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Abstract

The fifth Jack Pepys Workshop on Asthma in the Workplace
focused on the similarities and differences of work-related
asthma (WRA) and non-work-related asthma (non-WRA).
WRA includes occupational asthma (OA) and work-exacerbated
asthma (WEA). There are few biological differences in the
mechanisms of sensitization to environmental and occupational
allergens. Non-WRA and OA, when due to high-molecular-weight
agents, are both IgE mediated; it is uncertain whether OA due to
low-molecular-weight agents is also IgE mediated. Risk factors
for OA include female sex, a history of upper airway symptoms,
and a history of bronchial hyperresponsiveness. Atopy is a risk
factor for OA due to high-molecular-weight agents, and exposure
to cleaning agents is a risk factor for both OA and non-WRA.

WEA is important among workers with preexisting asthma

and may overlap with irritant-induced asthma, a type of OA.
Induced sputum cytology can confirm airway inflammation,

but specific inhalation challenge is the reference standard
diagnostic test. Inhalation challenges are relatively safe, with the
most severe reactions occurring with low-molecular-weight

agents. Indirect health care costs account for about 50% of total
asthma costs. Workers with poor asthma control (WRA or non-
WRA) are less likely to be employed. Income loss is a major
contributor to the indirect costs of WRA. Overall, asthma outcomes
probably are worse for adult-onset than for childhood-onset asthma
but better for OA than adult-onset non-WRA. Important aspects of
management of OA are rapid and proper confirmation of the
diagnosis and reduction of exposure to sensitizers or irritants at work
and home.
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that is worsened by an occupational
exposure but not caused by an occupational
exposure) (1) (Figure 1).

The Jack Pepys Workshop is held every
3 years to discuss WRA (2). The fifth
workshop was held in Montreal in 2013
and focused on the similarities and
differences of WRA and non-WRA. Key
conclusions were:
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Outcomes and Management
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Work-related asthma (WRA) is a term
that includes occupational asthma

(i.e., asthma that is caused by an
occupational exposure) and work-
exacerbated asthma (WEA) (i.e., asthma

e Occupational asthma (OA) is a useful
model for studying non-WRA because the
exposure that causes OA is often easily
identified and workplace interventions
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[Work—related asthma (WRA)] [Non work-related asthma (non-WRA)]

Occupational

Work-exacerbated asthma (OA)
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!

!

Sensitizer-induced
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Irritant-induced

occupational asthma (OA)

Figure 1. Entities discussed in the Workshop.

facilitate studies of both the disease course
and the impact of treatment.

e The mechanisms and pathophysiology of
WRA and non-WRA are similar. Both can
be initiated by immunological responses or
irritant exposures, and both can have
predominantly eosinophilic or neutrophilic
airway inflammatory responses.

o There are important differences in
the success of preventing WRA
compared with non-WRA. These
differences are likely related to the
timing and feasibility of preventative
interventions. Preventative measures
for WRA that require work changes
are often associated with negative
socio-economic impacts; this is
a deterrent to the implementation of
preventative measures, especially if
they lead to cessation of employment.

e In both WRA and non-WRA,
exacerbations can be due to multiple
triggers. The severity of the exacerbation
depends upon the exposure and the
severity of the underlying asthma.

Introduction

Work-related asthma (WRA) is a term that
includes occupational asthma (i.e., asthma
that is caused by work) and work-
exacerbated asthma (WEA) (i.e., asthma
that is worsened by work but not initially
caused by work) (1) (Figure 1). It has been
estimated that at least 15% of adult asthma
is work related. Some studies have reported
that more than 25% of working adults with
asthma have exacerbations of asthma at
work.

A Jack Pepys Workshop on WRA
has been held every 3 years since 2000,
alternating between Toronto, Ontario and
Montreal, Quebec, Canada. The format is
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a series of short presentations, each followed
by extensive discussion. The fifth Jack Pepys
Workshop was held in Montreal in 2013
and focused on the similarities and
differences of WRA and non-work-related
asthma (non-WRA).

Methods

Forty-five international experts from
various disciplines were invited to the
workshop. In addition, there was a small
number of self-registered participants.
Invitees were selected on the basis of
publications in the area of WRA or general
asthma. Represented specialties included
occupational medicine, pulmonary
medicine, and basic science research.
Participants disclosed any potential conflicts
of interest to the ATS and were managed in
accordance with the policies and procedures
of the ATS.

Topics for discussion at the
workshop were selected by an
International Advisory Committee (J.L.
M., SM.T,, G.M,, D.B,, O.V., and P.C.).
They included comparisons of WRA and
non-WRA in each of the following
domains: mechanisms and
pathophysiology (J.S. and J.G.M.),
epidemiology and risk factors (M.]. and
N.L.M.), allergens and irritants (T.P.M.
and D.H.), diagnosis and clinical aspects
(F.D.B. and G.S.), psychosocial and
economic aspects (P.D.B. and O.V.), and
outcomes and management (J.L.M. and
A.C.). The program was approved by the
ATS’s Environmental and Occupational
Health Assembly Planning Committee.

After a tribute to Professor Jack Pepys,
short presentations were given by
internationally acknowledged experts, who
briefly reviewed the evidence. Each

presentation was followed by extensive
discussion. The content of each presentation
is available online (www.asthma-workplace.
com).

After the workshop, each presenter
submitted a summary of his or her
presentation and the accompanying
discussion. The summaries were collated by
the co-chairs (J.L.M. and S.M.T.) into
a single workshop report. The presenters
and co-chairs composed the writing
committee. The full writing committee
reviewed and approved the final
workshop report.

Mechanisms
and Pathophysiology

Occupational asthma (OA) and non-WRA
are the result of interactions between
environmental factors and host factors
(Tables 1 and 2). Environmental factors
relevant to OA include the route of exposure
(skin or respiratory), the type of causative
agent, and the causative agent’s airborne
characteristics (particle size, structure,
volatility), level (concentration, duration of
exposure), and mode (gas or particle). Host
factors relevant to OA include sex, atopy,
nonspecific bronchial hyperresponsiveness,
rhinitis, and genetic susceptibility (3).
Potential genetic factors include glutathione
S-transferase (GSTP1 and GSTM1) and
N-acetyltransferase (4), antioxidant genes
(5), catenins (6), and the Th2 response (7).
Both OA and non-WRA due to
high-molecular-weight agents (i.e., agents
that generally contain proteins) have an
IgE-mediated mechanism of sensitization.
OA due to high-molecular-weight agents is
an IgE-mediated response to an
occupational allergen, whereas non-WRA
can be an IgE-mediated response to an
environmental allergen. It is uncertain
whether OA due to low-molecular-weight
agents (i.e., agents that are usually
chemical products) is also IgE mediated (8).
Arguing for an IgE-mediated mechanism
are its clinical features, pattern of Th2
cytokines, and pathological features and the
finding that treatment with anti-IgE
humanized antibody was effective in some
patients with OA due to low-molecular-
weight agents (9). Arguing against an
IgE-mediated mechanism are the failure to
detect specific IgE antibodies against most
of the low-molecular-weight agents and the
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Table 1. Aspects of mechanisms and pathophysiology

Nonoccupational Asthma

For some agents/some patients an IgE-
dependent response, for others unknown
initiating mechanisms.

Th2 lymphocyte mechanism with or
without participation of IgE.

Th17 activation associated with
neutrophilic response.

Inflammation and remodeling.

Genes related to atopy and antigenic
recognition.

Genes related to the epithelium.

Genes related to remodeling.

Non-IgE-related mechanisms are unclear,
and hypothetically some may be similar to
those of low-molecular-weight sensitizer—
induced OA.

Occupational Asthma

Immunological OA

IgE-dependent response for high-
molecular-weight agents; variable or
unknown for the rest of agents.

Th2 lymphocyte mechanism with or
without participation of IgE (low-
molecular weight agents).

Th17 activation associated with
neutrophilic response.

Inflammation and remodeling.

Genetic variants in antioxidant, catenin-
control genes, genes related to Th2 and
remodeling responses. Genes related to
Th2 response. Genes related to
remodeling. For diisocyanates,
hypermethylation of IFN-y gene promoter.

Irritant-induced OA

Acute phase: “toxic reaction”; chronic phase:
inflammation and remodeling.

Oxidative stress, role of neurogenic
inflammation (substance P).
Mainly remodeling.

For low-molecular-weight agents, some may Role of alarmins. Stimulation of epithelium

induce IgE-mediated responses. Others
may resemble a delayed hypersensitivity

response similar to contact dermatitis (e.g.,

persulfates).

with production of chemoattractant
substances, toll-like receptors. General
airway sensory hyperreactivity.

Definition of abbreviations: OA = occupational asthma.
Similarities are printed in bold. Features that differ or have only been only evaluated for one condition are not bold.

shorter but overlapping latency periods for
acquiring sensitization and disease.
Patients with OA may have an
eosinophilic, neutrophilic, or mixed
inflammatory cell pattern (10). They may
also have cells that secrete both Th2
cytokines (IL-4 and IL-13) and a neutrophil
chemoattractant (IL-17) (11). Taken
together, these observations suggest that
patients with OA may have different
phenotypes depending upon the
predominant cell pattern and cytokines,
similar to patients with non-WRA.
Irritant-induced asthma is a type of OA
that is considered nonimmunological.
However, like non-WRA, inflammation
plays an important pathogenic role. In
irritant-induced asthma, inhaled irritants
cause inflammation that injures the
epithelial cells and other resident cells. The
nature and severity of the inflammation
depends upon the nature of the exposure,
such as its intensity and physical properties
(state, vapor pressure, solubility, and
chemical reactivity). Secondary
inflammation due to the cellular injuries
then causes oxidative stress (12). This is
supported by studies that showed that
antioxidants and neutrophil depletion
reduce airway hyperresponsiveness induced
by chlorine inhalation (13). Several other
mechanisms may also participate in the
pathogenesis of irritant-induced asthma:
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the innate immune system may be activated
by alarmins via Toll-like receptors (14);
neurogenic inflammation may be promoted
by transient receptor potential channels
(irritant-sensing ion channels expressed

in airway chemosensory nerves), which
are activated by local changes in osmolarity
and temperature and regulated by cellular
redox status; innate lymphoid cells with

a Th2 pattern of cytokines may be
activated (15); and sensitization to
allergens may occur. The end results are
pathological findings that resemble

a toxic mechanism during the acute phase
and sensitizer-induced OA during the
long-term phase (16).

Epidemiology and Risk Factors

OA and non-WRA are heterogeneous
diseases with multiple phenotypes.
Distinguishing phenotypes is important
because it may help identify risk factors (17).
As an example, adult-onset asthma is

a phenotype of both OA and non-WRA
that has been described using cluster
analysis on sputum cells.

Adult-onset OA and adult-onset
non-WRA are more prevalent among
female patients (18) (Table 2). The former
may be related to the distribution of various
types of work across genders (19); women

are more likely to be exposed to asthmagens
(i.e., a substance that is causally related to
asthma symptoms) at work, whereas men
are more likely to be exposed to agents that
do not cause asthma (17). Additional risk
factors for both adult-onset OA and adult-
onset non-WRA include a history of upper
airway symptoms (20), a history of
bronchial hyperresponsiveness (21), and
atopy (18). Of note, the effect of atopy on
adult-onset OA appears limited to OA due
to high-molecular-weight agents. Although
environmental exposures have a profound
effect on adult-onset OA and childhood-
onset non-WRA, they have a less certain
effect on adult-onset non-WRA (17, 18).
Asthma prevalence has increased
during the past decade in part due to
changes in lifestyle (i.e., diet, smoking),
socioeconomic status (i.e., income), and
environmental factors (17). Regarding
environmental factors, the increase in
non-WRA prevalence has been attributed
to domestic indoor exposures and
ambient outdoor exposures, whereas the
increase in WRA has been attributed to
occupational exposure to cleaning agents
(22) and other asthmagens. The most
important occupational exposures include
sensitizing agents (23), low-level irritants,
and pollutants (e.g., diesel combustion
fumes, spray cleaning agents). High-risk
jobs (e.g., bakery workers, spray painters)
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Table 2. Risk factors for non-work-related and sensitizer-induced occupational

asthma*

Non-WRA

Sensitizer-induced OA

Host Risk Factors

Younger age
Female

Family history of allergy/asthma

Atopy

Obesity

Current/previous history of rhinitis or allergy

Previous bronchial hyperresponsiveness
Some serious childhood respiratory diseases
(e.g., cystic fibrosis)

Younger age

Female (likely from sex distribution of
higher risk exposures)

Family history of allergy/asthma

Atopy (for high-molecular-weight agents)

Obesity

Current/previous history of work-related
rhinitis

Previous bronchial hyperresponsiveness

Behavioral and Social Factors

Active and passive smoking
Low household income

Active smoking

Low household income likely from
association with greater risk of exposure at
work to sensitizers

Environmental Risk Factors

Home environmental factors (e.g., fuel
combustion, dampness and mold growth,
environmental tobacco smoke)

Exposure to cleaning sprays at home

Air pollution

High-molecular-weight or low-molecular-
weight sensitizing agents at work

Cleaning/disinfectant agents at work
(likely several mechanisms)

Definition of abbreviations: OA = occupational asthma; WRA = work-related asthma.
Similarities are printed in bold. Features that differ or have only been only evaluated for one condition

are not bold.

*Risk factors for irritant-induced asthma are not included here because they have not been sufficiently
identified due to most case series being relatively small. Table reproduced and modified with

permission from Reference 17.

and the mode, route, and level of exposure
are also important factors (24). New-
onset OA is often severe and uncontrolled
(25, 26).

Further studies are needed to address the
following issues: (I) epidemiological
definitions of adult-onset non-WRA asthma;
(2) new statistical approaches to identify
asthma phenotypes; (3) risk factors for
various adult-onset asthma phenotypes,
especially with different airway inflammatory
cell predominance; (4) the role of diet and
obesity as a risk factor for all adult-onset
asthma; (5) the frequency of systemic food-
related allergic reactions associated with OA
(among food processors); (6) novel/more
precise approaches in the assessment of
environmental exposures; (7) exposure-
response relationships for common newly
identified exposures in domestic and
occupational settings (e.g., cleaning agents
and cosmetics); and (8) gene—environment
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interactions and how these are modulated by
exposure level.

Allergens and Irritants

Allergens
Exposure to occupational and
nonoccupational allergens varies over time,
affecting the prevalence of both OA and
non-WRA (Table 3). As examples, (1) the
number of people living on farms in Europe
decreased 10-fold between 1945 and 1960,
resulting in farmers’ lung becoming less
common (27), and (2) the levels of dust
mites in houses (28) were quantified after
the discovery of dust mites in The
Netherlands and have decreased 10-fold
since 1980 due to public knowledge and
resulting interventions.

Allergens have several components that
are inhaled on particles. As an example,

during tidal breathing, 5 to 10% of the fecal
particles of mites reach the lung, which
include mite DNA, bacterial DNA,
endotoxins, chitins, Der pl, Der p2, and
some other components. The quantity of
particles inhaled, the particle size, and
coexposures on particles are all important to
the development of OA and non-WRA (29).

Absorption of allergens can also occur
from skin exposure. As an example, very
high levels of specific IgE to peanuts can be
driven by skin exposure, and park rangers
with tick bites can become allergic to an
oligosaccharide, a-gal, resulting in a cross-
reacting allergy to ingested meat. However,
such sensitization without respiratory
exposure is not related to asthma,
suggesting that allergens must be inhaled to
inflame the bronchi (30).

Opverall levels of exposure to allergens
appear to be the most important factor that
contributes to the risk of sensitization (31).
Reducing exposure is expected to reduce
sensitization, although for most allergens
there is still a small residual risk at low
levels of exposure. A pragmatic approach is
to aim for an associated risk below a certain
percentage (the acceptable risk has been set
at 1% in The Netherlands for standard
setting purposes) of those exposed in
occupational settings. A similar approach is
reasonable for other allergens (e.g., dust
mites). The highest levels of exposure may
lead to decreased sensitivity (32), and
owning a cat in early life does not appear to
increase the risk of asthma among children
(33). However, experience suggests that
allowing individuals to remain exposed to
high levels of allergens and hoping for
decreased sensitization is not a prudent
approach. In the occupational setting, the
healthy worker effect may modify the

exposure-risk relation.

Irritants

Irritants have been associated with the
development of OA (i.e., irritant-induced
asthma), WEA, and exacerbations of non-
WRA. Each of these entities can occur at
various levels of exposure. As an example,
irritant-induced asthma may follow a single
high-level exposure; recurrent exposures at
lower levels; or long-term, low-level
exposures (34). The propensity of irritants
to cause asthma exacerbations reflects the
observation that individuals with
preexisting asthma react at lower levels to
certain irritants (e.g., sulfur dioxide)
compared with individuals without asthma.
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Table 3. Etiologic agents: allergens and irritants

Non-WRA

Variable exposure over time.
Inhalation of allergens on particles.

Sensitizer-Induced OA

Allergens

Variable exposure over time.

Absorption from skin exposure can cause Absorption from skin exposure may cause

sensitization but not asthma.

Levels of exposure are an important risk
factor.

Highest levels of exposure can lead to
decreased sensitivity.

Acute irritant high-level exposure.

Recurrent exposures to nonmassive
levels.

Long-term low exposures.

Irritant exposures may have an adjuvant
effect, increasing IgE-mediated
responses (e.d., diesel exhaust).

Ascertaining exposures can be complex
and can vary over time (e.g., cleaning
agents).

sensitization but not asthma.

Levels of exposure are an important risk
factor.

Risk is present even at low levels of exposure
to high-molecular-weight and low-
molecular-weight agents: a pragmatic
approach is to aim for an excess risk below
a certain percentage.

Irritant Exposures Inducing Asthma

Irritant exposures may have an adjuvant
effect, increasing IgE-mediated
responses (e.g., diesel exhaust).

Gene-environment interactions can occur. Gene-environment interactions can occur.

Exposure controls may reduce risks of
asthma onset and exacerbations.

Allergens and Irritants

Exposure controls may reduce risks of
asthma onset and exacerbations.

Irritant-Induced OA

Acute irritant high-level exposure.

Recurrent exposures to nonmassive
levels.

Long-term low exposures.

Irritant exposures may have an adjuvant
effect, increasing IgE-mediated
responses (e.g., diesel exhaust).

Ascertaining exposures can be complex
and can vary over time (e.g., cleaning
agents).

Gene-environment interactions can occur.

Exposure controls may reduce risks of
asthma onset and exacerbations.

Definition of abbreviations: OA = occupational asthma; WRA = work-related asthma.
Similarities are printed in bold. Features that differ or have only been only evaluated for one condition are not bold.

There are many similarities in the
clinical presentations of occupational
irritant-induced asthma and WEA. For
compensation purposes, the main challenge
is to demonstrate that the asthma was
caused by an occupational exposure. This
begins with an extensive history to
determine potential irritants in the work
environment. This can be challenging
because irritant exposures tend to change
over time or location (e.g., chemicals in
swimming pools, cosmetic use, volatile
irritants) and because workers with WEA
tend to have more exposures to ammonia,
engine exhaust combustion by-products,
aerosols, solvents, and other irritants than
workers without WEA (35). Inhalation
challenges can also be performed (36).
However, although a careful history and
inhalation challenges may support
a relationship between the exposure and the
asthma symptoms, neither a careful history
nor inhalation challenges are capable of
distinguishing irritant-induced asthma
from WEA. Further complicating
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evaluations for compensation, there are
different definitions of occupational
irritant-induced asthma and WEA that are
used by various medicolegal and
compensation agencies, different
requirements for compensation, and
different extents of support (37).

Cleaning agents are among the
most common irritants associated
with irritant-induced asthma, WEA,
and non-WRA exacerbations (22).
However, it can be difficult to establish
a causal relationship because the complexity
of exposure is substantial (38). Cleaning
agents contain mixtures of allergens and
irritants, gene—environment interactions
have been postulated (39), and exposure
to irritants may enhance sensitization to
common allergens due to an adjuvant effect
(40). Research has failed to clarify many
questions because the association of
cleaning agent exposure with prior atopic
sensitization is inconsistent (41) and because
studies of individual exposures from
different types of cleaning agents (42) have

been limited by too few events per condition
due to the vast number of chemicals.

The long-term prognosis of
occupational irritant-induced asthma is
similar to that of immunological OA (43).
Initiatives are needed to improve education
and labeling of chemical agents
(particularly cleaning products) (22), and
further research is needed to address many
unanswered questions.

Diagnosis and Clinical Aspects

Nosological Aspects

WRA is typically divided into OA and WEA,
with WEA arguably being more severe
according to one study (35) (although the
study may have been flawed by selection
bias in the enrollment of patients with WEA
[44]). OA can be further divided into OA due
to high-molecular-weight agents or OA due
to low-molecular-weight agents. There are no
symptoms that definitively differentiate

OA due to high-molecular-weight agents
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Table 4. Diagnosis and clinical aspects*®

Non-WRA

Sensitizer-induced OA

Asthma Severity
Greater severity in those with associated Greater severity in those with associated

rhinitis

Neutrophilic vs. eosinophilic airway
inflammation associated with increased
severity, worse lung function, less steroid
responsiveness, but not related to
nonspecific airway hyperresponsiveness.

rhinitis

Neutrophilic vs. eosinophilic airway

inflammation associated with OA due to
low-molecular-weight agents, in

a noneosinophilic variant of OA and WEA,
and with a poor prognosis.

Overlap with Chronic Obstructive Pulmonary Disease

~10% overlap with chronic obstructive
pulmonary disease.

Overlap to be evaluated in epidemiological

studies of occupational chronic obstructive
pulmonary disease.

Symptoms

Work-related wheeze, nose, eye itching, and

lack of hoarseness are the most sensitive
symptoms in cases of OA due to high-
molecular-weight agents.

Diagnostic Tests

Mannitol less sensitive than methacholine for Mannitol challenge may differentiate subjects

challenges.

FeNO is a surrogate marker of eosinophilic
inflammation in asthma (rapid and less
invasive).

Assessment of mediators in induced sputum

can show aspects of airway inflammation
and remodeling.

Specific bronchial challenges are seldom
used in non-WRA.

according to severity of disease.

FeNO may be useful in the interpretation of

specific inhalation challenges in subjects
who cannot produce satisfactory sputum
samples.

Specific bronchial challenges are reference

tests for diagnosing OA, although not used
in many centers.

Definition of abbreviations: OA = occupational asthma; WRA = work-related asthma.
Similarities printed in bold. Features that differ or have only been only evaluated for one condition are

not bold.

*Irritant-induced asthma is not included here because these factors cannot be compared at present.

from OA due to low-molecular-weight
agents (45). However, wheezing, nasal
itching, and/or eye itching that are worse at
work are more often seen in confirmed OA
due to high-molecular-weight agents,
whereas hoarseness at work is less
common compared with suspected but
unconfirmed cases. WRA can alternatively
be divided according to triggers, disease
severity, or type of inflammation, similar to
non-WRA (46). As an example, WRA

can be divided according to triggers as
irritant-induced or irritant-exacerbated
asthma, or sensitizer-induced asthma (47).
Some circumstances expose an individual
to irritants and sensitizers simultaneously,
such as endotoxin exposures in animal
exposures and dust exposures in bakery
workers. Overlap between non-WRA and
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COPD has been demonstrated (48);
however, it is unknown whether similar
overlap exists between OA and COPD.

Asthma can also be classified by cell
predominance. OA and non-WRA are more
often eosinophilic than neutrophilic,
according to studies that examined induced
sputum (49). In OA, neutrophilic
inflammation is associated with a poor
prognosis (35), although the level of
neutrophils that define this poor
prognostic phenotype is unknown (50). In
non-WRA, patients with neutrophilic
inflammation are distinct and their
symptoms and signs are more severe than
patients with eosinophilic inflammation
(51). Rhinitis contributes to the severity of
asthma, including both OA and non-WRA
(52) (Table 4).

Methods of Diagnosis

A specific inhalation challenge (i.e., the
subject inhales the agent of concern) is the
reference standard for diagnosing sensitizer-
induced OA. It is relatively safe (the most
severe reactions can occur when challenging
subjects with a low-molecular-weight agent
[53]), but it is available in only a few
centers, and false-positive or false-negative
responses are common (54). Specific
inhalation challenges may also be
considered in the diagnosis of non-WRA
(e.g., to identify the clinical relevance of
dust mite sensitization) (55).

Bronchial hyperresponsiveness may be
confirmed by direct challenges (e.g., with
methacholine or histamine) or by indirect
challenges (e.g., exercise, hypertonic saline,
adenosine monophosphate, or mannitol) in
the context of suspected WRA or non-
WRA. Mannitol has been compared with
methacholine (56) and appears to identify
patients with more severe WRA (57).
Airway inflammation is typically detected
by induced sputum (49); however, it is time
consuming and of limited availability.
Different aspects of airway inflammation
and remodeling may be assessed by the
detection of mediators in the supernatant of
induced sputum in non-WRA, but few
similar data are available in WRA (58). The
validity of the test has been questioned due
to the possibility that sputum induction
itself, or subsequent sputum processing,
may activate airway inflammatory cells.

Exhaled nitric oxide (FeNO) is an
alternative test used to evaluate airway
inflammation. In non-WRA, an increase in
FeNO is a surrogate of eosinophilic
inflammation (59). In WRA, an increase in
FeNO upon exposure to the suspected work
trigger supports a diagnosis of WRA (49).
However, there are conflicting data on what
changes in FeNO over time are abnormal, and
FeNO has been considered less discriminating
than induced sputum for WRA (58).

Psychosocial and
Economic Impacts

The potential psychosocial and economic
impacts of sensitizer-induced OA and adult
non-WRA are similar (Table 5). Regarding
psychosocial outcomes, patients may
experience disability, impaired health-
related quality of life, and psychological
morbidity. Employment disability is
particularly important in WRA and can be
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Table 5. Psychosocial and economic impacts*

Non-WRA

Employment disability assessed by
complete job loss, change in job duties,
decreased productivity (presenteeism)
and early retirement.

Lost work days are common in asthma and
increase with poorer control of disease.

Subjects with exposure to gas, dust, or
fumes on the job are twice as likely to
experience job loss.

Importance of anxiety as well as
depression in the overall psychological
morbidity of asthma.

Direct health care costs increase with
increasing severity and lower control of
the disease.

Indirect health costs account for about 50%
of the total asthma costs.

Rhinitis results in job loss intermediate
between asthma and nonasthma referents.

Sensitizer-induced OA

Employment disability assessed by
complete job loss, change in job duties,
decreased productivity (presenteeism)
and early retirement.

Association with lower asthma-related
quality of life, taking other factors into
account.

WRA is associated with more frequent self-
rated poor health.

Anxiety and depression common.

Even higher direct healthcare utilization
(i.e., visits to doctors and emergency
departments as well as hospitalization).

Higher indirect health costs, which account
for up to 90% of the total asthma costs.

Incremental impact of occupational rhinitis
insufficiently examined.

Definition of abbreviations: OA = occupational asthma; WRA = work-related asthma.
Similarities are printed in bold. Features that differ or have only been only evaluated for one condition

are not bold.

*Irritant-induced asthma is not included here because these factors cannot be compared at present.

quantified with multiple metrics beyond
lost work days. These metrics include
complete job loss, change in job duties,
decreased productivity (negatively affected
“presenteeism”), and early retirement.
Assessment of health-related quality of life
can be performed with generic or
respiratory disease-specific instruments.
The most studied psychological impact of
asthma generally has been depression,
which can be based on self-report or
ascertained through clinical assessment.
WRA may play a significant role in
work loss. Lost work days are twice as likely
to occur in those with exposure to vapors,
gas, dust, or fumes on the job compared with
those without such exposures. Individuals
with such exposures are also twice as likely
to experience job loss (odds ratio, 1.96)
according to a study that used data from the
European Respiratory Health Survey (60).
Non-WRA also contributes to work loss
according to a large population-based study
in Europe that found that individuals with
poor asthma control were less likely to be
employed (49 vs. 60%), more likely to have
missed work (10 vs. 7%), and more likely to
have experienced impairment (33 vs. 18%).
The magnitude of these effects was similar
to that seen in diabetes (61). These
findings in non-WRA were supported by
a comparison of patients with asthma and
subjects without asthma in Finland that
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found that patients with asthma had nearly
double the risk of long-term work disability
(odds ratio, 1.8); this risk doubled with
concomitant depression (62). Direct
comparison of WRA with non-WRA found
that WRA was associated with more
frequent self-rated poor health (40 vs. 22%),
impaired physical health (32 vs. 16%), and
impaired mental health (26 vs. 14%) (63).

The economic impact of WRA and
non-WRA needs to be considered in terms
of both direct and indirect health care costs.
Direct and indirect health care costs are each
estimated to account for approximately 50%
of combined WRA and non-WRA total
costs (64). Work exposures increase asthma
severity (26) and asthma exacerbations,
which increase the relative burden of
indirect health care costs (65). In the
United Kingdom, it was estimated that
indirect and direct health care costs account
for 90 and 10%, respectively, of the asthma-
related costs of patients with OA. Nearly
half of the costs were paid out-of-pocket,
and only 3% of the costs were paid by
employers (66). Data from Canada further
confirm that income loss is a major factor
in the costs of OA (67). The pattern of
indirect costs is likely to be similar in WEA
but has been less well studied.

It is important to recognize that the
psychosocial and economic consequences of
WRA and non-WRA are difficult to

estimate because there are methodological
challenges and related data limitations. For
example, the interpretation of data on
economic costs is complicated by differences
in analytic approaches internationally and
even within countries (68); there are limited
asthma-specific quality of life data due, in
part, to the inclusion of work-disability as
a domain in some questionnaires; the
potential importance of occupational
rhinitis as an early indicator of disease has
been understudied; there has been lack of
“cross-talk” (e.g., using comparable
assessment tools) among researchers
studying psychosocial and economic
outcomes in work-related dermatitis and
those investigating the same in asthma; and
there is a paucity of data regarding the
importance of anxiety and depression on
psychological morbidity in adult asthma.

Outcomes and Management

Outcomes

Childhood-onset asthma symptoms
disappear or improve in the majority of
cases (~75%) (69) (Table 6). Symptomatic
resolution of childhood asthma is
associated with milder asthma, lack of
sensitization or exposure to indoor
allergens, higher prebronchodilator FEV},
and less airway hyperresponsiveness (70).
Despite the improvement of symptoms,
persistence of exposure to allergens results
in an accelerated (i.e., more than the
normal predicted) decline in the FEV that
is associated with patient age and duration
of asthma (71). In contrast, allergen
avoidance leads to an improvement in
lung function. Adult-onset non-WRA
probably has a worse outcome than
childhood-onset asthma because
nonatopic asthma (previously called
intrinsic asthma), which starts around age
40 to 50 years particularly in women, is
more difficult to treat (72).

Outcomes due to OA are based on
studies of sensitizer-induced OA, a type of
allergic WRA that provides the unique
opportunity to examine the patient before,
during, and after the exposure (21). After
removal from the exposure, symptoms
typically improve, but there is persistence of
airway hyperresponsiveness in most workers
(73). Eosinophilic inflammation and
structural changes may exist up to 10 years or
more after ending the exposure in sensitizer-
induced OA (74). Irritant-induced OA is also
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Table 6. Outcome and management

Non-WRA

Occupational Asthma

Medical Outcomes

Typical outcome of childhood onset
asthma during transition to adult life:
Improvement (or disappearance) of
symptoms
Persistence of airway
hyperresponsiveness
Persistence of airway inflammation

Typical outcome of OA after removal from

exposure:

Improvement (or disappearance) of
symptoms

Persistence of airway
hyperresponsiveness

Persistence of airway inflammation with
more remodeling for 1A

Lesser response to bronchodilator for 1A

Factors Associated with a Worse Outcome

More severe asthma, exposure or

sensitization to indoor allergens, smaller

airway caliber, more airway
responsiveness, lack of allergen

avoidance, older age, longer duration of

asthma.

Adult-onset asthma: probably worse
outcome compared with childhood-
onset asthma or OA.

Long duration of symptomatic exposure,
severe asthma at the time of removal
from exposure, persistence of
eosinophilic airway inflammation 10 yr or
more after removal, low IFN-y levels.

Probably better outcomes than adult-onset
nonoccupational asthma.

Management

Proper confirmation of diagnosis.

Identification of comorbidities.

Verification of drug compliance and
inhaler technique.

Education and action plans.

Monitoring of pulmonary function, and,
possibly, airway responsiveness and
inflammation.

Assess the level of control.
Treat as per guidelines (GINA).

Proper confirmation of diagnosis.

Identification of comorbidities.

Verification of drug compliance and
inhaler technique.

Education and action plans.

Monitoring of pulmonary function, and,
possibly, airway responsiveness and
inflammation.

Elimination of work sensitizer and work
irritants.

Medical surveillance of other exposed
workers.

Use of predictive models to identify those
who would benefit from closer
surveillance for sensitizer-induced OA.

Tertiary prevention should focus on accurate
diagnosis: questionnaire is an inadequate
means for sensitizer-induced OA.

Once the diagnosis is made, emphasis on
satisfactory work reentry programs.

Assess the level of control.

Treat as for non-WRA.

Ensure sociopsychological and financial
support.

Definition of abbreviations: IIA = irritant-induced asthma; OA = occupational asthma; WRA = work-

related asthma.

Similarities are printed in bold. Features that differ or have only been only evaluated for one condition

are not bold.

associated with improvement of symptoms
but often has persistence of airway
hyperresponsiveness following removal of the
exposure.

When adult-onset non-WRA and
sensitizer-induced OA are compared, the
frequency of improvement is much higher
among adults with sensitizer-induced OA
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(complete symptomatic recovery of 32%) (75)
than among individuals with adult-onset
non-WRA (complete symptomatic recovery
of only 5-6%) (76). Factors associated with
a poor outcome from sensitizer-induced OA
are a long duration of symptomatic exposure
and severe asthma at the time of removal
from exposure (77). In the longest follow-up

after cessation of exposure (17 yr), higher
IFN-y levels were associated with greater
improvement (78). Structural changes may be
more significant among individuals with
occupational irritant-induced asthma than
among those with sensitizer-induced OA or
non-WRA (43).

Management

For non-WRA, typical management
consists of (1) confirming the diagnosis; (2)
identifying comorbidities (e.g.,
gastroesophageal reflux, rhinitis, and
smoking); (3) verifying adherence with
medication regimens and good inhaler
technique; (4) controlling environmental
triggers with allergen avoidance, often with
difficulty due to multiple sensitization; and
(5) providing education and action plans.
Improving nonspecific bronchial
hyperresponsiveness reduces mild
exacerbations and improves FEV; but may
require higher doses of inhaled steroids
(79). Monitoring induced sputum for
eosinophilic inflammation and then
intervening to minimize it reduces asthma
exacerbations without requiring higher
doses of inhaled steroids (80); monitoring
FeNO does not have these same effects (81).

In contrast to non-WRA, optimal
management of OA consists of primary
prevention (i.e., eliminating or reducing
exposures to prevent the development of OA)
(31). It consists of environmental control
and medical surveillance and is considered
the best opportunity to reduce the incidence
of OA (82). A self-administered
questionnaire has been developed to facilitate
screening (83). Prediction models for OA,
work-related symptoms, and occupational
sensitization have been proposed, which aim
to identify those who would most benefit
from closer surveillance (84).

Tertiary prevention consists of
obtaining an accurate diagnosis and then
removing individuals with confirmed OA
from exposure. Regarding an accurate
diagnosis, the medical history should be
complemented by objective testing because
the medical history alone is insufficient to
diagnose OA. The value of FeNO in this
context is controversial. Regarding removing
individuals with confirmed OA from
exposure, reduced exposure might be
acceptable if the socioeconomic situation
precludes total avoidance (85), but complete
removal from exposure is preferable,
particularly for individuals with
immunological OA. A work reentry
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program has resulted in a reasonable
percentage of unemployment (20%) 2 years
after diagnosis (67). For WEA, workers who
are unable to continue with the same
employer are offered less support than those
with OA, and WEA is often not accepted by
workers’ compensation systems (86). The
delay for referral is still much too long. The
mean and median duration of symptoms
before diagnosis of immunological OA are
nearly 4 (87) and 1.4 years (88), respectively,
in Quebec, Canada, which has one of the
better assessment systems.

Pharmacologic and Other Treatment
Treatment of both WRA and non-WRA
begins with a proper assessment of the
level of control per guidelines (e.g., the
Global Initiative for Asthma [GINA]
guidelines). Preferred pharmacological
therapies include inhaled bronchodilators
and inhaled corticosteroids (89); for
those failing such measures, additional
possibilities include immunotherapy

(if satisfactory extracts of specific
occupational agents become available),
anti-IgE therapy, and bronchial
thermoplasty. Mood disorders are
common, and treatment should be
considered (88). Studies of anti-IL-5
and anti-IL-13 may provide insights for
future therapeutic options. Social,
psychological, and financial support
should be offered.

Conclusions

WRA shares many features with non-WRA
and can be considered a subtype of asthma.
Non-WRA commonly starts in childhood
but can begin at any age in adults. OA can
also start at any age during working life. OA
can be caused by occupational sensitizers
(similar to environmental allergens in non-
WRA) or irritant exposures (similar to
irritant exposures that cause asthma in the
nonoccupational setting). In those with
asthma, exacerbations can occur from work-
related exposures (i.e., WEA) or non-work-
related exposures. Exposures causing WEA
are common, occurring in 25% or more of
working people with asthma.

The pathophysiology of WRA and
non-WRA are similar but need further
investigation. OA caused by sensitizers is
a useful condition to study because the
initiating agent can often be identified and
because the natural history with and without
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subsequent exposure and treatment can be
more readily assessed than in non-WRA.
The potential for loss of working days and
for significant socio-economic adverse
effects is greater in WRA than in non-WRA.
However, the potential for primary
prevention is also greater.

Further research is needed to measure the
potential for new chemicals to cause OA and to
minimize adverse outcomes due to OA or
WEA. Better early markers of sensitization to
occupational agents are also needed. Irritant-
induced asthma warrants further study,
especially if caused by nonmassive exposures,
because it may serve as a useful model to
understand the effects of various exposures that
occur in domestic or occupational settings. ll
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