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Abstract ; To explore the association between combined exposure groups of multiple heavy
metals (arsenic, lead, cadmium, and mercury) and renal parameters in adolescents. Methods Data for this

study were derived from the 2009—2014 National Health and Nutrition Examination Survey (NHANES) co-

Objective

hort, encompassing 2 709 adolescents aged 12~19 years. Using the k-medoids clustering algorithm from unsu-
pervised machine learning, samples were categorized into different exposure risk groups based on urine concen-
trations of arsenic, lead, cadmium., and mercury, as well as blood concentrations of lead, cadmium, and mer-
cury. Multiple linear regression models were employed to analyze the associations between exposures in differ-
ent risk groups and estimated glomerular filtration rate (eGFR), serum uric acid (SUA), urine albumin
(UA), blood urea nitrogen (BUN), and systolic blood pressure (SBP) after controlling for demographic varia-
Results

bles and other key covariates. Three primary metal exposure groups in blood and urine were identi-

fied, and significant associations were found between combined metal exposure groups and some renal parame-
ters. For metals in blood, Group 1 had the lowest levels of cadmium, mercury, and lead; Group 2 had the
highest mercury concentrations, followed by lead, with the lowest cadmium concentrations; and in Group 3,
lead and cadmium concentrations were higher than mercury, with mercury at the lowest level. In Group 2, the
SUA was significantly higher than that in Group 1, with an effect size of 0.163(95% CI :0.066~0.261, P =
0.001). Combined exposure groups for urine metals also showed significant differences. Groups 1 and 3 had
relatively balanced distributions of the four urine metals (arsenic, cadmium, mercury, and lead) , but the over-
all levels in Group 3 were higher than in Group 1. In Group 2, there were significant differences in metal con-
centration distribution, with concentrations of arsenic, cadmium, and mercury increasing sequentially, while
lead content was significantly lower than the other two metals. The eGFR of the urine metal Group 2 was sig-
nificantly lower than that of Group 1, with an effect size of —12.893(95% CI : —18. 905~ — 6. 880, P <<
0.001); however, the eGFR of Group 3 was significantly higher than that of Group 1, with an effect size of
7.195(95% CI :2.274~12.117, P =0. 004). Additionally, SBP in Group 3 was significantly lower than in
Group 1, with an effect size of —1.411(95% CI ;:—2. 807~ —0. 014, P =0. 048).

significant associations between combined metal exposure groups in blood and urine and some renal parameters.

Conclusion There are
Populations with high-level combined metal exposure groups have relatively lower eGFR and higher SUA val-
ues.

Key words: adolescents; combined exposure to heavy metal; k-medoids clustering; risk stratification; re-
nal parameters
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