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Abstract 

Exposures ,H work can contribute to both the onset and exal.:erbarion of asthma. This c.:haprer 
summarizes key information regarding work-exacerbated asthma (\'(7£A), ;). common condition 
that has received linle ,mention compared to new occupational asthma. WEA refers to prc-cxisting; 
or concurrent asthma that is worsened by factors at work. ~fEA> as with asthma in general, is 
heterogeneous, wirh mulriple phenotypes and triggers. The preva lence of WEA has r:l.nged from 
about 15% to over 50 % among working adults with asthma in published studies) bur is rarely 
diagnosed by clin icians. WEA occurs in a wide range of industries and occupations, including; edu­
catioll, services, manufacturing and constTuction, and can lead to job changes and unemployment. 
Multiple fal.'tors 3t work can exacerba te asthma> induding various irritants, allergens, molds, 
cold and exertion. Cleaning products and building rcnovati()fI in non-industrial workplaces such 
as sc.:hools and offices a re commonly implicated. WF.A can lead lO substanti al adverse outcomes, 
sim ilar to OA. Management of WEA should focus on reducing wnrk exposures and optimizing 
s tanda.rd medical management. 

Introduction and definitions 

Asthma is a common disease, affe.cting up to approximately 15'Yo of working-age 
adults [1]. Work-related asthma (WRA) comprises both occupational asrhma (OA) 
in which exposllr~ at work cau!;c new onset asthma, and work~exacerbatcd asthma 
(\XlFA) in which existing asthma is agg.ravated by conditions at work. An estimated 
15 % of new adult onset asthma is c)(uibutable to exposure to sensitizers or irritants 
in the work environment [2, 3]. The literature on WRA has focused primarily on 
sensitizer~induccd OA. Asthma exacerbations a rc common, and can he triggered by 
a number of facrors, includi ng workplace exposures. However, WEA has received 
less anention than OA. The purpo!'iC of (his chapter is to summarize re levant 
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information abollt WEA, including the definition and epidemiology of WEA, ca ll s­
~Hive factors, natura l history, and a suggested clinical approach for di agnosis and 
management of WEA. 

WEA refers [0 preRexisring or concurrent asthma that is worscnt:d by work­
related factors 13J. A case of 'concurrent asthma' has onset while the individual 
is employed, but the onset is not attributable to work. As with asthma in gcncfell, 
definitions of WEA have varied depending on rhe clinical, research, or public hea lrh 
setting, but all depend on defining "asthma" and "asrhma "exacerbation". This 
can be challenging, given that asthma is a hererogeneous syn drome 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 asthm a include airway inflam­
mation, ainvay hyperresponsivcness (reversible airflow ob5truction), and recurrent 
symptoms of wheezing, chest tighrnes5 or cough [4, 5]. Clinical studies arc 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 usc 
self-reports of doctor-diagnosed asthma and asthma symptoms. Work-rela redness 
is primarily assessed by self-reports of symptoms or medication lISC: relativc to 
work, or occasionally by physiologic indicators such a5 work-related changes in 
peak flow rates. 

Prevalence of WEA 

The prevalence of WEA has been investigated using several approaches. A rela­
tively small bur growing number of studies have evaluared the frequency of WEA 
in general popul ations 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 variahle, as shown in Table 1, ranging from 14 % to 
38~o among all adults with asthma, and from 14% to over 50% among working 
adults with a'thma, a more appropriate at risk group (denominator) . The popula ­
tions srudied, age ranges, asthma definitions, gcographic 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 iJen ­
tify cases, except for stud its that selected participants from the general population. 
Work exacerbation was generally based on self-reported asthma symptoms that had 
worsened in relarion to work, typically withjn [he 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 
case<, with a denominator that includes both OA and WEA cases (Tab. 2) [15-261. 
Most of these studies were conducted in clinical referral settings or relied on Sur­
veillance or worker compensation systtms for identifying cases of WRA. Esrimates 
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_ .. ~ _~_ ._ • ,, _v OleIH.t: Uf VVL:f'\ among adults wdh a.sthma (selected studies) 

r'- -- '---:-- '--'-- --;--------1 i -. - -. - --- -- -.--.-----,--- - ----- .- . - .- - - . '-j 
1 Reference i Setting- I No, of asthma I Age (years) 1 Criteria for WEA (self-reported on 'Prevalence of WEA among i , • , " l _ _ .__ _ _ - -l 

I cases I 1 questionnaire unless indicated otherwise) I AU adults I Working adults ' 
, t ' 1 I i 

I I I I I with asthma ; with asthma ' I I I I , , I 
r--~-----r---- --" -i-- --_.-,- - .--.----- - ----- - .- -,-- - .. --.1---- - -, 
: Abramson i G Pop ; 159 ; 43 mean : RespiratofY symptoms at work ~ 20% I NA§ : 
, -1995 [6) , , " 1 
L------.--t- I 1 I -----'~--'---r .--1 

~ Slanc I G Pop ; 160 ; 20-44 I Report chest tightness at work : 38% ; NA : 
I 1999 [7J " , I I 
, -- ---r-----I-- -----I-------~ ----I--------.+-------~ 
! Bolen ~ HMO t 95 118-44, 1 Pattern of serial peak expiratory flow rate : NA . 14"/0 : 
! 2007 t8l ~ all employed ~ 34 mean • consi'itent with WEA ~ : I' ,---.-. ......,-----,- - ,.------.-- ----------_ ._-_ . . - .--------- ----- - -- -
I Goh ; Ctrnics • 802 ' 20-54' Work environment is asthma trigger 27% I NA t 

: 1994 {91 1 1 I: ' : : 
r-- , t ----,- --, - - -----~--- --'--'~----- -' 
' Henrleberger ! HMO , 1.461 '18-44 ,Current work environment makes asthma ~ 25% • NA , 
• 1 I ! I ! 
, 2002 {12J I t I ,worse , I 

~ebcrge;-;-GP~;_--:42------:1a~65:_· ! Coughing or wheezing is Vlors~ '~~rk than __ h:_ -14°/:--;--'21 % - ~ 
! 'I ( . ! 
: 2003 [10}: t 28 employed , 42 mean ~ when not at work ~ , , -- --------,------_.--,--- -------------_._--- ------.- ._ - ,-----
! Henneberger : HMO ,598 ! 18-44 : Relevant exposure and work-related pattern of: 23 % . 24 % ~ 
: 2006 [1 'i J' ~ OA excluded : i symptoms or medication use i : : ,- --- - .---' -----T------r- ---~- _~_l__ __ _ . _ - ·1--- ---\ 
. Mancuso : Primary r 102 139 mean : At least one of several job conditions makes : NA ! 58% , 
" , I 
j 2003 (13J ! care : aU employed , I asthma worse I, i 

~ Saarinen ; NHI : 969 i20-6-5,-- r Asthma symptoms caused or worsened by'- -T-NA _ -..-:- - 20~0--! 
~ 2003 (141 ; system l OA excluded ! 43 mean ; work al least wee~ ly in past month I ! : I _ -----' ____ . __ 1 _____ _ 

~ Abbreviations for setting: G Pop, genefal population; HMO. health maintenance organization; NHI, national health insurance 
§ NA, not t1pp!icable 
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'" IV Table 2. Prevalence of WEA among al/ work-related asthma (WRA) cases (selected studies) 
~ 

I Reference 

,.......- - --_ . 
I Caldeira 2006 (15] , , 
fCurwick 2006 [161 
I de f atima 2007 [171 
I 

l 

I Clinical setting" ~ Age (years) I Crit;;ia ~r WEAt - - - - --- - - - No. With : % with : 

, i , WRA I WEA ' 
-t-- .,- --- r:::--- -+- -- - - ---- - - - - - - -- , -f-_ _ -' 

"

1922 subjects selected from 123- 25 I Pre -existing asthma worsened by exposure at work i 81 I 36 % " 
/ , , 

I birth cohort j I _ _ _ _ ____ I _____ ' _ _ _ J 
!~Worker5 compensation (WA) ~ 43 med~ SENSOR Crit~____ . _ _ _ L~i~% __ ~ 
! Cleaners 137 mean F. " Pre-existing asthma, and cleaning- related sx " 26 : 58% t 

I· , , 
1 ! 34 mean M -f.-.:-- - - !__ ' _ __ --' 
,OHC (NY) : 20-60, I SENSOR Criteria l 454 I 14 % 

-. _____ L 143 mean : I .J 
; Gae 2004~ [19] I SENSOR surveillance 118-70+ r SENSOR Criteria 1101 ! 19%. I 

i fletcher 2006 [18J 

- r ~ . 
: Larbanois 2002 [20} I Referral clinic 132- 54 i Asthma sx temporally related to work exposure and 157 J 45 % I 

/ , : . I _1-_ _ _ ~-.l negativ~_____________ f-..- -....! 
t lemicre 2007 [2 11 ! Referral dinic I Adults I Aggravation of asthma sx at work, negative SIC 351 I 41 % I 

~echter 200S§ [221 I SENSOR cases in health care 14 1 median I SENSOR Criteria 305 23% ( 
h ' ' f f / I I Reinisc 2001 (23J I Survey a physidan irst reports 118-65+ I SENSOR Criteria 444 I 35% 

r ! (CA) ( J [ I 

~~2Qo3§(24J; SENSOR cases cleaning product;f1~- i SEN50RC:ri te ~~ -_ . - ---------' -f--236~ 20% j 
I Tarlo 1995 £26) I Worker compensation J Mean -401 Asthma worse at work, with or without prior 469 ~ 50% I , , 
/ / 
/ / / 
>-------- ,----------t-
, Tarlo 2000 [25J I Asthma clinic I M ean 46 
/ , / 
, _IL-_______ _ 

: asthma, no sensitizer expo"~u re , Objective testing ( 

, common r I 

I .--- - - -- ---- ---, 
I Work-related S"X, irritants or other aggravatmg factors, : 51 I 49 % , 
j no sensitizer exposure" ObJ"ective testing common t r 
, ---1 

• Abbreviations Clinical Setting: OHC system, occupational health dinic; Referral d inic, dinic for suspected work- related asthma; 

Worker compensation, data from worker compensation system . 

t Abbreviations for Criteria WEA: rXt medications; sx, symptoms; SIC, specific inhalation challenge 

, A subset of subjects reported in [9]. SENSOR, Sentinel Event Notification Systems for Occupational Risks. Data f rom CA, MA, MI, 
NJ, unless o therwise specified . 

SENSOR criteria WEA, asthma in 2 years before new occupational setting, asthma symptoms work· related, more asthma symptoms 
or medications in new setting 
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WOfk-exa(erbated rtsthma ._----.- - -

of prevalence of WEA as a percentage of all WRA cases ranged from 14% to over 
50%, a~ .~h()wn in 1able 2. These estimates were highly dependent on facto rs ~uch 
as physician recognition, referral patterns, reporting system, and local workers 
compensation laws. WEA typica lly is not diagnosed by dinicians in sc:ttings where 
it is not clearly recognized as a condition under worker7s compensation tules, such 
as in New York State and many other stares in the Unired States [18]. Where WEA 
is recogniz~d; as in thc Canauian province of Ontario, or morc rccently in the 
province of Quehec, rhe number of case' of WEA compared to OA rends to r ise 
[21,25,26]. 

The p revalence of WEA has also been described in ,elected groups of asthmatic 
workers, such as office workers, cleaners, or constrm;tion workers (Tah_ 3), with up 
to 70% of asthmatics reponing exacerbation of their ~lsthmatic symptoms related to 
the-ir work [1 7, 27-32 1. As with the othcr clinica l and epidemiological studies, the 
worker populations ilnd diagnostic criteria were variable_ 

Exposures and WEA 

As with non-work-relared asthma, a n umber of diverse exposures and factors have 
been associated with WEA Clab. 4) . Overall, most commonly reported are various 
irritant mixed exposures, such as dusts, second-hand smoke, solvents, cleaning 
p roduces, anti fumes at work 19, 18, 25-27]. Common allergens and molds, fre­
quently in s~rtings with inadequate indour air quality such as office buildings and 
schools, have al,o hcen reported as triggers for asthma symptoms ]3, 18, 28]. In 
addition, non -chemical conditions can also exaccrbatt asthma at work, including 
exuemes of temperature:. physical exertion, emotional stress, and viral infections [3, 
11, 14,25-27, 33]. 

There are few quantitative data regarding the levels of wo rk exposures tha t 
rrigger asthma, and comparisons between srudies and with different defin itions 
or criteria for WRA can be difficult. However, together these studies indicate rllat 
exposures associated with WEA, as compared to new onset OA~ were less likely to 

be specific sensitizing agents, and more likely co be irri tant exposures 13, 9,25]. The 
irritants associated with WEA typically occur at lower levels than those reported to 

cause nc\\' onset irritam·induced OA [3J . 
WEA has been reponed in a wide range of industries and occupations, includ ­

ing public administration, wholesa le and retail tradc, cleaning, manufacturing. 
education, and construclion 17, 9~ 12, 14, 27]_ Several studie.-; have suggested 
a healthy worker effect, where asthmatic workers leave:: workplaces with more 
asthma triggers 11 0, 12, 34] . Although th" specific asthma triggets can be difficult 
to identify, it is clear tbat WEA can occur in numerous different work settings, 
including non-industrial workplaces such as office buildings, schools, and lab()~ 
ratories. 
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~ Table 3. Prevalence of WEA among selected asthmatics ill certain iobs or work settings (selected studies) 

I Number asthmatics . Reference Type of workers;~ge (years) I Criteria for WEA (se lf-reported 

i I worl< setting ' . on questionnaire unless indicated 

I : otherwise) . 

: Berger l ow Income Inner / 18- 55 I As lhma worse a t current or mos t 1 301 
I 2006 [27} ; ci ty patienls recent job (janito rs , security 

I 
guards . derks, restaurant workers, 

, text ile workers> 

! Cox-Gan"r OHic. workers 46 mean Work-related asthma symptoms in 167 
2005 (28) watcr~damagcd buildi~ ___ _ L 

i De Fatima Cleaners . 37 mean F ( Cleaning- relaled asthma symptoms . 39 

1 2007 [17J 34 mean M 

Gouge ) Soldiers in Iraq i 21-44 ; Exaccrbalion of asthma symptoms 110 

! 1994 (29) I 1 

, Jacobs 

; 2007 [30] 

; Swimming pool 

workers ! 40.5 mean and asthma medications. compared; poo ls (number with 
i 16-65 I ,n las t 1 year more asthma attacKs 1624 working at 

.---- --- +1---- -- ._J to Dutch population asthma undear) 

! Kreiss I Cosmetic workers 42 mean I Report asth ma worse with 175 

2006 {31J ! workplace exposure or .1ctivities 108 pre/ 67 post hi re 

Sauni Construction 18-64 I Sympto~~s-worse at work or [I 76 
~001 [3~_ .• __ ! workers I occupat ional dust cause symptoms _ ___ . _ _ . 

Prevalence WEA among 

j as thmatics 

151% 

!34% 

, 38% (46% females I 

1 18 % males) 

i70% 

OR = 2.6 asthma attac k 

_ _ I 

; p <O.05 1 

j 
__ . _____ I 
28% pre-hire asthmatics! 

1 58% post-hile asthm?tjcs i 

68% worse at worK, 

. 66% dust causes symptoms 

I ~ 
. ~ 
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Table 4. Selected industries, iobs 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 

M anufacturing (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 I molds 

Abnormal temperatures 

Physically strenuous work 

Viral respiratory infections 

WEA should also he considered in the context of Don-work-related asthma 
exacerhations, which are common, and quite variable in severity, time courst:: and 
eriology. A number of factors and/or [riggers can exacerbate asthma, including viral 
infections, aIlt:rgens, irritants, non-compliance with medications, (.;xcrcise, stress, o r 
orher medical condirions (e.g., gastroesophageal retltLx or sinusitis) [351. In both 
settings many of these exposures are preventable, hue in the work settlng the pa tient 
rypic.:ally has less control over the environment. 

Clinical characteristics and natural history of WEA 

The clinical chatactcristics and natural hi.rory of ""'EA have received much less 
attention than those related to OA. Several studies have flOW compared clinical 
characteris tics of patients with WEA to rhose with OA or to other asthmatics. 
The study populations, selection and diagnostic crireria, 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 fo und predominantly simiJariries bct\.Vcen these groups, including similar 
levels of asthma scverity~ airway hyperresponsivcness, medication usage, and needs 
for healthc.re [9, 20, 21, 26, 361. 
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Similarly, the few studies that have cvaluarcd removal from exposure or mOrt: 
long~term outcomes in \'VEA havc gellcraUy found outcomcs simila r (() those for 
OA, wi th persi stent asthma but improved symptoms and reduced airway inflamma­
tion away from exposure [36, 371, although some differences have also been noteo, 
such as higher doses of inhaled corticoS[ewids in WEA [36}. These findiuf;s lUay 
reflect selection criteria for rhe two groups of paricnrs. 

A [datively small number of studies h~H"c a lso compared \XiEA to other asthma 
Cases. Overall, these studies have tended ro find more asthmatic symptoms and/or 
more frequent or more severe asthma exacerbations in asthmatics \-vith WEA l:OITI ­

parcd to other asthmatics [J 1, 14,21, 38J. Howe.ver, some of these soune studies 
havt. found It.;ss severe asthma in WEA using differem criteria for asthma severity, 
and other studies have found less frequent asthma exacerba tions in suhjl:c(s with 
WEA [11, 2.5}. 

Socioeconomic impact 

Recen t studies have begun to evaluate the social and fi nancial conseq uences of 
WEA, comparing WEA [() as th ma urucia tcd to work or to occupational asthma 
19,20,39]. Aga in . comparisons within and between studies is difficult, as the stud­
ie!l Were based on different paricnt populations, asthma sl~vcriti e s, 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 uIIcmpJoy­

ment, loss of income, a nd frequent job changes [9, 20, 39j. However, other stlldies 
have repo rted less frequent job changes for WEA subjects [9, 20, 26] . 

Diagnosis. management and prevention of WEA 

Cli nica l studies addressing optimal strategies for diagnosing and managiTlg WEA 
arc lim itec.1, with [he great majority of prior Studies addressing sensitizer OA. An 
export panel assembled by the American College of e h«t Physicians recent ly pub­
lished a consensus document on the d iagnosis and managemcnt of work-rela(ed 
asrhma l including WEA (3). Rdevanr conclusions arc sUllHnari7.cd hricfly. WEA 
should he considered in any patiem with worsening asthma andlor work-related 
asthma symptoms. The diagnosis of asthma should be clarified, based on the clini­
cal hisrory, typical symptoms and exam findi ngs, and c.1ocumenta[ion of reversible 
airflow obstruction or ainvay hyperresponsiveness (e.g., broIlchoc.1 ilator response or 
methacholine challenge rest), although this can be difficult to demonstrate in som~ 
asthmatics. A careful occupat ional anc.1 medical hisrory is essential. Information on 
joh ex posures, type of industry, vcntilation, the onset and liming of symptoms jn 
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relationship to work, medication usc, symptoms in co-workers, and use of protec­
tive equipment should be obtained. History of asthma, childhood asthma, atopy, 
rhinitis and s inusi tis should also be clarified, with particular focus on the first onset 
of asthmatic symproms, clinical co urse and triggers. 

The relationship between work and asthma exacerbations should be assessed, 
IHOSt commonly by cardul documentation of changes in symptoms and medica­
tion usc temporally related to work, including specific tasks or jobs at work. More 
severe exacerbations may be documented by health care visits ur physiological 
changes (e.g., in peak expiratory flow rate or forced expiratory volume in one 
second ). Additional sources of exposure information include ~1aterjal Safety Data 
Sheet (often abbreviated as MSDS), a union, the employer (with paricnt's permis­
.:; ion), and government agcncies. WEA freq uently is due to a mixture of substances 
rather than a single substallce, such as enco untered in work settings with severa l 
irritant gases, construction dU5t from mulciple materials, or many types of cleaning 
products in usc. 

WEA should be distinguished from OA, especially if a specific sensitizing agent 
is identified at work. This can be challenging if rhe asthma is longstanding and the 
worker is no longer at the suspect job, since chronic asthma tends co rcspond non­
specifically to multiple rriggers. Factors ar work and outside work that trigger the 
asthma should be identified. Tb us allergy testing may be usefal in atopic asthmat­
ICS. 

Data on managemenr 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 thar can crigger 
asthma, and potential!y 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. 
\XTEA is common in both indusrrial and non-industr ial senings, but has received 
less <ltlemion than OA that is caused by work. A review of the current literature on 
WEA demnnstrates that the prevalence of WEA among working adults is variable, 
rangi ng from approximately 150/0 to 500/0. Numerous different exposures or con­
ditions at '\vork can exacerbate asthma. WEA clinically shares many features with 
~A, including persistent asthma and adverse socioeconomic outcomes (prolonged 
Llncmployment~ 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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