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WORKPLACE SCENARIOS 

A hospital began renovating patient rooms in one wing of 
the surgical floor, The improvements illdud'ed removing all 
interior walls, erecting imd painting llew walls, applying 
ne\.,r floor coverings, and replacing the electrical wiring, 
plumbing, and ventilation ducts. Many staff members 
working nearby Wj;!re upset by the noise, <,lod the deMing 
staff complained ahout the increased demand on them 
to remove dust and grime coming from the renovation 
ac;tlvities, 

1. Renovation work can result in el.]lOsures such as 
dust;;, paint fumes, and deaning products that 
may exacerbate asthma symptoms. 

2. A nursing aide with stable asthma caied- for 
post-operative patients in the hospital, He was 
nonnally able to conduct ilis duties without 
breathing difficulties and teql!lred only occasionnl 
«lx/week) use of a quick~relief inhaler in aMi. 
tion to his oral bronchodilator. purinz the past' 
month, he'st;med to experien.::e pJ,Ot!l- symptoms 
that required addltional uses of his inhalerduring 
the ,day, At one ,point, ,he felt his symptom's. were 
escalating in n-equency and severity 'and 'sChed­
uled art urgent appointment wLth his physiclart, 
The physiciart was mmUi;It with 'the pafi.eQ-t's his~ 
tory of adolesce!1t-ollset, rlonrtally sta:b1e_~fhma, 
having- l?revipusly 'performed a ,::o'nl;prehens!.-ve 
WQr,k-up and periodic follow-u,p exi{mmlltions, 

INTRODUCTION 

Exacerbation of asthma can result from exposures at home, at 
work, in the outdoor environment, and in public buildings. 
There i~ a general agreement in clinical practice that trouble­
some home environmental exposures should be avoided; 
physicians generally advise asthma patients to rid their homes 
of carpets, drapes, and other furnishings that might be repos­
itories for allergens. Asthma-related exposures in the work 
environment are less frequently addressed, because exposures 
are often beyond the control of employees and employers 
mayor may not accept their responsibility or have the ability 
to control exposures. The issue of an affected employee's 
right to workplace accommodation or compensation further 
clouds Ihe issue. 

Work-related asthma (WRA) comprises occupational asthma 
(OA) that is caused by conditions at work and work-exacerhated 
asthma (WEA), in which preexisting or concurrent asthma is 
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Durjng the clinicallnterview, ,the physician asked 
about changes in the patient's environment or 
activities at home, work, and elsewhere. The 
patient described no .:;hanges at home Of in daily 
activities,_ but noted constrllction crews had 
recently sJarted to renovate ~pa.::e on his floor of 
the hospital, 

3', The physician knC!;v that identifying and milli· 
illizing workplace symptom triggers cmild help 
both her patieJlt and other workers with: uSthil)U, 
,as well <'IS hospital in-patients and visitors. After 
'obtainiIl$ permissiOn from tIle patient! the phy­
-skiatl cotlt:).cte!i the hospltal'sDirector ofHeaJtlt 
?-nd Safety, b.~il)g careful to protect ,her patient's 
confidendalit"Yt and asked the Direcwr to con~ 
firm ,that thearea. being l'eq<:>vated was adequately 
isolated from, the rest of the hospital. Health-arid 
'safety sta'if determined that shrouding and venti. 
lation of the 'renovation area were, inade-quat!l 
arid implemenfed changes to correCt these prob­
lems, 'this greatly dec{eased the "bystandd' 
e:qlo_sures 'Qfstaff working l),!lar ,the renovafi,o,ns, 
and the symptoms -of tl!e nursing aide returned 
to base)jne ,over ,the following week. Since !'dll­
'str,uction aCt,iv:jt'ie~ and persoI)nel, ciui -change 
-iiequent1y;~ tM (;.otlISe of a',projeCt" the ·l>hysi~ 
clan uige~' 4er patient to ll\O:p.ltOI tb¢ :Situat.ion­
-<1nd offered Jo ns,<;ist again it the eX'posnJes 
teqlFred, , 

worsened by workplace conditions (l,2). \Nhile il is still true 
that ",rEA has received less attention in terms of research and 
prevention than OA, the number of articles that address WEA 
has increased considerably since the last version of this chapter 
was published in 2005, There has been a noticeable shift from 
studying only OA or all WRA cases (i.e., OA and \VEA cases 
combined) to considering WEA as its own legitimate stand­
alone outcome. An indication of the growing information about 
and interest in WEA was the publication in 2011 of an "Official 
American Thoracic Society Statement: Work-Exacerbated 
Asthma" (I). This chapter covcrs various topks relatcd to WEA, 
including definitions, frequency, agents, characteristics of cases, 
clinical approach, prevention, and future research directions. 

DEl'INITlONS OF WEA 

A clear definition ofWEA can help clinicians and policy makers 
refine approaches 10 prevention, treatment, and compensation, 
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ASTHMA IN THE WORKPLACE 

and is necessary [or the continuing scientific investigation of 
the spectrum ofWRA. 

'vVEA describes a worsening [rom bneline respiratory health 
resuiting [rom workplace exposures or conditions in any in(li­
vidual with asthma. WEA is the result of an interaction between 
an individual with asthma and the environment in which the 
individual works. As discussed in the 2011 statement from the 
American Thoracic Society (ATS) (l), the term WEA docs not 
denote the underlying cause of the asthma or limit the candidate 
causes o[ exacerbation. The ATS appropriately defined WEA as 
a "worsening of aMhma due to conditions at work ... " (1). For 
individuals with asthma at ri~k for WEA, their underlying 
asthma might h~ve been c~l1sed by nonwork exposurc~ or by 
work (either allergic or irritant-induced asthma). The etiology 
of the asthma is a separate and infrequently relevant consider­
ation to understanding and responding effectively to WEA. As a 
rule, the triggers for the exacerbations are more relevant than 
the original asthma category or cause. 

The ATS committee recognized the prime importance of 
temporality of symptom occurrence in their proposed case 
definition for \YEA. The case definitioll includes the following 
considerations: 

• Preexisting or concurrent asthma. Asthma onset may 
h~ve either predated current work or may have first 
occurred while in the worksite of interest but was not 
caused by specific exposures in that workplace. 

• Increased frequency of asthma symptoms, medication 
me, or health-care utilization is temporally associated 
with work. Medical te,t results may document more 
frequent abnormalit),. 

• \\'orkplace exposures or conditions exist that can 
exacerbate asthma. 

• OA (asthma caused by n specific, identified workplace 
exposure) is unlikely. 

A somewhat similar case definition has been used in the USA 
sillce the 1990s for public health surveillance in the Sentinel 
Event Notification System for Occupational Risks (SENSOR) 
(3). The SENSOR criteria for work-aggravated aSlhma arc 
(i) health-care professional's diagnosis consistent with asthma, 
(ii) an association between symptoms and work, (iii) asthma 
symptoms or treatment with asthma medication within 
the 2 years before entering a new occupational setting, and 
(iv) increased asthma symptoms or increased asthma medi­
cation use upon entering a new occupational setting. There is 
a longitudinal component to this definition, stipulating that 
asthma onset and the presence of asthma symptoms or related 
medication use must come before entering the new occupa­
tional exposure setting, and the condition must worsen after 
entering. Thns, the clinician or researcher must obtain, either 
prospectively or retrospectiyely, the knowledge of asthma sta­
tus bdore and after subjects enter a new occupational expo­
sme setting. The SENSOR definition of work-aggravated 
asthma has a critical difference with definitions of WEA 
offered by the 2011 ATS statement and by a 2008 consensus 
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document of the American College of Chest Physicians 
(ACCP) (2). SpecificaJly, the later definitions include exac­
erbations of "concurrent" asthma, namely asthma that is 
first recognized after work begins in the workplace of interest 
but is not caused by conditions at work. The ATS and ACCP 
definitions recognize the realit}' that asthma may develop in 
working adults with or without documentation of specific 
workplnce exposures and clinical testing thaI confirms OA, 
and may be exacerbated by exposures or conditions in that 
same workplace. 

Medical records may be useful to document an a~thma 
patient's change in status. For example, in a study of recruits 
v'lho entered the Israel Defense Force at the age of 18-2 J years, 
baseline asthma status was established at the time of induction 
into the military and repeated clinical evaluations documented 
changes in asthma status over time (4). However, in the absence 
of medical records, determination of the progression of disease 
wil! often depend, alleast in part, on subject or patient recall. 
This is evident in the next section on the frequency of WE A, in 
which nearly all of the studies summarized in Table 22. I used 
self-reported data gathered by questionnaire in clinical or 
population-based settings to determine WEA status. The spe­
cillc definitions used in the literature reviewed in this chapter 
vary somewhat by investigation, but reflect common efforts to 
understand the causes, consequellCes, and frequency of work­
place exposures and conditions that adversely affect the health 
of people with asthma. 

FREQUENCY OF WEA 

The committee that prepared theATS Statement on WEA used 
PubMed to conduct a systematic se<lrch for relevant literature 
that incorporated terms for several topics (i.e., asthma, occn­
pation, and exacerbation), covered the time period January 
1980-August 2009, and yielded 1292 references of potential 
interest (I). The same search strategy was extended to Junuary 
15,2012, and provided all additiona1219 references. Review of 
abstracts for all 1511 references and full-text articles for 
selected references provided information summarized in the 
current section on frequency of\NEA and in the following sec­
tion on exposures. 

To arrive at an overall estimate ofWEA frequency, a review of 
references published in peer-reviewed journals between January 
1980 ~lld January 2012 identified IS ~rticles reporting on stud­
ies that determined WEA status on a case-by-case basis, made it 
possible to express the frequency of VvEA as a prevalence in 
adults with asthma or in working adults with asthma, and was 
conducted in general population or general health-care settings 
(5-19). The 15 references included the same 12 references that 
were published in 1995-2007 and usc.:! in the 2011 ATS State­
Illent on WEA to summarize prevalence, and three more refer­
ences that were published in 2010 3.Jld provided five additional 
prevalence estimates. The five new estimates included one from 
a multinational study (13) and four based on Behavioral Risk 
Factor Surveillance System surveys conducted in ~pccific states 
in the USA (16,19). 
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-Sf Table 22. I Prevalence of Work-Exacerbated Asthma from Studie, Conducted in the General Population or General Health-Care Settings 
~ References Country Study Setting and Criteria for Number of Age (rr) Time Frame Criteria for \\fEA WEA Prevalence "-
0 (and State if Number ,,{Participants Asthma Asthma forWEA (Self-Reported on , 

In all Adults In Working " 
~ 

in the USA) (% of Eligible) Cases Questionnaire Unless 
with Asthma Adults with 

Indicated Otherwise) 
Asthma ,,' Abramson Austr.lia FL' 589 With asthma SR asthma dx 0 159 Mean = 43 Ever Respiratory symptoms at 20':" NA 

~ 
1995 (5) symptom" from G pop work associated with 

",rvey (74%) particular job 
~ Blanc Sweden Fl,; 1562 in G Pop study SR asthma and '" 20-44 Ever Being at work ever make, 38% NA ~ 
n 1999 (6) (ECRHS) (65%) BHB elle,t tight or wheezy 

Bolen Masoachusetts, FU 95 employ~d asthma Asthma <1-" by 95 18-45, Current, RC5carchcrs Judged pattern " 14% 
2007 (7)'" USA casesm HMO (25%) medical record me.n - 34 tested 3wk of .Ienal pe"k eXplr<ltory 

flow rate consistent 

withWEA 

Caldeira Brazil FU 1922 m birth SRosthma m 23-25 Ever Preexisting asthma 13°" :-"A 
2006 (8)' cohort (93%) symptoms and worsened by CXPO'Ul'C > 

BHB at work, based On " 
Interv!eW information 

:j 

~ 
Goh Singapore 802 asthma cases ill brgc Asthm~ dxhy SO, 20-54 Current Work environment is 27~, NA > 

1994 (9) primary care clinics (63%) medical record asthma mggcr ~ 
Henneber~er Colorado, USA 1461 asthma ca;c, enrolled Asthlna rx or (arc 1461 18-44 Current Job Current work environment 25'10 '" > n 

2002 (J2) in HMO (71%) by medical makes asthma worse n 

" record " > 
Henneberger )o.1aine, t:'SA 664 from random SR asthma dx 42 (28 18-65, Last 12 rna Coughing orwlteczing is 14% 21% 

, 
2003 (10) sample survey of and current rx employed) mean - 42 WOf.\e at ",'ork than oway 

§ 
> 

G Pop (62%) from work ; 

Henneberger Nhssachn<ctt.'. 598 asthma cases identified Asthma cnre and 598 (557 1&-44 Lasl12 mo Combination of relevant 23~o,or21% 24%,or 22% • 0 
2006 (I I)'" USA in HMO 1"C(ords (61%) dx by medical employed) exposure as judged by if more if more " " record re;earcher.\ and stringent stringent 

self-roported v.-ork-related (ntena' criteria' 
symptomS Or medication 

me 

Henneberger ! 1 European FL' 9812 in GPOI' 5R asthma dx and 9'" 29-56, La,t12 mo Job held in past 12 mo "A '" 2010 (13) countries and ,tudy (ECRHS) current ill the (employed) mean -42 made chest tight Or 
lhe USA (59%) past 12 mo wheezy 

Johnson Canada FU 2974 in G Pop SR asthma ax .06 20-44 Current job Wheezing or dy'pneJ at 34% wheezing "' 20()0 (15)' study (ECRHS) ("dult onset) or after work m and31% 
(39%) current job dyspnea 

Johnson Australia 5331 ill G Pop study SR asthm~ dx ;9, 18-49 Current Asthma better all NA 18~o 

20()6 (14)' (ECRHS) (37~") (employed) weekends Or holidays 

(Continued) 
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Table 22.1 Prevalence ofWork-Exaccrbated Asthma from Studies Conducted in the General Population or General Health-Care Settings (Continued) 

References 

Lutzker 
2010 (lG) 

Mancuso 
2003 (17) 

Saarinen 
2003 (18)' 

Tice 
20J(} (19) 

Country 
(aud State if 
in the USA) 

~ll.MC>l, "nd 

OR, USA 

:-IewYorkCity, 
USA 

Finland 

:-Jew York State, 

USA 

Study Setting and 
Number of Participants 
(% ofEligihle) 

GPoI' study-20OS 
BRFSS Adult A,thma 

Call-Back Survey 
(MI ~ 54%, M>J - 67%, 

and OR - 63%) 

Prospective study of230 
persistent asthma cases 
in primary carc 
practice (39%) 

1925 asthma cases in 
Ilational health 
illsurallce ;ystem 
(74%) 

G Pop study-2006 and 2007 
BRFSS Adult Asthma 
CaIl·Back 
Survey (% of elig.ble 
not indicated) 

Criteria for 
Asthma 

SRa;thmJ dx 

and SR current 
asthma 

A>thmadxby 
medical record 

A.,thma dx by 
medicall'ecord 

SRasthm" dx 

and SR wrrent 
asthma 

'OA " .... s determmed Lmlikdywhen cales of WE A were 1dentified. 

Number of 
A5thma 
Case5 

:>'11 - 642; 

;"'IN - 330; 

OR -, 694 

,m 
(emp!o)'ccl) 

'" (employed) 

750 

Age {yr} 

18 and older 

18 and older, 
mean - 39 

211---65, 
mean - 43 

18 and older 

Time Frame Criteria for WEA 
for v\'EA (Self-Reported on 

Questionnaire Unless 
lnclkated Othenvise) 

Current job 

Current Job 

Past momh 

Curl'entjob 

Asthma made worse by 

cbemicals, smoke, fume" 
or dust in current job 

A,thma made warse by 

workplace conditions 

Asthma symptoms caused 
or worsened by work at 
least weekly in the past 
month 

A>thma made worse by 
chemical" smoke, 
fumes, or dust in 
current job 

\ITEA Prevalence 

In aU Adults In Working 
with Asthma Adults with 

Asthma 

MI = 2)0,,; 
M;-.J-24%; 

OR=18~o 

" 

NA 

16% 

"' 

5R~", 

20% 

;\"A 

'The participants in Bolen 20U7 (7) were ~ subset of the smdy oamplc in Henneberger 2006 (Ill, bUI different meth"ds were u;ed 10 delermine WEA slalus in the two studies. 
'Thirteen study participants with asthma Were judged not to hove had rdevont exposures at work, bul were still considered to have WEA because they had reponed an association betwecn asthma and 
work in Ihrec different ilems onlhe qucstionn~ire. With the ~pplication of more stringem criteria that required evidence of exposure, Ihe prevalence of WE A ",1& 21% (instead of23%) anlong all 
adults wilh aSlhma and 22% (instcad of24%1 among working adults w!th asthma (111. 
Abbre"iatio",: BHR, bronchial hyperresponsiveness; BRFSS, Behavioral Risk Factor Surveillance System; dx, diagnosis: ECRHS, European Community Respiratory Health Survey; FU, follo\~ up: 
G Pop, general population; HMO, heallh maintenance org"nil.tion; MJ. Michigan; MN, Minnewt"; NA, not applicable; OA, occupational asthma; OR, Oregon; rx, medication,; SR, ,elf-reported; 
WEA, work-exacerbated asthma. 
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ASTHMA EXACERBATlm AT WORK 

Characteristics of the 15 studies with prevalence estimates 
are summarized in ·1~1.blc 22.1. One study was based on a com­
mOll protocol implemenlt:d in 11 European countries and the 
USA (13), and each of the other studies was located in one of 
~even countries. Each reference provided one estimate onVEA 
prevalence except for the study by Lutzker and colleagues (16) 
in the USA, which reported three state-specific estimates. Few 
studies shared the same methods, but the definition of asthma 
was typically doctor-diagnosed asthma based all self-reports or 
review of medical records. Two studies included bronchial 
hyperre~pon~iveness (BHR) in the criteria for asthma (6,8). 
WEA was usually defined as a self-reported association between 
asthma symptom~ and work, but three studies used more 
objective criteria (7,8,11). The 15 studies calculated prevalen<.:e 
as the percentage of all adults with asthma or all working adults 
with asthma. Since the second risk set was considered prefera­
ble for '"'ilEA, the prevalence estimate bascd on that denomina­
tor was used for t\vo studies (iO,11) that calculated estimatc~ 
llsing both types of denominators. The 17 estimates of WEA 
prevalence from the 15 studies had a minimum of 13%, maxi­
mum of 58%, median of 21%, and an interquartile range from 
18% to 26%. 

These summary estimates for \YEA prevalence varied little 
by several chara<.:teristics. For example, the median value for the 
nine estimates from the USA was 21% (7,10-12,16,17,19), the 
same as the median for all other countries (5,6,8,9,13-15,18). 
The median "VEA frequency from the six studies conducted in 
general health-care settings (7,9,11,12,17,18) was only somc­
what greater than from the general population studies 
(5,6,8,IG,13-16, 19) (23.5% vs. 21%, respectively; p = 0.40, Wil­
coxon rank-sum test). The size of study cohort seemed to have 
Hille impact on the summary estimates, with medians of 21% 
for the nine samples witll at least 500 asthma cases (9,11-
14,16,18,19) and 22.5% for the smaller samples (5-8,10, J 5-1 7). 

The three studies that used more obje<.:tive <.:riteria for ,"VEA 
status yielded lower prevalence estimates (7,8,11). The resear<.:h­
ers in one investigation interviewed young adults and reviewed 
the data wllected to dedde which partidpants with preexisting 
asthma had experienced worsening of symptoms due to expo­
sures at work (8). In another study, the criteria for WEA ~pe<.:i­
fi~d a work-related pattern of serial peak expiratory flow rate 
(PEFR) (7). The third study defined WEA Ilsing a combination 
of self-reported work-related symptoms or medication use and 
a dedsion from all expert panel that the person had been 
exposed to workplace asthma agents (11). The prevalence esti­
mates for these three studies with more objective WEA criteria 
were 13% (8), 14% (7), and 22% (II), respectively. The median 
of these three values was 14%, which was less than that of 
21.5% from the other 12 studies, although the differen<.:e was 
not statisti<.:ally significant (f! = 0.09, Wilcoxon rank-sum test). 

EXPOSURllS ASSOCIATED WITH WEA 

The medkal literature was reviewed to idelllify the types of 
exposures most commonly associated with WEA (Workplace 
Scenario [1]). The literature sear<.:h for the ATS Statement on 
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\YEA was extended to January 2012 (as explained in the earlier 
section on frequency of WE A) (I), and articles based on studies 
conducted in clinics or general population sdtings were 
selected with the goal of capturing the range of WEA triggers 
across different occupations and indu~tries. Two types of inves­
tigations reported putative occupational agents for WEA or 
exa<.:erbatioll of asthma. In one type, the authors compiled 
agents for individual V·,rEA cases that had been identified in 
clinks, surveillance systems, or workers' compensation pro­
grams. In the other type of study, the authors used a risk set 
approach, modeling exacerbation or work-related exacerbation 
of asthma, and testing associations with o<.:cupational expo­
sures while controlling for potential confounders. 

Ten articles fTOm the literature sear<.:h reported on studies 
bnsed in clinical or general population settings and identified 
triggers for individual WEA cases. Nine of the investigations 
were conducted in North America in the following settings: II 

primary care practice in New York state in the USA (17); an 
asthma clinic in the provilKe of Ontario in Canada (20); o<.:cu­
pational health clinics in the US states orNew York (21), Ma~­
sachusetts (22), and Washington (23); WRA surveillance 
systems in four US states (3) and in the province of Ontario 
(24); and workers' compensation programs in Ontario (25) and 
the US state of Wnshington (26). TIle final investigation was 
based on WEA <.:ases from a tertiary asthma referral clinic in 
Belgium (27). The 10 articles summarized agents for 1034 WEA 
cases. Table 22.2 presents the 17 most <.:ommon <.:ategories of 
agents among these <.:ases, with each agent asso<.:jated with at 

least 20 WEA cases. Taken together, the 17 agent categories in 
Tuble 22.2 account for 73% of the 1170 exposures attributed to 
the cases. 

The WEA agents in Table 22.2 are nrranged in descending 
frequency, and at the top of the list is a general category for 
chemicals (II == 181). This nonspcdfic label could denote 
uncertainty about the exact agent, or that the agent was 
known but the authors created this inclusive category to pro­
vide a concise summary of results. This category included 145 
exposures to "mis<.:ellaneous chemicals and materials, refer­
enced by use" from \117RA surveillance in \Vashington state in 
the USA (26), 17 WEA cases exposed to "chemica!&, not other­
wise specified" from WRA surveillance in four states in the 
USA (3), 14 cases in a primary <.:arc pra<.:ti<.:e in New York slate 
attributed to "<.:hemi<.:ul smells" (17), and 5 cases with expo­
sure to "highly reactive chemicals" from surveillance in 
Ontario ill Canad<t (24). The second most common ;lgent in 
Table 22.2 is dusts (/I = 114), followed by smoke, pyrolysis 
produ<.:ts, and exhaust (11 = 60), paints (n = 57), and cleaning 
produ<.:ts (Il == 51). Many of the exposures in Table 22.2 nre 
respiratory irritants, but there are also several agents capable 
of callsing sensitization, with the most common being isocya­
nates and diiso<.:yanates (II "" 44), plant materials (II ,., 36), 
microorganisms (/I'" 33), wood dust (n ~ 31), and flour and 
grain (n == 31). However, exacerbation associated with these 
types of agents was not necessarily due to a sensitization 
response. Several nonchemical workplace factors reported as 



ASTHMA IN THE WOI\KPLACE 

Table 22.2 Common Categories of Agents for Cases of 
Work-Exacerbated A~lhma" 

Agcnt Numbcr of Cases References 

Chemical,' '"' (3,17,24,26) 

Du,!' 114 (3,17,20-22,24,25) 

Smoke, pyrol}"i, product>, ,U (3,21,2<1,26) 
~nd exhaust 

Paints " (3,20,21 ,2S,27) 

Cleaning products" " (3,20,21,24,25,27) 

Indoor air polilltant, ,'" (3,17,21,22) 

Hydrocarbon. ,].1 (23,26) 

!.;ocyaniltCj and " (3,24-27) 

diis<>'ynl1atcs 

Soh'cnb " (3,2I-23,25) 

Pl""t materials '" (3,26) 

Microorganism, 33 (26) 

Wo(}d dmt " (24,25,27) 

Flour ond grain " (2(1,24,25,27) 

:Vl(}ld, " (3,21,22,24,25) 

Ciga,otte smoke n (3,17,20,22,25) 

Animals and allunal '" (3,25,26) 
mate,i,,!, 

Welding lumes '" (3,21,22,25,27) 

'!',om the 10 articles identilied in the peer-reviewed literature, 
"Sec text ror comment, (}n the chemicals cnleg(}ty. 
'Dust category include, ",mlmction, cement, and cardbo,lrd d"'l_ 
"Cleaning product, lIlclude bk.,h and ammonia. 

n:sponsible for WEA in the 10 articles occurred rdatively 
infrequently and are not included in Table 22, I. These 
included exercise (II '""' 13) (26), temperature (Il ~ 5) (17), 
phy~ical factors (II '"'" 5) (26},alld emotional stress (n == 2) (20). 

Review of references from the lilerature search yielded lwo 
articles that reported studie~ conducted in general population 
settings that used a risk set approach to idenlify occupational 
exposures a~sociated with exacerbation or work-related exacer­
bation of asthma_ The findings from these two articlc~ regard­
ing agents arc consistent with the findings for individual cases 
of WEA. In one of the two studies, the investigators used data 
from 969 working adults with asthma that were identified in 
the records of lhe nalional health insurance system ill Finland 
(18), The outcome was lhe self-report that asthma symptoms 
were caused or made worse by work at least weekly in the past 
month. Workplace exposures were either self-reported or based 
on expert evaluations of occupalional categories, and lhe regres­
~ion models included covariates to control for age, se:'{, smoking, 
medication use, and adult versus childhood onset of asthma. 
Positive findings were reported for several self-reported expo­
sures: dusts [odds ratio (OR) ,., 3.1,95% confidence interval (CI) 
1.9-4.91, poor indoor air quality or abnormal temperatures 
(OR e- 2.2, 95% CI 1.5-3.2), physically strcnuonswork (OR - 2.0, 
95% CI 1.4-2.8), and chemical agents or f:1dors (OR", 1.5,95% 
CI 1.1-2.2) (18). Also, from expert evaluation of occupational 
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exposure, workers with probable (OR e- 2,0, 95% Cl 1.4-2.8) or 
possible (OR'"" 1.5,95% CI 1.1-2.1) dail)' occupational exposure 
\0 dusls, fumes, or ga$es had elevated risk for work-related exac­
erbation of asthma symptoms compared to those who were rated 
as unlikely to have sllch exposllre (18). 

The other study that used a risk set approach was an interna­
tional population-based study of respirator), health, conducted 
in \1 countries in Europe and the USA (13). The 966 partici­
pants were working adulb with current asthma, and the out­
come was self-reported severe exacerbation of asthma in the 
past 12 months. Occupational exposures included in the regres­
sion models were base<! on a job-exposure matrix, and the 
covariates included to conlrol for potential confounding were 
age, sex, and smoking status. An association with severe exacer­
bation of asthma was reported for high gas and fumes exposure 
[rdative risk (RR) - 2.5, 95% CI 1.2-5.51, high exposure to 
mineral dust (ltR,-,1.8, 95% CI 1.02-3.2), and both low 
(RJ{o-1.7, 95% CI 1.1-2.6) and high exposures (RRe-3.6, 95% 
C! 2.2-5.8) to biological dust (13). Severe exacerbation of 
asthma was also associated with a summary category of high 
dust, gas, or fumes exposure (RR '" 3.1,95% Cll.9-5.1). 

The ATS Statement on \VEA reviewed selected papers on the 
types of jobs and exposures associated with WEA and ofrered 
several observations (1). First, asthma can be exacerbated by a 
variety of workplace faclors. Secolld, exposures capable of 
exacerbating asthma in non-occupational settings may also be 
relevant in occupational settings. The contents of Table 22.2 are 
consistent with both observations, Examples in Table 22,2 of 
the second observalion include dusts, cleaning products, plant 
materials, molds, and cigarette smoke. The final observation 
concerned the lack of information about quantitative expo­
sures related to WEA and what workplace exposure levels arc 
safe for workers v'>'lth asthma, suggesting the need for further 
investigation {l). 

DISTINCTIVE FEATURES OF ADULTS WITH WEA 

Clinical Characteristics 
A few sludies have compared workers with WEA to adults wilh 
non-WllA. The clinical characteristics of workers with WEA 
did not differ greatly from adults with non-Vl'RA. Some studies 
reported that workers with WEA tended 10 be older (28,29), 
and others found an increased proportion of smokers in sub­
jects with WEA (28,30). 

Workers with WEA are often very difficult to differentiate 
from asthmatic subjects with OA, especia!Jy in cases who report 
a new onset of asthma while in the current workplace. The 
studies that compared subjects with WEA and OA report dis­
crepant findings that can be explained by the different popula­
tions studied (general population vs. tertiary clinics).llased on 
cases in the USA that fulfilled SENSOR surveillance case defini­
tions, Goe et al. (31) found that subjects with WEA were more 
likely to be female, young, nonwhite, and nonsmokers com­
pared with those with work-related new-onset asthma. These 
findings were not confirmed in the studies where WEA cases 
were from a referral clinic and defined by a worsening of 
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Table 223 Distinctive Demographic, Clinical, Functional, and Inflammatory Characteristics of Subjects with \Vork-Exacerbated 
Asthma Compared to Those with Non-Work-Related Asthma or Occupational Asthma 

Characteristics Compared to Adults with Nou-Work-JlcJaLcd Asthma Compared to Adults with Occupational Asthma 

Gender Simit", (28,29) or pl'edommance of men in subjects S"nilat (3D) Or grealer number of women in .<\1bj~'I$ wilh 
with WEA (30) 

Age Old", (28,29) 

Racc More nonwhite (28) 

Educa\1on Los< (28) 

Smoking habit, More likely to h,l\'c ever-smoked cigmettes (28) 

WEA (31) 

Similar or )'ounger (31) 

More nOllwhitc (31) 

Nt' 
More smokers (30) 

Asthma severily Mar< ",thm. e,,"cflbolions reqtl1ring ER "isits or 
ho,pil.,1izations in workers wilh WE,\ (30); 

Same numbcr of aSlbma c~ac"rbalion' requi, ing ER "i,ils 
or hospitalizations (34); 

Mare days wnh "sthl1w symptom.,; more .e,·ere asthma 
b"ed on .df-rcporl (28) 

Grc<lter need or lCS in subjects with WEA (34) 

fU'lctionat cn.aractcri,tie., Simil.r rEV, and 1'(;20 (3D) Highcr PEF vJrinbilit)' when <It work in subjects with OA 
compared 10 Iho_," with WEA (31), 

Airway ",Oa'1lIw,tion Neulrophitic inOammalion inconsistenll), found dependin); 
o~ the study (33,45) 

pe20 may be tower in subject< wilh WEA (32) 

Eosinophilic airway onOamlllaliotl in subje'Cts wilh OA 
when at work (33,34) 

AbbrevimiollS: ER, emc(gcnc), "'''''\1, FEV,. forced expi,atory volume in one second; ICS, inh"lcd corllco,teroids; N/A, not applicable; 
01\. Occup<ltionnl n.thma, I'C20. provocative concenlm!lon of melh~<holinc cau,ing n 20% fall in fEY,; PEF, peak expiratory flow; 
WEA, work-cxnccrbated "slhmR. 

asthma symptoms when at work and a negative specific inhala­
tion challenge (SIC) to the suspected agent(s) (32,33). 

I£lllihe et aI. (3·1) found that afler adjusling for age, asthma 
control, and forced expiratOlY volume in one second (FEV,), the 
diagnosis of WEA was associated with more frequent prescrip­
tions or inhaled corticosteroids, a non-eosinophilic phenotype, 
and a trcnd toward a higher proportion of smokers than the diag­
nosis ofOA (34). 

The timing of the onsct of asthma with respect to the start of 
employment at the workplace of interest does not necessarily 
differentiate \VEA from OA. For example, from a clinical inves­
tigation conducted in Belgium, L<,ubanois et al. dcfined WEA 
by the presence of WRA symptoms and a ncgative SIC, and 
showed that only 7% or the 71 WEA subjects had asthma before 
employment (32). Also, onset of asthma prior to employment 
in the workplace of interest does not preclude the diagnosis of 
~A. vVorkers with previously diagnosed asthma can become 
sensitized to a new agent at their workplace and develop OA. 
An increase in asthma symptoms or sevcrity is usually noticed 
at this time. 

In both cases of WEA and OA, the workers complain of a 
worsening of their asthma symptoms when at work with an 
improvement when removed from exposure. Serial peak expi­
ratory flow (PEF) monitoring can show a greatcr variability 
during periods at work comparcd to pcriods away from work in 
both types of cases, and the PEF variability is greatcr in subjects 
with OA than with WEA (35). Howevcr, the difference in the 
magnitude of PEF variability doe~ not allow differentiating 
WEA from OA in clinical practice. 

SIC testing can bc performed to diagnose OA, with a positive 
result considered indicative of ~A. Although false-negative 
tests can occur, a negative SIC favors thc diagnosis of WEA. In 
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several clinical studies, the definition of OA and WEA relied on 
the positivity or negativity, respectively, of SIC (33). However, 
those teslS are not available in the majority of settings. 

All eosinophilic phmotypc is morc frequently found in sub­
jects with OA compared with those with WEA, Workers with 
OA usually show an increase in eosinophilic inflammation 
whcn cxposed to the agt:nts to which they are sensitized. In 
contrast, workcrs with WEA had no increase in eosinophilic 
inflammation when at work compared with periods away 
from work or during exposure to the suspccted agents in the 
laboratory (33). 

Table 22.3 summarizes demographic, clinical, functional, 
and inflammatory differences betwcen subjects witl] WEA and 
subjects with nOll-WRA or OA. 

Somc risks factors have been associated with the diagnosis of 
OA rather than with the diagnosis of WEA. Atopy has beell 
shown to be associated with sensitization to high-molecular­
weight agents ill subjects with OA (36,37). Smoking lllay also 
playa role in association with atopy in the risk of developing 
OA to some specific agents such as laboratory animals (38) and 
tetrachlorophthalic anhyrlride (39). Although SOme predispos­
ing ractors have been suggested for OA, no specific risk factors 
have been clearly identified for WEi\. 

Socioe(:onomi<: Impact 
Data reporting the high costs of OA have been previously pub­
lished (40,41). The health-care utilization of subjects with 
WRA has been previously reported and is much higher than the 
health-care utilizMiou of non-WRA (30,42). Lemierc et ai. (34) 
recently investigated health-care utilization by WEA and OA 
cases compared to asthmatic controls. The health-care-related 
costs were similar between OA and WEA but were IO-fold 
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greater than the costs related to nOH-WRA (34). Although the 
health-care-related costs of the subjects with OA significantly 
decreased during the year following the diagnosis, this was not 
the case for the subjects with WEA.ln a few studie~ in which the 
work disruption of subjects with WEA was evaluated, it was 
reported to be similar to OA (32,43). However, there are few 
studies that have looked at these outcomes. There is a high rate 
of unemployment in workers with WEA (30--50°/0) (32,44), 
which is equivalent to subjects with OA. Job changes occur also 
very frequently in subjects aITected with WEA. The reduction in 
earnings also seems 10 be similar in \VEA and OA (32). 

Overall, WEA exerts a large socioeconomic impact on work­
ers and society by using a large amount of health-care resources 
and inducing substantial disruption of work. 

CLINICAL APPROACH TO WIlA 

Work-exacerbated asthma should be suspected in all patients 
whose asthma is difficult to control and in patients who 
complain of a worsening of their symptoms or who require 
an increase of their asthma medication when at work (2) 

(Workplace Scenario [2]). 
Before establishing a diagnosis of WEA, the diagnosis of 

asthma needs to be confirmed by objective measures. Most 
asthma guidelines recommend the performance of spirometry, 
including the measurement of FEV, both pre- and post" 
bronchodilator in order to show a FEV

1 
reversibility of 12% with 

an absolute increase in FEV, of at least 200 mT. (46). III the 
absence of a reversibk airflow limitation, the measurement of 
airway hyperresponsiveness can confirm the diagnosis of asthma. 
The lack of objective confirmation of the diagnosis of asthma can 
lead to misdiagnosis in 30% of cases (47). Furthermore, nonspe­
cific respiratory symptoms arc frequent and can mimic astluna 
in workers exposed to a dusty or irritant environment (48). 

The diagnosis of WE A relics on the demonstration of a rela­
tionship between occupational exposures and the occurrence 
of asthma exacerbations, Of poor asthma control during peri­
ods at work, combined with the determination that OA is 
unlikely. Asthma exacerbations or loss of asthma control can be 
documented by a change in the frequency and ~everity of 
asthma symptoms or by the need for an increase in asthma 
medications. Asthma exacerbations can also be documented by 
the occurrence of emergency visits or hospitalizations or by 
changes in respiratory function at work. Serial PEF monitoring 
can ~how increased variability during periods at work com­
pared to periods away from work (35). Identifying the factors 
that trigger asthma symptoms is important not only to confirm 
the diagnosis of WE A but also to decrease Of remove the adverse 
environmental conditions at the workplace. Identifying multi­
ple triggers is common, since the workers are frequently 
exposed to several agents concomitantly. 

Although there is limited data concerning the management of 
VI/EA, profe~sional or!}1.nizations have advised minimizing expo­
sures at work and optimizing standard medical management for 
asthma (e.g., pharmacologic treatment and avoidance of symp­
tom triggers) (1,2). Differentiating WEA from OA may be useful 
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for asthma management. The approach used to differentinte one 
type ofWRA case from the other should depend on tbe expected 
benefit to the patient and is likely to rellectthe standard~ of prac­
tice where the patient resides. Although there is clear evidence 
that a persi~tcnt exposure to the occupational agent that caused 
their asthma i5 detrimental for workers with OA (49), the impact 
of continuing exposure to triggers for WEA has not been well 
btudi~d. There is limited evidence Ihnt workers with OA may have 
a greater improvement in their lung function and asthma control 
than those with WEA when removed from exposure (34,50). 

PREVENTION OF WEA 

Exacerbations of asthma from workplace exposures or condi­
tions can be prevented by modification of the work environment 
to reduce the frequency Of intensity of exposure to triggers 
(Workplace Scenario [3]). This requires ~11 understanding of 
what the work-related asthma triggers arc combined with the 
knowledge, motivation, and opportunity!O make changes that 
result in improved control or elimination of WEA. Standard 
industrial hygiene practices should be employed to control 
exposures to offendillg agents such as dust, fllmes, and vapors. 
There is a conceptual "hierarchy of controls" guiding workplace 
interventions that focus on environmental change (eliminating, 
cOlltaining, or diluting toxic exposures, temperature controls), 
administrative change (job rotation or redesign), and, least 
effectively, personal protective equipment such as respirators. 

In general, reduction of dusts, fumes, and vapors and other 
toxic exposures in the workplace, good homekeeping practices, 
control of ambient temperature and humidity, and maintain­
ing a work organi7.Htion that supports employee health and 
wellbeing and controls unnecessary stressors can benefit all 
workers, particularly those with asthma. A comprehensive 
respiratory protection program (involving proper selection, fit 
testing, and maintenance of respirators, as well as user training) 
is valuable wherc respirator use is a necessary or desirable sup­
plement to environmental COlltrol of respiratory hazards. 

Since WEA is the result of the interaction between the indi­
vidual with asthma ami th~ir work environment, optimal med­
ical mnnagement, including but not limited to pharmacologic 
management, is also appropriate. Unfortunately the dearth of 
long-term outcome studies comparing different management 
strategicslimits confidence in any single approach. In partiCll­
lar, usc of bronchodilator and anti-inOammatory medications 
may control symptoms and enable exposure to higher levels of 
triggering agents, but the long-term consequences of symptom 
control without environmental control of triggers have not 
been investigated adequately. 

In reality, specific approaches to prevention of exncerbations 
in an individual with asthma through environmental interven­
tions at work are often easier to describe than to achieve in 
practice. Prevention relics upon the following: 

• Recognition by the affected individual, the health-care 
provider, and/or the employer that the work environ­
ment is triggering asthma in a susceptible individual 
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e Belief that changes in the work environment an: 
possible 

• \\,illingness of the afkctcd individual to communi­
cate healtll concerns to the employer and a pathway 
for this communication 

e The willingness and ability of an employer to make 
the changes ill the work environment needed to COIl­

trol or eliminate triggers 

Clinicians arc often instrumental in helping patients with 
asthma to recognize the connection between workplace condi­
tions and exposures, and exacerbations. Careful inquiry may 
idelllify specific triggero and the patient may be abk to act on 
the possibilitr of eliminating or controlling them. 

Employers in large meaSlIre, both legally and in reality, arc 
responsible for workplace practices and exposures Ihat may 
trigger asthma exacerbations. They may, however, lack the 
knowledge, resources, or motivation to make changes in work 
processes, job assigmnents, or workplace organization, or no! 
believe or understand that it is thcir responsibility to do so. In 
some instances, especially for small employers, flexibility to 
reduce or eliminate trigger5 may be limited. 

Patients, particularly the most economically vulnerable, may 
be reluctant 10 request changes in work assignments or expo­
sures. While there may be some level of legal protection for a 
worker with asthma requesting accommodation through work 
reassignment or redesign, for example, by the American with 
Disabilities Act (ADA) in the USA, the results of ADA litigation 
arc inconsistent. Legal consultation with an attorney f(lmiliar 
with this area may be useful. 

DIRECTIONS Of l'UTURB RESUARCH 

• Accurate exposure assessment is essential to estimat­
ing exposure-response relationships in clinical and 
epidemiologic studies. Improved methods are needed 
to characterize workplace exposures responsible for 
WEll. Identification of what exposure levels are safe 
for most workers with asthma would greatly assist 
prevention effort5. 

e Additional research should elaborate whether subsets 
of people with (lsthma are at increased risk for work­
place exacerbation. For example, arc those who 
respond to ~pecific identifiable triggers such as aero­
allergens at increased fisk (or exacerbation in partictl­
Iar work environment;? 

e Prospective surveillance of newly hired workers (pref­
erably apprentices) with histories of currently con­
trolled asthma or asthma in remission in workplaces 
where asthma triggers are likely to be encountered 
would contribute to understanding the development 
and nalural history of WEA. Outcomes of interest 
would include (i) the number and frequency of asthma 
flares, (ii) the effects of workplace exposure on a:;thma 
control or severity~both short term and long term, 
(iii) the extent of temporary or permanent time lost 
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from work as a result of exposure, (iv) the health COIl­

sequences of continuing employment at such work­
sites, (v) the respollSes to various intcn'entiolls, and 
(vi) the amount of time required to resolve and rees­
tablish control of asthma. 

e General health surveillance programs should fine­
tune anllual incidence data by including the means to 
identify WEA among working participants wilh 
asthma. 

e Additional studies arc needed to exam the economic, 
social (e.g., family), and productivity impact of WE A 
over time. 

• Evaluating the effectiveness of different interventions 
would help determine which strategies for reducing 
or eliminating exposures and for maximizing asthma 
care have the best chance of achieving primary pre­
vention of WE A among those at risk (lJl{iminimi?;ing 
adverse outcomes among existing \VEA cases. 

• Further research is needed to determine whether hav­
ing workers with WEA leave their workplace is more 
effective than maintaining workers with WEA at their 
workplace with optimal asthma care and reduction of 
exposures for achieving an adequate asthma control. 
'nle socioeconomic consequences of both approaches 
should be assessed and compared. 

CONCLUSIONS 

Exacerbation of asthma can result from expo:;ures at home, 
at work, in the outdoor environment, and in public build­
ings. Asthma-related exposures in the work environment are 
less frequently addressed, because exposures arc often 
beyond the control of the individual patient and an employer 
mayor may not accept the responsibility or have the ability 
to conlrol exposures. The issue of an affected employee's 
right to workplace accommodation or compensation further 
clouds the issue. Research demonstrates thaI WEA is an 
important source of work disability and economic loss, and 
is an appropriate target for prevention. Additional olltcomes 
research can help define how to addreS5 this problem more 
effectively. 

DISCLAIMER 

The findings and cOJlclusions in this chapter are those of the 
authors and do not necessarily represent the views of the 
National Institute for Occupational Safety and Health. 
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