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ABSTRACT

Background: Drug therapy is the mainstay medical treatment for asthma patients.
Many asthma patients (up to 70%) receive suboptimaj therapy. Inadequate userdialed
corticosteroidsICS) has been associated with increased emergency department (ED) visits
and hepital admissions for asthmEo understang a t i asthmasrégisein British
Columbia (B.C.)andimprove health outcomes, this study describes the burden of asthma,
identifies patients who received suboptimal asthma drug regimens accordstrna
clinical practice guidelinesand examines the link between regimen optimality and health
services utilization for asthma in an entire population with treated asthB@fiom 1996 to
2009.

Methods: A cohort 0f336,901asthma patients between3 yearof age was
identified using provincial health services utilization data from 1996 to 2009. Annual patient
medication dispensings of shartting bronchodilators (SABA) with or without ICS were
categorized into optimal or suboptimal regimens based on tiv@aslinical practice
guidelines. The association between regimen optimality and health seniiizasion was
examined in ongrear, as well as during a iylear study periodusing logistiaegression
modelsand Cox Proportional regression modge¢spetively.

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. Astinelatedspecialist visitsED visits and
hospital admissions declined by over 50% during the study péni@@09, patients with
suboptimal regimens had significantly greater risk of using health services than patients with
optimal regimens of SABA and/or ICSver time, switching from a suboptimal to an optimal

drug regimerwas associated with30% reductionn the use of hospital services for asthma
ii



(hazard ratio (HRD.71; 95% CI 05471 0.93), and &0% reduction in the use of ED services
for asthmakiR 0.49; 95% CI1 0.33 0.73).

Conclusions:Much of the healthcare burden associated with asthpr@v@ntable by
optimizing drug therapy, in particular, with improved ICS adherence. Identifying patients with
suboptimal asthma management practices is a critical step in reducing the burdenaf asthm

on the healthcare systeand ultimately improving theuglity of life of asthma patients.
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CHAPTER 1 : INTRODUCTION



1.1DEFINITION OF ASTHMA

Asthma isa complex and highly variable conditidefined by its physiological, clinical
and pathologicatharacteristicgas a chronic inflammatory disease of the airwdgsgeneral,
asthma icharacterized by airway obstructi@irwayhyperresponsiveness, inflammation,
andotherrecurrent symptomisicludingshortness of breath, chest tightnessyell as
wheezing and coughingarticularly at night and in the early mornitigt can result in
premature awakening and sleep distmdxs[4, 5]. While a number of pharmacological
agents provide effective symptom reliefysral longitudinal studidgadicate thasignificant
proportions of patientexperiencesymptom control followed by a return of symptd6js
Moreover, athma symptomsanvary significantly from mild to severe, from person to
person, and from one episode to the next. Becausesofariability, therearechallengs
associated witlasthma diagnosis amdth adherence ttherapeutiadegimens.

Asthma exacerbations are increases in symptom intensity and/or duration above the level
a patient experiences when their condition is sf@hl&evere exacerbations can last up to
several weeks and may require ED visits or hospitaliZatj@). Recurrent exacerbations are

a major cause of morbidity and health care expenditures for aptitreats9].

1.2PATHOPHYSIOLOGY
Thethree primarypathophysiologal factors contributing tasthmaare
bronchoconstriction, airway irdglmmationandairway modelingwhich will be discussed

separately below

1.2.1 Bronchoconstriction

Bronchoconstriction, or narrowing of the airways, is the primary contritbotor



clinical symptoms of asthm@uring acute exacerbatiorfis adrenergic receptanediated

smooth muscle contractienn the bronchia narrothe airways in response to asthma

triggerssuch asinhaled allergens or virugd®]. Betaadrenergic receptsibelong to the

superfamilyof G protein coupled receptoasd includes u b t Vi, p.@b d.b ;béceptors
expresprimarily in heart and kidneywhere theyunction toincrease heart rate and force of
contractionbs receptors ar&nown to express iadiposetissue, but theiphysiological role

in humans ipoorly understood b 2 r azechiglpytexpressed the snooth muscle of

theairways anditeru$l0]. Inthe airwag ofasthmp at i ent s, i nhi bition of
receptoractivity reduceshec onver si on of adenosine triphosp
monophosphate (CAMPAs a direct result, the entry of calcidnan important signaling

molecul® into smooth musel cells is impaired, which in turhmits activation ofmyosin

light-chain kinaseind causes smooth muscle contractions that leaway constrictiofiLO].

b Zeceptor activation promotésonchodilationthis can beenhanced by inhaldal Zagonists

used in the treatment of asthnsa€Sectionl.7.9.

1.2.2 Airway inflammation

Airway inflammation isanother important defining characteristicasthmaand
involvesseveral types afellsincludingmast cellsstructural cells like endothelial and
epithelial cells as well aosinophils, neutrophilsymphocytesanddendritic cell§2].
Inflammation is initiated when asthma triggers actithesecels toproducenflammatory
mediators or drive inflammatory responses in the airwiyre 1.1 demonstrates the

mechanisms of airway inflammation patients with athma



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

Goodman & Gil mands The Phar ma ¢"&ditior witha | Basi s

permission)[2].
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Source: Brunton LL, Chabner BA, Knollmann BC: Geodman &
Gilman’s The Pharmacelogical Basis of Therapeutics, 12th Edition:
viww.accessmedicing.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

Respiratory viral infectiofinduced inflammationms a result of damage to the airway
epitheliumor an initiation of inflammatory immune responses to the infection[$ites
Respiratory viruses, such as influenza and respiratory syncytial virus (a cdtunawas in
infants and young children) cause asthma symptoms mainly through damaging airway
epitheliunj11]. These damages disturb the integrity of the epithelial layer, and in turn

increase mucosal permeability and epithelial shedding, together with mucus production,
4



cause airway obstructionh& damage to airway epithelium also increases exposure of
inflammatory and antigen cells to allergens.

Rhinovirus, a common virus in older children and additsnot damage the airway
epithelium, in contrastauses asthma symptoms mainly through initiating inflammatory
responseslhese inflammatory responses include increased inflammatoryeailstment
and secretion od wide variety of chemokings.g.,IL-6, IL-8 and IL-11)[11].

In asthma triggered by inhaled allergensirereased number ofmast cells is
characteristic of asthméhese cells containigh-affinity immunoglobulinE (IgE) receptors
that, upon activation, triggeeleaseof histamine cytokines,interleukins leukotrienes, and
other inflammatory mediatdis2, 13]that increasairway microvascular leakage and mucus
secretion.

Likewise, structuralcells producenflammatory mediatorthat, together with those
produced by mast cellgjitiate an inflammationcascadéy recuiting additional
inflammatory cellsncluding dendritic cellseosinophils, lymphocytes, and neutrophiis
the airwaysThesejn turn, areactivated to releassdditional inflammatorynediators, which
contributes to a positive feedback mechanismrémsilts inadditional inflammatory cell
recruitment and constriction, edema, and mucus secrétiaddition, airway epithelial cells
produce arachidonic acid, which contributes to bronchoconstriction as well as nitric oxide
that increases edeff2y. Moreover, epithelial cells can slough off and cause blockages within
large and small airways, forming mucous plugs which further block aif@;a/8].

Structural cells are a major source of inflammatory mediators contributing to chronic
inflammation and thus are the target cells of ICSs asezbntroller medications.

Activation of dendritic celldy the bindingof asthma triggerkeads tosubsequent



activationT-helper type 2Th2) cells which producenterleukirs includinglL-4 andIL-5
thatrecruit and activate eosinophisctivated eosiophils have been associated with the
development of airway hyperresponsiveness, and releasing and producing other
inflammatory mediators such as leukotrienes and histamine to further injure girdjays
Leukotienesproduced byeosinophilsare actively involved in smooth musdentraction
vascular permeability, increedmucus secretion, arte recruitment and activation of

inflammatory cellsand theipharmacologicahhibition reduces airway inflammati¢2, 10].

1.2.3 Airway remodeling

When asthma symptoms are frequerd airway inflammation becomes chronic,
structural changes occuhese includehyperplasia, which results increased airway
thicknesgcan range from 10% to 300% of norifidl]); hypertrophyof mucous glands
increased mucus producticamdincreased blood supply. These structural changes may lead
to a significant and permanent reduction in airnefjisacy{12].

In summary, airway constrictigairwayinflammationand airwayemodelingarethe
threemain pathophysiological mbeanisms of asthm&onstriction and inflammatioare the

two main target of asthma drug therapy, whigh be described irdetail inSectionl.7.

1.3ETIOLOGY OF ASTHMA
The etiology of asthma involves complicateédchanisms and remains poorly
understoodbut it iswidely accepted that the development of asthma resultsdrom

interaction betweehost factorsncluding immunity and geneticand environmental factors.



1.3.1 Host factors

1.3.1.1 Innate immunity and asthma

Innate immunity is criticalor theinflammabry respongd 6], whichis essentiato the
development of asthmeymptoms Specifically, anmbalancan theexpression of two types
of T-helper lymphocyte§Th1l and Th2pppears to play a major role in the development of
asthm@l6, 17] Thl cellsproducelL-2 and interferoro, whicharea primary defense against
intracellular pathogens. In contrast, Th2 genenatesleukins(IL-4, -5, -6, -9 and-13),
which mediate allergic inflammation. It has been suggested that asthma is characterized by
either overexpression of Thainderexpression of Thl cytokingsr a combination of the

two[3].

1.3.1.2Genetics and asthma

There is a strong correlation between genetics and as®meatudyof 344 families
revealed that among families with neither parent having asthma, onby é8ddren
developed asthma; while among families with both parents having asthma, the proportion of
asthma development in their children reached [@@}oAnotherstudy examined 325 pairs of
twing[19]. Among these, 84 paics twins whereonetwin had asthmavereidentified Of
these 39 were identical and 55 were nalentical 59% (23 pairs) of the 39 paiof identical
twins both had asthma, while 24% (13 pairs) of the 55identical twins both had asthma
The strong familial clustering of asthma has encouraged research into the genetic
predisposition to disease, which is important for the developniem@vwoasthmareatments.

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

including a disintegrin and metalloproteinasg(8®AM) onchromosome 2Qplant



homeodomain finger protein IPHF11) onchromosome 13q12ipeptidyl peptidase 10
(DPP10) orchromosome 2q14,-@roteincoupled receptor for asthma susceptiblBRPA)
onchromosome 7p14 ars#rine peptidase inhibitor kazal typeSP(NKS on chromosome
5033.1[20-24]. The expression of DPP10, GRPA and SPINK5 has been studied
comprehensivelyand studies suggest that thggre productsnay play aolein the
responsef airway epitheliunto triggers and damage caused by environmental f§25jrs
or in theproductionof mucus perhaps via It3 which is known to regulate mucus

production25].

1.3.1.3Gender and asthma

Gender is another critical factor in asthrAathmaincidencen young children is
greater among boys than giftetails inSection1.4)[26-28]. However, after puberty,
incidence becomes highierfemaleghan in malej28-30]. Multiple theories have been put
forth to explaintheage and gender interaction in asthma prevalandencidence The first
postulates thatirway hyperresponsiveness is more common and severe among boys in
childhood31], but that itincreases imdolescentemale$32, 33] By adulthood,
hyperresponsivenessisore common and severe among adult wdBwef6]. The second
theory suggests thatopy(the production of IgE in response to allergegashore common
in males before age 13 ye§83], andbecomes more prevalent among females during
adolescence and is equtween males and femateadulthood38, 39] The third theory
suggests thatdimones may have an impact on airway inflammadiot airway smooth
muscle functionindeedthe fluctuation of estrogen levels dugemalemenstrual cyclehas
beenreported to activate proteins that produce an inflammatory re§dohdacreased

estrogerievelshave beemssociated with rededairwayconstrictionvia regulation of



calciumdependent potassium channelhereasow estrogerievels have been found to

increase risk of asthma exacerbat[di$

1.3.2 Environmental factors

Allergens and vl respiratory infections are regarded as thertvast important

environmental factors in the development and persistence of gd#tjma

1.3.2.1Allergens

Exposure tondoor allergerike dust mites, pet dander, cockroaches, rodents, and
mold have been found to tggr asthma episodes and exacerbafiéds44} while other
studies demonstratecreased risk of sensitization and subsequergldpment of asthma in

individuals who are exposed to dust rmié@d cockroaoks[45-48].

1.3.2.2Respiratory infections

Respiratory infections during infancy and early childhood have been associated with
asthma development in later life. ThecTs on Chi | drends Respdratory
880 children to determinghether development of lower respiratory tract infections before 3
years of age is associated with physieiiagnosed asthma and/or wheezing at ages 6 and 11
years. The investigats reported that respiratory syncytial virus (R&Wuced respiratory
infections increased the risk of infrequent wheezing (3 episodes per yeafldyadd
increased the risk of frequent wheezing (>3 episodes per yeafolg[49].
CorrespondinglySigurs and colleagues found that children who were hospitalized for RSV
bronchiolitis in the first year of life had significantly higher risk of developing asttpria u

age 7 compared to children who did not have RSV bronchiolitis during if&djcyiral



respiratory infectionsause damage to the epithelium, inducing edstraddingandmucus
production which can cause airway obstruction and wheezing. Viral respiratory infections
also caise proinflammatory immune respogs&hich producezast numbers of

inflammatory cells and contribute to inflamnmatand obstructiofpl, 52]

1.3.2.30ther environmental exposures

Air pollution andtobacco smoke have also been associated with an increased risk of
developing asthmd&eports detailinghe role of pollution in asthma development are mixed
butthemechanism may be related to increbaeway sensitization among patients exposed
to heavy air pollutionStudiesexamining the association of tobacco smoke and asthma
reported an increased riskwheezing in infants whose mothevereexposed to tolmro
smoking during pregnanfjB, 54] Maternal smoking during pregnanoay affect the
uteraplacental flowresulting in a reduction in foetal nutrition aoohsequent retardatiom
foetal lung developmef5-57]. Moreover, n asthmatiadults, evidencandicatesthat

smoking decreasgesponsiveness to IGS53].

1.4EPIDEMIOLOGY OF ASTHMA

TheWorld Health Organizatiorstimats 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 Canadi§b], andCanadaanked the 18in asthma prevalence
among more than 100 countfi@8]. Analysis of Canadian CommuyiHealth Surveys
showed that 10% of females and 7% of males aged 12 years owelggrhysician
diagnosedvith asthma each year from 2001 to 2[&I], with the highest prevalendeing

in children (13%61]. In Ontario alone, asthnveasresponsible for 864,868 physician visits,
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57,458 ED visits and 14,737 hospital admissions in [B1Q6in B.C., ketween 1996 and
2000, the most recent evidence based on populatisad data available on asthma burden
estimates, asthma affects 2.5% of B.C residei4 Qears of age. The asthma incidence, or
the rate of newly diagnosedtama was highest in children aged between 0 and 14 years
(1%)[62]. These data are out of date, suggesting a need afingdhe evidence on asthma
burden estimates in B.Che mostecentdata available on theconomic burden of asthma
shows thathe costs of asthmelated hospital admissions, ED visits and prescription drug
dispensings were estimated to be $41,858,&1Wdren 1996 and 2000 ($311 per patigsdr)
in B.C. Of special interesind relevance to this studs/thatduring this same period in B.C.,
64% of patients had poorly controlled asthma and teasepatients accounted for 95% of

health care expenditujés].

1.4.1 Challenges in asthma burden estimates

Epidemiologicalstatistics for asthmare commonlybtainedusing questionnaires
and healtbareadministrative datavhichpresenseveral challengegorexample,
guestionnairdased studiegsuallyincludet h e q ude patients meceitie any diagnosis
of asthma i n t hnehem rief vei Sincedbe®e analysés inoludeediiie
physiciandiagnosed asthma questionn&igesed studies tend to overestimate the true
prevalenceof asthma in a given population

Health services utilization and prescription drug dispensingpdagsis widely used
for burden estimation studies since these databaseseapensivdo maintainand provide
information for large populatiorsveralong periodof time, but they are also problematic
For example, sthma casearecommonly defined by physician visit, hospital admission

and/or prescription dispensing critefiam populationbased databasgand their validity
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depends on both theeccuracy of diagnosis and the accuracy of transcription from medical
charts to electran databaseAsthma prevalencandincidencedatacan varysignificantly
depending on which asthma case definition has been used and dittsesarthers
frequently base their studies differentcasedefinitions which can lead to disparate and
potentidly inaccurate estimates of the burden of astifoaexample, Lix et al. used 28
different asthma case definitiotssproduceprevalence estimates for patients 12 years or
older during the same time period (192@02) and the resultingrevalence estimas 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 astonistaingbje
prevalence estimates ranging from 15.1% to 5165} Thus, esearchers should be aware
the limitations of umg differentcase definitioato estimate the burden of asthma and be

cautious irtheinterpretatiorof 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 studi¢6-68] used a single criterion of 1 or more physician visits
during a 12month period to define asthma cases. For example, using thigoarite
Senthilselvaret al.reported an averag@asthma prevalence of 7% in childred §ears of age,
5.5% in patients-84 years of age, 2.5% in patients3%years of age and 2.2% in patients
35-64 years of age between 1991 and I86BA major limitation arising from the use of
this criterion ighat the study cohodaptures patients who have only a single visit for asthma
which may in fact just be 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, Kozyrskygt al.developed an asthma case definitioor. thorephysician visis,
or 1 or morehospital admissiasifor asthma, or dr morelCS/ketotifen/cromone prescription
dispensing, or 2or moreSABA or oral betaagonist dispensings using Manitoba (@@ In
addition to the limiation associated with the use of 1 or more physician visits discussed
above, studyahors based oracriterion ofeither1 or moreor 2 or moreprescription
dispensingsrrelikely to include patients who only receivadingle set of medications to
help make a diagnosjor for the treatment of wheezing in patients with respiratory infections
who presentedith wheezing as ahief symptom.

Other studiesiseda criteria of1 or morehospital admissias or 2 or morephysician
visits, or2 or moreprescripton drug dispensings to identify patients with asti#®a72]. In
B.C., there is a 168ay reimbursement policy for p@gption refills[72], which means that
patients with treated asthma need to refill their asthma prescription medications every 3
monthsWhen used with B.C. data, case definitions using 2 or pr@scription drug
dispensingsvill be limited by containingatients who only receivesisingle set of
medications to help develop a diagnasig group of patients with very mild asthma (
patients who require SABA no more than 3 doses per week for symptom treatment, and do
not require daily ICS for asthmaamagement)Thus, his case definition is nsuitable to
limit the capture of patients who have chronic symptoms requiring regular drug use to
manage symptoms

To addresshese imitations the present research developesiperior case definition
(i.e., 1 or more hospital admissions, or 2 or more physician visits or 3 or more asthma
prescription drug dispensings during arbi@anth period)with the aimof capturing theentire

population with treated asthma in B.C. betwe@86land 2009.
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1.5DIAGNOSIS OF ASTHMA

Proper diagnosis is theritical in orderto facilitateoptimaldrug therapy and asthma
management. Key componsim diagnosignclude a detailed medical history, family history,
physical exam and propegsting ofpulmorary (lung) function.Physical examinatian
include identification of allergic reactiossich askin rashesndor abnormal sounds in the
chestin response to various potential allergdtallmark symptoms include wheezing,
shortness of breath, cough, nacial symptomshat lead to awakening and sleep
disturbancesand a worsening of symptoms in the presence of trigigdr3esting of
pulmonary function is importarasit provides objective values to estimate the extent of
airway limitation andts reversibility. However, it requires patient cooperatioraking
difficult to apply in young childgn, in patients who are experiencing asthma exacerbations,
or in patients with poohealth.

The diagnosis of asthma is not always straightforyarticularly sincevheezing,
coughing or chest tightness canse fromother conditions, such as bronchitis|ds, or
pneumonia in childreand adultandfrom chronic obstructive pulmonary disease (COPD) in
adults Thus,when patients angresenting with these conditions are admittedlinics or
EDs, diagnosis of asthma coulddedayed omissedaltogetherFurther complications arise
sinceother respiratory diseasean bemisdiagnosed as asthn@n 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 @sdiagnosed as asthma in some patierds. F
example, one study examinethether asthma was overdiagnosed in patients from eight
Canadian cities in 20083]. The investigatordefinedpatientsasnot havingasthma ithey

did notdisplayevidence of acute worsening of symptoms, reversible airflow obstruction or
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bronchial hyperresponsiveneshile beingweaned off asthma medicatiomased on these
criteria, thisstudyidentifiedthatmore than 30% of the stugyppulationwith physician
diagnosed asthma did not actually have asthma.

Use of pirometry a pulmonary function tedtas been recommendedastablish an
asthma diagnodi3]. Spirometry measures the amoantispeed of air that can lrehaled
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 (FVCthe volume of air that can be forced to extster full
inhalation), andforced expiratory volume (FEY volume of air exhaled ditme point X
during forced expiration

Spirometry is generally availabémly to children who are 5 years or older because of
difficulties in application in young childrenlo aid diagnosisasthma clinical practice
guidelines hasecommended that physicians measure FEV1,d~EVC, andhe FEV,/FVC
ratio before and after the patienhales a shoracting bronchodilatoReduced/alues for
FEV1 and the FEV1/FV(atio (or FEV1/FEV6ratio) compared to predicted valuase
indicators ofairway obstruction. An FEVihcreaseof >200mLc o mbi ned wi t h 012 %
baselineo r  a n indeAsRRFEV1 valueafter SABAadministratiorindicates clinically
significant airway reversibility. FEV1 and FEV1/F\@lueshave also been used to measure
degree of asthma control, whigdescribed irBection1.8.

Although spirometry provides objective values in pulmonary functiages have
limitations. In particular,test results may not always correlate directly wigmptomseverity
For example, in one studgtout and colleagues reported that one third of childitm

moderateto-severe asthma were reclassified to a more severe category whewdhas
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were considered in addition to symptom frequé¢ndl In contrastanother study by
Bacharier and colleagues found that 68% of childveh mild-to-moderate asthma classified
by symptoms had normal FEN5].

In summaryseveralkhallenges exist inlinically diagnosing asthmand these
challenges produce variable results (e.g. in quantifying prevalence and incidahcanth
result inerrors in studies estimating the epidemiology of astlidegree of accuradn
asthma diagnosis also affects the validity of health service utilization database, which is

discussed in detail iBectionl.5.

1.6 GOAL OF ASTHMA TREATMENT
The ultimate goalof asthma drug theragreto enable a patient to live without
asthma symptomandassociatedunctional limitationsfo improvequality of life, andto
reduce theisk of adverseide effectof medicationg3]. Becausef significant variations in
asthma symptomology overtimeand at i ent s0 respoeguare to drug t
monitoring of the effectiveness of asthma control is necessaghieve these goals
Research indicates thangoing monitoring can hglachieve disease managenménbugh
routine followup visits with patients to review compliance with management plans, and self

management skills including the use of inhalers, spacers, andlpeaketer$l3].

1.7TREATMENT OF ASTHMA

Asthma is predominately managed by pharmacologic thendpgh canprevent and
control symptoms, reverse airflow obstruction, angdrione qualityof life. There are two
main classes of drug that are used to manage astjuic&relief medicationghat are taken

to provide prompt reversal of acute airflow obstruction and relief of bronchoconsteatibon
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long-termcontroller medicationthat are taken dailgver a longer period of time achieve
and maintain control

Long-term controller medications include: corticosteromast cells stabilizers (i.e.,
cromolyn sodium and nedocroijiantiIgE agents, leukotriene receptor antagor(istiRA),

long-acting bronchodilators (LABA) and methylxanthines.

1.7.1 Inhaled corticosteroids

Inhaled corticosteroid4@Ss) are the cornerstone of asthma drug therapg are by
far the most effective and safest controller medication in asthma manag&dswere
initially developedasa replacemertherapy fororal steroidswhich causaystemic adverse
drug reactions (ADRs). Oral steroids were found to be effective at treating asthma and were
widely used in the 1950s. However, potenfilRs, including growth retardation in children,
osteoporosis, and metabolic disturbances soon became major concerns and suggested the
need for development of an inhalation formulatit@signed tdocalize therapy at the target
site (the lungs)andthereforereduce systemic ADRs associated with oral therapy. In the
1970s, beclomethasone dipropionate (Bb&)amehe first corticosteroid developed for
inhalation.Studiescomparing the effectiveness and safety ofd@Satients who transferred
their drug therapyrom oral steroids to IC$76-79], reporteda 99% succesgate in symptom
control,along withrelief of ADRs (especially Cushingoid features).

Currently thee aresix different ICSs orthe Canadian market, including
beclomethasone, budesonide, fluticasone, flunisphtemetasonand ciclesonideandthese
sharesimilar pharmacological characteristics. Clinical effects of ICSs are achieved mainly
through inhilition of inflammatory cellssia modulation of gene transcriptices well as

prevention oinflammatorycell recruitmeninto the airwaysThe general mechanism of the
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therapeutic action ofarticosteroidss toincrease transcription of antiffammatorygenes
andinhibit transcription of inflammatory gengsarticularlyin airway epithelial cellsthe
latteris the most important action of IG# inhibiting inflammation in asthma patients.
addition,ICSs reducethe numberand activation oinflammatowy cellsin the airways and
lungs, inhibit production of inflammatory mediators (e.g., cytoldsaad chemoking by T-
lymphocytes, macrophages, and mast [@8ls anddecrease vascular permeabilaiding in
the reduction ohirway edemawhile they do have numerous therapeutic actit©Ssare

not able taeverse airway remodeling caused by chronic inflatronan the airways.

1.7.1.1ICS efficacy in asthmaeatment

Thetherapeutiefficacies of ICSsrelative to LTRA anctromolyn sodiumhave been
established in a number of clinical trisdsCochrane Collaborative systematic review
involving 10,005 adults and 33 pediatric patients and 65 studies with trial durations
ranging between-82 weeks publishedeforeDecember 2012 compared ICS to LTRA].
In thisreview themedian dose of ICS was 200 pg/day of microfine hydrofluoroalkkane
propelled beclomethasone or equivalamd its usevas asscated with significant reduction
in exacerbations requiring systemic corticosteroids or hospital admission, improvement in
lung function testing (e.g., FEV1), asthma control quadlity of life, reduction in asthma
symptom score, nocturnal awakenings, asd of SABA. Anotherrecent trial randomly
assigned 309 patients 12 to 80 years ofvaife mild to moderate asthma, reduced asthma
related quality of life and inadequate asthma comdrdthree treatment groups: ICS
monotherapy, ICS and LABA combinechalers, and LTRf81]. Over two years, thigial
comparedjuality of life, symptom score and exacerbation rates between patient groups and

reported no significant differengd®wever, the validity of this study may have been
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compromised by the fact that patientsrepermittedto 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 LRTAuslies compang ICSsto cromolyn
sodiumshowedhatICS treatment growghad significant improvement in lung function,
fewer exacerbations, lower asthma symptom scoresealudeduse of SABA[82].

In addition, severadtudieshave examinetheefficacies of adjunctive theraand
have reported thatddition of LABA to ICS produagmore significant improvement in

asthma outcomes thaddition ofLTRA or theophyllineor doubling ICSdos¢83, 84}

1.7.1.2ICS effectiveness in asthni@atment

Several studies have demonstrated that the use ofsi@88cantly reducsasthma
related hospital admissions and deaths, regardless of severity and age.

The earliest cohtistudy that assessed the risk of hospital admission for asthma in
relation tolCS usewas in 199B5]. This study involved 216 children treated with
budesonide and 62 children treated with theophylline, intB&edgonists, and/or sodium
cromolyn and followed these patients for uy tgears. On averagenly 0.4% of children
who received ICS had hospital admissions for asthma each year duringdpllawalue
nearly 16fold 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 stu{B&s88].

Early investigationsising asthma mortality as an outcopreduced mixed resulta.

New Zealandstudy (1989)nvolved 117 cases of death from asthma and 468 controls
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matched with respect to age and ethnic grogjported a 34% increase in asthma mortality in
patients who received I89]. In stark contrast, aecond study conductémdm 1988to
1990 reported a 30% reduction in asthrakatedmortality in patients treatedith ICS90]. A
majorlimitation of this studyis that the mease of ICS exposure was binary (yes or no) and
length ofICS usewas not taken into accoumh 1992, Ernst and colleagues conducted a
study based on 129 cases of fatal or {fig& asthma and 655 matched controls. After
accounting for disease severitydamsk of adverse drug events, patients who received 12 or
more ICSs (50 ug per actuation; 200 actuations) over gyeaeperiod were 90% less likely
to have fatal and nedatal asthma (RR, 0.1; 95% CI, 0.02.6) compared to those who did
not receiveany 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%-ZVD.Ihe
authors concluded that there is no sufficient power to detect the differences bi&®een
treatment groug91].

Indeed,in 2000, Suissa et al. addressed methodological limitatoamsl inprevious
studies and conducted a nested aas@rol study within a cohort of 30,569 patiemtith
asthma identified using the Saskatchewan Health datg®apdssthma severitytime of
drug uselength of followup at the time of deatlvereconsidered anthcorporated into the
case andanatchedcontrol criteriaThis analysis seemed to resothe contrasting results of
early studies anshowed thaeach additional ICS canistesedin the baseline yeaesulted

in a20%reduction in the likelihood of asthrralated mortality.

1.7.1.3Safety ofICS
SincelCSs ardargeted directlyo the site of inflammation directlihe risk ofsystemic

ADRsis much lower compared with other therapeutitswever, ICS use can causeal
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ADRsincludinginclude oral candidiasisnd dysphoni§93-95].
Oral candidiasisan infection of oral mucus membranes legst fungipccurs in5 to

34 percent of asthma patief®8-98] depending ohCS doe$96]. Increaseatandidiasis
occurrencen asthma patients is duedecrease local immunity caused by inhibition of
normal host defense functions at the oral mucoséc® andn theesophagus. It has also
been suggested that oral candidiasis occurs because of an increase in salivary glucose levels,
which stimulats thegrowth of Candida albicans. To reduce the incidence of oral candidiasis,
clinical practice guidelias recommenthouth rinses with water immediately after inhalation
and use of a spacer or valved holding chambers (VHCs) with-aneathactivated metered
dose inhaler (MDI). Mouthwashes with antifungal agentsaacghereffective for treatment
of oral andidiasis.

Dysphoniaoccursin 5-50% of patients who use ICBut itsetiology 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.dlaepacedeviceor VHC with a
non-breathactivated MDI,or areductionin the frequency ofCS usecanminimizethe

incidence of dysphonia.

1.7.1.4Systemic adversdfects

Higher doses of ICS areassociated witincreasedisk of systemic ADRs including
reduced growth velocity in children, osteoporosis, skin thinning, cataracts and glaucoma and
the suppression of the hypothalamituitary-adrenal (HPA) axi®3, 94, 99] Thesesystemic
effects are related to the total amount of corticosteroid that is absorbed aaie thf
clearance from the body. For older ICSs (e.g., beclomethasone dipropionate, triamcinolone

and flunisolide), systemigresence oforticosteroidss due to deposition of a significant
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fraction of drugn the moutfl00], thisfraction is swallowegabsorbedicrosshe
gastrointestinal (Gllining andundergoedirst-pass metabolism in the livén addition, dder
ICSs have low firspass metabolism (500%), which, combined with swallowing and
absorption in the Gl tract, resuitsahigher concentration of ICS in systemic circulation
afterfinhalatiord. Newer ICSs (e.g., fluticasone, budesonide, ciclesonidal)saallowng is
less commormue toimproved drug deliverySystemicavailability of thesecorticosteroids
resuls from local absorption through the lufi§0]. Overall, evidencéas showrthat
occurrence of systemic ADRs in patients vatlow- to median dose range of ICS is rare
andthat ADReventsmaybe clinically insignificantandbr reversible. Patients who
continuously receive higtose range of ICS may have higher risk of experiencing systemic
ADRSs, but this risk can be reduced by useaapacer device witmaviDI, mouth washing,
or using drypowder inhalers.

Theprimaryconcernof physicians and parengstients irnthe regular use dCSsin
children is related to the potentfal growth retardatiofl01]. A putativelink between ICS
useand growthis suggested by the knovaissociation between systemic corticosteroids
levelsand growth. Systemic corticosteroids have been associated with inhibition of growth
hormone secretion, reduction in growth hormone receptor expressilogirect suppression
of growtl{102-104]. However, thanagnitudeof the efiects oflCS on growtharestill not
completely cledf00]. Evidence has shown that the reduction of linear heigimhédl,
nonprogressive, amabssiblyreversiblg105-107]. For example, the Childhood Asthma
Management Program conducted-gear, 8center studyhatinvolved 1,000 children82
years of age with mild to moderate astlib@®]. This study reportethatthe neanheight

increase in children treated with budesonide was aboahtimeter (cmless tharthe mean
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height increase inhildrentreatedwith placebo in the first year of the stuthowever, &er
the first year and throughout the remaining 4 yearseotady, children on budesonide grew
atrateidenticalto the other childrenin addition, morly controlled asthmhas also been
linked toreducedyrowth in childrefil08, 109] Since gowth hormone are primarily
secreted at night or during exergiiee Imited physical actity and frequent wakeninag
night caused byoorly controlled asthmiesult in reducedrowth hormone. These
observationshouldbe considered when interpreting findings from growth st{iti(.

In summary, ICSs are the most effective ldagn maintenance therapy for asthma and
have an excellent safety profile, especially in low dose rahgeésreusuallysufficient for
asthmareatmentAdverse reactionsanoccur at higher dosebu canbe avoided through

using combination therapyr bydecreasindCS dose once asthma control has been achieved.

Other controller medications

1.7.2 Leukotriene receptomaagonists (LTRAS)

LTRAs (Zafirlukast and montelukastyeanalternative therapy for the treatment of mild
persistent asthmand they function binhibiting leukotrienemediated inflammatiorAs
discussed irBectionl.7.1, LTRA efficacy is lowercomparedvith ICS, evincedoy less
reduction in exacerbations, less improvement in symgtemdays), LTRA igienerally
reserved for gecondine therapyexcept irchildren whocannotproperlyapply ICS
inhalation

Studies examining the effectiveness of LTRA or comparing thetefémess 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 databjidd€y. The primaryoutcomemeasureavas the

rate of exacerbations (defined as ED visit or hospital admissions or dispensed prescription of
oral corticosteroidsover the subsequent year. In order to control confounding by severity,
the analyses were stratified by the number of exacerbations that ppteantaisly
experiencedin patients who did not hayeeviousexacerbations, ICS use was associated
with sigrificantly higher rates of exacerbations compared to montelukast use. Hoimever
patients who had one or mgueeviousexacerbationthere was no significant association
with ICS useThis study las two majorlimitations:first, theuse of gratificationas the sole
method used to control confounding by severity is insufficewbnd theauthors used

linear regression model for analysighich did not account fahe timedependent nature of
medicationuse.Togetherthese limitations challenge thelidity of theresultscomparing
exacerbation frequency with ICS ustowever, thisamestudydid showthatadherence

rates for montelukasteresignificantly higher than the rates for ICS. Recently, Ducharme
and colleagues used Quebec health serviceatin again to compare asthimedated health
service utilization outcomes in 227 childreri2 years of agél11]. There were no

significant differences in the use of oral corticosteroids or Elices between montelukast
and the ICS use groups. ICS monotherapy group showed significantly higher hospital
admission rates and usefi#agonist for asthma than the montelukast group. Patients who
received montelukast appeared to have poorer asthnmralctott 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 tole@endent ature 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 lirtk suicide and other adverse neuropsychiatric events (e.g.,
tremor, depression, and anxiousness). Since then, 800eskgtated adverse events
associated with LTRAs have been reported to the FI1R]. There is no clear
pharmacological mechanism through which LTRAs might cause suibugeseveral theories
have been propose@ne theory suggests that, siheakotrienesand their receptors are
present throught the nervous system and it is knowrL¥fRAs canpenetrate thblood

brain barriertheinhibition of leukotriene receptors in the braiy LRTAs mightbe
responsible foadverseneuropsychiatric effec{d13]. Another theoryostulates that
production of toxic nitric oxide by direct binding wfontelukast to the cysteinyl leukotriene
receptor [114] might be responsibl&Vhile it is interesting t@peculatethere iscurrentlyno

solid evidence to suppaceither of these theories.

1.7.3 Mast cells stabilizers

Cromolym sodium and nedocromiWwo mast cells stabilizeragt by inhibiting the
release of histamine and leukotrienes from mast cells. Cromalgrapproved by the FDA
in 1973 asnaintenanceéheraguticfor children with asthmebut became less commonly
used aftethe introduction of ICSin 1990sBoth Cromolyn and nedocromil have been
associated with a significant reduction in the use of ED&=3(60%) and hospital
admissiong20%-60%) in populationbased cohort stueks[87] [115]. However, a Cochrane
review pooled results from four available clinical trials that assesseablynefficacyand
showed no significant differences in the percentage of sympeedays betweecromolyn
and placebo, andnly minimaleffects of cromolyrireatmenbn asthma outcomé¢$16].
However,both drugsare still used in practice, especially in pediatric patientsavbtiCS-

intolerantor are concerned abol@S-relatedADRS.
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1.7.4 Methylxanthines

Methylxanthines, such as theophyllif@ave been used in the treatment of asthma since
1930. Theophylline works asbronchodilatoandis used to prevent asthma symptoms. The
bronchodilaing acion of theophyllinds due to its inhibition ophosphodiesteraserhich
increases cellular cAMP and re&sairway smooth muscle. Theophyllican alsdead to
behavioral disturbanseand learning difficulties in childreand highconcentrations afan
result in cardiac arrhythmias and seizufeus, it isimportant to monitor itplasma levels of
theophylline in ordeto prevent occurrence of serious ADR. Becaudagif ADR frequency
relativdy low efficacy,theophyllineis generallyonly used as an adjuritterapeutic and is

mainly indicated to patients with severe asthma.

1.7.5 Anti-IgE agens

Omalizumalis a monoclonal arigE antibodythat is delivered subcutaneously
every 2 to 4 weeks artblat prevents binding of IgE to higtffinity receptorexpressedn
the surfaces dbaphils and mast cells. Omalizumab was approved by the U.S. Food and
Drug Administrative (FDA) in 2003 fahe treatment gbatients 12 yearandolder with
moderate to severe persistent asthmaistaintrolled wth ICS orlCS combinedwith a
long-acting B2 agonist (discussed below) clinical trials,omalizumalhas demonstrated
efficacy compared to placeldd 7-121]. The dfectiveness and safety of omalizumab in large

populationshaveyet to be analyzed in detail.

1.7.6 Longactingb agonists (LABA)
Long-actingB2 agonists share similar pharmacological mechanigitisshortacting

B2 agonist® they relaxairway smooth muschaa b2 adrenergiceceptormediated increases
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in cyclic AMP. Because of therelatively highlipophilicity, LABAs have amoresustained
effect onbronchodialtion, a single dose produces an effect that lasts at least 12 hours
permittingtwice-daily administration.

Randomized controllettials (RCTs)have shown that adding a LABA to an ICS regimen
provides greater improvements in lung function, symptom controtexhctecheed for
SABA compared with increasin@sS dos¢122-127].

Safety concerns regarding LABAs arose shortly after thanketintroduction. Several
large clinical trials and metanalyses reported increase respiratory and asthrralated
deaths in patients who received salmatgr28-130]. In 2004, he FDA issuedblack box
warnings on all preparations containingABAs. The mechanism(s) underlyitigeincreased
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 studth& K
assessed the role of tB@ receptoArgl6 allele in asthma exacerbations in 1,182 children
and adult patientdl31] and associateidcreased risk of exadmationswith extra cojes of
the Argl6 allele in patients who regularly use inhaled salmeter@restingly, the
associatedisk wasnotobservedn patientscarryingan extra copy of the Arg16 allele who
were also taking oral dCS, suggesting thatteroidsmay protectigainst LABAmediated
receptordown regulation and desensitization throughAB&B2 glucocorticoid response

element(a DNA sequence that regulates transcription)

1.7.7 Systemic corticosteroids
Systemic corticosteroids are used in patenth 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 symptoongoer respiratory tract infectien
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induced exacerbatiofis3]. The risk of ADR effects depends on dose and duration, and the
likelihood of ADRs occurring in patients with shorturses of systemic corticosteroids is
smal[132]. However, regular use has been associated with a eégesous adverse effects,
including growth retardation, osteoporosis, myopathy, adrenal supression and development of
cushingoid habity8, 133, 134]

In contrast to controller medications designed to manage symptoms over sustained
periods of use, relievenedicationsare designed to rapidly treat acute symptoms and this

class of medicationscludeSABAs and anticholinergic dugs.

1.7.8 Shortacting bronchodilators

SABAs are the most effective medication for relieving acute bronchoconstfic3jon
and their efficacy has been established in a numbdr©@Tstrials. SABAs are adrenergic
receptor agonists that r el ax ,alienengiargceporso ot h
which | eads t oredeptos aredoupldd td sintulatorymG prdbeins that
activated adenylyl cyclase and increased intracellular cyclic AMP. Increased cyclic AMP
leads to brochodilation by a number of mechanisms including activatjmotein kinase A
and increased calcium permeailb, agonists also increase the conductance of large
calcium sensitivepotassiunthannels in airway smooth musahhich promotesnembrane
hyperpolarization and relaxatif# 10].

Historically, the firstoronchodilatomdministered foasthma treatmentas
subcutaneous epinephrjreenonselective adrenergic agdnisat binds td1- andb2-
adrenergic receptar8y the mid twentieth centuyan inhaled formulation of epinephrine
became available. Studies in the early 1990s reported a seej@mephrineanducedsevere

ADRs includingcardiac tachycardia aradrhythmiag e s u | t i lmegeptbstimutatiob
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as well as peripheral bloo@sselnarrowing due td}receptorstimulation.Due tothese
potentialy serious ADRSs, epinephrinem® longercommonly used to treat asthma. Triext
bronchodilatoidevelopedas an alternative to epinephriwas isoproterenol, a selectifie
adrenergic agonist. However, isoproterenol stimulatesfgoindb2 receptorsijke
epinephrinat can cause cardiac stimulation in addition to the de&iredchodilatioreffect;
indeed, in the mid1950s highdose isoproterenol was found to significantly increase
asthmarelated deaths in England. This suggested the need for a more sé2ctyanist
and in1980s the firstb2-selectiveSABA, salbutamaglwasdevelopedy GlaxoSmithKline

and remaing mainstay in the treatment of acute asthma symptoms.

Safety of shoracting bronchodilators
In the late 1980s and early 1990s, a series of stadmxciated chronf8ABA use with a

significant increase in asthrnalated deafl89] [90, 135137]. This effect idikely due tothe
downregulation ofb receptorghat occurs with long term asand couldead to decreased
bronchodilation and bronchoprotection. Evidence has shown that regularsBA$ also
reduces drug effectiveng¢$88, 139] increase airway hyperresponsivefi£468-142], and
increassthe response @osinophis andmast ceksto allergen challengd41, 142]

Because SABAprovide immediate effecia reliving symptoms, some patients
maintain asthma contreblely bySABA use The negative outcome of requiBABA use
highlights the need forhyysicians and asthma educatwrprovide patientsvith information

on the improper use of medication, andegularly monitor patienéglrug use.

1.7.9 Anti-cholinergic medications

Anti-cholinergic medicatiosincludingipratropium and tiotropium relax airway smooth
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muscle by inhibiting muscarinic receptors in the lung and submucosal gland43ills
Becausenuscariniceceptorslo not play a primaryole in thepathophysiology of asthma,
anti-cholinergic medications are less potent bronchodsab@am SABAs. Ipratropium, a
shortacting cholinergienedication is extensively used in EID combinationwith b

agonists to manage acute exacerbations. A recent revig®RCTsshowed that use of a

SABA and anticholinergics inombinationproduced a significant increase in lung function

in pediatric and @ult patients, andvas associated with a 25% reductiomsthmarelated

hospital admissions in children aa@2% reduction in adwgf144]. Recently, three RCTs
showedhat addition otiotropium, a longacting anticholinergic medicatiano pat i ent s 0
regimers of ICS and LABA produced greater efficacy than those patients who added placebo
to their regimend45-148]. Two of these trials have small sample sizes (n=210 and 388) and
short study durations {86 weekd)146, 148] More evidencdased on larger study sample

and longer study duratiaa needed to determine the role of tiotropiunadginct therapy in

patients with moderate to severe asthma.

1.8ASSESSMENT OF ASTHMA CONTROL
Well controlled asthma has been associated with significant reductions in ED visits

andhospital admissions amdth improved quality of life. Success in achievirand
maintaining well controlled asthma has been associated witlegaeiierence to controller
medicatiorregimen regular health professional assessment of asthma controgrgreat
continuity of careandeasy access to cfiB§.

Asthma control refers to the degteeap at i ent 6s ast hma sympt oms
given point of time. Th&lational Health Heart, Lung and Blood Institute (NHLBI)

recommendhat asthma control bmeasure asthma based on twiteria currentimpairment
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andfuturerisk[13]. Impairmentinvolvesassessment nt) frequency and intensity of
symptoms 2) frequency ofSABA use; 3)pulmonary functionand 4)reduction in patient
activity (e.g.,exerciseattendance at work or schoolhe tisk componenbf asthma control
estimates the likelihood oécurrent ED, progressive loss of lung functiwmeductionof
lung growth in children, andDRs.

Risk d futureexacerbationsan 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 twold greater in patients with an FEV1 < 60% compared to those
with and FEV1 > 809d49]. 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 lfumgtion. In contrast, little is known about the risk
and prevention of progressive loss of pulmonary function among asthma patients.

Since populatiofbased health services utilization data have been widely used nowadays
to perform epidemiological studien asthma, there is growing evidemcethe development
of indicators of asthma control level based on electronically available data rdtactiss
related to asthma control leveelesummarized iMable 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 riskadréations in the
futurgd150-152]. In adults, hospital admission in the past 12 monthgases the risk of
future hospitalization; patients with asthmedated hospital admissions in the previous 12

months were 3 times more likely to have repeated ED visits for exacerpESion$51] 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 exacerbafibb8]. Studies conducted by Firoozi

et al. and Ungar et al. also reported using number of SABA and ICS inhalers, dispensing
records of the secondhird- and fourthline asthma drug therapy (e.g., LABA, LTRA,

theophyl |l ine, and oral steroid preslewliofpti ons)

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

Characteristic Association with risk of hospital Rationale
admission or ED visit
Demographic information
Age Young children are more likely to visit Young children have smaller airway calid&5]. Airway

ED or be admitted to hospitals for

asthma than older patients.

constriction and inflammation are more likely to cause

airway blocking.

Parents tend to take young children toEefor asthma
management mainly due to lack of knowledge or
confidence i n managing t
[156].

Gender Boys are more likely to have asthma
exacerbations. Risks of using ED or

Airway hyperresponsiveness is more common and Se

among boys in childho¢8l];

hospital services for asthma are simile Atopy (the production of IgE in response teedens) is

in teenager, but significantly higher in

female adult patients

more common in males before age 13 \|&ils
Fluctuation of estrogen levels due to female menstrue
cycles has been reported to activate proteins that pro
an inflammatory respongt].

Details see Sectioh.3.1.3
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Characteristic Association with risk of hospital Rationale

admission or ED visit

Health service utilization
Admission to hospital ~ Admission to hospitah previous year Patients who were hospitalized for asthma may have
for asthman the past increases the risk of hospital admissio more severe disease andpoorer asthma contfds7].
12-month or ED visitsfor asthma in the

subsequent year
ED visitin the past 12  ED visits for asthma in previous year Patients who visited ED for asthma may have more
month increases the risk of ED visits or severe disease andfoworer asthma contfds7].

hospital admissions in the subsequent

year.
Asthma drug dispensing
Number of SABA Patients with frequent SABA use may Frequent use of SABA may imply poor asthma contro
inhalers have higher likelihood of usingD or [157]; higher risk of outcome

hospital services for asthma.

Number of theophylline Patients with theophylline use for Use of theophylline may imply poor asthma control
prescriptions asthma may have higher likelihood of Thophylline isused as a thirine asthma drug therapy
using ED or hospital services for and is indicated to patients whose asthma cannot be
asthma. controlled by SABA, ICS and LABP]. Details see
Sectionl.7.4
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Characteristic Association with risk of hospital Rationale

admission or ED visit

Number of LABA Patients with LABA use for asthma me Use ofLABA may imply poor asthma conttdlABA is
prescriptions dispensed have higher likelihood of using ED or used as the secofide asthma drug therapy and is
hospital services for asthma. indicatal to patients whose asthma cannot be well
controlled by SABA and low/mediagiose IC$3].
Details see Sectioh.7.6
Number of montelukast Patients with montelukast use for Use ofmontelukastnay imply poor asthma conttol

prescriptions dispensed asthma may have higher likelihood of Montelukast is used as the thifde asthma drug therap

using ED or hospital services for and is indicated to patients whasgthma cannot be well
asthma. controlled by SABA, ICS and LABR]. Details see
Sectionl.7.2
Number of Omalizumab Patients with omalizumab u$er Use ofomalizumalmay imply poor asthma control

prescriptions dispensed asthma may have higher likelihood of Omalizumab is used as the thinde asthma drug
using ED or hospital services for therapy and is indicated to patients whose asthma ca
asthma. be well controlledby SABA, ICS and LABA3]. Details
see Sectiod.7.5

Note: SABA: shoracting broncodilators; ICS: inhaled corticosteroids; LTRA: leukotriene recaptagonists; LABA: long

acting bronchodilators
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Another measure of asthma control is thi&o of controller medication to reliever
medication butthe utility of this measure is uncl¢db8-162]. Fuhlbrigge et al. used
prescription dispensing data and compared the association betwediffévemtasthma
prescription measures and sulpsent risk of ED visits in children enrolled in three U.S.
managed care organizati¢h82]. The first measuralispensing o& controller medication
was associated with a 70% lower riskedd visits. Howeverresults acquired using the
second measure, the ratio of dispensed controller and dispensed reliever medieagons
dependent othe number of reliever medication dispensingshigher ratio of controlleto-
reliever dispensing was associated with adowsk of ED visits in children dispensed <4
relievers over the 1 year stydyowever, thergvas no significant relationship betwete
ratio of controllerto-reliever dispensingnd ED visitinc hi | dren di spensed O4
Also contradicting are &hfindings ofGriffiths et al, whofound a higher prescribing ratio
was associated with a loweospitaladmission rafd 60], andGottlieb et al. whoobserved
an inverse correlation between the ratidhaf ratio of controlleto-reliever dispensingnd
hospitaladmissions. Shelley et. @bserved no correlatidmetween hospital admission rate
and the ratio of controlleio-reliever dispensing=inally, Schatz et al. showed that patients
who use<6 b-agonist canisters per year are less likely than patients who are pre§igibed
agonist canisters per year tgpexience subsequent ED visits. This suggests that the number

of b-agonist canisters dispensed may be a useful measure that reflects asthma control.
1.9CLINICAL MANAGEMENT OF ASTHMA

1.9.1 Longterm ®ntrol

Due to the highly variable nature of asthma, a dynamic, closely monitored therapeutic
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approach is recommended in clinical practice guidelifiggire 1.2 andFigure 1.3 show the
stepwise approach of asthma management recommendeeNyLBI Guidelines for the
Diagnosis and Management of AsthrB®R-3 (2007]3]. Infrequentsymptomsn the

presence oéxpiratory flowscan be treated witan inhaledSABA used as needed to relieve
symptoms. If the rescU@ABA is needed 3 times a week (excluding 1 dose per day before
exercise to prevent exerciseluced asthma), or ifing function is abnormal, an ICS should
be addedo the regimerat 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 loiCS dosesguidelines recommend two options: 1) addAdBA

to the lowdose ICSegimen or 2) increaséCS dose to the mediurdose range (5001000
mcg/day in adults and 250500 mcg/day in childrer12 years). Because of the safety
concers associatedf LABA use(seeSectionl.7.9, the EPR3 Panelrecommended that
equal consideration be given to the opsiohincreasing ICS dosar adding aLABA for

patients whose asthma is not sufficiently controlled with adoge ICSalond3].
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Figure 1.2 Stepwise approach to therapy for managing asthma in patients Bl years of
age (copied from the National Heart, Lung and Blood Institute Guidelines for the

Diagnosis and Management of Asthmagxpert Panel Report3 with permission)3].

i Persistent Asthma: Daily Medication
Intermittent X o _ iy .
Asthma Consult with asthma specialist if step 4 care or higher is required.
Consider consultation at step 3.
Step 6
Step 5
Freferred
SteP - = High-dose IC5
High-dose ICS [lro=d)
Step 3 Preferred: Laa T ||« LABA + oral
- Mediumdose | | oo || rtcmstoroid
Step 2 b ICS + LABA :
Preferred” EITHER: High-dose ICS + | | Afternalive:
; Lomrdoan |05 ¢ | |AlSmEI ﬂmﬂztﬁ:&m High-dose ICS +
Low-dose ICS either LABA, Medium-dose gither LTRA or
Step 1 LTRA or ; :
Afemaiive’ , oF ICS + esthes Theophylline +
. Theophylline LTRA or oral systemic
SABA PR Clﬂmﬂlfl'l..:-m OR Theaphylline corticosteraid
Nedocromil, or 0
Theophylline rlc'fsdl um-dose

LTRA: leukotriene receptor antagonists; LABA: leagting bronchodilators

Note: PRN: as needed; SABA: shauxting broncodilators; ICS: inhaled corticosteroids;

38



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 Repe& with permission)3].

_ Persistent Asthma: Daily Medication
Intermittent : o . : :
Asthma Consult with asthma specialist if step 4 care or higher is required.
Consider consultation at step 3.
Step 6
Step & || poere:
Freferread” High-dosz
Step 4 Highdoce ICS + LABA + oral
Step 3 Fref - 105 + LABA corficosteraid
Preferred: Medium-doss ICS AND AND
Step 2 Low-dose UL -
o ICS + LABA Congider Consider
- OR Alfternative: Omalizumab for Omalizumab for
Step 1 Low-doge ICS Mediumdose 0S| | Medium-dose(cs | | PRients who have ;Tf:g':zm have
Alfernative: Altamative: + either LTRA, Clb
Preferred. Cromolyn, LTRA, Low-dose IC5 + Theophylline, or
MNedocromil, or either LTRA, Zileuton
SABA PRN Theaphylline Theophylling, or
uton

Note: PRN: as needed; SABA: shacting broncodilators; ICS: inhaled corticosteroids;

LTRA: leukotriene receptor antagonists; LABA: leagting bronchodilators

For patients whose symptoms cannot be sufficiently controllébdebgegimens listed
above the next recommended step is to incré@sdose to the mediurdose range and add
aLABA. If thisstill does not lead to improvement in asthma control, patients are
recommended to takehigh doseof ICS (> 1000 mcg/day in adults and > 500 mcg/day in
children), or consulanasthma specialisUpon achievingontrol, consideration ofredlCS

dosereduction 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, coughwheezing and chest tightness. Generally, for patients with mild exacerbations
(those with a Peak Expiratory Flow or PBF % of predicted), administration of SABA via
metereddose inhaler or a nebulizer at home should dyicdieve symptoms. Patientstwi
moderate exacerbations should take up $3ABA treatment®f 2-6 puffs20 minutes apart
at home. Treatments shouldfollowed by a reassessment of PEF and symptoms. Patients
who do not achieve a PEF 0f8 Od¥predicted value after tW®ABA treatmentshould
seek physician or emergency medical [HrePatients with severe exacerbatiossally
requirelCU admission for morextensivemonitoring and treatmeniatientsvho have
previousy experiencd intubation or ICU admission for asthni@veh a d2 h@3pital
admissions for asthma in the past y€¥3,or more ED visits for asthma in the past year,
have had &ospital or ED visit for asthma in the past monthar@using >2 canisters of
SABA per month may be at high risk for death from asthma. Tipesents may need more
intensive treatment at the first sign of an exacerbation.

A critical stepin themanagement of acute asthma exacerbsi®to identify the start of
asthma exacerbation and initiate drug therdpysavoids treatmerd delays, preents
worseningof exacerbations, arttelps promotgatient controbf symptoms.Asthma
educational progranthatprovide comprehensive training in recognizing early signs of
exacerbationusing asthma medications aasthmareatment plans will help patits initiate
earlytreatment at home and reduce the need for acuteTdetatest clinical practice
guidelinesnclude the recommenase ofa written asthma action pldhat summarizedaily

drugtreatmentandshowshow to recognize and react to exdizions.
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Despite their potential effectiveness in asthma management, studies asbestihty
of written action planareinconsistentBenefitsof action plans have beembserved in at
least two studies. The first, conducted@xywie et dl163] compared asthma héatare
outcomes in groupsf patients using eithero written plana symptordAbased written plargr
a peak flowbased written plan. Over thendonth followup period, patients whatilized a
peak flowbased written plan had significantly fewer urgent casés (5 visits in 46 patients)
compared to patients who received a sympbased plan (45 visits in 48 patients) or no
written plan (55 visits in 48 patientg).second study bgibson et al. systematitty
reviewed 36 RCTscompaimg usual care to carnat includedselFmanagement education
programs coupled with regular medical revseamd written action plas The pooled analysis
showed &86%reduction in hospital admissiori% reduction irED visits by;21%
reduction of missed school or wadlkys and a 23% reduction inocturnal asthma
symptom§l64]; however subgroup analyses were not able to isadatpecific contribution
of writtenactionplans to these outcomé3ther studies have showo effect of written
action plans on various asthma outes. For exampleni2004, Toelle and Ram conduceed
systematic review to determine whether the provisionvafiéen actionplanincreases
adherence and improves asthma outc¢h®ed. The authors pooled results from 7 trials and
found no consistent evidenfa positive effectof written plansbut this may have been due
to small sample sizes (75 to 150) ansimall number of outcome®therRCTshave
indicatedno effectof written asthma action plans ieducinghealth service utilizatida66,
167].

One2-year RCT conducted by van der P§l&8] examined effects of education related

to selftreatment on selinanageability during exacerbations and foursignificant
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improvement in sel€onfidence and selhanagement behavior durindngpothetical asthma
exacerbationThese esults were confirmed in a follewp studythatmeasured outcomes in
the same groups of patients after 2 yelans showedho significant effect on clinicasthma
status (i.e., frequency of exacerbations, meanbauraf outpatient visits for asthma per
patient per year, and percentage of sympha@a days and nigh{d)69].

The cumulative results dfiese studies are inconsistent. One possible reason is that some
asthma selmanagement plans are too genesamepatients mayequire morespecific
information on how tadentify andreact tothe onset of exacerbations. Studies have shown
that 8085 % of asthmapatientsaretriggered by upper respiratory tract infectiptisese
patientsmay need instructions on when to initiate drug therapy and which medication is
neededn cases of infectionsSome patients may hawehigh level of deniaWith respect to
their asthmatic statusy may beunwilling to adhere talrug regimens. Adanet al.
conducted a comprehensive asthma education pragganmgmonthly telephone contact to
emphasize the importae of asthma action platsparticipantgl70]. This study showed
that patients with high levels diseasalenial and lower selonfidence had increased
numbers okexacerbatiorassociatedED visits

In summay, asthma exacerbation is a magause op at i e n t geaity-qgi-ldecande r
increased burden on healthcare systémeffective written action plafacilitates the early
detection and treatment of an exacerbation, further prevents unnecessary health services
utilization. Key componenaf effective written action plan includerhen to increase
treatment, how to increase treatment, for how long and when to seek medigial Helps
there is great intgpatient variability in asthma triggers, disease severity and medication use,

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

1.10.1 Regimen dherence

In the literature, the term Acomplianceo a
agreement between pr es caciudlusedThensshdsbeead i ons and
decadedong debate about the definition and differentiation between the two terms. Haynes
et al. defined compliance as fithe extent to
diets, or lifestyle changes) coincidesi t h  me di c al [D/2]Sdme i@dedrdhersa d v i c €
suggested that the tesradherencand compliance anaterchangeablgbut othersclaim
they differ substantial, in particular thidhe term compliance suggests a restricted medical
centerednodel of behavior, while the afteative adherence implies that patients have more
autonomy in defining and f[A72]Tswistimgionishei r med
particularly important when considering chronic diseases, such as asthma, which involve
complex drug management. Compliance is a thiatrefe r s t o @ b o I obrodéesrnsgo
andindicates that patients are largely responsible for their daily care requirgtii@nts7 3]
Usingthe termadherence gives patients more freedom to decide whathetto follow
physicianrecommendationsndindicatesanequal role bpatients in determining treatment
protocol and will be used in the follodiscussions

Patient adherence to medical regimens is a major problem in chronic disease
management. Despite numerous clinical practice guidaimagsarefully define drug
management approachesanyasthmapatients still do not adhere to drug regimeeported
rates of noradherence ramgfrom 30- 70 %[174-176]. Studieshave reported thain average,
half of asthma medications are takeradherence with the prescriptiomhile the remaining

half are taka at incorrect times arsingtechniques inconsistent with physician
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instruction$177]. Non-adherence toontrollermedications habeen reported tresult in
more frequent exacerbatiqf©g8, 179] increased health services utilizafibi8] and
decreaseduality of life. In Canadan 200Q the esmated economic burden of
hospitalizatios attributable to patient neadherence to controller medications exceeded $1.6
billion[180].
1.10.2Measure of drug adheree

Adherence to asthma drug regimens has been a concern for derdaesimber of
studieshaveattempted to accuratefgeasuregegimen adherenc&hese 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,
earlyinvestigations used blood or urine anadysidirectly quantifymedication leveld.81].
For exampleadherenceo theophylling a previouslywidely used medicationwas
commonly measured using blosdrumtheophyllineconcentratio[il82]; sufficient use was
defined as blood theophylline levels > 10 m¢a@8B]. However, sucimethods 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 ag¢h?$] and quantifying adherence requires other approaches.

Anotherdirectmeasurencludeso b s e r v i n agpilitptadf usegan MOB Manzella
et al.developed a Xiem Inhaler Use Checklist (IU{1)84]. This IUC was completed by a
trained administrator who directly obsedvihiep a t i e n t us€) and awardeld points for
successful completion of each IUC itenmeFe iscurrentlyinsufficient datao assesthe
reliability of this approach

Indirect methods of adherence assessnmetudeclinician judgment based on
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conversations with patients on drug ysa&tjent questionnaires, setports, pill counts, rate
of prescription refills and patient diari€slinician judgmentvas commonly used in earlier
investigations on drug adheren&wveral factorbave been shown to influencpeh y si ci ans o
overalljudgment includingpast clinical experiencas well as patierface, socioeconomic
status(SES) and personalifit 76], making thismeasure subject to low validity and reliability.
Previousstudies have reported great overestimatafrthe degree tahich patients adhede
to medicationgl 85, 186] Steelect al.examined tape recordings of patients with
hypertension communicating with their physicians and repanegghhysicians failed to
identify 47% of patients who were not adhef&87].

Questionnairepolling patientsaboutdrug use and symptoms have been widely used to
assess adherence and healthcare outcomes. KaRd#neayaket al.found that in a group
of Australian adult asthma patients, more than one foutteoh did not use controller
medications adequat¢hB8]. 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 medi¢a86hs
Likewise Finkelstein et al. reported that 73% of pedipatients with persistent asthma
underusedontrollermedications, and that half tfosereported no usage cbntroller
medicatiofil90]. Yoos et al. found the&82% ofa small sample of pediatric patients with
asthma (n=227Avho experienced asthma symptoms duringnac®ith period did not report
any use otontrollermedicationfl91]. Seltreporingcanbes ubj ect t o pati ent s
One early investigation compared sedported use of inhalers with objective adherence data
collected by an electronic monitoring dei They found thahoughall patients self

reported using the inhaler on more tlneatf of the study days, the objectively measured use
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showed that only 52.6% of the patients were adh¢iOy.

Another widely used approadbased on prescription dispensing datseresciption
refillrecordst o est i mat e p@utrenty,rthe sv0 mastcchnmemontyusee .
measures of medication adherence incMaslicationPossessiofRatio (MPR) and the
Proportion of Prescribed Days Covered (PPIMRPR is the ratio of days medicaii
supplied to days in a time frame. For example, Mattke et al. used MPR to measure ICSs
adherence and reported a median MPR of[19%]. The PPDC measure was calculated by
dividing the total daysodo supply dispensed by
used the PPDC methodology to measure adherence to ICSs in pediatric patients. The authors
reported that in patients whequired >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 subld@dhalhes two
methodologiesllow estimatingthe days that patients are on medications within a time frame.
However, these methodologids not take into account whether patiéntsa d her ence t o
medicatiors is at an appropriate dose when patients initiate the drug or change the doses of
the medications.

In 2000,Lagerlov et al. investigated the appropriatenesSABA and ICS use in adult
asthmapatientsusinga traffic light approachOptimality wasdetermined by patient use of
inhaledSABAs and ICSs. Greewasused to indicate appropriate therapy, yellow to indicate
uncertain therapy, and red to indicate inappropriate thgr@ply This study reportedthat 34%
of these patients did not use asthma regimens appropd&&]yput unfortunatelythis
devel opment was based onsamaidgatlmkagherentetqgohy si ci a

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 asthm& bargaffic light
approach deveped by Lagerlov et ais 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. @emparison of obviously optimal users (e.g.,
Lagerl ovés Green Light patients) to obviousl
patients) would allow all three stakeholder groups to improve asthmhbycalewing
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 complexwstmanagement strategies.

1.10.2 Reasons for neadherence

A variety of factorontribute tononadherenci asthma therag$3, 175, 196]and
cangenerally can be categorizedpds/sician patient or medicatiorrelated Other factors
include inappropriate expectations, poor supervision/traiming f ol | ow up, anger
condition or its treatment, underestimation of severity, cultural issues, stigmatization,

forgetfulness or complacency, and attitudes toward ill health and religioug18es

1.10.2.1 Physician factors

Patient adherence is largely impacted by physician adherence to clinical practice
guidelines (e.g., pregbing appropriate medications, assess asthma control and show how to
use inhalers)Studiesassessingotential barriers to physician adherence to guidelines

identifiedtwo primaryfactors:1) Physician knowledge, inclua lack of awareness or lack
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of familiarity with guidelines;and2) Physician attitude toward guidelinescludinglack of
agreement, lack of selffficacy, lack of outcome expectancy, or inertia of previous practice
[173, 198]

Wolff et al. reported that only 27% of.S.FPsknew where to find a clinical practice
guidelineand thaapproximately one third of physicians were unfamiliar with the content of
specific guidelingld99]. Conducting educational programi the physician individualevel
has been shown to be successful, but is lalmensive andostly.

With respect to attitudeward clinical pactice 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 il studies approximatelyone quarter of physicians view
guidelines negatively, describing them as oversimplified, too rigid to apply to individual
patientsand a challenge to physician autonomy.

When researchers examinggidelineimplementation, theyidcovered that few
physicians reported making changes to their clinical practice based on published
guideline$200, 201] Indeed, guidelines ranked well below other sources of information,
including continuing medical education, discussions with colleagnelsreview articles, in
influencing physician practi¢201]. In a1997Canadian studyHayward et alsuggestedhat
a majorchallengen implemenétion is the generation efficient strategieshat facilitate
physicians redadg, remembedng and ugng new guidelinegR00]. The authors suggestédte
use ofan authoritative endorsement in implementing guidelioethat theyarepresented to

doctors in a format that easy to read and refesuch as pamphlets pocket cadls.
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1.10.2.2 Patient factors

Several studies highligipatientfear of potentiaADRs caused by regular use of
medicationsin particular parents ohsthmatichildrenexpressed concethatICS use
might causeshorter heighéindincreased irritabilityas welllCS addiction or dependency, in
their childrer{172].

Several studies also reported patietd/orcaregiver concerns regarding the usefulness
of controllermedicationf202, 203] Due to the intermittentatureof asthma, many patients
and/or caregivers belre that their asthmia not severe enough to require daily medication
rather, they believe it is sufficietd take asthma medications when acute symgtumrour
and do not realize the importance of using ICSs regularly.

Other evidence indicates thadtientsmisunderstanthe importance of taking ICS.
Since ICS do not provide immediate effects, some patients béliey®fferno realbenefits
Assuchpat i e nt s &olengtérmaordrollermedicationdas been reported to be
much lower thanhat of relievermedicationf204, 205]
Patients also reported a number of difficulties related to medieas@mncluding
having to take several different medicatiansnultiple doses per day, inconvenience of
carrying medications around, and difficulty using inhal8mne parents reported difficulty
in administering their ctheclhdrlednrdesn Onse driecsa tsitoan
Different factors interfering with willingness to use daily asthma medications in
pediatric patientave beemdentified in previous studies. Children, particularly adolesgents
expressedhattaking their medication is often undesirable when it remihdmtthat they are
di fferent from Anormal 06 chil dren RORdAThiswhen it

can lead tongoing struggleb et ween parent and chitétake over 't h
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medication. As children grow older, it is assumed thatesponsibility for remembering to
take the medicatioshiftsfrom the parento the child

Successful communication betwegepatients andheir physician is a useful tool to
enhance adlience. Successful communication facilitates more efficient delivery of
information,offerssupport andencouragepatientsto ask questions and express concerns.
Onre studyof 101 asthmaticchildren and their parentdemonstrated thahatboth 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 amdathagement.
For example, larifying the multiplenegative consequences of rattherence and
highlighting thepositive outcomes of adherence to patients should increase adherence to
controllermedicationsNegative patient attitudésward pharmacotherappsuld be
identified andaddressed, and multiptudies suggeshteractivemethods to deal with this
Forexampleaphysi ci an might ask, fAwhat evidence w
di d h e thendevisea wal to collect that informatioNternatively, physicians might
askapatient if he or she would be willing to take a medication as recommended for a period
of time andthen examineneasures of lung function to seehé drug hadhelped. Such
interventions focused on modifying patibeliefs havebeen show tamprove adherence and

positive outcomd206, 207]

1.10.2.3 Medication factors
The primary nedicationrelated factors include difficulties with inhaler devices,
complex regimenandADRS[172].

Most asthma medicatiorse delivered vianhalation tooptimize delivery to the lung
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and minimize potentigADRs. However, inhalation was reported tothe most disliked
aspect of drug management by asthmetitdrenand their parentdndeed multiple studies
have indicated a preference for oral over inth@dministratiof208].

For a chronic disease like asthma, patients may take multiple medications to ¢temtrol t
asthma symptoms. The complex regimens may r e
medi cation use, and patientso6 f otudeehafeul nes s
reported that combing two drugs into ankalationformulation reducgthe number ofloses
requiredfor administration, and thus decressenadherence due to forgetfulness. Stoloff et
al. reported that this approadhubledadherenc¢4.06 refills per 12nonth period with fixed
combinationsrersus?.35 refills with each compmds in a single inhaler, respectiveMjith
afixed combination fluticasone/salmeterol adheremasalmost identical to oral treatment
with montelukast (4.51 refills per 4Bonth period). In comparison with thehalation oral
administration was alwayassociated with better adherence rates. Several other reasons make
adherence to asthma treatmesgimengproblematic: medication regimenan bdongin
duration andnvolve multiple medicines; dosingith different medications camccur on
both a fixed schedule arahas needed basis; ahdcausgatients go through periods of
symptom remissidia 76].

As described irbectionl1.7.1 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 AR2B9].

1.11 PROGNOSIS OF ASTHMA
Epidemiological studies hawedicateda reduction in asthma symptsmwith age.

Longitudinal cohort studies have reported tha7896 ofpatientsvhose asthmbeganin
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infancy or childhood did not experience any asthma symptoms during their ad{2tt®od
213]. Symptomseturnedafter a period of remission in 435%4212-214], while symptoms
persisté through adulthoodh approximately 30% of patieril4]. Levels of asthma control,
as well asasthma severity in childhood and adolescence have been identified as predictors of
adultasthma outcomes.
Poorer asthma control in childhood and adolesceasdben associated with

irreversible airwaydamagean adulthoodLung growth (i.e., frequent pulmonary alveolar
multiplication and lengthening and enlargement of the airways) occurs daridigond and
adolescencandis complete byhe end of puberty. Evidence has shown that frequent
exacerbations during early childhood may result in significantly reduced lung function during
adolescend@15, 216] Furthermore, leronic airway inflammatiowluring childhood and
adolescence may lead to more irreversible airway limitation in aduf@boid

The Melbourne Epidemiological Study of Childhood Asthimthelengthieststudy
completed thuar; this study recruited 479 children (374 with asthma and 105 controls) at
the ag of 7 or 10 years and followed up ay&ar intervals until 42 years of age. At tirae
of recruitment, patients were divided into groups: those with intermittent symptoms (i.e.
symptoms occurring only withpper respiratory tract infections (URTI)ersistent asthma
(symptoms not associated wItiRTIs), severe persistent asthma (i.e., symptoms begin
before the age of 3 years, persistent symptoms at 10 geanrs=cEV1/FVCO5 0 %he.
disease severity at age 42 has not changed from that at age 35ofddrtign of cases who
did not have asthma exacerbations in the past 3 years has increased steadily from 20% at age

14 years to 40% (126/3)@t age 4R218].
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1.12 RESEARCH GOALS, HYPOTHESIS AND OBJECTIVES

The overarching goal of thigork is to identify patients with suboptimal drug
regimens according to published clinical practic&elinesanddetermineghe association
betweerasthma drug regimen optimaliéyd health services utilization.
Objectives

(1) To develop an optimal asthma case definitol more accurately identify

patients with treated asthma in B.C.

(2) To characterize #hburden of asthma in patients agesbbyears of age in B.C.
between 1996 and 200@4ed on thisptimalasthma case definition
(3) To determine the association between asthma drug regimen optidediitgd by

patientsodo di spensi nitCS,am health seBises utilization o r

(e.g., ED, hospital services) for asthma exacerbations.

Hypothesis

a) Patients who are on suboptimal regimens are more likely tothies&ED or be
admitted to hospitals for asthma compared to thoseamhbeing treated
optimally.

b) Over timeswitching from suboptimal to optimal regimens is associated with
reduced likelihood of asthrralatedED visits and hospital admissions
compared taontinuing orsuboptimal regimens.

(4) To determine the association between regularfimtegnt 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

intermittertly.
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CHAPTER 2 : BURDEN OF ASTHMA IN BRITISH COLUMBIA
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2.1SYNOPSIS

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. Tdrerproblems
in the existing asthma case definitions. Patients who only receive phydiagnmosed
asthma once may receive working diagnosis and thosenl@btain 1 or 2 asthma
prescription drugs may receive these medications for diagnostic pu(pageshose with
only a single set of prescriptions for the two primary drugs used to treat asiiueap a
lack of available prescription dispensing datsome jurisdictionsprevious studies have
mainly used hospital admission and physician visiega 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 B® to 2009.

This Chapter defines patients with treated asthma if they meet any of the following
criteria during a 12nonth period1 or morehospital admission with the principal diagnosis
as asthma; d2 or morephysician visit claims for asthma; 8rormoreasthma drug
dispensings. flis 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.gfamily physicians EP), speciakt, ED visits and hospital admission);
and 3) drug dispensings.

Asthma prevalence was stable aro@r®o in patients 55 years of age in B.C. from
1996 to 2009. Asthma incidence was stable arourfd @tom 2001 to 2009. On average,

each patient had3.FP visits in 1996 and 1 FP visits for asthma in 2009. Use of specialist
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services for asthma changed frothtd 20 per 100 patients, use of ED services decreased
from 23to 6 per 100 patients, while use of hospital services decliné@%y3 per 100
patients in 1996 and 1 in 2009). For asthma prescription medicaléhs 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 inivadses
dispensed to patients since 1999 and increased to 33% in 2009. Usanof $jjecialist
servicesvas significantly higher in large cities compared to rural and remote areas. In
contrast, use of ED and hospital services was significantly higher irmndaemote areas
than the use in large urban cities.

In summary, the burden of asthma declined significantly over theadperiod. The
burden estimates were significantly different from findings from previous studies. This
discrepancy is likely duetdifferent 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.
2.2METHODOLOGY

2.2.1 Data Sources

The B.C. linked health service utilizan 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 medi insurance is covered through Health Canada's First
Nations and Inuit Health Branch) as well as federal employees, e.g., memberRoyadhe

Canadian Mounted Polid219]. The linked database integrates physician visits records,
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hosptal admission records, prescription data, comorbidity informasiocioeconomic status
(SE9, and regional information. Residency status is established after being present in the
province at least six monthEable 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 ofeldlth 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, o ¢ a | Heal t h Area |
residenceDurationregistered with the Medical Services Plan
(MSP)
MSP Physician Visit Practitioner ID, practitioner specialty, date of service, fee item
Database code, patient ID, referring physician code, senaoation,

diagnostic code, amount paid and other codes

Discharge Abstracts Patient ID, levels of care, physician services, case mix grouy
Database (DAD) of types of diagnosis, procedures penfed, resource intensity
Hospitalization records weight,length of stay, admission and discharge dates, physici

IDs, hospital ID, transfer dates, death flag, admission route

PharmaNet Prescription | Drug names, drug identification number, strength, days suppl
Dispensing Database dosage form, prescribatentification number, pharmacist

identification number, and date of service provided by pharmi

Comorbidity Database Annual sets of Expanded Diagnosis Cluster (EDC) codes for
patient based on annual application of Johns Hopkins ACG ¢

mix algoithm to MSP and DAD records

Census Database Annual sets of socioeconomic status quintiles for each patien

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 astimisagexis
respiratory diseasesXcluding asthmjawhich are commonly comorbidities in asthma
patients were used to form the source populatiaddition to asthma diagnosiSpecifically,
the source population was defined as having at least one ofltveirig respiratory
diagnosedetween April 1, 1991 and March 31, 2010

Medical Services Plan (MSP) claims database ofdeservice 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 Add@D.-9
ard corresponding ICELO codes are summarizedTiable 2.2

Discharge Abstracts Database (DAD) of hospital admissions in which any of the
above ICD9 (or equivalent ICBL0) codes which occur in any of the 16 diagnosis fields

(data 19912000) and 25 diagnosilds (data 200:2009).

59



Table 2.2 1CD-9 and ICD-10 codes forrespiratory conditions tracked in the asthma

cohort

Diagnosis ICD-9 ICD-10
acute bronchitis or bronchiolitis 466 J20,J21
chronicpharynagitis / nasopharynagiti 472 J31
bronchitis- other 490 J40
chronic bronchitis 491 J41, J42
emphysema 492 J43
asthma 493 J45, J46
bronchiectasis 494 Ja7
chronic airways obstruction 496 Ja4

For each patient identified using these criteria, all respiratdaged physician visits,
hospitalization records and prescription dispensing records for respiratory dslotese
medications records from April 1, 1996 and March 31, 2010 were obtdnestription data
wereobtained from PharmaNet, a provinwee 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 contafieg-for-service EFS billing records €.g.visit dates,
locations, principal diagnoses) filed by B.C. physicians for services to B.C. afi8l@on
residents as well as payment information for B.C. residents who regdiysitian services
in Quebec, the U.S. and other countries. When physicians claim FFS, clinic staff usually
transforms the pati entasedtele@umuaicationsqTeleptat) t o a
system within 90 days of the service dagd]. Teleplan is available for physicians to submit
claims, notes and requests to MSP, and to receive payment statements andienedi pR

claimg220]. During 1996 and 2009 approximat&l§-80% of B.C. physicians work on a

60



FFS basig21, 222] In 2002 (the most recent available data), 2,250 physicians were funded
by alternative payment arrangemeréore specificallyan estimated 24% of psychiatry, 12%
of oncology, 10% of paediatric services, and 4% of emergency servicesunded through
the Alternative Payment Program (APE23]. The APP databasncludes salary, sessional
payment, and service agreement dataach physician whis funded through thAPP
program Salaried physicians are primarily on staff at hospitals, private corporations,
government agencies oniversities. For example, maBp physicians working in the three
main tertiary hospitals B. C. Chi Il drends, Van omoacadeenic Gener al
health center§hysicians employed by the B.C. Cancer Agency, Riverview Hospital) or the
Centre for Disease Control, and regionad @rovincial medical health officens Greater
Vancouver are salarie@hysicians who received sessional payments (based on time, where
one sessions equals 3.5 hoar®generallythose whowvork in mental health and palliative
care. Based on the mosteat data available, the percentage of physicians paid thtbeigh
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 2(@21, 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 ovée® of FP5222] and 77% of specialis{225].
Hospital Admission Discharge Abstract Datab@d3AD)
All B.C. hospitals submit information on acute inpatient care and daggisu
separation to the Canadian Institute for Health Information (CIHI). When patients are
discharged, their medical recsrdrecoded and abstracted based on CIHI criteria. The
resulting DAD abstract, including coded diagnostic, intervention and pdtientse mogr ap hi c

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 ip@al Ministry of Health[226].

British Columbia PharmaNet Database

PharmaNet is administered by the Ministry of Health in order to facilitate prescription
payment and patiesgharmacistnteraction. 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 prescripton dispensing recorf27]. Upon presentation of a prescription,
pharmacists transmit the prescription information on Pharmaiéhi ncl udes t he pa
personal health number, identification numbers for the prescriber, pharmaglanthcist,
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 frommranic conditions, as well as to study healthcare outcomes,
predict future health service utilization and evaluate prevention and treatment
intervention§228]. Disease ase definitions are primarily based on ICD diagnostic codes; as
such, the accuracy of diagnostic codes documented in poptitatsaa kalth 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 databasdgharmethod 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 anortegh an overall agreement of 99.4% in
thediagnostic field and 98.1% in the use of asthma diagnosti¢ £bd&iven the

consistency of asthma diagnostic informatio 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 andglshty 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 datesagsafigment
studies(ile.,rabstracting patientsd meydvihctha drigimale cor ds
abstracted informatiof§26]. The most recent (and the largest) validation study in Canada to
date involved 14,500 discharges from 18 hospitals in Ontario betwedrlA@D02 to
March 3£ 2004 and reported an 85% exact match on diagnosis codes over the study
period229].

The accuracy of PharmaNgdta for adherence assessmeasexaminedduring a
six-monthprospective study that compared PharmaNet prescription drug dispensing records
with theMedication Event Monitoring System for each study pafdtt]. This study
reported a high level of agreement between the two methods and suggesisihghiefill
records in théharmaNet data accurately reflect medicatidherence 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,nc |l udi ng: duplication of records;
claims; and retroactive adjustments. Since t
visits, these records (0.4%) were removed from our analysis.

When preparing the hospitalradsion data for analysis, 0.1% of discharge dates were
recorded as occurring after the patientsodo da
this error.

For B.C. PharmaNet data, SABA and ICS dispensing records were checked. SABAs
inhalers cordin 50- 200 inhalations, while ICS inhalers contain 340 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
numker 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 Alosaloms change
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 birtrapelarsonths 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 theifgjloiteria
in each study yeaf: or morehospital admission with asthma as the principal diagnosis based
on ICD-9 code 493 or ICELO code J452 or morephysician visits for asthma as the
principal diagnosis based on I€Dcode 493; 08 or moreasthma cug dispensings. Asthma
drugs include SABA, ICS, LABA, LTRA, mast cell stabilizers, xanthenes andgifti
agents. Generic names of these drug categories were summaiiadtei.3

Both two physician visits and three asthma drug dispensings in ayggeprovide
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@atients younger
than 5 years of age were excluded because of the uncertainties associated with asthma
diagnosis. Asthma symptomsvheezing, coughing and chest tightness can arise from other
conditions such as upper respiratory tract infections (UR®DI}is 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 oldevldargeatients
are more likely to develogheconic obstructive pulmomg disease (COPDWwhich is a

common comorbidity in asthma patierffggure 2.1 summarizes the study cohort.
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Table 2.3 Prescription medications for thetreatment of asthma by class

Short-acting [%-agonists
Salbutamol
Terbutaline
Fenoterol

Long-acting [%-agonists

Salmeterol

Formoterol
Formoterol/budesonide
Fluticasone/salmeterol

Inhaled corticosteroids

- Beclomethasone
Budesonide
Flunisolide
Fluticasone
Triamcinolone
Ciclesonide

Systematlc Corticosteroids
Hydrocortisone
Methylprednisolone
Prednisone
Dexamethasone
Betamethasone

Anticholinergics
Ipratropium
Tiotropium

Xanthines
Aminophylline
Theophylline
Oxtriphylline

Anti -allergic agents
Ketotifen
Sodium cromoglycate
Nedocromil sodium

Leukotriene-receptor

antagonists
Montelukast
Zafirlukast

66




Figure 2.1 Form of study cohort

Source
Population

Study
Population

During 1996 — 2009, patients who:
» Had at least one physician visit for the diagnostic codes of ICD-9 466,
472, 490, 491, 491, 493, 494 or 496 OR
* Had at least one hospital admission with above diagnostic codes (or
equivalent ICD-10 codes) as the primary diagnosis

Select patients 5-55 years of age, and enrolled in the B.C.
MSP for 2270 days

Link asthma drug prescription dispensing data

Patients need to meet following asthma case definition during 12-
month time periods:
* 21 hospital admission with the primary diagnosis as asthma (ICD-9
493 or ICD-10 J45 or 46) OR
+ 22 physician visits for asthma OR
+ 23 asthma drug dispensing records

N=2,909,735

N = 2,247,425

N = 336,901

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 definitiona the basis gbopulationbased health services

utilization data have been used by researchers (see T[28f hlKozyrskyj et al69],

Wilchesky et a[68], and Huzel et a[67] for examples). Asthma cases are typically defined

by physician visit, hospital admission and/or prescription dispensing criteria for population

based epidemiological studiess discussed in the Introduction, there are multiple challenges

associated with the clinical diagnosis of asthmgarticular, the accuracy of diagnosis and

the accuracy of transcription from medical charts to electronic database can significantly

impactthe validity of asthma case definition. Using a single physician visit as a criterion is
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also problematicPatients may visit a physician for multiple reasons, but MSP database
contains only one diagnostic field; thus, that diagnoses other than asthishde@uitered. 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 asthmaecdsfinitions.

Three strategies are frequently used to test the validity of case definitions obtained
from populatiorbased health service utilization data: testing the agreement between different
definitions; using statistical methods; and mostcommanl,i ng a fAgol d standa
comparison.

The traditional approach to testing case definition validity exeminethe
agreement between multiple case definitions. This method expresses agreement using a
kappa value, but cannot determine which case defingiamore 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 vasadohel 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 fAgold standardo with which to co
utilizatondaa . Wi | chesky et al. compared the consi
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 claif@8fata
and reporte@ 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 noédiagnos
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 nkellépmorbidities 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 deBnition.Kozyrskyj et al.explored
the validity of their asthma case definition. Asthma cases in their study were defihext by
morephysician visit or hospital admission for asthma (}€bode 493) in one year tror
moreprescriptions for an ICS, cromoglycate ketotifen concomitant with an inhaled or oral
beta agonistor2 or moreprescriptions for an inhaled or ofz#ta agonisin children 5 to 15
years of agé9]. The gold standard was definedtlas 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 author$ osedore
physician visit as a criterion ihé asthma case definitiotihuspatients 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 bthe 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 purposer for virusinduced respiratory infectionBoth asthma case

definitions and gold standard involve misclassification of patients.
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Huzel etal. tested the validity of usinhor morephysician visits for asthma as a case
definition in patients 2@4 years of age in Manitoba using a gold standard of acquired
survey data and reported a sensitivity of 70% and a specificity of §878%0ne concern
arising from this study invohsthe selfreported nature of past diagnoses in population
based surveys, which kascase identification susceptible to recall bias. As well,
guesionnairebased studies usually define patients as having asthma based on the question
Ahave you been professionally dia[@8losed with

resulting in the inclusion of orme and potentially incorrect diagnosis.

2.2.6 ICD-9 and ICD10diagnosticcodes 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 thed@Cfince 199. In the
present study, ICE codes were used to identify asthreated physician visits and hospital
admissions from 1991 to 2001 and 2D codes were used to identify hospital admissions
since 2001.

Most ICD-9 numbers consist of a threeit code ontaining one or two decimal
places. The first three digits represent the disease classification and the following refer to
subclassifications. For example, IC®code 493.0 indicates extrinsic asthma, 493.2 refers to
chronic obstructive asthma, and 49B@icates unspecified asthma. On the other hand; ICD
10 codes are broken down into fAchapterso and
followed by two numbers. The letter indicates the class of disease, while the numbers report
the details of the demase. For example, ICDO codes starting with the letter J represent

diseases of the respiratory system, {0Dcodes starting from K mean diseases of the
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digestive system, and IGDO codes starting from J indicate respiratory diseases. Compared
with the ICD-9 coding system, ICE10 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 KD and ICD10 diagnostic codes has
been examined in prews studies. The U.S. National Center for Health Statistics (NCHS)
began testing the comparability IEID and ICDB9 diagnostic coding system via using
populationbased mortality data in the mi®90s. Investigators calculated a comparability
ratio by dividing the number of ICEL0-coded deaths by the counts of K®Exoded deaths.
This ratio has been calculated for 113 selected causes of Teatbomparability of asthma
related (ICD9 code 493 and ICI20 J45 and J46) mortalities is 0[893], thus 89% of code
usage is comparable.

Juhn et al. tested the accuracy of l8[Bode 493 use using medical record review as
a gold standard and reported an accuracy of{83%. Similarly, Kem et al, reported an
accuracy of 86% associated with the use of asthma or respiratory diskedse ICD9
codescomparing with medical chart rem{235]. Juurlink et al. reabstracted 14,500
hospital DAD records from 18 hasal sites in Ontario and reported an accuracy of 86% in
the use of asthmeelated ICD10 codes in the DAD datab§286]. Thus, both the

comparability and accuracy of IG®and ICD10 cales are relatively high.
2.2.7 Estimation of asthma burden in B.C. 198

2.2.7.1Study design
This study is a trend analysis and calculated the annual prevalence and incidence of

asthma, as well as asthiredated health services utilization and prescription disigehsing
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from 1996 to 2009.

2.2.7.2Study neasures
Measure of patientsd characteristics
Patient age and gender have an impact on health service utilization. Although

multiple databases contain datkebirth information, we used birth year and month records in

the demogaphic database to calculate agatients were grouped into two age categories (5

11 years and 185 years) based on clinical practice guidelines that provided specific age

group recommendations. Because asthetaed patient characteristics diffin young

children, adolescents, young adults and older adults, the two age groups were subcategorized

into four groups: aged-51 years; 1218 years; 184 years; and 355 years. Known

differing characteristics between these age groups include adévalmpment,

exacerbations, use of health services, and barriers ererutg3].

2.2.7.3Measure of prevalence and incidence of asthma

The burden of asthma was estimated at three levels: epidemiological characteristics
(prevalence and incidence), use of health services @egof 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 phevincial 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. Ministryfovital 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 diageed asthma were calculatiedm 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 popuation minus the number of people who met our case definition criteria in the

previous five years).

2.2.7.4ldentfy health services utilization and prescription drug dispensangrds for
asthma

Emergency department visits

ED visits provide urgent medical caas well as primary care when FPs are
unavailabl§238] and is an important outcome measure for astidtiaoughthere is no
individuatlevel ED visit database available in B.C., most ED use can be captured by FFS
payments made to physicians through MSP. In 1998, there @ million ED visits in B.C.
and 90% were paid through the FFS sy$839]. In 2005, 80% of ED visits were paid
through the FFS systefd22]. 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 Cool®@endradbis, and
Bella Coola; R. W. Large Memorial in Waglisa; and Wrinch Memorial in Hazelton. Recent
years have seen an increase in salaried or sesp@ayralent based physicians, and visits to
these individuals are also are not captured in the FFS MtaBake. Despite these limitations
in identifying ED visits, our approach captures 80% of ED use if28%].

The current study used an algorithm developed by the Centre of Health Services and

Policy Research (CHSPRB9] 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
caegories according to service code. Key steps in identifying ED visits adapted from

CHSPRG6s algorithms are |isted bel ow:

T Identify physician services that occur

| ocation codeo whi ch i Bndergenaytcensbindgd f o
with this service location code, the subsequent steps include:

1 Identify out of office visits, evening, night, weekend or Statutory Holiday
visits combined with emergency service indicated;

1 Identify fee item codes that show emergencygcamergency visit, on call, on

r

|_

site hospital visit, or workerds compe

1 Identify emergency medicine consultation;

1 If patients were admitted to the hospital through ED, the ED visit dates should
match the hospital admissidiate. 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 ICD9 493 were selected aaving asthmaelated ED visits.

Physician visits and hospital admissions
Physician (FP and specialist) visits containing the diagnostic cod® ICI3 were
selected from the MSP database. Hospital admission for asthma exacerbatietenased

if ICD-9 diagnostic code 493 or IGDO diagnostic code J45 and Jt@ shownn the
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primary diagnostic field in thBAD database
Percentages of patients who had FP, specialist, ED visits or hospital admissions for
asthma were calculated. Numbers of visits tosBBgialist, ED or hospital per 100 patients in

each study year were calculated to estimate the use of health services for asthma.

Prescription dug dispensing

Percentages of patients who were dispensed SABAS, ICSs, BABAABA/ICS
combinednhalers, LTRA and other controller medications were calculated in each year.
Other controller medications included methylxanthines;lgiiand mast cell stabilizer

agents.

2.2.7.5Regional differences

To facilitate health service delivery, B.C. has been dividéo 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 beewelarge 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 mantain relatively comparable regional variations, we decided to examine asthma

prevalence, incidence, use of health services and prescription drug dispensings by HSDA.

2.2.7.6Data analysis

Venn diagrams were created to demonstrate each component of our astama ca
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definition. Prevalence and incidence of asthma in B.C. were described using different asthma
case definition criteria:

(1) 1 or morephysician visit with the principal diagnosis as asthma (EC£93) orl
or morehospital admission for asthma,

(2) 2 or morephysician visits for asthma dror morehospital admission for asthma;

(3) 2 or morephysicianvisits orl or morehospital admission for asthma bior more
asthmarelated prescription drug dispensing;

(4) 2 or morephysician visits ofl. or morehospital admission for asthma?or more
asthmarelated prescription drug dispensings.

Using our asthma case definition, asthma prevalandencidenceuse 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
patientsod use of s p eeasidéifdrencedin usiffgihesa hedlthbaes pi t al
services for asthma were mapped using the iMapB@ekebased mapping tool provided by
GeoB(240], on the basis of the most recent data 2009.

Multivariate logstic 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
percemages of using health services or dispensed drugs, adjusting for agegdggnder.

Fiscal years from 1996 to 2009 were coded as categorical variables from 0 to 13. Since all
covariates were categorical variables, the regression coefficient reprégecitamge in the
odds of being a prevalent or incident casa @ovariate 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 tiane] adjusted for age groapdgender

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,d8 when using ED visits for asthma, 0.34 when using hospital

admissions as study outcomes. Ratios were smaller than 1.0 suggesting good fi2ddél fit
2.3RESULTS

2.3.1 lIdentification of patients with treated asthma

In our linked database that contains patients with respiratory diseases, 189,627
patients hagbhysician diagnosed asthma only obetween 1996 and 2009. 335,799 patients
received asthma medications once or twice in-enbath period but did not receive
medications in other years. The number of patients who only visited physicians once for
asthma increased froiB,114in 1996 t0101,25in 2009 (a39% 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,336,901patients met the asthma case definition between 1996 afd 200
5,794 (1.7%) of these were admitted to hospital at least once for an asthma exacerbation;
230,358(68.4%) hadC® physician visits for asthma; a@83,567(69.3%) had(8 asthma
prescription dispensings in at least one study year. A Venn diagram hagéeged to show
the number of patients that met each case definition critéigarg 2.2). 5,026patients
(1.5%) met both the hospitalization and prescription dispensing criteria; 4,866 patients (1.5%)
met the hospitalization and physician visit criteviduile 136,600patients 41.3%6) met the

prescription dispensing and physician visit critevifnen the prescription drug criterion was
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removed from our case definitioh05,917previously included patients were excluded from
the study population in the aent analysis.

Estimates of asthma prevalence and incidence using different case definitions are
demonstrated iffigure 2.3andFigure 2.4 Based on the case definition©flhospital
admission® 2hysician visits, o0 Jasthma drug dispensing, asthmavatence increased
from 6.2% to 7.8% (30%) from 1996 to 2009, while asthma incidehaeged slightly from
2.2% to 2.4%pver this period. The above case definition criteria produced the highest asthma
prevalence and incidence estimates compared to estimatksusing other asthma case
definitions.Whenthe criterion ofO Jasthma drug dispensing was replace®® ast hma dr 1
dispensings, the prevalence decreased 50%; whiled s r e0p3l aacsetch nbay dr u g
dispensings, the prevalence decreased another#d@towest asthma prevalence and
incidence estimates were produced using the case definit@rhafspital admission dd 2
physicianvisitsThe case definition of O1 hospital ad
produ@d a stablasthma prevalence8f% bet ween 1996 and 2009. Wh
visits criterion was used, thmevalence of asthma redud@@Po in each yea&imilar
changes were also observed in asthma incidence estimates when using different asthma case

definitions.
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Figure 2.2 Number of patients that met each case definition criteria in B.C. 55 years

of age, 1996 2009

Total number of Satisfy Hospital &
patients with treated Physician Visit Criteria
asthma (n=336,901) N=4,866 (1.5%)

Satisfy Physician Visit
Criterion

N=230,358 (68.4%)

Satisfy Hospital
Admission Criterion

N=5,794 (1.7%) Satisfy All

Three Criteria
N=4,114 (1.2%)

Satisfy Hospital
Admission & Medicatio
Criteria
N=5,026 (1.5%)

Satisfy Medication
Criterion

N=233,567 (69.3%)

Satisfy Physician &
Medication Criteria
N=136,600 (41.5%)
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Figure 2.3 Prevalence of asthma based on diffent asthma case definitions in B.C aged
5-55 years, 1996 2009
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Figure 2.4 Incidence of asthma based on different asthma case definitions in B.C. aged
5-55 years, 1996 2009
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2.3.2 Overall burden of sthma

The number of B.C. residents witleatedasthma increased from 62,900 in 1996 to
76,221 in 2009. Taking population growth into account, the age gendeadjusted
prevalence of asthma was stable at an average rat®6{@R 1.14; 95% CI 1.181.15)
over the 14 study year3dble 2.4). The rate of newly diagnosed asthma was also stable
(average rate of ©%; p=0.01) (Table 2.5. On average, 85% ofgients used FP services for
asthma,; this trend was stable over time adjusting for age group, and gender (OR 0.99; 95%
C10.971 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%091 0.73), and the percentage of patients
who visited ED for asthma decreased from 30% to 14% (OR 0.32; 95% Q1 0.33).
Similarly, the percentage of hospital admissions declined by 60% (4% in 1996 to 1.6% in
2009; OR 0.35; 95% CI 0.320.39), afer adjusting for age group and gender.

Trends of patientsd usreshawhinAger@2d5tOn ser vi ce
average, there were 150 asthmalated FP visits per 100 patients in 1996 arlid2009.
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 péimde were 3
hospital adhissions and 23 ED visits per 100 patient$996, 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 555 years, 1996 2009
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Table 2.4 Prevalence of asthma in British Columbia aged-55 years of age, in 1996, 2003 and 2009

1996 2003 2009 % change from 1996 to 2009
No. of Population Prevalence  No. of Population Prevalence No. of Population Prevalence No. of Population Prevalence
Group asthma . . asthma . asthma .
size % asthma pts size % size % size %
pts pts pts

Overall

5-11yrs 10,979 354,284 3.6 9,931 339,008 35 9,483 314,042 3.8 -5.2 -11.4 7.0
12-18yrs 7,363 357,584 2.3 7,012 380,089 2.1 6,802 377,035 2.2 -0.5 5.4 -5.6
1934 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
3555yrs 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

a:\elzls"'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*°
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
12-18yrs 3,584 173,614 2.3 3,333 183,480 2.1 3,026 182,569 2.0 -10.2 5.2 -14.6
1934yrs 9,663 461,419 2.3 8,954 443,354 2.2 9,191 481,079 2.2 -0.9 4.3 -4.9
3555yrs 16,662 600,371 3.0 21,882 687,039 35 25,868 713,431 4.0 59.6 18.8 34.3
Allages 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
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
12-18yrs 3,779 183,970 2.3 3,679 196,609 2.2 3,776 194,466 2.3 8.9 5.7 3.0
1934yrs 6,885 476,681 1.6 6,671 448,799 1.6 7,039 493,050 1.6 5.9 3.4 2.4
3555yrs 11,344 603,091 2.0 14,576 675,606 2.3 17,837 698,603 2.8 59.6 15.8 37.8
Allages 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°

*P < 0.001 for comparison of rates over time, from 1996 to 2009.

®Rates are standardized to the 2009 British Columbia population.

PRates between age groups are standardized by gender to the 2009 B.C. population.
4P < 0.001 for comparison of rates beem age groups.

° 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-55 years of age, in 2001, 2005 and 2009

Group

Overall
5-11 yrs
12-18 yrs
19-34 yrs
3555 yrs

All
agedd

Female
5-11 yrs
12-18 yrs
19-34 yrs
3555 yrs
All ages
Male
5-11 yrs
12-18 yrs
19-34 yrs
3555 yrs
All ages

Incident

cases

3,801
2,422
5,132
9,901

21,247

1,585
1,309
3,054
5,986
11934

2,216
1,113
2,078
3,914
9,321

2001

Population,

No.

342,912

376,510

883,637
1,322,272

2,925,331

167,943
182,555
437,113
661,762
1,449,373

174,969
193,955
446,524
660,511

1,475,959

Incidence,

%

111
0.64
0.58
0.75

0.73

0.94
0.72
0.70
0.90

0.82

1.27
0.57
047
0.59
0.63

Incident
cases

4,096
2,820
5,263
10,667

22,560

1,685
1,488
3,143
6,486
12,802

2,411
1,332
2,118
4,181
10,042

2005
Population,
No.

318,451

376,163

881,118
1,345,536

2,921,268

155,924
181,436
437,454
676,445

1,451,259

162,527
194,727
443,664
669,091
1,470,009

Incidence,

%

129
0.75
0.60
0.79

0.77

1.08
0.82
0.72
0.96

0.88

1.48
0.68
0.48
0.62
0.68

Incident

cases

3,234
2,427
5,821
12,026

23283

1,349
1,219
3,441
7,192
13,201

1,885
1,208
2,380
4,834
10,307

2009
Population,
No.

305,333

371,308

961,50
1,375,625

3,013,770

148,876
180,173
473,993
691,764

1,494,806

156,457
191,135
487,512
683,861
1,518,965

Incidence,

%

1.06
0.65
0.61
0.87

0.77

0.91
0.68
0.73
1.04

0.88

1.20
0.63
049
0.71
0.68

% change from 2001 to 2009

Incident

cases

-14.9
0.21
13.4
21.5

9.6

-14.9
-6.9
12.7
20.1

106

-149
8.5
14.5
23.5
10.6

Population,

No.

0.03
0.03
0.01
0.01

0.003

0.06
0.07
0.02
0.02

0.01

0.06
0.07
0.02
0.02
0.01

Incidence,
%

-4.44
161
4.23

16.75

6.37

-3.98
-5.64
3.90

14.94

7.25

-4.87
10.14
4.90

19.29

7.45

*P < 0.001 for comparison of rates over time, from 2001 to 2009.

®Rates are standardizedthe 2009 British Columbia population.

PRates between age groups are standardized by gender to the 2009 B.C. population.

4P < 0.001 for comparison of rates between age groups.

° Rates between gender are standardized byathe 2009 B.C. population




SABAs were dispensed to 78% of patients in 1996 and 74% patients in 2009
(adjusted OR 0.79; 95% CI1 0.770.81). LABA dispensings (including LABA alone or in
combination with ICS) increased dramatically from 2% in 1996 to 34% in 2009 (BGRIBY
Cl122.191 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 88.209.90). In contrast, th@ercentage 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 0.947). Howeer, 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.B71..43). LTRA were dispensed to patients since 1997.
The percentage of patients receiving LTRA increased fi%mn 1997 to 8% in 2009 (OR
9.7; 95% CI1 8.9 10.5). Other asthma medications (i.e., theophylline;lgitiand mast cell
stabilizer drug prescriptions) decreased from 12% to 1% during the study period (OR 0.13;
95% CI10.12- 0.14). Additional tables shong the percentages of patients dispensed each

class of asthma medications are listedppendixA.
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Figure 2.6 Percentage of patients dispensed asthma medicatioimsB.C. aged 555 years,

19961 2009
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SABA: shortacting bronchodilators; ICS: inhaled corticosteroids; LABA: laatjng
bronchodilators; other asthma medications include theophyllinelgghind mast cell

stabilizers.

2.3.3 Burden of asthma by age groapd gender

Asthma prevalence was highest in children agédd $ears, with a stable average rate
of 3% during the study period. Prevalence was lowest in patierit8 28d 1934 years of
age, with rates approximately 50% lower than in children (OR 0.39,08E0.58i 0.59 for
12-18yearolds; OR 0.53, 95% CI 0.520.53 for 1924-yearolds). The prevalence of

asthma in patients aged-35 years was on average 20% less than in children (OR 0.81; 95%
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C1 0.811 0.82) and stable at a rate of 2.5Valgle 2.4)

Consistent with these estimates, rates of newly diagnosed asthma were highest in
children aged 8.1 years (B%, stable over time), while thates of ewly diagnosed asthma
was lowest in patients aged-32 years (0.8%, stable over time)lable 2.5.

Table 2.6 shows rates of using FP services fdhas in patients-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% CI108@3), young adults were 30% less
likely (OR 0.72; 95% CI1 0.71 0.74), and Wler adults were 60% less likely to use FP
services for asthma (OR 0.43; 95% CI 0i4243). As expected, of all age groups, children
were most likely to use specialist servicgale 2.7), ED (Table 2.8) and hospital services
(Table 2.9 for asthma.

The percentage of young children receivi@& was twice higher than the
percentages in adolescent and adult patients. In contrast, the pgesenit young children
receiving other asthma medications were significantly lower than the percentages in other
age groups.

In children aged 5 11 years, asthma prevalence was 1.8 fold higher in girls than in
boys. While there was no significant genddference in adolescents, asthma prevalence was
1.3 fold higher in female adults aged-34 years, and 1.5 fold higher in female adults aged
3555 years, compared with males of the same @gader distributions in asthma incidence
were consistent with ghprevalence estimates, buti@alth service use wenst significant

(Table 2.4 and Table 2.9)
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Table 2.6 Use of family physician services for asthma in patients aged35 years in British Columbia, in 1996, 2003 and

2009
1996 2003 2009 % change from 1996 to 2009
No. No. of FP  FP visits No. with No. of FP FP visits No. No. of FP  FP visits No. No. of FP FP visits
Group with visits for rates per As.thma visits for rates per with visits for  rates per with visits for rates per
Asthma  asthma. 100 pts asthma. 100 pts Asthma asthma. 100 pts Asthma  asthma. 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
3555 30,350 40,504 174 39,864 46,910 118 48,435 49,249 102 59.6 21.6 -41.4
All ages""'d 69,237 104,306 151 77,154 102,613 133 86,978 98,627 113 25.6 -5.4 -25.2%P
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
3555 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.F
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
3555 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

*P < 0.001 for comparison of rates over time, from 1996 to 2009.

®Rates are standardized to the 2009 British Columbia population.

PRates between age groups are standardized by gender to the 2009 B.C. population.




9P < 0.001 for comparison of rates betwage groups.

° Rates between gender are standardized by age to the 2009 B.C. populkatiod5#ér comparison of rates between gender.
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Table 2.7 Use of specialist services for asthma ipatients aged 555 years in British Columbia, in 1996, 2003 and 2009

Group

Overall
5-11
12-18
19-34
3555

All age&®

Female
5-11
12-18
19-34
3555

All ages

Male
5-11
12-18
1934
3555

All ages

No.
with
Asthma

12,594
8,194

18,099
30,350
69,237

4,772
4,027
10,621
18,081
37,501

7,822
4,167
7,478
12,265
31,732

1996
No. of Specialist
specialist  visits per
visits for 100 pts
asthma.
9,427 75
3,547 43
5,207 29
9,814 32
27,995 40
3,488 73
1,793 45
3,276 31
6,163 34
14,720 39
5,939 76
1,754 42
1,931 26
3,651 30
13,275 42

No. with
Asthma

11,910
8,152

17,228
39,864
77,154

4,435
3,902
9,966
23,998
42,301

7,475
4,250
7,262
15,865
34,852

2003
No. of
specialist
visits for
asthma

7,157
2,996
3,394
8,196
21,743

2,646
1,443
2,076
5,093
11,258

4,511
1,553
1,318
3,103
10,485

Specialist
visits per
100 pts

60
37
20
21
28

60
37
21
21
27

60
37
18
20
30

No.
with
Asthma

11,943
8,154

18,446
48,435
86,978

4,354
3,615
10,527
28,859
47,355

7,589
4,539
7,918
19,576
39,622

2009
No. of
specialist
visits for
asthma.

5,584
2,454
2,909
7,503
18,450

2,130
1,003
1,853
4,672
9,658

3,454
1,451
1,056
2,831
8,792

Specialist
visits per
100 pts

47
30
16
15
21

49
28
18
16
20

46
32
13
14
22

% change from 1996 to 2009

No. No. of Specialist
with specialist  visits per
Asthma visits for 100 pts
asthma.
-5.2 -40.8 -37.3
-0.5 -30.8 -30.2
1.9 -44.1 -44.8
59.6 -23.5 -53.1
25.6 -34.1 47 5%P
-8.8 -38.9 -32.9
-10.2 -44.0 -37.8
-0.9 -43.4 -41.9
59.6 -24.2 -52.9
26.3 -34.4 487
-3.0 -41.8 -39.5
8.9 -17.3 -23.8
5.9 -45.3 -50.0
59.6 -22.5 -53.3
24.9 -33.8 476

*P < 0.001 for comparison of rates over time, from 1996 to 2009.

®Rates are standardized to the 2009 British Columbia population.

P Rates between age groups are standardized by gender to the 2009 B.C. population.

4P < 0.001 for comparison of rates between age groups.

° Rates between gender are standardizeagjeyto the 2009 B.C. population
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Table 2.8 Use of hospital services for in patients aged%b years in British Columbia, in 1996, 2003 and 2009

Group

Overall
5-11
12-18
19-34
3555

All aged

Female
5-11
12-18
19-34
3555

All ages

Male
5-11
12-18
19-34
3555

All ages

No. with
Asthma

12,594
8,194

18,099
30,350
69,237

4,772
4,027
10,621
18,081

37,501

7,822
4,167
7,478
12,265
31,732

1996

No. of hosp
admissions
for asthma.

473
236
517
722

1,948

198
133
363
527

1,221

275
103
154
195
727

Hosp
admission
ratesper
100 pts

3.8
2.9
2.9
24

2.8

4.1
3.3
3.4
2.9

3.3

3.5
2.5
21
1.6

2.3

No. with
Asthma

11,910
8,152
17,228
39,864
77,154

4,435
3,902
9,966
23,998
42,301

7,475
4,250
7,262
15,865
34,852

2003

No. of hosp
admissions
for asthma.

272
92
211
387
962

99
46
153
254

552

173
46
58
133

410

Hosp
admission
rates per
100 pts

2.3
11
1.2
1.0
1.2

2.2
1.2
15
11

1.3

2.3
11
0.8
0.8
1.2

No. with
Asthma

11,943
8,154
18,446
48,435
86,978

4,354
3,615
10,527
28,859
47,355

7,589
4,539
7,918
19,576
39,622

2009
No. of
hosp
admission
s for
asthma.

224
72
145
290
731

87

23

98
200

408

137
49
47
90

929

Hosp
admission
rates per
100 pts

1.9
0.9
0.8
0.6
0.8

2.0
0.6
0.9
0.7

0.9

18
11
0.6
0.5
0.8

% change from 1996 to 2009

No. with
Asthma

-5.2
-0.5
1.9
59.6
25.6

-8.8
-10.2
-0.9
59.6

26.3

-3.0
8.9

5.9

59.6

24.9

No. of hosp
admissions
for asthma.

-52.6
-69.5
-72.0
-59.8
-62.5

-56.1
-82.7
-73.0
-62.0

-66.6

-50.2
-52.4
-69.5
-53.8
27.8

Hosp
admission
rates per
100 pts

-50.0
-69.0
-72.4
-75.0

71.4*°

-51.2
-81.8
-73.5
-75.9

72.F

-48.6
-56.0
-71.4
-68.8

-65.F

*P < 0.001 for comparison of rates over time, from 1996 to 2009.

®Rates are standardized to the 2009 British Columbia population.

PRates between age groups are standardized by gender to the 2009 B.C. population.

4P < 0.001 for comparison of rates between age groups.

° Rates between gender are standardizeagjeyto the 2009 B.C. population
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Table 2.9 Use of ED services for asthma in patients aged3% years in British Columbia, in 1996, 2003 and 2009

1996 2003 2009
.. .. No. of
No. No. of ED ED visit . No. of ED ED visit No. .
. . No. with . . ED visits
Group with visits for rates per Asthma visits for rates per with for
Asthma  asthma. 100 pts asthma. 100 pts  Asthma
asthma
Overall
5-11 12,594 3,640 28.9 11,910 2,683 225 11,943 986
12-18 8,194 2,210 27.0 8,152 1,392 17.1 8,154 590
19-34 18,099 4,635 25.6 17,228 2,761 16.0 18,446 1,413
3555 30,350 5,389 17.8 39,864 3,738 9.4 48,435 1,885
All agesa’d 69,237 15,874 22.9 77,154 10,574 13.7 86,978 4,874
Female
5-11 4,772 1,342 28.1 4,435 954 21.5 4,354 343
12-18 4,027 1,220 30.3 3,902 665 17.0 3,615 285
19-34 10,621 2,806 26.4 9,966 1,680 16.9 10,527 783
3555 18,081 3,504 194 23,998 2,395 10.0 28,859 1,188
All ages 37,501 8,872 23.7 42,301 5,694 13.5 47,355 2,599
Male
511 7,822 2,298 29.3 7,475 1,729 23.1 7,589 643
12-18 4,167 990 23.8 4,250 727 17.1 4,539 305
19-34 7,478 1,829 245 7,262 1,081 14.9 7,918 630
3555 12,265 1,885 154 15,865 1,343 8.5 19,576 697
All ages 31,732 7,002 22.1 34,852 4,880 14.0 39,622 2,275

ED visit
rates per
100 pts

8.2
7.2
7.7
3.9
5.6

7.9
7.9
7.4
4.1

5.5

8.5
6.7
8.0
3.6
5.7

% change from 1996 to 2009

No.
with
Asthma

-5.2
-0.5
1.9
59.6
25.6

-8.8
-10.2
-0.9
59.6

26.3

-3.0
8.9

5.9

59.6

24.9

No. of ED
visits for
asthma.

-72.9
-73.3
-69.5
-65.0
-69.3

-74.4
-76.6
721
-66.1

-70.7

-72.0
-69.2
-65.6
-63.0
-67.5

ED visit
rates per
100 pts

-71.6
-73.3
-69.9
-78.1

75.5+°

-71.9
-73.9
-72.0
-78.9

-76.8

-71.0
-71.8
-67.3
-76.6

-74.F

*P < 0.001 for comparison of rates over time, from 1996 to 2009.

®Rates are standardized to the 2009 British Columdgaulation.

P Rates between age groups are standardized by gender to the 2009 B.C. population.
4P < 0.001 for comparison of rates between age groups.

° Rates between gender are standardizeagjeyto the 2009 B.C. population
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2.3.4 Burden ofasthma 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 irFigure 2.7-Figure 2.10. On average, there were @ asthmaelated FP visits
perpatientresiding n rural areas (e.g., East Kootenay, Kootenay Boundary, Northern B.C.).
This rate is 20%430% less than in large cities (e.g. Richmond, Victoria and Surrey), where
there were 1.3 visits per 100 patierfigy(re 2.7), when adjusted for age, gender, and study
year. Likewise, in rural areas, there werg0lasthmaelated specialist visits per 100 patients,
a rate, 70%490% less than in large cities (e.g.,\86its per 100 patients in Richmond, 36 in
Surrey, and 33 in Vancouvelffigure 2.8). However, patients in rural areas were 1.6 to 2.3
times more lilkely to be admitted to a hospital for asthma-@ &lmissions 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 wih/its per 100 patients in large cities)
(Figure 2.10), when adjusted for age, gender and study yefitional tables showing the

regional variation n pati ent sd use o btrelistedanAgpdndixsAer vi ce s
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Figure 2.7 Use of family physician services for asthma by HSDA in asthma patients35

years of age, 19962009

Figure 2.8 Use of specialist services for asthma by HSDA in asthma patientsb5 years

of age, 1996 2009
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