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DiacnosTic POTENTIAL OF SERUM ACE aAnD CBC INFLAMMATORY
MARKERS IN SILICOSIS IN THE CERAMIC WORKERS

Bilge Akgiindiiz
Occupational Diseases Clinic, Eskisehir City Hospital, Eskisehir, Turkey

AsstracT. This study aims to determine whether serum sACE and CBC inflammatory markers can be used to
diagnose silicosis and assess its severity. 231 subjects referred to Eskisehir City Hospital Occupational Diseases
Polyclinic between January 2021 and January 2024 were examined. Groups classified into silicosis (n:131), non-
silicosis (n:40), and control groups (n:40). sACE and CBC inflammatory markers were analyzed. ROC curve
assessed. SACE levels were markedly elevated (85.19+36.06 U/L) in cases with higher profusion scores and
disease categories compared to control and non-silicosis groups. sSACE has a high diagnostic value for silicosis
detection and severity assessment (AUC:0.810,p=0.001). Platelet/Lymphocyte Ratio (PLR) and Monocyte/
Lymphocyte Ratio (MLR) were significant predictors of advanced silicosis with large opacities (AUC for PLR:
0.796, p=0.001; AUC for MLR: 0.726, p=0.004). Serum ACE and CBC inflammatory indices serve as valuable

biomarkers for diagnosing silicosis and determining disease severity.
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INTRODUCTION

Silicosis is an occupational lung disease that
causes variable degrees of lung tissue damage as a re-
sult of accumulating mineral dust (1). While thoracic
computed tomography (CT) is commonly utilized in
clinical diagnosis, and chest X-ray (CXR) radiogra-
phy is often used in screening and compensation con-
texts, there is no global consensus on the preferred
imaging modality for diagnosis and follow-up. To aid
in the standardized interpretation of high-resolution
CT (HRCT) scans in occupational and environmen-
tal lung diseases, the International Classification of
HRCT for Occupational and Environmental Res-
piratory Diseases (ICOERD) was developed. De-
spite its utility in diagnostic assessment, ICOERD
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is not yet widely adopted for screening purposes (2).
Moreover, there is still no method with both high
specificity and sensitivity that does not involve ra-
diation exposure. In recent years, the use of biologi-
cal markers has gained importance in the scientific
literature, particularly in the prevention of occupa-
tional diseases associated with mineral dust exposure,
in order to evaluate exposure, determine early effects
of exposure, and detect pathological changes be-
fore silicosis onset (3.4). Serum Osteopontin, Killer
Lymphocyte-6, and Syndecan-4 are markers that can
be utilized to diagnose coal worker pneumoconiosis
(5). Furthermore, peripheral biomarkers could be use-
ful in detecting early changes in workers exposed to
silica (6). The lungs are the primary organs respon-
sible for Angiotensin Converting Enzyme(ACE)
production. It is known that ACE levels are elevated
in both alveolar macrophages and endothelial cells
in the pulmonary capillary system. It has been dem-
onstrated that there is a link between alveolar mac-
rophage activity and serum ACE (sACE) levels (7).
It is thought that the deposition of mineral dust par-
ticles in the lung tissue and their cytotoxic effect on
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macrophages promote structural damage and fibrosis
in pneumoconiosis (8-11). In recent years, Complete
Blood Count (CBC) inflammatory measures have
gained prominence as novel biomarkers that can be
evaluated cheaply and easily. Neutrophils, lympho-
cytes, and monocytes are critical components of the
innate immune response; lymphocytes and platelets
play important roles in haemostasis, coagulation,
and angiogenesis during the inflammatory response
(12,13). The immune system’s role in the develop-
ment of silicosis is unclear. Although multiple stud-
ies show that the immune response plays a significant
role in the pathophysiology of pneumoconiosis,
the mechanisms that cause this association remain
poorly understood (14,15). According to the under-
standing of the literature, relatively few studies have
shown a link between CBC inflammatory markers
and the severity of disease in silicosis (16). These in-
vestigations are critical for understanding how the
immune response and inflammatory indicators af-
fect pneumoconiosis progression (17). This study
aimed to investigate the relationship between sACE
levels, CBC inflammatory parameters, silicosis, and
International Labour Office (ILO) CXRs pneumo-
coniosis categories in cases working in the ceramic
industry; the purpose was to determine whether they
are useful biomarkers in determining the disease and
its severity.

METHODS
Study population

The study was designed as a retrospective case-
control study. The research population was created
using data from Eskisehir City Hospital’s electronic
health record system. Between January 2021 and
January 2024, 231 subjects who presented to the Oc-
cupational Diseases and Chest Disease outpatient
clinic and had their sACE levels and CBC exam-
ined included in the study. 151 cases had a history
of working in the ceramic industry and diagnosed
with silicosis. 40 cases employed in the ceramic in-
dustry without silicosis. 40 had no history of working
mineral dust exposure sectors. The inclusion criteria
for this study required participants to be adults aged
18 years or older. Eligible cases had to have available
serum ACE and CBC measurements as part of the
study, with these tests being performed at the time of
the patient’s initial referral to the outpatient clinic,

alongside the collection of their clinical and occupa-
tional history. Only subjects employed in the ceramic
sector were included, ensuring that occupational ex-
posure to ceramic dust was a key factor. Furthermore,
to be included, Subjects must have had more than
six months of exposure in the ceramic sector. Ra-
diologically, cases had to have underwent a thoracic
high-resolution computed tomography (HRCT)
with Subjects diagnosed with silicosis being identi-
fied using a quality 1 or 2 chest radiograph, classified
according to the ILO CXRs Pneumoconiosis Classi-
fication. The control group was composed of Subjects
without a history of mineral dust exposure and who
had a normal HRCT. The exclusion criteria encom-
passed Subjects with pre-existing systemic diseases,
such as sarcoidosis, hypertension, malignancy, car-
diovascular disease, chronic kidney disease, or liver
disease, particularly those who were using ACE in-
hibitor treatment. Additionally, Subjects with other
interstitial lung diseases, including respiratory bron-
chiolitis, hypersensitivity pneumonitis, sarcoidosis,
idiopathic pulmonary fibrosis, nonspecific interstitial
pneumonia, desquamative interstitial pneumonia, or
lymphocytic interstitial pneumonia, were excluded
from the study. Participants with metabolic or au-
toimmune conditions, such as uncontrolled diabetes
mellitus or any connective tissue disorders, were also
excluded. Evidence of active infections at the time
of evaluation, as well as the current use of corticos-
teroids, immunosuppressive drugs, or other medica-
tions that might influence inflammatory markers,
also disqualified Subjects. Lastly, Subjects who had a
history of working in another dust-exposed industry
for more than six months, which could confound the
effects of ceramic dust exposure, were excluded from
the study.

Definition of study groups

Silicosis Group: Subjects with silicosis who had
worked in ceramic industry units with mineral dust
exposure. HRCT evaluations were conducted at the
Eskisehir City Hospital Chest Diseases and Res-
piratory Occupational Diseases Thoracic Radiology
Council. Radiological, laboratory, or interventional
procedures were performed as necessary. Silicosis
diagnoses were confirmed after differentiation from
other interstitial lung diseases (ILD) and classified
using the ILO International Classification of CXRs

Radiographs of Pneumoconiosis.
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Non-Silicosis (NS) Group: Subjects with occu-
pational mineral dust exposure but no evidence of
silicosis on HRCT. This group included those with
normal HRCT findings or unrelated findings with
silicosis such as bronchiectasis, pleural thickening,
pleural plaque, bulla or emphysema. The Interna-
tional Classification of High-Resolution Computed
Tomography (HRCT) for Occupational and Envi-
ronmental Respiratory Diseases (ICOERD) was
used to identify pneumoconiosis. The ICOERD
uses 4-point categories to quantify the grades of
well-defined rounded opacities (RO), irregular and/
or linear opacities (IR), emphysema (EM), ground
glass opacities (GGO), and honeycombing (HC)
parenchymal opacities (Items) in the upper, middle,
and lower zones of each lungs. The summed grade
is calculated for each of the Items of the parenchy-
mal abnormalities (RO, IR, EM, GGO, and HC) by
adding the scores of each of the 6 zones (2). Dur-
ing the Eskisehir City Hospital Chest Diseases and
Respiratory Occupational Diseases Thoracic Radi-
ology Council, the ICOERD criteria were applied.
Control (C) Group: Subjects without a history of
occupational mineral dust exposure and with normal
HRCT findings.

Diagnosis was based on HRCT ICOERD clas-
sification findings, and subjects with a profusion
score of 0/1 or higher according to the ILO CXRs
pneumoconiosis classification were included in the
silicosis group. The silicosis cases were further sub-
divided according to disease severity and compared
with the non-silicosis and control groups.

Measurements

Demographic and clinical characteristics, in-
cluding age, sex, comorbidities, occupation within
the ceramic industry, duration of exposure, smoking
status (pack-years), pulmonary function test param-
eters, CBC parameters, and sACE levels, were retro-
spectively analyzed. Case selection was based on the
study objectives and hypotheses.

Classification of dusty departments and/or professions

Dust intensity in various departments or jobs of
the ceramics industry was classified on a scale from 1
to 5. The classification was conducted through blind
scoring by three independent experts: one occupa-
tional health and safety specialist engineer and two

occupational health physicians, all with experience in
the ceramics industry. In cases of score discrepancies,
the researcher’s scoring was approved based on the
average score.

Dust intensity was rated from 1 (lowest) to 5
(highest). The classifications were as follows: Group 1
(Dust Intensity: 1-3): Ovens, maintenance and re-
pair, packaging, warehouse, quality control, and fork-
lift workers. Group 2 (Dust Intensity: 4): Glazing.
Group 3 (Dust Intensity: 4): Press, forming, casting,
and forklift workers. Group 4 (Dust Intensity: 5):
Retouching. Group 5 (Dust Intensity: 5): Raw
material processing, masse and glaze preparation,
crushing and grinding, mold breaking, and forklift

operators.

IL.O International Classification of CXRs Pneumoconiosis
Radiographs (18)

Digital radiography was used to obtain Chest
X-rays. CXRs were assessed following the ILO
International Classification of Pneumoconiosis
Radiographs. An occupational disease specialist,
certified as an ILO International Pneumoconiosis
Radiography Classification reader and responsible
for occupational disease notification, conducted the
evaluations.

Profusion scores

The term ‘profusion of small opacities” describes
the density of small opacities in the affected zones
of the lung. The classification of profusion is deter-
mined by comparison with reference standard radio-
graphs. While written descriptions provide guidance,
the standard radiographs are the definitive basis for
assessment. The increasing density of small opacities
is evaluated accordingly.

Categories: 0, 1, 2, 3,4. Subcategories 0/—; 0/0;
0/1; 1/0; 1/1; Yy 2/1; 2/2; 2/3; 3/2; 3/3; 3/+ Cate-
gory 0: 0/1; Category 1: 1/0; 1/1; ¥2; Category 2: 2/1;
2/2; 2/3; Category: 3/2; 3/3; 3/+; Category 4; Large
opacity

Size

The shape and size of small opacities are docu-
mented, with two types of shapes identified: rounded
and irregular. Each shape is further classified into
three size categories. For small rounded opacities,
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the sizes are labeled as p, q, and 1, based on their ap-
pearance in the corresponding standard radiographs.
These are defined as follows: p = opacities with di-
ameters up to approximately 1.5 mm; q = opacities
with diameters between about 1.5 mm and 3 mm;
r = opacities with diameters between about 3 mm
and 10 mm. Similarly, the three size categories for
small irregular opacities are labeled as s, t, and u, also
defined by their appearance in the standard radio-
graphs. These are specified as follows: s = opacities
with widths up to about 1.5 mm; t = opacities with
widths between approximately 1.5 mm and 3 mmy;
u = opacities with widths between about 3 mm and
10 mm.

Large opacities

A large opacity is defined as an opacity having
the longest dimension exceeding 10 mm. Catego-
ries of large opacities are defined below. Category A:
One large opacity having the longest dimension up
to about 50 mm, or several large opacities with the
sum of their longest dimensions not exceeding about
50 mm. Category B: One large opacity having the
longest dimension exceeding 50 mm but not exceed-
ing the equivalent area of the right upper zone, or
several large opacities with the sum of their longest
dimensions exceeding 50 mm but not exceeding the
equivalent area of the right upper zone. Category C:
One large opacity which exceeds the equivalent area
of the right upper zone.

Laboratory analyses

Leukocyte subpopulations were analyzed using
the automated XN-2000 hematology analyzer (Sys-
mex, Milton Keynes, UK). Complete Blood Count
inflammatory markers were calculated. Neutrophil-
to-lymphocyte ratio (NLR), Platelet-to-lymphocyte
ratio (PLR), Monocyte-to-lymphocyte ratio (MLR),
Systemic immune inflammation index (SII): (Neu-
trophil x Platelet) / Lymphocyte ratio, Systemic
inflammatory response index (SIRI): (Neutrophil x
Monocyte) / Lymphocyte ratio, Aggregate index of
systemic inflammation (AISI): (Neutrophil x Mono-
cyte x Platelet) / Lymphocyte ratio were calculated.
Serum angiotensin-converting enzyme level: sSACE
levels were measured using the BA-200 analysis sys-
tem (Biosystem, Spain), with a reference range of

2-52 TU/L.

Pulmonary Function Test (PFT)

Pulmonary function tests were conducted by
certified technicians in accordance with the Ameri-
can Thoracic Society (ATS) and European Respira-
tory Society (ERS) guidelines (19). Measurements
were obtained using the COSMED Quark PFT
device (Italy), which meets ATS/ERS standards
and provides high-precision respiratory assess-
ments. Forced Vital Capacity (FVC, FVC%), Forced
Expiratory Volume in 1 Second (FEV;, FEV,%),
FEV/FVC (%) parameters were evaluated. Post-
bronchodilator values were analyzed, and airway
obstruction was defined as an FEV;/FVC ratio of
<70%. In the most recent year, diffusion capacity
testing (DLCO) was integrated into routine clinical
evaluation for patients with pneumoconiosis at our
center. Prior to this, logistical challenges related to
gas supply limited its consistent application. Conse-
quently, DLCO measurements were not available for
all study participants and were therefore not included
in the main analysis. However, a subgroup of 53 pa-
tients with silicosis underwent complete diffusion
testing, including DLCO, total lung capacity (TLC),
and DLCO adjusted for alveolar volume (DLCO/VA).
These patients were classified according to the In-
ternational Labour Organization (ILO) chest
X-ray profusion score.

Ethical approval

This study was conducted in accordance with
the rules of the Declaration of Helsinki and ethi-
cal approval was received from Eskisehir City Hos-
pital Scientific Research Ethics Committee with
the decision number ESH/BAEK 2024/11 dated
14.03.2024. The cases included in the study had been
previously diagnosed or evaluated for differential di-
agnosis. No specialized examination was conducted
for this investigation.

Statistical analyses

Statistical Package for the Social Sciences for
Windows 20.0 (SPSS Inc.; Chicago, IL, USA) pro-
gram was used in the statistical analysis of the data.
Frequencies and percentage values of categorical var-
iables, and mean, median and standard deviation val-
ues of numerical variables were calculated. Whether
the variables showed normal distribution was tested
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with Skewness-Kurtosis/Shapiro-Wilk. For nor-
mally distributed numerical variables, t-test was ap-
plied in the presence of two groups, and ANOVA
test was applied in the presence of more than two
groups. Categorical variables were tested with the
chi-square test. For variables with more than two
groups that did not show normal distribution, the
Kruskal-Wallis test, one of the non-parametric tests,
was applied. Mann-Whitney U test was used to de-
termine the difference within the group. p < 0.05 was
considered significant.

In this study, all available silicosis cases (n = 151)
referred to our occupational diseases clinic were in-
cluded. However, identifying suitable healthy indi-
viduals without occupational exposure or radiological
findings was challenging, as our clinic predominantly
receives referrals for suspected occupational diseases.
Therefore, the control group was limited to 40 indi-
viduals who met strict inclusion criteria and showed
no signs of silicosis. To allow for balanced group sizes
in ROC analysis—an approach known to provide
more stable estimates of sensitivity, specificity, and
cut-off values—a random sample of 40 silicosis cases
was selected using SPSS randomization tools. ROC
analyses were then performed between the control
group and this randomly selected case subgroup to
assess the diagnostic performance of inflammatory

indices in detecting silicosis and its radiological fea-
tures. ROC curves were generated by considering the
Control group as the reference group in comparisons
such as Control-Silicosis, Control-Non-Silicosis,
Control-Profusion scores, and Control-Opacity
size. The AUC values were calculated to determine
the predictive accuracy, and the Youden Index was
used to identify the optimal cut-off points.

REesuLts
Demaographic characteristics

A total of 231 participants were included in
the study, of whom 151 had a silicosis profusion
score of 0/1 or higher. A subset of 40 cases was ran-
domly selected from this group using SPSS software
(Figure 1). Based on the International ILO CXRs
Pneumoconiosis Classification, 18 cases were cat-
egorized as Category 0, while 17 cases had large
opacities (Category 4). The remaining cases were
distributed as follows: 64 in Category 1, 42 in Cat-
egory 2, and 10 in Category 3. The control and NS
groups each consisted of 40 participants. The mean
age of participants was 45.84 + 8.86 years. The mean
duration of occupational exposure was 19.06 + 8.11

years in the NS group and 18.50 + 8.89 years in the

Study population

231

Silicosis cases with a
profusion score of 0/1 and

higher [

Non-silicosis Group

Control Group

151

40 40

Silicosis Group:
Randomly selected from

this group applying the
SPSS program

40

Figure 1. Study population classification.
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silicosis group. Notably, patients with large opaci-
ties exhibited a significantly lower FEV1/FVC ratio
(67.81 = 16.08%) compared to other profusion cat-
egories and the control group (p = 0.012). No signifi-
cant differences were observed in exposure duration
or smoking habits among silicosis subgroups. Table 1
summarizes the demographic and clinical character-
istics of the study population. A total of 53 patients
diagnosed with silicosis underwent diffusion testing.
The mean values in this subgroup were: DLCO 90.71 +
19.59% predicted, TLC 95.84 + 16.31% predicted,
and DLCO/VA 93.13 = 16.39% predicted. When
categorized by ILO profusion scores, patients with
a profusion score of 0/1 exhibited lower DLCO val-
ues compared to those with higher profusion scores.
These findings suggest that diffusion testing alone
may not adequately reflect the extent of radiographic
abnormalities or functional impairment in silicosis

(Appendix Table).
Serum ACE and CBC inflammatory parameters

No significant differences were observed in
sACE levels or CBC-derived systemic inflammatory
indices between the NS and control groups. How-
ever, when comparing the silicosis group with both
the control and NS groups, sACE levels and inflam-
matory biomarkers were significantly elevated. These
findings suggest that these biomarkers may aid in
the diagnosis of silicosis and its differentiation from
other pulmonary parenchymal diseases.

Importantly, sACE levels were significantly
higher in all pneumoconiosis categories except
Category 0, indicating that SACE may serve as a
biomarker for disease detection beyond early stages.
Additionally, PLR and MLR were identified as sig-
nificant predictors of silicosis severity, particularly in
distinguishing large opacity cases from other catego-
ries (Table 2).

When sACE levels were analyzed based on
workplace departments, workers in high dust expo-
sure environments exhibited significantly elevated
levels. The highest serum ACE levels were observed
among workers in glazing, pressing, forming, and
casting units (Table 3).

ROC analysis results

ROC analysis confirmed that sACE is a reliable

biomarker for silicosis diagnosis, with an optimal

cut-off value of 40.50 U/L, yielding a sensitivity of
77.5% and specificity of 77.5% (AUC: 0.810, 95%
CI:0.711-0.911; p = 0.001). Notably, sSACE demon-
strated even higher diagnostic accuracy in assessing
silicosis severity, particularly for large opacities, with
a sensitivity of 88.2% and specificity of 87.5% (AUC:
0.958, 95% CI: 0.913-1.000; p = 0.001) (Table 4,
Figure 2).

Additionally, PLR and MLR were identified
as significant biomarkers for both silicosis diagno-
sis and severity assessment. Figure 3 illustrates the
ROC curves for PLR and MLR, highlighting their
role in categorizing silicosis severity, particularly in
distinguishing large opacity cases from less severe
forms of the disease.

DiscussionN

Silicosis, a chronic lung disease caused by pro-
longed exposure to silica dust, remains a significant
occupational health concern, particularly in indus-
tries such as ceramics, mining, and construction.
Early diagnosis and monitoring of disease progres-
sion are critical for preventing severe complications
and improving long-term outcomes for affected
workers. While chest radiographs are very useful for
diagnosing pneumoconiosis, they are limited in their
ability to detect early-stage disease (compered to
CT scans) and require repeated radiation exposure.
In this study, it was explored the potential of sSACE
levels and various CBC inflammatory markers as
non-invasive, cost-effective biomarkers to diagnose
silicosis and assess its severity.

Several biomarkers, including L-selectin, Krebs
von den Lungen-6, TNF-alpha, surfactant protein D,
and matrix metalloproteinase-2, have been explored
as predictors of silicosis, but none have been adopted
in clinical practice (20). A study on artificial stone
workers found significantly elevated sACE levels in
silicosis patients, suggesting its potential as a bio-
marker for disease progression (21). Consistent with
previous studies, it was observed higher PMF rates
in affected workers and increased serum ACE levels
in foundry workers exposed to silica (22-24).

In this study, ceramic workers with silicosis had
significantly elevated ACE levels. However, no dif-
ference was found between dust-exposed subjects
with normal HRCT findings and those with silicosis,
suggesting that sSACE may reflect both silica expo-
sure and disease severity. Elevated ACE levels likely
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Table 2. Comparison of serum ACE levels and CBC inflammatory parameters by silicosis and profusion score category with control group

Kruskall-
Sum of Walls H
Risk Factor Groups N X Square Rank average df X? p LSD
ACE, U/L Category 0 18 45.92 37.17 102.81 6 66.12 | 0.001 2,3,4
Category 1 64 51.08 29.65 123.22 6 2,3,4,NS,C
Category 2 | 42 65.04 35.84 153.05 6 0,1,4,NS,C
Category 3 10 57.07 29.39 142.20 6 0,4,NS,C
Category 4 17 85.19 36.06 188.24 6 0,1,2,3,NS,C
NS’ 40 35.14 16.54 79.91 6 1,2,3,4
c” 40 32.18 15.71 70.33 6 1,2,3,4
PLO Category 0 18 109.09 34.26 107.56 6 16.76 | 0.010 3,4
Category 1 64 110.98 35.27 111.55 6 4
Category 2 | 42 111.20 30.44 114.65 6 4
Category 3 10 147.39 96.18 133.10 6 0
Category 4 17 175.05 93.14 176.35 6 0,1,2,NS,C
NS 40 116.43 51.75 111.11 6 C
c” 40 106.14 31.24 103.30 6 4,NS
MLO Category 0 18 0.24 0.09 6 14.09 | 0.029 3,4
Category 1 64 0.25 0.09 6 4
Category 2 | 42 0.24 0.09 6 4
Category 3 | 10 0.35 0.24 6 0
Category 4 | 17 0.42 0.33 6 0,1,2,NS,C
NS 40 0.25 0.07 6 4
c” 40 0.27 0.09 6 4
SIRI Category 0 18 1.17 0.79 101.56 6 14.07 | 0.029 4
Category 1 | 64 1.34 1.04 113.89 6
Category 2 | 42 1.09 0.68 98.98 6 4,NS,C
Category 3 | 10 1.34 0.75 100.10 6
Category 4 | 17 2.03 1.80 151.71 6 0,2
NS 40 1.36 0.71 126.15 6
c” 40 1.45 0.75 122.40 6
AISI Category 0 18 297.95 235.86 100.22 6 13.07 | 0.042
Category 1 64 337.19 296.17 113.45 6
Category 2 | 42 258.39 170.30 93.45 6 4,NS,C
Category 3 10 311.69 268.46 104.00 6
Category 4 | 17 412.81 247.51 146.65 6 0,2
NS 40 324.32 196.59 122.90 6 2
c” 40 356.53 208.17 133.93 6 2
ACE/ Category 0 18 12.01 14.32 106.47 6 58.22 | 0.001 2,3,4
Neutrophil Category 1 | 64 11.74 7.89 121.78 6 2,4NS,C
Category 2 | 42 17.09 11.01 157.21 6 0,NS,C
Category 3 10 18.55 16.68 140.70 6 NS,C
Category 4 17 21.63 13.79 172.35 6 NS§,C
NS 40 7.96 6.27 81.85 6 1,2,3
ol 40 6.66 3.63 71.79 6 1,2,3,4
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Kruskall-
Sum of Walls H
Risk Factor Groups N X Square Rank average df x? P LSD
ACE/ Category 0 18 20.85 16.11 101.11 6 58.85 | 0.001 2,3,4
Lymphocyte Category 1 | 64 23.56 15.30 118.91 6 2,4,NS,C
Category 2 | 42 32.58 23.18 144.24 6 0,4NS,C
Category 3 | 10 36.99 25.30 151.30 6 NS,C
Category 4 | 17 74.94 67.80 195.12 6 NS,C
NS’ 40 17.16 1.42 90.85 6 1,2,3,4
c” 40 13.93 6.27 71.10 6 1,2,3,4
ACE/Monocyte | Category 0 18 90.57 86.71 105.31 6 53.62 | 0.001 2,3,4
Category 1 | 64 104.28 90.25 120.47 6 2,4NS,C
Category 2 | 42 139.96 101.52 154.35 6 0,C
Category 3 | 10 113.73 68.30 135.00 6 C
Category 4 | 17 202.01 178.78 174.41 6 C,NS
NS* 40 77.87 78.87 90.28 6 1,4
c” 40

Abbreviations:' NS: Non-silicosis group; “C: Control group; LSD: Least Significant Difference; ACE: Angiotensin Converting Enzyme; PLR:
Platelet/lymphocyte ratio; MLR: Monocyte/lymphocyte ratio; SIRI: Systemic inflammatory response index: (neutrophil countxmonocyte
count)/lymphocyte count; AISI: Systemic inflammation aggregate index: (neutrophil x monocyte x platelet)/lymphocyte ratio.

Table 3. Comparison of serum ACE levels by department at workplace

Kruskall-Walls
H
Departments/ X(Mean Rank LSD Post-hoc
Risk Factor Units N | ACE,U/L) S.S. average df X? P Comparisons*
ACE,U/L, mean NS 40 35.14 16.54 57.95 5 32.65 0.001 |2,3,4,5
Group 1 20 39.69 14.18 73.90 5 2,3,4,5
Group 2 21 69.60 44.02 120.64 5 NS1
Group 3 40 59.43 28.49 110.64 5 NS,1
Group 4 48 56.20 27.58 107.24 5 NS,1
Group 5 22 68.71 52.75 110.61 5 NS,1

Group 1: Ovens, maintenance and repair, packaging, warehouse, quality control, forklift operators in these units; Group 2: Glazing; Group 3:
Presses, forming, casting and forklift operators in this unit; Group 4: Retouching; Group 5: Raw material, masse, glaze preparation, crushing
and grinding, mold breaking and forklift operator in these units. *Mann-Whitney U Test results.

stem from inflammatory processes, as mononuclear
phagocytes and alveolar macrophages are primary
sources (25-28). While Nordman et al. (24) found no
correlation between ACE levels and pneumoconiosis
severity, Yano et al. (29) reported a relationship with
profusion scores. This study also found significantly
higher sACE levels in workers with a profusion score
of 0/1.

Workers with 0/1 profusion scores are classified
as suspected cases but often remain exposed, lack

insurance coverage, and are excluded from research (30).
Thorax CT is the preferred diagnostic tool, yet bio-
markers like SACE could enhance early detection.
However, in this study, SACE was insuflicient to
identify 0/1 profusion cases, possibly due to small
sample size. Still, its 70% sensitivity and specificity
in detecting 1/0 profusion cases support its diagnos-
tic utility.

Thoracic HRCT remains the most effective im-
aging tool for diagnosing pneumoconiosis (31-33).
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Table 4. The sensitivity and specificity for serum ACE levels in silicosis and profusion scores compared with control group

Sensitivity Specificity
Risk Factors AUC (95%) ACE Cut-off P (%) (%)
Silicosis with control 0.810(0.711-0.911) 40.50 0.001 77.5 77.5
Silicosis with non-silicosis 0.782(0.677-0.887) 45.15 0.001 77.5 77.5
Profusion Scores 0/1 0.639(0.468-0.809) 35.00 0.093 72.2 70.0
1/0 0.796(0.678-0.915) 36.00 0.001 70.0 70.0
1/1 0.771(0.657-0.885) 34.95 0.001 71.4 70.0
1/2 0.601(0.405-0.797) 31.50 0.242 56.3 57.5
2/1 0.830(0.719-0.942) 40.50 0.001 76.2 77.5
2/2 ve 2/3 0.898(0.817-0.979) 43.95 0.001 85.7 85.0
3/2 ve 3/3+ 0.800(0.616-0.984) 39.50 0.004 70.0 72.5
Large opacity 0.958(0.913-1.000) 48.50 0.001 88.2 87.5
Non-silicosis with control 0.549(0.422-0.676) 30.50 0.450 55.0 52.5

However, a compensation-independent biomarker
with high sensitivity and specificity is needed to aid
in early detection, avoiding close radiation exposures.
In this study, ACE levels were higher in workers in
high-dust-intensity departments (e.g., retouching,
pressing, raw material processing) than in lower-
exposure areas (e.g., glazing, maintenance, packag-
ing). Unlike prior studies, it was found no association
between exposure duration and sACE levels, suggest-
ing dust intensity may be a more critical factor (34).

Inflammatory markers like sedimentation rate,
C-reactive protein, NLR, and PLR are used to assess
systemic inflammation (35). PLR is prognostic in
several diseases, including lung conditions (36-37).
A case-control study of ceramic workers found sig-
nificantly elevated NLR and PLR values in both
early-stage and advanced pneumoconiosis (38). In
this study, PLR and MLR were useful for early de-
tection, and SII, SIRI, AISI were more sensitive and
specific for PMF than simple silicosis.

Importantly, the study also highlighted that
these biomarkers not only differentiate between
pneumoconiosis and non-silicosis groups, but also
provide valuable insight into the severity of the dis-
ease. Elevated levels of sSACE, as well as inflamma-
tory markers like PLR and MLR, were particularly
notable in Subjects with more advanced silicosis
(higher profusion scores), suggesting that these bio-
markers could serve as reliable indicators of disease
progression. The ROC analysis further supported the
diagnostic potential of sACE, with a cut-oft value
of 40.50 U/L demonstrating promising sensitivity

and specificity for silicosis diagnosis. These results
suggest that sACE, along with CBC-based inflam-
matory markers, could be utilized as part of a multi-
faceted approach to monitoring workers exposed to
mineral dust and assessing their risk of developing
silicosis.

The strengths of this study include its large sam-
ple size, the use of multiple biomarkers for a com-
prehensive assessment of disease, and the inclusion
of a control group with no exposure to mineral dust,
which strengthens the validity of this study findings.
Additionally, the study’s inclusion of workers from
various departments within the ceramic industry al-
lowed for an evaluation of silicosis across different
levels of dust exposure intensity, which is an impor-
tant topic when studying occupational diseases.

Limitations

However, several limitations and bias must be
acknowledged. First, the study was cross-sectional,
which limits ability to establish causality or deter-
mine the long-term progression of disease. Longi-
tudinal studies are needed to confirm whether these
biomarkers can predict future disease development
and progression. Second, the study focused solely
on workers in the ceramic industry, which may limit
the generalizability of the study findings to other in-
dustries with different types of dust exposure. This
study’s dust exposure classification was based on ex-
pert judgment due to the lack of standardized work-
place measurements. While this approach provided a
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Figure 2. For serum ACE levels ROC curves. Graph A: Silicosis with control group; Graph B: Silicosis with non-silicosis group; Graph C:
Profusion score 0/1 vs control group ; Graph D: Profusion score 1/0 vs control group; Graph E: Profusion score 1/1 vs control group; Graph F:
Profusion score 1/2 vs control group; Graph G: Profusion score 2/1 vs control group; Graph H: Profusion score 2/2 and 2/3 vs control group;
Graph I: Profusion score 3/2 and 3/3+ vs control group; Graph J: Category 4(Large Opacity) vs control group; Graph K: Non-silicosis vs

control group.

practical estimation, it may introduce bias, especially
given 1) variations in workplace controls and preven-
tive measures, 2) and recall bias, which could result
from relying on self-reported data for occupational
exposure. Additionally, differences in factory size and
layout—particularly in smaller enterprises without
compartmentalization—could lead to cross-exposure
among workers in different roles. These factors may
affect the accuracy of exposure classification and
should be considered when interpreting the results.

Finally, while sSACE and CBC-derived inflammatory

markers showed promise in differentiating silicosis
from other respiratory conditions, further research is
necessary to validate these biomarkers in a broader
patient population and in the context of other oc-
cupational diseases.

ConcLrusioN
This study provides evidence that sACE and

CBC inflammatory markers could serve as valuable,
non-invasive biomarkers for diagnosing silicosis and
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Figure 3. Comparison of sensitivity and specificity of CBC inflammatory parameters of large opacities with
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assessing its severity. These markers have the poten-
tial to improve early detection and monitoring of
silicosis, reducing the need for repeated radiographic
imaging and minimizing radiation exposure to work-
ers. These biomarkers are relatively inexpensive, and
their monitoring could therefore serve as an effective
tool for secondary prevention by occupational physi-
cians overseeing the health surveillance of workers
exposed to silica. Further research, including longi-
tudinal studies and larger cohort analyses, is neces-
sary to confirm these findings and refine the use of
these biomarkers in clinical practice. Future studies
should aim to include also direct measurements/
workplace data to improve exposure assessment. As
the understanding of the immunological mechanisms
behind silicosis evolves, monitoring these biomarkers
at dusty workplaces could play a crucial role in pre-
venting disease and improving the health outcomes
of workers exposed to mineral dust.
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APPENDIX

Table S1. Distribution of DLCO, DLCO/VA, and TLC among
53 silicosis cases, categorized by ILO chest X-ray profusion scores
and assessed via pulmonary diffusion testing.

Std.
N Mean Deviation
DLCO Category 0 5 67.40 17.27
Category 1 26 95.58 17.032
Category 2 13 92.54 16.01
Category 3 99.50 38.89
PMF 83.43 22.45
Total 53 90.71 19.59
DLCO/VA | Category 0 5 77.00 5.83
Category 1 26 94.77 16.67
Category 2 13 89.92 13.84
Category 3 99.00 39.60
PMF 102.86 11.50
Total 53 93.13 16.39
TLC Category 0 5 79.60 18.47
Category 1 26 98.46 12.52
Category 2 13 | 102.38 11.41
Category 3 109.00 19.80
PMF 81.86 21.71
Total 53 95.84 16.31

Abbreviations: DLCO: The carbon monoxide diffusion lung capac-
ity; DLCO/VA: Diffusing capacity of the lung for carbon monox-
ide divided by alveolar volume; TLC: Total lung capacity; PMF:

Progressive Massive Fibrosis.



