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Abstract 

 
Background: Patients with occupational asthma (OA) - and their medical advisers- need 
valid information about the prognosis of their disease. 
Methods: We carried out a systematic review of the published literature on the symptomatic 
and functional outcomes of OA after avoidance of exposure to the causative agent. Through 
a full search of electronic and bibliographic sources we identified original studies 
documenting complete recovery from asthma (n=39, 1681 patients) or improvement in non-
specific bronchial hyper-responsiveness, NSBHR (n=28, 695 patients).  The median duration 
of follow up was 31 (range 6-240) months for studies of symptomatic recovery and 37 (6-
240) months for studies of NSBHR. Most studies were of patients recruited from special 
clinics.  
Results:  Reported rates of symptomatic recovery varied from 0-100% with a pooled 
estimate of 32% (95% C.I: 26-38%). These rates were lower with increasing age (p=0.019) 
and among clinic based populations (p=0.053). Patients with the shortest durations of 
exposure (≤ 76 months) had the highest rate of recovery (36%, 95 % C.I: 25-50%), but the 
effect was not linear. The pooled prevalence of persistent NSBHR at follow up was 73% 
(95% C.I. 66-79%). This figure was higher among patients whose disease was due to high 
molecular weight agents (p=0.006) and, less clearly, those from clinic based populations 
(p=0.561). In between-study comparisons we found no clear patterns of improvement 
relating to total duration of exposure or follow-up. From within-study comparisons there was 
some evidence that a shorter duration of symptoms was associated with a higher rate of 
symptomatic recovery. 
Conclusion: The available data on the prognosis of OA are insufficiently consistent to allow 
confident advice to be given to patients with the disease.  Clinicians and epidemiologists with 
an interest in this disease should consider a collaborative and carefully standardised study of 
the prognosis of occupational asthma. 
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Introduction 
Occupational asthma may be defined as reversible airway obstruction that is induced by 
workplace exposure to airborne dusts, gases, vapours or fumes (1).  In industrialised 
countries it is the most commonly reported occupational lung disease; despite intensive 
preventive measures there is little evidence that its overall incidence is declining (2). 
 
Patients with a diagnosis of occupational asthma are generally advised that further exposure 
to the causative agent will lead to continuing and worsening symptoms and may adversely 
affect outcome.  Since such agents are usually encountered only at work, avoidance of 
exposure is achieved in the main by relocation in the workplace or – more commonly – by a 
change in occupation.  Respiratory protective equipment may be helpful but its effectiveness 
has been studied in only a few small-scale, short-term studies (3); in any case it is rarely 
practicable in the long term.  Thus the diagnosis of occupational asthma requires patients 
(and their employers) to confront important social and economic decisions.  To assist them, 
they need clear information on the prognosis of the disease should further exposure be 
avoided.  In addition, occupational asthma is a potentially valuable model for the study of 
allergen avoidance in adult disease. 
 
We carried out a systematic review of published studies of the outcome – and determinants 
of outcome - of occupational asthma after avoidance of the causative agent.  In this way we 
aimed to understand how comprehensive and how consistent the available information was; 
and whether further research was necessary. 
 
Methods 
As far as we are aware no prior systematic review of this subject is available.  We searched, 
electronically, MedLine and EMBASE databases from, respectively, 1996 and 1974 to March 
2004.  We further examined the reference lists of relevant articles identified in this way.  We 
selected for inclusion in the review all original, published studies in any language, reporting 
the outcome of patients with occupational asthma after the cessation of causative exposure.  
We excluded studies of ‘irritant induced asthma’ and those where patients had been 
relocated to ‘low exposure’ positions at work.  We also excluded studies where it was not 
possible to distinguish the outcomes of patients who had avoided exposure from those of 
patients with persistent exposure after diagnosis. 
 
We did not apply any assessment of study quality; and nor did we consider in detail the 
methods by which a diagnosis of occupational asthma had been reached.  The studies we 
identified used a large number of diverse outcome measures; from these we selected two 
that we felt were clinically relevant and that were most often reported: complete symptomatic 
recovery from asthma and improvement in non-specific bronchial responsiveness (NSBHR).  
As potential determinants of outcome we examined the effects of age, agent, setting and 
durations of both exposure and follow up after cessation of exposure. Data were extracted, 
independently by two reviewers, from each paper on to a standard record sheet.  
Disagreements were settled through discussion with a third reviewer. 
 
Comparisons between studies including potential determinants of outcome were made and 
are presented in graphical forms.  Where determinants were measured quantitatively we 
categorised them by tercile of study populations.  For all meta-analyses, prevalence 
estimates were transformed to logits using the empirical logistic transformation and were 
later back-transformed.  Significant heterogeneity was observed for both outcomes and 
pooled estimates were derived using random-effects methods. Meta-regressions were used 
to assess the effect of potential determinants on outcomes. Analyses were conducted using 
STATA v9 using the “meta” and “metareg” commands.  
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Results 
What proportion of patients with occupational asthma recover symptomatically after 
cessation of exposure to the initiating antigen? 
 
We identified 39 original papers that addressed this question; they included 1681 patients 
and are summarised in Table 1.  The median follow up period was 31 months (range: 6-240 
months).  In 33 studies, patients (n=1579, 94%) were recruited from hospital clinics; far 
fewer patients (n=102) were identified through workplace surveillance.  Twenty-five papers 
concerned occupational asthma induced by low molecular weight agents, in 11 cases 
diisocyanates.  Just four papers described outcomes from asthma induced only by high 
molecular weight allergens (latex, crab proteins, flour, and enzymes).  The remainder (10 
papers) were concerned with a variety of allergens. 
 
The reported incidence of complete symptomatic recovery from asthma varied from 0% to 
100% with a pooled prevalence of 32% (95% C.I: 26%-38%).  They are displayed in Figure 
1, separately for studies in which diagnoses were made exclusively by specific inhalation 
testing.  In Figure 2 the studies are categorised according to potential determinants of 
outcome.  Pooled prevalences of complete symptomatic recovery were lower with increasing 
age (p=0.019) and among clinic based populations (p=0.053).  Patients with the shortest 
durations of employment (up to 76 months) had the highest rate of recovery (36%, 95%CI 
25%-50%) but this pattern was not sustained at longer durations (p=0.764).  Eleven studies 
(4-14) reported durations of symptomatic exposure with a median of 26 months.  Complete 
recovery was less common in those studies with an average duration of symptomatic 
exposure greater than 26 months (35% vs 48%, respectively) although the difference was 
not statistically significant (p=0.120).  In between-study comparisons we found no clear 
patterns of recovery by duration of follow up, by a crude index of study nationality or when 
comparing disease attributed to LMW or HMW agents.  The median (range) age of patients 
in 22 studies of LMW agents was 39 (31-53) years and of those in three HMW studies was 
32 (31-36) years.  Fourteen studies (475 patients), two of them workplace-based (36 
patients), appeared to report 100% follow up.  The pooled estimate of complete recovery in 
these was 40% (95% CI 31%-50%).  Among 23 studies (821 patients) with less complete 
follow up, ranging from 21% to 91%, the pooled prevalence of complete recovery was lower 
at only 27% (95% ci 20%-37%) although the difference was not statistically significant 
(p=0.121). 
 
Within-study comparisons of symptomatic recovery by age were available for 10 studies (15-
24).  In each the mean age of patients with persistent symptoms was higher than that of 
patients who recovered; in two the difference was statistically significant (25;26).  Eleven 
studies included comparative information on total duration of exposure (27-37).  In all cases, 
patients with persisting symptoms of asthma had had longer exposures; in three studies (38-
40) the differences were statistically significant.  In ten of the eleven reports examining the 
effect of the duration of symptomatic exposure, subjects who were asymptomatic at follow 
up had shorter durations of symptoms than those who remained symptomatic.  In five 
studies the association was statistically significant (41-45).  We found no studies that 
examined the independent effects of age and exposure duration. 
 
Eight reports examined the effects of smoking (46-53).  Their findings were contradictory 
with three (54-56) reporting that patients who recovered completely were more likely to be 
smokers than those whose symptoms persisted, one (57) the opposite and three that there 
was no relationship (51;58;59).  The final paper (60) stated that no statistical analysis was 
performed due to its small sample size.  
 
What proportion of patients with occupational asthma recovers physiologically after 
cessation of exposure to the offending agent? 
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Twenty-eight papers (695 subjects; 610 subjects from clinic-based populations, 85 from 
workplace- based studies) included sufficient information on physiological recovery with 
measures of NSBHR both at diagnosis and follow-up (table 2). The median of follow up 
period was 37 months (range: 6-240 months).  The pooled estimate of persistent NSBHR 
was 73%, (95% C.I 66%-79%).  The prevalence rates of hyper-responsiveness at diagnosis 
are plotted against rates at follow up in figure 3. 
 
In figure 4 these results are again categorised by potential determinants of outcome.  
Patients whose disease had been attributed to a LMW agent – and those from European 
workplaces - were less likely to have persistent NSBHR (p=0.006 and p=0.018, 
respectively).  The median (range) age of patients in 18 studies of LMW agents was 40 (31-
53) years; for patients in three HMW studies it was 36 (32-37) years.  Persistent hyper-
reactivity was slightly less common among patients recruited through the workplace (70% vs 
74%), but the difference was not statistically significant (p=0.561).  We found no clear 
patterns of recovery by age or duration of either employment or follow-up. 
 
We obtained data from two studies (61;62) regarding comparative information on age by 
recovery from NSBHR.  In each, subjects who recovered physiologically were older than 
those who did not.  Six studies (63-68) included information on duration of exposure; in five, 
a shorter duration of exposure was associated with better outcome in terms of physiologic 
recovery. In one paper, (69) no association was found.  Two studies reported data on 
smoking (51;70), neither demonstrating a relationship with physiologic recovery. 
 
 
Discussion 
At face value, the findings of this systematic review are bleak; just one third of patients with 
occupational asthma will recover fully from their disease despite avoidance of exposure to 
the initiating agent.  This proportion seems not to be related to the duration of avoidance.  In 
most cases, non-specific bronchial responsiveness detected at diagnosis persists.  
Significant between-study heterogeneity was observed for both outcomes necessitating the 
use of random-effects methods to derive pooled estimates; given the extent of heterogeneity 
we remain uneasy about the interpretation of these.  Using the limited data available we 
explored potential reasons for the variation.  There was evidence that symptomatic 
outcomes worsened with increasing age and with duration of symptomatic exposure 
although the latter was only borderline significant.  Routine surveillance programmes in high 
risk working populations are based on the belief that patients with shorter durations of 
exposure have better symptomatic outcomes; interestingly the relevant studies are very 
largely of populations exposed to LMW compounds. 
 
The majority of papers we included were studies of patients recruited from and followed 
through specialist clinics.  The potential for bias here is high; patients with more severe 
disease may be more often referred for specialist assessment and those with persistent 
disease more likely to be followed up.  Issues surrounding eligibility for continuing 
compensation may also be important.  Together these probably result in an underestimate of 
the true rate of recovery; and may explain why we were unable, when comparing different 
studies, to detect any consistent evidence of improvement with time. In 37 studies where 
there was relevant information on the proportion of the base population included in the study, 
those with complete follow up reported higher rates of symptomatic recovery although this 
difference was not statistically significant.  Six studies of symptoms and four of physiology 
were derived from workplace surveys, and thus probably included more representative 
populations.  In these the pooled prevalences of symptomatic recovery were higher in 
comparison with clinic based pooled estimates (53% vs 30%) although the difference was 
only borderline significant (p=0.053).  Workplace based studies also demonstrated a lower 
pooled prevalence of NSBHR at follow up (70% vs 74%) although the difference was smaller 
and not statistically significant (p=0.561). 
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We acknowledge other limitations, most of them familiar to non-therapeutic systematic 
reviews.  Studies were very variable in their size and in their methods.  In the absence of any 
agreed standard we did not attempt to apply any quality criteria to those we included; nor did 
we question the methods used to determine a diagnosis of occupational asthma although 
these were certainly various.  Confining our analysis to those studies where the diagnosis 
was established using specific provocation testing did not however reduce the variation in 
outcome.  A further source of potential bias arises from the inclusion of several papers from 
the same research groups and the possibility that the study populations in them overlap.  
Because they were widely available – and because we felt them to be clinically meaningful - 
we selected just two outcome variables from the many that have been reported.  These 
however were not measured in a consistent manner, one (symptomatic recovery) being 
assessed using a variety of locally derived questionnaires or clinical information, the other 
(NSBHR) by a number of different agents and cut-off values.  We elected not to include 
FEV1 as an index of outcome since it is frequently normal at diagnosis.  Nor did we include 
any measures of socio-economic outcome; these are highly dependent on local 
circumstances and comparisons between different studies from countries with different 
jurisdictions and employment patterns are unlikely to be fruitful.  In addition it was not 
possible to control for quantitative aspects of exposure (apart from duration), the severity of 
asthma at diagnosis or the use of protective equipment or anti-inflammatory treatment.  
Publication bias – whereby negative findings may be under-reported and ‘established’ 
associations reinforced – cannot of course be excluded. 
 
It is widely accepted that the duration of (symptomatic) exposure to the causative allergen is 
an important determinant of outcome.  In between-study comparisons of the 26 studies that 
reported the total duration of exposure (or employment) there was little evidence to support 
this; in contrast ten of the eleven studies that included information on symptomatic exposure 
reported that recovery from asthma was less frequent in those with longer durations, the 
difference being statistically significant in five studies.  Importantly, recovery was related to 
age in 10 studies (in two a significant association was reported); those studies where the 
average age was lower reported higher rates of symptomatic recovery.  Age and duration of 
exposure are likely to be related to one another and it does not appear that their effects have 
been examined independently.  Patients whose disease was attributed to high molecular 
weight agents appeared in this review to fare more poorly in terms of physiology, an 
outcome that appears not to be confounded by age. 
 
In several aspects – including the effects of allergen avoidance – occupational asthma 
provides a useful model for the study of adult asthma in the wider community.  This may 
especially be so when the disease is caused by a workplace allergen of high molecular 
weight although unhappily there are very few outcome studies confined to these.  The 
mechanisms of disease persistence after exposure avoidance are poorly understood; in the 
case of disease caused by crab aeroallergens any recovery in lung function and NSBHR 
appears to take place in the first two years after exposure ceases (71).  Persistence 
thereafter may be related to fixed airway remodelling (72-74) which in turn may be related to 
age or the duration of allergen exposure.  Retention of allergen or hapten within the lung – or 
extra-pulmonary tissue – has been suggested as a mechanism for continued IgE production 
after the cessation of external exposure to acid anhydrides (75); in an animal model IgE (and 
IgG) production has been demonstrated even long after allergen exposure has stopped (76). 
 
An important function of a systematic review is the establishment of further research needs.  
Here we have assembled and compared 39 studies of the symptomatic, and 28 of the 
functional outcome, of occupational asthma.  Considerable heterogeneity in their findings 
has been identified.  It seems unarguable that a proportion of patients with occupational 
asthma do not recover from their disease.  However there is considerable uncertainty over 
the size and determinants of this proportion, a situation that creates difficulties for patients 
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(and their advisors) needing to make important decisions about their employment.  We 
suggest that clinicians and epidemiologists with an interest in this disease consider a large, 
necessarily collaborative, and carefully standardised study of the prognosis of occupational 
asthma and its determinants after the avoidance of exposure. 
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Table 1 Characteristics of the reviewed studies of symptomatic recovery 

Year Setting Agent Subjects at 
follow up 

Follow up 
(months) Country Reference 

1977 Clinic Flour 168 Not available Europe (77)  

1977 Clinic Red Cedar 38 18 Canada (78)  

1982 Clinic Colophony 20 29 Europe (79)  

1982 Clinic Red Cedar 75 42 Canada (80)  

1984 Clinic Isocyanates 12 25 Europe (81)  

1985 Clinic Various 32 25 Canada (82)  

1985 Clinic Crab 31 12 Canada (83)  

1987 Clinic Isocyanates 50 48 Europe (84)  

1987 Clinic Red Cedar 136 48 Canada (85)  

1987 Clinic Isocyanates 20 30 Europe (86)  

1988 Clinic Isocyanates 30 10 Europe (87)  

1988 Clinic Red Cedar 17 47 Canada (88)  

1989 Clinic Various 32 28 Canada (89)  

1989 Clinic Various 28 70 Canada (90)  

1989 Workplace Aluminium 43 60 New Zealand (51)  

1992 Workplace Aluminium 12 23 Europe (91)  

1992 Clinic Isocyanates 6 6 Europe (92)  

1993 Clinic Isocyanates 43 60 Europe (93)  

1993 Clinic Various 18 14 Europe (94)  

1993 Clinic Red Cedar 80 57 Canada (95)  

1994 Clinic Isocyanates 28 82 Europe (96)  

1994 Clinic Cobalt 8 36 Europe (97)  

1994 Workplace Platinum salts 24 19 Europe (98)  

1995 Clinic Isocyanates 10 13 Europe (99)  

1995 Workplace Anhydrides 6 12 USA (100)  

1996 Clinic Various 32 18 Canada (101)  

1996 Clinic Various 15 40 Canada (102)  

1996 Workplace Anhydrides 11 48 USA (103)  

1997  Clinic Isocyanates 35 24 Korea (104)  

1998 Clinic Various 55 31 USA (105)  

1998 Clinic Various 305 Not available Europe (106)  

1998 Clinic Enzymes 3 Not available Europe (107)  

1998 Workplace Anhydrides 6 240 Europe (108)  

1999 Clinic Various 13 12 Europe (109)  

2002 Clinic Latex 16 56 Europe (110)  

2002 Clinic Isocyanates 41 67 Korea (111)  

2003 Clinic Persulphate 5 23 Europe (112)  

2003 Clinic Isocyanates 74 132 Europe (113)  

2004 Clinic Various 103 104 Canada (114)  
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Table 2 Characteristics of the reviewed studies of non specific bronchial hyperreactivity 
 

Year Setting Agent 
Subjects 
at follow 

up 

Follow up 
(months) Agent(s) Cut-off value Country Reference 

1982 Clinic Colophony 20 29 histamine PC20  16mg/ml Europe (115)  

1982 Clinic Red Cedar 33 42 methacholine PC20  24mg/ml Canada (116)  

1984 Clinic Isocyanates 12 25 bethanechol Pc15  N/S Europe (117)  

1985 Clinic Crab 31 12 histamine PC20  ≤16mg/ml Canada (118)  

1985 Clinic Various 32 25 histamine PC20  ≤16mg/ml Canada (119)  

1987 Clinic Isocyanates 12 30 acetylcholine PC15  ≤0.1mg/ml Europe (120)  

1987 Clinic Isocyanates 21 48 histamine, cold air PC10 N/S Europe (121)  

1988 Clinic Isocyanates 30 10 methacholine PD20 Europe (122)  

1988 Clinic Crab 31 64 

histamine, 

methacholine 
PC20  ≤16mg/ml 

Canada (123)  

1988 Clinic Red Cedar 16 47 methacholine PC20  ≤16mg/ml Canada (124)  

1989 Clinic Various 21 28 histamine PC20  ≤16mg/ml Canada (125)  

1989 Workplace Aluminium 43 60 methacholine PC20  ≤8mg/ml New Zealand (51)  

1989 Clinic Various 23 70 histamine PC20  ≤16mg/ml Canada (126)  

1990 Clinic Isocyanates 10 22 methacholine PD15  ≤1mg Europe (127)  

1992 Clinic Isocyanates 6 6 methacholine PD20  ≤1.4mg Europe (128)  

1992 Workplace Aluminium 12 23 methacholine PC20  ≤16mg/ml Europe (129)  

1993 Clinic Isocyanates 9 48 methacholine PD20  ≤1mg Europe (130)  
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1994 Workplace Platinum Salts 24 19 methacholine PC50 (SGaw) ≤8mg/ml Europe (131)  

1994 Clinic Cobalt 8 36 methacholine PD15  ≤1mg Europe (132)  

1995 Clinic Isocyanates 10 13 methacholine PD20  ≤1.4mg Europe (133)  

1996 Clinic Various 15 40 methacholine PC20  ≤16mg/ml Canada (134)  

1997 Clinic Isocyanates 35 24 methacholine PC20  (extrapolation) Korea (135)  

1998 Clinic Various 42 37 methacholine PC20  ≤16mg/ml Europe (136)  

1998 Clinic Various 33 107 methacholine PC20  ≤16mg/ml Europe (137)  

1998 Workplace Isocyanates 6 240 histamine PC20  ≤16mg/ml Europe (138) 

2002 Clinic Latex 16 56 histamine PC20  ≤16mg/ml Europe (139)  

2002 Clinic Isocyanates 41 67 methacholine PC20   (extrapolation) Korea (140)  

2004 Clinic Various 103 104 methacholine PC20  ≤16mg/ml Canada (141)  
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Figures 
Figure 1 Proportion of subjects with complete symptomatic recovery from asthma at 

follow-up: individual and summary estimates.  Black squares indicate studies 
where the diagnosis was made, in all subjects, by specific provocation testing.  
Study reference numbers are indicated on the left hand axis. 

 
 
Figure 2 determinants of complete symptomatic recovery from asthma 
 
 
Figure 3 proportion of patients with non-specific bronchial hyperreactivity at diagnosis 

and at follow-up. 
 
 
Figure 4 determinants of persistent non-specific bronchial hyperreactivity at follow up 
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