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Abstract This research delves into the relationship between heavy metal exposure and kidney function
among individuals with metabolic syndrome,offering novel perspectives for diagnosing and treating chronic
kidney diseases in targeted populations. Utilizing data from the U. S. National Health and Nutrition

Examination Survey spanning 2011 to 2018, the study encompasses 2 474 subjects diagnosed with metabolic
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syndrome. It focuses on the influence of four key blood metal elements-cadmium, lead, selenium and
manganese-on kidney function. Kidney function assessment primarily revolves around indicators such as
chronic kidney disease (CKD) ,estimated glomerular filtration rate (eGFR) , urine microalbumin-creatinine
ratio (UACR) ,and uric acid (UA). The study employs weighted multifactorial logistic and linear regression
models to dissect the interplay between blood metal concentrations and kidney functionality. Additionally, it
conducts nuanced subgroup analyses, considering variables like age, gender, body mass index (BMI), and
the presence of hypertension, diabetes, or dyslipidemia. Notably, the findings indicate a direct, positive
correlation between blood levels of cadmium and lead and the onset of CKD, inversely affecting
eGFR. Conversely,blood selenium is inversely associated with CKD development, while manganese shows a
positive correlation with eGFR levels (P <C0.05). The subgroup analysis underscores a heightened
sensitivity to metal exposure effects in female and elderly metabolic syndrome patients. The study
establishes a significant connection between heavy metal exposure and kidney function in metabolic

syndrome populations. Notably, exposure to lead and cadmium may impair kidney function, whereas

selenium and manganese exposure might confer protective benefits.
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Table 1 Baseline data of the population (grouped according to whether they have CKD)
Characteristics Tota(n=2 474) No CKD(n=671) With CKD(n=1 803) P
Age(years) 54.36(0. 45) 51.63(0.49) 63.92 (0.59) <C0. 001
BMI/(kg * m %) 33.41(0. 26) 33.56(0.29) 32.85(0.40) 0.12
UACR/(mg =g 1) 56.67(6.77) 8.82(0.15) 224.72(29. 28) <20. 001
UA/(pmol « L™ 351.71(2.3D) 344.34(2.43) 377.61(4.60) <C0. 001
eGFR/(mL * min~ 1) 89. 25(0. 68) 94.27(0.62) 71.60(1.39) <20. 001
Lead/(‘umol <L 0.07(0.00) 0. 06(0.00) 0.08(0. 00) 0.01
Cadmium/(nmol « L.™1) 4.41€0.13) 4.37(0.16) 4.54(0.19) 0.52
Selenium/ (pmol « LY 2.52(0.02) 2.54(0.02) 2.46(0.02) <C0.001
Manganese/(nmol « L™ 1) 177.70(1. 48) 178.81(2.02) 173.81(3.16) 0. 25
Male 1 141(48.41) 823(49.51) 318(44.57)
Gender/ % B 0.15
Female 1 333(51.59) 980(50.49) 353(55.43)
Mexican American 371(9.13) 273(9.09) 98(9. 27)
Other hispanic 264(5.39) 207(5.70) 57(4.31)
Race/ % Non-hispanic white 991(67.23) 704(67.43) 287(66.54) 0.22
Non-hispanic black 523(10. 39) 374(9.82) 149(12. 38)
Other race 325(7.87) 245(7.97) 80(7.51)
1.3 724(20. 32) 510(19. 55) 214(23.05)
1.3—3.5 928(37.67) 661(36.00) 267(43.52)
PIR/ % <0. 001
>3.5 588(34. 82) 462(37.20) 126(26. 46)
Not record 234(7.19) 170(7. 25) 64(6.98)
Low 823(35.23) 593(35.0) 230(36.03)
Smoking status/ % Moderate 1 048(38.05) 761(38.01) 287(38.20) 0. 89
High 603(26.72) 449(26.99) 154(25.77)
Non-drinkers 337(9.89) 229(8.37) 108(15. 23)
) Moderate-drinkers 670(31.29) 493(31. 94) 177(29. 04)
Daily alcohol drinking status/ % . <0. 001
Heavy-drinkers 894(39.70) 689(41.87) 205(32.12)
Non-drinkers 573(19.12) 392(17. 83) 181(23.62)
Less than high school 644(17.12) 435(15. 88) 209(21.47)
High school or equivalent 583(26. 45) 415(25.96) 168(28.17)
Education status/ % . 0. 06
More than high school 1 225(55.89) 933(57.58) 292(49.97)
Not recorded 22(0.54) 20€0.59) 2(0.39)
Low 1 468(52.73) 1 041(50.78) 427(59.57)
_ . Moderate 203(9. 09) 146(8. 70) 57(10. 454
Physical activitystatus/ % . 0.01
High 797(38.05) 611(40.43) 186(29. 70)
Not recorded 6(0.13) 5(0.09) 1€0.27)
No 778(33.75) 675(39.17) 103(14. 74)
Hypertension/ % B <<0. 001
Yes 1 696(66. 25) 1 128(60. 83) 568(85. 26)
No 1392(64.33) 1 141(70. 20) 251(43.70)
Diabetes/ % <<0. 001
Yes 1 082(35.68) 662(29. 80) 420(56. 30)
. No 190(7.91) 136(7. 34) 54(9.92)
Hyperuricemia/ % 0. 25
Yes 2 284(92.09) 1667(92.67) 617(90. 08)

Note: BMI, body mass index; PIR, poverty-income ratio; CKD, chronic kidney disease; eGFR,estimated glomerular filtration rate(Filter area:

1. 73 m?) ; UACR, urinary albumin creatinine ratio; UA,uric acid.
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Table 2 Association between single heavy metal and renal function markers in metabolic syndrome population
Pb Cd Se Mn
OR/B (95% CD P OR/p(95% CD P OR/B(95% CD P OR/B(95% CD P
CKD 1.62 (1.34,1.95) 0. 00 * 1.35 (1.18,1. 54) 0.00* 0.22(0.11,0. 46) 0. 00 * 0.77€0.51,1.19) 0. 25
Modle 1 eGFR  —0.10 (—0.12,—0.07) 0.00* —0.03 (—0.04,—0.01) 0.00* 0.08 (—0.01,0.17) 0. 07 0.16(0.12,0. 20) 0.00*
UACR 0. 14 (0. 05,0.22) 0.00* 0.12 (0.06,0.19) 0.00*  —0.33 (—0.65,0.00)  0.05 0.00 (—0.22,0.21) 0.98
UA 0. 04 (0.02,0.06) 0.00* —0.03 (—0.04,—0.01) 0.00* 0.02 (—0.09,0.13) 0.69 —0.08 (—0.12,—0.05) 0.00*
CKD 1.32 (1.08,1.63) 0.01* 1.34 (1.07.1.67) 0.01* 0.33 (0. 14,0.74) 0.01* 0.90(0. 56 1. 44) 0.67
Model 2 eGFR  —0.06 (—0.07,—0.05) 0.00* —0.05(—0.07,—0.04) 0.00* 0. 08 (0.00,0.17) 0. 05 0.110. 06,0.15) 0. 00
UACR  0.04 (—0.05,0.13) 0.41 —0.01(—0.09,0.06) 0.72  —0.04 (—0.39,0.31)  0.82 —0.05(—0.26,0.15)  0.61
UA 0.03 (0.01,0.04) 0.01*  —0.01 (—0.03,0.01)  0.26  —0.04 (—0.15,0.07)  0.46  —0.03 (—0.07,0.01) 0.10

Note: CKD, chronic kidney disease;eGFR,estimated glomerular filtration rate; UACR, urinary albumin creatinine ratio; UA, uric acid; CI, confidence interval; * P<C

0. 053;Model 1,no adjustment; Model 2, adjusted for age, gender, race, poverty-income ratio, education status, physical activity, smoking status, alcohol drinking and

body mass index.
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Table 3 Subgroup analysis of the correlation between blood lead (cadmium, selenium,, manganese) and

renal function indicators in metabolic syndrome population

SER 022 Sk T REVH DR A IR 5T T AR AR AN
), EHLAFAE AR 22 550 Rt Min X fi e A LA R AR 33
SRR TR B D BE (14 82 Wi A7 T A R MBI T 9

Elements Subgroup CKD,OR (95% CD eGFR.8 (95% CD UACR. (95% CD UA.B (95% CD
Gender Male 1.22 (0.89,1.69)  —0.05 (—0.08,—0.03)* —0.08 (—0.22,0.06) 0.02 (0.00,0.05)*
Female 1.36 (1.05,1.78)*  —0.06 (—0.08,—0.04) " 0.13 €0.01,0.24)* 0.03 (0.01,0.06)*
Age =60 1.52 (1.16,1.99* —0.10 (—0.14,—0.06) * 0.17 €0.01,0.32)* 0. 03 (0.00,0.06) *
<60 1.37 (1.02,1.84)*  —0.06 (—0.08,—0.04) " 0.02 (—0.09,0.12) 0. 02 (0.00,0.04)*
BMI <25 2.79 (1.24,6.27)" —0.13 (—0.26,0.00) 0.34 (—0.01,0.69) 0.05 (—0.01,0.11)
Pb =25 1.29 (1.05,1.58)*  —0.05 (—0.07,—0.04) " 0.02 (—0.07,0.11) 0.02 (0.01,0.04)*
Hypertension No 1.57 (1.07,2.30)*  —0.06 (—0.08,—0.04) " 0.04 (—0.08,0.17) 0.01 (—0.02,0.04)
Yes 1.26 (0.97,1.63)  —0.05 (—0.08,—0.03)* 0.03 (—0.11,0.16) 0.03 (0.01,0.06)*
Diabetes No 1.48 (1.03,2.12)*  —0.05 (—0.07,—0.03) " 0.07 (—0.02,0.17) 0. 02 (0.00,0.04)
Yes 1.32 (0.99,1.77)  —0.08 (—0.12,—0.05)* 0.08 (—0.11,0.27) 0.03 (—0.01,0.06)
Hyperuricemia No 3.05 (0.92,10.15) —0.06 (—0.11,0.00) 0. 38 (0.04,0.73)* 0.00 (—0.08,0.07)
Yes 1.25 (1.01,1.54)*  —0.06 (—0.08,—0.05) " 0.02 (—0.08,0.12) 0.03 (0.01,0.05)*
. Male 1.22 (0.91,1.65  —0.03 (—0.06,—0.01)* —0.07 (—0.20,0.07) —0.01 (—0.03,0.02)
Gender Female 1.58 (1.20,2.09* —0.07 (—0.10,—0.05) " 0.06 (—0.04,0.17) —0.01 (—0.03,0.02)
Age =60 1.59 (1.18,2.13)*  —0.09 (—0.12,—0.05) " 0.08 (—0.06,0.21) 0. 04 (0.01,0.07)*
<60 1.06 (0.75,1.50)  —0.03 (—0.05,—0.01)* —0.07 (—0.16,0.03) —0.03 (—0.06,—0.01)"*
BMI <25 2.49(1.23,5.07) " —0.14 (—0.30,0.02) 0.22 (—0.20,0.65) 0.08 (0.01,0.15)*
cd =25 1.31(1.04,1.66)*  —0.05 (—0.07,—0.03)* —0.02 (—0.10,0.06) —0.01 (—0.03,0.00)
Hypertension No 1. 48 (0. 89,2.46) —0.03 (—0.06,0.00)* —0.02 (—0.13,0.09) —0.04 (0.07,—0.01) "
Yes 1.32 (1.03,1.69* —0.06 (—0.08,—0.04)* —0.01 (—0.10,0.09) 0.00 (—0.02,0.03)
Diabetes No 1.40 (0.99,1.96)  —0.04 (—0.06,—0.02)* 0.04 (—0.05,0.14)  —0.03 (—0.05,0.00)*
Yes 1.34 (1.02,1.77)*  —0.07 (—0.10,—0.04)* —0.07 (—0.22,0.08) 0.01 (—0.02,0.04)
Hyperuricemia No 2.01 (0.92,4. 38) —0.02 (—0.10,0.06) 0.21 (—0.06,0.48) —0.03 (—0.09,0.03)
Yes 1.32 (1.03,1.700*  —0.05 (—0.07,—0.04)* —0.03 (—0.110.06) —0.01 (—0.03,0.01)
Gender Male 0. 36 (0.08,1.63) 0.07 (—0.07,0.22) —0.01 (—0.68,0.65  —0.13 (—0.28,0.02)
Female 0.27 (1.10,0.70) * 0.11 €0.02,0.19) * —0.06 (—0.50,0.37) 0.01 (—0.08,0.11)
Age =60 0. 22 (0.07,0.68) * 0.19 (0. 08,0.30)* 0.10 (—0.50,0.69) —0.07 (—0.19,0.06)
<60 0. 58 (0.19,1.76) —0.04 (—0.16,0.07) —0.167 (—0.67,0.34) 0.02 (—0.14,0.17)
BMI <25 0.13 (0.01,2.34) 0.11 (—0.29,0.51) —0.73 (—2.17,0.71)  —0.17 (—0.47,0.13)
Se =25 0. 34 (0.14,0.86) * 0.08 (—0.01,0.17) 0.02 (—0.36,0.40) —0.04(—0.16,0.07)
Hypertension No 0.21 (0.02,2.53) 0.01 (—0.09,0.12) 0. 20 (—0.45,0.85) —0.08 (—0.24,0.08)
Yes 0.32 (0.13,0.76) " 0.13 (0.03,0.23) " —0.13 (—0.59,0.33) —0.04(—0.15,0.08)
Diahetes No 0.29 (0.09,0.95)* 0.05 (—0.06,0.15) 0.00 (—0.40,0.39) 0.00 (—0.12,0.12)
Yes 0.29 (0.07,1.20) 0. 15 (0.00,0.31) —0.32 (—1.22,0.59)  —0.09 (—0.25,0.08)
Hyperuricemia No 0.07 (0.00,2.33) —0.06 (—0.34,0.22) —0.70 (—1.63,0.23) —0.18 (—0.46,0.11)
Yes 0.52 (0.21,1.33) 0.09 (0.00,0.17) " 0.11 (—0.28,0.51) —0.02 (—0.13,0.09)
Gender Male 1.07 (0.57,2.00) 0.06 (—0.01,0.13) —0.10 (—0.37,0.16)  —0.02 (—0.07,0.03)
Female 0. 82 (0.45,1.49) 0.14(0.09,0.19) * —0.03 (—0.27,0.22) —0.02 (—0.07,0.02)
Age =60 0.74 (0.36,1.51) 0.12 (0.04,0.19) " —0.18 (—0.60,0.25  —0.03 (—0.09,0.03)
<60 1.21 (0.79,1.85) 0. 08 (0.03,0.13)* 0.03 (—0.14,0.20) —0.02 (—0.06,0.02)
BMI <25 1.19 (0. 33,4. 20) —0.04 (—0.19,0.1D) 0.06 (—0.61,0.73) —0.08 (—0.20,0.04)
Ma =25 0. 88 (0.54,1.42) 0.11 €0.07,0.16) * —0.06 (—0.28,0.15)  —0.03 (—0.07,0.01)
Hypertension No 1.17 (0. 55,2.49) 0.06 (0.01,0.10) " 0.00 (—0.23,0.23) —0.02 (—0.08,0.03)
Yes 0. 80 (0.47,1.37) 0.12 (0. 06,0.19) * —0.09 (—0.40,0.22) —0.02 (—0.06,0.01)
Diabetes No 1. 66 (0.92,3.0D) 0. 08 (0.03,0.12)* 0. 22 (0.07,0.38) * —0.02 (—0.06,0.03)
Yes 0.63 (0.33,1.18) 0.15 €0.05,0.24) " —0.40 (—0.77,—0.03)* —0.05 (—0.12,0.0D
Hyperuricemia No 0.52 (0.12,2.24) 0. 21 (0.05,0.38) " 0.02 (—0.53,0.57) —0.13 (—0.29,0.03)
Yes 0. 90 (0.58,1.38) 0.10 €0.06,0.15) * —0.05 (—0.27,0.17)  —0.02 (—0.06,0.02)

Note: “P<C0. 05,CI: confidence interval.
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