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TaggedPAbstract

Introduction: Silicosis is an irreversible and incurable disease. Preventive measures to eliminate

exposure are the only effective way to reduce morbidity and mortality. In such situations, having

a biomarker for early diagnosis or to predict evolution would be very useful in order to improve

control of the disease. The elevation of serum angiotensin-converting enzyme (sACE) in silicosis

has been described in previous studies, although its relationship with severity and prognosis is

not clear.

Aims: To determine the levels of sACE in a cohort of patients with exposure to silica dust with

and without silicosis, and to assess their impact on the prognosis of the aforementioned patients.
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TaggedEndTaggedPMethod: Prospective observational study on patients treated in a silicosis clinic from 2009 to

2018. sACE levels and pulmonary function tests were performed. Radiological progression was

assessed in patients who had already had 2 X-rays of the thorax and / or two CT scans with at

least a 1-year interval, from the time of inclusion in the study.

Results: A total of 413 cases of silicosis were confirmed, as well as 73 with exposure to silica dust

but without silicosis. The mean sACE level for healthy subjects was 27.5§7.3U/L, for exposed

patients without silicosis it was 49.6§24.2U/L, for simple silicosis it was 57.8§31,3U/L and for

complicated silicosis it was 74.5§38.6U/L. Patients with a higher sACE generally progressed

radiologically during follow-up (73.3§38.0 vs. 60.4§33.7; p<.001) and so the category of silico-

sis changed (73,9§38.1 vs. 62.5§34.6; p<.021).

Conclusions: sACE was elevated in patients with silicosis, and the greater its severity, the higher

it was, which is associated with disease progression measured radiologically or as a category

change of silicosis.

© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/). TaggedEnd

TaggedH1Introduction TaggedEnd

TaggedPSilicosis is a chronic interstitial lung disease caused by pro-
longed exposure to free crystalline silica dust. It is a type of
pneumoconiosis and is included in the list of interstitial lung
diseases (ILD).1 There have been recent reports of new expo-
sures to silica dust, giving rise to outbreaks of silicosis in
many countries.2 In Spain there is no national registry of sili-
cosis but the statistics from the National Institute of Silicosis
(NIS) show that it has increased annually since 2008, not just
from coal mining but also from other industries such as those
which handle granite, slate and artificial conglomerates.3 In
2018, out of the 270 cases reported by the NIS, 46% were
from these sectors and came from our region (Galicia).4 Sili-
cosis diagnosis is given upon finding radiological anomalies,
which is not a very accurate method for detecting whether
there are silicosis nodules in the lung tissue5,6 after a histo-
pathological examination has been performed. Although
there are steps in place to standardise Computed Tomogra-
phy (CT) for silicosis diagnosis,7 it is considered crucial to
have a biomarker available for early detection and/or to
predict its progression and that of other respiratory dis-
eases.8-10 There is still no biomarker identified that would
be useful to diagnose and prognose patients with
silicosis.9,10TaggedEnd

TaggedPThe macrophage plays a key role in silicosis pathophysiol-
ogy. Indeed, it is likely that silicosis is a consequence of alve-
olar macrophage activation scavenging inhaled RCS.
Macrophages alongside endothelial cells are considered the
main sources of increased serum ACE levels.11 TaggedEnd

TaggedPIn addition, ACEs are upregulated in several diseases
characterized by granuloma, which include silicosis. Macro-
phages within the granuloma were reported to have an
approximately sevenfold increase in ACE mRNA compared
with kidney macrophages in an animal model.12 The increase
in activity of ACEs in serum is considered to be a marker of
lung injury in a number of pulmonary diseases.11 Most ACEs
are bound to the plasma membranes of the endothelial cells,
particularly in pulmonary vessels, epithelial cells (such as
those of the proximal renal tubule), neuroepithelial cells
and the prostate carrying out their main role of blood pres-
sure homeostasis. Their proteolytic split13 leads to the
release and appearance of soluble ACEs in locations such as

TaggedEndTaggedPblood, urine, lymph, pulmonary edema, and cerebrospinal
fluid. Lieberman,14 in 1975, observed an increase in ACEs in
approximately two-thirds of patients with sarcoidosis. It was
subsequently shown that it rose in other granulomatous dis-
eases such as tuberculosis, fungal infections, Gaucher dis-
ease and asbestosis,15 which puts a great deal of limitation
on the use of ACE in sarcoidosis diagnosis. TaggedEnd

TaggedPThe majority of studies did not find any correlation
between ACE levels or sarcoidosis activity16 and severity.17

Since 1978,18 when the increase of ACEs in silicosis was first
reported, several studies have been published that have
associated them with silicosis,19,20 with disparate results as
regards severity,20,21 while only one study has evaluated ACE
behaviour and its relationship with the progression of fibrosis
and of the disease.21 TaggedEnd

TaggedPNo tools are currently available that can enable silicosis
progression to be easily monitored.22 The aim of this study is
to determine ACE levels in a patient cohort exposed to silica
dust (with and without silicosis), and in a group of non-
exposed subjects, in order to subsequently evaluate
whether the results of the study can be used as predictors of
disease progression. TaggedEnd

TaggedH1Method TaggedEnd

TaggedPA prospective study of a cohort of Caucasian subjects was
conducted in the period from January 2009 to December
2018, all of whom had been exposed to silica or diagnosed
with silicosis based on the guidelines for silicosis diagnosis
and monitoring.1 A control group was also included, consist-
ing of hospital workers not exposed to silica with similar
ages and smoking history to the cohort subjects. TaggedEnd

TaggedPAnybody who had suffered from an acute illness in the
previous three months, who had been diagnosed with sar-
coidosis, for whom an ACE determination could not be
made, and who refused to participate in the study, was
excluded. TaggedEnd

TaggedPThe study was approved by the Galician Network of
Research Ethics, Spain (Research Ethics Committee of Gali-
cia: 2009/467) and was carried out following the Declaration
of Helsinki principles and its updates, and the current legis-
lation on biochemical research. TaggedEnd
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TaggedPIn the initial visit, the following sociodemographic variables
were collected: smoking history (i.e., “never smoked”, “ex-
smoker” and “active smoker”), body mass index, comorbidity
based on the Charlson Index,23 history of other specific dis-
eases (e.g., tuberculosis of the lung, those caused by non-
tuberculous mycobacteria and pulmonary hypertension), his-
tory of exposure to silica dust, silicosis diagnosis and severity,
lung function and, finally, radiography (X-rays) and/or chest
CT scans and blood tests. The ILO classification was used for
diagnosis, requiring a profusion of at least 1/1 to be able to
make a silicosis diagnosis, which was then classified into “sim-
ple” or “complicated” according to the size of the opacity.
When it was <10 mm in size, it was considered to be simple
chronic silicosis, or complicated chronic silicosis if>10mm.1,24TaggedEnd

TaggedPIn the follow-up consultations up to December 2018, the
radiological progression in silicosis was evaluated, as well as
any hospital admissions, Emergency or Primary Care Centre
attendances due to any respiratory diseases, and death. TaggedEnd

TaggedPThe X-rays and CT scans were interpreted by radiologists
with considerable experience in silicosis. The definition of a
large opacity is when the longest dimension exceeds 10 mm.
Categories of large opacities are defined below: TaggedEnd

TaggedPCategory A: one large opacity where the longest dimen-
sion is up to 50 mm, or several large opacities with the sum
of their longest dimensions not exceeding 50 mm. TaggedEnd

TaggedPCategory B: one large opacity where the longest dimen-
sion exceeds 50 mm but does not exceed the equivalent
area of the upper-right zone, or several large opacities with
the sum of their longest dimensions exceeding 50 mm but
not exceeding the equivalent area of the upper-right zone. TaggedEnd

TaggedPCategory C: one large opacity which exceeds the equiva-
lent area of the upper-right zone, or several large opacities
which, when combined, exceed the equivalent area of the
upper-right zone.24TaggedEnd

TaggedPWhen CT was used to classify large opacities, they were
classified as category A when there were one or more opaci-
ties >10mm and they were less than one-quarter of the area
(a quadrant) from the right-hand side of the CT scan at
carina level. Category B was an opacity greater than “A”,
taking up less than half of the area (2 quadrants) from the
right-hand side of the CTscan at carina level. It was category
C when one or the sum of the opacities constituted more
than half of the area from the right-hand side of the CT scan
at carina level.7 Any progression was interpreted as progres-
sion regardless of the level of nodule abundance, with a
change in the category when the diagnosis went from simple
to complicated silicosis (A, B or C), from complicated silico-
sis A to complicated silicosis B or C, or from complicated sili-
cosis B to complicated silicosis C.25 The lung function tests,
spirometry and diffusing capacity for carbon monoxide
(DLCO) were carried out following the recommendations of
the Spanish Society of Chest Diseases and Thoracic Surgery
(SEPAR) and the European Respiratory Society (ERS).26,27 The
results analysed were forced vital capacity (FVC), forced
expiratory volume in one second (FEV1), FEV1/FVC ratio,
total lung capacity (TLC) and diffusing capacity for carbon
monoxide (DLCO). An FEV1/FVC ratio <70 was considered an
obstructive limitation to the air flow and an analysis was
made for any decrease in FVC of >10% in order to consider
difference in FVC as clinically important.28 Although we had

TaggedEnd Table 1 Demographic, clinical, and functional characteristics of patients with and without silicosis.

Total Exposure (n=73) Simple Silicosis

(n=201)

Complicated Silicosis

(n:212)

p

Age;mean (SD) 51.0 (11.0) 46.6 (12.5) 50.2 (10.0) 53.2 (10.7) <0.001

Smoking (PY);mean (SD) 26.0 (17.8) 22.4 (16.9) 25.9 (17.4) 27.5 (18.5) 0.226

Smoking; n (%)

Active smoker 111 (23.3) 29 (40.3) 52 (26.5) 30 (14.4) <0.001

Former smoker 222 (46.5) 21 (29.2) 89 (45.4) 112 (53.6)

Non-smoker 144 (30.2) 22 (30.6) 55 (28.1) 67 (32.1)

BMI;mean (SD) 28.0 (4.1) 29.9 (5.0) 28.4 (3.6) 27.0 (3.9) <0.001

Charlson Index;mean (SD) 0.88 (1.31) 0.68 (1.28) 0.74 (1.25) 1.08 (1.37) 0.014

Duration of exposure ;mean (SD) 23.7 (9.8) 21.0 (9.2) 24.3 (9.8) 24.1 (10.0) 0.038

Work; n (%)

Quarry 364 (75.1%) 40 (54.8%) 150 (75.0%) 174 (82.1%) <0.001

Ornamental 58 (12.0%) 19 (26.0%) 24 (12.0%) 15 (7.1%)

Others 63 (13.0) 14 (19.2%) 26 (13.0%) 23 (10.8%)

SARD; n (%) 51 (10.5%) 7 (9.6%) 22 (10.9%) 22 (10.4%) 0.946

Tuberculosis; n (%) 81 (16.7%) 2 (2.7%) 26 (12.9%) 53 (25.0%) <0.001

ACE;mean (SD) 63.9 (35.2) 49.6 (24.2) 57.8 (31.3) 74.5 (38.6) <0.001

FVC (predicted%); mean (SD) 80.9 (17.5) 90.8 (16.0) 84.4 (15.9) 74.3 (16.9) <0.001

FEV1 (predicted%); mean (SD) 78.3 (21.3) 91.7 (16.4) 84.2 (18.9) 68.3 (20.5) <0.001

TLC (predicted%); mean (SD) 82.8 (15.0) 91.7 (12.9) 86.8 (13.0) 76.7 (14.9) <0.001

DLCO (predicted%); mean (SD) 79.2 (20.1) 87.9 (21.2) 85.1 (17.5) 71.3 (19.0) <0.001

FEV1/FVC<70 ratio; n (%) 143 (29.7%) 11 (15.7%) 39 (19.6%) 93 (43.9%) <0.001

SD: standard deviation; PY: pack-years, calculated by multiplying the number of packs of cigarettes smoked per day by the number of
years the person has smoked; BMI: body mass index; SARD: Systemic Autoimmune Rheumatic Disease; sACE: Serum angiotensin converting

enzyme; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 sec; TLC: total lung capacity; DLCO: lung diffusion capacity;

FEV1/FVC: forced expiratory volume in 1 sec / forced vital capacity ratio.
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TaggedEndTaggedPthe ACE levels for all the subjects, not all of them had infor-
mation on BMI, smoking or lung function. TaggedEnd

TaggedH2Statistical analysis TaggedEnd

TaggedPA descriptive and analytical analysis was performed on the
data. The results of the qualitative variables are repre-
sented as frequency and percentages, and the quantitative
variables appear as mean and standard deviation. Results
among patients were compared in terms of their baseline
characteristics and the outcome of their lung function tests.
The chi-squared test was used to compare the qualitative
variables, and the Student’s t-test was for the quantitative
ones. These same tests were used to analyse the relationship
between the ACE levels in these patients and the prognostic
and progression variables. Stepwise logistic regression was
performed to assess which variables might be associated
with progression, including any independent variables which
yielded a statistical significance of 0.05. Finally, variables
associated with ACE levels and progression were ANA, BMI,
type of job and COPD-Asthma diagnosis results. A ROC curve
analysis was performed to calculate AUC, sensitivity and
specificity for the ACE values which would identify silicosis,
and to predict mortality. The statistical analysis was per-
formed with SPSS software v19.0. In the contrasts made, it
was considered that there were statistically significant dif-
ferences with a P<0.05. TaggedEnd

TaggedH1Results TaggedEnd

TaggedPIn the period from 2009 to 2018, a total of 516 patients with
an ACE determination were evaluated, 73 of whom had silica

TaggedEndTaggedPexposure, 201 simple silicosis, and 212 complicated silicosis
(A: 132, B: 52, and C: 28); the other 30 were healthy controls
with no history of silica exposure. All the subjects were
male, with a mean age of 51.0 §11.0 years.TaggedEnd

TaggedPAs regards work history, 364 (75%) had jobs in quarries, 58
(11.9%) were stone carvers in ornamental stone works, and
64 (13.2%) were employed elsewhere, 12 of them having to
work with artificial stone. The mean time of exposure to sil-
ica was 23.7 years (SD: 9.8). The mean follow-up of the
patients was 4.8§2.2 years, during which time 41 (18.6%)
patients had died.TaggedEnd

TaggedPThe demographic, clinical, and functional characteristics
are shown in Table 1. TaggedEnd

TaggedPFor the non-exposed healthy controls, the mean ACE level
was 27.5§7.3 IU/L; for the 73 patients who had been
exposed, it was 49.6§24.2 IU/L; for the 201 simple silicosis
patients, it was 57.8§31.3 IU/L; finally, in the 212 compli-
cated silicosis sufferers, it was 74.5§38.6 IU/L (Fig. 1). No
association was observed between exposure time and ACE
levels. TaggedEnd

TaggedPSignificantly higher ACE levels were observed in patients
with the most severe forms of silicosis than those with
milder ones or those who had been exposed to silica but had
not been diagnosed with the condition; the same was also
true of those that had radiological progression versus those
that did not and those that changed silicosis category com-
pared with those that remained in the same category. In the
rest of the parameters analysed, no differences were
observed in the serum ACE levels (Table 2).TaggedEnd

TaggedPAs Table 2 shows, in the 149 patients that showed pro-
gression in the chest X-rays, the mean ACE was 73.3§
38.0 IU/L, while in the 297 with no progression, the mean
ACE was 60.4§33.7 IU/L (p<0.001). In the 153 that did not

TaggedEnd TaggedFigure

Figure 1 Distribution of ACE values (IU/L) in silicosis, exposed without silicosis and control groups. TaggedEnd
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TaggedEndTaggedPshow progression in the CT scan, the mean ACE was 72.3§
37.8, while in the 195 with no progression, the mean ACE
was 63.2§34.9 IU/L (P=0.021). As regards progression with a
silicosis category change, in the 59 whose disease had pro-
gressed, the mean ACE was 73.9 IU/L (38.1 IU/L), whereas in
the 427 for whom it remained unchanged, it was 62.5 IU/L
(34.6 IU/L) (P= 0.020). As regards any kind of progression, in
the 180 that had gone through one, the mean ACE was 71.8§
37.3 IU/L, whereas, in the 306 that had not, it was 59.2§
33.1 IU/L (p<0.001). TaggedEnd

TaggedPA multivariate stepwise logistic regression analysis was
performed with the variables that were significant when it
came to progression in the univariate analysis (Table 3). The
variables with p<0.05 included in the final predictive model
of progression were ANA (OR 2.05 [95% CI; 1.23-3.40]), ACE
levels (OR 1.01 [95% CI; 1.00-1.02]), BMI (OR 0.93 [95% CI;
0.88-0.98]), type of job (quarry vs others; OR 2.07 [95% CI;
1.10-3.92]), and the diagnoses of COPD-Asthma (OR 1.63
[95% CI; 1.02-2.59]). TaggedEnd

TaggedPA ROC curve analysis was performed, including AUC for
the ACE values to identify silicosis and to predict mortality.
The ROC curve obtained to identify silicosis can be seen in
Fig. 2. The AUC for silicosis diagnosis was 0.716 (95% CI;
0.664 � 0.767), whereas for the identification of

TaggedEndTaggedPcomplicated silicosis it was 0.635 (95% CI; 0.582-0.688).
With an ACE cut-off value of 40 IU/L, the sensitivity was 75%
with a specificity of 58%, while with a cut-off value of
70 IU/L, the sensitivity was 41.4% and the specificity was
84.3% for the final silicosis diagnosis. TaggedEnd

TaggedH1Discussion TaggedEnd

TaggedPThe data from this study shows that serum ACE levels can be
useful for the diagnostic and prognostic assessment of
patients with silica exposure since higher levels are associ-
ated with silicosis diagnosis, greater disease severity, and
radiological progression and a change in silicosis category. TaggedEnd

TaggedPThe ACE levels of the 516 patients in this study were
higher for workers exposed to silica dust inhalation than for
non-exposed subjects and were more severe the higher the
silicosis category was (i.e., simple or complicated), similar
to the findings of Nordman et al.17 and to recent reports on
decorative stone workers by Hoy RF et al.29 Also, as Nordman
et al.21 have already demonstrated, the ACE levels were
higher in those that showed progression of the disease when
evaluated by a simple chest X-ray, CTscan or a change in sili-
cosis category.TaggedEnd

TaggedEnd Table 2 Distribution of serum ACE values (IU/L) in the silicosis patients according to diagnostic category, pulmonary function

and progression.

Variable Category n Mean (SD) p-value

Age <50 years 276 65.8 (35.5) 0.177

>50 years 210 61.4 (34.7)

BMI <25 kg/m2 110 72.8 (35.8) 0.009

25-30 kg/m2 222 62.7 (36.7)

>30 kg/m2 139 59.4 ((32.0)

Smoking Non-smoker 144 67.2 (36.6) 0.254

Smoker 111 65.4 (32.1)

Former smoker 222 61.2 (35.9)

Type of patient

(Initial diagnostic)

No silicosis 29 27.5 (7.3)

<0.001Exposed 73 49.6 (24.2)

Simple silicosis 201 57.8 (31.3)

Complicated 212 74.5 (38.6)

Type of complicated silicosis A 132 72.3 (32.9) 0.537

B 52 77.0 (44.5)

C 28 80.2 (51.0)

FEV1/FVC<70 Yes 143 66.2 (40.6) 0.437

No 338 63.2 (63.2)

FVC>10% decrease in evolution Yes 78 66.6 (36.1) 0.918

No 329 66.2 (36.3)

Chest x-ray progression Yes 149 73.3 (38.0) <0.001

No 297 60.4 (33.7)

CT progression Yes 153 72.3 (37.8) 0.021

No 195 63.2 (34.9)

Progressi�on with change of category Yes 59 73.9 (38.1) 0.020

No 427 62.5 (34.6)

Global progression Yes 180 71.8 (37.3) <0.001

No 306 59.2 (33.1)

Death Yes 64 64.1 (40.7) 0.958

No 422 63.9 (34.3)

Dx: diagnosis; BMI: body mass index; Chest x-ray: Chest radiology; CT: computed tomography. Global progression: includes subjects with

some type of progression (radiology, CT, or change in category of silicosis); FVC: forced vital capacity; FEV1/FVC: forced expiratory volume

in 1 sec/forced vital capacity ratio.
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TaggedEnd Table 3 Variables that were significant as regards progression.

Progression Univariate Multivariate

Yes No ORcrude (95%CI) p ORadjusted (95%CI) p

sACE 71.8§37.3 59.2§33.1 1.01 (1.00-1.02) <0.001 1.01 (1.00-1.02) 0.002

BMI (kg/m2) 27.2§3.8 28.5§4.2 0.92 (0.87-0.96) <0.001 0.93 (0.88-0.98) 0.004

Smoking

Non smokers 70 (48.6%) 74 (51.4%) 1 <0.001

Smokers 26 (23.4%) 85 (76.6%) 0.32 (0.19-0.56)

Ex-smokers 83 (37.4%) 139 (62.6%) 0.63 (0.41-0.97)

COPD and/or Asthma

Yes 50 (45.9%) 59 (54.1%) 1.61 (1.05-2.48) 0.030 1.63 (1.02-2.59) 0.041

No 130 (34.5%) 247 (65.5%) 1 1

Type of work

Quarry 149 (40.9%) 215 (59.1%) 1.88 (1.03-3.40) 0.010 2.07 (1.10-3.92) 0.025

Ornamental 14 (24.1%) 44 (75.9%) 0.86 (0.38-1.95) 1.11 (0.46-2.68) 0.810

Others 17 (27.0%) 46 (73.0%) 1 1

ANA

Yes 45 (53.6%) 39 (46.4%) 2.29 (1.42-3.69) 0.001 2.08 (1.25-3.44) 0.005

No 134 (33.5%) 266 (66.5%) 1 1

FEV1 73.5§20.3 81.2§21.5 0.98 (0.97-0.99) <0.001

FVC 77.4§16.3 83.0§17.8 0.98 (0.97-0.99) 0.001

FEV1/FVC 71.6§12.0 73.9§11.6 0.97 (0.96-0.99) <0.001

TLCO 76.0§19.2 81.2§20.4 0.98 (0.97-0.99) <0.001

TLC 80.1§15.2 84.5§14.7 0.97 (0.94-0.97) <0.001

BMI: body mass index; COPD: Chronic Obstructive Pulmonary Disease; sACE: Serum angiotensin converting enzyme; ANA: antinuclear anti-

bodies; FEV1: forced expiratory volumen in 1 sec; FVC: forced vital capacity; FEV1/FVC: forced expiratory volumen in 1 sec/ forced vital

capacity ratio; DLCO: lung diffusion capacity; TLC: total lung capacity.

TaggedEnd TaggedFigure

Figure 2 Receiver operating characteristic (ROC) curve of the ACE serum levels for silicosis identification (silicosis vs exposed). TaggedEnd
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TaggedPTobacco consumption and age, similar to the figures in
Nordman et al,21 had no effect on the ACE results. Along the
same lines, Tiwari et al.13 found no association between the
levels of ACE and the duration of silica exposure whereas
Beshir et al30 did. This difference is apparent due to the fact
that Tiwari et al. used a mean exposure time of only 1.1§
1.9 years, whereas Beshir et al. had a longer period, of 10
years; in this study, however, the mean time of silica expo-
sure was 23.7 years.TaggedEnd

TaggedPAs with Tiwari et al.,13 no relationship could be observed
in the subjects of this study either between the serum ACE
activity and occupation or the state of lung function. In this
study, when there was an obstruction, it did not affect the
ACE levels, nor were higher levels observed in patients for
whom the FVC had worsened to a greater extent during the
follow-up. TaggedEnd

TaggedPThe lack of correlation between radiographic progression
and the decrease in FVC in evolution has been shown by
other authors; Karatas and al31 pointed out that among the
patients that had radiographic progression (n=62), only
46.8% showed pulmonary function loss. Likewise, Le�on
et al.32 did not find any correlation between changes in FVC
and radiologic progression either. TaggedEnd

TaggedPHowever, other authors found lower ACE levels in more
severe silicosis with massive progressive fibrosis (MPF).
Thus, Bucca et al.19 observed higher ACE levels in the 76 sub-
jects with silicosis than in the 30 healthy ones, regardless of
silica exposure, chest X-ray, age, lung function, smoking
habits or the presence of COPD. The said study showed lower
values of ACE in the radiologically more severe forms,
although it was not statistically significant, which they
argued was due to the fibrosis substituting the cellular com-
ponent of the lesions, leading to a reduced release of hydro-
lytic enzymes because of the destruction of macrophages.
Lower levels were also observed in MPF in the study by Sze-
chi�nski J et al.20 Thirteen patients were classified as having
simple silicosis, and their mean ACE level in serum was 44.2,
while 10 patients were classified with MPF, with a mean ACE
level of 39.4. Until now, only the paper by Nordmnan et al.21

in 1984 attempted to study the behaviour of ACE and its rela-
tionship with silicosis progression. Said study carried out a
retrospective evaluation of the radiological progression in
49 patients with silicosis. The ACE was higher in the 18
patients with progression (50.5§16.4 U/L) than in those
without progression (41.5§9.5 U/L). According to the multi-
variate analysis in that study, the fibrosis progression
explained the increase in ACE more than the profusion of
nodules. TaggedEnd

TaggedPThe cause of the rise in serum ACE levels in silicosis is not
known with certainty. Given that the endothelial cells of the
capillaries have a high ACE content, the inclusion of capillar-
ies derived from the fibrotic tissue, and the cytotoxic effect
of silica particles on the protagonist macrophages could lead
to their rupture and subsequent release of ACE.28TaggedEnd

TaggedPThe renin-angiotensin-aldosterone system (RAAS) plays a
critical role in fibrogenesis and inflammation in many organs,
including the lung, and has recently gained importance after
ACE-2 was identified as a receptor of Coronavirus in severe
acute respiratory syndrome.33TaggedEnd

TaggedPACE-2, like ACE, is present in alveolar epithelial cells
(type 1 and 2) and in the endothelial capillaries.34 Angioten-
sin II can be degraded by ACE-2 in TaggedEnd

TaggedPAngiotensin (1-7), which has functions that are different
to angiotensin II, a vasodilator and anti-proliferative type.34

It has been proposed that the ACE-2/Ang (1-7) / Mas Recep-
tor axis, could act as a contra-regulator or protector of the
ACE / Ang II / AT1 axis in inflammation and fibrosis.35,36TaggedEnd

TaggedPIn idiopathic pulmonary fibrosis, it has been observed
that RAAS plays a role in the genesis of pulmonary fibrosis by
way of the ACE/Ang II/AT1 axis, as well as via the ACE2/Ang
(1-7)/Mas axis, which has a protective effect.37TaggedEnd

TaggedPOur work has some limitations. Data for some variables
was missing for some patients and the time frame to assess
progression was not identical in all patients. Furthermore,
we did not have accurate data about the protection system
used to reduce silica exposure. On the other hand, the infor-
mation collected was the information used in clinical prac-
tice, so this was a real-world data study. TaggedEnd

TaggedPIn conclusion, this paper suggests that the determination
of plasma ACE levels could be a very useful tool as part of a
predictive model for silicosis diagnosis, together with other
factors such as the presence of ANA, a BMI <30, type of job
and a history of COPD and/or bronchial asthma. It could also
be a useful non-invasive method to evaluate the severity
and risk of silicosis progression. TaggedEnd

TaggedPFurther studies are needed to investigate if changes in
ACE / ACE-2 levels could attenuate the pulmonary fibrosis
which exists in silicosis.38,39TaggedEnd
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Comparison of the International Classification of High-resolu-

tion Computed Tomography for occupational and environmental
respiratory diseases with the International Labor Organization

International Classification of Radiographs of Pneumoconiosis.

Ind Health. 2019;57:495�502.TaggedEnd
TaggedP 8. García-Río F, Alc�azar-Navarrete B, Castillo-Villegas D, et al. Bio-

logical biomarkers in respiratory diseases. Arch Bronconeumol.

2022. https://doi.org/10.1016/j.arbres.2022.01.003. inpress. TaggedEnd

TaggedP 9. Scalia Carneiro AP, Algranti E, Ch�erot-Kornobis N, et al. Inflam-
matory and oxidative stress biomarkers induced by silica expo-

sure in crystal craftsmen. Am J Ind Med. 2020;63:337�47. TaggedEnd

TaggedP10. Peruzzi C, Nascimento S, Gauer B, et al. Inflammatory and oxi-

dative stress biomarkers at protein and molecular levels in
workers occupationally exposed to crystalline silica. Environ Sci

Pollut Res Int. 2019;26(2):1394�405.TaggedEnd

TaggedP11. Gulumian M, Borm PJA, Vallyathan V, et al. Mechanistically iden-
tified suitable biomarkers of exposure, effect, and susceptibility

376

TaggedEndJ. Blanco-P�erez, �A. Salgado-Barreira, S. Blanco-Dorado et al.

http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0007
https://doi.org/10.1016/j.arbres.2022.01.003
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0009
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0009
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0009
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0009
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0009
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0010
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0010
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0010
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0010
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0010
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0011
http://refhub.elsevier.com/S2531-0437(22)00130-1/sbref0011


TaggedEndTaggedPfor silicosis and coal-worker`s pneumoconiosis: a comprehensive

review. J Toxicol Environ Health. 2006;9:357�95.TaggedEnd
TaggedP12. Cronan MR, Beerman RW, Rosenberg AF, et al. Macrophage epi-

thelial reprogramming underlies mycobacterial granuloma for-

mation and promotes infection. Immunity. 2016;45:861�76. TaggedEnd
TaggedP13. Tiwari RR, Karnik AB, Sharma YK. Silica exposure and serum

angiotensin converting enzyme activity. Int J Occup Environ

Med. 2010;1:21�8. TaggedEnd

TaggedP14. Lieberman J. Elevation of serum angiotensin-converting-
enzyme (ACE) level in sarcoidosis. Am J Med. 1975;59:365�72. TaggedEnd

TaggedP15. Lopez-Sublet M, Caratti di Lanzacco L, Danser AHJ, Lambert M,

Elourimi G, Persu A. Focus on increased serum angiotensin-con-

verting enzyme level: from granulomatous diseases to genetic
mutations. Clin Biochem. 2018;59:1�8. TaggedEnd

TaggedP16. Ungprasert P, Carmona EM, Crowson CS, Matteson EL. Diagnostic

utility of angiotensin-converting enzyme in sarcoidosis: a popu-

lation-based study. Lung. 2016;194:91�5. TaggedEnd
TaggedP17. Gungor S, Ozseker F, Yalcinsoy M, et al. Conventional markers in

determination of activity of sarcoidosis. Int Immunopharmacol.

2015;25:174�9. TaggedEnd
TaggedP18. Gronhagen-Riska C, Kurppa K, Fyhrquist F, Selroos O. Angioten-

sin-converting enzyme and lysozyme in silicosis and asbestosis.

Scand J Respir Dis. 1978;59:228�31. TaggedEnd

TaggedP19. Bucca C, Veglio F, Rolla G, et al. Serum angiotensin converting
enzyme (ACE) in silicosis. Eur J Respir Dis. 1984;65:477�87. TaggedEnd

TaggedP20. Szechi�nski J, Skoczy�nska A, Smolik R, Zdrojewicz Z, Bĕhal FJ.

Serum angiotensin-converting enzyme levels in patients with

silicosis. J Toxicol Environ Health. 1986;17:73�9.TaggedEnd
TaggedP21. Nordman H, Koskinen H, Fr€oseth B. Increased activity of serum

angiotensin-converting enzyme in progressive silicosis. Chest.

1984;86:203�7. TaggedEnd
TaggedP22. Blanco P�erez JJ, Arnalich Montiel V, Salgado-Barreira �A, et al.

The 6-minute walk test as a tool for determining exercise

capacity and prognosis in patients with silicosis. Arch Bronco-

neumol. 2019;55:88�92.TaggedEnd
TaggedP23. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of

classifying prognostic comorbidity in longitudinal studies:

development and validation. J Chronic Dis. 1987;40:373�83. TaggedEnd

TaggedP24. Occupational Safety and Health Series No. 22 (Rev. 2011).
Guidelines for the use of the ILO International Classification of

Radiographs of Pneumoconioses, Revised edition 2011 TaggedEnd

TaggedP25. Lee HS, Phoon WH, Ng TP. Radiological progression and its predic-

tive risk factors in silicosis. Occup Environ Med. 2001;58:467�71.TaggedEnd

TaggedP26. García-Río F, Calle M, Burgos F, Casan P, Del Campo F, G�aldiz JB.

Normativa SEPAR. Espirometría. Arch Broncomeumol. 2013;
4:338�401. TaggedEnd

TaggedP27. Macintyre N, Crapo RO, Viegi G, et al. Standardisation of the

single-breath determination of carbon monoxide uptake in the
lung. Eur Respir J. 2005;26:720�35. TaggedEnd

TaggedP28. du Bois RM, Weycker D, Albera C, et al. Forced vital capacity in

patients with idiopathic pulmonary fibrosis: test properties and

minimal clinically important difference. Am J Respir Crit Care
Med. 2011;184:1382�9.TaggedEnd

TaggedP29. Hoy RF, Hansen J, Glass DC, Dimitriadis C, Hore-Lacy F, Sim MR.

Serum angiotensin converting enzyme elevation in association

with artificial stone silicosis. Respir Med. ISSN 0954-6111. TaggedEnd
TaggedP30. Beshir S, Aziz H, Shaheen W, Eltahlawy E. Serum levels of cop-

per, ceruloplasmin and angiotensin converting enzyme among

silicotic and non-silicotic workers. Maced J Med Sci. 2015;

3:467�73.TaggedEnd
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