Wilchesky et al. compared the consistency between physiciansô medical 

charts in patients 66 years of age and older (the gold standard) with case definitions based on 

one or more physician visits for asthma identified in the Quebec physician claims data[68], 

and reported a sensitivity of 43% and specificity of 99%. This indicates that only 43% of 

asthma cases determined by the case definition were recorded in the medical charts, and that 
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99% of patients who did not have an asthma diagnosis in the database were not diagnosed 

with asthma in the medical charts. This low sensitivity and high specificity is likely 

indicative of limitations associated with having only one diagnostic field in the database; this 

study focused on an older patient group who likely suffer from multiple comorbidities and 

visit physicians for multiple reasons, one of which could be entered into the database. 

Prescription drug therapy is the major treatment for asthma, thus, medication 

dispensing records play an important role in asthma case definition. Kozyrskyj et al. explored 

the validity of their asthma case definition. Asthma cases in their study were defined by 1 or 

more physician visit or hospital admission for asthma (ICD-9 code 493) in one year or 1 or 

more prescriptions for an ICS, cromoglycate, or ketotifen concomitant with an inhaled or oral 

beta agonists, or 2 or more prescriptions for an inhaled or oral beta agonist in children 5 to 15 

years of age[69]. The gold standard was defined as the dispensing of an asthma drug. This 

study reported a sensitivity of 74% and a specificity of 91%.  There were several problems 

associated with the methodology of the Kozyrskyj et al. study. The authors used 1 or more 

physician visit as a criterion in the asthma case definition, thus patients who only had 1 

physician visit for asthma during their study period were regarded as having asthma. As 

described previously, these patients may receive a working diagnosis of asthma. Patients 

were also identified by the criterion of at least one controller medication combined with at 

least one quick relief medication. Also, patients who were identified as having asthma based 

on the gold standard may not have asthma with certainty, as those patients who only received 

1 controller medication and/or 1 quick relief medication may be prescribed these medications 

for diagnostic purpose or for virus-induced respiratory infections. Both asthma case 

definitions and gold standard involve misclassification of patients.  
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Huzel et al. tested the validity of using 1 or more physician visits for asthma as a case 

definition in patients 20-44 years of age in Manitoba using a gold standard of acquired 

survey data and reported a sensitivity of 70% and a specificity of 99.8%[67].  One concern 

arising from this study involves the self-reported nature of past diagnoses in population-

based surveys, which makes case identification susceptible to recall bias. As well, 

questionnaire-based studies usually define patients as having asthma based on the question 

ñhave you been professionally diagnosed with asthma in the previous 12 monthsò[232], 

resulting in the inclusion of one-time and potentially incorrect diagnosis.  

2.2.6 ICD-9 and ICD-10 diagnostic codes for asthma 

The International Classification of Diseases is a diagnostic coding system developed 

by the World Health Organization and the U.S. National Center for Health Statistics. The 

ICD-9 was published in 1979, and has gradually transitioned to the ICD-10 since 1999. In the 

present study, ICD-9 codes were used to identify asthma-related physician visits and hospital 

admissions from 1991 to 2001 and ICD-10 codes were used to identify hospital admissions 

since 2001.  

Most ICD-9 numbers consist of a three-digit code containing one or two decimal 

places. The first three digits represent the disease classification and the following refer to 

sub-classifications. For example, ICD-9 code 493.0 indicates extrinsic asthma, 493.2 refers to 

chronic obstructive asthma, and 493.9 indicates unspecified asthma. On the other hand, ICD-

10 codes are broken down into ñchaptersò and ñsubchaptersò and start with a letter and 

followed by two numbers. The letter indicates the class of disease, while the numbers report 

the details of the disease. For example, ICD-10 codes starting with the letter J represent 

diseases of the respiratory system, ICD-10 codes starting from K mean diseases of the 
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digestive system, and ICD-10 codes starting from J indicate respiratory diseases. Compared 

with the ICD-9 coding system, ICD-10 contains more detailed categories (8,000 vs. 4,000), 

three new additional chapters, regrouped conditions and new coding rules.   

The comparability and accuracy of using ICD-10 and ICD-10 diagnostic codes has 

been examined in previous studies. The U.S. National Center for Health Statistics (NCHS) 

began testing the comparability ICD-10 and ICD-9 diagnostic coding system via using 

population-based mortality data in the mid-1990s. Investigators calculated a comparability 

ratio by dividing the number of ICD-10-coded deaths by the counts of ICD-9-coded deaths. 

This ratio has been calculated for 113 selected causes of death. The comparability of asthma-

related (ICD-9 code 493 and ICD-10 J45 and J46) mortalities is 0.89[233], thus 89% of code 

usage is comparable.  

Juhn et al. tested the accuracy of ICD-9 code 493 use using medical record review as 

a gold standard and reported an accuracy of 82%[234]. Similarly, Kem et al, reported an 

accuracy of 86% associated with the use of asthma or respiratory disease-related ICD-9 

codes comparing with medical chart review[235].  Juurlink et al. re-abstracted 14,500 

hospital DAD records from 18 hospital sites in Ontario and reported an accuracy of 86% in 

the use of asthma-related ICD-10 codes in the DAD database[236]. Thus, both the 

comparability and accuracy of ICD-9 and ICD-10 codes are relatively high.  

2.2.7 Estimation of asthma burden in B.C. 1996-2009 

2.2.7.1 Study design 

This study is a trend analysis and calculated the annual prevalence and incidence of  

asthma, as well as asthma-related health services utilization and prescription drug dispensing 
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from 1996 to 2009.  

2.2.7.2 Study measures 

Measure of patientsô characteristics 

Patient age and gender have an impact on health service utilization. Although 

multiple databases contain date-of-birth information, we used birth year and month records in 

the demographic database to calculate age.  Patients were grouped into two age categories (5-

11 years and 12-55 years) based on clinical practice guidelines that provided specific age-

group recommendations. Because asthma-related patient characteristics differ in young 

children, adolescents, young adults and older adults, the two age groups were subcategorized 

into four groups: aged 5-11 years; 12-18 years; 19-34 years; and 35-55 years.  Known 

differing characteristics between these age groups include asthma development, 

exacerbations, use of health services, and barriers in adherence [3].  

2.2.7.3 Measure of prevalence and incidence of asthma 

The burden of asthma was estimated at three levels: epidemiological characteristics 

(prevalence and incidence), use of health services (e.g., use of FP, specialist, ED and hospital 

services) and prescription dispensing rates. Prevalence and incidence of asthma were 

calculated in each fiscal year from 1996 to 2009. Annual prevalence was calculated by 

dividing the number of asthma patients by the provincial population. The population of B.C. 

residents classified by age and gender from 1996 to 2009 was estimated using B.C. Statistics 

Population Extrapolation for Organization Planning with Less Error (Version 34 (PEOPLE 

34) software, B.C. Ministry of Vital Statistics, Victoria, B.C.)[237].  Patients were defined as 

having newly diagnosed asthma if they did not fulfill the asthma case definition in the 
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previous all five years. Since the earliest complete datasets that was part of our study was for 

1996, rates of newly diagnosed asthma were calculated from 2001 to 2009. Rates of newly 

diagnosed asthma were calculated by dividing the number of patients who met the criteria for 

of newly diagnosed asthma in a given year by the number of patients at risk for asthma (the 

total population minus the number of people who met our case definition criteria in the 

previous five years).  

2.2.7.4 Identify health services utilization and prescription drug dispensing records for 

asthma 

Emergency department visits 

ED visits provide urgent medical care as well as primary care when FPs are 

unavailable[238] and is an important outcome measure for asthma. Although there is no 

individual-level ED visit database available in B.C., most ED use can be captured by FFS 

payments made to physicians through MSP. In 1998, there were 1.6 million ED visits in B.C. 

and 90% were paid through the FFS system[239]. In 2005, 80% of ED visits were paid 

through the FFS system [222]. Some hospitals in B.C. in which ED physicians are paid by 

salary or sessional payments cannot be identified by the MSP FFS system. These hospitals 

include: Vancouver General, St. Paulôs, and Childrenôs in Vancouver; Bell Coola General in 

Bella Coola; R. W. Large Memorial in Waglisa; and Wrinch Memorial in Hazelton. Recent 

years have seen an increase in salaried or sessional-payment based physicians, and visits to 

these individuals are also are not captured in the FFS MSP database. Despite these limitations 

in identifying ED visits, our approach captures 80% of ED use in B.C[239].  

The current study used an algorithm developed by the Centre of Health Services and 

Policy Research (CHSPR)[239] based on service location codes, fee item codes and service 
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codes to identify ED visits from the MSP database Fee items indicate the type of services 

provided; there are over 4,000 fee items in the FFS system, these are grouped into 40 broad 

categories according to service code. Key steps in identifying ED visits adapted from 

CHSPRôs algorithms are listed below: 

¶ Identify physician services that occurred in a hospital using the ñservice 

location codeò which indicates H for Hospital or E for Emergency; combined 

with this service location code, the subsequent steps include: 

¶ Identify out of office visits, evening, night, weekend or Statutory Holiday 

visits combined with emergency service indicated; 

¶ Identify fee item codes that show emergency care, emergency visit, on call, on 

site hospital visit, or workerôs compensation board emergency call out;  

¶ Identify emergency medicine consultation;  

¶ If patients were admitted to the hospital through ED, the ED visit dates should 

match the hospital admission date. Records in which the ED visit date falls 

between the time of admission and separation were not considered ED visits 

and excluded. 

Following the ED visit selection process, patients with records containing diagnostic 

code ICD-9 493 were selected as having asthma-related ED visits.  

 

Physician visits and hospital admissions 

Physician (FP and specialist) visits containing the diagnostic code ICD-9 493 were 

selected from the MSP database. Hospital admission for asthma exacerbation was determined 

if  ICD-9 diagnostic code 493 or ICD-10 diagnostic code J45 and J46 are shown in the 
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primary diagnostic field in the DAD database  

Percentages of patients who had FP, specialist, ED visits or hospital admissions for 

asthma were calculated. Numbers of visits to FP, specialist, ED or hospital per 100 patients in 

each study year were calculated to estimate the use of health services for asthma.  

 

            Prescription drug dispensing 

Percentages of patients who were dispensed SABAs, ICSs, LABA and LABA/ICS 

combined inhalers, LTRA and other controller medications were calculated in each year. 

Other controller medications included methylxanthines, anti-IgE and mast cell stabilizer 

agents. 

 

2.2.7.5 Regional differences 

To facilitate health service delivery, B.C. has been divided into 5 health authorities 

(HA). These HAs are further divided into 16 health service delivery areas (HSDA) and 89 

local health areas (LHA). Availability of and access to health services (e.g., travel distance to 

clinics and hospitals) are different between large cities, small towns and remote areas. LHAs 

are small geographical health areas that often lack larger health facilities (e.g. hospitals, EDs) 

and specialists, meaning patients may need to travel to another area to access them. Thus, in 

order to maintain relatively comparable regional variations, we decided to examine asthma 

prevalence, incidence, use of health services and prescription drug dispensings by HSDA.  

2.2.7.6 Data analysis 

Venn diagrams were created to demonstrate each component of our asthma case 
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definition. Prevalence and incidence of asthma in B.C. were described using different asthma 

case definition criteria:  

(1) 1 or more physician visit with the principal diagnosis as asthma (ICD-9 493) or 1 

or more hospital admission for asthma;  

(2) 2 or more physician visits for asthma or 1 or more hospital admission for asthma;  

(3) 2 or more physician visits or 1 or more hospital admission for asthma or 1 or more 

asthma-related prescription drug dispensing;  

(4) 2 or more physician visits or 1 or more hospital admission for asthma or 2 or more 

asthma-related prescription drug dispensings.  

Using our asthma case definition, asthma prevalence and incidence, use of health services 

utilization for asthma as well as dispensings of asthma medications were calculated by age 

group, gender and HSDA over time. Since significant regional variations were observed for 

patientsô use of specialist, ED and hospital services, differences in using these health care 

services for asthma were mapped using the iMapBC , a web-based mapping tool provided by 

GeoBC[240], on the basis of the most recent data 2009.  

Multivariate logistic regression models were produced using the Enter method such that 

all variables were entered in a single step. Logistic regression models were fitted to test 

whether asthma prevalence and incidence changed significantly over time, as well as the 

percentages of using health services or dispensed drugs, adjusting for age group and gender. 

Fiscal years from 1996 to 2009 were coded as categorical variables from 0 to 13. Since all 

covariates were categorical variables, the regression coefficient represents the change in the 

odds of being a prevalent or incident case in a covariate category, compared with a reference.  

Poisson regression models were used to examine whether visit rates of FP, specialist, ED and 
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hospital services changed significantly over time, and adjusted for age group and gender. 

Residual deviance and scaled deviance were used as indicators of goodness of fit for Poisson 

regression models. The ratios between deviance value and degree of freedom were 0.05 for 

FP, 0.45 for specialist visits, 0.08 when using ED visits for asthma, 0.34 when using hospital 

admissions as study outcomes. Ratios were smaller than 1.0 suggesting good model fit [241]. 

2.3 RESULTS 

2.3.1 Identification of patients with treated asthma 

In our linked database that contains patients with respiratory diseases, 189,627 

patients had physician diagnosed asthma only once between 1996 and 2009. 335,799 patients 

received asthma medications once or twice in a 12-month period but did not receive 

medications in other years. The number of patients who only visited physicians once for 

asthma increased from 73,114 in 1996 to 101,325 in 2009 (a 39% increase). The number of 

patients who only received one asthma prescription drug dispensing increased from 94,098 in 

1996 to 128,172 in 2009 (a 36% increase).  

In total, 336,901 patients met the asthma case definition between 1996 and 2009. 

5,794 (1.7%) of these were admitted to hospital at least once for an asthma exacerbation; 

230,358 (68.4%) had Ó2 physician visits for asthma; and 233,567 (69.3%) had Ó3 asthma 

prescription dispensings in at least one study year. A Venn diagram has been created to show 

the number of patients that met each case definition criteria (Figure 2.2). 5,026 patients 

(1.5%) met both the hospitalization and prescription dispensing criteria; 4,866 patients (1.5%) 

met the hospitalization and physician visit criteria; while 136,600 patients (41.5%) met the 

prescription dispensing and physician visit criteria. When the prescription drug criterion was 
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removed from our case definition, 105,917 previously included patients were excluded from 

the study population in the current analysis. 

Estimates of asthma prevalence and incidence using different case definitions are 

demonstrated in Figure 2.3 and Figure 2.4. Based on the case definition of Ó1 hospital 

admission, Ó2 physician visits, or Ó1 asthma drug dispensing, asthma prevalence increased 

from 6.2% to 7.8% (30%) from 1996 to 2009, while asthma incidence changed slightly from 

2.2% to 2.4% over this period. The above case definition criteria produced the highest asthma 

prevalence and incidence estimates compared to estimates made using other asthma case 

definitions. When the criterion of Ó1 asthma drug dispensing was replaced by Ó2 asthma drug 

dispensings, the prevalence decreased 50%; while itôs replaced by Ó3 asthma drug 

dispensings, the prevalence decreased another 40%. The lowest asthma prevalence and 

incidence estimates were produced using the case definition of Ó1 hospital admission or Ó2 

physician visits. The case definition of Ó1 hospital admission or Ó1 physician visit for asthma 

produced a stable asthma prevalence of 3% between 1996 and 2009. When Ó2 physician 

visits criterion was used, the prevalence of asthma reduced 60% in each year. Similar 

changes were also observed in asthma incidence estimates when using different asthma case 

definitions.  

 

 

 

 

 

 



79 

 

Figure 2.2 Number of patients that met each case definition criteria in B.C. 5-55 years 

of age, 1996 - 2009 
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Figure 2.3 Prevalence of asthma based on different asthma case definitions in B.C aged 

5-55 years, 1996 ï 2009 

 

*This asthma case definition is developed in the current research and is used for all the 

analyses.  

Figure 2.4 Incidence of asthma based on different asthma case definitions in B.C. aged 

5-55 years, 1996 - 2009 

 

*This asthma case definition is developed in the current research and is used for all the 

analyses.  
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2.3.2 Overall burden of asthma 

The number of B.C. residents with treated asthma increased from 62,900 in 1996 to 

76,221 in 2009. Taking population growth into account, the age- and gender-adjusted 

prevalence of asthma was stable at an average rate of 2.6% (OR 1.14; 95% CI 1.13 ï 1.15) 

over the 14 study years (Table 2.4). The rate of newly diagnosed asthma was also stable 

(average rate of 0.7%; p=0.04) (Table 2.5). On average, 85% of patients used FP services for 

asthma; this trend was stable over time adjusting for age group, and gender (OR 0.99; 95% 

CI 0.97 ï 1.01). The percentage of patients who visited a specialist for asthma declined from 

30% in 1996 to 25% in 2009 (OR 0.71; 95% CI 0.69 ï 0.73), and the percentage of patients 

who visited ED for asthma decreased from 30% to 14% (OR 0.32; 95% CI 0.31 ï 0.33). 

Similarly, the percentage of hospital admissions declined by 60% (4% in 1996 to 1.6% in 

2009; OR 0.35; 95% CI 0.32 ï 0.39), after adjusting for age group and gender.  

Trends of patientsô use of health services for asthma are shown in Figure 2.5. On 

average, there were 150 asthma-related FP visits per 100 patients in 1996 and 113 in 2009. 

There were 40 specialist visits per 100 patients in 1996; this rate declined 50% by 2009. Use 

of ED and hospital services declined significantly during the study period. There were 3 

hospital admissions and 23 ED visits per 100 patients in 1996, and only 1 hospital admission 

and 6 ED visits per 100 patients in 2009.  
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Figure 2.5 Trends of using health services for asthma in patients with treated asthma in 

B.C. aged 5-55 years, 1996 - 2009 

 

Health services utilization rates are shown in patients who met our asthma case definition 

(i.e., Ó1 hospital admission or Ó2 physician visits for asthma or Ó3 asthma drug dispensings) 

in 12-month intervals between 1996 ï 2009.
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Table 2.4 Prevalence of asthma in British Columbia aged 5-55 years of age, in 1996, 2003 and 2009 

 

Group 

1996 2003 2009 % change from 1996 to 2009 

No. of 

asthma 

pts 

Population 

size 

Prevalence 

% 

No. of 

asthma pts 

Population 

size 

Prevalence 

% 

No. of 

asthma 

pts 

Population 

size 

Prevalence 

% 

No. of 

asthma 

pts 

Population 

size 

Prevalence 

% 

Overall             

5-11 yrs 10,979 354,284 3.6 9,931 339,008 3.5 9,483 314,042 3.8 -5.2 -11.4 7.0 

12-18 yrs 7,363 357,584 2.3 7,012 380,089 2.1 6,802 377,035 2.2 -0.5 5.4 -5.6 

19-34 yrs 16,548 938,100 1.9 15,625 892,153 1.9 16,231 974,129 1.9 1.9 3.8 -1.9 

35-55 yrs 28,010 1,203,462 2.5 36,459 1,362,645 2.9 43,705 1,412,034 3.4 59.6 17.3 36.0 

All 

ages
a,d

 
62,900 2,853,430 2.4 69,027 2,973,895 2.6 76,221 3,077,240 2.8 25.6 7.8 16.5*

,b
 

Female             

5-11 yrs 4,198 172,564 2.8 3,683 164,608 2.7 3,417 151,881 2.9 -8.8 -12.0 3.7 

12-18 yrs 3,584 173,614 2.3 3,333 183,480 2.1 3,026 182,569 2.0 -10.2 5.2 -14.6 

19-34 yrs 9,663 461,419 2.3 8,954 443,354 2.2 9,191 481,079 2.2 -0.9 4.3 -4.9 

35-55 yrs 16,662 600,371 3.0 21,882 687,039 3.5 25,868 713,431 4.0 59.6 18.8 34.3 

All ages 34,107 1,407,968 2.7 37,852 1,482,294 2.9 41,502 1,528,960 3.1 26.3 8.6 16.3
e
 

Male             

5-11 yrs 6,781 181,720 4.3 6,248 174,400 4.3 6,066 162,161 4.7 -3.0 -10.8 8.7 

12-18 yrs 3,779 183,970 2.3 3,679 196,609 2.2 3,776 194,466 2.3 8.9 5.7 3.0 

19-34 yrs 6,885 476,681 1.6 6,671 448,799 1.6 7,039 493,050 1.6 5.9 3.4 2.4 

35-55 yrs 11,344 603,091 2.0 14,576 675,606 2.3 17,837 698,603 2.8 59.6 15.8 37.8 

All ages 28,789 1,445,462 2.2 31,174 1,495,414 2.3 34,718 1,548,280 2.6 24.9 7.1 16.6
e
 

*P < 0.001 for comparison of rates over time, from 1996 to 2009.  

a 
Rates are standardized to the 2009 British Columbia population. 

b 
Rates between age groups are standardized by gender to the 2009 B.C. population.  

d
 P < 0.001 for comparison of rates between age groups. 

e
 Rates between gender are standardized by age to the 2009 B.C. population; P < 0.001 for comparison of rates between gender.  
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Table 2.5 Patients with newly diagnosed asthma in British Columbia aged 5-55 years of age, in 2001, 2005 and 2009 

 

Group 

2001 2005 2009 % change from 2001 to 2009 

Incident 

cases 

Population, 

No. 

Incidence, 

% 

Incident 

cases 

Population, 

No. 

Incidence, 

% 

Incident 

cases 

Population, 

No. 

Incidence, 

% 

Incident 

cases 

Population, 

No. 

Incidence, 

% 

Overall             

5-11 yrs 3,801 342,912 1.11 4,096 318,451 1.29 3,234 305,333 1.06 -14.9 0.03 -4.44 

12-18 yrs 2,422 376,510 0.64 2,820 376,163 0.75 2,427 371,308 0.65 0.21 0.03 1.61 

19-34 yrs 5,132 883,637 0.58 5,263 881,118 0.60 5,821 961,504 0.61 13.4 0.01 4.23 

35-55 yrs 9,901 1,322,272 0.75 10,667 1,345,536 0.79 12,026 1,375,625 0.87 21.5 0.01 16.75 

All 

ages
a,d

 
21,247 2,925,331 0.73 22,560 2,921,268 0.77 23283 3,013,770 0.77 9.6 0.003 6.37*

,b
 

Female             

5-11 yrs 1,585 167,943 0.94 1,685 155,924 1.08 1,349 148,876 0.91 -14.9 0.06 -3.98 

12-18 yrs 1,309 182,555 0.72 1,488 181,436 0.82 1,219 180,173 0.68 -6.9 0.07 -5.64 

19-34 yrs 3,054 437,113 0.70 3,143 437,454 0.72 3,441 473,993 0.73 12.7 0.02 3.90 

35-55 yrs 5,986 661,762 0.90 6,486 676,445 0.96 7,192 691,764 1.04 20.1 0.02 14.94 

All ages 11,934 1,449,373 0.82 12,802 1,451,259 0.88 13,201 1,494,806 0.88 10.6 0.01 7.25
e
 

Male             

5-11 yrs 2,216 174,969 1.27 2,411 162,527 1.48 1,885 156,457 1.20 -14.9 0.06 -4.87 

12-18 yrs 1,113 193,955 0.57 1,332 194,727 0.68 1,208 191,135 0.63 8.5 0.07 10.14 

19-34 yrs 2,078 446,524 0.47 2,118 443,664 0.48 2,380 487,512 0.49 14.5 0.02 4.90 

35-55 yrs 3,914 660,511 0.59 4,181 669,091 0.62 4,834 683,861 0.71 23.5 0.02 19.29 

All ages 9,321 1,475,959 0.63 10,042 1,470,009 0.68 10,307 1,518,965 0.68 10.6 0.01 7.45
e
 

*P < 0.001 for comparison of rates over time, from 2001 to 2009.  

a 
Rates are standardized to the 2009 British Columbia population. 

b 
Rates between age groups are standardized by gender to the 2009 B.C. population.  

d
 P < 0.001 for comparison of rates between age groups. 

e
 Rates between gender are standardized by age to the 2009 B.C. population.  
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SABAs were dispensed to 78% of patients in 1996 and 74% patients in 2009 

(adjusted OR 0.79; 95% CI 0.77 ï 0.81). LABA dispensings (including LABA alone or in 

combination with ICS) increased dramatically from 2% in 1996 to 34% in 2009 (OR 23.5; 95% 

CI 22.19 ï 24.88). LABA and ICS combined inhalers were dispensed to patients since 1999. 

The percentage of patients who received combined inhalers increased from 0.5% to 33% 

between 1999 and 2009 (OR 98.50; 95% CI 88.29 ï 109.90). In contrast, the percentage of 

patients receiving LABA alone increased from 2% in 1996 to 7% in 2001, and then declined 

to 1% in 2009. There was a sharp decrease in ICS single inhaler dispensings from 61% in 

2000 to 42% in 2009 (adjusted OR 0.46; 95% CI 0.45 ï 0.47). However, the percentage of 

patients who received ICS alone or in combination with LABA increased from 61% in 1996 

to 69% in 2009 (OR 1.40; 95% CI 1.37 ï 1.43). LTRA were dispensed to patients since 1997. 

The percentage of patients receiving LTRA increased from 1% in 1997 to 8% in 2009 (OR 

9.7; 95% CI 8.9 ï 10.5). Other asthma medications (i.e., theophylline, anti-IgE and mast cell 

stabilizer drug prescriptions) decreased from 12% to 1% during the study period (OR 0.13; 

95% CI0.12 - 0.14). Additional tables showing the percentages of patients dispensed each 

class of asthma medications are listed in Appendix A.  
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Figure 2.6 Percentage of patients dispensed asthma medications in B.C. aged 5-55 years, 

1996 ï 2009 

 

SABA: short-acting bronchodilators; ICS: inhaled corticosteroids; LABA: long-acting 

bronchodilators; other asthma medications include theophylline, anti-IgE and mast cell 

stabilizers.  

 

2.3.3 Burden of asthma by age group and gender 

Asthma prevalence was highest in children aged 5-11 years, with a stable average rate 

of 3% during the study period. Prevalence was lowest in patients 12-18 and 19-34 years of 

age, with rates approximately 50% lower than in children (OR 0.59, 95% CI 0.58 ï 0.59 for 

12-18-year-olds; OR 0.53, 95% CI 0.52 ï 0.53 for 19-24-year-olds). The prevalence of 

asthma in patients aged 35-55 years was on average 20% less than in children (OR 0.81; 95% 
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CI 0.81 ï 0.82) and stable at a rate of 2.5% (Table 2.4) 

Consistent with these estimates, rates of newly diagnosed asthma were highest in 

children aged 5-11 years (1.8%, stable over time), while the rates of newly diagnosed asthma 

was lowest in patients aged 19-34 years (0.58%, stable over time) (Table 2.5).  

Table 2.6 shows rates of using FP services for asthma in patients 5-55 years of age in 

B.C. Use of FP services for asthma was highest in children. Compared to this group, 

adolescents were 20% less likely (OR 0.82; 95% CI 0.80 ï 0.83), young adults were 30% less 

likely (OR 0.72; 95% CI 0.71 ï 0.74), and older adults were 60% less likely to use FP 

services for asthma (OR 0.43; 95% CI 0.42 ï 0.43). As expected, of all age groups, children 

were most likely to use specialist services (Table 2.7), ED (Table 2.8) and hospital services 

(Table 2.9) for asthma.  

The percentage of young children receiving ICS was twice higher than the 

percentages in adolescent and adult patients. In contrast, the percentages of young children 

receiving other asthma medications were significantly lower than the percentages in other 

age groups.  

In children aged 5 ï 11 years, asthma prevalence was 1.8 fold higher in girls than in 

boys. While there was no significant gender difference in adolescents, asthma prevalence was 

1.3 fold higher in female adults aged 19-34 years, and 1.5 fold higher in female adults aged 

35-55 years, compared with males of the same age. Gender distributions in asthma incidence 

were consistent with the prevalence estimates, but in health service use were not significant 

(Table 2.4 and Table 2.9).  
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Table 2.6 Use of family physician services for asthma in patients aged 5-55 years in British Columbia, in 1996, 2003 and 

2009 

 

Group 

1996 2003 2009 % change from 1996 to 2009 

No. 

with 

Asthma 

No. of FP 

visits for 

asthma. 

FP visits 

rates per 

100 pts 

No. with 

Asthma 

No. of FP 

visits for 

asthma. 

FP visits 

rates per 

100 pts 

No. 

with 

Asthma 

No. of FP 

visits for 

asthma. 

FP visits 

rates per 

100 pts 

No. 

with 

Asthma 

No. of FP 

visits for 

asthma. 

FP visits 

rates per 

100 pts 

Overall             

5-11  12,594 22,104 176 11,910 18,514 155 11,943 16,356 137 -5.2 -26.0 -22.2 

12-18  8,194 12,872 155 8,152 11,363 139 8,154 9,758 120 -0.5 -24.2 -22.6 

19-34  18,099 28,556 137 17,228 25,826 150 18,446 23,264 126 1.9 -18.5 -8.0 

35-55 30,350 40,504 174 39,864 46,910 118 48,435 49,249 102 59.6 21.6 -41.4 

All ages
a,d

 69,237 104,306 151 77,154 102,613 133 86,978 98,627 113 25.6 -5.4 -25.2*
,b

 

Female             

5-11  4,772 8,301 174 4,435 6,675 151 4,354 5,787 133 -8.8 -30.3 -23.6 

12-18  4,027 6,547 163 3,902 5,614 144 3,615 4,339 120 -10.2 -33.7 -26.4 

19-34  10,621 16,672 157 9,966 14,779 148 10,527 13,011 124 -0.9 -22.0 -21.0 

35-55  18,081 24,611 136 23,998 28,442 119 28,859 29,679 103 59.6 20.6 -24.3 

All ages 37,501 56,131 150 42,301 55,510 131 47,355 52,816 112 26.3 -5.9 -25.3
e
 

Male             

5-11  7,822 13,803 176 7,475 11,839 158 7,589 10,569 139 -3.0 -23.4 -21.0 

12-18  4,167 6,325 152 4,250 5,749 135 4,539 5,419 119 8.9 -14.3 -21.7 

19-34  7,478 11,884 159 7,262 11,047 152 7,918 10,197 129 5.9 -14.2 -18.9 

35-55  12,265 15,893 130 15,865 18,468 116 19,576 19,570 100 59.6 23.1 -23.1 

All ages 31,732 47,905 151 34,852 47,103 135 39,622 45,755 115 24.9 -4.5 -23.8
e
 

*P < 0.001 for comparison of rates over time, from 1996 to 2009.  

a 
Rates are standardized to the 2009 British Columbia population. 

b 
Rates between age groups are standardized by gender to the 2009 B.C. population.  
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d
 P < 0.001 for comparison of rates between age groups. 

e
 Rates between gender are standardized by age to the 2009 B.C. population; P = 0.05 for comparison of rates between gender.  
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Table 2.7 Use of specialist services for asthma in patients aged 5-55 years in British Columbia, in 1996, 2003 and 2009 

 

Group 

1996 2003 2009 % change from 1996 to 2009 

No. 

with 

Asthma 

No. of 

specialist 

visits for 

asthma. 

Specialist 

visits per 

100 pts 

No. with 

Asthma 

No. of 

specialist 

visits for 

asthma 

Specialist 

visits per 

100 pts 

No. 

with 

Asthma 

No. of 

specialist 

visits for 

asthma. 

Specialist 

visits per 

100 pts 

No. 

with 

Asthma 

No. of 

specialist 

visits for 

asthma. 

Specialist 

visits per 

100 pts 

Overall             

5-11 12,594 9,427 75 11,910 7,157 60 11,943 5,584 47 -5.2 -40.8 -37.3 

12-18  8,194 3,547 43 8,152 2,996 37 8,154 2,454 30 -0.5 -30.8 -30.2 

19-34  18,099 5,207 29 17,228 3,394 20 18,446 2,909 16 1.9 -44.1 -44.8 

35-55  30,350 9,814 32 39,864 8,196 21 48,435 7,503 15 59.6 -23.5 -53.1 

All ages
a,d

 69,237 27,995 40 77,154 21,743 28 86,978 18,450 21 25.6 -34.1 -47.5*
,b

 

Female                

5-11 4,772 3,488 73 4,435 2,646 60 4,354 2,130 49 -8.8 -38.9 -32.9 

12-18  4,027 1,793 45 3,902 1,443 37 3,615 1,003 28 -10.2 -44.0 -37.8 

19-34  10,621 3,276 31 9,966 2,076 21 10,527 1,853 18 -0.9 -43.4 -41.9 

35-55  18,081 6,163 34 23,998 5,093 21 28,859 4,672 16 59.6 -24.2 -52.9 

All ages 37,501 14,720 39 42,301 11,258 27 47,355 9,658 20 26.3 -34.4 -48.7
e
 

Male                

5-11 7,822 5,939 76 7,475 4,511 60 7,589 3,454 46 -3.0 -41.8 -39.5 

12-18  4,167 1,754 42 4,250 1,553 37 4,539 1,451 32 8.9 -17.3 -23.8 

19-34  7,478 1,931 26 7,262 1,318 18 7,918 1,056 13 5.9 -45.3 -50.0 

35-55  12,265 3,651 30 15,865 3,103 20 19,576 2,831 14 59.6 -22.5 -53.3 

All  ages 31,732 13,275 42 34,852 10,485 30 39,622 8,792 22 24.9 -33.8 -47.6
e
 

*P < 0.001 for comparison of rates over time, from 1996 to 2009.  

a 
Rates are standardized to the 2009 British Columbia population. 

b 
Rates between age groups are standardized by gender to the 2009 B.C. population.  

d
 P < 0.001 for comparison of rates between age groups. 

e
 Rates between gender are standardized by age to the 2009 B.C. population.  
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Table 2.8 Use of hospital services for in patients aged 5-55 years in British Columbia, in 1996, 2003 and 2009 

 

Group 

1996 2003 2009 % change from 1996 to 2009 

No. with 

Asthma 

No. of hosp 

admissions 

for asthma. 

Hosp 

admission 

rates per 

100 pts 

No. with 

Asthma 

No. of hosp 

admissions 

for asthma. 

Hosp 

admission 

rates per 

100 pts 

No. with 

Asthma 

No. of 

hosp 

admission

s for 

asthma. 

Hosp 

admission 

rates per 

100 pts 

No. with 

Asthma 

No. of hosp 

admissions 

for asthma. 

Hosp 

admission 

rates per 

100 pts 

Overall             

5-11 12,594 473 3.8 11,910 272 2.3 11,943 224 1.9 -5.2 -52.6 -50.0 

12-18  8,194 236 2.9 8,152 92 1.1 8,154 72 0.9 -0.5 -69.5 -69.0 

19-34  18,099 517 2.9 17,228 211 1.2 18,446 145 0.8 1.9 -72.0 -72.4 

35-55  30,350 722 2.4 39,864 387 1.0 48,435 290 0.6 59.6 -59.8 -75.0 

All ages
a,d

 69,237 1,948 2.8 77,154 962 1.2 86,978 731 0.8 25.6 -62.5 -71.4*
,b

 

Female             

5-11 4,772 198 4.1 4,435 99 2.2 4,354 87 2.0 -8.8 -56.1 -51.2 

12-18  4,027 133 3.3 3,902 46 1.2 3,615 23 0.6 -10.2 -82.7 -81.8 

19-34  10,621 363 3.4 9,966 153 1.5 10,527 98 0.9 -0.9 -73.0 -73.5 

35-55 18,081 527 2.9 23,998 254 1.1 28,859 200 0.7 59.6 -62.0 -75.9 

All ages 37,501 1,221 3.3 42,301 552 1.3 47,355 408 0.9 26.3 -66.6 -72.7
e
 

Male             

5-11 7,822 275 3.5 7,475 173 2.3 7,589 137 1.8 -3.0 -50.2 -48.6 

12-18  4,167 103 2.5 4,250 46 1.1 4,539 49 1.1 8.9 -52.4 -56.0 

19-34  7,478 154 2.1 7,262 58 0.8 7,918 47 0.6 5.9 -69.5 -71.4 

35-55  12,265 195 1.6 15,865 133 0.8 19,576 90 0.5 59.6 -53.8 -68.8 

All ages 31,732 727 2.3 34,852 410 1.2 39,622 929 0.8 24.9 27.8 -65.2
e
 

*P < 0.001 for comparison of rates over time, from 1996 to 2009.  

a 
Rates are standardized to the 2009 British Columbia population. 

b 
Rates between age groups are standardized by gender to the 2009 B.C. population.  

d
 P < 0.001 for comparison of rates between age groups. 

e
 Rates between gender are standardized by age to the 2009 B.C. population.  
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Table 2.9 Use of ED services for asthma in patients aged 5-55 years in British Columbia, in 1996, 2003 and 2009 

 

Group 

1996 2003 2009 % change from 1996 to 2009 

No. 

with 

Asthma 

No. of ED 

visits for 

asthma. 

ED visit 

rates per 

100 pts 

No. with 

Asthma 

No. of ED 

visits for 

asthma. 

ED visit 

rates per 

100 pts 

No. 

with 

Asthma 

No. of 

ED visits 

for 

asthma 

ED visit 

rates per 

100 pts 

No. 

with 

Asthma 

No. of ED 

visits for 

asthma. 

ED visit 

rates per 

100 pts 

Overall             

5-11 12,594 3,640 28.9 11,910 2,683 22.5 11,943 986 8.2 -5.2 -72.9 -71.6 

12-18  8,194 2,210 27.0 8,152 1,392 17.1 8,154 590 7.2 -0.5 -73.3 -73.3 

19-34  18,099 4,635 25.6 17,228 2,761 16.0 18,446 1,413 7.7 1.9 -69.5 -69.9 

35-55  30,350 5,389 17.8 39,864 3,738 9.4 48,435 1,885 3.9 59.6 -65.0 -78.1 

All ages
a,d

 69,237 15,874 22.9 77,154 10,574 13.7 86,978 4,874 5.6 25.6 -69.3 -75.5*
,b

 

Female             

5-11  4,772 1,342 28.1 4,435 954 21.5 4,354 343 7.9 -8.8 -74.4 -71.9 

12-18  4,027 1,220 30.3 3,902 665 17.0 3,615 285 7.9 -10.2 -76.6 -73.9 

19-34  10,621 2,806 26.4 9,966 1,680 16.9 10,527 783 7.4 -0.9 -72.1 -72.0 

35-55  18,081 3,504 19.4 23,998 2,395 10.0 28,859 1,188 4.1 59.6 -66.1 -78.9 

All ages 37,501 8,872 23.7 42,301 5,694 13.5 47,355 2,599 5.5 26.3 -70.7 -76.8
e
 

Male             

5-11 7,822 2,298 29.3 7,475 1,729 23.1 7,589 643 8.5 -3.0 -72.0 -71.0 

12-18  4,167 990 23.8 4,250 727 17.1 4,539 305 6.7 8.9 -69.2 -71.8 

19-34  7,478 1,829 24.5 7,262 1,081 14.9 7,918 630 8.0 5.9 -65.6 -67.3 

35-55  12,265 1,885 15.4 15,865 1,343 8.5 19,576 697 3.6 59.6 -63.0 -76.6 

All ages 31,732 7,002 22.1 34,852 4,880 14.0 39,622 2,275 5.7 24.9 -67.5 -74.2
e
 

*P < 0.001 for comparison of rates over time, from 1996 to 2009.  

a 
Rates are standardized to the 2009 British Columbia population. 

b 
Rates between age groups are standardized by gender to the 2009 B.C. population.  

d
 P < 0.001 for comparison of rates between age groups. 

e
 Rates between gender are standardized by age to the 2009 B.C. population.  
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2.3.4 Burden of asthma by HSDA 

 Asthma prevalence and incidence estimates were not significantly different between 

HSDA groups. Distributions of FP, specialist, hospital and ED use for asthma in B.C. are 

mapped in Figure 2.7-Figure 2.10. On average, there were 0.7-0.9 asthma-related FP visits 

per patient residing in rural areas (e.g., East Kootenay, Kootenay Boundary, Northern B.C.).  

This rate is 20%-30% less than in large cities (e.g. Richmond, Victoria and Surrey), where 

there were 1.3 visits per 100 patients (Figure 2.7), when adjusted for age, gender, and study 

year. Likewise, in rural areas, there were 4-10 asthma-related specialist visits per 100 patients, 

a rate, 70%-90% less than in large cities (e.g., 36 visits per 100 patients in Richmond, 36 in 

Surrey, and 33 in Vancouver) (Figure 2.8). However, patients in rural areas were 1.6 to 2.3 

times more likely to be admitted to a hospital for asthma (1.3-2 admissions per 100 patients 

in northern or interior areas compared with 1 admission per 100 patients in large cities) 

(Figure 2.9). Patients in rural areas were also 2.0 to 2.6 times more likely to visit the ED (20 

visits per 100 patients in rural areas compared with 2-3 visits per 100 patients in large cities) 

(Figure 2.10), when adjusted for age, gender and study year. Additional tables showing the 

regional variation in patientsô use of health services for asthma are listed in Appendix A. 
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Figure 2.7 Use of family physician services for asthma by HSDA in asthma patients 5-55 

years of age, 1996 - 2009 

 

Figure 2.8 Use of specialist services for asthma by HSDA in asthma patients 5-55 years 

of age, 1996 - 2009 

 
















































































































































































































































































