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BACKGROUND: Asthma education should be offered with prior-

ity to populations with the highest asthma-related morbidity. In the

present study, the aim was to identify populations with high-morbidity

for asthma from the Quebec Health Insurance Board Registry, a large

administrative database, to help the Quebec Asthma and Chronic

Obstructive Pulmonary Disease Network target its interventions.

METHODS: All emergency department (ED) visits for asthma were

analyzed over a one-year period, considering individual and medical

variables. Age- and sex-adjusted rates, as well as standardized rate

ratios related to the overall Quebec rate, among persons zero to

four years of age and five to 44 years of age were determined for

15 regions and 163 areas served by Centres Locaux de Services

Communautaires (CLSC). The areas with rates 50% to 300% higher

(P<0.01) than the provincial rate were defined as high-morbidity

areas. Maps of all CLSC areas were generated for the above parameters.

RESULTS: There were 102,551 ED visits recorded for asthma, of

which more than 40% were revisits. Twenty-one CLSCs and

32 CLSCs were high-morbidity areas for the zero to four years age

group and five to 44 years age group, respectively. For the most part, the

high-morbidity areas were located in the south-central region of

Quebec. Only 47% of asthmatic patients seen in ED had also seen a

physician in ambulatory care.

CONCLUSION: The data suggest that a significant portion of the

population seeking care at the ED is undiagnosed and undertreated.

A map of high-morbidity areas that could help target interventions to

improve asthma care and outcomes is proposed.
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La cartographie des visites à l’urgence en 
raison de l’asthme : Le ciblage des populations
à la morbidité élevée

HISTORIQUE : L’éducation sur l’asthme devrait être offerte en priorité

aux populations présentant la morbidité reliée à l’asthme la plus élevée.

La présente étude visait à repérer les populations à la morbidité élevée en

raison de l’asthme au moyen du registre de la Régie de l’assurance-maladie

du Québec, une grande base de données administrative, afin d’aider le

Réseau québécois de l’asthme et de la maladie pulmonaire obstructive

chronique à cibler ses interventions.

MÉTHODOLOGIE : Toutes les visites à l’urgence en raison de l’asthme

ont été analysées sur une période d’un an, compte tenu de variables per-

sonnelles et médicales. Les taux rajustés selon l’âge et le sexe, de même

que les ratios de taux normalisés d’après le taux global au Québec, parmi

les personnes de zéro à quatre ans et de cinq à 44 ans, ont été déterminés

dans 15 régions et 163 secteurs desservis par les Centres locaux de servi-

ces communautaires (CLSC). Les secteurs où les taux étaient de 50 % à

300 % plus élevés (P<0,01) que le taux provincial étaient définis comme

des secteurs à la morbidité élevée. Des cartes de tous les secteurs des

CLSC ont été produites à partir des paramètres précédents.

RÉSULTATS : On a dénombré 102 551 dossiers de visites à l’urgence en

raison de l’asthme, et plus de 40 % d’entre elles n’étaient pas la première

visite. Vingt et un CLSC et 32 CLSC représentaient des secteurs à la mor-

bidité élevée pour les groupes de zéro à quatre ans et de cinq à 44 ans,

respectivement. La plupart des secteurs à la morbidité élevée se trouvaient

dans la région du centre-sud du Québec. Seulement 47 % des patients

asthmatiques vus à l’urgence avaient également été vus par un médecin en

soins ambulatoires.

CONCLUSION : Les données indiquent qu’une grande partie de la po-

pulation qui se fait soigner à l’urgence est sous-diagnostiquée et sous-

traitée. Une carte des secteurs à la morbidité élevée qui contribuerait à

cibler les interventions afin d’améliorer les soins pour l’asthme et les issues

est proposée.

Asthma is a major public health issue. In Canada, the

prevalence of physician-diagnosed asthma is 8.4% (1).

The 1996/1997 National Population Health Survey Asthma

Supplement Survey found that 18% of individuals with active

asthma had visited an emergency department (ED) at least

once in the past year; 5.3% of those diagnosed with asthma

required hospitalization each year (2). In the United States,

the prevalence of asthma was reported to be 9.6% (3). Since

1995, the rates of hospitalization and death have decreased,

while the rate of outpatient visits and ED visits have

increased.

Until the present time, few comprehensive large-scale popu-

lation surveillance programs for asthma have been established,

even in developed countries (4,5). Existing programs frequently

rely on deaths, a rare event, and sometimes on hospitalizations.

Furthermore, national, state and provincial statistics are often

inadequate to use as a basis to design public health interventions

for asthma at a local level (4,6). The failure to provide data may

explain why educational programs, which are regarded as an

effective method to reduce the consequences of asthma (7-10),

do not always target high-morbidity populations (8,11,12). Some

studies (13,14) were done on geographic variations of asthma
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mortality and hospitalizations. Geographic information system
mapping techniques have sometimes been used to study spatial
variations of asthma (15). Other interventional studies in large
cities were based on a community health approach: the National
Cooperation Inner-City Asthma Study targeted children and the
Chicago Asthma Surveillance Initiative targeted high-risk indi-
viduals (6,16,17).

The Quebec Asthma and Chronic Obstructive Pulmonary
Disease (COPD) Network (QACN), formerly the Quebec
Asthma Education Network, created in 1994, attempted to
reduce mortality and morbidity from asthma by providing edu-
cation to asthmatic patients and by offering updates and sup-
port to professionals on asthma care (18). Most deaths,
hospitalizations and ED visits for asthma may be avoidable
(19,20). A large number of ED visits are related to inadequate
treatment and follow-up, as well as a lack of compliance to ther-
apy (21,22). Acute asthma exacerbations in patients seen in
EDs are often severe and life-threatening (23).

ED visits represent an early indicator for the surveillance of
asthma in populations. We believe that the frequency of ED vis-
its can vary from one area to another and can be used to identify
problem areas. Monitoring systems based on respiratory ED
admissions are highly reliable for epidemiological purposes
(24). To our knowledge, no study has been based on a large

administrative database, covering an entire population, exam-
ining ED visits for asthma, which is a frequent morbid event.
We conducted a one-year study involving all hospitals with an
ED in the province of Quebec to identify high-morbidity areas
for asthma-related ED visits and provide data to the QACN to
help develop focused programs and interventions targeted at
groups at risk based on known risk factors such as age, sex and
multiple visits to EDs.

METHODS
Population of Quebec
The present study was done on the entire population of Quebec,
which was 7,410,504 in 2001. Quebec includes 18 health-service
regions, in which there is a total of 163 community health centre
areas (Centres Locaux de Services Communautaires [CLSC])
(Figure 1). The population covered by the CLSC ranges from
approximately 50,000 in rural areas to 100,000 in urban areas.
Nunavik (#17), James Bay (#18) and northen Quebec regions
(38,575 inhabitants) were excluded because of the lack of individ-
ual data related to ED services.

Data collection
The dependant health variable was ED visits for asthma. The
inclusion criteria for cases were diagnosis of asthma based on the
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Figure 1) Health service regions in the province of Quebec
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ninth revision of the International Classification of Diseases (25)
(ICD-9: 493) or bronchospasm (ICD-9: 519.1) stated by physicians
in medical records. Health data were obtained from the Quebec
Health Insurance Board (QHIB) Registry. Population data were
obtained from Statistics Canada (Census 1991 through the Quebec
Department of Health [26]). Hospital accessibility index (HAI)
and socioeconomic indicators were obtained from the Quebec
Department of Health. HAI was defined as the ratio of consump-
tion of hospital resources by the population of the CLSC area over
mean consumption of these resources in the province.

Considering the public health objectives of the present study,
the diagnosis of bronchospasm was included to take into account
the burden of the disease in younger children. Bronchiolitis with
bronchospasm is frequent among very young children. Other per-
sonal variables included year of the event, sex, residency (region
and CLSC) and age at mid-year. The encrypted QHIB number
made it possible to calculate the number of events for an individual
in the same year. Data on office and outpatient clinic visits, and the
number and type of specialist visits, were also gathered.

Since 1996, computerized billing of visits by physicians is more
than 90% comprehensive and diagnosis is present on more than
88% of the payment requests. The year 1996 was chosen because
data on ED visits were the most complete in that year and were not
influenced by the ambulatory care reform, which started in 1997. In
Quebec, a fee for services paid by the QHIB was the usual mode of
payment for ED medical services. In 1996, more than 95% of ED
medical services were paid by that mode.

Statistical analysis
Two frequency measures were calculated: number and age-
standardized rates of ED visits for the province of Quebec. Age-
standardized rates were also calculated by sex for regions and
CLSC areas. Age- and sex-standardized rates were calculated using
the direct method. To compare the frequency of ED visits between
areas, the standardized rate ratio (SRR) was used, which was
defined as the ratio of the age-standardized rate of an area (region or
CLSC) over the age-standardized rate for the entire population of
Quebec. The statistical significance of SRRs was calculated using
variance developed elsewhere (27-29). SAS version 8.0 (SAS
Institute, USA) was used for all analyses. Statistical significance of
P≤0.01 was employed to minimize the risk of obtaining spurious
results because of multiple statistical tests.

Rates were established using two age groups: zero to four years
of age and five to 44 years of age. The 45 years of age and older
age group was excluded because of the high risk of misclassifica-
tion with COPD. The coefficient of variation (CV) of the age-
standardized rates were also calculated. The CVs were used to
measure the stability of the age-standardized rates of an area and
were classified as unstable (CV greater than 33.3%), moderately
stable (CV greater than 16.6% and less than 33.3%) and stable
(less than 16.6%). To compare regions according to the adjusted
rates in graphs, SRRs were transformed to represent relative dif-
ferences (%) between the rate of the region and the rate of the
province. CLSC high-morbidity and low-morbidity areas were
defined as those areas for which there were sufficient data, where
SRRs of ED visits were significatively different and were at least
50% higher and lower than the provincial rate, respectively. The
areas must then have met the following criteria: SRR=1.5 or
SRR=0.67, CV less than 16.6% and P=0.01. Pearson’s coeffi-
cient of correlation between ED visit rates, HAI and level of

socioeconomic status by CLSC area was calculated. The P of the
correlation coefficient was adjusted for spatial autocorrelation (30).

A map of CLSC areas according to the level of SRR was gen-
erated using MapInfo Professional V4.52 software (MapInfo
Corporation, USA). Each CLSC area was classified according to
the level of SRR, based on the seven-grade Monson risk classifica-
tion (31).

RESULTS
ED visits for asthma
In 1996, there were 102,551 ED visits for asthma in Quebec
(Table 1). During that year, repeat visits (ie, multiple visits
among the same individuals), excluding the first visit, accounted
for 40% of total visits. Revisits were included in the analyses.
The proportion of revisits decreased with age: 43.4% (zero to
four years of age), 40.2% (five to 44 years of age) and 36.2%
(45 years of age and older). Among those zero to four years of
age, the proportion of revisits was higher in boys (44.6%) than in
girls (41.0%); among those five years of age and older, the pro-
portion was higher in girls. The proportion of revisits was higher
in high-morbidity CLSC areas (43.8%) than in low-morbidity
CLSC areas (34.9%). The crude rate of ED visits for asthma was
1409/100,000 person-years. Age-specific rates of ER visits were
higher in the younger age group (Figure 2). The age-standardized
rates were 5786/100,000 person-years among those zero to
four years of age and 1253/100,000 person-years among those
five to 44 years of age.

Geographical variation among regions and CLSCs
Zero to four years old: In 1996, regional rates per 100,000
ranged from 3247 to 7959. Five regions had rates higher than
the provincial rate (P<0.01) and 10 had lower rates (P<0.01)
(Figure 3). Thirty-eight CLSC areas had higher rates than the
provincial rate (P<0.01). These CLSCs were concentrated in
the southwestern part of Quebec. Twenty-one of these CLSCs
were high-morbidity areas (Figure 4). For the most part, they
were located in the southcentral part of Quebec: Montreal,
Outaouais, Monteregie and Estrie. Most of the areas were
urban. Fifty-three areas had lower age-standardized rates
(P<0.01). One-half were located in the central part of Quebec
and the others were dispersed elsewhere in the province.
Five to 44 years old: Regional rates per 100,000 ranged from
769 to 1739. Seven regions had rates higher than the provin-
cial rate (P<0.01) (Figure 5). Four regions had rates lower
than the provincial rate (P<0.01). Fifty-four CLSC areas had
higher rates (P<0.01); 32 were high-morbidity areas (Figure 6).
These areas were concentrated in Montreal, Estrie, Monteregie

Cartography of ED visits for asthma
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TABLE 1
Relative frequency of emergency department visits for
asthma, by age, number of visits and revisits

Number 0 to 4 years 5 to 44 years 45 years + Total
of visits n (%) n (%) n (%) n (%)

1 9429 (35.3) 22,259 (40.9) 9866 (46.0) 41,464 (40.4)

2+ 17,246 (64.7) 32,249 (59.3) 11,592 (54.0) 61,087 (59.6)

Total 26,675 (100.0) 54,418 (100.0) 21,458 (100.0) 102,551 (100.0)

Revisits* 11,564 (43.4) 21,868 (40.2) 7778 (36.2) 41,210 (40.2)

*All emergency department visits except the first visit
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and the Outaouais regions. However, one-half were dispersed in
other rural or semiurban areas of the province. Thirty-two areas
had lower rates than the provincial rate, one-half of which were
also located in the central part of Quebec.
Role of socioeconomic status: No association was found
between high ED visit rate and access to hospital resources by

CLSC area. The results suggested that the frequency of ED
visits for asthma among persons zero to four years of age and five
to 44 years of age was related to socioeconomic status (Table 2).
In both age groups, these rates were higher in CLSC areas
where there was a higher percentage of low income individuals,
single-parent families and persons on social assistance. In the

Lajoie et al

Can Respir J Vol 11 No 6 September 2004430

Figure 4) High-morbidity Centres Locaux de Services Communautaires (CLSC) areas for persons zero to four years of age
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Figure 2) Emergency department visit rates (×100,000 person-years)
for asthma, by age and sex in Quebec
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Figure 3) Differences between the rate of each region and the rate of
the province regarding emergency department visits for asthma in 
persons zero to four years of age
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five to 44 years age group, low mean family income was also cor-
related with higher ED visit rates.
Medical treatment: In 1996, only 47% of asthmatic patients
with at least one ED visit for asthma had seen a physician at
his/her office or at an outpatient clinic for asthma. The propor-
tion was higher among persons zero to four years of age (55.1%)
than among those five to 44 years of age (45.8%) and those
45 years and older (41%). There was no difference between
high-morbidity and low-morbidity CLSC areas. However, the
proportion of patients who had seen a physician in their office
was lower in high-morbidity areas (35.9% versus 40.0%). The
proportion decreased with age until 45 years of age: 63.2%
(zero to four years of age), 47.3% (five to 14 years of age),
20.3% (15 to 44 years of age) and 25.3% (45 years of age and
older). Only 37% of asthmatic patients had seen a specialist.
Most patients younger than 15 years of age had seen a pediatri-
cian. Overall, only 10.6% had seen a lung specialist.

DISCUSSION
We used the large QHIB database to gather data on all ED vis-
its for asthma in Quebec over a one-year period. Region and
CLSC age- and sex-standardized ED visit rates were compared
using SRRs. We found highly significant differences between
areas. Areas classified as high-morbidity areas had age-stan-
dardized rates 50% to 300% higher than the rate of the
province. The method that we used, based on direct standard-
ization and SRR, allowed us to compare and rank regions and
CLSC areas, unlike indirect methods using standardized mor-
tality ratios and the comparative morbidity index.

In the present study, the rates may have been underestimated
due to possible underreporting of cases by physicians not paid
through the fee-for-service method, but this underreporting
from the QHIB database represents less than 5% of cases. In
our study, the definition of cases was based on diagnoses made
by the physician in charge at the ED. A physician’s diagnosis of
asthma is recognized as a valid source in epidemiological stud-
ies and surveys, particularly among middle-aged people (32).
Bronchospasm is frequent in children younger than five years of
age, particularly in relation with infectious respiratory diseases,

but may not indicate the presence of persistent asthma. The
zero to four years age group was retained, even if the diagnosis
was less valid, because the relative frequency of ED visits for
bronchospasm and asthma was high in this group. For people
older than 45 years, diagnosis was also less certain because of a
higher prevalence of COPD (33). The potential bias related to
possible misclassification of asthma in young children and older
people was minimized by using the five to 44 years age group to
measure the frequency of ED visits. The validity of recording
asthma diagnoses was estimated to be 80% in health care data
files and medical charts (34). General practice morbidity data
for asthma were evaluated as good sources (35). The inclusion of
bronchospasm may have led to an overestimation of the fre-
quency of ED visits for asthma in all CLSC areas, particularly
among zero- to four-year-olds, but did allow us to describe the
burden of the disease in ED departments. The comparison
among regions and CLSCs was not influenced by this potential
nondifferential bias and remains valid. We cannot exclude a
potential bias due to a variability of the diagnosis of asthma
among different hospitals even if the organization of emergency
health services in Quebec is uniform and medical training is
quite similar. However, the effect of this bias is minimized by the
fact that asthmatic patients in our study visited EDs of their
choice often outside their own CLSC area.

A limited number of CLSCs were high-morbidity areas. ED
visit rates are indicators of health service consumption. They
represent an indirect indicator of the incidence or prevalence of
asthma in a population. These results should be interpreted
with caution. Higher rates of ED visits were reported among
patients with low socioeconomic status (36). However, the cor-
relations that we found with some socioeconomic indicators
have some limitations. Because these indicators relate to group
data of CLSC areas and not to individuals, the possibility that
the asthmatics who visited ED in high-morbidity areas might
be different from the low income group cannot be ruled out.
Accessibility to health services may also influence ED service
use (36). We found no association between high ED visit rates
and access to hospital resources by CLSC areas. The proportion
of patients who had seen a physician in their office was lower in

Cartography of ED visits for asthma
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Figure 5) Differences between the rate of each region and the rate of the
province regarding ED visits for asthma for persons five to 44 years of age

TABLE 2
Spatial correlations for Centres Locaux de Services
Communautaires areas between the rates of the
emergency department visits and socioeconomic
indicators

0 to 4 years old      5 to 44 years old

Indicators r* P† r* P†

Hospital accessibility index –0.30 0.10 –0.03 0.73

Mean family income –0.03 0.79 –0.20 <0.01

Individuals with low income (%) 0.36 <0.01 0.26 <0.01

Unemployment rate (%) –0.01 0.39 0.07 0.35

Individuals without high school (%) –0.12 0.49 0.07 0 40

Children under 18 in single-parent 0.47 <0.01 0.39 <0.001

home (%)

Individuals on social assistance (%) 0.26 <0.01 0.33 <0.001

*Pearson’s coefficient of correlation; †Adjusted for spatial autocorrelation
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high-morbidity areas. We did not study the association with
access to primary care physicians, which may be a plausible
explanation. The office and CLSC accessibility index, recently
developed in Quebec, will allow us to investigate this further in
the future.

Our data suggest that a significant proportion of the popula-
tion seeking care at the ED may be undiagnosed and under-
treated (37,38). For the zero to four years age group, the
concentration of high-morbidity areas in the south-central
region of the province raises the question of the role of potential
nonmedical, environmental or other factors. Lower ED visit
rates in some other regions may be explained by the fact that the
QACN has been well-established in those regions for a longer
time. Regardless of whether their rankings were high or low, the
cartography results were appreciated by the CLSCs and the
regions, and used for the development of local programs against
asthma.

CONCLUSION
The epidemiological methods developed in the present 
population-based study allowed us to make valid comparisons
among regions and CLSCs regarding rates of ED visits for
asthma. In a first step, the cartography of asthma in Quebec
helps point out high-morbidity areas and populations. ED
data are useful to capture undiagnosed and undertreated asthma

in a population. In line with the objectives of the study, from
a public health perspective, the results for both age groups
allowed the QACN to target their interventions. To provide
specific data and maps was a great motivational tool for local
hospital and department managers, physicians and educators.
In a second step, we tried to reach subgroups of the popula-
tion of asthmatics; particularly, patients with multiple visits
to ED. Because the ambulatory care reform is now over, the
cartography could be repeated for evaluation purposes and
should include population-based data on medication.

The generalization of our results to other populations is lim-
ited by sociodemographic characteristics and the type of health
service organization. Quebec is part of the Canadian Medicare
system that covers almost all hospital and medical expenses.
Finally, the approach laid out in our study, based on the com-
parison of SRRs, can be applied to other settings or diseases for
policy planning and program assessment.
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Figure 6) High-morbidity Centres Locaux de Services Communautaires (CLSC) areas for persons five to 44 years of age
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