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Table S1. NHANES codes for urine metal measurements

Urine measuring metal Name of code (ug/L)
As URXUAS
DMA URXUDMA
Ba URXUBA
Cd URXUCD
Co URXUCO
Cs URXUCS
Mo URXUMO
Pb URXUPB
Sb URXUSB
Tl URXUTL
w URXUW

Hg URXUHG




Table S2. The distribution of the urinary metabolites in the study population. (Male)

Metal Detection rate  Mean Percentiles

N (%) P5 P25 P50 P75 P95
As 100.00 497 150 3.0 5.57 6.45 7.82
DMA 100.00 452 103 266 4.91 5.88 6.74
Ba 99.30 427 096 361 4.49 5.31 6.51
cd 91.57 307 139 239 3.11 3.78 4.73
Co 99.65 363 229 311 3.67 4.13 478
Cs 100.00 467 106 215 5.58 6.19 6.77
Mo 100.00 620 302 383 6.98 830  9.28
Pb 98.47 358 191 3.0 3.64 4.19 5.15
Sb 71.52 198 047 141 1.87 2.42 3.66
Tl 95.15 411 186 3.8 4.01 4.88 6.46
w 91.87 268 155 = 225 2.74 310  3.70

Hg 100.00 2.14 2.20 2.20 2.20 2.20 2.20




Table S3. The distribution of the urinary metabolites in the study population. (Female)

Metal Detection rate Mean Percentiles

N (%) P5 P25 P50 P75 P95
As 100.00 484 160  3.11 5.22 6.32 7.94
DMA 100.00 439 113 244 4.91 5.70 6.66
Ba 99.59 405 087 322 4.28 5.20 6.28
cd 91.06 304 092 236 3.06 3.76 4.72
Co 99.41 369 216  3.10 3.71 4.36 5.23
Cs 100.00 451 125 209 5.35 6.06 6.78
Mo 100.00 609 318 397 6.62 8.02 9.02
Pb 96.63 325 161 264 3.30 3.87 4.84
Sb 60.97 174 047 113 1.61 2.22 3.57
Tl 94.66 404 186  3.14 3.95 4.90 6.22
w 88.28 261 140  2.08 2.63 3.15 3.74

Hg 100.00 2.11 1.13 2.20 2.20 2.20 2.20




Table S4. The relationship between mixed exposure of metal metabolites and immune

inflammation index. (Male)

Metal HALP score SIRI index AISI index
B (95%CI) B (95%CI) B (95%CI)
Model 1

As -0.022 (-0.030, 0.022) -0.026 (-0.063, 0.012) -0.044 (-0.086, -0.002)?

DMA 0.013 (-0.023, 0.050) -0.053 (-0.106, 0.001) -0.045 (-0.104, 0.015)
Ba 0.048 (0.029, 0.068)* -0.038 (-0.039, 0.019) 0.013 (-0.029, 0.036)
Cd -0.043 (-0.065, -0.022)? 0.102 (0.070, 0.134)? 0.085 (0.049, 0.121)?
Co -0.043 (-0.077, -0.010)? 0.071 (0.022, 0.120)? 0.063 (0.008, 0.118)?
Cs 0.027 (-0.035, 0.045) -0.049 (-0.071, 0.044) -0.004 (-0.066, 0.064)
Mo -0.029 (-0.033, 0.022) -0.034 (-0.074, 0.006) -0.031 (-0.076, 0.014)
Pb -0.008 (-0.033, 0.018) 0.035 (-0.003, 0.073) 0.038 (-0.005, 0.081)
Sb 0.011 (-0.023, 0.027) -0.021 (-0.057, 0.015) 0.000 (-0.041, 0.041)
Tl 0.005 (-0.017, 0.027) -0.003 (-0.033, 0.032) -0.040 (-0.046, 0.027)
w 0.021 (-0.003, 0.046) 0.028 (-0.029, 0.042) 0.037 (-0.030, 0.050)
Hg 0.024 (-0.018, 0.030) -0.040 (-0.075, -0.004)*  -0.050 (-0.090, -0.010)?

Model 2

As 0.009 (-0.017, 0.034) -0.031 (-0.068, 0.006) -0.043 (-0.085, 0.000)?

DMA -0.009 (-0.038, 0.034) -0.026 (-0.078, 0.027) -0.028 (-0.088, 0.031)
Ba 0.039 (0.019, 0.058)* 0.009 (-0.027, 0.089) 0.026 (-0.025, 0.040)
Cd -0.014 (-0.039, -0.011) 0.048 (0.012, 0.084)% 0.055 (0.014, 0.096)*
Co -0.037 (-0.070, -0.003)? 0.054 (0.006, 0.102)? 0.053 (-0.002, 0.107)?
Cs 0.023 (-0.035, 0.044) -0.019 (-0.062, 0.052) 0.014 (-0.060, 0.069)
Mo -0.008 (-0.036, 0.019) -0.032 (-0.072, 0.007) -0.031 (-0.075, 0.014)
Pb 0.029 (-0.021, 0.032) 0.028 (-0.031, 0.047) 0.025 (-0.019, 0.070)
Sb -0.023 (-0.048, 0.002) -0.004 (-0.038, 0.036) 0.016 (-0.037, 0.046)
Tl 0.005 (-0.016, 0.027) -0.004 (-0.033, 0.031) -0.043 (-0.046, 0.026)
w 0.007 (-0.017, 0.032) 0.030 (-0.005, 0.066) 0.021 (-0.019, 0.062)
Hg 0.018 (-0.007, 0.042) -0.037 (-0.072, -0.002)®  -0.044 (-0.084, -0.004)?

*:Significant results were in bold; Model I: Models without covariate adjustment; Model II: Models Adjusted by Covariates, The
covariates are age, race, educational level, marital status, annual family income, alcohol status, smoking status, physical activities

and BMI.



Table S5. The relationship between mixed exposure of metal metabolites and immune

inflammation index. (Female)

Metal HALP score SIRI index AISI index
B (95%CI) B (95%CI) B (95%CI)
Model 1

As -0.013(-0.037,-0.011) 2 -0.020 (-0.056, 0.015) -0.030 (-0.070, 0.010)

DMA 0.012 (-0.023, 0.048) -0.039 (-0.064, 0.041) -0.010 (-0.062, 0.056)
Ba 0.025 (0.004, 0.046) ® 0.020 (-0.011, 0.050) 0.028 (-0.006, 0.063)
Cd -0.033 (-0.055, -0.011) 2 -0.013 (-0.046, 0.019) -0.031 (-0.047, 0.026)
Co -0.076 (-0.102, -0.049) ® 0.081 (0.041, 0.120) @ 0.090 (0.046, 0.134)®
Cs 0.039 (-0.001, 0.079) -0.060 (-0.076, 0.041) -0.053 (-0.083, 0.049)
Mo 0.043 (0.016, 0.071) 2 0.019 (-0.035, 0.046) -0.017 (-0.052, 0.040)
Pb 0.012 (-0.017, 0.041) -0.041 (-0.084, 0.002) -0.067 (-0.116, -0.019) *
Sb 0.018 (-0.009, 0.046) 0.019 (-0.022, 0.059) 0.031 (-0.015, 0.076)
Tl -0.021 (-0.045, 0.003) 0.026 (-0.009, 0.061) 0.032 (-0.007, 0.072)
W 0.004 (-0.020, 0.028) 0.018 (-0.031, 0.040) 0.018 (-0.022, 0.058)
Hg 0.004 (-0.018, 0.027) -0.041 (-0.074, -0.007)®  -0.059 (-0.097, -0.021) @

Model 2

As -0.008 (-0.033, 0.016) -0.037 (-0.047, 0.025) -0.022 (-0.062, 0.018) @

DMA 0.021 (-0.015, 0.057) 0.018 (-0.047, 0.058) 0.061 (-0.041, 0.077)
Ba 0.026 (0.006, 0.047) 2 0.021 (-0.010, 0.051) 0.027 (-0.007, 0.062)
Cd -0.046 (-0.071, -0.022)®  -0.041 (-0.077, -0.004)® -0.024 (-0.064, 0.017)
Co -0.076 (-0.103, -0.049) 2 0.088 (0.049, 0.128) @ 0.092 (0.048, 0.137) @
Cs 0.042 (0.002, 0.083) 2 -0.073 (-0.080, 0.038) -0.025 (-0.092, 0.041)
Mo 0.044 (0.016, 0.072)® 0.012 (-0.037, 0.045) -0.008 (-0.054, 0.038)
Pb 0.011 (-0.020, 0.041) -0.051 (-0.095, -0.007) @ -0.059 (-0.109, -0.009)
Sb 0.013 (-0.015, 0.040) 0.017 (-0.023, 0.058) 0.022 (-0.023, 0.068)
Tl -0.020 (-0.044, 0.004) 0.028 (-0.007, 0.064) 0.028 (-0.011, 0.068)
W 0.002 (-0.023, 0.026) 0.028 (-0.029, 0.042) 0.012 (-0.028, 0.052)
Hg 0.010 (-0.013, 0.034) -0.038 (-0.072, -0.004)#  -0.051 (-0.089, -0.013)®

*Significant results were in bold; Model I: Models without covariate adjustment; Model II: Models Adjusted by Covariates, The
covariates are age, race, educational level, marital status, annual family income, alcohol status, smoking status, physical activities

and BMI.
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Figure S1. Pearson correlation between the logarithmic concentrations of 12 metals,
(N=4482), NHANES, USA, 2009-2018.
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Figure S2. In BKMR regression, the relationship between each metal and inflammation
index. This figure is a bivariate exposure response function of metal exposure and inflammation
index when a metal is fixed in different ( 25th , 50th ,75th ) percentiles and other metals are fixed
at the 50th percentile, the average difference between the other metal and the inflammation index
as a bivariate exposure response function. (A) HALP Index, (B) SIRI Index, (C) AISI Index. The
model was adjusted for gender, age, race, educational level, marital status, annual family income,
alcohol status, smoking status, physical activities and BML.
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Figure S4. The weights of each metal in the WQS model regression index in the male
population. The model was adjusted for age, race, educational level, marital status, annual family
income, alcohol status, smoking status, physical activities and BMI. (A-C) are the weights of each
metal in the positive WQS model, respectively, (A) HALP Index, (B) SIRI Index, (C) AISI Index.
(D-F) are the weights of each metal in the negative WQS model, (D) HALP Index, (E) SIRI Index,
(F) AISI Index.
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Figure S5. The weights of each metal in the WQS model regression index in the female
population. The model was adjusted for age, race, educational level, marital status, annual family
income, alcohol status, smoking status, physical activities and BMI. (A,C,D) are the weights of
each metal in the positive WQS model, respectively, (A) HALP Index, (C) SIRI Index, (D) AISI
Index. (B) is the weights of each metal in the negative WQS model, (B) HALP Index.
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Figure S6. The weight of each metal in the Q-gcomp model index in the male and female
groups. (A—C) are the directions and magnitude of the assigned weights for each log-transformed
metal in relation to inflammation in male population in quantile g-computation. (A) HALP Index,
(B) SIRI Index, (C) AISI Index. (D-F) are the directions and magnitude of the assigned weights
for each log-transformed metal in relation to inflammation in female population in quantile
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Figure S7. In the BKMR model, when the concentrations of all other metals were fixed at the
median level, the exposure-response relationship function between a single metal and each
inflammation index. (A-C) are the relationships in male population, (A) HALP Index, (B) SIRI
Index, (C) AISI Index. (D-F) are the relationships in female population, (D) HALP Index, (E)
SIRI Index, (F) AISI Index. The model was adjusted for age, race, educational level, marital status,
annual family income, alcohol status, smoking status, physical activities and BMI.
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Figure S8. The joint association of mixed exposure of metal in the BKMR model. (A-C) are
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Male Female

Hg - w Hg - —=
w - o w - ]
T ] T 4 e —
Sb ] Sb - e
= I:b l = q.fixed g Pb- s q.fixed
@ Mo - % Mo - e ———
= .. P 2022 (o 8 o 0
Co - . ® 0.75 P — e 0.75
cd - (] cd: 8
Ba - © Ba - |
DMA - o DMA' |
As ; ! ' ! _ As J 1 .
-0.050 -0.025 0.000 0.025  0.050 -0.25 0.00 0.25
HALP HALP
B E
Hg == Hg ™ —  —2&—
w L W T
T —at Tl e —
Sb —eg— Sb ——— ——
= Phig =% gfixed 8 PP = q.fixed
$ Mo . — @ Mo . = == ® 0.25
= Cs . ¢ :ggs v Cs . 7# e 05
Co e ©075 Co . —tg——— °*07
Cd e — ——— Cd . ——
Ba . Ty Ba . —
As B =g —— As . =
-0.2 0.0 0.2 0.4 -0.50 -0.25 0.00 0.25 0.50 0.75
SIRI SIRI
e F
Hg . ——%=— Hg - — —%—
w . e w - ==
T e Tl -
Sb . [ ] Sb - '
5 ;b : === —= afixed 8 PP —— = q.fixed
s Mo. ——pe—— © Mo - = © 0.25
= cs. —— B025 = s ; °05
Co . __——%—%——— 075 Co- _——p—— e075
Cd . . cd -
Ba - == Ba -
DMA. _——p—8—— DMA- _
As . _—p—% As - J
-0.5 0.0 0.5 -025 000 025 050 075
AIlSI AlSI

Figure S9. This figure describes the estimated difference in inflammation index for each
metal from the 25th to the 75th percentile when all other metals are fixed at the 25th (red
line), 50th (green line), or 75th percentile (blue line). The point represents the estimated value,
and the horizontal line represents the 95% confidence interval (CI). (A-C) are the relationships in
male population, (A) HALP Index, (B) SIRI Index, (C) AISI Index. (D-F) are the relationships in
female population, (D) HALP Index, (E) SIRI Index, (F) AISI Index. The model was adjusted for
age, race, educational level, marital status, annual family income, alcohol status, smoking status,
physical activities and BMI.
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Figure S10. This figure is a bivariate exposure response function of metal exposure and
inflammation index when a metal is fixed in different ( 25th , 50th ,75th ) percentiles and
other metals are fixed at the 50th percentile, the average difference between the other metal
and the inflammation index as a bivariate exposure response function. (A-C) are the
relationships in male population, (A) HALP Index, (B) SIRI Index, (C) AISI Index. (D-F) are the
relationships in female population, (D) HALP Index, (E) SIRI Index, (F) AISI Index. The model
was adjusted for age, race, educational level, marital status, annual family income, alcohol status,
smoking status, physical activities and BMI.



