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Background: Silicosis poses a threat to workers’ health due to the irreversible lung
lesions.

Design: A retrospective cohort study.

Methods: A total of 259 patients [80 worked with artificial stone (AS), 179 with non-
artificial stone (non-AS)] with confirmed silicosis were included in this study. Forty-one of
AS and 91 of non-AS had approximately 2 years’ follow-up records [lung function tests
and high-resolution computer tomography (HRCT)]. Compared with the first records,
increased, densified, or newly emerging lesions in lung HRCT images were judged as
progression of the disease. Cox proportional hazards models were used to determine
the risk factors. Kaplan—Meier survival curve and log-rank test were used to compare
prognostic factors for cumulative risk of progression.

Results: In 132 patients with median follow-up of 24.0 months (IQR, 13.8, 24.9), 66
patients showed progression, in them, 36 (87.8%) were from AS group and 30 (32.9%)
from non-AS group. Working experience of AS processing (hazard ratio, 5.671; 95%
Cl, 3.048-10.550) and complicated silicosis in CT images (hazard ratio, 2.373; 95%
Cl, 1.379-4.082) were the main risk factors associated with progression. Forced vital
capacity decreased after 1-year (241.5 vs. 55.2 mL) and 2-year (328.1 vs. 68.8 mL)
follow-up in the two groups (AS vs. non-AS). History of anti-tuberculosis medication,
chest oppression and pain, ground-glass opacity, pleural abnormalities, and restrictive
pulmonary dysfunction were more frequently found on HRCT images in the AS group
than non-AS group. Lung functions (DLco, %) were lower in the current/former smokers
than the non-smokers (P < 0.05) in AS patients.

Conclusion: Prevention and protection rules are needed to be enforced in the
occupation involving AS processing; smoking may be associated with declined lung
function in AS patients.
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INTRODUCTION

Silicosis caused by inhalable respirable crystalline silica, is a
worldwide occupational lung disease (1); the progression of
pulmonary lesions accompanied with cough, expectoration, chest
oppression, and shortness of breath, leading to lethal fibrosis (2).
Silicosis is widely prevalent in those who working in mining,
quarrying, cutting, and polishing (3); it kills more than 10,000
people every year in the world (4), mainly in developing countries
(5). According to a report based on data from Global Burden of
Disease Study 2017 (6), the overall age-standardized incidence
rate of silicosis decreased by an average of 0.8% per year in
1990-2017 globally.

However, in recent years, silicosis has become an issue of
concern, due to the processing of artificial stone (AS). AS
materials have a higher silica content (>90%) when compared
with natural alternatives (2-30%) (7). It has been found that the
time of occupational exposure in AS-associated silicosis cases
was less, but progression of the disease was faster than classical
silicosis (8, 9).

Up to now, there is no report on risk factors for the
cumulative progression in silicosis. Previous studies have
shown that high-resolution computer tomography (HRCT)
has higher sensitivity in detecting pulmonary nodular changes
[including progressive massive fibrosis (PMF), pulmonary bullae,
emphysema, and changes in pleura and mediastinal hilum]
(10-13). In this study, we collected medical information
of patients and focused on the cases with around 2-year
follow-up records of HRCT and respiratory function tests.
We combined HRCT data with indices of lung function for
evaluating progress of the disease (14). This is the first report
to compare the cumulative progression rate between patients
with artificial stone-associated silicosis and non-artificial stone-
associated silicosis.

MATERIALS AND METHODS

Study Population and Procedures

From April 2011 to April 2021, a total of 432 male native Chinese
with silicosis who visited the Pneumoconiosis Department
of Shanghai Pulmonary Hospital were included in the
retrospective cohort study. All the patients left the previous
dust environment after being diagnosed as silicosis. We collected
all the electronic medical records of the patients and set
up a database, which included information such as age at
diagnosis of silicosis, age at first dust exposure, years of dust
exposure, time from dust exposure to illness, smoking status,
respiratory symptoms, indices for respiratory function, and
HRCT radiographs of the chest.

Exclusion criteria were: (1) cases with active pulmonary
tuberculosis, non-tuberculous mycobacteria (NTM) infection,
lung tumor, respiratory infection, pneumothorax, pleural
effusion, asthma, and bronchiectasis at the time of first visit; (2)
patients without lung function and chest HRCT tests; (3) patients
without the information of dust exposure; (4) patients who reject
taking part in this study.

After exclusion, 259 patients were left, in which 132
patients were with HRCT records in about 2-year follow-up
periods (Figure 1).

Respiratory Function and
High-Resolution Computer Tomography

Tests

Respiratory function tests were performed according to the
ATS/ERS recommendations and measured with a clinical
spirometer (Jaeger Crop., Hochberg, Germany) by specialists
from the department of the pulmonary function in Shanghai
Pulmonary Hospital (15-17). The main ventilatory pulmonary
function indicators (18, 19) including forced vital capacity (FVC,
%), forced expiratory volume in 1 s (FEVy, %), FEV;/FVC ratio,
and diffusing capacity of the lung for carbon monoxide (DLco,
%) were analyzed. Meanwhile, according to the prediction model
of Wells et al. (20), we calculated the compound physiological
index (CPI). The calculation formula is as follows: CPI = 91.0 -
(0.65 x DL¢o, %) - (0.53 x FVC, %) + (0.34 x FEV, %).

All patients underwent HRCT and respiratory function tests
upon admission. According to the size of the mass in the HRCT
image, patients were divided into simple silicosis group and
complicated silicosis group. Complicated silicosis is defined by
the presence of nodules measuring 1 cm or more (10, 11, 21,
22). The increase and densification of lesions, or newly emerging
lesions, are defined as progression (12), and stability is defined as
no significant change of HRCT manifestations at least 22 months.
The diagnosis of patients was made by two qualified physicians
from the pneumoconiosis department and HRCT images were
read by two experienced doctors from radiology department.
According to the comparison results, patients were then grouped
into the stable group (stable in 22.1-32.6 follow-up months) and
progressive group (progress in 1.1-35.9 follow-up months).

Statistical Analysis

Cox proportional hazards models were used to determine the risk
factors for progressing of disease according to HRCT imaging.
The Kaplan-Meier survival curve and log-rank test were used to
compare prognostic factors with a cumulative risk of progression
over time. The epidemiological and clinical variables between the
two groups are expressed as Means =+ standard deviation (SD),
Median (interquartile range, IQR), and percent of individuals.
The Student’s ¢-test, Mann-Whitney U-test, Chi-square test, or
Fisher’s exact test were used to evaluate differences between the
two groups, as appropriate. All data analyses were conducted
using SPSS version 25.0 (IBM SPSS, Chicago, IL, United States)
with the prominence level set to 5%.

RESULTS

Comparison of Baseline Characteristics

of Silicosis Patients

The total of 259 patients were divided into AS group (80
patients) and non-AS group (179 patients) according to their
working history with artificial stone. We first compared the
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Excluded:

<—|Initia1 confirmed case of silicosis (433)|4’ Excluded:

1. Absence of baseline lung
function or poor testing
cooperation (41)

2. Missing HRCT data (2)
3. Missing years of dust
exposure data (14)

1. Pleural effusion (39)

2. Lung infection (38)

3. Pneumothorax (12)

4. Active tuberculosis and
HRCT showed holes (6)

4. Right upper lobectomy (1)

ISilicosis cases (259)|

5. NTM (1)
6. Bronchiectasis (18)

7. Lung tumors (2)

v

F|Follow-up group (132)|ﬂ |Non-follow-up group (127)|

Stable group (66), i

|Progress group (66)|

|

v

v v v

¢ Included:

INon-AS group 1 (30)] |AS group 1 (36)|

|AS group 2 (5)| |Non-AS group 2 (61)|

1. Just baseline HRCT data (81)

AS group (41)

2. Don't reach the end of the
follow-up (45)
3. Lung transplant (1)

>Non-AS group (91) <

FIGURE 1 | Study flowchart. Cases of silicosis in Shanghai Pulmonary Hospital, Shanghai, China (2011.04-2021.04). AS-associated silicosis group is referred to as

AS group; non-AS-associated silicosis group is referred to as non-AS group.

baseline data between the AS and the non-AS, the latter one
included 66 patients with working history of quarrying, 15
patients with coal mining, 28 cases with sand blasting, 13
cases with granite fabrication, 21 cases with refractory, 9 cases
with tunneling, 15 cases with metal mining, and 12 cases with
other types of work.

The median age at diagnosis of silicosis in AS group [35.5 years
(IQR, 29.9, 46.4)] is younger than non-AS group [51.4 years (IQR,
45.5, 58.9)] and with less time of dust exposure [7.0 years (IQR,
5.0, 8.0) vs. 18.00 years (IQR, 10.0, 27.0)]. The shortest time of
dust exposure among all patients was only 1.5 years (in the AS
group) and the longest was 43 years (in the non-AS group) (all
P < 0.05) (Table 1).

The age of first dust exposure in the AS group was older than
that in the non-AS group. The ratio of patients with a history of
anti-tuberculosis treatment in the AS group (11.2%) was higher
than those in the non-AS group (4.4%). The median time from
the dust exposure to diagnose as silicosis in the AS group was
7.0 years (IQR, 4.9, 9.5), significantly shorter than 25.3 years
(IQR, 17.6, 35.2) in the non-AS group (all P < 0.05) (Table 1).

As sandblasting is also associated with severe silicosis and
accelerated progress of the disease (23, 24), we also compared
the characteristics of the 28 sand-blasting workers with 151 other
workers in the non-AS group (non-AS group 3), and with those
of AS patients. As shown in Supplementary Tables 1, 2, patients
with history of sand-blasting were at the similar ages at diagnosis
of silicosis with the other patients in non-AS groups. The years
of dust exposure and time from dust exposure to illness in the

sand-blasting patients were between those of AS group (P < 0.05)
and of non-AS group (P < 0.05).

In the 259 patients, 13.8% (27.7% in the AS group and 7.1%
in the non-AS group) patients only had mass shadows in lung
on HRCT images in previous physical examination without
clinical symptoms. There were more patients with cough and
expectoration, chest oppression and pain, ground-glass opacity,
and pleural abnormalities in the AS group than in the non-AS
group (all P < 0.05), no significant difference were found between
the groups on ratios of mass shadow and mediastinal and hilar
lymphadenopathy (Table 1).

Lung Function in Patients at Baseline
In the AS group, the baseline average values of FVC (%) and
FEV) (%) of patients were decreased (the normal values of the
two indices are >80.0%), while the average of FVC (%), FEV (%),
FEV/FVC, and DLco (%) were all within the normal ranges in
the non-AS group (Figure 2). Restrictive pulmonary dysfunction
(FVC, % <80.0%) were observed in 57.5 and 24.5% of the two
groups, respectively (P < 0.001), while obstructive pulmonary
dysfunction (FEV,/FVC < 70.0%) occurred in 10.0 and 32.0%
of patients (P < 0.001), and diffusion dysfunction (DLco, %
<80.0%) occurred in 35.1 and 24.0% of patients (P = 0.078).
Also, there is a significant difference with FEV in the two groups
(P < 0.05).

The CPI score calculated by respiratory function tests in the
AS group at initial evaluation were higher than those in the non-
AS group (Table 2).

Frontiers in Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 832052


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles

Quan et al.

Risk Factors for Silicosis Progress

TABLE 1 | Demographic characteristics and HRCT features of AS group versus non-AS group.

Characteristics

AS group (n = 80) Non-AS group (n = 179) P-value
Demographic characteristics?
Age at diagnosis of silicosis, years 35.5(29.9, 46.4) 51.4 (45.5, 58.9) <0.001
Age at onset of dust exposure, years 28.0 (22.0, 37.5) 23.0(17.0, 28.0) <0.001
Years of dust exposure, years 7.0 (5.0, 8.0) 18.0 (10.0, 27.0) <0.001
Time from dust exposure to iliness, years 7.0 (4.9,9.5) 25.3(17.6, 35.2) <0.001
Current/former smoker, n (%)° 32 (40.0) 64 (35.8) 0.513
History of anti-tuberculosis treatment, n (%)°- 9(11.2) 8 (4.4) 0.042
Complicated silicosis, n (%)° 26 (32.5) 51 (28.5) 0.514
HRCT features?
Appears with clinical symptoms, n (%) 60 (72.9) 155 (92.9) <0.001
Cough and expectoration, n (%) 40 (50.0) 141 (78.8) <0.001
Chest oppression and pain, n (%) 43 (63.7) 69 (38.5) 0.023
Mass shadow, n (%) 31(38.8) 55 (30.8) 0.205
Pleural abnormalities, n (%) 34 (42.5) 43 (24.0) 0.003
GGO, n (%) 21 (26.3) 7 (3.9) <0.001
Mediastinal and hilar lymphadenopathy, n (%) 55 (68.8) 126 (70.4) 0.790

ap_yalue from Mann-Whitney U-test, data are presented as median (IQR) unless otherwise indicated. PP-value from Chi-square test, data are presented as
percent of individuals. ©Patient received preventive anti-tuberculosis treatment 2 years before the first admission. GGO, ground-glass opacity. Significant p-values

(P < 0.05) are provided in bold.
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FIGURE 2 | Baseline lung function (measured/predicted) for silicosis with AS group and non-AS group (A) and the incidence of pulmonary dysfunction in the two
groups (B) at the first registration. The area above the dotted line represent the normal ranges of the indices. The differences between groups were analyzed by
Student’s t-tests (A) and Chi-square tests (B). FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; DLgo, diffusing capacity of the lung for carbon
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The current or former smokers had statistically lower values
of DLco (%) (P = 0.022) or tendency of lower FEV; values
(P =0.053) in AS group but not in non-AS group (Table 2).

Lung Function in Patients at 0-to-1-Year
and 0-to-2-Year Follow-Up

We collected and compared the data of respiratory function tests
from patients of AS group and non-AS group with complete
records during 0-to-1-year (AS, n = 13, non-AS, n = 25) and

0-to-2-year (AS, n = 10, non-AS, n = 26) follow-up. The results
showed that the average FVC, FEV, and DLco in the AS group
were all significantly decreased at either 1 year (Figures 3A,C,E)
or 2 years (Figures 3B,D,F) compared with the baseline records;
while only average FEV{/FVC in the non-AS group showed a
significant decrease in both 1- and 2- years follow-up tests (data
not shown). The lung function indices shown as percentages of
the predicted values had similar changes in the two groups as the
changes of the actual values (Supplementary Figures 1A-F).
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TABLE 2 | Baseline lung function characteristics with AS group versus non-AS group.

Variable AS group (n = 80) Non-AS group (n = 179) P-value®
Total (n = 80) Current/former Non-smoker Total (n =179) Current/former Non-smoker
smoker (n = 32) (n =48) smoker (n = 64) (n=115)
FVC, % 77.7 £17.0 743 +17.2 80.0 + 16.6 89.4 +19.8 88.2 +21.2 90.0 + 19.1 <0.001
FEV1, % 76.3 £ 20.0 70.9 + 20.4 79.7 + 19.0° 81.7 £22.7 80.2 +£23.2 82.5+22.4 0.065
FEV1/FVC, % 81.4+10.8 789 +10.9 82.9+10.5 731 £ 122 722 +12.2 735+ 122 <0.001
Dlco, %° 83.7 £ 21.6 76.8 +21.9 88.4 + 20.39 93.2 £ 23.1 91.3+23.2 94.3 +£23.2 0.003
CPI scores 21.1+16.2 10.3 £ 16.3 <0.001

4Data from 74 patients in AS group (current/former smoker n = 30, non-smoker n =

44) and 162 patients in non-AS group (current/former smoker, n = 59, non-smoker,

n = 103). PP-value from Paired Student’s t-test between data from total patients of AS groups and non-AS group, data are presented as mean + SD. °P = 0.053,
9P = 0.022 compared between current/former smoker and non-smoker. FVC, forced vital capacity; FEV1, forced expiratory volume in 1's; DLco, diffusing capacity of the
lung for carbon monoxide; CPI, composite physiological index. Significant p-values (P < 0.05) are provided in bold.
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FIGURE 3 | The changes of lung function from baseline to the values at 0-to-1-year and 0-to-2-year followed up in AS and non-AS groups. Changes of FVC, FEV,
and DLgo (mL) from baseline to the values after 1 (A,C,E) and 2 years (B,D,F) follow-up. FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; DLco,

Risk Factors in the Progression of

Silicosis

The progression was used as follow-up endpoint in the analysis
of follow-up records from 132 patients with median follow-up
time of 24.0 months (IQR, 13.8, 24.9). During the follow-up,
progression occurred in 66 patients (50.0%).

The association between the progression with working
experience of AS processing, complicated silicosis in CT
images, years of dust exposure, baseline FVC (%), age at
diagnosis of silicosis, and smoking status were analyzed by
Multivariate Cox proportional hazards models. The results
adjusted by working experience of AS processing and/or age

at diagnosis of silicosis showed that patients with working
experience of AS processing (hazard ratio, 5.671; 95% CI, 3.048-
10.550) and with complicated silicosis (hazard ratio, 2.373; 95%
CI, 1.379-4.082) had significantly higher risks of progression
during the follow-up periods (all P < 0.01) (Table 3 and
Figure 4).

Comparison of Disease Progression

Rates in Silicosis Patients

The 132 patients were also sub-grouped into AS group (41
patients) and non-AS group (91 patients) according to their
working experience of AS processing. During the follow-up, the
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TABLE 3 | Factors associated with silicosis progress in multivariate Cox proportional hazards model®.

Unadjusted Adjusted®
HR 95% CI P-value HR 95% CI P-value
Working experience of AS processing (yes) 4.422 2.688-7.274 <0.001 5.671 3.048-10.550 <0.001
Complicated silicosis 1.786 1.057-3.017 0.030 2.373 1.379-4.082 0.002
Age at diagnosis of silicosis 0.977 0.957-0.997 0.023 1.016 0.993-1.039 0.184
Baseline FVC (%) 0.998 0.997-0.999 0.038 0.996 0.982-1.009 0.519
Smoking status (current/former)b 1.243 0.740-2.090 0.411 1.221 0.725-2.059 0.453

aThe risk factors in the Multivariate Cox proportional hazards models were determined based on clinical experience and the studies of Leon-Jimenez et al. (31). PPatients
who had quitted smoking 1-10 years before the first registration were in former smokers, and those who had quitted for more than 10 years were in never smokers.
CEstimations were adjusted by working experience of AS processing and/or age at diagnosis of silicosis. AS, artificial stone; FVC, forced vital capacity; HR, hazard ratio;
SE, standard error; Cl, confidence interval. Significant p-values (P < 0.05) are provided in bold.

disease progression rates of patients in the AS group and the non-
AS group were 87.8% (36/41) and 32.9% (30/91), respectively
(Figure 5). Among them, 26.6% (8/30) of patients with simple
silicosis in the AS group developed PME, while none developed
PMF (0.0%) in the non-AS group.

The Kaplan-Meier survival curve and log-rank test based
on the results of Cox proportional hazards models were used
to compare the difference of stability probability (1-progress
probability) between the AS group and the non-AS group. The
median time of stability in the AS group was 14.4 months (IQR,
11.3, 17.5), which was less than 29.3 months (IQR, 24.1, 34.4) in
the non-AS group (log-rank, 40.57; P < 0.001) (Figure 5).

When patients with or without working experience of AS
processing were further stratified as subgroups of simple and
complicated silicosis, respectively, a significant difference in

2015.12.31 2017.03.09
N 4 b |
4 = >

2011.05.27 2013.08.26

FIGURE 4 | Typical HRCT images show progression from patients working
with AS and non-AS. (A) A 36-year-old man had been working in AS cutting
and home installing for 6 years. The HRCT image from the first registration
(upper-left) and rapid progression after 15 months follow-up, with an increase
of small nodules in both lung lobes; some of them connected into pieces, with
pleural adhesions (upper-right). (B) A 40-year-old man had been working in
metal mining for 7 years. The HRCT images from the first registration
(lower-left) and slow radiological progression after 27 months follow-up period
with an slightly enlargement in the upper right lung mass, increment in
emphysema and bullae, enlargement and calcification in mediastinal lymph
nodes (lower-right).

time of stability between the subgroups (simple silicosis vs.
complicated silicosis) was found only in the patients with AS
processing history (P < 0.001, Figure 5).

DISCUSSION

According to the data from the global report (25), the incidence
counts of silicosis patients in 2017 was 23,700. However, reported
patients are only the tip of the iceberg, particularly in developing
countries (21). In recent years, an increasing number of silicosis
patients among workers exposed to high amounts of dust
(more than 90% of crystalline silica) caused by processing
kitchen and bathroom countertops has been found (26-29). The
prevalence AS-associated fast-forward silicosis has drawn special
attention (30).

It is the first report about the comparison of the cumulative
risk of progression between patients with silicosis with two
different occupational exposure environments. In this study, we
found that the patients in AS group had significantly higher risks
of disease progression than patients in the non-AS group after
adjusting by common/previous reported progression risk factors
(31). We showed that a significant difference in the progression
rate between simple and complicated silicosis was found only
in the AS group.

During the follow-up times, our results show that working
experience of AS processing was the main risk factor for patients
in the progression of silicosis, which increased 5.671 folds of
risk of progression with a shorter median time of stability
in AS patients than in non-AS processing (14.4 months vs.
29.3 months). In a larger cohort study of the miners, patients
with PMF increased 9.4% in a 22-year follow-up after dust
exposure (32). Recently, Leon-Jimenez et al. (31) from Spain
observed 106 newly diagnosed patients with artificial stone-
associated silicosis had PMF increased 31.1% after a mean 4-year
follow-up. Our study furthered to find that, the ratio of patients
with simple silicosis developed PMF increased 26.6% in the AS
group, while no patients developed PMF in non-AS group in the
follow-up. Consistently, the progress probability in AS group of
patients was significantly higher than that in the non-AS group
(87.8 vs. 32.9%).

Meanwhile, the AS-associated silicosis is with a sharp decline
in lung function. A study from Spain (31) showed a decrease
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FIGURE 5 | HRCT stability rate in patients with the AS group versus the non-AS group during 0-to-2-year follow-up (A). HRCT stability rate in patients with simple
silicosis versus the complicated silicosis in the AS group during 0-to-2-year follow-up (B). HRCT stability rate in patients with simple silicosis versus the complicated

silicosis in the non-AS group during 0-to-2-year follow-up (C).

Time (months)
—— Simple siliciosis (n=30)
Median time (months) (IQR): 16.0 (6.1-26.0)
—— Complicated siliciosis (n=11)
Median time (months) (IQR): 11.5 (8.2-14.8)

Time (months)
—— Simple siliciosis (n=66)
Median time (months) (IQR): 29.3 (24.6-34.0)
—— Complicated siliciosis (n=25)
Median time (months) (IQR): 24.6 (23.9-25.3)

in average FVC of 86.8 mL per year in 106 patients with AS-
associated silicosis. Our results showed that after 1-year and
2-year follow-up, average FVC values of patients in the AS
group decreased more than those in the non-AS group (241.5 vs.
55.2 mL, 328.1 vs. 68.8 mL). At baseline, lung function in the AS
group was also worse than that in the non-AS group (FVC, %:
77.7 £17.0 vs. 89.4 £ 19.8; DLco, %: 83.7 & 21.6 vs. 93.2 + 23.1).
In addition, 57.5% of patients in the AS group with restrictive
pulmonary dysfunction, which was similar to the previous report
about the most common type of lung function impairment in
patients with AS- associated silicosis (33). CPI is commonly used
to evaluate the severity of idiopathic pulmonary fibrosis (IPF)
disease (20). A higher CPI score in AS group than in non-AS
group also indicated that the patients in the AS group had a more
serious impairment in lung function on the whole.

The median age at diagnosis of silicosis in the AS group was
35.5 years (IQR, 29.9-46.4), significantly younger than that in
the non-AS group. The workers with working experience of AS
processing at a younger age have been reported by Hoy et al.
(average age 36 years) in Australia and other studies (26, 27).
Several studies have reported on time of dust exposure in silicosis
patients. Qiao Ye’s team from China (34) reported an average
dust exposure time of 6.1 years in 18 patients with AS-associated
silicosis. A study conducted in metal mines and pottery factories
in China found that the average time of dust exposure in 2,857
silicosis patients was 18.4 years (35). Similar to previous reports,
the time of dust exposure of patients in the AS group in our study
was 7.0 years (IQR, 5.0-8.0), which was significantly shorter than
18.0 years (IQR, 10.0-27.0) in the non-AS group (36), and the
shortest exposure time was only 1.5 years.

In our previous investigation of processing sites for patients
with AS-associated silicosis (37), a-quartz content in dust in the
air of 5 processing workshops and installation sites were 70-99%,
with mass concentrations of (127.6 + 17.3) mg/m?, respectively.
It is 255 times higher than the permissible concentration-time
weighted average (PC-TWA, <0.5 mg/m?) in China. As the
patient with AS-associated silicosis is relatively younger and has a

shorter time of dust exposure than patients with classical silicosis,
more prevention and protection rules are needed to be enforced
in this occupational field.

Patients in the AS group were more likely to have chest
oppression and pain (53.7%). In addition, the number of patients
with the history of anti-tuberculosis treatment is more in AS
group than those in non-AS group silicosis (11.2 vs. 4.4%). It may
indicate that the imaging manifestations of AS-associated silicosis
are similar to tuberculosis at the early stage, and the differential
diagnosis may be more difficult than those in the non-AS group.
In terms of imaging, our study found that patients were more
likely to appear pleural abnormalities and ground-glass opacity in
the AS group than those in the non-AS group, which were similar
to a previous report from China (34).

The impact of smoking on silicosis is still controversial.
Smoking was considered a risk factor for silicosis in earlier
studies (38), but some study reported that there was no
significant association between silicosis and smoking status
(39). Previous data (34) indicated that there was no significant
difference in the effects of smoking on lung function between the
artificial stone-associated silicosis and natural stone-associated
silicosis. However, our study indicated that, in the AS group,
smoking is associated with reduced DLco (%) value, and
may be reduced FEV; value too (P = 0.053). Although no
impact was found in smoking status on progression of the
disease, it may be a risk factor for decreased lung function
in the AS group.

In addition, sandblasting workers as fast-forward silicosis but
in non-AS group in this study caught our attention. The 28
patients in sand-blasting sector were older than AS sector, but
were at the similar ages of the other non-AS patients. The years
of dust exposure and the time from dust exposure to illness
in sand-blasting sector were longer than those in AS sector
but less than other patients in non-AS sector. The progress in
sand-blasting cases were slower than AS cases, however, showed
a tendency of 2-3 folds faster than that in non-AS cases but
without statistical significance. Small size of the sand-blasting
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sector might be one reason, as 5 in these 28 cases did sieving work
thus may exposure to less concentration of dust.

We also compared some of our results in the AS group with the
reported data in sandblasting. In one study (40), CT findings in
50 male patients with denim sandblasters were evaluated. Pleural
thickening was positive in 19 cases (38%), similar to our result
in AS group (42.5%). In another report (41), the ages at first
admission in 83 living man participants (96.4% of them had been
diagnosed with silicosis) were 23 £ 6 years, and the exposure
duration were 41 £ 27 months. The exposure duration in the
report is much shorter than 11.0 (6.0, 18.0) years in the 28
sand-blasting in our study.

In tracking the background of the 28 sand-blasting workers,
21 were found from state-owned enterprises in Shanghai
and 7 from other areas in China. Protective equipment and
measures normally can be available by state-owned enterprise
workers, therefore the concentration of dust in their working
environment might be far less than that in the environment of
artificial stone cutting, and the disease progress relatively slower
than AS cases. However, the comparison between sandblasting
and AS-associated silicosis in China need more data before
reaching a conclusion.

As this is a retrospective study, some drawbacks may exist.
For example, few patients had lung function tests during the
follow-up period, therefore we were unable to explore the
correlation between smoking, the decline in lung function and
the progression of HRCT, especially in AS group. In addition,
the data were from a single medical center and a lack of long-
term follow up from the patients also caused the limitation
to our research.

CONCLUSION

Patients with the AS-associated silicosis had more than 5 folds
higher risk of developing progression with a significant decline
in lung function than the patients from the non-AS group during
a 2-year follow-up. Complicated silicosis progresses faster than
simple silicosis only occurred in the AS group. More evidence
is needed to determine whether smoking status will increase the
progressing incidence of AS-associated silicosis.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Murray J. Paul-André Rosental, editor. Silicosis: a world history. Am Hist Rev.
(2019) 124:1039-41. doi: 10.1093/ahr/rhz404

2. Kramer MR, Blanc PD, Fireman E, Amital A, Guber A, Rhahman
NA, et al. Artificial stone silicosis [corrected]: disease resurgence among
artificial stone workers. Chest. (2012) 142:419-24. doi: 10.1378/chest.11-
1321

3. Ophir N, Shai AB, Alkalay Y, Israeli S, Korenstein R, Kramer MR, et al.
Artificial stone dust-induced functional and inflammatory abnormalities in

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of Tongji University
(project approval number: K18-142). The patients/participants
provided their written informed consent to participate in
this study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.

AUTHOR CONTRIBUTIONS

HQ, YE and LM applied conception, designed the research, and
wrote the article. HQ, WW, JW, JH, LQ, XH, and YW collected
the clinical data. CM, WY, and LM interpreted the lung function
data. LM, JS, and CM interpreted the radiologic data. HQ, WW,
YW, LM, and YF analyzed and interpreted the clinical data. YF
and GY provided financial support fund and conducted the entire
research. All authors read and approved final manuscript.

FUNDING

This work was supported by the First-Class Discipline
Construction Project in Guizhou Province - Public Health
and Preventive Medicine (No. 2017[85]) and National
Natural Science Foundation of China (Nos. 81771692,
81760578, and 81971558).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2022.832052/full#supplementary- material

Supplementary Figure 1 | The changes of lung function indices (% predicted
values) from baseline to the values at O-to-1-year and 0-to-2-year followed up in
AS and non-AS groups. Changes of FVC, FEV+, and DL¢o (% predicted values)
from baseline to the values after 1 (A,C,E) and 2 years (B,D,F) follow-up. FVC,
forced vital capacity; FEV4, forced expiratory volume in 1 s; DLgo, diffusing
capacity of the lung for carbon monoxide.

Supplementary Table 1 | Demographic characteristics of AS group versus
sandblast group and Non-AS group versus sandblast group.

Supplementary Table 2 | Factors associated with silicosis progress in
multivariate Cox proportional hazards model.

exposed workers monitored quantitatively by biometrics. ER] Open Res. (2016)
2:00086. doi: 10.1183/23120541.00086-2015

4. Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global,
regional, and national age-sex-specific mortality for 282 causes of death in
195 countries and territories, 1980-2017: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet. (2018) 392:1736-88. doi: 10.1016/
$0140-6736(18)32203-7

5. Wang H, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-Allah F, et al.
Global, regional, and national under-5 mortality, adult mortality, age-specific
mortality, and life expectancy, 1970-2016: a systematic analysis for the Global

Frontiers in Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 832052


https://www.frontiersin.org/articles/10.3389/fmed.2022.832052/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2022.832052/full#supplementary-material
https://doi.org/10.1093/ahr/rhz404
https://doi.org/10.1378/chest.11-1321
https://doi.org/10.1378/chest.11-1321
https://doi.org/10.1183/23120541.00086-2015
https://doi.org/10.1016/s0140-6736(18)32203-7
https://doi.org/10.1016/s0140-6736(18)32203-7
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles

Quan et al.

Risk Factors for Silicosis Progress

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Burden of Disease Study 2016. Lancet. (2017) 390:1084-150. doi: 10.1016/
s0140-6736(17)31833-0

. Shi P, Xing X, Xi S, Jing H, Yuan J, Fu Z, et al. Trends in global, regional

and national incidence of pneumoconiosis caused by different aetiologies: an
analysis from the Global Burden of Disease Study 2017. Occup Environ Med.
(2020) 77:407-14. doi: 10.1136/0emed-2019-106321

. Newbigin K, Parsons R, Deller D, Edwards R, McBean R. Stonemasons

with silicosis: preliminary findings and a warning message from Australia.
Respirology. (2019) 24:1220-1. doi: 10.1111/resp.13672

. Perret JL, Miles S, Brims F, Newbigin K, Davidson M, Jersmann H, et al.

Respiratory surveillance for coal mine dust and artificial stone exposed
workers in Australia and New Zealand: a position statement from the Thoracic
Society of Australia and New Zealand. Respirology. (2020) 25:1193-202. doi:
10.1111/resp.13952

. Kirby T. Australia reports on audit of silicosis for stonecutters. Lancet. (2019)

393:861. doi: 10.1016/s0140-6736(19)30478-7

Suganuma N, Kusaka K, Hering KG, Vehmas T, Kraus T, Arakawa H, et al.
Reliability of the proposed international classification of high resolution
computed tomography for occupational and environmental respiratory
diseases. ] Occup Health. (2009) 51:210-22. doi: 10.1539/joh.18030

Begin R, Ostiguy G, Fillion R, Colman N. Computed tomography scan in
the early detection of silicosis. Am Rev Respir Dis. (1991) 144:697-705. doi:
10.1164/ajrccm/144.3_Pt_1.697

Sun J, Xia S, Weng D, Chen J, Jin C, Yan B, et al. The value of high
resolution computed tomography in the diagnostics of small opacities
and complications of silicosis in mine machinery manufacturing workers,
compared to radiography. ] Occup Health. (2008) 50:400-5. doi: 10.1539/joh.
18015

Lopes AJ, Mogami R, Capone D, Tessarollo B, Melo PLD, Jansen JM.
High-resolution computed tomography in silicosis: correlation with chest
radiography and pulmonary function tests. ] Bras Pneumol. (2008) 34:264-72.
doi: 10.1590/s1806-37132008000500004

Wang JM, Han MK, Labaki WW. Chronic obstructive pulmonary disease risk
assessment tools: is one better than the others? Curr Opin Pulmonary Med.
(2021) 28:99-108. doi: 10.1097/mcp.0000000000000833

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al.
Standardisation of spirometry. Eur Respir J. (2005) 26:319-38. doi: 10.1183/
09031936.05.00034805

Macintyre N, Crapo RO, Viegi G, Johnson DC, van der Grinten CP, Brusasco V,
et al. Standardisation of the single-breath determination of carbon monoxide
uptake in the lung. Eur Respir J. (2005) 26:720-35. doi: 10.1183/09031936.05.
00034905

Huang D, Guo J, Yang W, Liu J. Exercise capacity and ventilatory efficiency
in patients with pulmonary embolism after short duration of anticoagulation
therapy. Am J Med Sci. (2020) 359:140-6. doi: 10.1016/j.amjms.2019.12.011
King TE Jr., Bradford WZ, Castro-Bernardini S, Fagan EA, Glaspole I,
Glassberg MK, et al. A phase 3 trial of pirfenidone in patients with
idiopathic pulmonary fibrosis. N Engl ] Med. (2014) 370:2083-92. doi: 10.1056/
NEJMoal402582

Flaherty KR, Wells AU, Cottin V, Devaraj A, Walsh SLE Inoue Y, et al.
Nintedanib in progressive fibrosing interstitial lung diseases. N Engl ] Med.
(2019) 381:1718-27. doi: 10.1056/NEJMo0a1908681

Wells AU, Desai SR, Rubens MB, Goh NS, Cramer D, Nicholson AG, et al.
Idiopathic pulmonary fibrosis: a composite physiologic index derived from
disease extent observed by computed tomography. Am J Respir Crit Care Med.
(2003) 167:962-9. doi: 10.1164/rccm.2111053

Leung CC, Yu ITS, Chen W. Silicosis. Lancet. (2012) 379:2008-18. doi: 10.
1016/50140-6736(12)60235-9

Akira M. High-resolution CT in the evaluation of occupational and
environmental disease. Radiol Clin North Am. (2002) 40:43-59. doi: 10.1016/
50033-8389(03)00108-8

Akgun M, Araz O, Akkurt I, Eroglu A, Alper E Saglam L, et al. An epidemic of
silicosis among former denim sandblasters. Eur Respir J. (2008) 32:1295-303.
doi: 10.1183/09031936.00093507

Bakan ND, Ozkan G, Camsari G, Gur A, Bayram M, Acikmese B, et al. Silicosis
in denim sandblasters. Chest. (2011) 140:1300-4. doi: 10.1378/chest.10-1856
James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global,
regional, and national incidence, prevalence, and years lived with disability
for 354 diseases and injuries for 195 countries and territories, 1990-2017: a

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

systematic analysis for the Global Burden of Disease Study 2017. Lancet. (2018)
392:1789-858. doi: 10.1016/s0140-6736(18)32279-7

Cohen RA, Go LHT. Artificial stone silicosis: removal from exposure is not
enough. Chest. (2020) 158:862-3. doi: 10.1016/j.chest.2019.11.029

Hoy RF. Artificial stone silicosis. Curr Opin Allergy Clin Immunol. (2021)
21:114-20. doi: 10.1097/ACI.0000000000000715

Martinez C, Prieto A, Garcia L, Quero A, Gonzalez S, Casan P. Silicosis: a
disease with an active present. Arch Bronconeumol. (2010) 46:97-100. doi:
10.1016/j.arbres.2009.07.008

Leso V, Fontana L, Romano R, Gervetti P, Iavicoli I. Artificial stone associated
silicosis: a systematic review. Int | Environ Res Public Health. (2019) 16:568.
doi: 10.3390/ijerph16040568

Garcia Vadillo C, Gomez ]S, Morillo JR. Silicosis in quartz conglomerate
workers. Arch Bronconeumol. (2011) 47:53. doi: 10.1016/j.arbres.2010.09.005
Leon-Jimenez A, Hidalgo-Molina A, Conde-Sanchez MA, Perez-Alonso A,
Morales-Morales JM, Garcia-Gamez EM, et al. Artificial stone silicosis: rapid
progression following exposure cessation. Chest. (2020) 158:1060-8. doi: 10.
1016/j.chest.2020.03.026

Maclaren WM, Soutar CA. Progressive massive fibrosis and simple
pneumoconlosis in ex-miners. Br J Industrial Med. (1985) 42:734-40. doi:
10.1136/0em.42.11.734

Keskitalo E, Salonen ], Vahanikkila H, Kaarteenaho R. Survival of patients
with asbestosis can be assessed by risk-predicting models. Occup Environ Med.
(2021) 78:516-21. doi: 10.1136/0emed-2020-106819

Wu N, Xue C, Yu S, Ye Q. Artificial stone-associated silicosis in China: a
prospective comparison with natural stone-associated silicosis. Respirology.
(2020) 25:518-24. doi: 10.1111/resp.13744

Chen W, Liu Y, Wang H, Hnizdo E, Sun Y, Su L, et al. Long-term exposure to
silica dust and risk of total and cause-specific mortality in Chinese workers:
a cohort study. PLoS Med. (2012) 9:e1001206. doi: 10.1371/journal.pmed.
1001206

Hoy RE Baird T, Hammerschlag G, Hart D, Johnson AR, King P, et al. Artificial
stone-associated silicosis: a rapidly emerging occupational lung disease. Occup
Environ Med. (2018) 75:3-5. doi: 10.1136/0emed-2017-104428

Ling M, Shao-Wei Z, Zi-Dan C, Jin S, Lu-qin B, Jun W, et al. Investigation
of clinical features and working environment of silicosis patients caused
by agglomerated quartz stone processing dust. ] Environ Occupational Med.
(2019) 36:744-9. doi: 10.13213/j.cnki.jeom.2019.19260

Nery LE, Florencio RT, Sandoval PRM, Rodrigues RT, Alonso G, Mason
GR. Additive effects of exposure to silica dust and smoking on pulmonary
epithelial permeability: a radioaerosol study with technetium-99m labelled
DTPA. Thorax. (1993) 48:264-8. doi: 10.1136/thx.48.3.264

Pascual S, Urrutia I, Ballaz A, Arrizubieta I, Altube L, Salinas C. Prevalence
of silicosis in a marble factory after exposure to quartz conglomerates. Arch
Bronconeumol. (2011) 47:50-1. doi: 10.1016/j.arbres.2010.09.004

Ozmen CA, Nazaroglu H, Yildiz T, Bayrak AH, Senturk S, Ates G,
et a. MDCT Findings of denim-sandblasting-induced silicosis: a cross-
sectional studyresearch. Environ Health. (2010) 9:17. doi: 10.1186/1476-069
X-9-17

Alper E, Akgun M, Onbas O, Araz O. CT findings in silicosis due to denim
sandblasting. Eur Radiol. (2008) 18:2739-44. doi: 10.1007/s00330-008-1061-3

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Quan, Wu, Yang, Wu, Yang, Min, Shi, Qin, Huang, Wang,
Huang, Mao and Feng. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 832052


https://doi.org/10.1016/s0140-6736(17)31833-0
https://doi.org/10.1016/s0140-6736(17)31833-0
https://doi.org/10.1136/oemed-2019-106321
https://doi.org/10.1111/resp.13672
https://doi.org/10.1111/resp.13952
https://doi.org/10.1111/resp.13952
https://doi.org/10.1016/s0140-6736(19)30478-7
https://doi.org/10.1539/joh.l8030
https://doi.org/10.1164/ajrccm/144.3_Pt_1.697
https://doi.org/10.1164/ajrccm/144.3_Pt_1.697
https://doi.org/10.1539/joh.l8015
https://doi.org/10.1539/joh.l8015
https://doi.org/10.1590/s1806-37132008000500004
https://doi.org/10.1097/mcp.0000000000000833
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.1183/09031936.05.00034905
https://doi.org/10.1183/09031936.05.00034905
https://doi.org/10.1016/j.amjms.2019.12.011
https://doi.org/10.1056/NEJMoa1402582
https://doi.org/10.1056/NEJMoa1402582
https://doi.org/10.1056/NEJMoa1908681
https://doi.org/10.1164/rccm.2111053
https://doi.org/10.1016/s0140-6736(12)60235-9
https://doi.org/10.1016/s0140-6736(12)60235-9
https://doi.org/10.1016/s0033-8389(03)00108-8
https://doi.org/10.1016/s0033-8389(03)00108-8
https://doi.org/10.1183/09031936.00093507
https://doi.org/10.1378/chest.10-1856
https://doi.org/10.1016/s0140-6736(18)32279-7
https://doi.org/10.1016/j.chest.2019.11.029
https://doi.org/10.1097/ACI.0000000000000715
https://doi.org/10.1016/j.arbres.2009.07.008
https://doi.org/10.1016/j.arbres.2009.07.008
https://doi.org/10.3390/ijerph16040568
https://doi.org/10.1016/j.arbres.2010.09.005
https://doi.org/10.1016/j.chest.2020.03.026
https://doi.org/10.1016/j.chest.2020.03.026
https://doi.org/10.1136/oem.42.11.734
https://doi.org/10.1136/oem.42.11.734
https://doi.org/10.1136/oemed-2020-106819
https://doi.org/10.1111/resp.13744
https://doi.org/10.1371/journal.pmed.1001206
https://doi.org/10.1371/journal.pmed.1001206
https://doi.org/10.1136/oemed-2017-104428
https://doi.org/10.13213/j.cnki.jeom.2019.19260
https://doi.org/10.1136/thx.48.3.264
https://doi.org/10.1016/j.arbres.2010.09.004
https://doi.org/10.1186/1476-069X-9-17
https://doi.org/10.1186/1476-069X-9-17
https://doi.org/10.1007/s00330-008-1061-3
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles

	Risk Factors of Silicosis Progression: A Retrospective Cohort Study in China
	Introduction
	Materials and Methods
	Study Population and Procedures
	Respiratory Function and High-Resolution Computer Tomography Tests
	Statistical Analysis

	Results
	Comparison of Baseline Characteristics of Silicosis Patients
	Lung Function in Patients at Baseline
	Lung Function in Patients at 0-to-1-Year and 0-to-2-Year Follow-Up
	Risk Factors in the Progression of Silicosis
	Comparison of Disease Progression Rates in Silicosis Patients

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


