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Abstract 

Background: Work-related asthma (WRA) is under-recognized and early detection is associated 

with improved outcomes. The Work-related Asthma Screening Questionnaire (Long-version) 

(WRASQ(L)) is a 14-item tool designed to increase the detection of WRA in primary care.  

Purpose: The purpose of this study was to assess whether the WRASQ(L) provided additional 

and reliable information on a patient’s likelihood of WRA, beyond what is collected in standard 

care, to explore the relationship of WRASQ(L) responses to clinical actions and to assess the use 

of the WRASQ(L) in the primary care setting.  

Methods: This was an intervention study involving two Ontario Primary Care Asthma Program 

(PCAP) sites assigned the WRASQ(L). Standard care for asthma patients in PCAP sites involved 

completing the Asthma Care Map (ACM), a clinical pathway which included seven WRA 

screening items. Consent to participate in this study involved completing an electronic 

WRASQ(L) at each visit for participants and prompted care providers to record details related to 

WRA investigations. 

Results: The study sample (N=37) was predominantly female (73.0%), with a mean age of 46.3 

years (SD, 10.9). Use of the WRASQ(L) identified work-related symptoms, exposures and high-

risk past occupations in 38% and 60%  and 47% of participants, respectively, that were not 

identified in standard care. Two participants were newly-suspected cases of WRA during this 

study period. WRASQ(L) items demonstrated fair to moderate reproducibility, but estimates may 

have been subject to measurement error. Incorporation of the electronic WRASQ(L) in clinical 

care was limited by time constraints and technical factors, such as ease of use and flexibility of 

the application.  
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Conclusions: The WRASQ(L) provided added information about possible WRA over standard 

care. Use of the questionnaire’s results by care providers in this study was limited due to barriers 

encountered in incorporating the use of the WRASQ(L) in clinical practice. Future directions 

include the validation of this tool in relation to WRA diagnosis. The WRASQ(L) has the potential 

to increase recognition of WRA, improving long-term health outcomes for those with WRA.  
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Chapter 1 

Introduction 

1.1 Background and Rationale  

Approximately 25% of all adult asthma can be associated with exposures in the work 

environment, termed work-related asthma (WRA) (1). WRA encompasses occupational asthma 

(OA), which is adult-onset asthma caused by workplace exposures, and work-exacerbated asthma 

(WEA), which is pre-existing asthma that is aggravated by the work environment (1). WRA is 

associated with poor health outcomes. Continued exposure to a causative agent in the workplace 

increases the risk of progressive worsening of lung function (2). Consequently, it is recommended 

that those with WRA are promptly removed from the workplace exposure once a diagnosis is 

established (3). However, despite cessation of exposure, a substantial portion of workers are left 

with permanent impairment, including respiratory symptoms, airway obstruction, airway 

hyperresponsiveness and airway inflammation (4-7). Early diagnosis and early avoidance of 

further exposure increase the likelihood of full recovery (3). Due to its serious health outcomes, 

its improved prognosis with early detection and its relatively high prevalence among adults with 

asthma, WRA is an appropriate disease for medical screening. 

WRA is under-recognized in the medical community (8, 9). Even when it is recognized, 

there is a significant gap of time between symptom onset and diagnosis of WRA, leading to 

increased morbidity (10-13). Family physicians and community respirologists are typically the 

physicians who first encounter cases of OA. They report lack of expertise, time and knowledge 

constraints as barriers to early recognition (14, 15). Such under-recognition and barriers to early 

recognition in medical practice suggest that patients may not be receiving care that is in 

accordance with best practices.  
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In Ontario, adults with asthma are predominantly cared for by their primary care physicians 

(16). Since this setting may be viewed as the point of initiation of suspicion of WRA, 

interventions to improve the detection of WRA and prompt evidence-based care for the 

assessment of possible WRA should include primary care. The Primary Care Asthma Program 

(PCAP) is an evidence- and outcomes- based asthma care program, implemented in 13 primary 

care sites across Ontario (17). In this program, a variety of evidence-based tools are implemented 

for the effective management of asthma. One of these tools is the Ontario Lung Association’s 

Asthma Care Map (ACM) (Appendix A), a clinical pathway of asthma management which covers 

all aspects of the latest Canadian Asthma Consensus Guidelines (18). There are currently seven 

WRA screening items on the ACM. As a means of prompting an evidenced-based approach to the 

assessment of patients answering affirmatively to one of the seven ACM WRA screening 

questions, in 2009, the Work-related Asthma Screening Questionnaire (Long-version) 

(WRASQ(L)) was developed by an expert panel advisory committee after a literature review (19) 

(Appendix B). The WRASQ(L) is a 14-item, self-administered tool designed to increase the 

detection of WRA in primary care by prompting a more detailed history of employment and 

potential inhalation exposures.  In a pilot study, this tool was evaluated for test re-test reliability 

and respondent burden in a tertiary care setting (20). This tool has not been evaluated any further, 

nor has it been tested in the primary care setting.  

1.2 Study Purpose and Objectives 

The purpose of this study was to assess whether the WRASQ(L) provided additional and 

reliable information on a patient’s likelihood of WRA, beyond what is collected in standard care, 

to explore the relationship of WRASQ(L) responses to clinical actions and to assess the use of the 

WRASQ(L) in the primary care setting.  

Specifically, the objectives of this thesis project were: 
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1) to assess whether the WRASQ(L) provided added information on a patient’s likelihood of 

WRA, beyond what is collected in the ACM; 

2) to explore the relationship of WRASQ(L) responses to the clinical actions of the care 

provider (asthma educator), as per guidelines for the assessment of suspected WRA; and 

3) to evaluate the test re-test reliability of the WRASQ(L) in the primary care setting. 

Due to the lack of criterion standard and the complex, stepwise procedure that is currently 

recommended for the diagnosis of WRA, a validation study evaluating the sensitivity and 

specificity of this screening tool would not be feasible within the scope of this thesis. The key 

focus was to learn about the process of incorporating this tool in the primary care setting.    

1.3 Thesis Outline 

The second chapter will describe the existing literature on WRA, emphasizing the under-

recognition and providing rationale for screening. A review of the validity of clinical history in 

relation to WRA diagnosis is included. Background information on the study setting, and the 

previous development and pilot testing of the WRASQ(L) is also described. Chapter three 

describes the methods of this thesis project, including its objectives, design, setting, participants, 

data collection, and analysis strategies. Further, ethical considerations and the student 

contributions are described. Chapter four presents the results of the thesis project, including 

descriptive findings and the results of the three main objectives.  Last, chapter five provides a 

summary of the results, highlights the strengths and limitations of this project, as well as the 

opportunities for further research.  
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Chapter 2 

Literature Review 

2.1 Overview  

This chapter provides a review of WRA, including the different types, prevalence, 

outcomes and diagnosis. The validity of clinical history and of questions used in the assessment 

of WRA, in relation to WRA diagnosis, is included. This chapter also outlines the under-

recognition of WRA, and the rationale for screening. Asthma care in primary care in Ontario is 

described, including sections on asthma education and the tools used to deliver evidenced-based 

care in this setting. Last, the development and pilot testing of the WRASQ(L) is described.  

2.2 Asthma  

Asthma is a chronic inflammatory disorder of the airways that is associated with airway 

hyper-responsiveness (21). Both host and environmental factors influence the development and 

expression of asthma (22). Clinical manifestations of this disease include recurrent episodes of 

wheezing, breathlessness, chest tightness and coughing (21). Such episodes are associated with 

variable, and often reversible, airflow obstruction within the lungs (21).  In Canada, asthma is the 

most common chronic respiratory disease, affecting 8.4% of the population (23).  

2.3 Work-related Asthma  

Asthma in adults can be associated with exposures in the work environment, termed 

‘work-related asthma’ (WRA) (1). WRA is a broad term that includes both occupational asthma 

(OA) and work-exacerbated asthma (WEA), which may coexist in individual workers (1) (Figure 

1). OA and WEA differ with regard to prevalence, natural history, triggers and occupations.  
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Figure 1 Types of Work-related Asthma  

 

2.3.1 Occupational Asthma 

OA is defined as ‘de novo’ asthma or the recurrence of formerly quiescent asthma caused 

by a workplace exposure (1). OA can be induced by sensitization to a specific substance at work 

which is termed sensitizer-induced OA (1). Since sensitization is immunologically-mediated, 

sensitizer-induced OA is characterized by a latency period between first exposure and the 

development of symptoms, which can range from weeks to years (24). The natural history 

depends upon a variety of factors, including age, sensitizing agent, type of exposure (continuous, 

noncontinuous) and pattern of reaction on exposure (25). Once sensitized, the timing of asthma 

symptoms can range from minutes (early) to hours (late) after exposure to the sensitizing agent, 

or as a dual response (both early and late responses) (1). Associated conditions for those 

sensitized to HMW allergens may include allergic rhinitis and conjunctivitis (26). Improvement 

in asthma symptoms may not be evident until several days away from the exposure (e.g. holidays) 

(1). OA can also occur without sensitization to an antigen, although much less frequently, and is 

termed irritant-induced OA (27). The classic form of irritant-induced OA is ‘reactive airways 

dysfunction syndrome’ (RADS), which is the development of asthma after a single, unusually 

high irritant exposure (28). Symptoms are severe, often requiring emergency treatment, and occur 

within 24 hours of the exposure (1). Cough is the predominant symptom during the event (29).  

Work-related Asthma 

Work-exacerbated Asthma  Occupational Asthma  

Irritant-induced 

Occupational Asthma 

Sensitizer-induced 

Occupational Asthma  
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2.3.2 Work-exacerbated Asthma  

Work-exacerbated asthma (WEA) is a term used to describe preexisting or concurrent 

asthma that is worsened by workplace conditions (30). There is a wide array of severity and 

duration of asthma exacerbations in WEA, ranging from transient exacerbations to prolonged 

symptomatic worsening (31). There is an increased susceptibility to exacerbation from triggers in 

the workplace when underlying asthma worsens or is less controlled (1). The clinical features of 

WEA cases with persistent work-related symptoms resemble those of OA cases (30). Similar to 

sensitizer-induced OA, WEA cases may have worsening of symptoms at work, and improvement 

of symptoms during extended periods off work (e.g. weekends, holidays) (1).  

2.3.3 Exposures and Occupations Associated with WRA 

 Specific agents associated with sensitizer-induced OA are divided into high-molecular 

weight (HMW) agents and low-molecular-weight (LMW) agents (1). HMW agents include plant 

antigens (e.g. cereals), animal antigens (e.g. farm animals), enzymes (e.g. detergent enzymes), 

seafood, drugs (e.g. antibiotics), bioaerosols (e.g. molds and bacteria), and latex (e.g. gloves used 

in health care) (1). Further, occupations associated with sensitizer-induced OA due to a HMW 

agent include bakers, health care workers, seafood workers, laboratory workers, and detergent 

formulators (1, 32). LMW agents include isocyanates, wood dusts, dyes (e.g. reactive dyes used 

by textile workers), aldehydes (e.g. formaldehyde), highly reactive compounds (e.g. acrylates) 

and metals (e.g. metal plating) (1). Associated occupations with sensitizer-induced OA due to a 

LMW agent include woodworkers, foam workers, hairdressers, refinery workers, and foundry 

workers (1, 32).  

Agents (incidents) associated with irritant-induced OA, which is the type of OA 

associated with a high-level irritant exposure, are spills of chlorine, high levels of irritant dust (an 

extreme example being the World Trade Center collapse), smoke (fires), spills of cholrine, etc. 

(1). Related occupations for irritant-induced OA include firefighters and cleaners (1).  



 7 

The occupations and common exposures associated with WEA often differ from those 

associated with OA (33, 34). Surveillance data from the Sentinel Event Notification Systems for 

Occupational Risks in the United States indicate that the ‘services’ industry category was the 

most common among WEA cases (40%), while the ‘public administration’ industry category had 

the highest average annual incidence rate of WEA cases (14.2 cases/105 workers) (33). For WEA 

cases, asthma triggers outside the workplace are likely to be relevant within the workplace setting 

(30). Workplace exposures that have been associated with WEA include irritant chemicals, dusts, 

second-hand smoke, common allergens, emotional stress, temperature and physical exertion (30). 

2.3.4 Prevalence  

Although it has become apparent that WRA accounts for a considerable portion of adult 

asthma, the exact prevalence has not been well established (1). This issue can be attributed to a 

variety of reasons, such as limited surveillance data, variable compensation practices across 

settings and inconsistent diagnostic criteria (1). Further, until recently, WEA was far less 

recognized than OA so it is undercounted in prevalence estimates. In the most recent Canadian 

consensus statement on WRA, it was reported that 25% of asthma in adults is work-related, 

which included OA and WEA (35) but the study underlying this statement included only adult-

onset asthma cases thereby likely underestimating the prevalence. In 2011, Henneberger et al. 

published an American Thoracic Society (ATS) Statement on WEA, which included a systematic 

review on the prevalence of WEA, specifically. A median prevalence estimate of 21.5% was 

found among adults with asthma. This figure dropped to 14% when only those studies using more 

objective diagnostic criteria were included (30). In terms of OA, it has been estimated through 

multiple systematic reviews that between 10 and 15% of adult asthma may be attributed to 

occupational factors (2, 36, 37). Further, 90% of OA cases are classified as sensitizer-induced 

OA. In developed countries, OA has been reported as the most prevalent occupational lung 

disease (38). 
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2.3.5 Health Outcomes 

It has been established that continued exposure to a causative agent in the workplace 

increases the risk of progressive worsening of disease in OA (2). In 2005, a systematic review on 

the diagnosis and management of WRA was prepared for the Agency for Healthcare Research 

and Quality (AHRQ) by Beach et al. at the University of Alberta Evidence-based Practice Center 

(2). Results of this review indicate that workers with OA who remain exposed to causative 

workplace agents experience continued deterioration in lung function (forced expiratory volume 

in one second (FEV1)), increases in non-specific bronchial hyper-responsiveness (NSBHR), and 

persistent or worsening asthma symptoms over time (2). It follows that complete removal from 

workplace exposures leads to improved health outcomes for such patients. Beach et al. also 

concluded that cessation of exposure results in progressive improvements in NSBHR and more 

subtle, non-progressive improvements in FEV1 (2). NSBHR can improve for years after removal 

from exposure, but the greatest improvements are observed in the first 2.5 years (39).  FEV1 

continues to decline after removal from exposure, but eventually does so at a rate similar to that 

of healthy adults (40).  

It is important to note, however, that OA is not always ‘cured’ when patients are removed 

from the causative workplace agent (41). Workers can be left with permanent impairment despite 

complete avoidance of the workplace exposure (5, 42). This was initially demonstrated in follow-

up studies by Chan-Yeung et al. in western red cedar workers (43). A recent systematic review of 

sensitizer-induced OA by Rachiotis et al. was conducted to summarize such evidence. After a 

median follow-up of 31 months, only one third of subjects had complete resolution of symptoms 

and approximately 70% of subjects had persistent NSBHR, despite cessation of workplace 

exposure (6).  Authors concluded that a proportion of patients with OA do not recover from their 

disease (6). Airway inflammation and remodeling (structural airway alterations related to chronic 

inflammation in asthma (44)) are also present in subjects with OA years after removal from 
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exposure (5, 7, 45).  Impairment after cessation of exposure may also include psychological 

impacts. Subjects with OA report slightly lower quality of life after removal from causative 

exposure when compared to subjects with asthma of similar severity that is not occupational (46). 

Impaired quality of life in OA has been hypothesized to be related to the negative effects of 

employment alterations (unemployment, retraining for new employment) and income loss (46). 

Further, Yacoub et al. found high levels of anxiety (52.5%) and depression (47.5%) in subjects 

with OA two years after cessation of exposure, suggesting ‘psychological distress persists beyond 

shock of initial diagnosis and withdrawal from the workplace’ (5).  

Due to the variability in outcomes of patients with OA, various studies have sought to 

identify the factors associated with improvement or resolution of symptoms. Such factors include 

early removal from workplace exposures, milder asthma at the time of diagnosis and shorter 

duration of symptoms (3).  Therefore, it has been established that prognosis is best in OA with 

early diagnosis and early avoidance of further exposure (3). 

The majority of research done on the health outcomes of WRA has focused on sensitizer-

induced OA.  There is limited data on the long-term health outcomes of irritant-induced OA and 

WEA.  The available evidence does indicate that the pattern of functional changes after cessation 

of exposure in irritant-induced OA is similar to that of sensitizer-induced OA (29, 47). However, 

workers with irritant-induced OA may be able to continue in their current occupation, if measures 

are taken to reduce the risk of both subsequent high-level exposure (e.g. through engineering 

controls) and any further asthma exacerbations (e.g. through the use of protective respiratory 

masks) (1). Current research provides evidence for greater functional improvement in subjects 

with OA, when compared to subjects with WEA, after cessation of exposure (48, 49). The 

reasons for different outcomes are not known. They may relate to the fact that triggers in the 

workplace are likely to be found outside the workplace for those with WEA. Similar to irritant-

induced OA, individuals with WEA can typically return to their workplace once exposures have 



 10 

been reduced and asthma is optimized with medication, but are advised to seek an alternative 

work environment if such measures are not successful (1, 30).  

2.3.6 Socioeconomic Outcomes 

 The social and economic repercussions of OA are substantial (1, 2, 47). In a review by 

Vandenplas et al., 42-78% of subjects with OA reported substantial reductions in income and 25-

38% sustained extended work disruption (47). In their evidence-based guidelines on OA, 

Nicholson et al. report that ‘approximately one third of workers with OA are unemployed up to 

six years after diagnosis’, and further, those with OA suffer financially (3). Workers removed 

from the causative exposure suffer loss in income and/or unemployment, while those with 

continued exposure suffer increased medication costs and some income loss (2). Overall, the 

financial impacts experienced by those with OA are more pronounced in those workers who are 

removed from their workplace compared to those with continued exposure (2, 47).  In terms of 

WEA, the limited evidence available indicates that unemployment rates and income losses 

observed in subjects with WEA do not differ from those observed in subjects with OA (50, 51).  

 Population estimates of WRA do not match provincial rates of worker’s compensation, 

suggesting that WRA is under-reported (52). Through legislation, there is mandatory employer 

reporting of occupational disease to the Workplace Safety and Insurance Board (WSIB) in 

Ontario (53). However, there is low employer compliance with such laws (54). Further, a 

considerable portion of workers with diagnosed sensitizer-induced OA remain exposed to the 

causative workplace exposure (1, 26, 50, 55, 56). Tarlo et al. related this to the adverse financial 

repercussions of unemployment or lesser employment (1). Although objective data on the 

effectiveness of compensation systems for WRA is limited, available information indicates that 

current compensation schemes are not adequate (47).  
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2.3.7 Guidelines on Diagnosis  

In 1998, the Canadian Thoracic Society (CTS) published clinical guidelines on the 

recognition, diagnosis and management of occupational asthma for primary care physicians, 

occupational physicians, allergists and respirologists (57).  The ‘Evidence-based guidelines for 

the prevention, identification, and management of occupational asthma’, commissioned by the 

British Occupational Health Research Foundation, were published in 2004 by Nicholson et al.(3) 

More recently, the American College of Chest Physicians (ACCP) put forward a Consensus 

Statement on the diagnosis and management of WRA for health care providers (1). Published in 

2008, this ACCP Consensus Statement is based on the AHRQ systematic review on the diagnosis 

and management of WRA by Beach et al. (2), as well as supplemental studies. Developed by an 

expert panel of specialists in allergy, respirology and occupational medicine, the ACCP 

Consensus Statement is the most comprehensive document on the suggested approaches to the 

diagnosis and management of WRA to date (1).  

According to the ACCP Consensus Statement, the possibility of WRA should be 

considered in all adults with WRA symptoms, new asthma and/or worsening asthma symptoms 

(1). However, the diagnostic process involved is fairly intricate and time-consuming. The first 

step in this process is to confirm, through objective means (pulmonary function tests), that the 

individual has asthma (1). The care provider should then assess exposures and risk factors by 

documenting occupational and environmental history as well as atopy/allergies (1). An 

occupational history might include details about exposures to allergens/irritants, 

exertion/cold/infections, the type of work process/setting, the magnitude/time of exposure, 

ventilation/use of respiratory protection, and co-workers’ symptoms.(1) The care provider should 

also consult material safety data sheets to identify recognized hazardous agents. The relationship 

of asthma to work should then be explored through the assessment of symptoms and objective 

testing (1). In fact, the diagnosis of WEA is typically based on ‘changes in symptoms, medication 
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use, and/or lung function temporally related to work’ (1). First, symptoms should be evaluated 

according to onset, timing and severity related to work (1). The following questions are suggested 

in the ACCP Consensus Statement for the detection of WRA (1): 

- Were there changes in work processes in the period preceding the onset of 

symptoms? 

- Was there an unusual work exposure within 24 hours before the onset of initial 

asthma symptoms? 

- Do asthma symptoms differ during times away from work such as weekends or 

holidays or other extended times away from work? 

- Are there symptoms of allergic rhinitis and/or conjunctivitis symptoms that are 

worse at work?  

Clinical history (type and timing of symptoms) alone has been shown to be highly 

sensitive, but not very specific for OA diagnosis (3). This is further described in the section 

2.3.6.1. Consequently, objective testing (spirometry, serial peak flow recordings, serial 

methacholine challenges, immunologic assessments, specific inhalation challenges etc.) is 

pertinent, especially for the diagnosis of sensitizer-induced OA (1). Tests such as serial peak flow 

recordings and serial methacholine challenges are done to examine the potential temporal 

relationship between asthma symptoms and workplace exposure by obtaining lung function 

measurement during periods on and off work (ideally, at least 2 weeks off) (1). Immunologic 

testing, such as skin prick testing is suggested for those being investigated for sensitizer-induced 

OA, although the variety of standardized commercial skin test reagents is very limited (1, 58). 

With specific inhalation challenges (SIC), patients with suspected sensitizer-induced OA are 

exposed to the causative agent in a safe, controlled environment to trigger an asthmatic response 

(1). While no ‘gold standard’ exists for the diagnosis of OA, the SIC has been labeled the 

‘reference standard’ for the diagnosis of sensitizer-induced OA (2). However, the availability of 
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such testing is limited since it requires specialized facilities and expertise (1). Consequently, SICs 

are only performed in a few specialized centers in the world, including one in Montréal, Québec 

and one in Toronto, Ontario (1, 59). The exact combinations of tests utilized will depend on 

occupational status and access to diagnostic modalities (1). A greater number of positive findings 

will increase diagnostic certainty for sensitizer-induced OA. Consequently, an integrative 

approach utilizing several tests is recommended (1, 57). For irritant-induced OA, however, the 

work-relatedness of this type of OA is best established through clinical history (58).  

 In order to avoid unnecessary disruptions, it is essential that a diagnosis of WRA be 

confirmed before the physician advises the patient to leave work (1, 57). Further, remaining at the 

work environment during the investigative process allows for a more accurate and feasible 

diagnosis (1, 57). Last, the timeliness of diagnosis is of the utmost importance (58). It has been 

shown that early diagnosis and early removal from workplace exposures increases the likelihood 

of complete recovery (1, 3). Effectively, it is recommended that diagnosis be established as soon 

as possible (57). Family physicians and community respirologists are typically the physicians 

who first encounter cases of OA.(14) However, such a complex diagnostic process can be 

challenging, ‘even for physicians familiar with asthma care’ (58). Further, patients treated by 

specialists for suspected WRA are more likely to receive diagnostic testing than those treated by 

generalists (60). Therefore, the ACCP consensus statement suggests that suspected WRA cases be 

promptly referred to physicians with expertise in the area of WRA (3, 60).  

According to the CTS Guidelines for OA, the physician has the responsibility to initiate a 

compensation claim with the agreement of the patient, if a diagnosis of OA is confirmed or 

strongly suspected and the patient has coverage (57). However, physicians in Ontario are not 

legally obliged to report individual cases of WRA (61).  
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2.3.7.1 Validity of Clinical History in Diagnosis 

 A clinical history (unstructured discussion between patient and health care professional) 

alone has been shown to be highly sensitive, but not very specific in the diagnosis of OA. A study 

by Malo et al. assessed an open medical questionnaire (no written questions) administered by 

chest physicians in a sample of subjects suspected of OA (62). This questionnaire contained 

questions about symptoms, and the timing of symptoms in relation to work (worse at work or 

after a shift at work or improved during weekends or holidays). A clinical history of OA based on 

a specialist’s interpretation of questionnaire findings was found to have 87% sensitivity and 22% 

specificity in relation to the diagnosis of OA determined by a SIC and/or serial peak flow 

measurements. A similar study by Côté et al. in western red cedar workers referred to an 

occupational health unit for suspected OA, found that positive clinical history provided a 

sensitivity 93% and a specificity of 45% in relation to a SIC for plicatic acid (63). A positive 

clinical history was defined as no previous history of asthma before exposures to red cedar dust 

and if cough, wheezing and shortness of breath improved on weekends or long holidays, using 

responses from a medical questionnaire administered by the physician. In the assessment of 229 

workers exposed to airborne latex allergens, a study by Baur and colleagues demonstrated that a 

standardized respiratory questionnaire and an occupational case history taken by a specialist 

provided a sensitivity of 92% and a specificity of 32% in relation to a final diagnosis of OA by 

SIC (64). In a similar population, Vandenplas et al. evaluated the clinical history, as collected by 

a specialist using an open questionnaire based on proposed items by Bernstein et al. (65, 66). This 

questionnaire contained items relating to workplace exposures, nature and frequency of 

respiratory and nasal symptoms, temporal pattern of symptoms with exposure to specific agent, 

etc.  Their study on workers exposed to natural rubber latex found that clinical history, based on 

consensus interpretation by 4 blinded physicians (2 respirologists, 2 occupational health 

physicians), provided a sensitivity of 87% and a specificity of 14% when compared to the final 
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diagnosis based on SIC results. Overall, the evidence indicates that a clinical history (open 

medical questionnaire) taken by a specialist is highly sensitive and not very specific in relation to 

OA diagnosis. This may relate to the inherent limitations of the questionnaires as a tool in the 

diagnosis of OA (67).  For instance, studies have shown that there are inconsistencies between 

reported asthma symptoms and the presence or absence of NSBHR (67-69). Further, there is 

possible underreporting or over-reporting of subject symptoms dependant on personal 

circumstance (67). In their discussion of questionnaires for the assessment of OA, Chan-Yeung 

and associates conclude that questionnaires are inadequate on their own for clinical case 

identification of OA (67).  

In terms of WEA, the validation of work-related self-reported asthma exacerbation using 

findings from serial peak expiratory flow (PEF) measurements was conducted by Bolen et al. 

(70). It was found that self-reported symptoms (cough attack, wheeze, chest tightness or shortness 

of breath) and medication had a sensitivity of 62% (for both), and a specificity of 54% and 65%, 

respectively. The authors conclude that false positives were likely due to the misperception of 

causation, or the presence of work-related symptoms in the absence of significant changes in the 

PEF, which may be characteristic of WEA (71). The false positives were unlikely due to 

‘intentional falsification to gain compensation’ since the study population comprised of adults 

with asthma being treated in a Health Maintenance Organization (HMO), rather than workers 

with asthma seeking compensation (70).  

The validity of individual questionnaire items has been evaluated in two studies. In the 

study by Malo et al. mentioned above, it was found that the item asking about symptom 

improvement on weekends had a sensitivity of 77% and specificity of 44% in relation to OA 

diagnosis (62). Interestingly, sensitivity improved and specificity decreased (sensitivity: 88%, 

specificity: 24%) by asking about symptom improvement on holidays, specifically. Inquiry about 

the presence or worsening of symptoms at work, and after a work shift were found to have a 
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sensitivities of 91% and 70%, and specificities of 14% and 46%, respectively. Vandenplas et al. 

evaluated a series of items from an open medical questionnaire, for the identification of subjects 

with OA (72). The purpose was not to validate a questionnaire for the assessment of OA, but ‘to 

assess the relative importance of items generally addressed by clinicians in an ‘open interview’.  

As in the previous study, they found items asking about improvement of symptoms on weekends 

and holidays were very sensitive (74, 76%, respectively). Also, the worsening of symptoms at 

work had the highest sensitivity (91%), but a very low specificity (9%). Reported progressive 

worsening of symptoms over the week and wheezing at work were found to have the highest 

specificities of 84% and 85%, respectively. The authors conclude that proper validation of a 

succinct, inexpensive clinical questionnaire for the assessment of OA needs to be conducted. 

Items with high sensitivity may be more appropriate in a surveillance setting, while more specific 

items may be better suited for tertiary care (72). 

Overall, clinical history has been shown to be highly sensitive in the diagnosis of WRA, 

in studies of specialist (respirologists, occupational medicine physicians) using open medical 

questionnaire. The validity of clinical history in this diagnosis has not been evaluated among 

primary care physicians. In terms of specific questionnaire items that may be asked in a clinical 

history, asking about worsening of symptoms at work provides the highest sensitivity (91%), but 

very low specificity (9-14%), while asking about improvement of symptoms off work also 

provides fairly high sensitivity (74-88%) and improved specificity (24-57%).  

2.3.8 Under-recognition  

Despite the publication of practice guidelines (1, 3, 57), WRA is under-recognized 

among the medical community (primary care and specialist physicians). In a longitudinal study of 

adult-onset asthma among HMO members, a discussion of work exposures in relation to asthma 

was documented in 7% of medical charts (73). Inquiry about work-related symptoms was 

documented in 15% of charts in another HMO-based study involving adult-onset asthma cases 
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(8). In a recent audit of electronic medical records in four primary care practices in the UK, the 

recorded prevalence of OA among working age adults with asthma was 0.3% (74). Occupation 

was recorded in only 14% of working age adults with asthma, and 24% of those cases with 

occupation reported were adult-onset asthma cases employed in high-risk occupations. Only 2% 

of adult asthma cases had any work-effect enquiry documented since diagnosis. The authors 

conclude that OA is likely under-diagnosed and that investigations into occupation and work-

relatedness of symptoms are lacking in primary care. They recommend that electronic templates 

used for asthma care incorporate prompts to identify occupational asthma.   

Even when OA is recognized, there is a significant period of time between symptom 

onset and diagnosis (10-13). The mean duration of symptoms before final clinical diagnosis of 

OA was found to be 4.9 ± 5.1 years (3.4 years excluding 4 outliers) in one Ontario study (75). 

The duration of work-related symptoms before the main physician assessment has been reported 

as 3.1 (± 4.4) years in those with OA, and 1.4 (± 2.8) years in those with WEA, among Ontario 

WSIB compensated workers (N=609) (34).  

2.3.8.1 Barriers to Early Recognition 

The delay in diagnosis of OA has been attributed to individual, workplace, physician and 

healthcare-related factors. A pilot study by Poonai et al. investigated the factors potentially 

involved in this delay in Ontario. Telephone interviews were conducted with patients fulfilling 

certain OA objective criteria determined through chart review (75). Lack of enquiry about work 

relatedness by the primary care physician (41%) and fear of losing work time (37%) were two 

self-reported reasons for delay. Socioeconomic factors, such as lower education level and 

household income, were found to be significantly associated with an increased time to diagnosis. 

Santos et al. examined the individual and work-related factors associated with this delay 

separately for WEA patients and OA patients in Ontario through chart review and questionnaire 

administration (76).  For those with OA, male sex, low education, being unmarried and lack of 
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awareness of association of symptoms to work were all found to be associated with increased 

diagnostic delay. For WEA, risk factors for delay included lower household income, lower 

education, absence of a health and safety program at work, absence of a union, and lack of 

awareness of OA and agents at work that could affect asthma.  

More recent work by Holness et al. based on interviews with respirologists and family 

physicians in Ontario demonstrated that the majority report taking a workplace history all or most 

of the time (14). They did, however, list that the most important barrier to taking a workplace 

exposure history was time constraints. Other reasons included lack of knowledge, lack of 

confidence and forgetting to ask. Family physicians were in favor of ‘templates for asking 

questions during history taking’ as a means of increasing recognition of OA. In a similar study, 

Parhar et al. sent questionnaires assessing the barriers to the recognition and reporting of WRA to 

all active respirologists in Canada (15). They received a 44% response rate (201/458). Similar to 

findings obtained by Holness et al, respirologists list low awareness, lack of time and lack of 

knowledge as important barriers in the consideration of a diagnosis of WRA. They report 

difficulty in obtaining ‘a detailed work history and accurate information on relevant workplace 

exposures’ as an important barrier to diagnosing a case of WRA.  

Such under-recognition and barriers to early recognition in medical practice suggest that 

patients may not be receiving care that is in accordance with ‘best practices’.  

2.3.9 Screening  

 According to Hennekens et al., there are three main criteria which make a disease 

appropriate for screening (77). First, the disease should be serious. In order to justify the 

associated costs of a screening program, the disease should be associated with adverse health 

outcomes. Further, the consequences of failing to diagnose the disease promptly should outweigh 

the discomforts and risks of the actual screening exam. Second, treatment before symptoms 

develop should be more beneficial than treatment after symptoms develop. Certain diseases have 
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what is termed a ‘detectable preclinical phase’, which is the period of time when the disease is 

asymptomatic yet detectable by screening since biologic onset has occurred. In order for 

screening to be beneficial, treatment during this ‘detectable’ phase should lead to better outcomes 

than treatment after symptoms present and the patient seeks medical attention. Third, the 

prevalence of preclinical disease should be high in the population being screened. This criterion 

relates to cost-effectiveness, and its relation to the number of detectable cases.  

WRA meets the screening criteria outlined by Hennekens (77). First, WRA is known to 

have poor clinical and functional outcomes. Although OA is rarely lethal, continued exposure to a 

causative agent is associated with a worsening of asthma and deterioration in the worker’s 

condition (2). Further, symptoms can persist indefinitely after removal from exposure and 

affected individuals may have permanent lung impairment (4-7). The severe and irreversible 

nature of such outcomes outweighs the potential discomforts of WRA screening, which may 

include questionnaire, and immunologic and lung function testing (78). Second, sensitizer-

induced OA does have a detectable preclinical phase (79). In this type of OA, sensitization 

precedes the development of asthma. Skin prick testing easily identifies individuals who have 

become sensitized to a workplace allergen, while regular questionnaires and lung function testing 

can allow for early detection of clinical OA (79). Early detection of workers who have been 

sensitized allows for improved health outcomes (78).  However, the positive predictive value of 

skin prick testing in relation to the development of OA has been found to be low (79). Further, the 

availability of standardized skin test reagents for many occupational proteins is very limited (1). 

Such screening procedures may be best suited within a medical surveillance program in a 

workplace with exposure to known sensitizers. Since irritant-induced asthma often develops 

within 24 hours of exposure and WEA is simply aggravated underlying asthma due to workplace 

exposure, the concept of a detectable preclinical phase is not as applicable in these forms of 

WRA. Despite this, the diagnosis of WRA remains a time-sensitive matter given that early 
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diagnosis and prompt removal from workplace exposures increases the likelihood of recovery (3). 

Consequently, patients presenting to their physician with new asthma and/or worsening of asthma 

symptoms may also be an appropriate opportunity for screening of WRA. Last, as previously 

mentioned, 25% of all adult asthma is estimated to be work-related (35). Consequently, 

prevalence is likely to be high in a screened population of individuals with asthma. Further, 

screening among workers in certain high-risk industries where the prevalence and incidence of 

sensitization to an exposure agent is high is likely to increase the relative effectiveness of a 

screening program (78).  

2.4 Ontario Primary Care Asthma Program  

Gaps exist between recommended asthma management and practice in Canada.(80) In an 

effort to increase the implementation of the Canadian Asthma Consensus Guidelines (81), the 

Ontario Ministry of Health and Long-Term Care (MoHLTC) funded a provincial ‘Asthma Plan of 

Action’ in 2002 (18). Thirteen initiatives were announced in this collaborative strategy, including 

the Ontario Primary Care Asthma Pilot Project (PCAPP). The PCAPP used a community-based 

approach to design, implement and evaluate an evidence-based asthma care program (82). A 

variety of evidence-based resources were implemented in 8 primary care sites to aid primary care 

providers and patients in the effective management of asthma (17). All based on the Canadian 

Asthma Consensus Guidelines (81), the components included an asthma care map, a treatment 

flow chart, program standards, a written asthma action plan and asthma education tools (82). 

Using a pre- and post- design, this asthma care program was found to be associated with a 

reduced risk of asthma exacerbations, uncontrolled daytime asthma symptoms, uncontrolled 

nighttime asthma symptoms, emergency department visits due to asthma, productivity loss in 

adults related to asthma and school absenteeism in children (82). In 2006, the status of the project 

was updated to the Primary Care Asthma Program (PCAP) (17). The PCAP is currently 

implemented across thirteen primary care sites and over 150 locations in Ontario (i.e. many 
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locations/site) and it continues to be funded by the Government of Ontario (17). This program is 

continually evaluated for effectiveness in asthma care provision (17).  

2.4.1 Asthma Education   

The PCAP is mainly delivered by Certified Asthma Educators (CAE), who educate 

asthma patients, and Certified Respiratory Educators (CRE), who educate both asthma and 

chronic obstructive pulmonary disease (COPD) patients. These educators are health care 

professionals (nurses, respiratory therapists, pharmacists, physiotherapists, dieticians and medical 

doctors) who have been certified by the Canadian Network for Respiratory Care (CNRC) through 

a national CAE or CRE exam (83). In order to be eligible to write the exam, the health care 

professional must complete a CNRC-approved education program (83). The exam is based on 

national learning objectives (core curriculum) created by the CNRC, as well as the most current 

Canadian asthma and/or COPD guidelines (83). These national learning objectives represent a 

common set of technical and teaching competencies for Canadian asthma educators. There are 

four objectives dedicated to WRA prevention, diagnosis and management in the CRNC national 

learning objectives, which are: 

• Objective 11 ‘Differentiate between occupational asthma and work-exacerbated asthma’;  

• Objective 34 ‘Explain the role of the following in the diagnosis of WRA: a) occupational 

history, b) serial peak expiratory flow measurement, c) serial methacholine challenge,    

d) immunological assessment (skin prick test, in vitro specific IgE assay), e) specific 

inhalation challenge (SIC)’; 

• Objective 65 ‘Describe primary and secondary prevention of work-related asthma’; 

• Objective 66 ‘Explain how to manage work-related asthma’. 

In practice, the asthma or respiratory educator teaches patients about their asthma, 

triggers, protective measures, and the proper use of medication.(83) They may also provide diet 
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and lifestyle counseling (83). Educators typically receive referrals from a primary care physician, 

but can also receive referrals from a specialist when a patient is seen in an acute care setting for 

their asthma. After an initial visit with the educator at a PCAP site, subsequent visits are 

scheduled by the educator according to patient need.  

2.4.2 Asthma Care Map  

One of the main components of the PCAP is the asthma care map (ACM) (Appendix A). 

This tool was developed by the Ontario Thoracic Society, along with the Primary Care Asthma 

Pilot Project (PCAPP) Design Task Force as part of the APA (17).  The ACM is as a template for 

guideline-based management (82). All elements of the Canadian Asthma Consensus Guidelines, 

including assessment, diagnosis, drug therapy, treatment plan, action plan, patient education and 

environmental control, are incorporated (82). Since revised in January 2007, the ACM has 

included patient self-report of suspected WRA and seven WRA screening items.  

The ACM was designed to be used by a multidisciplinary team of primary care providers 

(82). In the PCAP setting, it is typically the educator who completes the ACM alongside the 

patient during an asthma education visit. An initial assessment covers asthma diagnosis; severity; 

allergy history; smoking history; occupation history; risk factors; triggers; and environmental 

controls. Over follow-up assessments, a variety of items is continually updated and monitored. 

These items include asthma control criteria, spirometry/peak expiratory flow readings, review of 

educational materials, medication (changes, adherence to medications, device technique optimal), 

prevention (smoking cessation, immunization, triggers, environmental control), and management 

strategies (written action plan). Such items are associated with patient outcome and require 

ongoing monitoring in the clinical management process. The ACM, as well as notes from the 

education visit, are made available to the patient’s primary care physician.   
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In 2008, an e-record pilot project evaluated the feasibility of incorporating the ACM into 

the electronic medical records of two Ontario primary care sites (84). The electronic version of 

the ACM made it possible to collate and report on patient, site and health system indicators (84).  

2.5 The Work-related Asthma Screening Questionnaire (Long-version) (WRASQ(L))  

2.5.1 Development and Literature Review 

 As a means of prompting an evidenced-based approach to the assessment of patients 

answering affirmatively to an ACM screening question, in 2009, the Work-related Asthma 

Screening Questionnaire (long-version) WRASQ(L) was developed by Lougheed and associates 

at Queen’s University (19) (Appendix B). This intervention was to be implemented in the primary 

care setting, since adults with asthma are predominantly cared for by their primary care 

physicians and this setting may be considered a point of initiation for the suspicion of WRA (16). 

With the knowledge that main barriers to detection are the time and knowledge constraints of 

primary care providers (14), the objective was to develop a succinct screening questionnaire that 

would aid in the identification of individuals at risk of possible WRA and act as a knowledge 

translation tool for best practice guidelines in the assessment of possible WRA (19).  

The first step in the development of the WRASQ(L) was to assemble an expert panel 

advisory committee consisting of respiratory medicine providers, occupational lung disease 

experts, and epidemiologists (19). This committee provided feedback at each stage of 

development. Next, a comprehensive online search (literature review) was conducted to compile: 

existing instruments and questions (items); published studies assessing validity and reliability of 

these instruments and items; a comprehensive list of potential exposures.(19) Results of the 

search included ten respiratory instruments containing occupation and/or exposure items (19) (see 

Appendix C for a description of each tool). Ultimately, from this search it was evident that there 

were no screening tools for WRA suitable for use in primary care, providing solid rationale for 
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the development of the WRASQ(L). Using the tools of the review as reference, a draft 

questionnaire was devised and edited iteratively (19). Further, the questionnaire was assessed for 

content and face validity by the expert panel advisory committee (19). A short-version (Work-

related Asthma Screening Questions (WRASQ)) (6 items) was created to supplement a set of 

seven existing WRA screening items found on the ACM used in Ontario PCAP sites. The long-

version (WRASQ(L)) (14 items) is the stand-alone ‘full’ version originally designed for primary 

care sites which did not employ the ACM (non-PCAP primary care locations).  

The WRASQ(L) is a 14-item self-administered questionnaire.  Items can be grouped into 

four concepts: past and current occupation type(s) and duration (3 items), relationship between 

asthma symptoms and work (8 items), past and current exposure agents (2 items), management of 

personal exposure (1 item) (19). The WRASQ(L) contains the same WRA screening items of the 

ACM (except for patient self-reported suspicion of WRA, and two of the ACM symptom 

screening items are condensed to one on the WRASQ(L)), plus an additional 7 items. The aim of 

this instrument is to detect patients at risk of WRA by prompting a more detailed history of 

employment and potential inhalation exposures. If the questionnaire responses provide reason for 

the suspicion of WRA, the provider should be prompted to initiate further investigation. 

2.5.2 Pilot Testing 

 The WRASQ(L) (paper version) was evaluated for questionnaire burden and test re-test 

reliability in a pilot study by Lougheed et al. (20). Thirty-nine working-age adults were enrolled 

from asthma clinics and the Asthma Education Centre at the Kingston General Hospital. 

Participants were asked to respond to a paper version of the WRASQ(L) on two separate 

occasions, the first administration took place during a clinic visit and the second administration 

was sent in the mail. Further, they were asked to comment on the content and ease of completion 

of the WRASQ(L). Thirteen participants were lost to follow-up and did not complete the 

questionnaire a second time; however, the recruited study sample did not differ significantly from 
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the final study sample. Test re-test was evaluated using the intraclass correlation coefficient 

(ICC). The majority of asthma symptom and exposure items exhibited moderate (0.60-0.80) to 

substantial (0.80) reliability (20). The average completion time of the questionnaire was 7.4 

minutes. Subjects denied that items were ‘repetitive’, ‘not useful’ or ‘difficult to understand’. It 

was concluded that the WRASQ(L) exhibits content validity and item stability and has low 

respondent burden (20). 

2.6 Summary of the Rationale 

Due to its adverse health outcomes, its improved prognosis with early detection and its 

relatively high prevalence, WRA is an appropriate disease for screening. Further, despite the 

publication of clinical guidelines, WRA is under-recognized and there are often long-delays 

between symptom onset and diagnosis. Although certain questions addressed by physicians in the 

assessment of WRA have been validated in the diagnosis of OA, there is need for a succinct, 

screening questionnaire to aid in the identification of individuals with possible WRA in the 

primary setting. Such a tool would also serve as a knowledge translation tool for best practice 

guidelines. Adults with asthma are predominantly cared for by their primary care physician, and 

therefore an intervention designed to ultimately improve the detection of WRA should be 

implemented within this setting. To our knowledge, there are no existing screening tools for 

WRA suitable for use in primary care. The Work-related Asthma Screening Questionnaire (Long-

version) (WRASQ(L)) is a 14-item tool that was developed by Lougheed and associates in 2009. 

To date, the WRASQ(L) has only been evaluated for item stability and respondent burden.
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Chapter 3 

Methods 

3.1 Introduction  

The Work-Related Asthma and Allergies Prevention and Early Detection (WRAAPED) 

Research Program is a team grant funded by the Allergy, Genes and Environment Network of 

Centres of Excellence (AllerGen NCE Inc.), lead by Principal Investigator Dr. Diane Lougheed.  

There are seven projects operating under the WRAAPED Research Program, one of which is the 

parent project to this thesis entitled ‘Improved Detection of Work-Related Asthma in Primary 

Care: The Prospective Evaluation of the Implementation of a WRA Screening Tool and 

Algorithm’.  This project received ethics approval by the Queen’s University Health Sciences and 

Affiliated Teaching Hospitals Research Ethics Board in October 2009. 

Since this thesis project was embedded in the parent study, many of the following thesis 

methods reflect descriptions of the parent project. However, the purpose, objectives and analysis 

strategies are specific to this thesis project and were developed by the candidate under the 

guidance of supervisors Drs. Lougheed and Groome. The candidate assumed both participant 

recruitment and site coordination responsibilities within the parent project throughout its design, 

implementation and data collection phases. A more detailed description of such responsibilities is 

provided in section 3.5.  

3.2 Overview of Thesis Project 

3.2.1 Purpose and Objectives  

The purpose of this study was to assess whether the WRASQ(L) provided additional and 

reliable information on a patient’s likelihood of WRA, beyond what is collected in standard care, 
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to explore the relationship of WRASQ(L) responses to clinical actions and to assess the use of the 

WRASQ(L) in the primary care setting.  

More specifically, the objectives of this thesis project were: 

1) to assess whether the WRASQ(L) provided added information on a patient’s likelihood of 

WRA, beyond what is collected in the ACM; 

2) to explore the relationship of WRASQ(L) responses to the clinical actions of the care 

provider (asthma educator), as per guidelines for the assessment of suspected WRA; and 

3) to evaluate the test re-test reliability of the WRASQ(L) in the primary care setting.  

3.2.2 Design  

The parent project is a prospective, controlled intervention trial involving three Ontario 

PCAP sites. We planned to recruit participants between June 2011 and March 2012 but due to 

low recruitment, we later decided to extend recruitment at participating sites until December 

2012.  The study population for this thesis project includes only those participants recruited 

between June 2011 and March 2012. 

This thesis project focused solely on two of the three sites involved in the parent project. 

These two sites were assigned enhanced versions of the ACM and Asthma Diagnosis and 

Management Algorithm (enhanced algorithm, see Appendix D). The enhancements included: 

i) a 14 item work-related asthma screening questionnaire (WRASQ(L)) (enhanced 

ACM); and 

ii) reminders to include recommended tests to evaluate individuals with possible 

WRA in the management algorithm, based on practice guidelines for the 

assessment of suspected WRA (enhanced algorithm, see Appendix D). 

3.2.3 Setting  

To be eligible for the study, PCAP sites had to be:  
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- able to maintain record of patient consent to participate in a research study; 

- using an electronic medical record and capable of incorporating the proposed 

questionnaire and algorithm;  

- able to extract the study information from their electronic medical record; and 

- able to complete an ‘environmental scan’ of their site listing selected demographics, 

e.g.: estimate numbers of (adult patients aged 18-65 years) patients, primary care 

physicians, nurse practitioners, asthma educators, consent for research collected, 

proximity to specialist (occupational medicine, respirology, other).   

Three PCAP sites met such criteria and participated in the parent project. The two PCAP 

sites included in the thesis project, named ‘Site 1’ and ‘Site 2’ for purposes of this thesis, will be 

further described.  Both sites had multiple primary care locations of similar urban/rural status and 

proximity to tertiary care/specialist care providers. Further, medical charting for asthma 

management was done electronically using the ACM at both sites.  However, Site 1 and Site 2 

used different electronic medical charting systems, named for purposes of this thesis, ‘Site 1 

electronic charting system’ and ‘Site 2 electronic charting system’.  

Site 1 was comprised of eight primary care locations, seven of which were community 

family health teams (PCAP locations). The eighth location was an asthma education centre 

located within a hospital setting which received patients referred from both primary care 

providers and specialists.  There were two asthma educators who cared for adult asthma patients 

seen at these locations. One asthma educator worked directly from an asthma education centre, 

while a second asthma educator traveled to each community PCAP site 1-2 times/month for 

scheduled asthma education clinics. Site 2 was comprised of the 19 primary care locations (PCAP 

locations), including family health teams, community health centers, nurse practitioner clinics and 

solo physician practices. There were seven educators (asthma educators and respiratory 

educators) who traveled to Site 2 locations for scheduled asthma education visits.  
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For the rest of this report, the asthma educators from Site 1, and both asthma and 

respiratory educators from Site 2 will be collectively referred to as ‘asthma educators’.  

3.2.4 Participants 

Study participation was limited to adult asthma patients cared for at the sites. Patients 

were eligible if they were English-speaking, of working-age (18-65 years) and had a diagnosis of 

asthma (doctor diagnosis, confirmed or suspected). The only exclusion criterion was a confirmed 

diagnosis of chronic obstructive pulmonary disease (COPD). The following are examples of types 

of participants who were eligible for recruitment:     

- new onset asthma without suspicion of WRA; 

- long-standing asthma without suspicion of WRA; 

- new onset asthma at first assessment visit with suspicion of WRA; 

- recent onset asthma (within 1 year) follow-up visit with suspicion of WRA; 

- long standing asthma with new suspicion of work-relatedness; and  

- previously diagnosed WRA.  

Those with previously diagnosed WRA were included in order to contrast WRASQ(L) 

responses between those suspected, excluded and confirmed cases of WRA.  

3.2.5 Recruitment 

Consecutive patients from each site’s roster of adult asthma patients were invited to 

participate at their regularly scheduled asthma education appointment. The asthma educators 

recruited eligible participants by providing a description of the study, addressing study-related 

questions and concerns, and obtaining written, informed consent (see Appendix E for 

‘Information and Consent Form’).  

Due to the limited time for research during an asthma education visit, recruitment and 

facilitating research procedures were burdensome for educators. Starting in the fall of 2011, the 
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research assistant (thesis candidate) traveled to two of the Site 1 community locations 2-3 days 

each month to aid the asthma educator in recruitment. In an effort to alleviate workload for the 

second educator at Site 1, in December of 2011, the study research assistant was also allocated 

the responsibility of participant recruitment at the asthma education center (hospital location of 

Site 1). The research assistant was ‘on call’ during the operating hours of the asthma education 

centre from Monday to Wednesday 8AM to 4PM. At the end of an education visit, the asthma 

educator assessed whether the patient met eligibility criteria, and if they did, the asthma educator 

provided the patient with a brief description of the study.  If the patient showed interest, the 

asthma educator called the research assistant to the asthma education centre to provide the patient 

with more information on the study, address any concerns and obtain informed, written consent. 

In doing this, the asthma educator was afforded the time to promptly begin the next patient visit 

or attend to other clinical duties. On days where traveling to a community location coincided with 

a scheduled clinic at the asthma education center, the research assistant recruited at the site with 

the highest number of patients scheduled that day. For Site 2, participant recruitment remained a 

responsibility of the site asthma educators. It was understood that study recruitment rates would 

be lower when educator workload was high.  

According to sample size calculations for the parent project, a minimum of 50 

participants were to be recruited from each site. Consequently, a total of 100 participants were 

expected (but not achieved) for this thesis project.   

3.2.6 Intervention 

Care was ‘as usual’ at the two sites, except when the participant consented to participate 

in the study, prompting:  

1. Participant self- administration of the electronic version of the Work-related Asthma 

Screening Questionnaire (WRASQ(L)) at each asthma education visit within the study 

period; and  
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2. Reminders for the care provider (asthma educator) to record, when pertinent:  

- the existence and nature of relationships of asthma symptoms to work environment 

(and dates); 

- the suggestion/submission of a specialist referral, the reason for referral, the 

specialist type and date of referral; 

- the provision of instruments and material for recording Peak Flows at work 

(Diary); 

- whether discussion of management strategies with patient had occurred i.e. staying 

at current employment (if feasible) at least until investigations are complete and 

relationship of symptoms with work is ascertained; and 

- whether discussion of WSIB claim process with patient had occurred and whether a 

claim (if applicable and appropriate) had been submitted.  

3.2.7 Outcome Measures  

The outcome measures of this thesis project (objective 2, specifically) relate to the 

clinical actions of the care provider (asthma educator).  

• Primary outcome: 

- The number of newly-suspected WRA cases detected at each site. 

• Secondary outcomes recorded for those with newly-suspected WRA: 

- The number referred to a specialist by the asthma educator under the suspicion of 

WRA; 

- The number with whom the asthma educator discussed whether it is advisable to 

remain at current job (job where suspected exposures exist) until diagnostic tests 

performed to allow confirmation or exclusion of diagnosis of WRA;  

- The number to whom the asthma educator provided a peak flow meter and diary; and 
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- The number with whom the asthma educator discussed the option of a WSIB claim. 

3.2.8 Data Sources 

3.2.8.1 Electronic Medical Charting Systems 

In standard practice, the electronic version of the ACM is completed by the asthma 

educator using the site’s respective medical electronic charting system.  Consequently, ACM data 

elements were collected on the ‘Site 1 electronic charting system’ at the first site and on the ‘Site 

2 electronic charting system’ at the second site. Information technology (IT) personnel at each 

respective site were responsible for extracting ACM data on consented participants.   

3.2.8.2 AsthmaLife® 

In conjunction with the design of this study, an electronic study portal (web access) 

named AsthmaLife® (www.asthmalife.com) was developed to house the study questionnaires, as 

well as provide a means to collect additional data elements not captured on the ACM (described 

in Section 3.2.9). Study coordinators were responsible for extracting AsthmaLife® data.  

3.2.9 Data Elements 

The electronic ACM captures many data elements related to asthma management. The 

relevant ACM data elements for this study are described in Table 1.  

 

 

 

 

 

 

 



 33 

Table 1 Relevant Standard Care (ACM) Data Elements 

Variable Description 
Demographics 
 Date of birth DD/MM/YYYY 
 Gender  M/F 
 Height Meters or centimeters 
 Weight Kg 
 Non-smoker Y/N 
 Ex-smoker Y/N 
 Current smoker Y/N 
 Allergy history Y/N 

 Family history of 
allergy or asthma Y/N/Unknown 

Diagnosis 
 Asthma diagnosis Confirmed/suspected/unknown 
 Date of diagnosis  DD/MM/YYYY 

 

Method confirm 
diagnosis 

- ≥ 12-15% change in FEV1 post bronchodilator (min. 180 mL) 
or  

-  ≥ 20% change in FEV1 after 10-14 day course of prednisone or 
ICS trial (min. 250mL) or  

- 20% diurnal variation of FEV1/Peak Flow; 20% change post-
bronchodilator or over time or  

- Methacholine challenge: 20% reduction in 
FEV1[PC20]<8mg/mL 

Severity 
 Hospitalized Total # times ever and how recent (< or > 2 years). 
 ED visits Total # times ever and how recent (< or > 2 years). 
 Near fatal episodes Total # times ever and how recent (< or > 2 years). 
 Prednisone use Total # times.  

 FEV1 or PEF < 60% 
predicted Y/N 

Occupational 

 Occupation Current occupation: drop down menu (differs by site, see  
Appendix F) 

 Exposure Work exposures: drop down menu (differs by site, see Appendix G) 

 Suspicion Patient states there is a relation between asthma symptoms and 
work (Y/N).  If Y, proceed to symptom items: 

 

 Symptoms - Asthma symptoms started at work (Y/N) 
- Asthma symptoms started within days of an accidental spill or 

fire (Y/N) 
- Asthma symptoms worsened at work (Y/N) 
- Chest symptoms (cough/wheeze/chest tightness/shortness or 

breathe) different (less) on days off work (Y/N) 
- Chest symptoms different (less) on holidays (Y/N) 

Y=yes; N=no 
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Table 2 describes the additional data elements that are not currently collected in standard 

care but were added for the purposes of this study, collected using AsthmaLife®. Included is a 

series of demographic items, WRA-specific data elements (enhancements to the Asthma 

Diagnosis and Management Algorithm), as well as the WRASQ(L) data elements.  

Table 2 Additional Data Elements Collected for Study Purposes 

Variable Description 
Additional demographics 
 Education Highest level of education completed: prefer not to say; grade 8 or 

below; some high school; high school graduate; technical training; 
some college or university; college or university graduate; post 
graduate study.  

 Household 
income 

Approximate annual household income: prefer not to say; <$20000; 
$20000- 39000; $40000-59000; $60000-79000; $80000 or more.  

 Symptom onset Age participant noticed they had breathing problems (age).  
 Co-morbid 

conditions 
Self-reported asthma-related co-morbid conditions: anaphylaxis; ASA 
reactions; cancer; conjunctivitis; COPD; diabetes; eczema; GI bleeding; 
heartburn; heart disease; high blood pressure; hives; inflammatory 
bowel disease; kidney disease; liver disease; nasal polyps; other lung 
diseases; peptic ulcer; rheumatoid arthritis; rhinitis; sinusitis. 

 Seasonal variation Season where symptoms are made worse: spring; summer; fall; winter; 
no difference.  

WRA-specific elements 
 WRA suspicion/ 

diagnosis 
- Relationship of symptoms to work environment: unknown; 

suspected; not suspected; diagnosis confirmed; diagnosis excluded.  
- If suspected relationship or WRA diagnosis confirmed or excluded: 

date 
- If diagnosis of WRA previously confirmed or excluded, methods 

used to confirm: serial methacholine challenge; peak flow diary; 
stop/resume work trial; specific inhalation challenge. 

 Referral - Referral submitted (date) 
- Reason for referral (free text) 
- Type of specialist: respirologists; occupational medicine specialist; 

ENT; allergist; other.  
- Specialist appointment date (date) 
- Specialist visit completed (Y/N) 
- If yes: date appointment completed (DD/MM/YYYY) 

 Remain at current 
work 

- Discussed: Y/N or N/A 
- Patient still at current work: Y/N 
- If N: Date patient stopped work 
- If N: Reason 

 Peak flow diary - Peak flow (meter) and diary given: Y/N 
- If yes: date given 

 WSIB  - Eligible for WSIB: Y/N/Unknown 
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Variable Description 
- Eligibility for claim discussed: Y/N/Unknown 
- If yes, claim initiated: Y/N/Unknown 
- If yes, claim initiated: Date 
- If yes, claim decision: text 
- If yes, claim decision: date 

WRASQ(L) elements 
 Views - Username of viewer 

- Viewed date and time  
 Date - Text (DD/MM/YYY) 
 Source - Self-assessment (Y/N)  
 Occupation - Current occupation: text 

- Current occupation start date: DD/MM/YYY 
- Past occupation1: text  
- Past occupation1 start date: DD/MM/YYY 
- Past occupation1 end date: DD/MM/YYY 
- Past occupation2: text 
- Past occupation2 start date: DD/MM/YYY 
- Past occupation2 end date: DD/MM/YYY 
- Current employment status: full-time; part-time; shift work; 

modified duties; off work due to respiratory health; other (text). 
 Symptoms - Asthma symptoms start at work (Y/N). 

- Asthma symptoms start in the days of a spill or fire at work (Y/N). 
- Asthma symptoms worsen at work (Y/N). 
- Asthma symptoms worsen on first day back from work (Y/N). 
- Asthma symptoms worsen during the work day (Y/N). 
- Asthma symptoms worsen at home after work (Y/N). 
- Asthma symptoms worsen throughout the work week (Y/N). 
- Chest symptoms (cough/wheeze/chest tightness/shortness of 

breath) different (less) on days off work and/or holidays (Y/N). 
 Exposure - Current workplace exposure (Y/N each): adhesives/glues; 

agricultural agents (e.g. grain); animal/fish materials; biologic 
agents (enzymes, moulds, viruses); chemicals; cleaning agents; 
cold air; dust; dyes; food agents (e.g. flour); fumes (e.g. exhaust); 
insects/insect materials; isocyanates; natural rubber products; 
pharmaceuticals; plants/plant materials; metal working fluids; 
metals; smoke; textile fibres; wood dust; other (text). 

- Past workplace exposure (Y/N each): adhesives/glues; agricultural 
agents (e.g. grain); animal/fish materials; biologic agents (enzymes, 
moulds, viruses); chemicals; cleaning agents; cold air; dust; dyes; 
food agents (e.g. flour); fumes (e.g. exhaust); insects/insect 
materials; isocyanates; natural rubber products; pharmaceuticals; 
plants/plant materials; metal working fluids; metals; smoke; textile 
fibres; wood dust; other (text). 

Y: yes, N: no, GI: gastrointestinal, COPD: chronic obstructive pulmonary disease, ENT: Ear nose and throat  
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3.2.9.1 A Comparison of Occupational Data Elements on the ACM and the WRASQ(L) 

Three general concepts emerge from both the WRASQ(L) and ACM data elements; 

occupation, work-related symptoms and workplace exposures. Table 3 presents a comparison of 

both tools on these concepts. The ACM was implemented into the electronic charting tools of Site 

1 and Site 2 independently. In general, ACM data elements are consistently defined across each 

site’s electronic charting tool.  However, there are two key differences. In the conversion of the 

ACM from paper to electronic form, the ‘occupation’ and ‘workplace exposure’ elements were 

changed from an open field to drop-down menus of occupations and exposures that are associated 

with WRA. These conversions were done independently at each site, and consequently, the 

categories for both ‘occupation’ and ‘workplace exposures’ differ depending on the site’s 

development method (experts consulted, literature referenced). Site 1 occupation categories are 

more general than those of Site 2, while Site 1 workplace exposure categories are more specific 

than those of Site 2.  Appendix F and G present the categorizations by site.  

The ACM items are completed by the asthma educator by asking the participant the 

questions, with opportunity for discussion and clarification. The WRASQ(L) is completed by the 

participant alone. The occupation item on the ACM is generally meant to capture current 

occupation, but at Site 1, the text note option is sometimes used to report past occupations if 

deemed relevant. Similarly, the exposure item on the ACM is generally meant to capture current 

workplace exposures, but at Site 1, the text note option is sometimes used to report past exposures 

if deemed relevant.  
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Table 3 A Comparison of Occupational Data Elements on the ACM and the WRASQ(L) 

Standard Practice (ACM) WRASQ(L) 

 
Occupation Items 

Occupation: 
Site 1: 17 occupation categories + option for text note (Appendix F) 
Site 2: 37 occupation categories (Appendix F) + text box for ‘other’ 

Item 1 Current occupation: Open field + Start Date 
Item 2 Past occupation: Two open fields + 2 Start Date/End Date 
Item 3 Employment Status 

 
Symptom Items 

Relation between asthma symptoms and work, if yes:  

 

Started at work Item 4 Did your asthma symptoms start at work? 

Starting within days of an accidental spill or fire Item 5 Did your asthma symptoms start in the days of a spill or fire 
at work? 

Worsened at work Item 6 Did your asthma symptoms worsen at work? 

 Item 7 Do your asthma symptoms worsen on your first day back to 
work? 

 Item 8 Do your asthma symptoms worsen during the work day? 
 Item 9 Do your asthma symptoms worsen at home after work? 

 Item 10 Do your asthma symptoms worsen throughout the work 
week? 

Chest symptoms (cough/wheeze/chest tightness/shortness of 
breath) different (less) on days off Item 11 Are chest symptoms (cough/wheeze/chest tightness/shortness 

of breath) different (less) on days off work and/or holidays? Chest symptoms different (less) on holidays 
 

Exposure Items 
Workplace exposures: 
Site 1: 31 exposure categories + option for text note (Appendix G) 
Site 2: 12 exposure categories (Appendix G) 

Item 12 Current workplace exposures: 22 categories (Appendix B) 

Item 13 Past workplace exposures: 22 categories (Appendix B) 
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3.2.10 Data Collection  

 All data were collected in the electronic form; see Table 4 for an overview.  

The electronic study portal (web access) AsthmaLife® (www.asthmalife.com) was 

developed to house the study questionnaires, as well as provide a means to collect additional data 

elements not captured currently in standard care (ACM) (see Table 2).  All care providers and 

research personnel involved in the study were provided a username and password to access their 

own account on the provider portal of AsthmaLife® (www.asthmalife.com/provider).  Once a 

participant provided written consent to participate in the study, the asthma educator or research 

assistant logged into the provider portal to electronically register and record the participant’s 

consent into the WRA study. This electronic registration automatically assigned the participant an 

account on the patient portal of AsthmaLife® (www.asthmalife.com/patient), while the electronic 

consent automatically assigned the participant accessibility to the WRASQ(L) once they logged 

into the patient portal. The participant’s login information for the patient portal included their 

date of birth, chart identification number and site name. The participant logged into AsthmaLife® 

and completed the WRASQ(L) using a research lap top or clinical computer.  

For Site 1, the additional demographic and WRA-specific elements were housed on the 

provider portal of AsthmaLife®. The demographic items were to be asked of participants by the 

asthma educator during the initial study visit. The WRA-specific items, however, were to be 

completed after the asthma educator had viewed the participant’s responses to the WRASQ(L). 

Consequently, the provider portal also housed participant questionnaire responses, accessible by 

the respective asthma educator. The WRA-specific elements could be updated throughout the 

study period, as more information became available. For Site 2, the additional demographic items 

and WRA-specific elements were incorporated into the site’s electronic charting tool. 

Consequently, for such asthma educators, the provider portal of AsthmaLife® was solely used to 

record participant consent and to view participants responses to the WRASQ(L).  
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Table 4 Overview of Data Collection  

   Where 
Data elements Input by When Site 1 Site 2 
Standard Care:   

ACM Asthma 
Educator  

During each visit (on 
clinical computer) 

Site 1 
Electronic 
Charting Tool 

Site 2 
Electronic 
Charting 
Tool 

Added for study purposes:   

Additional 
demographics 

Asthma 
Educator  

During initial visit (on 
clinical computer) 

AsthmaLife® 
provider portal 

Site 2 
Electronic 
Charting 
Tool 

WRA-specific 
elements 

Asthma 
Educator 

After having viewed patient 
questionnaire responses, 
and updated as information 
becomes available  (on 
clinical computer) 

AsthmaLife® 
provider portal 

Site 2 
Electronic 
Charting 
Tool 

WRASQ(L) elements Participants 
During each visit (on 
research lap top or clinical 
computer, if need be) 

AsthmaLife® 

patient portal 
AsthmaLife® 

patient portal 

3.2.11 Study Work Flow  

3.2.11.1 Planned Study Work Flow 

Figure 2 depicts the planned study workflow. The participant was to be recruited at the 

beginning of the education visit, the questionnaire administration would occur during the visit and 

the WRA-specific elements would be completed with available information by the asthma 

educator toward the end of the visit (see Figure 3.1). This workflow would provide an 

opportunity for the asthma educator to view the participant’s questionnaire responses, and then 

proceed to complete the WRA- specific elements based on such information with the patient 

available for discussion. This is an appropriate workflow since the study was designed to assess 

the influence of the WRASQ(L) responses on clinical decisions, many of which involve patient 

interaction (e.g. the provision of a peak flow diary, discussion of remaining at work and the 

WSIB claim process). The asthma educator’s clinical duties (asthma education) could be 
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Participant 
consent 

Questionnaire 
administration  

Demographic & 
WRA-specific 

elements  

Duration of asthma education visit 

Clinical duties: asthma 
education 

Educator 
Viewing of 

Questionnaire  

Initial 
Visit: 

Follow-
up Visit: 

Questionnaire 
administration  

Educator 
Viewing of 

Questionnaire  

Updating WRA-
specific elements  

conducted between such research activities, or completely before or completely after. There was a 

lot of flexibility, and sites could operate differently depending on their own preferred work flow. 

Further, for reliability testing purposes, the WRASQ(L) was to be completed at each subsequent 

education visit within the data collection period (June 2011- March 2012). During such follow-up 

visits, the WRA-specific elements could be updated by the asthma educator if new information 

had become available. 

Figure 2 Description of Planned Study Work Flow 

 

 

 

3.2.11.2 Barriers to Planned Workflow at Site 2  

In general, the proposed study workflow depicted in Figure 2 was followed at Site 2. 

However, the one aspect that was not in accordance with this workflow was the viewing of the 

questionnaires by the educators. In most cases, the educator recruited the participant into the 

study at the beginning of the visit on the provider portal of AsthmaLife. They then facilitated the 

administration of the WRASQ(L) by providing their computer to the participant so they could log 

into the patient portal of AsthmaLife® to complete the WRASQ(L). Introducing the patient to the 

study, obtaining consent and facilitating the WRASQ(L) administration could take upwards of 30 
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minutes. After such activities were complete, the educator often began the standard asthma 

education visit by logging into the Site 2 Electronic Charting tool and completing the ACM with 

the participant. Conveniently, at this site, the additional study elements (demographic and WRA-

specific elements) were incorporated into the electronic charting tool. However, incorporating 

these elements into standard care was one less reason for the educator to remember to have to log 

into the provider portal and view their participant’s WRASQ(L). In an effort to avoid missing 

data, regular reminders to view the WRASQ(L) on the provider portal were sent by the research 

assistant to Site 2 educators throughout the study period.  

3.2.11.3 Barriers to Planned Workflow at Site 1  

The workflow depicted in Figure 3.1 was attempted at Site 1, but was not successful. In 

order for the study to proceed in light of the lengthy recruitment process and the limited time for 

research-related activities, recruitment procedures had to be conducted either before or after the 

education appointment. Fortunately, this site had access to the research assistant for help with 

recruitment.  In an effort to achieve the general work flow presented in Figure 3.1, the plan was to 

send eligible patients a letter in the mail with information and consent forms for the study, asking 

them to attend their next education visit 20 minutes early if they were interesting in participating 

in such research. During this time, the research assistant could obtain written, informed consent 

and facilitate the administration of the WRASQ(L) on the research lap-top. During the education 

visit, the asthma educator could view the participant’s WRASQ(L) on their (provider) portal of 

AsthmaLife®, and complete the demographic and WRA-specific data elements with the 

participant available for discussion. These research activities carried out by the asthma educator 

were quick and worked naturally into the flow of a standard asthma education visit. A letter was 

sent to approximately 20 patients but very few arrived early for this purpose (Appendix H). Those 

who did come early did not arrive with enough time to complete the consent and questionnaire. 

We then decided that participants would be recruited at the end of the visit, according to 
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recruitment procedures described in the section 3.2.5. This approach meant that Site 1 asthma 

educators had to review the participant’s questionnaire responses on a separate occasion, and they 

also had to phone the participant to complete the additional demographics and WRA-specific 

elements if they did not have a scheduled asthma education visit within the study period. 

Although the additional data elements were monitored for completeness during the study period, 

the ‘viewing’ of WRASQ(L)s was not monitored.  Consequently, asthma educators were 

regularly reminded about which participants still needed demographic and WRA-specific 

elements completed and they were also generally reminded to view participant’s responses 

beforehand. The asthma educators called each participant a maximum of three times to obtain 

missing information. 

3.2.11.4 Barriers to the Second Administration of the WRASQ(L) at Sites 1 & 2 

At least two administrations of the questionnaires were asked of each participant for the 

purpose of reliability testing. Many did not have a repeat education visit within the study period 

because the majority of the participants were recruited in the later phase of the study. Asthma 

educators called participants and asked them to complete a second questionnaire using the 

electronic study portal (web-access) (AsthmaLife®) on a home or public computer. They 

provided participants with their log-in information (site, chart identification number and date of 

birth) and directions for the electronic interface. Participants without access to internet or a home 

computer answered the WRASQ(L) questions over the phone and the asthma educator entered 

responses to the WRASQ(L) on the provider-portal of AsthmaLife®.  AsthmaLife® was able to 

monitor which WRASQ(L)s were completed on the provider portal as opposed to the patient 

portal.  

All modifications to the protocol were approved by the Queen’s University Health 

Science Research Ethics Board in March 2012. Although recruitment ended in March 2012, 

collection of missing data and phone calls to participants continued through the summer of 2012. 
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3.3 Statistical Analyses  

 The following statistical analyses were conducted using SAS® (Version 9.3, Cary, North 

Carolina, USA) and IBM® SPSS® for Windows (Version 20.0). AsthmaLife® data extractions 

were linked to the electronic ACM data by the participant chart identification number. All 

participant identifiers were removed after the thesis dataset was created. 

3.3.1 Descriptive Analyses 

Univariate analyses were conducted to describe study sample characteristics. Continuous 

variables were described by measures of central tendency (mean, median) and measures of 

dispersion (standard deviation, range). Frequency distributions and percentages were computed 

for discrete variables. To assess the generalizability of the results, baseline demographics (age, 

sex) of the study sample were compared to the entire population of adult asthma patients (18-65 

years) cared for at participating PCAP sites during the study period. In order to assess 

recruitment, the number of participants recruited and the number of visits of eligible participants 

not recruited, were described by month.   

WRASQ(L) responses were also described. Frequency distributions and percentages were 

computed for items with discrete outcomes (items 3-14, Appendix B).  Current and past 

inhalation exposure items (items 12-13, Appendix B) were also summed (count of exposures 

reported, separately for past and current) and measures of mean, standard deviation and range 

computed. The occupation distribution was described by classifying responses to open-field 

current and past occupation items (items 1-2) according to Statistics Canada National 

Occupational Classification for Statistics (NOC-S) 2006 (85).  

3.3.2 Objective 1: To Assess Whether the WRASQ(L) Provided Added Information on a 

Patient’s Likelihood of WRA, beyond What is Collected in Standard Practice 

The WRASQ(L) was compared to the ACM on the ability of responses to the 

‘occupation’ items to provide enough detail in order to be categorized into a set of specific high-
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risk occupations for WRA developed by the Canadian Lung Association (CLA) (see Appendix I). 

Occupational history was labeled as not-classifiable (‘N’) if at least one reported occupation was 

not specific enough to be matched or not matched to an occupation on the CLA list. Occupational 

history was labeled as classifiable (‘Y’) if all reported occupations were able to be matched or not 

matched to an occupation on the CLA list with confidence. On the ACM, occupational history 

comprised of the single occupation item, which referred solely to current occupation at Site 2, and 

also may have included past occupation at Site 1. On the WRASQ(L), occupational history 

referred to both past and current occupation items. Classification of responses was conducted by 

the candidate, and verified by an expert asthma reviewer (MDL). McNemar’s Test was computed 

for matched pairs of responses on the WRASQ(L) and the ACM for ‘classifiable’ occupational 

histories.  This was done separately for Site 1 and 2 due to their different set of categories of 

occupations on the ACM. The frequency of ‘high-risk’ occupations, among those that were 

classifiable was also reported.  

The WRASQ(L) was then assessed for the ability of its four additional symptom items to 

collect symptom information that was not collected in standard practice. McNemar’s Test was 

computed for matched pairs of responses on the WRASQ(L) and the ACM for any affirmative  

response to a symptoms item and separately for each additional symptom item on the WRASQ(L) 

to identify sources of new information.  

Lastly, the WRASQ(L) was assessed for its ability to collect workplace exposure 

information that was not collected in standard practice. This was done separately for Site 1 and 2 

due to their different set of categories of workplace exposures on the ACM. McNemar’s Test was 

computed for matched pairs of responses on the WRASQ(L) and the ACM for any affirmative 

response to a exposure item, and separately for current and past exposure items on the 

WRASQ(L), to identify sources of new information. Answers to ‘other’ on either the ACM or 
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WRASQ(L) for workplace exposures were considered an ‘affirmative’ response if they related to 

WRA (from the literature), but were not classifiable using the respective categories.  

3.3.3 Objective 2: To Explore the Relationship of WRASQ(L) Responses to the Clinical 

Actions of the Care Provider (Asthma Educator), as per Guidelines for the Assessment of 

Suspected WRA 

The number of newly-suspected WRA cases was reported. Planned analyses that were 

not conducted due to small numbers included exploring the relationships between this assignment 

and WRASQ(L) responses. The frequency of clinical action outcomes among those new cases 

(see section 3.3.5) was described. Frequency distributions of secondary outcomes were computed 

for a subset of participants with newly ‘suspected WRA’. The frequency of participants who had 

their WRASQ(L) viewed on the provider portal of AsthmaLife®  by their asthma educator was 

also reported.  

3.3.4 Objective 3: To Evaluate the Test Re-test Reliability of the WRASQ(L) in the Primary 

Care Setting 

The first two questionnaires (WRASQ(L)) completed by participants at intervention sites 

were analyzed for their test-retest reliability.  The items tested for reliability were those with 

dichotomous response options (items 4-14, Appendix B). Methodologic considerations were 

addressed by reporting: the number of days between WRASQ(L) administrations;  how often 

WRASQ(L)s were entered by the educator rather than the participant; and by comparing the 

characteristics of those who completed two WRASQ(L) questionnaires (and were, therefore, in 

the reliability study) to those participants did not complete a second administration of the 

WRASQ(L).  Differences between samples on continuous variables were tested using the two-

sample t test for independent samples, once normality of such variables was established by 

assessing measures of central tendency and graphical analysis (histograms, quantile-quantile 

plots). If variables did not fit a normal distribution, the Wilcoxin rank-sum test was used to assess 
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differences between samples. Differences in discrete variables were tested using the chi-square 

test for association. Fisher’s exact test was applied for the computation of p-values in contingency 

tables with expected cell counts of less than five.  A Monte Carlo estimation for the exact test was 

applied for r x c tables with expected cell counts of less than five.  

Items with dichotomous outcomes (Y/N) on the WRASQ(L) were assessed for test re-test 

reliability using Cohen’s Kappa. As described in section 3.3.1, multiple choice items (current and 

past inhalation exposures, items 12 & 13) were converted into continuous variables by separately 

summing past and current exposure items, and then assessed for test re-test reliability by 

computing the ICC (1, 1) using IBM® SPSS® for Windows (Version 20.0).  This method was 

chosen over calculating a Kappa statistic for each separate exposure variable (dichotomous: Y/N) 

due to the relatively small sample size and the low number of anticipated affirmative responses 

for the less common exposures (e.g. isocyanates). We also report the results of paired t tests for 

assessment of systematic differences in exposure counts between time 1 and time 2 and we 

computed how often there was agreement on individual exposure item responses between time 1 

and time 2 for each participant and reported the mean percent agreement.  Paired t tests were 

conducted once normality of exposure counts was established by assessing measures of central 

tendency and graphical analysis (histograms, quantile-quantile plots). Tests of significance of 

Kappa and ICC statistics were conducted against a level of agreement or reliability of 0 and 95% 

confidence intervals reported.   

3.4 Ethical Considerations  

Ethics approval was obtained for the parent project, titled ‘Work-related Asthma and 

Allergy: Prevention and Early Detection (WRAAPED) Research Program: Improving Detection 

of WRA in Primary Care’ (AllerGen NCE Inc. - funded Team Grant, PI: Dr. M Diane Lougheed) 

on October 30th, 2009 by the Queen’s University Health Sciences Research Ethics Board. The 

candidate completed the Tri-Council Policy Statement: Ethical Conduct for Research Involving 
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Humans Course on Research Ethics (TCPS 2: CORE) on November 1st, 2011. A separate 

proposal for this thesis project was submitted by the student to the Queen’s University Health 

Sciences Research Ethics Board, and approval was obtained on March 29th, 2012 (Appendix J).  

In this study, informed, written consent was obtained during the asthma education visit. 

Signing of the consent form was witnessed by the respective care provider for each recruited 

participant. The participant was provided with a second copy of the ‘Information and Consent 

Form’ (Appendix E). All original, signed consent forms are kept in a locked file cabinet at the 

Asthma Research Unit at the Kingston General Hospital. The secure research server 

(AsthmaLife®) included individual questionnaire data, site chart numbers, date of birth, sex and 

postal code. Since it was only accessible to a limited small number of researchers, this level of 

detail is acceptable according to the privacy officer at the Kingston General Hospital. The 

electronic medical charting systems of both sites have security measures to safeguard patient 

privacy built into the applications and are governed by the Canadian requirements for patient 

security and transmission of data as specified by the Personal Information Protection and 

Electronic Documents Act (PIPEDA, Bill C-6 passed in April 2000).  

Study data were accessible by the research personnel at the Asthma Research Unit at 

KGH, which included the candidate. Using ACM and AsthmaLife® data extractions from all sites, 

the candidate created a dataset for thesis analyses purposes, containing de-identified data.  

3.5 Student Contributions  

The general topic of this thesis project was suggested by the candidate’s primary 

supervisor Dr. Diane Lougheed, as a component of the larger parent project. The candidate was 

responsible for the development of the purpose, specific objectives and analysis strategies of this 

thesis project, under the supervision of Drs. Lougheed and Groome.  

The candidate began working on the parent project in May of 2010 as a research 

assistant. In this design phase, the candidate was responsible for creating several instructional 
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study tools for the participating sites, including a 17-page WRA tutorial, a Peak Flow Diary, and 

study instructional cards for recruited participants. The candidate was also responsible for 

representing the study during initial meetings with study site coordinators and worked 

individually with asthma educators on comprehension of study logistics. During the study period, 

the candidate worked in both coordination and recruitment roles. The candidate approached 

eligible patients, gathered informed consent and aided in the electronic administration of the 

questionnaire. In the coordination role, the candidate communicated regularly with study site 

coordinators by conducting conference calls and creating bi-monthly study newsletters for each 

site (see Appendix K for a sample newsletter). In this role, the candidate was also responsible for 

monitoring data completeness, ensuring adherence to study protocol and troubleshooting study 

issues.  The candidate consulted site coordinators and created updated study tools (amendment to 

ethics, revised consent forms, forms to track phone calls made to participants, study flow sheets, 

instructions for the electronic study portal etc.) when modifications to the protocol were made in 

March 2012.  Once data collection ceased in the summer of 2012, the candidate conducted all 

statistical analyses and produced this report. 
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Chapter 4 

Results 

4.1 Final Study Sample 

 Thirty-one participants were recruited from Site 1 and 8 participants were recruited from 

Site 2.  Two participants (Site 1, n=1; Site 2, n=1) were removed from the study sample since 

they did not meet age requirements (18-65 years). The final study sample size was 37 (Site 1, 

n=30; Site 2, n=7). Fourteen participants completed at least 2 administrations of the WRASQ(L).  

4.2 Study Sample Characteristics 

 Table 5 presents the demographic and clinical characteristics of the final study sample. 

The sample consisted of a largely female, middle-aged, overweight population. The majority of 

participants reported onset of asthma symptoms in adulthood (≥ 18 years) (18/28, 64.3%), which 

is also reflected in the mean age at diagnosis (mean, 38.0; SD, 18.6 years).  

Over half of the participants (54.1%) had a confirmed diagnosis of asthma, while 45.9% 

of participants were suspected cases of asthma.  The method used to confirm diagnosis was 

available for 17 of the 20 participants with a confirmed diagnosis. Nine of the 17 were confirmed 

by a ≥ 12-15% change in FEV1  post bronchodilator (minimum 180 mL), while 7 were confirmed 

by a methacholine challenge (20% reduction in FEV1 [PC20] <8mg/mL) and 1 was confirmed 

through a 20% diurnal variation of FEV1 or peak expiratory flow, or 20% change post-

bronchodilator or over time.  

The majority of participants self-reported some indication of severe asthma. Nineteen had 

an ED visit, 17 had used prednisone, 9 had been hospitalized and 3 had a near fatal episode at 

least once due to asthma. Further, 3 participants had an FEV1 or PEF <60% predicted.  Twenty-

six participants reported a history of allergy and 22 participants reported a family history of 
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allergy or asthma. Twenty-two participants reported seasonal worsening of symptoms (season, n; 

fall, 4; winter, 5; spring, 8; summer, 4, spring-summer-fall, 1). The majority of participants were 

life-long non-smokers (Table 5). The asthma-related co-morbid conditions most often reported 

were heartburn, rhinitis and sinusitis. Two participants self-reported COPD as a comorbid 

condition, which was an exclusion criterion.  These participants did not have confirmed COPD 

according to the ACM and were, therefore, not excluded from the study.  

The majority of study participants had received post-secondary education (Table 5).  

Nearly one third of participants had a household income of greater than $80,000 and 23% 

preferred not to respond to that item. All seven participants from Site 2 were missing education 

and income information since those questions were not asked by the asthma educators.  
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Table 5 Study Sample Characteristics 

N=37 n Mean ±SD Median (Range) 
Age, years 37 46.2 ±10.9 47.7 (21-63) 
BMI, kg/m2 34 29.0 ±7.2 28.0 (18.8-48.1) 
Age at diagnosis, years 22 38.0 ±18.6 43.0 (1-60) 
Years since diagnosis  22 9.0 ±15.1 2.0 (0-53) 
N=37 n Categories % 
Gender 37 Female 73.0 
  Male 27.0 
Site  37 1 81.1 
  2 18.9 
Asthma Diagnosis  37 Confirmed 54.1 
  Suspected 45.9 

Smoking Status  35 Non-smoker (life-
long) 51.4 

  Ex-smoker 31.4 
  Current smoker 17.1 

Education  24 Less than or some 
high school 12.5 

  High school graduate 20.8 
  Any post-secondary 66.7 
Household Income, $ 22 <20,000 13.6 
  20,000- 39,000 13.6 
  40,000- 59,000 18.2 
  60,000- 79,000 4.5 
  80,000+ 27.3 
  Prefer not to say 22.7 
Asthma-related comorbid conditions* 29 Anaphylaxis 10.3 
  Cancer 3.4 
  Conjunctivitis 27.6 
  COPD 6.9 
  Diabetes 10.3 
  Eczema 31.0 
  Heartburn 51.7 
  Heart disease 6.9 
  High blood pressure 24.1 
  Hives 6.9 

  Inflammatory bowel 
disease 6.9 

  Kidney disease 6.9 
  Nasal polyps 10.3 
  Other lung diseases 3.4 
  Peptic ulcer 3.4 
  Rheumatoid Arthritis 6.9 
  Rhinitis 62.1 
  Sinusitis 48.3 
*These categories are not mutually exclusive.  
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4.3 A Comparison of Study Participants and the Total Asthma Education Attendee 

Population 

 Table 6 presents a comparison of the study participants to the entire population of adult 

asthma patients (18-65 years) cared for at participating PCAP sites during the study period. The 

study sample had similar age and gender distributions as the population of PCAP patients.   

Table 6 Characteristics of Study Participants and the Total Asthma Education Attendee 

Population 

 Participants (N=37) 

 

Asthma Education Attendee Population (N=344) 

Age (mean ±SD) 46.2 ±10.9 46.3 ± 12.5 

Female (n (%)) 27 (73.0) 244 (70.9) 

4.4 Participant Recruitment, by Month 

Recruitment for this study began June 1st, 2011 and ended March 31st, 2012. Table 7 

presents the number of participants and non-participants, for each month, by site. 

Table 7 Number of Participants Recruited and Visits of Eligible Participants Not Recruited, by 

Month 
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1 
Participants Recruited  0 0 4 4 1 1 4 4 8 4 30 
Visits of Eligible Participants 
Not Recruited 22 24 19 18 33 26 14 17 20 16 209 

2 
Participants Recruited  1 2 1 1 1 0 0 1 0 0 7 

Visits of Eligible Participants 
Not Recruited 22 18 18 22 26 24 16 20 32 29 227 
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4.5 Descriptive WRASQ(L) Results 

4.5.1 Employment Results (WRASQ(L) Items 1-3) 

Current and past occupations reported on the WRASQ(L) (items 1-2) were categorized, 

as presented in Table 4.4. Thirty-six participants reported a current occupation and 33 participants 

reported at least one past occupation with 17 reporting two.  All ten occupation categories listed 

in the Statistics Canada National Occupation Classification for Statistics (NOC-S 2006) were 

represented in past occupations, while primary industry was the only category without 

representation in current occupations. We assumed that general industrial reports (e.g. factory, 

manufacturing, warehouse) were laborers (workers), and not engineers, mechanics, supervisors or 

management within such an industry, since this was simply a descriptive analysis.  Participants 

most often reported occupations, both current and past, classified under the ‘sales and service’ 

category. Five participants were homemakers, five participants were retired, two were off work 

and one was a student. The average number of years spent at current occupation was 9.1 (SD, 9.8) 

and ranged from 0-39 years.  

Responses to item 3 indicated that 45.9% of participants were employed full-time, 10.8% 

were employed part-time, 2.7% performed shift-work and 40.5% reported an ‘other’ employment 

status. Further details were available on eleven of the fifteen participants reporting ‘other’ 

employment status as follows: 4 were off work, 3 were retired and 4 were homemakers.  
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Table 8 Employment Results (WRASQ(L) Items 1-2) 

Occupation Categories 

Item 1: 
Current 

Occupation† 
(n=36) 

Item 2:  
Past 

Occupations‡  
(n=33) 

Management* (%) 2.8 18.2 
Business, Finance and Administrative*  13.9 12.1 
Natural and Applied Sciences and Related*  5.6 9.1 
Health* 2.8 18.2 
Social Science, Education, Government Service and Religion* 2.8 6.1 
Art, Culture, Recreation and Sport* 5.6 12.1 
Sales and Service*  19.4 39.4 
Trades, Transport and Equipment Operators and related* 2.8 12.1 
Primary Industry* 0 6.1 
Processing, Manufacturing and Utilities* 5.6 6.1 
Homemaker 13.9 0 
Retired 13.9 0 
Off work 5.6 0 
Student 2.8 0 
Unclassifiable 2.8 12.1 
* Category from Statistics Canada National Occupational Classification for Statistics (NOC-S) 2006.  
† Total may not add up to 100% due to rounding errors.  
‡ Total may not add up to 100% because participants could report up to two past occupations. 
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4.5.2 Work-related Symptom Results (WRASQ(L) Items 4-11) 

Table 9 describes the results of work-related symptom items (4-11) on the WRASQ(L). 

Over half of the participants answered one symptom item affirmatively. No participants reported 

that asthma symptoms started in the days of a spill or fire at work. Of the WRASQ(L) items 

presented, five items were missing participant responses (item 7, 1 missing; item 8, 1 missing; 

item 9, 3 missing; item 10, 2 missing; item 11, 4 missing). Missing values were considered non-

affirmative responses.  

Table 9 Work-related Symptom Results (WRASQ(L) Items 4-11) 

WRASQ(L) Items 4-11 (N=37) % 
Any symptom item 51.4 
 Item 4 Symptoms start at work 18.9 
 Item 5 Symptoms start in the days of a spill or fire at work 0 
 Item 6 Symptoms worsen at work 32.4 
 Item 7 Symptoms worsen on your first day back to work 21.6 
 Item 8 Symptoms worsen during the work day 37.8 
 Item 9 Symptoms worsen at home after work 16.2 
 Item 10 Symptoms worsen throughout the work week 24.3 
 Item 11 Symptoms less on days off work and/or holidays 32.4 
 

4.5.3 Workplace Exposures and Avoidance Results (WRASQ(L) Items 12-14) 

Table 10 presents the reported current and past workplace exposures.  Cleaning agents, 

dusts, and cold air were the most frequently reported current exposures, while cleaning agents, 

dusts, cold air and chemicals were the most frequently reported past exposures. In general, more 

participants reported past workplace exposures than current workplace exposures. A mean of 4.0 

current exposures (SD, 3.2; range, 0-14) and a mean of 5.1 past exposures (SD, 4.5; range, 0-15) 

were reported.  

Seventeen participants reported the use of protective measures at their workplace. Two 

used a respirator, 11 used a mask, 7 used ventilation and one reported ‘other’ protective measures. 

These seventeen participants were employed in 13 different occupations that spanned eight of the 
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ten categories from the Statistics Canada National Occupational Classification for Statistics 

(2006), plus homemaking (n=1) and retirement (n=3).   

Table 10 Workplace Exposure Results (WRASQ(L) Items 12-13) 

Categories (N=37)  
Current Exposures* 

(Item 12) (%) 
Past Exposures* 

(Item 13) (%) 
Adhesives/glues  13.5 35.1 
Agricultural agents (e.g. grain)  13.5 18.9 
Animal/fish materials  10.8 8.1 
Biologic agents- enzymes, moulds, viruses   21.6 29.7 
Chemicals  32.4 51.4 
Cleaning agents  51.4 70.3 
Cold air  43.2 48.6 
Dust  64.9 62.2 
Dyes 0.0 5.4 
Food agents (e.g. flour)  32.4 29.7 
Fumes (e.g. exhaust) 21.6 27.0 
Insects/Insect materials 18.9 16.2 
Isocyanates 2.7 0.0 
Natural rubber products  5.4 8.1 
Pharmaceuticals 2.7 8.1 
Plants/Plant materials 18.9 27.0 
Metal working fluids 2.7 5.4 
Metals 2.7 5.4 
Smoke 16.2 32.4 
Textile fibres 2.7 2.7 
Wood Dust 10.8 10.8 
Other 8.1 5.4 
*Total may not add up to 100% because participants could report more than one exposure.  
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4.6 Objective 1: To Assess Whether the WRASQ(L) Provides Additional Information on a 

Patient’s Likelihood of WRA, beyond What is Collected in Standard Practice 

4.6.1 Occupation Information Provided by the WRASQ(L) vs. Occupation Information 

Provided by the ACM 

For this objective, occupations were classified according to the CLA list of high-risk 

occupations, based on a conservative set of rules.  

Results for Site 1 are presented in Table 11.  Twelve of 30 participants with documented 

current occupation on the ACM also had a past occupation(s) recorded on the ACM by their 

educator. Twenty-three participants had both their ACM and WRASQ(L) occupation responses 

(occupational histories) deemed as classifiable according to the CLA list of high-risk occupations. 

Three participants whose responses to ‘occupation’ on the ACM were classifiable according to 

the CLA list of high-risk of occupations, but did not have classifiable self-reported responses to 

current and past occupations on the WRASQ(L). In two of those cases, the participant had 

reported a very general, non-specific occupation on the WRASQ(L) (e.g. factory), while the 

provider had reported an occupation on the ACM and also entered very detailed, specific 

information in a ‘free-text’ box which permitted more specific classification of the occupation 

(e.g. worker at [name of manufacturer]). In the third case, both the occupation on the ACM and 

the current occupation on the WRASQ(L) were classifiable, but the reported past occupations on 

the WRASQ(L) were unclassifiable because they were companies, not specific occupation within 

those companies. There were three participants whose self-reported responses to current and past 

occupations on the WRASQ(L) were classifiable, while their reported occupation on the ACM 

was not classifiable. In these cases, the educator had left the occupation item blank on the ACM, 

while the participant had listed ‘retired’ or ‘stay at home mom’ as current occupation on the 

WRASQ(L). Twenty of the 26 (77.0%) WRASQ(L) classifiable occupational histories involved 

an occupation (either past or current) that was considered high-risk. Twenty-one of the 26 

(80.8%) ACM classifiable occupational histories responses involved an occupation (past or 
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current) that was considered high-risk. Eight of those 18 (44.4%) participants without a past 

occupation recorded in on the ACM, had reported a past occupation on the WRASQ(L) that was 

considered high-risk.  

Table 11 Occupation Information Provided by the WRASQ(L) vs. Occupation Information 

Provided by the ACM at Site 1 

 

  ACM   

  Classifiable Occupational 
History, Current & Past   

  N Y Total p-value† 
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Classifiable Occupational 
History, Current & Past 

N 1 3 4 

1.00 

Y 3 23 26 

  Total 4 26 30  
† McNemar’s Test for Correlated Proportions- Exact Test 
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Results for Site 2 are presented in Table 12. All seven occupations on the ACM were 

classifiable. Three participants had a non-classifiable occupational history according to reported 

responses on the WRASQ(L). One of these three participants did not have a classifiable current 

occupation since it was the name of an industry (e.g. fertilizer industry) and the occupation could 

not be inferred. The educator had recorded a more specific occupation for this participant using 

ACM categories (e.g. farmer/grain handler). The other two participants had non-classifiable past 

occupations since they were deemed too general (e.g. factory). Five of seven reported ACM 

occupations were deemed ‘high-risk’, while two of the 4 WRASQ(L) classifiable occupational 

histories were comprised of an occupation (either past or current) that was considered high-risk. 

One participant reported a past occupation on the WRASQ(L) that was considered high-risk. 

Table 12 Occupation Information Provided by the WRASQ(L) vs. Occupation Information 

Provided by the ACM at Site 2 

 

  ACM   

  Classifiable Occupational 
History, Current    

  N Y Total p-value† 

W
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SQ
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Classifiable Occupational 
History, Current & Past 

N 0 3 3 

n/a 

Y 0 4 4 

  Total 0 7 7  
† McNemar’s Test for Correlated Proportions- Exact Test 
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4.6.2 Work-related Symptom Information Provided by the WRASQ(L) vs. Work-related 

Symptom Information Provided by the ACM 

 As seen in Table 13, fourteen participants reported at least one work-related symptom on 

the WRASQ(L) and none on the ACM, while four participants reported at least one work-related 

symptom on the ACM, and none on the WRASQ(L) (p=0.03). Of the four additional symptom 

items present on the WRASQ(L), the ‘worsen during the work day’ item (item 8) identified an 

additional work-related symptom in the highest number of participants (n=10) (p=0.03). In those 

10, 3 also answered affirmatively to the ‘worsen first day back’ item (item 7), 5 answered 

affirmatively to the ‘worsen after work’ item (item 9) and 4 answered affirmatively to the ‘worsen 

throughout work week’ item (item 10). Item 7, 9 and 10 allowed for the identification of a work-

related symptom in an additional 3 participants over those identified in item 8 (one for each item) 

(see Appendix L for these additional cross tabulations).  

Table 13 Work-related Symptom Information Provided by the WRASQ(L) vs. Work-related 

Symptom Information Provided by the ACM 
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  Any symptom   
  N Y Total p-value† 
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Any symptom (items 4-11) N 14 4 18 0.03 Y 14 5 19 
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: 7. Worsen on first day back to work N 24 5 29 1.00 Y 4 4 8 

8. Worsen during the work day N 18 5 23 0.30 Y 10 4 14 

9. Worsen at home after work N 22 9 31 0.61 
Y 6 0 6 

10. Worsen throughout the work week 
N 23 5 28 

1.00 Y 5 4 9 
   Total 28 9 37  
† McNemar’s Test for Correlated Proportions- Exact Test 
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4.6.3 Workplace Exposure Information Provided by the WRASQ(L) vs. Workplace 

Exposure Information Provided by the ACM 

 Results of this analysis for Site 1 are presented in Table 14. Seventeen additional 

participants reported at least one workplace exposure on the WRASQ(L) than on the ACM 

(p=0.0001). This number remained the same when the three most commonly reported exposures 

on the WRASQ(L) (cleaning agents, cold air, dust) were removed. Sixteen of the 17 participants 

reporting no exposures on the ACM, reported at least one current exposure on the WRASQ(L).   

Table 14 Workplace Exposure Information Provided by the WRASQ(L) vs. Workplace Exposure 

Information Provided by the ACM at Site 1 

 

  ACM   

  Any exposure, past 
or current   

  N Y Total p-value 

W
R

A
SQ

(L
) Any exposure, past or current  N 3 1 4 0.0001 Y 17 9 26 

 

12. Any exposure, current N 4 2 6 0.001 Y 16 8 24 
 13. Any exposure, past N 7 1 8 0.002 Y 13 9 22 

   Total 20 10 30  
† McNemar’s Test for Correlated Proportions- Exact Test 
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Results of this analysis for Site 2 are presented in Table 15. Each of the 7 participants 

reported at least one current and one past workplace exposure on the WRASQ(L). Two of these 

participants reported a workplace exposure on the ACM.  

Table 15 Workplace Exposure Information Provided by the WRASQ(L) vs. Workplace Exposure 

Information Provided by the ACM at Site 2 

 

  ACM   

  Any exposure, 
current   

  N Y Total p-value 

W
R

A
SQ

(L
) Any exposure, past or current  N 0 0 0 n/a Y 5 2 7 

 

14. Any exposure, current N 0 0 0 n/a Y 5 2 7 
 15. Any exposure, past N 0 0 0 n/a Y 5 2 7 

   Total 5 2 7  
n/a= not applicable 
 

4.7 Objective 2: To Explore the Relationship of WRASQ(L) Responses to the Clinical 

Actions of the Care Provider (Asthma Educator), as per Guidelines for the 

Assessment of Suspected WRA 

 Twenty-seven participants (Site 1, n=25; Site 2, n=2) had their WRASQ(L) viewed at 

least once by their asthma educator based on electronic tracking.  Table 16 presents the status of 

WRA suspicion in all study participants, and the frequency of clinical actions based on this 

suspicion by the asthma educator. Results indicate that WRA was not suspected in most 

participants. For one participant, suspicion of WRA had been established in 1990. Two 

participants were suspected of having WRA by their asthma educator during the study period, 

both of whom had their WRASQ(L) viewed by their asthma educator. In both cases, remaining at 

work was discussed with the asthma educator and a peak flow meter/diary was provided by the 

asthma educator, but no suggestions of referral to specialist (under the suspicion of WRA) were 

made by the asthma educator. Both participants were missing data on whether discussion of the 

WSIB compensation option had occurred with their asthma educator, and missing values were 
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considered non-affirmative responses. These two participants had the initial visit with their 

asthma educator during the study period, and had been referred to asthma education from their 

respective respirologists.   

Table 16 Clinical Actions of Asthma Educators 

WRA Suspicion N= 37 
Excluded 0 
Unknown 5 
Not suspected 24 
Confirmed 3 
Suspected (before study period) 1 
Suspected 2 
 Clinical actions of asthma educator when WRA suspected  n= 2 
 Referral Suggested 0 
 Remaining at work discussed 2 
 Peak flow provided 2 
 WSIB option discussed  0 
 

4.8 Objective 3: To Evaluate the Test Re-test Reliability of the WRASQ(L) in the Primary 

Care Setting  

4.8.1 A Comparison of Participants Who Completed one WRASQ(L) and Participants Who 

Completed Two WRASQ(L)s 

A total of fourteen participants completed the WRASQ(L) at least twice. The number of 

days between first and second administrations of the questionnaire ranged widely from 29-363 

days, with a mean of 148.9 days (SD, 93.7). Three of the second administrations of the 

WRASQ(L) were completed by the asthma educator on the provider-portal of AsthmaLife®, 

instead of on the patient portal by the participant. 

Table 17 compares the participants who completed the WRASQ(L) once (n=23) to those 

who completed it twice (n=14). The test-retest participants were older and had been diagnosed 

with asthma at an older age although those differences were marginally statistically significant. 
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Fewer of the test-retest participants were employed (p=0.04).  Although some of the differences 

are large, there were no statistically significant differences in sex, smoking status, asthma 

diagnosis, study site, allergy history, family history of asthma or allergy, years at current 

occupation or onset of asthma (≥18 years). Results not presented in Table 17 are presented in 

Appendix M.   
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Table 17 A Comparison of Participants Who Completed One WRASQ(L) and Participants Who Completed Two WRASQ(L)s 

 Completed 1 WRASQ(L) (n=23) Completed 2 WRASQ(L)s (n=14)  

Characteristic N Mean ±SD Median (Range) N Mean ±SD Median (Range) p-value† 

Age (years) 23 43.8 ±11.8 47.2 (21-63) 14 50.2 ±8.3 51.2 (37-63) 0.08 
BMI (kg/m2)  22 28.6 ±6.3 28.4 (18.8-39.9) 12 29.8 ±8.9 27.6 (20.2-48.1) 0.65 
Age at diagnosis  13 32.2 ±19.9 36.0 (1-58) 9 46.4 ±13.5 53.0 (17-60) 0.08 
Characteristic N %  N %  p-value‡ 

Sex 23   14   0.71 
 Female  69.6   78.6   
 Male  30.4   21.4   
Asthma diagnosis 23   14   0.18 
 Confirmed  43.5   71.4   
 Suspected  56.6   28.6   
Smoking Status* 22   13   0.40  
 Non-smoker (life-long)  59.1   38.5   
 Ex-smoker  22.7   46.2   
 Current smoker  18.2   15.4   
Employment status* 23   14   0.04  
 Full-time  60.9   21.4   
 Part-time  4.3   21.4   
 Shift work  4.3   0   
 Other  30.4   57.1   
Totals may not add up to 100% due to rounding errors 
† Two-sample t test for independent samples 
‡ Fisher’s exact test 

* Monte Carlo estimation for the exact test 
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4.8.2 Test Re-test Reliability of the WRASQ(L) 

Table 18 presents the results of the test re-test reliability analysis for items 3-14 of the 

WRASQ(L). Of those items assessed for agreement using Cohen’s Kappa statistic, the majority 

produced kappa coefficients of approximately 0.40, with very wide 95% confidence intervals, 

including negative lower limits. The ‘worsen throughout work week’ and ‘less on days off 

work/holidays’ symptom items (items 10 and 11) had Kappa values of 0.58 and 0.66 respectively, 

with wide 95% confidence intervals but positive lower limits (p=0.009-0.03).   

The ICC between the count of current workplace exposures (item 12) on the first and 

second administration of the questionnaire was 0.42, but had a very wide 95% confidence 

interval, including a negative lower limit. A paired t-test of the mean difference between current 

exposure counts was marginally significantly different from 0 (p= 0.05) with first administration 

counts lower than the second. The mean percent agreement between types of current exposures 

was 89.3% (SD, 11.6). The intraclass correlation between the count of past workplace exposures 

(item 12) between the first and second administration of the questionnaire was 0.68, with a 

relatively tight confidence interval (95% CI, 0.27-0.88; p=0.002). A paired t-test indicated that 

the mean difference between past exposure counts was not statistically significantly different 

from 0 (p= 0.15) and the mean percent agreement between types of past exposures was 83.4% 

(SD, 16.4). 
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Table 18 Test Re-test Reliability of Items 3-14 on the WRASQ(L) 

(n=14)  Time 2   

Items   N Y Kappa (95% CI) p-value† 

Item 4 Did your asthma symptoms 
start at work? 

Ti
m

e 
1 

N 11 1 
0.42 (-0.25-1.00) 0.12 

Y 1 1 

Item 5 
Did your asthma symptoms 
start in days of a spill or 
fire at work? 

N 14 0 
n/a n/a 

Y 0 0 

Item 6 Did your asthma symptoms 
worsen at work? 

N 7 2 
0.38 (-0.13-0.88) 0.16 

Y 2 3 

Item 7 
Do your asthma symptoms 
worsen on first day back to 
work? 

N 9 1 
0.43 (-0.10-0.96) 0.10 

Y 2 2 

Item 8 
Do your asthma symptoms 
worsen during the work 
day? 

N 6 1 
0.43 (-0.03-0.88) 0.10 

Y 3 4 

Item 9 Do your asthma symptoms 
worsen at home after work? 

N 11 1 
0.42 (-0.25-1.00) 0.12 

Y 1 1 

Item 10 
Do your asthma symptoms 
worsen throughout work 
week? 

N 10 1 
0.58 (0.05-1.00) 0.03 

Y 1 2 

Item 11 
Are chest symptoms 
different (less) on days off 
work and/or holidays? 

N 9 0 
0.66 (0.25-1.00) 0.009 

Y 2 3 

Item 14 Are protective measures 
used? 

N 9 1 
0.43 (-0.10-0.96) 0.10 

Y 2 2 

 Mean ±SD   

 Time 1 Time 2 ICC (95% CI) p-value† 

Item 12 Number of current exposures 3.5 ±3.0 2.0 ±2.4 0.42 (-0.10-0.77) 0.05 

Item 13 Number of past exposures 5.3 ±5.6 3.8 ±3.8 0.68 (0.27-0.88) 0.002 
† Tested against a minimum level of agreement or correlation of 0.  
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Chapter 5 

Discussion 

5.1 Summary of Main Findings 

 This study demonstrated that use of the WRASQ(L) identified work-related symptoms 

and workplace exposures in 38% and 60% of participants, respectively, that were not identified in 

standard care. In some cases, the ACM recorded more detailed information on occupation than 

the WRASQ(L). However, the WRASQ(L) identified a high-risk past occupation in nearly half 

(47%) of those participants without any recording of a past occupation on the ACM.  Despite the 

implementation of the WRASQ(L), only two participants were newly-suspected cases for WRA 

during this study period. This may relate to issues encountered in incorporating the questionnaire 

into clinical practice. The WRASQ(L) items were found to have fair to moderate reproducibility, 

but reliability estimates may be subject to measurement error due to the protracted time between 

administrations, and differences in both administration settings and methods. 

5.2 Interpretation of Main Findings  

5.2.1 Study Sample 

 The study sample was predominantly female and middle-aged. A largely female 

population is characteristic of adult asthma (23), as well of asthma care in primary care in Ontario 

(82). These distributions of age and gender were similar to those of the total asthma education 

attendee population of participating study sites. Further, these demographic characteristics closely 

matched those of two studies that had recruited participants from an Ontario hospital asthma 

education center (86, 87). Our study sample was also highly educated and the majority of 

participants were life-long non-smokers or ex-smokers, which are comparable with published 

reports on attendees of outpatient asthma programs (88, 89). Thus, our results are likely 
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generalizable to other asthma education patient populations. The majority of participants were 

recruited from Site 1 likely because this site had access to a research assistant for participant 

recruitment and facilitation of the WRASQ(L) administration.  

5.2.2 Structure and Response Formats of WRASQ(L) Items 

According to Dillman, the open-ended question ‘what is your current occupation?’ 

produces ‘unacceptably vague answers’, which is a principal disadvantage of the format (90). 

This is consistent with our results in that occupation responses on the WRASQ(L) were often 

brief and too general, making it difficult to assign risk in relation to WRA. The reason we 

observed more detailed responses on the ACM (Site 1) was because the asthma educators were 

asking the question and using the ‘free text’ option to record additional details. This is consistent 

with the literature that indicates that when follow-up probes can be used (interview format), a 

more adequate answer can be achieved (90). However, such responses are open to interpretation, 

cumbersome to analyze (free text), may not reflect standard practice and are likely operator-

dependant since the inclusion of past occupation was not consistent. In fact, the WRASQ(L) 

identified a high-risk past occupation in nearly half of those participants without any recording of 

a past occupation on the ACM. Further, the WRASQ(L) was designed to be completed by the 

patient, and built-in electronic probes may defeat the purpose of a succinct, screening tool. At Site 

2, it was the more specific occupation categories on the ACM that allowed occupations to be 

assigned a level of risk in relation to WRA. Overall, the WRASQ(L) should continue to include 

both past and current occupation items. Further, despite the fact that findings were based on a 

small sample size at Site 2, we think the WRASQ(L) may benefit from a list of specific high-risk 

occupations with an ‘other’ category (partially closed-ended format), as is done at this site.   

The WRASQ(L) was able to identify a substantial number of participants with a current 

or past workplace exposure that were not identified in standard care. This difference may be 
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attributed to the form of delivery. Studies in survey methods indicate that ‘the stem of the 

question and the response categories are important sources of information for respondents, 

especially when they are answering questions to which they may have not previously formed an 

answer’ (91). In standard practice, the educators typically asked the participants if they had any 

workplace exposure(s) (only ‘the stem’). Only if the patient reported an exposure, or it was 

discussed in conversation did the educator select it on the list of exposures on the ACM, which 

was a rather limited list in some settings (Site 2). On the WRASQ(L), the participants were 

presented with the question (‘the stem’) and the list of 22 workplace exposures (‘response 

categories’) and had the option of answering yes/no to each, thereby producing a more 

considered, informed response. It should also be noted, that the majority of participants who 

reported a past exposure on the WRASQ(L), also reported a current exposure, but these could 

have been different exposures. Further, past workplace exposures may be relevant if symptoms 

began at a previous occupation. Since this is relevant information in the assessment of possible 

WRA, we recommend that the past exposure item remain in the WRASQ(L).  

5.2.3 Validity of WRASQ(L) Items 

The WRASQ(L) was able to identify a work-related symptom in 38% of participants who 

had reported none on the ACM, and each additional symptom item contributed individually to 

this figure. Conversely, 11% of participants reported work-related symptoms on the ACM, but 

none on the WRASQ(L). Since the symptom items on the ACM are also present on the 

WRASQ(L), this indicates inconsistency of responses. Reasons for this may include differences 

in time points when each was completed (symptoms and exposures may have truly changed), the 

different ‘operators’ for each tool, and input error. 

Four of the 8 symptoms on the WRASQ(L) have been validated in studies of OA (see 

Table 19). According to the literature, the items with the highest sensitivity in relation to OA map 
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onto the ‘worsen at work’ and ‘less on days off work/holidays’ items, which are already on the 

ACM. Of the four additional WRASQ(L) items, only two have been validated in the diagnosis of 

OA, and one of which (‘worsen after work’) was found to be sensitive. None of the symptom 

items (on the ACM or WRASQ(L)) have been formally validated against a diagnosis of WEA or 

irritant-induced OA, and not all items have been validated in relation to sensitizer-induced OA.  

Each symptom item in the WRASQ(L) was deemed to be relevant for WRA by the expert 

advisory committee involved in the development of this tool. At this point we are not able to 

make specific recommendations regarding which symptoms to include or exclude on the 

WRASQ(L).  Each item, and combinations of items, should be validated in the diagnosis of WEA 

and both types of OA.  

Clinical history, based on clinical judgment of patient responses to items similar to those 

on the WRASQ(L), has been found to have high sensitivity (87-93%) and low specificity (14-

45%). However, such estimates were produced from studies on patients referred to respirologists 

(with specialization in WRA) or occupational medicine specialists for the suspicion of OA. The 

WRASQ(L) is designed to increase the recognition of possible WRA in the primary care setting, 

where there may be significant room to increase sensitivity of clinical judgment in relation to 

WRA diagnosis.  
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Table 19 Comparison of WRASQ(L) Items and Validated Symptom Items in Relation to Occupational Asthma Diagnosis 

 
 WRASQ(L) symptom items Matching symptom items that have been 

validated in the diagnosis of OA Sensitivity Specificity Ref 

A
ls

o 
in

 th
e 

A
C

M
 

4 Start at work This item has not been formally tested. n/a n/a n/a 

5 Start in the days of a spill or fire at work This item has not been formally tested. n/a n/a n/a 

6 Worsen at work 
Present or worse at work 91% 14% (62) 

Worse at work 91 % 9%  (72) 

N
ot

 in
 th

e 
A

C
M

 

7 Worsen on your first day back to work This item has not been formally tested. n/a n/a n/a 

8 Worsen during the work day This item has not been formally tested. n/a n/a n/a 

9 Worsen at home after work 
Present or worse after a work shift  70% 46% (62) 

Persistence after ending work shift  70% 27% (72) 

10 Worsen throughout the work week Worse at work, progressively over the week  15% 84% (72) 

A
ls

o 
in

 th
e 

A
C

M
 

11 Different (less) on days off work and/or 
holidays 

Better on weekends  77% 44% 
(62) 

Better on holidays  88% 24% 

Improvement or disappearance at weekends  76% 54% 
(72) 

Improvement or disappearance during vacations  74% 57% 

Clinical history: Clinical judgment using open medical questionnaire (structured history/series of items) 87-83% 14-45% (62-65) 

Ref: reference    
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5.2.4 Reliability of WRASQ(L) Items 

  The dichotomous items on the WRASQ(L) produced Kappa coefficients of ‘moderate’ to 

‘substantial’ agreement (92), and the count of past and current exposures was found to have ‘fair’ 

to ‘good’ reproducibility (93). In all cases, confidence intervals around the estimates were wide 

due to the low sample size of participants who provided a second WRASQ(L).   

The ICC estimates were much lower than the mean sum ICC (0.89 (95% CI, 0.75-0.96)) 

found in the pilot testing of the WRASQ(L) in the larger parent study (20). Estimates of stability 

may have been subject to measurement error in this study, and our ability to accurately assess 

reliability of the WRASQ(L) was most likely affected. First, the reliability estimates were likely 

underestimated given the protracted time between responses. The number of days between 

administrations of questionnaire ranged widely (28-363 days), while the recommended amount of 

time between testings is two weeks to one month (94). Although recruitment ended in March 

2012, phone calls to participants were made throughout the summer of 2012 inviting them to 

complete a second administration of the WRASQ(L) using a home or public computer. This 

extended the test re-test interval (28-363 days) beyond the recruitment period (10 months).   

Second, estimates of reliability may have been affected by the different settings used between the 

two administrations of the questionnaire (clinical education setting vs. home). In this study, fewer 

of the test re-test participants were employed, likely since participants were called at home during 

regular working hours to be invited to complete a second administration of the WRASQ(L). The 

test re-test sample was slightly older (marginally significant) than the sample that completed only 

one WRASQ(L). These differences in distribution of age and employment between samples may 

have affected reliability estimates. Third, three participants had their second administration of the 

WRASQ(L) completed by the asthma educator on the provider-portal of AsthmaLife®. The 

difference of method of administration (self-administered vs. provider administered) may have 

also affected reliability estimates.  
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5.2.5 The Influence of the WRASQ(L) on Clinical Actions 

 The purpose of the WRASQ(L) is to aid the care provider in the recognition of possible 

WRA. However, only two participants were newly-suspected cases of WRA during this study 

period. One respirologist’s referral letter included mention of a ‘suspected work-related 

component’ and therefore, the educator may have assigned suspicion based on this information 

more so than information from the WRASQ(L). In general, the asthma educators followed 

guidelines on the assessment of these suspected cases. Although there was no discussion of the 

WSIB option, depending on the state of investigations, this may have been premature or not yet 

warranted in these two cases.  

 One probable explanation for the small number of suspected cases of WRA is that the 

WRASQ(L) was not always reviewed by asthma educators. Only two participants’ WRASQ(L) 

were viewed by their asthma educator at Site 2. This likely relates to time constraints and the 

inconvenience of switching electronic interfaces during a visit. In future, patient WRASQ(L) 

responses should be embedded in the electronic ACM, and it should be mandatory for educators 

to view it during a visit.  Although the majority of the Site 1 participants had their WRASQ(L) 

viewed by their asthma educator, it was often done at a separate occasion from the corresponding 

education visit.  WRASQ(L) responses may have been discussed further or reflected upon for 

longer if they had been viewed within a visit. Further, there was no specific training on how to 

interpret WRASQ(L) responses. Due to the established under-recognition of WRA, there may be 

a need to aid care providers in interpreting the information gained through the WRASQ(L). Flags 

should be built into the electronic version of the WRASQ(L) when items are answered 

affirmatively to alert the educator of possible WRA. In the current electronic ACM, an ‘alert 

button’ turns red when a patient’s asthma is not ‘in control’, according to responses to asthma 

control criteria. A similar approach could be applied to the WRASQ(L).  
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5.3 Barriers Encountered in Implementing this Research Study in a Clinical Setting 

The time constraints of clinicians are widely cited as a chief barrier to implementing 

research in the clinical setting (95-98). This issue is reflected in the low recruitment rate of this 

study. Asthma educators from both sites reported lack of time during a visit to adequately explain 

the study, have the patient read the consent form, facilitate the administration of the electronic 

questionnaire and complete electronic research-related data collection.  The literature indicates 

that shorter surveys that may be completed outside a visit or integrated into a visit, concise 

instructions and specific time requirements are clinician-reported solutions (95). In this particular 

study, time constraints may have been alleviated by assigning consent procedures to a research 

assistant in advance of the education visit (e.g. by phone or mail), by allowing the patient to 

complete the WRASQ(L) online at home before the visit, and by improving the feasibility of use 

of electronic research procedures.   

Implementation of the electronic study portal AsthmaLife® into clinical care was a 

second major challenge in this study. Educators needed assistance with log-in procedures, 

navigating the website, and system malfunctions. They found it cumbersome to use it as an add-

on to the standard electronic charting tool. A review by Trivedi et al. found that technical factors 

can act as barriers to the use of computerized clinical guidelines (99). These technical factors 

include the accessibility of computers, ease of use of software, functionality of software, 

flexibility of software (easy to log-on) and integration of the application into workflow. These 

factors relate directly to the challenges encountered in implementing AsthmaLife® in the PCAP 

setting. To improve clinician acceptance, authors recommend tailoring software to the work 

environment, soliciting involvement from end-users through development and implementation 

and offering comprehensive training and support (99). In this study, specific improvements may 
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have included an enhanced electronic study portal (ease of use), and a seamless interface between 

standard charting tools and the study portal (integration in workflow).  

5.4 Strengths & Limitations 

 The main strength of this study is its originality. There is no validated screening 

questionnaire for WRA in primary care and we have provided strong evidence that the 

WRASQ(L) provides added information about possible WRA likelihood over standard care. This 

tool has the potential to increase recognition of WRA in primary care. 

Another major strength of the study is that the data were collected expressly for the 

purpose of this study. This meant that we were able to collect all relevant information we needed 

to properly describe the study population, their care and their WRA information.  

A main limitation of this study was the low sample size. Recruitment figures were lower 

than desired in this study, which may be attributed to educator time constraints.  Despite the 

assistance of a research assistant at Site 1, recruitment was limited to those with an interest in the 

research and/or the extra time to stay after their visit. 

Measurement error may have occurred from five sources. First, patients may have been 

reluctant to report work-related symptoms and exposures to their educators due to the fear of loss 

of work, even though reporting of possible WRA is not mandatory. This underreporting is 

unlikely to differ from standard care (ACM) to the WRASQ(L), and consequently, this 

measurement error would bias the overall rate of positive responses but not the comparison 

between the tools. Even if such figures are under-represented, we observed that there is still 

unmet need among the significant number of participants who were willing to report symptoms 

and exposures. Second, another measurement error that merits mentioning is the ‘Hawthorne 

effect’, which describes the change in behavior of study participants when they are aware they are 

being studied (100).  Since asthma educators were aware of the research project, they may have 
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been more inclined to record more detailed occupational histories or follow practice guidelines 

for the assessment of suspected WRA. Third, it is possible that participants over-reported 

adherence with personal protective equipment on the WRASQ(L). This would relate to ‘social 

desirability bias’, where respondents answer items in a manner they believe is socially acceptable 

or desirable (101). Fourth, use of the CLA list of high-risk occupations for WRA in the 

classifications of occupations may have lead to non-differential misclassification of occupation 

responses on the ACM and WRASQ(L). There is no standard reference list for occupations at risk 

of WRA. The list was very exclusive, and certain established high-risk occupations were not 

included (e.g. city bus driver, exposure: exhaust fumes). Fifth, there may have been measurement 

error in our reliability estimates due to the protracted time period between questionnaire 

administrations, and the different administration settings and methods.  

5.5 Summary of Recommendations  

The following are content and format recommendations for the WRASQ(L); 

1. The open-ended past and current occupation items on the WRASQ(L) may benefit 

from a drop-down menu of specific, established high-risk occupations for WRA. 

2. The value of each symptom items on the WRASQ(L), as well as combinations of these 

items, needs to be evaluated in a formal validation study of the diagnosis of WRA, 

including both OA and WEA. 

3. The current and past exposure items on the WRASQ(L) should continue to include 

multiple specific response categories.    

The following are recommendations for the method of administration and use of the WRASQ(L); 

1. The WRASQ(L) should be completed by patients before or during an asthma visit.  

2. Patient WRASQ(L) responses should be embedded in the standard charting tool.  

3. Review of WRASQ(L) responses by educators should be mandatory during the visit.   
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4. Flags should be built into the standard charting tool to alert the educator of WRASQ(L) 

responses indicative of possible WRA. 

Although these recommendations are specific to the lessons learned through conducting 

research in this study setting, they are likely generalizable beyond the PCAP setting.  

5.6 Conclusions and Future Directions 

  Early detection and prompt removal from workplace exposures has been shown to lead 

to improved lung function and in some instances, complete resolution of WRA symptoms. The 

under-recognition of WRA in medical practice suggest that patients may not be receiving care 

that is in accordance with ‘best practices’, contributing to the poor health outcomes for those with 

WRA. Recent reports have highlighted the need for templates to guide primary care providers in 

the assessment of possible WRA, and the incorporation of prompts to identify WRA in such 

templates.  

To our knowledge, the WRASQ(L) is the first screening tool developed specifically for 

the primary care setting. The aim of this instrument is to detect patients with possible WRA by 

prompting a more detailed history of employment, work-related symptoms and potential 

inhalation exposures than typically occurs in standard care. This study demonstrated that the 

WRASQ(L) provided additional information related to a patient’s likelihood of WRA that was 

not collected in standard care. However, the adoption of this questionnaire by the care provider in 

an education visit was limited due to time constraints and the burden of using an electronic study 

portal in addition to the standard electronic charting tool. Incorporation of the WRASQ(L) into 

the workflow of standard practice may increase recognition of possible WRA and prompt 

subsequent diagnostic testing.  

Future directions include the assessment of the sensitivity and specificity of the 

WRASQ(L) in relation to the diagnosis of both OA and WEA. Further, the ability of this 
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questionnaire to affect positive change in practice patterns of care providers in the assessment of 

possible WRA should be formally evaluated through a prospective intervention study. The 

eventual goal is for this tool to be implemented into asthma care in the primary care setting, and 

although this setting may pose its own set of challenges, the lessons learned from this asthma 

education setting may apply. Once validated and implemented into standard practice, electronic 

prompts should be included to alert the care provider of possible WRA. As a form of knowledge 

translation, this will aid the provider in delivering care which is in accordance with best practices 

in a practical manner. With this vision, the WRASQ(L) may increase the recognition of WRA in 

primary care practice, and improve the long-term health outcomes for those with WRA.  
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Appendix A 

Asthma Care Map 
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Appendix B 

The Work-related Asthma Screening Questionnaire (Long-version) 
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Appendix C 

Literature Review for the Development of the WRASQ(L) 

Table C.1 Results of the Literature Review 

Instrument Source Purpose 
1 Current Work/Health/Exposure 

Tool 
St. Michael’s Hospital, 
Toronto 

Clinical screening tool.  

2 NIH Expert Panel Diagnosis and 
Management of Asthma 

National Heart, Lung and 
Blood Institute of NIH 

Clinical practice 
guidelines.  

3 Work-related Asthma Follow-Up 
Worker Questionnaire 

Washington State Labor 
and Industries  

Research, characterizing 
WRA surveillance cases.    

4 OWRAS Chart Abstraction 
Form’ 

T To. University of 
Toronto.  

Research, surveillance of 
WRA.   

5 ATS-DLD-78 respiratory 
questionnaire  

American Thoracic Society, 
Division of Lung Diseases 

Research, 
epidemiological.  

6 European Community 
Respiratory Health Survey 

European Commission  Research, 
epidemiological. 

7 Questionnaire for the 
Epidemiological Study on the 
Genetics and Environment of 
Asthma, Bonchial Hyper-
responsiveness and Atopy  

Institut National de la santé 
et de la reserche médicale  

Research, 
epidemiological. 

8 St. George’s Respiratory 
Questionnaire 

St. George’s Hospital 
Medical School 

Research, 
epidemiological. 

9 A Survey of Asthma in Health 
Professionals 

University of Texas HSC at 
Houston  

Research, aetiology of 
asthma in healthcare 
workers.  

10 Initial Questionnaire of the 
NIOSH Occupational Asthma 
Identification Project 

NIOSH Research, aetiology of 
asthma in at-risk 
occupations. 

NIH: National Institutes of Health; OWRAS: Ontario Work-related Asthma Surveillance; ATS DLD: American 
Thoracic Society and the Division of Lung Diseases; NIOSH: National Institute for Occupational Safety and Health  

 

In the development of the Work-related Asthma Screening Questionnaire (long-version) 

(WRASQ(L)), a comprehensive online search (literature review) was conducted to compile 

existing instruments and questions (items) (1). Results of the search included ten respiratory 

instruments containing occupation and/or exposure items (see Table C.1).(19)  
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Two of the ten tools were designed for clinical purposes. The first is a 1-page 

questionnaire titled the ‘Current Work/Health/Exposure Screening Tool’ that is used at the 

Occupational Health Clinic at St. Michaels Hospital in Toronto, Ontario (2). It is a general work 

health screening tool given to patients during an initial visit which covers a variety of 

occupational diseases. This questionnaire has not been validated.  Second, the National Heart, 

Lung and Blood Institute’s ‘Guidelines on the Diagnosis and Management of Asthma’ included a 

series of assessment questions on workplace exposures for care providers to use in the clinical 

assessment of asthma that is made worse at work (3). This was not a standardized assessment or 

diagnostic instrument, and these items had not been assessed for validity or reliability.  

Two of the tools found in the search are specific to WRA surveillance, but designed for 

vastly different purposes. The ‘Work-related Asthma Follow-Up Worker Questionnaire’ was 

developed by the Washington Safety and Health Assessment and Research for Prevention 

Program (SHARP) at the Washington State Department of Labor and Industries (4). This 

questionnaire was administered through telephone interview as a means of characterizing and 

classifying WRA cases reported in a surveillance system in Washington State (5). The second 

WRA surveillance tool is the ‘OWRAS Chart Abstraction Form’ developed by Dr. Teresa To of 

the University of Toronto for the Ontario Work-Related Asthma Surveillance (OWRAS) project. 

This form was used for physician reporting of WRA cases encountered in practice.  

The majority of the instruments found in this search were standard respiratory health 

questionnaires used for epidemiological research purposes that included work-related items. The  

‘questionnaire for respiratory diseases recommended by the American Thoracic Society and the 

Division of Lung Diseases’ (ATS-DLD-78) (6), which is a modified version of the well-known 

Medical Research Council questionnaire, and the European Community Respiratory Health 

Survey (ECRHS) (7) are major respiratory questionnaires used frequently to assess the prevalence 
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and predictors of chronic respiratory symptoms among populations, sometimes among 

occupational groups (8-10). Another tool from this search that serves a similar purpose is the 

questionnaire for the Epidemiological Study on the Genetics and Environment of Asthma, 

Bonchial Hyper-responsiveness and Atopy (EGEA), a case-control study from France (11). This 

questionnaire was developed for the purposes of this study, and is based on items from the 

ECRHS, ATS-DLD-78A and the MRC questionnaire.  The St. George’s Respiratory 

Questionnaire is a well-known quality of life questionnaire for patients with reversible and fixed 

airflow limitation (12). It is applied to measure health among populations, sometimes among 

populations with OA (13), and also to quantify changes in health after therapy. Validation studies 

of these four respiratory questionnaires have focused on comparing reported symptoms to clinical 

physiological investigations of asthma among general populations (11, 14-16), and even among 

occupational groups (17). These questionnaires have not been validated to predict WRA or to 

distinguish between pre-existing asthma and WRA.  

Two instruments of the search were designed specifically for etiological research in 

occupational populations. First, researchers at the University of Texas HSC at Houston developed 

entitled ‘A Survey of Asthma in Heath Professionals’ for research on asthma in healthcare 

workers (18). This extensive questionnaire contains detailed sections on job history, workplace 

exposures and asthma symptoms. It was formally tested for validity and reliability. This 

questionnaire included items related to time of asthma onset, worsening of asthma symptoms with 

work and amelioration of asthma symptoms when away from work, although these items were 

not specifically validated (18). Second, The Initial Questionnaire of the National Institute for 

Occupational Safety and Health (NIOSH) Occupational Asthma Identification Project has been 

used to assess the occurrence of asthma among at-risk occupational groups. It contains an 
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extensive number of items on symptoms and exposures, and was designed with reference to other 

standard instruments (19-20). To our knowledge, this tool has not undergone formal validation.  
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Appendix D 

Enhanced Asthma Diagnosis and Management Algorithm 
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Appendix E 

Information and Consent Form 
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Appendix F 

List of Asthma Care Map Occupations, by Site 

Table G.1 ACM Occupations at Site 1 

Occupations (Drop Down) Site 1 
Agriculture Fishing 
Automotive 
Chemical 
Construction 
Education 
Electrical 
Food & Beverage Processing 
Forestry 
Government (municipal, provincial, federal) 
Health care 
Manufacturing 
Mining 
Pulp & Paper 
Service (e.g. hotels, hair salons, restaurants, etc.) 
Student 
Transportation 
If Other, there is a text box to enter Other occupation 

 

Table G.2 ACM Occupations at Site 2 

Occupations (Drop Down) Site 2 
Athlete  
Auto Repair Workers (Mechanic or Auto Body)  
Baker / Miller  
Bar and Cafe Worker  
Bridge Workers (Toll Booth)  
Carpenter / Woodworker / Mill Worker  
Chef / Cook  
Chemist / Chemical Plant Worker  
Construction Worker / Heavy Equipment Operator  
Educator (School Systems)  
Electrician  
Factory worker  
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Occupations (Drop Down) Site 2 
Farmer / Grain Handler  
Farmer/Horticulturalist  
Firefighter  
Foundry Worker  
Garment and Textile Worker  
Hairdresser  
Health Professional (e.g. Physician - Dentist - Nurse - Hygienist)  
Homemaker  
Horticulturalist  
Maintenance Worker  
Manager / Executive Management / Consultant  
Metal Workers (Welder)  
Office - Clerical  
Painters / Paint Manufacturing  
Petrochemical Workers  
Pipe Fitter / Plumber  
Plastics / Foam Factory Worker  
Police Officer  
Poultry Workers (Bird or Feather Exposure)  
Printers  
Service Station Attendant  
Skilled Tradesperson  
Student  
Veterinarian  
If Other, there is a text box to enter Other occupation 
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Appendix G 

List of Asthma Care Map Exposures, by Site 

Table H.1 ACM Workplace Exposures at Site 1 

Occupational Work Exposure (Drop Down) Site 1 
Acid Anhydrides 
Acids, bases 
Acrylates & methacrylates 
Adhesives/glues 
Aldehydes (formaldehyde, glutaraldehyde) 
Amines 
Animal/animal materials 
Biologic enzymes 
Chlorine 
Cleaning materials 
Diesel exhaust 
Dyes 
Epoxy resins 
Fish/fish materials 
Fluxes (eg. Colophony, soft core solder) 
Fungicides 
Insects/insect materials 
Isocyanates 
Latex 
Metals (including metal fume) 
Metalworking fluids (coolants) 
Moulds 
Paint 
Pesticides 
Pharmaceuticals 
Plant/plant materials 
Plastic/rubber dusts 
Preservatives/disinfectants 
Vegetable gums (eg. Latex, guar gum, acacia gum, tragacanth gum) 
Wood dust 
Other 
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Table H.2 ACM Workplace Exposures at Site 2 

Occupational Work Exposure (Drop Down) Site 2 
Animals/Livestock  
Carpeting  
Chemicals  
Cold Air  
Dust  
Extreme Temperatures  
Grass/Pollen  
Heat  
Humidity  
Moulds  
Physical Activity  
Smoke (coal/wood burning fire)  
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Appendix H 

Letter to Patients  
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Appendix I 

Canadian Lung Association List of High-risk Occupations for WRA 

Table J.1 The Canadian Lung Association’s List of High-risk Occupations for WRA 

Job (Occupation) Things that can cause or worsen asthma 
Autobody workers Acrylate in resins, glues, sealants, adhesives 
Animal handlers, veterinarians, animal 
researchers, farmers 

Dander, hair, scales, fur, saliva and body 
wastes 

Bakers, grain workers, farmers Cereal grains, flour, amylase, enzymes, 
tobacco 

Carpet makers Gums 
Dental hygienists Latex gloves, material for filings, impressions, 

disinfectants 
Forestry workers, carpenters, sawmill 
workers, cabinetmakers, woodworkers 

Wood dust 

Firefighters Smoke 
Hairdressers Bleach, dye 
Health care professionals Latex gloves, formaldehyde, glutaraldehyde, 

antibiotics, detergent enzymes 
Janitors, cleaning staff Disinfectants , detergent enzymes, mixtures of 

chemicals (for example, mixing bleach and 
ammonia), fragrances 

Jewellery, alloy and catalyst makers Platinum 

Landscapers, gardeners, other outdoor 
workers 

Cold air, humidity, mould, pollens, smog 
pollution, exercise 

Manicurists Acrylate in artificial nails 
Office workers Mould, fungus, dust 
Pharmaceutical workers Antibiotics, psyllium, enzymes 
Printing industry Gum arabic, reactive dyes, acrylates 
Seafood processors who work with lobster, 
crab, shrimp, clam, oyster, scallop, squid, 
mussel, whelk, sea urchins, sea cucumber 

Proteins in the shellfish 

Shellac handlers Amines 
Teachers Viral or other kinds of lung infections, mould, 

dust 
Waiters, bar staff Second-hand smoke 
Welders, refiners, metal platers Metals, nickel sulfate, solder fluxes 
Spray painters, autobody shop painters, 
insulation installers, plastics and foam and 
foundry industry workers 

Diisocyanates, chemicals found in of 
polyurethane products like flexible and rigid 
foams, molded parts; coatings such as paints 
and varnishes; building insulation materials. 
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Job (Occupation) Things that can cause or worsen asthma 
Textile workers Dyes 
Users of plastics, epoxy resins Chemicals such as anhydrides 
 
Reference:  
Canadian Lung Association. Who gets work-related asthma? [Internet] 2012 [cited 2012 July 
15]; Available from:  http://www.lung.ca/diseases-maladies/asthma-asthme/work-travail/who-
qui_e.php#jobchart. 



 

 110 

Appendix J 

Research Ethics 
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Appendix K 

Study Newsletter 



 112 

Appendix L 

Cross-tabulations for Objective 1 

Table M.1 Item 8 vs. Item 7, Item 9 and Item 10 on the WRASQ(L) in Those Participants Who Did Not Report a Work-related Symptom on the 
ACM 

ACM: ‘N’ Item 8: Worsen during the work day  
N Y Total 

Item 7: Worsen on first day back to work N 17 7 24 
Y 1 3 4 

Item 9: Worsen at home after work N 17 5 22 
Y 1 5 6 

Item 10: Worsen throughout the workweek N 17 6 23 
Y 1 4 5 

 Total 18 10 28 
 

Table M.2 Item 7 vs. Item 9 vs. Item 10 on the WRASQ(L) in Those Participants Who Did Not Report a Work-related Symptom on the ACM, 

and Who Did Not Answer Affirmatively to Item 8 on the WRASQ(L) 

ACM: ‘N’, Item 8: ‘N’ 

Item 9: Worsen at home after work 
N Y 

Item 10: Worsen throughout the 
workweek 

Item 10: Worsen throughout the 
workweek 

N Y N Y 

Item 7: Worsen on first day back to 
work 

N 15 1 1 0 
Y 1 0 0 0 
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Appendix M 

Additional Results for Objective 3 

Table N.1 A Comparison of Participants Who Completed One WRASQ(L) and Participants Who Completed Two WRASQ(L)s, Additional 
Results 

 Completed 1 WRASQ(L) (N=23) Completed 2 WRASQ(L)s (N=14)  
Characteristic N Mean ±SD Median (Range) N Mean ±SD Median (Range) p-value† 
Years at current occupation 18 11.3 ±11.5 6.0 (0-39)  6.0 ± 6.0 3.0 (0-19) 0.27 
Characteristic N %  N %  p-value‡ 
Study Site 23   14   0.69 
 1  78.3   85.7   
 2  21.7   14.3   
Allergy History 18   11   0.27 
 Yes  83.3   100.0   
 No  16.7   0.0   
Family History of Allergy or Asthma 18   12   1.00 
 Yes  72.2   75.0   
 No  27.8   25.0   
Onset of Asthma (≥18 years) 15   13   0.71 
 Yes  60.0   69.2   
 No  40.0   30.8   
Total may not add up to 100% due to rounding errors 
† Wilcoxin rank-sum test 
‡ Fisher’s exact test 

 


