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INTRODUCTION

—20) ABSTRACT Cosr

Objective: Pneumoconiosis is an irreversible, progressive parenchymal
lung disease caused by inhalation of mineral dust. Inhaled particlesin the
working environment can cause inflammation and fibrosis in the lung,
affecting all respiratory tracts, including the large and small airways. Our
study aimed to evaluate the frequency and risk factors of small airway
dysfunction (SAD) in patients diagnosed with pneumoconiosis.

Methods:The study population consisted of 331 patients diagnosed with
pneumoconiosis between 01/01/2018 and 31/05/2023. Pneumoconiosis
was diagnosed with a history of occupational inorganic dust exposure,
radiologic findings compatible with pneumoconiosis, and exclusion of
other diagnoses. Two readers evaluated the chest radiographs of the
patients according to the International Classification of Pneumoconiosis
Radiographs of the International Labor Organization. SAD was defined
as at least two FEF50, FEF75, and FEF25-75 measurements below 65% of
their predicted values.

Results: SAD was found in 47.7% of the patients. There was a statistically
significant difference between age and the prevalence of SAD, but there
was no statistically significant difference between smoking status and
the prevalence of SAD. It was observed that 41.9% of the patients with
pneumoconiosis who had never smoked had SAD. As the cigarette pack-
years increased, the incidence of SAD increased. SAD was presented
38.7%in Stage 1,50.7% in Stage 2, and 57.6% in Stage 3 pneumoconiosis
cases. SAD was seen in 35.1% of pneumoconiosis cases without PMF.
In pneumoconiosis patients with PMF, the frequency of SAD increased
with increasing opacity size.

Conclusion: It was found that the frequency of SAD increased as the
stage of pneumoconiosis increased. In patients with pneumoconiosis,
SAD was observed in both smokers and never smokers, independent
of large airway obstruction. Therefore, early small airway dysfunction
should be considered when monitoring the health of patients with
pneumoconiosis.

Keywords: Pneumoconiosis, small airway dysfunction, progressive
massive fibrosis.

Pneumoconiosis is an irreversible lung disease
caused by prolonged inhalation of inorganic
dust and fibers. Since these inhalants are usually
encountered in the workplace, they are known
as occupational diseases. Inhalation-induced

lung diseases are among the most important
occupational diseases. The most common
occupational mineral dust are silica, asbestos fibers,
coal dust, and silicate dust. The development of the
disease depends on the susceptibility of the lungs,
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the size, density, solubility, fibrogenic properties,
and duration of exposure of the inhaled particles.
These particles can cause inflammation and fibrosis
in the lung, affecting all airways, including the large
and small airways [1-4].

Inhalation of dust,gases,and vapors at work remains
prevalent worldwide and significantly contributes
to the burden of occupational respiratory disease
[5]. Between 1990 and 2017, pneumoconioses
increased by 66% worldwide [6]. The prevalence
of pneumoconiosis is approximately 527,500
cases, with more than 60,000 new cases reported
worldwide in 2017 [7]. According to 2019 data, it
remains a significant public health problem, with
200,000 new cases and 920,000 disability-adjusted
life years (DALYs) worldwide [8]. In our country,
the true extent of the problem is not fully known,
but it is commonly observed that pneumoconiosis
constitutes most cases diagnosed with occupational
diseases. In this respect, pneumoconiosis is an
important public health problem in our country as
in the world.

Small airways are less than 2 mm in diameter
between the 8th and 23rd bronchial branches. They
act as a bridge between the central airways and
the gas-exchanging lung compartment and are
recognized as the main site of airflow limitation in
obstructive lung disease [9,10]. According to recent
studies, small airway dysfunction (SAD) is defined as
at least two of maximum mid-expiratory flow (MEF),
forced expiratory flow 50 (FEF 50%), and forced
expiratory flow 75 (FEF 75%) being less than 65% of
the expected normal value [11]. SAD is a common
but poorly understood respiratory problem. To
date, there have been many epidemiologic studies
on the contribution of workplace exposure to
chronic airflow limitation. Most studies have
focused on occupational asthma and occupational
chronic obstructive pulmonary disease (COPD)
caused by workplace exposure [12]. However,
small airway evaluations have not been performed
sufficiently. However, a recent study in China
evaluated SAD risk factors in pneumoconiosis and
emphasized their importance in the follow-up of
patients with pneumoconiosis [13]. In our country,
there are no studies assessing the development of
SAD in patients diagnosed with pneumoconiosis,

and it was thought that the evaluation of small
airway parameters in the follow-up of patients with
pneumoconiosis would contribute to determining
the severity of the disease. Therefore, we aimed to
evaluate the frequency and risk factors of SAD in
patients with pneumoconiosis.

METHODS

Study design

This retrospective study was conducted in the
Occupational Diseases Training Clinic of Ankara
Atatiirk Sanatorium Training and Research Hospital,
an important reference center for pneumoconiosis
in Turkey. The study was initiated after obtaining
the approval of the ethics committee (2012-
KAEK-15/2750). Patients over the age of 18 who
were diagnosed with pneumoconiosis and had
a medical examination report issued between
01/01/2018 and 31/05/2023 were included
in the study. Pneumoconiosis was diagnosed
with a history of occupational inorganic dust
exposure, radiologic findings compatible with
pneumoconiosis, and exclusion of other diagnoses.
Demographic  characteristics, pneumoconiosis
stages, detailed occupational history, smoking
history, exposure history, pulmonary function tests
(PFTs), and radiologic images of the patients at the
time of diagnosis were obtained from the hospital
information management system and patient files.
Patients’ current and past employment patterns
were recorded in the detailed occupational history,
and the types of dust to which they were exposed at
their workplace were described. Recorded smoking
history was calculated as tobacco pack years by
multiplying the average number of cigarettes
smoked per day by the total number of years of
smoking.

Patients whose spirometry data could not be
accessed from their files and the system and
whose spirometry results were incompatible were
not included in the study. Of the 400 patients
diagnosed with pneumoconiosis, 69 patients were
excluded because their PFTs were incompatible or
could not be accessed, and a total of 331 patients
were included in the study (Figure 1). Spirometry
was performed using a Zan 100 flow-sensitive
spirometry device (ZAN MessgerateGmbH,
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Figure 1. Study group

Oberthulba, Germany). Spirometry was calibrated
daily,and temperature and humidity measurements
were used for calibration. Spirometry results
were analyzed according to the acceptability
and reproducibility criteria presented in the ATS/
European Respiratory Society statement updating
the standardization of spirometry [14]. Spirometry
measurements of the patients were evaluated
according to the percentage of reference values.

Chest X-rays were taken with a digital X-ray
system. Two readers evaluated chest radiographs
according to the International Classification of
Pneumoconiosis Radiographs of the International
Labor Organization (ILO). Small opacities were
defined by profusion, shape (round or irregular),
and size. Small opacity profusion was divided into

BRICK,
TUNNEL
WORKER)

four stages (0, 1, 2, 3), each with three subcategories
(0/-to 3/+).

In this study, three expiratory volume parameters,
including FEV1, FVC, and FEV1/FVC, and the forced
expiratory flow parameter at the 25th, 50th, and
75th percentile of FVC were recorded (FEF50, FEF75,
and FEF25-75). In this study, SAD was defined as at
least two of maximum mid-expiratory flow (MEF),
forced expiratory flow 50 (FEF50 %), and forced
expiratory flow 75 (FEF75 %) being less than 65% of
the expected normal value.

Statistical analyses

The data of this study were evaluated using the IBM
SPSS Statistics 22.0 statistical package program.
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Categorical data were presented as number (n) and
percentage (%), and numerical data were presented
as mean and standard deviation. Data were tested
for normality using the Kolmogorov-Smirnov
test. In independent groups, t-test was utilized to
compare continuous variables between the two
groups. The chi-square test was used to compare
categorical data. P-value < 0.05 was considered
statistically significant.

RESULTS

Demographic Characteristics

The mean age of 331 patients included in the study
was 51+11 (30-92), all patients were male, and
269 (81.3%) were smokers. Ninety-seven patients
were ceramic workers, 73 were mine workers, 56
were foundry workers, 39 were welding workers,
22 were stone workers, and 44 were working in
other occupational groups (dental technician,
sandblaster, brick, and tunnel worker). The
characteristics of patients with pneumoconiosis are
presented in Table 1.

Prevalence of SAD in pneumoconiosis patients

SAD was present in 158 (47.7%) of the patients.
A statistically significant difference was found
between age distribution and SAD frequency
(p<0.001).SAD was found in 41.9% of never smokers
with pneumoconiosis. There was no statistically
significant difference between smoking status
and the incidence of SAD (p=0.327). However,
the incidence of SAD increased with increasing
cigarette pack years ( p=0.002).

SAD pneumoconiosis patients were 38.7% in Stage
1,50.7% in Stage 2, and 57.6% in Stage 3 (p=0.030).
SAD was seen in 35.1% of pneumoconiosis without
progressive massive fibrosis (PMF). Pneumoconiosis
patients with PMF increased the frequency of SAD
with the opacity size (p<0.001).

Of the 331 pneumoconiosis patients, 163 had
FEV1<80%, and 77.9% had SAD. In 168 patients,
FEV1 was =80%, and 18.5% had SAD (p<0.001). One
hundred sixteen pneumoconiosis patients had FVC

Table 1. Characteristics of the pneumoconiosis patients

n (%)
Age 5111 (30-92) 331(100)
Age Group 30-39 38 (%11.5)
40-49 120 (%36.5)
50-59 99 (%29.9)
60-69 45 (%13.6)
70+ 29 (%8.8)
Smoking Status Smoker 269 (81.3)
Non-smoker 62 (18.7)
Cigarette 0-19 187 (%56.5)
(Package/Year) >20 144 (%43.5)
Occupation Mine worker 73 (%22.1)
Foundry worker 56 (%16.9)
Welding worker 39 (%11.8)
Stone worker 22 (%6.6)
Ceramic worker 97 (%29.3)
Other 44 (%13.3)
Exposure Duration |0-10 51 (%15.4)
(Year) 11-20 164 (49.5)
21-30 96 (%29)
>31 20 (%6.04)
ILO Stage Stage 1 119 (%36)
Stage 2 146 (%44.1)
Stage 3 66 (%19.9)
Large Opacity (PMF) | None 228 (%68.9)
A 45 (%13.6)
B 32 (%9.7)
C 26 (%7.9)
Small Airway Yes 158 (%47.7)
Dysfunction None 173 (%52.3)
FVC =%80, FEV1/ Yes 183 (%55.3)
FVC2%70 None 148 (%44.7)

<80% and 71.3% had SAD. 31.3% of those with FVC
>80% had SAD (p<0.001).

In addition, SAD was found in 26.8% of
pneumoconioses with FVC =80% and FEV1/
FVC=70%, while SAD was found in 73.6% of those
with FVC <80% and FEV1/FVC <70% (p<0.001). SAD
was seen in 41.8% of patients with pneumoconiosis
with FEV1>80%, FEV1/FVC>70% (p<0.001).SAD was
observed in all 34 patients with pneumoconiosis
with FEV1 <80% and FEV1/FVC <70% (Table 2).
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Table 2. Association between characteristics of patients with pneumoconiosis and SAD

Small Airway Dysfunction

NONE YES P
Age Group
30-39 21 (%55.3) 17 (%44.7)
40-49 82 (%68.3) 38 (%31.7)
50-59 54 (%54.5) 45(%45.5) <0.001
60-69 13 (%28.9) 32 (%71.1)
70+ 3(%10.3) 26 (%89.7)
Smoking Status
Non-smoker 36 (%58.1) 26 (%41.9) 0.327
Smoker 137 (%50.9) 132 (%49.1)
Package/Year
0-19 111(%59.4) 76 (%40.6) 0.002
>20 62 (%43.1) 82 (%56.9)
Occupation
Mine worker 18 (%24.7) 55 (%75.3)
Foundry worker 39 (%69.6) 17 (%30.4)
Welding worker 23 (%59) 16 (%41) <0.001
Stone worker 13 (%59.1) 9 (%40.9)
Ceramic worker 66 (%68) 31 (%32)
Other 14 (%31.8) 30 (%68.2)
ILO Stage
Stage 1 73 (%61.3) 46 (%38.7)
Stage 2 72 (%49.3) 74 (%50.7) 0.030
Stage 3 28 (42.4) 38 (%57.6)
Large Opacity (PMF)
None 148 (%64.9) 80 (%35.1)
A 13 (%28.9) 32 (%71.1) <0.001
B 8(25) 24 (%75)
C 4 (%15.4) 22 (%84.6)
FVC >%80, FEV1/FVC=%70
None 39 (%26.4) 109 (%73.6) <0.001
Yes 134 (%73.2) 49 (%26.8)
FEV1=%80, FEV1/FVC=%70
None 0 34 (%100) <0.001
Yes 173 (%58.2) 124 (%41.8)
FEV1
<%80 36 (%22.1) 127 (%77.9) <0.001
>%380 137 (%81.5) 31 (%18.5)
FVC
<%80 39 (%28.7) 97 (%71.3) <0.001
>%380 134 (%6.7) 61 (%31.3)
FEV1/FVC <%70
None 173(%58.6) 122 (%41.4) <0.001
Yes 0 36(%100)
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DISCUSSION

This retrospective cross-sectional study evaluated
the association between pneumoconiosis and
small airway dysfunction. In our study, age, heavy
smoking, pneumoconiosis stage, occupational
group, duration of exposure, and presence of PMF
were independent risk factors for developing SAD
in patients with pneumoconiosis. In the study,
SAD was mostly seen in mine workers, which may
be related to more intense dust exposure of mine
workers underground.

Until now, few studies have demonstrated
the development of SAD in patients with
pneumoconiosis. In the early 1970s, Seaton et
al. evaluated dynamic compliance in 25 miners
with evidence of pneumoconiosis and normal
spirometry and found that dynamic compliance
was decreased in 15 of them. Small airways were
pointed out as the site of abnormality in this
decrease in dynamic compliance [15]. In a study
designed in California, autopsies of 112 agricultural
workers showed wall thickening, remodeling, and
inflammation associated with carbonaceous and
mineral dust accumulation in small airways, with
little or no accumulation in large airways [12].

In a study by Churg et al., mineral dust-related small
airway pathology was found in lung tissue from 174
patients who underwent lung resection for lung
carcinoma. It was reported that 53 of these patients
were exposed to mineral dust, and 13 of these 53
patients had mineral dust-related airway disease
pathology in the respiratory bronchioles. When
patients with small airway disease associated with
mineral dust in histopathology were compared
with the control group, FEV1, FVC, and FEF 25-75
values were found to be significantly decreased
[16].

In recent studies showing the development of SAD
in patients with pneumoconiosis, the prevalence
of SAD was reported as 43.5% and 66.3% [11]. In
our study, in which we used the same diagnostic
criteria for SAD, the prevalence was 47.7%. In
addition, studies have emphasized that SAD may
be one of the early functional abnormalities of lung
damage developing in pneumoconiosis, and it has
been reported that the prevalence of SAD increases
as the stage of pneumoconiosis increases [13]. Our
study found that the frequency of SAD increased
significantly with increasing disease stages in

patients with pneumoconiosis. In addition, for the
first time in our research, it was found that the
incidence of SAD increased as the size of the large
opacity increased in patients with PMF.

The results of studies evaluating the effect of
smoking on airway pathologies associated with
occupational exposure are conflicting. One
study reported that smoking did not affect small
airway function in occupationally induced airway
pathologies and was consistent with a previous
study investigating biological dust. In another
study, respiratory symptoms were more frequent
in smokers, but smoking did not change the
relationship between occupation and pulmonary
function [17]. In our study, no relationship was
found between smoking status and SAD due to
different occupational exposure, in line with the
literature data. Still, the relationship between the
development of SAD in smokers who smoked 20
pack-years or more was statistically significant.

Jong et al. investigated the association of
occupational exposure to vapors, gases, dust,
and smoke with small airway obstruction. They
showed that the effects of occupational exposure
in the small airways were a primary response in
those with normal FEV1/FVC and normal estimated
FEV1 values. They emphasized that this was
independent of the effects on the large airways.
It has also been shown that smoking does not
affect small airway function in those whose small
airways are affected by occupational exposure [18].
In our study, consistent with this study, SAD was
observed independently of large airways in 26.8%
of pneumoconiosis patients with normal FVC,
FEV1/FVC, and 41.8% of pneumoconiosis patients
with normal FEV1, FEV1/FVC.

Although our study evaluated SAD development
and risk factors in a large series of pneumoconiosis
cases, ithassomelimitations.Thelimitationsinclude
the small number of patients, heterogeneous
occupational groups, and retrospective study;
therefore, the relationship between the symptoms
and SAD could not be evaluated.

CONCLUSION

In our study, a significant correlation was found
between the stage of pneumoconiosis and SAD.
In  post-occupational pneumoconiosis, SAD
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was observed independently of large airway
obstruction in both smokers and never smokers.
Therefore, early small airway obstruction should be
considered when monitoring the health of patients
with pneumoconiosis.
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