Work-Related Asthma
SAMI YOUAKIM, M.D., M.SC., McGill University Faculty of Medicine, Montreal, Quebec
Work-related asthma accounts for at least 10 percent of all cases of adult asthma. Workrelated asthma includes work aggravation of preexisting asthma and new-onset asthma
induced by occupational exposure. Occupational exposure to very high concentrations of
an irritant substance can produce reactive airway dysfunction syndrome, while exposure
to allergenic substances can result in allergic occupational asthma. An important step in
the diagnosis of work-related asthma is recognition by the physician of the work relatedness of the illness. A thorough history can elucidate the work relation and etiology. Objective tests, including pulmonary function, nonspecific and specific bronchial hyperresponsiveness, serial peak expiratory flow rates, and skin allergies, should be performed to
confirm the diagnosis of asthma and demonstrate a work correlation. Treatment for occupational asthma—use of anti-inflammatory medications such as inhaled steroids and bronchodilators—is the same as that for nonoccupational asthma. Prevention is an integral part
of good medical management. In patients with work-aggravated or irritant-induced
asthma, reduction of exposure to aggravating factors is essential. In patients with allergic
occupational asthma, exposure should be eliminated because exposure to even minute
concentrations of the offending agent can trigger a potentially fatal allergic reaction. (Am
Fam Physician 2001;64:1839-48. Copyright© 2001 American Academy of Family Physicians.)
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W

ork-related asthma is
induced or incited by
substances or conditions specific to the
workplace. It has become the most common occupational respiratory disease in many countries.1,2 Approximately 10 percent of all cases of adult asthma
are attributable to an occupational etiology3;
however this number may be significantly
underestimated.
Types of Work-Related Asthma
Asthma related to the workplace can be categorized into two distinct subsets—workaggravated asthma and occupational asthma—
based on an understanding of the etiology
and pathophysiologic processes of the illness
(Table 1).

mation handout on
work-related asthma,
written by the authors
of this article, is provided on the AFP
Web site.

OCCUPATIONAL ASTHMA

Occupational asthma develops as a direct
result of workplace exposure.4 Two forms of
occupational asthma are recognized: reactive
airway dysfunction syndrome and allergic
occupational asthma.
Reactive Airway Dysfunction Syndrome.
Reactive airway dysfunction syndrome (also
known as irritant-induced asthma), usually
develops after a single, very high exposure to
an irritant chemical.5 These causal agents
include ammonia, chlorine gas, and hydrochloric acid (Table 2).6 These exposures are

TABLE 1

Types of Work-Related Asthma
Work-aggravated asthma

WORK-AGGRAVATED ASTHMA

Persons with work-aggravated asthma have
a history of preexisting asthma. They have
recurrent asthmatic episodes that are triggered by a nonspecific mechanism such as
cold temperatures, excessive exertion, or
exposure to irritant aerosols including dusts,
fumes, vapors, and gases.
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Occupational asthma
Reactive airway dysfunction syndrome (also known
as irritant-induced asthma
Allergic occupational asthma (also known as
latency-associated occupational asthma):
Caused by high-molecular-weight substances
Caused by low- molecular-weight substances
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TABLE 2

Causative Agents of Reactive Airway Dysfunction Syndrome
2-Diethylaminoethanolamine
Acetic acid
Anhydrous ammonia
Bleaching agents
Burned-paint fumes
Chlorine gas
Constituents of free-base cocaine
Floor sealant
Hydrochloric acid
Hydrogen sulfide
Locomotive/diesel exhaust
Phosgene

Phosphoric acid
Silicon
Silo gas
Smoke (inhaled)
Sodium hydroxide
Sulfuric acid
Tear gas
Toluene diisocyanate
Trichlorosilane
Welding fumes
Zinc chloride

Adapted with permission from Brooks S. Occupational and environmental
asthma. In: Rom WN, ed. Environmental & occupational medicine. 3d ed.
Philadelphia: Lippincott-Raven, 1998:481-524.

usually the result of accidents, spills, or equipment failure. Workers who survive massive
exposures usually manifest asthma symptoms
within 24 hours. Whether recurrent exposure
to lower levels of respiratory irritants leads to
irritant-induced asthma is currently a matter
of debate.7
Allergic Occupational Asthma. Allergic
occupational asthma is distinct from other
forms of work-related asthma; persons with
this form of the illness develop sensitization
to a specific chemical agent in the workplace.
The sensitization process does not occur after
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one exposure but develops over time (i.e.,
latency period). Allergic occupational asthma
is also known as latency-associated occupational asthma to distinguish it from irritantinduced occupational asthma, which has no
latency period. Latency periods are variable
and can be as short as several weeks or as long
as 30 years.8 A long latency period can make
it difficult to associate asthma with an occupational source. The patient may not associate recent-onset symptoms with an occupational exposure that has been ongoing for
many years. If the physician does not ask specific questions about occupational exposure,
he or she may be unaware of the etiology of
the asthma symptoms.
Most persons with asthma, including those
with work-related asthma, have nonspecific
bronchial hyperresponsiveness. This is the
tendency to develop bronchospasms following exposure to nonspecific triggers such as
cold air, exercise, environmental irritants (i.e.,
sulfur dioxide, particulates), and pharmacologic agents such as methacholine and histamine. Persons with allergic occupational
asthma are distinct in that they also manifest
specific bronchial hyperresponsiveness. They
have a tendency to develop bronchospasms
and airway inflammation when exposed to
very low concentrations of the specific workplace agent to which they are sensitized. Persons with work-aggravated asthma and those
with irritant-induced asthma typically do not
manifest specific bronchial hyperresponsiveness unless they also develop a concomitant
sensitivity to a workplace agent.
Allergic occupational asthma is subdivided
into two groups based on the molecular
weight of the etiologic agent: high-molecularweight (HMW) substances9 and low-molecular-weight (LMW) substances, which are
commonly defined as having a molecular
weight less than 1 kilodalton.10 This division is
made because the mechanism of disease is
better understood for the HMW substances
than for the LMW substances. It is generally
accepted that agents of both substance types
VOLUME 64, NUMBER 11 / DECEMBER 1, 2001
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cause occupational asthma by an immune
mechanism. The mechanism for allergic occupational asthma caused by HMW substances
is a type I, IgE–mediated process. The mechanism caused by LMW substances is less well
defined. IgE and IgG antibodies, as well as cellmediated hypersensitivity, may be involved.11
Allergic occupational asthma has been attributed to several hundred substances found in
the workplace, and more are being identified
(Table 3).12
HMW substances typically produce early
reactions. Symptoms begin 10 to 20 minutes
following exposure and may gradually resolve
with or without treatment over the next one
to two hours. LMW substances commonly
produce delayed reactions that are associated
with significant airway inflammation.11
Symptoms begin three to four hours after
exposure and peak after eight hours. If the
delayed reaction occurs after the worker has
left the workplace, the relation to work exposure may not be made. Dual reactions (an
early reaction followed by a late one) and
atypical reactions have also been described.
Reaction patterns cannot be used to identify
suspected causal agents because they are not
specific to the molecular-weight size grouping. Early, late, dual, and atypical reactions can
occur with LMW and HMW substances.13
Risk Factors for Occupational Asthma
AGENT

The capacity for irritant substances to
cause reactive airway dysfunction syndrome
depends on their corrosive properties, reactivity, and water solubility.14 The chemical
structure of an agent may be the determining
factor in its potential to sensitize.15
EXPOSURE

The intensity and duration of exposure
affect sensitizing of susceptible persons. The
level of exposure depends on the industrial
process, operating procedures, engineering
control measures, job type, tasks performed,
and use of personal protective devices.6,16
DECEMBER 1, 2001 / VOLUME 64, NUMBER 11

In patients with allergic occupational asthma, high-molecularweight substances usually cause symptoms to develop within
20 minutes, while low-molecular-weight substances cause
symptoms to develop several hours after exposure.

TABLE 3

Examples of Occupations and Associated Agents Known
to Cause Allergic Occupational Asthma
Occupations

Agents

Exposure to high-molecular-weight substances9
Bakers, farmers, flour mill workers, grain
Flour, grain dust
elevator workers
Silk-processing workers, research laboratory
Insects
workers, insect-raising facility workers
Prawn, snow-crab, and fish processors
Seafood, other marine
organisms
Laboratory workers, animal handlers
Animal dander
Detergent producers, food industry workers,
Enzymes
blood-processing laboratory workers
Carpet manufacturing workers,
Gums, latex
pharmaceutical industry workers, latex-glove
manufacturing workers, health care workers
Exposure to low-molecular-weight substances10
Plastic, rubber or foam manufacturing workers, Diisocyanates (toluene,
spray painters, foam insulation installers
diphenylmethane,
hexamethylene)
Solderers, electronic industry workers
Colophony (abietic acid)
Woodworkers, foresters, artisans
Plicatic acid (Western red
cedar wood dust)
Refinery workers
Metals (chromium, platinum,
nickel)
Textile workers
Dyes
Plastic and epoxy resin workers
Anhydrides (trimellitic,
phthalic)
Adhesive handlers
Acrylates
Health care workers
Glutaraldehyde, formaldehyde
Pharmaceutical industry workers
Pharmaceuticals
Information from Beach J. Thien F, Walters EH. Occupational asthma due to highmolecular weight agents. In: Banks DE, Parker JE, eds. Occupational lung disease:
an international perspective. New York: Chapman & Hall Medical, 1998:381-400,
and adapted with permission from Maestrelli P, Saetta M, Mapp Ce, Fabbri LM,
Parker JE, Banks DE. Occupational asthma due to low-molecular weight compounds. In: Banks DE, Parker JE, eds. Occupational lung disease: an international
perspective. New York: Chapman & Hall Medical, 1998:345-73.
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however, the association has not always been
consistent.21

HOST

The determinants for individual susceptibility are largely unknown. A number of studies17,18 have identified an association between
several human leukocyte antigen class II molecules and the risk of developing allergic
occupational asthma following exposure to
LMW substances.
Atopic persons seem to be more readily
sensitized, especially to HMW substances.6
However, excluding atopic persons and those
with preexisting asthma from jobs that
involve exposure to asthmagenic agents is
controversial. Preemployment screening for
atopy cannot be justified because it has a low
positive predictive value.19
Persons who smoke demonstrate increased
sensitization rates for a number of HMW
substances and a few LMW substances20;

Diagnosis of Work-Related Asthma
The most important step in diagnosing
work-related asthma is to suspect it in all
adults who present with new-onset asthma or
recent clinical deterioration. Work-related
asthma is underdiagnosed because most
physicians do not inquire about the workrelatedness of symptoms.22
Diagnosis of the various forms of workrelated asthma requires a systematic approach
(Figure 1).16,23,24 A summary of the diagnostic
findings for the various forms of workrelated asthma is presented in Table 4.
QUESTION 1: IS IT ASTHMA?

The initial step is to confirm the diagnosis of asthma.25 Symptoms and objective ex-

TABLE 4

Summary of Expected Clinical Findings for Various Types of Work-Related Asthma
Preexisting
asthma not
affected by work

Workaggravated
asthma
RADS

Latency-associated
occupational asthma

History and physical examination
consistent with asthma

Yes

Yes

Yes

Yes

Significant post-bronchodilator response
or NSBH

Yes

Yes

Yes

Yes

Respiratory symptoms related to work

No

Yes

Yes

Yes

Extraordinary exposure history before
onset of symptoms

No

No

Yes

No

Clinical findings

History of asthma before start of work

Yes

Yes

No

No

Known workplace allergen

Possible

Possible

Possible

Usually

Sensitized to workplace agent

Possible

Possible

Possible

Depending on agent,
should occur

Work-related NSBH variability

No

No

No

Yes

Serial PEFR demonstrating work-related
airflow obstruction

No

Possible

Possible

Should occur

RADS = reactive airway dysfunction syndrome; NSBH = non-specific bronchial hyperresponsiveness; PEFR =
peak expiratory flow rate.
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Evaluation of Occupational Asthma
History and physical examination

Objective tests: PFT and Positive NSBH

No

Not asthma: alternate diagnosis

Yes

Asthma

New-onset asthma

Extraordinary exposure

Irritant-induced
asthma (RADS)

Pre-existing asthma

Work-related symptoms

No

Asthma with no
work relation

Yes

Work-related asthma

Workaggravated
asthma

Consistent serial PEFR

Asthmagenic agent in workplace

Positive skin test (if possible)

Other allergic symptoms
(skin and/or URT)

Allergic
occupational
asthma

Variable serial NSBH

Specific inhalation challenge

FIGURE 1. An algorithmic approach to the evaluation of work-related asthma. (PFT = pulmonary
function test; NSBH = nonspecific bronchial hyperresponsiveness; RADS = reactive airway dysfunction syndrome; PEFR = peak expiratory flow rate; URT = upper respiratory tract, including
conjunctiva)
Information from references 16, 23, and 24.

amination findings of work-related asthma
are indistinguishable from other forms of
asthma. Objective tests should confirm the
diagnosis. A pulmonary function test
should demonstrate postbronchodilator
reversible airway obstruction, or a methacholine (or histamine) challenge can enable
evaluation of nonspecific bronchial hyperresponsiveness.
A significant post-bronchodilator response
DECEMBER 1, 2001 / VOLUME 64, NUMBER 11

consists of an increase in forced vital capacity
(FVC) or forced expiratory volume in one
second (FEV1) of 12 percent above baseline
(prebronchodilation) and an absolute change
of 200 mL.26
A methacholine challenge involves exposing the patient to incrementally increased
concentrations of methacholine and performing serial spirometry (FEV1). The concentration of methacholine that produces a
www.aafp.org/afp
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20-percent decrease in FEV1 is referred to as a
provocation concentration of 20 percent
(PC20). In general, a PC20 is considered significant at a methacholine concentration of 8
mg per mL or less.16 This cutoff level serves to
reduce the number of false-negative results. If
objective testing fails to confirm the diagnosis
of asthma, other causes of the respiratory
symptoms should be sought, and the diagnosis of work-related asthma can be ruled out.
QUESTION 2: IS THE ASTHMA WORK RELATED?

When the diagnosis of asthma is made, the
work-relatedness of symptoms should also be
confirmed. Thorough medical and work histories are essential to enable evaluation of the
temporal association between symptoms and
work, and to rule out other causes of the respiratory symptoms. The work history should
include a detailed review of all previous
employment and the work-relatedness of
exposures. Indicators of work-related asthma
include respiratory tract symptoms associated
with exposure to high concentrations of irritating aerosols found in the workplace, other

workers with similar upper and lower respiratory tract symptoms, and symptoms that
improve away from the workplace.
Pre- and post-shift spirometry can be used
to demonstrate deterioration of lung function following work exposure. Measurement
of serial peak expiratory flow rates is more
reliable than pre- and post-shift spirometry.27,28 However, this test requires a minimum of four daily measurements with at
least three forced expirations per measurement and rigorous recordkeeping for several
weeks to sample an adequate interval at the
workplace and away from the workplace23
(Figure 2).16 This test is limited by the requirements for expertise in interpreting the results
(because there are no accepted standards of
result interpretation), worker cooperation,
and reliability. Physicians with limited experience in testing peak expiratory flow rates
should consider consulting a subspecialist
with expertise in treating occupational
asthma to assist in the interpretation.
QUESTION 3: IS THE ASTHMA AGGRAVATED OR
CAUSED BY THE WORKPLACE?

TABLE 5

ACCP Consensus Criteria for Diagnosing
Irritant-Induced Asthma or RADS
Documented absence of preceding respiratory complaints
Onset of symptoms after a single exposure incident or accident
Exposures to gas, smoke, fumes, or vapor with irritant properties present in
very high concentrations
Onset of symptoms within 24 hours after the exposure with persistence of
symptoms for at least three months
Symptoms simulate asthma with cough, wheeze, and dyspnea
Presence of airflow obstruction on pulmonary function tests
Presence of nonspecific bronchial hyperresponsiveness
Other pulmonary disease ruled out
ACCP = American College of Chest Physicians; RADS = reactive airway dysfunction syndrome.
Information from Chan-Yeung M. Assessment of asthma in the workplace. ACCP
consensus statement. American College of Chest Physicians. Chest 1995;108:
1085.
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Differentiating reactive airway dysfunction
syndrome from other types of work-related
asthma is generally straightforward. Reactive
airway dysfunction syndrome usually involves
a history of extraordinary exposure to an irritant substance at work and is often associated
with an accident. The American College of
Chest Physicians’ diagnostic criteria for the
syndrome are presented in Table 5.16
Distinguishing between work-aggravated
asthma and allergic occupational asthma is
more of a challenge. Allergic occupational
asthma can be suspected if the history is consistent with the onset of symptoms after the
worker began work; if the person manifests
other allergic symptoms, such as rhinitis and
conjunctivitis; and if an agent known to give
rise to this type of asthma is present in the
workplace. The worker should be able to provide the physician with toxicologic information about the various agents found in the
VOLUME 64, NUMBER 11 / DECEMBER 1, 2001

Flow Rate Diary
Name ______________________________________________________________________ Age __________ ID no. ________________
Current regular medication for asthma:
Medication ______________________________________________________ Dose __________________________ Frequency __________________________
Medication ______________________________________________________ Dose

1

2

3

________________________ Frequency __________________________

4

5

Peak flow reading
Date

Work/Shift

Time

1

2

Symptom score
3

Yes

Cough

Wheeze

Chest
tightness

0

0

0

1

1

1

2

2

2

3

3

3

6

7

Time of
inhaled
bronchodilator use

Remarks on the job

No

D
A
N

Instructions for Completing the Diary Form
The peak expiratory flow (PEF) is a simple test that will be used with other tests to see if you have asthma that is related to the kind of work
you are doing. To get the right results, you must fill in the form using these directions:
In column 1: For each day, write the date.
In column 2: Circle if you are working that day or not. Circle the
shift you are working.
(D = day; A = afternoon; N= night)
Example:

Yes
No
D
A
N

In column 5: Score your asthma symptoms in 24 hours. Three
symptoms (cough, wheezing, and chest tightness)
will be evaluated according to this scale:
Grade 0 = No symptoms.
Grade 1 = Mild symptoms that occur occasionally
during the day.

This entry shows that you were
working that day on the afternoon
shift.

In column 3: Write down the time you measured the peak flow rate.
In column 4: Each time you take your PEF, you measure it three
times, and write down the results of the three times.

Grade 2 = Moderate symptoms that occur
throughout the day but do not keep
you from sleeping at night.
Grade 3 = Severe symptoms that occur
throughout the day and keep you from
sleeping at night.
In column 6: If you are using an inhaled bronchodilator for your
asthma, write the time and dosage for each day,
like this: 8 a.m., 2 puffs; 4 p.m., 2 puffs, etc.
In column 7: Write down any specific tasks or exposures that
you may have had on that day.

NOTES:

1. Remember to measure your PEF before taking any inhaled bronchodilator.
2. Other asthma medicines should be taken as regularly as possible. They will not interfere with the PEF measurement.

Thank you for your time and cooperation.

FIGURE 2. Peak expiratory flow rate diary to be used in patients suspected of or having occupational asthma.
Adapted with permission from Chan-Yeung M. Assessment of asthma in the workplace. ACCP consensus statement. American College of Chest
Physicians. Chest 1995;108:1084-117, and also available at http://www.chestnet.org/health.science.policy/images/chest.108.1084.f01.gif

Patients with irritant-induced asthma and work-aggravated
asthma can continue to work in the same place if workplace
conditions are improved and medical therapy is optimized.

workplace. This information is contained in
material safety data sheets (commonly referred to as MSDS sheets) that employers are
required by law to provide to workers.
Additional sources of information include
a company’s medical or industrial hygiene
department; national organizations such as
the National Institute for Occupational Safety
and Health (NIOSH) (http://www.cdc.gov/
niosh/homepage.html) and the Occupational
Safety and Health Administration (http://
www.osha.gov/index.html); and local occupational health clinics.
Objective testing is often required to differentiate allergic occupational asthma from
work-aggravated asthma. Demonstrating skin
sensitization to a workplace agent by cutaneous testing supports the possibility of airway
sensitization.29 Workers with allergic occupational asthma may demonstrate temporal variability of nonspecific bronchial hyperresponsiveness in relation to work exposure.30 In
these persons, the hyperresponsiveness has a
tendency to worsen when they are at the workplace and can actually improve with reduced
exposure or after extended periods away from
work. Unlike allergic occupational asthma,
work-aggravated asthma is not associated with
worsening nonspecific bronchial hyperresponsiveness. A consistent increase in hyperresponsiveness with exposure at work and
improvement when away from work is indicative of a work-related allergic etiology.16
The specific inhalation challenge is considered the gold standard for diagnosing allergic
occupational asthma, but it is not frequently
used.31 It is expensive and time-consuming,
and carries a significant health risk to the person being tested. This test is performed in
only a few specialized centers.
1846
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The extent to which a physician should pursue a diagnosis depends very much on the specific circumstances. In some locations, certain
objective diagnostic tests may be unavailable.
The physician may not be familiar enough
with a particular test to use it. In cases such as
these, referral to a consultant with testing
resources and familiarity with the diagnosis of
work-related asthma may be the best choice.
The ultimate decision about the approach to
take rests with the physician and the patient.
Management of Work-Related Asthma
The work and nonwork triggers of workrelated asthma must be identified, and the
worker must be counseled on methods of
avoidance. This preventive approach requires
cooperation between the worker and the
employer. The worker must avoid areas of
high irritant exposure and wear adequate respiratory protection. The employer can take
numerous steps to improve working conditions, such as eliminating or replacing the
offending agent, improving the work environment and reassigning the affected person
to a low-exposure area.
Most employees with work-aggravated or
irritant-induced asthma can continue in their
jobs if the work conditions are improved and
medical therapy is optimized.
Employees with allergic occupational
asthma should be removed from exposure to
the causative agent. For these sensitized persons, reduction of exposure levels alone is
inadequate because any exposure, even in
minute concentrations, can trigger an allergic
reaction. Adequate treatment of asthma
symptoms does not replace the need for
avoiding the offending agent. Continued
exposure of persons with allergic occupational asthma is associated with significant
morbidity and, occasionally, mortality.32,33
Medical treatment for all types of workrelated asthma is similar to the standard treatment for asthma. The primary underlying
pathophysiologic process in all forms of
asthma is airway inflammation, and the first
VOLUME 64, NUMBER 11 / DECEMBER 1, 2001
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line of treatment should be anti-inflammatory
medication. In most patients with asthma,
inhaled steroids are the medication of choice,
with adjunctive use of bronchodilators to
relieve acute bronchospasmodic symptoms.34
Patient education about the disease is an integral part of good medical management. Once
the asthma is stabilized, the patient should
have routine follow-up examinations.
Worker’s Compensation
and Regulatory Issues
Compensation issues should be dealt with
according to local regulations. Compensation
is based on an impairment assessment that
usually includes the level of fixed bronchial
obstruction, the degree of bronchial hyperresponsiveness, and the need for medications.
Assessment of impairment should be performed after two years, when the asthma has
stabilized as a result of maximal therapy and
avoidance of inciters.16 The American Medical Association provides guidelines for
assessing the degree of impairment in
patients with asthma.35
Employers and public health authorities
may need to be alerted so that appropriate
steps can be taken to prevent future similar
cases. NIOSH will investigate health hazards
in the workplace with a written request from
employees. More information about these
investigations, known as health hazard evaluations, can be obtained at the NIOSH website
(http://www.cdc.gov/niosh/hhe.html).
The author thanks Dr. Beata J. Marton for support in
the preparation of the manuscript.
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