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Methods

Study design, setting and participants

This was a cross-sectional study investigating patients who claimed compensation for occupational asthma (OA) at the Workers’ Compensation Agency of Quebec (Commission de la santé et sécurité du travail du Québec; CSST) in the years 2004 to 2006. Patients who were no longer exposed to the offending allergens causing OA for two years or more were evaluated by two of the four Quebec CSST medical committees in Montreal (Montreal Chest Institute and Hôpital du Sacré-Coeur) for a permanent disability indemnity. In Quebec, all patients who claim compensation for OA undergo specific inhalation testing to confirm a diagnosis of OA. The methods used for specific challenge testing using different work related allergens have been described before (1) and this method is considered to be the reference standard for the diagnosis of OA (2). Therefore in all of the patients included in this study showed a positive response to a specific inhalation test. In this study the definition of asthma is therefore based on workplace associated respiratory symptoms and a positive result in the specific inhalation test. All claimants scheduled for evaluation by the committees were asked to participate in this study on a voluntary basis. 

Patients were assessed on two occasions: when the initial OA diagnosis was made and the claim filed with the Workers’ Compensation Agency (diagnosis), and when the participants were re-evaluated to determine compensation for permanent disability approximately two years later. Patients underwent the same testing protocol on both occasions (see details below). However, questions regarding patients’ employment status at the time, participation in rehabilitation programs, socio-economic factors as well as validated psychological and quality-of-life questionnaires, were added to their investigation at the two-year re-evaluation point. 

Patients were assured that the medical committee would not be informed of participation or decline of participation in this study nor of the test results. They were given compensation for their study participation to cover expenses like loss of salary and transportation or parking fees. All study participants gave written consent for their participation. The research protocol was approved by the Research Ethical Committee of our hospital (CER de l’Hôpital Sacré-Coeur, Montreal). 

Measures at diagnosis

All patients investigated underwent standard spirometry, methacholine challenge testing and if participants could produce sputum on induction examination, induced sputum. The type of agent causing OA, medication use, smoking status, and data on socio-economic status such as income, employment status, and company size were recorded from the WCB’s report.

Measures at re-evaluation

Approximately two years after receiving their initial diagnosis, all patients completed a questionnaire on chest and upper airway symptoms, the interval of time between the onset of symptoms and the submission of their claim to the WCB, medication use, home allergen exposure, and tobacco consumption. Patients also completed a questionnaire assessing whether they were still exposed to the offending agent, as well as a questionnaire assessing socio-economic factors including their employment at time, salary, education history, country of origin, number of children and family members dependant on the household income, and the nature of their participation in social rehabilitation programs offfered by the WCB (e.g., full or part-time participation in job education, use of the employment agency, etc.). In addition, participants completed the validated French versions of the following questionnaires: 

Asthma Quality of Life Questionnaire (AQLQ(S))

The standardized version of the AQLQ(S) includes 32 items and evaluates asthma quality of life across four life domains that may be negatively affected by asthma. The life domains include 1) asthma symptoms 2) activity limitations 3) emotional function and 4) exposure to environmental stimuli. Every question is cored from one (extremely severe impairment of quality of life) to seven (no impairment at all) and the total score is the mean of the four scores (3).
St-Georges Respiratory Questionnaire (SGRQ)

For this study we only used the section on respiratory symptoms from the St-Georges Respiratory Questionnaire which includes eight questions and the total score represents the sum of these elements. The total score ranges from 0 to 100 and a higher score indicates a worse HRQoL (4). 

Psychiatric Symptom Index (PSI)

The PSI is a 29-item questionnaire elaborated to assess the presence and intensity of psychological distress in the two weeks preceding the evaluation (5). Items are scored using a four-point scale from 0 (never) to 3 (very often). Total scores and subscale scores (depression, anxiety, anger and cognitive disturbance) are calculated as a percentage of the total possible score out of 100. Scores of >25 are considered to indicate clinically significant distress (5).  

Primary Care Evaluation of Mental Disorders (Prime-MD) 

The PRIME-MD is a validated screening instrument designed to detect some of the most common Diagnostic and Statistical Manual of Mental Disorders (DSM) disorders seen in community and medical settings (6). It consists of a 27-item patient self-report section followed by a structured clinical interview that is used to follow-up patient responses. The PRIME-MD evaluates 5 groups of mental disorders (mood, anxiety, somatoform, alcohol, eating), and items were developed on the basis of criteria from the DSM-3rd edition revised (DSM-III-R) (7). It has demonstrated very good sensitivity (83%) for any psychiatric diagnosis and excellent specificity (88%) across diagnostic modules (6).
Spirometry and Methacholine Provocation Testing

All patients underwent standard spirometry according to ATS guidelines(8) at diagnosis and at re-evaluation, using the reference values derived by Knudson(9). Methacholine challenge testing was performed according to a previously published protocol(10). Normal responsiveness was set at a concentration of methacholine causing a 20% fall (PC20) in FEV1 of greater than 16 mg*mL-1(11). 

Allergy Testing

Skin prick tests were performed at diagnosis of OA to assess atopic status according to the method described by Pepys(12). Atopy was defined as having at least one positive result to an aeroallergen. 

Induced Sputum Analysis

Patients underwent sputum induction by inhaling increasing concentrations (3%, 4%, and 5%) of hypertonic saline at diagnosis and at re-evaluation(13). The samples were processed according to a previously published protocolADDIN EN.CITE.DATA 
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Compound Asthma Severity Score

Asthma severity was assessed at diagnosis and at re-evaluation. The asthma severity at diagnosis, at re-evaluation and the proportion of permanent disability that was allocated were calculated according to the Quebec Workers’ Compensation Board Scale for OA (Table 1) (15). This scale incorporates three factors in the same way as the one proposed by the American Medical Association(16): level of bronchial calibre, degree of bronchial responsiveness and need for medication to control asthma(17).

Table 1: Quebec system of compensation for occupational asthma: criteria used to determine permanent disability
	Class
	Level of bronchial obstruction*
	Level of bronchial responsiveness$
	Need for medication
	Percentage disability

	1
	0
	0
	None
	0

	2A
	0
	1
	None
	5

	2B
	0
	1
	BDT if needed
	8

	2C
	0
	1
	BDT regularly
	10

	2D
	0
	2
	None
	10

	2E
	0
	2
	BDT reg or if needed
	13

	2F
	0
	3
	BDT reg or if needed
	15

	3A
	1
	1
	BDT reg or if needed
	18

	3B
	1
	2
	BDT reg or if needed
	20

	3C
	1
	3
	BDT reg or if needed
	25

	4A
	2
	1-2
	BDT reg or if needed
	28

	4B
	2
	3
	BDT reg or if needed
	33

	5A
	3
	1-2
	BDT reg or if needed
	50

	5B
	3
	3
	BDT reg or if needed
	60

	6
	4
	1-2-3
	BDT reg or if needed
	100


Legend: Group with oral steroids and with or without inhaled steroids: add 3% for inhaled steroids, ad 10% for oral steroids. *: level of bronchial obstruction (FEV1 and/or FEV1/FVC) determined at least 8 h after inhaled beta2-adrenergic agent and 48 h after oral theophylline, as follows: 0 = >85% pred; 1 = 71–85% pred; 2 = 56–70% pred; 3 = 40–55% pred; and 4 = <40% pred. $: level of bronchial hyperresponsiveness determined as follows: 0 = PC20 >16mg·ml-1; 1 = PC20 2–16 mg·ml-1; 2 = PC20 0.25–2 mg·ml-1; 3 = PC20 ≤0.25 mg·ml-1. PC20 assessed by the method of Cockcroft and co-workers (10). BDT: bronchodilator therapy; PC20: provocative concentration producing a 20% fall in FEV1; reg: regularly (daily).

Direct Costs of OA

We consulted the patients’ files at the Québec WCB to determine the costs of compensation for OA at the time of the re-evaluation. We reported the compensation for loss of income (CLI) and functional impairment (CFI) in this study. CLI corresponds mainly to compensation for lost wages during the rehabilitation period (up to two years) after the worker is removed from the workplace. CFI is allocated at the time of re-evaluation by the WCB, about two years after confirmation of the initial diagnosis and subsequent removal from the workplace, and is calculated according to the WCB scale for OA.    
Statistical analyses

Proportions are reported as absolute numbers and relative frequencies. Continuous data is reported as mean ±standard deviation or median and 25 and 75 percentiles, if non-normally distributed. Distribution of continuous variables was verified visually by plotting histograms. Proportions were compared by using Chi – Square or Fisher’s exact test where  the expected cell count was <5. Continuous variables were compared by using the Mann-Whitney U test. We calculated Spearman’s rho for correlation analysis between two continuous variables, and we conducted point-biserial correlations between continuous and categorical variables, but we did not correct the p-values for multiplicity. Prior to performing linear regression, we performed logarithmic transformation and then, the second power of the dependent variables AQLQ(S) and PSI overall scores. Presence of psychiatric mood and anxiety disorders was assessed by the PRIME-MD and coded as a dichotomous variable (yes, no).

First, we analysed the a priori model with factors set in our hypotheses as likely associated with psychological outcomes (AQLQ(S), SGRQ and PSI): gender (male vs. female), age at re-evaluation, time intervals since diagnosis, the asthma severity composite score at re-evaluation and the  employment status at the time (working vs. not working). Secondly, we performed a univariate analysis of the dependent variables with different socio-economic covariates gathered at the time of diagnosis as well as at the time of re-evaluation. We then performed a linear regression analysis with covariates with a p-value <0.2 identified in univariate analysis, and covariates identified in the a priori model in which the coefficients had a p-value of <0.2 in the model. The same scheme was applied for the logistic regression analysis of the dichotomous variable. Similarly, we performed a logistic regression analysis for the dependent dichotomous variable having mood or anxiety disorder diagnosed, according to the Prime-MD. For analysis of the data, we used a statistical software package (SPSS V.16, SPSS Inc., Chicago, USA). We considered a p-value of <0.05 as significant.

Results

Recruitment and characteristics of study participants versus non-participants

Seventy-three subjects were eligible to participate as their claims were reviewed by the two committees in Montreal for a permanent disability indemnity during the study’s recruitment period. Out of these eligible individuals, we were unable to contact five subjects and eight subjects refused to participate, yielding a final sample of 60 subjects and a participation rate of 82%. The baseline characteristics of the study participants as well as the non-participants at the time of diagnosis of OA can be seen in Table 2.

Table 2: Characteristics of study participants versus non-participants at the time of diagnosis of occupational asthma

	
	Participants (n=60)
	Non-participants (n=13)
	p-value

	Male gender
	45 (75%)
	12 (92%)
	0.273

	Age (years)
	42 (15)
	39 (21)
	0.795

	Atopy
	42 (70%)
	11 (85%)
	0.491

	Smoking habit

· smoker

· ex-smoker

· non-smoker
	10 (16%)

25 (42%)

25 (42%)
	2 (15%)

9 (70%)

2 (15%)
	0.153

	FEV1% predicted
	86 (25)
	78 (35)
	0.264

	FVC% predicted
	91 (15)
	80 (21)
	0.143

	Bronchial hyperresponsiveness to methacholine

PC 20 mg.mL-1
	0.87 (2.30)
	0.32 (0.75)
	0.155

	Causal agent is a high molecular allergen
	27 (45%)
	5 (38%)
	0.632

	Duration of symptoms prior to claim (years)
	1.4 (7.3)
	3.6 (15.0)
	0.141


Legend: Data are presented as n (%) or median (interquartile range). PC20= concentration of methacholine to provoke a fall in FEV1 of 20% or more. Atopy= presence of at least one immediate skin reaction to 15 ubiquitous aeroallergens.
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