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ABSTRACT: Work-related asthma, which includes occupational asthma and work-aggravated

asthma, has become one of the most prevalent occupational lung diseases. These guidelines aim

to upgrade occupational health standards, contribute importantly to transnational legal

harmonisation and reduce the high socio-economic burden caused by this disorder.

A systematic literature search related to five key questions was performed: diagnostics; risk

factors; outcome of management options; medical screening and surveillance; controlling

exposure for primary prevention. Each of the 1,329 retrieved papers was reviewed by two experts,

followed by Scottish Intercollegiate Guidelines Network grading, and formulation of statements

graded according to the Royal College of General Practitioners’ three-star system.

Recommendations were made on the basis of the evidence-based statements, which comprise the

following major evidence-based strategic points. 1) A comprehensive diagnostic approach

considering the individual specific aspects is recommended. 2) Early recognition and diagnosis is

necessary for timely and appropriate preventative measures. 3) A stratified medical screening

strategy and surveillance programme should be applied to at-risk workers. 4) Whenever possible,

removing exposure to the causative agent should be achieved, as it leads to the best health outcome.

If this is not possible, reduction is the second best option, whereas respirators are of limited value.

5) Exposure elimination should be the preferred primary prevention approach.

KEYWORDS: Diagnostics, occupational asthma, occupational exposure, prevention, risk factors,

surveillance

INTRODUCTION

What is work-related asthma?

Work-related asthma refers to occupational asthma
and work-aggravated asthma (fig. 1). Occupational
asthma is a disease characterised by variable
airflow limitation and/or hyperresponsiveness
associated with inflammation due to causes and
conditions attributable to a particular occupational
environment and not to stimuli encountered out-
side the workplace [1]. Occupational asthma
involves: immunoglobulin (Ig)E-mediated asthma
after a latency period; irritant asthma with or
without a latency period, including reactive air-
ways dysfunction syndrome, which results from

high exposure(s); and asthma due to specific
occupational agents with unknown pathomechan-
isms, which also frequently show a latency period
(fig. 1) [2].

Work-aggravated asthma is characterised by
worsening of pre-existing asthma (e.g. shown by
a decrease of forced expiratory volume in 1 s
(FEV1) or methacholine provocative dose causing
a 20% fall in FEV1 (PD20), or increases in airway
resistance, asthma medications or frequency and/
or severity of asthma attacks) due to causes and
conditions attributable to a particular occupational
environment and not to stimuli encountered out-
side the workplace. The worker has a concurrent
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history of asthma that was not induced by an exposure in the
workplace. Aggravation is typically due to an occupational
irritant (e.g. non-sensitising fumes) [3].

There are also workers with pre-existing asthma who, after a
latent interval, experience a worsening of their asthma with
regular daily exposure to agents that can cause IgE-mediated
allergies in others. These workers are included in the occupa-
tional asthma or work-aggravated asthma groups, depending
on national regulations and related case definitions.

Some occupational exposures that are potential causes of
occupational asthma, particularly high concentrations of weld-
ing fumes, isocyanates, potroom and a range of other occupa-
tional noxious exposures (e.g. aluminium, cadmium, metals,
ammonia, environmental tobacco smoke, wood dust, cotton and
endotoxin), have also been reported to cause chronic obstructive
pulmonary disease (COPD), without any acute symptoms to
suggest asthma [4–11]. Obviously, some workers with symptoms
suggestive of occupational asthma develop predominantly fixed
airflow obstruction more suggestive of COPD [12]. Some of these
may improve over long periods away from exposure, but some
do not. The pathology of these workers developing predomi-
nantly fixed airflow obstruction is unknown. Furthermore,
symptoms in asthmatics that do not improve during weekends
or holidays may indicate a progressive course, and may coincide
with symptoms and persistent airway obstruction typical of
COPD patients [12]. Asthma and COPD have been interpreted as
different physiological conditions [6] or different expressions of
the same airway disease [5]. Respective clinical findings and
entity consideration also apply to occupational obstructive
airways disorders and there is evidence for a group with
changing diagnoses, as well as some overlap between occupa-
tional asthma and occupational COPD [3, 13–18].

Recently, BLANC and TORÉN [19] reviewed the literature and
estimated the population-attributable risk of COPD to be 15%,
which indicates that the occupational causes of these disorders
are generally overlooked in routine diagnostics. Misdiagnoses are
mainly due to the lack of specific diagnostic tests, the absence of
attacks of shortness of breath and frequent concomitant smoking
habits as a confounder. SALVI and BARNES [20] reported similar
figures in their review, which was mainly based upon the papers

of BEHRENDT [21], LAMPRECHT et al. [22], ULVESTAD et al. [23],
BERGDAHL et al. [10], HNIZDO et al. [8] and WEINMANN et al. [24].

Several other conditions that have some overlap represent risk
factors for occupational asthma, including eosinophilic bron-
chitis, asthma-like symptoms and work-related rhinitis [2].

As the aforementioned overlapping occupational disorders
have not been subjected to detailed scientific investigations,
these guidelines will focus on work-related asthma.

Objectives and concept of these guidelines
Work-related asthma is a preventable disease, similar to other
work-related respiratory diseases such occupational COPD.
Relevant legal definitions, regulations and measures for preven-
tion, diagnosis, compensation and rehabilitation differ consider-
ably between countries, some having lower standards than others.

These evidence-based guidelines take existing guidelines for
the prevention of occupational asthma [2] into consideration,
including the British Occupational Health Research Foundation
(BOHRF) [25], American College of Chest Physicians (ACCP) [3],
and the Agency for Healthcare Research and Quality (AHRQ)
[26]. The main focus was on the answer to five key questions
related to the management of occupational asthma using evidence
from articles retrieved from extensive systematic searches of the
literature. Papers addressing prevention, diagnostic tools and the
management of work-related asthma were critically reviewed.

An initial step was to summarise the available evidence on the
frequency and causes of occupational asthma in order to show
the urgent need for intensified preventative efforts. 5–20% of
new cases of adult asthma can be attributed to work exposure
[27–29]. The annual incidence of work-related asthma, which is
associated with a high rate of prolonged work disruption [2], is
,50 per million workers, with extremes up to 140 per million
and even up to 1,300 per million in certain workplaces [30]. BOYD

et al. [31] summarised data from Great Britain [2] and estimated
an annual total cost of £305–£2,735 per ‘‘average’’ afflicted
person (prices as at 2004). The costs of occupational asthma were
shown to vary substantially depending on disease severity.

These guidelines are intended to supplement other work-related
asthma guidelines. Management issues specific to work-related
asthma in particular were considered, in contrast to asthma in
general. They cover both primary and secondary prevention.
Tertiary prevention, rehabilitation and compensation issues are
addressed but not in detail. The guidelines have two primary
audiences: 1) workers in all industrial and occupational sectors;
and 2) healthcare providers and practitioners, such as occu-
pational and primary care physicians involved in diagnosis,
treatment and/or education. In addition, political parties, policy
makers, industrial physicians, and worker and employer repre-
sentatives with responsibility for health and safety may benefit
from the guidelines. The knowledge summarised in this docu-
ment might help improve company policies and legal regulations
connected with work-related asthma. However, the guidelines do
not focus on management tools for governmental authorities.

Further tasks are to propose evidence-based recommendations
in order to extend and, if necessary, modify the available
national guidelines regarding these topics. Another future aim
could be the compilation of useful information, such as a legal
framework for the prevention of occupational asthma in
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FIGURE 1. Work-related asthma and its subgroups. IgE: immunoglobulin E.
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individual countries, in order to describe the basis for
improving primary and secondary prevention. A future
publication is intended to focus on this issue, and a set of
cases will be prepared with the aim of comparing management
and compensation systems for WRA in different countries, and
providing content for leaflets to help guide different audiences.

METHODS
Formulation of research questions
An international panel of experts was convened to develop
these guidelines as a Task Force of the European Respiratory
Society (ERS). An initial meeting of the Task Force took place at
the 2007 ERS Congress in Stockholm. A consensus was reached
at this meeting on five key questions (table 1). Specific questions
arising at subsequent Task Force meetings were included as
ancillary questions.

Literature review
Appropriate terms were used to search Medline via PubMed
(www.ncbi.nlm.nih.gov/pubmed; see table sO1 for search
terms used and number of retrieved results). The database
was searched by tracking the most sentinel articles forward in
time. Initial searches were performed for each key question and
their ancillary question. The searches were completed and
included references of papers published until the end of April
2010. Case reports and non-systematic review articles were
excluded; each retrieved title and, when available, abstract was
independently screened by two occupational respiratory med-
icine specialists of each working group. Papers obviously not
addressing the topic of interest were excluded. The full text
versions of remaining papers were independently assessed by
the two occupational respiratory medicine specialists of each
working group for each question. Members of the working
groups for the different key questions and ancillary questions
made supplementary literature searches using Medline and
their own archives of published literature. Further publications
from the reference lists of the reviewed papers and of review
articles were added if considered useful by the individual
working group, and assessed according to the method already
described. For these additional searches, the same selection
criteria were applied, as described above (see table sO2 for the
deepening search results).

Quality review of the literature
The methodological quality of each selected study was assessed
independently by two reviewers and rated according to the
Scottish Intercollegiate Guidelines Network (SIGN) classifica-
tion [32]. Disagreements were resolved by discussion and/or
consulting the whole Task Force. The evidence relevant to the
two working groups on prognostic factors, surveillance and
primary prevention often consisted of observational study

designs. The studies were assessed for potential biases (selec-
tion, confounding, information bias), considering the sources of
bias and bias minimisation strategies in either the design or
analysis phase, specific to each study design. For primary
prevention studies, where measurement of exposure to occupa-
tional agents plays a crucial role, the exposure assessment
component was specifically considered, using criteria described
in a World Health Organization working document [33] for
exposure assessment studies in epidemiological surveys, and
applied by LENTERS et al. [34] in a meta-analysis for asbestos.

Synthesis
The heterogeneity of the studies in the following areas pre-
vented the use of sophisticated methods of meta-analysis for the
majority of questions: study design (cross-sectional, case–
control, longitudinal); measurement methods for disease end-
points or intermediate end-points such as sensitisation, and
epidemiological end-points (repeated measurements in long-
itidudinal studies versus incidence data); measurement methods
for the determinants considered; the statistical methods
employed. Narrative summaries were written in these cases.
The available evidence often consisted of a cross-sectional
survey, which received relatively low SIGN scores. Study size
(i.e. number of patients) was considered to give an impression of
the discriminatory power of the studies (i.e. of their precision).
For key question 3, study design and measurement methods of
the included intervention studies were comparable and a meta-
analysis could be conducted. The pooled odds ratio (based on
available individual studies) was calculated for each outcome
after reduction or cessation of exposure using a random-effect
model because heterogeneity between studies was observed. Full
details about the methodology used are given elsewhere [35].

Search results and a list of articles considered have been
included in the evidence tables presented in table sO3.

Strength of evidence and grading of recommendation
The strength of the evidence for each question was graded
according to the three-star system of the Royal College of
General Practitioners (RCGP), which includes the quality and
the quantity of the evidence [36].

The strength and clinical relevance of the recommendation was
classified according to the system of the Grading of Recom-
mendations Assessment, Development and Evaluation (GRADE)
working group [37], which was adapted by the American
Thoracic Society (ATS) [38]. Draft statements and recommenda-
tions were presented and discussed during Task Force meetings.
Final statements and grades of recommendations were the result
of consensus among Task Force members.

TABLE 1 Key questions of the guidelines for the management of work-related asthma

Key question 1: How are work-related asthma cases diagnosed and how should they be diagnosed?

Key question 2: What are the risk factors (host and exposure) for a bad outcome?

Key question 3: What is the outcome of different management options in subjects who are already affected?

Key question 4: What are the benefits of medical screening and surveillance?

Key question 5: What is the impact of controlling work-related exposure to prevent asthma?
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RESULTS
Initially, our literature search provided 238 publications
referring to key question 1, 164 to key question 2, 216 to key
question 3, 137 to key question 4, and 72 to key question 5 (table
sO1). After supplementary literature searches, we obtained 337,
181, 430, 182 and 199 publications, respectively, which were
evaluated and served as the basis of the following statements
and recommendations, as discussed in the Methods section.

Key question 1: How are work-related asthma cases
diagnosed and how should they be diagnosed?
Ancillary questions: What is the sensitivity and specificity of
diagnostic tests to identify work-related asthma? Is the work-
place the cause of work-related asthma? What is the cause of
work-related asthma?

Statements

1) In the clinical setting, questionnaires that identify symptoms
of wheeze and/or shortness of breath which improve on days
away from work or on holiday have a high sensitivity, but
relatively low specificity for work-related asthma (**) [39–45].

2) Many workers with work-related asthma have increased
nonspecific bronchial hyperresponsiveness (NSBHR) to metha-
choline or histamine, for example. However, a normal measure-
ment cannot be used to exclude work-related asthma as there
are many reports of normal bronchial responsiveness within
24 h of exposure in workers with confirmed occupational
asthma (***) [26, 46, 47].

3) The sensitivity and specificity of serial peak flow measure-
ments is high in the diagnosis of work-related asthma (***) [48].

4) Pre- to post-shift changes in lung function cannot be
recommended for the validation or exclusion work-related
asthma (**) [49–51].

5) Changes in NSBHR at and away from work alone have only
moderate sensitivity and specificity for diagnosis (**) [52–55].

6) Both skin-prick and specific IgE measurements are highly
sensitive for detecting type 1 sensitisation and occupational
asthma caused by most high molecular weight agents, but are not
specific for diagnosing occupational asthma (***) [26, 43, 56, 57].

7) Both skin-prick and specific IgE measurement are sensitive for
detecting type 1 sensitization and occupational asthma caused
by acid anhydrides and some reactive dyes, but have a lower
specificity for diagnosing occupational asthma (**) [58–61].

8) Carefully controlled specific inhalative challenge (SIC) tests
come closest to a gold standard test for many agents causing
occupational asthma (*) [46].

9) A negative specific inhalative challenge test in a worker
with otherwise good evidence of occupational asthma is not
sufficient to exclude the diagnosis (**) [49, 50, 55, 62–67].

10) Sputum eosinophils increasing by .1% post SIC or
workplace exposure may support a diagnosis of occupational
asthma when the FEV1 has fallen ,20% (*) [55].

11) The presence or absence of increased sputum eosinophils is
not useful in selecting or excluding those who might have
work-related asthma (**) [55, 68–72].

12) In the clinical setting, a finding of normal exhaled nitric
oxide fraction cannot be used to exclude occupational asthma
(**) [62, 73–75].

Comments

The statements above are based, in the main, on the BOHRF
guidelines [46], and are compatible with the AHRQ review [26]
and the ACCP guidelines [3]. The evidence for serial mea-
surements of peak expiratory flow (PEF) is taken from an
evidence-based review [48] and is compatible with the AHRQ
meta-analysis.

Diagnosing work-related asthma

Diagnostic tests can be divided into those that separate asthma
from normality or other lung diseases, tests that identify the
workplace as the cause of the respiratory symptoms, and tests
that identify the agent causing the occupational asthma. The
degree of proof required depends on the consequences of
occupational asthma development for the individual worker. If
the worker is likely to lose his job, occupational asthma should
be confirmed physiologically and the specific agent causing the
occupational asthma should be identified (for major causes, see
table sO4) [76, 77]. If it is possible to relocate the worker away
from exposure without loss of income or prospects, a precise
diagnosis is less important. The criteria for legal compensation
vary between different administrations. Workers may have
confirmed sensitisation-induced occupational asthma but may
not fulfil the criteria for compensation in a particular country;
management of this type of case can be particularly difficult.

Test that separate asthma from normality or other lung diseases

Spirometry and tests for reversibility, increased diurnal variation
in PEF, sputum eosinophilia and exhaled nitric oxide may all
help confirm asthma, but may all be normal in individuals with
occupational asthma confirmed with specific challenge tests. No
measure of lung function or inflammatory marker is sufficiently
sensitive to be used to exclude occupational asthma suggested
by history (T.B. Aasen; personal communication) [26].

Tests that identify the workplace as the cause of respiratory
symptoms

Respiratory symptoms that improve on days away from work or
during holidays are the best screening method for possible
occupational asthma; a positive response is not specific, as
occupational asthma can only be confirmed in ,50% of workers
with wheeze that improves on days away from work. Measuring
lung function in relation to work exposure is the best method of
confirming occupational asthma. This can only be done when the
patient is still exposed to the suspected cause of their symptoms,
so it needs to be the first confirmatory test. Serial measurement of
PEF on days at and away from work is the best validated method
and is recommended in all guidelines [48]. Attention to detail is
important. Minimum criteria are o3 weeks of usual work
exposure with measurements at least four times a day, or 8 work
days and 3 rest days with 2-hourly measurements, with treatment
being kept constant. Pre- and post-shift measurements of FEV1

and changes in NSBHR after a 2-week removal from work are
less sensitive and less specific than serial PEF measurements.
Workplace challenges are an alternative but are not standardised
and lack external validation [78].
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Tests that identify the agent causing work-related asthma

Finding IgE specific to a well-characterised occupational allergen
is insufficient for a diagnosis of occupational asthma alone, as
sensitisation is more common than disease. However, the
presence of specific IgE in a worker with confirmed occupational
asthma from workplace measurements is sufficient to identify
the specific cause. SIC is the best method of confirming the
specific cause of occupational asthma when workplace measure-
ments are not possible or specific IgE measurements are not
available, as is the case for many low molecular weight agents.
False-negative SIC do occur and were found in 29 out of 65
subjects with asthma or rhinitis and a good history of workplace
deterioration, in a study using workplace challenges following
negative SIC [67]. A supervised return to work with either a
workplace challenge (for those with severe symptoms) or
unsupervised PEF measurement on days at and away from
work is helpful when occupational asthma is likely and SIC is
negative.

Recommendations

The recommendations for key question 1 of these guidelines
are presented in table 2.

Key question 2: What are the risk factors (host and
exposure) for a bad outcome?
Ancillary questions: Do the following eight specific factors
present at the time of diagnosis have an influence on prognosis:
lung function, duration of exposure, atopic status, smoking
status, sex, age, agent, SIC pattern?

Statements

For references and comments, see MAESTRELLI et al. [79].

1) A substantial body of data indicates that lower lung volumes,
higher NSBHR, or a stronger asthmatic response to SIC at
diagnosis are risk factors for a bad occupational asthma
outcome (**).

2) A substantial body of data suggests that longer symptomatic
exposure relates to a worse occupational asthma outcome (**).

3) There is no relationship between atopy and the outcome of
occupational asthma (***).

4) Smoking at the time of diagnosis is not related to the
occupational asthma outcome. Although it is well established
that smoking cessation is beneficial to the prognosis of asthma
per se, smoking at the time for diagnosis does not seem to have
a major impact on prognosis (**).

5) A limited body of data consider sex in the outcome of
occupational asthma and the evidence is contradictory (*).

6) A sufficient body of data indicates that older age in patients
is associated with poorer occupational asthma prognosis (**).

7) A substantial body of data indicates an effect of the type of
agents causing occupational asthma on outcome. High mole-
cular weight (HMW) agents seem to cause longer duration of
bronchial hyperresonsiveness compared with low molecular
weight allergens (**).

8) Due to the small number of papers with relevant findings, it
is not clear whether the pattern of asthmatic response affects
the prognosis of occupational asthma (*).

Comments
The outcome of occupational asthma after diagnosis is often
poor. The identification of factors associated with a worse
outcome may help in: planning appropriate management of the
disease; determining its prognosis; and assessing the permanent
impairment attributable to occupational exposure. The issue of
factors associated with the outcome of occupational asthma has
been considered in recent guidelines but not in a systematic
manner. The ACCP [3], BOHRF [47] and AHRQ [26] agreed that
longer symptomatic exposure relates to a worse outcome of
occupational asthma. The BOHRF [47] concluded that better
lung function at diagnosis relates to a better outcome of
occupational asthma. The issue was not considered by the
ACCP [3] and the AHRQ [26]. The ACCP [3] found that patients
sensitised to HMW agents have more persistent NSBHR.

The present Task Force considered specific factors, in order to
disentangle their respective influence on the prognosis of

TABLE 2 Recommendations for key question 1: How are work-related asthma cases diagnosed and how should they be diagnosed?

Recommendations Strength of recommendation Level of evidence

Occupational asthma should be confirmed by objective physiological tests and, in cases of allergic

pathogenesis, by immunological tests

Strong High

All adults with new, recurrent or deteriorating symptoms of asthma, chronic obstructive pulmonary disease or

rhinitis should be asked about their job, materials with which they work and whether they improve when

away from work

Strong High

In cases of nonallergic (irritant) asthma, physicians should consider possible high exposure to irritants in the

workplace as relevant pathogenetic factors

Strong Low

If, after full investigation, the diagnosis is still equivocal, follow-up evaluation is required by a specialist,

including monitoring of spirometry, serial measurements of peak expiratory flow or spirometry, nonspecific

bronchial hyperresponsiveness and allergological testing

Strong Low

Specific bronchial challenge testing is recommended when the diagnosis of occupational asthma is not clear

beforehand, when the cause is new, or when it is necessary for the management of the individual worker. It

should be performed in a centre with expertise in specific occupational challenge testing

Strong Low

We recommend a supervised workplace challenge if specific challenge testing is equivocal or not possible Strong Low
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occupational asthma. The factors were: lung function at the time
of diagnosis; duration of exposure; atopic status; smoking status
at diagnosis; sex; age; type of causative agent; and the pattern of
asthmatic reaction upon SIC. The statement on causal agents is in
agreement with the conclusions of the ACCP [3]. It was not
included in the conclusions of the BOHRF [47] and AHRQ [26].
Atopy, smoking, age, sex and the asthmatic pattern after SIC were
not included in the conclusions of the ACCP [3], BOHRF [47] and
AHRQ [26]. More detailed comments relating to individual
statements have been provided by MAESTRELLI et al. [79].

Recommendations

The recommendations for key question 2 of these guidelines
are presented in table 3.

Key question 3: What is the outcome of different
management options in subjects who are already affected?
Ancillary questions: What are the consequences of persistent
exposure to the causal agent? Is it possible to improve symptoms
and lung function through pharmacological treatment in
affected workers with persistent exposure? How effective is
complete avoidance of exposure? How effective is the reduction
of exposure through engineering controls or relocation of
affected workers? How effective is the reduction of exposure
through personal protective equipment?

Statements

For references, see VANDENPLAS et al. [80].

1) Persistent exposure to the causal agent is more likely to be
associated with asthma and NSBHR persistence, as well as an
accelerated decline in FEV1, compared with complete avoid-
ance of exposure (**).

2) There is currently insufficient evidence that treatment with
inhaled corticosteroids and long-acting b2-agonists is able to
prevent the long-term deterioration of asthma in subjects who
remain exposed to the agent causing occupational asthma (*).

3) Occcupational asthma is associated with substantial long-
term morbidity, as complete avoidance of exposure to the
causal agent results in symptom recovery and resolution of
NSBHR in less than one third of affected workers (***).

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

5) Personal respiratory equipment can result in an improve-
ment, but not a complete suppression, of respiratory symp-
toms and airway obstruction in the short-term (**).

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

The systematic review conducted by BEACH et al. [26] concluded
that workers with occupational asthma who remain exposed to
the causal agent continue to experience stable or worsening
asthma symptoms, and tend to show a decrease in FEV1 and an
increase in NSBHR over time. This question was not specifically
addressed in the clinical practice guidelines issued by the
BOHRF [47] and the ACCP [3].

We identified nine studies that compared the effects of persistent
exposure to causal agents with those resulting from complete
avoidance in the same populations of workers with occupational
asthma (see table sO3) [80–89]. Asthma symptoms persisted in
almost all patients who remained exposed (93.0% (95% CI 86.3–
96.6%)), whereas 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
[86, 88]. The few studies that compared the outcome of functional
parameters reported that persistent exposure was associated
with a decrease in FEV1 [82, 85, 88] and an increase in NSBHR
[82, 88], as compared with cessation of exposure, although the
differences were significant in only one study [88].

Two retrospective cohort studies documented an accelerated
decline in FEV1 in patients with occupational asthma. LIN et al.
[90] studied patients with continued exposure to red cedar dust,
in comparison with a control population of cedar sawmill
workers. ANEES et al. [18] considered subjects with occupational
asthma caused by various agents who had measurements taken
before removal from the causal exposure.

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

The effectiveness of anti-asthma medication in patients with
persistent exposure has not been specifically addressed in
previously published guidelines [3, 47] or in the AHRQ
systematic review [26]. This question has been evaluated in one
uncontrolled intervention study [91] and one retrospective cohort
study [18]. MARABINI et al. [91] reported that, in comparison with

TABLE 3 Recommendations for key question 2: what are the risk factors (host and exposure) for a bad outcome?

Recommendations Strength of recommendation Level of evidence

Health practitioners should consider that early recognition and diagnosis of work-related asthma is

recommended as a shorter symptomatic period after diagnosis is associated with a better outcome

Strong High

Smoking habit and atopy should not be taken into account when assessing the prognosis for

medical legal purposes

Strong Moderate

Further research is required in order to assess the effect on outcome of sex and the type of asthmatic

response to specific bronchial challenge

Strong Moderate
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baseline values, there was no significant deterioration in asthma
outcome in 10 subjects whose occupational asthma was caused
by various agents and who were treated with beclomethasone
(500 mg b.i.d.) and salmeterol (50 mg b.i.d.) over a 3-yr period. In
contrast, ANEES et al. [18] reported that the decline in FEV1 before
removal from exposure to agents causing occupational asthma
was not affected by the use of inhaled corticosteroids.

Recent case reports have suggested that treatment with
omalizumab could substantially improve asthma control in
subjects with flour-induced occupational asthma who remain
exposed to the causal work environment [92, 93]; however,
further investigations are required. There is evidence that
specific immunotherapy with some HMW occupational agents
has a beneficial effect; this approach is limited as standardised
extracts are unavailable for most occupational allergens and
there is potential for adverse reactions [94].

How effective is complete avoidance of exposure?

Two systematic reviews have examined the outcome of
workers with occupational asthma after cessation of exposure
in studies published up to 2004 [26, 95]. BEACH et al. [26] stated
that most of the available studies documented an improvement
in asthma symptoms and NSBHR, and an increase in mean
FEV1, although few reported complete resolution of symptoms
in the majority of the subjects. RACHIOTIS et al. [95] noted pooled
rates of 32% (95% CI 26–38%) for symptomatic recovery and
73% (95% CI 66–79%) for the persistence of NSBHR. Analysis
of eight studies published between March 2004 and December
2009 (see table sO2) [96–103] provided estimated rates similar
to those reported by RACHIOTIS et al. [95]: 15.5% (95% CI 8.3–
27.1%) for symptomatic recovery and 67.2% (95% CI 45.7–
83.2%) for the persistence of NSBHR.

Two retrospective cohort studies explored the long-term changes
in functional indices after cessation of exposure [18, 104]. It was
found that improvement in NSBHR can continue for years after
cessation of exposure but the rate of improvement is steeper
during the first 2.5 yrs [104]. It was also noted that the decline in
FEV1 after removal from exposure was similar to that observed
in healthy adults [18]. Recent studies using induced sputum
analysis documented that a lack of improvement in NSBHR
after cessation of exposure was associated with persistent air-
way inflammation [105, 106], but inflammation [102] and airway
remodelling [107] may be present in subjects who have re-
covered from symptoms and NSBHR.

Two randomised controlled trials have assessed the effects of
systematic treatment with inhaled corticosteroids in addition
to cessation of exposure [108, 109]. MAESTRELLI et al. [108] found
that treatment with beclomethasone dipropionate (1 mg b.i.d.
for 5 months) was associated with reduced NSBHR. MALO et al.
[109] showed that beclomethasone dipropionate (1 mg daily)
was associated with a significant, though minimal, improve-
ment in symptoms, PEF values and quality of life (QoL)
parameters.

Thus, there is insufficient evidence to support systematic
treatment with high-dose inhaled corticosteroids in addition to
cessation of the causal exposure; the pharmacological treat-
ment of work-related asthma should focus on asthma control
as is recommended for asthma in general [110, 111].

How effective is the reduction of exposure through engineering
controls or relocation of affected workers?

Recent clinical practice guidelines have acknowledged that
reduction of exposure may lead to improvement or resolution
of asthma and could be considered an alternative to complete
exposure avoidance, in order to minimise the socio-economic
impact of occupational asthma when suppression of exposure
is not feasible [3, 47]. The systematic review conducted by
BEACH et al. [26] found that the majority of the studies on
subjects with reduced exposure reported: some improvement
in workers’ symptoms; no clear pattern of change in medica-
tion use; an improvement in FEV1 over time in less than half of
the studies; and insufficient data to draw conclusions about
change in NSBHR. The authors concluded that there are
insufficient data to draw conclusions about the effectiveness of
reducing exposure.

We identified 10 studies comparing asthma outcome in
subjects who had reduced exposure to the causal agent with
those who completely avoided exposure [14, 82–84, 87, 103,
112–115]. Meta-analysis of pooled data showed that 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 symptoms (OR 10.23 (95% CI: 2.97–35.28)) and
NSBHR (OR 5.65 (95% CI 1.11–28.82)), as compared with
complete avoidance of exposure (fig. 2) [35]. However, in the
underlying studies, the exposure was not monitored objec-
tively. Thus, it is not known to what extent the exposure was
truly reduced and whether the derived exposure reduction can
be regarded as substantial [35].

The few publications reporting on socio-economic outcomes
suggested that reduction of exposure resulted in a lower rate of
unemployment [14, 113]; however, it remains uncertain whether
reduced exposure is associated with a lower socio-economic
impact than complete avoidance of exposure.

OR (95%)

Favours
reduction

Favours 
avoidance

0.01 0.1 1 10 100

Studies with recovery

Studies with improvement
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Asthma symptoms
NSBHR

FIGURE 2. Forest plot of the meta-effect of cessation of exposure to the

causal agent versus reduction of exposure (random effect model).
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How effective is the reduction of exposure through personal
protective equipment?

The systematic review by BEACH et al. [26] referred to three
studies that had examined the effectiveness of respiratory
protective equipment (RPE) and had shown that these devices
reduced the severity of acute respiratory symptoms but did not
eliminate the symptoms [116–118]. The systematic review
conducted by the BOHRF concluded that the use of RPE ‘‘may
improve or prevent symptoms in some but not all workers’’ [47];
this approach was not addressed by the ACCP guidelines [3].

We identified four controlled studies that assessed the short-term
effectiveness of RPEs in patients with occupational asthma (see
[80] and table sO3), using laboratory inhalation challenges with
organic farm allergens [119] and latex [118], or workplace expo-
sure to laboratory animals [116], aluminum potroom atmosphere
[120] and farming activity [117]. These studies showed that the use
of RPE lead to a significant reduction in respiratory symptoms
and changes in functional parameters during short-term expo-
sures but failed to provide complete protection. One study
documented that there was no protective effect in workers with a
more severe asthma and in those who used RPE irregularly [117].

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 RPEs, as the proportion of subjects who
used a twin-cartridge respirator was higher among the group
with stable asthma than among the group with a deterioration
of asthma [121].

General comment

Determining the most effective treatment for occupational
asthma would require comparison of the effect of different
management options on clinical, physiological and socio-
economic outcomes. The evidence that can be derived from
the available information is, however, largely limited by
methodological weaknesses, with a high potential for selection
bias. Most published data are from observational, non-rando-
mised follow-up studies, and the rationale for the intervention

decision (i.e. persistence, reduction or cessation of exposure) is
largely unknown. In addition, asthma outcomes were measured
and expressed in a highly heterogeneous manner. Finally,
almost none of the studies relied on quantitative exposure
assessments to document environmental intervention, such as
persistence or reduction of exposure.

Recommendations

The recommendations for key question 3 of these guidelines
are presented in table 4.

Key question 4: What are the benefits of medical screening
and surveillance?
Ancillary questions: Is pre-placement screening for specific
sensitisation to work-related allergens useful for the identifica-
tion of those at higher risk of developing work-related asthma?
Is pre-placement screening for a risk factor of occupational
sensitisation or asthma, such as atopy, useful for the identifica-
tion of those at higher risk of developing work-related asthma? Is
pre-placement screening for NSBHR useful for the identification
of those at higher risk of developing work-related asthma? Can
genetic screening identify those at higher risk of developing
work-related asthma? What is the impact of medical surveillance
on the disease burden (prevalence) of work-related asthma?
What are the useful components of medical surveillance for
identification and intervention of work-related asthma?

Statements

For references and comments, see WILKEN et al. [122].

1) Workers (pre-)sensitised to allergens to which they will be
exposed in their future work environment have an increased
risk of developing occupational asthma or NSBHR soon after
exposure (***) [123–129].

2) Specific sensitisation can for this purpose be assessed by
skin-prick test (SPT) with work-associated allergens and IgE
serology (***) [123, 129–132].

3) The positive predictive value of atopy screening results is
not sufficiently predictive for future occupational sensitisation,

TABLE 4 Recommendations for key question 3: what is the outcome of different management options in subjects who are
already affected?

Recommendation Strength of recommendation Quality of evidence

Patients, physicians and employers should be informed that persistence of exposure to the causal agent is

likely to result in a deterioration of asthma symptoms and airway obstruction

Strong Moderate

Patients and their attending physicians should be aware that complete avoidance of exposure is associated

with the highest probability of improvement, but may not lead to a complete recovery from asthma

Strong Moderate

Reduction of exposure to the causal agent can be considered an alternative to complete avoidance in order

to minimise adverse socio-economic consequences; however, there is insufficient available evidence to

recommend this option as a first-choice therapeutic strategy. This approach requires careful medical

monitoring in order to ensure an early identification of asthma worsening

Weak Low

The use of respiratory protective equipment should not be regarded as a safe approach, especially in the

long-term and in patients with severe asthma

Strong Low

Anti-asthma medications should not be regarded as a reasonable alternative to environmental interventions Strong Very low

The pharmacological treatment of work-related asthma should be adapted to the level of asthma control, in

accordance with the general recommendations for asthma

Strong Moderate
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work-related asthma or respiratory occupational allergy (***)
[124, 129, 133–136].

4) SPT with standardised high-quality allergen extracts is a
suitable screening method for the identification of occupational
sensitisation, as a work-related risk factor in workers exposed
to high-molecular sensitisers such as laboratory animals, latex,
enzymes or flour (***) [123, 130–132].

5) A questionnaire separates individuals at low risk who do
not need further care from those who need further clinical
investigation and management (*) [137–139].

6) The positive predictive value of NSBHR (observed pre-
employment as well as during employment) is not sufficiently
reliable to be used as a predictive tool for occupational asthma
(**) [39, 126, 140–142].

7) Genetic markers measured at pre-employment are not helpful
in predicting future occupational asthma. This is because they
are far too weakly associated with the development of work-
related asthma, symptoms or other signs of work-related
asthma (*) [143–145].

8) A combination of different tests (questionnaires as well as
physiological tests, immunological tests etc.) can improve
the predictive value of individual screening methods (***)
[137, 138, 146].

9) Early detection of work-related respiratory symptoms,
sensitisation and work-related asthma is possible using medical
surveillance, which includes a questionnaire in combination
with at least one of the following options: detection of specific
sensitisation, NSBHR testing, SIC, diagnostic work up in a
referral centre (**) [57, 123, 147–153].

10) Evaluations of surveillance programmes, consisting of
medical surveillance (case finding), employers’ feedback and
exposure control measures, indicate that the incidence of work-
related asthma may decline following the introduction of a
surveillance programme (**) [154–158].

11) Medical surveillance may reduce the occurrence of
disability and socio-economic costs (*) [158].

12) Diagnostic models used in medical surveillance pro-
grammes should be carefully designed and clearly state where
and how they should be used. Such diagnostic models have
limited accuracy and need validation, calibration and, in many
cases, an occupational agent tailored approach (*) [139, 159].

Comments

Detailed comments relating to individual statements are
provided by WILKEN et al. [122].

Medical surveillance

Medical surveillance is the analysis of health information to
look for problems that may be occurring in the workplace and
require targeted prevention. Surveillance can include both
population- or group-based activities and individual activities.
The individual-oriented activities are often referred to as
worker screening and monitoring functions. However, medical
surveillance is usually used in a broader context than screening
because it is followed by intervention steps, which are aimed at

improving the work environment in order to prevent further
exacerbation or development of disease.

Both screening and medical surveillance are secondary pre-
ventive strategies. Their aim is: early detection; subsequent
management of previously undiagnosed patients; increased
opportunities for interventions to prevent progression of the
disease emergence of symptoms and reduce duration of disease.

Medical screening

Medical screening is a method of detecting disease or body
dysfunction before an individual would normally seek medical
care. Screening tests are usually administered to individuals in a
larger population who have not yet sought medical care, but who
may be at a high risk of certain adverse health outcomes. In
essence, it involves detection of individuals with an elevated
probability of having the disorder of interest. In the occupational
asthma field, the term screening is often used more loosely to refer
to detection in individuals with existing disease (secondary or
tertiary prevention) to avoid worsening. Related to screening is
the activity to screen not for the presence of disease, but for
the presence of risk factors of disease. This activity has been
suggested for use in pre-employment or pre-placement evalua-
tions. At a request of the World Health Organization (WHO),
criteria for screening have been formulated to help decide
whether screening in a particular situation should be recom-
mended [160]. Among other criteria, the screening programme
should: involve a major health problem; lead to improved
prognosis; be acceptable for individuals undergoing the test;
include clear criteria for referral; have undergone a cost
assessment in comparison to the costs and benefits to the
healthcare system; be a long-term service. The evidence poten-
tially underpinning screening is explicitly considered in this
document.

Recommendations

The recommendations for key question 4 of these guidelines
are presented in table 5.

Key question 5: What is the impact of controlling work-
related exposure to prevent asthma?
Ancillary questions: Is elimination or reduction of workplace
exposure to allergens and irritants effective for primary preven-
tion of occupational sensitisation and asthma? How effective is
reducing skin exposures to prevent occupational asthma? How
effective is personal protective equipment (masks, respirators,
gloves) in preventing occupational sensitisation and asthma?

Statements

For references and comments, see HEEDERIK et al. [161].

1) Complete elimination of the exposure is the most straight-
forward approach to reducing the burden of disease associated
with occupational allergy and asthma (**).

2) It seems extremely likely that exposure reduction will lead to
a reduced disease burden of occupational asthma, as indicated
by exposure–response relations. However, there is limited
evidence available, provided by a few ecological and surveil-
lance studies (uncertainty in the estimates of benefits, harms and
burdens (*)).
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3) Substitution of natural rubber latex (NRL) greatly reduces
NRL sensitisation and the occurrence of NRL-related asthma.
Strong evidence has been provided by scientific studies (***).

4) Skin exposure regularly occurs and there is limited evidence
that it contributes to the onset of occupational sensitisation and
asthma. Limited evidence has been provided mainly by case
reports and animal experimental studies (uncertainty in the
estimates of benefits, harms and burdens (*)).

5) Use of RPE can contribute to primary prevention in
occupational asthma. Limited evidence has been provided by
a few studies (uncertainty in the estimates of benefits, harms,
and burdens (*)).

Comments
Similar statements and recommendations for primary preven-
tion appear in the documents published by the BOHRF [47]
and the ACCP [3]. Both documents recommended control of
exposure levels as a means of implementing primary prevention
of occupational asthma, similar to the current recommendations.
While the other documents also call for the use of respirators to
control exposures, the current recommendation goes further,
placing respirator use in the hierarchy of other control options.
The recommendation, regarding stopping the use of allergen-
rich NRL gloves, is not found in the other documents. The ACCP
document addresses the possible contribution of skin exposure
to the onset of sensitisation and occupational asthma in a

discussion of exposure and exposure assessment. Although
there is limited evidence, the current document recommends
minimising skin exposure to asthma-inducing agents.

In the hierarchy of controls for occupational health hazards,
eliminating or minimising exposure at the source or in the
environment is considered more effective than providing personal
protective equipment for the worker [162]. The success of
respiratory personal protection requires an ongoing commitment
by employers and employees to a programme that includes
selection, cleaning, maintenance and storage of equipment, as well
as training, fit testing and medical monitoring of users.
Respirators are best used as an interim measure whilst efforts to
control exposures at the source or in the environment are being
implemented, or when controls at these other levels are not pos-
sible. Perhaps as respirators are not considered an optimal way of
controlling exposures, they have often been used in conjunction
with other control activities at the source and/or environmental
level. Such comprehensive programmes have been implemented
for workers exposed to laboratory animals [163–165], detergent
enzymes [166], dusts and fumes in aluminum production [167],
diisocyanates [112, 168] and disinfectants [169]. While many of
these programmes have reported success at prevention, it is not
possible to determine the contribution made by respirators alone.

A review of the medical literature revealed very few articles that
specifically address the effectiveness of respiratory protection
for preventing the onset of asthma. Prior studies have illustrated

TABLE 5 Recommendations for key question 4: what are the benefits of medical screening and surveillance?

Recommendations Strength of recommendation Level of evidence

Questionnaire-based identification of all workers at risk of developing work-related asthma is

recommended as the basis for surveillance

Strong High

A pre-placement screening for specific cross-reacting, work-associated sensitisation among potentially

high molecular weight, allergen-exposed subjects is recommended in order to identify those at higher

risk of work-related asthma

Strong Moderate

Detection of sensitisation either by specific immunoglobulin E or skin prick test should be included in

surveillance (not only pre-placement) for identification of subjects at risk of work-related asthma with

foreseeable regular exposure to high molecular weight agents (such as laboratory animals, bakery dust,

enzymes or latex)

Strong Moderate

In atopic subjects and subjects with pre-existing asthma or sensitisation pre-employment, investigation

should be performed in order to inform them about their increased risk of work-related asthma. Because

of the low positive predictive value, exclusion of asymptomatic atopic subjects or sensitised subjects

from exposure to potential occupational allergens or irritative agents cannot be recommended

Weak Moderate

Medical surveillance programmes should be performed in all workers with confirmed occupational rhinitis

and/or nonspecific bronchial hyperresponsiveness. They should include periodic administration of a

questionnaire, detection of sensitisation using standardised skin prick tests or serum-specific

immunoglobulin E antibodies, early referral of symptomatic and/or sensitised subjects for specialised

medical assessment and assessment of asthma. Surveillance programmes should be already

performed during vocational training of individuals at risk

Strong Moderate

Identification of symptoms or sensitisation during surveillance should result in investigation to confirm or

exclude occupational asthma, work-related asthma, rhinitis and chronic obstructive pulmonary disease

Strong High

Risk stratification by diagnostic models can be used in medical surveillance to select exposed workers for

further medical evaluation

Strong Moderate

A comprehensive medical surveillance programme as a secondary prevention measure should (in addition

to early detection of sensitisation, allergic symptoms, and occupational asthma) comprise of exposure

assessment and intervention targeted both at workers and exposure

Strong Moderate
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a positive relationship between work-related asthma and the
level of exposure to wheat allergen [170] and isocyanates [81]. A
reduction in exposure should be beneficial, and two recent
studies report how respirators can reduce exposure to these two
asthma agents. In one study, investigators used intranasal air
samplers to determine wheat allergen levels both inside and
outside a P2 particle filter face mask [171]. Exposures levels
were reduced by 93–96% using the facemasks, and the inves-
tigators concluded that these respirators might help to prevent
bakers’ asthma. Another study of 22 spray painters in automo-
bile body shops evaluated the effectiveness of respiratory
protection against isocyanate exposure [172]. The investigators
conducted workplace measurements of the total isocyanate
group (NCO) both inside and outside negative pressure, air-
purifying half-face respirators with organic vapor cartridges
and paint pre-filters. The authors concluded that these respira-
tors provided reasonably effective protection if the workers were
trained and fit tested. Despite the encouraging findings from
these two studies, neither directly tested whether the reduced
exposure levels were associated with a decline in asthma onset.

A more direct investigation of the value of respiratory
protection for primary prevention was conducted amongst
workers who were manufacturing an epoxy resin that required
hexahydrophthalic anhydride [173]. Study participants were
offered a choice of three different respirators: a disposable dust
and mist respirator; a half-face organic vapor respirator; or a
full-face organic vapor respirator. The highest annual incidence
for asthma over the 7 yrs of follow-up was 2%, compared with
,10% observed in employees before the introduction of
respirators. There was no statistically significant difference
between respirators, but none of the workers who wore the full-
face respirators developed occupational asthma, even those
who worked in high-exposure jobs. More detailed comments to
individual statements are provided by HEEDERIK et al. [161].

Recommendations
The recommendations for key question 5 of these guidelines
are presented in table 6.

DISCUSSION
The objective of the Task Force was to systematically gather
existing evidence on management options for work-related
asthma and the effectiveness of those options. The relevant
topics included diagnostic aspects, identification of risk factors,
screening and surveillance, as well as preventive measures in

dangerous worksites and the optimal treatment for affected
subjects. Five key questions and a variety of ancillary questions
were formulated and addressed.

A general and major issue in relation to occupational asthma
research is that most of the evidence is observational; few
intervention studies, with randomised or cross-over designs,
have been undertaken and published. Observational studies
generally receive lower scores than experimental study designs.
The reason these lower scores are not given is not because the
observational studies were poorly conducted. On the contrary,
most were of sufficient quality. But experimental studies are
valued more highly because of the higher level of control. Few
interventions are undertaken in this field, mainly because of
numerous practical constraints, like permission and cooperation
of employers and employees, and potentially ethical constrains
when interventions involve occupational asthma patients.

The Global Initiative for Asthma (GINA) has revised its
guidelines and changed its focus from asthma severity to
asthma control, with an emphasis on carefully titrating drug
doses, according to the level of control [110, 174]. This new
understanding is also relevant for management of work-related
asthma. However, in terms of work-related asthma, the benefits
from avoiding exposure far exceed those of drug treatment.

In clinical decision-making for work-related asthma, physicians
must be able to: identify whether a patient is adequately con-
trolled; understand how increments of control can be achieved by
adjusting exposure levels and/or the therapeutic regimen; and
evaluate the resulting improvements or lack thereof.

Recent papers evaluated and compared existing instruments for
measuring asthma control [110, 111]. Five validated instruments
that were designed to measure asthma control demonstrated
validity and responsiveness, with some measure of reliability,
and all had evidence to support their use in clinical decision-
making. The individual GINA characteristics of asthma control
to be checked were: daytime symptoms; limitations of activities;
noctural symptoms/awakening; need for reliever/rescue treat-
ment; lung function (PEF or FEV1); and exacerbations. Other
characteristics that were not included in GINA but were
considered by some investigators were: airway inflammation;
patients’ perception of asthma control; overall asthma severity;
and specific asthma symptoms (i.e. shortness of breath, whee-
zing or cough, or chest pain). For the measurement of work-
related asthma control, the following characteristics were added:

TABLE 6 Recommendations for key question 5: what is the impact of controlling work-related exposure to prevent asthma?

Recommendations Strength of recommendation Level of evidence

Exposure elimination is the strongest preventive approach to reducing the disease burden of work-related

asthma and is the preferred primary-prevention approach

Strong High

If elimination is not possible, reduction is the second best option for primary prevention of work-related

asthma based on exposure–response relationships

Strong Moderate

There is limited evidence of the effectiveness of respirators in preventing occupational asthma, and other

options that are higher in the hierarchy of controls for occupational exposures, notably eliminating or

minimising exposures at the source or in the environment, should be used preferentially.

Strong Moderate

Do not use powdered allergen-rich natural rubber latex gloves Strong High

Minimise skin exposure to asthma-inducing agents Strong Low
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work-related symptoms and work-related lung function impair-
ment (PEF or FEV1). To maintain clinical control, which is
challenging and the most important aim, the following addi-
tional factors should be taken into account: intensity and
variability of exposure to causative occupational agent(s);
individual exposure–response relations; the underlying patho-
genetic mechanisms (i.e. allergic or irritative effects at high,
medium or low concentrations); impairment of lung function
and degree of NSBHR; and realistic secondary and tertiary
preventive measures in the particular case.

Evaluating the outcome of work-related asthma is not only based
on clinical aspects but includes physiological as well as social
variables. The relevant literature was recently summarised in
systematic reviews [95, 175, 176]. RACHIOTIS et al. [95] sum-
marised as follows: ‘‘one third of patients with occupational
asthma will recover fully from their disease allowing 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
[. . .] There was evidence that symptomatic outcomes worsened
with increasing age and with duration of symptomatic exposure,
although the latter was not significant.’’ For results of the
literature search on the clinical outcome of work-related asthma,
see online supplementary text sO5.

In conclusion, we suggest using existing recommendations from
GINA to optimise the assessment of the effect of interventions on
clinical and physiological indices and to control the conse-
quences on employment and income. Work-related symptoms,
lung function deterioration and sensitisation are major para-
meters for decision-making in work-related asthma manage-
ment. The combination of a questionnaire, with results of SPT
and/or IgE tests, increases the predictive value significantly
[138]. Screening as well as surveillance results and NSBHR were
found to be informative prognostic parameters in high-risk
workers. Since the level of exposure to allergenic or irritative
airborne agents is the dominant risk factor for work-related
asthma, exposure avoidance or at least reduction as primary
preventive measures are the most effective approaches. This is
obviously also true for occupational COPD [18–20]. There is less
evidence for the effectiveness of secondary prevention, in which
sensitisation or early symptoms are identified during health
surveillance programmes, with the aim of a substantial reduction
in and, if possible, avoidance of further causative exposures.
Tertiary prevention of occupational airway diseases involves a
therapeutic and general asthma or COPD management plan, and
may include a change of workplace or even job for individuals
who continue to have work-related symptoms, despite efforts to
control exposures and optimise management. Pharmacological
treatment and respirators are of limited effect. The limited
amount of data about the relationship of work-related asthma
with sex, age, smoking and type of agent does not allow
recommendations to be made about these factors.

The aforementioned management options refer to new-onset
occupational asthma as well as work-aggravated asthma. The
latter can be differentiated from occupational asthma by the
temporally work-associated worsening of pre-existing or con-
current work-independent asthma (see Chapter introduction of
the publication). Although there are only a few studies on the
management of work-aggravated asthma [3, 177], there is

general agreement that reduction of causative exposures and
intensified surveillance and treatment are urgent measures for
management. If this approach is not successful, a change in jobs
should be considered [178].

Increased suspicion of an occupational cause in all cases of
asthma and COPD by all involved is required. On the basis of the
key and ancillary questions and evidence-based statements, our
recommendations for the effective prevention and management
of work-related asthma are: 1) avoidance of causative exposures
or, if that is not possible, exposure reduction; 2) screening and
monitoring (surveillance) of endangered workers (those with
high-risk work sites or with individual susceptibility); compre-
hensive assessment of disease in suspected cases (diagnostics);
pharmacological treatment of subjects with obstructive ventila-
tion patterns, NSBHR or work-related asthma symptoms.

Furthermore, there is a need for patient health education, in an
effort to improve the individual’s ability to cope with unplanned
harmful exposures, exacerbation episodes, avoidance of risk
factors and smoking cessation. We also recommend providing
detailed information to employees, employers and medical
personnel, which should lead to increased awareness and earlier
detection of work-related asthma and occupational COPD. We
recommend notification to accessible registers and systematic
surveys that may detect increased occurrence of asthma and
COPD in populations. Since many epidemiological studies are
hypothesis-generating, this may lead to more focused investiga-
tions, which in turn may form a basis for prevention.

Limitations of these guidelines
There is the possibility of publication or article-retrieval bias;
some studies may not have been found by use of the MeSH
terms and keywords used to search for articles. Another
limitation was that not all studies presented data in an evaluable
form; the studies included in the sections on management
displayed considerable heterogeneity. Also, in the section on
management, the methodological quality of the studies was
relatively weak, and randomised controlled trials were not
available and would be unethical. The interventions were
generally heterogeneous and allocation was not randomised;
the outcome assessments were often incomparable and tended
to focus on physiological test results.

Future research aspects
Given the limited evidence available, additional research is
required to demonstrate the effectiveness of primary preventive
measures on: allergen exposure; and the occurrence of allergy
and asthma for most allergens. In general, studies that make use
of strong analytical designs, such as randomised controlled trials
and controlled intervention studies, have the potential for
allergen exposure. Observational studies, which focus on disease
occurrence in relation to exposure, have further limitations.
Exposure studies focusing on evaluation of allergen exposure
and exposure interventions are strongly encouraged. Further
evidence is required for all types of preventive actions, including
improved ventilation, education of workers, changes in work
organisation, and use of personal protective equipment.

There is a clear need to further explore the role of skin expo-
sure in relation to development of sensitisation and disease
occurrence.
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Given earlier information, it is important to evaluate the
independent and additional predictive value of diagnostic
tests. Prediction research provides an appropriate solution by
using a multivariate approach in design and analysis that
accounts for mutual dependence between different test results.
The information from these tests can then be translated into a
predicted probability of the chosen outcome. Prediction
models applied in occupational health practice may therefore
enable an occupational physician to deal with uncertainties in
considering workers at risk of having occupational diseases.

Research is needed to assess the prognostic value of sex, type
of asthmatic response to specific bronchial challenge, and other
determinants at diagnosis. Furthermore, most research on risk
factors for a bad outcome is performed on a limited number of
exposures, i.e. isocyanates and western red cedar. So it is
crucial to include other exposures in the research field as well.

Although its role in disease management is not disputed, there
are important questions that are still awaiting answers: when
and how to set up medical surveillance; and which tests, test
frequency and outcome parameters should be used in different
occupational groups. As direct evidence for the benefit of medical
surveillance is limited, there is a need for prospective studies
using clearly defined instruments and outcomes.

Large-scale, standardised studies on the prognosis of occupa-
tional asthma and its determinants after environmental inter-
ventions are required 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.
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