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ABSTRACT
Objective: To evaluate the potential determinants of
forced expiratory volume in 1 s (FEV1) decline in
workers with occupational asthma (OA) still exposed to
the causative agent. We hypothesised that sputum
eosinophilia might be a predictor of poor asthma
outcome after diagnosis.
Setting, design and participants: In a specialistic
clinical centre of the University Hospital of Pisa, we
studied 39 participants (28 M, 11 F) diagnosed as
having OA, routinely followed up between 1990 and
2009. They were a subgroup of 94 participants
diagnosed as affected by OA in that period: 9 had
been removed from work at the diagnosis, 21 were
excluded for having ceased occupational exposure
after few months from diagnosis, and 25 were lost at
the follow-up or had no acceptable sputum
measurements at the diagnosis. Estimates of the
decline in FEV1 were obtained by means of simple
regression analysis during the period of occupational
exposure after diagnosis. Logistic regression was
used to analyse the effects of factors (baseline FEV1
and sputum inflammatory cells, duration and type of
exposure) that may potentially influence FEV1
decline.
Results: At follow-up (5.7+3.7 years), most
participants were still symptomatic despite inhaled
corticosteroids (ICS) treatment and had their
occupational exposure reduced. Participants with
higher sputum eosinophils (>3%) at baseline had a
significantly greater decline of FEV1 (–52.5 vs
−18.6 mL/year, p=0.012). Logistic regression
showed that persistent exposure and sputum
eosinophilia were significantly associated with a
greater decline in FEV1 (OR 11.5, 95% CI 1.8 to
71.4, p=0.009 and OR 6.7, 95% CI 1.1 to 41.7,
p= 0.042, respectively).
Conclusions: Sputum eosinophilia at diagnosis,
together with the persistence of occupational
exposure during follow-up, may contribute to a
greater decline in FEV1 in patients with OA still at
work. Further long-term studies are required as to
whether intensive ICS treatment may be beneficial for
patients with OA and increase ad eosinophilic
inflammation.

INTRODUCTION
Participants with occupational asthma (OA)
often experience permanent sequelae after
removal from exposure, and the outcome of
OA after diagnosis is often poor. A substan-
tial body of data indicates that lower lung
volumes, greater non-specific bronchial
hyper-responsiveness (NSBH) and stronger
asthmatic response to specific inhalation
challenge (SIC) at diagnosis are risk factors
for the poor outcome of OA.1 Ideally, the
worker should be removed from the work
environment causing asthma, in order to
prevent the deterioration of respiratory con-
dition. However, complete cessation of

Strengths and limitations of this study

▪ In our study, we found a significant relationship
between baseline sputum eosinophil levels and
forced expiratory volume in 1 s (FEV1) decline,
suggesting that higher levels of inflammation at
baseline may cause an accelerated decline in FEV1.

▪ No previous paper has considered this biomarker
as a possible determinant of the decline in FEV1
in patients with occupational asthma who contin-
ued to work.

▪ The number of patients examined is relatively
small. However, apart from few studies enrolling
a large number of patients, several other pub-
lished studies have included a similar number of
patients.

▪ The type of exposure (low-molecular-weight
compound vs high-molecular-weight compound)
was heterogeneous, but again this is frequently
reported in many previous studies.

▪ The distinction between persistence and reduc-
tion of exposure is not based on specific envir-
onmental measurements, but the majority of
previous studies used the same rough distinction
we did between patients who continued and
patients who reduced occupational exposure to a
specific sensitiser.
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exposure has high socioeconomic consequences and is
thus rarely feasible.2 Recent systematic literature
research suggests that longer symptomatic exposure is
associated with worse OA outcome, in terms of persist-
ence of symptoms and NSBHR and greater decline in
forced expiratory volume in 1 s (FEV1).3 4 Some studies
have evaluated the outcome of functional parameters
after diagnosis (revised in ref. 5). Two retrospective
cohort studies documented accelerated FEV1 decline in
patients with OA before removal from the causal
agents5 6; in one of these studies,6 FEV1 continued to
decline after removal from exposure, but at a slower
rate, similar to the rate of decline observed in healthy
adults. Data about the effect of antiasthma medication
on symptoms and lung function in patients with persist-
ent exposure are contradictory.6 7

However, OA may have different outcomes, and it is
unknown whether these differences depend on the
underlying inflammatory process and structural changes
in the airways. Different phenotypic categories have
been reported according to clinical or inflammatory
characteristics, or to the triggers inducing or aggravating
asthma.8 Eosinophilic and non-eosinophilic phenotypes
have been described.9 A recent study reported a rapid
decrease in eosinophilic inflammation after removal
from exposure, but participants with non-eosinophilic
asthmatic reaction during SIC seemed to have a poorer
prognosis than participants with SIC-induced eosino-
philic airway inflammation at diagnosis.10

The aim of this study was to evaluate the possible
determinants of FEV1 decline in workers with OA still
exposed to the causative agent.

PATIENTS AND METHODS
We studied 39 participants previously diagnosed as
having OA, routinely followed up at the Cardio-
Thoracic and Vascular Department of the University
Hospital of Pisa between 1990 and 2009. They were
only a subgroup of the 94 participants diagnosed as
affected by OA in that period. Of the whole group, 9
participants had been completely removed from work
at the time of diagnosis, while 21 participants were
excluded for having ceased occupational exposure few
months after diagnosis, and 25 participants were lost at
the follow-up or had no acceptable sputum measure-
ments at the diagnosis. There was no difference in the
main clinical and functional data between the 39 parti-
cipants included in this study and the other 46 partici-
pants still at work at the time of the diagnosis and not
included in this study (see online supplementary table
1A in the appendix).
The diagnosis of OA was made at the first evaluation,

according to the positive response to the SIC test: 23 parti-
cipants were sensitised to low-molecular-weight com-
pounds (LMWC: isocyanates and persulfate salts) and 16
participants to high-molecular-weight compounds
(HMWC: flour dusts, wood dusts, latex and tobacco dusts).

All participants were routinely evaluated every 6 months
after diagnosis, while still exposed to the specific sensitiser
at work. The duration of follow-up was 5.7±3.7 years.
At the first evaluation, all patients were interviewed

about asthmatic symptoms and occupational exposure,
and underwent spirometry and methacholine challenge
tests, prick test to common airborne allergens, collection
of sputum for inflammatory cells count, and SIC test
with the specific occupational agent.
At each follow-up examination, asthmatic symptoms,

pharmacological therapy, type of occupational exposure
(persistent vs reduced exposure) and spirometric data
were collected. Work exposure was considered as persist-
ent when the patient continued working with the same
job title and in the same environment, whereas it was
considered as reduced when the patient had been relo-
cated in another area of the same factory where the spe-
cific sensitiser was not used, with occasional short-term
direct exposure to the specific sensitiser.11

Antiasthma treatment was withdrawn 48 h before
spirometry.

Pulmonary function tests, atopy and symptoms evaluation
FEV1 and forced vital capacity were measured by a com-
puterised water-sealed spirometer (Biomedin, Padova,
Italy) using predicted values approved by the European
Respiratory Society. The details of the methacholine
challenge test have been reported previously.12 The
cumulative dose of methacholine producing a 20% fall
in FEV1 (provocative dose of methacholine causing a
20% reduction in FEV1, PD20FEV1) was computed; a
PD20FEV1 value <1000 µg of methacholine was consid-
ered as positive for NSBH.
SIC was performed using two different methods: (1)

for diisocyanates, participants were exposed to vapours
of toluenediisocyanate or methylendiisocyanate, and the
duration of the exposure was the same (30 min) for all
participants. FEV1 was measured before and immedi-
ately after exposure, then hourly for 8 h12 and (2) for
dusts, participants were asked to breathe through a
mouthpiece connected to a small box where a measured
suspension of the dust was obtained.13 A positive
response was defined as a decrease in FEV1 greater than
15% from baseline within the first hour (immediate
response) or between the second and the eighth hour
(late response), and in the absence of a greater than
10% decrease in FEV1 during a control test performed
with a diluent (for diisocyanates) or with lactose dust
(for other sensitisers).
Current asthma symptoms (more than 2 times/week)

and antiasthma therapy (defined as regular use of
inhaled corticosteroids (ICS)) were recorded as qualita-
tive parameters (yes/no) at each visit.

Sputum induction and processing
Sputum was induced according to the European
Respiratory Society Task Force recommendations.14

Hypertonic saline solution (NaCl 4.5%) was nebulised by
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means of an ultrasonic nebuliser (Ultraneb 2000,
DeVilbiss, Somerset, Pennsylvania, USA) with 2.8 mL/min
output, and was inhaled for three 5 min periods for up to
15 min. Every 5 min, after the start of nebulisation, partici-
pants were asked to rinse their mouth and throat carefully,
to discard saliva, and to try to cough sputum into a con-
tainer; FEV1 was then measured. Nebulisation was stopped
after 15 min or when FEV1 fell by ≥20% from baseline
value. Saline-induced bronchoconstriction was promptly
relieved by short-acting β2-agonist inhalation. Sputum
samples were diluted with an equal volume of 0.1% dithio-
threitol (Sputasol, Unipath, Basingstoke, UK). Samples
were treated as previously reported.15 Macrophages, lym-
phocytes, neutrophils and eosinophils were expressed as
the percentage of total inflammatory cells, excluding squa-
mous cells. The upper limit of the normal range for
sputum eosinophils was set at 3% as derived from a group
of normal participants, whereas high sputum neutrophils
were defined when the sputum neutrophil percentage
was >63%.16

Statistical analysis
FEV1 is expressed as the mean±SD. PD20FEV1 is
expressed as the geometric mean and is log-transformed
for comparisons. The sputum cell count is expressed as
the median (range). Simple regression analysis was used
to provide estimates of the decline in FEV1 (expressed
as the annual average change in FEV1) during the
period of occupational exposure. Categorical data were
compared by using Pearson’s χ2 statistics. Continuous
data were compared using unpaired Student t test or
Mann-Whitney test.
Logistic regression was used to analyse the effects of

potential factors measured at baseline (independent
variables: baseline FEV1, PD20FEV1 methacholine,
sputum eosinophils and neutrophils and other general
or clinical characteristics such as atopy, smoking habit
and duration of exposure) on the dependent variables
(decline >−57.5 mL/year, the lowest tertile of the distri-
bution of single FEV1 declines). In the analysis, we also
included two variables that may potentially modify FEV1
decline during follow-up: (1) persistence or reduction of
occupational exposure to the sensitiser (we considered
as reduced the exposure to the sensitiser for less than
100% but more than 50% of the follow-up period) and
(2) ICS therapy (we considered as ICS-treated patients
those who used ICS for more than 50% of the follow-up
period including the last visit).
The results are given in terms of ORs with 95% CI.

Dependent and independent categorical variables were
binary (high vs low sputum eosinophils, high vs low
sputum neutrophils, hyper-reactivity vs no hyper-
reactivity, persistence vs reduction of exposure, smoker
and ex-smoker vs non-smoker, LMWC vs HMWC, ICS
therapy vs no therapy), whereas continuous variables
(age, baseline FEV1, duration of exposure) were trans-
formed into categorical variables with the tertile distribu-
tion obtained for all patients; in particular, the highest

tertile (for age, duration of exposure and time to
removal) or the lowest tertile (for FEV1) was associated
with the presence of the condition.

RESULTS
Table 1 shows the general characteristics of patients at
the time of diagnosis. LMWC were the main agents
causing OA, with isocyanates causing asthma in 19
patients (48%).
Clinical and functional findings of patients at the time

of diagnosis and at the last visit of follow-up are reported
in table 2. At the time of diagnosis, all but two of the six
patients who had already reduced their occupational
exposure to the specific sensitiser had current asthma
symptoms and NSBH, whereas the mean FEV1 was
normal and sputum eosinophilia was observed in less
than 50% of patients.
At follow-up, FEV1 (in L) was lower than that measured

at diagnosis (p<0.001), but FEV1 expressed as % of pre-
dicted and PD20FEV1 methacholine was no different
from baseline; also, the number of patients with NSBH
was not significantly different between diagnosis and
follow-up. At the time of diagnosis, six patients had
already reduced their occupational exposure to the spe-
cific sensitiser, because they had been relocated to
another job in the same factory with occasional, indirect
exposure to the sensitiser. At follow-up, a further 20
patients had reduced their exposure to the sensitising
agent. More patients were treated with ICS at the last visit
of follow-up in comparison with baseline (p<0.001), but
43.6% still reported asthma symptoms, although gener-
ally of mild severity, and in lower percentage than at diag-
nosis (p<0.001). All these changes were similar between
patients who had persistent or reduced exposure to the
occupational sensitiser, except for PD20FEV1 which was
increased in participants who had reduced exposure.

Table 1 General characteristics of the patients at the time

of diagnosis

Number 39

Age, years 43.5±11.8

Sex, M/F 28/11

Smoke, Yes/Ex/No 3/20/16

Atopy, n (%) 13 (33.3)

Duration of exposure, years 18.6±11.1

Latency, years 12.8±10.9

Agents

LMWC 23

Isocyanates 19

Persulfate salts 4

HMWC 16

Flour dusts 11

Wood dusts 2

Latex 2

Tobacco dusts 1

F, female; HMWC, high-molecular-weight compounds; LMWC,
low-molecular-weight compounds; M, male.

Talini D, et al. BMJ Open 2015;5:e005748. doi:10.1136/bmjopen-2014-005748 3

Open Access

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-005748 on 5 January 2015. D

ow
nloaded from

 

http://bmjopen.bmj.com/


Using simple regression analysis, we provided estimates
of the decline of FEV1 (expressed as the annual average
change in FEV1) during the period of occupational
exposure in all participants. The median annual decline
in FEV1 in all participants was −30.9 mL/year (range
−188.3 to +57.9 mL/year). Using separate regression
lines to separate periods of reduced exposure from
periods of original exposure (available data only in 9
patients), the median estimate FEV1 slope during the
period of persistent exposure was much higher than in
the period of reduced exposure to the causative agent
(−166.4 (−354.9 to −57.7) vs −7.9 (−129.3 to 55.8) mL/
year, p=0.001). When we compared patients with a differ-
ent decline in FEV1 (according to the tertile distribu-
tion, from patients with lowest decline, <−16.9 mL/year,
to patients with highest decline, >−57.5 mL/year) as
regards baseline characteristics, we did not observe any
significant difference among different decliners except
for baseline FEV1, which was significantly higher in
patients with the highest decline (table 3). The group
with the lowest FEV1 decline included only patients with
persistent exposure. Atopic patients were more repre-
sented in the group with the highest decline, although
the difference was not significant.

Participants with higher sputum eosinophils (>3%), as
well as participants with persistent exposure, had a sig-
nificantly greater decline in FEV1 (figure 1) (p=0.012)
when compared to those who had reduced their expos-
ure to the occupational sensitiser (figure 2) (p=0.03).
Using a univariate analysis, we estimated the decline in

FEV1 (using as an independent variable the highest tertile
of FEV1 decline: −57.5 mL/year) in relationship to base-
line FEV1, baseline eosinophil (>3% vs <3%) and neutro-
phil (>63% vs <63%) levels, level of exposure at follow-up
(persistence vs reduction of exposure), smoking habit
(ex-smokers or current smokers vs non-smokers), molecu-
lar weight of the sensitiser (LMWC vs HMWC), duration
of exposure and use of ICS during the follow-up.
Persistent exposure (OR 6.7 (1.5 to 29.6), p=0.012),
higher baseline sputum eosinophil levels (OR 3.6 (0.8 to
14.8), p=0.07) and baseline FEV1 (% of predicted) (OR
1.04 (0.99 to 1.1), p=0.07) significantly correlated with a
greater decline in FEV1. Table 4 shows results of a multi-
variate analysis when persistent exposure, higher baseline
sputum eosinophil levels and baseline FEV1 (% of pre-
dicted) were used as independent variables. Persistent
exposure and higher baseline sputum eosinophil levels sig-
nificantly correlated with a greater decline in FEV1.

Table 2 Clinical and functional findings at baseline and at the last visit of follow-up

Diagnosis Follow-up (5.7±3.7 years)

Reduction of exposure, n (%) 6 (15.4) 26 (66.7)*

FEV1, mL, mean±SD 3.12±0.57 2.92±0.55*

FEV1, % of predicted, mean+SD 94.1±16.1 92.2±14.8

PD20FEV1, μg, GM (SD) 227 (1437) 228 (1757)

NSBH, n (%) 33 (84.6) 28 (71.8)

ICS therapy, n (%) 14 (35.9) 36 (92.3)*

Patients with current symptoms, n (%) 32 (82.1) 17 (43.6)*

Sputum eosinophils %, median (range) 2.9 (0–43.1) NA

Sputum eosinophils >3%, n (%) 19 (48.7) NA

*p<0.001 between diagnosis and follow up.
FEV1, forced expiratory volume in the first second; GM, geometric mean; ICS, inhaled corticosteroids; NA, not applicable; NSBH, non-specific
bronchial hyper-responsiveness; PD20FEV1, provocative dose of methacholine causing a 20% reduction in FEV1; SD, standard deviation.

Table 3 Characteristics of patients at baseline, grouped by FEV1 decline during the follow-up

<−16.9 mL/year −16.9 to −57.5 mL/year >−57.5 mL/year

Number of patients 13 13 13

Age, years, mean+SD 43.8+12.7 44.2+11.9 42.4+11.6

Gender, M/F 10/3 8/5 10/3

Smoke, No/Ex/Yes 4/7/2 7/5/1 5/8/0

Atopy, n (%) 2 (15.4) 4 (30.8) 7 (53.8)

LMWC/HMWC 8/5 7/6 8/5

FEV1, % predicted, mean±SD 84.8+15.2 97.4+14.3 100.9+14.6*

PD20FEV1, μg, GM (SD) 196 149 399

Bronchial hyper-reactivity, n (%) 12 (92.3) 11 (84.6) 10 (76.9)

Reduction of exposure, n (%) 0 5 (38.5) 1 (7.7)

Sputum eosinophil %, median (range) 2.3 (0–15.5) 2.0 (0.43.1) 4.9 (0–24.4)

Sputum neutrophil %, median (range) 59.5 (30.8–86.7) 37.0 (11.1–85.0) 47.2 (19.4–96.0)

*p<0.05 among the three groups.
F, female; FEV1, forced expiratory volume in the first second; GM, geometric mean; HMWC, high-molecular-weight compounds; LMWC, low-
molecular-weight compounds; M, male; PD20FEV1, provocative dose of methacholine causing a 20% reduction in FEV1; SD, standard deviation.
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DISCUSSION
The present study confirms that the prognosis of OA is
poor in participants who remain exposed to the sensitis-
ing agent, as shown by the persistence of symptoms and
airway hyper-responsiveness in many patients.
Furthermore, it demonstrates for the first time that the
highest rate of decline in FEV1 during the follow-up was
associated with a high (>3%) sputum eosinophil count
at the initial evaluation and with the persistence of
exposure to the causal agent, suggesting that baseline
eosinophilic airway inflammation may contribute,
together with the persistence of occupational exposure,
to a poor asthma outcome.
In 280 patients with red cedar asthma with persistent

exposure, a greater rate of decline in FEV1 was observed
in comparison with asymptomatic sawmill workers.5

Piirilä et al17 reported a mean rate of decline of 40 mL/
year in 91 selected participants with isocyanate-induced
OA, although only 12 of these continued to be exposed
to the causative agent in the workplace during the
period of follow-up. Anees studied 90 participants
undergoing FEV1 measurements at least once yearly
before removal from exposure.6 In this study, FEV1
rapidly declined in exposed workers with OA; after
removal from exposure, FEV1 continued to decline but

at a slower rate, similar to the rate of decline observed
in healthy adults. The nature of the causative agent,
current smoking or treatment with ICS did not seem to
affect the rate of decline in FEV1. However, the authors
could not estimate the decline in FEV1 any further
because the follow-up assessments after removal from
exposure were less close and the model of linear decline
following the step-up period might have masked
intra-individual variation in the pattern of recovery.
In our study, we investigated the determinants of FEV1

decline in patients with OA, after diagnosis and during
the follow-up period, when they were either fully or par-
tially exposed to the specific sensitiser. We observed that
baseline FEV1 was inversely related to its own decline, in
agreement with what had already been published in
asthmatic patients and in the general population.5 18 On
the contrary, we found no significant relationship
between bronchial hyper-responsiveness and FEV1
decline, in agreement with the observation that there
was no difference between PD20FEV1 at diagnosis and
at follow-up, nor did we confirm what observed in a pre-
vious paper19 regarding the relationship between
smoking habit or atopy and FEV1 decline.

Figure 1 Forced expiratory volume in the first second

(FEV1) decline according to the baseline sputum eosinophilia. Figure 2 Forced expiratory volume in the first second

(FEV1) decline according to the level of exposure at follow-up.
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Previous studies20 21 have shown an association
between high eosinophil levels and accelerated FEV1
decline in adult patients with asthma, thereby postulat-
ing a role for eosinophils in the progression of the
disease. On the other hand, Lemiere et al10 studied a
sample of 24 patients with OA removed from exposure
after diagnosis, and identified a non-eosinophilic pheno-
type that showed significant FEV1 decline, along with a
lack of improvement in airway responsiveness during the
4-year follow-up period after cessation of exposure. By
contrast, the eosinophilic phenotype showed a less
marked FEV1 decline, significant decrease in ICS use
over time and a trend towards improvement in airway
responsiveness. On the basis of these findings, it is
tempting to speculate that the accelerated FEV1 decline
in asthma may result from the progressive airway remod-
elling process in which neutrophilic inflammation is also
likely to play an important role.
In our study, we found a significant relationship

between baseline sputum eosinophil levels and FEV1
decline, suggesting that higher levels of inflammation at
baseline may cause an accelerated decline in FEV1. To
the best of our knowledge, no previous paper has con-
sidered this biomarker as a possible determinant of the
decline in FEV1 in patients with OA who continued to
work. Broekema et al21 showed that asthmatic patients
with an accelerated FEV1 decline had high sputum
eosinophil levels, but the sputum was analysed at the
end of follow-up, and we cannot therefore exclude that
sputum eosinophilic inflammation is not the cause but
rather the consequence of the accelerated FEV1 decline
in this study. Unfortunately, in our experience, sputum
analysis at the end of occupational exposure was avail-
able in only eight participants.
As in the study by Lemiere et al,10 we found no signifi-

cant relationship between ICS therapy and FEV1
decline. Non-eosinophilic asthma may be less responsive
to ICS treatment than eosinophilic asthma: although
Dijkstra et al22 found that oral or ICS reduced FEV1
decline in asthma, some authors have suggested that the
lack of eosinophilic inflammation may be a characteristic
of refractory asthma.23 This fact may suggest the need

for specific adjustment of asthma treatment according to
the characteristics of airway inflammation.
Our study has some limitations. First, the number of

patients examined is relatively small. In effect, several
patients with a diagnosis of OA ceased work in the
6 months after diagnosis, or were lost at the first follow-up
visit. However, apart from few studies enrolling a large
number of patients, several other published studies have
included a similar number of patients.10 Second, the type
of exposure (LMWC vs HMWC) was heterogeneous, but
again this is frequently reported in many previous studies.
Finally, the distinction between persistence and reduction
of exposure is not based on specific environmental mea-
surements, but the majority of previous studies used the
same rough distinction we did between patients who con-
tinued and patients who reduced occupational exposure
to the specific sensitiser (reviewed in ref. 24).
In conclusion, we demonstrated that in a well-

characterised group of patients with OA, sputum eosino-
philia at diagnosis is one determinant of the accelerated
decline in FEV1 when patients are still at work. Further
long-term studies are required as to whether intensive
ICS treatment may be beneficial for patients with OA
and increased eosinophilic inflammation.
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