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Fig. S1 Correlation heatmap of log10-transformed metals in blood cells among the participants (n = 544)






Table S1 The concentrations of 21 blood cell metals.
	Variables
	LOD, μg/L 
	< LOD 
[n (%)]
	P5
	P25
	P50
	P75
	P95

	Mg, mg/L
	0.054 
	0 (0.0)
	43.87
	51.58
	56.48
	61.5
	69.65

	Ca, mg/L
	1.460 
	0 (0.0)
	10.09
	14.48
	17.89
	22.48
	32.47

	Ti, μg/L
	0.120 
	1 (0.2)
	2.94
	4.57
	6.57
	8.33
	12.76

	V, μg/L
	0.001 
	0 (0.0)
	0.16
	0.21
	0.24
	0.28
	0.37

	Cr, μg/L
	0.012 
	21 (3.9)
	0.17
	0.38
	0.54
	0.71
	1.07

	Mn, μg/L
	0.002 
	0 (0.0)
	12.42
	18.73
	23.23
	28.48
	42.92

	Fe, mg/L
	0.406 
	0 (0.0)
	826.05
	995.32
	1096.91
	1184.51
	1261.82

	Co, μg/L
	0.000 
	5 (0.9)
	0.03
	0.06
	0.08
	0.11
	0.26

	Ni, μg/L
	0.003 
	47 (8.6)
	0.06
	0.22
	0.38
	0.55
	1.11

	Cu, μg/L
	0.003 
	0 (0.0)
	622.35
	688.16
	730.56
	802.18
	957.83

	Zn, mg/L
	0.152 
	0 (0.0)
	7.36
	8.97
	9.87
	10.86
	13.43

	As, μg/L
	0.004 
	0 (0.0)
	1.08
	1.56
	1.96
	2.62
	4.97

	Se, μg/L
	0.043 
	0 (0.0)
	149.85
	171.46
	191.21
	217.71
	266.82

	Rb, mg/L
	0.003 
	0 (0.0)
	3.27
	3.95
	4.4
	4.77
	5.42

	Sr, μg/L
	0.002 
	0 (0.0)
	2.28
	3.34
	4.52
	5.99
	9.16

	Mo, μg/L
	0.001 
	7 (1.3)
	0.22
	0.41
	0.55
	0.77
	1.48

	Cd, μg/L
	0.001 
	0 (0.0)
	0.92
	1.8
	3.7
	9.94
	18.9

	Sn, μg/L
	0.012 
	34 (6.3)
	0.09
	0.26
	0.37
	0.49
	0.78

	Sb, μg/L
	0.001 
	100 (18.4)
	0.03
	0.06
	0.12
	0.21
	0.36

	Ba, μg/L
	0.004 
	0 (0.0)
	3.04
	4.51
	5.85
	7.87
	15.17

	Pb, μg/L
	0.001 
	0 (0.0)
	22.51
	36.05
	54.18
	78.61
	177.89


LOD：limit of detection








Table S2 Associations of metals with cardiac enzymes stratified by age. 
	
	
	 ≤ 46.58 year (n = 272)
	　
	 > 46.58 year (n = 272)
	Pinteraction

	
	Metala
	n
	β (95%CI)
	　
	n
	β (95%CI)
	

	CK
	Mn
	
	
	
	
	
	0.648 

	
	T1
	91
	Reference
	
	91
	Reference
	

	
	T2
	91
	9.04 (-17.23, 35.32)
	
	91
	5.90 (-18.76, 30.56)
	

	
	T3
	90
	-15.45 (-43.2, 12.29)
	
	90
	14.19 (-11.21, 39.59)
	

	
	Ptrend
	
	0.291 
	
	
	0.272 
	

	LD
	Ca
	
	
	
	
	
	0.041 

	
	T1
	90
	Reference
	
	91
	Reference
	

	
	T2
	92
	-17.77 (-31.51, -4.03)
	
	91
	-3.78 (-17.23, 9.66)
	

	
	T3
	90
	-19.39 (-33.08, -5.69)
	
	90
	-10.75 (-24.15, 2.66)
	

	
	Ptrend
	
	0.007 
	
	
	0.114 
	

	
	Ni
	
	
	
	
	
	0.474 

	
	T1
	91
	Reference
	
	91
	Reference
	

	
	T2
	91
	-0.15 (-13.48, 13.19)
	
	91
	12.45 (-0.85, 25.75)
	

	
	T3
	90
	6.66 (-6.78, 20.10)
	
	90
	2.82 (-10.28, 15.91)
	

	
	Ptrend
	
	0.401 
	
	
	0.501 
	

	
	Zn
	
	
	
	
	
	0.342 

	
	T1
	90
	Reference
	
	91
	Reference
	

	
	T2
	91
	4.70 (-9.30, 18.69)
	
	91
	-1.46 (-14.92, 12.00)
	

	
	T3
	91
	-3.90 (-18.19, 10.39)
	
	90
	-7.68 (-21.11, 5.75)
	

	
	Ptrend
	
	0.591 
	
	
	0.263 
	

	
	Mo
	
	
	
	
	
	0.115 

	
	T1
	91
	Reference
	
	90
	Reference
	

	
	T2
	91
	-10.49 (-24.31, 3.32)
	
	92
	-8.34 (-21.68, 5.01)
	

	
	T3
	90
	-9.02 (-23.01, 4.98)
	
	90
	-18.07 (-31.49, -4.64)
	

	
	Ptrend
	
	0.239 
	
	
	0.009 
	

	α-HBD
	Ni
	
	
	
	
	
	0.507 

	
	T1
	91
	Reference
	
	91
	Reference
	

	
	T2
	91
	-0.90 (-10.61, 8.82)
	
	91
	7.99 (-2.39, 18.37)
	

	
	T3
	90
	7.17 (-2.62, 16.96)
	
	90
	4.80 (-5.42, 15.02)
	

	
	Ptrend
	
	0.228 
	
	
	0.281 
	

	
	Mo
	
	
	
	
	
	0.052 

	
	T1
	91
	Reference
	
	90
	Reference
	

	
	T2
	91
	-5.34 (-15.44, 4.75)
	
	92
	-4.62 (-15.03, 5.80)
	

	
	T3
	90
	-5.26 (-15.49, 4.97)
	
	90
	-12.70 (-23.17, -2.23)
	

	　
	Ptrend
	　
	0.339 
	　
	　
	0.017 
	　


a General liner regression was adjusted for gender, BMI, seniority, education, smoking status and drinking status and hypertension.
CK, creatine kinase; LD, lactate dehydrogenase; α-HBD, alpha-hydroxybutyrate dehydrogenase;


Table S3 Associations of metals with cardiac enzymes stratified by seniority.
	
	
	 ≤ 22.83 year (n = 285)
	
	 > 22.83 year (n = 259)
	P interaction

	
	Metala
	n
	β (95%CI)
	
	n
	β (95%CI)
	

	CK
	Mn
	
	
	
	
	
	0.946 

	
	T1
	95
	Reference
	
	87
	Reference
	

	
	T2
	95
	15.93 (-10.64, 42.50)
	
	85
	9.17 (-14.63, 32.97)
	

	
	T3
	95
	-7.09 (-34.42, 20.23)
	
	87
	10.39 (-14.40, 35.19)
	

	
	Ptrend
	
	0.623 
	
	
	0.409 
	

	LD
	Ca
	
	
	
	
	
	

	
	T1
	94
	Reference
	
	87
	Reference
	0.169 

	
	T2
	96
	-12.89 (-25.79, 0.01)
	
	86
	-6.13 (-20.24, 7.98)
	

	
	T3
	95
	-16.46 (-29.41, -3.51)
	
	86
	-15.40 (-29.53, -1.28)
	

	
	Ptrend
	
	0.015 
	
	
	0.032 
	

	
	Ni
	
	
	
	
	
	0.460 

	
	T1
	95
	Reference
	
	87
	Reference
	

	
	T2
	95
	6.91 (-6.04, 19.86)
	
	86
	2.88 (-11.11, 16.87)
	

	
	T3
	95
	5.96 (-6.78, 18.71)
	
	86
	-0.92 (-14.76, 12.92)
	

	
	Ptrend
	
	0.307 
	
	
	0.957 
	

	
	Zn
	
	
	
	
	
	0.873 

	
	T1
	95
	Reference
	
	87
	Reference
	

	
	T2
	95
	2.52 (-10.44, 15.48)
	
	86
	3.85 (-10.31, 18.00)
	

	
	T3
	95
	-4.88 (-18.02, 8.25)
	
	86
	-7.42 (-21.58, 6.75)
	

	
	Ptrend
	
	0.440 
	
	
	0.312 
	

	
	Mo
	
	
	
	
	
	0.062 

	
	T1
	95
	Reference
	
	87
	Reference
	

	
	T2
	95
	-13.43 (-26.7, -0.17)
	
	86
	-3.23 (-17.18, 10.73)
	

	
	T3
	95
	-9.96 (-23.35, 3.44)
	
	86
	-21.18 (-35.17, -7.19)
	

	
	Ptrend
	
	0.167 
	
	
	0.003 
	

	α-HBD
	Ni
	
	
	
	
	
	0.155 

	
	T1
	95
	Reference
	
	87
	Reference
	

	
	T2
	95
	6.60 (-2.82, 16.02)
	
	86
	-0.79 (-11.60, 10.03)
	

	
	T3
	95
	9.48 (0.21, 18.76)
	
	86
	-0.78 (-11.48, 9.92)
	

	
	Ptrend
	
	0.040 
	
	
	0.879 
	

	
	Mo
	
	
	
	
	
	0.147 

	
	T1
	95
	Reference
	
	
	Reference
	

	
	T2
	95
	-5.41 (-15.15, 4.33)
	
	
	0.51 (-10.35, 11.37)
	

	
	T3
	95
	-5.99 (-15.83, 3.85)
	
	
	-11.82 (-22.70, -0.93)
	

	
	Ptrend
	
	0.243 
	
	
	0.027 
	


a General liner regression was adjusted for gender, age, BMI, education, smoking status, drinking status and hypertension.
CK，creatine kinase; LD，lactate dehydrogenase; α-HBD，alpha-hydroxybutyrate dehydrogenase;

Table S4 Associations of metals with cardiac enzymes stratified by BM.
	
	
	BMI < 24 (n = 241)
	
	BMI ≥ 24 (n = 303)
	P interaction

	
	Metala
	n
	β (95%CI)
	
	n
	β (95%CI)
	

	CK
	Mn
	
	
	
	
	
	0.379 

	
	T1
	81
	Reference
	
	100
	Reference
	

	
	T2
	80
	32.04 (2.15, 61.93)
	
	102
	5.19 (-13.71, 24.09)
	

	
	T3
	80
	42.17 (9.67, 74.67)
	
	101
	8.51 (-11.07, 28.08)
	

	
	Ptrend
	
	0.012
	
	
	0.391 
	

	LD
	Ca
	
	
	
	
	
	0.197 

	
	T1
	81
	Reference
	
	101
	Reference
	

	
	T2
	80
	-7.72 (-21.84, 6.42)
	
	101
	-7.38 (-20.09, 5.33)
	

	
	T3
	80
	-16.48 (-30.61, -2.36)
	
	101
	-11.46 (-24.03, 1.11)
	

	
	Ptrend
	
	0.022 
	
	
	0.077 
	

	
	Ni
	
	
	
	
	
	0.562 

	
	T1
	81
	Reference
	
	101
	Reference
	

	
	T2
	80
	15.47 (1.36, 29.58)
	
	101
	-1.28 (-13.97, 11.41)
	

	
	T3
	80
	8.13 (-5.98, 22.23)
	
	101
	0.10 (-12.65, 12.85)
	

	
	Ptrend
	
	0.155 
	
	
	0.982 
	

	
	Zn
	
	
	
	
	
	0.128 

	
	T1
	81
	Reference
	
	101
	Reference
	

	
	T2
	80
	0.58 (-13.82, 14.99)
	
	101
	0.91 (-11.66, 13.48)
	

	
	T3
	80
	-3.46 (-17.79, 10.88)
	
	101
	-11.25 (-23.79, 1.29)
	

	
	Ptrend
	
	0.615 
	
	
	0.080 
	

	
	Mo
	
	
	
	
	
	0.649 

	
	T1
	81
	Reference
	
	101
	Reference
	

	
	T2
	80
	-2.24 (-16.31, 11.84)
	
	101
	-11.77 (-24.37, 0.84)
	

	
	T3
	80
	-10.70 (-24.92, 3.51)
	
	101
	-20.93 (-33.49, -8.37)
	

	
	Ptrend
	
	0.133 
	
	
	0.001 
	

	α-HBD
	Ni
	
	
	
	
	
	

	
	T1
	81
	Reference
	
	101
	Reference
	0.616 

	
	T2
	80
	10.22 (-0.96, 21.39)
	
	101
	-1.00 (-10.12, 8.13)
	

	
	T3
	80
	6.16 (-5.01, 17.33)
	
	101
	4.78 (-4.39, 13.95)
	

	
	Ptrend
	
	0.190 
	
	
	0.384 
	

	
	Mo
	
	
	
	
	
	0.926 

	
	T1
	81
	Reference
	
	101
	Reference
	

	
	T2
	80
	-0.92 (-12.07, 10.24)
	
	101
	-3.56 (-12.69, 5.56)
	

	
	T3
	80
	-4.88 (-16.14, 6.39)
	
	101
	-12.87 (-21.96, -3.78)
	

	
	Ptrend
	
	0.386 
	　
	
	0.005 
	


a General liner regression was adjusted for gender, age, seniority, education, smoking status, drinking status and hypertension.
CK，creatine kinase; LD, lactate dehydrogenase; α-HBD, alpha-hydroxybutyrate dehydrogenase;

Table S5 Associations of metals with cardiac enzymes stratified by smoking status.
	
	
	No smoking (n = 286)
	
	Smoking (n = 258)
	P interaction

	
	Metala
	n
	β (95%CI)
	
	n
	β (95%CI)
	

	CK
	Mn
	
	
	
	
	
	0.401 

	
	T1
	96
	Reference
	
	86
	Reference
	

	
	T2
	95
	-19.63 (-43.05, 3.79)
	
	86
	22.22 (-4.15, 48.58)
	

	
	T3
	95
	-27.47 (-51.36, -3.58)
	
	86
	28.70 (2.07, 55.33)
	

	
	Ptrend
	
	0.026 
	
	
	0.038 
	

	LD
	Ca
	
	
	
	
	
	0.257 

	
	T1
	96
	Reference
	
	86
	Reference
	

	
	T2
	95
	-1.02 (-12.04, 10.00)
	
	85
	-14.28 (-30.4, 1.84)
	

	
	T3
	95
	-9.12 (-20.13, 1.89)
	
	87
	-21.72 (-37.54, -5.9)
	

	
	Ptrend
	
	0.097 
	
	
	0.008 
	

	
	Ni
	
	
	
	
	
	0.581

	
	T1
	96
	Reference
	
	86
	Reference
	

	
	T2
	95
	5.20 (-5.74, 16.13)
	
	86
	4.84 (-11.57, 21.26)
	

	
	T3
	95
	7.18 (-3.78, 18.15)
	
	86
	-1.30 (-17.46, 14.86)
	

	
	Ptrend
	
	0.185 
	
	
	0.962 
	

	
	Zn
	
	
	
	
	
	0.696 

	
	T1
	96
	Reference
	
	86
	Reference
	

	
	T2
	95
	2.13 (-8.94, 13.21)
	
	85
	1.84 (-14.39, 18.07)
	

	
	T3
	95
	-3.07 (-14.08, 7.94)
	
	87
	-12.48 (-28.70, 3.73)
	

	
	Ptrend
	
	0.591 
	
	
	0.116 
	

	
	Mo
	
	
	
	
	
	0.035 

	
	T1
	96
	Reference
	
	86
	Reference
	

	
	T2
	95
	-1.82 (-12.95, 9.31)
	
	85
	-15.22 (-31.4, 0.96)
	

	
	T3
	95
	-3.02 (-14.22, 8.18)
	
	87
	-28.83 (-44.8, -12.85)
	

	
	Ptrend
	
	0.605 
	
	
	< 0.001
	

	α-HBD
	Ni
	
	
	
	
	
	0.346 

	
	T1
	96
	Reference
	
	86
	Reference
	

	
	T2
	95
	2.89 (-6.13, 11.92)
	
	86
	2.97 (-8.59, 14.53)
	

	
	T3
	95
	9.70 (0.65, 18.75)
	
	86
	0.27 (-11.10, 11.65)
	

	
	Ptrend
	
	0.050 
	
	
	0.900 
	

	
	Mo
	
	
	
	
	
	0.247 

	
	T1
	96
	Reference
	
	86
	Reference
	

	
	T2
	95
	-1.94 (-11.17, 7.29)
	
	85
	-4.98 (-16.49, 6.52)
	

	
	T3
	95
	-1.84 (-11.13, 7.45)
	
	87
	-15.01 (-26.37, -3.65)
	

	
	Ptrend
	
	0.721 
	　
	
	0.010 
	


a General liner regression was adjusted for gender, age, BMI, seniority, education, drinking status and hypertension.
CK，creatine kinase; LD, lactate dehydrogenase; α-HBD, alpha-hydroxybutyrate dehydrogenase;


Table S6 Associations of metals with cardiac enzymes stratified by drinking status. 
	
	
	No drinking (n = 132)
	
	drinking（n = 412）
	P interaction

	
	Metala
	n
	β (95%CI)
	
	n
	β (95%CI)
	

	CK
	Mn
	
	
	
	
	
	0.630 

	
	T1
	44
	Reference
	
	138
	Reference
	

	
	T2
	44
	10.55 (-14.32, 35.41)
	
	137
	19.62 (-1.37, 40.61)
	

	
	T3
	44
	15.31 (-11.13, 41.75)
	
	137
	18.88 (-2.66, 40.41)
	

	
	Ptrend
	
	0.257 
	
	
	0.085
	

	LD
	Ca
	
	
	
	
	
	0.955 

	
	T1
	44
	Reference
	
	138
	Reference
	

	
	T2
	44
	-12.58 (-34.37, 9.22)
	
	137
	-4.29 (-14.69, 6.11)
	

	
	T3
	44
	-9.63 (-30.81, 11.55)
	
	137
	-13.88 (-24.10, -3.65)
	

	
	Ptrend
	
	0.380 
	
	
	0.007 
	

	
	Ni
	
	
	
	
	
	0.348 

	
	T1
	44
	Reference
	
	138
	Reference
	

	
	T2
	44
	-4.48 (-25.90, 16.94)
	
	137
	7.99 (-2.31, 18.29)
	

	
	T3
	44
	2.51 (-18.84, 23.85)
	
	137
	3.12 (-7.15, 13.38)
	

	
	Ptrend
	
	0.899
	
	
	0.396 
	

	
	Zn
	
	
	
	
	
	0.105 

	
	T1
	45
	Reference
	
	138
	Reference
	

	
	T2
	43
	13.08 (-8.59, 34.75)
	
	137
	-4.24 (-14.60, 6.12)
	

	
	T3
	44
	-0.29 (-21.61, 21.04)
	
	137
	-11.12 (-21.37, -0.86)
	

	
	Ptrend
	
	0.983 
	
	
	0.033 
	

	
	Mo
	
	
	
	
	
	0.908 

	
	T1
	44
	Reference
	
	138
	Reference
	

	
	T2
	44
	-9.41 (-30.97, 12.16)
	
	137
	-8.31 (-18.69, 2.06)
	

	
	T3
	44
	-17.57 (-39.23, 4.10)
	
	137
	-16.24 (-26.56, -5.92)
	

	
	Ptrend
	
	0.118 
	
	
	0.002 
	

	α-HBD
	Ni
	
	
	
	
	
	0.514 

	
	T1
	44
	Reference
	
	138
	Reference
	

	
	T2
	44
	-2.38 (-17.20, 12.44)
	
	137
	4.64 (-3.34, 12.62)
	

	
	T3
	44
	8.54 (-6.24, 23.31)
	
	137
	4.68 (-3.28, 12.63)
	

	
	Ptrend
	
	0.344 
	
	
	0.209 
	

	
	Mo
	
	
	
	
	
	0.512 

	
	T1
	44
	Reference
	
	138
	Reference
	

	
	T2
	44
	-8.72 (-23.74, 6.30)
	
	137
	-1.44 (-9.51, 6.63)
	

	
	T3
	44
	-12.08 (-27.17, 3.01)
	
	137
	-9.14 (-17.16, -1.11)
	

	
	Ptrend
	
	0.136 
	
	
	0.023 
	


a General liner regression was adjusted for gender, age, BMI, seniority, education, smoking status and hypertension.
CK, creatine kinase; LD, lactate dehydrogenase; α-HBD, alpha-hydroxybutyrate dehydrogenase;
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