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ABSTRACT: Several studies have demonstrated an excess risk for asthma among
cleaning workers. The aim of this analysis was to compare clinical, immunological and
functional characteristics associated with asthma in cleaners and other occupational
groups.

Cleaners, workers exposed to high molecular weight (MW) agents, workers exposed
to low MW agents, and office workers were identified from an international community-
based epidemiological study. Influence of sex, smoking, age and atopy on the
relationships with asthma was investigated. Rates of respiratory symptoms, bronchial
hyperresponsiveness, atopic sensitisation and lung function were compared between
asthmatics from the four groups (case-case analysis).

The risk for asthma in workers exposed to low MW agents was higher among
nonatopics than among atopics. Case-case analysis showed no major differences in
asthma characteristics between cleaners and workers exposed to high or low MW
agents. Asthmatic cleaners had less atopy, more chronic bronchitis and a lower lung
function as compared to office workers.

Asthma in cleaning workers showed many similarities with that in workers known to
be at risk for occupational asthma. Atopic sensitisation did not seem to play an
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important role in cleaning-related asthma.
Eur Respir J 2002; 20: 679-685.

Excess risk for asthma among cleaning workers has
been reported in a number of general population
studies [1-3]. An international analysis within the
European Community Respiratory Health Survey
(ECRHS) showed that an elevated risk for asthma
among cleaners was present in most countries in
this survey [1]. Cleaners are exposed to a variety of
chemical agents [4, 5], and asthma surveillance studies
have suggested that both work-aggravated asthma
and new-onset occupational asthma cases could be
related to cleaning products [6-8]. It has also been
shown that the risk for asthma may vary between
different locations where cleaning work is performed
[3, 9]. Case studies have revealed several agents that
could be potentially responsible for cleaning-related
asthma, such as chlorine and ammonia [8, 10], etha-
nolamines [4, 11], and quaternary ammonium com-
pounds [12]. Finally, two different epidemiological
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analyses indicated that the use of sprays was
associated with asthma among cleaners [9, 13].

It has been indicated that if cleaning exposures
are associated with asthma, then cleaning work should
be regarded as one of the most prevalent causes of
occupational asthma [14]. There is still, however,
limited knowledge on the determinants of the asthma
risk in cleaners and the potential interactions with
other factors, and there is only scarce information
characterising the clinical features of asthma in
cleaners. The aim of this study was to evaluate the
characteristics of asthma risk and of the clinical
picture of asthma among cleaning workers within the
ECRHS, by comparing asthma-related characteristics
in cleaners with those in three other occupational
groups: workers exposed to high molecular weight
(MW) agents, workers exposed to low MW agents,
and office workers.
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Methods
Study population

The methodology for the ECRHS has been des-
cribed elsewhere [15]. Participating centres selected
an area, defined by pre-existing administrative bound-
aries, with a population of at least 150,000. When
possible, an appropriate local sampling frame was
used to randomly select at least 1,500 males and 1,500
females, aged 20-44 yrs. In stage I, subjects were sent
the ECRHS screening questionnaire asking about
symptoms suggestive of asthma, the use of medication
for asthma, and the presence of hay fever and nasal
allergies. In stage II, which was conducted in 1990-
1994, a 20% random subsample of subjects who had
completed the screening questionnaire and in most
centres an additional subsample including subjects
reporting current asthma symptoms and/or medica-
tion in the screening questionnaire ('symptomatic
sample"), were invited to attend for a more detailed
interview-led questionnaire, blood tests for the mea-
surement of total and specific immunoglobulin (Ig)-E,
spirometry and methacholine challenge.

In this analysis, 30 study centres with stage II
questionnaire data were included (n=17,953). Centres
were located both in Europe (Belgium, Germany,
Iceland, Ireland, Italy, the Netherlands, Norway,
Spain, Sweden, Switzerland, UK), and outside
Europe (Australia, New Zealand and USA). From
1,328 subjects (7%) no information on current or last
held job was available, and for 119 additional subjects
(0.7%) information on age, smoking status or current
asthma was missing.

The selection of subjects for the present analysis
is shown in figure 1. Subjects were classified on the
basis of their current or most recent job, which had
been coded using the Office of Populations Censuses
and Surveys (OPCS)-1980 classification [16]. Four
occupational groups were identified: cleaners, workers
exposed to high MW agents, workers exposed to low
MW agents, and office workers.

Subjects with exclusively OPCS code 071-2 (includ-
ing cleaners, window cleaners and chimney and road
sweepers) were classified as cleaners. Those exposed to
high MW agents were bakers and flour confectioners,
and other food and tobacco-processing workers. The
sensitisers involved in this occupational group induce
asthma predominantly due to an IgE dependent
mechanism. Those exposed to low MW agents were
painters, hairdressers, and metal, wood, plastics and
rubber workers. Most of these agents cause asthma
through IgE-independent mechanisms [17]. Excluded
from these two groups were workers who reported a
previous job in cleaning.

Office workers were selected from professionals,
clerical and administrative workers as described
elsewhere [1]. In order to obtain an occupationally
unexposed group, subjects working in jobs with
exposure to biological dust, mineral dust, gases or
fumes according to a job exposure matrix developed
for the ECRHS [1] were excluded. Additionally,
workers in other jobs with possible exposure to
cleaning agents or other occupations with potentially

Random sample
Cleaners (n=304)
High MW (n=326)
Low MW (n=1185)

Office workers (n=8609)

Symptomatic sample
Cleaners (n=93)
High MW (n=83)
Low MW (n=198)

Office workers (n=1538)

!

!

Excluded
High MW# (n=2)
Low MW# (n=4)
Office workers' (n=4117)

Excluded
High MW# (n=2)
Low MW# (n=1)
Office workers' (n=881)

!

!

Prevalence analyses Total
(n=6301) (n=1028)
(304+324+1181+4492) (93+81+197+657)
Current asthma* Current asthma*
(n=480) (n=639)

v v

Case-case analyses
(n=1119)

Cleaners (n=101)

High MW (n=87)

Low MW (n=213)
Office workers (n=718)

Fig. 1.—Stepwise overview of selection of subjects for analyses
according to current or last held job. MW: molecular weight. ™:
workers with a history in cleaning work; *: The following office
workers were excluded: 1) workers with current exposure to
biological dust, mineral dust, or gases/fumes according to a
general job exposure matrix (n=1599+271), 2) workers with
possible exposure to cleaning agents or other jobs with potentially
asthma-related exposures (n=432+116), 3) workers who had ever
worked in a job with exposure to vapours, gas, dust or fumes
(n=2,048+467), or had ever changed or left their job because it
affected their breathing (n=38+27); *: attack of asthma in the past
12 months, and/or woken by an attack of shortness of breath.

asthma-related exposures (including medical radio-
graphers, ophtalmic and dispensing opticians, chemical
engineers, engineering technicians, technical engi-
neers, restaurateurs, shelf fillers, domestic and school
helpers, hospital ward orderlies, and care assistants)
were excluded. Finally, subjects who reported that
they had ever worked in a job with exposure to
vapours, gas, dust or fumes, or who had changed or
left a job because it affected their breathing, were also
excluded from the group of office workers.

Health outcome

All 6,940 subjects (6,301 from the random sample
and 639 from the symptomatic sample) attended
an interviewer-led questionnaire on respiratory
symptoms, medication, environmental and lifestyle
factors, and smoking habits. In addition, the majority
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provided blood samples for serum IgE analyses (n=
5,100), and underwent baseline spirometry (n=5,687)
and a methacholine bronchial hyperresponsiveness
test (n=4,923).

As in previous analyses [1], asthma was defined as
an attack of asthma in the past 12 months or having
been woken by an attack of shortness of breath at any
time in the last 12 months, or current use of asthma
medication. Chronic bronchitis was defined as cough
with phlegm on most days for as much as 3 months
each year.

Subjects performed at least three acceptable repro-
ducible lung function manoeuvres following standard
spirometry procedures [18]. The following parameters
were determined: forced expiratory volume in one
second (FEV1), forced vital capacity (FVC) and peak
expiratory flow (PEF); and the FEV1 to FVC ratio
was calculated. Chronic obstructive pulmonary dis-
ease (COPD) was defined as both an FEV1 <80% of
the sex-, age- and height-specific reference value [18,
19] and an FEV1/FVC ratio <0.7.

Methacholine challenge was carried out using a
dosimeter (Mefar, Brescia, Italy). Bronchial hyper-
responsiveness was defined as a fall of at least 20% in
FEV1 (PD20) associated with a methacholine dose of
<1 mg.

Specific serum IgE against four common environ-
mental aeroallergens (house dust mite, cat, Timothy
grass and Cladosporium herbarum) was determined
using the Pharmacia CAP System (Pharmacia Diag-
nostics, Uppsala, Sweden). Atopy was defined as a
specific IgE level >0.35 kU-L™ to at least one out
of the four allergens, previously suggested to be a
sensitive definition of atopy [20].

Statistical analysis

Two different analyses were performed. First, the
risk of asthma for cleaners, for high MW exposed
workers, and for low MW exposed workers was
evaluated using the group of office workers as a
reference category. For this analysis, 6,301 subjects of

the random sample were included (fig. 1). Odds ratios
(ORs) with 95% confidence intervals adjusted for sex,
age category, current smoking and study centre were
calculated using unconditional logistic regression
analyses. These analyses were performed after strati-
fication by sex, age group, current smoking, and
atopy. Differences in ORs between the strata were
evaluated using multiplicative interaction terms.

Second, case-case analyses were performed. This
type of analysis is typically performed to compare the
exposure status of a group of cases with the disease
under study with another group of cases with a
different disorder or a phenotypical or genotypical
variant [21, 22]. This design was used to compare
clinical, immunological and functional characteristics
of groups of cases with asthma (defined as above) with
a different exposure status. Asthma-related character-
istics were compared between cleaners, high MW
exposed workers, low MW exposed workers, and
office workers. For this analysis asthmatic subjects
from the random sample and the symptomatic sample
were joined (n=1,119). ORs of asthma-related char-
acteristics for occupational groups relative to office
workers were calculated using logistic regression
analyses as described earlier. Finally, lung function
indices were compared between the four groups of
asthmatics using linear regression analyses adjusting
for sex, age, height, smoking and study centre.

Results

The group of cleaners consisted of more females as
compared to the other occupational groups (table 1).
Workers exposed to low MW agents were predomi-
nantly males. Current smoking was more common
among groups of exposed workers as compared to
office workers. The prevalence of asthma and bron-
chial hyperresponsiveness was higher for cleaners,
while the prevalence of atopy was lower than for the
other groups. The prevalence of chronic bronchitis
was higher for all three groups of exposed workers as
compared to office workers.

Table 1.—General and respiratory health characteristics of the study population (random sample) by occupational group

Office Cleaning High MW Low MW
Total 4492 304 324 1181
Females 3008 (67.0) 254 (83.6) 164 (50.6) 180 (15.2)
Age =35 yrs 2152 (47.9) 155 (51.0) 125 (38.6) 502 (42.5)
Current smokers 1451 (32.3) 151 (49.7) 152 (46.9) 536 (45.4)
Current asthma® 308 (6.9) 43 (14.1) 35 (10.8) 94 (8.0)
Chronic bronchitis” 107 (2.4) 20 (6.6) 25 (7.7) 60 (5.1)
Bronchial hyperresponsiveness* 449 (13.7) 42 (24.3) 35 (15.0) 107 (11.9)
COPD} 61 (1.6) 8 (3.6) 11 (4.0) 27 (2.7)
Atopy® 1097 (33.3) 55 (26.7) 81 (32.8) 314 (34.5)

Data are presented as n (%) unless otherwise stated. MW: molecular weight; COPD: chronic obstructive pulmonary
disease. #: attack of asthma in the past 12 months, and/or woken by an attack of shortness of breath in the last 12 months,
and/or current use of asthma medication; T: productive cough on most days for at least 3 months each year. Missing data
for 11 subjects; *: a fall of at least 20% in forced expiratory volume in one second (FEV1) associated with a methacholine
dose of <1 mg, n=3283, 173, 233, and 897, respectively; % FEV1 <80% pred and FEVi/forced vital capacity ratio <0.7,

n=3729, 224, 274, and 1003, respectively;
respectively.

: specific immunoglobulin E to common allergens, n=3292, 206, 247, and 910,
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Table 2.-Risk for current asthma* relative to office Approximately one-half of the asthmatics had ever
workers: random population sample of 30 study centres been diagnosed with asthma by a physician, being
of the European Community Respiratory Health Survey similar for all occupational groups (table 3). Approxi-

Cleaning High MW Low MW mately 30% of the subjects who reported ever having
asthma, had their first attack of asthma at age

All 2.47 (1.7-3.6) 1.81 (1.2-2.7) 1.36 (1.0-1.8) >15 yrs. Bronchial hyperresponsiveness tended to
Females 2.53 (1.7-3.8) 1.45(0.8-2.5) 1.16 (0.7-2.0) be higher in cleaners, but the difference with office
Males 2.19 (0.9-5.5) 2.37(1.34.2) 151 (1.1-2.1) workers was not statistically significant. All exposed
Age 20~ groups suffered from tight or wheezy chest at work
Ag3e4 3y5r—s 181 (1.0-3.3) 1.35(0.8-2.3) 1.26 (0.9-1.8) more often than office workers. Cleanqrs and h@g}l

44 yrs 3.42 (2.1-5.6) 2.68 (1.5-4.8) 1.47 (1.0-2.3) MW exposed workers had more chronic bronchitis
Nonsmokers 2.28 (1.4-3.8) 1.64 (1.0-2.8) 136 (1.0-1.9)  than office workers. Chronic airflow limitation
Current occurred more frequently among high MW exposed

smokers  2.72 (1.6-4.7) 1.88 (1.0-3.5) 1.41 (0.9-2.2) workers. Atopy was less prevalent for cleaners and
Nonatopics  3.62 (2.1-6.3) 1.53 (0.8-3.1) 2.06 (1.3-3.2) workers exposed to low MW agents. The prevalence
Atopics 2.17 (1.1-4.4) 1.76 (0.9-3.4) 1.06 (0.7-1.7)*  of atopy for high MW exposed asthmatics was similar

Data are presented as odds ratios (OR) (95% confidence to that of ofﬁc.e Wor'kers.

interval), adjusted for sex, age category, current smoking Lung funqtlon in both cle':aners and workers
and study centre. In stratified analyses, ORs were adjusted exposed to high MW agents with asthma tended to
for the other listed host factors in the table, minus the  be lower than in office workers with asthma (table 4),
stratifying factor and atopy. See table 1 for n numbers. being statistically significant for the PEF. For low
MW: molecular weight. ™: attack of asthma in the past 12 MW exposed workers, lung function was not different
months, and/or woken by an attack of shortness of breath in from that for office workers.

the last 12 months, and/or current use of asthma medication.

*: p<0.05 for multiplicative interaction.

Table 4.—Case-case analyses among subjects with

. . current asthma: lung function indices in selected
The risk for asthma in the three exposed groups was occupational groups g

fairly similar for males and females, and for smokers .
and nonsmokers (table 2). Older cleaning workers and Office” Cleaning" High MW" Low MW"
older workers exposed to high MW agents tended to

have a higher risk, but the interaction with age was  Subjects n 543 82 63 179
-2 D FEVIimL 3352 -97(72) -151(83)  +37(60)
not statistically significant. Workers exposed to low FVC mL 042 50(75)  -144 (86) 13 (62)

MW agents, who showed no evidence of atopy, were  ppyypyc o, 793 -144 (1.12) -1.77 (1.27) +0.67 (0.90)
at a significantly higher risk of having asthma than PEF L-s!* 7.56 -0.57 (0.19)*-0.63 (0.22)* -0.04 (0.16)
those who were atopic (interaction p=0.01). The same
trend was found for cleaning workers, but the inte- Data are presented as mean difference between occupational
raction was not statistically significant. After addi- §/r[owup an;i Olfﬁce Woik?r;éif‘wf ‘mlgss otherwise St?ted'
tional adjustment for level of education, the ORs MW molecular We'g.t’ I lorce explra}tory volume

. o in one second; FVC: forced vital capacity; PEF: peak
shown in t(‘.lbl.e 2. decreased by.3 to SA).(results th expiratory ﬂow # mean value standardised for sex, age
shown). This indicated that socioeconomic status did  4nd height; *: values adjusted for sex, age, height, smoking
not act as a strong confounding variable within the  status and study centre; *: missing data for three subjects.
associations under study. *: p<0.05.

Table 3.—Case-case analyses among subjects with current asthma: clinical and immunological characteristics in selected
occupational groups, with adjusted odds ratios (OR) relative to office workers

Office Cleaning High MW Low MW

Prevalence %  Prevalence % OR¥*  Prevalence % OR¥®  Prevalence % OR¥

Subjects n 718 101 87 213
Physician diagnosed asthma 57.5 45.5 0.84 494 0.79 50.0 0.92
Adult onset asthma 28.0 33.7 1.53 25.3 1.22 22.1 1.27
Bronchial hyperresponsiveness™ 46.4 57.1 1.60 45.2 1.00 39.7 1.01
Chest tight/wheezy at work 26.3 48.4 2.71%* 47.6 3.11* 45.5 3.25%
Chromc bronchitis 9.1 20.8 2.14%* 19.5 2.19% 15.6 1.22
COPD 9.4 7.3 1.28 20.6 2.73* 9.5 0.82
Atopy” 60.9 38.3 0.51* 57.8 0.87 453 0.38*

MW: molecular weight. #: OR relative to office workers, adjusted for sex, age category, current smoking and study centre;
Y: first asthma attack at age 15 or onwards; ™ a fall of at least 2000 in forced expiratory volume in one second (FEV1)
assoc1ated with a methachohne dose of <1 mg, n=422+56+42+141; *: FEV1 <80% pred and FEVi/forced vital capacity
ratio <0.7, n=543482+63+179; : specific immunoglobulin E to common allergens, n=5074+81+64+161. *: p<0.05.
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Discussion

In this study no major differences in clinical, immu-
nological or functional characteristics of asthma
between cleaners and workers known to be at risk
for occupational asthma could be observed. Cleaning-
related asthma was accompanied by less atopy, more
symptoms of bronchitis and a lower lung function,
as compared to nonoccupational asthma. Asthma in
cleaning workers seemed to have similarities with that
in workers exposed to low MW agents, as well as with
workers exposed to high MW agents.

No major modification of the cleaning-related effect
on asthma was found for sex, age, or smoking. Only a
potential negative interaction of cleaning exposures
with atopy was found. This pattern was also observed
for workers exposed to low MW agents, but not for
workers with high MW exposures. This finding is in
agreement with the fact that atopic individuals are at
increased risk for asthma due to some occupational
agents that induce specific IgE antibodies [23]. For
(low MW) agents that do not induce specific IgE, the
effect modification by atopy is less clear. Interestingly,
a surveillance study on work-related asthma predo-
minantly due to unknown asthma inducers in the
USA showed that new-onset work-related asthma
cases were less likely to have a history of allergies than
cases of work-aggravated asthma [6]. The case-case
analysis in the present study confirmed that asth-
matics performing cleaning work or exposed to low
MW agents, had less atopy as compared to individuals
with nonoccupational asthma. The prevalence of
atopy for asthmatics exposed to high MW agents,
however, was similar to that for nonexposed patients.
These findings suggest that it is unlikely that IgE-
dependent mechanisms have a predominant role in
cleaning-related asthma.

In this study, it was found that asthma in cleaning
workers was accompanied by symptoms of productive
cough, pointing towards chronic bronchitis, in a
higher proportion than in office workers. This finding
agrees with an epidemiological study among female
Danish cleaners where asthma was a strong risk factor
for the development of bronchitis symptoms [13]. The
present authors speculate that regular exposure to
irritants in cleaning work may lead to mucus hyper-
secretion and to chronic productive cough, often
referred to as industrial bronchitis [24]. Although
evidence for an elevated prevalence of fixed airflow
limitation among cleaners with asthma could not be
demonstrated, spirometric indices for this group
tended to be lower as compared to asthmatics with-
out occupational exposures. Interestingly, asthmatics
exposed to high MW agents also had a lower lung
function than asthmatics employed in office work. On
the contrary, lung function in asthmatics exposed to
low MW agents was similar to that in asthmatic
office workers. It can be speculated that occupational
asthma with type I immunological mechanisms is
characterised by a different pathophysiological var-
iant than occupational asthma with other immuno-
logical mechanisms. It is also possible that due to
concomitant irritant exposures, comorbidity of chro-
nic bronchitis is more prevalent among high MW

exposed than among low MW exposed workers,
resulting in a steeper lung function decline.

The assessment of occupational exposures in this
study was performed on the basis of occupational
code only, resulting in crude estimates. Inherent to the
used coding system, cleaners, window cleaners and
chimney and road sweepers were grouped together. It
can be expected that chimney and road sweepers have
different exposures than other (indoor) cleaners. A
more detailed follow-up interview among 68 of the 91
Spanish cleaners forming part of the present analysis
[9] showed that 67 out of these 68 were indoor
cleaners, and one was a road sweeper. Although this
figure may be different in other countries within this
analysis, it is assumed that the vast majority of
‘cleaners' in this analysis performed more or less
similar cleaning tasks in buildings.

It is possible that cleaners more often reported
respiratory complaints associated with odours of the
cleaning products they use [25, 26] leading to a recall-
bias. Indeed, approximately one-half of the asthmatic
cleaners indicated work-related asthmatic symptoms,
but this was the same in other exposed workers.
Moreover, the present analyses showed that approxi-
mately one-half of the cleaners with asthmatic sym-
ptoms were ever diagnosed as having asthma, which
was comparable with nonexposed asthmatics. Thus,
recall bias probably did not play a major role in this
study.

The present study was not able to assess the role of
specific characteristics of the cleaning job. It would
have been interesting to know differences between the
location of cleaning work, cleaning activities and used
products. A Spanish analysis within the ECRHS sug-
gested that the excess risk for asthma was predomi-
nantly attributable to domestic cleaning [9]. A Finnish
study showed that asthma incidence was highest
among cleaners employed in the manufacture of
basic metals and food products [3].

Cleaners were compared with workers exposed to
high MW agents, and other workers exposed to low
MW agents. In many settings, cleaners are probably
exposed to a mixture of high MW agents, low MW
agents, and irritants [4, 5]. However, comparing
cleaners with a group with undefined mixed occupa-
tional exposures would have been difficult to inter-
pret. Another limitation of this study was that year of
asthma onset and start of the cleaning job could not
be compared. This would have enabled a more specific
analysis of work-related asthma.

In conclusion, asthma in cleaning workers showed
many similarities with asthma in jobs known to be at
risk for occupational asthma. Atopy did not seem to
play an important role in cleaning-related asthma,
which has also been observed for workers exposed to
low molecular weight agents. Cleaning workers with
asthma showed an excess prevalence of chronic bron-
chitis. A follow-up of this population is currently
underway and will help evaluate specific risk factors
for asthma in this workforce of cleaners. Further
studies should focus on the identification of (chemical)
exposures including irritants, specific sensitisation to
cleaning agents, and clinical diagnosis of cases.
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