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Abstract
Objectives—To study the role of individual
and occupational risk factors for asthma
in furniture workers.
Methods—296 workers were examined
(258 men, 38 women) with a questionnaire
of respiratory symptoms and diseases,
baseline spirometry, bronchial provoca-
tive test with methacholine, and skin prick
tests. Non-specific bronchial hyperreac-
tivity was defined as when a provocative
dose with a fall of 20% in forced expiratory
volume in 1 second (PD20FEV1) was < 0.8
mg and atopy in the presence of at least
one positive response to skin prick tests.
Workers were subdivided into spray paint-
ers (exposed to low concentrations of
diisocyanates and solvents), woodworkers
(exposed to wood dusts), and assemblers
(control group).
Results—The prevalences of attacks of
shortness of breath with wheezing and
dyspnoea were higher in spray painters
(13.5% and 11.5% respectively) than in
woodworkers (7.7% and 6.3%) or in as-
semblers (1.6% and 1.6%); prevalences of
chronic cough, asthma, and rhinitis were
also slightly but not significantly higher in
spray painters and in woodworkers than in
assemblers. The diVerence in the preva-
lence of respiratory symptoms among the
job titles was due to the atopic subjects,
who showed a higher prevalence of
chronic cough, wheeze, shortness of
breath with wheeze, dyspnoea, and
asthma in spray painters than in the other
groups. The prevalence of non-specific
bronchial hyperreactivity in subjects who
performed bronchial provocative tests was
17.7%, with no significant diVerence
among groups. Asthma symptoms were
significantly associated with non-specific
bronchial hyperreactivity. Asthma-like
symptoms plus non-specific bronchial
hyperreactivity was found in 4% of assem-
blers, 10% of woodworkers, and 13.3% of
spray painters (÷2=2.6, NS). Multiple lo-
gistic analysis taking into account indi-
vidual (smoke, atopy, age) and
occupational (job titles) risk factors con-
firmed that spray painters had higher
prevalence of chronic cough than assem-
blers, and a trend in increasing the preva-
lence of shortness of breath with wheeze,
dyspnoea, and asthma.
Conclusions—Painters in the furniture
industry, particularly atopic subjects, are

at higher risk of asthma-like symptoms
than other job titles. In these workers
asthma-like symptoms are more sensitive
than non-specific bronchial hyperreactiv-
ity in detecting a negative eVect of the
occupational exposure.
(Occup Environ Med 1998;55:786–791)
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Exposure to irritants or sensitisers in the work-
place can cause respiratory symptoms and
bronchoconstriction by diVerent pathophysi-
ological mechanisms.1 Several types of occupa-
tional exposure are important determinants of
asthma,2 but unfortunately there are few stud-
ies relating occupational risks with occurrence
of asthma for several areas of employment and
jobs. Epidemiological studies on the general
population have shown that only a small group
of working categories are at significant risk for
occupational asthma.3

Furniture workers are exposed to several
sensitisers or irritants—such as isocyanate
vapours, wood dusts, and other chemicals (sol-
vents, paints, phenol-formaldehyde resin
dusts)—which may induce asthma; despite
these data, studies and epidemiological re-
search on respiratory eVects in furniture work-
ers are limited.4 5

Important environmental risk factors for
occupational asthma are the level and the
duration of exposure to specific agents in the
workplace. Some studies have reported a
correlation between these risk factors and indi-
cators of occupational asthma.6 7 Predisposing
host factors need to be considered in the
pathogenesis of occupational asthma—such as
atopy, tobacco smoke, and non-specific bron-
chial hyperreactivity. Atopy is a risk factor for
sensitisation to high molecular weight com-
pounds, although its predictive value is low.8

The eVect of smoking is variable: it seems to
interact with atopy and predisposes to sensiti-
sation to high molecular weight compounds.9

Bronchial hyperreactivity often follows the
development of occupational asthma,10 and
there is no clear evidence that it can predispose
subjects to sensitisation to occupational com-
pounds.

Bronchial hyperreactivity may be considered
the expression of the interaction between indi-
vidual characteristics and exposure to diVerent
environmental factors, including occupational
risks.11 However, Kremer et al12 reported that
the association between exposure to irritants
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and respiratory symptoms was smaller for sub-
jects with airway hyperreactivity than for
subjects with normal airway responsiveness.
Previous findings showed that bronchial hyper-
reactivity is not more sensitive that symptoms
or forced expiratory volume in 1 second
(FEV1) in detecting pulmonary eVects of occu-
pational exposure,13 suggesting that bronchial
hyperreactivity in epidemiological surveys is of
limited value in identifying subjects with
asthma. Our objective was to examine the
prevalence and the distribution of chronic res-
piratory symptoms, level of lung function, and
bronchial hyperresponsiveness to metha-
choline in a sample of furniture workers, and to
identify the individual and occupational risk
factors associated with the occurrence of
symptoms of asthma and bronchial hyperreac-
tivity.

Methods
STUDY DESIGN

All the furniture plants of an industrial district
close to Pisa were subdivided into categories
according to the number of the employees and
a randomised sample of these plants was
selected to obtain a consistent number of
workers in each category. This sample was rep-
resentative of the workers employed in the fur-
niture industry of this area (about 600 plants
employing 2200 workers), was stratified by the
size of the plant, and 258 men and 38 women
out of the 320 selected workers (92.5%) took
part to this cross sectional study.

STUDY POPULATION AND EXPOSURE GROUPS

The current exposure of the examined subjects
was characterised on the basis of job titles and
working department at the time of the survey.

DiVerent work categories were considered
and at least three environmental measurements
with personal samples were available for each
plant from people with diVerent job titles.
Gravimetric air sampling for total dusts was
carried out. The sampling rate was about 3
l/min, and the minimum sampling duration
was 5 hours. Most environmental measure-
ments of exposure to toluene diisocyanate were
collected with a toluene diisocyanate detector
(continuous diisocyanates monitor, series
7100, MDA Scientific) placed near the opera-
tor (1–1.5 metres); the minimum sampling
duration was 30 minutes. The concentration of
solvents was recorded with Draeger vials.

The presence of ventilation was examined,
and ventilation systems (system built specially
for a technological cycle, forced general
ventilation) or the use of personal protective
equipment were recorded in the various plants.
They were limited to some specific job tasks—
such as spraying.

On the basis of job titles, the workers were
divided into three groups:

Woodworkers
This group consisted of workers with exposure
only to wood dust in furniture manufacturing
(sawyers, carvers, cutters, and sanders). They
were exposed to wood dust (mainly non-exotic
woods—such as pine and beech. Personal sam-

pling during some representative jobs showed
weighted average concentrations of environ-
mental particulate ranging from 0.11 to 9.0
mg/m3 (mean (SD) 3.56 (2.7) mg/m3, geomet-
ric mean: 2.72 mg/m3, n=17).

Spray painters
This group consisted of workers employed in
the finishing rooms, exposed to solvents and
diisocyanate vapours but not to dusts. Moni-
toring of personal exposure to solvents showed
weighted average concentrations of solvent
vapours ranging from 1/50 to 1/2 of the thresh-
old limit value (TLV) (n=23). Toluene diisocy-
anate vapours showed a weighted average con-
centration ranging from 0.01 to 17 ppb (mean
(SD) 1.23 (1.6) ppb, geometric mean: 0.65
ppb, n=16).

Assemblers
This reference group consisted of workers
employed in the assembling of the furniture,
unexposed to either wood dust or finishes.
None of them had previously worked in other
jobs in the same or in previous furniture plants
for >6 months.

QUESTIONNAIRE

Data on smoking, occupational risk factors,
respiratory symptoms, and diseases were col-
lected by trained interviewers with a modified
Italian version of the standard National Heart
and Lung Institute questionnaire (National
Research Council questionnaire).14 It contains
questions concerning respiratory symptoms,
diseases, and risk factors.

Non-smokers were defined as those who had
never smoked regularly. Smokers were those
who were currently smoking at least one
cigarette daily. Ex-smokers included those who
had formerly smoked regularly, at least 6
months before the examination.

The following symptoms were considered
for analysis and were taken into account if the
diagnosis was confirmed by a physician:
chronic cough (or phlegm), defined as cough
(or phlegm) for as much as 3 months of the
year for at least 2 years; wheeze, defined as
wheeze apart from the common cold; dys-
pnoea, defined as for shortness of breath (grade
>1); shortness of breath with wheeze, defined
as any attack of shortness of breath with
wheeze, apart from the common cold; allergic
rhinitis, defined as hay fever or any allergy
making the nose runny or stuVy, apart from the
common cold; chronic bronchitis, defined with
aYrmative answer to the question “Have you
brought up phlegm from your chest on most
days for >3 consecutive months in the past 2
years ?”; and emphysema and asthma, defined
with aYrmative answer to the question “Have
you ever had emphysema (or asthma)?”

SPIROMETRY

Spirometry was performed with a water sealed
bell spirometer (Biomedin Alta 2, Padova,
Italy) connected to a personal computer,
according to the standard criteria.15 A mini-
mum of three satisfactory forced expiratory
manoeuvres was required of each subject. A
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satisfactory test required that the forced vital
capacity (FVC) and FEV1 of two manoeuvres
was reproducible within 5%. Analyses were
performed on the largest FVC and FEV1

expressed as percentage of the predicted
value.16

BRONCHIAL PROVOCATIVE TEST WITH

METHACHOLINE

The test was performed on a working day, usu-
ally at the end of the workshift, and when base-
line FEV1 was >70% of the predicted value,
according to the method previously described17

with methacholine solution (0.4 and 4% wt/vol
in phosphate buVer solution). Methacholine
was delivered by a DeVilbiss 646 jet nebuliser
(DeVilbiss, Somerset, PA, USA) connected to
a dosimeter driven by compressed air (Pas-
serini, Pontedera, Italy). The nebuliser was
filled with 3 ml methacholine solution or dilu-
ent control. Phosphate buVered saline was
inhaled first, followed every 2 minutes by
methacholine inhalations in increasing doses.
Two diVerent protocols of methacholine inha-
lation were used: (a) in subjects without
current or previous asthma symptoms (wheez-
ing or asthma), methacholine concentration
was 4% wt/vol (short protocol); the number of
inhalations at each subsequent step was:
1+1+2+4, and the cumulative doses were
respectively 0.4, 0.8, 1.6, and 3.2 mg metha-
choline; (b) in subjects with current or previous
asthma symptoms, a full protocol with two
methacholine concentrations (0.4 and 4%
wt/vol) was used; the number of inhalations at
each subsequent step were methacholine 0.4%:
1+2+3+4; with methacholine 4%: 1+2+4; and
the cumulative doses were: 0.04, 0.12, 0.24,
0.4, 0.8, 1.6, and 3.2 mg methacholine. The
FEV1 was measured 2 minutes after each series
of methacholine inhalation until it fell >20%
below the control value. Methacholine respon-
siveness was expressed as the cumulative dose
producing a 20% FEV1 fall from the baseline
value (PD20FEV1), and as the slope of the
dose-response curve calculated as a percentage
fall in FEV1 at the last dose divided by the total
dose given.18

SKIN PRICK TEST

Skin testing was performed with a panel of 11
common allergens including mites, pollens,
moulds, and danders. The results were evalu-
ated after 20 minutes with measurement of the
mean wheal diameter minus the negative
control. The presence of a wheal to one or
more of the allergens >3 mm was considered as
an evidence of atopy.19

DATA ANALYSIS

Prevalence of respiratory symptoms and dis-
eases are reported as percentages. FVC, FEV1,

and slope of the dose-response curve of metha-
choline challenge are expressed as mean (SD).

The response to the bronchial provocative
test with methacholine was expressed as diVer-
ent categories of PD20FEV1 methacholine: (a)
<0.8 mg (non-specific bronchial hyperreactiv-
ity; (b) 0.8-3.2 mg (intermediate reactivity); (c)
>3.2 mg—that is, no positive response after the

highest dose of inhaled methacholine (no reac-
tivity). These cut oV limits were derived from a
study performed in a sample of the general
population and were calculated by discrimi-
nant analysis of the response to the challenge in
normal subjects and in the asthmatic group.20

The normal cut oV limit for asthma was 0.8 mg
PD20FEV1 methacholine.

Statistical significance of the unadjusted dif-
ferences in prevalence of symptoms and bron-
chial hyperreactivity between groups in contin-
gency tables was assessed by ÷2 analysis. A p
value <0.05 was considered significant, and a p
value 0.1–0.05 was considered suggestive of a
trend. The diVerence in FVC and FEV1 (% of
the predicted value) and in the slope of the
methacholine dose-response curve among dif-
ferent groups of exposure were tested by analy-
sis of variance (ANOVA), and a p value <0.05
was considered significant.

Logistic regression was used to analyse the
influence of some confounding factors (age,
duration of exposure, smoking, atopy) on the
prevalence of respiratory symptoms and abnor-
mal pulmonary functions (FEV1 and PD20FEV1

methacholine) in spray painters or in wood-
workers in comparison with assemblers. The
results are given in terms of odds ratios (ORs)
with 95% confidence intervals (95% CIs).
Dependent and independent variables were
binary (0=absence, 1=presence of the condi-
tion). Continuous variables (age, duration of
exposure, FEV1) were transformed into cat-
egorical variables with the quartile distribution
obtained from all subjects; in particular, the
highest quartile (for age and duration of expo-
sure) or the lowest quartile (for FEV1) was
associated with the presence of the condition.

Results
We examined 296 workers (258 men; 38
women). Except for smoking habit, there were
no significant diVerences in the main charac-
teristics and in the prevalence of respiratory
symptoms between men and women, although
most chronic symptoms were reported in
higher proportion in women than in men—for
example, chronic cough: 6.5% in men, 12.5%
in women (p=0.08). Because of the low
number of women, the analyses were done on
men only.

Stratifying by job titles, prevalence rates of
shortness of breath with wheeze and dyspnoea
were higher in spray painters than in the other
groups with diVerent job exposure (table 1).
Prevalences of chronic cough, asthma, and
rhinitis were also slightly but not significantly
higher in spray painters and in woodworkers
than in assemblers. There were no diVerences
in mean age, distribution of smoking habit,
duration of employment, and prevalence of
other respiratory symptoms and diseases.
Atopy was found more often in woodworkers,
but the diVerence was not significant.

The diVerence in the prevalence of respira-
tory symptoms among the diVerent job titles
was due to the atopic subjects, who showed a
higher prevalence of chronic cough, wheeze,
shortness of breath with wheeze, dyspnoea, and
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asthma in spray painters with respect to the
other groups. In non-atopic subjects, no
significant diVerence among groups was found
(table 2).

Mean values of FVC and FEV1 were normal
and similar among groups with diVerent work
exposure.

Out of 258 male workers 206 (79.8%)
performed a bronchial provocative test with
methacholine. Of the remaining 52 subjects,
the test was not done because of low FEV1

value (n=7), refuse to perform the test (n=23),
current infectious respiratory diseases (n=20),
regular bronchodilator treatment (n=2). The
prevalence of bronchial hyperreactivity

(PD20FEV1 methacholine <0.8 mg) in subjects
who performed the bronchial provocative test
was 17.7%. Symptoms suggestive of asthma
(chronic cough, wheeze, attack of shortness of
breath) were, not surprisingly, significantly
associated with bronchial hyperreactivity (table
3). There was no diVerence in the distribution
of bronchial reactivity categories among groups
with diVerent work exposure (% of subjects
with bronchial hyperreactivity: 20.0 in assem-
blers,15.5 in woodworkers, and 22.2 in spray
painters) and mean (SD) values of the slope of
the dose-response curve to methacholine were
similar in diVerent groups (6.5 (6.9) in assem-
blers, 5.6 (6.7) in woodworkers, 5.7 (6.5) in
spray painters, p=0.2 by ANOVA).

When subjects who showed asthma-like
symptoms (wheeze, shortness of breath with
wheeze, or asthma) plus bronchial hyperreac-
tivity (PD20FEV1 methacholine <0.8 mg) were
considered, the prevalence was 4%, 10%, and
13.3% in assemblers, woodworkers, and spray
painters respectively (÷2 test 2.6, NS).

To estimate the association of the various job
titles with the presence of respiratory symp-
toms, taking into account several confounding
factors, multiple logistic regression analysis
with simultaneous adjustment for age, duration
of exposure, smoking, and atopy (dependent
variables) was used. Chronic cough was signifi-
cantly associated with spray painting, when
corrected by individual risk factors (table 4),
whereas shortness of breath with wheeze, dys-
pnoea, and asthma showed a trend towards an
increase in spray painters with respect to
assemblers. Atopy was associated with symp-
toms of asthma (OR 19.4, p<0.001), and
smoking with chronic cough, chronic phlegm,
and wheeze (OR 18.3, p=0.05; OR 5.1,
p<0.05; OR 2.5, p<0.05, respectively). No dif-
ference in the prevalence of respiratory symp-
toms was found among groups of exposure
when bronchial hyperreactivity (PD20FEV1 cat-
egories or slope of the dose-response curve)
was included in the analysis as a dependent
variable.

Table 1 Main characteristics and prevalence of respiratory symptoms in the examined male workers stratified by exposure
group

Assemblers Woodworkers Spray painters

n 63 143 52
Age (y, mean (SD)) 38 (12.1) 38.5 (11.3) 40.5 (11.8)
Length of employment (y, mean (SD)) 20.16 (13.4) 18.2 (11.9) 20.4 (11.8)

<20 y (%) 47.1 53.5 46.9
>20 y (%) 52.9 46.5 53.1

Smoking habit (%):
Non-smokers 28.6 29.6 44.2
Ex-smokers 22.2 28.2 17.3
Smokers 49.2 42.3 38.5

Atopy (%) 19 31.9 15.4
Chronic cough (%) 1.6 9.7 5.8
Chronic phlegm (%) 6.3 9.7 5.8
Any wheeze (%) 19.4 27.5 26.9
Any SOBWHZ (%) 1.6 7.7 13.5*
Dyspnoea (%) 1.6 6.3 11.5*
Rhinitis (%) 3.2 14 11.5
Chronic bronchitis (%) — 1.4 2.0
Emphysema (%) 1.6 2.9 0
Asthma (%) 1.6 7.7 9.6
FVC (% predicted, mean (SD)) 98.9 (15.1) 98.7 (14.3) 100.2 (14.1)
FEV1 (% predicted, mean (SD)) 106.8 (18.0) 105.9 (19.0) 105.8 (18.5)

*p<0.05 among diVerent job titles by ÷2 test.
SOBWHZ=shortness of breath with wheeze.

Table 2 Prevalence of respiratory symptoms among the diVerent job titles in atopic and
non-atopic subjects

Assemblers Woodworkers
Spray
painters

Atopic subjects:
n 12 45 8
Chronic cough (%) 0 4.4 50**
Chronic phlegm (%) 0 8.7 0
Any wheeze (%) 8.3 42.2 50**
Any SOBWHZ (%) 0 13.3 62.5**
Dyspnoea (%) 8.3 6.5 37.5*
Asthma (%) 0 15.5 50*

Non-atopic subjects:
n 51 98 44
Chronic cough (%) 5.9 6.1 22.7
Chronic phlegm (%) 5.8 10.2 6.8
Any wheeze (%) 22 20.6 22.7
Any SOBWHZ %) 2 5.1 4.5
Dyspnea (%) 2 5.1 4.5
Asthma (%) 2 4.0 2.3

**p<0.001; *p<0.01 among diVerent job titles by ÷2 test.
SOBWHZ=shortness of breath with wheeze.

Table 3 Prevalence of respiratory symptoms in groups of furniture workers with diVerent
degree of non-specific bronchial responsiveness (NSBH)

PD20FEV1 Methacholine (mg)

<0.8 0.8–3.2 >3.2

n 36 45 125
Chronic cough (%) 18.8 10.8 3.2*
Chronic phlegm (%) 18.8 10.8 6.5
Any wheeze (%) 53.3 32.4 18.3*
Any SOBWHZ (%) 13.3 16.2 1.9*
Dyspnoea (%) 0 16.2 4.5

*p<0.05 among groups of airway responsiveness by ÷2 test.
SOBWHZ=shortness of breath with wheeze.
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Discussion
Our results indicate that spray painters in the
furniture industry are at higher risk for chronic
respiratory symptoms suggestive of asthma
than other job titles, particularly in atopic sub-
jects. When other individual risk factors were
taken into account, spray painters showed a
significantly higher prevalence of chronic
cough, and a trend to show higher prevalence
of attacks of shortness of breath, dyspnoea, and
asthma, than the reference group of assem-
blers.

Few data on asthma-like symptoms in spray
painters of the furniture industry have been
published. Previous papers reported a higher
risk of asthma attributable to occupational
exposure in spray painters,21 but these subjects
were exposed to diVerent chemical com-
pounds. In a cross sectional epidemiological
study in a sample of furniture workers exposed
to isocyanate paints,5 the risk of asthma in the
exposed group was almost five times the risk in
non-exposed subjects. On the other hand, epi-
demiology of asthma symptoms in workers
exposed to isocyanates has been extensively
reported22; in these cases, the prevalence of
asthma-like symptoms was similar to that
found in our group of furniture spray painters.
Concentrations of various chemical com-
pounds in the spray painting area of the furni-
ture industry that we studied were lower than
the threshold limit values both for isocyanates
and solvents. However, we are not aware of the
concentrations of these compounds in the pre-
vious years.23

Other papers have focused on the exposure
to wood dust in furniture workers,4 showing a
negative eVect of dust exposure on respiratory
symptoms and pulmonary function. Occupa-
tional exposure to western red cedar dust has
been proved to be associated with higher
prevalence of respiratory symptoms and pul-
monary impairment.24 In our study, woodwork-
ers did not show a significantly diVerent preva-
lence of respiratory symptoms than the
assemblers, despite the wide range of occupa-
tional exposure to dust. This fact could be
ascribed to the type of the wood (non-exotic v
exotic wood) used in the furniture industry or
to the lack of measurements on the respirable
fraction of the wood dusts which limits a full
evaluation of the respiratory risk in this group
of workers.

Individual risk factors represent additional
risk factors for respiratory disorders in these

workers. Atopy was associated with symptoms
of asthma, whereas smoking was significantly
associated with chronic cough, chronic
phlegm, and wheeze. Assessment of atopy of
subjects in studies of occupational asthma is
relevant as atopic subjects are more prone to
sensitisation by high molecular weight
agents,25 26 although the positive predictive
value in occupational asthma is generally
low.25 27 It is of interest that atopic spray paint-
ers reported higher prevalences of respiratory
symptoms than atopic assemblers, and that this
diVerence disappeared when non-atopic sub-
jects were considered. Atopy has not been con-
sidered an important risk factor for occupa-
tional asthma in workers exposed to simple
chemicals—such as isocyanate—but this fact
has not been supported by epidemiological
data.28

Workers with higher occupational risk dif-
fered from non-exposed subjects by asthma-
like symptoms and not by the prevalence of
bronchial hyperreactivity. Questionnaires given
by trained physicians have been proved to have
variable sensitivity and low specificity in
predicting asthma or occupational asthma.
Enarson et al13 studied the association between
the degree of non-specific bronchial hyperreac-
tivity with various definitions of asthma and
asthma-like symptoms, and found that
measurement of non-specific bronchial hyper-
reactivity by itself is of limited value in
identifying subjects with asthma; symptoms
most suggestive of asthma were, not surpris-
ingly, most closely associated with bronchial
hyperexcitability. Furthermore, bronchial hy-
perresponsiveness did not seem to add infor-
mation to the data from the questionnaire or
FEV1 in the evaluation of the risk factors for
respiratory disorders,24 29 and other studies do
not provide support for the hypothesis that
bronchial responsiveness alone may be an
identifying feature of a more susceptible group
of workers.11

In our experience non-specific bronchial
hyperreactivity did not distinguish between
diVerent job titles, and when it was included in
the logistic analysis as a dependent variable, no
significant association between work exposure
and asthma symptoms was detected. This
lower potency of bronchial hyperreactivity than
asthma-like symptoms in detecting the eVect of
occupational exposure could be due to several
confounding factors. Firstly, the prevalence of
atopy in the workers examined seemed some-

Table 4 Estimated ORs (95% CIs) for the prevalence of respiratory symptoms and functional abnormalities by job titles:
reference category was assemblers (other variables included in the analysis were: age, duration of occupational exposure,
atopy, and smoking habit (current smokers + ex-smokers v non-smokers)

Woodworkers Spray painters

OR 95% CI p Value OR 95% CI pValue

Chronic cough 1.5 (0.4 to 6.6) NS 4.3 (0.9 to 19.7) <0.05
Chronic phlegm 3.4 (0.9 to 13.1) 0.07 1.9 (0.4 to 9.4) NS
Any wheeze 1.3 (0.6 to 3.1) NS 1.2 (0.4 to 3.2) NS
Any SOBWHZ 3.1 (0.4 to 29.0) NS 7.4 (0.8 to 70.3) 0.07
Dyspnoea 3.0 (0.4 to 29.9) NS 6.6 (0.7 to 66.7) 0.09
Asthma 3.7 (0.5 to 35.6) NS 6.0 (0.7 to 60.5) NS
FEV1 <89.4% 0.5 (0.2 to 1.9) NS 0.7 (0.2 to 3.1) NS
PD20FEV1 <0.8 mg 0.6 (0.3 to 1.6) NS 1.2 (0.5 to 3.6) NS

SOBWHZ=shortness of breath with wheeze.
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times to be lower than in the general popula-
tion, although no significant diVerence was
found among groups with diVerent job titles.
This fact could indicate some selection of the
workers, with susceptible subjects having
moved to diVerent work categories. Secondly,
hyperreactive subjects could have been moved
from a working area at higher risk to another
with lower risk. All subjects we examined had
worked out of the present working area for <6
months, and this seems negligible in compari-
son with the long duration of employment
(about 20 years). Symptoms could be reported
more often by spray painters because they were
aware of their exposure to some occupational
respiratory risks. However, the association of
asthma-like symptoms and bronchial hyperre-
activity showed a trend to increase from
assemblers to spray painters, although the dif-
ference was not significant. Finally, the size of
our sample could be too small to detect a
significant diVerence in bronchial hyperreactiv-
ity between workers with diVerent job expo-
sure. Other authors have studied groups of
workers with the same job exposure profile and
similar or lower group sizes than our
workers,12 31 and some of them found signifi-
cant diVerences among groups. However, the
exclusion of subjects with respiratory abnor-
malities from the work place (the so called
healthy worker eVect) and the small sample size
could have determined a low potency of the
study in detecting more relevant diVerences
among groups with diVerent work exposure.

The aim of our study was not to evaluate the
prevalence of occupational asthma, because no
assessment was performed of specific sensitisa-
tion to occupational compounds or any rela-
tion between symptoms and specific occupa-
tional exposure—for example, by monitoring
peak expiratory flow. In two subjects only
occupational asthma had been previously diag-
nosed; these two subjects were under regular
treatment with antiasthma drugs, and they did
not perform a methacholine challenge. They
were not included in the analysis of bronchial
hyperreactivity.

The FEV1 and FVC were not diVerent
among groups of diVerent job titles. This
showed a lower sensitivity than symptoms in
detecting the eVect of occupational exposure.
This finding has been already reported,12 30 and
it could be ascribed to a biological eVect of the
inhaled irritants on the airways without a
chronic persistent change in pulmonary func-
tion.

In conclusion, we showed that painters in the
furniture industry particularly those with
atopy, are at higher risk of asthma-like
symptoms than are men with other jobs. In this
group of workers, non-specific bronchial hy-
perreactivity does not seem to add further
information to the data gained from the
questionnaire in the evaluation of the risk fac-
tors for respiratory disorders.
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