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Abstract: Objective To investigate the association between heavy metal exposure in underground coal
mines and the risk of atherosclerotic cardiovascular disease (ASCVD) among miners. Methods A total of

1 291 miners from a mining area in northern Shaanxi were selected as the research subjects. Urinary concentra-
tions of cadmium (Cd), zinc (Zn), copper (Cu), cobalt (Co), and lead (Pb) were measured. The China-PAR
model was used to assess ASCVD risk. Logistic regression, restricted cubic spline (RCS), weighted quantile
sum (WQS) regression, and Bayesian kernel machine regression (BKMR) were employed to analyze the rela-
tionships between single-metal or mixed exposure and ASCVD risk. Results
miners (18. 44%) were in the high-risk ASCVD group, and 1 053 miners (81. 56%) were in the low-risk

group. Spearman correlation analysis revealed positive correlations among the five urinary metal concentra-

Among the study subjects, 238

tions, with the strongest correlation between Zn and Cu (p=0. 50). The levels of urinary Cd, Pb, Cu, Zn, and
Co in the high-risk group were significantly higher than those in the low-risk group (all P <{0. 001). Multivari-
ate logistic regression analysis showed that after adjusting for body mass index (BMI), education level, alcohol
consumption, and exercise, Cd, Zn, Pb, and Co were positively associated with ASCVD risk. The trend tests
for Pb, Cd, Co, and Zn showed P <C0. 05. RCS analysis indicated linear positive correlations among Cu, Zn,
Co and ASCVD risk, while non-linear associations were observed for Cd and Pb. A turning point for Cd, mark-
ing a sharp increase in risk, was observed at 1. 90 pg/g creatinine, and for Pb at 3. 13 pg/g creatinine. The
WQS model demonstrated a positive association between mixed metal exposure and high-risk ASCVD. For each
quartile increase in the mixture concentration, the risk increased by 88% ( OR =1.88, 95% CI :1.48—2.39),
with Cd having the largest weight (0.61). The BKMR model further confirmed that the total effect of mixed
metal exposure was significant, and Cd concentration was significantly positively associated with ASCVD risk.

Conclusion Mixed heavy metal exposure among coal miners can increase the risk of ASCVD, with cadmium
exposure being an important driving factor for the elevated ASCVD risk in this population. It is recommended
to strengthen cadmium exposure monitoring and occupational protection in coal mine workplaces to reduce the
cardiovascular disease burden among miners.
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fi.f& ASCVD

= fée ASCVD

AF i B Z/y P
(n=1053) (n=238)
EW /% 36.00(33.00~39.00) 50. 00(45. 00~53.00) —126.05 0. 001
BMI 24.77(22.66~27.10) 26.19(24.28~28.66) —113.13 <<0. 001
BB E B/ (mmol « L) 4.43(3.93~4.96) 4.83(4.28~5.46) —113.01 <0.001
= %5 8 B A A IH [ B/ (mmol « L7 1.24(1.09~1.41) 1.15€0. 97~1.32) —101.71 <<0. 001
JE Fl / cm 86.00(80. 00~92. 00) 91.00(86.00~96. 00) —114. 32 <C0. 001
W45 % /mmHg 120.00(113.00~129. 00) 141.00(133.00~151.00) —125. 48 <0.001
#7E/mmHg 73.00(68. 00~80.00) 88.00(82.00~95. 00) —124. 69 <0. 001
W S 57.35 <<0. 001
= 522(49.57) 183(76.89)
i 531(50. 43) 55(23.11)
Wl R 78. 43 <<0. 001
= 13(1.23) 31(13.03)
= 1040(98.77) 207(86.97)
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i3 33.22 <<0. 001
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A Q2 Q3 Q4 @ p
Cd 0.78(0.45~1. 34) 1.65(1.03~2.67)" 3.10(1.98~4.94)* <£0.001°
Zn 1.03(0.65~1.65) 1. 18(0. 75~1. 86) 1.77(1.15~2.75)" 0. 005"
Co 1.10€0.69~1.74) 1.12¢0.71~1.77) 1.55(1.01~2.40)" 0.038"
Pb 1.01(0.63~1.64) 1.03(0.65~1.65) 1.94(1.25~3.02)* 0.002*
Cu 1.37(0.86~2.18) 1.35(0.86~2.14) 1.54(0.99~2.43) 0.088
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