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About CHSPR

The Centre for Health Services and Policy Research 
(CHSPR) is an independent research centre based at the 
University of British Columbia. CHSPR’s mission is to 
advance scientific enquiry into issues of health in popu-
lation groups, and ways in which health services can best 
be organized, funded and delivered. Our researchers 
carry out a diverse program of applied health services 
and population health research under this agenda. The 
Centre’s work is:

    •   Independent
    •   Population based
    •   Policy relevant
    •   Interdisciplinary
    •   Privacy sensitive

CHSPR aims to contribute to the improvement of 
population health by ensuring our research is relevant 
to contemporary health policy concerns and by work-
ing closely with decision makers to actively translate 
research findings into policy options. Our researchers 
are active participants in many policy-making forums 
and provide advice and assistance to both government 
and non-government organizations in British Columbia 
(BC), Canada and abroad. 

Funding and Support
CHSPR receives core funding from the BC Ministry 
of Health, and ongoing support from the University of 
British Columbia and the UBC College of Health Disci-
plines. This enables the Centre to focus on research that 
has a direct role in informing policy and health reform, 
and facilitates CHSPR’s continuing development of the 
BC Linked Health Database.

Our researchers are also funded by competitive external 
grants from provincial, national and international fund-
ing agencies. They include the Canadian Health Services 
Research Foundation, the Canadian Institutes of Health 
Research, the Commonwealth Fund, Health Canada, 
the Michael Smith Foundation for Health Research, and 
WorkSafeBC.

Data Services: The BCLHD
Much of CHSPR’s research is made possible through the 
BC Linked Health Database, a valuable resource of data 
relating to the encounters of BC residents with various 
health care and other systems in the province. These 
data are used in a de-identified form for applied health 
services and population health research deemed to be in 
the public interest.

CHSPR has developed strict policies and procedures to 
protect the confidentiality and security of these data hold-
ings and fully complies with all legislative acts governing 
the protection and use of sensitive information. CHSPR 
has over 30 years of experience in handling data from the 
BC Ministry of Health and other professional bodies, and 
acts as the access point for researchers wishing to use these 
data for research in the public interest.
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Work-related injury and illness are a substantial burden 
to British Columbia workers, their families, employers, 
and society at large. The WorkSafeBC-CHSPR partner-
ship works to improve our understanding of the causes 
and consequences of these illnesses and injuries, identify 
high-risk industries and occupations, and investigate the 
impact of socio-demographic influences on the health 
of workers. The partnership’s research is designed to 
help WorkSafeBC develop evidence-based policies and 
prevention programs, and ultimately, to provide safe and 
secure workplaces and the best opportunity for recovery 
if illness or injury does occur.

The initiative brings together policy-makers, research-
ers and data resources from both organizations to 
address current and emerging issues of work-related 
health in British Columbia. By combining WorkSafe-
BC data resources with the population-wide sources 
of information contained in the BC Linked Health 
Database, the partnership optimizes the benefits of 
using the data, and is gaining insights into the broader 
health, social and economic effects of work-related 
illness and injury.

For more information about the WorkSafeBC-CHSPR 
Research Partnership, visit: 
http://www.chspr.ubc.ca/research/worksafebc.

About the WorkSafeBC-
CHSPR Research Partnership
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Executive Summary
This is the first population-based study in Brit-
ish Columbia that examines both the cumulative 
prevalence and the incidence of new cases of asthma 
in children and the working-age population. It also 
estimates the number of asthma cases that may be 
attributable to workplace exposures, and compares 
these results to compensated claims.

By using population-wide data on health service use 
from the BC Linked Health Database (BCLHD) and 
complete records of WorkSafeBC time-loss compen-
sation claims for asthma, this report lays the founda-
tion for a much broader occupational surveillance 
research agenda. Hopefully, it will also inform com-
pensation policy and prevention program develop-
ment, and demonstrate the potential of the BCLHD 
to contribute to such processes.

Key Findings
In 2000, the ten-year cumulative prevalence of 
asthma among the working-age population of Brit-
ish Columbia was 51 and 68 cases per 1,000 among 
males and females respectively.

Of this population, 37 per cent of females and 34 
per cent of males received physician or hospital 
treatment for their asthma in 2000—an over-
all rate of 26 per 1,000. In the same year, 35 per 
cent of working-age females and 40 per cent of 
working-age males diagnosed with asthma in the 
ten-year period had not received treatment for at 
least three years. The prevalence of active asthma 
increased slightly between 1996 and 2000, most 
notably among adult females.
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The incidence of new cases of asthma among the 
working age population was four and three cases per 
1,000 among males and females respectively in 2000. 
Overall, the incidence of asthma remained relatively 
stable in the province between 1996 and 2000.

One epidemiological tool, Population Attributable 
Risk (PAR), estimates the proportion of the total cases 
of a disease that could be avoided if all workplace 
exposures were eliminated. A widely accepted, and 
relatively conservative, PAR for asthma is 15 per cent.

If one in seven cumulative prevalent cases of asthma 
can be attributed to workplace exposures, approxi-
mately 27,000 working-age British Columbians expe-
rienced work-related asthma in 2001 (nine cases per 
1,000). Five-hundred-and-thirty occupational asthma 
claims were accepted by WorkSafeBC between 1991 
and 2000—two per cent of estimated work-related 
asthma.

Applying the same 15 per cent Population Attribut-
able Risk, approximately 9,000 working-age British 
Columbians were receiving treatment for active work-
related asthma in 2000. Just over 100 occupational 
asthma claims were compensated in the same year—
about one per cent of estimated work-related asthma. 
The difficulty of linking cases to workplace exposures 
may explain, at least in part, the gap between estimat-
ed asthma rates and actual compensation rates.

The cumulative prevalence of asthma among the 
immediate pre-working-age population (ages ten to 
14) was 154 and 108 cases per 1,000 among males 
and females respectively. Some evidence from the last 
decade (mostly pertaining to childhood asthma) sug-
gests that trends in asthma morbidity and mortality 
may have stabilized.

Even so, a high stable rate among children may pre-
dict higher rates of adult asthma. This large group of 
children who have, or have had, asthma indicates that 
a large percentage of young workers may enter the 
labour force with underlying sensitivities.

The potential burden of work-

related asthma—whether 

active cases or cumulative 

prevalence—measures in the 

thousands and ten of thou-

sands of cases. The estimates 

offered in this report, while 

broad, suggest that there is a 

need to focus prevention and 

screening efforts on this dis-

ease, which impacts one in 16 

British Columbians.
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Introduction
This report estimates the cumulative prevalence and 
incidence of new asthma among the working age and 
pre-working-age populations of British Columbia 
between 1996 and 2000 using a merged database of 
health records, hospitalizations and compensation 
claims. It also provides an estimate of the number of 
asthma cases attributable to work in comparison to the 
number of compensation claims in 2000. We are hope-
ful the report will inform policy development around 
compensation and prevention programs, and demon-
strate the potential of the BC Linked Health Database 
to contribute to such processes.

The report begins with background on the importance of 
understanding population-based trends in asthma and 
the relationship of these trends to workers’ compensation 
claims. This includes an overview of literature and statistics 
on the incidence and prevalence of asthma worldwide, in 
Canada and in British Columbia; the suspected causes of 
both asthma and variations in asthma rates; and estimates of 
the influence of work-related exposures on these rates. Next 
we present our findings on the incidence and prevalence of 
asthma in British Columbia and the estimates of work-re-
lated asthma in comparison to compensated occupational 
asthma in British Columbia. Finally, there is a summary of 
key findings and suggestions for related research that could 
build on this foundation. 

What is Asthma?
Asthma is a chronic inflammatory disorder of the 
airways, characterized by variable airflow obstruction 
and airway hyper-responsiveness. People with asthma 
usually suffer from wheezing, coughing, and tightness of 
the chest associated with shortness of breath. Episodes of 
asthma with severe symptoms have been associated with 
missed work and school days, hospitalizations and—in 
rare cases—death (1-3). Asthma is most frequently di-
agnosed by a review of clinical history supplemented by 
tests of baseline pulmonary function, functional response 
to bronchodilation medication, and tests of bronchial 
hyper-responsiveness (4). 

Although it is accepted that asthma is an inflammatory 
disease of the airways, the exact mechanisms are still not 
completely understood. It is clear, however, that asthma 
is a disease of multifactorial etiology (5), with both 
genetic and environmental factors being important. Risk 
factors can be grouped into host factors which either pre-
dispose or protect an individual from developing asthma, 
and environmental factors which affect the likelihood 
that an individual will develop asthma or suffer exacer-
bated symptoms (6).

Why Focus on Asthma?
According to the Global Initiative for Asthma, approxi-
mately 300 million people worldwide live with asthma 
(7;8). The World Health Organization reports that in 
2001 the worldwide burden of asthma was 15 million 
disability-adjusted life-years*—on par with diabetes, 
schizophrenia and injury due to falls (9). Asthma causes 
economic hardship for individuals and families, and gen-
erates significant costs for health care systems (7;10-13). 
According to a 1998 Health Canada report, asthma-
related hospitalization and drug costs were in excess 
of $400 million (1998 CND) (11), while costs related 
to mortality and long-term disability were almost $750 
million. In the United States,  annual costs in 1998 were 
estimated at $12.7 billion (1998 USD) (12), while in Cali-
fornia the annual per capita cost of asthma was estimated 
at $4,912 (1998 USD) of which almost one-third was 
related to the cessation or loss of work (13).

Asthma prevalence has increased worldwide and in 
Canada since the 1970s (1;6;14-18). In Canada, the 
percentage of males and females aged 15 to 64 who 
reported that they had asthma increased from 5.8 per 

* Disability adjusted life years: a composite measure of the 

burden of a disease that reflects both years of potential 

life lost due to a disease (mortality) and years of disability 

(morbidity) lived with the disease weighted by the severity 

of the disability.
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cent and 6.9 per cent to 6.5 per cent and 10.2 per cent 
respectively between 1994 and 2000 (19) (Figure 1). 
While below the national average, asthma prevalence 
in British Columbia in 2000 was 6.1 per cent (84,000) 
for males and 9.4 per cent (130,000) for females aged 
15 to 64. Rates are much higher in children—11 per 
cent of those under 15 in British Columbia reported 
having asthma in 1998 (20). Some evidence from the 
last decade (mostly pertaining to childhood asthma) 
suggests that the increasing trend in asthma morbidity 
and mortality may have reached a plateau (15;17;20-
23). Even so, a high stable rate among children may 
predict higher rates of adult asthma. 

Work-related Asthma
Expert committees of the Canadian and American 
thoracic societies have reviewed and published guid-
ance documents on work-related asthma in recent 
years (24;25). Both consider asthma to be work-related 
if occupational exposures either exacerbate pre-exist-
ing asthma (generally referred to as work-aggravated 
asthma) or cause a new onset (generally referred to as 
occupational asthma). A recent consensus statement 

identifies two broad types of occupational asthma, 
distinguished by whether they appear after a latency 
period: 

1  “Immunological, characterized by a latency period, 
encompassing 
a) that caused by high and low-molecular-weight 

agents for which an immunologic (IgE) mecha-
nism has been proven, and 

b) that caused by agents (e.g., western red cedar) for 
which a specific immune mechanism has not been 
identified.  

2  Nonimmunological, (i.e., irritant induced asthma 
or reactive airways dysfunction syndrome (RADS)) 
which may occur after single or multiple exposures to 
non-specific irritants at high concentrations” (25).

At least 250 specific workplace agents have been iden-
tified as being associated with occupational asthma 
(26). These include proteins and other high molecular 
weight compounds (6) (e.g., grains, biologic enzymes, 
natural rubber latex) and low molecular weight chemi-
cals (e.g., diisocyanates, anhydrides, amines, metal 
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salts, organic acids) found in industries as diverse as 
heavy industry, construction, healthcare, service sector 
and high technology.   

The many different causes of asthma and the variety of 
ways the condition manifests itself can make it diffi-
cult to determine definitively whether a particular case 
is a work related. However, given the high prevalence 
of asthma in the general population, the added burden 
associated with even a small proportion of this disease 
being caused or worsened by workplace exposures can 
result in significant economic and health care costs 
and reduced quality of life.

Asthma severity and management are closely linked and 
there has been considerable improvement in our under-
standing of how best to manage the disease at different 
levels of severity. Better management improves quality of 
life, and reduces the number or severity of asthma attacks 
and associated use of medical services (6).  

Increased severity of occupational asthma has been linked 
to continued exposure in the workplace, and there is grow-
ing evidence that early detection and subsequent removal 
from exposure increases the likelihood of a positive prog-
nosis (27). A study using data from the Ontario Workers’ 
Compensation Board (now the Workplace Safety and 
Insurance Board) between 1984 and 1988 found that out-
comes were best with early diagnosis, removal of exposure 
and with milder impairment of pulmonary function at 
initial assessment (28). Similarly, in British Columba, Cote 
et al. followed 48 patients who had cedar-related asthma 
and continued working in the sawmill industry. During a 
follow-up period of 6.5 years they found that over one-
third of the workers showed worsening asthma symptoms. 
They concluded that cedar asthma could best be managed 
by removing individuals from the exposure (29).

Recently, Tarlo and Liss conducted a literature review 
examining all aspects of prevention related to occupa-
tional asthma, ranging from the removal of, or protec-
tion from, asthma-related agents (primary prevention) 
to surveillance to detect early sensitization prior to the 
development of asthma (secondary prevention) to treat-

ment (tertiary prevention) (30). They report evidence 
of some success in preventing the onset of occupational 
asthma through exposure controls (e.g., substitution in 
the case of natural rubber latex, engineering controls 
in the case of detergent enzymes and isocyanates, and 
personal protection in the case of farm antigens and 
isocyanates) and success in reducing the impact of occu-
pational asthma through medical surveillance (e.g., skin 
prick tests for platinum and detergent enzyme exposures, 
asthma screening questionnaires and lung function test-
ing). They also found that at present, most ‘prevention’ of 
occupational asthma happens after the fact through the 
removal of the patient from exposure upon diagnosis.

Nicholson and colleagues carried out a similar review at 
the request of the British Occupational Health Research 
Foundation (31). They also found that reducing exposure 
leads to fewer cases and that an improved outcome is 
more likely among workers who have no further expo-
sure to the causative agent.   

Recent research suggests that asthma caused or exac-
erbated by occupational exposures may be even more 
severe than other asthma in adults, possibly due to a 
failure to recognize the work-relatedness of symptoms 
and a failure to institute appropriate management (e.g., 
removal from exposure) (32).

In addition to respiratory impairment and reduced qual-
ity of life, patients with work-related asthma also suffer 
adverse economic and employment consequences. An 
English study indicates that 30 per cent of subjects with 
occupational asthma reported losing 40 per cent or more 
of their income than those whose asthma was unrelated 
to work (33). In the United States, researchers explored 
employment status 31 months after removal from expo-
sure. During follow-up interviews, 69 per cent of study 
subjects were unemployed (34). A French study found 
that, on average, 3.1 years after an occupational asthma 
diagnosis 84 per cent of patients who left their jobs and 
19 per cent of those still employed suffered a drop in 
income. This suggests that those who left their jobs due 
to occupational asthma were more likely to face financial 
hardship (35). 
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Workers’ compensation systems have traditionally 
compensated few cases of asthma. There are a number of 
reasons why this may be the case: 

• neither workers or physicians may make the link be-
tween symptoms and workplace exposures

• even when a link is suspected, it can be difficult to at-
tribute asthma specifically to a workplace exposure

• even with a link established, policies used by com-
pensation boards to adjudicate potential asthma cases 
reported to them often require a high standard of 
objective clinical evidence

The number of occupational asthma cases derived from 
physician reporting programs, surveillance systems and 
disease registries tends to be much higher than the num-
ber of cases accepted for compensation(36). Provencher 
and colleagues compared the number of highly likely 
occupational asthma cases (as determined by occupa-
tional physicians) with the number of cases accepted by 
Québec’s Commission de la santé et de la sécurité du tra-
vail (CSST) between 1991 and 1994 (37). They found that 
the annual mean number of occupational asthma cases 
that the CSST compensated was slightly less than half of 
the number of highly likely cases. In contrast, the CSST 
accepted a higher number of cases of asbestos-related 
disease than were ascertained by occupational physicians. 
Using a similar surveillance system, chest physicians in 
British Columbia reported 124 cases of occupational 
asthma in 1991 (38) and the province’s workers’ compen-
sation board accepted 41 lost-time occupational asthma 
claims in 1991 (39). Some researchers, however, have 
claimed these alternate reporting systems introduce their 
own biases and that many cases ascertained through al-
ternative means would not meet the clinical requirements 
that most workers’ compensation boards mandate (36). 
In other instances, workers may not be aware that their 
condition is work related, or do not apply for compensa-
tion for other reasons (40).

WorkSafeBC recently reviewed and changed its policies 
on compensation for occupational asthma and contact 
dermatitis (41). The previous policy provided compensa-
tion if a worker who developed an asthmatic reaction to 
a workplace substance had unresolved symptoms. Work-
SafeBC’s new policy permits the compensation of preexist-
ing asthma if it has been significantly aggravated, activated 
or accelerated by an occupational exposure. A worker may 
also be eligible for permanent disability if they are left with 
a significant underlying allergy or sensitivity and must 
avoid workplaces containing the sensitizing agent (42). 
Changes to review policies (as above or, for example, an 
expansion of the list of causative agents deemed to lead to 
occupational asthma) have the potential to increase the 
number of asthma cases accepted for compensation. Even 
if policies do not change, increased rates of asthma in the 
general population suggests that the future workforce may 
enter the workplace more ‘sensitized’ and more prone to 
respond to even mild or moderate exposures. 

Work-related illness, as opposed to injury, is receiving 
increased attention in compensation systems due to con-
cerns that these systems may not be identifying all cases of 
illness caused by workplace exposures. A recent review by 
Leigh and Robbins comparing epidemiologic evidence re-
garding the work-related portion of diseases in the United 
States to workers’ compensation claims in 1999 suggests 
that between 46,000 and 93,000 deaths and up to $23 bil-
lion (1999 USD) in medical costs have been ‘missed’ by 
compensation systems(43). While there are no comparable 
published estimates north of the border, given Canada’s 
more homogenous policy environments in both the work-
ers’ compensation and attendant health care systems, the 
relative number of missed cases and associated costs may 
be less. Nonetheless, this is research that decision-makers 
in Canadian compensation boards lack. This study, in part, 
attempts to begin to fill this gap for British Columbia. 
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How Much Asthma is Work Related
Epidemiology provides the tools to estimate the num-
ber or proportion of asthma cases or events attributable 
to workplace exposures. One such tool, the Population 
Attributable Risk (PAR), estimates the proportion of the 
total cases of a disease that could be avoided if all work-
place exposures were eliminated. 

PAR values provide useful information about the propor-
tion of cases of a disease that are likely to be preventable 
by the removal of a risk factor. However, the overall bur-
den of a disease is also influenced by its prevalence in the 
population. For example, a condition such as silicosis that 
has a very high PAR (it is nearly always caused by work-
place exposures) may constitute a relatively low overall 
burden of disease in the population at large because the 
disease is relatively rare. In contrast, a condition with 
a lower PAR may still represent a much higher burden 
because of the much higher occurrence of the condition 
in the population. Thus, changes in the overall popula-
tion burden of a disease over time can be affected by a 
combination of changes in its population prevalence and 
changes in the risk associated with a particular exposure. 

In 2003, an expert committee of the American Thoracic 
Society undertook a comprehensive review of the role of 
occupational risk factors for asthma. Their purpose was 
to assess the “occupational contribution to the burden of 
airway disease” (44). They reviewed all population-based 
studies published before January 2000 that had either 
calculated PAR values or contained sufficient data to 
enable the expert committee to calculate one. PAR values 
from this body of evidence—a total of 21 studies—ranged 
from four per cent to 58 per cent with a median value of 
15 per cent. Although a range of values was found (due 
to differences in study design and populations studied) 
the team concluded that a median of 15 per cent was “a 
reasonable estimate of the occupational contribution to 

the population burden of adult asthma” (44). This find-
ing was supported, in part, by two subsequent popula-
tion-based studies that found PAR values of 18 per cent 
among a Canadian population (45), and 17 per cent 
among women and 29 per cent among men in a Finnish 
population (46). 

Based on these findings, it seems reasonable to estimate 
that about one in seven cases of asthma among adult 
British Columbians is likely to have been caused or wors-
ened by exposures in the workplace. The combination 
of this (relatively) high Population Attributable Risk and 
the (relatively) high population prevalence indicates that 
work-related asthma represents a substantial economic 
and social burden, and a significant potential source of 
workers’ compensation cases.
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Methods
Research Questions
1 What is the prevalence of asthma at the end of our 

study period (2000) in both the working-age and pre-
working-age-populations? This provides insights into 
the current burden of work-exacerbated asthma as well 
as the potential future burden of asthma.

2 What is the prevalence of ‘active’ and ‘inactive’ asthma 
among the working-age and pre-working-age popula-
tions from 1996 to 2000? This reveals trends over time 
and what proportion of individuals diagnosed with 
asthma require ongoing treatment. 

3 What is the incidence or ‘pseudo-incidence’ (a new 
case in an individual for whom there is no record of 
any asthma in the first five years of our study period) 
of asthma between 1996 and 2000? This is an indica-
tion of whether the incidence of asthma is increasing 
over time.

4 Applying a Population Attributable Risk (PAR) of 15 
per cent to population-wide rates, what is the estimated 
prevalence of work-related asthma in British Colum-
bia? This provides an idea of the overall work-related 
burden of both cumulative and active asthma at the end 
of our study period.

5 What is the prevalence of workers’ compensated 
asthma and how does it compare to PAR estimates? 
This may reveal an underestimation of the prevalence 
of the disease, lead to improved disease management, 
and ultimately to a reduction in the overall population 
burden of work-related asthma.

Data Sources
This project relied on WorkSafeBC claims data and BC 
Ministry of Health (registry of BC residents, medical 
services plan billing records, and hospital records) data 
contained in the BC Linked Health Database (BCLHD). 
Access to the BCLHD is governed by a policy and appli-
cation process designed to comply with BC’s Freedom of 
Information and Protection of Privacy Act (47;48).  Data 
extracted from these resources were available to research-
ers using an anonymous common study identifier. This 
allowed the research team to analyze person-specific 

but non-identifying data, thus protecting the privacy of 
individuals in the data sets. The UBC Behavioural Ethics 
Review Board (B03-0571) also approved this project.

Compensation claims data recorded cases of occupational 
asthma (where symptoms have been established as related 
to work exposures) resulting in at least one day of absence 
from work, permanent disability or death. The information 
available for compensated time-loss cases recorded date of 
injury or exposure, diagnosis (ICD-9 classification), and 
industry of employment. Health care only claims (those 
that require medical attention but do not result in time loss 
or permanent disability) did not include a diagnosis codes 
and were therefore not useful for case ascertainment.

The BCLHD registry of residents supplied information on 
age and sex. For the purposes of this analysis, the medi-
cal services records included data on service type (e.g., 
GP visit, specialist consultation), diagnoses code (ICD-9 
classification) and date of service. The hospital records 
included data on admission date and diagnoses (up to 16 
ICD-9 codes for each separation). 

Study Population 
The BCLHD registry was used to determine the eligibility 
of individuals. We restricted the cohort to those individu-
als who lived continuously in British Columbia between 
1991 and 2001 (registered with the province’s Medical 
Services Plan in every year of the study) or for life (reg-
istered in every year from birth or the following year) 
if born during the study period. This ensured we had a 
complete history on an individual throughout the study 
period so that the definition of asthma prevalence and in-
cidence could be applied consistently over time. The study 
population was restricted to individuals under 65 in order 
to investigate asthma among the working-age population 
(15 to 64 years) and among those who may enter the work-
force (0 to 14 years).
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Asthma Case Definition
Individuals were considered to have asthma if they met 
one of the following criteria: 
• two or more physician visits within a sliding 12-month 

window from first diagnoses for ICD-9 codes of 493 
(asthma), 493.0 (extrinsic), 493.1 (intrinsic), 493.9 
(unspecified) or 495.8 (red cedar);

• a hospital visit (overnight or day) with a primary (pre-

admission co-morbidity. ) or principal (diagnosis most 

responsible for hospitalization) asthma diagnoses; or,
• a workers’ compensation claim with an asthma diagno-

ses during the follow-up period.

Alternative definitions using any one of the 16 hospital 
diagnoses codes with an asthma diagnoses and a more 
relaxed three-year window were explored in order to assess 
their impact on case ascertainment.‡ 

Once meeting the case definition, an individual was 
deemed a prevalent case in the year of first diagnosis and 
for each subsequent year of follow-up. If an individual 
received no asthma-coded services in the first five years 
of our study (1991 to 1995) they were deemed incident in 
the year of first diagnosis after 1995 (or pseudo-incident 
as we can not rule out a diagnosis prior to 1991 given the 
availability of administrative health records). For simplic-
ity, we use the terms incident case or incidence.

Prevalence was then divided into active and inactive 
based on whether services (physician visit, procedure or 
hospitalization) were utilized or a workers’ compensa-
tion claim was filed in a given year. For example, an indi-
vidual who had several asthma-related contacts in 1996 
but no further contacts with the health care or compen-
sation systems until 2000 was categorized as an active 
case in 1996, as an inactive prevalent case 1997 through 
1999, and as an active prevalent case in 2000. 

Figure 2 shows the data source of identification for the 
final cohort. The majority of the cohort (98%) is identi-
fied through a combination of MSP or hospital data. 
Most (87%) are indentified only through MSP data. 
More than 26,000 cases are identified through hospital 
data. Of these, only 3,196 (less than 2% of the total co-
hort) are identified solely because of a diagnosis received 
in hospital. Of 530 asthma claims in WorkSafeBC data, 
437 individuals met the continuous registration criterion 
to be counted as asthma cases. Of these, 71 are included 
in the cohort based on diagnoses in the claims data 
alone—the rest are also identified through MSP and/or 
hospital data. 

‡  Including a relaxed three-year window and principal or pri-

mary diagnoses increased the case count by about ten per 

cent, but a more conservative definition was chosen. 
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Analysis
Asthma prevalence (active and inactive cases) and incidence 
(the rate of new cases) were calculated for each year from 
1996 to 2000, stratified by sex and by five-year age groups for 
children (under 15) and ten-year groups for adults (15 to 64). 
To determine incidence we applied a five-year no-asthma 
window (1991 to 1995) and for prevalence we applied a five-
year case-finding window. To derive these rates we created a 
comparable denominator comprised only of British Colum-
bians continuously registered with MSP from 1991 to 2001 or 
continuously registered since birth if born during the period. 
This continuously registered population represents about 75 
per cent of all British Columbians in any given year. Over-
all population counts were generated by multiplying these 
derived rates by population figures provided by BC Stats. To 
estimate the total number of asthma cases that might be at-
tributable to occupational exposures we applied a Population 
Attributable Risk of 15 per cent to the number of cumulative 
prevalent cases for the working-age population in 2001, and 
to the total number of active prevalent cases for the work-
ing-age population in 2000. The year 2001 was chosen for 
cumulative prevalence in order to compare across all years for 
which we had information on workers compensated asthma. 
For the active prevalent comparison we chose 2000 because 
complete 2001 follow-up data on new cases (a component of 
active prevalence) were not available.  

Strengths and Limitations 
This is the first population-based study in British Colum-
bia that examines both the prevalence and incidence of 
asthma in childhood and working-age populations. Our 
data capture information on nearly all use of physician 
and hospital services in British Columbia, and all accepted 
time-loss compensation for asthma in the WorkSafeBC 
system. An advantage of using population-based, ad-
ministrative data is that the larger number of individuals 
involved allows for robust analysis of age, sex and other 
demographic trends, compared to data limited by sample 
size. Administrative data are a very rich source of infor-
mation on the use of services such as health care utiliza-
tion and workers’ compensation. Secondary analyses of 
administrative data has a long history of fruitful use in 
research (49).

However, these data are also secondary sources for analysis 
and as such may diverge from clinical assessments of the 
presence of asthma. The administrative data were not 
collected with this specific research question in mind and 
are inevitably less than perfect in their application for this 
purpose. In particular, our case definition of asthma is sen-
sitive to changes in treatment or prescribing practices that 
may be unrelated to the underlying ‘true’ incidence of asth-
ma that would be established by objective clinical means. 
For example, we found that between the years of 1991 and 
2001 the average number of asthma-coded MSP visits fell 
for those who had one or more asthma-related visits in a 
given year. We were unable to determine if this was related 
to changes in treatment patterns, coding or billing prac-
tices, or related to changes in the rate or severity of asthma 
cases. We are further constrained by our lack of informa-
tion on other respiratory outcomes and asthma-related 
prescriptions, which limit our ability to conduct sensitivity 
analysis on other case definitions and on potential misclas-
sification between related ICD9 codes. 

Finally, we followed only those individuals registered with 
MSP for the entire ten years of our study (about 75% of 
the population), excluded those people for whom we had 
incomplete retrospective follow-up information, and then 
applied the rates derived from this continuously registered 
cohort to the entire population aged under 65 to estimate 
counts. If rates in the continuously registered cohort dif-
fered from those not continuously registered (more likely 
to be new immigrants, young, have lower incomes and be 
transient) then our overall count of asthma may be biased. 

In light of these potential drawbacks, we deliberatively 
chose a conservative approach (i.e., excluding potential 
cases where the possibility for misclassification, misdiag-
nosis or bias seemed likely) in developing our case and 
cohort definitions. The results of this study, then, may be 
considered an estimate of the lower bound of the total 
burden of physician- and hospital-diagnosed asthma in the 
population of British Columbia. 
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Findings

Cumulative Prevalence
The cumulative prevalence of asthma in 2000 (based on 
ten years of continuous follow-up data) was 72 cases per 
1,000 for both males and females (Figure 3). The similari-
ties in the overall asthma rate between males and females, 
however, belie a marked difference in rates between the 
sexes when stratified by age. Prevalence rates for work-
ing-age males and females were 51 and 68 cases per 1,000 
respectively, and among the pre-working-age population 
were 133 and 85 cases per 1,000. Among males, asthma 
prevalence rates were highest in children and about 1.6 
times the rate for females of the same age. In contrast, 
prevalence rates for females, while highest in childhood, 
were about 1.3 times higher than males in adulthood. 

Active and Inactive Prevalence
Figure 4 illustrates the proportion of individuals re-
ceiving asthma-related medical services or who filed a 
compensation claim in the current year (active) verses 
those who had not accessed services or filed a claim for 
the previous three years (inactive). In 2000, 37 per cent 

of adult females who had been identified as a prevalent 
asthma case (a previous diagnoses in the past ten years) 
had an asthma-related medical contact, while 35 per 
cent had no asthma-related medical contact for three or 
more years. Almost identical percentages were found for 
young females. Thirty-four per cent of adult males had 
an asthma-related medical contract in 2000, while 40 
per cent had no contact for three or more years. Among 
young males these percentages dropped to 38 per cent 
and 34 per cent respectively.  

Figure 5 illustrates trends in active asthma (individu-
als receiving medical care or compensation for asthma 
in the year) among males and females. Among males, 
active asthma remains largely stable with a rate of 
about 25 cases per 1,000 for all age groups—although, 
there is a small, but consistent 13 per cent increase 
in active asthma between 1996 and 2000 for adult 
males. A similar trend is observed for females. Young 
females’ rates are stable, while adult females’ rates of 
active asthma exhibit a 17 per cent rate of increase 
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over time. In 2000 there were 4,599 individuals in the 
pre-working-age population (ages ten to 14) or a rate 
of 36 per 1,000 who had active asthma, while for work-
ing-age adults there were 59,276 individuals or a rate 
of 21 per 1,000.The pattern of active asthma rates by 
age and gender is similar to that of cumulative preva-
lence, with one notable exception. The ‘sex-crossover 

effect’ (where asthma rates becomes higher among 
females) takes place at a younger age for active asthma 
compared to prevalent asthma. By ages 15 to 19, 
females have a 21 per cent higher active asthma rate 
than males (26 and 21 per 1,000 for females and males 
in 2000), while cumulative prevalence among females 
did not increase until ages 20 to 24. 
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Incidence 
This project’s measure of asthma incidence attempts to 
track the number of new cases of asthma in our study 
population and may provide an indicator of exposure to 
environmental allergens, including those in the work en-
vironment. Accordingly, and as detailed in the methods 
section, we present rates for cases diagnosed in the last 
five years of our study period (1996 to 2000) in individu-
als who had not received asthma-related services in the 
first five years of our study period (1991 to 1995).

Infants and very young children have the highest 
incidence of asthma (Figure 6). By ages ten to 14, the 
incidence rates for males and females are almost identi-
cal, ranging between five and seven cases per 1,000. For 

males incidence ranges between 25 and 29 cases per 
1,000 during the years 1996 to 2000, and for females 
incidence ranges between 15 and 17 cases. By ages ten 
to 14, the incidence rates for males and females are 
almost identical, ranging between five and seven cases 
per 1,000. Among the working age population (Figure 
7), incidence is highest for females ranging between 
four and five cases per 1,000 between 1996 and 2000. 
On average, males have a 38 per cent lower incidence 
rate, ranging between two and three cases per 1,000 
during the same time period. Overall, rates for both 
sexes appear stable throughout this time period, with 
the exception of a slight decline for young male adults 
(15 to 24 years).

Workers’ Compensation Claims for  
Asthma in British Columbia
There were 530| individuals with an asthma-related lost-
time claim compensated by WorkSafeBC from 1991 to 
2001. Over half were male (59%) and most were between 
the ages of 25 and 54. In contrast, individuals with asthma 
in the general working-age population were more likely 
to be female (60%) and young adults aged 15 to 24 (8.5% 
of claims verses 18.5% of general working-age popula-
tion) or older adults aged 55 to 65 (11.7% of claims versus 
16.3% of general working-age population). These differ-
ences by age likely reflect the smaller (relative) proportion 

of employed persons in these age groups compared to 
middle adulthood.  Workers’ compensated cases also dis-
played a higher number of asthma-related physician visits 
compared to the non-hospitalized general population (4.5 
visits versus 2.1 visits) but a similar number of physician 
visits compared to the general population who had been 
hospitalized (4.5 versus 4.2 visits). 

|  There were in fact 534 asthma-related lost-time claims, but 

four could not be identified in the BCLHD registry popula-

tion, and were not included for the sake of consistency.
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Red Cedar Asthma
Nearly one in three compensated cases of asthma in 
British Columbia is diagnosed as red cedar asthma. 
However, the proportion of red cedar claims as a pro-
portion of all claims has declined over time (Figure 8). 
In 2001, the most common asthma diagnoses was ‘un-
specified’. This may reflect changes in coding practices 
rather than trends in the experience of asthma in the 
workplace.  

Wood and paper products generated the highest propor-
tion of asthma claims by industrial sector, although this is in 
part a reflection of the proportion of the overall workforce 
in British Columbia employed in those sectors (Figure 9). 
The health care and social assistance, education and deposit 
sectors also generate a high proportion of claims.∆

 

Expected Versus Actual Work-related 
Asthma 
Asthma is a relatively common chronic disease in British 
Columbia, affecting one in 16 residents of the province 
aged 15 to 64. Estimates of the influence of occupational 
exposures suggest that 15 per cent of all cases of asthma 
are work related. While the population-wide prevalence 
of asthma is similar to that described in the literature, 
compensation rates are far below the levels predicted 
by the use of a 15 per cent Population Attributable Risk 
(Figures 10 and 11). 

Of the more than four million people in British Co-
lumbia, 2.8 million are of working age. MSP, hospital 
and WorkSafeBC data provide a combined estimate 
of 179,635 people of working age (15 to 64 years) who 
have asthma in 2001. Applying a 15 per cent PAR to this 
number suggests that about 26,945 will have asthma that 
is in some way related to occupational exposure. In con-
trast, only 530 cases of asthma (related to claims for lost 
time from the job) were paid by WorkSafeBC from 1991 
through 2001–approximately two per cent of estimated 
work-related asthma. 
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An estimated 59,276 working-age individuals experi-
enced active asthma in 2000. Of these, (applying a 15% 
PAR) 8,891 had asthma that is in some way related to 
occupational exposures. In 2000, 103 cases of asthma 
(ongoing cases with loss-time compensation or newly 
accepted cases in the year) were compensated by Work-
SafeBC—approximately one per cent of estimated active 
work-related asthma. Further, of all compensated cases of 
asthma from 1991 to 2000, 249 were in receipt of asthma-
related medical services in 2000, compared to 103 with 
an active claim. 

∆ Deposit sectors are large employers with special statu-

tory arrangements for setting aside funding for workplace 

injuries (i.e., they self-fund or self insure). In many cases 

these employers are national (e.g., Air Canada) and so have 

to adhere to policies and practices in multiple provinces. 

These employers are concentrated in the transportation 

sector but may also include other large private and pubic 

sector firms.
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The cumulative prevalence of asthma among the working-

age population of British Columbia in 2000 was 51 and 68 

cases per 1,000 among males and females respectively. 

Previous work (50) in British Columbia that used data 
on asthma-related prescriptions in addition to physician 
visit and hospitalization data to identify cases reported a 
prevalence of 90 cases per 1,000 among those aged five 
to 54 in 2000/01. Statistics Canada survey data for Brit-
ish Columbia indicates a self-reported rate of 61 cases 
per 1,000 for males and 94 for females aged 15 to 64 in 
2000/01 (19). The higher rates in these studies may be due 
to the use of self-report, sample-based data, as well as the 
use of prescription data in identifying cases.  

The cumulative prevalence of asthma among the immediate 

pre-working-age population (ages ten to 14) was 154 and 

108 cases per 1,000 among males and females respectively. 

Other research conducted in 1998 indicated a prevalence 
of approximately 110 cases per 1,000 in British Colum-
bia, which is consistent with our study. Although based 
on different age groupings, Habbick et al. report higher 
prevalence in the two Canadian centres participating 
in the International Study of Asthma and Allergies in 
Childhood. The lifetime prevalence of asthma was 170 
per 1,000 in Hamilton and 110 per 1,000 in Saskatoon for 
children aged six and seven respectively and 190 and 120 
for children aged 13 and 14 respectively (51). A report 
using Ontario physician services and hospitalization 
administrative data reported a childhood prevalence rate 
of 200 per 1,000 in 1998/99 (52).

Canadian rates of childhood asthma appear to be higher 
than rates reported from concurrent surveys conducted in 
the United States, although this may be partially attribut-
able to instrument design (prior to 1997, the National 
Health Interview Surveys collected information on 
current annual asthma prevalence rather than lifetime 
prevalence). However, irrespective of whether rates are as-

Discussion
sessed through lifetime prevalence, current prevalence or 
through symptom-based surveys, Canadians have some of 
the highest rates of asthma worldwide (53).
 
Of cases diagnosed between 1990 and 2000, 26 per 1,000 

were categorized as active in 2000. The prevalence of active 

asthma increased slightly between 1996 and 2000, most 

notably among adult females.

Asthma rates have been increasing worldwide since the 
1970s (1;6;14-18). Self-report surveys indicate an increase 
in the prevalence of asthma in Canada (54), and increases 
have been observed in the United States (15;55-59) and 
Australia (16). Our study design, restricted to a fixed 
ten-year cohort, does not allow us to examine whether 
the overall burden of asthma, defined as ‘ever’ asthma, 
is increasing. We can assess, however, what proportion 
of those meeting our definition of ‘ever’ asthma receive 
asthma-related medical services in a subsequent year, 
and whether there is an increase in the rate of individuals 
who exhibit ‘active’ asthma symptoms to the extent that 
they require continued treatment. While we do observe 
an increase in active asthma in some age groups between 
1996 and 2000 (particularly females aged 25 and older), 
the overall increase is slight.     

Rates of asthma symptoms in adults in Canada are higher 
than those reported in other countries. For example, in six 
Canadian cities, using the European Community Respi-
ratory Health Survey (ECRHS) protocol, Manfreda and 
colleagues (60) found that 4.4 to 6.3 per cent of men and 
5.2 to 9.5 per cent of women reported having an asthma 
attack in the past year, compared to an ECRHS median 
of slightly less than three per cent. Our estimate of active 
asthma in BC using a different protocol for case ascertain-
ment is closer to this latter estimate (approximately 30 
cases per 1,000). 
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The incidence of new cases of asthma among the pre-work-

ing-age population of British Columbia was ten and 14 

cases per 1,000 among males and females respectively in 

2000. Among the working-age population, this rate was 

four and three cases per 1,000 among males and females 

respectively. Overall, the incidence of asthma remained rela-

tively stable in the province from 1996 to 2000.

The research literature has given a great deal of consider-
ation to the marked increase in the prevalence of child-
hood asthma, and to concerns that this increase may be 
due to lifestyle changes, increased exposure to environ-
mental pollutants, and altered immune system function-
ing associated with interactions between the environment 
and the developing immune system (61). Joint findings 
from the National Population Health Survey and the 
National Longitudinal Survey of Children and Youth (Sta-
tistics Canada), reported that seven per cent of children 
under four, and 13 per cent of children aged five to 14 
were diagnosed with asthma in 1994/5. About half had 
experienced an asthma attack in the 12 months preceding 
the survey. The Institute for Clinical Evaluation Sciences 
(ICES), using administrative data on asthma-related 
physician services and hospitalizations, found that the 
incidence of asthma among children under ten decreased 
between 1994 and 1998 from 3.7 to 2.6 per cent, while the 
prevalence of asthma (‘ever’ asthma) increased from 15 
to 20 per cent(52). Our results may differ from the ICES 
results as they used a shorter “burn-in” period to control 
for initial case finding (which will increase rates earlier in 
the study period). 

Some evidence from the last decade (mostly pertain-
ing to childhood asthma) suggests that  prevalence and 
incidence may have reached a plateau (15;17;21-23;52). 
Our study confirms these findings—for children we did 
not observe an increase in either the incidence or active 
prevalence of asthma. Even so, a high, though stable rate 
among children may predict higher rates of asthma as 
these children enter adulthood and the workforce.  

The experience of asthma does vary by sex, with chang-
ing patterns in the sex distribution by age (62-64). While 
asthma is more prevalent in males during childhood, 

females take the lead after puberty. An analysis of the Eu-
ropean Community Respiratory Health Survey (ECRHS) 
reported that during childhood, females had a significant-
ly lower risk of developing asthma compared to males, 
while females had a higher risk of developing asthma at 
older ages (63). Similarly, studies in Canada (64) and the 
Unities States (62) indicate that males are hospitalized 
twice as often as females in childhood for asthma-related 
treatment, and that females are hospitalized three times as 
often in adulthood. 

While asthma prevalence is much higher in childhood, 
a large proportion of these cases appear to involve acute 
symptoms, and many children, after initial treatment, do 
not receive asthma-related medical services in subse-
quent years. This is consistent with other literature which 
indicates that many children, particularly very young 
children, ‘grow out’ of their asthma (5;63). Adult asthma, 
particularly for those aged 25 or older, appears to be more 
chronic and more likely to involve treatment in subse-
quent years. These statements come with two caveats. 
First, individuals presently asymptomatic might be at risk 
for a future asthma episode, particularly in the presence 
of occupational or environmental triggers. Second, we 
can not differentiate whether a lack of subsequent asthma 
activity is due to well-controlled asthma, incorrect initial 
diagnoses or because exposure to allergens has been 
reduced—as opposed to it being due to an individual no 
longer having symptoms.  

Research on the incidence of adult onset asthma has 
largely been based on self-report survey data.  
A recent review of this literature reports a pooled 
estimate for the incidence of asthma of 4.6 per 1,000 in 
females and 3.6 per 1,000 in males (65). However, many 
of these studies are cross-sectional, retrospective and 
subject to recall bias (66), and almost all rely on self-re-
port measures. Indeed, research into asthma incidence 
is marked by divergence measures, methods and results. 
Lundback and colleagues, for example, showed that by 
validating survey measures of asthma incidence against 
objective clinical diagnostic tests, incidence initially 
estimated at between eight and four cases per 1,000 (de-
pending on follow-up period and exclusion criteria) fell 
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to 2.3 cases per 1,000 (67). Of the few studies that rely on 
medical records or clinical measures, asthma incidence 
rates are lower. A study using physician records from 
Manitoba found that the overall incidence of asthma was 
around 1.5 cases per 1,000 (68) while a Swiss study, using 
a denominator of overall physician consultations, found 
rates of between 0.62 and 0.72 per 1,000 consultations 
(69). Our results, while using medical records, are more 
consistent with incidence rates from surveys. This may 
relate to differences in how the denominator is calculated 
but could also relate to differences in coding and treat-
ment practices across jurisdictions. One consistency that 
does emerge across physician record-based studies is that 
asthma incidence appears to be stable, and in a one study 
was found to be declining.  

If 15 per cent of cumulative prevalent asthma cases can be 

attributed to workplace exposures, approximately 27,000 

working-age British Columbians experienced work-related 

asthma in 2001 (nine cases per 1,000). Five-hundred and 

thirty occupational asthma claims were accepted by Work-

SafeBC between 1991 and 2000—two per cent of estimat-

ed work-related asthma. 

Using the same 15 per cent Population Attributable Risk 

rate, approximately 9,000 working-age British Columbi-

ans were receiving treatment for active work-related asth-

ma in 2000. Just over 100 occupational asthma claims 

were compensated in the same year—about one per cent 

of estimated work-related asthma.

Estimates of the burden of work-related asthma have used 
administrative data, asthma surveillance systems and 
reviews of population-based studies of asthma among 
adults. Kraut et al. used administrative data from a 
sample of the labor force in Manitoba to explore physi-
cian-diagnosed asthma (defined as three or more physi-
cian encounters during a four-year period) in various 
occupations. They found a higher risk of asthma in three 
occupation groups: 1) teachers in community colleges, vo-
cations and the arts, 2) occupations involving fabricating, 
installing and repairing electric and electronic equipment, 
and 3) other occupations in laboring and elemental work. 
They also concluded that the use of such data sets “for 

surveillance of work-related diseases in general, and for 
asthma in particular” showed promise (70).

Occupational surveillance systems around the world 
have estimated an average annual incidence rate of 
between 19 and 174 work-related asthma cases per mil-
lion employees; between 19 and 43 cases per million in 
the UK (71;72); 80 cases per million in Sweden (1990 to 
1992) (73) and 174 cases per million in Finland (1989 
to 1995) (74).  If we apply the PAR of 15 per cent to our 
overall incidence rate (3 per 1,000 in 2000) we would 
generate a comparative work-related incidence rate of 
about 500 cases per million, much higher than what 
has been reported by occupational surveillance systems 
above. However, these surveillance systems tend to 
report only new onset occupational asthma, not work-
aggravated asthma.

The gap between PAR estimates of work-related asthma 
and the number of compensated claims may be due, in 
part, to the fact that until recently WorkSafeBC only 
considered new onset occupational asthma as poten-
tially compensable. We were also not able to examine 
workers’ records who received health care treatment 
only for asthma through the compensation system. 
Recent changes to compensation policy that expand 
the definition of potentially compensable asthma to 
include preexisting asthma that is seriously aggravat-
ed by workplace exposures may increase the number 
of compensated cases. 

This study has found that the potential burden of work-
related asthma—whether active prevalence or cumula-
tive prevalence—measures in the thousands and ten of 
thousands of cases. These estimates, while broad, suggest 
that there is a need to focus prevention and screening 
efforts on this disease. In addition, the large cohort of 
children who have, or have had, asthma indicates that a 
large percentage of young workers may enter the labour 
force with underlying sensitivities to asthmogens or 
preexisting asthma.  
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This report represents one of the first research outputs 
of the WorkSafeBC-CHSPR partnership. By incorporat-
ing the BCLHD into occupational health research, and 
through ongoing support from WorkSafeBC, this project 
has laid the foundation for a much broader occupational 
surveillance research agenda.

Work is underway to refine the methodology developed 
in this project to provide more focused estimates by 
industry, occupation and demographic characteristics. In 
particular, we will be updating our surveillance protocol 
to include data on asthma-related prescriptions from BC 
PharmaNet. Secondly, building on another partnership 
project that incorporates industry of employment infor-
mation into the BCLHD, we will examine whether actual 
rates of asthma do in fact differ for those employed in 
industries typically associated with a high risk of occupa-
tional asthma. 

The results from this research 

may improve WorkSafeBC’s 

ability to identify workers in 

need of compensation, as well 

as better focus their prevention 

efforts. 

Conclusion
The BCLHD holds broader potential. For example, the 
longitudinal nature of the BCLHD and the comprehen-
sive nature of health care billing records means that we 
will soon be able to examine how entering the workforce 
affects asthma-related health care utilization among chil-
dren diagnosed with asthma.  
  
Future enhancements of the administrative data shows 
great promise for occupational health research in general, 
and asthma-related research in specific. Under the aus-
pices of the University of British Columbia’s Population 
Health and Learning Observatory, it will soon be possible 
to link exposure data to a workers’ compensation and 
medical records. 
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