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Objective: To calculate the direct and indirect costs of asthma in Canada.
Design: Cost-of-illness study.
Setting: Canada.
Patients: All Canadians receiving inpatient or outpatient care for asthma in 1990.
Outcome measures: Direct costs incurred by inpatient care, emergency services, physician and nursing

services, ambulance use, drugs and devices, outpatient diagnostic tests, research and education. Indirect
costs from productivity loss due to absence from work, inability to perform housekeeping activities,
need to care for children with asthma who were absent from school, time spent travelling and waiting
for medical care, and premature death from asthma. All costs are in 1990 Canadian dollars.

Results: Depending on assumptions, the total cost of asthma was estimated to be between $504 million and
$648 million. Direct costs were $306 million. The single largest component of direct costs was the cost of
drugs ($124 million). The largest component of indirect costs was illness-related disability ($76 million).

Conclusions: Annual costs of treating asthma are comparable to the individual cost of infectious diseases,
hematologic diseases, congenital defects, perinatal illnesses, home care and ambulance services. Asthma
costs may increase in the future, given current morbidity and mortality trends. Further evaluation of the
effectiveness and cost-effectiveness of available asthma interventions in addition to aggregate cost data
are required to determine whether resource allocation for the treatment of asthma can be improved.

Objectif: Calculer les couts directs et indirects de l'asthme au Canada.
Conception Eltude sur le co^ut de la maladie.
Contexte Canada.
Patients : Tous les Canadiens qui ont recu des soins contre l'asthme en service externe et interne en 1990.
Mesures des resultats: Couts directs entraines par les soins hospitaliers, les services d'urgence, les services

me'dicaux et infirmiers, lutilisation d'ambulances, les medicaments et les instruments, les tests de diag-
nostic chez les patients externes, Ia recherche et l'education. Cotuts indirects causes par fa perte de pro-
ductivite decoulant de l'absenteisme, l'incapacite d'executer des taches menageres, l'obligation de s'occu-
per d'enfants asthmatiques absents de l'cole, le temps consacre aux deplacements et 'a lattente de soins
medicaux et les deces prematures causes par l'asthme. Tous les co^uts sont en dollars canadiens de 1990.

Resultats: Selon les hypotheses, le cout total de l'asthme est estime entre 504 et 648 millions de dollars.
Les cotuts directs se sont etablis 'a 306 millions de dollars. L'dlement le plus important des coiuts directs
etait le co'ut des medicaments (124 millions de dollars). Celui des couts indirects etait l'incapacite liee 'a
la maladie (76 millions de dollars).

Conclusions Les coiuts annuels du traitement de l'asthme sont comparables au cofut individuel des ma-
ladies transmissibles, des maladies hematologiques, des malformations congenitales, des maladies peri-
natales, des soins 'a domicile et des services ambulanciers. Les couits de l'asthme pourraient augmenter
lavenir compte tenu des tendances actuelles de la morbidite et de la mortalite. Une evaluation plus
poussee de l'efficacite et du rapport cout-efficacite des interventions anti-asthmatiques disponibles,
outre les donnees globales sur le coiut, s'impose pour determiner s'il est possible d'ameliorer l'affectation
des ressources consacrees au traitement de l'asthme.
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A sthma is a major and increasing cause of morbidity
and mortality worldwide.'4 In Canada researchers

have reported that the incidence and prevalence rates of
asthma,9 asthma-related deaths"," and rates of hospital
admissions because of asthma'° have all been increasing.

Asthma affects not only the health but also the
wealth of Canadians. Cost-of-illness studies attempt to
characterize the economic burden of disease by quanti-
fying the resources applied to research, diagnosis and
treatment, as well as estimating productivity losses
caused by illness-related work absence and premature
death.,2'-9 Previous studies have measured the economic
burden of asthma in the United States,216 Australia,27
Sweden28 and the United Kingdom,29 but no such study
has been carried out in Canada.
We performed a cost-of-illness study of asthma in

Canada. In so doing, we have identified Canadian stake-
holders in asthma decision making, characterized areas of
particularly heavy resource utilization and supplemented
economic appraisals of asthma interventions by provid-
ing an aggregate estimate of achievable cost savings.

METHODS

FUNDING

gions kept a log of visit location, diagnosis, and drug or
device mention (prescription, hospital order, dispensing
recommendation or administration) for 2 days in each of
four consecutive quarters.

ECONOMIC ASSUMPTIONS

We estimated costs incurred by all patients in Canada
with asthma in 1990. Our analysis is therefore a preva-
lence-based rather than an incidence-based study.'732 We
calculated costs in 1990 Canadian dollars. When 1990
data were not available we adjusted for inflation using
the consumer price index for medical care or all items.

Indirect costs, or lost productivity associated with
morbidity and premature death, were valued using the
human capital method. 2,14,18,33,34

We used a range of data sources and assumptions to
quantitatively estimate the degree of uncertainty associ-
ated with each component of costs. For each cost cate-
gory, we used the lowest cost estimate as our baseline
value and the highest estimate as our high value.

DIRECT COSTS

Inpatient care

Funding for this project was provided in part by
Glaxo Canada Inc., the manufacturer of a number of
anti-asthma drugs. The terms of the contract were deter-
mined after we proposed the initial study design, and we
retained the right to control entirely the methods, con-
clusions and means of publication of the study.

DATA SOURCES

Three surveys provided valuable information on
asthma-related disability and resource utilization. The
Canada Health Survey30 covered the noninstitutional-
ized Canadian population, excluding people in the
Northwest and Yukon territories, remote areas and re-

serves (who accounted for 3% of the population). Data
from the Canada Health Survey were adjusted for un-
sampled areas and estimated population growth between
1979 and 1990.
The Ontario Health Survey, performed in 1990 (un-

published), sampled households throughout Ontario.
More comprehensive than the Canada Health Survey,
the Ontario Health Survey also gathered information on
demographic characteristics, risk factors, health status
and health resource utilization.

The Canadian Disease and Therapeutic Index com-
plementary auditf, gathered data on the practice patterns
of 652 of Canada's 43 000 office-based physicians. Se-
lected physicians from all specialties and geographic re-

We estimated expenditures on inpatient care for
asthma by multiplying the number of days of hospital care
provided to all Canadian patients with asthma"5 by the ad-
justed average cost per inpatient day. The average cost per
inpatient day was calculated using service volume and ag-
gregate cost data from Statistics Canada for all public hos-
pitals.36 We adjusted inpatient costs to correct for the con-
tribution of outpatient and emergency services using the
method of MacLean and Mix,37 inflated to 1990 dollars
using the consumer price index for medical care and then
adjusted for drug costs by subtracting the average drug
cost per inpatient day for public hospitals.36

Emergency visits

The number of emergency visits during 1988-89 in

general and pediatric hospitals38 was multiplied by the
estimated proportion of all emergency visits due to

asthma.39"' We also calculated emergency use by multi-
plying the proportion of respondents in the Ontario
Health Survey with probable asthma (i.e., those who al-
most certainly had asthma) who had emergency visits

within the previous 12 months by the mean number of
visits per respondent with asthma.

Statistics Canada's estimate of the average cost per
visit to the emergency department ($23) was judged to

be a gross underestimate of true costs.38 Instead, we used
the average cost for all emergency visits at the Che-
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doke-McMaster Hospitals ($120) (Ron Goeree, Centre
for Health Economics and Policy Analysis, McMaster
University, Hamilton, Ont.: personal communication,
1994). This value includes all overhead and ancillary
costs but excludes drug costs.

Physician services

The number of physician services and their aggregate
cost were estimated from asthma-related medical claims
data for 1990 in Manitoba (Manitoba Health, Winnipeg:
unpublished data). We generated estimates for Canada
by adjusting for differences in provincial reimbursement
schedules (payment schedule comparison, all Canada
and Ontario statistics, Health Information Branch, De-
partment of National Health and Welfare, Ottawa: un-
published data, July 1990). Additional estimates, includ-
ing our upper-limit estimate, were obtained from the
Ontario Health Survey and the Canadian Disease and
Therapeutics Index complementary audit.41

Nursing services

We used data from section A of the Ontario Health Sur-
vey to calculate the frequency of outpatient nursing services
provided to patients with asthma. The hourly cost of nurs-

ing services ($20.48) was estimated from the median of the
salary range of registered, general-duty nurses in Canadian
hospitals and adjusted for benefits and interprovincial wage
differentials (Canadian Nurses Association, Ottawa: unpub-
lished data from collective agreements).

Ambulance use

From discussions with asthma specialists we assumed
that 5% of asthma-related emergency visits would re-

quire use of an ambulance. The 1993 cost of ground am-

bulance transportation for emergent illness in Ontario
(Ontario Ministry of Health, Toronto: unpublished data)
was deflated to 1990 dollars ($276).

Drugs

The wholesale cost of drugs used by patients with ob-
structive-airways disease (f32-adrenergic agonists, ipra-
tropium bromide, theophylline preparations, sodium cro-

moglycate and inhaled corticosteroids) was determined
from validated42 market data.4 The average dispensing fee
for Canadian prescriptions was added to the cost of outpa-
tient pharmacy sales," to determine aggregate drug costs.

The proportion of pharmaceutical sales by category at-

tributable to asthma was calculated by determining the
proportion of overall drug appearances (prescription or

mention of a drug) associated with a diagnosis of asthma in

the Canadian Disease and Therapeutic Index complemen-
tary audit."' Since drug appearances do not correlate pre-
cisely with prescriptions, and since the number of individ-
ual prescriptions may vary according to the diagnosis,
there is some uncertainty associated with these estimates.

Devices

An estimate of the overall market size of $11 million
for devices used in the treatment of obstructive-airways
disease (spacers, nebulizers, peak-flow meters, compres-
sors, masks, hand-held ultrasonic devices) was derived
from private-sector marketing data (Devilbiss Corpora-
tion, Barrie, Ont.: unpublished data). From discussions
with private-sector experts, we assumed that 40% of
overall sales were to patients with asthma.

Outpatient diagnostic tests

We retrieved Ontario Health Insurance Plan (OHIP)
billing data to estimate the total number of pulmonary
function and allergy tests performed in Ontario in 1990.
We asked asthma specialists to provide an estimate of
the proportion of each type of service provided to
asthma outpatients. OHIP reimbursement rates, adjusted
for interprovincial reimbursement differentials, were
used to calculate aggregate Canadian costs.

Research and education

We estimated the cost of asthma-related research, in-
cluding peer-reviewed research, support for students and
research fellows, and pulmonary units, from the Medical
Research Council of Canada's Reference List of Health
Science Research.4 We also surveyed the manufacturers
of asthma drugs to estimate separately the cost of indus-
try-supported research, although such costs are captured
in the "drug cost" category.

Most asthma education is provided by nurses, physi-
cians and respiratory technologists and is therefore also
accounted for in other cost categories. The Canadian
Lung Association provided an estimate of the cost of
paid public lectures, brochures and other public educa-
tion activities not accounted for elsewhere (A. Les Mc-
Donald, Canadian Lung Association, Ottawa: personal
communication, 1994).

INDIRECT COSTS

Morbidity costs

The number of days lost to both short-term and long-
term asthma-related disability were abstracted from the
Canada Health Survey, which described activity loss in
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the 2 weeks before the survey. The number of bed-days,
days of major activity loss (MAL) (i.e., days that were
not bed-days but during which the patient was unable to
perform major activities, including work, housekeeping
or school) and "cut-down" days (days during which ac-
tivities were restricted) were assigned weights of 1, 1 and
0.5 respectively. All data from the Canada Health Sur-
vey were adjusted for unsampled areas and estimated
population growth between 1979 and 1990.
We obtained another estimate of the cost of disability

using questions 10 through 15 of the Ontario Health
Survey. Both the Canada and the Ontario health surveys
provided information about the proportion of patients
with disability who were employed, keeping house and
attending school.

Disability among patients residing in health care institu-
tions was estimated from the Health and Activity Limita-
tion Survey.Y1 We tabulated the number of disability days
but conservatively assumed that there was no productivity
loss for these patients (i.e., indirect cost = 0) because few
of these people would be working or keeping house.

The 1990 industrial aggregate of average weekly
earnings,` adjusted for labour-force participation,` was
used to value productivity loss due to absence from work
($508 per week). Average weekly earnings for those em-
ployed in full-time domestic work,48 adjusted for the dif-
ferential in number of hours worked between domestic
workers in and out of the labour force,49 were used as an
estimate of the productivity value of housekeeping ser-
vices ($278 per week).

Workers' compensation and disability payments

Compensation payments made to people with dis-
ability do not represent costs, direct or indirect, but
rather transfer payments. Nevertheless, we tabulated
data on workers' compensation payments (obtained from
the Workers' Compensation Board of Ontario, Toronto,
the Workers' Compensation Board of British Columbia,
Vancouver, and the Comission de la Sante et de la Secu-
rite de travail du Quebec, Quebec City), on unemploy-
ment insurance claims (obtained from CEIC Yardstick
System, Employment and Immigration Canada, Ottawa)
and on Canada and Quebec pension plan disability pay-
ments for asthma (obtained from the master benefit file,
Department of National Health and Welfare, Ottawa,
December 1991, and the Regis des rentes du Quebec,
Quebec City) for the purposes of comparing this infor-
mation with that from previously published studies.

School days

We conservatively assumed that the caretakers of
asthmatic children were women and that each bed-day

or MAL day and half of all cut-down days of a child in
school were associated with a day of lost productivity
for the caretaker. Productivity loss for caretakers was val-
ued according to their primary occupation. The propor-
tion of women between the ages of 25 and 49 who were
employed (78%) was provided by labour force data.48

Travelling and waiting time

We conservatively assumed that each outpatient visit
consumed 1 hour of travelling and waiting time, that
each emergency visit consumed 3 hours and that one
third of all visits occurred during working hours. Ontario
Health Survey data were used to predict the occupation
of those receiving outpatient services. We also calculated
productivity loss under more generous estimates of time
loss (2 hours per outpatient visit and 5 hours per emer-
gency visit) to arrive at an upper-limit estimate.

Asthma-related death

Canadian asthma mortality rates and age at time of
death were used to predict the number of life-years lost
because of asthma-related death.50 We calculated pro-
ductivity loss by multiplying life-years lost by the pro-
ductivity value of each life-year. Productivity values for
employed people were predicted from the industrial ag-
gregate of average weekly earnings and from the propor-
tion of people in each age and sex group who were em-
ployed. The proportion of men and women who re-
ported their main activity as "managing the home" or
"caring for children" in a Statistics Canada Labour Force
Survey48 and the value of housekeeping services (de-
scribed earlier) were used to calculate lost housekeeping
productivity. The net present value of the stream of life-
time earnings was calculated, after adjustment for lost
life-years, sex, an annual 2% productivity gain and a dis-
count rate of 5%.'

UNMEASURED COSTS

We were unable to measure the full cost of outpatient
diagnostic services (x-rays and blood tests) and the costs

of some drugs (e.g., orally administered corticosteroids,
over-the-counter drugs and immunosuppressive drugs).
The cost of lost productivity for caregivers of adults with
asthma was not tabulated, nor could we value future
productivity losses due to school absence because of
asthma-related childhood morbidity.6'52'5 In addition, we
could not measure the contribution of asthma as a co-

morbidity factor to other cardiorespiratory diseases, or

the cost of complications from long-term asthma treat-

ment (e.g., corticosteroid-induced cataracts, hip frac-
tures and osteoporosis).
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RESULTS

A detailed description of utilization and unit cost vec-
tors is provided in Table 1. Utilization estimates varied
widely for some categories, including emergency visits,
physician services and cut-down days associated with
asthma disability. Data from the Canada Health Survey
and the Ontario Health Survey tended to yield similar
national utilization projections, but those from other
sources often differed significantly from the survey data.

Our conservative estimate of the total cost of asthma
in Canada in 1990 was $504 million (Table 2), with an
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upper-limit estimate of $648 million. We estimated that
61% of all asthma costs ($306 million) were direct costs.
Drug costs were by far the single largest component of
direct costs, followed by hospital inpatient care and
physician services. Costs for outpatient services pro-
vided by nurses, for ambulance and emergency services,
and for research accounted for relatively small propor-
tions of the aggregate cost.

Illness-related disability was the largest contributor to
indirect costs, almost 38% higher than the next greatest
component, productivity loss related to school absence.
The cost of all morbidity-related productivity loss (ab-
sence from work, inability to do housekeeping, need to
care for children absent from school, and waiting and
travelling time) was $143 million, nearly three times
higher than the cost of productivity loss due to prema-
ture death.

Using the adjusted estimates of Wigle and associates34
as a standard for comparison, we calculated that the total
cost of asthma ($504 million) represented 0.4% of the
total economic burden of illness in Canada and 7. 1 % of
the burden of respiratory illness. The cost of asthma was
similar to the cost of all infectious diseases ($772 mil-
lion), hematologic diseases ($486 million), congenital
defects ($673 million) and perinatal illness ($532 mil-
lion), but it was much lower than the cost of cardiovas-
cular disease ($7742 million) and cancer ($11 189 mil-
lion). The cost of asthma was also approximately equal
to the annual budget of a large downtown teaching hos-
pital in Toronto (Toronto Hospital: unpublished data)
and roughly equal to annual national expenditures on
home care ($640 million), ambulance services ($660 mil-
lion) and chiropractic services ($528 million) (Health Ex-
penditures in Canada: Fact Sbeets, Policy, Planning and Infor-
mation Branch, Health Canada, February 1993).

Fig. 1 shows how the cost of asthma compared with
the cost of other respiratory diseases and of all diseases.
The proportion of the total cost accounted for by hospi-
tal care (including emergency services) and physician
services was approximately the same for asthma, other
respiratory diseases and all diseases. The proportion ac-

counted for by drugs, however, was strikingly higher for
asthma.

Only 0.2% of all asthma costs, and 0.4% of direct
costs, were accounted for by non-industry-funded re-

search (Fig. 2). These figures were slightly higher than
the proportion accounted for by all respiratory research
but lower than that accounted for by research into many
other diseases, including hematologic diseases and en-

docrine diseases.

DISCUSSION

Cost analysis is an inexact science. Both measurement
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error and methodologic disagreement introduce uncer-
tainty into the estimates. Recall bias may affect data ob-
tained from survey estimates. Inadequate sampling from
regional data may skew aggregate cost estimates. Impre-
cision or inconsistency in the definition of asthma may
affect questionnaire data, medical claims data, mortality
data and dispensing data.54- Finally, disagreement about
costing methods, particularly methods of determining

indirect costs, make it difficult to compare estimates
from different cost-analysis studies.
We attempted to account for potential error by

adopting conservative estimates of costs and, when pos-
sible, obtaining cost estimates from multiple sources. For
many cost categories, a range of estimates was available
that quantitatively characterized the uncertainty associ-
ated with individual cost estimates.

Fig. 1: Costs of asthma (lightly screened bars), other respiratory diseases (medium screened bars)
and all diseases (black bars) in Canada in 1990, by cost category. Costs for other respiratory dis-
eases and all diseases were obtained from the study by Wigle and associates." Hospital care = in-
patient, outpatient and emergency care; physician services = services by physicians for inpatient
and outpatient care; disability = productivity loss due to absence from work and inability to per-
form housekeeping activities. Costs not included in the study by Wigle and associates are ex-
cluded here.
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Fig. 2: Proportion of total costs of illnesses and conditions accounted for by research. Adapted,
with permission, from Wigle and associates."
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Our study differs from recently published studies of
the cost of asthma2o062 in several important ways. First,
our study was more complete. Weiss, Gergen and Hodg-
son20 omitted costs associated with travel and waiting for
medical care. Mellis and collaborators62 did not measure
indirect costs associated with premature death or school
absence. Neither study included costs associated with
nursing services, ambulance services, outpatient diagnos-

Category
DIRECT COSTS
Inpatient care
Can'ada Di

United States D

Emergency visits
Canada

United States t

Physician seices
Canada ie

United States y

Drugs
fanadna

ce, Units,

tic services, research costs or transfer payments.
Second, our study used multiple, overlapping data

sources to provide a range of estimates for many cost
categories. We were therefore able to quantitatively esti-
mate the degree of uncertainty associated with individ-
ual and aggregate cost estimates (sensitivity analysis).

Third, our estimates for important categories such as
inpatient costs, physician services and drug costs are rel-
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atively precise. Inpatient costs were based on all asthma-
related admissions in Canada, and per-diem costs were
carefully adjusted to exclude unrelated costs. Our esti-
mate of physician services, although based on a limited
sample, reflects both actual utilization and actual expen-
diture, rather than an estimate based on a patient survey.
Similarly, our estimate of drug costs represents actual na-
tion-wide drug expenditures. Survey estimates may in-
correctly capture the cost of prescriptions that were
never filled, or fail to capture the cost of filled prescrip-
tions that were never taken.

Despite differences in methodology, however, our
cost estimates support many of the conclusions reached
in those two studies.20,62 All three studies suggest that the
direct costs of asthma exceeded the indirect costs (ac-
counting for 61% of all costs in Canada, 53% in the
United States2o and 68% in New South Wales, Aus-
tralia 2). Drugs and inpatient care were the two largest
contributors to direct costs in all three studies. Also, a
detailed comparison of US and Canadian costs (Table 3)
shows that utilization patterns were strikingly similar
and that differences in overall costs and costs by cate-
gory were largely accounted for by differences in unit
costs.

What can we conclude from the descriptive informa-
tion provided by our study? First, we cannot draw any
direct inferences about the appropriateness of present
asthma care or the desirability of future programs. The
appropriateness of any intervention, past or present,
must still be judged by the canon of efficacy, effective-
ness and cost-effectiveness.63-65 Cost-of-illness studies
do, however, allow us to identify categories of heavy re-
source utilization (e.g., drugs and inpatient care) and al-
low us to direct future research and therapy toward ar-
eas in which the potential gain would be the greatest.
Also, they identify stakeholders in health policy deci-
sions. Cost-of-illness studies alone, however, cannot tell
us whether our resources have been or will be wisely
spent.

Second, our study indicates the magnitude of poten-
tial savings from improvement in asthma care. The pro-
portion of current asthma costs that can be eliminated is
unknown.32 However, we do know that appropriate use
of inhaled corticosteroids, asthma education, environ-
mental control and written action plans help to decrease
the number of emergency-department visits, admissions
to hospital, and days absent from work and school.6677
Further studies are needed to determine whether these
clinically proven behavioural and pharmacologic inter-
ventions are a wise use of resources.
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