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The management of work-related asthma
guidelines: a broader perspective
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ABSTRACT: The aim of the European Respiratory Society work-related asthma guidelines is to
present the management and prevention options of work-related asthma and their effectiveness.
Work-related asthma accounts for 5–25% of all adult asthma cases and is responsible for a
significant socioeconomic burden. Several hundred occupational agents, mainly allergens but
also irritants and substances with unknown pathological mechanisms, have been identified as
causing work-related asthma.
The essential message of these guidelines is that the management of work-related asthma can be
considerably optimised based on the present knowledge of causes, risk factors, pathomechanisms,
and realistic and effective interventions. To reach this goal we urgently require greatly intensified
primary preventive measures and improved case management. There is now a substantial body of
evidence supporting the implementation of comprehensive medical surveillance programmes for
workers at risk. Those workers who fail surveillance programmes need to be referred to a clinician
who can confirm or exclude an occupational cause. Once work-related asthma is confirmed, a
revised risk assessment in the workplace is needed to prevent further cases. These new guidelines
confirm and extend already existing statements and recommendations.
We hope that these guidelines will initiate the much-needed research that is required to fill the
gaps in our knowledge and to initiate substantial improvements in preventative measures.
KEYWORDS: Agents, compensation, legal adjudication, occupational asthma, socioeconomic
impact

ork-related asthma has become one of the
most common occupational diseases. Its
annual incidence is in the range of 50 to
140 cases per million workers and can even reach
1,300 cases per million in certain workplaces [1].
Some 5–25% of new cases of adult asthma can be
directly attributed to work-related exposure [2–6].
This will be discussed further in the ‘‘Socioeconomic
impact’’ section. Frequently, sensitisation and newonset occupational asthma occur in the early period
of exposure to high molecular weight (HMW) agents.
However, workers continue to develop new sensitisations and upper, as well as lower, airway
diseases can arise at a later date [7]. The ongoing
risk was especially evident in the longer follow-up
studies of ELLIOTT et al. [8] and KRUIZE et al. [9].
Similar relationships exist for occupational chronic

W

obstructive pulmonary disease (COPD), which
typically occurs after long-term exposure and
shows some overlap with work-related asthma
[10, 11]. Thus, physicians continue to be confronted
with a consistently high number of patients with
work-related obstructive airway diseases. This was
reiterated recently by the American Thoracic
Society (ATS) who declared that ‘‘the clinician must
be aware of the potential occupational etiologies for
obstructive airway disease and consider them in
every patient with asthma or COPD’’ [4]. These
disorders result in a huge socioeconomic burden on
individual affected workers and on society. These
disorders are preventable and their incidence can be
reduced substantially by appropriate primary prevention. Furthermore, the prognoses and financial
burden can be improved within a framework of
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de Louvain, Yvoir, Belgium.
""
For a full list of the members
of the Task Force, see the
Acknowledgements.
CORRESPONDENCE
X. Baur
Institute for Occupational and Maritime
Medicine, University Medical Center,
Hamburg-Eppendorf, Seewartenstrasse
10, 20459 Hamburg, Germany
E-mail: baur@uke.de
Received:
June 07 2011
Accepted after revision:
July 21 2011
PROVENANCE
Submitted article, peer reviewed.
European Respiratory Review
Print ISSN 0905-9180
Online ISSN 1600-0617

c
125

REVIEW: MANAGEMENT OF WORK-RELATED ASTHMA

secondary prevention, i.e. by early diagnosis within the window
of opportunity of a few months after the onset of symptoms [12].
In addition, a reliable diagnosis in an index case (a sentinel
event) may reveal risks for other similarly exposed workers,
leading to a revised risk assessment that should reduce the risk
for other exposed workers. Adequately optimised secondary and
tertiary preventive interventions may enable affected workers to
continue working productively, benefitting all concerned.
The motivation for the Task Force was therefore to produce
guidelines to facilitate early diagnosis, enabling a swift response
to prevent new causes of work-related asthma occurring in the
future and to make improvements in the management, preventative measures, regulations and compensation. These guidelines are mainly directed towards new onset asthma induced by
workplace allergens, agents with unknown pathomechanisms
and irritants. However, aggravation of pre-existing asthma by
workplace exposure and occupational COPD are also briefly
addressed and some consideration is given to other work-related
airway disorders (such as asthma-like symptoms and occupational rhinitis).
CAUSAL AGENTS
Several hundred agents in the workplace have been reported to
cause allergic asthma, asthma of unknown pathomechanisms or
irritant-induced asthma [13–15], with new causes being described
regularly in the medical literature (data not shown). Systematic
reviews of analytical studies [16] demonstrate that the most
frequently reported agents include isocyanates, flour and grain
dust, colophony, soldering fluxes, latex, animals, aldehydes and
wood dust [17–27]. The predominant agents and jobs commonly
reported in surveillance schemes of occupational asthma in
different countries were recently summarised [1, 28, 29]. An
analysis of a case series from the US SENSOR surveillance
programme for occupational diseases revealed similar adverse
consequences for both work-related asthma and work-aggravated asthma, but differences in the most common exposure
agents (diisocyanates versus mineral and organic dust) [30]. The
occupations most commonly reported to surveillance schemes for
occupational asthma are paint sprayers, bakers and pastry
makers, nurses, chemical workers, animal handlers, welders,
food processing workers, hairdressers and timber workers
[17, 18, 21–26, 31, 32]. Registries generally record one to 20 cases
per 100,000 [28]. The most informative study is the one by
HENNEBERGER et al. [33] because of its capture–recapture strategy.
Additionally, there is moderate evidence from well-conducted
population-based analytical studies that workers in certain
occupations are at an increased risk of developing asthma [16].
These incorporate the same range of occupations or industries
and include bakers, food processors, and forestry, chemical,
plastic, rubber, metal, textile, storage, farm, electrical and
electronic production workers, as well as welders, waiters,
cleaners, painters, plastic workers, dental workers and laboratory
technicians [34–37].
There is strong evidence from high-quality systematic reviews
of analytical studies that the risk of sensitisation and occupational asthma is increased by many workplaces [9, 16, 38–61].
CHANG-YEUNG and MALO [62] summarised the results from
cross-sectional studies on work-related asthma in different
workplaces with prevalence of 1% and .50% among the
exposed workers. The prevalence of work-related asthma was
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related to the causative agent and exposure level, but was
over- or underestimated depending on the disease definition (by
questionnaire, immunological assessment, lung function testing
and from specific or nonspecific challenge) and selection effects.
Prevalence was especially high for some HMW agents (such as
flour proteins and enzymes) and a few low molecular weight
(LMW) agents (such as platinum salts).
SOCIOECONOMIC IMPACT
The burden of work-related asthma
Asthma currently is one of the most common chronic diseases
in the world [63]. Moreover, the proportion of work-related
asthma in the population is high, as indicated by both
population-based epidemiological surveys [34, 36, 37, 64] and
workforce-based studies [21, 26, 27, 34, 36, 37, 64–66].
The proportion of asthma due to occupational exposure in
population-based studies is between 5% and 25% in the European Community Respiratory Health Survey (ECRHS) [6, 37],
but 17% in females and 29% in males in a Finnish study [64]. The
British Occupational Health Research Foundation (BOHRF) [16]
reported strong evidence from high-quality systematic reviews
of analytical studies that the annual population incidence of
occupationally related asthma has a range of 12 to 170 cases and
an estimated mean of 47 cases per million workers [5, 17, 22, 32],
which is higher than that reported from registries. Occupational
factors were estimated to account for 9–15% of cases in adults
of working age, including both new onset or recurring disease
[4, 5]. In a systematic analysis from 19 countries, initiation in the
workplace was suspected in 10% of all cases of adult-onset
asthma [5]. In a recent systematic analysis, TOREN and BLANC [2]
estimated that the population-attributable fraction was now as
high as 17.6%. Another review of 21 studies demonstrated an
attributable risk of 15% [4]. KARJALAINEN et al. [32] reported the
highest figure from compulsory reporting to state authorities of
suspected work-related asthma cases in Finland for the period
1989–1995. However, there is evidence that the real incidence of
work-related asthma in Finland is even higher. One crosssectional study found some evidence that the population
incidence of occupational asthma may be underestimated by
as much as 50% [67]. NEWMAN TAYLOR et al. [16] found limited
evidence from non-analytical studies that the incidence of occupational asthma has not decreased in recent years [19, 31, 68].
One study indicated that the growth of childhood-onset asthma
is followed by a corresponding increase in pre-existing asthma
in the workforce when these asthmatic cohorts enter their
working lives [69]. The incidence of work-related sensitisation
per person-yr varied in a prospective study among apprentices
in occupations with a high risk of developing work-related
asthma from 2.5% for pastry making to 8.9% for exposure to
laboratory animals [70]. In addition, physician-diagnosed data
[66] and registry studies [21] are in line with these findings,
although generally show lower figures. The latter may be due to
national, institutional and insurance regulations and restrictions, as well as the heterogenicity and quality differences in
diagnostics and medical expert opinions.
Based on the literature, several recommendations from early
diagnosis of work-related asthma must be taken into consideration from these findings. 1) Employers, health and safety
personnel and health practitioners should be aware that at
least one in 10 cases of new or recurrent asthma in adult life is
EUROPEAN RESPIRATORY REVIEW
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attributable to the occupation of the sufferer (BOHRF; Royal
College of General Practitioners (RCGP) three-star system;
Scottish Intercollegiate Guidelines network (SIGN), level A) [71].
2) Work-related asthma should be suspected in all adult-onset
asthmatics whose asthma began while at work (Canadian
guideline: level 2A) [72]. 3) An occupational role (cause or
aggravation) should be considered in all working asthmatics
(Canadian guideline: level 2A) [72].
Economic aspects
The costs can be divided into direct and indirect costs. The
direct costs (i.e. medications, physician consultations, emergency room visits and hospitalisations) are similar on average
for occupational and non-occupational asthma of similar
severity [73, 74]. Indirect costs affect the worker, the employer
and the state. The worker suffers lost income. For the employer
the costs include lost productivity from sickness absence
and labour turnover, and compensation and insurance costs.
The costs for the state include compensation, unemployment
support and loss of tax revenues.
Studies from different countries are difficult to compare because
of differences in approach and cost allocation structures
between different insurance and healthcare systems. These
differences include the definition of cost components, the
variable provision of medical services by the state and private
sector, and whether the study considered all affected people or
only adults of working age. Mindful of these difficulties, the
results of the studies suggest an annual total cost ranging from
approximately J4,600 to J9,670 per ‘‘average’’ afflicted person
(at 2004 prices) [74, 75]. The costs of occupational asthma were
shown to vary substantially depending on the severity of the
disease, with a minority of individuals with severe asthma
accounting for a disproportionately large share of the total costs.
The studies also showed that workers with occupational asthma
suffer adverse employment and financial consequences. In
general, the financial consequences were consistently more
pronounced in workers who avoided further exposure to the
substance that caused occupational asthma. A considerable
proportion of workers with occupational asthma continue to
suffer from exposure to the causative substance in order to
avoid or minimise the loss of income resulting from unemployment. The total (lifetime) costs include the costs of those
diagnosed in a particular year together with continuing costs of
those diagnosed in previous years who may remain unemployed, on reduced income or in receipt of benefits, and whose
asthma usually continues.
A study in the UK considered occupational asthma diagnosed in
2003 and neglected work-aggravated asthma and occupational
COPD [76]. It showed the following key results. 1) The ‘average’
worker suffering from occupational asthma lost 3.5 to 4.5
working days per year. A worker with milder or more severe
occupational asthma was estimated to lose approximately two
or 10 working days per year, respectively. 2) The total number of
newly reported cases of occupational asthma in the UK in 2003
was 631 (442 males and 189 females). 3) The estimated total
lifetime costs to society of these new cases of occupational
asthma ranged from J85.02 million to J118.6 million; or
approximately J4.3 million to J5.69 million per year over the
lifetime of the disease. 4) For male workers, the estimated total
lifetime costs to society range from J63.54 million to J92.47
EUROPEAN RESPIRATORY REVIEW
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million, which equates to approximately J143,453 to J208,713
per worker. 5) Allowing for the fact that the number of new
cases of occupational asthma diagnosed in 2003 is under
reported by up to one-third, the total lifetime cost to society
could be as high as J113.92 million to J159.12 million. 6) The
estimated total lifetime costs to society are made up of costs
incurred by the individual, employers and the state (taxpayers).
The largest cost burden falls on the individual worker (who
incurs ,49% of total costs), followed very closely by taxpayers
(incurring ,47% of total costs). In contrast, the employers of
workers diagnosed with occupational asthma in 2003 only
incurred ,4% of the total costs. 7) There appears to be little
incentive for employers to reduce the incidence of new cases of
occupational asthma in the UK, despite the fact that significant
benefits would accrue for the rest of society; benefits to the state
and employees could be as high as J83.09 million and J114.76
million, respectively, over the lifetime of those workers
diagnosed with the disease in 2003. 8) This pattern of cost
burden suggests that employers are imposing a significant
‘external’ cost onto the rest of society.
The costs of occupational asthma have also been estimated in
the USA. Assuming that 15% of adult asthma is attributable to
workplace exposure [5], LEIGH et al. [77] estimated the total cost
of work-related asthma to be $1.6 billion in 1996, which included
$1.17 billion (76%) in direct costs. Based upon this estimate,
work-related asthma accounted for 0.13% of the total US
healthcare expenditure. Similar (or more) costs must also be
incurred from work-related COPD, for which no published data
is available.
Adverse consequences for the affected workers
Follow-up studies of workers with occupational asthma have
consistently documented that the condition is associated with a
high rate of prolonged work disruption or even permanent
unemployment (14–69%) and loss of income (44–74%) [75, 78, 79].
The financial consequences of occupational asthma are more
pronounced in workers who avoid further exposure to the
causal agent. Notably, the lowest rates of unemployment (14–
25%) have been reported in countries (i.e. Finland and Canada)
where a high proportion of workers with occupational asthma
actually do benefit from effective job retraining programmes.
A lower level of education and being older are also associated
with a worse socioeconomic outcome. Retraining possibilities
for a new occupation are often ineffectual, especially in older
workers [78, 79]. The severity of asthma does not appear to be an
important determinant for the socioeconomic outcome in
subjects with occupational asthma, with the exception of one
cohort of Finnish workers with isocyanate-induced occupational asthma [80]. The disease-related loss of income is only
offset by the financial compensation awarded in a minority of
affected workers. Recent data indicate that subjects with workrelated asthma show higher healthcare resource utilisation than
asthmatic subjects without work-related symptoms [81]. There
is evidence that occupational asthma is associated with an
adverse impact on healthcare resource utilisation [81], quality of
life [80, 82, 83] and mental well-being [83, 84].
There are only scarce data available for workers suffering from
work-aggravated asthma [85] and none for those suffering
from occupational COPD. It can be assumed that their outcome
VOLUME 21 NUMBER 124
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does not differ substantially from that already described for
the occupational asthma sufferers.
PREDICTION MODELS, PREVENTION AND
INTERVENTION
The diagnosis of work-related asthma usually follows a work-up
by a physician after patient referral. The worker usually seeks
medical help actively. This differs from health surveillance
programmes in which the worker is passive and invited by
health professionals within a framework of secondary prevention. The final diagnosis rarely arises from the result of one test. It
is the result of individual medical professionals interpreting
consecutive test results and estimating the probability of the
presence of a disease or other outcome of interest. However,
many test results generate more or less identical information. It is
important, therefore, to evaluate the independent and additionally predictive value of a test given the presence or absence of
earlier information.
Prediction research offers a solution by using a multivariate
approach in design and analysis that accounts for mutual
dependencies between different test results. The information
content of every item can then be translated into a predicted
probability of the chosen outcome. This technique allows
weights to be given to each independent predictor in the
probability equation, and provides estimates of the probability
of an outcome currently (diagnosis) or in the future (prognosis).
Prediction models applied in occupational health practice may
enable occupational physicians to deal with uncertainties when
considering workers at risk for occupational disease. The main
goal is to optimise risk estimation at low cost and, where
possible, to determine the first step in the clinical evaluation
and management of work-related asthma [86–90]. The models
may initiate counselling and intervention, as well as being
useful for identification of specific groups at risk. In the article
by WILKEN et al. [91] in the current issue of the European
Respiratory Review, the use of a questionnaire-derived screening
tool in a medical surveillance programme for work-related
asthma in HMW allergen-exposed and irritant-exposed workers is demonstrated. This relatively new and transparent
approach to medical surveillance is medical triage based on a
diagnostic model developed to predict the probability of
developing work-related asthma.
Primary and secondary prevention
Epidemiological data indicate that the level of exposure to
sensitising agents is the most important determinant of immunoglobulin (Ig)E-mediated sensitisation and occupational asthma,
which implies that reducing or eliminating the respective workplace exposure should be the most effective approach for
minimising the incidence of the disease [92]. The same is true
for airway irritants whose adverse effects are typically concentration dependent.
The most important measure of secondary prevention in
affected workers is the avoidance of causative exposure. If this
is not possible, there should be significant reduction of exposure
and the responsible use of appropriate personal protection
devices, especially respirators, as a last resort [93]. There is also
a role for better education of trainees about the risks of
sensitisation (fig. 1) [94].
128
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Worker at risk for WRA
(exposure to
allergens, irritants
or other
causative factors)

Implement primary
prevention
(remove exposure,
subsitution, complete
enclosure)

No

Reduce exposure in the
workplace, e.g. improved
ventilation, enclosure
Implement medical surveillance,
including worker education
Personal protective equipment
(as a last resort)

Yes

No further action

No symptoms,
no new
WRA cases

Persisting symptoms,
new WRA cases (or
pre-asthma), rhinitis,
sensitisation

Revise risk assessment
Remove cases from
further exposure
Heightened surveillance
for pre-asthma

FIGURE 1.

Primary and secondary prevention in case of increased risk of

work-related asthma (WRA). For further information refer to the Management of
Work-related Asthma guidelines [12] and the study by WILKEN et al. [91].

Therefore, management and treatment strategies should focus
on avoidance of exposure to the agent causing allergic or irritant
airway disorders. Exposure can usually be avoided by relocating
the worker to unexposed areas or to duties within the same
company after appropriate retraining, or rigorous technical
changes to the production process. However, complete avoidance of exposure often implies considerable changes in profession for the affected workers and a substantial socioeconomic
disadvantage [95–97]. Therefore, reduction of exposure may be
considered a reasonable alternative for workers with mild
irritant asthma, providing the worker undergoes regular medical
surveillance.
Examples of effective prevention resulting from elimination or
reduction of exposure by technical means have been documented in enzyme detergent production [98], platinum-refining
workers [99], laboratory workers [100] and healthcare workers
using latex gloves [101]. The strongest evidence on the
effectiveness of exposure reduction comes from replacement of
powdered latex gloves by non-powdered latex or non-latex
gloves. There is some doubt about the effectiveness of exposure
reduction strategies in other situations, because exposure
reduction has often been accompanied by a reduction in exposed
workers by mechanisation or automation, reducing the number
EUROPEAN RESPIRATORY REVIEW
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of occupational asthma cases by reducing the population at risk.
Whether the risk for an individual worker was actually reduced
because of exposure reduction could not always be ascertained.
However, reducing exposure to safe levels remains extremely
difficult in practice, because the threshold level (or dose) of an
agent that can elicit sensitisation and respiratory reactions is
largely uncertain due to inadequacies in study design [102]. In
addition, exposure reduction often requires a combination of
technological and organisational efforts. Few interventions are as
simple as changing to a different glove type as was the case for
latex exposure in healthcare.
Medical surveillance must also consider individual risk factors
[103], such as sensitisation to relevant occupational allergens [91]
and differences in individual susceptibility. Furthermore, since
workers demonstrating nonspecific bronchial hyperresponsiveness (NSBHR) and allergic rhinitis have a higher risk of
developing asthma [104–108], it might be reasonable to counsel
such workers to completely avoid exposure. However, the
positive predictive values of available susceptibility markers are
too low for screening out potentially susceptible individuals
[71, 94]. This is particularly true in the case of atopy and smoking,
which are highly prevalent in the general population. Excluding
atopic individuals from jobs entailing exposure to HMW
allergens would dramatically reduce the number of potential
new employees and would be unduly discriminatory [92].
Medical surveillance aims to identify susceptible workers.
As outlined by HEEDERIK et al. [92], comprehensive medicalsurveillance programmes should be performed, especially in
high-risk groups such as subjects with rhinitis, NSBHR or
sensitisation, or those exposed to HMW allergens or high
concentrations of irritant chemicals. It may include pre-placement
and periodic administration of a questionnaire, skin-prick tests
or measurement of specific serum IgE antibodies when there
is exposure to a respiratory allergen, and early referral of
symptomatic and/or sensitised workers for specialised medical
assessment. These worker-related investigations necessitate
accompanying exposure assessment in the workplace and
appropriate interventions targeted at the workers as well as in
the workplace [91]. The frequent short latency period for the
development of occupational asthma [7, 45, 106, 109] means that
surveillance programmes for individuals at risk need to begin
during vocational training.
General aspects of intervention
Decision making, such as in the implementation of an
intervention strategy, is a core component of medical practice
where the focus is utilitarian rather than scientific goals [110].
Prevention has its own ethical, anthropological and economical
dilemmas, which necessitate a clear distinction between
assessment of scientific evidence and decision making for
intervention. Even if a diagnostic method has proven efficacy,
the effectiveness in clinical practice might be substantially less.
The use of scarce health resources also has to be evaluated
along existing guidelines [111, 112].
Who will decide?
In clinical practice, most decisions are made within the
framework of the patient–doctor relationship. In prevention,
however, the medical practitioner will often have the authority
to guide and advise on decisions about secondary effects and
EUROPEAN RESPIRATORY REVIEW
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prevention in individuals. But executive authority regarding
making necessary changes to reduce or eliminate the relevant
exposure is usually the responsibility of the employer and
relevant professionals, including safety engineers and occupational hygienists. Public authorities might have the right to
enforce regulations, which can also be revised after a new
hazard has been identified. The role of the physician will often
be as an advisor, together with other technical and environmental or hygiene specialists. The quality of the evidence
will often determine which decisions are made. Prevention
of a new hazard might commit employers to making large
investments over extended periods of time.
Describing the consequences of alternative decisions is a
crucial element of decision making [110, 113]. The different
diagnostic possibilities have to be enumerated and the
probability of alternative events described. Most importantly,
the utility of different outcomes must be evaluated. These may
be in health-related units (e.g. mortality, morbidity or quality of
life) or in financial terms. The consequences for the various
protagonists must be known, for exposed workers, employers
or for society in general. In a decision model, the accuracy of a
diagnostic test may be incorporated in order to evaluate the
consequences of either a false positive or false negative
diagnosis. This may better define the required level of accuracy
of diagnoses for optimising the use of diagnostic resources.
With regard to risk analysis, identification of cases, hence
diagnosis, is essential to perform a correct risk assessment [114].
A framework for risk assessment for allergens resulting in
exposure standards has been proposed recently [102]. Since
heavy burdens of irritants and allergens, as well as the presence
of occupational rhinitis and NSBHR, are acknowledged risk
factors for development of work-related asthma, they all
have to be taken into consideration when targeting intervention strategies. The physician will play an important role in
prevention by describing the hazards and assessing the risk,
which is an obvious prerequisite for effective reduction or
elimination of a hazard.
MEDICO-LEGAL AND SOCIOECONOMIC ASPECTS OF
WORK-RELATED ASTHMA
Within the framework of the patient–doctor relationship, the
prevention of work-related asthma and occupational COPD
can only be achieved to a limited extent. Of greater immediacy
are the medico-legal and socio-political conditions, including
worker legal and economic rights, ethical codes, the economic
strength of the industries, as well as decisions made by
regulatory bodies and employers that may involve substantial
investment to reduce disease risk and morbidity from asthma.
These factors, which vary considerably between countries and
over time, have an impact on the prevention, management and
compensation of occupational diseases.
Essential tasks for the specialist in occupational pulmonary
diseases are the provision of research- and evidence-based risk
estimates, proposals for risk management and advice to policy
makers.
Heterogeneity of legal adjudication in different countries
In Europe, insurance for occupationally related diseases is
organised by either private or public insurance companies, the
VOLUME 21 NUMBER 124
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state, or is not distinguished from other health insurance
systems (e.g. in the Netherlands). Most medically confirmed
cases of work-related asthma are neither acknowledged nor
compensated as occupational diseases, generally because of the
legal status in a particular country.
The European list of occupational diseases [115, 116], which is
not legally binding, currently includes: allergic rhinitis caused
by the inhalation of substances consistently recognised as
causing allergies and inherent to the type of work (code
304.07); allergic asthmas caused by the inhalation of substances
consistently recognised as causing allergies and inherent to the
type of work (code 304.06); lung diseases caused by the
inhalation of dust and fibres from cotton, flax, hemp, jute, sisal
and bagasse (code 304.02); respiratory ailments caused by the
inhalation of dust from cobalt, tin, barium and graphite (code
304.04); chronic obstructive bronchitis or emphysema in
miners working in underground coalmines (code 307); and
bronchopulmonary ailments caused by dusts or fumes from
aluminium or compounds thereof (code 309) or caused by dust
from basic slags (code 310) [115]. Irritant-induced asthma and
occupational COPD are not included.
Although most European countries have specific lists for the
presumptive agents of occupational asthma, insurance and compensation systems are rather heterogenous [117] with statutory
employer insurance requirements in some countries such as
Austria, Finland, Germany and Switzerland. In most European
countries, work-aggravated asthma is not acknowledged as an
occupational disease or it is not differentiated from new-onset
asthma and occupational COPD (such as in Germany) (table 1).
In countries following a predefined implementation schedule
for occupational disease, a claimant who develops a listed
disease has a strong likelihood of receiving a compensation
award. However, claims for a disease not on restricted lists are
more likely to be unsuccessful, which usually encourages the
worker to seek other sources of social assistance. In the UK,
Germany and France, an implementation schedule is used,
which can be broadened in its application. In Germany this is
possible if new scientific evidence identifies a novel occupational cause in a well-defined occupational exposure context.
Lists of compensable occupational diseases in most European
countries differ greatly from worker compensation systems in
the USA, where the systems vary from state to state [117, 121].
Disputes in occupational asthma are formidable, with diagnosis, causality and disability usually decided by litigation in
an adversarial proceeding [122]. Evidence from lay persons
and expert witnesses is presented to adjudicators appointed by
the compensation board. Because asthma may often be caused
by non-workplace conditions, the vast majority of these claims
often go to litigation without success. Experience of the
diagnosing physician with the rules of the compensation
system may be important for the success of the claim [121].
After acknowledgement of occupational asthma, relevant
medical expenses are paid by the self-insured employer
or the state compensation fund [123]. Compensation wages
usually equal about two-thirds of the predictable income, but
only up to a maximum. Compensation is only granted if
objective disability is shown but not if only impairment exists.
130
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Pre-product screening
Attempts to identify the likelihood of an agent acting as a respiratory allergen (sensitiser), prior to widespread use by humans,
have been mainly performed using animal models [124]. For
example, using a mouse intranasal test, the potencies of several
protease and nonprotease enzymes causing specific IgG1 production varied 60-fold [125]. More broadly, the hazard evaluation of LMW agents always includes an assessment of their
dermal sensitisation potential. In most cases, this is now performed using an animal-based local lymph node assay, which
tests the ability of topically applied chemical agents to induce
proliferative lymphocyte responses in draining nodes [126].
Cytokine fingerprinting may offer a more specific index of
respiratory sensitising potential [127–129]. Arguably, chemicals that are positive in a test involving dermal application
should be considered as sensitisers regardless of their mode of
contact with the body, including through inhalation [130].
However, it has not yet been assessed whether chemicals that
are negative in skin sensitisation tests are thereby unlikely to
cause respiratory sensitisation.
A different approach involves structure activity analysis for
LMW agents (,1,000 Da) [131, 132]. Nitrogen- or oxygencontaining functional groups, such as isocyanate, amine, acid
anhydride and carbonyl, were associated with an occupational
asthma hazard, particularly when the functional group was
present twice or more in the same molecule. A logistic regression
model using only statistically significant independent variables
for occupational asthma hazard correctly assigned 90% of
the model development set. The external validation showed a
sensitivity of 86% and specificity of 99%. Whether such an
approach is generally applicable requires further investigation.
A key objective of the new European Union legislation REACH
(Registration, Evaluation, Authorization, and Restriction of
Chemicals) is to promote sustainable industrial development
and reduce health risks associated with use of chemicals [133].
REACH is designed to encourage substitution of those chemicals
and processes with a negative impact on health and the
environment. Although REACH is not directly aimed at the
working environment, and more focused on the consumer, it will
have an impact because it prescribes under which circumstances
workers may handle chemicals. The exposure scenarios for
different processes have to be established and the health risks for
exposed workers remain to be evaluated as well. However,
several large groups of sensitising agents are partially or totally
exempt from the REACH process. Enzymes used for technical
applications (e.g. detergents and textiles) have required a preregistration since 2008 and full registration from 2010 onward,
depending on the tonnage involved. In contrast, enzymes used in
food and animal feed are exempt from REACH registration
because they are seen as agents required for the process but not
present in the end product. Many natural substances and bulk
products, like latex and wheat flour, are excluded from REACH
as well. REACH also does not cover agents which have ‘‘no
owner (producer)’’ that can be attributed, such as allergens from
animals or combustion products like diesel or exposure to
microorganisms. This means that REACH does not cover several
important allergens and irritants with an undisputed public
health impact, and that it is crucial to set exposure standards
under existing policies. However, standard setting for asthmainducing agents does have major limitations in applicability to
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workers and exposure, although a recent study identified that
scientifically based exposure standards may be derived for
respiratory sensitisers [102].
Compensation issues
Since persistence of exposure to an agent causing work-related
asthma leads to a worsening of the disease, prevalent patients
should be considered disabled on a permanent basis for the job
that caused the condition, as well as for jobs with a similar risk
of exposure. The severity of these disorders should be assessed
according to acknowledged grading schemes [10, 134–140].
The policies governing compensation of respiratory disorders
vary widely from one country to another (table 1). These differences are caused by a number of factors, including administrative
regulations and different criteria for definitions, determination
of causality and evaluation of disability level. The criteria used
for determining eligibility for compensation are not uniform and,
depending on regulations of a particular country, may cover
different aspects of physiological impairment, work disability,
loss of income, healthcare costs and professional retraining. The
available data for occupational asthma, however, indicates that
financial compensation does not adequately offset the socioeconomic consequences of the disease [97, 141] and there is
strong evidence that the same applies to work-aggravated
asthma and occupational COPD. A growing consensus considers
that compensation systems should be directed at accommodating workers in non-endangering (unexposed) jobs, if possible
within the same company, and to offer structured rehabilitation
programmes when required [71].
PROBLEMS LIMITING THE SUCCESSFUL PREVENTION
OF WORK-RELATED ASTHMA
By identifying high-risk individuals and tailoring intervention
programmes to them, it is possible to target preventative efforts
successfully [142]. NICHOLSON and co-workers [71, 143], referring
to the ‘‘Guidelines for the prevention, identification, and management of occupational asthma’’, mention that, to date, the principal
recommendations of focusing on ‘‘regular health surveillance’’
are in accordance with this general opinion. In their concluding
recommendations, the authors emphasise the importance of early
identification of symptoms, including rhinitis, with additional
functional tests and appropriate immunological tests. The
effective management of workers suspected of having workrelated asthma or occupational COPD should focus on respiratory symptoms as soon as they occur, and should include
spirometry also in the case of COPD. Unfortunately, other
problems limit the success of preventive measures: the complexity of identification of early disease stages, the impact of different
exposure characteristics on respiratory health and the limited
knowledge of the associated health gain.
Most of the evidence mentioned in existing guidelines is
derived from studies typically conducted in a clinical setting
among workers known to have the disease and another group
of unaffected individuals, rather than workers simply suspected of being afflicted. The cited studies generally follow a
single-test or univariable approach, focusing on a particular
test to measure its sensitivity, specificity or predictive value
quantifying the test characteristic, rather than the contribution
of the test in estimating the probability of the disease presence
or absence.
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The second reason that research results from tests have limited
relevance is that the predictive value of a test (including
personal history findings, which are diagnostic tests as well)
vary not only across different populations but also within a
particular study population and, therefore, may have different
sensitivities and specificities. This is because all diagnostic
information from questionnaires and additional tests is, to
some extent, dependent on the underlying disorder and, thus,
mutually influences the respective sensitivity, specificity and
likelihood ratios. Thus, a single value for a particular test
cannot exist, either of sensitivity, specificity, likelihood ratio or
predictive value, which applies to all workers at risk of workrelated asthma or occupational COPD.
LIMITATIONS OF THE CURRENT WORK
There is a possibility of bias in publication selection in any
review of the available literature. In addition, some studies
may not have been found because of the MeSH terms used. A
further limitation was that not all studies presented data in a
form useful for evaluation and many studies included in the
diagnoses and management sections displayed considerable
heterogeneity. A major limitation of the available management
literature is that the methodological quality was relatively
weak and randomised controlled trials are not a relevant
method of study design for most of the research issues in
occupational diseases. They are generally not performed on
ethical grounds. The majority of outcome assessments were not
comparable and they tended to focus on physiological test
results, with the interventions being generally heterogeneous
and any allocation not being randomised.
The limits of ‘‘evidence-based medicine and alternative
approaches’’ have often been enumerated [110, 113] and,
similarly, the paradigm of ‘‘evidenced-based medicine’’ has
been criticised by leading scientists [144–147]. Inevitably,
selection and information bias may be a problem for
generalisability of findings in single studies [148, 149]. It can
also be questioned whether the hierarchy of evidence applied,
e.g. by the BOHRF group [16, 150], is as appropriate for
prevention as it is useful for evaluation of asthma treatment.
There are few well-designed diagnostic studies that evaluate
alternative strategies for evidence-based medicine, which
makes the adoption of a better approach more difficult to
achieve. YAMADA et al. [151] consider that physicians who
properly practice evidence-based medicine use both individual
clinical expertise and the best available external evidence, not
one to the exclusion of the other. ‘‘Without clinical expertise,
practice risks becoming tyrannized by evidence, for even
excellent external evidence may be inapplicable to or inappropriate for an individual patient. Without current best
evidence, practice risks becoming rapidly out of date, to the
detriment of patients’’ [152].
Frequently, physicians misinterpret evidence-based medicine
as an entity that is a direct application of the evidence, i.e.
randomised controlled trials and other prospective studies,
systematic reviews and meta-analyses. This is a common
misunderstanding that overlooks the more thoughtful identification and compassionate use of individual patient predicaments, rights and preferences in making clinical decisions
about their care [153]. Accordingly, in order to avoid such
‘‘cookbook medicine’’, practitioners using evidence-based
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medicine must integrate the evidence with clinical expertise
and patient values to apply the results in clinical practice [154].
Neither evidence-based medicine, public health nor the
process of applying evidence to decision making can be
divorced from historically contingent programmes driven by
instrumental rationality. An excessive focus on the instrumentally rational course makes us lose sight of the role of values to
decide among courses of action. If not reconsidered, policy
makers will utilise the mantle of evidence-based public health
to justify decisions based on the instrumentally rational needs
rather than on considerations such as social justice. Our moral
sensibilities are shaped by knowledge of history, narratives,
the arts and the realities of our lives and all are pertinent when
setting public health policy.
CURRENT GUIDELINES AND CONSENSUS
STATEMENTS
Canadian Thoracic Society
The Canadian guidelines for occupational asthma were published in 1998 [72]. These national guidelines for the diagnosis
and management of work-related asthma were the first evidencebased guidelines in this field. The definitions of the levels of
evidence were taken from the 1996 report on the working groups
for the Canadian Asthma Consensus Conference [155]. The
methodology of the review is divided into consensus statements,
followed by a review of the rationale for the statements. 15
recommendations and an indication of the rigor of the evidence
follow the narrative text. The guidelines are mainly aimed at the
family doctor, internal medicine physician, general practitioner/
pneumologist and occupational physician, who frequently
encounter patients with work-related asthma.
BOHRF
The BOHRF guidelines were published in 2005 [71] and updated
in 2010 [143]. The aim of the BOHRF guidelines was to improve
the prevention, identification and management of occupational
asthma in primary care and in occupational health settings, by
providing evidence-based recommendations on which future
practice and management could be based. The BOHRF guidelines consist of 53 evidence statements with ratings of the
strength of that evidence, using both the SIGN system of 2000
[156] and the Royal College of General Practitioners (RCGP)
three-star system of 1995 [157]. Furthermore, they provide
22 recommendations (in 2010, after restructuring, 11 key
recommendations and five good practice points), graded using
the revised SIGN system and the RCGP three-star system, and
good practice points where evidence was lacking. The BOHRF
guidelines are aimed at physicians and nurses working in
general practice, occupational health and respiratory medicine,
and at employers, safety representatives and workers who may
be exposed to substances at work that can cause asthma. The
BOHRF guidelines focus on interventions that are considered
appropriate for implementation by health practitioners or
employers and supplement other guidelines that are available
for the clinical management of adult asthma.
Agency for Healthcare Research and Quality
In 2005, a systemic review by BEACH et al. [148] was published
on the diagnosis and management of work-related asthma [28].
Different levels of evidence were compiled for the three types
of work-related asthma: work-related asthma with latency of
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allergic or presumed immunological mechanism; work-related
asthma without latency; and work-aggravated asthma. The key
questions of the report were to ascertain the following: what is
the best diagnostic approach for a patient with suspected workrelated asthma, what are the advantages of specific inhalation
challenge (SIC) testing, and in what situations would SIC provide
additional useful diagnostic information? Furthermore, the
authors considered which measures/treatments were most
effective for work-related asthma, e.g. removal from work versus
reduced exposure with medical treatment (e.g. inhaled steroids)
and whether patients with work-related asthma should be
removed from the workplace environment to control symptoms
and/or disease progression. Prevention of work-related asthma
was not part of the scope of the report. In this evidence-based
analysis, 124 cohort studies that met general inclusion criteria
were reviewed in order to determine which methods were
effective in diagnosing occupational asthma. A quantitative
analysis was precluded by the heterogeneity of the many sources
and the variations in sensitivity and specificity in respect of what
constitutes a positive test result. The authors computed a set of
pooled sensitivities and specificities of sensitiser-induced workrelated asthma using a random effects model, after performing a
weighted pooling of means and standard deviations to combine
results within studies. Six diagnostic methods were compared
and evaluated for sensitivity and specificity, with SIC being
the most commonly identified reference standard among the
124 studies. Among all chemical agents responsible for occupational asthma, diisocyanates and wood dust were the top two
causes. SIC, as the reference test, was compared with other diagnostic tests. SIC showed a similar sensitivity among positive
subjects as two or three comparison tests (especially NSBHR
testing and specific skin-prick test (SPT)) for HMW agents, but it
showed higher sensitivity than SPT among LMW agents when
only SIC-positive subjects were included in the studies. The
authors suggested a combination between NSBHR and specific
SPT or IgE could enhance the specificity of diagnostic tests.
However, sensitivity could not be increased by any combination
of these tests. The authors also warned against over-interpretation of these results, because some issues make SIC problematic
as a reference standard, such as the likelihood of a false negative
test for some asthma-inducing agents or the heterogenous criteria
used to signify a positive SIC test among the various studies.
Without doubt, specificity of diagnosis can be increased by
combining diagnostic tests, although which tests should be
combined depends on the sensitivity and specificity of the tests
themselves and their cost-effectiveness.
American College of Chest Physicians consensus
statement
The American College of Chest Physicians (ACCP) update [142]
of the previous 1995 consensus statement is concurrent with a
2008 British Thoracic Society document on the standard of care
for occupational asthma [158]. The ACCP consensus document
defined work-related asthma to include occupational asthma (i.e.
asthma induced by exposure to a sensitiser or irritant at work)
and work-exacerbated asthma (i.e. work-aggravated asthma),
with pre-existing or concurrent asthma worsened by work
factors. The distinguished expert panel conducted a systematic
review and provided a set of graded recommendations for all
aspects of occupational asthma, from diagnosis through treatment to prevention. This work also deals with the role of the
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physician in promoting safer employment options and access to
workers compensation. The consensus document focused on the
diagnosis and management of work-related asthma (including
diagnostic tests, work and compensation issues), as well as
preventive measures. It is stated that diagnostic tests such as
serial peak flow recordings, methacholine challenge tests,
immunological tests and SIC tests (if available), can increase
diagnostic certainty. The major findings and recommendations
made by the expert panel are as follows.
Work-related asthma is a major component of adult-onset
asthma. It is recommended that the diagnosis must be considered in all who present with new-onset or worsening
asthma, followed by appropriate investigations and intervention including consideration of other exposed workers.
In individuals with suspected sensitiser-induced occupational
asthma, conducting an SIC (where available) is suggested when
the diagnosis or causative agent remains equivocal; however,
this testing should only be performed in specialised facilities,
with medical supervision throughout the testing. The panel
reviews and discusses the many limitations of immunological
testing (skin-prick or serological) as an adjunct to diagnosis of
work-related asthma for exposure to HMW substances; these
tests are of little use with LMW agents and of no use in irritantinduced asthma. Diagnostic tests, such as serial peak flow
recordings or methacholine challenge tests, can also increase
diagnostic certainty. Since the prognosis is better with early
diagnosis and appropriate intervention, effective preventative
measures for other workers with exposure should be addressed.
CONCLUSION
The scope of these guidelines concerns management and
prevention options for work-related asthma and their effectiveness, including diagnostic approaches, identification of risk
factors, strategies for screening, surveillance, prevention and
optimal treatment for affected individuals. We approached this
topic by conducting systematic evaluations of the existing
evidence from published literature and other sources. The
guidelines are presented in the context of causes, the heterogenous legal adjudication in Europe, socioeconomic aspects,
and other guidelines and consensus statements.
The prognosis of work-related asthma is frequently worse than
with non-work-related asthma cases, but improves with early
diagnosis and removal from exposure. Therefore, reliable and
applicable diagnostics are required, followed by appropriate
interventions that minimise exposures and other health risks to
the affected worker and prevent further diseases in co-workers.
Within this framework, the role of the physician in the
management of cases, the promotion of a safe work environment and the facilitation of access to adequate compensation
cannot be overestimated. Other urgent requirements include
international improvements in and standardisation of the
relevant health regulations, and compensation which facilitates
a return to useful employment in addition to compensating
resulting disability.
The proposed guidelines confirm and extend already existing
statements and recommendations from the Canadian Thoracic
Society, BOHRF, the Agency for Healthcare Research and Quality
and the ACCP.
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Hopefully, the implementation of these guidelines will rapidly
lead to changes in legislation and working practices which will
significantly reduce the incidence and severity of occupational
airways diseases. This will be of benefit to the employers,
workers and society as a whole.
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