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Objective: To investigate the association between coal dust exposure and the occurrence of 
dyslipidemia in coal mine workers, and identify relevant risk factors. Methods: We selected a 
population who underwent occupational health examinations at Huainan Yangguang Xinkang Hospital 
from March 2020 to July 2022. Participants were divided into two groups based on the presence or 
absence of dyslipidemia, and their baseline information was collected, including records of coal dust 
exposure. We employed single-factor analysis to identify risk factors for dyslipidemia and adjusted 
for confounding factors in the adjusted models. Additionally, we explored the effects in different 
populations using stratified analysis, smooth curve fitting, and propensity score matching. Finally, 
we confirmed the causal relationship between coal dust exposure and dyslipidemia by examining 
tissue sections and lipid-related indicators in a mouse model of coal dust exposure. Results A total 
of 5,657 workers were included in the study, among whom 924 individuals had dyslipidemia and 
4,743 individuals did not have dyslipidemia. The results of the single-factor analysis revealed that 
dust exposure, age, BMI, blood pressure, and smoking were statistically significant risk factors 
for dyslipidemia (p < 0.05). Additionally, the three multivariate models, adjusted for different 
confounders, consistently showed a significant increase in the risk of dyslipidemia associated with 
coal dust exposure (Model 1: OR, 1.869; Model 2: OR, 1.863; Model 3: OR, 2.033). After conducting 
stratified analysis, this positive correlation remained significant. Furthermore, propensity score 
matching analysis revealed that with increasing years of work, the risk of dyslipidemia gradually 
increased, reaching 50% at 11 years. In the mouse model of coal dust exposure, significant coal 
dust deposition was observed in the lungs and livers of the mice, accompanied by elevated levels of 
total cholesterol (TC), alanine transaminase (ALT), aspartate transaminase (AST), and low-density 
lipoprotein cholesterol (LDL-C). Conclusion Exposure to coal dust significantly increases the risk of 
developing dyslipidemia, and this positive correlation exists in different populations, particularly with 
increasing years of work, resulting in a higher risk. Keywords: Dust, occupational health, dyslipidemia, 
risk factors, cross-sectional study.

Coal mining plays a pivotal role in the global economy, yet it is not without significant occupational health 
risks, particularly due to exposure to coal dust. The process of coal extraction and processing involves multiple 
steps, each a potential source of inhalation of fine particulate matter. Such exposure has been associated with a 
range of health issues, including respiratory diseases and metabolic disorders like dyslipidemia1. Dyslipidemia, 
characterized by abnormal lipid levels in the blood—encompassing hypercholesterolemia, hypertriglyceridemia, 
low high-density lipoprotein cholesterol (HDL-C), and mixed hyperlipidemia—is a prevalent metabolic 
disorder and a significant risk factor for cardiovascular diseases, which are among the leading causes of mortality 
worldwide2,3.
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The literature increasingly implicates occupational exposure to coal dust in the development of dyslipidemia. 
For instance, studies by Dehghani et al.4 and Eslamidoost et al.5 have highlighted the impact of air pollution 
and specific pollutants like NO2 on chronic diseases and metabolic disorders, resonating with the occupational 
challenges faced by coal miners. These workers are often subjected to harsh conditions such as poor ventilation, 
strong winds, darkness, humidity, and extreme temperatures, which exacerbate the risk of occupational diseases6.

Epidemiological evidence indicates a rising prevalence of dyslipidemia, especially in regions with high levels 
of environmental pollutant exposure, like coal mines7. The awareness and treatment rates for dyslipidemia 
among adults in Jilin Province, China, lag significantly behind those in Beijing, pointing to a pressing need for 
improved understanding and management of dyslipidemia in areas with substantial occupational exposure to 
coal dust and other pollutants8. This study aims to address these gaps by conducting a cross-sectional analysis 
to assess the risk of dyslipidemia due to dust exposure and by identifying potential risk factors. Furthermore, 
animal experiments will verify the causal relationship between dust exposure and dyslipidemia, contributing to 
a deeper understanding of the occupational causes of dyslipidemia and informing prevention and management 
strategies for high-risk occupational groups.

While studies have shown that coal dust exposure can elevate blood lipid levels, as demonstrated by higher 
levels of triglycerides and very-low-density lipoprotein in workers9, the influence of confounding factors like 
physical exercise and diet has not been fully explored10. In this study, a cross-sectional analysis will be conducted 
to assess the degree of risk of dyslipidemia caused by coal dust exposure and identify potential risk factors. 
Additionally, animal experiments will be carried out to verify the causal relationship between dust exposure and 
dyslipidemia (Fig. 1).

Inhalation of coal dust leads to disorder of liver deposition and metabolism, which may lead to hyperlipidemia.

Methods
Study population
The study included non-exposed individuals and coal dust-exposed individuals who underwent health 
examinations at Xin Kang Hospital from March 2020 to July 2022. The selection criteria for the study population 
were as follows:

Inclusion Criteria: (1) Non-exposed individuals: Administrative staff of the company with no history of coal 
dust exposure. (2) Coal dust-exposed individuals: Frontline mining workers of the company with documented 
exposure to coal dust.

Exclusion criteria: (1) Incomplete health examination data. (2) Presence of lipid-affecting diseases, including 
hypothyroidism, diabetes, and kidney disease.

Baseline information such as age, occupation, BMI, hypertension, smoking history, alcohol consumption, 
exercise habits, and dietary habits was meticulously collected to ensure a comprehensive understanding of the 
participants’ health status.

Occupational health examinations and definition of standards
Occupational health examinations were conducted to assess the health status of the study participants. These 
examinations included a thorough medical history, physical examination, and laboratory tests to evaluate 
various health parameters. The duration of coal dust exposure was recorded for each participant, with special 
attention paid to the potential health impacts of long-term exposure.

BMI standard: Normal range was defined as 18.5–23.9  kg/m², while values below 18.5  kg/m² or above 
23.9 kg/m² were considered abnormal.

Blood pressure standard: High blood pressure was defined as systolic BP ≥ 140mmHg and/or diastolic 
BP ≥ 90mmHg.

Smoke: Defined as smoking at least one cigarette per day for more than one month.
Drink: Defined as drinking alcohol at least once a week for more than one year.

Fig. 1.  Research hypothesis.
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Physical exercise: Defined as engaging in physical activity more than three times a week, with each session 
lasting more than two hours.

Dietary habits: Defined as whether or not vegetables were consumed daily during a meal.
Lipid standards: Dyslipidemia was diagnosed based on triglycerides > 1.7mmol/L and/or cholesterol > 5.2 

mmol/L.

Assessment of coal dust exposure
Coal dust exposure was assessed through a combination of self-reported data and environmental monitoring. 
Participants were asked to provide detailed information on their work history, including the duration and intensity 
of coal dust exposure. Environmental samples were collected to measure the concentration of particulate matter 
in the air, ensuring an accurate assessment of exposure levels.

Identification and control of confounding factors
Potential confounding factors were identified through a thorough review of the literature and consultation with 
occupational health experts. These factors included age, BMI, blood pressure, smoking, alcohol consumption, 
exercise habits, and dietary habits. Multivariable logistic regression models were used to control for these factors, 
ensuring a robust analysis of the relationship between coal dust exposure and dyslipidemia.

Model 1 was adjusted for no covariates. Model 2 was adjusted for age and BMI. Model 3 was adjusted for 
all potential confounding factors. Subgroup analysis was further conducted to explore the relationship between 
dust exposure and dyslipidemia in different populations. Weighted generalized additive models and smooth 
curve fitting methods were used to explore non-linear relationships. Threshold effect analysis was performed to 
identify the optimal inflection point.

Mouse model construction
Twenty wild-type SPF C57BL/6 male mice, aged 8–10 weeks (22–27 g), were housed under constant conditions 
of temperature (24 ± 1℃), relative humidity (60 ± 5%), and a 12-hour light-dark cycle (light from 08:00–20:00). 
They had ad libitum access to water and were fed standard mouse chow for one week to acclimatize. Large chunks 
of raw coal obtained from the Panji coal mining area in Huainan were crushed and ground to um-level coal dust, 
followed by high-pressure sterilization. Sterile coal dust suspension was prepared in sterile physiological saline 
at a concentration of 50 mg/mL. The animals were randomly divided into the early-stage group (14 days of coal 
dust inhalation), late-stage group (28 days of coal dust inhalation), and control group (n = 10). The mice were 
anesthetized using isoflurane (RWD Life Science, Shenzhen, China). Coal dust suspension (20µL/mouse, 3 times 
every day) was administered nasally11. On the 14th and 28th days of the experiment, the mice were euthanized 
using cervical dislocation, and tissue and blood samples were collected.

Collection and HE staining of mouse tissues
Immediately following euthanasia, the lung and liver tissues were rapidly removed from the mice in each group. 
Some lung and liver tissues were fixed in 4% paraformaldehyde for histological analysis using HE staining. Tissue 
staining was performed according to the manufacturer’s instructions using the Hematoxylin-Eosin staining kit 
(Beyotime, Shanghai, C0105S, China).

Processing of mouse serum and measurement of dyslipidemia
After 2 and 4 weeks of intervention, the mice were anesthetized using isoflurane, their eyes were enucleated, and 
approximately 700µL of blood was collected and centrifuged at 3000r/min for 5 min to obtain serum samples. 
The levels of relevant lipid metabolism indicators, including total cholesterol (TC), triglycerides (TG), alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), high-density lipoprotein cholesterol (HDL-C), and 
low-density lipoprotein cholesterol (LDL-C), were measured using an automated biochemical analyzer. The 
assay kits were purchased from Mindray Biomedical Electronics Co., Ltd., with the following batch numbers: 
total cholesterol (Lot No: 141622013), triglycerides (Lot No: 141721003), alanine aminotransferase (Lot No: 
140121005), aspartate aminotransferase (Lot No: 140222012), high-density lipoprotein (Lot No: 142122002), 
and low-density lipoprotein (Lot No: 142022003).

Ethical considerations
The collection of health examination information and animal experiments involved in this study were approved 
by the Medical Ethics Committee of Anhui University of Science and Technology (No. 2021032). All research 
procedures were conducted following the Helsinki Medical Ethics Standards and the ARRIVE guidelines. The 
use of medical test data obtained the informed consent of all participants. During the whole research process, 
the privacy and confidentiality of participants were maintained. Animal procedures are conducted in accordance 
with the guidelines of the European Parliament Directive 2010/63/EU on the protection of animals for scientific 
purposes. Mice were euthanized by cervical dislocation under isoflurane anesthesia. All mice are kept in 
laboratory animal room, and their living conditions and welfare are supervised by the ethics Committee of their 
unit.

Statistical analysis
All statistical analyses were performed using EmpowerStats software. Continuous variables were expressed as 
mean ± standard deviation, while categorical variables were presented as percentages. A significance level of 
p < 0.05 was considered statistically significant. Unpaired t-tests were used to compare continuous variables, 
while Pearson’s chi-square test was employed to assess differences in categorical variables. Furthermore, the 
prevalence of abnormal lipid profiles was calculated based on various characteristics present. Univariate and 
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multivariate regression analyses were conducted to evaluate the correlation between lipid levels and risk factors. 
Associations between lipid abnormalities and risk factors were assessed using odds ratios (ORs).

Result
Baseline characteristics of the participants
According to the inclusion criteria, a total of 5,657 participants were included for analysis. The frontline coal dust 
exposure group consisted of 3,063 individuals, among whom 640 individuals had dyslipidemia, accounting for 
20.89%. The non-exposure group consisted of 2,294 individuals, among whom 284 individuals had dyslipidemia, 
accounting for 12.38%. The baseline characteristics of the participants are described in Table 1.

Coal dust exposure is one of the risk factors for dyslipidemia
Univariate analysis (Table 2) incorporating the baseline characteristics of coal mine workers showed that dust 
exposure, sex, age, BMI, and abnormal blood pressure were significant risk factors for dyslipidemia among coal 
miners (p < 0.05).

Multivariate regression analysis
In this study, we utilized multivariate regression analysis to investigate the relationship between coal dust 
exposure and the risk of dyslipidemia among coal miners. The analysis was conducted in three models to account 
for different levels of confounding factors (Table 3).

Model 1 (Unadjusted):
This model was designed to provide a baseline estimate of the association between dust exposure and 

dyslipidemia without adjusting for any potential confounding factors. The odds ratio (OR) of 1.8639 (95% 
confidence interval [CI]: 1.606–2.176) indicates a significant increase in the risk of dyslipidemia among coal 
miners exposed to dust. The p-value of less than 0.001 confirms the robustness of this association.

Model 2 (Adjusted for Age and BMI):
Building on Model 1, Model 2 included adjustments for age and body mass index (BMI), two key demographic 

factors known to influence metabolic health. The OR of 1.863 (95% CI: 1.600-2.171) suggests that, even after 
accounting for these factors, the risk of dyslipidemia remains significantly elevated among those exposed to coal 
dust. The slight decrease in the OR compared to Model 1 indicates that age and BMI may partially explain the 
observed association, but the effect of dust exposure remains substantial.

Model 3 (Fully Adjusted):
Model 3 was the most comprehensive, adjusting for a range of potential confounding factors including age, 

BMI, blood pressure, smoking, alcohol consumption, exercise habits, and dietary habits. The OR of 2.033 (95% 
CI: 1.734–2.384) indicates that, after controlling for all these factors, the risk of dyslipidemia among coal miners 
exposed to dust is even higher, increasing by 103.3%. This finding suggests that the initial estimate of risk may 
have been conservative, and the true impact of dust exposure on dyslipidemia risk could be more pronounced 
than previously thought.

GROUP No-Dyslipidemia Yes-Dyslipidemia P-value

Age ± SD, (years) 41.667 ± 8.074 42.712 ± 7.945 < 0.001

Dust exposure < 0.001

No 2010 (45.342%) 284 (30.736%)

Yes 2423 (54.658%) 640 (69.264%)

BMI < 0.001

Normal 1723 (38.868%) 285 (30.844%)

Abnormal 2710 (61.132%) 639 (69.156%)

Blood pressure 0.008

Normal 2774 (62.576%) 535 (57.900%)

Abnormal 1659 (37.424%) 389 (42.100%)

Smoke < 0.001

No 2255 (50.868%) 402 (43.506%)

Yes 2178 (49.132%) 522 (56.494%)

Drink 0.472

No 2178 (49.132%) 466 (50.433%)

Yes 2255 (50.868%) 458 (49.567%)

Exercise 0.198

No 2147 (48.432%) 469 (50.758%)

Yes 2286 (51.568%) 455 (49.242%)

Diet 0.475

No 2221 (50.102%) 451 (48.810%)

Yes 2212 (49.898%) 473 (51.190%)

Table 1.  Description of the study population.
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To ascertain whether the positive association between coal dust exposure and dyslipidemia applies to all 
populations, stratified analysis was conducted. BMI, blood pressure, smoking, drinking, exercise, and diet 
were dichotomized, and it was observed that in different subgroups, the probability of developing dyslipidemia 
remained higher among those exposed to coal dust compared to the unexposed group (Fig. 2).

Effect of work duration on the occurrence of dyslipidemia in coal dust-exposed population
To further explore the specific impact of exposure duration on dyslipidemia, a secondary analysis was conducted 
on a sample of 3,063 frontline coal mine workers. Propensity score matching (PSM) method was employed, 
with a caliper value set to 0.01 and a 1:1 ratio of matched pairs as the standard. Adjustments were made for age, 
BMI, blood pressure, smoking, drinking, exercise, and diet. This resulted in a final matched sample of 1,244 
individuals, with 622 in both the control and abnormal groups (Table 4). This matching process aimed to achieve 
a more balanced distribution of confounding factors between the treatment and control groups.

Analyzing the matched sample reduces bias introduced by confounding factors and provides a more reliable 
assessment of the treatment effect. Using smoothed curve fitting, the influence of work duration on the occurrence 
of dyslipidemia was explored. The results showed that as work duration increased, the risk of dyslipidemia 
gradually rose among coal mine workers exposed to dust. When conducting threshold effect analysis on work 
duration (Table 5). it was found that the risk increased with longer work duration (OR: 1.272, 95% CI: 1.241–
1.304, p < 0.001). Moreover, the threshold effect analysis revealed that the likelihood of developing dyslipidemia 
reached 50% when work duration exceeded 11 years (Fig. 3).

Pathological observation of exposed coal dust mouse model and blood lipid measurement
For the mouse model exposed to coal dust, lung and liver tissue sections were stained with hematoxylin and 
eosin (HE). It was observed that with the prolonged exposure time, significant deposition of coal dust particles 
was found in the lungs and livers of the exposed group mice (Fig. 4A-B).

Exposure

Model 1 Model 2 Model 3

OR, 95%CI, P-value OR, 95%CI, P-value OR, 95%CI, P-value

Dust 
exposure

No Ref Ref Ref

Yes 1.869 (1.606, 2.176) < 0.001 1.863 (1.600, 2.171) < 0.001 2.033 (1.734, 2.384) < 0.001

Table 3.  Multiple regression analysis of different models. Model 1 adjust for: none. Model 2 adjust for: Age, 
BMI Model 3 adjust for: Age, BMI, Blood pressure, Smoke, Drink, Exercises, and Diet.

 

Exposure Statistics OR, (95%CI) P-value

Dust exposure

No 2294 (42.822%) Ref

Yes 3063 (57.178%) 1.869 (1.606, 2.176) < 0.001

AGE 41.847 ± 8.061 1.016 (1.007, 1.025) 0.001

BMI

Normal 2008 (37.484%) Ref

Abnormal 3349 (62.516%) 1.426 (1.224, 1.660) < 0.001

Blood pressure

Normal 3309 (61.770%) Ref

Abnormal 2048 (38.230%) 1.216 (1.053, 1.404) 0.007

Smoke

No 2657 (49.599%) Ref

Yes 2700 (50.401%) 1.344 (1.166, 1.551) 0.001

Drink

No 2644 (49.356%) Ref

Yes 2713 (50.644%) 0.949 (0.824, 1.094) 0.471

Exercise

No 2616 (48.833%) Ref

Yes 2741 (51.167%) 0.911 (0.791, 1.050) 0.198

Diet

No 2672 (49.879%) Ref

Yes 2685 (50.121%) 1.053 (0.914, 1.213) 0.474

Table 2.  Univariate analysis of dyslipidemia.
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Before PSM After PSM

GROUP No-Dyslipidemia Dyslipidemia P-value No-Dyslipidemia Dyslipidemia P-value

N 2423 640 622 622

Age ± SD, (years) 41.969 ± 7.986 44.009 ± 7.446 < 0.001 43.950 ± 7.414 43.836 ± 7.416 0.786

Workyeasr ±SD, (years) 8.951 ± 4.757 18.611 ± 5.739 < 0.001 8.860 ± 4.733 18.423 ± 5.807 < 0.001

BMI < 0.001 0.856

Normal 977 (40.322%) 206 (32.188%) 203 (32.637%) 206 (33.119%)

Abnormal 1446 (59.678%) 434 (67.812%) 419 (67.363%) 416 (66.881%)

Blood pressure < 0.001 0.541

Normal 1793 (73.999%) 425 (66.406%) 433 (69.614%) 423 (68.006%)

Abnormal 630 (26.001%) 215 (33.594%) 189 (30.386%) 199 (31.994%)

Smoke 0.015 1

No 1229 (50.722%) 290 (45.312%) 287 (46.141%) 287 (46.141%)

Yes 1194 (49.278%) 350 (54.688%) 335 (53.859%) 335 (53.859%)

Drink 0.422 0.777

No 1191 (49.154%) 326 (50.938%) 322 (51.768%) 317 (50.965%)

Yes 1232 (50.846%) 314 (49.062%) 300 (48.232%) 305 (49.035%)

Exercise 0.516 0.395

No 1169 (48.246%) 318 (49.688%) 294 (47.267%) 309 (49.678%)

Yes 1254 (51.754%) 322 (50.313%) 328 (52.733%) 313 (50.322%)

Diet 0.989 0.65

No 1207 (49.814%) 319 (49.844%) 300 (48.232%) 308 (49.518%)

Yes 1216 (50.186%) 321 (50.156%) 322 (51.768%) 314 (50.482%)

Table 4.  Description of people exposed to coal dust before and after PSM.

 

Fig. 2.  Stratified analysis of the influence of coal dust exposure on dyslipidemia. Stratified analysis was carried 
out according to BMI (A), blood pressure (B), smoke (C), drink (D), exercise (E) and diet (F) to observe the 
risk of coal dust exposure and dyslipidemia.
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Biochemical analysis revealed that the exposed group had significantly higher levels of total cholesterol (TC), 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), and low-density lipoprotein cholesterol 
(LDL-C) compared to the control group (p < 0.01). However, the high-density lipoprotein cholesterol (HDL-C) 
concentration in the high-fat group was significantly lower than that in the control group (p > 0.01). Among 
these, TC, ALT, and HDL-C showed a gradual increase or decrease trend with prolonged exposure time. ALT 
and LDL-C exhibited an increase followed by a decrease or remained stable as the exposure time extended 
(Fig. 4C-G).

Discussion
In this cross-sectional study involving coal mine workers, we primarily investigated the relationship between 
exposure to coal dust and the occurrence of dyslipidemia. The results of our study demonstrated an increased 
risk of dyslipidemia among workers exposed to coal dust compared to those who were not exposed. Furthermore, 
among the coal dust-exposed workers, the risk of developing dyslipidemia reached 50% after 10 years of work 
duration, indicating the need for timely attention to this population. Additionally, we observed the deposition of 
coal dust particles in the liver tissue of animals, suggesting that it may be one of the factors contributing to the 
development of dyslipidemia.

Literature reports have established a strong association between air pollution, cardiovascular disease (CVD), 
and CVD-related mortality12. Dyslipidemia, considered an important factor for CVD, are closely linked to 
particulate matter (PM) present in dust. In a cross-sectional analysis involving 6,587 patients, a 2% increase 
in serum total lipid levels was observed with each unit increment of 1 µg/m3 of PM2.5 exposure13. Another 
investigation utilizing the NHANES database conducted by Ryan P Shanley et al. revealed that individuals 
chronically exposed to PM10 in dust exhibited a 2.42% increase in triglyceride levels (95% CI: 1.09–3.76)14. 
However, a cohort study involving rural residents in Henan, China, showed adverse changes in lipid levels 
associated with higher PM1 exposure, characterized by increased total cholesterol (TC) (95% CI: 0.11-0.31%) 
and low-density lipoprotein cholesterol (LDL-C) (95% CI: 0.61-0.90%), and decreased triglycerides (TG) 
(95% CI: 2.43-2.93%) and high-density lipoprotein cholesterol (HDL-C) (95% CI: 0.35-0.59%)15. Similarly, a 
longitudinal study conducted in Shijiazhuang, China, demonstrated positive associations between exposure to 
PM2.5 and PM10 and elevated levels of triglycerides, total cholesterol, and low-density lipoprotein cholesterol16. 
In our study, significant increases in triglyceride or cholesterol levels were observed among coal mine workers 
exposed to dust. Considering the differences in these results, it is possible that factors such as Sex, BMI, or 
blood pressure may have influenced the outcomes. Therefore, we adjusted for these variables in the multivariate 
regression models and conducted further stratified analysis.

Age is considered one of the destructive risk factors for developing dyslipidemia. Several studies17–19 have 
shown a positive correlation between participants’ concentrations of TC, LDL-C, and TG with age, while HDL-C 
concentration exhibited a significant negative correlation. This indirectly reflects that older individuals may 

Fig. 3.  The influence probability of working years on the occurrence of dyslipidemia caused by coal dust 
exposure. A each black dot represents a sample. The ordinate 0.0 represents no dyslipidemia, 1.0 represents 
dyslipidemia, and the red dot represents the corresponding working years of each sample. B the solid red line 
represents the smooth curve fitting between variables, and the blue bar represents the 95% confidence interval 
of fitting.

 

Outcome(Dyslipidemia) OR 95%CI P-value

One line effect 1.272 1.241, 1.304 < 0.001

Table 5.  Linear regression effect analysis.
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have difficulty recognizing normal blood lipid levels and lack awareness of timely screening and preventive 
measures, indicating a lack of understanding and awareness regarding the prevention of dyslipidemia. This is 
also the reason why we adjusted for age in our regression model. dyslipidemia, as a metabolic disorder, are 
characterized by high levels of fats in the blood, leading to the accumulation and blockage of the heart and blood 
vessels. Obesity is closely related to dyslipidemia, and studies have confirmed that dyslipidemia are primarily 
driven by insulin resistance and pro-inflammatory adipokines20. Obesity is currently assessed primarily by 
measuring body mass index (BMI), a combination of weight and height. A prospective cohort study conducted 
in China21 found a positive correlation between BMI and the development of dyslipidemia, regardless of general 
or abdominal obesity. Obesity and persistent obesity were significant risk factors for dyslipidemia in Chinese 
adults. In a Chinese study22, the likelihood of hypertension and dyslipidemia occurring together was 13.81%, 
and the cumulative risk of hypertension and dyslipidemia combined was considered higher than the combined 
risk of hypertension and dyslipidemia alone in cardiovascular disease (CVD) and coronary heart disease 
(CHD)23. Therefore, the impact of blood pressure abnormalities cannot be disregarded when assessing the risk 
of dyslipidemia among workers.

Additionally the length of employment among coal mine workers is another important influencing factor that 
should not be overlooked. The results of our study revealed that the risk of developing dyslipidemia gradually 
increased with the length of employment among coal mine workers exposed to dust pollution, reaching 50% 
after 11 years of work duration. Furthermore, this risk continued to rise with prolonged exposure duration. These 
findings provide valuable reference for the formulation of health management measures in related industries in 
the future.

Evidence from animal models, showing the deposition of coal dust particles in vital organs such as the liver, 
suggests a potential mechanism that connects coal dust exposure with dyslipidemia. Once inhaled, particulate 
matter and hazardous chemicals found in coal dust initiate an inflammatory response in the respiratory tract 
and lungs. This inflammation triggers the release of cytokines, including interleukin-6 (IL-6) and tumor necrosis 
factor-alpha (TNF-α), which, upon entering the bloodstream, can disrupt lipid metabolism1,24. Specifically, 
the metabolism and clearance of low-density lipoprotein (LDL) are impaired, leading to elevated LDL levels 
and an increased risk of LDL oxidation and arterial deposition, thereby heightening the risk of cardiovascular 
diseases25,26. Moreover, oxidative stress induced by coal dust can exacerbate these metabolic disruptions, 
promoting the progression of atherosclerosis27. These findings underscore the importance of effective dust 
exposure control and early intervention for dyslipidemia among coal miners.

While our study provides valuable insights into the relationship between coal dust exposure and dyslipidemia, 
it is not without limitations. One of the primary limitations is the cross-sectional nature of the study, which 

Fig. 4.  Observation of mouse tissue section and determination of blood lipid index. HE staining and 
polarizing results of mouse lung (a) and liver (b) tissue sections show that the white arrows are deposited coal 
particles.TC (C), ALT (D), AST (E), HDL-C (F) and LDL-C (G) were measured in control group, early coal 
dust exposure group (14 days) and late coal dust exposure group (28 days).
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limits our ability to establish causality. Although animal experiments were conducted to explore potential causal 
relationships, further prospective studies are necessary to validate these findings. Additionally, our study did 
not account for all potential confounding factors. Lifestyle habits, sleep patterns, and other behavioral factors 
that could influence dyslipidemia were not included in our data collection, which may introduce bias into our 
conclusions. Future research should aim to include these factors to provide a more comprehensive understanding 
of the relationship between coal dust exposure and dyslipidemia.

Despite these limitations, our study provides valuable insights into the potential health risks associated with 
coal dust exposure. The findings underscore the need for targeted interventions to reduce occupational exposure, 
such as improved ventilation systems, personal protective equipment, and regular health screenings28,29. Health 
education and awareness programs for workers are also crucial, focusing on the prevention and management of 
dyslipidemia.

Conclusion
Exposure to coal dust is one of the risk factors for dyslipidemia. Furthermore, at 11 years of exposure, the risk of 
developing dyslipidemia reaches 50%, indicating the need for timely attention.

Data availability
The study data may be applied to the correspondent author via email and used with the consent of the author’s 
unit.
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