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Abstract

Background 1In asthmatics, a rapid decline in pulmonary
function is observed, likely as a consequence of airways
remodeling. Persistence of allergen exposure in patients
with occupational asthma (OA) maintains chronic bron-
chial inflammation, resulting in a more severe lung function
decline. Few studies were performed on the effects of aller-
gen exposure cessation.

Objective This study aims at evaluating the influence of
allergen exposure cessation on respiratory decline in aller-
gic asthmatic workers.

Methods Two groups of workers with allergic OA were
selected. The first group (30 workers) changed job after the
diagnosis and was no more exposed to sensitizing aller-
gens, and the second group (28 subjects) did not and, as a
consequence of preventive measures in the work place, was
exposed to a lower level of allergens. All were treated with
conventional therapy, according to GINA protocols. FEV1
changes during a 12-year period were evaluated.

Results Despite pharmacological therapy, the pulmonary
function decay slope was steeper in workers continuously
exposed to the sensitizing agent (even at reduced level)
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than in those with a complete cessation of exposure: final
FEV1 loss was 512.5 + 180 ml versus 332.5 £+ 108 ml,
respectively. The difference became significant after
4 years from the cessation of the exposure.

Conclusions The study shows that the cessation of the
exposure to allergen in the work place appears the most
effective measure in limiting pulmonary function decline in
asthmatic workers and underlines the importance of allergic
risk assessment and control in the management of occupa-
tional asthma.

Keywords Occupational asthma - Allergen exposure -
Lung function decline - FEV1

Introduction

There is a firm evidence basis for the usefulness of preven-
tion measures in reducing onset and progression of occupa-
tional asthma (OA). Such measures comprehend primary
prevention, which remains the main goal of occupational
medicine, secondary prevention, which aimed at identify-
ing early evidence of subclinical disease so that avoidance
actions may be implemented before overt disease develops,
and tertiary prevention, which attempts to minimize disease
progression due to the workplace environment. In all
phases, early cessation from causative exposure is the most
important measure. In fact, the prognosis of occupational
asthma depends primarily on the cessation of exposure to
the offending agent and the duration of exposure to sensitiz-
ers other than the severity of asthma when diagnosed
(Nicholson et al. 2005; Tarlo and Liss 2005; Dykewicz
2009).

Asthma progression is characterized by loss of lung
function over time that has been reported in patients with
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asthma in longitudinal prospective and retrospective studies
even if not fully explained (Sears et al. 2003; Covar et al.
2004). The reported decline in FEV1 ranges from 38 to
110 ml/year in asthmatics compared with 22 ml/year in
normal individuals (Lange et al. 1998), but an accelerated
decline in lung function occurs in some patients (O’Byrne
et al. 2009). Risk factors for this condition include young
age, longer duration of disease, black ethnicity, more prom-
inent eosinophilic airway inflammation, asthma exacerba-
tions, and smoking (Bai et al. 2007; Covar et al. 2004; Lee
et al. 2007; O’Byrne et al. 2009). Moreover, the frequency
of acute severe exacerbations has been associated with a
more rapid decline in FEV1 in patients with chronic
obstructive pulmonary disease (Donaldson et al. 2002).

However, accelerated decline is not invariable. Many
asthmatics retain normal or close-to-normal lung function
throughout life, showing reversibility from acute worsening
and return to previous function. Conversely, some patients
develop “irreversible” asthma, as seen in population-based
studies (Peat et al. 1987) and in specialist-treated patients
whose obstruction persisted despite bronchodilators and
oral corticosteroids (Brown etal. 1984). In the Ilatter
patients, lung function decreased with age and with dura-
tion and severity of asthma leading to a progressive loss of
function that can be inexorable despite aggressive therapy.

It has been shown that atopy is a factor for an acceler-
ated decline in lung function. In occupational asthma, con-
tinued exposure to the causative agent is recognized as
associated with a poorer outcome (Mapp etal. 2005).
Anees et al. (2000) reported a greater decline in lung func-
tion in asthmatic workers during the periods of exposure
than after removal of allergens in the workplace. Further-
more, longitudinal studies of patients with OA continue to
show that timely removal from exposure leads to the best
prognosis (Dykewicz 2009).

In the present study, we aimed at comparing the rate of
decline in lung function between two groups of asthmatic
workers in a 12-year functional survey: the first group was
able to change work and to avoid the exposure after asthma
diagnosis, and the second group included workers unable to
avoid exposure to causative allergens.

Patients and methods

The study includes 58 outpatients who referred to our cen-
ter for a personal history of occupational asthma, confirmed
by clinical and functional assessment as defined by the
American Thoracic Society criteria (ATS Board 1987).
Demographic and clinical characteristics of the enrolled
subjects are listed in Table 1.

We included in the study all allergic asthmatic workers
evaluated during the triennium 1995-1997. Exclusion
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Table 1 Anthropometric, clinical, and pulmonary function at enroll-
ment

Group A Group B
(n 30) (n 28)
Age (years) 38.1£124 37.0£ 14.8
Disease duration before 6.5 (2-18) 6.8 (1-16)
diagnosis (years)
Ex-smokers/no-smokers 18/12 12/16
Baseline FEV1, % of predicted 927 £ 144 945+ 17.8

No statistically significant difference between group A and group B
(ANOVA, #” test)

criteria were presence of other chronic pathologies and the
concomitant allergy to non-occupational allergens. The
study was conducted in agreement with the occupational
doctors of the companies where workers were employed,
and the absolute mandatory of medical controls over the
years guaranteed participation of all subjects. Only three
patients were lost during the study: 2 of group B that died
for cancer 2 years after the beginning of the study and 1 of
group A that emigrated to a different region. Their data
were removed from the evaluations.

Diagnostic testing included spirometry (Vmax 20C, Sen-
sormedics, Milan, Italy), complying with the American
Thoracic Society criteria for reproducibility, skin prick test,
allergen-specific IgE, and bronchial-specific challenge.
Blood tests to evaluate kidney and liver function, blood cell
count, and serum immunoglobulins at the moment of
recruitment were within normal range in all patients. The
patients were monitored for 12 years and were treated
according to asthma severity, complying with GINA guide-
lines published over the years (http://www.ginasthma.com).
Pharmacological treatments varied according to asthma
severity and symptoms control, and inhaled steroid dose
was on average higher in workers exposed to the causative
allergen.

Among the 58 subjects that were included in the study,
we identified two groups. The first (group A) consisted of
30 workers with OA that were able to find a new job after
the diagnosis of allergic occupational asthma was made and
were no more exposed to sensitizing allergens. In this
group, 8 subjects were sensitized to latex, 5 to oriental tree
wood (Manzonia wood and red cedar), 2 to gluteraldehyde,
3 were veterinarians who proved to be allergic to cat epithe-
lium, and 12 were bakers sensitized to wheat flour.

The second group (group B) consisted of 28 patients
who were unable to change occupation. In this latter subset,
18 subjects proved to be allergic to latex and 10 were bak-
ers allergic to wheat flour. Preventive measures were
adopted in their working environment to reduce allergen
exposure, but this was not completely discontinued. Health
personnel were provided with latex-free gloves, but their
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environment was not latex safe, because of lack of applica-
tion of the same rule for all employees and for adjacent
units. Bakers made use of some paper masks (inadequate to
the purpose of limiting allergen inhalation), and even if the
majority of them was switched the selling sectors, the con-
tiguity with the other working environments made impossi-
ble to completely avoid allergen exposure.

All workers were symptomatic before the start our sur-
vey, group A for an average of 6.5 (range 2—18) years and
group B for an average of 6.8 (range 1-16) years
(Table 1).

Pulmonary function tests and follow-up

The follow-up of patients consisted in clinical assessment
and spirometry (Vmax, Sensormedics, Milan, Italy) per-
formed every 3 months for the first 2 years and then every
6 months. After 12 years of observation, decline of lung
function was detected and decay slopes were constructed
for each group. FEV1, which has been recommended as a
simple and reproducible test for assessing bronchial
response to occupational and pharmacological agents, was
used to evaluate the decline in lung function.

FEV1 detected at the diagnosis was defined as the base-
line value and expressed both as absolute value and as a
percentage of the predicted value (baseline FEV1 and
FEV1%). FEV1% predicted was calculated on the basis of
the equations by Quanjer PhH (1983). During the follow-
up, the highest FEV1 of a maximum of 5 technically
acceptable maneuvers was recorded, according to the ATS
criteria for reproducibility (1987). The best FEV1 measure
in each 6-month period was selected for analysis, so that
individual FEV1 decay slopes were computed on two
FEV1 measures/year.

FEV1 data were normalized for the subject’s height at
the third power (FEVI/h3) (Peat etal. 1987) to make
possible to compare all the subjects independently of indi-
vidual body height and then referred to year (FEV1/
h® x hr: expressed as L/h® x hr). Normalized values were
then plotted against age in years at the time of each
measurement.

For each subject, the relationship between FEV1 as
dependent variable and age as independent variable was
treated by linear regression analysis to obtain individual
FEV1 slopes versus time.

The individual FEV1/h® x hr values were tested against
investigated factors: baseline FEV1 (<80 and >80% of pre-
dicted) disease duration prior to the diagnosis of occupa-
tional asthma was made (>10 years and <10 years) and
bronchial reactivity measured as FEV1 variability. FEV1
variability was evaluated using the following formula:
[(FEV]I max— FEV1 min)/FEV1 pred x100]), where
FEV1 max and FEV1 min are the maximum and minimum

FEV1 recorded during the first year of observation and
FEV1 pred is the individual predicted FEV1.

All parameters were studied both in all patients and in
the two groups, also taking into account the smoking habit
of each patient: non-smokers or ex-smokers, as no patients
continued smoking after asthma diagnosis. Subjects that
still smoked during the last 1 year before diagnosis were
classified as ex-smokers (Leffondré et al. 2002).

Finally, we evaluated the number of bronchial infections
over the years in the two groups of patients. We defined
bronchial infection an episode of fever, cough, and purulent
mucus inducing asthma exacerbation.

Statistics

We used the following statistical methods: simple linear
regression analysis to evaluate correlation between vari-
ables; the one way and two-way analysis of variance
(ANOVA) to evaluate differences between means and inter-
actions among various factors; and the Mann—Whitney U
test to compare differences between non-parametric vari-
ables. All computations were performed using SPSS soft-
ware. A probability level of p<0.05 was selected as
statistically significant.

Results

Anthropometric and clinical characteristics and pulmonary
function at the enrollment of the two subsets of patients are
presented in Table 1. No statistically significant difference
concerning age, disease duration, ex-smoker/non-smoker
ratio, and baseline FEV1 was observed between the two
groups (ANOVA).

The loss of lung function expressed as FEV1 for all
patients was 520 = 174 ml. All FEV1/h® x hr decay slopes
showed negative results —0.009 £ 0.002 1/h/year, equiva-
lent to a loss of 43.26 £ 13.5 ml every year, referred to a
subject of 1.67 height (median height of our population
sample). The median FEV1/h® x hr decay was significantly
higher than that predicted for all subjects (P < 0.03) and for
the two groups of patients (P < 0.05 and P < 0.001, respec-
tively, for groups A and B) (Fig. 1).

Smoking habit (non-smokers or ex-smokers) was found
to have no effect on FEV1/h® x hr decay slopes in all
patients. However, considering the two groups, signifi-
cantly steeper slopes were found in ex-smoker patients of
group B with respect to non-smokers (P < 0.03), without
any significant differences in group A (Fig. 2).

FEV1 variability detected during the first year of obser-
vation had a significant effect on the decline of lung func-
tion in all asthmatics, with a FEV/h? x hr decay slope of
—0.0105 & 0.0021 ml/h® x yr in patients with a FEV1
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Fig. 1 Normalized FEV1 decay of all patients, groups A (with expo-
sure cessation) and B (with exposure reduction) compared to predicted.
FEV1 values are expressed as L/h/year. *P < 0.003 versus predicted;
**P < 0.05 versus predicted; 8P <0.001 versus group A; *P <0.001
versus predicted
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Fig. 2 Normalized FEV1 decay of non- and ex-smokers in all patients
and in groups A (with exposure cessation) and B (with exposure reduc-
tion) compared to predicted. FEV1 values are expressed as L/h’/year.
#P < 0.001 versus predicted and group A; ¥P < 0.03 versus group B
non-smokers; **P < 0.05 versus to predicted; $P =0.05 versus pre-
dicted; *P < 0.04 versus predicted

variability >15% with respect to —0.0079 £ 0.002 in
patients with FEV1 variability <15% (P <0.04) (Fig. 3).
Nevertheless, FEV1 variability influenced only the FEV1/
h/y decay slopes of group B patients, with a significant
difference between subgroups with >15 and <15% variabil-
ity (Fig. 3).

Disease duration before the diagnosis greater than
10 years appeared to be statistically correlated with the
FEV1 decay rate. Overall, 19 subjects out of all 58 pre-
sented a disease duration greater than 10 years and showed
FEV1/h3 x hr decay slopes significantly steeper than those
of subjects with shorter disease duration (—0.0115 +
0.0015 versus 0.0085 £ 0.0025, respectively, P < 0.04)
(Fig. 4a). Airflow obstruction at baseline, defined as a
FEV1 <80% predicted, was observed in 18 out of the 58
subjects. These patients displayed a significantly greater
FEVI1/h® x hr decay slope compared with that of
patients with a FEV1 >80% predicted at enrollment
(—0.011 £ 0.0028 vs. —0.0084 £ 0.002, respectively,
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Fig. 3 FEV1 variability at diagnosis influences pulmonary function
decay. Normalized FEV1 decay slope matched for FEV1 variability
(>15 or <15%) at the first year of observation in all patients and in
groups A (with exposure cessation) and B (with exposure reduction).
FEV1 values are expressed as L/h*/year. *P < 0.02 versus group B
with FEV 1 variability <15%; %P < 0.04 versus all patients with FEV 1
variability <15%
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Fig. 4 Disease duration and FEV% of predicted at diagnosis as vari-
able influencing pulmonary function decay. Normalized FEV1 decays
are matched for disease duration (>10 or <10 years) and FEV % of pre-
dicted values (<80 or >80%) at the moment of asthma diagnosis. FEV1
values are expressed as L/h%/year

ANOVA P < 0.03) (Fig. 4b), without significant differences
between groups A and B.

The slopes of the two groups of patients showed different
patterns of decay; in fact, group A, after a period of rapid
FEV1 decline, up to the 4th year after asthma diagnosis,
had a slope parallel to the predicted ones, whereas group B
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Fig. 5 Normalized FEV1 decay slopes for predicted, group A (with
exposure cessation) and group B (with exposure reduction) patients

showed a steeper decline with an irregular slope (Fig. 5).
During the first 4 years, there were no statistically signifi-
cant differences in the loss of FEV1 between the two
groups: 1/h® —0.042 for group A and I/h® —0.050 for group
B (P = ns), respectively. On the contrary, from the 5th year
onward, the difference between the two groups became sig-
nificant (P <0.03), with losses of I/h® —0.045 and 1/h?
—0.069, respectively, for groups A and B and 1/h® —0.086
for group A and 1/h® —0.133 for group B at the end of the
observation (Fig. 5).

Finally, during the whole observation, there was a
greater incidence of bronchial infections in group B
patients versus group A: a total of 644 and 341 for
groups B and A, respectively. In group B, there was a
similar frequency of bronchial infections episodes dur-
ing the years of the study, whereas in group A, during the
first half of the study, there were 251 episodes and in the
second half, only 90. As expected, the occurrence of
bronchial infections was greater during the winter for
both groups.

Allergen-specific IgE was measured at the beginning of
the study and 3 times during the whole period of observa-
tion: after 2, 5, and 11 years. No statistical differences were
found between the two groups, with IgE values distributed
over a very large range. Taking account of single sensitivity
groups of patients, IgE almost disappeared in the 2 workers
allergic to gluteraldehyde (from 2.1 to 0.4 and from 2.3 to
0.35 kUA/1 —CAP Phadia, Sweden) and halved in workers
allergic to tree wood (from 8.3 £ 4.2 to 3.8 & 4.8) after the
exposure cessation. Finally, lower, but not significant, lev-
els of specific IgE to latex and wheat flour was observed in
health-care workers and bakers, respectively, of group A
with respect to group B.

As expected, group A patients needed significantly
lower dose of inhaled steroids for asthma control relative to
group B.

Finally, age and body mass index had no statistically sig-
nificant effects on lung function decline.

Discussion

The study shows that allergen exposure influences the
decline of lung function in asthmatic allergic workers. In
fact, after 12 years of observation, lung function decay
slopes of persistently exposed workers (even to a low lev-
els) appear steeper and significantly greater than those of
asthmatics that avoided exposure to causative allergens.
The difference became evident after 4 years of allergen
exposure cessation. On the contrary, during the first
4 years, exposed and non-exposed asthmatics displayed a
parallel and steep decline. The main finding of this study is
that allergen exposure is a key factor determining the entity
of lung function decline in allergic asthmatics. Its impor-
tance seems greater than smoking habit (almost between
ex- and non-smokers) and FEV1 variability whose differ-
ence was statistically significant only comparing exposed
with non-exposed workers (Figs. 2, 3).

In our study, despite control measures implemented in
the working place, workers that were unable to change their
work were still exposed to sensitizing allergens, although at
lower level. In fact, health personnel allergic to latex, but
not their colleagues, were supplied with latex-free gloves,
and no preventive measures were enforced in the environ-
ments. A latex-safe project is starting during 2011 in all
hospitals of the region. In consistent with other authors,
(Baatjies et al. 2010; Elms et al. 2005; Meijster et al. 2007),
for bakers, we noted some inadequacies in the preventive
measures taken to reduce exposure to flour dust (poor local
exhaust ventilation systems, uncovered dough mixer tubs,
absence of vacuum cleaners, and no effective separation
between various environments), and when adequate, their
use was limited. In this regard, a recent study investigating
the long-term changes in flour dust exposure from 1985 to
2003 demonstrated that there was no significant downward
temporal trend in flour dust exposures, despite initiatives to
control dust exposure in bakeries (van Tongeren et al.
2009).

Indeed, long-lasting allergen exposure, even at low
doses, can influence airway inflammation and remodeling,
resulting in a chronic process promoted by Th2-derived
cytokines and predominantly sustained by eosinophils
(Chung and Barnes 1999). The latter appears to be largely
responsible for tissue damage, due to secreted cytotoxic
proteins, such as eosinophil cationic protein and major
basic protein, release of oxygen radicals and leukotrienes,
proinflammatory cytokines, and chemokines and, in partic-
ular, fibrogenic cytokines (such as TGFa, IL-17, IL-13, and
IL-26) implicated in airways remodeling (Fattouh and Jor-
dana 2008) and lung function decline (Kariyawasam and
Robinson 2007; Venge 2010). Broekema etal. (2010)
recently demonstrated that a fast FEV1 decline in asthmatics
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is related to a higher number of eosinophils in the sputum
and to higher ECP levels.

During allergic inflammation, the over-expression or up-
regulation of adhesion molecules, such as selectins, inte-
grins, and ICAM-1, can be observed (Fraenkel et al. 1995).
ICAM-1, involved eosinophil chemotaxis, is also the main
receptor for several human pneumotropic microbes (Hamid
and Tulic 2009; Greve et al. 1989). This might explain the
fact that group B patients persistently exposed to allergens
developed lower-trait respiratory infections more often than
non-exposed subjects. In these subjects, respiratory infec-
tions primarily seem mainly occur as consequence of
inflammatory trait of asthma, although infections can also
exacerbate the respiratory symptoms, ultimately resulting
in worse lung function.

It is worth mentioning that an increased rate of respira-
tory infections could hardly be explained by immunodefi-
ciency, since none of the recruited subjects manifested
immunologic or hematologic pathological conditions.

Significant reduction in specific IgE was found only in
workers sensitive to gluteraldehyde and tree wood after
exposure cessation. On the contrary, no significant differ-
ences were found comparing levels of IgE between groups
A and B, looking in particular at workers allergic to latex
and wheat flour. It is possible that, although occasional,
low-level exposure to wheat flour and latex can happen out-
side the working environment, thus stimulating specific IgE
production.

As for the factors possibly related to lung function
decline, some exerted a greater impact on lung function
decline in persistently exposed than in non-exposed sub-
jects, whereas others influenced lung function in all asth-
matics irrespective of allergen exposure.

As mentioned, FEV1 variability and smoking habit were
among the risk factors that weighed significantly more in
group B.

FEV1 variability has previously been described as a
strong predictor of lung function decline. Subjects who
underwent persistent allergen exposure had higher FEV1
variability, thus presenting with less-controlled asthma and,
ultimately, with a greater degree of lung function loss over
time. Persistent inflammation and related bronchial
hyperreactivity, due to persistent allergen exposure, might
eventually lead to frequent and more severe disease reacti-
vations, resulting in a greater variability of inflammation
intensity (Wark and Gibson 2006). Thus, a greater and
faster decline of lung function and a higher variability in
FEV1 measurements would be expected in continuously
exposed patients.

It has been widely demonstrated that smoking habits
enhance lung function decline in asthmatic subjects (Ulrik
et al. 1992; Dijkstra et al. 2006). In our study, there were no
current smokers; however, a significant greater lung func-
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tion decline was observed in those asthmatic who were ex-
smokers and who underwent persistent allergen exposure.
Broekema et al. (2009) demonstrated that, even though less
than smokers, ex-smokers (defined as subjects that stopped
smoking during the last year) had a significantly higher
number of neutrophils in sputum and significantly higher
proliferation of intact and basal epithelial cells as marker of
bronchial epithelial remodeling than never smokers. How-
ever, some authors showed that the smoke-induced subtle
changes in the lung (especially in the peripheral airways)
are at least partially reversible after smoking cessation, but
such observation was made in smokers without chronic
respiratory symptoms (Willemse et al. 2004). Anyway, it is
apparent that persistence of allergen-induced inflammation
may reduce the beneficial effect of smoking cessation.

Disease duration and a worst lung function at diagnosis
appear to be related to higher FEV1 decay rates, irrespec-
tive of allergen exposure. In particular, asthmatic subjects
with long disease duration (>10 years) and a baseline FEV1
<80% of predicted presented a steeper FEV1 decay slope.
Possibly, longer-lasting airways inflammation and subse-
quent bronchial remodeling accelerate lung function
decline (Olaguibel-Rivera et al. 2007). Moreover, baseline
FEV1 has been reported to influence the rate of change in
lung function over time (Ulrik etal. 1992; Anees et al.
2006). A low FEV1 at the first evaluation might indicate
more severe disease, difficult-to-treat asthma, or poor treat-
ment compliance, conditions that ultimately result in a
more aggressive disease progression. Both disease duration
and baseline lung function seem to similarly affect the dis-
ease natural history: long-lasting asthma, with inflamma-
tory changes and airways remodeling at the time of
diagnosis might lead to pathological conditions that, at least
partly, become independent from persistent stimuli, such as
allergen exposure.

In our patients, allergen avoidance had an effect addi-
tive to that of pharmacological treatment: in fact, all
patients were treated with inhaled corticosteroids and,
eventually, beta-agonists and antileukotrienes, adequately
to the asthma severity according to GINA guidelines. This
supports that allergen exposure overwhelms the effect of
pharmacological treatment, particularly steroids. Several
studies investigated the effects of inhaled steroids on lung
function in asthmatics. While consistent evidence is avail-
able for the benefits of steroid therapy in acute asthma and
in short-term control of airways inflammation (Pauwels
et al. 2003), available data on long-term steroid effects on
lung function are scarce and contrasting (Murray 2008;
Haahtela 2006). Some authors described a slow down in
lung function decline in asthmatics treated with inhaled
steroids (O’Byrne et al. 2009), while others questioned
the benefit of such therapy on the lung function decline
(CAMPRG 2000).
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However, based on doctor’s prescriptions in the occa-
sion of medical controls, the difference in steroid use
between the two groups was statistically significant, with
group A receiving lower doses of steroids, further underlin-
ing the effect of allergen exposure cessation in slowing
down lung function decline.

The present study agrees with the observations by Anees
et al. who demonstrated rapid FEV1 decline in exposed
workers with occupational asthma. Following exposure
withdrawal, lung function continued to decline, although at
slower rate, similar to that of healthy adults (Anees et al.
2006). Actually in this work, in contrast to our results, the
authors also reported an improvement in FEV1 in the first
year after exposure withdrawal, and this may be related to
different basal condition of the two groups of patients at the
moment of exposure cessation, taking account of the possi-
ble influence of environmental factors like infections or
pollution on inflamed bronchi. On the other hand, it was
reported that patients with occupational asthma manifested
subjective improvement in their clinical status 2-3 years
after removal from occupational exposure (Lin et al. 1996)
and that the decline of FEV1 is related to the length of the
interval from cessation of exposure (Platts-Mills et al.
2007).

Conclusions

In conclusion, our study shows that allergen avoidance is
crucial in the long-term preservation of lung function in
patients with occupational asthma. Persistence of allergen
exposure not only accelerates and worsens decline of lung
function but determines a chronic inflammatory state that is
scarcely controlled by pharmacologic therapy. The study
underlines the importance of allergic risk assessment and
control in the management of occupational asthma.

Conflict of interest The authors declare that they have no conflict of
interest.
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