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    Abstract

The optimal management of occupational asthma remains uncertain in clinical practice. The aim of this review was to analyse the published information pertaining to the management of occupational asthma in order to produce evidence-based statements and recommendations.

A systematic literature search was conducted up to March 2010 to identify original studies addressing the following different treatment options: 1) persistence of exposure; 2) pharmacological treatment; 3) complete avoidance of exposure; 4) reduction of exposure; and 5) the use of personal protective equipment.

After full text evaluation of 83 potentially relevant articles, 52 studies were retained for analysis.

The conclusions from this systematic review are limited by the methodological weaknesses of most published studies. Critical analysis of available evidence indicates that: 1) persistent exposure to the causal agent is more likely to result in asthma worsening than complete avoidance; 2) there is insufficient evidence to determine whether pharmacological treatment can alter the course of asthma in subjects who remain exposed; 3) avoidance of exposure leads to recovery of asthma in less than one-third of affected workers; 4) reduction of exposure seems to be less beneficial than complete avoidance of exposure; and 5) personal respiratory equipment does not provide complete protection.


	Asthma
	occupational diseases
	outcome assessment
	prognosis
	respiratory protective devices

For many years, the recommended therapeutic approach for immunologically mediated occupational asthma (i.e. occupational asthma with a latency period) has been the cessation of exposure to the sensitising agent through either the movement of the worker to an unexposed job or the elimination of the sensitising agent from the workplace [1–3]. However, there has been a growing recognition that complete avoidance of exposure is often associated with not only adverse social and financial consequences for affected workers, but also with a substantial economic impact for society as a whole [4–6]. This is likely to account for the consistent finding that about one-third of workers with occupational asthma remain exposed to the causal agent [4]. In addition, the efficacy of complete exposure avoidance on asthma outcome seems quite limited [7, 8]. However, continued but reduced exposure to the causal agent may lead to an improvement in asthma and has been considered as an alternative in order to minimise the detrimental consequences on employment, income and quality of life [1–2, 9]. The outcome of occupational asthma after treatment interventions has been examined in systematic reviews of the literature published up to 2004 [1, 7, 8], but there remains uncertainty as to whether exposure cessation is the optimal approach to manage occupational asthma. The purpose of this systematic review was to synthesise and critically analyse the scientific literature pertaining to the management options of occupational asthma in order to issue statements and recommendations aimed at the medical community, workers, employers and policy-makers.

METHODS

The statements and recommendations formulated in this article are based on a systematic evaluation of the international literature according to the methods extensively described by Baur et al. [10] and in [11] (table 1).
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Table 1. 
Ancillary questions pertaining to the management of occupational asthma




Search results, as well as a list of considered articles, were included in evidence tables and presented in the online supplementary material of [10].

Considering the substantial heterogeneity of reported clinical and functional outcomes in follow-up studies of occupational asthma [7, 8], any quantitative analysis of the effects of interventions was deliberately restricted to simple outcomes, “symptom recovery” and “nonspecific bronchial hyperresponsiveness (NSBHR) recovery”, which were evaluated according to the criteria used in each study, as proposed by Rachiotis et al. [8]. The pooled prevalence estimates of these outcomes were computed using a random-effect model through MetaAnalyst Beta 3.13 software [12].



RESULTS

462 titles were identified in the systematic literature search. After full evaluation, we selected 50 that were relevant for the questions.

The results of the bibliographic search for each of the pre-defined ancillary questions as well as the reasons for excluding some studies, and the characteristics, main findings and quality assessment of the selected publications are available in the online supplementary material of [10].


What are the consequences of persistent exposure to the causal agent?

The bibliographic search identified nine studies that compared the effects of persistence of exposure to sensitising agents with those resulting from complete avoidance in the same populations of workers affected with occupational asthma (table 2) [13–21]. Asthma symptoms persisted in almost all (93.0%, 95% CI 86.3–96.6%) patients who remained exposed, while 33.7% (95% CI 23.6–45.6%) of those who avoided exposure recovered from their asthma. The two studies that provided information on worsening of asthma reported that the condition deteriorated in 10 (59%) out of 17 subjects who remained exposed, but in none of those who avoided exposure [18, 20]. The few studies that compared the outcome in terms of functional parameters reported that persistence of exposure was associated with a decrease in forced expiratory volume in 1 s (FEV1) [13, 16, 20] and an increase in NSBHR [13, 20] compared with cessation of exposure; although the differences were significant in only one study [20]. Two retrospective cohort studies specifically investigated changes in FEV1 according to cessation or persistence of exposure to the sensitising agent. Lin et al. [22] found that patients with occupational asthma caused by red cedar dust who continued to be exposed had a more rapid decline in FEV1 (-26 mL·yr−1) than a control population of cedar sawmill workers. Anees et al. [23] evaluated the changes in FEV1 before and after removal from exposure in 44 out of 156 consecutive subjects with occupational asthma (87% due to low-molecular-weight agents) who underwent measurements within 1 yr before and after removal and could serve as their own control. The mean±se rate of decline in FEV1 was significantly greater before (-119.8±26.3 mL·yr−1) than after cessation of exposure (+9.8±31 mL·yr−1), with a mean difference of -129.6 mL·yr−1 (95% CI -217– -42 mL·yr−1). Only one prospective study compared asthma severity, disease-related costs and work-derived income after cessation or persistence of exposure to various agents causing occupational asthma. Noticeably, the investigators did not clearly distinguish the persistence of exposure to the same conditions at work from a reduction of exposure to the causal agent, since 43% of the subjects with persistent exposure actually had intermittent or lower exposure [24]. When compared with persistence of exposure to causal agents, complete avoidance resulted in a significant decrease in asthma severity and healthcare expenses, but also in work-derived income [24].
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Table 2. 
Comparison between persistence and avoidance of causal exposure





Is it possible to improve symptoms and lung function using pharmacological treatments in affected workers with persistent exposure?

The effectiveness of anti-asthma medications in patients with persistent exposure has been evaluated in one uncontrolled intervention study [27] and one retrospective cohort study [23]. Marabini et al. [25] reported that there was no significant deterioration in any of the asthma outcomes compared with baseline values in 10 subjects with occupational asthma due to various agents who were treated with inhaled corticosteroids and long-acting β2-agonists over a 3-yr period. In contrast, Anees et al. [23] reported that the decline in FEV1 before removal from exposure to agents causing occupational asthma was not affected by the use of inhaled corticosteroids. Several case reports and uncontrolled case series have reported a beneficial effect of specific immunotherapy with some high-molecular-weight allergens (i.e. sea squirt allergens, natural rubber latex and laboratory animals) [26], but only a few well-conducted studies have been published. Armentia and co-workers [27, 28] conducted a placebo-controlled, double-blind trial of subcutaneous immunotherapy with a flour extract in 30 workers with occupational asthma. The treated patients showed a significant decrease in symptoms, NSBHR to methacholine, skin sensitivity and specific immunoglobulin (Ig)E to wheat flour without any adverse reactions. Two randomised, double-blind, placebo-controlled trials evaluated the effectiveness of specific subcutaneous immunotherapy in healthcare workers with latex allergy [29, 30]. These studies documented an improvement in rhinoconunctivitis symptoms and a reduction in skin reactivity to latex, but there was no clear improvement in asthma outcomes. In addition, latex immunotherapy resulted in a high rate of systemic adverse reactions. There has been some suggestion that sublingual immunotherapy may be effective in latex allergy [31].

Recent case reports have provided some suggestion that treatment with omalizumab could substantially improve asthma control in subjects with flour-induced occupational asthma who remain exposed to the causal work environment [32, 33], although further investigations are required.



What is the effectiveness of complete avoidance of exposure?

Two systematic reviews examined the outcome of workers with occupational asthma after cessation of exposure to the causal agent in studies published up to 2004 [7, 8]. The bibliographic search identified eight follow-up studies of workers removed from exposure that met the inclusion criteria used by Rachiotis et al. [8] and were published after March 2004 (table 3) [34–41]. These studies yielded estimated rates of symptomatic recovery (15.5%, 95% CI 8.3–27.1%)) and persistence of NSBHR (67.2%, 95% CI 45.7–83.2%) that were in line with those reported in the systematic review by Rachiotis et al. [8]. Two retrospective cohort studies explored the long-term changes in functional indices after cessation of exposure: Malo et al. [42] showed that the improvement in NSBHR can continue for years after cessation of exposure, but the rate of improvement is steeper during the first 2.5 yrs. Anees et al. [23] found that the decline in FEV1 after removal from exposure is similar to that observed in healthy adults [23]. Recent studies using induced sputum analysis have documented that failure to improve NSBHR after cessation of exposure was associated with persistent airway inflammation [43, 44], but inflammation [40] and airway remodelling [45] may be present in subjects who have recovered from symptoms and NSBHR.
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Table 3. 
Avoidance of exposure: characteristics and results of studies published between 2004 and 2010




Two randomised controlled trials assessed the effects of systematic treatment with inhaled corticosteroids in addition to cessation of exposure [46, 47]. Maestrelli et al [46]. found that treatment with beclomethasone dipropionate (1 mg twice daily for 5 months) was associated with reduced NSBHR. Malo et al. [47]. showed that beclomethasone dipropionate (1 mg daily) was associated with a significant, though minimal, improvement in symptoms, peak expiratory flow and quality of life.



What is the effectiveness of reducing exposure through engineering control or relocation of affected workers?

The bibliographic search identified 10 studies that compared the target asthma outcomes (i.e. improvement, recovery, and worsening of asthma symptoms and NSBHR) in subjects who reduced exposure to the causal agent with those who completely avoided exposure [13–15, 19, 41, 48–52]. The detailed methodology and results of the meta-analysis of these studies have been published elsewhere [53]. The studies evaluated 186 patients who had reduced exposure and 292 who had avoided exposure to the causal agent. The most commonly identified causal agents, in seven out of 10 publications, were low-molecular-weight agents, including isocyanates [14, 49, 50], colophony [48], red cedar dust [13], platinum salts [19] and persulfate salts [41]. Two studies involved a single high-molecular-weight agent, natural rubber latex [51, 52], and one study evaluated patients with occupational asthma caused by various agents, of which 90% were low molecular weight agents [15]. The changes in asthma symptoms and NSBHR after reduction or cessation of exposure were described in nine and five studies, respectively. The meta-analysis of pooled data showed that a reduction of exposure was associated with a lower likelihood of improvement (OR 0.16, 95% CI 0.03–0.91) and recovery (OR 0.30, 95% CI 0.11–0.84) of asthma symptoms and a higher risk of worsening of the symptoms (OR 10.23, 95% CI 2.97–35.28) and NSBHR (OR 5.65, 95% CI 1.11–28.82) compared with complete avoidance of exposure.

Two publications reported on the socioeconomic outcomes of workers with occupational asthma caused by colophony [48] and natural rubber latex gloves [51].

These studies revealed that the rate of unemployment was significantly higher among those who avoided exposure compared with those who reduced exposure. Among workers with latex-induced occupational asthma [51], a “major” loss of income was more frequently reported by subjects who ceased exposure to latex than by those who remained exposed to reduced levels of latex.



What is the effectiveness of reducing exposure through personal protective equipment?

We identified five studies that assessed the short-term effectiveness of various types of respiratory protective equipment (RPE) in patients with occupational asthma using inhalation challenges in the laboratory with organic farm allergens [54] and latex [55] or through workplace exposure to laboratory animals [56] or aluminium pot room atmosphere [57], and farming activities [58]. The characteristics and findings of these studies are summarised in table 4. Overall, these studies showed that the use of RPE led to a significant reduction in respiratory symptoms and changes in functional parameters during short-term exposures, but failed to provide complete protection. Notably, one study documented that there was no protective effect in workers with more severe asthma or in those who used RPE irregularly [58].
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Table 4. 
Assessment of respiratory protective equipment (RPE)




One retrospective study of workers with occupational asthma induced by red cedar dust who remained exposed to the causal agent provided indirect evidence supporting a beneficial long-term effect of some types of RPE [59]. In this study, the proportion of subjects who used a twin-cartridge respirator was significantly higher among the group with stable asthma than among the group with a deterioration of asthma.




DISCUSSION

Determining the most effective treatment for occupational asthma would necessitate having precise information on the effect of different management options on clinical, physiological, and socioeconomic outcomes. However, the evidence that can be derived from current data is largely limited by methodological weaknesses. Most published data are observational, nonrandomised follow-up studies. The rationale for the intervention decision (i.e. persistence, reduction, or cessation of exposure) is most often unknown, leading to a high potential for selection biases. In addition, asthma outcomes are measured and expressed in a highly heterogeneous manner. Finally, almost none of the studies relied on quantitative exposure assessments of environmental interventions, such as reduction of exposure. Nevertheless, the information retrieved from the systematic analysis of available data has led us to issue the following consensus statements; level of evidence was graded using the modified 1995 Royal College of General Practitioners (RCGP) three-star system [60] (see online supplementary material of [10]).




1. Persistence of exposure to the agent causing occupational asthma is more likely to be associated with the persistence of asthma and NSBHR, and an accelerated decline in FEV1, compared with complete avoidance of exposure (** moderate evidence)

The systematic review conducted by the Agency for Healthcare Research and Quality (AHRQ) [7] concluded that workers with occupational asthma who remain exposed to the causal agent continue to experience stable or worsened asthma symptoms and tend to show a decrease in FEV1 over time, as well as an increase in NSBHR. The consequences of persistent exposure were not specifically examined in the clinical practice guidelines issued by the British Occupational Health Research Foundation (BOHRF) [1] and the American College of Chest Physicians (ACCP) [2].



2. There is currently insufficient evidence that treatment with inhaled corticosteroids and long-acting β2-agonists is able to prevent the long-term deterioration of asthma in subjects who remain exposed to the agent causing occupational asthma (* limited evidence).



3. There is a lack of evidence-based information on the effectiveness and adverse effects of specific immunotherapy with high molecular weight occupational allergens (** moderate evidence)

The effectiveness of anti-asthma medications in patients who remain exposed to the causal agent was not specifically addressed in previously published guidelines [1, 2] or in the AHRQ systematic review [7]. Despite the dearth of data on the effectiveness of immunotherapy in occupational asthma, the ACCP guidelines concluded that immunotherapy may be an effective management option in individuals with sensitiser-induced occupational asthma due to selected high-molecular-weight agents when a commercial extract is available and the causative agent cannot be completely avoided for economic, professional or other reasons [2]. As outlined by the ACCP guidelines, further investigations are required to evaluate the effectiveness of treatment with omalizumab in subjects who choose to continue exposure [2]. These therapeutic approaches were not addressed in the BOHRF guidelines [1].



4. Occupational asthma is associated with a substantial long-term morbidity, since complete avoidance of exposure to the causal agent results in symptom recovery and resolution of NSBHR in less than one-third of affected workers (*** strong evidence)



5. There is insufficient evidence to support systematic treatment with high-dose inhaled corticosteroids after cessation of exposure (** moderate evidence)

The AHRQ systematic review [7] stated that most of the available studies documented an improvement in asthma symptoms and NSBHR, and an increase in mean FEV1, although only a few reported complete resolution of symptoms in the majority of the subjects. The analysis of studies published since 2004 confirms the low rates of recovery after cessation of exposure that were found by Rachiotis et al. [8] in studies published before 2004: 32% (95% CI 26–38%) for symptomatic recovery and 73% (95% CI 66–79%) for persistence of NSBHR.



6. Reduction of exposure to the causal agent can lead to improvement or resolution of symptoms and NSBHR, although the limited available evidence indicates that this approach is less beneficial than cessation of exposure (** moderate evidence)

The AHRQ systematic review [7] analysed the outcome of symptoms [14, 19, 48, 51, 61–65], asthma medications [14, 48, 51, 61, 66], FEV1, [14, 48, 51] and NSBHR [14, 48, 51] after the reduction of exposure in studies published up to 2004. The authors concluded that these data documented some improvement in asthma symptoms; no clear pattern of changes in medication use; an improvement in FEV1 over time in less than half of the studies; and provided insufficient data (improvement in one of three studies) to draw conclusions about the changes in NSBHR. The guidelines of the BOHRF and ACCP stated that reduction of exposure “is not always effective” [1] and that “there is little evidence for using this approach” [2].



7. Respiratory personal equipment can result in an improvement – but not a complete suppression – of respiratory symptoms and airway obstruction in the short term (** moderate evidence)

The conclusions of this systematic review about the effectiveness of RPE are in agreement with those of the AHRQ review [7] and the BOHRF guidelines [1]. In addition, none of these studies provided information on practical issues (e.g. compliance) that could result from the long-term use of RPE. RPE was not specifically addressed in the ACCP guidelines [2].

Based on the limited evidence provided by this systematic review, some recommendations can be made regarding the management of occupational asthma. These recommendations, along with their strength and the quality of available evidence, are presented in table 5. Large-scale prospective studies comparing the effectiveness and the socioeconomic impact of different treatment options are required in order to provide physicians, affected workers, employers and policy-makers with stronger evidence-based recommendations for the management of occupational asthma. Such studies should: investigate nonselected populations of workers with occupational asthma due to various agents; use the standard outcomes that have been validated for asthma in general; and incorporate quantitative exposure assessments.
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Table 5. 
Recommendations






Future research

There is a need for large-scale, standardised studies on the prognosis of occupational asthma and its determinants after environmental interventions in order to provide evidence-based recommendations to affected workers, employers, and policy-makers. Prospective studies of the prognosis of occupational asthma should use the outcomes that have been validated for asthma in general. Studies aimed at assessing the effects of reduced exposure to agents causing occupational asthma should include quantitative exposure estimates.

There is a need for prospective evaluation of the effectiveness of specific immunotherapy with validated extracts of high-molecular-weight agents and anti-IgE therapy as therapeutic alternatives when complete avoidance is not possible in IgE-mediated occupational asthma caused by agents such as flour, laboratory animals and enzymes. Investigation of the effectiveness of specific immunotherapy to alter the natural history of the disease from rhinitis to asthma is also warranted.
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