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Background: Coal dust is a major risk factor for the occupational health
of coal miners, and underground workers with coal mine dust lung disease
(Coal miners with coal mine dust lung disease (CMDLD) may have a higher
risk of developing Nodular thyroid disease (NTD). The aim of this study was
to investigate the relationship between coal mine dust lung disease and the
development of Nodular thyroid disease in coal miners.

Methods: This was a clinical retrospective observational study that included
955 male coal miners from 31 different coal mining companies in Huainan,
Anhui Province, China, who were examined in April 2021 at the Huainan
Occupational Disease Prevention and Control Hospital to collect all their
clinical physical examination data, including general conditions, laboratory test
indices and imaging indices. Based on the presence or absence of Nodular
thyroid disease, 429 cases with Nodular thyroid disease were classified as
the diseased group and 526 cases without Nodular thyroid disease were
classified as the control group. Logistic regression was used to analyse the
correlation between the occurrence of Nodular thyroid disease in coal miners,
and further single- and multi-factor logistic regression was used to screen the
risk exposure factors for Nodular thyroid disease in coal miners.

Results: Age, coal mine dust lung disease (CMDLD), red blood cells (RBC),
mean red blood cell volume (MCV), albumin (ALB), albumin/globulin
(A/G), indirect bilirubin (IBIL), globulin (GLOB), total bilirubin (TBil)
and myeloperoxidase (MPO) were associated with the development
of Nodular thyroid disease in coal miners (p < 0.05) The results of
univariate and multifactorial logistic regression analysis showed that CMDLD
(OR:4.5,95%ClI:2.79-7.51) had the highest OR and CMDLD was the strongest
independent risk exposure factor for the development of Nodular thyroid
disease in coal miners.
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Conclusions:

10.3389/fpubh.2022.1005721

There is a strong correlation between coal mine dust lung

disease and Nodular thyroid disease in underground coal miners, and clinicians
need to be highly aware of the high risk of NTD in coal miners with CMDLD
and adopt individualized clinical prevention strategies.

coal miners, underground operating environment, coal mine dust lung disease,
Nodular thyroid disease, retrospective observational study

Introduction

Coal is Chinas main energy resource and about 70%
of Chinas electricity comes from coal-fired power plants,
and there are currently >6 million (1) underground miners,
which is a large occupational health population. With the
world economy growing at a rapid pace, raw coal production
and total coal production have increased significantly and
the number of underground miners continues to grow (2).
The increasing mining and use of coal has led to an
increasing number of coal miners being exposed to the
health hazards of coal mine dust (3), and the occupational
health of coal miners is in urgent need of widespread
medical attention.

The lung diseases of coal miners caused by long-term
inhalation of coal mine dust are collectively known as
coal mine dust lung diseases (CMDLD). CMDLD includes
coal workers’ pneumoconiosis (CWP), silicosis, bronchiectasis,
emphysema and cancer (4, 5). CWP is a classic preventable
but not fully curable occupational CMDLD (6), with >4,000
new cases of CWP diagnosed in coal miners each year,
and long-term coal dust exposure is the leading cause of
death from respiratory disease and complications in coal
miners (7-9). Coal dust can cause respiratory diseases in
coal miners, but also endocrine diseases, cardiovascular
diseases and other multi-system diseases (10-12). Nodular
thyroid disease is a common endocrine disorder and a
large retrospective study analyzed data (13) from clinical
physical examinations of 16,929 medical staff and found
that the prevalence of Nodular thyroid disease in men was
around 34%.

In this study, we collected clinical examination data from
955 male coal miners operating in underground environments.
Four hundred and twenty nine coal miners had Nodular
thyroid disease, and their prevalence was as high as 44.9%.
Therefore, we hypothesize that the prevalence of Nodular
thyroid disease in coal miners is higher than in other
occupational groups, which may be related to the long-
term exposure of coal miners to coal dust environment,
and coal miners with CMDLD may be at a high risk
of developing Nodular thyroid disease Coal miners with
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CMDLD may be at high risk of developing Nodular thyroid
disease, but there are no studies on the association between
CMDLD and NTD in coal miners. This study investigated
the association between coal mine dust lung disease and
Nodular thyroid disease in coal miners by retrospectively
analyzing clinical examination data from 955 coal miners
with underground operations in Huainan, Anhui Province,
China, in 2021, with the aim of providing precise prevention
strategies for primary prevention of Nodular thyroid disease in
coal miners.

Materials and methods

Study population

This is a clinical retrospective observational study that
collected clinical physical examination data from 955 male
coal miners from 31 different coal mining companies in
Huainan City, Anhui Province, China, who were examined
in April 2021 at the Occupational Disease Prevention and
Control Hospital in Huainan City, Anhui Province, China.
Inclusion criteria: (1) Male coal miners aged >18 years.
(2) No serious organic lesions. (3) In addition to the routine
physical examination, the physical examination also included
thyroid and lung examinations, and the physical examination
information was complete and free of defects. Exclusion
Criteria: (1) Serious cardiovascular, cerebrovascular, liver,
kidney or other serious primary diseases. (2) Those with severe
mental disorders or who are unable to cooperate with the
medical examination for various reasons. (3) Those with a
history of surgery or chemotherapy for malignant tumors. (4)
Those with malignant diseases or serious systemic infections.
(5) Incomplete thyroid and lung physical examination data.
Finally, 955 male coal miners met the study requirements and
were included in the observation. All personally identifiable
information was encrypted by the researchers, no personal
privacy was disclosed, and the ethical requirements of the ethical
review committee of the First Affiliated Hospital of Anhui
University of Technology (Huainan First People’s Hospital)
were met.
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Statistical analysis

The study was statistically analyzed using 4.0.3 statistical
software. Quantitative data were determined to be normal
using the Shapiro normality test, with normally distributed
data expressed as (x £ s) and independent samples t-test
for comparison between groups; non-normally distributed
data were expressed as M (P25, P75) and wilcox test for
comparison between groups. Qualitative data were statistically
described using frequencies (%) and comparisons between
groups were made using the x2 test or Fisher’s exact test.
Factors influencing Nodular thyroid disease were analyzed using
one-way and multi-way logistic regression analysis. Differences
were considered statistically significant when bilateral p-values
were <0.05.

Diagnostic criteria

(1) Diagnosis of coal mine dust lung disease: In this
study, coal mine dust lung disease refers to a range of lung
diseases caused by long-term exposure to coal mine dust,
including pneumonia, pneumoconiosis, silicosis, dust-related
diffuse fibrosis (DDF) and chronic obstructive pulmonary
disease (COPD) (14, 15). Pulmonary imaging is performed on
coal miners using Siemens Somatom Definition AS 64-row 128-
slice spiral CT, United Imaging UCT580 40-row 40-slice spiral
CT, United Imaging UDR770 and UDR260 digital radiographs,
and all imaging diagnoses of coal mine dust lung disease are
made by two or more qualified imaging physicians.

(2) Diagnosis of Nodular thyroid disease: The diagnosis of
Nodular thyroid disease in this study was based on clinical
manifestations, laboratory tests and imaging examinations of
the coal miners, and the diagnosis of Nodular thyroid disease
was in accordance with the diagnostic criteria of the Chinese
guidelines for the diagnosis and treatment of Nodular thyroid
disease (16). Thyroid ultrasound examination of coal miners
using Myriad Resona 7, Myriad DC-8 EXP, Myriad DC-80,
Toshiba APLIO 500, Siemens ACUSON Oxana 2,a linear array
high frequency probe is used with a probe frequency of 5~15
MHz, where thyroid nodules were classified in accordance
with the diagnostic criteria of the 2020 Chinese Guidelines
for Ultrasound Risk Stratification of Thyroid Nodules for
Malignancy: C-TIRADS (17). According to the C-TIRADS
classification criteria, thyroid nodules were classified according
to their ultrasound presentation. Thyroid nodules with solid,
very hypoechoic, microcalcifications, blurred margins, irregular
morphology and vertical growth or extrathyroidal invasion were
defined as suspicious malignant features and assigned 1 point
each, while comet tail artifacts were defined as benign features
and assigned—1 point. Each thyroid nodule was assigned a value
and summed, and those with—1 score were classified as category
2 with 0 risk of malignancy; those with 0 score were classified
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as category 3 with <2% risk of malignancy; those with 1 score
were classified as category 4a with 2-9% risk of malignancy;
those with 2 scores were classified as category 4b with 10-49%
risk of malignancy; those with 3-4 scores were classified as
category 4c with 50-90% risk of malignancy; and those with 5
scores and above were classified as category 5 with >90% risk of
malignancy 90%. All nodular thyroid diseases were diagnosed
by 2 ultrasonographers with the title of attending physician
or higher.

Results

Baseline clinical characteristics of the
participants

In this study, clinical physical examination data of 955
coal miners were summarized. The number of coal miners
with Nodular thyroid disease was 429 and the number of coal
miners without Nodular thyroid disease was 526. After statistical
test analysis, Age, CMDLD, RBC, MCV, ALB, A/G, IBIL,
GLOB, TBil, and MPO were statistically significant between
the two groups of coal miners with Nodular thyroid disease,
while the remaining variables were not statistically significant
between groups (P-value > 0.05), as shown in Table 1. We
further did correlation heat map for these 10 statistically
significant variables. The analysis revealed that CMDLD was
an independent predictor and none of the other variables were
correlated, while TBIL was definitely correlated with IBIL and
A/G was correlated with ALB (Figure 1). As IBIL and A/B were
more characteristic, we chose IBIL and A/B instead of TBIL and

ALB in order to reduce the interference of confounding factors.

Univariate and multifactorial logistic
regression analysis of nodular thyroid
disease in coal miners

Univariate and multivariate logistic regression analyses were
performed using whether the patient had Nodular thyroid
disease as the dependent variable (normal-0, abnormal-1)
and whether they had coal mine dust lung disease as the
independent variable (normal-0, abnormal-1) (Table 2). The
results of the univariate analysis showed that the differences in
having CMDLD, MPO, GLOB, ALB, A/G, AGE and RBC were
all statistically significant (p < 0.05). All parameters included
in the above univariate analysis were further analyzed by multi-
factor logistic regression, with OR values suggesting the relative
risk of developing Nodular thyroid disease in coal miners.
The results showed that CMDLD (OR: 5.11, 95% CI: 3.15-
8.29), MPO (OR: 1.00, 95% CI: 1.00-1.01), GLOB (OR: 1.06,
95% CI: 1.02-1.10), ALB (OR: 0.85, 95% CI: 0.80-0.90), A/G
(OR. CMDLD, GLOB, and AGE were all independent risk
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TABLE 1 Baseline clinical characteristics of two groups of coal miners.

10.3389/fpubh.2022.1005721

Characteristics Non-Nodular thyroid disease (n =526)  Nodular thyroid disease (n =429)  Statistic = P-value
CMDLD 52.472 <0.001*
0, 1% 503 (95.63%) 347 (80.89%)

1, n% 23 (4.37%) 82 (19.11%)

Age, year, M (P55, P7s) 39 (33.25, 48) 43 (36,50) —4.479 <0.001%%*
LDL-C, mmol/L, M (P55, P75) 2.76 (2.36,3.2) 2.84 (2,39, 3.36) —1.792 0.073
HDL-C, mmol/L, M (Py5, P75) 1.17 (1.03, 1.38) 1.16 (1.02, 1.35) 0.460 0.646
WBC, 10°/L, M (P35, P75) 6.51 (5.66, 7.49) 6.5 (5.55,7.74) —0.500 0.617
RBC, 10'2/L, M (P35, P75) 4.98 (4.76,5.22) 4.91 (4.7, 5.15) 2.680 0.007**
MCV, fL, M (P35, P7s) 92.2 (89.93, 94.6) 92.6(90.5,95.1) —2.116 0.034*
ALB, g/L, M (P25, P75) 47.39 (45.88, 48.66) 46.62 (44.9, 48.08) 5.080 <0.001*
A/G, M (P,s, Py5) 1.67 (1.53, 1.8) 1.6 (1.44,1.73) 4.820 <0.001*
GGT, U/L, M (P35, P75) 28.7(20.17, 43.85) 30.95 (21.6, 48.43) —1.830 0.067
ALT, U/L, M (P35, P75) 21.1 (14.78, 30.8) 22.05 (15.57, 31) —0.957 0.339
AST/ALT, M (P55, P75) 1.01 (0.79, 1.3) 1(0.79, 1.31) 0.622 0.534
IBIL, umol/L, M (P55, P75) 9.5 (7.4,12.3) 9.85 (8.22, 12.88) —2.181 0.029*
ALP, U/L, M (P55, P75) 72.95 (60.9, 86.93) 74.55 (64.5, 84.8) —1.309 0.191
GLOB, g/L, M (P,s, P75) 28.42 (26.5, 30.47) 29.32 (27.07, 31.62) —3.652 <0.001*
DBil, umol/L, M (P,s, P;5) 3.8(2.88,5) 3.9(3.1,5.1) —1.480 0.139
TBil, umol/L, M (P,s, P75) 13.3(10.5,17.1) 13.85 (11.4,17.7) —2.107 0.035*
TP, g/L, M (P,s, P75) 75.5(73.3,78.2) 75.8 (73.11, 78.49) —0.268 0.789
FBG, mmol/L, M (P35, P75) 6 (5.67, 6.47) 6 (5.67, 6.5) —0.461 0.645
BUA, mol/L, M (P,s, P75) 330.05 (277.15, 380.7) 328.8 (282, 379.15) —0.404 0.686
CYFRA21-1, ng/ml, M (Pas, P7s) 2.21 (1.96, 2.52) 2.22(2,2.51) —1.155 0.248
MPO, U/ml, M (P,s, P75) 68.18 (53.83, 89.52) 74.63 (60.8, 98.25) —3.829 <0.001+
Lp-PLA2, M (P55, P75) 336.15 (252.28, 432.65) 323.18 (241.2, 405.54) 1.649 0.099

HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; ALB, Serum albumin; GLOB, globulin; IBIL, Indirect bilirubin; Lp-PLA2, Lipoprotein-
associated phospholipase; A2,MPO, Myeloperoxidase; CYFRA21-1, Cytokeratin 19 fragment; MCV, Mean red blood cell volume; RBC, Red blood cells; WBC, Leukocytes; TBil, Total
bilirubin; A/G, Albumin/globulin; GGT, Glutamyl transpeptidase; ALT, Glutathione aminotransferase; AST/ALT, Glutathione/glutathione transaminase; ALP, Alkaline phosphatase; DBil,
Direct bilirubin; TP, Total protein; FBG, Plasma fibrinogen; BUA, Blood uric acid. (*P < 0.05, **P < 0.01, ***P < 0.001).

factors for the development of Nodular thyroid disease in coal
miners. In addition, the OR for CMDLD was the highest of all
independent risk factors (Figure 2). Therefore, having CMDLD
is the strongest independent risk exposure factor for Nodular
thyroid disease in coal miners (p < 0.0001) and clinicians should
focus on the risk of Nodular thyroid disease in coal miners
with CMDLD.

Discussion

Coal dust is the most significant risk factor for occupational
health risks to coal miners (18). McBean et al. (14) suggested
that the majority of coal mine dust lung diseases are associated
with coal dust exposure. Not only that, but several researchers
(7, 19) have found that coal dust is not only a risk factor
for coal miners to develop coal mine dust lung disease, but
also a high risk factor for coal miners to develop Nodular
thyroid disease. Coal miners exposed to chronic coal dust
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are at high risk of Nodular thyroid disease, however, the
association between coal mine dust lung disease (CMDLD) and
Nodular thyroid disease in coal miners is currently unclear,
and investigating the risk factors for Nodular thyroid disease in
coal miners is of great significance for the primary prevention
of Nodular thyroid disease in coal miners. In this study, a
retrospective observational study based on clinical examination
data of 955 male coal miners from 31 different coal mining
companies in Huainan, Anhui Province, China, found that
CMDLD was the strongest risk factor for the development of
Nodular thyroid disease in coal miners and that clinicians should
pay more attention to the development of Nodular thyroid
disease in coal miners with CMDLD and take early and effective
preventive strategies.

Nodular thyroid disease is one of the most common
non-communicable diseases in developing countries (20).
Because thyroid disorders rarely lead to serious life-threatening
conditions, they are often overlooked (21), leading to their
progression to malignant levels. In recent years, Nodular thyroid
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FIGURE 1
Heat maps of correlation of clinical features in coal miners.
TABLE 2 Univariate and multifactorial logistic regression analysis of the occurrence of thyroid disease in coal miners.
Variables N Univariate analysis Multivariate analysis
R (95%CI) P-value OR (95%CI) P-value

CMDLD 955 / / / /
0 850 / / / /
1 105 5.17 (3.19~8.37) P < 0.0001+%* 5.11 (3.15~8.29) P < 0.0001%%%
MPO 955.0 1.00 (1.00~1.01) 0.01* 1.00 (1.00~1.01) 0.01*
IBIL 955.0 1.02 (0.99~1.05) 0.11 1.02 (0.99~1.05) 0.12
GLOB 955.0 1.06 (1.03~1.11) P < 0.0001** 1.06 (1.02~1.10) P < 0.0001**
TBIL 955.0 1.02 (1.00~1.04) 0.13 1.02 (1.00~1.04) 0.11
ALB 955.0 0.86 (0.81~0.91) P < 0.0001*%* 0.85 (0.80~0.90) P < 0.0001*
AIG 955.0 0.24 (0.13~0.43) P < 0.0001*%* 0.26 (0.14~0.47) P < 0.0001
Age 955.0 1.03 (1.02~1.05) P < 0.0001*** 1.03 (1.02~1.05) P < 0.0001
RBC 955.0 0.65 (0.46~0.93) 0.02* 0.61 (0.42~0.87) 0.01%
MCV 955.0 1.03 (1.00~1.06) 0.05 1.03 (1.00~1.06) 0.06
*P < 0.05, ***P < 0.001. All indicate significant differences compared between groups.
disease has been on the rise, with the overall prevalence of study found that 955 male coal miners had a 44.9% chance of
Nodular thyroid disease among adults over 18 years of age developing Nodular thyroid disease, and that the prevalence
in China reaching 50%, according to the latest survey data of Nodular thyroid disease among male coal miners working
from 2020 (22, 23). Statistical analysis of the data in this underground was significantly close to the overall prevalence.

Frontiers in Public Health 05 frontiersin.org


https://doi.org/10.3389/fpubh.2022.1005721
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhao et al. 10.3389/fpubh.2022.1005721
A B
OR(95%Cl) OR(95%ClI)

MPO 1(1,1.01) ] MPO 1(1,1.01) Ll
IBIL 1.02(0.99,1.05) . BIL 1.02(0.99,1.05) B
Glo Gle

1.06(1.03,1.11) ] 1.06(1.03,1.11) [ |
TBIL TBIL

1.02(1,1.04) ] 1.02(1,1.04) |

ALB ALB

0.86(0.81,0.91) | 0.86(0.81,0.91) |
AG AG

0.24(0.13,043) = 0.24(0.13,0.43) u
AGE AGE

1.03(1.02,1.05) | 1.03(1.02,1.05) [ ]
RBC RBC
MCV 0.65(0.46,0.93) L] MOV 0.65(0.46,0.93) ]
CMDLD 1.03(1,1.06) ] CMDLD 1.03(1,1.06) [ ]

0 0
1 5.17(3.19,8.37) ] 1 5.17(3.19,8.37) ]
HEE T EENE e i & 3§ 4 5 € 71 @8
FIGURE 2
(A,B) Univariate and multifactorial analysis of forest plots for the occurrence of nodular thyroid disease in coal miners.

In a previous study, Koeger et al. (24) found that middle-
aged male coal miners with occupational exposure to coal dust
silica developed not only silicosis but also Graves™ disease, an
autoimmune disorder. This study was limited by the small
sample size and therefore only identified Graves’ disease as a
cause of Nodular thyroid disease due to coal dust exposure and
did not investigate the association between Graves’ disease and
silicosis. This study collected clinical examination data from 955
male coal miners from 31 different coal mining companies in
Huainan, Anhui Province, China. The large sample size and
the wide range of data sources in this study have reduced the
bias of the study due to insufficient sample size. In addition,
the 70 clinical physical examination variables collected in this
study (including general information, laboratory test indicators,
and imaging test indicators) were analyzed by univariate
and multifactorial logistic regression, and after multifactorial
analysis, CMDLD (OR = 5.21, p < 0.0001), GLOB (OR =
1.06, p < 0.0001), Age (OR = 1.03, p < 0.0001) were found to
be 0.0001 as independent risk factors for the development of
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Nodular thyroid disease in coal miners, with CMDLD having
the highest OR, much greater than the other two variables,
indicating that CMDLD is the highest risk exposure factor for
the development of Nodular thyroid disease in coal miners,
and is statistically significant. Therefore, focusing on screening
for Nodular thyroid disease in coal miners with CMDLD and
adopting targeted prevention strategies are important measures
to effectively reduce the occurrence of Nodular thyroid disease in
coal miners.

There is a lack of research on the mechanism of the
relationship between CMDLD and the development of Nodular
thyroid disease in coal miners. This study suggests that there
may be two main associations. Firstly, when exposed to coal
dust for long periods of time, the body adjusts cortisol,
thyroid hormone and insulin levels for protective adaptive
regulation, and when endocrine gland function reserves are
depleted and the body’s ability to adapt decreases, coal miners
are prone to develop pneumoconiosis (25) and consequently
Nodular thyroid disease with abnormal thyroid hormones.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1005721
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhao et al.

Tsukatani et al. (26) found that silicosis caused calcification of
paratracheal and upper mediastinal lymph nodes in patients
with papillary thyroid carcinoma (PTC), and later surgical
pathology demonstrated the presence of both silica nodules and
microtransformations of PTC in the paratracheal lymph nodes
of patients with PTC; therefore, the silica component of coal
dust may be a causative factor between CMDLD and Nodular
thyroid disease. Second, an immunological and neurological
analysis of the pathogenesis of CMDLD may better explain
the existence of a relationship between CMDLD and Nodular
thyroid disease in coal miners. The direct toxic effects of
silica and monosilicic acid in coal dust on the lungs may be
accompanied by an attack on other organs of the organism
(27). At the same time, secondary hypoxia due to dust-silica
lung may result in inadequate stimulation and excretion of
certain hormones, leading to dysfunction of the hypothalamic-
pituitary-thyroid axis, which in turn leads to the development of
thyroid disorders.

However, there are some limitations that need to be taken
into account when interpreting the results of this study. First, the
data we collected on physical examinations of coal miners were
missing data on coal miners history of alcohol consumption,
smoking, family history of Nodular thyroid disease, body mass
index, years of underground work, number of shifts per month
and some thyroid hormone blood biochemical indicators,
variables that may be associated with the occurrence of Nodular
thyroid disease in coal miners. Secondly, due to the fixed
nature of the medical examination package, we were unable to
obtain further pathological follow-up of the association between
Nodular thyroid disease and coal mine dust lung disease, which
prevented an in-depth investigation into the pathogenesis of
CMDLD and NTD. In the future, we will conduct experimental
studies to further investigate the mechanisms by which coal
dust causes Nodular thyroid disease and CMDLD in animals.
Thirdly, the population in this study was exclusively from
Huainan, Anhui Province, China, and no data from other
coal miners of different geographical or ethnic origin were
included, which may have biased the results of the study. In
the next step, we will expand the sample size collection to
include data from coal miners from different regions, countries
and ethnicities in China, so that this study can have a wider
clinical utility.

This study found a high correlation between coal mine
dust lung disease and the development of Nodular thyroid
disease in coal mine workers, and that coal mine dust lung
disease is a high risk factor for the development of Nodular
thyroid disease in coal mine workers. With the exception of
thyroiditis, any benign change in Nodular thyroid disease is
associated with an increased risk of thyroid cancer (28). Nodular
thyroid disease has a serious impact on the occupational
health of coal miners. The disease can place additional
physical, mental and financial burdens on coal miners and
their families, and may even shorten life expectancy, and
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requires the joint attention of government departments and the
medical community.

Conclusion

Mine miners who are chronically exposed to working in a
coal dust environment are at high risk of developing nodular
thyroid disease. It is worth noting that Age, CMDLD, RBC,
MCV, ALB, A/G, IBIL, GLOB, TBil, and MPO are influential
factors for the development of nodular thyroid nodular disease
in coal miners, with CMDLD being the strongest risk exposure
factor for nodular thyroid disease in coal miners. Therefore,
clinicians should be highly concerned about the high risk of
nodular thyroid in coal miners with CMDLD and take early and
individualized preventive and therapeutic measures, which are
of great clinical value to improve the occupational health and
safety of coal miners with thyroid.
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