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Abstract

Exposures at work can contribute to both the onset and exacerbation of asthma. This chapter
summarizes key information regarding work-exacerbated asthma (WEA), a common condition
that has received little attention compared to new occupational asthma. WEA refers to pre-existing
or concurrent asthma that is worsened by factors at work. WEA, as with asthma in general, is
heterogeneous, with multiple phenotypes and triggers. The prevalence of WEA has ranged from
about 15% to over 50% among working adults with asthma in published studies, but is rarely
diagnosed by clinicians. WEA occurs in a wide range of industries and occupations, including edu-
cation, services, manufacturing and construction, and can lead to job changes and unemployment.
Multiple factors at work can exacerbate asthma, including various irritants, allergens, molds,
cold and exertion. Cleaning products and building renovation in non-industrial workplaces such
as schools and offices are commonly implicated. WEA can lead to substantial adverse outcomes,
similar to OA. Management of WEA should focus on reducing work exposures and optimizing
standard medical management.

Introduction and definitions

Asthma is a common disease, affecting up to approximately 15% of working-age
adults [1]. Work-related asthma (WRA) comprises both occupational asthma (OA)
in which exposures at work cause new onset asthma, and work-exacerbated asthma
(WEA) in which existing asthma is aggravated by conditions at work. An estimated
15% of new adult onset asthma is attributable to exposure to sensitizers or irritants
in the work environment [2, 3]. The literature on WRA has focused primarily on
sensitizer-induced OA. Asthma exacerbations are common, and can be triggered by
a number of factors, including workplace exposures. However, WEA has received
less attention than OA. The purpose of this chapter is to summarize relevant
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information about WEA, including the definition and epidemiology of WEA, caus-
ative factors, natural history, and a suggested clinical approach for diagnosis and
management of WEA.

WEA refers to pre-existing or concurrent asthma that is worsened by work-
related factors [3]. A case of ‘concurrent asthma’ has onset while the individual
is employed, but the onset is not attributable to work. As with asthma in general,
definitions of WEA have varied depending on the clinical, research, or public health
setting, but all depend on defining “asthma” and “asthma exacerbation”. This
can be challenging, given that asthma is a heterogeneous syndrome that involves
multiple phenotypes, multiple factors can exacerbate asthma, and that exacerba-
tions can vary from brief worsening of symptoms to severe episodes requiring
hospitalization or resulting in death. Key features of asthma include airway inflam-
mation, airway hyperresponsiveness (reversible airflow obstruction), and recurrent
symptoms of wheezing, chest tightness or cough [4, 5]. Clinical studies are more
likely to use objective tests such as reversible airflow obstruction on spirometry and
medication usage to define asthma. Epidemiological studies are more likely to use
self-reports of doctor-diagnosed asthma and asthma symptoms. Work-relatedness
is primarily assessed by self-reports of symptoms or medication use relative to
work, or occasionally by physiologic indicators such as work-related changes in
peak flow rates.

Prevalence of WEA

The prevalence of WEA has been investigated using several approaches. A rela-
tively small but growing number of studies have evaluated the frequency of WEA
in general populations of asthmatics and provide estimates of the prevalence of
WEA among adult asthmatics (Tab. 1) [6-14]. The prevalence of WEA estimated
from these studies was quite variable, as shown in Table 1, ranging from 14% to
38% among all adults with asthma, and from 14% to over 50% among working
adults with asthma, a more appropriate at risk group (denominator). The popula-
tions studied, age ranges, asthma definitions, geographic locales, and criteria for
work exacerbation vary in these studies, as noted in Table 1. Asthma was defined
as doctor-diagnosed asthma in most studies, with access to medical records to iden-
tify cases, except for studies that selected participants from the general population.
Work exacerbation was generally based on self-reported asthma symptoms that had
worsened in relation to work, typically within the past year; however, these reports
rarely included the frequency or severity of exacerbation.

The frequency of WEA has also been expressed as a percentage of all WRA
cases, with a denominator that includes both OA and WEA cases (Tab. 2) [15-26].
Most of these studies were conducted in clinical referral settings or relied on sur-
veillance or worker compensation systems for identifying cases of WRA. Estimates

90



3|qedijdde jou 'wN
douBINSUI Y}jeay [euonjeu ‘|HN ‘uoneziueSio soueuaiurew yieay ‘OWH ‘uoneindod [eiouad ‘dod D :8uiies Joj suoneIAIqAY 4

91

Work-exacerbated asthma

yuow 1sed ul Ajy2am 3sea) 18 Som uesw gt papnpxa YO wayshs L] €002

%0C VN Aq pauasiom 1o pasned swoidwAs euylsy 'G9-0C 696 IHN uauuees

95I0M BUWY]SE pakoidws |[e ased [€1] €00C

%8G VN SOMBW SUOIHIPUOD qof [eIBASS JO BUO JSBI| JY uesw g¢ 0L Arewid osnoueWy

asn uolyedlpaw 4o swoidwAs papnpxe YO [LL] 9002

% %ET Jo uiaped pajejai-yiom pue ainsodxa JueAd|RY P81 386G OWH J19819gauuaH

3IOM Je JOoU Uaym uesw ¢ pakojdwa gz [0L] €00C

%LT %L uey} SOM Je 3siom s Suizaaym 1o SuiySnod 'Go-8l 4 dod » 19819gauusH

95I0M [TL] zooT

VN %GT BLIYISE SR JUSLLIUOIIAUD 3IOM JU1IND -8l Lo9v'L OWH J19819gauusH

[6] 661

VN %LT 198813 BLY)SE S| JUSLLIUOIIAUD Y10 ¥6-0C 208 oD yon

VAM UM JU33SISU0d uedW € pakojdws |l [8] 00T

%L VN ayes moyy Aioyedidxa sead [elias o uIdlIed Y-8 6 OWH usjog

[£] 6661

VN %8€ SHom Je ssaulysn 3seyd Hoday -0t 09l dod D oue|g

[9] G661

§VN %0C som je swoydwAs Alojesidsoy ueaw ¢t 651 dod n uoswelqy

BUILJSE YUM | BLILISE UM

synpe 3uppom SHNPE |V (9S1MIBY30 pajedlpul ssajun aireuuoiisanb sased

Suowre y3pN Jo 9duUdRASId uo papodai-§as) YIM 40y eLD | (sieak) a8y | ewyjse jo "oN «Sumes ERITEYETEN]

(sa1pnys papafas) BLIYISE LM SYNpe Suowe YIMN SO dIUd[eAdld "L d]qel



Sunjes mau i suoiedIPaW J0

swojdwAs ewyise aiow ‘paje|ai-som swodwAs ewyise ‘Supias [euoednido mau 21043q SIBIA Z Ul BLUYISE "YIAA BLUID YOSNIS
"paiyads asimiaylo ssajun ‘N

IW 'YW VD Woly Bjeq "sisiy [eUoRednddQ 10 swiajsAS UORBILIFON JUSAT [SURUSS “YOSN3S ‘[6] Ul papodai s30[qns Jo 395qns V7 ¢
a8uajeyd uoe[eyul dyads ‘DS ‘swojdwiAs ‘xs 'sUOIRIIPAW ‘XJ YIM BUIIID 10} SUORBIASIGQY

“Wa3sAs uoresuadwiod JaxJom Wwoly elep ‘uoijesuaduwod J9NI0AN

‘BUIY]SE pajejal-yiom pa3dadsns Joj dIUID IIUIP [BAI4RY ‘DIUld Yieay [euoiiednado ‘walshks DHO :Sunies [edlulD SUONBIARIGAY «

uowwod upsa} aAI3R(qO "ainsodxa Jazfisuss ou
%6t R 's10308} SuljeARISSe JBU)0 IO SJURYLI ‘XS PaYe|24-HIOAN 9t ueay JIUIP BUYISY [GZ] 000Z Ol
uowiwod
Sunsal aAalqO "ainsodxa JazIsuas ou ‘eulylse
%0G 691 Joud INOYUM JO YHM ‘SIOM Je 9SIOM BLUYISY Ot~ ueaW uolyesuadwod IO [97] G661 OleL
%0¢C 9€cC BLRIID YOSN3S +0/-81 | spnpoid Sulues)d sased YOSNIS | [¥7] €007 UBLUISOY
(¥D)
%GE 444 BL9ID YOSNIS +G9-8l | spodai 3suy uenisAyd jo Aenuns | [€2] gLOOT YosiuRY
% €T go¢g BL9IUD YOSNIS uelpsw L 2Jed Yy1eay ul sesed YOSNIS [zl §500T 4914294
%Lt 1G€ DIS aAIESaU ‘3IOM Je XS BULYISE JO UoTeARISSY synpy JIUIP [B1IR)RY [1Z] £00T 2491w
DIS aAneSau
%Gt /Gl pue 2i1nsodxa s1om 0} parejas Ajesodway xs BLIYlSY yG—C€ oulp feudyey | [02] Z00Z sloueqie
"%6L LoLL BLAID YOSN3S +0/-81 adue||laAINS YOSNIS [61] g#00T 20D
ueaw gy
%L 14 BLBIID YOSN3S '09-0¢ (AN) DHO [81] 900T 43y233|4
W ueaW H€
%8G 9¢ Xs payejal-Suiuespd pue ‘ewyise Sunsixa-aid ‘4 uesw /¢ siouedd | [ZL] £00T ewiyeq op
%Gl Lo€ BLSIID YOSNIS uBlpaW £f (VM) uonesuaduwiod sIaIopn [91] 9007 >1minD
HOoyod ypiq
%9¢€ 18 shom Je ainsodxa Aq paussiom ewiyise Sunsixa-aid GT-€C woJy pajas|es s3algns zzel [SL] 900T ®BlIopeD
ViMm YiIM
Yum % | ypum ‘oN LVAM Joj eLRIID (s1eak) a8y «Sumas [eawud ERIEYETEN]

Paul K. Henneberger and Carrie A. Redlich

(s31pNys pada[as) sased (VM) BUIYISE Paje[a.-3I0M [[e SUOWE. I JO 9IUd[BASId T 9]qel



Work-exacerbated asthma

of prevalence of WEA as a percentage of all WRA cases ranged from 14% to over
50%, as shown in Table 2. These estimates were highly dependent on factors such
as physician recognition, referral patterns, reporting system, and local workers
compensation laws. WEA typically is not diagnosed by clinicians in settings where
it is not clearly recognized as a condition under worker’s compensation rules, such
as in New York State and many other states in the United States [18]. Where WEA
is recognized, as in the Canadian province of Ontario, or more recently in the
province of Quebec, the number of cases of WEA compared to OA tends to rise
[21, 25, 26].

The prevalence of WEA has also been described in selected groups of asthmatic
workers, such as office workers, cleaners, or construction workers (Tab. 3), with up
to 70% of asthmatics reporting exacerbation of their asthmatic symptoms related to
their work [17, 27-32]. As with the other clinical and epidemiological studies, the
worker populations and diagnostic criteria were variable.

Exposures and WEA

As with non-work-related asthma, a number of diverse exposures and factors have
been associated with WEA (Tab. 4). Overall, most commonly reported are various
irritant mixed exposures, such as dusts, second-hand smoke, solvents, cleaning
products, and fumes at work [9, 18, 25-27]. Common allergens and molds, fre-
quently in settings with inadequate indoor air quality such as office buildings and
schools, have also been reported as triggers for asthma symptoms [3, 18, 28]. In
addition, non-chemical conditions can also exacerbate asthma at work, including
extremes of temperature, physical exertion, emotional stress, and viral infections [3,
11, 14, 25-27, 33].

There are few quantitative data regarding the levels of work exposures that
trigger asthma, and comparisons between studies and with different definitions
or criteria for WRA can be difficult. However, together these studies indicate that
exposures associated with WEA, as compared to new onset OA, were less likely to
be specific sensitizing agents, and more likely to be irritant exposures [3, 9, 25]. The
irritants associated with WEA typically occur at lower levels than those reported to
cause new onset irritant-induced OA [3].

WEA has been reported in a wide range of industries and occupations, includ-
ing public administration, wholesale and retail trade, cleaning, manufacturing,
education, and construction [7, 9, 12, 14, 27]. Several studies have suggested
a healthy worker effect, where asthmatic workers leave workplaces with more
asthma triggers [10, 12, 34]. Although the specific asthma triggers can be difficult
to identify, it is clear that WEA can occur in numerous different work settings,
including non-industrial workplaces such as office buildings, schools, and labo-
ratories.
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Table 4. Selected industries, jobs and exposures associated with WEA

Selected industries / Jobs associated with WEA
Technical, sales and administrative support

Public administration, teaching

Laboratory and medical technicians

Cleaners, janitors

Manufacturing (textile workers, operators, laborers)

Selected exposures associated with WEA

Second-hand smoke

Dusts

Smoke, welding fumes

Chemicals (cleaning products, paints, solvents, acids, ammonia)
Common allergens / molds

Abnormal temperatures

Physically strenuous work

Viral respiratory infections

WEA should also be considered in the context of non-work-related asthma
exacerbations, which are common, and quite variable in severity, time course and
etiology. A number of factors and/or triggers can exacerbate asthma, including viral
infections, allergens, irritants, non-compliance with medications, exercise, stress, or
other medical conditions (e.g., gastroesophageal reflux or sinusitis) [35]. In both
settings many of these exposures are preventable, but in the work setting the patient
typically has less control over the environment.

Clinical characteristics and natural history of WEA

The clinical characteristics and natural history of WEA have received much less
attention than those related to OA. Several studies have now compared clinical
characteristics of patients with WEA to those with OA or to other asthmatics.
The study populations, selection and diagnostic criteria, and other methodological
features have been quite variable, making findings within and between studies dif-
ficult to interpret and compare. A limited number of studies comparing WEA and
OA have found predominantly similarities between these groups, including similar
levels of asthma severity, airway hyperresponsiveness, medication usage, and needs
for healthcare [9, 20, 21, 26, 36].
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Similarly, the few studies that have evaluated removal from exposure or more
long-term outcomes in WEA have generally found outcomes similar to those for
OA, with persistent asthma but improved symptoms and reduced airway inflamma-
tion away from exposure [36, 37], although some differences have also been noted,
such as higher doses of inhaled corticosteroids in WEA [36]. These findings may
reflect selection criteria for the two groups of patients.

A relatively small number of studies have also compared WEA to other asthma
cases. Overall, these studies have tended to find more asthmatic symptoms and/or
more frequent or more severe asthma exacerbations in asthmatics with WEA com-
pared to other asthmatics [11, 14, 21, 38]. However, some of these same studies
have found less severe asthma in WEA using different criteria for asthma severity,
and other studies have found less frequent asthma exacerbations in subjects with
WEA [11, 25].

Socioeconomic impact

Recent studies have begun to evaluate the social and financial consequences of
WEA, comparing WEA to asthma unrelated to work or to occupational asthma
[9, 20, 39]. Again, comparisons within and between studies is difficult, as the stud-
ies were based on different patient populations, asthma severities, age ranges, and
diagnostic criteria. Despite these limitations, studies have generally found that WEA
is associated with similar outcomes to those of OA in terms of prolonged unemploy-
ment, loss of income, and frequent job changes [9, 20, 39]. However, other studies
have reported less frequent job changes for WEA subjects [9, 20, 26].

Diagnosis, management and prevention of WEA

Clinical studies addressing optimal strategies for diagnosing and managing WEA
are limited, with the great majority of prior studies addressing sensitizer OA. An
expert panel assembled by the American College of Chest Physicians recently pub-
lished a consensus document on the diagnosis and management of work-related
asthma, including WEA [3]. Relevant conclusions are summarized briefly. WEA
should be considered in any patient with worsening asthma and/or work-related
asthma symptoms. The diagnosis of asthma should be clarified, based on the clini-
cal history, typical symptoms and exam findings, and documentation of reversible
airflow obstruction or airway hyperresponsiveness (e.g., bronchodilator response or
methacholine challenge test), although this can be difficult to demonstrate in some
asthmatics. A careful occupational and medical history is essential. Information on
job exposures, type of industry, ventilation, the onset and timing of symptoms in
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relationship to work, medication use, symptoms in co-workers, and use of protec-
tive equipment should be obtained. History of asthma, childhood asthma, atopy,
rhinitis and sinusitis should also be clarified, with particular focus on the first onset
of asthmatic symptoms, clinical course and triggers.

The relationship between work and asthma exacerbations should be assessed,
most commonly by careful documentation of changes in symptoms and medica-
tion use temporally related to work, including specific tasks or jobs at work. More
severe exacerbations may be documented by health care visits or physiological
changes (e.g., in peak expiratory flow rate or forced expiratory volume in one
second). Additional sources of exposure information include Material Safety Data
Sheet (often abbreviated as MSDS), a union, the employer (with patient’s permis-
sion), and government agencies. WEA frequently is due to a mixture of substances
rather than a single substance, such as encountered in work settings with several
irritant gases, construction dust from multiple materials, or many types of cleaning
products in use.

WEA should be distinguished from OA, especially if a specific sensitizing agent
is identified at work. This can be challenging if the asthma is longstanding and the
worker is no longer at the suspect job, since chronic asthma tends to respond non-
specifically to multiple triggers. Factors at work and outside work that trigger the
asthma should be identified. Thus allergy testing may be useful in atopic asthmat-
ics.

Data on management and prevention of WEA is also very limited. The goal is
to improve asthmatic symptoms by reducing work triggers and optimizing asthma
treatment. If unsuccessful, a change to a job with fewer triggers may be necessary.
Prevention also focuses on reducing work exposures and factors that can trigger
asthma, and potentially modifying a worker’s job to avoid triggers such as cold
weather.

Summary

WEA refers to pre-existing or concurrent asthma that is worsened by work factors.
WEA is common in both industrial and non-industrial settings, but has received
less attention than OA that is caused by work. A review of the current literature on
WEA demonstrates that the prevalence of WEA among working adults is variable,
ranging from approximately 15% to 50%. Numerous different exposures or con-
ditions at work can exacerbate asthma. WEA clinically shares many features with
OA, including persistent asthma and adverse socioeconomic outcomes (prolonged
unemployment, reduction in income). Management of WEA should focus on reduc-
ing work exposures and optimizing standard medical management, with a change
in jobs only if necessary.
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