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ABSTRACT 

INTRODUCTION: Low income childm are at p a t e r  nsk for asthma hospitalization, 

which can be prevmted with the utiluation of inhaleci corticosteroids h g s .  Therefore, a 

population-based study of childmi was undertaken to determine: 1) the influence of 

socioeconomic status and phannaceutical policy on inhaled corticosternid utilization, and 

2) the contribution of inhaleci corticosteroid utilization to the association between 

socioeconomic status and asthma hospitalization. 

METHODS: Using population-bascd health care administrative data, 1 6,862 children, 

aged 5-15 years, were selectd by this case definition for asthma: 1) health care for 

asthma(br0nchitis diagnoses, or 2) one+ prescriptions for propbylaxis dnigs, or two+ 

pmcnptions for bronchodilators during January 1, 1995- March 3 1.1998, AND having 

onet asthma dnig prescriptions during January 1,1995 - March 3 1,1996. A dmg 

treaüncnt-bd asthma scverity measun w u  developcd and applied to prescription &ta. 

Following validity ~ssessments of the case dennition and asthma stverity measm, the 

pmportionate use of inhaled corticostaoids was asccrtaind in relation to household 

income. Maled corticosteroid use was dm assascd before and &et a newly introduced, 

incomabascd drug rcimbursnnent poücy. The r i t  of asthma hospitalization by 

household income was determinui, with adjustment for inhaîcd corticosteroid' drug 

utilization. 



RESULTS: Forty-five percent of childm with asthma had at lcast one prescription for an 

inhaled coriicostemid over the time pcriod January 1,1995 to Mar& 3 1.1996; inhald 

corticostmid utilization declined as neighbourhood income decreased. The adjusteci 

relative risk for a new inhaled corticosteroid prescription was 0.9 among chilcûen living 

in low income or income assistance householâs, venus higher income children. Low 

incorne children with severe asthrna reccived the fewest number of inhaled corticosteroid 

doses of al1 childrca, and this rcmahed unchanged post incorne-based policy. 

Continuow utilization of inhaied corticostemids was associated with lower risk of asthrna 

hospitakation (severity-adj usted RR=0.3 7.95% C1:0.29-0.48). An increased risk of 

asthma hospitalization o b s e d  in income assistance and low income children, was 

eliminated following adjustmmt for continuity of inhaid corticosteroids and other 

factors. 

CONCLUSION: Low income childm with asthma wcre l as  likely to utilize inhaled 

comMsteroid drugs, which incrases their risk of asthma hospitaîization. An income- 

baseâ pharmaceutical policy did not improve utilization of these h g s .  
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Chrpter 1. Introduction 

Asthma, a chronic condition which causes ncumnt episodes of coughing, wheezing and 

breathlessness, affects one in every 10 chilâren in Canada.[l] Although asthma has been 

known to humankind since antiquity,[2] only in recent times has its pathophysiology 

been clearly elucidated. Asthma is now viewed as an infiammatory disease which can be 

controllcd by anti-infiammatory dmgs, such as inhaled cocticosteroids. [3;4] Research 

into asthma pathophysiology has been translated into present-day asthma treatment 

guidelines, which place emphasis on the use of inhaled corticosteroid dmgs for the long- 

terni management of aimay inflarnrnation.[5;6] Furthmore, epidemiologic research has 

linked the utilization of Uihaied corticosteroid h g s  and reduction of hospitalization for 

asthma. [7;8] Despite 'Jese advance in clinicai knowledge, 20% of Canadian school-age 

children with asthma in 1995196 had visitcd an emergency department, 4% had been 

hospitalized, and 16% had missed more than one week of schwl because of asthma in the 

previous year?[9] 

Cumnt research into asthma is directed at developing and improving drug therapies to 

control the inflammatory process of the diseme. [IO-121 This type of nsearch adàresses 

cûug efficacy issues. Equnlly important arc issues relating to the efféctiveness of a h g  

following its introduction into a population, which is dctamiaed by factors such as 

patient access to the dnig and adhaencc to thercipy.[l3] Popuiition-bwd studies in the 



1990's document that 50% of school-age children with asthma use inhaled corticosteroid 

dnigs;[l4] it is estimated that 50% of asthmatic children are non-adherent to dmg 

therapy. [15] One outcome of non-use or discontinuous use of an anti-inflamrnatory 

therapy is increased risk of asthma exacerbation and hospitalization.[7;8;16] Asthma 

hospitalization reduces the quality of life of chilûren with asthma and contributes to a 

significant proportion of health care costs. 117-191 Furthemore, it appears that iower 

income children are at higher risk for asthma hospitiiîization.[20;2 11 

The medicd community recognizes the need for improved utilization of these agents; 

however, increased awareness of the housdiold factors, as well as characteristics of the 

health care system, which dcterrnîne utilization is required.[22] Lower income children 

are less likely to use inhaled corticosternid dmgs.[22;24] The literature suggests that 

lower income children are at higher risk of not receiving a prescription for an inhaled 

corticosteroid dru& [2 1 ;25] and of being non-adherent to the dnag regimen, [26] but the 

mipinc evideace is limited. The purpose of this dissertation research was to document the 

association between the social environment and utilization of inhded corticosteroids in 

Canadian childna, to detennine what risk fpctors may explain this association. and 

whether the association has an impact on hospitalization for asthma. 

To achieve this end, a population hedth framework was employed.[27] In this 

fhnework, health is atféctcd by, amongst 0 t h  factors, the health care system, individuai 

mponse and the social envimment. Relevant to asthma management is that the wciai 

environment impacts on diswe, through the physicaî environment (cg. inctcasing 



exposure to allergens) and the behaviour of individuals (cg. decreasing adherence to drug 

treatment). The health c m  environment also has a direct influence, in the fom of 

policies which impose cost barriers to the acquisition of inhaied corticosteroid drugs. 

Population-based studia on phamaceutical use are potentially usehl to identify 

individual, social and health care system factors which are rclated to the utilization of 

ph;umaceuticals. [28;29] For the dissertation research, population-based data sources on 

physician utilizatioa, hospitalization and prescription drugs, maintaineci by the Manitoba 

Health Services Insurance Plan (MHSIP), w m  used. nie MHSIP pmaiption database is 

one of the most comprehensive in Canada, and allows linlcage of prescription data with 

other health care administrative data for the purposes of dehing an asthrna population 

and describing asthrna treatment outcomes.[30] 

This dissertation is prcsmted as a series of five essays, which have been organized around 

five related rcsearch objectives. Each essay is composed of an introductory section which 

provides background information to the rcsearch objective, and a results section in which 

dissertation rcsearch findinp arc pnseatcd in the form of a publishable pajxr. The fint 

two essays each describe the developmmt of Unportant mcasms used in the dissertation 

research, and the last t h e  essays are anchorcd on the major nsearch objectives. 

The first essay describes the development of a casc dennition for childhood asthrna. The 

strcngths and weaknesscs of four domains of a casc dennition for childhood asthma are 

descnbcd. Findings arc pnscnted for the dissertation rcscarch on the development and 



validity assessrnent of a diagnosis and h g  treatment-based case definition for childhood 

asthma, derived h m  health care administrative records. 

The second essay describes four domains of asthma severity measures which can be 

incorporated into research. As with the case definition, the strengths and weakness of the 

four domains are described. For the dissertation research, a h g  ûeatment-bascd asthma 

severity measure was developed for application to health c m  administrative records. The 

reliability and validity of the asthma severity measure were asccrtained. 

The third essay provides a review of the empiric evidence on socioeconomic status and 

the use of inhalecl corticosteroids in children with asthma. Bamexs to the optimal 

utilization of inhaled corticosteroids in lower income children are discussed. Results fiorn 

the dissertation research are presented on the association between socioeconomic stahis 

and inhaled corticosteroid utilization in childrcn with asthma, as detennined from cross- 

sectional and longinidinal perspectives. 

The fourth essay provides the d e r  with empiric evidence regarding the impact of 

phamaceutical policy on dnig utilization in a population. The research which follows is a 

longitudinal evaluation of inhaled corticostcroid utilization in Manitoban children before 

and after a change to an income-based phami~eutical bmefit policy. 

The final essay summarizcs the evidcnce regarding sociocconornic status and asthma 

hospitalization in childrcn. Plausible explanations for inc& a s t h r ~  hospitalization in 



lower income children are submitted. Dissertation research findings are presented on the 

association between socioeconomic statu and hospitalization for asthma in childien. and 

whether the association was explained by continuity of inhaled corticosteroid utilization 

or other risk factors for asthma hospitalization. 

nie  dissertation is ccncluded with an ovedl  discussion of research findings and their 

policy implications. 
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Chapter 2. Case Definition for Childbood Asthma 

The comerstone of asthma epidemiologic research is being able to identify individuals 

with asthma. Aithough numerous definitions for asthrna have been proposed, asthma 

defies a standard case detinition.[l] The disease hm been identifieci in children by the 

presence of wheezing, brouchial hyper-reactivity, treatment wi& asthma h g s  or a 

physician-diagnosis of asthma The success of these domains in definhg asthma can be 

evaluated fiom theontical and operational perspectives. The theoretical perspective 

assesses how well the domain is supported by the undcrlying concept of the disease and 

its management.[2] Crucial to evaluating the conceptual basis of the domain is whether it 

distinguishes asthma h m  other w h d g  syndtomes. The operationaluation of the 

domain, known as the operational or case definition, specifies the activities necessary for 

the researcher to measure the concept.[3] The operational perspective encompasses 

validity and rcliability assessments of the case definition, once it is applied to data 

sources.[2] The meaning of vaiidity is the ability of the case definition to provide an 

unbiased reptcsentation of pmom with asthrna [4] Reliability of the case definition 

nfers to the extent to which it will idmtify the same children with asthrna on repeated 

trials. 

This chapter discusses conceptua1 and mettsut.ement issues relevant to definhg asthma in 

children and is concluded with dissertation nscarch findings on the development of a 

case dennition for childhood asthma, which cm be spplied to hdth  care administrative 

rccotds. 



2.1 Concemal Basis of Definition 

2.1.1 Physiologic measures 

Physiologic measures of a disease descnbe the changes in body huiction due to the 

pathologie processes of the disease. .4îthough asthma has been documnited since the time 

of antiquity, our understanding of the underlying pathophysiologic processes has evolved 

slowly over the cenniries.[5] ïncreasingly, asthma is king recognized as a "persistent" 

infiammatory disease.[6] Following exposure of the asthmatic a k a y  to a variety of 

environmental stimuli including allergens, ainvay tissues are invaded with inflammatory 

cells such as mast cells. eosinophils and neutrophils, which release chernical 

mediators.[7-9] Chernical mediators such as the leukotrienes, cause bronchoconstriction, 

increased vascular permeability and edema, and increased mucous production; other 

mediators cause epithelial ce11 desquarnation.[lO; 1 11 Loss of nparative mechanisms in 

asthma leads to prolonged inflammation and subsequent stnichual changes in the lung; 

the resuitant darnage lcaves the aimay sensitizeû or hyper-responsive.[7] This hyper- 

reactivity can be assessed through branchial challenge tests, which measure the degree of 

bronchoconstriction to inhalation of irritants, such as methacholine or to airway stimulus 

Msing fiom exercise.[l2] 

The outcome of airway inflammation and hyper-rrsponsiveness is recumnt episodes of 

whming, dyspnca, chcst tightncss and cough, associatcd with the rcvmiblc Dimow 

limitation.[7] Airflow limitation is asscsscd through pulmomuy fwiction tests, of which 



the most common arc: 1) forced expiratory volume during 1 second of a forced vital 

capacity maneuver (FEV,), 2) forccd expiratory flow between 25% and 75% of vital 

capacity (FEF25H-7s~) and 3) peak expiratory flow (PEF), the greatest flow obtained on 

forccd expiration aAer complete inspiration.[l3] Vital capacity is the difference between 

the lung volume achieved during a maximum inhalation and the nsidual volume, which 

results fkom pushing out as much air a~ possible. Asthma is characterized by low flows 

(FEVr, FEFs.75 ,PEF) with nomal or low volumes. Lung hiaction tests (FEV,, FEF25-75, 

PEF) an c o m p d  with predicted values for age, gender and height; normal values are 

usually p a t e r  than 80% of predicted values. A child's pulmonary function can also be 

followed longitudinally to assess changes in asthma control, in which tests are compared 

with a child's personal best value whcn the child is asyrnptomatic. Home PEF testing 

detects decreascs in PEF or increases in circadian variation which indicate a deterioration 

of asthma control. Bmnchial reactivity following challenge with methacholine, histamine 

or exacisc is usually mcasurcd as the dose of the challenge agent (PC20) which causes a 

20% drop in FEVi.[13] Puimonary hction tests can be perfomied reüably by many, but 

not al1 childiai by 5 to 6 yean of age.[l2] 

The hallmark of asthma is airway obstruction which varies over time. Branchial hyper- 

nactivity has is advocatcd as a good meawe of asthma because it provides 

physiologie evidence of asthma whcn lung function tests are nomal.[l3] However, 

population-basai studics of the prevalcnce of bronchial hypcr-reactivity arnong 

schoolchildnn show that bmnchiai nrctivity is more pmalent than ment w h d g  

symptoms (Table 2.1). This is kause not dl c h i l c h  wiîh hyper-tcsponsive lungp will 









have asthma symptoms subsequent to the ability of the bronchial challenge test to detcct 

subclinical disease.[ 13; 141 The prevalence of asthrna syrnptoms among children with 

histamine-induced bronchial hyper-reactivity has ranged fkom 45% to 65 %. [15- 171 nie 

specificity of bronchial reactivity in definhg chilcûen with whming has b a n  reportcd to 

be 73%. [16;17] Monover, lung hyper-reactivity is also present after respiratory viral 

illnesses.[l8] Some have reported that only 23% to 47% of chilûren with bronchospasm 

have had a prior diagnosis of asthrna.[l7;19] Although nearly al1 chilchen with severe 

bronchial hyper-reactivity will have a diagnosis of asthma, [16;17] the lack of 

concordance between the prescnce of bronchial hyper-reactivity, w heezing syrnptoms and 

asthma diagnosis limits the usefulness of bronchial reactivity as a marker of "active" 

asthma in children. 

in order to improve the specificity of bronchial reactivity in identimg asthrna, some 

have proposeci to detine current asthma in children on the basis of both bronchial hyper- 

responsivmess and wheezing syrnptoms in the lut 12 months.[20] Using this case 

definition, Toelle et al identified a group of children which diffêred h m  children with 

wheezing symptoms or bronchial hyper-responsiveness only, on the basis of a mater 

severity of bronchial hyper-responsiveness, and pnvalence of asthma diagnosis, 

whming symptoms and use of asthma medications. Their cumnt asthrna definition also 

disthguished childrm with mon sevm psthma after 10 yean of follow-up, than children 

with only wheaing or a physician diagnosis of asthma[2l] nius, the concumnce of 

bronchial reactivity and whming may serve as a more appropriate d e r  of "cumnt" 

asthma in chiîdrcn. 





peak prevalence for early transirnt wheezing, late transient wheezing and asthma occur 

between 6 months to thm years, 3 to 6 yean and 6-1 1 years, respectively. [30-321 

Eighty percent of children who develop asthma expenence theu first episode of wheeze 

befon the age of 3 years.[25;33] How are these childmi disthguished fiom children 

ivith m i e n t  wheezing? h the Tuscon Children's Respiratory study, transient early 

wheezen were observeci to have diminished airway function at one year of age, while 

persistent wheczm had nomial lung bction in cornparison to non=wheezers.[27] 

Persistent whmers were more likely than early transient wheaers to have markers of 

allergen sensitization (elevated immunoglobulin E [IgE] levels, positive skln tests). Other 

longitudinal studies have also documentcd an increascd prevalence of atopy or allergic 

conditions such as allergic rhuiitis and atopic dematitis, arnong children with persistent 

wheezing.[2 8;29;34] In addition, bronchoalveolar lavage studics show that eosinophil 

and mast ce11 counts are sigeificantly elevated in childrcn who have atopic asthma, 

compand with those who have virai-associated whctzing.[35] Late transient wheezers 

have also becn diffcrentiated h m  persistent whtezers on the basis of their lack of 

response to branchial hyper-rcsponsivmess tests, which an indicative of IgE mediated 

airway inflammation.[30] Stein and collegues nported that non-atopic chilâren who 

wheezed at 6 years, and not 11 y m ,  exhibitecl abnonnally high variability in lung 

fùnction tests, but not i n c d  broachid hyper-ttsponsiveness. as did persistent 

whmers. Clinically, childrai with chronic wugh and intermittent whcae have been 

obscmd to be mon likcly than children with asthma to have esrlia omet of symptoms, a 



history of chmnic otitis media, materna1 smoking, lower socioeconornic status, and 

aboriginal lineage. (361 

The Tuscon study and othets have documented that persistent wheezing is more common 

among children with a parental history of asthmâ[27;34;37] An incnased likelihood of 

parental asthma is noi seen in children with early transient wheezing.[27] The familial 

aggregation in asthma is thought to be due to an interaction of genetic and environmental 

factors. [38] The onset of asthma has been linked to exposure to indoor allergens such as 

house dust mite @romotcd by indwr humidity and wall-to-wall carpethg), cat dander, 

and cockoach debns, through: 1) evidence of allergen sensitization in asthmatic children 

fiom skin testing, measurement of senun IgE antibodies and bronchoprovocation 

challenge studies, [27;39-421 and 2) epidemiologic studies which show increas-d r i t  of 

asthma among children living in households with a higher load of dust mites, mold and 

cochach allergen, [39;41;43-451 or in households with physical characteristics 

potentially contributing to higher allergen loads, such as high umidity and 

dampness.[44;46] Among children with a farnily history of allergy, the age of onset of 

wheezing has been report4 to be inversely related to the level of dust mite exposure, 

especially among children who becamc sensitizeâ.[45] 

Additional risk factors have bem identifid, but it is unclear whether they are specific to 

asthma. Exposurc to tobacco smokc early in life, either through matemal smoking during 

pregrwcy or mat~~llaVpattl~lai smoking postnatally, increases the nsk of developing both 

wheezing and asthma.[34;37;40;42;46;47] The Tuscon shidy reportcd that childm with 



early transient wheezing or persistent wheezing were significantly more likely thm 

children without wheaing to have rnothers who smoked around the tirne of their 

birlh.[27] The effcct of smoking is independent of a family history of asthma, [34;37] but 

appears to interact with socioeconomic stahis, such that an increaseâ incidence of asthma 

is observai among children of low income, but not high income mothers who smoke.[48] 

Early exposure to Wal infections such as respiratory syncytial virus (RSV), is associated 

with wheezing in youngcr childmi and may potentially contribute to the onset of 

asthma.[37;40;49] Sigm et al's thne-year cohort study of infants with and without RSV 

reporteci that children exposed to RSV wen significantly more likely to experience 

recumnt wheezing at one and three years of age; the likelihood of wheezing at thme 

years was substantially greater among ch i l ch  with a family history of asthma.[37] 

However, recently it has bcen posited that exposure to Uiféction early in life protects 

against the development of asthcna.[50-541 Other nsk factors for asthma or wheezing, 

include male gender, young m a t d  age and no breast feeding.[29;37;46;48;55] 

Prcmaturity ha9 been associateci with an increased likelihood of asthma or wheezing, 

especially among childm who developcd bronchopuimonary dysplasia.[56-591 Croup 

and mumnt croup have been show to be predicton of asthma or whming.[60] 

In summary, childrm with asthma are more WEely than children with transient wheezing, 

to have a family history ?f asthma and to have evidmce of allergm sensitization. The 

chical expression of transient wheezhg and asthma is also diffemit. The nature of 

transient wheaing is episodic and associatcd with viral infections or colds, which usually 

occur in the winta season. Childm with Prthma have intmal symptoms, in addition to 



viral-associated episodes.[27;3 1;61] Transient wheezing and asthma also differ in tems 

of their response to prophyiactic treatmcnt with inhaled corticosteroids. in contrast to the 

clear benefits show in asthma, evaluations of inhaleâ corticosternid use in children with 

episodic wheezing have been inconclusive, with some reporthg rcduced hquency of 

wheezing, while othcrs have not.[62;63] Inhacd corticosteroids are not advocated for al1 

infants who wheeze, but because of the uncertainty in diagnosis, Uierapeutic trials of 

corticosteroids are not discomgcd.[64] 

The problem of diffedating "eariy'' ûansient wheezing and asthma in research trials 

can be overcome by exclucihg childnn less than 4-5 years of age, as has been the practice 

in many asthma epidemiologic studies.[6567] However at this tirne, distinguishing 

asthma in 5-10 year old childm h m  "late" transient wheezhg is limited to identieing 

nsk factors and clinical expression patterns. It is also conceivable that the two conditions 

are not entirely separate. Imwrtant to the research a~cnâa is that transient wheezina and 

asthma are not eadv distinmiishable a! the time of prcsmtation to the ~hysician.[23;64] 

2.1.3 Hedth care utilization measurcs 

a) Physician diagnosis of asthrna 

The theoretical buis for d e m g  asthma by the presence of a physician d i aos i s  of 

asthrna is that childm with mtbma will manifat symptoms and subsequently, be brought 

to a source of health cm. nie first cavest to this concepnial buis is that not ail childm 

with an ilhess an brought to a site of hcalth care. In Kljakovc's medical record nview, 



3 1 % of childnn with asthma symptoms. but no diagnosis of asthma, had not been seen by 

a physician.[68] Mormver, certain groups of children such as those living in low income 

households, are less likely to see a physician, potentially resulting in the systematic 

acquisition of a diagnosis of asthma.[69] Data from the US National Health Interview 

Survey reports that black and lower income children with parent-reported asthma have 

significantly fewer physician contacts than white and higher income children.[70;71] 

Although physician visits are increased in low income asthmatic children with activity 

limitations. theu utilization rmains significantly lower than that of higher income 

children with activity limitations.[iO] in countries with universal health insurance, 

physician visitation rates are greater in lower income chilchen with asthma, but they are 

less likely to be refmed to spccialists, the implications of which will be discussed later in 

this section.[72] 

Physicians diagnose asthma following a clinical assessrnent of symptoms and physiologie 

measurements of lung function of children presenting for care.[1;73] Wheezing and 

cou* are more cornmon in children with a physician diagnosis of asthma, than those 

without.[68] Similarity in population-bascd studies of children between the prevalence of 

wheezing and the prevalence of a physician-diagnosis of asthma also suggests that a 

physician diagnosis is a valid measurc of childm with asthma symptoms. (Table 2.1) 

However, children experimcing wheezing sre not necesmrily the same children who have 

been diagnosed with asthma and vice versa. Li Pattemore et ai's evaluation of Austialian 

childm, 7-10 yem 016 80% of childm ever diagnosed with asthniri had cumnt 

symptoms of wheaing, brcathless attacb or nocnunol COU& but only 40?h of 



symptomatic childm had a physician diagnosis of asthma.[l6] Similatly in Neville et 

al's medical record review of British children seeing a gened practitioner, 85% of 

children with a diagnosis of asthma had experimced one or more episodes of 

wheezing.[74] Fifty-four percent of children with two or more episodes of wheezing, 

while only 30% of children with one or more episodes had received a definitive diagnosis 

of asthma. 

As discussed in the previous section, not al1 wheezing in childhood represents asthma, 

and clinically, asthma is not casily disthguished h m  transient wheezing syndromes. 

Pattemore's and Neville's data which show that 20% of children with a previous 

diagnosis of asthma did not expcrience reccnt wheezing, gives us some indication of the 

extmt to which a physician diagnosis of asthma may be assigneci to a child with transient 

wheezing. Monover, it has been posited chat repoits of the under-diagnosis of asthma in 

the 1980's have encomged physicians to diagnose wheezing as asthma, instead of 

"wheezy bronchitis" in cases where it is uncertalli whether the child had asthma.[6 1;7S] 

Case definitions which an b d  on a physician diagnosis of asthma and cunrnt 

wheezing symptoms may bc helphil in separating out children with transient wheezing. 

Utilizing this type of case defhition lowers the prcvalence of a physician-diagnosis of 

asthrna by approximately one half (Table 2.1). 

Convascly, some would argue that a la& of asthma diagnosis in 50% to 70% of 

wheaing childnn illustrates that astiunr continues to be undcrdiagnoscd, and that 

diagnosis-basd definitions would exclude childrcn with a~tha.[16;74] The lsthma 



under-diagnosis hypothesis is also supportcd by empiric evidcncc of the differential 

distribution across sociodernographic groups of physician-diagnosis of asthma and 

wheezing symptoms in chilciren. Wheezing or bronchospasm has been npoited mon 

often among low income childm in Canada and the UK, but the diagnosis of asthma has 

not varied across income groups.[lS; 19;26] Other investigators have also reported a 

decrease in the fkequency of asthma, diagnoses among lower income chil&en.[72;76] 

Conversely, a diagnosis of asthma, but not symptoms of wheezing has been observed 

more ofim in black childm in the United States.[77] The latter findings have been 

ex plained as the outcome of black childmi utilizing emergency departments as their 

source of can and being diagnosed with asthma by physicians who are not familiar with 

thek meâical history. [78] Conversely, lack of a regular of medical care is also a plausible 

explanation for a decreased lkelihood of asthma diagnosis arnong low incorne children 

who are l a s  likely to see spccialists.[72] However, it is difficult to conclude that 

diffmnca in the income distribution of the prevalence of asthma and wheezing represent 

the systernatic, under-diagnosis of asthma in low income childrcn, rather than an 

incnased prevalence of transient whtfzing in these childmi. Law hcome infants are 

mon likely to experience persistent respiratory symptoms and have low birth weight, 

which is associatad with poorer lung fÛnction.[55;79] 

b) Asthma h g  utilization 

Drug therapy is the comcrstone of asthma management; nonpbannacologic measures are 

adjuact mcasurcs.[80] Beta2-adtcnergic agonists, which stimulate Brmepto= to relax 

airway smooth muscle, arc administmd for symptomatic relief of ainivay 



obstniction.[81;82] Corticosteroids aiter the underlying inflammatory processes by 

inhibiting the ncmitment of inflammatory cells into the bronchioles, preventing or 

decreasing aimay mucosal edema and mucous secretion. Other anti-infiammatory dmgs 

such as cmmolyn, inhibit the activation of inflammatory cells. Theorctically, one would 

expect that al1 children diagnosed with asthrna would at some point be treated with an 

asthma drug. Neville at al's medical record review documented chat almost dl children in 

whom a diagnosis of asthma had bem made, had received drug treatment for asthma in 

the past.[74] Over forty percent of children with a prior diagnosis of asthma or ment 

wheaing have been reportad to be currently taking asthma dnigs, and ihis proportion is 

increased to 86% of children with one or more episodes of wheezing.[26;74] These 

findings suggest that children who receive asthma drug treatment are those cumntly 

experiencing asthma symptoms. The estimated prevalcnce of childm receiving asthma 

dmg therapy falls between the prcvaleace of ever diagnosis of asthma, and of ever 

diagnosis of asthma plus cumnt symptoms (Table 2.1). in addition, unlike symptom- 

based definitions, a hg-based case definition is independent of the degree of symptom 

control achieved with dmg thcrapy, chilcira on ssthma h g  therapy, but not 

experiencing symptoms can be identificd.[83] Furthemore, classifying children 

according to asthma h g  use can also be used to predict the prognosis of asthma in 

c hildren as thcy age.[84] 

Although commonly employai in asthma phamiacoepidemiologic research,[65;67;85;86] 

defining asthma on the basis of drug trtatmcnt Iacks specificity because lsthma dru* 

such as bionchodi1ators. arc aîso used in the trtatmcnt of othcr respiratory disorders such 



as chronic obstructive pulmoii~ry diseases (adults only) and bronchitis.[87] Similatly, oral 

corticostemids, which are used for the acute management of asthma, are utilized ui a 

variety of endocrine, rheurnatic. dermatologie and hematologic disorders. Methodologies 

employed to prevent the inadvertent inclusion of discases other than asthma have 

included omitting: 1) prescriptions for bmnchoâilator mixtures primarily used to heat 

bronchitis and 2) oral corticosteroids not pnscribed concumntly with other asthrna 

dmgs.[86;88] Bronchodilator use is much mon prevalent in children with a diagnosis of 

asthma, but Kljakovic reportcd that 3% to 7% percent of childrm without a diagnosis of 

asthma had rcceivcd broachodilators for episodes of wheezing.[68;89] In Strachan et al's 

medical record review, almost 30% of childrm with a single episode of wheezing had 

received a bronchodilator;[90] however, the p m h c e  of bronchoâilator use did increase 

substantially with the numba of ep idcs  of wheczing. On the other hand, ûeatment with 

inhaled corticostemids decrases the fhquency of bronchodilator use, [63] and infiequent 

prescriptions for bmchodilaton rnay not be uncornmon. 

2.1.4 Surnmary of conceptual issues 

From a theontical perspective, the four approaches towarâs a case definition for asthma, 

outlined in this section, euh have stnagths and weakncsses. A case definition which is 

based on bronchid rcactivity, aithough closely related to the underlying airway 

inflammation, may include childnn in whom asthma has not maniftstcd. A case 

deifnition which is syrnptom or physiciui diagnosis-based may have less optimal 

specificity, as a nsult of including childnn with transinit wheezing. Altematively, a 

physician diagnosis-bwd definition m y  have Iowa positive pndictive vaiw Prising 



frorn the systernatic exclusion of some mups  of asthmatic childm, such as those living 

in low income households, who have not used the hedth care system. including the 

diagnosis of bronchitis in the case definition does not com~letely diminish this selection 

bias because children diagnosed with asthma are more likely to receive dnig 

treatrnent. [76;9 1 ;92] 

A medication-based cased dennition has the benefit of not excluding children whose 

symptoms are well-controlled, and if carcfully deheà, excluding childm with transient 

wheezing. However, as with the physician-diagnosis dennition, this definition is 

dependent on utilization of the health care system. Therefore, it may be beneficial to 

combine several domains of the case definition, for example defining asthma on the basis 

of an asthrna diagnosis or drug therapy. Early transient wheczing cm be excluded by 

limiting the analysis to children 5 years and older.[6567] Identifyhg risk fsctois such as 

history of allergy, or patterns of health c m  utilization for asthma during and outside of 

the winter season, may help delimate childm with asthma Born those with late transient 

wheezing. 

2.2 Validitv and reliabilitv of the o~erationaiized case definition 

2.2.1 Fwictional and health carc utilization mcasures h m  survey data 

a) Parental report of whcczing symptoms 

Symptom expression is the most commonly uscd measure in clinical and epidemiologic 

mcarch on asthma, but little is known about theù niiability and validity. Data on the 



presence of asthma symptoms in children are oAen obtained h m  parental reports. The 

one-month rcpeatability of parental reports of wheezing and coughng in the past 12 

months have show to be hi@. [93] Higher reliability has been reported for parental 

reports of wheezing, than of cou@ in childmi.[l7] Correlation of parental reports of 

asthma symptoms with lung hmciion tests such as FEVl and branchial hyper-reactivity, 

indicates that they are valid measures of asthma. Although population-based survey 

studies of randomly selected schoolchildren likely provide valid estimates of asthma, 

[16;26;94] diffcrcnt interpretations by parents of survey questions regardhg the presence 

of "wheezing" may lead to the exclusion of certain groups of children.[l9] 

b) Parental report of an asthma diagnoses and asthma h g  therapy 

Survey data on the diagnosis of asthma and rcceipt of asthma dmg therapy in children are 

primari!y obtained h m  parental reports and depmd on the ability of parents to recall and 

relate information about asthma in theu children.[95] Somc of parental knowledge about 

asthma is obtaincd during theu interaction with physicians, which bas been reportai by 

some parents to be confbsing.[73] Nevertheless, the validity of parentai reports of a 

diagnosis of asthrna is relatively high.[96] A cornparison betwcen parental reports of 

asthma symptoms and an asthrna diagnosis recorded in a medical record documented that 

parents rcported asthma in 84% of childnn with a physician diagnosis of asthma.[68] 

Thirty percent of childm had parental reports of asthma symptoms but had never 

receivcd a diagnosis of asthma; of thac childrni, 30./0 had not seen a physician, 30% did 

not have asthma accordhg to M extenial rcview of the medical mord and 40% haâ been 

pnscribed asthma dnigs. The one month fcpcatability of parental mrts of asthma being 



diagnoseci by a physician or in hospital has been reported to be high (kappa 

statistic=û.77).[17] 

nie reliability of parental reports of their child's utilization of asthma dnigs, based on 

agreement between responses on two succeasive sweys, has also been high (kappa 

statistic=0.81).[17] The validity of parental reports of asthrna h g  therapy is lowa than 

their reports of an asthma diagnosis. In the Kljakovic evaluation, parents reported asthma 

dnig thcrapy in only 56% of childrm with a medicai record for an asthma prescription 

dnig.[68] On the otha hand, drug therapy was reported by parents in 40% of children for 

whom there was no record for an asthrna dnig prescription during the study period (some 

prescription were written more than a yeat prior to study). Overall, parents identified dmg 

therapy in 67% of childrm for whom a prescription for an asthma h g  was ever 

written.[68] Parents were much more lüccly to report asthma dmg use if their child had a 

physician diagnosis of asthrna; thus, a systematic bias in the acquisition of an asthma 

diagnosis also affects the validity of a dmg-based definition of asthma. Validity can also 

be compromised if certain groups of parents are lm ükely to rccall asthma dnig use, 

(known as recall bias) such as parents of low income children who have found to be less 

knowledgeable about asthma management.[97] Some shidies have documentcd that 

antibiotics, antihistamines and decongestants have been identified by parents as dmgs for 

the treatment of asthrna[98] 



2.2.2 Physiologic, functional and health carc utilization fiom medical records 

a) Physician documentation of wheezing symptoms and bronchial reactivity 

Physician medical records are potentially less reliable sources of asthma symptom 

information because they are dependent on the completmess of the record keeping. The 

reliability of clinical data abstracted from phpician medical records of patients with 

asthma has been reported to be hi&, but not as high as that for sociodemographic 

data.[99] Kljakovic's record review documented tha? parents reported wheezing or 

coughing in 84% of childmi with an asthma diagnosis and in 3 1% of childmi without an 

asthma diagnosis; physicians recorded the same symptoms in the medical record for 54%- 

83% and 30%-35% of these children, tespectively.[68] These hdings suggest that the 

likelihood of recordhg asthma symptoms by physicians may be related to the tirne course 

of diagnosing asthma (for exarnple, increased attention to wheezing symptoms pnor to 

the diagnosis of asthrna). In addition, the validity of meàical record sources of wheezing 

in describing asthma in children is very much dependent on the sampling pmcess for 

selecting physician practice~~ and the time fiame for record miew. Kljakovic's record 

review was conducted in a medical centre serving a European. middle class 

population.[68] In Donahue et al's medicai record review, asthma symptoms were noted 

by physicians in 90% of encounters for asthma, but in only 9% of al1 encounters by 

asthmatics.[lûû] 

The FEVi, test has very good rcproducibility and has been validated as a measure of 

aimay obsûuction by its close comlation with airway diameter.[l3] The bronchial 



methacholine chaîlcnge test is fairly diable, and correlates well with cellular markers of 

airway inflammation and allergy skin tests. However, the reliability and potentially, 

validity of the bronchial nactivity measure is compromised by the fact that patient 

contact with a health care site is requircd to perform the test, that some children are 

unable to complete the test and that some parents may believe that the test is too 

invasive.[l3] In Ernst et al's evaluation, 8% of parent declined participation in the 

bronchial challenge test and 3% of chilcûen did not complete the test successfÙ1ly.[l9] 

Peak flow meters can be used at home, but the PEF test has twice the measurement 

variability of FEVi and substantial non-compliance has been reported with peak flow 

meter use in low income families.[ 101 ] The physician record is also an unreliable data 

source for physiologie measures; Donahue et al reported that lung Wction tests such as 

peak flow measurcmcnts or spirometry (FEV,), were recorded in 38% and 7% of 

encounters for asthma, nspectively . [ 1 001 

b) Physician documentation of asthma diagnosis and asthma dnig therapy 

One would expcct that the vaiidity of a diagnosis of asthma recorded by a physician 

would be hi&. Validation of physician diagnoses recorded in medical record with expert 

reviews of the madicai record have shown that an asthma morbidity score, based on an 

assessrnent of symptoms dmg use and hospitalization for asthma, was significantly 

higher in childm with a diagnosis of asthma than those without. [68] However, validating 

a physician diagnosis of asthma requins nview of physician ncordo according to 

pndetamined criteria, explicit or implicit, and involves judgment on the part of the 

m i m e r  or expert. Agreement betwecn traincd n w e  abstracton on the l ikel ihd of an 



asthma diagnosis in a medical record, either documented by the physician, or detennined 

fiom symptom and pulrnonary huiction criteria, has been found to be only fair. [99] 

Viewing parent information as the gold standard in Kljakovic's evaluation, 60% of 

children with parental reports of asthma symptoms had a physician diagnosis in the 

physician record, while only 12% of children without syrnptoms had a physician 

diagnosis.[68] These findings suggest a low sensitivity for the physician record in 

identieing asthma, but some of the children with "asthma" symptoms may have transient 

wheezing, a condition which a physician would be much more familiar with than the 

parent. 

The reliability of a physician diagnosis in a medical record also depends on the proportion 

of medical records sarnpled; in Donahue et al's medical record review, persons with 

asthma accounted for 95% of al1 patients, but only 10% of physician visits were identified 

as encounters for asthma.[100] The reliability of the medical record as a source of 

information for the prescription of asthrna h g s  also depends on the duration of the 

evaluation period. Kljakovic reported a decrease in the proportion of agreement between 

medical records of asthma prescriptions and parental reports of asthrna dnig use h m  

100% to 63%, when the evaluation period was reduced by one year.[68] Prescription 

records for asthrna drugs wen identified in the medical record in 50% of children whose 

parents did not recall asthma drug use. In some of these children asthma morbidity was 

high, suggesting that parental recall of asthma medication use may be more reflective of 

the actual dnig use in the child. 



2.2.3 Health care utilization fkom administrative data sources 

a) Asthma diagnosis reported in computerized medical and hospital records 

The advantage to using health administrative records, which are derived h m  information 

routinely collected for the purposes of managing a health care program, is the ability to 

obtain population estimates of disease.[ 1021 Diagnoses associated with the receipt of 

services during a hospitalization, or a physician visits cm be determined nom health care 

administrative data. in Canada, up to 16 diagnoses can be listed in a hospitalization 

record; the fint diagnosis is the diagnosis which is most responsible for the 

hospitalization. In Manitoba, only one diagnosis is listed on physician claims data. 

Generaily speaking, physician claims and hospital absrnt databases have been found to 

be valid and reliable in describing clinical diagnoses.[103; 1041 nie repducibility of 

asthma diagnosis coding in hospital abstract data of the UK National Health Service has 

been found to be high; 90% agreement on the first three digits of the primary diagnosis 

code was reported in a rc-abstracting study.[l05] Donahue et ai's comparison of 

computerized records of an American health maintenance organization with theù full-text 

physician record quivalents showed that an asthma diagnosis in the computerized record 

identified 90% of persons with asthma, either documented in the full-text record or 

assesscd to be present by the reviewer.[lûû] A comparison of the re-abstracts of 1,279 

hospital discharge records h m  14 hospitais ,in Monûeal with computcrized uifortnation 

of the same records in the Quebec heaith insurance database, showed 95% agreement for 

asthma diagnoses.[lM] Th- was lower agmmmt (76%) on respiratory diagnoses 

excludîng asthma, such as bronchitis and Uifluenzr 



Validation studies of asthma diagnosis codes in health care administrative data 

encornpass assessments of the original medical record by experts, as opposed to re- 

abstractions of the original record, or same-record cornparisons arnong physician claims 

and hospital abstract data. [107] In a review of computerized inpatient and ambulatory 

medical records in a US health maintenance organization, which reported asthma 

diagnoses in any data field, 96% of the records exhibited a clinical picture in the original 

medical record which was consistent with asthrna; however, a definite diagnosis of 

asthma was reported in only 66% of computerized recor&.[l08] The latter finding was 

judged by the authon to be the outcome of Uuuflïcient documentation, prohibithg a hi11 

assessrnent of the chart for the presence of asthma. Their findings of an increased 

likelihood of a definitive asthma diagnosis for primary diagnoses of asthma recorded in 

hospital records, suggest that hospital records are more valid data sources for asthma 

diagnoses. 

A cornplicating factor in using Canadian physician claims records is that diagnoses an 

censored because only one diagnosis is specified per physician visit, leaàing to under- 

coding of chronic conditions such as asthma, as acute conditions tend to be listed 

fht.[lO7] We see some evidence of this in Saskatchewan's health insurance database 

records, for which concordance between physician clairns and primary service, hospital 

discharge respiratory diagnosis codes for the same hospitalizations was as follows: 80% 

for asthma, 60% for non-specific bmnchitis, and 19% for ctuonic bronchitis.[lO9] The 

majority of diagnoses on physician claim records which did not match hospital records of 

asthma wcn  for acute conditions, such as pncumonia and non-specific bmnchitis. A 



substantial proportion of unmotched hospital diagnoses of chronic bmnchitis w m  

classified as asthrna an the physician claim. Although not reported separately, asthma 

diagnoses for childrcn are included in many of the validation studies. Other methods 

which exist for validating diagnoses data from administrative data include cornparisons of 

disease prevaicnce based on administrative data with those derived âom population- 

based questiomaires.[l07] Using this methodology, we see that the point prevalence of 

asthnia for childrcn detennined fiom hcalth service contact records is similar to that for 

chilchen diagnosed with asthma and curnnt symptoms of asthma. (Table 2.1) 

However, health cm aciministrativt data sources have the potential to introduce selection 

bias into asthrna epidaniologic rcscarch because asthma is defined on the basis of contact 

with the health service system.(?gble 2.2) Case ascertainment solely h m  diagnosis 

codes recorded in physician claims files omits asthmatic childm who do not visit 

physicians, and ascertainment h m  hospital or physician specialist (allergists, 

respirofogists) files ornits childm with mild asthrna [ 1 1 O] The markcd variation in the 

fkequency of physician consultations among childna with asthma, mghg h m  2.3 visits 

per year in children with infiquent asthma symptoms to 10.6 annual visits in children 

with major limitations in activity, [71] rnakes case ascertainment very t h e  frame 

dependent. 





Selection of childm on the basis of a single physician diagnosis of asthrna, especially if 

over a longer time penod, has the potential to include children with transient wheezing, as 

discussed previously. However, restricting selection to more than one asthma diagnosis 

can exclude childm with mild or well-controlled asthma, and has reported to decrease 

the prevalence of asthrna by 60%.[111] Excluding nlated diagnoses such as bronchitis, 

may systematically exclude asthmatic children who are less likely to receive a diagnosis 

of &thma, such as children living in low income households. A diagnosis of bronchitis 

accounted for thm-quarters of asthma and bronchitis diagnoses docummted in Manitoba 

physician claims &ta; this proportion (80%) was much greater in lower, than higher 

income childm (63%).[72; 1 121 Similarly, selection bias with respect to socioeconomic 

status cm also occur when the sampling fnune is predominantly lower income childm 

(ie. Medicaid database), or middle to higher income as in health maintenance 

organizations in the US. 

b) Asthma drugs recordcd in computerized prescription records 

Electronic prescription databases have bem utilized to determine the population 

prevalence of chronic diseases on the basis of dmgs commonly used to treat chronic 

conditions.[ 1 13; 1 141 The benefit to using prescriptions records over physician visit 

diagnoses as a measure for a disease, is that individuals with chronic diseases like asthma, 

are more likely to continuously meive prescriptions for dnigs, which can be nfilleâ 

without a physician visit, than to visit k i r  physician nplarly.[ 1141 Morwver, a chronic 

disease index derived brn  prescription records has been rrpoitod to be a better indicator 

of outcornes such as mortality, than an index bascd on ambulatory c m  visits.[ll3] 



Although not hquently evaluatod, the vdidity and rcliability of prescription databases 

has found to be high.[ll5] The Manitoba prescription database contains 90% of the 

prescriptions dispensai in the province, with slight under-represcntation of prescriptions 

for treaty stanis Indians.[l16] 

The major caveat to utilizing prescription dnig data sources is that they do not provide 

information on how (or if) the drug was taken. Data obcained h m  home interviews has 

shown that 73% of dnigs consumai by individuals matched pharmacy records of recently 

dispmscd prescriptions with respect to the dnig narne, stmgth and directions for 

use.[ll7] In addition, identifying asthmatics on the bais of prescriptions for asthrna 

dnigs can inWuce selection b i s  in an analysis. As d i s c d  in the theoretical 

orientation section, inclusion of chilârcn on the basis of at least one asthma prescription 

can include childrm who have transient or e p i d c  whcezing. Consequeatly, some 

rrsearchas have defincd pcrsons with astbma on the bais of at least two prescriptions for 

an astbma Qug over a 1 year period.[l l8;119] This methodology tao, is pmblematic, 

with the potential of excluâing childm with mild ssthma, or who arc under-treatcd. in 

Donehue et al's rcview of computcrized health records, one quarter of persons with a 

physicien diagnosis of asthrna had mcived only one prescription for an asthma dnig 

during the year.[100] Childmi with mild asthma arc lcss likely than childm with more 

seven asthma to be ûcated with asthma dnieq.[17;20;21] Moreovcr, there is a high non- 

cornpliance rate with asthma drug thtrapy, manifesthg as hegular patterns of 

prescription rcfills in âaîabasc records.[l20] 



2.2.4 Summary of validity and rcliability issues 

Questionnaire data sources on the occurrence of wheezing in children reported by parents 

are reliable and valid. Parental reports of the pnsence of an asthma diagnosis and use of 

asthma medications are also reliable, but because they are dependent on parental 

knowledge, have the potential to be biased. Physician medical records are valid, and also 

reliable data sources for these measures if the evaluation period and sarnpling fiame is 

exteiisive. Medical records are poor sources of information on bronchial reactivity. 

Clinical study data an more rcliable data sources for bronchial reactivity, but case 

ascertainment may be incomplete due to some of the difficulties in canying out the test. 

The major issues in cmploying health care administrative data to ascertain asthma nvolve 

around the variability in health care utilization by children with asthma. Records for 

chil&en with mild asthma will not be found as oAm, as those for childmi with more 

sevcre asthma. Combining data h m  physician claims, hospital and prescription 

databases can potentially diminish, but not eliminate some of the shortcomings in using 

single data sources of health administrative records in Donahue et ai's cornparison of 

computerized health records with physician records (defined as gold standard) showed 

that the presence of a physician diagnosis and at least one prescription for an anti-asthma 

dnig identifïed 90% of peisons with asthma, as recorded in the physician's record.[100] 

The specificity of the case dennition was 80%. A summary of the limited evidence 

suggests that case ascertainment on the bais of at least one asthma diagnoses recorded in 

hospitalization and physician claims databasa ovcr a one year period, or two 



prescriptions for a bronchodilator drug or one prescription for a prophylaxis h g ,  may 

enhance the detection of asthma in a population and decrease the risk of selection bias. 

2.3 Sumrnarv of issues in develo~ing a case definition of childhood asthrna 

Al1 of the domains described have a good conceptual basis for definhg asthma.(Table 

2.3) 'The limitation of branchial reactivity measures is that they are not widel y used in the 

clinical diagnosis of asthma. Panntai reports an good sources of whtfzing symptoms 

and a physician diagnosis for asthma, and relatively good sources of drug therapy. 

Physician medical records are better sources of information on an asthrna diagnosis and 

dnig therapy, but they are quite dependent on the comprehensivencss of the record 

review. Health care administrative data do not provide data on wheezing symptoms, but 

the electronic fonn of these data allow for comprehensive searches for asthma diagnoses 

and prescription dnigs. 

The selection of a case definition is dependnit on its fiinctional use.[2] Very broad case 

definitions which select childrcn on the basis of minimal criteria such as a single 

diagnosis of asthma or an asthma-Lice condition, are useful in descriptive studies of the 

diagnosis and matmerit of asthrna. For analytic studies where avoiâing selection and 

misclassification bias is cruciai, one may want to ümit case definition to ensure that 

children who have " c ~ n t "  asthrna art stlected, Case ascertainment on the basis of 

asthma dmg utiîization would ôe an appropriate measure of cumnt asthma. In these 

stuâits, it would be important to isolate childm with transient w h d g ,  by ümiting the 





age group to chilchen 5 years and older, and identifjing childm who have allergic 

diseases, and do not utilize the health care systern for asthma solely in winter. 

2.4 Prowsed research and studv hmthtsts 

Research was undertaken to develop a case de finition for childhd astbma which would 

identify children with persistent asthrna and could be applied to health care administrative 

records. The ptrformance of the case definition was tested by assessing the construct 

validity of its components. 

Study Hjpoihesis I 

The tcceipt of prescriptions for asthma drugs is associatcd with an increased likelihood of 

persistent asthrna in children, defincd as continued contact with the health care system for 

asthma 

nie presence of health care contacts for dlcrgic diagnoses is associated with an increased 

likelihood of persistent asthma in children, dehed as continued contact with the health 

care systcm for asthma 



Study Hypothesis III 

In cornparison to winter only health care utilization, year-round health care utilization is 

associated with an increascd likelihood of persistent asthma in c h i l h ,  denned as 

continued contact with the health care system for asthma. 
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NOT FOR CiTATION 

A Case Defmition of Childhood Asthma 

Derived From Health Care 

Administrative Records 



ABSTRACT 

Backmund: The diagnosis of persistent asthma in childhood is complicated by the 

presence of other transient wheezing syndromes. This research was undertaken to develop 

a case definition for childhood asthma, which supplements a diagnosis-based definition 

and can be applied to health care administrative records. 

Methods: Using population-based health c m  administrative data, a cohort of 48,146 

chilben was assenbled on the basis of the following case definition for asthma: 1) a 

physician contact or hospitalization for asthrna or bronchitis diagnoses during the time 

period January 1, 1995- March 3 1, 1998, and 2) in the absence of a health care contact for 

an asthma-like diagnosis, at les t  one prescription for a prophylaxis dnig, at least one 

prescription for ketotifen concomittant with a bronchoâilator, or at Ieast two prescriptions 

for bronchodilator dnigs during the saxm time pcriod. The validity of the case definition 

in identifjing chilâren with "persistent asthma," deflineâ as continuous health care 

utilization for asthma ovet a 39-month pcrioâ, was d. 

Rcsults: The asthma case de finition identifid 90% of childmi with a prescription for an 

asthma dnig. Children selcctcd on the bais of an asthrna dmg prescription were 36 times 

more likely than children without an asthma dnig prescription to have "persistent 

asthma." To a lesser extent, "persistent adma" was more lilcely among chilhn with an 

a s h a  diagnosis, thsn in those without an asthma diagnosis. The prcsence of an asthma 

prescription drug and year-round asthma health c m  utilization patterns substantially 

i n c d  the likelihood of ''pasistcnt asthma" in childnn with and without asthme 



diagnoses. Chilâren with bronchitis diagnoses who were subsequently diagnosed with 

asthma, were mon likely than children with bronchitis-only diagnoses to have markers of 

"persistent asthma." 

Conclusions: An asthma case dennition which incorporates data on asthma drug 

prescriptions and health care utilization patterns, as well as diagnosis information, 

improves the likelihood of identifjing childm Mth persistent asthma. 

Our understanding of the nahiral history of asthma in childhood is contingent on the 

availability of case definitions which accurately identifi chitâren with asthma, and the 

availability of longitudinal data to observe the corne of the disease.[l] Numerous case 

definitions for asthma have been employai, ranging h m  syrnptom or physiologic 

measures, to ones based on a physician-diagnosis or h g  treatment. Each case definition 

must contend with validity and reliability issues-whether the case definition can 

distinguish astbma h m  other relatai respiratory diseases, and how consistently the 

definition can be reproduceâ for cornparison purposes.[l] Symptom-based definitions 

denved h m  medical records or parental report are reproducible,[3-51 but cannot 

distinguish asthma h m  transient wheezing syndromes in childmi.[6-81 Physiologie 

measures of asthma, such os bmnchial n~tivity tests, an highly comlated with the 

underiying infîammatory process of asthma, but detect hypcr-rcsponsiveness in the 

absence of wheczing and arc not cornmonly performcd in non-rcsearch stttings.[9-121 A 

physician-diagnosis of asthma is subject to the same limitations as symptom-beoed 



definitions, and has Uie potentid caveat of biaseâ assignmcnt of diagnosis.[ 13- 1 51 

Asthma cûug thcrapy-based measuns idmtiQ peisons cumntly experimcing asthma 

symptoms, but because asthma drugs are also used in the treatment of other diseases, 

these measures may lack specificity. [ 16- 1 81 

nie increasing availability of longitudirial survey data on children facilitates the conduct 

of naturai history studies of asthma in childhd, but population-based questionnaire 

studies an expensive to conduct and smalla scale studies can produce biased cohoris.[l] 

Health care administrative databases provide comprehensive records on whole 

populations which can be easily followed forwiud in time.[l9] Combining various 

domains of case definitions may ovcrcorne the limitations of using h e m  care utilization 

data, [20] and hproves the validity of defining asthma [2 1-23] In addition to traditional 

markers of asthma identifiai h m  administrative âata such as asthma diagnosis and 

prescription drugs, measures which differc~ltiate chi ldhd asthma h m  hansicnt 

wheezing syndromes such as the presence of allergic diagnoses, or of year-round versus 

winteronly health c m  utilization CM M e r  improve the validity of the case 

definitioa.[7;24-271 The objective of this rcscarch was to develop a case definition for 

childhood asthma, which supplements a diagnosis-bascd de finition and can be applied to 

health care administrative mords. The performance of the case dennition was tested by 

assessing its face validity, critaion validity, and constnict validity. 



RESEARCFI METHODS 

Data sources: 

Data for this study wen obtained h m  four computerized databases maintained by the 

Manitoba Health Services Insurance Plan (MHSIP): 1) registration files, 2) records of 

physician nimbmement daims, 3) records of hospital separation abstracts, and 4) 

records of prescriptions dispensed in retail pharmacies. Data were also obtained fiom the 

registration files of Manitoba Family Services, a provincial income assistance agency. 

The MSHIP registration file contains a record for every individual registered to receive 

insured health sentices and mords birthâatt, sex and geographic location. Records of 

physician reimbursement for medical care provided are submitted under a fee-for-se~ce 

arrangement, and contain information on patient diagnosis at the 3-digit level of the ICD- 

9-CM classification system and physician specialty. Separatioa abstracts for hospital 

services provided include idormation on 16 ICD-9-CM diagnostic codes, of which the 

first is the diagnosis that is most responsible for the hospital stay. Records of dispensed 

prescriptions, which arc submittcd by rctail phannacies for reimbutscment by provincial 

dnig insurance plans or for dnig utilization nview purposcs, contain data on the date of 

prescription dispcnsing, dmg name, strcngth, dosage fom, and quantity, and a 9-digit 

dnig identification number. Record linkages wcre achieved by the use of anonymous 

personal identifiem. Statistics Canada Cmsus 1996 household incomc data, aggregated to 

the geagraphic unit of the enmeration am, w a e  ueed to rank neighbourhood income 

quintiles h m  20% of the population residing in the lowest incomc to 20% of the 

population residing in the highest income neigbbodOOdS.[28-301 



Study population: 

A total of 174,208 children, aged 5- 15 years as of January 1, 1995, and registered with the 

MSHIP registry until March 3 1, 1996 were identified. A cohort of 48,146 childrni was 

assembled on the buis of the following case definition for asthma: a) any health care 

contact (physician visit, hospitakation) for asttuna or bronchitis (also included croup md 

bronchiolitis) diagnoses during the t h e  period Janwy 1, 1995 to March 3 1, 1998, OR 

b) in the aûsence of a heaith ciare contact for an asthma-like diagnosis, at least one 

prescription for a prophylaxis drug (inhaled corticosteroid, sodium cromoglycate), at least 

one prescription for ketotifen concornittant with a bronchodilator, or at least two 

prescriptions for bronchodilator dmgs during the same time penod. 

Data analysis: 

The case definition for ch i l dhd  asthma was evaluated on the basis of face validity, 

criterion validity, discriminant conshuct vaiidity and convergent construct validity. Face 

validity was assessed by comparing the prevalmce of children meeting the case 

definition with litcrature values of asthma pmvalence. Using a prescription for an asthma 

h g  as the criterion (ôronchodilator, inhdcd corticosteroid, sodium cromoglycate, and 

ketotifen or oral steroid concomittant with bronchodilator), the criterion validity of the 

dnig and diagnosis-based case definition for asthmg measwd by sensitivity and 

specificity detenninations, was c o m p d  to, the criterion validity of a diagnosis-based 

(asthma or bronchitis) case definition. [3 11 Also for comparative purposes, the sensitivity 

and specificity of a prescription for an asthma drug was deteminecl, using an asthma-like 

diagnosis as the criterion. Anotha domsin of criterion volidity, the positive pttdictive 



value (PPV) of the case definition in predicting yeacly health care utilization was 

detennined and compared to the PPV of children with asthma-like diagnoses only or 

asthma dnig prescriptions only. 

Discriminant constnict validity analysis was conducted to ascertain the ability of the dnig 

and diagnosis domains of the case definition to distinguish between the constmcts of 

"persistent asthma" and transient wheezing, and whether the addition of risk factors for 

asthma could improve upon thcù ability to do so.[32] To achieve this objective, a sub- 

cohort of children meeting the case definition and with health can contacts or 

prescriptions during January-December 1995 was assernbled and followed forward in 

time to detemine: 1) the proportion of childrm with continued health care contacts or 

prescriptions for asthma-like conditions during the time period January 1996-March 

1998, and 2) the domains which wcre most likely to be associated with continued health 

care utilization, representing "persistent asthma." The diagnosis and dnig domains of the 

case definition were initiaîly evaluatcd. Children were categorized as having at least one 

contact for an asthma diagnosis or having contacts only for bronchitis diagnoses. Drug 

thcrapy m e a s m  classificd childnn as follows: a) at least one prescription for a 

bronchodilator or not, b) at least one prescription for a prophylaxis h g  (eg. inhaled 

corticoscmid, sodium cromoglycate) or not, and c) at least one prescription for an oral 

corticosteroid dnig or not. In oddition to diagnosis and h g  measuns, the following risk 

faetors for the persistence of asthma were includcd: a) age, b) gender, c) pmnaturity 

status at birth. d) time since first contact with the heaith care systcm for bronchitis or 

asthma, e) number of hospitalizations for asthma or bronchitis h m  birth to start of study, 



f )  presence or absence of health care visits for hayfever, eczema or other allergic 

reactions, and g) pattern of health cart utilization.[l;l3;22;23;25;26;33-361 The latter was 

a dichotomous measure which categorized chilàren with asthma health care contacts or 

prescriptions limitcd to the winter season (November-February) or with year-round 

asthma health care utilization.[24;27] The likelihood (odds ratio) of "persistent asthma" 

for individuai domains was dcrived from multivariate logistic regression models as 

follows: 1) Model A contained diagnoses and drug therapy measures, 2) Model B 

contained Model A measures and risk factors for asthma Multivariate logistic regression 

analysis yielded the most parsimonious model of facton associateci with the persistace 

of "asthma." Both models included the socioeconomic variables of treaty indian status, 

single-parented household, lowest incorne neighbourhood quintile household and single- 

parented, incorne assistance household, to adjust for differences in health care 

utilization. [3 71 

The convergent constnict validity of the bronchitis diagnosis was assessed to determine 

the suitability of including a bmnchitis diagnoses in a case dennition of asthma.[32] This 

analysis assessed the convergence of thm subcategories of bronchitis diagnoses on other 

constnicts of asthma. The distribution of astbma h g  trcatment and risk facton was 

compared arnong three groups of chilken: 1) childmi with health care visits for 

bronchitis diagnoses during 1995 and continued health care utilization for asthma 

diagnosis during the the  petiod, January 1, 1996-March 31, 1998, 2) children with 

bmnchitis diagnoses during 1995 and continucd utiiization for bmnchitis diagnoses, and 

3) childm with bronchitis diagnoses during 1995 and no fiuttier utilization. Using 



children who subsequently acquired an asthma diagnosis as the refaence group, the 

likelihood (odds ratio) of continued utilization for bronchitis or no fiirther utilization was 

deterrnined for individual asthma factors. A likelihood ratio greater or less than one 

indicated non-convergence with the nference p u p .  Multivariate logistic regression 

analysis was conducteci to detemine the most parsimonious mode1 of predictors for 

bronchitis outcornes. Al1 analyses were conducted at the 95% level of confidence. 

RESULTS 

Of a total of 174,208 Manitoban children, aged 5- 15 yean as of January 1,1995, 45,704 

(26.2%) had at least one physician visit or hospitalization attribut& to asthma (primary or 

secondary diagnosis code), or to a âiagnosis of bronchitis, bronchiolitis or croup, over the 

t h e  period, January 1, 1995 - Mach 3 1, 1998. Similady, 28,190 (1 6.2%) had received at 

least one prescription for an asthma c h g  during this time period. Fi@ percent of chilâren 

with an asthma-like diagnosis had a prescription for an astbma Qu& and 82% of children 

with an asthma dnig prescription had a health care visit for an asthma-like diagnosis. The 

specificity for an asthma drug prescription, using an asthma-like diagnosis as the 

criterion, was 96%. Conversely, the specificity for an asthma-like diagnosis, using an 

asthma h g  prescription as the cntenon was 85%. (Table 2.6.1) 

A total of 48,146 childm met the study case definition for asthma In addition to childnn 

with asthma-like diagnoses, the case definition capturcâ 2,442 children without asthma- 

üke diagnoses who hid at least one prescription for a prophylsxis drug, at last  two 



prescriptions for a bronchodilator drug, or one prescription for ketotifen concornittant 

with a bronchodilator dmg. Excluded wen chilâren with no asthma-like diagnoses who 

had singular prescriptions for bronchoâilaton, alone or in combination with an oral 

corticosteroid, representing 11.1% of al1 children with bronchodilator prescriptions. in 

cornparison to a diagnosis-bad definition, the sensitivity of the case definition, using a 

asthma drug prescription as the criterion, was increased to 90%. 

The health care utilization of three 1995 zohorts of children with ''asthma," assembled on 

the b a i s  of an asthma-like àiagnosis, or a drug prescription, or the study case dennition 

was followed over the next two-year t h e  period to compare patterns of utilization 

(Table 2.6.2). The positive predictive value (PPV) of an asthma drug prescription in 

predicting yearly prescription use was 35%, while the PPV for an asthma-like diagnosis 

in pcedicting yeariy health care utilization was 19%. The case definition had a PPV of 

31.8% in preâicting yearly prescription d o r  health c m  use. Approximately 15% of 

children denved fiom either case definition "skipped" one year of prescription or health 

care utilization. 

A cohort of 29,198 childm who met the case definition and had health care contacts or 

prescriptions in 1995, was followed fonuard in t h e  to determine "asthrna persistence." 

Sixty percent of childnn had Mer health, care utilization in 1996 and onwaids, and 

were characterizcd as having "persistent asthma." Children with asthma diagnoses were 

olmost twice as likely as children who hd not becn diagnosd with asthma, (bmnchitis 

diagnoses only) to have "pistent esthma" (Table 2.6.3) The presnice of an asthma 



prescription drug was associated with "persistent asthma" to a greater extent than an 

asthrna diagnosis. The presence of a prescription for an asthma h g ,  in combination with 

asthrna or bronchitis diagnoses, furcher increased the likelihood of having "persistent 

asthma."(Table 2.6.4) Arnong children with asthma or bronchitis diagnoses, and no 

asthma dmgs, a pattern of year-round health care utilization was associated with a greater 

than 5-fold likelihood of "persistent asthma," in cornparison with wintersnly utilization. 

Year-round utilization for asthrna, concornittant with an asthma dnig prescription, 

incrcased the likelihood of persistent asthma in children to a substantial degree. Other risk 

factors for "persistent asthma" such as history of allergy, increased duration since first 

physician contact for asthma and a greater number of previous hospitalizations for 

asthma, were independently associated with penistence of "asthma." Prematunty 

increased the likelihood of persistent asthma in univariate, but not multivariate analyses 

(data not shown). Sociodemographic measuns such as treaty status Indian, low income 

area household end single-parent, income assistance households, which were included in 

models to adjust for variation in health care utilization, were also independently 

associated with an increased likelihood of "persistent asthma." 

Fideen thousand children haâ a health can contact for a bronchitis diagnoses during time 

period, January to Deccmber 19%. Excluding 3,95 1 childm with a visit for an asthma 

diagnosis prior to the study period from time of birth, leA a cohort of 11,043 children 

with an initial h d t h  care contact for bronchitis in 1995 or pnor. Following these childm 

forwad in time until Mprch 3 1, 1998, 13% hsd a subsequcnt hedth cm visit for an 

asthma diagnosis, 23% continucd to have hdth  c m  visits for bronchitis diagnoscs, and 



64% had no further health care contacts for asthma or bronchitis diagnoses. Multivariate 

logistic regression models documentcd that in comparison to childm with bronchitis and 

a subsequent diagnosis of asthma, the likelihood of no Wher health care contacts for 

bronchitis was substantially increased in the presence of winter-only health care 

utilization, and significantly decreased in the presence of allergic diagnoses and asthma 

dnig therapy.(Table 2.6.5) Similarly, the likelihood of continued bronchitis diagnoses, in 

comparison to the acquisition of an asthnia diagnosis, was increased in the presence of 

winter-ody utilization and significantly demased in the presence of asthma dnig 

therap y.(Table 2.6.6) In addition. the likelihood of continued bronchitis diagnoses was 

significantly increased among childmi bom premahitely and among childm with a 

longer duration of time since first physician contact for bronchitis diagnoses. The 

likelihood of continued bronchitis diagnoses was significantly increased in children with 

a pater numbcr of previous hospitalizations for bronchitis in univariate, but not 

multivariate analyses. Independent of disease and treatment factors, this likelihood was 

significantly grcata among lower income or single-parented childnn. 

DISCUSSION 

Over a the-year time perioâ, 27.6% of Manitoben childrea, aged 5-15 years, were 

identified as having asthma on the buis of asthrna dmg prescriptions and heaith care 

contacts for asha-like diagnoses. This treatmtnt pnvalence appears much higher than 

the 11% pmaimce of "cumnt" asthma in Winnipeg chiidmi, aged 5-19 years, dehed 

on the bais of an astbma diagnosis, and ment  asthma symptoms or rcceipt of astbma 



dnigs in the 199Y96 Studcnt Lung Health Survey. (381 Howcver, this suwey also 

reported that an additional 20% of Canadian students had asthma symptoms or received 

asthma dnigs, but had not been given a diaposis of asthma. Selecting childmi on the 

basis of an asthma-like diagnosis, identified 82% of childm with an asthma h g ,  as 

reported by others. [4; 1 81 The drug and diaosis-based case dennition identi fied 90% O l 

chil&en with an asthma h g .  Osborne at al nported that among individu& receiving 

asthma drug pmcriptioas over a 3-year period, 80% had a diagnosis of asthma and 100% 

had an asthma-like condition recordeci in ihe medical record.[39] Using an asthma-like 

diagnosis as the gold standard, 50% of children had prescriptions for asthma dnigs, also 

similar to literature reports.[4; 181 While 98% of childm with ssthma have been observed 

to receive an asthma dnig in the past, this proportion decreases to 46% in children with 

cumnt asthma dnig thcapy. [18] nie criterion of two or more bronchodilators in the 

absence of a diagnosis impmvcd the specificity of dnig componcnt of definition, and 

excluded 11% of childm ushg bronchodilaton, which is compatible with reports that 

10% of childm use bronchadilators for non-asthma indications.[l6] Furthennote, the 

value of combining asthma drug prescriptions with esthma-îike diagnoses in a case 

definition was enhancd detection of childmi with asthma during a one-year period. 

Surveys tell us that childmi with asthma an more likely to meive a prescription for an 

asthma dnig in the past year, than to sec a physicim. [38;40] 

Discriminant validity analysis htlped us compile a üst of domains which would be most 

usefûî in identifying chi lkn with ''persistent asha," a conmct which has k e n  

utilized to distinpish asthma h m  tradent w h d g  syndrornts.[25] The domains wae 



measured concurrently with the outcome of "asthma persistence," necessitating the 

reporting of measures of association and not nsk. The asthma dmg therapy domain of the 

case definition was more closely associated with "persistent asthrna" than a physician 

diagnosis of asthma. Children with prescriptions for bmnchodilator h g s  w m  six times 

more likely, and children with inhaled corticosteroid dnig prescriptions were 3 times 

more likely to have "persistent asthma" than chiidren with no asthma drug prescriptions. 

Asthma dnig therapy has been reportcd to be a preûictor of persistence of asthma 

symptoms at 10 years of age.[33] independent of dmg therapy, the likelihood of 

"persistent asthrna" was 1.7 times greater in the plesence of an asthma diagnosis, than a 

bronchitis diagnosis. in Toelle et al's evaluation of three case definitions of a s h a  in 

children, childrm diagnosed with asthma had an increased prevalence of more sevm 

asthrna 10 years later, than children with wheezing symptoms, who had not been 

diagnosed with asthma.[22] In ow study, the asassociation between ''persistent asthma," 

and asthma or bronchitis diagnoses was substantially improved if t h e  also existeâ 

prescription records for asthma drugs. However, the presence of inhaled corticosteroids 

prescriptions increascd the likelihood of asthma persistence to a laser extent than did 

prescriptions for other asthma drugs, especially in childm with bronchitis diagnoses. 

Inhaîed corticostexnids are very effective in preventing asthma exacerbations and their use 

indicates more sevm asthrna. [41] Their use in children with bronchitis diagnoses 

suggests short-texm treatmat of viral-induced bronchitis. [42;43] 

Children who met the case definition and had 0 t h  risk factors for asthma wcre more 

likcly to have "pmistent asthma," than those without these risk fectors. A history of 



allergic conditions is a well-known risk fector for the development of asthma, and 

distinguishes children with transient wheezing h m  those with asthma. [25;33] Other risk 

factors for "persistent asthma))' such as longer duration since f k t  health care contact for 

asthmalbronchitis and incrcaccd hospitalization at an earlier age have also been 

documented.[22;27;45] Prematurity at birth was not a significant predictor in the 

multivariate model, but potentially waç correlated with other risk facton.[35] Yeu-raund 

health care utilization for asthma-like diagnoses or asthma dnig prescriptions was 

associated with "persistent asthma" to a substantial d e p .  This finding is compatible 

with clinical observations of wheezing in childmi; children with asthma have year-round 

symptoms, whmas those with transient whcning have winteronly symptoms.[27] 

Moreover, it has bem recently documenteci that children with viral-associatcd wheae in 

the winter season arc diffamtiatecî h m  chilâren with continuous symptoms by the 

prescnce of branchial inflarnmatory cells, indicative of asthma*[24] We translated the 

concept of year-round asthma symptom occumnce into the measure of year-round 

asthma hedth c m  utilization pattmw, with the anticipation that it would predict asthma 

pmistence. Due to the strttlgth of the association between ycar-round health care 

utilization patterns and persistent of asthma, we believe that this measure is a valuable 

addition to the case definition of asthma in childhood. 

We conducted a convergent validity analysis of bronchitis diagnoses to determine 

whethcr they rcprt~tnted mis-diagnoscd asthma. Bronchitis is a lowrr respiratory tract 

infêction which causes mrenible brmchial inflammation. Although bronchitis is mon 

likdy than uthmr b be associated with spuaim producti0~[46] symptoms and 



pulmonary huiction abnormalities are similar in these two conditions, and respiratory 

infection-induced exacerbations of asthma resemble bronchitis.[47] Patients with acute 

bronchitis or croup are significantly more likely to be diagnoseci with asthma in the 

fuaue.[48] In our cohort, 13% of cbildmi with an initial bronchitis diagnosis 

subsequently acquired a diagnosis of asthma. These children were more likely than 

children with no m e r  or continued bronchitis diagnoses to have year-round than 

winter-only health care utilization for asthma, and to be treated with asthma 

dnigs. [7;24;33] Furthmore, two potentiaily distinct entities of bronchitis emmged fiom 

our data: 1) bronchitis which goes away, similar to transient wheezing of childhood, and 

is predicteâ by winter only utilization and absence of allergy, [6;27] and 2) continued 

bmnchitis which âiffen h m  asthma on the basis of pnmaturity at birth, earlier 

presentation of symptoms, and socioeconomic status measures, such as low income or 

single-parent household status. The latter bcîings minor a ment cornparison of 

bronchitis and asthma in a group of childrm in British Columbia, in which children with 

chronic bronchitis were also more likcly than children with asthma to have a history of 

chronic otitis meâia, of materna1 smoking aud aboriginal status.[49] However, our 

findings may also be interpreted as evidence for the mis-diagnosis of asthma in lower 

income c hildrcn. 

The caveat to using case definition of asthma based on health carc utilization data is the 

omission of childm with asthma who do not utilize the htalth carc systm. nie literature 

reports that as many as 300h of ch i l ch  with a s h a  symptoms have not seen a physician 

in the past ycar.[4,38] However, almost dl children with a diagnosis of asthma will 



receive drug therapy at some point, and a high proportion of chilâren experiencing currcnt 

a s h a  symptoms an treated with h g  therapy. [17,18] By applying the case definition 

over a 3-year t h e  period, and including children with asthma h g  therapy, but no 

asthma diagnoses, we enhanced the detection of chilâren with asthma. Low income 

children have lower rates of asthma drug utilization and physician visitation for asthma, 

[17,37] which would impact on our measure of asthma persistence. Sociodemographic 

factors were included in multivariate models to adjust for variation in health care 

utilization. We found that lower income, single-parentcd or trcaty status Indian children 

were significantly mon likely to have persistent asthma. Asthma of p a t e r  severity has 

been reportecl among lower incorne children.[44] 

The identification of asthma in childhood is complicated by the presence of other 

transient wheezing syndromes, which are indistinguishable clinically h m  asthma and 

compromise the validity of asthma diagnosis uifonnation contained in health care 

administrative databases.[6] A case dennition which incorporates data on asthma dnig 

prescriptions and h d t h  care utilization pattms, as well as diagnosis information, 

improves the likelihood of identifjmg chilâren with persistent asthma. Traditionally, 

bronchitis diagnoses have k e n  included in case definitions for "total respiratory 

morbidity," but excluded nom definitions for asthma.[l3] Out hdings suggest that 

childnn with bronchitis diagnoses, and concornittant asthma drug therapy, health care 

visits for allergic disordm or year-round hem carc utilization for bronchitis are more 

likely to have asthma than children without these characteristics. In summary, we have 

identifid predictors of chilâhood asthma which can be creatcd h m  health c m  



administrative databases and utilized in longitudinal studies of the naturai history of 

asthma. Our case definition was found to have face, critenon and constmct validity. 

Further study is requireci to assess its reproducibility. 
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Table 2.6.1. Sensitivity and Specificity of Asthma Case Definition 

Diagnosis-based case definition 

r 

Asthrna-like dhgn08f8 
I 

No asthma-like diagnosis 

Study case definition (diapnosis and anthma druq prescription) 
1 Asthma drug 1 No anthma dnrg 1 Total 1 

Asthma drug 
Pre8ctiptiorr 
23033 (81.7%) 

5t 57 

Total 146018 28190 

asthma drug prescripüon 
No diagnosis or asthma 

Table 2.6.2. Positive Predicted Value (PPV) for Annual Asthma Healar Care Contacts or 

No asaima dnig 
pre8wiption 
22671 

123347 (84.5%) 

174208 

. drup pkscription 
Total 

Total 

45704 

128504 

271 5 

28190 

Prescriptions 

123347 (84.5%) 

Asthma-like diagnosir in 
1995 

126062 

146018 

PPV Number with m d  in 
1996,1987 and 1998 

Asthma drug prescription 
in 1995 

174208 

Total 

4858 had hoalth can 
vinit for asthma-îike 
diapnosis 
6390 tid asthma drug 
prmcription 

Asthma-like diagnoris or 
arthma d ~ g  prescription 
in 1995 (case definition) 

25141 

29108 

- 

9272 haû =thma-like 
diagnonb or anthma 
dniq prescription 

19.3% 

181 59 

31.8% 

35.2% 



Table 2.6.3. Likelihood of Persbtent Aathmaoin Children with Asthma Diagnoses and Asthma Drug 
Pmscriptions 
Factor % children with Adjusteid" Odds Ratio (95% CI) for 

Pmistent asthma Asthma diagnods or dnig vs. none 

Bronchodilator drug (n=15,6ûQ) 84.3% 
No bronchodilator (n=13,529) 33 -2% 

Maintenance dnrga"" (n=10,690) 86.6% 
No maintenance dmga (n=18,508) 45.7% 

Oral ~0ft i~08ter~id8 (n = 4,796) 93.0% 
No oral corticosternid8 (n=24,402) 54.3% 

1.72 (1.61-1.84) 
1 .O0 reference 

5.51 (5.16-5.88) 
1 .Ml reference 

2.71 (2.51-2.92) 
1 .ûû reference 

6.59 (5.83-7.46) 
1 .O0 reference 

Table 2.6.4. Likelihoad of Persialent Asthma* in Children with (barna Oiagnoses, Asthma Drug - - 
Prescription8 and othet Asthma Risk Factors 
Factor Aûjuated" Odds Ratio (95% CI) 

Asthma diagnods and 
No asthma dnigs 1 .O0 ref- 
Bmnchodilator 6.22 (5.754.73) 
Maintenance dnig"' 2.M (2.653.12) 
Oral carticosteroid drug 4.28 (3.724 .92) 

Bronchitir dlagmsk and 
No asthma dnig8 1 .O0 fummce 3.99 (3.48440) 
Bronchodiîator 4.37 (3.89-4.91) 14.88 (12.61-17.56) 
Maintenance dnigm 1 .ô4 (1 $49-226) 5.24 (3.79-7.26) 
OiaI ~~r t ico~taro id  dru9 16.31 (12.71-20.94) 45.37 (34.42-59.79) 

Riak factor venus mne Risk factor venus none 

Male gender 
Preaence of allsrgk diagn06es 
Yearly arthrna/brorrchitir hospitalizaüon8 
from Mrth (incfease in numôw) 
Tim d m  first contact for -ma or 
bronchM8 (one year Incream) 
Age (one year imam) 
Tmaty s&tus lndlan 1.30 (1.16-1.46) 
Lowest income whbourhood 1.27 (1.1 7-1 38) 
Singk-parsrit, irmm adutance houscrtiold 1.21 (1.1 û-134) 



Table 2.6.5. Likellhood of No Fuithor BmnchiUs Oiagmses vernus Acquisition of Asthma Diagnoses 

Risk Factor Bronchitis Asîhrna Unadjustd Mju8tsd' 
(n=7101) (ndU7) Odds Ratio Odds Ratio 

(95% CI) (95% CI) 
Sociodemogmphk 

Age (mean,SO) 

Male gendet (%) 
(VS femaie) 

Treaty status Indian (96) 9.5 9.7 1 $02 NS 
(VS non-Tmaty) (0.84-1.24) 

Singlbparent h o m l d  (96) 27.4 28.3 0.91 NS 
(vs hirolparent) (0.8011.03) 

Low incorne area" (%) 20.9 18.9 1 .13 NS 
(vs hiiher incorne) (0.M-1.31) 

SP, ICA- houmhold (KI 11.2 13.1 0.84 NS 

Prernatum bitth (96) 5.4 5.6 0.97 NS 
(vs not prernatum) (0.76-1 $24) 

Plior annual bronchitis 0.014,0.075 0.016,0.076 0.7 1 NS 
horpitaIization8 (man, SO) (0.36-1.40) 

Yuan sim fimt contact 4.82,4.U 5.21,4.18 0.98 0.97 
For bronchitis (mean, SD) (0.974 .W) (0.9s-O.W) 
Treslment-fm18ted 

Brotichodilator dnrg (%) 10.7 74.6 0.04 0.08 
(vs no bronchodilator) (0.W.OS) (0.07-0.0s) 

Meintonance dnig8"" (96) 2.3 45.2 0.03 0.08 
(vs no prophyiaxir dniga) (0.029.03) (0.06-0.1 O) 

Oral corticosteroidr (%) 3.7 17.1 0.18 0.48 
(vs no oral corticosterOid8) (0.15.0.22) (0.37-0.84) 



Table 2.6.6. Likelihood of Continued Bronchitis Diagnoses venus Acquisition of Asthma Diagnoses 

Risk Factor Bmnchitis Asîhma Unadjusteci Adjustede 
(n=2495) (n=1447) Odd8 Ratb Wâs Raîio 

(95% CI) (95% CI) 

Age (mean,SD) 

Male gender (%) 
(va fernab) 

Treaty statu8 Indien (%) 16.1 9.5 1.83 NS 
(vs non-Tmaty) (1.49-2.25) 

Singleparent houaehold (%) 38.8 29.3 1.41 1.37 
(vs two-parent) (1 -22- 1 82) (1. t 3-1.66) 

Low incorne ama" (%) 30.7 18.8 1 -90 1.54 
(us higher income) (1.63-2.22) (1.24-1 90) 

SP, ICAo** household (%) 17.8 13.1 1 -45 NS 
(vs non SP, ICA) (1.20-1.74) 

Prematunr blrth (%) 6.7 5.6 1.21 1.48 
(vs not pmmatum) (0.92-1.59) (1.03-2.1 4) 

Ailefgic diagm8es ($6) 36.3 42.2 0.78 0,86 
(vs no allergy) (O.W.89) (0.72-1.02) 

W inter-only utilkation (%) 14.2 5.3 3.00 t ,83 
(vs year-round) (2.30-3.84) (1 34-2-49] 

Qrior annual bronchitis 0.032,0.122 0.016,0.076 6.46 NS 
hospitalizatbn (mean, SD) (2.77-1 5.1 ) 

Yean since fimt contact 5.87,4.36 5,21,4.17 1-04 1 .O3 
For bronchltis"'(man, SD) (1 .02-1.05) (1 -01-1.06) 

Maintenance drug"' (96) 3.6 45.2 0.05 0.09 
(w P P ~ Y I ~ ~  d n i ~ )  (0.04-0.06) (0.074.1 1 ) 

ofal c0itic08tWOid (96) 4.9 17.1 0.25 0.51 
(vs MI oral c o r t i ~ ~ i d )  (0.2M.31) (0.384.70) 

oadjuateâ for o t k  facbm in table, Vwmt inam quintik, -3ngbpamnt. incorn assistance household 
-* inhekd -, rodium cromaglycrt4, lodotilbn Md d-l 



Chapter 3. Asthma Severity in Children 

Asthma phamacocpidemiologic research is commonly plagued by confounding due to 

asthma severity because asthma severity is related both to the utilization of asthma dmgs 

and to asthma outcornes of hospitalization or mortality. Confounding by asthma severity 

is pertinent to the dissertation research evaluating the association between inhaled 

corticosteroid use, which is fiequcntly prescribed in mon severe asthma, and 

hospitalization for asthma, which is mon common in severe asthma. Vaiid mesures of 

asthma sevcrity are rquirtd to diminiah this bias. In this chaptcr various approaches to 

the measurement of asthma severity are assesseâ. A proposai is made for a dnig 

treatment-bascd asthma severity measure which can be applied to health care 

administrative data, followad by a prcscntation of dissertation findings on the reliability 

and validity of the proposeû insîrument. 

3.1 Concatual basis of asthma scvcritv instninicnts 

Asthma can manifest as a discase of mild and intemittent symptoms to one of life- 

threatening discase. [l] For lack of a btttcr classification sehane, an international 

pediatnc asthma consensus group has categonzed the continuum of asthma syrnptoms as 

mild, modcrate or sevm asthma. This section synthesizcs the literaturt on meapuns of 

asthma sevaity, with the objective of ptoposing a mcuwe which ovacomcs limitations 

in existing mepcuns and can be @cd to hcaith care administrative data. nie theontical 



and operational adequacy of three constructs of asthma severity is described: 1) functional 

status measures, 2) physiologie indices, and 3) acute health care utilization. 

3.1.1 Functional status measures 

Functional status measurcs of asthma sevaity in children include assessments of asthma 

symptoms such as symprom frequency, htensity or duration, and impact of the disease on 

the daily activities of children, such as play, sleep and schwl attendance. Cornmon 

symptom-based instruments are derived h m  the ordinal ranking of the fiquency of 

wheczing symptoms. [2] Othei instniments dcnote the intensity of asthma attacks such as 

the fiequency of speech-limiting attacks. The sUnilarity in prevaicnce of severe asthma 

among different fùnctional status constructs of severity reportecl in the literature, suggests 

that they may be measuriag the seme phenomenon.(Table 3.1) Morcover, hmctional 

status indicators of asthma severity, such as the number of schwl days misscd and 

symptom frequency, have been found to be correlated with e r h  olhcr.[3;4] Salome and 

Pattemore have aiso rcported a comlation betwecn the fkqumcy of wheaing or any 

respiratory symptoms, and degrce of branchial hypet-nsponsivmescr in childrcn.[5;6] 

3.1.2 Physiologic indices 

Physiologic assessmmts conducted to diagnose asthma such as lung hinction tests, have 

also been employai to evaluatc asthma sevqity. The FEVl lung h c t i o a  test is linearly 

related to aimay diametet, and the sevcrity of aiway obstruction is m c a s d  by the 

percent of pndicted FEVI.[7] The % pndicted FEVl value has been wd to grade asthma 

scvaity from mild (% ptcdictcd FEVi of 70-100) to swae (score of 35-49). Bmcbiol 
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hyper-reactivity has also been used as an index of severity. The dose of histamine 

required to cause a 20% fa11 in FEVl (PCZa) and the proportion of children with bronchial 

hyper-responsiveness have been found to be linearly related to the number of wheezing 

episodes.[S] Values for PCZo have also been used to develop asthma severity scales.[7] 

Salome et al reported a strong linear relationship between increasing asthma severity, 

classified according to the degree of bronchial hyper-responsiveness, and the proportion 

of schoolchildrcn experiencing wheezing symptoms or receiving asthma medications.[6] 

Similarly, Amaro-Galvez and colleagucs reportcd a inverse relationship between the dose 

of provocative methacholine and grade of astbma severity, developcd h m  symptom and 

dmg-based measures in their cohort of childm attending an asthma clinic.[B] 

Other investigators have documented a correlation between pulmonary function 

parameters such as % FEVi predictecl and peak flow variability, and functional 

statushedth care use measurcs of asthma sevaity in adolescmts, but none with bronchial 

hyper-respomiveness.[9] Monover, as bmnchial hyper-responsiveness can exist 

independently of wheczing symptoms, Toelle at al proposed a definition of "cunent" 

asthma which i s  based on the pnsence of bronchial hyper-reactivity and wheezing. [ 1 O] in 

theù shidy, chilâren with "cumnt" asthma, aged 7-10 years, were more likely than those 

with cithet wheezing or bmnchiai hyper-nactivity to expcrience limitations in activity ; 

ten years later, childrrn with "currrnt" astbma were more likely to have activity 

Limitations and sleep disfurbance, thcn children with a diagnosis of asthma.[l l] The 

authors concluded that the presaice of bmnchiai hypcr-rtsponsiveness and wheezing 

denotes chilch with more scvm asthma, and with a p n r  prognosis. 



3.1.3 Acute health service utilization 

Hospitalization for asthma has preâicted recurrent hospitakation and emergency 

department use in chilken and adults,[12;13] and has been found to be correlated with 

functional status measuns of seventy. Data h m  the 1988 US National Health XnteMew 

Survey docummted that children with severe asthma, as defined by activity limitation, 

bed days and school days missed, were hospitalized more oAen ihan children with mild 

asthma (27% vs 3%), and spent more days in hospital (mean=56.1 days vs 15 days) in the 

past year.[l4] Lieu et al obsemd that children who were hospitalized for asthrna were 

significantly more Iikely to have fiquent symptorns, to have activity limitations and to 

miss a greater number of school-days, than childm with asthma who wen not 

hospitalized.[lS] In a random swey of 100 children adrnitted to a Los Angeles hospital 

for status asthmaticus in 1988, 34% had compromised physical activities, 49% missed at 

least 10 days of school and 60% had sleep intafcrnice because of asthma[l6] An 

increased number of days with wheezing has also preâicted increased usage of the 

emergency department by children.[l7] However, poor lung huiction values have not 

predicted recumnt emergency stryicc use arnong adults with asthma[lî] 

3.2 Validitv and reliabilitv of asthma severitv instruments 

Much of the discussion on the operational dcquacy of the physiologie and huictional 

domains of a case definition for asthma is also relevant to this section. However, there are 

additional issues with respect to the validity and nliability of asthma severity 

instnunents. The occumnce of asthma symptoms may bs adequatcly recordai in medical 



records, but th= appears to be a lack of data on the magnitude of asthma symptoms 

which is requirrd to detennine asthma severity. A medical chart audit of 166 Amencan 

pediatricians and family physician in the 1970's documented the absence or presence of 

interval symptoms in 70% of the charts, but the âquency of asthma attacks was noted in 

less than 50% of charts.[ll] Another review of 271 inpatient and outpatient medical 

records conducted by trained nurse abstractors showed that asthma severity couid not be 

classified based on the information rccordcâ regarding symptom fkquency and activity 

limitation in more than 40% of the ncords.[l9] In a re-analysis of the beta-agonist and 

fatal asthma study, the poor pdomiance of a severity score basai on the presence of 

disability (schooVwork missed) and clinical symptoms, recorded for previous 

hospitalizations, was amibuted to the paucity of data in the hospital medical record.[20] 

Parental reports are a good source of data on the fiqucncy of wheezing and impact of 

asthma on the child's activities, but may be strongly biased with respect to the extent of 

the buden of asthma and its matment on the family.[21] In Lieu et al's study, parents of 

chilârcn who w m  hospitaüzed weie mon likely than parents of childrai with asthma 

who were not hospitalizcd io statc that their child haâ severc asthma, than to report 

âcquent symptoms or major limitations in activity. (151 There am also issues nlated to 

the vdidity of the school days missed measure, which due to the lack of specificity of 

school records, may rcprcscnt ail school âays ~missed.[4] 

Parental reports and physician records am nliaôlc sources of hospitakation data;[19;22] 

because hospitais are nquired to rubmit data subjcet to kgislation or conditions of 



reimbwemmt, health administrative records are the most comp lete. [23] However, 

despite correlation with symptom-based measures of asthma severity, hospitalization for 

asthma is not a highly valid measure of disease severity. Population-based proportions of 

children hospitalized for asthma arc Iowa than the prevalence of severe asthma denved 

fiom huictional status measuns.(Table 3.1) Geographic area variations in asthrna 

hospitalization have not been explallied by variations in symptom-based asthma severity 

measures.[24]The acuity of hospital admission for asthma is rarely described in research 

[25;26] and there is some suggestion that hospital admission, similar to hospital length of 

stay, is dependent on hospital policies or physicim practice styles.[27] Inappropriate 

hospital admission for asthrnahronchitis, defined on the bais of severity at presentation 

and intensity of hospital s e ~ c e s ,  has been found to be a9 high as 15% of admissions in 

some US hospitals.[28] In a cornparison of asthma hospitalization rates among thm US 

communities, the community with the highest hospitaiization rate dso had the highest 

proportion of children who were not severcly asthmatic during the fust 24 hours of the 

hospital stay.[29;30] These observations may explain the lack of success of asthma 

hospitaiization measms in controllhg for asthrna stverity in epidemiologic research, 

such as Spitzer at al's trial of beta-agonist exposure and faWnear fatal asthma.[3 1;32] 

3.3 Summaw of ~hvsiolofzk. ftnctional and acute hcalth c m  utilization rneasures 

The theoretical orientation of symptom-based sevcrity measuns is strorig, but symptom 

data are mon diable if obtaind h m  parental reports than medical mords.(Table 3.2) 

However, the main limitation of symptom-based revaity mesnutr is theu inaôility to 





distinguish between asthma sevcrity and asthma control. [33;34] A child with mild asthma 

may experience the same amount of wbming as a child with more severe, but well- 

controlled asthma. In Powell et al's evaluation of 336 schoolchildren with asthma, no 

significant ciifferences w r n  found between the fkquency of symptoms among children 

receiving inhaled corticostmids, sodium cromoglycate or no regular treatment.[3 SI The 

bronchial reactivity test has also been shown to be sensitive to changes in asthma control 

when corticosteroiâs are prescnbed. [36-381 In addition, as bronchial reactivity testing is 

not commonly pctfomed in clinical settings, medicai records are not gwd sources for 

this data. The hospitalization measure of asthma severity has been cornrnonly used to 

d e h e  asthma severity, especially when hedth care administrative databases are data 

sources, but has becri met with limited success in rtscarch practice. 

Alternative mcasms of asthma severity are those baseâ on dnig treatmmt regimens. 

h g s  are prcscribcd in Psthmo following a stepwise approach, which represents the 

successive addition of asthma dnigs to the dmg thaapy regirnen, as asthma severity 

increases.[39;40] This approach kgins with the use of "as needed" inhaled 

bronchodilator therapy for symptom relief in mild asthma Mild asthma is defined as 

sporadic episodcs of coughing or wheezing, usuaily leas Uw 1-2 times weekly. Children 

with muent, but episodic astbma, usuaily pa t e r  than 1-2 exacerbations per week are 

considerd to have moderate asthma Modcrate asthrna rquks the initiation of daily 

matment with an inhalai corticosteroid, sodium cromogiycatt or ketotifai to prevent the 



occurrence of symptoms. Chilchen wi th severc, chronic asthma warrant more aggressive 

therapy. Higher doses of inhded coriicostcroid andor concornittant therapy with long- 

acting bronchodilators are recomrnended at this stage. Short courses of oral 

corticosteroids are also ncommendcd for the treatment of acute episodes. 

Traditiondly, markers of severe asthma such as grcatcr intnisity usage of bronchodilators 

or oral corticosteroids, have b m i  utilized as memures of asthma severity in research. 

[31;41-431 h g  treatmmt-bd scales am based on the step-wise approach to asthma 

phannacotherapy, and assign higher severity scons with successive additions of asthma 

dmgs to the drug ngimen a d o r  with greater intensity use of dnigs. [8;44-481 Amaro- 

Galvez and collegues categorized asthma severity according to use of bronchodilators, 

assigning non-users as mild asthrnatics and daily users as sevm asthmatics. [8] In otha 

instnimcnts, higher severity scores have k e n  assigned with each successive addition of 

asthma dmgs to an initial drug ngimen of intermittent bronchodilators; children receiving 

oral corticosteroids arc categorwd as having sevm asthma.[46;47] The scale developed 

by Richards et ai alao assigneci a higha scvcrity score to persoas receiving multiple 

asthma dnigs.[48] The asthmt merity scales matcd by Walsh et al and Konig et al 

closely followcd the stcpwisc approoch to therapy and wae applied to prescription 

data.[44;45] A prototype drug trcatmentwbasd asthma sevcrity scaie is presented in 

Figure 3.1. 





Asthma severity markns such as high use of bronchodilators and oral corticosteroids, 

have been found more ûequently mong persons with mon severe asthma, as dcfined by 

dmg regimen asthma severity scales. [44] h g  treatmmt-based severity scales have also 

show to be correlated with asthma symptom and bmnchial reactivity measures of asthma 

severity.[8;47] increasingly seven asthma according to Wahlgren et al's hg-based scale 

was significantly more likely in asthmatics with increased symptom severity, poorer lung 

function and greater limitations in activity.[46] h g  regimen-based scales have also been 

found to be comlated with hdth  utilization measurcs and physician asessments of 

asthrna severity.[48] They arc cornmon cornponents of fûnctional and health care use 

severity scales. [49] These types of scales have also been reported to be related to other 

functional status measures in chilâren. In a cohort of 175 children attending an asthma 

clinic, school days misscd w m  significantly higher among children with moderate 

asthma, on the bais of sodium cmoglycate use, thm children with rnild asthma, using 

on1 y bmnchodilators. [45] 

The strength of h g  treatment-based scales is that they can npnseat severe asthma in 

cases where mon intense treatment has ~sul tcd  in rcâuction O t symptoms,[33 ;34] as was 

illustrated in Powell and Prinkham's evaluation of school-childnn with asthma.[35] 

Furthemore, a vcry useful application of the dnig rcgimen-based asthma seventy 

mcasurc is the monitoring of asthma prognosis in chilcim. Konig and Shaffkr classifieâ 

175 childnn as having rnild. moderate or severc asthma, following the stepwise approach 

to dnig therapy. and followed them over an eight ywr pcriod (rangc:2.2-16.8 years)[45] 

Tcn percent of children with mild asthma w a c  ie-classificd as hoving moderate-scverc 



asthma, while sixty percent of children with moderate-sevm asthma rmained in the 

same severi ty category at follow-up. 

Critics of treatment-basai d e s  point out that drug utilization is not a usehl measure of 

asthma severity because it is influencecl by physician prescribing pattems.[34;50] 

However, validity assessments cm bc perfonned to assess the innuence of prescribing by 

different medical practitionm on the classification of asthma severity. [51] Another 

caveat to using drug-bad scales is the potentiai exclusion of childnn with mild asthrna 

because they are less are less lilccly than chi lch with sevm asthma to reeeive ûeatment 

with asthma medication.[6; 1 1 ;52] 

3.5 Pm~osed research and hvwtheses 

Research was undertaken to develop a dmg treatment-bascd asthma severity instrument in 

childm for application to population-based studies whkh utilize health c m  

administrative data. The scicntific merit of the asthma sevaity instrument in classifyuig 

asthma severity in childm was assesseci by tests of rcliability, valiâity and 

rmponsiveness. 

Study Hypothesis I: 

nie dmg treatmcnt-basai asthma sevaity instrument is a reliable masure of asthrna 

sevcrity, as s h  by high agreement on a tmt-ntcst of the classification of chilchen into 

severity cptegorics. 



Study Hypothesis II- VI: 

The dnig treatrnent-based asthma severity instrument is a valid measure of asthma 

severity, such that chilâren with severe asthma are more likely to: 

i) have severe asthma at an early age, 

ii) visit an asthrna specialist, 

iii) be hi&-inttnsity users of physician services, 

iv) receive cntical care while hospitalized, and 

V) to live in low income neighbourhoods. 

Smdy HypothesU VII: 

The dmg treatment-based asthma severity instrument is responsive to changes in a s h a  

severity over tirne, as documented by a higher prevalence of chilâren with severe asthrna 

who w m  ntlassifieâ with severe asthrna two years later. 
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ABSTRACT 

Backmund: Valid measures of asthma severity are critical in asthma phamaco- 

epidemiologic reseamh to diminish confounding of associations between dnig therapy 

and outcomes. This study was undertaken to develop and validate a dnig treatment-based 

asthma severity measure in children for application to hedth care administrative data. 

Methods: A dmg treatment-bas4 asthma severity measure was developed on the basis of 

stepwise addition of asthma dmgs with increasing asthma severity and indicators of 

asthma exacerbations. The measure was applied to a cohort of 16,862 children meeting a 

diagnosis and dmg-basai case definition for asthma, and having at least one prescription 

for an asthma drug during January 1995-March 1996. The nliability of the measure was 

assessed using test-retest npmducibility, prdctive and constmct validity of the measure 

were ascertained through cornparisons with 0 t h  markers of severe asthma, and measure 

responsiveness was detennined by assessrnent of changes to asthrna severity over time. 

Results: The dnig treatment-based asthrna sevcrity measure classified 37% of children 

with mild asthma, 42% with moderate asthma, 19% with moderate-severe asthma and 2% 

with severe asthma. The weighted kappa score for agreement on asthma severity 

classification betwecn two successive time periods was 0.82. Children classified with 

moderate-sevae and severe asthma w m  significantly more ükely to have previous 

asthma hospitaiizations, to visit asthma specialists, to have 5 or more physician visitdl5 

rnonth pcriod and to require critical care up& hospitaliution. These childrcn were also 

twice as lkely to be re-clauificd in the same sevaity catcgory, two y e m  foUoWing the 

end of the study pcriod. 



Conclusion: A h g  treatment-bas4 asthma severity measure in children was developed 

for application to hcalth care administrative data. The measure was found to be highly 

reliable and valid, and responsive to changes in asthma ova  the .  

INTRODUCTION 

Asthma can manifest as a disease of rnild and intemittent symptoms to one of life- 

threatening disease. [ l]  C h i l c h  with the more sevm form of the disease are more likely 

to have activity limitations and to be hospitalized.[l] Mcasumnmt of asthma severity is 

critical in asthma pharrnacoepidemiologic research to diminish potential confounding of 

associations between dnig thcrapy and asthma outcornes. Although previous 

hospitalization for asthma p d c t s  future hospitaiization,[3] hospitaiization for asthma 

has wt consistently been an effactive measurc of severity stahis.[4-71 Functional asthma 

severity measures such as symptom fiequcncy, and physiologie measures such as 

pulmonary bct ion tests, are constraincd by the paucity of data in the medical 

record.[8-101 Moreover, these measures are limitai in their abiiity to discriminate 

betwmi disease sevdty and discase control.[ 1 1-1 31 

Alternative measurcs of a s h  severity are those bascd on h g  treatment regimens. 

Centaed on the stcp-wise approach to asthma dnig thcrapy and markas of asthma 

exacerbations [14-201 dnig trcatmtllt-baed scales assign higher stverity scores with 

successive additions of asthma dnigs to the drug therapy regimen and with greater 

intensity use of dmgs.[16,21-251 DNg tmatmcnt-based scalcs have shown to be 



comlated with fùnctional status and physiologic measuns of asthma severity, and have 

the advantage of reprcsenting severe asthma in cases where mon intense treatment has 

resulted in reâuction of symptoms. (16, 22-25] They can also be combineci with 

functional and health care use severity scales. [26,27] Critics of treatment-based scales 

point out that drug utilization is not a useful measun of asthma severity because it is 

influenceci by physician prescribing pa-: [28,29] However, validity assessments c m  

be perfonned to assess the infiuence of practitioner prescribing on the classification of 

asthma sevaity.[30] The objective of this research was to develop and validate a drug 

treatrnent-based asthma severity measure in childm for application to population-based 

studies which utilize health care administrative data. 

RESEARCH METHODS 

Deveio~ment of Asthrna Severitv Measure 

A drug ûeatment-based asthma severity measure, categorizing children as having mild, 

moderate, moderate-severe and severe asthma, was developed for application to health 

care administrative ciata.[l] The mcasurc was composcd of two components, which 

assessed: 1) the profile of asthma ârug categories, and 2) the kqucncy of asthma attacks, 

represented by pmxy indicators such as asthma hospitalizations, and oral steroid and 

bronchodilator prescriptions. The latter was includeâ as a componeut in the event that 

secondyy asthma dmgs w m  not pnscnbed or obtained for children with more severe . 

asthma. The main fcaturts of the measurc w& as follows: 

utilization of asthma dnigs, in addition to a bmnchodilotor or sodium cromoglycate, 

increasd seventy by one level (by two levels if oral wrticost~t~ids), 



hospitalization for asthma, high bronchodilator use [19,21] and 5+ courses of 

corticosteroids/ 15 month period [ L7,2 11 increased seventy by one level 

High bronchodilator use correspondcd to doses in the highest docile (goth ) of the 

distribution of bronchodilator use (total doses/ 15 month period) in the child cohort .[2 11 

Hospitalization for asthma was a hospital admission with a primary ICD-%CM diagnosis 

code of asthma or broachitis, or with a primary code for respiratory infection and a 

secondary diagnosis of asthma. 

Data Sources and Record Linkaae 

The asthma seventy measure was applied to health care administrative records of 

Manitoba childrcn, defined as having asthma Data for this study wcre obtained nom four 

cornputerizcd databases maintaincd by the Manitoba Health Smices Insutance Plan 

(MHSIP): 1) ngisaation files, 2) records of physician reimbursement claims, 3) records 

of hospital separation abstracts, and 4) records of prescriptions dispensed in retail 

pharmacies. nie MSHIP registration file contains a record for evcry individual registered 

to receive insured health SenRces and records birthdate, sex and geographic location. 

Records of physician rcimbursemcnt for mcâical carc pr~vidod are submitted under a fee- 

for-service arrangement, and contain information on patient diagnosis at the 3-digit level 

of the ICD-9-CM classification system and physician specialty. Separation abstracts for 

hospital services pmtided include information on 16 ICD-9-CM diagnostic codes, of 

which the h t  is the diagnosis which is most mponsible for the hospital stay. 

Prescriptions dispmsed which arc submitted.by rdail pharmacies for reimbursemmt by 

provinciai dnig insurance pluu or for dmg utilization nview purposes, contain data on 

the dw of prescription dispcnsing, dnig namc, stnngth, and quanti@, and a 9 4 # t  h g  



identification number. The reliability and validity of the MSHIP databases has been 

show be high.[31-331 Record linkages arnong databases were achieved through the use 

of anonymous personal identifiers. Statistics Canada Census 1996 household income 

data, aggregated to the geographic unit of the enummtion ma, were used to raak 

neighbourhood income quintiles h m  20% of the population residing in the lowest 

incorne to 20% of the population residing in the highest income neighbourhoods.[34-361 

A database chuacterizhg Manitoba physicians was also utilized. 

Studv Po~ulation 

A total of 174,208 children, aged 5- 15 years as of January 1, 1995, living in households 

with adults and registercd with Manitoba Health until March 3 1, 1996 were identified 

fiom the MSHIP ngistry. This time period was chosen to caphue &ta prior to a major 

policy change in the provincial dnig insufance program. Approximately 48,000 children 

met the following case definition for asthma: at least one diagnosis of asthma or 

bronchitis on a physician claim or hospital abstract record, or in the absence of these 

diagnoses, one prescription for an inhaled corticosteroid or sodium cromoglycate, or two 

prescription records for a bronchodilator, or one prescription for a bronchodilator and 

ketotifen during a 3+ year time period, January 1, 1995 - March 3 1, 1998. [37] A study 

cohort of 16,862 childm was deriveâ h m  this sample, fcpresenting childm who had 

received a prescription for an asthma drug during the t h e  pcriod, January 1,1995 to 

March 31,1996. Asthma dmg therapy was classifiai as follows [38]: 1) inhaled 

bronchodilators [cg. b-adrcnergic agonist, ipratmpium bromide], 2) oral bronchodilators 

[eg. b-aârcnergic agonists, thaophylline], 3) inholed corticostetoids [cg. bcclomethasone 



dipropionate, budesonide, Outicasone propionate], 4) antiallergic agents [eg. sodium 

cromoglycate, ketotifm], and oral corticosteroids [eg.prednisone, prednisolone]. 

Reliabilitv of Asthma Severity Measure 

Psychometric assessments of the reliaôility of the asthma severity algorithm, such as the 

Cronbach alpha measure of internai consistency, were not undertaken because the 

severity algorithm was defincd on dinical gmunds and it was not expected that individual 

components of the scde would consisteatly be correlateci in the same direction.[24,38] 

For example, the correlation betwecn rcceipt of 5+ courscs of oral cortjcosteroids and 

hospitalization among individual childmi could be positive or negative, depending on the 

degm of asthma control. An alternative measure of nliability, test-retest reprducibiiity, 

which assessed the stability of the asthma severity measure over tirne was employed.[40] 

The study p&od was divided into two cqual time periods. The asthma severity measure 

was applied to July 16, 1995 - March 3 1, 1996 prescription and hospital abstract data, and 

the raultant âequmcy distribution of asthma severity categories was compand to those 

based on January 1,1995 - July 15, 1995 &ta for the 6,187 childrm who received 

prescriptions for asthma dmgs in both time paioâs. The weighted kappa statistic was 

calculateci to describe the percent agreement on the asthma severity categories between 

the two time paiods. [40,41] 

Pdictivt and Construct Validitv of the Asthma Sevtritv Measutt 

The predictive validity of the asthma sevcrity measun w u  asscsscd by examining the 

relatiomhip betwcen the asthma sevcrity scie and fiiturc outcornes which an associated 

with asthma severity such as incrcascd likelihood of critical c m  d h g  hospitalization, 

of high intcnsity physician w and of consultation with asthma or pcdiaûic specialists, 



over the time p d  January 1995-March 1996. [2,23,30,39] The abiiity of the measure 

to predict previous outcornes such as asthma severity at a younger age, was dso 

assessed.[42,43] Requuement for critical care was defuied as the ûansfer to a critical care 

unit. or ICD-9-CM procedm or diagnosis codes for ventillatory support during 

hospitalization for asthma. Consultation with an asthma or pediatric specialist was 

dehed as contact with hospital or ambulatory cm physician classified as an allergist. 

respirologist or other pediatric specialist. High intensity physician use represented the 

highest decile (904 of the distribution of physician visits per child in the cohort, which 

was quivalent to 5 or more physician visits over the 15 month period. Asthma seventy at 

a younger age was measured as the mual number of hospital admissions for asthma 

from bitth to beginning of study penod. For the predictive validity analyses, the 

moderate-seven and severe categories w m  combined to fom the severe asthma 

category. We hypothesized that childnn with severe asthma were more likely to have 

severe asthma at an early age, to Msit an asthma specialist, to be hi&-intensity users of 

physician services, and to rcceive critical care while hospitalued. 

Preâictive validity was assesscd by detennining the iikelihood of the predicted outcome, 

as represented by the odds ratio (OR) for the outcome mong childm with severe asthma 

versus those without sevm asthma. Another test of predictive validity involved the linear 

rcgrcssion of the numbcr of evmts for the outcome on the category of severe asthma. The 

outcome variable was log transfonned if distribution characteristics did not follow a 

normal distribution. To control for the potcntiai influmce of physician prtscnbing on the 



asthma classification system, these analyses were also conductcd in childm stratified by 

asthma specialist status (ever seen asthma specialist versus not). 

in addition, the constnict validity of the asthma severity scale was detennined by 

assessing the relationship between asthma severity and residence in a low income 

neighbourhood. Consistent with the literature, we hypothesized that children with more 

severe asthma wen more likely to live in low income neighbourhwds.[44] To test this 

hypothesis, childnn wen placeâ into neighbourhood income quintiles according to the 

postal code location of their home. The likeühwd (dds  ratio) of severe asthma in lower 

venus higher income neighbourhoods was detennined, and a Mantel-Haenszel chi-square 

trend test was conducted to assess the distribution of asthma severity across income 

quintile neighbowhoods. Al1 statistical tests w m  conducted at the 95% level of 

confidence. 

Reswnsiveness - of Asthma Severi- Measure 

The nsponsiveness of the asthma severity measure or its ability to detect change in 

severity over t h e  was assessed. [23,40] The magnitude of dmeascd asthma severity in 

childrcn with mild to modcrate asthma versus childm with moderate-severe asthma 

betwem the time pcriod January 1995-Mmh 1996, and Apnl 1996-March 1998 was 

described by the odds ratio, and 95% confidence interval. Decrcased asthma sevcrity was 

defined as: 1) discontinuation of asthma drue and 2) decrcased level of severity h m  

moderate-severe lsthma to mild-moderate &thma. To enable cornparisons m s s  the ,  

the wverity algorithm was applid to p d p t i o n  and hospitaiizatioa &ta for the t h e  



p e d  April 1, 1996 to March 31, 1998, and adjustments were made for the longer 

evaluation p e n d  (ie. sevcre asthma if 8 courses of oral corticosteroids over 24 months). 

RESULTS 

The study cohort was composeci of 16,862 children who met the case definition for 

asthma and had a prescription for an asthma dmg during January 1,1995 to March 

3 1,1996. Excluded werc 1 5,377 childm wi th health care contacts for asthma-like 

diagnoses, but no asthma h g  prescriptions during the study period, of which 75 (0.5%) 

had been hospitalized during the study period, and 12,341 (80%) had received an asthma 

dmg prescription during April 1996-March 1998, but not January 1995-March 1996. 

Sixty percent of the 16,862 cohort childm w m  aged 5-10 years, 76% were chilâren 

fkom urban anas. and 33% lived in the 2 lowest neighbourhwd income quintiles. Haif of 

the children had a physician diagnosis of asthma, 25 % haâ concurrent diagnoses of 

bronchitis, 15% of chilâren ody had diagnoses of bronchitis, and 1 1 % had prescriptions 

for asthma dnigs, but no health care visits during the study period. Eighty-three percent 

of cohofl childm had rcceivd bmnchodilators, 45% had received inhaled 

corticosteroids, 9% had rcceivcd prophylaxis dmgs othcr thm inhaled corticosteroids, 

and 18% haâ rcceivcd oral corticostmids. O v s  fi@ percent of chil&cn were treateâ 

with asthma &ugs in addition to inhaled bronchodilators or sodium cromoglycate, 7% of 

children wen high users of bronchadilatok, 2.2% of chil&cn were hospitalizd for 

asthma, and 4 %  of childnn had rrceived 5 or mon courses of oral stemida. 



Following the application of the asthma seventy mesure to prescription and 

hospitalization data, 37% of chilâren had mild asthma, 42% had moderate asthma, 19% 

had moderate-severe asthma, and 2% had severe asthma. The distribution of asthma 

severity in children with selected medication profiles is show in Table 3.7.1 to illustrate 

how the severity measun was applied. The majority of children treated onLy with 

bronchodilaton were categorized as mild asthmatics, those treated with uihaled 

corticosteroids were mostly classified as moderate asthmatics, and children treated with 

oral corticosteroids were main1 y de nned as maderate-severe asthmatics. 

Thirty-six percent of cohort children had no prescriptions for asthma h g s  during 

January 1,1995 JuLy 15,1996 and 28% had no asthma prescriptions d u ~ g  the second 

time p e n d  leaving 6,187 childrni or 37% of the original cohort in the test-retest 

assessrnent of the reliability for the asthma severity algorithm. Application of the asthma 

severity mesure to the July 16J995-March 3 1,1996 time penod showed that a 

substantial proportion of childmi wcre re-classifiai into the sarne asthma severity 

category, as in the f h t  tirne pcriod (Table 3.7.2). The weighted kappa score for 

agreement on asthrna severity categories between the h t  and second time periods was 

0.82, which is considerd excellent agreement. [45] 

Sevm asthma (excluding moderate-severe asthma) was significantly mon lilcely to be 

present in asthmatic childm living in the b o  lowest income quintile neighbourhwds 

(OR=1.3 1, 95%CI: 1.05-1.63 ), and a negative income @cnt was present with 

incttasd sevcrity of asthma (h4anteCHaewel chi-square, p=û.Wl).The Orelüiood of 



severc asthma at an earlier age, hospitai admission for severe asthrna, and high physician 

utilization and asthma specialist use was significantly greater arnong children with severe 

asthma (Table 3.7.3). Similarly, results h m  regression analysis documented that the 

number of events for each severc asthma outcome werc significantly higher in children 

with severe asthrna (Table 3.7.4). Similar relationships between critical care and high 

intensity physician use, and asthma severity were obsmed arnong children who had seen 

an asthma specialist and among childm who had not. 

Seven percent of cohort childmi rcceived no prescriptions and 34% of children had no 

prescription records for asthma dnigs from April 1, 1996 to March 3 1, 1998. Cildren 

classified with moderate to severe asthma in 95/96 were twice as likely (95% CI: 1.8-2.2) 

as children with rnild to moderate asthma to continue to -ive prescriptions for asthma 

dmgs in 96/98. Among 10,918 childm who continucd to receive asthma drug 

prescriptions, childmi with moderate to severe asthrna were 5.3 times more likely (95% 

CI:4.9-5.8) than childm with mild to maderate asthma to be classified as having 

moderate to scverc asthrna in 19964998. 

DISCUSSION 

The reiiability of the asthma sevcrity measure, assegwd by the test-ntest measure, was 

found to be excellent. This reliability rating is much higher than that reportcd by Richards 

a al who used the Cronbach alpha coefficient to evaluatt the intemal consistcncy of k i r  

asthiria severity scole.[24] Their hdings support our a priori bclief that individual 



componmts of an asthma severity sale would not be well correlateci, and our decision 

not to use the test of intemal consistency. The asthrna severity algorithm was also 

responsive to changes in asthma severity over a t h e  year period. Natural history studies 

of asthrna show that 30-80% of school-age chiken will have dmcased asthma-like 

symptoms by the tirne they reach adulthood.[46] As the cohort aged two years, 40% of 

the children ceased to receive prescriptions for asthma dnigs. Childm with moderate to 

severe asthrna in 95/96 were more likely than chilâren with mild-moderate asthma to 

continue to be treated with asthma drugs, and to expcrience severe asthma. Our 

observations are consistent with the litcraîure which reports that prognosis and severity of 

childhood asthma is related to severity ai an earlier age.[42,43] Similar findings have 

been documentcd with other dnig treatment-based measures.[23] 

The asthma severity measure has face validity because it was foundcû on clinical practice 

guidelines for asthma h g  therapy. The distribution of chilchen by asthma severity was 

similar to that obtained h m  othcr asthma severity scales [16,23] and the proportion of 

children categorizcd with sevcn asthma was similar to thet reportcd by population-based 

s~idies.[2;47,48] We have also shown that the asthma severity measurt has constmct and 

predictive validity. The association betwcen asthma severity and mcioeconomic status 

was rcproduced using the asthma severity scale.[44] The preâictive validity of the 

measure was evidcnt in its ability to p d c t  asthma sevcrity outcomes of increased need 

for hospital criticai cm, of incnascd  bul la tory physician c m  and of increased 

consultation with asthma or pediatric specialists. 0 t h ~ ~  anpinc evideace shows that dmg 

regimen-based asthma stvcrity measuns arc relatai to scvcrity mesnirrs such school- 



days missed and unschaduled physician visits, [23] and indirect markers of severity, such 

as high intensity use of bronchodilator and oral corticosteroid drugs.[tl] The likelihwd 

of seeing an asthrna specialist and the number of specialist d t s  was significantly higher 

children with severe asthma, suggesting that higher severity classification by the asthma 

seventy measure was represmting physician prescnbing, as has been described by - 

others.[30] However, the asthrna severity scale contkued to have predictive validity for 

the other outcomes independent of physician specialty. 

A limitation of the asthma sevcrity masure is that it may be vulnerable to bias associated 

with the employment of health care utilization data. n ie  literature reports that as much as 

30% of children with asthma symptoms have not seen a physician. [49] However, almost 

al1 chilken with a diagnosis of asthrna will meive h g  therapy at some point, and a 

high proportion of children expcriencing current asthma symptoms arc trcateâ with drug 

therapy. [48,50] Our h g  regimen-bascd asthma severity measure had the potentid to 

classify an additional 12,341 childrcn who eventually received a prescription for an 

asthma dni& but we selected the 15 month thne pcriod prior to a major change to 

pharmaceutical policy, believing that it would impact on drug utilization. In addition, the 

caveat to using longer evaluation periods arc changes to asthma severity over tirne, as we 

have shown. Finally, the asthma severity masure would not classify chilâren with mild 

asthma, who never sec a physician, and childm with severe asthma who receive asthrna 

dmg therapy only while hospitalizad. In O& study, the latter accounted for 75 childm 

during the study pcriod. 



In conclusion, we have developcd a severity measwe for childhood asthma which can be 

applied to health care administrative data. Our asthma severity measure was found to be 

highly reliable and valid, and respoiuive to changes in asthrna severity over the .  As 

such, it should prove to be a usefûl measun of asthma severity in epidemiologic research. 
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Tabk 3.7.1. Frquency DhWibution (%) of M m a  Sevewity Catsgorb by Asthma Drug Profiles 

Asthma Category Mild Moderate Mod-Severo Severe 

All children (n=16,862) 36.6 42.2 19.2 2 .O 

Bronchodilaton only 94.8 S. 1 0.01 
(n-74) 

Low use 8+4 O. 1 
Modefate use 86.4 0.3 
High use 4.7 0.01 

ln haled corticosteroids + other 
asthma dmgs (6053) 

Low bronchodilator use' 33.4 0.1 
Mod brocictiodilator u8û 57.1 0.8 
High bmnchodilatw um 8.4 0.2 

Oral wrtbsteroMs + other 
Asthma drugs (n=2974) 

Low bronchodilator useo 
Moderate bronchodilator use 
High bronchodilator use 

includes children with no bronchodiîators 

Tabk 3.7.2. Frequency Distribution (%) of Asthma SeWty Categdm in 1/95-7195 and 7/95-3/96 
7/95 - 3/96 

Asthma Catseory Mild Modeme Mod-Severe Severe 
1/95 - 7/95 

Mild 24.3 22.5 1.8 0.02 0.0 

Severe 5.3 0.0 0.0 0.8 4.5 



Table 3.7.3. Likelihood of Critical Care, High Phyriclrn Utilization, Specialist Use by Severity 
Status 

Predicted factor % children Odds Ratio 
(95% CI) 

Previous homital admission for asthma P llvear] 

Severe asthma (n=3570) 
Not severe asthma (n=13292) 

Hos~itai admission for severe asthma ftransferred to 1CU andlor reauired ventillatow su~oort)* 

Severe asthma (n=3071) 
Not severe asthma (na871 ) 

Severe asîhma (n=3570) 
Not severe asthma (n=13292) 

Severe asthma (nt307 1 ) 
Not severe asthma (n=9871) 

Controlling for specialist u8e=yes 

Transferted to ICU andlor reauired ventilaton, su~bort 

Severe asthma (n=709) 
Not severe asthma (n=1356) 

Seveie asthma (n=709) 
Not severe asthma (n=1356) 

Controlling for specialist use=no 

Transfened to CU andor rmuired ventillatorv support 

Severe asthma (n=2362) 
Not severe asthma (n=8515) 

Severe a8aima (n=2362) 28.4 
Not severe asthma (nr8515) 7.7 

no physician utilization in 3920 children. includm childm with no phyWan utilizath 



Table 3.7.4. Number of Critical Cam Admiukns, Phpician and Spcialist Visib by Severity 
Statu8 

Predictive factor Number of Events p value 
Per 100 children 

Previous hosnital admissions for asthma DCH vear 

Severe asthma 
Not severe asthma 

Hos~ital admissions for severe asthma ltransfer to ICU andlor reauired ventilletont su~~ort)  

Severe asthma 
Not severe asthma 

Severe asthme 
Not severe asthma 

Severe asthma 
Not severe a8Ulma 

Controlling for spdalist use=yes 

Hosnital admission for mvere asthma &ansfer$ to ICU andlor reauired ventillatorv suowrt) 

Severe asthme 
Not severe asthma 

Severn asaima 
Not sevm asthme 

Coritrolling for specialist userno 

Severn aathma 
Not mvwe asthma 



Chapter 4. Socioeconomic Status and Inhaled Corticosteroid Utilization 

in Cbildren with Asthma 

In the m o u s  two chapteis, the reader became acquainted with the methoâs for defining 

childhood asthrna and measuring asthrna sevcrity. The discussion now tums to the 

research area of interest, related to the utilization of inhaled corticosteroid drugs in 

chilchen. This chapter presmts background data on the efficacy and effectiveness of 

inhaled corticosteroid drugs in childmi, and observations on how these cirugs are used in 

practice. The chapter is concluded with the bdings of the dissertation research on 

socioeconomic status and utilization of inhaled corticoteroid drugs. 

Drug therapy is the comerstone of asthma management; nonpharmacologic measures are 

adjunct measurcs. [l] Beta2-agonist drugs stimulate B2 tecepton to relax aimay smooth 

muscle and arc administend for symptomatic relief of a h a y  obstruction. [2;3] In 

addition to having excellent bronchodilator properties, this class of drugs provides a 

bronchoprotective effect, by preventing the bronchoconstriction which occurs 

Unmediately d e r  ailergen chailenge. The beta-agonist, salbutamol, is most onen 

administercd as an inhaled dnig on as ncedcd buis to mat acute episodts, but can be 

administersd on a daily buis in its oral fonn to provide pmlonged bmnchodilatation. Oral 

pnparations arc also of use in some childm who csawt master propcr inhalation 

technique. nie nmer long-acting, inhaid bcta-agoaist salmeteml has an extendcd 



duration of action and is indicatcd for maintenance treatment of asthma, but not for acute 

syrnptomatic relief or as monothcrapy. [4] Long acting formulations of theophylline, a 

bronchodilator, were the mainstay of chronic asthma therapy in the early 19803, but have 

fallen into disfavour. 

Considerable evidence has accumuiated to show that ainway inflammation is a major 

factor in the pathogenesis of asthma.[5] Subsequently, aimay inflammation has become 

the target of h g  tbaapy. Corticostaaids alter the underlying inflammatory processes by 

inhibiting the rccnlltment of inflanmatory cells such as wsinophils, into the bronchi, and 

preventing or decreasing W a y  mucosal edema and mucous secretion. [2;3] Inhaled 

corticosteroid administration ha9 resuited in the reduction of branchial innamatory 

cells, and repair of bronchid epithelium.[6] The latter suggests that inhaled 

corticosteroids can reverse structural changes in the lung which occur following chronic 

aimay inflammation and leave the airway hype~esponsive. [7] Other anti-inflammatory 

h g s  such as sodium cromoglycate, neâoc~omil soâium or ketotifm also inhibit the 

activation of infiammatory cells, but corticostcroids an the most potent anti- 

uiflammatory agents. LeuLotriene pathway modifiers are the newest class of asthma 

dnigs, which decrcase the influx of infiammatory cells into aimays.[l] 

4.1.1 Efficacy and eff~~tivencss of inhalei c~rticostcroid dnigs 

The prescription of inhaled corticostaoid medications fcprescnts a secondary pmention 

intervention for which thme is an abundancc of evidence regadhg efficacy in impmving 



asthma symptoms. [9-121 A systmatic review of 15 randomized controlled trials of 

inhaled coricosteroids in cornparison to placebo in childhood asthrna showed that inhaled 

corticosteroids significantly decreased asthma syrnptoms, decreased concornittant beta- 

agonist or oral corticosteroid w, and improved lung hc t ion  tests. [12] A recentiy 

conducted randomized controlled trial cornparcd an Uihaled corticosteroid with a long- 

acting inhaled beta-agonist h g ,  as well as placebo, in children with stable asthma. [9] 

The inhaled corticosteroid was associateci with significantly less airway hyper- 

responsiveness and necd for salbutsmol as nscue therapy than the long-acting beta- 

agonist. The effat of the inhalcd corticosteroid is limited to the treatment perioâ, and 

most studies report that the cffect of inhaled corticosteroids on bronchial reactivity and 

symptoms an lost 2-4 waks a f b  discontinuation of treatment. [9; 1 3; 141 

The effcctiveness of corticostetoi& in ducing hospital admissions for asthma have been 

demonstrated in several ecologicai and obsmational studies. [ 1 5- 181 Cornmunities with 

lower hospitalization rates for asthma have ken obsmed to have higher inhalai anti- 

inflammatory drug or coriicostctoid use.[16;19-211 The od& of fatal and near fatal 

asthma in petsons using inhaîcd corticosteroids on a regular bais was significantly 

reduced in cornparison to non-users, in Ernst et al's cohort of 12,301 persons, aged 5-54 

years. rcceiving asthma dnig prescriptions. 1181 In a cohort of 2,059 hospitalized 

asthmatic patients, aged 5-54 years, subjects .#matcd regularly with inhaled corticosteroids 

for 16 days to 6 months wae  Wh less Wely to be readmitted to hospital for asthma. [22] 

Similady, a case-control sndy of newly trcated asthma documenttd that subjects initiated 

on mgular inhalcd corticostetoids thcrapy wen Wh l a s  Wely to k hospitalizd, than 



those treated with theophyliine therapy.[23] bhaled corticosteroids in Donahue et al's 

evaluation of 6,562 children decreased the risk of asthrna hospitalization to oneWthird.[l5] 

Continuous administration of inhaleci corticosteroid therapy is a common goal of 

treatment, but intermittent treatment for the deterioration of asthma due to upper 

respiratory tract Uifections has aiso been evaluated in severai randomized, double-blind, 

controlled trials using a crossover design. Svedmyr J et al administered high dose inhaled 

corticostemids over a 9-&y period to childmi with asthma, aged 3-10 years, at the füst 

sign of an uppa respiratory tract infection.[24] ùi cornparison to placebo, the number of 

hospitalizations and emergency rwm visits was reduced, and peak expiratory flows were 

increased in the ûeatment group, although there w m  no ciifferences in the fkequency of 

syrnptoms. These findings have been replicated in younger chil&en.[25] 

4.1.2 Optimal chronic management of asthma 

Cumnt rcco~nmdations for asthma management include a stepwise approach to asthma 

pharmacotherapy which reprcsents the successive additions of asthrna dnigs.[1;26] This 

approach begins with the use of "as needeâ" inhaled bronchodilator therapy for syrnptom 

relief in mild asthma. Mild a s h a  is defincd as sporadic episodes of coughing or 

wheezing, usually less than 1-2 times weekly. In childnn with mild asthma, pmphylactic 

agents such as d m  crornoglycate or kctotifni, are administmd in advance of a known 

prccipitating event such as exetcise or exposm to cold asthma air, animals or pollen. 

Childm with fkquent, but episodic astbma, usually pattlr thm 1-2 exacerbations pa 



week are considerrd to have moderate asthma. Moderate asthma requins the initiation of 

daily treatment with an inhaled corticosteroid, sodium cromoglycate or oral ketotifen to 

prevent the occumnce of symptoms. Subsequent to concems regarding the inhibitory 

effect of inhaled corticosteroids on the growth of chilhn. [27] a trial of sodium 

cromoglycate or ketotifen pnor to inhaled corticosteroids is recommended. 

Children with severe, chronic asthma warrant more aggressive therapy. Higher doses of 

inhaled corticosteroid ancilor concornittant therapy with long-acting inhaled or oral 

bronchodilators are recornmended at this stage. [1;26] The Uicrease in dose of inhaled 

corticosteroid cm be limiteci to the occurrence of an acute exacerbation of asthma or a 

time paiod of anticipated worsening of symptoms. A short course of oral corticosteroids 

is also recornmmded for the treatmcnt of acute episodes. As in mild asthma, treatment 

with bronchodilators is recommendcd on a neeû to use basis among children with more 

severe asthma. Once control of asthma symptoms is reached and sustained, a step-down 

reduction in therapy is considered, so that chilâren receive the minimum therapy required 

to achieve control. 

In addition to phamiacotherapy, environmental control is an Unportant component of 

asthmo management. [1;26] In the prcsencc of demonstratcd hypersensitivity to allergens 

such as house dust mites or pollen, avoidece measuns arc rscornmmded. These can 

include the nmoval of pets, and the introduction of bedroom dust-proofing and 

household dehumidification. Parents arc also strongly adviscd to stop smoking cigarettes, 



or at the very least to minimize the child's exposure to tobacco smoke. The value of 

hyposensitization to decrease allergen sensitivity is controvcnial.[l;26] 

4.2 Utilization of inhaled corticostcroid dru= in childrcn 

Large population-based studies conducted in the UK report that 4045% of children, aged 

4- 17 years, receiving asthma drug prescriptions. were prescribed inhaled corticosteroids 

in the early 1990s.[28;29] A similar proportion of use bas bcen nported in several other 

smaller cohorts of chilchen with asthma in the UK and New Zeaîand. [30;31] inhaled 

corticosteroids are utilized less frrquently in children less than 5 years old (13%).[31] 

Data fiom a large health maintenance organization in the United States indicated that 

24% of children less han 17 years old, receiving a s h a  medications, were prescribed 

inhaled corticosteioids over the tirnc pdod 199 1 - l994.[lZ] The utilization of individual 

inhaled corticosteroid dmg entities depends on the time period of market availability. in 

New Zealand, high potency becIomethasont dipropionate inhaler usage rates were highest 

in the mid-1990s. followed by budaonide.[32] On average, childrcn ageâ 6-18 years, 

used 400 micrograms p s  day. but this varieci with the potency of the inhaled 

corticosteroid. 

The outcome of rcscrviag inhalei corticost~id dmgs for more sevm astbma in children 

is a higher prevalence of bronchodilator utilkation (typically,80%) [28;3 11 and delay in 

initiation of inhalcd corticosteroid therapy, on average 6.5 y#n, h m  onset of disease. 

[33] Asthma dmg therapy @delines in the 1990's mommended that maintenance 



therapy with inhaicd corticosteroida be initiated in the earlier stages of asthma to prevmt 

syrnptom occurmice.[26;34] ïnhaled coxticosteroid h g  utilization has increased over the 

last decaâe. [28;35;36] Children in the 1990's are 6 times more likeiy to receive a 

prescription for an inhaied corticosteroid than children in the 1980's. [37] Despite trends 

in increased utilization, inhaled corticosteroids are reported to be undenitiiized, fiom the 

perspective that utilization of inbaled corticosteroids remains low among persons with 

more severe asthma, arnong pcrsons recently hospitaiized with asthma and among hi@ 

users of bronchodilators. [3 8-42] 

4.2.1 Factors affecthg utilization 

a) Asthrna seventy 

Cunent asthma drug therapy guidelines recommend that treatment with inhaled 

corticosteroids be initiated in childtai with more severe asthma, (see above) although 

recent literature suggests that children with more mild foms of the disease would also 

benefit b m  inhaled corticosteroids.[9] Not surprisingly, evaluations of dmg utilization 

arnong childnn with asthma show that those with severc asthma arc ûeated more often 

with inhaled corticosteroids. In Togias et al's evduation, 37% of adolescents with severc 

asthma received inhaleci corticosteroids, in contrast to 14% with mild to moderate 

asthma. [43] Childm with sevcrc asthma w m  more likely to use anti-infiammatory 

h g s  in Lieu et al's study of asthma hospitalization. [44] Limitation in activity was 

significantly more likely among chil- prcscribed inhaled corticosteroids, than children 

prescribeâ bronchodilatoa in Wahlgren et al's randomized controlled trial of an asthrna 

intervention.[45] 



b) Physician prcscribing practices 

Variations in anti-inflammatory dmg use have been found in association with physician 

utilization patterns of the child. Evaluations of children hospitalized for asthma have 

documented that children whose medical care provida was an aîlergist were more likely 

to be treated with an inhaled corticosteroid or sodium cromoglycate than children seeing a 

pediatrician, farnily physician or an emergency room physician.[46] Similarly, tîiirty 

percent of chilcira with continued attendance at a hospital-based allergy clinic had 

received a prescription for an inhaled corticosteroid, in cornparison to 8% of those who 

did not nmain active clients.[47] Among 600 health maintenance organization clients 

with asthma in the 1990's, those in the care of an allergist were significantly more likely 

than those in the c m  of a generalist to receive a prescription for an inhaled 

corticosteroid.[48] These diffcrences remained following the stratification of persons by 

asthma severity. 

Moreover, cumnt treahnmt with an anti-inflammatory dnig is significantly more likely 

arnong asthmatic aâults and chi lha  who haâ seen a physician in the last year.[49-511 

Hospitalization for asthma has been reportai to double previous utilization of inhaled 

corticosteroid dnigs.[23] Arnong 300 schoolchildnn with asthma in the UK, those who 

had attended a hospital as a regular source of care for asthma were slightly more likely to 

be prcscribcd an inhaied corticostcroid, th@ those secing a gaieral pediatricim. [30] 

However, childrm without a np la r  source of c m  w m  significantly less likely to 

receive prophylwis with an Wied corticosteroid. Similarly, inhaleâ corticosteroid 

treatmtnt wcrc more common among US innacity children with abma, if a physician 



was identifieci as a primary source of care than if they receivad most of their care h m  the 

emergency department. [5  2;s 31 

c) Adherence to dnig therapy 

Unfomuiately, non-adherence with asthma h g  therapy is cornmon. It is estimated that 

fi@ percent of children with asthrna do not adhere to their treatment regimen.[54] Non- 

adherence with an inhaled corticosteroid is characterizcd as the omission of a time of 

administration of a dose, which hm bem reporteci to occur as often as 50% of the tirne. 

[55;56] Adhetence with an inhaled corticosteroid decreases if fiequent daily 

administration is required, and if additionai maintenance àrugs are added to the dnig 

therapy regimen.[56;57] The end results of non-adhercnce are greater morbidity and 

mortality. Non-continuous use of inhaled corticostetoids ha9 not decnased the risk of 

asthma hospitalization [23] and children who are non-adherent with inhaled 

corticosteroid therapy are much more likely to require courses of oral corticosteroids for 

the treatment of asthrna exacerbations.[St] 

Many of the fators which are associatecl with an incnased likelihood of non-aâherence 

to dmgs are presmt in asthma: long-term treatment, delayed consequence of treatment 

cessation, medication expmsc and ski11 rcquircments in using medication.[54;55] The 

high potency corticostcroid inhalm arc expensive, and are p d p t i o n s  which are 

typically not collected if thcm arc paymcnt problems.[2;59] Petsons with mild astbma are 

less likely to obtain prescriptions for asihma dmg prescriptions than those with severe 

asthma[60] Under-utihtion of inbalcd corticost~~~ids may ais0 be the outcome of 



parental knowlcûge regarding how asthma dmgs work, which has been observed to be 

inadequate.[61-631 Persons with asthma are more likely to be adherent with asthma dmgs 

which they perceive to be most usefûl; the perceived usefulness of inhaled corticosteroids 

is low.[64] Compiiance is lower with inhaled h g  therapy than with oral therapy [65] and 

the majority of patients using metercd dose inhalers have difficulties with coordination. 

[66] Spacer devices, which are extension chambers added onto mouthpieces of 

pressutized rnetered dose inhalcrs, are used in children to facilitate delivery of the h g  to 

the h g .  Poor parental knowledge of asthma treatment i s  potentially related to limited 

knowledge of health professionals in zutas such as proper inhaler technique, [67] or the 

inability of health professionais to communicate this kmwleûge to their patients. [68] 

4.3 Utilization of itrhaled corticosteroid druas amonn lower incorne children 

Childm living in irnpovcrished cnvironrncnts are less likely to be treated with h g  

therapy.[69;70] Asthma dmg thaapy is no exception. The use of prophylactic dnigs has 

bem reportcd to be 7022% less âcqucnt among children living in lower, than higher 

socioeconomic status f d l i c s  sweycd in the LK, Austnlia and the US. [43;49;71] 

Prescriptions for inhaled corticosteroid dnigs have been documentad in 35% of asthmatic 

children living in income assistance howholds in a Canadian province,[72] but a 

pmalencc as low as 3% bas bem report@ emong inner-city childm in the US.[52] 

There am many barriers to the use of inhalai coiiicosteroids in low incarne chilâren. The 

litaahin tells us that utilization of inhaled corticostmids is more muent among 

children with a regular source of cm or arnong childien visiting an asthma specialist. 



Lower income asthmatic childrm am less likely to set a physician and more likcly to 

receive caie from an emergency department. [73;74] in the Canaâian setting of universai 

health c m ,  physician office visits are mon muent  among children living in lower 

income neighbourhoods, but r e f d s  to specialists are less common.[75] in addition to 

health c a n  insurance issues, lack of transportation in lower incorne families may affect 

utilization of hedth services. [76] 

While it is difficult to ascertain whether lowcr utilization of inhaled corticosteroids in 

lower income childm reprcsents less ûquent prescription of inhaled corticostends or 

non-adherence once prescribed, non-aâherence with asthma management regimens in this 

population is a significant fpctor.[77] Lowcr income asthmatics are less likely to fil1 thcù 

prescriptions [60] or to respond to inhaled corticosteroids once prescribed.[78] In an 

evaiuation of 34 US inucr-city childm with asthma, many o f  whom were receiving 

income assistance, 44% of prescribcd inhalai corticosteroid doses wcre taken and only 

12% of childnn had adhcrc~lct tates greatcr than 75%.[79] Low income parents report 

difficulties in behg able to pay for th& chilâren's asthma medication, an issue which is 

especially relevant to use of the high potency inhaled corticosteroids.[59;80-821 Dnig 

prescription expense is aloo a barrici to the we o f  dnigs in Canada because universal 

health insurpncc in Canada does not covcr prescription dnigs.[D] 

Howevcr, lowa sociocconomic status have been obsewcd to p d c t  non-adherence 

among adults with asthma who have bcm supplicd inhalecl corticosteroids k e  of charge 

in a clinicaî trial rettllig.[84] In an ob8c~ationai study, one quart= of asthmatic childm 



rcceiving fm prescription drugs through income assistance benefits did not have asthma 

prescriptions. [52] Non-adheraice may be nlated to decreased howledge about asthma 

among lower income parents, [85] which may stem fiom p o t  communication with the 

physician.[84] In addition, persons with asthma h m  low income mvironments are more 

likely to express a disbelief in the effcctiveness of drugs in preventing asthma symptoms. 

[86] Parentai doubts regarding the usefùlness of asthma h g s  are more common among 

low incorne parents who report non-adherence with drug therapy, or who are repeated 

uscm of the emergency d-nt for th& child's asthma. [87;88] In addition, 

adherence to trcaûnent may be more difficult among low income, single-parnit families, 

subsquent to t h e  constraints, or arnong dyshctional, low income households.[89-921 

4.4 Pro~osed research and hwtheses 

A study of the utilization of inhaled corticosteroid dmgs in children with asthma was 

undertaken, with îhc following objectives: 1) to describe the proportion of childm with 

an inhaîed corticostemid drug according to neighbourhood income, level of asthma 

severity and physician specialist use, and 2) to determine the "risk" of a new prescription 

for an inhalai ~ ~ d c o ~ t e r o i d  by household income statu, adjusting for asthma severity, 

physician specialty and o h  factors which influence the use of inhaied corticosteroids. 

Stuày Hypothesis I: 

Lowtt income childnn arc sigpificantly less likely to ceceive a prescription for an inhaled 

corticostaoid drug than higher incorne children. A positive ment in the proportion of 



children with inhaled corticostemid prescriptions across neighbourhwd income quintile 

will be documented. 

Study Hypothesis II: 

The relative risk for a new prescription for an inhaled corticosteroid prescription is 

decreased in lower versus higher income chilchen, foilowing adjustment for disease 

seventy, physician specialty and other nsk factors. 
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Backmound: Asthma hospitalization can be prevented with the use of prophylaxis dnigs, 

such as inhaled corticosteroids. There is limited evidence that asthmatic childmi living in 

lower income households are more likely to underutilize inhaled corticosteroids. A study 

was undertaken to determine whether the utilization of inhaled corticosteroid dmgs in 

Manitoban children with asthnia was related to their socioeconomic environment. 

Methods: Using population-based prescription and health care utilization data, a cohort of 

16,862 chilâren, aged 5-1 5 years, was identified on the bais of a diagnosis and drug- 

based case definition for asthma, and at least one prescription for an asthma drug during 

January 1995-March 1996. The proportion of childmi with en inhaled corticosteroid 

prescription by neighbourhod income, with adjustments for asthma severity and 

physician specialist use, was ascertaineci. A longitudinal assessrnent of the likeîihood of a 

new prescription for an inhaid corticosteroid by household home,  dehed on the basis 

of drug insurance plan mnnbership, was also conducted. 

Results: Forty-five percent of children h d  at least one prescription for inhaled 

corticosteroid dmg during January 1995-Match 1996. The proportion of inhaled 

corticosteroid users increased with successive increases in neighbourhood income 

quintile. Adjustmmt for asthma severity and specialist use, elirninated the gradient in 

inhaled corticosteroid utilization among children with sevm asthma, but among childm 

with mild or moderate asthma, the income trend in utilization was present among children 

who had not seen an asthma specialist. A new prescription for an inhalai corticosteroid 

WPS documentai in 41% of 12,481 childm withaut o prescription for an inhaied 



corticosteroid during the first six months of study. The relative nsk for a new inhaleâ 

corticosteroid pmscription, adjusteci for asthma severity and specialist use, was 0.9 among 

low income or income assistance childm, in cornparison to higher income children. This 

risk was m e r  reduced in income assistance childm to 0.82 (95%CI:0.76-0.88) 

following adjustment for factors, such as frequency of upper respiratory tract infection. 

Conclusions: Low income children with asthma are significantly less kely to be 

prevalent or incident users of inhaled corticosteroid dnigs. 

INTRODUCTION 

Children living in impovcrished mvironments are more likely to experience 

morbidity.[l-51 Despite this i n c d  b d c n  of illness, lower income children aie less 

likely to be treated with dnig thaapy.[6,7] Inhaled corticosteroids are prophylaxis drue 

in asthma thcrapy which have beea shown to d u c e  hospitakation for asthma.[&l l] 

While the use of inhalcd corticostaoids has increascd over the past 10 years, studies 

show that these drugs continue to be undcrutilizcd, (12-161 and then is limited evidence 

that chiidmi living in lowa incorne hoiwholds arc more likely io undmtilize inhaleâ 

corticosteroid drugs. [17-201 nincfore, this study was undertaken to determine whether 

the utilkation of inhaled corticosteroid dmgs in Manitoban children with asthma was 

relatcd to thcir oociocconomic mvironm~~~t. Out hypothtsis was that low incorne chilâren 

with asthma, independent of coafounding factors such as asthma sevaity and pnscribing 

by asthma specialists, would be l a s  likely to nceive a prescription for an inhaleâ 

corticosteroid than their higha income countc~parts. 



RESEARCH METHODS 

Data for this study were obtained nom four computerized databases maintained by the 

Manitoba Health Services Insurance Plan (MHSIP): 1) registration files, 2) records of 

physician reimbursement claims, 3) records of hospital separation abstracts, and 

4) records of prescriptions dispmsed in retail phmacies. The MSHIP registration file 

contains a record for every individual registered to receive insured health services and 

records birthdate, sex and geographic location. Records of physician reimbursernent for 

medical care provided are subrnitted under a fee-for-se~ce arrangement, and contain 

information on patient diagnosis at the 3-digit levcl of the ICD-9-CM classification 

system and physician specialty. Separation abstracts for hospital services provided 

include information on 16 ICD-9-CM diagnostic codes, of which the first is the diagnosis 

which is most responsible for the hospital stay. Prescriptions dispmsed which are 

submitted by retail pharmacies for reimbursment by provincial drug insunuice plans or 

for drug utilization review purposes, contain data on the date of prescription dispensing, 

drug name, strength, and dosage fom, and a 9-digit drug identification nurnber. Record 

linkages between these databases wcre achieved by the use of anoaymous personal 

identifiers. Statistics Canada Census 1995 household income data, aggregated to the 

geographic unit of the mumeration area, were used to rank neighbowhwd income 

quintiles h m  20% of the population residing in the lowest income to 20% of the 

population residing in the highest incorne neighbourhoods. j2 1 -231 A database 

characterizhg Manitoba phpicians was also utilued. 



A total of 174,208 children, aged 5-1 5 years as of Jan~pey  1, 1995 and registed with 

Manitoba Health until March 3 1, 1996, wen identifiai fiom the MSHIP ngistxy. This 

tirne period was chosen to capture data prior to a major policy change in the provincial 

drug insurance program. Approximately 48,000 of these childm met the following case 

de finition for possible, probable or dennitive asthma: 1) at least one diagnosis of asthma 

or broachitis on a physician c lah  or hospital abstract record, or 2 )  in the absence of these 

diagnoses, one prescription for an Uihaled corticostcroid or sodium cromoglycate dru& or 

two prescription records for a bronchodilator dru& or one prescription for a 

bronchodilator and ketotifen during a 3+ year t h e  period, January 1, 1 995 - Mar& 3 1, 

1998. A study cohort of 16,862 childm was denved h m  this sample, representing 

children who had meiveci a prescription for an asthma drug during the time period, 

January 1 , 1995 to March 3 1, 1996. Asthma Qug therapy was classifieci as follows [24]: 

1) inhaiecl broachdlators [eg. b2-adrenttgic agonist, ipratmpium bromide], 2) oral 

bmnchodilators [cg. b2-adrtnergic agonists, theophylline], 3) inhaleâ corticosteroids [eg. 

beclomethasaae dipropionate, budesonide, fluticasone propionate], 4) antiallergic agents 

[cg. sodium cromoglycate, nadocromil sodium, ketotifm], and orai corticosteroids [eg. 

The anaiysis was dividecl into two parts: 1) a 15-month cross-sectional view 

(January 1, 1995 - March 31, 1996) of the proportion of chilâren with an inhaled 

corticost~f~id prescription by neighbourhood income, and 2) a 39-month longitudinal 

assessrnent (January 1,1995 - March 3 1,1998) of the likclihood of a new prescription for 

an in)iaid corticost~id by househoid income. For the mm-sectional description, 



childm were placed hto income quintile neighbourhoods according to the 6digit postal 

code of the household in which thcy lived. [21-231 They w m  M e r  categorized by 

level of asthma sevcrity (mild, moderate, moderate-severe, severe), using a dnig regimen- 

based asthma severity instrument which had been dcveloped to assign asthrna severity on 

the basis of prescription and hospitaîization records. The instrument was found to have 

good reliability and validity.[25] Childm with moderate-severe and severe asthma were 

grouped together to forni the seven asthma category; childm with mild or moderate 

asthma were denned as not having sevm asthma. To disentangic the effects of physician 

practice styles and the socioeconomic envitoment on utilization of inhaled 

corticosteroids, [26-281 a dichotomous measun was created to categorke children on the 

basis of seeing at lest one physician specialist for asthma care during the tirne penod, 

January 1, 1995 to Match 3 1, 1996. An asthma cm visit was definecl as a physician visit 

or hospitalization in which the primary diagnosis was asthma or bronchitis, or a primary 

diagnosis for respiratory infection CO-existed with a secondary diagnosis of asthma. 

Asthma specialists w m  definecl as allergists, respirologists or other pediatric specialists; 

physicians which did not fol1 into these categoried (ie. family practitioners, general 

pediatncians) w m  denned as non-asthma specialists. Childrm were also categorized 

according to whether the diagnoses recordcd in theù health c m  contacts over an 

extended t h e  pcriod, Jaauary 1,1995 to March 3 1,1998 wen: 1) solely asthrna 

diagnoses, 2) solely bronchitis diagnoses, and 3) a combinaiion of asthma and bronchitis 

diagnoses. [ 1 5,29-3 1 3 



The study cohort was described in ternis of the proportion of children with at least one 

prescription for an inhaled corticosteroids during the time period, January 1995 to March 

1996, across neighbourhood income quintiles and by other sociodemographic variables. 

Results were presented in ternis of unaâjusted proportions, and proportions adjusted for 

asthma severity and physician specialist use (at least one visit to a specialist for asthrna 

care versus none). Statistical diReremes in proportions were determimd with the chi- 

square test for two group comparisons, and wi th the Mantel-Haeaszel chi-square trend 

test for multi-group comparisons. Al1 adysis were conducted at the 95% level of 

confidence, 

The longitudinal assessrnent of the risk of a new prescription for an inhaled corticosteroid 

involved assembling a sub-cohort of childm with no inhaled corticosteroid prescriptions 

for at least six months h m  study entry. Household income was derived h m  the 

prescription bmefit statu of the child and neighbouttiood income as follows: 1) incorne 

assistance childmi included childm receiving prescription benefits fiom Manitoba 

Family Services. Winnipeg and other municipal Social Sefices, and Medical SeMces 

Branch which providecl bmefits to Tnaty Status Indians, 2) low income, but not income 

assistance c hildren included children receiving Phmacare prescription bene fit s and 

living in the lowest neighbourhod income quintile, and 3) higher income, but not income 

assistance childrcn included childm receiving P h m a c m  prescription benefits not 

living in the lowest neighbourhd income quintile. In addition to asthma severity md 

asthma specialist use, five explanatory variables werc evalwtcd: 1) age at study 

entry,[32] 2) hospitalizatioa for asthma h m  birth to study onset. [33-351 3) duntion of 



time h m  the first health care contact for asthma b m  birth to study onset. [33,35] 4) 

continuity of physician c a n  prior to prescription, defined as at least 90% of physician 

visits made to one non-asthma specialist and/or one asthma specialist,[36,37] ) and 

5) presence of a high number of respiratory infections prior to prescnption.[38,39] The 

latter variable encompasseci al1 physician nsits and hospitalizations for respiratory 

infections or bronchitis, and for asthma if followed by a prescription for an antibiotic 

within 7 days of the visit. Childm with a hi@ number of respiratory infections were 

those in whom the respiratory iafcction contact rate over time prior to prescription fell 

hto the 90" percmtile or greatei. 

The relative risk of a nrst prescription for an inhaled corticosteroid was determined from 

Poisson ngression modeliing after ensuring Chat the proportion of inhaleâ corticosteroid 

use followed a Poisson distribution (mean number of prescriptions = variance). [40] The 

relative risk, and not the odds ratio, was selected as the likelihood measure because 

inhaled corticosteroid use is not a rare evcnt and the odds ratio would not be a good 

approximation for the relative risk. Explanatory variables w m  retained in the mode1 by 

comparing the ciifference h deviance between nested models to the chi-square statistic for 

the différence in degrecs of ficedom between two models at a 95% level of confidence. 

Samplc size calculations showed that 723 chilâren in the income assistance group and 

578 low incorne childrm were minimally nquirad to detect a relative risk for a new 

inhaled corticosteroid prescription of 0.85 in cornparison to high income chilken. Sample 

size determinations wae made msuming a power index of 2.96 (Bonférroni conected 

alpha=O.W3, one sided and beta=û.20), an incidence of 0.45 inhaltd corticosteroid 



prescriptions o v n  a 3-year period, and a sample size ratio of 0.1 1 for low versus high 

income chilchen and 0.24 for income assistance versus hi& income chilhn. 

The asthma C O ~ O ~  was comprised of 16,862 childrcn, agtd 5-15 y e ~ n ,  who met the case 

def~ t ion  and had at lest one prescription for an asthma drug in the time period, 

January 1,1995 to M m h  3 1,1996. O v d l ,  the proportion of chil- with at least one 

prescription for an asthma dnig was found to be 83% for inhalcd or oral bronchodilators, 

45% for inhaled corticosteroids, and 18% for oral corticostetoids. The proportionate use 

of other asthma dnig categories was lcgs than 10%. The proportion of chilâcen with a 

bronchoâilator prescription did not differ by age or genda, but prescriptions for inhaled 

corticostcroids w m  significantly mon likely among childmi aged 10 yem or less 

(47%). and among male chilcira (46%). Inhaieci corticostemids prescriptions were 

documentcd in 50% of childm with an asthma, or asthma and bronchitis diagnoses 

recorded in administrative records, significantly higha than the proportion (16%) found 

in children with solely bronchitis diagno~«r.(Table 4.6.1) The presence or absence of an 

asthma diagnoses did not diffmtiate the proportion of children utiüzing 

bronchodilaton. The likelihood of a p d p t i o n  for an inhaied corticosteroid was 

significantly pa te r  in children with sevcre, than mild to moderate asthma, and in 

children who had scen at lcast one asthma spccialist for asthma c m ,  in cornparison to 

thosc who had not. Again, the likelihood of bmnchodilaîor WC was more similar across 

these categories. Chilchen with scvcn asthma wcn twice as b l y  to sce an asthma 



specialist than childm with mild to moderate asthma. When stratifiai by asthrna 

seventy, the diffennce in the proportion of childnn with Uihaleà corticosteroid 

prescriptions between childrrn seeing and not seeing an asthma specialist diminished 

slightly in children with severe asthma. 

Lower neighbourhood income children were significantly less likely to receive an inhaled 

corticosteroid prescription than their higher income counterparts, and the trend in 

increased proportion of inhaled corticosteroid uxrs with successive increases in 

neighbourhd incorne quintile was significant.(Figure 4.6.1) In contrast, the proportion 

of children utilizing bronchodilators marginally decreased with each successive increase 

in income quintile. Adjusting for asthma severity eliminated the gradient in inhaled 

corticosteroid utilization arnong chilâren with severe asthma, but the @ent was more 

pronouncd in children with mild or moderate asthma(Figun 4.6.2) Further adjustments 

for physician specialty for asthma care diminished the slope of the @ent in inhaled 

corticostemids use across neighbourhood income.(Figum 4.6.3 & 4.6.4) Among children 

with mild or moderate asthrna, the income trend in utilization was significant among 

childmi who had not seen an asthma specialist, or who had not seen a physician during 

the study perioâ. Among severely asthmatic childm, a gradient in inhaled corticosteroid 

utilization across income was observed only arnong children who had not seen a 

physician during the study pcriod. 

From the original cohort of 16,862 childm with asthma, 12,481 children did not have a 

prescription for an inhalai corticostctoid for at lcast six rnonths âom study cntry date. A 



new prescription for an inhDled corticosteroid was documented in 5,104 (40.9%) of 

childnn h m  01/95-03/98. incorne assistance and low income childnn w e n  significantly 

mon likely to have fiequent mpiratory infkctions and previous hospitalizations for 

asthma, than higher incorne children. (Table 4.6.2) However, they were less likely to 

have a new inhaled corticosteroid prescription or heaith care contact for asthma. 

Unadjusteci nlative risks showed that a new prescription for an inhaled corticosteroid was 

significantly less ükely in low income versus higher incorne childrcn, and significantly 

more likely in childm with severe venus rnild asthma, in children with a previous 

hospitaluation or heaith can  visit for asthma, and in children with numerous respiratory 

inf~tions.(Table 4.6.3) Childm with continwus physician care wen at decnased risk of 

receiving a new prescription for an inhaîcd corticostaoid. The relative risk for a new 

inhaled corticostcroid prescription, adjustcd for asthma scvecity and asthma specidist use, 

arnong low income or income assistance chilâm, in cornparison to higher income 

children was 90%. This risk was f.urthcr rcductd in income assistance children to less 

than 90% following adjustment with the other explanatory variables. 

DISCUSSION 

ALmost 50% of Manitoban childrcn, agcd 5-1 5 years old, with asthma h g  thenpy andor 

asthma-rclated diagnosis, haâ rcceivcd a prescription for an inhalcd corticosteroid in 

1995/96. This hding is no1 dissimilsr to the pnvalence reported in a population-based 

study in the United Kingdom. [14] Childrea who at somc point, had rcceivcd a diagnosis 

of risthma w a e  signifïcantïy more We1y to obtain an inhaicd wrticosteroid ptcscription, 



than childien with bronchitis diagnoses only. A comlation betwan the pnvalaice of 

asthma h g  treatmmt and of physician-diagnosed asthma has been documenteci by 

others.[15,29-3 11 However, fif'teen percent of childrm with bronchitis, but not asthma 

diagnoses received these drugs. Bmchitis diagnoses may v e n t  viral-associated 

wheezing, which can be trcated with a trial of inhaled corticosteroids. [41-431 However, 

this tinding dso illustrates the potmtial extent to which asthma may be undet-diagnosed 

and the importance of including bronchitis diagnoses in a case defmition.[30,3 1,441 

Despite asthma management guidelines in the 1990's which recornmended the 

administration of inhaied corticosteroids in mild to moderate asthma, [45,46] the 

prevalence of inhaleci corticostemid utilization was higher in out cohort children with 

more severe asthma, as ha9 been reporteci by othets.[18,47] Also consistent with the 

Literature, was ou.  finding that a higher proportion of inhaled corticostemid use was 

obsmed among children who wen seen by an asthma spccialist during the study pend, 

than those who had not. (26-281 Children seing an asthma speciolist wen almost twice 

as likely as those not visiting a specialist ta meive a prescription for an inhaleci 

corticosteroid. Similar to hdings by Vollmet and colleagucs, stratifyuig for asthma 

severity did not substantiaily diminish this diffmncc, mggesting that differences in 

inhaled corticostezoid prescription by physician spcciaity an due to physician practice 

styles and not disease charactcristics.[26] nie outcome of meiving carc h m  an asthma 

specialist versus a gcndis t  hss bem observai to be a significant dccnart in cmcrgcncy 

department nsits d hospitalizatiom. [26,28] It is not clear whtthcr the mon favourable 



outcomes of seeing an asthma specialist can be amibuted to increased use of inhaled anti- 

inflammatory dmgs or to outpatient management of acute asthma. 

Our finding of a progressive decline in utilization of inhaleâ corticosteroid cirugs in 

children with asthma with decreasing neighbourhwd income contributes to the literahire 

on socioeconomic status and use of asthma prophylaxis drugs.[17-201 Inhaled 

corticosteroid drug utilization decreases the risk of asthma hospitalization [8-111 and one 

can speculate that a negative income gradient in inhaled corticosteroid utilization 

contributes, arnong other factors, to the same gradient in asthma seventy and 

hospitalization obscrved in children.[48-521 As hospitalization for asthma and associated 

costs continue to rise among chiltiren, this hding has major health care policy 

implications.[S3-561 Momver, hospitalization contributes to poor quality of life of 

chilchen with asthma[57] According to our observations, lower and higher 

neighbourhood income children with severe disease, not in the care of an asthma 

specialist, would equally be at risk for poor outcomes associated with decreased 

utilization of inhaid corticosteroid dnigs. However, lower income childm with mild to 

moderate asthma, not seeing an asthma specidist or any physician for asthma care, would 

be at a disproportionate greattr risk for poor outcomes. 

Our cross-sectional description of inhplcd corticostaoid dnig utilization by 

socioeconomic statu haâ the potcntial to be biascâ because it describeci prevalmt use 

and did not takc into account diffetcnces in the cimt course of asthma. Inhaled 

corticostmid use is more ükely among childm with pmious inhaled coticostcroid 



prescriptions, in children previously hospitalized and in children with a history of 

numemus respiratory infections. [39,16,5 8,591 These factors are not equally distnbuted 

across household income status. [48-52, 60) Evaluating the longitudinal risk of a new 

prescription for an inhaled corticosternid dnig and adjusting for some of these factors, 

diminished this bis.  As anticipated, we found that new use of inhaied corticosteroid was 

si gni ficantly more likely in childrcn with pnvious evidence of asthma or hospitalization 

for asthma, and among childnn with numemus respiratory infections. Contrary to the 

literature, we found that a regu1ar source of medical care was associated with a decreased 

likeiihood of inhaled corticosteroid use. (37,591 This discrepancy in findings is likely a 

function of the definition of regular source of meâical care, which in the literature is 

based on parental report of rcceiving asthma care h m  a primary care physician, in 

contrast to an cmergency m m .  Adjustment for factors which pndicted receipt of inhaleci 

corticosteroid prescriptions, did not aiter the reduceù likeiihood of utilization in lower 

income and income assistance children. 

Poiicy initiatives to improve the utilization of inhalai corticosteroid drugs need to take 

into consideration aur 6ndings of income diffaences in utilization which were relative to 

each other, placing higher income children also at n i  for under-utiluation.[61] 

However, the incorne quintile mcasurt does not distinguish whethei bamiers to the 

utilization of inhaled corticosteraid dmgs in low income households are rclated to cost of 

the prescription or to asthma management practiccs.[62-641 Low incorne families p o r t  

paymmt pmblems in quiring asthma medication, [65,66] but independent of cost 

barrien low income pcrsous with asthma arc less liltely to be adhcrcnt to their dnig 



regimen.[67] By defining household income on the basis of dmg insurance plan 

membership in our longitudinal assessment of c h i l h ,  we found a lower likelihood of 

inhaled corticosteroid utilization in income assistance childrcn who were recipients of 

kee prescription drugs. Personal beliefs regarding asthma management are also issues in 

non-adherence. [35,68] Parental disbelief in the effectiveness of asthma medication in 

prcventing symptoms has bcen reportcd to be associated with rtcurrent emergency 

department utilization by low income children.[69,70] In addition to ensuring that health 

professionals are well prepared to discuas asthma with th& patients, [71,72] asthma 

education should addttss patient belief systems. Momver, pharmaceutical policy which 

encourages the utilizat ion of drugs w hic h prevent the morbidity associated with asthma 

end other chronic diseases in children should be advocated.[73-741 
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Table 4.6.1 .The Proportion of Children with at Least One Presu4ptbn for a Bronchodilator or 
Inhaled CorUcosteM Dnig by Asthma Severity, and Physician 8iegnosk and Specialty, 01195- 
03/96 
Characteristic % Utilking % UtiIWng lnhaled 

Physician diagnoses 
Asthma only (n=8368) 84.7, p*O.001* 52.3, p<0.001 
AsthmalbronchWs (n=4247) 86.3 49.4 
Brorichitis only (n=2472) 76.1 15.7 
No diagnoukm (nt1 775) 75.8 43.2 

Asthma severity level 
Severe araima (n=3570) 76.8, p<0,001 60.3, p<O.001 
Not severs asthma (n=13292) 84.6 41.2 

Physkian specialist use for asaima cam 
One+ visits to asthma specialirt (n=2ô$4) 85.9, p<O.W1 72.5, p<0.001 
No visits to anthma specialist (w10878) 84.6 43.8 
No physkian vlsitsm (n=3920) 76.7 34.9 

Mild-modemte asthma 
One+ visits to asthma specielist (n=1356) 83.3, p<0.001 66.5, p<0.001 
No visits to asthma spcirilist (n=8515) 86.1 30.6 
No physician visitsm (n=3421) 81.4 35. t 

Modemte-severe, wvem a8aima 
One* visb to asthma spddi r t  (n=700) 91 .O. p*O.OOl 83.9, p<0.001 
No visits to asthme specialiilt (n=2362) 79.3 59.1 
No physiaan visitsm (n=498) - 44.5 32.9 

'cornparison M i n  c a t e g o ~ ,  no physidan vbib for asthmelbronchias 01195 - 03/98, 
no physician vis& for asthmaibronchitb diagnoses Januiry 1995 - Manh 1996 



Table 4.6.2. Distribution (%) of New lnhaled Corticosteroid Utilkation and Rslated Factors, Oti95- 
03/98, 8y  Household Incorne Statu8 

High Incorne Incorne Assistance Low Incorne 
(n=9227) (n=2175) (n=1079) 

New lnhaled Corticosteroid 41.7 38.4 393,p<0.01 ' 

Severe asthma 1.7 
Mod-severe asthma 18.6 
Mild-mod asthma 79.7 

Asthma specialist consultation 9.4 6.8 9.4, NS 

Regular source of physician 51.8 47.3 52.8, NS 

Previous asthma hospitalization 10.3 14.3 12.7, p<O.001 

Previous visit for asthma 62.1 56.5 59.2, p<0.001 

Frequent upper respiratory 8.0 15.4 10.3, p<O.OOl 
tract infections" 
'Mantel Haenszel trend test, "fiequent was defind as rates in the 90" percentile 

Table 4.6.3.Relative Risk of a New Prescription for an Inhated Cortlcosteroid Dnig, Jani95-Mar198 

Pri~rhospitrli~atlocr~ 8Q6 SM2824 0.92 2.10 (2.02-2.34) 
NOhO8pitO~iuaori 4206 t001W 0.42 BASELINE 

Prior asthme visit 3635 6321478 0.57 1.83 (1.72-1 -95) 
No prkr virit 1468 467723ô 0.31 BASELINE 

Fmqmt URIg 828 TM321 1 .OS 2.52 (2.34-2.71) 
FW URI 4276 1021 3385 0.42 . BASELINE 



Figure 4.6.1. Frequency (O/O) of Children with One or More Prescriptions for 
Selected Asthma Drugs by Neig h bourhood Income Quintile 

QI-LOW Q2 43 Q4 Q5-HIGH 

Neighbourhood Income Quintile 

Ia Bronchodilator, 
p<O*OOI 
lnhaled corticostemid, 
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Figure 4.6.4. Frequency (%) of Children with Moderate-Severe to Severe Asthma 
and One+ Prescriptions for Inhaled Corticosteroid Drugs by 

phpician Specialty and Neig h bourhood Income Quintile 

QI-UIW Q2 Q3 W QS-HIGH 

Neighbourhood Ineome Quintile 

ai No physician hie, jw0.03 

No asthma specialist visit 

One+ asthma specblist visit 



Chapter 5. Pharmaceutical Iasurance Policy and Inhaled 

Corticosteroid Utiiization in Children with Asthma 

Factors affecting the utilization of inhaled corticosteroid drugs in children were identified 

in the previous chapter. The reader learned fiom a review of the Meranire that asthmatic 

children living in low incorne households were less likely to receive inhaled 

corticosteroid dnigs. The dissertation rrseerch nported in Chapter 4 yielded similar 

findinp, adding to this body of iiterature data on C d a n  children. These findings were 

based on a 15-month pend prior to the introduction of a income-bas4 drug 

reimbursement policy in Manitoba because it was anticipated that the new policy would 

impact utilization. This chapter explores the litmature evahating the influence of 

phannaceutical policy on dmg utilization. It is concluded with an evaluation of the impact 

of Manitoba's incorne-bascd phannaceutical policy on the utilidon of inhaled 

corticosteroid dnigs in the study cohort of children with asthrna 

5.1 Pharrnaceutical rcimbwernent -policv and ~rescri~tion utilization 

Phamiaceutical nimburscment policy plays an important role in detennining a 

population's access to pharmaceuticais. Policies rnay expand dmg utilization by moving 

cost barners to the acquisition of prescription dnigs, or rnay restrict use by imposing cost 

barriers to c-1 utilination.[l] The introduction of drug insurance program in 

populations without pnvious inausnce, or of incorne-based policies arc examples of 



expansive policies. Over the past two decaàes there has been a growth in restrictive 

pharmaceutical policy, a growth which can be amibuted to: 1) rapid increases in h g  

expenditures, and 2) accumulating evidence which suggests that dmgs are not being 

appropriately utilized and contribute to iatrogenic disease.[2] The conventionai wisdom is 

that restrictive pharmaceuticai policies pmmote cost-effective and optimal utilization of 

pharmaceuticals, but many policies are implemented with little evidence about their tnie 

impact on h g  utilization or health. 

5.1 .1 Administrative restrictions on h g  reimbursement 

There are two types of restrictive dnig reimbursement policies: 1) administrative 

restrictions such as the listing of eligible dmgs in a formulary, or the nquimnent of prior 

authorization to receive reimbursement for specific dnigs, and 2) patient cost sharing, 

including restrictions on the numbcr or value of prescriptions for which a recipient is 

eligible to receive reimbursement.[2] Administrative restrictions such as the withdrawal 

of reirnbursemcnt for tess efficacious dnigs also have haci unintendcd effects on dnig 

therapy. The discontinueci reimbursemcnt by Medicaiâ in 1982 of 141 dnigs designated 

as imffective by the US Dnig Efficacy Study rcsulteà in increased prescription of 

substitute drugs, some of which were not improvcrnents over existing therapy.[3] ln the 

case of pcisons with asthma however, withdrawing nimbmcment for irrationai dnig 

combinations such as theophylline and sedatives products, ld to Uicrrared prescription of 

non-sedative containhg theophylline products and thus, potentiaily improvcd dmg 

therapy options. In addition, it was spcculated that this policy hpd far-rroching beneficid 



e ffects b y accclerating the decline in prescription of combination theophylline products 

for non-Medicaid recipients.[4] Other benefit restriction policies such as a priori 

authorization requirements for certain h g s  such as non-steroidal anti-inflarnrnatory 

dnigs (NSAIDs) not generically available, have been reported to increase the prescnption 

of generic NSAIDS, but not substitute analgesics.[5] 

5.1.2 Patient cost-sharing 

Cost sharing can take the form of deductible payments, coinsurance, or CO-payments at 

time of prescription dispensing, or limits on the number or total value of prescriptions 

which are rehbursed.[2] The few quasi-experimmtal studies which have evaluatcd 

patient cost sharing policies show that imposing a l h i t  on the number of nimbursable 

prescriptions has a negative impact on the number of prescriptions fiIleâ for discretionary 

and essentiai dnigs.[6-81 The abrupt introduction by New Hampshire Medicaid of a three- 

drug paymmt limit resulted in a 30% decrease in prescriptions for insulin and diuretics, 

and a 45% dmp in prescriptions for digoxin.[6] Similarly, the outcome of a five- 

prescription l h i t  implemcntcd by Georgia Medicaid was a 5% duction in prescriptions 

for cardiovascular and pulmonary drugs. [7] Out-of-pocket costs for dmgs increased 

temporarily, thm decreased in successive months after the prescription limit. The 

introduction of a $1.50 copayment pet prescription in a health care maintenance 

organization, which previously had no copaymmt nquirtmcnts, nsulted in a 10% 

d e c m  in the number of prescriptions filld for essential drugs.[8] Further incicases to 

copayments over t .  multcd in additionai reductions in prescription utilization. 



Johnson and colleagues have also shown that increasa in copayment and coinsurance for 

health maintenance organization mmibers have diminished annual incnases Ui 

prescriptions dispenseci per capita.[9] 

A ment example of the impact of a phamiaccutical cost-sharing policy in Canada cornes 

to us from the province of Quebec. With the implementation of a universal drug 

insuiance program in Quebec in August 1996, cost-sharing was introduced among social 

assistance recipimts who had prcviously reccivcd prescription dmgs fkee of charge, and 

prescription copayment charges were incnascd arnong seniors.[lO] During the 10-month 

period which followed, the elderly and social assistance recipients significantly reduced 

theu prcscription utilization in cornparison to prc-policy utilization. Reductions were 

grratest among the heavîest prescription dmg users (16-19%), and arnong persons using 

essential drugs (13-17%), high cost drugs (27%). or dmgs to treat mental iliness or 

chronic discase (1 MO%). 

Post-policy evaluations of incrcasing user charges for prescriptions in New Zealand 

documentai Uiat 1.5% of persons pttscllting prescriptions to pharmacies could not pay 

for them, of which 20% did not retum for theu prtscription.[ll] Prescriptions for 

children werc more 

policy on persans 

likcly to bc sssociated 

wiîh asthma was that 

with paymmt problems. 

0.75% did not collect 

The impact of this 

their asthma h g  

pnscriptions.[l2]With no compsiisons with a conbol group, or to the pn-policy period, 

the impact of the policy on prescription utilizatioa is dinicult to ascertain. Howcver, Wan 

et al did document that inhaied corticostaoid h g s  w m  asthma dmgs most fkequently 



not collecteâ.[l2] Change to phamiaceutical progrpm policy in Quebec has impactcd 

upon the utilization of asthma dnigs. A significant dccrcase in consurnption of Uihaled 

corticosteroid dmgs was observeci in social assistance recipients, who previously had 

nceived fm prescription benefits and were now required to pay a deductible 

payment . [ 1 31 

Conversely, phamiaceutical policy which introduces or expanch fintdollar coverage for 

prescription dnigs, incrc~ses prescription dnig utilization. Among individuals enrolled in 

a large health maintenance organization in the United States, drug utiiization was higher 

among those with extended bmefits packages.p] It is unclear whether the increased 

utilization was proportional to health status, a question which is aâdressed by 

Grwtendorst and colleagues. Utilizing data from the 1990 Ontario Health Survey on self- 

reported dmg use in pemns 55-75 years old, they found that the provision of firstdollar 

prescription coverage at age 65 years was associateci with an increasc in dmg use.[l4] 

Increases in utilization wcre concentratcd ammg individuab with lower health stanis. 

Income-bad reimbmemcnt policies, which requin lower deductible paymena among 

persons with lower incorne, have show to have a protective effcct on dnig utilization in 

lower income persons. nie outcome of Quekc's new phannaceutical policy, which aiso 

introduced income-bascd deductible payments, was a reduction in prescription utilization 

among higher income seniors, not nceiving guarantced income supplcments, but no 

changes to utilization in lower incorne seniors rcceivllig gu-ttcd hcome 



Cost-shating phiumaceutical policies do not affect everyone qually; those with lower 

incomes and poom health status are mon likely to d u c e  utilization. The imposition of 

these policies on Medicaid populations with chronic diseases was followed by 40% 

decreases in utilization of prescription h g s .  [15,16] On the bais of this evidence it is 

estimateci that low income persons are sensitive to prescription copayments as low as 50 

cents to one dollar.[2] In an evaiuation of 121 adults attending a walk-in clhic in a low 

income ara, persons with Medicaid or other dmg insurance were six times more likely 

(OR=6.3, 95%CI:1.6-25.0) than those uninsurcd, to report that cost was not a banier to 

purchasing antihypertensive presaiptions.[ll] The Medicare plan in the United States 

provides medical care insurance to the elderly and the disabled, but only covers dmgs 

prescribed in inpatient settings. Low income Medicare emllees without drug insurance 

have significantly lower h g  expenditwes than members with private drug 

insunuice.[l8] However, drug utilization in Medicare enrollees without dmg insurance 

approaches utilization rates among mrollccs with h g  insurance at higher incomes. 

Manitoba has a universai drug insurance program which is administered through 

prescription cost-sharing. Pnor to April 1996, an annual, standard deductible payment per 

farnily was rcquhcd; an incorne-baseci deductible payrnent has since been implemented. 

Families with an annual incorne of SlS.000 or less arc requird to pay a deductible 

quivalent to 2% of theu net income, while those with higher annuai incomes paid a 3% 

deductible. Once the deductible was mched, the province paid 100% of al1 prescription 

costs. A ment evaluation of the utilization of phamaceuticals by Manitobans 

documentad an incrase in the proportion of pcfsons utilinng phannactuticals and in the 



intensity of use with successive decline in neighbourhood income.[l9] However, as this 

analysis pmvidcd no information on health statu and excludeci low income pmons 

receiving fkec prescription bmefits, we are unable to detcnnine whether higher utilization 

in the low income group was appropriate relative to hcalth status. Williamson et al's 

cornparison of low income individuais nceiving and not receiving social assistance 

effectively illustrates the extent of diflercnces in h g  utilization betwten lower h o m e  

individuals receiwig fiee prescription benefits and lower income pemns enrolled in 

prescription cost-sharing prolppms.[20] Sbcty-percent of the later gmup did not have at 

least one prescription fillcd in the past ycar, in cornparison to 30% of persans receiving 

social assistance. Moreover, not being able to afTord the prescription was reporteci as a 

reason in 93% of pcffons receiving subsidizcd prescription benefits. 

5.2 Phannaccutical reimburserncnt mlicv and health outcornes 

The impact of phannaceutical cost-shsring policy on prescription utilization has bcen 

suggested to translate into impacts on healtb status. Soutllerai et al obscncd thet 

decreases in prescription utilization wae greatest in the elderly and the disabled.[6] Two 

follow-up evaluations w a e  conducted to determine the impact of the New Hampshire 

Medicaid cap on prescription nirnbufsernmt on health outcornes. A clear effcct of the 

payment cap on a cohort of low income, eldcrly penoas king trreted for chronic 

illntsses was a doubhg of the rste of nursing home Pbnissions.[lS] The aithors could 

not distinguish whcther incnared n d g  home admission w u  subsequc11t to a 

deteriontion in hdth  statu or a mechanian to obtain naded medications. In a cohort of 



persons with schizophreaia, the cap resulted in significant increases in ernergency 

department utilization.[l6] in both evaluations, no changes to nwing home admissions 

or emergency depariment utilization were observeci in control populations of Medicaid 

beneficiaries. The change to phannaceutical prognun policy in Quebec made newspaper 

headlines, with claims that it had cost lives.[?l] Incnases in hospitalization and long- 

t e m  cm instihitionalizatioa were obsaved in the elderly following implementation of 

the Quebec policy, but no control groups were available for comparison.[lO] A closer lidc 

between pharmaceutical policy and health status was obsmed in Ahluwalia et al's 

research. In their study, low income adults attcnding a walk-in clinic who reported that 

cost was not a deterrent in obtaining antihypertensive dnigs, a factor wbich was nlated to 

their insurance stahis, had significantly better b l d  pressure control.[l7] 

5.3 Pro~osed research and studv hmtheses 

An income-based phamiamtical poücy has the potentiai to improve the acquisition of 

prescription dnigs by lower incorne households, yct et a cost b d e r  to higher household 

incornes. A snidy was undertaka to determine ihe impact of this incorne-based 

pharmaceutical benefit policy in Manitoba on the utilization of inhaled corticosteroid 

dmgs among children with asthma of diffaait mcioeconomic backgrounda. 

Smdy Hypothesis I 

The proportion of childrcn using inhaied corticosteroid dnigs, and the mean dose of 

W e d  corticosteroid w u  i n c d  p s t  incorne-bascd policy among lowa income 

childrcn with asthma, in cornparison to a contml p u p  of children. 



Study Hypothesis II 

The proportion of children using inhaled corticostaoid dmgs, and the mean dose of 

inhaled corticostcroid was decreased post incorne-based policy arnong higher income 

childmi with asthma, in cornparison to a control group of children. 
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ABSTRACT 

Backmund: Pharmaceutical rcimburscmcnt policy play an important role in 

determinhg a population's access to prescription dmgs. A study was undertaken to 

detemine whether the introduction of an incorne-baseci reimbursement policy by 

Manitoba's Pharmacare dmg insurance program resulted in change to hhaled 

corticostaoid h g  utilization in childrni with asthma. 

Methods: Using population-based health care utilization data, a cohort of 1 0,918 children, 

ageû 5-1 5 years, was identified according to a diagnosis and dmg-based case definition 

for asthrna, and the presence of one or more asthrna drug prescriptions during a 15-month 

period before and a 24-month pcriod after the income-based policy. Chilâren were 

categorized by dnig insurancc program: 1) non-Pharmaare, 2) low income Pharmacare, 

and 3) higher income Phannacan. Low incorne Phannacm children rcpresented children 

living in the lowest neighbourhood income quintile. Non-Phamacare chilâren coastituted 

the control group bccausc no change to phannaceutical reimbursement policy had 

occurreâ in this p u p .  The impact of the incorne-based phannaceutical nimbursement 

policy was evaluated by the monthly iikcîihood of a prescription for an inhaled 

corticosteroid, and by the mean number of inhaled corticostemid doses arnong children 

receiving these dnig~. 

Rcsults: Changes to inhaled corticostcroid prescription utilization in the pst income- 

based policy period comsponded to changes in asthma ievcrity, and wae similar arnong 

Phaniipcan and control childnn, with one acception. Among childmi with severe 



asthma, inhaled corticostmoid use did not change in control and low income Pharrnacare 

groups, but was significantly less likel y in higher income Pharmacm childm (OR=0.82, 

95%CI:0.77-0.88). Moreover, arnong higher income Phmacare children utilizing 

Uihaled corticosteroid prescriptions, the mean numba of doses decrcascd significantly in 

the post policy period. The mean nurnber of inhaied corticosteroid doses was lowest 

among Iow income Pharmacare children and remained unchanged post policy. 

Conclusion: The intmduction of an incorne-based drug reimbursement policy in Manitoba 

was associated with demascd utilization of inhaleci corticosteroid prescriptions in higher 

income children with severe asthma, and did not irnpmve utilization in low income 

children. 

INTRODUCTION 

Phamiaceutical reimbmcment policy plays an important role in deteminhg a 

population's access to pharmaceuticals. Policies can be viewed as king expansive, by 

removing cost barriers to the acquisition of prescription ârugs, or restrictive, by imposing 

cost barriers to curtail drug utilization.[l] The conventional wisdom is that 

phamiaccutical policies promote cost-effective and optimal utilization of 

pharmaceuticals. However, well-intcnded phamaccutical reimbursewnt policies may 

have unintendeci effects on the utilization of h g s  in a population. [2] For example, 

benefit policies which withdraw reimburstmcnt for less efficacious dmgs rnay achieve 

theù intendcd objectives, [3;4] but also rcsuît in i n c d  prescription of substitute 

drugs. [SI Patient cost sharing policier which impose a limit on the numbcr of 



reimbursable prescriptions, may decrcase the number of prescriptions filled for 

discretionary and essential dnigs. [6-81 Negative health outcornes of cost-sharing policies 

have been documented, including increases in acute mental health services by mentally il1 

penons and in admission of the elddy to nursing homcs.[9;10] Recently, a change to 

phmaceutical program policy in Quebec has made newspaper headlines, with daims 

that it has cost lives. [ I l ]  The outcome of this policy change which required social 

assistance recipients, who previously received fice prescription benefits, to pay a 

deductible payment,[12] was a significant decrease in theu consumption of inhaleâ 

corticosteroid dnigs. 

in April 1996, the provincial dmg insurance program in Manitoba, Pharmacare, changed 

the annual deductible payment for prescriptions b r n  a standard amount of $350.00 per 

family to one based on family income. [13] Families with an annual income of $1 5,000 or 

las were reguired to pay a deductible equivalmt to 2% of theù net income, while those 

with higher annual incornes paid a 3% deductible. Once the deductible was reached, the 

province paid 1W/o of dl prescription costs. A hypothetical benefit of this 

reimbursemmt policy, which was intended to distribute benefits more equitably, was 

decreased cost bhmm to low income individuals who are more likely to have chronic 

conditions and rcquirc drug tnatmcnt. [U; 141 IntCNiews with low income Canadians 

reveal that persons rcceiving k e  prescription benefits an much mon Uely to receive a 

prescription, than persom nceiwig prescription benefits with fixcd deductible ratese[15] 

While thcm arc many classes of dmgs usai in the management of chronic disease, one 

wodd anticipate thrt dnip which are expensive to aquire, would be especidy sensitive 



to pharmaccutical rcimbursernent policies. One such class of drugs is inhaled 

corticosteroid dnigs, administered in persistent asthrna to prevent acute 

exacerbations.[l6] Quebec's experience has show us how dnig nimbunement policy 

can affect utilization of thest dnigs.[l2] Thenfore, this study was undertaken to 

detemine if change to an incorne-baseâ phamaceutical remibursement policy in 

Manitoba resulted in change to Ilihded corticosternid dmg utilkation in children with 

asthma. Our hypothesis was that in cornparison to children for whom there was no change 

to dnig reimbursemcnt policy, utilization wouid increase imu>ng childm Living in low 

income households receiving Pharmaare benefits, due to decreases in deductible 

payrnents. We also hypothesizeâ that utilization of inhaled corticosteroid dmgs would 

decrease in children living in higha income families, which would face increases in 

deductible payment obligations. 

RESEARCH METHODS 

Data for this study werc obtained fmm four computerized databases rnaintained by the 

Manitoba ~ d t h  S m i c e s  Insurance Plan (MHSP): 1) registration files, 2) records of 

physician nimbursanent claims, 3) records of hospital separation abstracts, and 4) 

records of prescriptions dispmsed in ntail pharmacies. The MSHIP rrgistration file 

contains a record for evey individuai ngistcred to receive insurcd heaith services and 

records birthdate, sex and geogrpphic location. Records of physicim nimbursement for 

mediai care provideci are submitted under a fa-for-srnice arrangement, and contain 

information on patient diagnosis at the 3digit lcvel of the ICD-9-M classification 



system and physician speciaity. Separation abstracts for hospital services provided 

include information on 16 ICDd-CM diagnostic codes, of which the first is the diagnosis 

that is most responsible for the hospital stay. Prescriptions dispenseci which are subrnitted 

by retail phmacies for reimbursemcnt by provincial drug insurance plans or for dnig 

utilization mriew purposes, contain data on the date of prescription dispensing, h g  

name, strength, and dosage fom, and a 9-digit dmg identification number. Record 

linkages between these databases were created by the use of monymous personal 

identifiem. Statistics Cana& Censw 1995 household income data, aggregated to the 

geographic unit of the enurneration area, were used to rank neighbourhood income 

quintiles from 20% of the population residing in the lowest income to 20% of the 

population residing in the highest income neighbouthoods. [ 17; 181 

From a total of 174,208 children, aged 5-1 5 years as of January 1, 1995, identified in the 

MSHIP registry, 48,146 childm w m  registend until March 31, 1998 and met the 

following case definition for a s h a :  1) at least one diagnosis of asthma or bronchitis in 

any diagnosis field on a physician claim or hospital abstract mord, or 2) h the absence of 

asthmalbronchitis diagnoaes, one prescription for an W e d  corticostmid or other 

prophylaxis dm& or one prescription for ketotifm concornittant with a bronchodilator, or 

two prescription records for a bronchodilator during the timc period JEUIUEV~ 1, 1995 - 

March 31, 1998. Ta identify childrcn in trcahnmt with asthma drugs, childrm were 

m e r  selected on the basis of at least one prescription for an asthmp drug in the 12 

month pend  pria to and the 24 month perioâ following the policy change to the 

Phsmiacan prograun in April 1,19%. Sub8cquently 10,918 children constituted the study 



cohort of children with asthma. The study was brokm dom into thm evaluation periods: 

1) a 12 month period prier to policy change, 2) the tVst 12 month p a i d  following policy 

change and 3) the second 12 month period following policy change. 

Children were placed into income quintile neighbourhoods according to the 6-digit postal 

code of the household in which they lived, excluding 2 childmi who could not be 

classified. The cohort of childm was then categonzed into three h g  prognun groups: 1) 

non-Pharmacarc chiidmi (control group), 2) Pharmacm childmi who lived in the lowest 

neighbourhood income quintile, with an average annual income of appximately 

$15,000 ("low incorne Phannacare"), and 3) Pharmacare children who did not live in the 

lowest ncighôourhood income quintile ("high income Phanaacare"). Non-Pharmacare 

chilârcn nptesented childm living in households nceiving h e  prescription benefits 

h m  social assistance or treaty status Indian benefits programs. Non-Phmacare children 

had bem selccted as a control group because then had ken no change to pharmaceutical 

reimburscmcnt policy for this p u p  during the study period. 

In ordcr to disentangle policy-induced changes in inhaled corticosteroid use fiom 

alterations in asthma severity over the three yeor study pcriod, childm were classified 

according to level of asthma scverity. An asthma sevcrity instrument had been developed 

to assip asthma sevnity on the bais of p d p t i o n  and hoqitaiiation mords, and was 

found to have had good teliability and validity. Four groups of asthma severity w m  

cmitcd for the analysis: 1) childrcn with mild to moderate asthma in the ~~IKCC evaluation 

paiods, 2) childnn with S~VCIC asthma bcfore change in policy. but in whom asthma had 



decraseci in severity during the two years after change, 3) childm with mild to moderate 

asthma before change in policy, but in whom asthma had incread in severity in the two 

years aAer change, and 4) children with moderate-severe and severe asthrna in the three 

time perioàs. 

'The impact of the change to the incorne-based phmaceuticd reimbunemmt policy was 

evaluated in dl cohort children, as the monthly iikelihood of a prescription for an inhaleci 

corticostmid, and among childm rcceiving inhaîecl corticostaoid dnigs, as the mean 

number of inhaied corticosteroid doses. The monthly likelihood of a prescription for an 

inhaled corticosteroid was evaluated one year before and the k t  year aAer, and one year 

before and the second year aAer the new policy. For each of the two comparisons, a 

Mantel-Haenszel likelihood ratio and 95% confidence interval werc reportad pcr program 

and asthma severity group, stratifiai by month to adjust for seasonal variations. In cases 

whm there was significant month-to-rnonth heterogcneity, month-specific odds ratios 

werc examhed. The mean number of inhaicd corticosteroid doses per child-ycar among 

users was dcrived h m  the prescription quantity recordcd in the database and the standard 

unit sizes of inhalas. A split-unit analysis wos conducted to detcnnine whethtr the mean 

inhaîcd corticosteroid dose in the p n  and p s t  policy time @O& was related to the 

program group, and whether thcn existai an interaction bctween the program group and 

asthma severity. Results of the split-unit andysis werr rcportcd in tenns of least square 

mcans and 95% confidence intcwals. 



RESULTS 

Forty-five percent of the shidy cohort, aged 5-15 years. had received a prescription for an 

inhaled corticosteroid during the tirne p&od Apnl 1995-March 1996. In the month of 

Apnl 1995, approxirnatcly 10% of children had receivcd a prescription for an inhaled 

corticostemid. Ovenll, the monthly proportion of children utilizing uihaled 

corticosteroids decnased in the following thrce years to 8% in March 1998, with peaks in 

use reported for March May, Septcrnber and December. (Figures 5.5.1-5.5.5) Peaks in 

March were obsmed among Pharmacue childm, but not control group children. The 

proportion of inhaled corticostemid use over tirne varieci by level of asthrna severity. in 

the control gmup, this proportion decreascd over the study period for childmi with stable, 

mild or with decnasingly sevm asthma. Among control group chilciren with stable 

sevm asthma utilization remaineci the same, and in those with increased asthma severity, 

the proportion increased over time. 

Adjusting for asthrna scvcrity, the likelihd of an inhalai corticosteroid prescription in 

the fmt ywr following policy change, in cornparison to the previous year, was dcpendent 

on the program group. (Table 5.5.1). Among chilârcn with stable, mild-modcrate asthrna 

the l ikclihd of inhalai corticosteroid use was unchangod in the control and low income 

Pharmaciarc groups, but was significantly d c c d  in the higher income Phmacare 

group. The lilcelihood of inhalai corticosteroid use was significantly dccreaseâ in dl 

childrai with dccrcasingiy ~ v c n  asthma. incnrsed asthma sevaity over the tirne p 4 o d  

was associateci with a significant inamse in IünUObd of inhalai coitico~taoid use in dl 



groups. Among childm with stable sevcre asthrna, inhaîeci corticosteroid use remained 

unchanged in the control and low income Phamacarc groups, but was siQficantly less 

likely in high income Phamiacare children. Similar patterns in likelihood ratios for 

inhaled corticosteroid use were obsened in the second year after change to policy, with 

the exception that the likelihood of use among childm with mild-moderate asthma was 

significantly decreased in all childnn. Significant hctcrogeneity in Uie monthly likelihood 

of inhaled corticosteroid use was obsmred only in the high income Phamiacare group. 

Closer inspection of monthly odds ratios for high hcome Phannaciare children with 

increased asthma severity, showed a significantly increawd likelihood of inhaleâ 

corticosteroid in the months of Septanber, October, November, January and 

March.(Table 5.5.2) 

A total of 7,221 childm had rcceived at least one prescription for an inhaled 

corticosteroid during the 3-yeat study period. Consumption of inhaled corticosteroid 

doses maincd constant for the control p u p  prc and pst-poiicy, but dccrtased among 

low and high incorne P h u m a c a  childrm. (Figures 5.5.6-5.5.11) C h i l h  with severe 

asthrna rcceived a significantly higha number of doses of inhaled corticosteroid than 

childm with mild asthma. The average dose of inhaled corticosteroid was not 

significantly diffemt among control and low incorne P h a c a r e  childm with stable, 

mild-moderate asthma in the pre and p s t  policy pdods, but decreascd significantly in 

hi& income Phwnacve chil&cn. Ammg childm with a dcciine in asthma seventy, the 

mean dose of inhaied corticostaoid significantiy decrt8sbd prc and p s t  policy, but this 

finding was not significrnt in the low incorne Pbannacare group. Similarly, the mean 



dose increascd with pater asthma severity pst policy, but îhis incrase rrached 

statisticd significance only in the control and high income Phamiacarc groups. However, 

arnong high incorne Phamacare children with stable seven childmi. the mean number of 

doses of inhaled corticosteroid decrcased significantly in the post policy period. The 

mean number of doses mnained unchangai for both low income Pharmacare and control 

childmi, but was significantly Iowa in the low income Pharmacare than the control 

group. In the pre-policy pcriod the mean dose of inhaled corticosteroid was not 

significantly diffmnt arnong control and high income Phannacan children, but in the 

second year post-policy the mean dose in high income Phannacare children was 

signi ficant 1 y decreased. 

DISCUSSION 

Over dl, the proportion of children utilizing inhaleû corticostaoid dmgs decreasad over 

the three year study period, consistent with the nannal history of wheezing symptoms in 

chil&cn.[l9;20] Observations of monthly pcaks in utilization of inhaled corticosteroid 

dmgs were also compatible with reports of sc~isonal variations of a s h a  symptoms or 

hospitalization. Pcaks obsened in May and September have been attributcd to seasonal 

exposurc to dlcrgens, [2 1;22] and pcaks in December to increascd exposure to respiratory 

vinises.[2 1 ;23] Inhaled coiticosteroi& arc not effective in the symptomatic trament of 

asthma attacks,[l6] but parents anticipahg aessond wonming of symptoms may be 

prompted to obtain an adquate supply of prophylactic inhaicts. In addition, some 

treatmcnt ngirnens recommend a doubling of inhaled wrticosteroid &se d&g pends  



of incrcascd symptoms.[24] The peaic obsttved in March arnong Phamiacare-eligible 

childmi was likely the outcome of parcnts obtaining prescriptions before the annual 

deductible payrnent was met for the upcoming fiscal year. 

Adjusting for asthma severity and monthly variation, the most notable hding was a 

significantly decreased likelihood of aa hhded corticostmid prescription post income- 

based policy in higher income Phatmacare chilàmi with sevcre asthma Among higher 

income Pharmacare children with severe asthma continuhg to meive inhaleci 

corticosteroid prescriptions, utilization decreosed fiom a mtan of approximately one dose 

of inhaleci corticosteroid pei day to about 300 doses per year. These findings are not 

dissimilar to other reports of a decline in utilization of essential prescription drugs 

following changes to pharmsceutical policies which impose increased costs on its 

mipients. [6-8; 121 The fhdïng of hetaogentity in monthly use of inhaled corticosteroid 

arnong highcr income Pharrnacarc, but not control group chilâren is also noteworthy, 

suggesting that Pharmacare ncipimts had changed their prescription acquisition 

behaviour to accommodate the new policy. Under the new policy of 1W?4 reirnbursement 

following paymcnt of the annual deductible, parents werc potentially M e r  motivated to 

obtain their prescriptions in March before the end of the fiscal ycar. Moreover, an 

increased likelihd of inhaled corticostmid use in childrrn with increasing asthma 

severity only during months which are associatcd with i n c d  pmalence of asthma 

syrnptoms (ie Octobcr, Janua~y), suggest bat parents were delaying th& prescription 

refills to hi@ necd pcriods. Payment problcms for p d p t i o n s  by~ently have rcsultcd 

in ICQUCS~~ that h g  items on a p d p t i o n  not bc fillcd at hrst prtsclltation of the 



prescription; [25] corticosternid, but not bronchodilator inholm arc examples of dnigs 

which are not collected.[26] 

Prior to the income-based policy, the mean number of doses of inhaled corticosteroid per 

child with s e v m  asthma was significantly lower arnong low income Phamacare than 

control children, and this âifftrence widened post policy. Control p u p  children also 

iiveii in low income househokls, but as part of social assistance btnefits provided to their 

families, their p m t s  obtained theit prescription dmgs frre of charge. These findings 

point to a fiirthcr outcome of the new Pharmacm policy: the incorne-b& policy did not 

improve dnig utilization arnong low income Pharmacm childrea, despite diminishing 

cost barners to acquiMg thesc dnigs. Low income adults report problems in being able to 

pay for their childmi's asthma prescriptions,[27] and are less likely to fil1 prescriptions 

for asthma drugs. [28] A vey hi@ deductible level relative to inhalai corticosteroid 

prescription may explain why higher income families would darease thek use of these 

drugs. Monover, it also potcntially explains why low income families failed to increase 

utilization of thesc drup. nie annuai deductible of approximately $300.00 for families 

eaming less than $15,000.00 was not much diffaait h m  the pre-policy deductible 

amount, and would rcquirt out-of-pocktt paymcnts for an annual supply of corticosteroid 

inhalas. 

Thrcats to i n t d  vaiidity wae minimued in this study througb the use of multiple 

mcasutcmcnt endpoints p n  and post policy in a well dcbed population at nsk, in 

cornparison to a well-chooea contro1 population.[2] Furthemore, this raidy has illustratcd 



the importance of controlling for changes to asthrna severity when describing trends in 

inhaled corticosteroid utilization in children over time. One would expect inhaled 

corticosteroid use to decrease in a cohort of "asthmatic" children with age, subsequent to 

the cessation of transient wheezing syadromes later in childhOOd.[l9;20] As asthma 

severity is greater in lower income children,[29] the inclusion of an astbma severity 

rneasure would be especially important in cornparisons acmss income. Nonerheless, 

trends in inhalai corticosteroid use pre and pst change to phamioceutical policy were 

potentially confoundcd by the asthma sevcrity measun. Childm with mild or moderate 

asthma were grouped together, as w m  children with moderately severe or severe asthrna. 

It is possible that higher income Pharmacare childm with severe asthma in both time 

periods decreased their use of inhaied corticosteroid bccause they had experimced 

decreased severity which was not caphired by the present asthma severity cl assi fication. 

Furthemore, the potential existed for a Type II m o r  in the pre and post policy 

comparisons of inhaîcd corticosteroid use in low income Pharmaarc children with severe 

asthma, such that inhaled corticosteroid use may have also becn d e c d  p s t  policy in 

this group, as well as higher income Phannacm chilârcn. 

Cost baniers to the use of prescription dmgs in the management of chronic disease 

impose incrcsscd morbidity among those affcctcd. [1 O;3O;3 11 Lower utilization of inhaled 

corticosteroida has been apwciatcd with i n c d  hospitalization for asthma [30;32] 

Hospitalization for asthma contributes substantially to the costs of menaging this 

discase.[33-351 and &ts the quality of life of asthmatic childrcn.[36] Despite an 

increasc in use of inhalui corticostcioid o v a  the k t  ten m, [37-391 inhalai 



corticostemids rmain undmtilized. [40-431 It i s  there fore, imperative that 

pharmaceutical reimbursement policy not be a deterrent to the utilization of these dnigs, 

especially in childmi, arnong whom prescription payrnent problems are more 

common.[25;26] In our era of cost containment, income-based pharmaceutical benefit 

policies appear to be good choices for equitably distributing the burden of prescription 

costs.[44] However, the impact of these policies on prescription utilization requires 

evaluation and if necessary, as done in othcr jurisdictions, readjustmtnts nccd to be made 

to levcls of patient cost sha~g.[25] 
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Tabk S.S. 1 .Ukelihood of a Pfedption for an Inhald Corticusternid Dnig Befom and 
ARer Incorne-Based Policy by Dnig Pmgmm Gmup,Adjusting foc Monthly Variation. 

H l # ' t W P n r m i c w r  L a w m P h r r m i c w ,  Contrd 
hai#rhdd - 

A One Year Before and One Year ARer Change to Incom&asd Policy 

s ~ ~ t t ~ ~ ~ u i d  0.83 0.8 1 .O3 
8ft.t poiicv IO.77-0.8Q] [0.64-1.00l [O.£I&l .1 q 
B. One Year Before and Second Year Aftw Chrnga to Incom~8aad Policy 

0.68 - 0.88 0.87 
andiIlrrpollY [0.65-0.71) [O. 57-0.001 [O.7ô-OtS7] 

o l c n # r d # t h m i w  0.55 0.45 0.58 
dbr PW [O. 50-O.W] [0.33-0.001 [0.474.71] 

Tabk 5.5.2. Monthly Likdihood of an Inhald Corticosteroid Proscription in High Income 
Phannacrre Childrm with Incrsrreâ Asîhmr Srverity BdordAiter I n c o m ~ s o â  Policy 

Month Fint Yarr Aftw Policy Second Ymr Anor Policy 

0.78 (O.57-1 .O81 0.77 (0.58-1.071 
May 1 .O3 (0.76-1.371 1 .O1 l0.76-1.34) 
Jung 1.2 [o.86-1.66] 1 . 1  [0.6&1.68] 
July 0.W (0.70-1 33) 1.22 [O,Q&1.65] 
August 0.75 [OS-1 .O51 1 2 (0.8û-1.64) 
Septamber 1.28 (0.87-1.681 1.45 (1.11-1.801 
Octobw 1.42 il.07-1 .@O] 1.23 (0.01-1.651 
Novernber .t .a4 [i .1&2.28] 1.71 [t ,23436) 
Oscornber 1 0.88 [O .e l  .1 q 
Janurry 1.5 [1.062.15) 1.7 1 [1.2û-2.431 
Fabrurry 1 3 8  (O.Ob1 .of] 1.3 [0.@1=1 .US] 
b r c h  1.44 [i.O&l .m] 1.39 [1 .03-1.87l 





Figure 5.5.2. Proportion of Asthma Cohort Children with Stable MildlModerate Asthma Receiving an lnhaled 
Cortiwsteroid Prescription on a Monthly Basis by Drug Program and lncome Status. 0119503198 





Figure 5.5.4. Proportion of Asthma Cohort Children with lncreasingly Severe Asthma Reœiving an lnhaled 
CorUcosteroid Prescription on a Monthly by Drug Pmgram and Incorne Status, 01/9503/98 
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Figure 5.5.8. Mean Number of lnhaled Corticosternid Doses (95% CI) in Children with Stable, 
Mild Asthma Before and After Income-based Policy by Dnig Program and lncome Status 

Apri 196-March97 April97-March98 





Figure 5.5.10. Mean Number of lnhaled Corticosternid Doses (95% CI) in Children with lncreased 
Asthma Severity Before and After Incorne-based Policy by Drug Pmgram and Incorne Status 
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Chapter 6. Socioeconomic status, iahaled corticosteroid utiîization and 

asthma hospitalization in cbildren 

The reader was introduced to the literahue on the effect of household income and phamaceutical 

policy on the utilization of inhaled corticosteroid dmgs in asthmatic children in the previous two 

chapters. The dissertation reseatch has documentai that asthmatic children living in low income 

householàs were less likely to nceive prescriptions for inhaled corticostcmid dnigs, and that an 

income-based phamaceutical policy did not improve utilkation in low incorne children. Does 

sub-optimal utilization of inhaleci corticosteroid dmgs contribute to the increased nsk of asthma 

hospitalization obsmed in low income children? This question is addresseci in the c m n t  

chapter. initially a review of the empiric literahin on mcioeconomic status and asthrna 

hospitalization is presented. ThereaAer, dissertation findings on the association between 

household income and asthma hospitaiization in chilcûen, and on whether the association can be 

expiained by inhaled corticosteroid utilization, are prescnted. 

From ment population-based surveys of Canadian chilken it is estimated that 11% of children 

less than 14 pars old. have asthma [I l  and that 13% of school-children. aged 5-19 years have 

current asthma, defineci as a physician-diagnosis of asthrna, or ment symptoms of wheczing, 

asthma attacks or asthma medication use.[2] A 1995/96 school-based survey rrported that 20% 

of students had visitai an emcrgeacy department in the last year and 4 % wcrc hospitalized for 



asthma. Similar asthma hospitalization rates have bem rrported in Manitoba and other 

jurisdictions.[3;4] Asthma hospitalization rates in children had increased by 40 to 50% over the 

1st two decades, but rates have begun to plateau in the 19909, more so in school-age than 

preschool children. [1;5-81 The hospital readmission rate among Canadian children with asthrna 

has remained stable in the early 1990's; the one-year readmission rate for asthma arnong 

children, 5- 1 7 years old, has been reported to be 1 7%. [6] 

The burden of hospitalization for asthma is uncveniy distributcd among children. Several small 

area analysis and swey-based studies have drawn linkages between low socioeconomic status 

and hospitalization for asthrna. Wissow et al found asthma hospitalization rates arnong Maryland 

children in 1979/82 to be highest among Medicaid children. [9] Area poverty rates explained 

30% of the variation in asthma hospitalization. Targonski et al documenteci higher asthma 

hospitalization rates arnong Chicago children living in low socioeconomic status households in 

1987/89.[10] The median houschold income explaincd 30% of the variation in asthma 

hospitabation. Data h m  the 1988 US National Health Interview S w e y  showed that children 

living below the poverty index were 40% more Wrely to be hospitalized for astbma, than children 

living above the poverty line.[ll] Higher socioecoaomic status, as measured by fPmily income or 

education level, was associated with a decread risk of hospitaiization in Lieu et al's snidy of 

1,498 children, enrolled in a US heaith maintenance organkation in 1995.[12] 

An association betwecn hospitalization for asthma and lower socioeconomic statu has also been 

documcnteâ in Canaâa and Europe, including sevaal universal heaith c s n  insurance settings. In 

the 1994/95 Italian Studits on Respiratory Disordas in Childhd aad the EnvVoumcnt study, 



hospitalization for asthma among Italian chilcùcn was negatively comlated with household 

socioeconomic stahis.[l3] Watson and colleagues found a strong association betweea 

socioeconomic status, as mcasured by the Townsend index, and astbma hospitalization rates in 

üK chilâren.[l4] Erzen et ai's evaîuation of Manitoba children, 4 4  years, documented that 

children living in low income quintiles werc hospitalizcd almost twice as often than those in 

higher income quintiles, in 1988 and 1992.[3] Furthemore, asthma hospitalization rates have 

increased disproportionately in lower income chilken over the past dccade. [3; 1 51 

6.2 Asthma homitalization in lower income childrcn 

Asthmatic chilàren who have more fiquent symptoms are more likely to be hospitalized or visit 

the emergency dqartment.[l2;16] In the 1988 US National Health Intewiew Swey, children 

with severe asthma were hospitalized 10 times as otkn as chilâren with rnild disease. Numerous 

snidies have reporteci more frequcnt asthma symptoms among childrcn of Iower, than higher 

socioeconomic status. [17-191 Childrcn with asthma living in lower socioeconomic stahis 

households are mon Wrely to expCnence Limitations in activity such as aôsence h m  school or 

confinement to bed, than asthmatic childnn Living in higher incorne household.[4;20] It is 

however, difficult to ascertain whether incrcased symptom fkquency in low income children 

represents greater inherent asthma sevcrity or poor control of asthma symptoms.[2 11 Chilchen 

with asthma which is wellîontrolied with drug .thaapy expience fewer exacerbations than 

childmi with poorly controllcd asthma.[22] However, despite optimal dmg trcsbnmti children 

with sevm asthma expcricace more symptoms thm childm with mild asthmk[23] 



S e v d  hypothesis have been proposed to explain the higher asthma hospitalization rates among 

low income childmi: 1) greater inherent asthma sevcrity, 2) poor symptom control subsequent to 

increased exposure to envuonmental allergens and 3) poor symptom control subsequent to 

decreased treatment with prophylactic madication, such as inhaled corticosteroids. 

6 2 . 1  Inherent asthma severiîy 

Little is known about the risk factors detennining the inherent severity of asthma in an individual 

and/or influencing the progression of mild asthma to mon sevcn fonns of the disease. Several 

facton have been postulated as contributing to asthma severity, including inflammatory, 

structurai, hereditarylcongenital and environmental facton. [NI Premahinty is a congeni ta1 factor 

which increases the likelihood of asthma, [25;26] and the prevalence of prematurity is higher in 

lower income populations.[27] Children at ri& for asthma because of a positive family history 

have been reported to be significantly more likely to develop asthma by age 11 y e m  if they were 

exposed to high levels of dust mite allcrgens at one year of age. [28] In this study, children with 

exposure to higher levels of house dust mite allergens w m  more likely to wheeze at an earlier 

age. Lower income children have been rrportcd to have greater exposure ta indoor allergens, 

such as house dust M t e  and cochach debris, [29-321 to household smoke, [33;34] and to 

respiratory infections [35] Greater exposure to allergens may increase the likelihood of early 

onset asthma and longer-standing airway infiammation in lowa income childnn, leading to 

structural changes in the bronchiai wall and more sevm asha.[36] 

Grrater exposm to multiple aileigens may hthcr increase the iiicelihood of sevne asthma in 

low income childm.[24] Asthma sevcrity, detcrmind on the basis of asthma dnig utilization 



and symptom measaues, and pulmonary hct ion tests have becn found to be nlated to the degree 

of sensitization to individual allergens, or to the total numbet of positive skin tests to different 

allergens.[29;30] A positive gradient in the proportion of asthmatic chilâren exposed or 

smsitized to indoor allergms ha9 beni docummted with decnasing houschold socioeconomic 

status.[3 11 There is some preliminary evidence that allergen sensitization among low income 

children increases the likelihood of asthma morbidity upon exposure to allergens. Rosenstreich et 

al's evaluation of low income, inner-city children showed that exposure to high levels of 

cockroach allergen increased asthma hospitakations and school-days missed to a greater extent 

if there was prior sensitization to the cochach allergen.[37] Furthmore, the ability of 

sensitization to individual allergms to pndict asthma severity is dependent on household income 

status. In Togias et al's study, the strcngth of the association between asthma rverity and 

cockroach sensitization was strongest among dolescents from the lowest income households, 

while the association with exposure to tobacco smoke was strongest in higher income 

adolesecents. [29] A pater number of positive skin tests was as likely to be precüctive of severe 

asthma in low, as in high income childrcn. 

6.2.2 Asthma control and exposun to environmental allergens 

Greater exposun to indoor allagens such as tobacco smoke, house dust mite and cockmach 

debns, and community allergens such as niU9cs anci pollutants, has worsmed asthma symptoms 

and lung function, and incrcased hospitakation in children with asthma. Household dampness. 

mould p w t h  or rnattress dust mite levels have been found to be positively rdated to the 

fiequency of wheaing, mdcation rcquircmmts or pulmonary bction tests in asthmatics. 

[38;39] Similarly, in a sample of 15 1 adolacmts living in the US, positive sLin tests for the 



cockroach and dust mite allergen, which arc comlated with allergen exposure, were related to 

increased symptom freciuency, school or work days lost, activity limitation and health care use. 

[29;3 11 The US National Cooperative Inner-city Asthma Study documented that children with 

high exposure to cocboach allergen were significantly more likely than children with low 

allergen exposure to miss school, loose slecp, wheeze and be hospitalized. [37] As noted 

previously, this finding was only apparent in childm with smsitization to cockroach allergen. 

Frequent wheeze has becn found to be significantly more common among children exposed to 

household tobacco smoke in two studies conducted in the UK.[40;41] Greater exposute to 

household smoking, as measured by urine cotinine levels in 199 children with asthrna in the US, 

was also associated with an increased number of acute exacerbations.[34] The same authors 

found that % predicted FEVl decrcaseû with increasing exposun to household smoking and 

urinary cotinine levels. Togias and collcagues documented an association between exposure to 

smoke and asthma severity in adolescents. [29] Passive smoking has increased emergency rom 

visitation rates in asthmatic children. [42] Asthma symptom fiquency in children was not found 

to be associated with air pollution in Finland; [43] however, highcr anergency department use 

and hospitalization has been reported in preschool children with asthma, living in localized areas 

with high pollutants levels.[44;45] 

Respiratory tract Mnises such as influenza and rhinovinis, have been detected in 8045% of 

asthma exacerbations in a group of childm, aged 7-9 ycars, living in the UK.[46] A strong 

comlation betwem upper respiratory inftction rates in childm and hospitaiization for asthma 

has also been nported.[47] Among envimnmmtal precipitants of asthma exacerbations, uppa 



respiratory tract ùifections appear to be the strongcst trigga. SPrafino and colleagues reported 

that respiratory infections had the grcatcst impact on asthma severity in children. [48] From a list 

of asthma tri- npoeed by school-children in Canada, colddchest inféctions accounted for 

86% of triggers, followed by tobacco smoke or dust (55%) and then air pollution (32%).[2] 

Interventions to decrease exposure to indoor allergens, such as tobacco smoke have been 

successful in decreasing a s h a  spptoms in chil&en.[49] Some studies suggest thai despiie 

allergen-avoidance measures, asthrna exacerbations will continue to be higgered by respiratory 

tract infections.[SO] 

Gnater exposure of lower incorne chilâren to indoor allergens, [29;3 1 ;3 21 to household smoke 

[33;34], to respiratory infections [35] and to outdoor pollutants [51] increases their risk for poor 

asthma control. The effect of indoor allergen levels on asthma syrnptoms may be dependent on 

prior sensitization to the allergm. 

6.2.3 Asthma contd and prophylactic drug thenpy 

The prescription of inhaled corticosteroid medications represcnts a secondary prevention 

intervention for which there is an abundance of evidence rcgarding effectiveness in improving 

asthma symptoms.[5245] The benefits of inhaid corticosteroids in reducing hospital 

admissions for asthma have bem demonstrated in several small ana analyses and observational 

studies. Communities with lower hospitakation rates for a s h a  have b e n  obsmed to have 

higher inhalai anti-inflarnmatory dmg or corticosteroid use.[56-591 The odds of fatal and near 

fatal asthma in pcrsons uabg inhaîeci corticosteioids on a rcguiar basis was sipnjficantly reduced 

in cornparison to non-uxn, in Emst et al's cohort of l2$O 1 pcfsons, agcd 5-54 y-, nceiving 



asthma h g  p~scriptions. [60] in a cohort of 2,059 hospitaîizcd asthmatic patients, aged 5-54 

yean, subjects treated regularly with inhaled corticosteroids for 16 days to 6 months were 40% 

less likely to be readmitted to hospital for asthma.[6l] Similady, a nested casq-control study of 

new 1 y treated asthma documentecl that subjects initiatcd on n p l a r  inhded corticosteroids 

therapy were 40% less likely to be hospitalized, than those treateâ with theophyliine therapy.[62] 

Mialed corticosteroids in Donahue et al's evaiuation of 6,562 children decreased the risk of 

asthma hospitalization to one-third. [63] 

The use of preventative dmgs bas been reporteci to be 7922% lcss fnquent among chilâren living 

in lower, than higher socioeconomic s t a t u  families surveyeci in the UK, Australia and the 

US.[29;64;65] There are many biuriers to the use of inhalecl corticosteroids in low income 

children, which have been described at length in Section 3. In summary, the social environment 

of low income children places t h  at incrcascâ risk of not receiwig an inhaled corticosteroid 

prescription. Low income childrcn are less likely to be piescnbcd Uihalcd corticosteroid drugs 

because they are less likely to have a reguiar source of physician can or to consult with an 

asthma specialist. Non-~erencc to inhaled corticost~~~id therapy is not uncornmon, but low 

income children appear to be cspecidly non-adherent.[66] Grtater medication wn-adherence 

may be related to the decreased ability of low income households to obtain prescriptions for the 

high potency inhaled corticostemib which are expensive, or to hadequate howledge or 

misconceptions of parents ngarding asthma management. 

It is difficuit to disentangle the contributions of under-treatment with inhalad corticosteroids 

versus inctcpscd allcrgcn exposm in explainhg higher hospitakation rater for asthma in lowa 



socioeconomic status childrm. A higher prevalence of more sevm astbma was documented in 

low income childmi in the early 1970'~~ prior to the introduction of inhaled cortciosteroids as 

asthma prophylaxis therapy.[l7] This historical evidence suggests that household socioeconomic 

status ciifferences in a s k a  control are related to &Wonmental factors, independent of dnig 

therapy. Multivariate studies documenting an association betweem socioeconomic status and poor 

asthma control which cannot be explained by allergen exposure, suggest that other factors, which 

may include decreased use of inhded conicosteroids, affect asthma contro1.[17;67] Obsemations 

of an interaction bctween the effect of socioecoaomic status anci allergen exposure on asthma 

morbidity suggest that low income childm may not be benefiting h m  the pmtective effects of 

inhaled corticosteroids. [29;68] in Lieu et al's case-control of asthma hospitalization in chilken, 

family income, asthma seventy and twice-monthly bedshcet washing (as a market for allergen 

exposure) predictcd hospitalization, but utilization of anti-inflammatory dmgs did not. [12] 

Although these findings suggest a stronger relationship betwan asthma hospitalization and 

environmentai allergcn control, than with anti-infîammatory àrug w, an important consideration 

in multivariate analyses is that allcrgm avoidance and regular use of anti-innammatory dmgs are 

often comlated.[66;69] 

Hospitaiization for asthma has bem refend to as a crisis in the care of the asthmatic child, the 

result of inaâquate prophylaxis th«zlpy and deIaym in secking health can.[70] Childmi with 

asthma living in lowa wciocconomic status households appear to be at increastd nsk for these 

events. They arc aiso at incwased ri& of expsurc to enWOnmcnta1 ljsk factors and more severe 



diseasc, factors which need to be incorporatcd into investigations of the inter-ielationship 

betwcen socioeconomic status, dnig thaspy in c h i l h  with asthma and outcomes of 

hospitalization. 

6.3 Prowscd research and hvbothcsts 

A population-based study was conducted to assess the influence of socioeconomic statu on the 

inhaled corticosteroid utilization in children with asthma, rad its impact on hospitalization for 

asthma. Study objcc tives were thrct-fold: 

1. To describe the utilization of inhaleci corticosteroid mtdication in children with asthma. 

2. To determine the chatacteristics of the social environment which are associatcd with non-use 

or non-reguîar use of inhaied corticost~t~)ids in childm with asthma. 

3. To detmniae whether the non-use or non-regular use of inhaled corticosteroids is associated 

with hospitalization for asthma in chilcim. 

s t ~ 4  ~ y p o r h e ~ u  I 

Lowa income chiidmi are significrntly more lülely to meive non-continuous prescriptions for 

inhaleà corticosteroid dnigs than higher income childmi. 

Study Hypothesrï II 

Without adjustmmt for other risk fectors, lower incorne childm arc at i n c r c d  risk for asthma 

hospitalization than higher incorne childnn. 



Study Hypothesi LII 

Adjusbnent for a s h a  severity, inhaled corticosteroid continuity and other risk factors, lower 

income children are at increased risk for asthma hospitalization than higher income chilken. 

This increased n t  will be lower than the unadjusted nsk. 
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Backmund: Childrm with asthma, living in low bicorne households, are at pa te r  nsk 

for asthma hospitalization than higher incorne children. Asthma hospitalizations are 

considereâ largely prevmtable through the utilization of prophylactic dmgs for asthma, 

such as inhaled corticosteroids. A study was conductcd to assess the impact of continuity 

of inhaled corticosteroid dnig utilization on asthma hospitalization in children, and to 

determine whcther continuity of inhaled corticostaoid drugs could explain increased 

hospitalization for asthma arnong childm living in lower income households. 

Methods: Using population-based heaith c m  utilization data, a cohort of chilâren, 

5-15 years 014 meeting a case definition for asthma, and rcceiving one or mon 

prescriptions for asthma dmgs during the time period January 1995-March 1996 was 

selccted. Limiting the cohort to new users or non-users of inhaled corticosteroid drugs, a 

cohort of 12,534 chilârm wu followed ovei a 3-year period to obsive f h t  hospitai 

admission for a s t h  Household s t a t u  of childrm was categorized as: 1) income 

assistance, 2) low income a m  and 3) higher income arca. On the basis of conpuence 

betwcm the prescription rcfill-interval and days supply, children w e n  classified as 

continuous or discontinuous users of inhaled coiticosteroid prescriptions. A dnig 

treatment-based asthma sevcrity m w u n  was implcmented. The likclihood of asthma 

hospitalization in income assistance and low incorne childm w u  determincd fkom 

proportionai hPzards regrasion modtIIing, adjuating for continuity of inhaleâ 

corticosteroid use and other risk fictors for asthma hospitalization. 



Results: Continuous utilization of inhalai corticostmids in children was aasociated with 

a decread risk of asthma hospitalization (RR=û.37,95% CI:0.29-0.48, adjusted for 

asthma sevcrity). Income assistance and low income children were less likely to receive 

continuous prescriptions for inhaled corticosteraid dmgs. Independent of continuity of 

inhaled corticosteroid utilization, asthma severity and other nsk factors for 

hospitalization, income assistance, but not low incorne children, were sigificantly more 

likely to be hospitalized for asthma (RR= 1.30,95%CI: 1 . O S  î .64). 

Conclusions: The incrtased risk of asthma hospitalization in low income children can be 

pariially attributed to discontinuous use of inhaled corticostaoid dnigs. 

INTRODUCTION 

Admission rates to hospital among c h i l h  with asthma have risen by 40% in Canada 

fiom the e d y  to late 1980's. [l] This incrcase in hospitalization has been attributed to 

changes in asthma prevalmce, untowanl effects of treatment, changes in environmental 

risk factors and diagnostic shihiA.[Z-61 Astbma hospitalizations arc considered largely 

preventable; utilization of propbylactic mcdication for asthma such as inhalad 

corticosteroid dnrgs, ha9 bcen apsociated with lowa hospitalization rates.[740] 

Furthcnnore, the benefits of lower asthrna hospitalization rates arc anDinad only through 

continuous utilization of inhaled corticostctoid dnigs.[ll; 121 Rcsearch findings have 

ken translateci into prcscnt-day asthma treatment guidelines which place anphasis on the 

use of iabaied corticosteroid dmgs for the long-temi management of asthma [13] 



Although asthma hospitalization rates in school-age children began to plateau in the 

19903, [M; 151 the asthma hospital readmission rate in this age group mains at 20%. 

The burâen of hospitalization for asthma is unevenly distributai among children. Low 

socioeconomic status children are at higher risk for asthma hospitalization, than their 

higher income counterparts. [16-211 There is evidence that asthmatic cbildren in lower 

incorne fPmilies receive suboptimal dnig treatment, either by not being prescribed inhaled 

corticosteroids, or by poor adhercnce to inhaled corticosteroid ngimens.[22-251 

Thercfore, a population-based study was proposed to assess the influence of pmphylactic 

treatment of asthrna on the association between household socioeconomic status and 

hospitalization for asthma in children. Study objectives were two-fold: 1) to assess the 

impact of non-use or nonîontinuous use of inhalai corticosteroid dmgs on asthma 

hospitalization in children and 2) to detemiine whether non-use or non-continuous use of 

inhaleû corticosteroid drue was an important factor in explainhg increased 

hospitalization for asthma among childmi living in lower socioeconomic status 

households, independent of other risk factors for asthma hospitalization. WC hypothesized 

that childm with astbma living in lower incorne households w m  at increased risk for 

asthma hospitalization, and that this risk could be partially attribut4 to non-use or 

discontinuous use of inhaled corticosteroid prescriptions. 



Data for this study were obtained h m  four computerized databases maintaincd by the 

Manitoba Health Services Insurance Plan (MHSIP): 1) registration files, 2) raords of 

physician reirnbmement claims, 3) records of hospital discharge abstracts, and 

4) records of prescriptions dispensed in retail pharmacies. The MSHIP registration file 

contains a recod for every individuai registmd to receive insurcd health services and 

records birthdate, sex and geographic location. Records of physician reimbursement for 

medical c m  provided are submittcd under a fee-for-service arrangement, and contain 

information on patient diagnosis at the 3digit level of the ICD-9-CM classification 

system and physician specialty. Discharge abstracts for hospital savices provided include 

information on 16 ICD-9-CM dialplostic codes, of which the h t  is the diagnosis which 

is most responsible for the hospital stay. Records of dispensed prescriptions, which are 

subrnitted by retail phannacies for reimburscmmt by provincial dnig insurance plans or 

for àrug utilization nview purposes, contain dota on the date of p d p t i o n  dispensing, 

h g  name, stmigth, dosage fom, and quantity, anâ a 9-digit dnig identification nurnber. 

The registry of the provincial income assistance program operatecl by Manitoba Family 

S e ~ c e s  was an additionai data source utilized. Record linkages betwm databases were 

creatcd by the use of anonymous personal hdth identifia. Statistics Canada Census 

1996 household income data, aggrcga!cd to the geographic unit of the enurneration area, 

w m  used to r a d  neighbourhd income quintiles h m  2O"/r of the population rcsiding 

in the lowest incomc neigûbourhood to 20./0 of the popdation nsiding in the highest 



incorne neighbourhod. Data h m  a database characterizing Manitoba physicians were 

also accessd. 

A total of 174,208 chilârcn, aged 5-15 y e m  as of January 1, 1995 and i e g i s t d  with 

Manitoba Health until March 3 1, 1996, w m  identifiai h m  the MSHIP registry. This 

time period was chosen to capture data pnor to a major policy change in the provincial 

d k  insurance program. Approximately 48,000 (28%) of these chilâren met the 

following case de finition for asthma: 1) at least one diagnosis of asthma or bronchitis on 

a physician clah or hospital absûact record or 2) in the absence of these diagnoses, one 

prescription fot an inhaled corticosteroid or antiallergic dmg, or two prescription records 

for a bronchodilator, or one prescription for a bronchodilator and ketotifcn over a 3+ year 

tirne period, January 1, 1995-March 3 1, 1998. The study cohort of 16,862 children was 

derived h m  this sarnple, rcprestating childmi who had ncciveâ at least one prescription 

for an asthma dnig during a 15-month period, January 1, 1995 to March 3 1 ,l996. 

Asthma dmg thcrapy was classificd as follows: [26] 1) inhaîcd bronchodilators [eg. b2- 

adrenergic agonist, ipratmpium bromide], 2) oral bronchadilaton [cg. b2-adrtnergic 

agonist, theophylline], 3) inhaled corticostttoids [cg. beclomethasone dipmpionate, 

budesonide, fluticasone propionate], 4) antiallergic agents [cg. sodium cromoglycate, 

nedocromil sodium, kctoti fa], and oral corticostaoiâs [cg. prcdnisone] . 

The cohort of 16,862 childrm was followeâ foiward in time h m  J a n w  1,1995 to 

March 3 1,1998 to obsmc the outcome of k t  hospital admission for asthma Homital 

admission for asthma was defineci as hospitai admission with a primary discharge 



diagnosis of asthma, or a hospital admission for a secondary discharge diagnosis of 

asthma and a pcilnary discharge diagnosis that was eithcr an asthma-like condition (eg 

bronchitis, croup), a precipitating factor for asthma (cg. upper respiratory tract infections) 

or a complication of asthma (eg. pneumothorax). Hospital admissions with a p h a r y  

discharge diagnosis of an asthma-like condition and no secondary diagnosis for asthma 

were dso includeù, 

The association between hospital admission for asthma and two social environment 

variables, household income stahis and single-parent status, wa9 assessed. Household 

income status was characterized by thne categories: 

1) incorne assistance household if the child nceived prescription benefits h m  

Manitoba Family S e ~ c e s  or received prescriptions submitted for h g  

utilization review, which included prescriptions reimbursed 100% by Medicd 

Services Branch (tnaty status Indian) and other social d c e s  agencies, 

2) low incorne Pharmacare household if the child received prescription benefits 

h m  Pharmacm and wt Manitoba Family Smices, and lived in the lowest 

incorne quintile neighbourhood, and 

3) higher incorne Pharmacare household if the child receiveâ prescription 

ôcnefits h m  Phannacm and not Manitoba Family Smiccs,  and did not live 

in the lowcst income quintile neighbowhd. 

Single-parent household status was assignecl if the aâults with whom the child was living 

were listed by the Manitoba Family Scrviccs incarne assistance program or Manitoba 

Health tegisûy as having single, widowcd, divorceci or separateci marital status. 



Continuity of inhaled corticosteroid utilization was evaluated h m  the date of fint 

prescription for an inhaled corticosteroid to the date of first hospital admission for asthma 

or the study censor date, whichever came k t .  The tirne interval between the dispensing 

date of each prescription and the dispensing date of the following prescription was 

derived for each child's set of inhaled corticosteroid prescriptions.[27] The number of 

days supply for a prescription was also calculated by dividing the prescription quantity, 

expressed as the number of doses of inhaied corticosteroid by two to represent twice 

daily adminisûation.[26] The diffmnce betwecn the time intmral and days supply was 

detemined for each consecutive pair of prescriptious. nie number of days of continuous 

receipt of an inhaled corticosteroid was defincd as the sum of the time intervais for which 

this â i f fmce  was 2 1 days or less, and the days supply of the prescription corresponding 

to the fust interval for which the diffcrence excccdeâ 21 days. The 21-day penod 

conesponded to the maximum duration of time following discontinuation of inhaled 

corticosteroid therapy beyond which symptoms rehun.[28] The categorical form of this 

variable was created as follows: 

1) âiscontinuous use, comsponding to 90 days or l a s  of continuous use and 

rcpmsenting 50% of childrcn, 

2) mostly continuous use, comsponding to 91-180 days of continuous use and 

rcpresenting 45% of childrcn, and 

3) continuou use, cotrcsponding to greater than 180 âays of continuous use and 

represcnting 5% of children. 

Kaplan Meier cuves for tirne to hospital admission by the categoricaî form of continuity 

of inhalai corticosteroid prescriptions wen obtaincd for each lcvcl of asthma sevcrity to 



determine if the continuity of inhaled corticostemid measure was associated with 

differing risks for hospital admission. 

Additional explanatory variables evaîuated were: 1) sociodemographic variables, such as 

age at shidy onset and gender, 2) asthma disease factors, such as asthma prognosis, 

asthma severity, prior hospitalization for asthma, t h e  since fust heaith care contact for 

asthma, and frcqucncy of respiratory infection, and 3) asthma matment factors, such as 

utilization of oral corticosteroids, continuity of physician care for astbxna, and physician 

specialty. The occurrence of ycar-round wheezing, which has bcen found to differentiate 

persistent asthma h m  transient whcezing syndromes in childm, was utilized as a 

measure of asthma ~mmosis.[29-3 11 Chiidmi wece chatactetizcd as having persistent 

asthma. if there was evidmce of year-round health care contacts and prescriptions for 

asthma, or as having transient wheezhg, if winter only utilkation was presmt. Asthma 

severity, a significant confounder in asscssing risk for asthma hospitalization,[32-341 

was derived h m  a dnig treaûncnt-based asthma sevcrity measure. Severity categories of 

rnild-moderate, moderate-sevcre, and seven asthma w m  assigneci on the bais of the 

asthma dnig prescription profils and markers of acute asthma episodes over two times 

periods: J a n w  1995 - Mych 1996 and April 1996 - March 1998.[35-391 To account 

for change in asthma sevcrity over the sîudy pcriod, asthrna severity was detennined for 

the time period in which the hospitalization occumd (eg. 1995/% or 1996/98). If a child 

was not hospitaiized, asthrna sevmty for the tirne paid Apnl 1996-March 1998 was 

assigned. 



The number of homitakations ~ e r  vcer for a ~Nnam diamosis code of asthma, nom 

time of  birth to the beginning of study perioâ, was included as an additional sevaity 

rneasure.[7;34] Time h m  the first ~hvsician visit or homitalization for asthma was also 

determineci fimm birth to the beginning of the study period, to represent the tirne course of 

asthma [40] and parental familiarity with the disease.[4 11 The frwuencv of remiratory 

infection was included as a proxy measure for fhquency of virai uifection to describe 

exposure to an mvironmental factor which could pncipitate asthma exacerbations.[42- 

451 A respiratory infation was enurneratcd as a physician nsit or hospitalization for a 

respiratory inféction or bmnchitis, or a prescription for an antibiotic within 7 days of a 

physician visit or hospitabation for asthma. [46;47] The number of respiratory 

infections was divided by the time prior to outcome to obtain a rate. Childm with a 

respiratory infection rate in the 90' percentile or pater  were dehed as having high 

respiratory infiition rates. This rote was equivalent to one Uifection per 6 month penod. 

Prior treatment with an oral corticosteroid, defincd as a lO4ay period following the 

dispensing date of the lut prescription for an orai corticosternid prior to hospitalization or 

censor date, was memurcd to djust for the effects of oral corticosteroids in prevmting 

asthma hospitaluaiion. [48] Ever consultation wiîh an asîhma mecidiot was defined as at 

lepst one visit to an asthma specidist, according to a univcrsity listing of allergy, pediatric 

allcrgy or nsphlogy speciaity, or by the submission of rcimburscmcnt claims for allcrgy 

testing. Childrcn sccing asthma specialists arc more Wely to nceive a prescription for an 

inhaled corticostmid and to be a d h m t  to other matment mcas~s.[49;50] Continuous 

phwician caq for asthma was assigneci to a child if Wh or p a t e r  of physicians visits 



h m  study onset to hospital admission wae  made to one non-spbcialist a d o r  one 

specialist for a diagnosis of asthma or bronchitis.[Sl] A regular source of medical care 

has been associated with increascd utilization of inhded corticosteroid drugs, [22;52] and 

of rcduced hospitalization for asthma.[ 191 

The relative risk (RR) of hospitalization for asthma was estimated from proportional 

hazards regession modelling, in which the outcorne was expresseci as a tirne to evmt 

variable.[53] To pment bias associated with pnvious and short-tenn use of inhalai 

corticosteroids, the analysis was limited to mw users of inhaled corticosternid 

prescriptions, dehed as a f h t  prescription 180 days or more following study entry, who 

had received at least a 16 days supply of inhaied corticosternid prior to hospitalization or 

censor.[l 1; 121 nie  sample size required to detect a two-fold increase in asthma 

hospitalization among low income children in cornparison to higher incorne chilâren, 

assumùig a hospitalization ratc of 3% in higher incorne childrcn with astbrna, aged 5-15 

years, and a sarnple size ratio of low to highcr incornt children with asthma of 0.1 1, was 

3597 (360 low income and 3237 higher income childrcn). nie power index for the 

sarnple size calculations was bascd on a confidence level of 98%, Bonfmni correction 

for multiple comparisons, one-sided test, and a power of 80°?. Following the same 

assumptions, but assuming a sample sue ratio of incorne assistance to higher income 

chil&en with asthma of 0.24, the siunple size rcquired to detect a two-fold increase in 

asthma hospitalization among incorne assistance childnri in cornparison to highcr income 

chil-, was 2514 (503 income assistance and 201 1 hi* income childrcn). 



in the proportional-hazards model, penon- time and evmts were censored at the date of 

last registration with Manitoba Health or end of study period. Explanatory variables 

evaluated in the model were: 1) household income status, 2) single-parenthwd status, 3) 

age, 4) gender, 5) asthma prognosis, 6) asthma seventy, 7) previous asthma 

hospitalization rate, 8) tirne since first contact for asthma, 9) continuity of inhaled 

corticosteroid prescriptions, expressed as a categorical, non-tirne deoendent variable. 10) 

continuity of physician c m  for a s h a ,  1 1) ever consultation with an asthrna specialist, 

and 12) fkquency of respiratory infection. The reference group for continuity of inhaled 

corticosteroid use included children who did not receive an inhaled corticosteroid 

prescription. Explanatory variables were retained in the model by cornparhg the 

difference in deviance between nested models to the chi-square statistic for the difference 

in degrees of fieedom between two models at a 95% level of confidence. Effect 

modificationp namely modification by inhaled corticosteroid use of the association 

betwecn household socioeconomic status and hospitalization for asthma, was assessed by 

the inclusion of interaction tenns. 

As the efficacy of inhaleci corticostcroid dmgs is limited to the tirne period of treatment, 

[28] proportionai hazards modelling was repeated for a model containing continuity of 

inhaled 

contrast 

childm 

corticosternid prescription, expressed as a time-de~endmt variable.[54] In 

to the previous model, in which risk of hospitalization was assessed among 

categorizcd as continuous or discoatinuous inhaîcd corticosteroid users, this 

mode1 evaluatsd the risk of hospitalization during time pcriods of inhalad corticosteroid 

prescription use and non-use. The time period of inhaled corticostaoid use was dcfined 



as the interval b m  the date of the first prescription to 21 days or less following the end 

of the days supply of the last prescription. T h e  outside of this paiod, which constituted 

the time prior to the date of the hrst prescription, or 22 days or mon following the end of 

the days supply of the last prescription, was counted as non-use of an inhaled 

corticosteroid drug. An interaction tmn, denning continuous and discontinuous users on 

the basis of time pcriods of use and non-use, was created. This mode1 was limited to 

childm with previous contact for asthma to cnsure that tirne pexiods of non-use 

pnccding the f k t  inhaîed corticostaoid prescription, rspnsmted perioâs where children 

would be at nsk for asthma hospitaiization. 

RESULTS 

The base cohort was comprid of 16,857 children in traitment for asthma, following the 

exclusion of 5 chilâren meiving P h o c a r e  benefits who could not be placed in 

neighôourhood income quintilcs. On average, childm were o b s d  over 3.2, SDcO.4 

yws. During this t h  period, 55% of childm had ieceived at least one prescription for 

an inhalcd corticostmid; of thest children, 6988 (75.9%) had hadeivd continuous 

prescriptions. Scventy-ove percent of childmn w m  living in higher income Pharmacare 

householâs, 17% in incorne assistance households, and 8% in low incorne Pharmacare 

households. Incorne assistancc and low incorne children with lsthma werc more Lilrcly 

than higher income childicn, to live in single-parent households, to have mon severe 

asthma, to bave tiquait rcspiraîory infections and be hospiePlued for asthmaflable 

6.5.1) niey wcm airo lm iikely to have continuity of inhalad wrticosteroid prescriptions 



or to have ngular sources of physician care for asthma. A gradient in the fiequency 

distribution of nsk factors across household income was obscrved, with income 

assistance children at one end of the continuum and higher income childrcn at the other 

end. 

The relative risk of hospitakation for asthma was evaluated among 12,534 non-users and 

"new users" of inhaled corticosteroid dnigs, following the exclusion of 4,328 children 

with inhaled corticosteroid prescriptions within six months of study onset or with k t -  

t h e  use for less than 16 days. Adjusting for asthma severity, the intention-to-treat 

analysis showed that any utilization of inhaled corticosteroid dmgs significantly raduced 

the risk for asthma hospitalization (relative nslc0.42, 95%CI: 0.33-0.52). Continuous 

utilization of inhaled corticostemid prescription m e r  decreascd the risk for 

hospitalization for asthma. Kaplan Meier c w e s  showed that the median t h e  until 

hospitalization in 341 childrcn with severe asthma was 250 days in children without 

inhaled corticosteroid prescriptions, 500 days in childrcn with discontinuous use of 

inhaled corticosteroid pnscriptions, and 900-950 days in children who rcceived mostly 

continuous and continuous prescriptions (log-rank test, p<O.ûûûl).(Figwe 6.5.1) The risk 

of  asthma hospitalization was also significantly reàuced with continuous use of inhaled 

corticosteroid prescriptions among childnn with moderate to sevm, and mild to 

moderate asthma (data not show). Adjusting for asthma severity, the risk for asthma 

hospitalization among continuous users (mostly continuous and continuous combined) of 

inhaled corticostemids, relative to non-users, WU 0.37, 95%CI 0.29-0.48, and the 

relative risk of discontinuous users was 0.59,95%CI: 0.41-0.86. 



The unadjusted risk for asthma hospitalization was increascd one and one-half times in 

low income and income assistance chiidmi, relative to higher income children.(Table 

6.5.2) Adjusûnent for continuity of inhalcd corticosteroid use roduccâ, but did not 

eliminate the increased risk of hospitalization among low income and income assistance 

childrm. No interactions bctwecn continuity of inhaled corticosteroid usc and household 

income status were documcnted. In a separate model, children with moderate-severe 

asthma and espdally, children with severe asthma w m  at substantially greater risk for 

asthma hospitakation, than c h i l h  with mild-modmte asthma. In this moâel, 

aâjustmcnt for asthma sevcrity completely eliminated the increased risk of hospitalization 

among low income or income assistance children. 

Independent of asthma sevcrity, continuity of inhaled corticostaoid prescriptions and 

other risk factors for asthma hospitalization, an increasad nsk for asthma hospitalization 

was fond among children with an incceased likelihood of persistent asthma, with a 

gnatcr number of previous asthma hospitaiizations, with longer duration since time of 

k t  health cue  contact for asthma, and with fquent respiratory infections (RRt2.26, 

9S%CI:1.86-2.77).(Table 6.5.2) The relative risk for asthma hospitalization was lower 

among childmi with a ngular source of physician c m ,  and espccially, mong chilken 

who had nceived a prior course of oral corticosteroids (RR=O.O8,95%CI:0.05-0.12). Non 

consultation with an asthma specialist was excluded as a significant pndictor of 

hospitalization following the introâuction of oral corticosteroid masure into die model. 

Hoiwhold single-parcnthood status and gcnder wen adâitional measurits which were 

excluded h m  the model. No interactions wae  found betwem continuity of physician 



c m  for aslhma and continuity of inhaltd corticosteroid prescription use. Adjusbnent for 

al1 the factors in the final model, did not eliminate the incrcased risk of asthma 

hospitalization among income assistance chilâren (RR= 1.30,95%CI: 1 .O3- 1.64). 

Among the cohort of non-users and "new users" of inhaled corticosteroid h g s ,  7,645 

children had health cm contacts for asthma prior to the study pcriod. Among these 

children, an increased risk of asthma hospitalization was dso observeci in low incorne and 

income assistance childmi (Table 6.5.3). The nnal proportiod hazards ngression model 

contained similar pndicton of increascd or decreascd asthma hospitolization, but shorter 

t h e  h m  tint contact for asthma and no regular source of physician care were no longer 

associateà with increaseâ risk of hospitalization. Childm classificd as continuous usas 

of inhalai corticosteroid prcscriptions during the tttatmcnt period werc one quarter times 

as lücely to be hospitalized for asthma (relative ridr0.22, 95YKI: 0.14-0.3s). than 

children who were not yet users of inhaîcd corticostcroids. However, the risk of 

hospitakation was not nduced during the inhalai corticosteroid tttatment pcriod among 

discontinuous users. Momver, childnn categorized as continuous and discontinuous 

users were less likely than non-users to be hospiialized for asthma while not receiving 

inhaled corticosteroid prescriptions. Household income assistance status was no longer a 

prcdictor of i n c d  hospitakation for asthma following adjustment for these factors. 



DISCUSSION 

Chilâren living in low income or income assistance households were significantly at 

pa t e r  risk for hospitalization for asthma than highcr income children, without 

consideration of other nsk factors. These findings are consistent with several cross- 

sectional and small area studies, which r q n  a higher prevalence of lower income 

children among children hospitalized for asthma[l6-211 In the Canadian setting of 

universal health care insurance childmi living in low incorne neighbourbouds were 

almost twice as Iikely to be hospitalized for asthrna than their higher income 

counterparts.[l6] Our study m e r  contributes to the literature by exploring risk factors 

which may explain this increaseâ risk of asthma hospitalization in low incorne childiai 

living in a setting of universal health care insurance. 

An important determinant of aathma hospitalization was continuity of inhaled 

corticosteroid prescription utilization. in cornparison to chilâren with no prescriptions for 

inhaled corticostemid drugs, the risk of hospitai admission for asthrna was reûuceâ to 

0.42 (95%CI: 0.33-0.52) among childm with prescriptions for these drugs, and to 0.37 

(95%CI: 0.29-0.48) among continuous users. Decreaseâ risk of asthma hospitalization 

among users and ngular users of inhaled corticosteroid dmg prescriptions has been 

reported by others.[7; 1 1 ; 121 Although prescription utilization may not repraent actual 

use of the drug,[SS] these findings arc also consistent with more sensitive measuns of 

inhded corticosteroid utilization among children, which show that adhaence to inhaled 

corticostemid therspy b associatecl with dccrrri#d ri& of asthma cxaeerbotions.[56] 



independent of asthma scverity and inhaled corticosteroid prescription use, several other 

factors preâicted asthma hospitalization. Children with year-round health care utilization 

for asthrna were at incnased risk of hospitalization for their disease, than chilâren with 

wintcr-only utilization, a marker of transient wheezing iliness. The exclusion of children 

less than fivc years of age in our study eliminated chilâren with transient wheezing of 

infancy, misdiagnosed as asthma. [34;57;58] Transient wheezing syndromes also occur 

in older childrcn,[29-311 and we view our finâhgs as evidence for the importance of 

controllhg for the changing ri& of asthma hospitalization in children who may no longer 

have "asthma" symptoms as they enter adolescence. Increased risk of asthma 

hospitalization was associateci with an increased number of previous hospitalizations for 

asthma, as reportcd by othas. [59] M o u s  hospitalization for asthrna among younger 

children in the study cohort is a p d c t o r  for more severe aslhma.[40;60] Increased risk 

of asthma hospitalization with longer duration since time of first contact for asthma may 

also represent increascd sevcrity among childm with longer-standing airway 

infîammation.[40] Frcquait ruphtory tract infections m m  than doubled the risk for 

asthma hospitakation. Uppa respiratory Wal Uifèctions such as rhlnovirus and innuema 

virus, have becn linicd to acute asthxna exacerbations in children, [43-451 and are 

repottod to be the strongest environmental trimer for asthma.[42] Mialed corticostrroids 

may attenuate upper respiratory tract infection-cxaccrbatioas of asthma, [6 1 ;62], but do 

not pnvcnt them h m  occurring.[Q] Oral corticosteroid dmgs also attenuate acute 

exacerbations of asthma, and the numbcr of cornes of oral corticosteroids has been 

utilized ac m a r k  of asthma sevaity.[7;34;47] Momvcr, oral corticosteroid treatment 

of asthma exacerbations sigaificantly duces relapse of asthma symptoms at 7-10 days 



p s t  treatment.[48] In our study, the risk of asthma hospitalization was substantially 

reduced within a IO-&y period of receipt of a prescription for an oral corticosteroid dmg. 

Children with a regular source of physician care for asthma were 20% less likely to be 

hospitalized than childm without a regular source of care. These fÏndings are consistent 

with previous reports that chilâren with a regular source of medical care are more likely 

to be receive inhaled corticosteroid dnigs,[22;52] and las likely to be hospitalized for 

asthma [ 191 As noted, continuous inhalai corticosteroid prescription utiiization decreased 

the risk of asthma hospitalization. but we also hypothcsized that childnn with continuous 

use of inhaled corticosteroids and a regular source of meclical care for asthma would least 

likely be hospitaîized for theu asthma. No intaactions wen found betwecn continuity of 

inhaled corticosteroid prescription and a regular source of physician c m ,  suggesting an 

independent effect of physician care. This independent effbct may be nlated to adherence 

to physician recornmendations for allergen avoidance, [64;65] or to ambulatory treatment 

of acute exacerbations of aslhma.[66;67] 

The association between housthold socioeconomic statu and hospitalization for asthma 

was adjusted at several levels of risk factors. Sole adjustment for continuity of inhaled 

corticosteroid utilization did not entirely explain increascd risk of asthma hospitalization 

among lower income childm. in the absence of asthma sevaity mcasurts, we would 

have expected this finding.[68] Childnn with mon kquent wheezing arc significantly 

more- iikcly to use acute hcalth can services,[69-711 but it is difficult to ascertain 

whether asthma morbidity reprtsc~~ts poor contml of asthma symptoms or mon scvcrc 



disease. Plophylaxis with inhaled corticosteroid dnigs irnpmves control of asthma 

symptoms,[72-741 , and children adherent to inhaled corticostcroid ngirnens have fewer 

exacerbations than those who are not. [56] However, childm with severe asthma remain 

at higher risk for asthma exacerbations than childrcn with less severe a s h a ,  despite 

optimal treatment with inhalai corticosteroiâs.[75] in our study, childm with more 

severe asthma were substantially at increased risk for hospitalization. Adjustment for 

asthma severity alone. completcly eliminated the increased risk of asthma hospitalization 

among low income and income assistance childmi. However. following the inclusion of 

al1 nsk factors in the regession model, a higher risk of asthma hospitalization persisted in 

income assistance children, suggesting that incorne assistance children were exposed to 

risk factors for hospitaluation which were not measured in this study. An increawd risk 

of hospitalization has bern reprted among children with greata exposure to 

environmental triggers, such as tobacco smoke or dustleockroach allergms.[6;76] 

Cockoach exposures are more common in lower income children in e s t  coast US cities, 

but the pmalence of cockroach allergy has wt been defincd in Canadian prairie 

households.[23;77;78] Household smoking however, is more common in low, than higher 

income Manitoba households with asthmatic childm. (data h m  Manitoba sample of 

1994/95 National Longitudinal Survey on Chilârcn and Youth) 

Parents of asthmatic chilârcn utilizing inhaled corticost~r~id drugs are more Uely to 

implexnent allcrgen avoidance measurwr.[41;69;79] In ordcr to disentangle the effects of 

inhalcd corticostcroid dm@, which are primarily rcstrictcd to the tirne period of 

administration, [74] and other asthma management practicm, we ascettaincd the risk of 



hospitalization during and outside the inhaled cortisoteroid treatment period in 

discontinuous and continuous users. ui contrast to the earlier multivariate model, 

continuous, but not discontinuous users of inhaled corticosteroid prescriptions had a 

reduced nsk of asthma hospitalization if the outcome occurred dunng the treatment 

period. These findings are also consistent with the literature.[ll;l2] However. 

independent of other risk factors, a lower risk for hospitalization was observed outside of 

the treatment period in continuous and discontinuous inhaled corticosteroid users, 

suggesting that parents of children receiving inhaled corticosteroid dmgs may have 

implernented asthma management strategies such as allergen avoidance measures, 

reducing the risk of hospitalization.[80] It is noteworthy that the increased risk of asthma 

hospitalization arnong income assistance children was not statistically significant in this 

fully adjusted model. 

The limitations of our resexch are related to the observational nature of the study design 

and the potential for bias in estimating the risk of asthma hospitalization.[81] To reduce 

selection b i s ,  subsequent to the inclusion of children who did not have asthma, we 

excluded children less than 5 yean of age. [82;83] We also adjusted the relative risk for 

asthma hospitalization with a marker of asthma persistence denved from health care 

utilization pattems.[29;30;84] Furthemore, "previous users" of inhaled corticosteroids 

were excluded because of the association between inhaled corticosteroid use, asthma 

severity and lower income status,[85] with the potential for creating a biased association 

between socioeconomic stanis and hospitalization at study entry. Excluding childm with 



previous prescriptions for inhaied corticosteroids also prevented left c e n s o ~ g  of the 

continuity of prescription mcasurc. [54] 

Measurement bias in descnbing hospital admission for asthma was minimal because we 

utilized provincial hospitalization records, and also included diagnoses which would be 

associateci with an exacerbation of asthma.[l1;86] However, there existed the potential 

for measurement bias in descnbing continuity of inhaled corticosteroid, which may not 

represent actual utilization of the dnig. [55] Confounding bias was adjusted for by the use 

of multiviuiate models which included factors nlatcd to socioeconomic status, inhaled 

corticosteroid utilization and asthma hospitalization.[87] Measures of potential 

coafounders such as asthma severity, exposure to respiratory virai Uifections, and receipt 

of oral corticosteroi& wcre dcrivcd h m  health c m  administrative records,[44;48;69] 

were thernselves subject to bias associateci with health care utilization data. Finally, 

although we included major dctenninants of asthma hospitaüzation, we were unable to 

include additional rnwurts of enviromental risk fpctors, such as exposure to tobacco 

smoke or allergens. [6;76] 

in summary, our rcseatch hdings indicate that lower income and income assistance 

children are at greater risk for asthrna hospitalization than higher income chilàren. 

Hospitalizatioa for asthma contributes substantially to the costs of mamging this 

disease[88-901 and flects the quality of life of asthmatic children.[70] What policy 

directives are neadad to d u c c  hospitaiizatioa in this group of childrm? Severe asthma 

was a major p d c t o r  of hospitdizatioa and explainal entirely the increaseâ risk of 



hospitalization among low income children. While it may be prudent to ncommend 

earlier ûeatment with inhaled corticostaoids to pment irmcnible lung changes which 

occurs subsequent to chronic inflammation, long-tenn studies in children are lacking 

[12;40;9 11 and what determines asthma severity is not completely understd.[92] 

While not altering the baseline seventy of asthrna, treabnent with inhaled corticosteroid 

drugs prevents a child with moderate symptomatic asthma from having moderate, "well- 

controlled" asthma, and according to our findings, pnvents hospitalization for asthma. 

Low incorne chilâren are less likely to be treateû with inhaled corticostdods.[22-251 

Our study hdings suggest that the increased risk for asthrna hospitalization in low 

incorne children can in pari, be reduccd by UnproWig continuity of their use. Physicians 

pmtising in low income neighbourhoods would bencfit fiom education on the increased 

risk of hospitalization for asthma in theu patients, and the need for prophylactic 

treatment.[93] However, prescription of an inhaleci corticostemid by a physician will not 

guarantee administration to the child if there are cost barrien to the purchase of these 

drugs. The hi&-potency inhaled corticostemid dmgs am cxpensive to purchase [94] and 

low income parents oftm report problems in paying for asasthma drug prescriptions.[95-971 

Future considerations of phsmiaceutical nimbursemmt policy could include the 

provision of fkec prescription benefits to children, as is the practice in the province of 

Quebec, [98] or the requinment of nominai copayment or deductible payments for 

children' s prescriptions. (961 



Adhmnce to inhaleci corticosteroid ngimens represmts a major challenge to optimal 

asthma management; adherence in low income childm is poor. [22;79;99; 1001 We 

docurncnted that low income children were more likely to receive discontinuous 

treatmcnt with inhaled corticosteroids. Low incorne parents have becn reported to be 

less knowledgeable about their children's asthrna management or to have a disbelief in 

the effectiveness of asthma dnigs.[4 1 ; 10 11 The observed use of inhaler devices has been 

reported to be dismal in low income childnn.[79] Strategies to improving adherence with 

inhaled corticosteroid treament need to be rnulti-faceted, beginning with the education of 

physician, phannacists and nurses on the proper use of inhaier devices [102;103] and on 

good communication techniques in taking about asthma to their patients.[99;104] 

Monover, it is essential that asthma education sessions incorporate a greater 

understanding of how individuals experience aathma.[lOS] Disbeiief in the effectiveness 

of preventing attacks among low income parents has been associated with non-adherence 

with asthma medications in their chil&en.[7 1 ; 1 061 

Education of professionals in pubüc health clinics on asthma has multed in increased 

utilization of inhaled corticostcroids by theu patients.[l07] In our research, we have 

identificd factors which can infonn the clinical management of childhood asthma by 

health professionais. Furthetlllore, we have developed measurcs of asthma severity, 

continuity of inhaled corticostcroid prescription utilization and exposure to respiratory 

virai infection, which are very usehl in asthma pharmacapidcmiologic research. Future 

applications of our meth& to hedth cm administrative dataôases cm bc used to profile 

childmi who are at high nsk for asthma horpitalization.[l08] 
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Table 6.5.1. Characteristh of Children with Asthma by Socbemnomic Statu8 

Household Type Incorne Low Incorna High Incorne 
Asdstance Pharmacare Pharmacare 
(n=2,782) (n=1,398) (n=12.677) 

Male gender (%) 

Singlepatent household (%) 

Visits for asthma since 
birth (%) 
Tirne since 1" visit for 
asthma (mean, 95%CI) 
Number of pmvkus' asthma 
hospitalizatians (mean, 9S%CI) 

Year-round health care contacts 
for authma (%) 
Asthma severity (%) 

Severn 
Moderate-ævere 
Mild-moderate 

Frequent respiratory 
infections (%) 
Regular use of medical care 
for asthma (%) 
Ever use of spedalia for 
asthme care (36) 
Inhaled cortico8teroiâ use (%) 

No pmscriptiona 
Diacontinuaus use 
Continuou8 use 

€ver hospitalizeâ for 
asthme (j61 



Table 6.5.2. Relative Risk for Ho8piWizatiori for Mthma in Children with Asthma, Continuity of 
Inhalecl Corticosternid Pnacfiptkn Use b Not fimedependent (n=12,534) 

Roietive rlsk (95% Confiâenœ Intewal) 

lncorne assistance 
Low income Pharmacare 
(baseline: high incowte Pnarmaam) 

Relative ris& adjusteci lbr continuiîy of inhdrd ~o~costeold pmscnptions 

lncorne assistance 
Low income Pharmacare 
(baseline: high income Pharmacam) 
Discon tinuous in haled corticosteroici 
Continuous inhaled CORl*costeroid 
(baseline: no inhaled coRicostsroid) 

Relative nsk adjusted Ibr asthma sevedty 

Incarne assistance 
Low income Pharmaare 
(baseline: high incorne Phamacare) 

Severe asttima 
Moderate-severe asthma 
(baseline: mild-moderate asthma) 

Relative risk aâjusled kr sevem, continuity of inhaled cotticostemlii use and dher dsk fectors 

lncome assistance 
Low income Pharmacare 
(basdine: high income Phamacam) 

Year-round utilization for asthma care 
(baseline: Mnter only utilization) 
Severe asthma 
Moderate-severe asthma 
(baseline: mild-moderate asthma) 

Discontinuous inhaled cOrticO8teroid 
Continuous inhaled corticosteroid 
(baseline: no inhaleâ corticoateroiâ) 

Number of prior as0ima hospitalizatkms 
per year (increase) 
lime since first visit for asthma 
(one year incrsaae) 
Age (one year increase) 

Frequent respiratory infections 
(badine: few infections) 
Regular source of physician care foi aslhma 
@amlino: no mgulu 8oum) 
Oral corticosteroid 10 day8 ptkr to wtcome 
~ : n o ~ o # t k # ~ l O d r y r ~ )  



Table 6.5.3. Relative Risk for Hospitalirath for Asthma in Children with Pisvious Contacts for 
Pahrna Cam, Continuity of Inhaled C ~ t ~ i d  Presdptior, i8 lime-Oapmdent (n=?645) 

Relative Rirk (95% Confidence Interval) 

Unadjusted relative dsk 

Incorne assistance 1 5 (1.1 8-1 39) 
Low income Phannacare 1.52 (1.08-2.14) 
(badine: high inana  Pturmaam) 

Relative rfsk Wusted ib? sevedy, cdntinuity of inh8kû coRicosteroid use and &er risk factors 

Incarne assistance 
Low 'income Pharmacare 
(baseline: high incorne Phannscare) 

Year-round utilkation for asthma car8 
(baseline: winter only utilkation) 
Severe asthma 
Modemte-sevm asthma 
(bamline: milâ-moderate asthma) 

'Discontinuous user' during inhaid CCS treatrnent* 1.29 
'Discontinuous user' outside of inhakd CCS tmtment" 0.31 
(balcelinex no inhaled CCS or outuide of CCS trsatment) 

'Continuous user' during inhakd CCS treatment* 0.22 
'Continuous umt outsiâe of inhaleci CCS treatmentw 0.46 
(baseline: no irihaîeâ CCS or outside of CCS tmatment) 

Nurnber of prior asthma hospitalizauocis 1 .O2 
per year (inmase) 
Frequent respiratory infections 2.1 7 
(baseline: fw inhctbn8) 
Oral corticastsroid 10 days prior to outcoma 0.08 
(basdine: no onl cdcaadsrdd 10 dryr pdor) 



Fiaure 6.5.1. Number of Days to First Hospitalization for Asthma by Continuity of lnhaled 
u 

Corticosteroid ~resai~t ions in C hildren with Severe Asthma (n=341) 

1 + No inhaîed co*oitwoid + D~continuous use 
I + ~ilkstty continuoun use + Continuous use I 



Chapter 7. Discussion of Research Findings 

7.1 Summarv of Research Findinns 

The introductory chapter described the organizational framework for the ptesentation of 

the fmdings of the dissertation research. A series of five essays was presented in the 

subsequent chapters which described research relating to the: 1) development of a case 

definition for childhood asthrna, 2) development of a dnig treatment-based asthma 

severity measure, 3) empiric evidence on the association between household 

socioeconomic status and inhaled coticosteroid prescription use in children with asthma, 

4) empiric evidence on the impact of an income-based pharmaceutical policy on the 

utilization of inhaled corticostaoid prescriptions in chilchen, and 5) mpiric evidence on 

the association between socioeconomic status and hospitalization br asthma. The 

objective of this chapter is to highiight the fhdings of the research presented in the 

previous chapters, and discuss study limitations and policy implications. 

7.1.1 Case Definition for C h i l â h d  Asthma Derived h m  Heaith Care Administrative 

Records 

A case definition for childhood asthrna, which supplemmts a diagnosis-based definition 

and cm be applied to hcalth c m  administrative records, was devcloped. Using 

population-based htalth c m  administrative data, a cohort of 48,146 chilcira was 

asscmbld on the basis of the following case definition for asthma: 1) a physicisn contact 



or hospitalization for asthma or bronchitis diagnoses during the period Ianuary 1, 1995 to 

March 3 1, 1998, or 2) in the absence of a health care contact for an asthma-like diagnosis, 

at least one prescription for a prophylaxis dmg, at least one prescription for ketotifen 

concornittant with a bronchodilator, or at least two prescriptions for bronchodilator dmgs 

during the same time period. The validity of the case dennition in identifyhg children 

with ''persistait asthma," defmed as continuous health c a n  u t i l i don  for asthma-like 

diagnoses W o r  prescriptions for asthma dnigs, was assessed. 

Using a prescription for an asthma drug as the criterion, the asthma case defhition 

identified 90% of chilâren with a prescription for an asthma dnig. A discriminant validity 

analysis was conducted for the dnig and diagnosis domains of the case definition, as well 

as for other nsk factors for esthma, to detemine which domains were associated with 

persistait asthma versus transient wheezing. Children selected on the bais of an asthma 

h g  prescription were 3-6 times more Ucely than chiidren without an asthma drug 

prescription to have ''persistent asthma." To a lesser extent, "persistent asthma" was more 

likely among childm with an asthma diagnosis, than in those without an asthma 

diagnosis. The presence of an asthma prescription drug and year-round asthma health care 

utilization pattern substantially increased the likelihood of "persistent asthma" in 

children with and without asthma dialpioses. Convergent validity analyses docummted 

that childrcn with bronchitis diagnosea 

werc more likely than childm with 

"persistent asthma." 

who were subsepuently diagnosed with asthma, 

bmuchitis-only diagnoses to have markers of 



In conclusion, an asthma case dennition which incorporates data on asthma drug 

prescriptions and health care utilization patterns, as well as diagnosis information, 

improves the likelihood of identifjing children with persistent asthma. 

7.1.2 Development of a Drug Treatment-based Asthma Severity Measure 

A h g  treatment-basad asthma severity measure was developed on the basis of stepwise 

utilization of asthma drug prescriptions with increasing asthma sevcrity and indicators of 

asthma exacerbations. The measure was applied to a cohort of 16,862 chilàren meeting a 

diagnosis and hg-based case definition for asthma, and having at least one prescription 

for an asthma drug during January 1995-March 1996. The reliability of the measure was 

assessed using test-ntest nproducibili ty ; prdctive and construct validity of the measure 

were ascertaineci through cornparisons with other markers of severe asthma, and 

responsiveness of the mcasure was determineci by assessrnent of changes to asthma 

seventy over tirne. 

The h g  trcatment-based asthma sevcrity measun classificd 37% of children with mild 

asthma, 42% with moderate asthma, 19% with moderate-severt asthma and 2% with 

severe asthma. The weighted kappa score for agreement on asthma scverity classification 

between two successive t h e  paiods was 0.82. Childm classified with moderate-severe 

and sevm asthma were significantly more b l y  to have previous asthma 

hoqitalizations, to visit asthma speciaiists, to hava 5 or more physician visitdl5 month 

@od and to nquire critical con upon hospitakation. nime childnn wen aiso twice as 



likely to be re-classified in the same sevedty category, two ycars following the end of the 

study period. 

in conclusion, a drug treatment-based asthma seventy measure in children was developed 

for application to health care administrative data. The measure was found to be highly 

diable and valid, and responsive to changes in asthma over t h e .  

7 . 3  Socioeconomic Status and Inhaled Corticosteroid Use in Childhood Asthma 

This research was conducted to determine whether the utilization of inhaled 

corticosteroid drugs in Manitoban children with asthma was related to their 

socioeconornic environment. Using population-based prescnption and health care 

utilization data, a cohort of 16,862 children, aged 5-15 years, was identifiai on the basis 

of a diagnosis and hg-bascd case defmition for asthma, and at Ieast one prescription for 

an asthrna dnig during Januvy 1995-March 1996. The proportion of children with an 

inhaled corticosteroid prescription by neighbourhd Ulcomc, with aâjustmeats for 

asthma s&ity and physician speciaîist use, was asccrtaincd. A longitudinal assessrnent 

of the likelihood of a new prescnption for an Uihaled corticosteroid by household incorne, 

defineci on the basis of h g  insurance plan membership, was also conducted. 

Forty-five percent of childm had at leiut one prescription for an inhaied corticosteroid 

h g  during Janu~vy 1995-Mar& 1996. The proportion of inhaîcd corticosteroid users 

increased with successive inctcases in neigbbourhood incorne quintile. Adjutment for 



asthma scverity and asthma specialist use, eüminateâ the gradient in inhaled 

corticosteroid utilization among children with sevcn asthma, but among chiidren with 

mild or moderate asthrna, the income trend in utilization was presmt among children who 

had not seen a speciaiist. A new prescription for an inbalcd corticosteroid was 

docurnented in 41% of 12,416 childm without a prescription for an inhaled 

corticosteroid during the k t  six months of shidy. The relative risk for a new inhded 

corticosteroid prescription, adjusted for asthrna sevaity and specialist use, was 0.9 among 

low income or kcome assistance childna, in cornparison to hi* incorne chilâren. This 

risk was M e r  roduced in income assistance children to 0.82 (95%CI:O.76-0.88) 

following adjustment for factors, such as fiequcnc y of uppa respiratory tract infection. 

In conclusion, low income childmi with asthma wcre significantly less likely to be 

prevalent or incident users of inhaled corticostmid dnigs. 

7.1.4 Impact of an Incorne-based Pharmaceutical Policy on the Utiüzation of inhaled 

Corticosteroid h g s  in Children 

This research was conducted to determine if the introduction of an income-based 

nimbursement policy in Manitoba's Phannaare dmg insurance pmgnun resulted in 

change to inhalad corticosteroid dnig utilization in childnn with asthma. Using 

population-based hcalth carc utiiization data, a cohort of 10,918 chilchen, ageû 5-1 5 

years, was identifid acconhg to a diagnosis and dnîg-bascd case definition for asthma, 

and the prcscnce of one or mon athu drug prescriptions dukg a 15-month period 



before and a 24-month pdod after thc income-based policy. Childm was categmized by 

dnig insurance program: 1) non-Phamiacare. 2) low incorne Pharmacare, and 3) higher 

income Pharmacare. Low incorne Phamiacare childnn represented childmi living in the 

lowest neighbourhood incorne quintile. Non-Pharmacare children constituted the control 

group because no change to phamaceutical reimbursement policy haâ occurred in this 

group. The impact of the incorne-basecî phamaceuticai nimbursement policy was 

evaluated by the monthly ükelihood of a prescription for an inhaied corticosteroid. and by 

the mean number of inhalai corticosteroid doses among childm ncciving these dnigs. 

The income-based pharmaceutical reimbursement policy did not affect the utilization of 

inhaleà corticosteroid prescription in childmi with staôle, mild-moderate asthma, and in 

childm with decreasingly or Uicnasingly severe asthma However, among children with 

stable, severe asthrna, inhaled corticosteroid use did not change in control and low 

income Pharmacare groups, but was significantly less likely in higher income Phamacare 

chilchen (OR=û.82, 95% CkO.77-0.88). Among hij&er incorne Pharmacare childmi 

utiluing inhaled corticostaoid prescriptions, the mean numbcr of doses decreased 

significantly in the post policy period. The rnean nunber of inhalcd corticostcroid doses 

was lowest among low income Pharmacare children and maincd unchangeâ p s t  policy. 

In conclusion, the introduction of an incorne-bascd dnig reimbutsement policy in 

Manitoba was associatcd with d c c r e d  utilization of inhaled coriicosteroid prescriptions 

in highcr income children with stvcrc asthrna, and did not improve utiiization in low 

incorne childizn. 



7.1.5 increased Risk of Asthma Hospitalization in Lower Income Chilâren: Can it be 

Explained by Suboptimal Utilization of lnhaled Corticosteroid Drugs? 

This research was conducted to assess the impact of continuity of inhaled corticosteroid 

dnig utilization on asthma hospitalization in children, and to detemine whether 

continuity of intided corticosteroid dmgs could explain higher rates of asthma 

hospitalization arnong children living in lower income households. Using population- 

bascd health c m  utilization data, a cohort of chilâren, 5-15 years old, meeting a case 

definition for asthma, and rcceiving one or more prescriptions for asthma dnigs during 

the time period January 1995-March 1996 was selected. Limiting the cohort to new usen 

or non-users of inhaled corticosteroid drugs, a cohort of 12,534 children was followed 

over a 3-year p e n d  to obsme k t  hospital admission for asthma. Household status of 

children was categonzed as: 1) income assistance, 2) low income area and 3) higher 

incorne area. On the basis of congruence between the prescription refill--al and days 

supply, children wcre classified as continuous or discontinuous users of inhaled 

corticosteroid prescriptions. The likeiihd of asthma hospitalization in income 

assistance and low income children was determinai h m  proportional hazards regression 

modelling, adjusting fot continuity of inhaleâ prescription use, asthma severity and other 

risk factors for asthma hospitalization. 

Continuous utilization of inhaled carticosteroids in children was associatecl with a lower 

risk of asthma hospitalization (RR=0.37,95% CI:0.29-0.48, adjusted for asthma seventy). 

Income assistance and low inwme chilbea wcrc las likely to meive continuous 



prescriptions for inhaied corticostemid h g s .  The increasd risk of asthma 

hospitalization in income assistance and low income children was reduced. but not 

eliminated following adjustment for continuity of inhalai corticostemid use. Furiher 

adjustment for asthma severity and other nsk factors for hospitalization, eliminated the 

increased nsk of asthma hospitalization in these childrcn. 

in conclusion, an increased risk of asthma hospitalization in income assistance and low 

incorne children can be partially attributcd to dUcontinuous use of inhaled corticosteroid 

dwP* 

7.2. Intemal validitv of dissertation rtstarch 

A snidy is reported to be intemally valid if study fmdings are "true" for the study 

participants. In the hierarchy of study designs, randomizcd conûolled trials have the 

gnatest intemal vaiidity.[l,2] This is due to the strcngth of randomization in determining 

intmrcntion or exposure statu. Obsc~ational snidits in which thae is no manipulation 

of the htewention, arc more susceptible to distorthg influences or bises. Bias can be 

defined as a process which pduces nsults that depart systematidly îkom "tme" 

values. [3] 

The dissertation research is an obsmationd study, which uses the cohort study design. 

Of the observationai study designs, the cohort study has the least potcntial for study bias. 

However, an evalurticm of the intemai vaîidity of the dissertation rcsaucb was requircd, 



in order to assess the degree to which the hdings study were 6ne from bias. There are 

thm main domains of study bias: 1) selection bias, 2) information bias and 

3) codounding bias. In this section. the dissertation resemh will be evaluated for the 

likelihood of each type of bias. 

7.2.1 Selection Bias 

Selection bias refcrs to a distortion in the estimate of the association between an outcome 

and an exposure, resulting from the mamer in which subjects were selected for study. 

Selection bias arises h m  differential surveillance, diagnosis or referrai of cornparison 

groups so that the p u p s  diffkr at the tirne of selection with respect to the likelihood of 

the outcome (cohort study design) or exposum (casesontrol study design).[l,l] in the 

dissertation research, the exposure of interest was household oocioeconornic enviroment. 

Chilchen residing in low or higher income households were evaluated for the occurrence 

of two outcornes: 1) Uihaled corticostmid utilization and 2) asthma hospitalization. The 

potnitid for selection bias in the dissertation is assesseci on the basis of arguments that 

cohort children had an increased or decnaseû likelihood of an outcome, which was 

subsequent to how they were selected for study, rather than their "exposure" to low or 

higher income households. 

Chilchen were selected for study on the buis of a cape definition for asthma, which was 

applied to health c m  utiluation records. Crcation of a childhood asthma cohort on the 

basis of hedth c m  utiiization dota csn leod to the omission of childtcn with asthma not 



utilizing the health carc systcm. Pertinent to selection bias, is whether exclusion of 

childnn with asthma is non-random or systematic across household income. As described 

in Chapter 2 (pages 34-36), the consquence of omission is dependent on which health 

care administrative databases are chosen for the sampling hune. For example, selection 

of children on the basis of physician visits for asthma may exclude children with mild 

asthma, who an mon likely to live in higher income households.[4] The result would be 

over-represéntation of more severe asthma in higher income children, and an increased 

nsk of inhaled corticosteroid prescription utilization and asthma hospitalization. When 

this group is compand to low income childrcn, who are more likely to have more severe 

asthma, "me" ciifferences in inhaleà corticosteroid utilization and asthma hospitalization 

between the two groups could be diminished. in order to reduce this source of selection 

bias in the dissertation rescmh, the case definition was applied to three data sources 

(physician Msit, hospitaiization and prescription records) over an extended 3-year 

evaluation period. 

The potcatial for selection b i a  is also a f k t d  by the domains of an asthma case 

definition. In the dissertation rescarch, childmi were selected on the bais of two domains 

of asthma: diagnosis and drug therapy. Asthma in childhood is complicated by the 

presence of othcr transient wheezing syndromes, which an indistinguishable clinically 

h m  asthma and compromise the vdidity of asthma diagnosis Uifonnation containeâ in 

hcalth care administrative âatabases.[S] Empirjc nsearch documents systcmatic variation 

in the acquisition of a physicien diagnosis of asthma by wciaconornic factors (see 

Chaptcr 2, pages 22, 23); higber incornt childm ue mon ükely (O diagnosed with 



asthma. Chilâren with a physician diagnosis of asthma are morc likcly to nceive asthma 

dnigs.[6] Assembly of a cohort on the bais of an asthma diagnosis could bias the 

association between household income and inhaled coiticosteroid use by diminishing 

"true" differences in utilization because both low and higher incorne chilâren would have 

a baseline increased likelihood of an inhaled corticostcroid prescription. To reâuce the 

likelihood of excluding low incorne childmi with asthma, subsequent to systematic 

differences in asthma diagnosis, childmi were included on the basis of an asthma or 

asthma-like diagnosis (cg. bronchitis) in the dissertation rcsearch. 

Conversely, an "inclusive" case defiaition, which identified asthma on the bais of 

"asthma-like diagnoses," had the potential to include children with respiratory conditions 

(eg. ûansient wheezing, chmnic bronchitis) other than asthma Children with üansient 

wheezing also receive prescriptions for bronchodilators, but are less likely to receive 

prescriptions for inhaled corticosteroids.[7,8] Transient wheezing subsequent to 

diminished aimay fiinction, may be more likely in low birth weight children or children 

bom to mothen who smoke; [5,9] low bkth weight and matemal smoking are more 

cornmon in lower income households.[l0] While it is unclcar whether üansient 

wheezing is preferentialiy distributed in lowcr incomc childmi, a greater prevalence of 

transient whming in this group would diffemtially reâuce the pmalence of inhalecl 

corticosteroid utilization, and dso of asthma hospitalization. The potcntial for this type of 

selection bias was addrcsscd in the case dc6nition by excluding childm less than 5 years 

old, in whom transirnt whwing syndromes are morc common. However, transient 

whening syndromes aiso occur in oldcr children. The d i m o n  rrrearch documentad 



that 40% of chilâren with asthma health c m  utilization during the calendar year 1995 

had no further utilization for asthrna care in the following two years. 

Chilâren without any health care contacts for asthma-like diagnoses were included in the 

study cohort if they received prescriptions for asthma drugs. Systematic diffaences also 

exist in the utilization of asthma dnigs subsequent to factors such as asthma severity and 

hg regimen adherence, which are related to household income status. (see Chapter 4, 

pages 120-125) Bronchodilators an the mainstay of asthma h g  therapy, but the criterion 

of at lest two prescriptions for bronchodilator dmgs was irnplemented to exclude one 

iimesnly use of bronchodilators, which are prescribed for the syrnptomatic relief of 

wheezing during acute bronchitis or respiratory tract inféc tions. [7,8] Lower income 

children are more likely to have respiratory tract Uifcctions, which would have increased 

the lilcelihood of bronchodilator utilization for non-asthrna diagnoses in this group of 

chilàren. [ 1 1 ] Furthemore, to prevent the exclusion of children with signi ficantl y reduced 

utilization of bronchodilators subsequent to prophylaxis drug therapy, children were also 

selected on the buis of an asthma prophylaxis dmg (inhaled corticosteroid, 

cmmoglycatcs). Higher income childm arc mon cornplaint with prophylaxis h g  

th- y, and this cntenon potentiall y prevented the omission of higher income children 

who had fewer than two bronchodilator prescriptions d u ~ g  the study penod. 

In the dissertation rcsearch, the cohort of childm meeting the case de finition of asthma 

was reduced to a sub-cohort of childm with at least one prescription for an asthma h g .  



The rationaie for the drug t h q y  criterion was to: 1) idmtify childm who had been 

treateâ with an asthma h g  and could be candidates for inhaled corticosteroid dmg 

therapy, and 2) to enable classification by the drug treatment-based asthma seventy 

measure. Moreover, in doing so, the potential for including childrni with transient 

wheezing syndromes was decrcascd because a prescription for an asthma h g  was show 

to increase the likelihwd of continueci hcalth care uîilization for asthma in children with 

asthma and bronchitis diagoses. Furthemore, a measun which classi fied asthma health 

care utilization as yw-round or wintcr-only, was constnicted in the dissertation research 

to help distinguish asthma h m  other whcezing syndromes. Childmi with transient 

wheezing and chronic bronchitis arc more likely to bave viral associated, winter-only, 

than year-round wheezing, which is characteristic of asthma(see Chapter 2, page 19) It 

should be noted however, that this masure would only have bem effective in adjusting 

the differentiai distribution of transient wheaing by socioeconomic statu, if the case 

definition also selectcd higher incorne children with transient wheezing. 

in summary, the case dennition was csnfully consûuctcd to pment the systematic 

exclusion of childrcn with ssthma. The end product was an "inclusive" case definition 

which identifid childrai with asthma, according to the presence of an asthma-like 

diagnosis documentod in physician and hospitaiization records, or a prescription record 

for a prophylaxis h g  or at lcast two bmnchodilator drugs over a the-year study penod. 



7.2.2 Measunment Bias 

Measurement bias re fers to a distortion of the estimate of the association between an 

outcome and exposure, due to differcnces in which measures of exposure and outcome 

are obtaineâ for cornparison groups. [1,3] Measurement bias cm result in differential and 

non-differential misclassification of subjects.[l,2] Random mrs in the assigrnent of 

exposure status can lead to non-differentiaî misclassification and dilute the strength of 

association between an exposun and outcome. Systematic crror in exposure 

classification or di f fmial  misclassification, cm underestimate or overestimate the true 

association. Measunment bias is an important issue for health administrative database 

research because of the fhite amount of data contained in these files.[l2] Prescription 

databases overcome problems of recall bias and are good measures of "ever" dnig 

exposure, but may not describe actuai dnig use.[l3-1 S] Mesurement of health outcome 

data is subject to the variable reliability and vaüdity of diagnosis information in health 

care administrative databases, as discussed in Chapter 2 (pages 32-34). All measures used 

in the dissertation reseamh wcre crcated h m  administrative &ta and were subject to 

measurement bias. This discussion will be limited to outcome measures such as inhaleci 

corticostemid utilization, and detemilliants of outcome, such as neighbourhood and 

household home, and asthma severity. The potential for measurement bias in the asthma 

hospitakation mcawe will not be evaluated bccaust h d t h  care administrative 

databases arc considend diable and vaiid sources for cnwnemting hospitalization 

events.(see Chapter 3, page 80-81) For information on the validity of astbma diagnoses 

rcc~rdod in hospitaiization âata, the d e r  is r e f d  to the sclcction bias section. 



Central to the dissertation research, was the measurcmcnt of household income. Two 

proxy measures of household income were created, one h m  neighbourhood income 

quintiles and the other h m  drug insurance plan status, both of which had the potential to 

misclassify the household hcome of children with asthma. Neighbourhood income, a 

group level measure of income, fkquently used to approximate household income, could 

have attenuated the association between household Uicome, and inhaled corticosteroid 

utilization or asthma hospitalization. However, Mustard et ai's cornparison of 

neighbourhood income decilcs, crcated by agpgating household income h m  Canadian 

census data by neighbourhood, and individual household income data reported in the 

Canadian Census 1986, does mit support this hypothesis. [16] Tbey reporteci similar risks 

of health outcornes for neighbourhood level and household level measures of income. 

Furthemore, in the dissertation research chilâren were placeâ into income quintiles on 

the basis of the nsidence postal code, which may not be updated as kquently in the 

Manitoba Health registry for lower income houscholds, who are more likely to move than 

hi* income households.[l7] Howevcr, one cm postulate that this would not result in 

misclassification mor, on the assumption that lower incorne houscholds are likely to 

move to other lowcr incomc neighbourhoods. 

An aitemate measm of household incorne was derived h m  the drug insurance plan 

statu of the household as recordcd in the prtscription database. C h i l h  were grouped 

as follows: 1) income assistance (provincial and municipai social assistance rccipients, 

mty s t a t u  indians, and other private â q  plan bcncficiarics), 2) low incorne area 



Phamacare, and 3) higher income ara Pharmacare. This classification served two 

objectives: 1) to classify households according to theu access to prescription dnigs, and 

2) to classi& income at the household level for the purpose of grouping households of 

similar social and physical environment. Treaty status Indian, and provincial and 

municipai income assistance household childm rcceived &e prescription dmgs, while 

children in Pharmacare-eligible households rezeived prescription drugs on a cost-sharing 

basis. Phannacan bmeficiaries were requind to pay an income-based family deductible 

towards the receipt of prescription dmgs, comsponding to 3% of aatlual household 

incorne. 

The consequences of inconectly catcgorizing Phamiacare children as living in low or 

higher income households, according to residence in a neighbourhood income quintile, 

were discussed previously. Thme also existed the potential for mis-classifjing those 

children in the income assistance category who werc receiving benefits b m  private dmg 

insunuice plans, because unlike Pharmacart and provincial assistance program 

prescriptions, prescriptions for tresty status Indian, municipal social assistance and 

pnvate dmg insurancc pmgrams an not idmtified separattly in the prescription database. 

Misclassification of these children would occur at the level of howchold hcome, as well 

as access to prescriptions because private dnig plans provide prescription benefits on a 

cost-sharing basis. (1 81 

Misclassification of household income wos aiso possible for W t y  status Indian children 

in the income assistance group, whow households nceivcd h c  prescription h g s ,  but 



were not mipients of income assistance. Placement of treaty statu indian chilâren in the 

income assistance category c m  be supportd on the bais that trcaty status Indians of 

child-bearing age have income profiles similar to single-parented, income assistance 

households, whose average annual income is below $15,000.[19] According to 1996 

Canadian census data, 66% of Manitoba treaty status Indians, aged 15-44 years old, had 

received annual incomes below $1 5,000.[20] The median a ~ u a l  incorne for treaty statu 

indians, aged 15-24 years, was $3,134 and for those aged 25-44 years, it was $10,943. 

Approximately onequarter of ûeaty statu Indian howholàs in Manitoba were single- 

p m t e d  and in Winnipeg, this proportion incrcased to 38.7%, suggesting that incomes 

reported for the treaty status indian population are tepresentative of many household 

incomes. Further rationale for grouping treaty status indian and income assistance 

children was empinc evidence of an hcreased risk of asthma hospitalization in both 

groups, which suggested similar social and physical household environments. Asthrna 

hospitalization has increasad in abonguial children in Canada and Australia over the past 

two decades to the point that asthma hospitalization rates are greater in aboriginal, than 

non-aboriginal children. (2 1,221 

An estimate of the extent of mis-classification of children in the income assistance 

category can be offered. T'hem are few pnvate dnig insurance prognuas in Manitoba (eg. 

RCMP) and it was estimateci that misclassification on the basis of the dnig insurance 

program would affect 374 (1 3%) childm in the income assistance group. This number 

repttsents chil&en who w m  not trcaty s t ~ h ~ r  Indian. who did not live in households 

receiving provincial assistance, and who did not livc in the two lowat income quintile 



mighbouihoods, a potential marker for howholds nceiving income assistance h m  

municipalities. It was estimateci that mis-classification of treaty status Indian children on 

the basis of household income would a e c t  145 (5.2%) children in the income assistance 

group. This number reprmmts childnn who were treaty status Indian, but did not live in 

the two lowest incorne quintile neighbodoods. Despite the potential mistlassification 

of some children. dissertation rcsearch hdings did show an increased likelihood of 

asthma hospitalization among children living in income assistance. However, it may well 

be that the reportcd relative nsk was an uaderwtimate of the true extent of increased 

asthma hospitalization in income assistaace childnn. 

Also central to the dissertation rcsearch was comctly classifjmg exposure to inhaled 

corticostaoid dmg. The litmaturc tells use that prescription databases are superior to 

patient self-reports in describing ever exposw to a drug, and in describing the achial 

dnig name and dose.[l4] The dissertation mesich reporteci that 45% of children had 

received a prescription for an inhalcd corticosteroid, which is similar to the prevalence of 

use rccordeâ in 0 t h  population-based prescription databases, [23] but higher than the 

15% p r e v h c e  reportcd in a population-based swey.[24] However, overall pnvalence 

of inhaled corticosteroid use is rcprescntd in these numbers, and of televance to 

misclassification bias is whether inhalad corticostaoid use is differcntially distributed by 

household income, as an outcome of data collection mcthods and not tme differences in 

dnig use. 



Previous research has shown that the completeness of Manitoba's prescription database is 

dependent on the type of h g  insurance program, which was utilized as a rneasure of 

househoid income in the dissertation research.[25] Prescriptions submitted electronically 

to the prescription database for hancial reimbursement (ie. Pharmacare drug program) 

are more likely to be found in the database, than those submitted for h g  utilization 

review (ie. social assistance recipients, ' tnaty status Indian). It has been estimated that 

whereas over 90% of prescriptions submitted to the Pharmacare plan are found in the 

prescription database, ihis proportion is 80% for treaty status Mians. Thus, then existed 

the potential for diffmntially under-rcporting inhaled corticosteroid use in the income 

assistance category, which containcd tnaty status Indian childm. Furthemore, the 

dissertation research has show that the average dose of inhaled corticosteroid dmgs 

among children living in low incorne Pharmacm households was Iowa than that of 

children living in income assistance or highei incorne households. ûne can hypothesize 

that non-income assistance, lower income parents, who did not receive fkee prescription 

drugs, wen mon likely to obtain k e  samples of inhaled corticosteroid dnigs h m  their 

physicians, which would not be recordcd in the prescription database. The extent of 

distributick of inhaled corticosteroid samples by household income is unknown, but a 

province-wide increase in the distribution of corticosteroid inhaler samples occurred in 

the time pend after the provincial dmg insurance program had introduced an income- 

based deductible policy (data obtaind h m  Glaxo Wellcome Inc and Astra Inc, 

' E f f i v e  Aprill996, provhxid social ~irPncc pscr@tiom wer~  submitted for ~miku#iirat 



Another measure of inhaleci corticosteroid utiüzation in the dissertation, which was 

subject to misclassification bias, was the measure of continuity of inhaled corticosteroid 

prescriptions. a proxy measun for adherence to therapy. Prescription databases have been 

utiiized to measure adhmnce to dnig therapy. using mehodology which enurnerates 

discrepancies between the prescription nfill interval and the prescription days supply.[26] 

Compaxisons of prescription database records with home inventory of dmgs suggest that 

approximately 70% of prescription database dmgs are actually in use, according to the 

estimated days supply of the pttscription.[13,27] Dissertation findings indicated that 75% 

of childrm had periods of continuous inhaled corticostemid prescriptions. Adherence to 

inhaled corticosteroid therapy, assessecl as the proportion of inhaler doses Idministered, 

has been reported to range h m  44% to 77%.[28-301 Translating these values into the 

proportion of children adhereut to therapy, an adhmnce rate of 58%, repmenting 

children who took 70% or more of doses, bas b e n  observed.[30] De6ning adhercnce on 

the basis of the proportion of doses taken within pre-determined tirne windows for 

dosing, adherence rates as low as 32% arc obsmed.[29] 

nius, it appears that prescription database methods ovcrcstimate adhmnce to inhaled 

cocticostemid therapy. Of relevancc to diffmntial misclassification bias is whether 

differences in the continuity of inhaicd prescription use measm acnws household income 

rcpresent tnie diffemces in dnig use, or a hct ion of crcating the masure. In the 

dissertation analysis it was observeci that higher income childm wcre more sensitive to 

changes in the definition of continuity of inhalecl corticostaoid prescription use, than low 

income or income assistance children. For example, sdthg the minimum diffaare 



betwcen the nfill intmaî and prescription days supply to 14 days, resulted in a greater 

proportion of higher, than lowcr income children potentially being classified as being 

non-aùherent. Subsequently, a diffaence of 2 1 days was selected as the minimum 

because at this value, low and higher income childmi w m  as Wrely to be classified as 

non-adherent . 

Asthma severity is an important source of confounding bias in asthma phartnaco- 

epiderniologic research, and it was important to mate a valid measure of asthma severity 

in the dissertation m h .  The asthma sevcrity measure was modelad after the stepwise 

approach to asthma dnig therspy, and children were categonzed as having mild, 

moderate, moderate-severc or severe asthma, on the bais of prescription utilization and 

hospitalization data As such, the severity measure was also subject to differentid 

misclassification bias. hwer  income childrm who wae less Iikely than higher income 

childmi to meive prescriptions for sccondary (prophylaxis) asthma drugs, were 

potentially at greater nsk of not being classified with morc sevcre asthma. In order to 

ovmome this cavcat in appiying the stverity measurc, childm not nceiving prophylaxis 

asthma h g s  hod the opportunity of being classified as having rnore severe asthma if they 

were hospitalizcd or uscd high doses of inhalai corticostemids. in addition, as inhaled 

corticosteroids are increasingly being used to mat mild to moderate asthma and higher 

income childm with mild to moderate asthma are morc likely to use inhaled 

corticosteroids, the boudary betw#n scvere and not severe asthma in the dissertation 

research was nevcr the reccipt of an inhaled cotticosteroid. This prevented bias which 



may have resulted in the misclassification of less sevcre asthma as severe asthma in 

higher income children. 

In summary, the creation of measures. such as household income of residence, inhaled 

corticosteroid drug utilization and asthma severity fiom utilization-based data in the 

dissertation research, had the potmtial to mate measures which were subject to rnis- 

classification emr. Steps were taken in the creation of these measwes to d u c e  mis- 

classification error. 

7.2.3 Confounding Bias 

Confounding bias nfers to distortion in the estirnate of the association between an 

exposure and outcome by an extraneuw variable, which is neither the exposure nor the 

outcome, but whose effet is tMgled up with these variables.[l,3] A factor cm only 

confound a relationship betwrm an exposurc, and outcome if it is independentiy 

associateâ with both the outcome and exposure, and is not involved in the causal pathway 

betwttn them.[lJ 11 Asthma scvcrity is a well known example of a confounding factor in 

epidemiologic mearch asscssing the association betwecn asthma dnig therapy and 

asthma hospitalization, but other conlounâing factors include exposurc to upper 

respiratory infitions and indoor akrgens.(Chaptei 6, pages 203-205) in addition, 

obsmed associations baween sociodemogcaphic characteristics d asthma drug 

utilization can be coafounded by the utilization of a s t h  spcciaiists. (Chapter 4, 

pages 123-124) 



Confounding bias is a major issue in epiderniologic nsearch utilizing health care 

administrative records, subsequent to the limited number of measures contained in the 

databases. Despite this limitation, an effort was made to incorporate in the dissertation 

research, as many measures of coafounding factors as possible. The evaluation of inhaled 

corticosteroid utilization in relation to household income was adjusted for asthma 

severity, exposure to respiratory tract infections, physician specialist use, continuity of 

physician care and previous health care contact for asthma care. These same measures, 

and others such as ment utilization of oral corticosteroid h g s ,  were dso included in 

regession rnodels evaluating the association between household income and asthma 

hospitaiization. 

However, exposure to upper respiratory tract infections was the sole measure of exposun 

to environmentai factors in the dissertation analysis. Other environmental risk factors for 

asthma hospitalization, such as exposure to house dust mites, tobacco srnoke and outdwr 

allergens w m  not evaluated. Lower income childm are more Iikely to be exposed to 

these environmental risk factors. In an analysis of Manitoba data h m  the 1994/95 

National Longitudinal Survcy on Child and Youth, the prevalmce of smoking in the 

lowest incorne quintile aeighbourhd households with asthmatic children (59.6%) was 

twice the pnvalence observeci in higher income quintile neighbourhood households 

(28.2%). The effect of allcrgcn avoidance on asthma hospitalizaîion was also indirectly 

assessed in the dissertation anaîysis. The dccrcascd risk of asthma hospitaiization 

obsewed during periods of non-continuous use of inhalai corticostemids in childmi with 



prescriptions for inhaled corticosteroids, indcpcnâent of asthma severity and exposure to 

respiratory tract infections, sugeested that other unrneasud factors were contributhg to 

the decreased risk. As parental adhercnce to asthma dmg therapy regimens and ailergen 

avoidance measws are oftm correlated, it was hypothesized that this unmeasured factor 

was related to decreased allergen exposure. Furthemore, one can argue that the most 

important environmental trigger of asthma exacerbations, cxposurr to respiratory tract 

infection, [32] was controlled for in the dissertation mearch. 

Another issue related to confounding bias is the adequacy of measuns of confounding 

factors, which falls in the domains of measurcment bias. The possibility of differential 

misclassification of asthma severity using the dnig treatment-based asthma severity 

measun was addressed in the measurement bias section. The adequacy of the asthma 

severity measure, independent of exposure status, or the likelihood of non-differential 

misclassification of asthma sevcrity, will be discusscd hcre. Moderate, moderate-seven 

and seveie asthma w m  assignai if childnn haû prescription records for maintenance 

asthma dnigs, in aâdition to bronchodilator drus;  maintenance asthma dnigs included 

inhaleci corticosteroid drugs. This mcthodology haâ the potential to mis-classiS, children 

with mild asthma who wcre prescribed inhalad corticosteroids, as having more severe 

asthma. The outcorne of this mis-classification could lead to hdings of decreased asthma 

hospitalization among childmi utilizing inhalad corticostcmid drugs, when in fact, 

decreasai hospitaîization was the outcome of less sevcre asthma To circumvent this 

problem, children classificd with mild or moderate asthma wcrc always grouped together 

in the dissertation m h .  



7.2.4 Overall assessment of intemal validity 

The dissertation research was an observation study of the association betwcen household 

incorne, and inhakd corticosteroid drug utilization and asthma hospitalization in childcen 

with asthma. A cohort study design was employed to demase the potential for study bias. 

As summarized in this section, the study cohort was selected and sîudy measures were 

created with the goal of minimizing selection, measurement and confounding bias. 

Furthemore, validity assessments of measures such as the asthma case definition and 

severity measure, were conducted. On the basis of these considerations, it can be 

concluded that the dissertation research had good interml validity. 

7.3 Ex ternal validitv of dissertation rcsearch 

An assessment of the extemal validity of a study is an assessment of the degree to which 

study findings cm be geneiaüzed to the population of interest, or other populations. 

Firstly, the dissertation research was a population-bascd study because data sources w m  

records which had been collected for the administration of a universal health care and 

prescription dnig insurance prognm. The cohort of chilchen, aged 5 to 15 y w s  old, was 

assembled on the basis of a s h a d  Manitoba Health registration nurnber with an adult to 

represent childnn living in households with parnits or other designated cace-giveïs. This 

enabled classification of households by family structure, ie. single-parent status, an 

additional mcaure of household incorne. The outcome of this definition was the 

exclusion of children, who did not s h  a Manitoba Health rcgistration numbet with theù 



caregiver, because the Manitoba Health ngistry does not contain personal identifias, 

such as a detailcd addtcss (only postai code is recorded), nquind to link carcgivers and 

childmi. Howcva, childm sharing a household ngistration nwnbcr with an adult 

represented vimially 100% of Manitoban chilâren. 

The next question of  relevance to extemal validity, is whether dissertation findings can 

be generalized to Manitoban children with asthma who had received drug therapy. Many 

issues relating to selection bias are also important to the extemal validity of the 

dissertation research in dedbing children with asthma The case definition of asthrna 

employed in the research was "inclusive" to prevent the systematic exclusion of childm 

not diagnosed with asthma or not trcated with asthrna drugs. Howevet, at the second stage 

of cohort selection, for which drug therapy was the criterion, the potential existeâ to 

unda-represtnt tmty statu Indian children with asthma because of lower database 

submission rates of prescriptions for these individuals.[25] Historically, the prevalence of 

asthma in aboriginal childm have bem rcported to be much lower than non-aboriginal 

children, but the Manitoba First Nations Regional Hcalth Sutvey reports an asthma 

prevalence of IO%, sirnîlar to the pmalence for al1 Canadian chilQtn.[33] If we estimate 

that 20% of treaty statu Indian prescriptions w m  not submittcd to the database,[25] and 

that the prcvaience of asthma in abonginal children is IO%, this comsponded to the 

exclusion of about 2% of aboriginal chilârcn treattd with asthma drugs. 

In summary, a multidomain case dennition for asthma war applied to a population-bad 

chta source to identify a cohort of childmi with asthma h the dissertation rcscarch, so 



that the likelihood of excluding populations of childm with asthma was minimal. It cm 

be concludeci that the dissertation research a h  had good extemal validity and findings 

can be applied to the Manitoba population of children with asthma being treated with 

asthma dnigs. 

7.4 Policv Implications of Dissertation Research 

7.4.1 Contribution to phamiacoepidemiologic rcsearch 

A number of measures w n r  developed in the dissertation research, which arc of value to 

asthma epidemiologic research. They included: 1) cane definition for childhood asthma, 

2) asthma severity in children, and 3) continuity of inhalai corticosteroid prescriptions. 

a) Case detinition for childhd asthma 

The identification of asthma in childhood is complicated by the pnsence of 0 t h  

transient wheczing syndromes, which am indistinguishable clinicdly h m  asthma and 

compromi'se the vaîidity of asthma diagnosis information containcd in health care 

administrative databases.[S] A cape dennition was developad to select chilâren who had 

physician visits and hospitalizations for arthma-like diagnoses, or prescriptions for 

asthma drugs, as defined in the definition. The likelihood of identifying children with 

persistent asthma was mater in childrcn with asthma dmg prescriptions. thpn in childmi 

with an asthma diagnosis. Subsequently, in the second stage of the cohort selcction, the 



criterion of at least one prescription for an asthrna dmg among childm meeting the case 

definition, was implemented. 

In addition, a proxy measun for the persistence of asthma in chilchen was developed, in 

which children were classified on the basis of health c m  use for asthma-like diagnoses 

and receipt of asthma prescription dmgs, as hawig yew-round or wintcr-only patterns of 

asthma health care utilization. Year-round health care utilization for asthma-like 

diagnoses or asthma dnig prescriptions was associated with "persistent asthma" to a 

substantial degree. This finding is compatible with clînical observations of wheaing in 

c hildren; children with asthma have year-round symp toms, whereas those with transient 

wheezing have winter-only symptoms.[34] Morcover, it has been recently documentcd 

that chilâren with viral-associated wheeze in the winter season are differentiated fiom 

childmi with continuou symptoms by the presence of bronchid inflammatory cells, 

indicative of asthma.[35] The concept of ycar-round asthma symptom occumnce was 

translateci into the measure of year-round asthma hcaith care utilization pattems, with the 

anticipation that it would p d c t  asthma persistence. Due to the strong association 

between year-round health care utilization patterns and persistence of asthrna, we believe 

that this measure is a valuable addition to the case definition of asthma in childhood. 

In summary, a dnig and diagnosis-based case dennition for ch i ldhd  was developed and 

validateci, using a constmct of persistent asthma in childhood. This case definition can be 

applied to hcalth c m  administrative databasa and utilizcd in longitudinal studies of the 

natural history of asthma In addition, mcthods for vdidating the case definition, which 



are more commonly applied to psychometric, than clinical mesures, are of interest to 

researchers validating clinical case definitions. 

b) Asthma severity measure 

Measunment of asthrna severity is critical in asthrna pharmacoepidemiologic research to 

diminish potential confounding of associations between dmg therapy and asthma 

outcomes. Without an adequate measure of asthma severity it is impossible to determine 

whether an outcome such as asthma hospitaiization, is nlated to a h g  exposure or to 

more severe asthma. Previous hospitalization for asthrna has traditionally been employed 

as a severity measwe, but hospitalization for asthma can be influenceâ by hospital 

admission policy.[36] Functional asthma scvetity meawns such as symptom fiequency, 

and physiologie measures such as pulmonary fùnction tests, are constrained by the 

paucity of data in the medicd record,[27-391 and are lirnited in theù ability to 

discriminate between disease sevcrity and disese control. [40-421 

For the dissertation fcsearch a dnig ûcatment-basd asthma severity measure, modelled 

&et the stepwise dnig tnaûnent of asthma, was dcveloped for application to health care 

administrative mords. The rcliability of the asthma severity measure, assessed by 

test-tetest, was found to be excellent, and the measure was responsive to changes in 

asthma severity over time. The latter attribute is important because asthma severity in 

childrcn can change as they age. [SI The asthma severity instrument also had constnict 

vaiidity, and prodictecl asthma stvcrity outcomes of Uicrcasd nced for hospital critical 

care, of i n d  ambulatory physicirn cm and of i n d  consultation with asthma or 



pediaûic specialists. h g  treatment scalcs of asthma severity have been criticized on the 

basis that they arc influenceci by physician prcscribing practices. However, the predictive 

validity of the asthma severity scaie was found to be independent of physician specialty. 

in conclusion, a drug treatment-based asthma severity measure for childhwd asthma was 

deveioped in the dissertation, which cm be applieù to prescription and hospitdization 

records. Further, methods utilized to assess reliability and validity of the asthma severity 

measure are of intcrcst to rcscarchers. 

C) Continuity of inhaled corticosteroid utilization measun 

Adherence to drug therapy is an important source of confounding b i s  in assessing the 

association between drug exposun and an outcome. Commonly, dnig adhettnce to 

inhaled dnigs has been assessed through canister weights and electronic iahalers, 

measures which are difficult to collect on a population basis. [43] Drug adherence has 

been measUrcd using data h m  prescription databases by assessing the discrepancy 

between the rime interval betwecn the dispmsing of prescriptions and the days supply of 

a prescription.[26] In the dissertation ttsearch, sirnilar mcthodology was utilized to 

determine the continuity of inhaled corticostaoid thcrapy. Several verifications wete 

undertaken to ensure the validity of the measure. Firstly, then was concem over the 

accuracy of the days supply variable for Uihled corticostacid dnigs because this measure 

was calculatcd at the t h e  of prescription dispaishg by pharmacists and its accuracy was 

a hinction of the case in detclminiag the âays supply for a prescription. It was 

hypothcsizcd that while the days supply for an antibiotic tablct couid be nadily 



determined from the quantity and the frequency of administration as written on the 

prescription, the determination of the days supply for an inhala was subject to more 

error because the number of doses in an inhaler is not usually specified on the 

prescription. The number of days supply for a prescription, recordeci in the prescription 

database was not utilized, but was caiculatod by dividing the prescription quantity, 

expressed as the number of doses of inhalcd corticosteruid, by two to represent twice 

daily admYiistration.[44] 

Secondly, subsequent to a concem over the validity of the continuity of the inhaled 

corticosteroid measun several forms were used. ïnitially, a categorical fom of the 

continuity of inhalecf corticostemid prescription measwe was created, according to a 

minimum nwnba of days of continuous use h m  the begllining of the first inhaleci 

corticosteroid prescription, as follows: 1) discontinuous use, correspondhg to 90 days or 

less of continuous use, 2) mostly continuous use conespondhg to 91-180 days of 

continuous use and 3) continuous use, corresponding to greatcr than 180 days of 

continuous use. Similar to the methodology used by others, [45] this categorization was 

intended to represent adhecence over the nurnber of cornes of inhalecl coticosteroid 

drug. High-potency corticostemid inhaiers nomally deliver a three month supply. 

Continuous use over 90 days or less described a delay in refill after the k t  prescription, 

and continuous use over 91-180 days describeci a delay in rcfill after the second 

prescription. RecoQzing that continuity of use over a short t h e  pcriod may not reflect 

long-term adherencc, the face validity of the categorical fom of the measure was 

asccrtaincd by evaluating the time to hospitai admission for cach levcl of continuous use. 



As reportai in the literahin. continuous users wcre less likely to be hospitalized, than 

discontinuous uscrs. 

However, a reàuced risk of asthma hospitalizatioa was also obsmcd in c h i l h  defmed 

as discontinuous usen, which was not entirely compatible with the knowledge that 

inhaleci corticosteroid effectiveness is limitai to the time period of administration. 

Therefore, continuity of inhaiecl corticosteroid use was also expresscd as a time- 

dependent variable, in which the ri& for asthma hospitalization was assessed over 

periods of continuous use in children, rather than by defïned categones of continuous 

users. The outcome of this methodology was that nsk of asthrna hospitalization, when 

evaluated over the time perioâ of receipt of inhaleci corticosteroid prescriptions, was no 

longer reduced in children classificd as discontinuous users. The lower risk of asthma 

hospitaluation rmaincd over the time pkod of inhalcd corticosteroid use among 

chilâren defined as continuous usen. The diffaence in study hdings, resulting b m  the 

mehod of denning continuity of inhaîcd corticosteioid prescription, illustrates the 

importance of assessing asthma outcome over actual pcriods of inhalad corticosteroid use. 

In summary, a memure of inhaled corticosteroid adhercnce, basecl on sirnilu 

methodology in the iitcraturt, was developed for application to prescription databases. 

Sevaal steps w m  undertaken to assess the validity of the measurc, which cm benefit 

rtscarchers using this methodology. 



7.4.2 Contribution to the health of childrm with asthma 

The dissertation nsearch has concumd with two fhdings in the literature: 1) continuous 

utilization of inhaieci corticostaoid drugs reduces the risk of asthma hospitalization in 

childm asthma, and 2) lowa incorne children with adthma are more likely to be 

hospitalized for asthma. Moreover. the research has yielded two additional findings, 

which have not been well documented and are of importance to the health of children 

with asthma Firstly, household income has an impact on the utilization of inhale- 

corticosteroid drugs in childm with asthma, and duccd utilization in low income 

children may contribute to grmater hospitalization. Secondly, the utilization of inhaled 

corticosteroid drue in c h i l h  with a s h a  is inf'luenced by phannaceutical policy. 

These new fmdings will be discussed in pater  detail in the following sections, and 

recommendations offcred ngprding their translation into public policy. 

a) Lower utilization of inhaleci corticosteroid diugs in lower income, asthmatic children 

Aimost 50% of Manitoban children, aged 5-15 ye~ni old, with hdth  care contacts for 

asthma had rexeivcd a prescription for an inhalexi corticosteroid in 199996. On average, 

children in Manitoba appeared to have the spme ükelihood of nceiving an inhaled 

corticosteroid prescription, as ch i l ch  living in the United Kingdom, a country which hm 

a similar systcm of uivcrsal health care and cost-sharing prescription insurance. [24] 

Howevcr, the likelihood of rccciving a prescription foi an inhalai corticosteroid was not 

cqually distributcd among childna. Prevalcnt and incident use of inhalai corticosteroid 

dnip was signîficantly dccreasad in lowci, than hi- inwmc childnn. LOWCT incorne 



children were also less likely to receive continuous prescriptions for inhaled 

corticosteroids. We know fiom the dissertation researc h, and other similar studies, that 

continuous use of inhaled corticosteroid decreases the risk for asthma hospitalization.[45- 

481 Furthemore, discontinuous utilization of inhaled corticosteroid prescriptions was 

one of the factors which explained the increased nsk of asthma hospitalization in low 

income c hildren. 

An immediate reaction to these findings would be a recommendation to implement 

policies which improve the utilization of prophylaxis drugs in lower income children. 

Eowever, two additional findings are notewonhy: 1) prevalent utilization of inhaled 

corticosteroid drugs declined progressively with decreasing neighbourhood income, 

independent of asthma severity and physician specialty, and 2) incident use of inhaled 

corticosteroid prescriptions was lower in children living in lower income and income 

assistance households, independent of asthma severity, physician specialty, previous 

health care contact for asthma, frequency of respiratory infections, and continuity of 

medical care. How should we interpret these findings when making policy 

recommendations to improve utilization of prophylaxis drugs in lower incorne children 

with asthma, who are already utilizing the health care system for asthma care? 

Fintly, policy initiatives to improve the utilization of inhaled corticosteroid h g s  need to 

take into consideration findings that neighbourhood income diffennces in utilization 

were relative to each other, placing higher income children also at risk for under- 

utilization.[49] Thus, it appears that policies need to be directed at ail children. Monover, 



the gradient was apparent in childrni not seeing specialists, suggesting that g a i c d  

practitioncrs should be the benefactors of these policies. However, these hdirigs do not 

provide direction with respect to type of policy nquired. 1s decruwd receipt of 

prescriptions for inhaled corticosteroids in low income households subsequent to the cost 

of the prescription or asthma management practices?[SO-521 The neighbourhood income 

measun does not allow one to distinguish what type of bamer is operative in low income 

households. The literature tells us that low income families report payment problems in 

acquiring astbma dnig prescriptions, [53,54] but independent of cost barriers, low income 

persoas with asthma an lcss liltely to be adhcrrmt to their drug regimen.[55] 

A measure of "cost barrier" was implemented in the dissertation cesearch by categorizing 

households according to the extent of cost-sharing required for drug insurance program 

benefits. Childm living in social assistance and treaty status households, which received 

fiee prescription benefits, w m  grouped together, as were children residing in Pharmacare 

households, which paid an income-bascd deductible towards prescription drugs. 

Pharmaare childnn wen divided into low or higha income houpeholds according to the 

neighbourhd incorne of th& residmce. When defining household income on the bais 

of drug insurance plan membcrship, we found a lower likelihd of inhded corticosteroid 

utilization in lowcr incomc, Pharmacarc chilcira, indicating that cost was a potential 

factor Pnecting utilization. The impact of Unorne-baKd prescription benefit cost-sharing 

on inhaled coriicostcroid utilization will be discussed more fùlly in the next section. 



We also found a decreased likelihood of inhaled corticostctoid utilization in income 

assistance children, suggesting that ssthma management practices w m  also issues in 

utilization of these drup. Adhmnce to inhaled corticosteroid regimens repnsents a 

major challenge to optimal asthma management; adhctetlce in low income chilâren is 

poor.[29,30,55,56] Low income parents have been reportad to be less knowledgeable 

about their chiltiren's asthrna management or to have a disbelief in the effectiveness of 

asthma dmgs.[57,58] The observeci use of inhaler devices has been rcported to be dismal 

in low income children.[29] Pamtal disbelief in the effectiveness of asthma medication 

in preventing symptoms hm been reportcd to be associated with rccurrent emergency 

department utilization by low incorne childm.[S9,60] 

How can health professionals help low income parents manage their child's asthrna? 

Asthma education programs aimed at parents have had an impact, although a modest one, 

on improvhg asthma outcornes, such as hospitalization and emergency m m  use.[61-671 

However, asthma education programs are not a wibstitute for good medical care. 

Physicians practising in low incorne neighbourhoods need to be remindeci that their 

patients & at incrcased risk for asthma hospitaiization, and that this CM be prevented by 

the prescription of prophylactic treatment.[68] Asthma education of professionals 

worlring in low income ma, public h d t h  clinics has nsultcd in increased utilization of 

inhaied corticosteroids by their patients.[69] Stratcgies to impmving adhemce with 

inhaled corticosteroid treatmcnt need to be multi-faceted, beginning with the education of 

physician, phannacists and n w c s  on the propa use of inhaler devices [70,71] and on 

good communication techniques in taiking cibout asthma to th& patients.[55,72] 



Moreover, it is essential that the provision of any asthma education incorporate a greater 

understanding of how individds experience asthma.[73] Encouraging the use of 

symptom diaries may demonstrate to parent the benefits of inhalcd corticosteroid dnigs in 

pnventing asthma exacerbations in theù childm. 

Recommendation # 1 

Irnplcmcat academic detailin8 of physiciam on the bmcfits of asthma prophylactic 

agents, including the prestntation of data on the income distribution of asthma 

hospitalization rates in chilâren. Accesshg deta fiom Manitoba's prescription database, 

provide practitioners with fecdback on theù prescription of inhalcd codcosteroid h g s  

in cornparison to the proportionste utilization for al1 Manitoba Target acadernic detailhg 

and prescnbing fcedback at family physicians practicing in low income am.[74] 

Recommendation #2 

Enhance effectiveness of communication of asthma thcrapy information to parents with 

asthmatic c h i l b  through cducation of hdth  professionais on the wmct utiîization of 

uihalers and on differcnces in perception of the beaefits of asthma dnig therapy, which 

may exist among parents. Target education programs at health professionals working in 

low income areas. 



Recornmendation #3 

Encourage parents with asthmatic childrcn to keep symptom diaries to demonstrate the 

benefits of daily matment with inhaleci corticosteroid dmgs in preventing asthma 

exacerbations. 

b) incarne-based phmaceutical policy did not improve utilization of intialed 

corticosteroids in working poor families 

In April 1996, the provincial drug insurance program, Phamiacare, introduced an income- 

based deductible towards the nceipt of prescriptions âxugs. Under the income-based 

policy, households with annuai incorne gmter than $15,000 were nquired to pay a 

deduchble of 3%, and those below this income paid a deductible of 2%.[75] High potmcy 

inhaleci corticosteroids dnrgs are expensive to obtain and it was hypothesized that the 

utilization of these dmgs would be sensitive to phamiaceutical policy. The dlization of 

inhaled corticostaoid drugs in low and higher incorne, Phannacare chilchen was 

compareâ in the pst-policy pcriod to income assistance children, whose households did 

not expdence a change to pharmaceutical policy. Regdlcss of dmg insurance plan 

mernbership, childrcn whose asthma severity had dccnased in the pst-policy period 

were less likely to utilize inhalecl corticostetoid dnigs, and children whose asthma 

severity had incrtased wcrc more Orely to have prescriptions for these ûrugs. However, 

higher income Pharmacm childrm with smn asthma, were less likely than income 

assistance childrai to receive prescriptions for inhded corticosteriods post income-based 

policy. Among highet income Pharniacare childrm with scvm asthma, continuing to 

rcccive iribalad coiticostaoid prcscriptiom, utiiization demascd h m  a mean of 



appruximately one dose of inhaled corticosteroid pa day to about 300 doses per year. 

These findings are not dissimilar to oher reports of a dedine in utilization of essential 

prescription dmgs following changes to pharmaceutical policies which impose increased 

costs on its recipients.[76-791 

Prior to the income-based policy, the mean number of doses of inhaled corticosteroid per 

child with severe asthma w u  significantly lowcr among low income, Phamacare 

childm than income assistance childrcn, and this diff'ce mdmd post policy. These 

findings ailude to a fiutha outcome of the new Phamiacarc policy: the incorne-based 

policy did not improve h g  utilization arnong low income Pharmaciire children, despite 

diminishing cost barrim to acquiring these dnigs. Low income adults report problems in 

king able to pay for theù childrcn's asthma prescriptions,[54] and are less likely to fil1 

prescriptions for asthma dnigs. [50] A very high deductible level relative to inhaled 

corticosteroid prescription may explain why higher income fsmilies would decrease their 

use of thest dnigs. Morcovcr, it a h  potentially explains why low income families failed 

to increase utilization of these drup. The annual deductible of approximately $300.00 for 

families eaming less thaa $15,000.00 was not much diffnnt h m  the pre-policy 

deductible amouot, and would requin out-of-pocket payments for an mual  supply of 

corticosteroid inhalers. 

Cost b8mm to the use of p d p t i o n  dmgs in the managcmait of chronic disease 

impose increasd morbidity among those affécted. [80-821 Lower utilization of inhaled 

corticost~~~ids has b e n  associatcd with Uicrcased hospitaiization for asthma. (45-481 



Hospitalization for asthma contributes substantially to the costs of managing this disease 

[83,84] and duces  the quality of life of asthmatic children. [85] Despite an i n m e  in 

use of inhaled corticosteroid over the last ten years, [86-881 inhaled corticosteroids 

remain underutilized. [6,23,89,gO] It is therefore, imperative that phannaceuticd 

reimbursement policy not be a detemnt to the utilization of these dnigs, espcciaîly in 

children. among whom prescription papent pmblems an mon common.[53,91] In our 

era of cost containment, incorne-based phamiaeeutical benefit policies appear to be good 

choices for equitably distributhg the buden of prescription costs.[92] However, the 

impact of these policies on prescription utilization requires evaluation and if necessary, as 

dom in other jurisdictions, readjustments necd to be made to levels of patient cost 

sharing. [5 31 

Recomrnendation #4 

Implement a pharmaceutical reimbmement policy which provides fkee prescription 

bmefits to children, as is the practice in the province of Quebec, [94] or introduce the 

requinment of nominal copayment or deductible payments for children's 

prescriptions.[~ 31 
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