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In the 1980s and early 1990s, asthma prevalence increased significantly in most Westernized countries. In more
recent years, asthma trends have been less clear, with some studies suggesting that they are still rising and others
suggesting that they have stabilized or decreased. A population-based cohort study was conducted to estimate
asthma prevalence and incidence trends in one large Canadian province, Ontario. All individuals with asthma living
in Ontario, a province of Canada with a multicultural population of approximately 12 million, were identified in
universal, population health administrative databases by using a validated health administrative case definition of
asthma. Annual asthma prevalence, incidence, and all-cause mortality rates were estimated from 1996 to 2005.
During this time, the prevalence of asthma increased by 70.5%. The age- and sex-standardized asthma prevalence
increased from 8.5% in 1996 to 13.3% in 2005, a relative increase of 55.1% (P < 0.0001). Asthma incidence rates
increased in children by 30.0% and were relatively stable in adults. Overall all-cause mortality decreased. Asthma
prevalence in Ontario, Canada, has increased significantly. This is attributable, in part, to an increase in the
incidence of asthma in children. Effective clinical and public health strategies are needed to prevent and manage
asthma in the population.

asthma; incidence; population; prevalence

Asthma is the most common chronic respiratory disease
in the world and one of the most common chronic diseases
among children (1). In the 1980s and early 1990s, asthma
prevalence appeared to increase significantly in most
Westernized countries (2). In more recent years, however,
trends have been less clear, with some studies suggesting
that asthma prevalence has continued to increase and others
suggesting that it has stabilized or decreased (2–8). This
uncertainty has been made worse by the fact that many
asthma prevalence studies, with some notable exceptions,
have focused on different specific groups of individuals,
such as school children or young adults, who might not be
comparable (7, 9, 10). As a result, there is still a lot to be
learned about asthma trends in populations overall.

Besides there being gaps in knowledge about trends in
prevalence, there is also little known about trends in asthma
incidence and all-cause mortality (as opposed to asthma-
specific mortality) (11, 12). Incidence is directly and mor-
tality inversely related to prevalence. More knowledge
about trends in asthma prevalence, incidence, and all-cause

mortality in the population would be instrumental in helping
health-care providers and decision makers anticipate the
burden of asthma and optimize clinical and public health
strategies for individuals with asthma accordingly.

To fill the above gaps in knowledge, we conducted the
current study to estimate overall trends in asthma preva-
lence, incidence, and all-cause mortality in a large Canadian
province. We aimed to quantify the change in asthma prev-
alence over time and by gender and various age groups.

MATERIALS AND METHODS

Data sources

Our study was based in Ontario, Canada, which has
a large, diverse, multicultural population of more than 12
million residents that constitutes more than one-third of
Canada’s population. Canada is considered a high-incidence
country for asthma (1). Ontario has a universal, single-payer
health-care system that covers all physician and hospital
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services, and the personal health information collected for
the administration of this system is available in a few large
databases. The Ontario Health Insurance Plan Database
contains information on all fee-for-service billings for phy-
sician services rendered in Ontario, including a diagnosis,
since July 1, 1991. The Canadian Institute for Health In-
formation Database records the primary diagnosis and up to
15 secondary diagnoses for all patients discharged from
acute-care hospitals prior to 2002 and up to 25 secondary
diagnoses in 2002 and later years. The Ontario Registered
Persons Database includes information on gender, birth
date, residence postal code, and, if applicable, date of death.
Deaths recorded in the Registered Persons Database are
based on probabilistic linkage of death certificate informa-
tion. Therefore, to ensure that no deaths were missed, we
also recorded deaths that occurred in the hospital and, where
discrepancies in dates of death existed between the 2 sour-
ces, the hospital date was used. We linked these databases
together on an individual level using an encrypted version of
the unique Ontario health insurance number given to all
Ontario residents. Such linkage allows for protection of
the identities of individuals while examining their health
services use across health administrative databases.

Study population and definition of asthma

The Ontario Asthma Surveillance Information System
Database is a validated registry of all Ontario residents with
asthma that was generated by using the Ontario Health In-
surance Plan and Canadian Institute for Health Information
health administrative databases described above. For gener-
ation of the database, all individuals with asthma were iden-
tified by using a previously validated asthma case definition
described in detail elsewhere and used in previous studies
(13–16). This case definition of at least 2 asthma physician
visits within 2 consecutive years and/or at least 1 asthma
hospitalization yielded 89% sensitivity and 72% specificity
in children (aged 0–17 years) and 84% sensitivity and 76%
specificity in adults (aged 18 years or over). Once entered
into the database, patients remained part of the asthma pop-
ulation until they moved out of the province or died in order
to be consistent with previous evidence indicating that
asthma, once diagnosed, may remit but does not resolve
(17, 18).

Outcomes

Our primary outcome was change in the age- and sex-
standardized prevalence of asthma between fiscal year 1991
(from April 1, 1991, to March 31, 1992) and fiscal year 2005
(from April 1, 2005, to March 31, 2006). Secondary out-
comes were changes in the age- and sex-standardized in-
cidence of asthma and all-cause mortality in individuals
with asthma over the same time period. All-cause mortality
was used because information on disease-specific mortality
was not available.

Analysis

We used methods consistent with those of other studies
examining prevalence trends of chronic disease using health

administrative data (19–21). Using the asthma case defini-
tion, we estimated annual prevalence in the population from
fiscal year 1996 to fiscal year 2005 by dividing the number
of patients with asthma in each fiscal year by the census
population estimate in the corresponding year (22).

We chose to start reporting results in fiscal year 1996 to
allow for sufficient time to identify prior prevalent cases of
asthma, and we chose the end date of fiscal year 2005 to
allow for a 2-year ‘‘look forward’’ period to meet the terms
of the validated case-definition algorithm.

Asthma incidence rates were calculated for 5 time periods
(1996–1997, 1998–1999, 2000–2001, 2002–2003, and
2004–2005) by dividing the number of incident asthma
cases by the number of patient-years of individuals still at
risk of developing asthma. Two-year intervals were used so
results would be more stable. To confidently distinguish an
incident case from a prevalent case, we set a minimum
asthma-free observation period of 5 years prior to the in-
cidence date as a requirement. For example, a person meet-
ing the case definition of asthma in fiscal year 2000–2001
must have had no asthma claim during the previous 5 years
to be included as an incident case. If he or she had a claim
during this time, it was presumed that asthma had previously
been considered and that he or she was included as a prev-
alent, but not an incident, case. The period of 5 years was
chosen on the basis of clinical knowledge and previous
chronic disease surveillance studies (20, 21, 23). Having
a ‘‘look-back’’ period (the same for all individuals so they
were treated equally) avoided incidence rates being artifi-
cially inflated because of the inclusion of a small number of
misclassified prevalent cases. Children born in Ontario after
April 1, 1991, were exempt from this rule, because their
entire lifetimes were available, which could indicate clearly
if they had a prior asthma diagnosis. Incidence of asthma
prior to 1996 was not estimated because the 5-year look-
back period was not available.

The 5-year look-back period helped to distinguish inci-
dent asthma from prevalent asthma during the study period;
however, it did not account for individuals diagnosed with
asthma prior to 1991; therefore, we applied a second adjust-
ment to our estimates. Because we could not identify in-
dividuals with asthma prior to 1991 nor avoid having
them possibly show up after a long period of remission
as ‘‘incident cases,’’ we applied a correction factor that
removed them from our estimates. Specifically, for each
2-year period, we used our asthma cohort to calculate the
likelihood of individuals being incident cases prior to our
study and then subtracted this amount from our incidence
estimate. We calculated the likelihood of individuals being
incident cases prior to our study or their previous lifetime
risk of developing asthma, by using a modified survival
analysis technique described by Beiser et al. (24) and used
previously to measure lifetime risk of asthma (refer to Ap-
pendix for details) (16). This approach likely overestimated
the number of individuals with asthma diagnosed prior to
1991 and provided conservative estimates of the incidence
of asthma.

We estimated annual all-cause mortality in the asthma
population during fiscal years 1996–2005 by dividing the
number of deaths among individuals with asthma by the
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Table 1. Age- and Sex-specific Prevalence of Asthma in the Province of Ontario, Canada, in 1996, 2001, and 2005

Group

1996 2001 2005 % Change from 1996 to 2005

No. with
Asthma

Population,
no.

Prevalence,
%

No. with
Asthma

Population,
no.

Prevalence,
%

No. with
Asthma

Population,
no.

Prevalence,
%

Individuals
with Asthma

Population Prevalence

Overall

�4 years 132,515 754,515 17.6 117,684 708,156 16.6 103,627 672,168 15.4 �21.8 �10.9 �12.2

5–9 years 142,830 759,931 18.8 188,395 797,706 23.6 172,770 768,441 22.5 21.0 1.1 19.6

10–14 years 96,967 739,826 13.1 174,593 803,144 21.7 213,331 835,797 25.5 120.0 13.0 94.7

15–39 years 297,800 4,251,857 7.1 446,157 4,336,701 10.4 566,123 4,400,730 12.9 90.1 3.5 81.5

40–69 years 230,434 3,652,230 6.3 366,864 4,198,081 8.7 467,675 4,711,544 9.9 103.0 29.0 58.3

�70 years 74,811 924,693 8.0 115,290 1,053,859 10.9 139,051 1,152,730 12.1 85.9 24.7 49.9

All agesa 975,357 11,083,052 8.5 1,408,983 11,897,647 11.7 1,662,577 12,541,410 13.3 70.5 13.2 55.1*,b

Female

�4 years 51,394 367,642 14.0 45,430 348,593 13.0 39,552 328,648 12.0 �23.0 �10.6 �13.9

5–9 years 59,231 370,044 16.0 76,417 390,312 19.6 69,585 377,870 18.4 17.5 2.1 15.0

10–14 years 42,024 360,053 11.7 74,477 391,661 19.0 88,724 407,476 21.8 111.1 13.2 86.6

15–39 years 178,488 2,112,241 8.5 252,603 2,141,815 11.9 302,237 2,181,893 13.9 69.3 3.3 62.3

40–69 years 143,549 1,857,985 7.7 229,902 2,126,861 10.8 292,160 2,384,917 12.2 103.5 28.4 59.0

�70 years 45,083 555,808 8.1 71,065 620,366 11.5 86,556 668,988 13.0 92.0 20.4 60.1

All agesa 519,769 5,623,773 9.1 749,894 6,019,608 12.4 878,814 6,349,792 13.9 69.1 12.9 51.8c

Male

�4 years 81,121 386,873 21.0 72,254 359,563 20.1 64,075 343,520 18.7 �21.0 �11.2 �11.0

5–9 years 83,599 389,887 21.4 111,978 407,394 27.5 103,185 390,571 26.4 23.4 0.2 23.2

10–14 years 54,943 379,773 14.5 100,116 411,483 24.3 124,607 428,321 29.1 126.8 12.8 101.1

15–39 years 119,312 2,139,616 5.7 193,554 2,194,886 8.9 263,886 2,218,837 11.8 121.2 3.7 109.5

40–69 years 86,885 1,794,245 4.8 136,962 2,071,220 6.6 175,515 2,326,627 7.5 102.0 29.7 57.0

�70 years 29,728 368,885 8.0 44,225 433,493 10.2 52,495 483,742 10.9 76.6 31.1 36.0

All agesa 455,588 5,459,279 7.9 659,089 5,878,039 10.9 783,763 6,191,618 12.6 72.0 13.4 58.3c

* P < 0.001 for comparison of rates over time, from 1996 to 2005.
a Rates are standardized to the 2005 Ontario population.
b Rates between ages are standardized by gender to the 2005 Ontario population; P < 0.001 for comparison of rates between age groups.
c Rates between sexes are standardized by age to the 2005 Ontario population; P < 0.001 for comparison of rates between sexes.
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number of individuals with asthma in each fiscal year. We
used all-cause mortality because information on disease-
specific mortality was not available.

To compare prevalence, incidence, and mortality rates
over time, we standardized them for age and sex using
2005 Ontario census population estimates. We calculated
the relative percentage change in rates between 2 fiscal
years using the rate in the earlier fiscal year as the reference.
We also tested for trends over time using the Cochran-
Armitage trend test. Finally, we used logistic regression
models to test for interactions among age, sex, and fiscal
year and, because interaction terms were found to be signif-
icant, we stratified the analysis by age and sex. To compare
trends between sexes and age groups, we standardized sex-
specific rates for age and age-specific rates for sex using
Ontario 2005 census data (25). We compared rates among
fiscal years, sexes, and age groups using chi-squared analy-
ses. We compared percentage changes in rates from fiscal
year 1996 to fiscal year 2005 between sexes and age groups
using Cochran-Mantel-Haenszel and Breslow-Day tests.

Sensitivity analysis

To test the rigor of our results, we reconstructed the asthma
cohort using a second previously validated health adminis-
trative case definition of asthma shown to have about 11%–
12% higher specificity than the case definition used in the
primary analysis (84% and 87% specificity in children and
adults, respectively). Unfortunately, as is often the case, there
was a tradeoff between specificity and sensitivity, so that the
sensitivity of this new case definition was about 10% lower
than that of the case definition used in the primary analysis
(80% and 74% sensitivity in children and adults, respec-
tively) (13–15). We then recalculated change in prevalence.

Ethics statement

Ethics approval was obtained from the institutional re-
view boards at The Hospital for Sick Children and Sunny-
brook Health Sciences Centre, Toronto, Ontario.

RESULTS

Asthma prevalence

The number of individuals with asthma increased by
70.5% from 1996 to 2005. This increase was significantly
greater than the population growth of 13.2% during the
same time period. The age- and sex-standardized prevalence
increased from 8.5% in 1996 to 13.3% in 2005, which was
a 55.1% relative increase (P < 0.001). Most of the increase
was seen in the first part of the study period, approaching
a plateau in the later part (Table 1; Figure 1).

The sex-standardized increase in prevalence was greatest
in adolescents and young adults compared with other age
groups (P < 0.001), while it appeared to be decreasing in
children 4 years of age or less. The age-standardized in-
crease in prevalence was greater in males compared with
females (P < 0.001). Compared with females, males expe-
rienced higher increases in prevalence in adolescence and
young adulthood and lower increases at age 70 years or
older (Table 1; Figure 1).

Asthma incidence

From 1996 to 1999, the overall age- and sex-standardized
incidence rate of asthma increased from 5.0/1,000 person-
years to 5.7/1,000 person-years, a relative increase of 14.0%
(P< 0.001). This increase was mainly due to a 30% increase
in children aged 14 years or younger. After 1999, the in-
cidence rates remained relatively stable in children and
modestly decreased (P < 0.001) in all other age groups
(Table 2; Figure 2).

Mortality

The overall age- and sex-standardized all-cause mortality
rates were very low. They decreased from 887.6/100,000
individuals in 1996 to 730.0/100,000 individuals in 2005,
which was a relative decrease of 17.8% (P < 0.001)
(Table 3).

Figure 1. Annual standardized asthma prevalence in the province of Ontario, Canada, overall and by sex and age group, from 1996 to 2005.
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Sensitivity analyses

Using a health administrative case definition of asthma
with high specificity (but limited sensitivity) to calculated
prevalence trends, we found that the number of individuals
with asthma increased by 63.5%. This corresponded to an
age- and sex-standardized relative prevalence increase of
44.5%.

DISCUSSION

We conducted a population-based study of all individuals
living in Ontario, Canada, and found that, after standardiza-
tion by age and sex, the prevalence of asthma increased by
55.1% between 1996 and 2005. Most of the increase was
seen in the beginning, with trends approaching a plateau in
the later years of the study. Even when a definition of asthma
with high specificity (but limited sensitivity) was used, the
increase in prevalence remained high. Overdiagnosis of

asthma in the later years of the study could not have been
responsible for this increase, because overall incidence rates
increased by only 1.6%. A 30% increase in the incidence of
asthma in children and low mortality overall, however,
likely contributed to the increase in prevalence seen. To
the best of our knowledge, this is the first large study to
examine asthma prevalence trends in an entire population.
Such a large increase, especially in children, is concerning,
and more research is needed to determine why it is occurring
and how it can be reversed. These findings stress the impor-
tance of having clinical and public health strategies to ef-
fectively prevent and manage this very common disease.

The increasing prevalence and incidence found in our
study are consistent with those of others, including one
using Statistics Canada data, that have shown similar in-
creasing trends (2, 4–6, 8, 26). They are also consistent with,
and appear to be a continuation of, increasing asthma prev-
alence trends in the 1980s and early 1990s (2). The cause of
increasing asthma prevalence has puzzled researchers for

Table 2. Age- and Sex-specific Incidence of Asthma in the Province of Ontario, Canada, in 1996–1997, 2000–

2001, and 2004–2005

Group

1996–1997 2000–2001 2004–2005
% Change from 1996

to 2005

No. with
Asthma

Incidence
Rate/1,000
Person-
Yearsa

No. with
Asthma

Incidence
Rate/1,000
Person-
Yearsa

No. with
Asthma

Incidence
Rate/1,000
Person-
Yearsa

Individuals
with Asthma

Incidence
Rate

Overall

�4 years 51,315 22.4 57,413 31.1 48,430 31.3 �5.6 39.7

5–9 years 46,016 8.8 46,742 11.0 35,832 10.9 �22.1 23.1

10–14 years 208,727 5.2 236,324 5.8 199,482 5.6 �4.4 7.6

15–39 years 50,388 3.3 49,606 3.3 37,480 2.9 �25.6 �13.9

40–69 years 45,098 3.5 50,951 3.7 42,461 2.8 �5.8 �21.2

�70 years 14,874 4.5 16,463 4.2 12,873 3.2 �13.5 �27.0

All agesb 180,905 5.0 205,647 5.7 174,337 5.1 �3.6 1.6

Female

�4 years 16,553 19.0 21,308 25.9 20,078 26.3 21.3 38.1

5–9 years 8,487 8.1 10,292 9.9 9,059 9.6 6.7 18.9

10–14 years 6,217 5.4 6,462 5.9 5,969 5.9 �4.0 8.1

15–39 years 31,142 4.2 30,279 4.1 22,959 3.6 �26.3 �14.3

40–69 years 27,822 4.3 30,677 4.8 25,145 3.3 �9.6 �22.6

�70 years 8,841 4.3 9,776 4.2 7,687 3.4 �13.1 �22.0

All agesb 99,062 5.3 108,794 6.0 90,897 5.2 �8.2 �2.8*

Male

�4 years 22,960 25.7 30,819 36.0 28,836 36.2 25.6 40.9

5–9 years 10,367 9.6 13,142 12.1 11,800 12.1 13.8 26.5

10–14 years 5,961 5.1 6,604 5.7 5,781 5.4 �3.0 7.0

15–39 years 19,246 2.5 19,327 2.5 14,521 2.2 �24.6 �13.1

40–69 years 17,276 2.7 20,274 2.7 17,316 2.2 0.2 �18.9

�70 years 6,033 4.7 6,687 4.2 5,186 3.1 �14.0 �33.4

All agesb 81,843 4.6 96,853 5.3 83,440 4.9 2.0 6.3*

* P < 0.001 for comparison of rates between sexes.
a Rates are adjusted for the cumulative risk of physician-diagnosed asthma prior to the study period.
b Rates are standardized to the 2005 Ontario population.
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years and still remains unknown. Proposed contributing fac-
tors have included exposure to air pollution, infections, and
microbial substances in the environment (2). Allergy is one
potential etiologic factor that has become more common
in Ontario over the last decade and could have contributed
to the increases seen (5). Obesity, more controversially, is
another (27).

Although the prevalence of asthma in our study did level
off in later years, the overall increasing trend we found
differed from results from other studies that demonstrated
a stabilization or decrease in asthma prevalence during the
same time period. As alluded to above, this might have been
because our study focused on the entire population, while
other studies examined only specific groups, such as school
children. It might also have been because our study mea-
sured asthma of a different severity from that of others
(26, 28). For example, our study might have captured
individuals with milder asthma—whose prevalence was
increasing—while other studies measured more severe
asthma whose prevalence was decreasing.

Another reason why our study differed from others might
have been because it used health administrative data as op-
posed to survey data to estimate asthma prevalence. Survey
data, unlike health administrative data which are collected at
the time of diagnosis, are dependent on individuals’ mem-
ories and subject to recall bias (being more likely to remem-
ber recent as opposed to remote events) (8). Such recall bias
in other studies might have meant that their ‘‘prevalent
asthma’’ was more likely to represent recently diagnosed,
as opposed to remotely diagnosed, asthma and, therefore,
might have been a closer approximation of the ‘‘incident’’
(rather than the ‘‘prevalent’’) asthma measured in our study,
which we also found to be stable/modestly decreasing. Lack
of agreement between survey and health administrative data

(which has been described in the literature) is also the rea-
son why we hesitate to make direct, absolute prevalence
comparisons between this and other studies (29). For exam-
ple, our overall asthma prevalence in 2005 (13.3%) was
higher than the prevalence found in the 2005 National
Health Survey done in the United States of 11.2% (30).
We suspect that much of the difference between these values
is due to different methods of measurement and not large
differences in the populations; however, this would need to
be confirmed by further study.

The strengths of our study were its use of large, compre-
hensive health administrative databases of the entire popu-
lation to identify individuals with asthma (using a validated
case definition) and being able to follow them over time. Its
main limitation was its use of physician-diagnosed asthma,
which may have been subject to some misclassification bias.
Nonetheless, we believe that any such bias would have been
consistent over the years studied and be unlikely to affect
prevalence trends that were the main outcome of our study.
Indeed, others have compared asthma health administrative
and survey data and found that, while there were differences
in absolute values, health administrative data were consis-
tent over time and therefore reliable for studying asthma
trends (29). In order to ensure that misclassification did
not play a prominent role in determining asthma trends,
we repeated the analysis using a health administrative case
definition of asthma with high specificity (but limited sen-
sitivity) and found very similar results.

In summary, we conducted a population study of all in-
dividuals in Ontario, Canada, with asthma over 10 years and
found asthma prevalence to have increased by over 50%
while its incidence remained relatively stable. These data
are important to demonstrate the increasing burden and
impact of asthma on society and to enable health-care

Figure 2. Asthma standardized incidence rates in the province of Ontario, Canada, overall and by sex and age group, from 1996 to 2005.
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Table 3. Age- and Sex-specific All-Cause Mortality of Individuals with Asthma in the Province of Ontario, Canada, in 1996, 2001, and 2005

Group

1996 2001 2005 % Change from 1996 to 2005

Deaths,
no.

Asthma
Population,

no.

Death Rate/
100,000

Deaths,
no.

Asthma
Population,

no.

Death Rate/
100,000

Deaths,
no.

Asthma
Population,

no.

Death Rate/
100,000

Deaths
Asthma

Population
Death
Rate

Overall

�4 years 52 132,515 39.2 40 117,684 34.0 23 103,627 22.2 �55.8 �21.8 �43.5

5–9 years 17 142,830 11.9 26 188,395 13.8 27 172,770 15.6 58.8 21.0 31.3

10–14 years 19 96,967 19.6 42 174,593 24.1 44 213,331 20.6 131.6 120.0 5.3

15–39 years 234 297,800 76.1 338 446,157 73.3 394 566,123 69.6 68.4 90.1 �8.5

40–69 years 1,993 230,434 790.7 2,635 366,864 703.3 3,073 467,675 657.1 54.2 103.0 �16.9

�70 years 5,216 74,811 7,568.7 7,400 115,290 6,766.4 8,575 139,051 6,166.8 64.4 85.9 �18.5

All agesa 7,462 700,012 887.6 10,415 1,102,904 795.3 12,086 1,386,180 730.0 62.0 98.0 �17.8*,b

Female

�4 years 21 51,394 40.9 17 45,430 37.4 8 39,552 20.2 �61.9 �23.0 �50.5

5–9 years 9 59,231 15.2 8 76,417 10.5 13 69,585 18.7 44.4 17.5 23.0

10–14 years 6 42,024 14.3 15 74,477 20.1 11 88,724 12.4 83.3 111.1 �13.2

15–39 years 104 178,488 54.6 167 252,603 61.1 181 302,237 57.3 74.0 69.3 4.9

40–69 years 959 143,549 639.3 1,393 229,902 601.5 1,655 292,160 566.3 72.6 103.5 �11.4

�70 years 2,700 45,083 6,393.4 4,115 71,065 5,954.2 4,783 86,556 5,347.0 77.1 92.0 �16.4

All agesa 3,799 519,769 739.1 5,715 749,894 694.0 6,651 878,814 630.8 75.1 69.1 �14.7c

Male

�4 years 31 81,121 38.2 23 72,254 31.8 15 64,075 23.4 �51.6 �21.0 �38.7

5–9 years 8 83,599 9.6 18 111,978 16.1 14 103,185 13.6 75.0 23.4 41.8

10–14 years 13 54,943 23.7 27 100,116 27.0 33 124,607 26.5 153.8 126.8 11.9

15–39 years 130 119,312 103.4 171 193,554 88.0 213 263,886 85.9 63.8 121.2 �16.9

40–69 years 1,034 86,885 1,042.2 1,242 136,962 872.4 1,418 175,515 808.2 37.1 102.0 �22.5

�70 years 2,516 29,728 9,621.0 3,285 44,225 8,179.8 3,792 52,495 7,542.5 50.7 76.6 �21.6

All agesa 3,732 455,588 1,139.5 4,766 659,089 966.6 5,485 783,763 893.7 47.0 72.0 �21.6c

* P < 0.001 for comparison of rates over time, from 1996 to 2005.
a Rates are standardized to the 2005 Ontario population.
b Rates between ages are standardized by gender to the 2005 Ontario population; P < 0.001 for comparison of rates between age groups.
c Rates between sexes are standardized by age to the 2005 Ontario population; P < 0.001 for comparison of rates between sexes.
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providers and policy makers to plan effective clinical and
public health strategies. Future research should focus on
identifying individuals who are at higher risk of developing
asthma and developing strategies to prevent and manage this
common disease.

ACKNOWLEDGMENTS

Author affiliations: Institute for Clinical Evaluative Sci-
ences, Toronto, Ontario, Canada (Andrea S. Gershon, Jun
Guan, Teresa To); Sunnybrook Health Sciences Centre,
Toronto, Ontario, Canada (Andrea S. Gershon); the Hospital
for Sick Children, Toronto, Ontario, Canada (Andrea S.
Gershon, Chengning Wang, Teresa To); and University
of Toronto, Toronto, Ontario, Canada (Andrea S. Gershon,
Teresa To).

A. S. G. is supported by a Career Scientist Award from the
Ontario Ministry of Health and Long-Term Care and was
supported by a Research Fellowship from the Canadian
Institutes of Health Research, Institute of Population and
Public Health, and the Public Health Agency of Canada
while working on this study. T. T. is supported by the Dales
Award in Medical Research from the University of Toronto,
Toronto, Ontario, Canada. Funding for this project was
made available through the Canadian Institutes of Health
Research (PHE–85212), the Government of Ontario, and
the Public Health Agency of Canada. This study was also
supported by the Institute for Clinical Evaluative Sciences,
which is funded by an annual grant from the Ontario Min-
istry of Health and Long-Term Care.

The opinions, results, and conclusions reported in this
paper are those of the authors and are independent from
the funding sources. No endorsement by the Institute for
Clinical Evaluative Sciences or any of the funding agencies
is intended or should be inferred, and none had any role in
study design, collection, analysis, interpretation of data,
writing of the report, or the decision to submit the report
for publication.

Conflict of interest: none declared.

REFERENCES

1. World Health Organization. Global Surveillance, Prevention
and Control of Chronic Respiratory Diseases: A Comprehen-
sive Approach. Geneva, Switzerland: World Health Organi-
zation; 2007.

2. Eder W, Ege MJ, von Mutius E. The asthma epidemic. N Engl
J Med. 2006;355(21):2226–2235.

3. Verlato G, Corsico A, Villani S, et al. Is the prevalence of adult
asthma and allergic rhinitis still increasing? Results of an
Italian study. J Allergy Clin Immunol. 2003;111(6):1232–
1238.

4. Anthracopoulos MB, Liolios E, Panagiotakos DB, et al.
Prevalence of asthma among schoolchildren in Patras, Greece:
four questionnaire surveys during 1978–2003. Arch Dis Child.
2007;92(3):209–212.

5. Asher MI, Montefort S, Björkstén B, et al. Worldwide time
trends in the prevalence of symptoms of asthma, allergic rhi-
noconjunctivitis, and eczema in childhood: ISAAC phases one
and three repeat multicountry cross-sectional surveys. Lancet.
2006;368(9537):733–743.

6. Akinbami LJ, Moorman JE, Garbe PL, et al. Status of child-
hood asthma in the United States, 1980–2007. Pediatrics.
2009;123(suppl 3):S131–S145.

7. Simpson CR, Sheikh A. Trends in the epidemiology of asthma
in England: a national study of 333,294 patients. J R Soc Med.
2010;103(3):98–106.

8. von Hertzen L, Haahtela T. Signs of reversing trends in prev-
alence of asthma. Allergy. 2005;60(3):283–292.

9. Moorman JE, Rudd RA, Johnson CA, et al. National surveil-
lance for asthma—United States, 1980–2004.MMWR Surveill
Summ. 2007;56(8):1–54.

10. Mannino DM, Homa DM, Akinbami LJ, et al. Surveillance for
asthma—United States, 1980–1999. MMWR Surveill Summ.
2002;51(1):1–13.

11. Eagan TM, Brøgger JC, Eide GE, et al. The incidence of
adult asthma: a review. Int J Tuberc Lung Dis. 2005;9(6):
603–612.

12. Rudd RA, Moorman JE. Asthma incidence: data from the
National Health Interview Survey, 1980–1996. J Asthma.
2007;44(1):65–70.

13. To T, Dell S, Dick P, et al. Defining asthma in children for
surveillance. Am J Respir Crit Care Med. 2004;169(7):A383.

14. To T, Dell S, Dick PT, et al. Case verification of children with
asthma in Ontario. Pediatr Allergy Immunol. 2006;17(1):
69–76.

15. Gershon AS, Wang C, Guan J, et al. Identifying patients
with physician-diagnosed asthma in health administrative
databases. Can Respir J. 2009;16(6):183–188.

16. To T, Wang C, Guan J, et al. What is the lifetime risk of
physician-diagnosed asthma in Ontario, Canada? Am J Respir
Crit Care Med. 2010;181(4):337–343.

17. Stern DA, Morgan WJ, Halonen M, et al. Wheezing and
bronchial hyper-responsiveness in early childhood as
predictors of newly diagnosed asthma in early adulthood:
a Longitudinal Birth-Cohort Study. Lancet. 2008;372(9643):
1058–1064.

18. van den Toorn LM, Prins JB, Overbeek SE, et al. Adolescents
in clinical remission of atopic asthma have elevated exhaled
nitric oxide levels and bronchial hyperresponsiveness. Am J
Respir Crit Care Med. 2000;162(3 pt 1):953–957.

19. Tu K, Chen Z, Lipscombe LL. Prevalence and incidence of
hypertension from 1995 to 2005: a population-based study.
CMAJ. 2008;178(11):1429–1435.

20. Lipscombe LL, Hux JE. Trends in diabetes prevalence, inci-
dence, and mortality in Ontario, Canada 1995–2005:
a population-based study. Lancet. 2007;369(9563):750–756.

21. Gershon AS, Wang C, Wilton AS, et al. Trends in chronic
obstructive pulmonary disease prevalence, incidence, and
mortality in Ontario, Canada, 1996 to 2007: a population-
based study. Arch Intern Med. 2010;170(6):560–565.

22. Statistics Canada. Estimates of Population by Age and Sex for
Canada, Provinces and Territories. Ottawa, Canada: Statistics
Canada; 2009. (http://www.statcan.gc.ca/reference/refcentre-
centreref/index-eng.htm).

23. To T, Gershon A, Wang C, et al. Persistence and remission in
childhood asthma: a population-based asthma birth cohort
study. Arch Pediatr Adolesc Med. 2007;161(12):1197–1204.

24. Beiser A, D’Agostino RB Sr, Seshadri S, et al. Computing
estimates of incidence, including lifetime risk: Alzheimer’s
disease in the Framingham Study. The practical incidence

8 Gershon et al.

 at B
iblioteca A

rea B
iom

edica on A
ugust 19, 2010 

http://aje.oxfordjournals.org
D

ow
nloaded from

 

http://www.statcan.gc.ca/reference/refcentre-centreref/index-eng.htm
http://www.statcan.gc.ca/reference/refcentre-centreref/index-eng.htm
http://aje.oxfordjournals.org


estimators (PIE) macro. Stat Med. 2000;19(11-12):1495–
1522.

25. Anderson RN, Rosenberg HM. Age standardization of death
rates: implementation of the year 2000 standard. Natl Vital Stat
Rep. 1998;47(3):1–16, 20.

26. Garner R, Kohen D. Changes in the prevalence of asthma
among Canadian children. Health Rep. 2008;19(2):45–50.

27. Basrur S. Chief Medical Officer of Health Report: Healthy
Weights, Healthy Lives. Ontario, Canada: Government of
Ontario; 2004.

28. Ng Man Kwong G, Proctor A, Billings C, et al. Increasing
prevalence of asthma diagnosis and symptoms in children is
confined to mild symptoms. Thorax. 2001;56(4):312–314.

29. Huzel L, Roos LL, Anthonisen NR, et al. Diagnosing asthma:
the fit between survey and administrative database. Can Respir
J. 2002;9(6):407–412.

30. National Center for Health Statistics. 2005 National Health
Interview Survey (NHIS) data. Atlanta, GA: Centers for
Disease Control and Prevention; 2009. (http://www.cdc.gov/
asthma/nhis/default.htm). (Accessed May 7, 2010).

APPENDIX

Because asthma can sometimes be in remission for a long
time and because we did not have a lifetime of data for all
subjects to detect if and when they had been diagnosed with
asthma in the past, it was presumed that there were individ-
uals with prevalent asthma, diagnosed prior to our study
period, who incorrectly appeared as incident asthma cases
in our study. In order to correct for this overcounting of

incident cases and to remove them from our incident cohort,
the following steps were taken.

First, the unadjusted age-specific incidence rate of asthma
that included all individuals who appeared to have incident
asthma (both correctly identified and those who had been
‘‘overcounted’’) during the study period was estimated:

e ¼ number of incident events at age A;

r ¼ number of person-years contributed by persons at risk
entering age A;

Unadjusted asthma incidence rate (per 1,000 person-years)¼
(e/r) 3 1,000.

Then, the whole asthma cohort was used to estimate the
cumulative proportion of individuals at each age who had
been diagnosed with asthma in the past and who had poten-
tially been overcounted in our study (24):

pA ¼ cumulative risk of developing asthma from birth until
age A.

Then, the proportion of individuals who had been
diagnosed with asthma prior to a given age (potential over-
counted cases) was removed from the unadjusted age-
specific incidence rate to create an adjusted asthma incident
rate.

Adjusted asthma incidence rate/1,000 person-years ¼ [e 3
(1 � pA)]/[r � e 3 pA] 3 1,000.

Finally, the age-specific incidence rates were aggregated
into groups to produce the results presented (24).
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Vol. 173, No. 8

Erratum

RE: ‘‘TRENDS IN ASTHMA PREVALENCE AND INCIDENCE IN ONTARIO, CANADA, 1996–2005:
A POPULATION STUDY’’

Gershon et al. (1) report 3 minor errors in Table 2 of
their recently published article in the Journal. In the
last column, ‘‘% Change From 1996 to 2005,’’ under ‘‘No.
With Asthma,’’ in the first 3 rows (�4 years, 5–9 years, and
10–14 years) of the ‘‘Overall’’ group, the values were
incorrect. The table below contains the correct values.
None of these corrections changes any main results or con-
clusions. The authors and the Journal apologize for these
errors.
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Table 2. Age- and Sex-specific Incidence of Asthma in the Province of Ontario, Canada, in 1996–1997, 2000–2001, and 2004–2005

Group

1996–1997 2000–2001 2004–2005
% Change From
1996 to 2005

No.
With

Asthma

Incidence
Rate/1,000

Person-Yearsa

No.
With

Asthma

Incidence
Rate/1,000

Person-Yearsa

No.
With

Asthma

Incidence
Rate/1,000

Person-Yearsa

No.
With

Asthma

Incidence
Rate

Overall

�4 years 39,513 22.4 52,127 31.1 48,914 31.3 23.8 39.7

5–9 years 18,854 8.8 23,434 11.0 20,859 10.9 10.6 23.1

10–14 years 12,178 5.2 13,066 5.8 11,750 5.6 �3.5 7.6

15–39 years 50,388 3.3 49,606 3.3 37,480 2.9 �25.6 �13.9

40–69 years 45,098 3.5 50,951 3.7 42,461 2.8 �5.8 �21.2

�70 years 14,874 4.5 16,463 4.2 12,873 3.2 �13.5 �27.0

All agesb 180,905 5.0 205,647 5.7 174,337 5.1 �3.6 1.6

Female

�4 years 16,553 19.0 21,308 25.9 20,078 26.3 21.3 38.1

5–9 years 8,487 8.1 10,292 9.9 9,059 9.6 6.7 18.9

10–14 years 6,217 5.4 6,462 5.9 5,969 5.9 �4.0 8.1

15–39 years 31,142 4.2 30,279 4.1 22,959 3.6 �26.3 �14.3

40–69 years 27,822 4.3 30,677 4.8 25,145 3.3 �9.6 �22.6

�70 years 8,841 4.3 9,776 4.2 7,687 3.4 �13.1 �22.0

All agesb 99,062 5.3 108,794 6.0 90,897 5.2 �8.2 �2.8c

Male

�4 years 22,960 25.7 30,819 36.0 28,836 36.2 25.6 40.9

5–9 years 10,367 9.6 13,142 12.1 11,800 12.1 13.8 26.5

10–14 years 5,961 5.1 6,604 5.7 5,781 5.4 �3.0 7.0

15–39 years 19,246 2.5 19,327 2.5 14,521 2.2 �24.6 �13.1

40–69 years 17,276 2.7 20,274 2.7 17,316 2.2 0.2 �18.9

�70 years 6,033 4.7 6,687 4.2 5,186 3.1 �14.0 �33.4

All agesb 81,843 4.6 96,853 5.3 83,440 4.9 2.0 6.3c

a Rates are adjusted for the cumulative risk of physician-diagnosed asthma prior to the study period.
b Rates are standardized to the 2005 Ontario population.
c P < 0.001 for comparison of rates between sexes.
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