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[bookmark: OLE_LINK3]Figure S1. Directed acyclic graph analysis of poly- and perfluoroalkyl substances and adolescent lipids.
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Figure S2. Directed acyclic graph analysis for the potential mediation or suppression effect of red blood cell folate / serum folate in the relationship of PFAS exposure with LDL-C, HDL-C, TC, TG and AIP.[image: ]
Figure S3. Heatmap of Pearson’s correlation analysis showing mixed exposure patterns for perfluorononanoic acid (PFNA), perfluorohexane sulfonate (PFHxS), perfluorooctane sulfonate (PFOS), and perfluorooctanoic acid (PFOA).
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[bookmark: _Hlk195647161]Figure S4. A weighted quantile sum regression model was used to assign weights to each poly- and perfluoroalkyl substances (PFAS) component in male adolescents, illustrating the single contributions of each type of PFAS to the mixed effect. A. LDL-C; B. TC; C. TG; D. AIP.
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[bookmark: _Hlk195704108]Figure S5. A weighted quantile sum regression model was used to assign weights to each poly- and perfluoroalkyl substances (PFAS) component in female adolescents, illustrating the single contributions of each type of PFAS to the mixed effect. A. LDL-C; B. TC; C. TG; D. AIP.
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Figure S6. Single-exposure association with low density lipoprotein cholesterol (LDL-C) (A), total cholesterol (TC) (B), triglycerides (TG) (C), high density lipoprotein cholesterol (HDL-C) (D), and atherogenic index of plasma (AIP) (E). This graphical representation illustrates the change in outcomes with an 95% CI for a single pollutant, while holding all other pollutants constant at their 25th, 50th, or 75th percentile levels.
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Figure S7. The exposure-response functions between perfluorononanoic acid (PFNA), perfluorohexane sulfonate (PFHxS), perfluorooctane sulfonate (PFOS), and perfluorooctanoic acid (PFOA) and low density lipoprotein cholesterol (LDL-C) (A), total cholesterol (TC) (B), triglycerides (TG) (C), high density lipoprotein cholesterol (HDL-C) (D), and atherogenic index of plasma (AIP) (E) with a 95% CI (represented by the shaded area), while the other pollutants were held constant at their median values.
[image: ]
Figure S8. Pollutants were plotted on the y-axis and set to their 25th percentile (depicted by the red line), 50th percentile (green line), and 75th percentile (blue line), respectively. Then, the bivariate exposure-response functions for each pollutant were depicted in relation to low density lipoprotein cholesterol (LDL-C) (A), total cholesterol (TC) (B), triglycerides (TG) (C), high density lipoprotein cholesterol (HDL-C) (D), and atherogenic index of plasma (AIP) (E) on the x-axis. In these analyses, the levels of all other pollutants were maintained at their median values.
[bookmark: _Hlk195703897][image: ]
Figure S9. Mixed effects of perfluorooctanoic acid (PFOA), perfluorooctane sulfonate (PFOS), perfluorononanoic acid (PFNA), and perfluorohexane sulfonate (PFHxS) on low density lipoprotein cholesterol (LDL-C) (A), total cholesterol (TC) (B), triglycerides (TG) (C), high-density lipoprotein cholesterol (HDL-C) (D), and atherogenic index of plasma (AIP) (E) with 95% CIs in male adolescents, comparing scenarios where all pollutants were set at specific percentiles (ranging from the 25th to the 75th percentiles) against a baseline scenario where all pollutants were at their median value (50th percentile).
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[bookmark: OLE_LINK49][bookmark: _Hlk195704186]Figure S10. Mixed effects of perfluorooctanoic acid (PFOA), perfluorooctane sulfonate (PFOS), perfluorononanoic acid (PFNA), and perfluorohexane sulfonate (PFHxS) on low density lipoprotein cholesterol (LDL-C) (A), total cholesterol (TC) (B), triglycerides (TG) (C), high-density lipoprotein cholesterol (HDL-C) (D), and atherogenic index of plasma (AIP) (E) with 95% CIs in female adolescents, comparing scenarios where all pollutants were set at specific percentiles (ranging from the 25th to the 75th percentiles) against a baseline scenario where all pollutants were at their median value (50th percentile).
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[bookmark: OLE_LINK8][bookmark: _Hlk195705077][bookmark: OLE_LINK51][bookmark: OLE_LINK60]Figure S11. Suppression effects of red blood cell folate on the associations of perfluorooctane sulfonate (PFOS) (A) and total poly- and perfluoroalkyl substances (PFAS) (B) with triglycerides (TG) as well as the associations of PFOS (C) with atherogenic index of plasma (AIP).
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[bookmark: OLE_LINK62]Figure S12. Suppression effects of red blood cell folate on the associations of perfluorooctane sulfonate (PFOS) (A) and total poly- and perfluoroalkyl substances (PFAS) (B) with low density lipoprotein cholesterol (LDL-C), the associations of PFOS (C) with total cholesterol (TC), the associations of perfluorooctanoic acid (PFOA) (D), PFOS (E), perfluorononanoic acid  (PFNA) (F) and total PFAS (G) with triglycerides (TG) as well as the associations of PFOS (H) and total PFAS (I) with atherogenic index of plasma (AIP).
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Figure S13. The two-dimensional structure of perfluorohexane sulfonate (PFHxS) (A), perfluorononanoic acid (PFNA) (B) perfluorooctanoic acid (PFOA) (C), and perfluorooctane sulfonate (PFOS) (D). 
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Figure S14. Radar chart showing toxicity endpoints for perfluorohexane sulfonate (PFHxS) (A), perfluorononanoic acid (PFNA) (B) perfluorooctanoic acid (PFOA) (C), and perfluorooctane sulfonate (PFOS) (D). The direction shown by the blue lines represents the potential toxic endpoints with activity, while the length of the lines reflects the likelihood of these toxic endpoints being active.
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Figure S15. Venn diagrams, protein-protein interaction (PPI) networks and “components-targets-disease” networks for folate intersecting with hyperlipidemia and atherosclerosis. Venn diagram of folate and hyperlipidemia targets (A). Venn diagram of folate and atherosclerosis targets (B). PPI network of potential targets for the effects of folate on hyperlipidemia (C). PPI network showing the core targets of folate affecting hyperlipidemia (D). PPI network showing the potential targets of folate affecting atherosclerosis (E). PPI network showing the core targets of folate affecting atherosclerosis (F). A “Folate-targets-hyperlipidemia” network. The yellow circle nodes represent folate compounds, the blue round rectangle nodes represent predicted intersection targets, the green hexagon represents hyperlipidemia, and the gray edges indicate compound-target interactions (G). A “Folate-targets-atherosclerosis” network. The yellow circle nodes represent folate compounds, the blue round rectangle nodes represent predicted intersection targets, the green hexagon represents atherosclerosis, and the gray edges indicate compound-target interactions (H).
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Figure S16. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses and a “components-targets-pathways” network for folate intersecting with hyperlipidemia and atherosclerosis. GO enrichment analysis of folate and hyperlipidemia. Green, orange, and blue bars represent the top 10 biological process (BP), cellular component (CC), and molecular function (MF) terms, respectively (A). GO enrichment analysis of folate and atherosclerosis. Green, orange, and blue bars represent the top 10 BP, CC, and MF terms, respectively (B). A bubble chart of the top 10 pathways based on the KEGG enrichment analysis of folate and hyperlipidemia (C). A bubble chart of the top 10 pathways based on KEGG enrichment analysis of folate and atherosclerosis (D). A “Folate-targets-pathways” network. The blue round rectangle nodes represent the top five KEGG pathways of the common targets for folate and hyperlipidemia, the yellow circle nodes represent KEGG pathways, and the purple hexagon nodes represent folate components (E). A “Folate-targets-pathways” network. The blue round rectangle nodes represent the top five KEGG pathways of the common targets of folate and atherosclerosis, the yellow circle nodes represent KEGG pathways, and the purple hexagon nodes represent folate components (F).



Table S1. Distribution of serum poly- and perfluoroalkyl substances derived from the National Health and Nutrition Examination Survey during 2005-2018.
	PFAS
	LODa (ng/mL)
	> LODa (%)
	Geometric mean
	Mean (ng/mL)
	Percentile (ng/mL)

	
	05-06
	07-08
	09-10
	11-12
	13-14
	15-16
	17-18
	
	
	
	5th
	25th
	50th
	75th
	95th

	PFNA 
	0.1
	0.082
	0.082
	0.08
	0.1
	0.1
	0.1
	0.99
	0.74
	[bookmark: OLE_LINK46]0.94 ± 0.70
	0.20
	0.5
	0.80
	1.15
	2.30

	PFHxS 
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.99
	1.35
	2.34 ± 0.34
	0.30
	0.7
	1.30
	2.60
	7.90

	PFOS
	0.2
	0.2
	0.2
	0.2
	0.1
	0.1
	0.1
	1
	5.65
	8.10 ± 7.33
	1.31
	2.9
	5.70
	11.00
	22.16

	PFOA
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.99
	2.14
	2.63 ± 1.76
	0.68
	1.37
	2.20
	3.40
	5.88


LOD, Limit of detection; PFAS, Poly- and perfluoroalkyl substances; PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctane sulfonate; PFHxS, Perfluorohexane sulfonate; PFNA, Perfluorononanoic acid.


Table S2. The relationship between weighted quantile sum regression index and lipid levels.
	Outcomes
	β
	95% CI of β
	p-value

	All participants

	LDL
	0.05
	0.007, 0.10
	0.02

	HDL
	-0.002
	-0.33, 0.02
	0.88

	TC
	0.07
	0.01, 0.12
	0.02

	TG
	0.05
	0.01, 0.08
	0.01

	AIP
	0.03
	0.006, 0.04
	0.009

	Male

	LDL
	0.09
	0.02, 0.17
	0.01

	HDL
	0.009
	-0.02, 0.04
	0.61

	TC
	0.14
	0.05, 0.22
	0.001

	TG
	0.08
	0.02, 0.14
	0.01

	AIP
	0.04
	[bookmark: _Hlk195106474]0.01, 0.07
	0.005

	Female

	LDL
	0.05
	-0.02, 0.12
	0.19

	HDL
	-0.03
	-0.07, 0.004
	0.08

	TC
	0.05
	-0.04, 0.13
	0.25

	TG
	0.09
	[bookmark: OLE_LINK63][bookmark: OLE_LINK64]0.03, 0.14
	0.002

	AIP
	0.06
	0.03, 0.09
	0.0002


LDL-C, Low density lipoprotein cholesterol; TC, Total cholesterol; TG, Triglycerides; HDL-C, High density lipoprotein cholesterol; AIP, atherogenic index of plasma.


[bookmark: OLE_LINK1]Table S3. Posterior probabilities of low density lipoprotein cholesterol, total cholesterol, high density lipoprotein cholesterol, triglycerides and atherogenic index of plasma.
	PFAS
	LDL-C
	TC
	HDL-C
	TG
	AIP

	All participants

	[bookmark: _Hlk194918783]PFHxS
	0.08
	0.03
	0.002
	0.44
	0.66

	PFOA
	0.24
	0.06
	0.003
	0.39
	0.78

	PFOS
	[bookmark: _Hlk177509965]0.85
	0.91
	0.02
	0.75
	0.90

	PFNA
	0.13
	0.02
	0.008
	0.40
	0.67

	[bookmark: OLE_LINK4]Male

	PFHxS
	0.0652
	0.2080
	0.0718
	0.2360
	0.1068

	PFOA
	0.4166
	0.3890
	0.0804
	0.3114
	0.2588

	PFOS
	[bookmark: OLE_LINK69]0.8160
	[bookmark: OLE_LINK70]0.8990
	0.0924
	[bookmark: OLE_LINK71]0.6196
	[bookmark: OLE_LINK72]0.7178

	PFNA
	0.1244
	0.1408
	0.0660
	0.1438
	0.0554

	Female

	PFHxS
	0.0908
	0.0762
	0.5860
	0.2422
	0.1998

	PFOA
	0.0826
	0.0722
	0.5896
	0.2400
	0.3972

	PFOS
	0.3698
	0.3828
	0.5734
	0.2282
	0.2846

	PFNA
	0.0882
	0.0808
	0.5706
	0.8400
	0.6486


[bookmark: _Hlk195821944][bookmark: _Hlk186840538]PFAS, Poly- and perfluoroalkyl substances; PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctane sulfonate; PFHxS, Perfluorohexane sulfonate; PFNA, Perfluorononanoic acid; LDL-C, Low density lipoprotein cholesterol; TC, Total cholesterol; TG, Triglycerides; HDL-C, High density lipoprotein cholesterol; AIP, atherogenic index of plasma.


[bookmark: OLE_LINK13][bookmark: OLE_LINK67]Table S4. Mediation analysis of red blood cell folate on the relationships between poly- and perfluoroalkyl substances and serum lipid levels and atherogenic index of plasma.
	PFAS
	Total effect β (95% CI), p-value
	Direct effect β (95% CI), p-value
	Mediation/ Suppression effect β (95% CI), p-value

	LDL-C

	PFOA
	0.06 (0.0004, 0.13), 0.048
	0.06 (0.0008, 0.13), 0.044
	-0.005 (-0.02, 0.01), 0.62

	PFOS 
	0.07 (0.03, 0.12), < 0.001
	0.09 (0.03, 0.15), 0.002
	-0.01 (-0.04, 0.01), 0.18

	PFHxS
	0.02 ( -0.02, 0.06), 0.25
	0.02 ( -0.02, 0.06), 0.25
	-0.0002 (-0.005, 0.00), 0.99

	PFNA
	0.02 ( -0.03, 0.08), 0.46
	0.02 ( -0.04, 0.08), 0.46
	-0.0007 (-0.01, 0.01), 0.95

	Total PFAS
	0.08 (0.02, 0.13), 0.004
	0.09 (0.03, 0.15), 0.002
	-0.01 (-0.04, 0.01), 0.30

	TC

	PFOA
	0.08 (0.0005, 0.15), 0.05
	0.09 (0.006, 0.16), 0.04
	-0.008 (-0.03, 0.01), 0.45

	PFOS 
	0.10 (0.04, 0.15), 0.0006
	0.12 (0.06, 0.18), 0.0002
	-0.02 (-0.05, 0.00), 0.10

	PFHxS
	0.02 (-0.03, 0.07), 0.39
	0.02 (-0.03, 0.07), 0.39
	-0.0005 (-0.006, 0.00), 0.82

	PFNA
	0.05 (-0.01, 0.11), 0.14
	0.05 (-0.01, 0.12), 0.12
	-0.003 (-0.02, 0.01), 0.62

	Total PFAS
	0.10 (0.04, 0.17), < 0.001
	0.12 (0.05, 0.19), < 0.001
	-0.02 (-0.05, 0.01), 0.19

	TG

	PFOA
	0.06 (0.02, 0.11), 0.01
	0.08 (0.04, 0.13), < 0.001
	-0.02 (-0.03, -0.01), 0.004

	PFOS 
	0.05 (0.02, 0.09), 0.002
	0.08 (0.05, 0.11), < 0.001
	-0.03 (-0.04, -0.01), 0.002

	PFHxS
	0.004 (-0.02, 0.03), 0.78
	0.007 ( -0.02, 0.03), 0.65
	-0.003 (-0.007, 0.00), 0.048

	PFNA
	0.06 (0.02, 0.11), 0.006
	0.08 (0.03, 0.12), < 0.001
	-0.01 (-0.02, 0.00), 0.01

	Total PFAS
	0.06 (0.0199, 0.10), 0.002
	0.09 (0.05, 0.13), < 0.001
	-0.03 (-0.04, -0.01), < 0.001

	HDL-C

	PFOA
	-0.01 (-0.04, 0.02), 0.35
	-0.02 (-0.05, 0.01), 0.24
	0.005 (-0.002, 0.01), 0.21

	PFOS 
	-0.03 (-0.28, 0.02), 0.95
	-0.27 (-0.38, 0.02), 0.59
	-0.26 (-0.19, 0.02), 0.27

	PFHxS
	-0.007 (-0.03, 0.01), 0.49
	-0.008 (-0.03, 0.01), 0.43
	0.0010 (-0.0006, 0.00), 0.27

	PFNA
	-0.002 (-0.03, 0.02), 0.84
	-0.005 ( -0.03, 0.02), 0.68
	0.003 (-0.002, 0.01), 0.31

	Total PFAS
	-0.006 (-0.03, 0.02), 0.66
	-0.01 (-0.04, 0.01), 0.36
	0.006 (-0.004, 0.02), 0.21

	AIP

	PFOA
	0.04 (0.02, 0.07), 0.002
	0.05 (0.02, 0.07), 0.002
	-0.008 (-0.02, 0.00), 0.018

	PFOS 
	0.03 (0.02, 0.05), < 0.001
	0.04 (0.02, 0.06), < 0.001
	-0.01 (-0.02, 0.00), 0.01

	PFHxS
	0.009 (-0.006, 0.02), 0.27
	0.01 (-0.005, 0.02), 0.22
	-0.001 (-0.003, 0.00), 0.17

	PFNA
	0.04 (0.01, 0.06), < 0.001
	0.04 (0.02, 0.06), < 0.001
	-0.004 (-0.009, 0.00), 0.06

	Total PFAS
	0.04 (0.02, 0.06), < 0.001
	0.05 (0.03, 0.07), < 0.001
	-0.01 (-0.02, 0.00), 0.004


PFAS, Poly- and perfluoroalkyl substances; PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctane sulfonate; PFHxS, Perfluorohexane sulfonate; PFNA, Perfluorononanoic acid; LDL-C, Low density lipoprotein cholesterol; TC, Total cholesterol; TG, Triglycerides; HDL-C, High density lipoprotein cholesterol; AIP, atherogenic index of plasma.

Table S5. Mediation analysis of serum folate on the relationships between poly- and perfluoroalkyl substances and serum lipid parameters and atherogenic index of plasma.
	PFAS
	Total effect β (95% CI), P-value
	Direct effect β (95% CI), P-value
	Mediation/ Suppression effect β (95% CI), p-value

	LDL-C

	PFOA
	0.06 (-0.005, 0.13), 0.07
	0.06 (-0.003, 0.14), 0.06
	-0.002 (-0.01, 0.01), 0.67

	PFOS 
	0.07 (0.03, 0.12), 0.008
	0.08 (0.03, 0.13), 0.004
	-0.008 (-0.02, 0.01), 0.32

	PFHxS
	0.02 (-0.02, 0.06), 0.28
	0.02 ( -0.02, 0.06), 0.26
	-0.0003 (-0.004, 0.00), 0.87

	PFNA
	0.02 (-0.04, 0.09), 0.41
	0.02 (-0.03, 0.09), 0.42
	-0.0008 (-0.008, 0.01), 0.86

	Total PFAS
	0.08 (0.02, 0.13), 0.01
	0.08 (0.02, 0.14), 0.008
	-0.006 (-0.02, 0.01), 0.45

	TC

	PFOA
	0.08 (0.005, 0.15), 0.03
	0.08 (0.005, 0.16), 0.03
	-0.002 (-0.01, 0.01), 0.77

	PFOS 
	0.10 (0.05, 0.15), < 0.0001
	0.11 (0.05, 0.16), < 0.0001
	-0.009 (-0.03, 0.01), 0.31

	PFHxS
	0.02 (-0.03, 0.07), 0.43
	0.02 (-0.03, 0.07), 0.43
	-0.00003 (-0.004, 0.00), 0.95

	PFNA
	0.05 (-0.02, 0.12), 0.14
	0.05 (-0.01, 0.12), 0.13
	-0.0006 (-0.009, 0.01), 0.93

	Total PFAS
	0.10 (0.03, 0.16), 0.006
	0.10 (0.03, 0.17), 0.002
	-0.007 (-0.02, 0.01), 0.48

	TG

	PFOA
	0.06 (0.02, 0.11), 0.006
	0.06 (0.01, 0.11), 0.01
	0.004 (-0.003, 0.01), 0.25

	PFOS 
	0.05 (0.02, 0.08), < 0.001
	0.05 (0.02, 0.08), < 0.001
	0.004 (-0.007, 0.01), 0.46

	PFHxS
	0.004 (-0.02, 0.03), 0.80
	0.002 (-0.03, 0.03), 0.90
	0.002 (-0.0005, 0.00), 0.19

	PFNA
	0.06 (0.02, 0.11), 0.004
	0.06 (0.02, 0.10), 0.004
	0.003 (-0.002, 0.01), 0.24

	Total PFAS
	0.06 (0.02, 0.10), < 0.001
	0.06 (0.02, 0.10), 0.006
	0.004 (-0.007, 0.01), 0.42

	HDL-C

	PFOA
	-0.01 (-0.04, 0.02), 0.39
	-0.01 (-0.04, 0.02), 0.44
	-0.001 (-0.006, 0.00), 0.57

	PFOS 
	-0.0002 (-0.02, 0.02), 0.97
	0.002 (-0.02, 0.02), 0.81
	-0.002 (-0.009, 0.00), 0.44

	PFHxS
	-0.007 (-0.03, 0.01), 0.47
	-0.006 (-0.03, 0.01), 0.49
	-0.0004 (-0.002, 0.00), 0.55

	PFNA
	-0.002 (-0.03, 0.02), 0.85
	-0.001 (-0.03, 0.02), 0.93
	-0.001 (-0.005, 0.00), 0.44

	Total PFAS
	-0.006 (-0.03, 0.02), 0.63
	-0.004 (-0.03, 0.02), 0.77
	-0.002 (-0.009, 0.00), 0.52

	AIP

	PFOA
	0.04 (0.02, 0.07), < 0.001
	0.04 (0.01, 0.06), 0.002
	0.003 (-0.0008, 0.01), 0.14

	PFOS 
	0.03 (0.01, 0.05), < 0.001
	0.03 (0.01, 0.05), 0.002
	0.003 (-0.003, 0.01), 0.26

	PFHxS
	0.009 (-0.007, 0.02), 0.25
	0.008 (-0.008, 0.02), 0.30
	0.001 (-0.004, 0.00), 0.07

	PFNA
	0.04 (0.02, 0.06), < 0.001
	0.04 (0.01, 0.06), < 0.001
	0.002 (-0.0003, 0.01), 0.09

	Total PFAS
	0.04 (0.02, 0.06), < 0.001
	0.04 (0.01, 0.06), < 0.001
	0.003 (-0.002, 0.01), 0.26


PFAS, Poly- and perfluoroalkyl substances; PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctane sulfonate; PFHxS, Perfluorohexane sulfonate; PFNA, Perfluorononanoic acid; LDL-C, Low density lipoprotein cholesterol; TC, Total cholesterol; TG, Triglycerides; HDL-C, High density lipoprotein cholesterol; AIP, atherogenic index of plasma.
[bookmark: OLE_LINK10]Table S6.Mediation analysis of red blood cell folate on the relationships between poly- and perfluoroalkyl substances and serum lipid levels and atherogenic index of plasma in male adolescents.
	PFAS
	Total effect β (95% CI), p-value
	Direct effect β (95% CI), p-value
	Mediation/ Suppression effect β (95% CI), p-value

	[bookmark: OLE_LINK65]LDL-C

	PFOA
	0.08 (-0.008, 0.19), 0.07
	0.07 (-0.02, 0.19), 0.12
	0.008 (-0.02, 0.03), 0.62

	PFOS 
	0.08 (0.02, 0.16), 0.03
	0.08 (0.008, 0.17), 0.03
	0.003 (-0.02, 0.03), 0.82

	PFHxS
	0.04 ( -0.02, 0.10), 0.24
	0.04 ( -0.02, 0.10), 0.25
	0.0001 (-0.004, 0.00), 0.93

	PFNA
	0.01 ( -0.07, 0.11), 0.76
	0.007 ( -0.08, 0.10), 0.92
	0.007 (-0.005, 0.02), 0.23

	Total PFAS
	0.09 (0.01, 0.18), 0.02
	0.09 (-0.001, 0.19), 0.05
	0.006 (-0.02, 0.03), 0.67

	TC

	PFOA
	0.11 (0.008, 0.22), 0.04
	0.10 (-0.005, 0.22), 0.06
	0.005 (-0.02, 0.03), 0.67

	PFOS 
	0.12 (0.04, 0.21), 0.003
	0.13 (0.04, 0.22), 0.007
	-0.005 (-0.04, 0.03), 0.78

	PFHxS
	0.04 (-0.03, 0.11), 0.29
	0.04 (-0.03, 0.11), 0.29
	0.0001 (-0.005, 0.00), 0.99

	PFNA
	0.03 (-0.06, 0.14), 0.47
	0.03 (-0.07, 0.13), 0.57
	0.006 (-0.009, 0.03), 0.40

	Total PFAS
	0.13 (0.04, 0.23), 0.004
	0.13 (0.03, 0.24), 0.01
	-0.0003 (-0.03, 0.03), 0.98

	TG

	PFOA
	0.06 (-0.02, 0.14), 0.13
	0.08 (-0.004, 0.16), 0.06
	-0.02 (-0.03, 0.00), 0.046

	PFOS 
	0.06 (0.01, 0.11), 0.01
	[bookmark: OLE_LINK50]0.09 (0.04, 0.14), < 0.001
	-0.03 (-0.04, -0.01), 0.008

	PFHxS
	0.007 (-0.04, 0.05), 0.75
	0.007 ( -0.04, 0.05), 0.75
	-0.0001 (-0.004, 0.00), 0.91

	PFNA
	0.04 (-0.03, 0.10), 0.25
	0.05 (-0.02, 0.11), 0.18
	-0.008 (-0.02, 0.00), 0.11

	Total PFAS
	0.07 (0.01, 0.13), 0.02
	0.09 (0.03, 0.15), 0.002
	-0.02 (-0.04, 0.00), 0.01

	HDL-C

	PFOA
	-0.002 (-0.04, 0.04), 0.85
	-0.01 (-0.05, 0.03), 0.72
	0.004 (-0.006, 0.01), 0.45

	PFOS 
	0.008 (-0.02, 0.03), 0.57
	0.004 (-0.02, 0.03), 0.80
	0.004 (-0.008, 0.02), 0.54

	PFHxS
	-0.12 (-0.35, 0.02), 0.81
	-0.12 (-0.35, 0.02), 0.82
	0.03 (-0.008, 0.00), 0.99

	PFNA
	0.002 (-0.03, 0.04), 0.93
	0.0001 ( -0.04, 0.04), 0.98
	0.002 (-0.003, 0.01), 0.47

	Total PFAS
	0.005 (-0.03, 0.04), 0.76
	0.001 (-0.03, 0.04), 0.92
	0.004 (-0.008, 0.02), 0.52

	AIP

	PFOA
	0.04 (0.001, 0.08), 0.048
	0.05 (0.007, 0.08), 0.02
	-0.007 (-0.02, 0.00), 0.13

	PFOS 
	0.04 (0.01, 0.06), 0.004
	0.05 (0.02, 0.07), < 0.001
	-0.01 (-0.02, 0.00), 0.04

	PFHxS
	0.01 (-0.008, 0.04), 0.24
	0.01 (-0.007, 0.04), 0.24
	-0.03 (-0.009, 0.00), 0.95

	PFNA
	0.03 (-0.004, 0.06), 0.10
	0.03 (-0.0009, 0.07), 0.06
	-0.003 (-0.01, 0.00), 0.26

	Total PFAS
	0.04 (0.01, 0.07), 0.008
	0.05 (0.02, 0.08), < 0.001
	-0.01 (-0.02, 0.00), 0.05


PFAS, Poly- and perfluoroalkyl substances; PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctane sulfonate; PFHxS, Perfluorohexane sulfonate; PFNA, Perfluorononanoic acid; LDL-C, Low density lipoprotein cholesterol; TC, Total cholesterol; TG, Triglycerides; HDL-C, High density lipoprotein cholesterol; AIP, atherogenic index of plasma.


Table S7. Mediation analysis of red blood cell folate on the relationships between poly- and perfluoroalkyl substances and serum lipid levels and atherogenic index of plasma in female adolescents.
	PFAS
	Total effect β (95% CI), p-value
	Direct effect β (95% CI), p-value
	Mediation/ Suppression effect β (95% CI), p-value

	LDL-C

	PFOA
	0.06 (-0.04, 0.15), 0.21
	0.08 (-0.01, 0.18), 0.09
	-0.02 (-0.06, 0.00), 0.13

	[bookmark: OLE_LINK52]PFOS 
	0.07 (0.01, 0.13), 0.02
	[bookmark: OLE_LINK53]0.11 (0.04, 0.19), 0.006
	[bookmark: OLE_LINK54]-0.04 (-0.09, 0.00), 0.04

	PFHxS
	0.02 ( -0.03, 0.08), 0.38
	0.03 ( -0.02, 0.09), 0.24
	-0.008 (-0.02, 0.00), 0.21

	PFNA
	0.03 ( -0.05, 0.11), 0.46
	0.05 ( -0.03, 0.12), 0.29
	-0.01 (-0.04, 0.01), 0.24

	[bookmark: OLE_LINK55]Total PFAS
	0.07 (0.006, 0.14), 0.03
	[bookmark: OLE_LINK56]0.12 (0.04, 0.20), < 0.0001
	[bookmark: OLE_LINK57]-0.04 (-0.09, 0.00), 0.03

	TC

	PFOA
	0.06 (-0.03, 0.17), 0.22
	0.09 (-0.01, 0.19), 0.08
	-0.03 (-0.06, 0.01), 0.14

	[bookmark: OLE_LINK58]PFOS 
	[bookmark: OLE_LINK59]0.08 (0.02, 0.15), 0.01
	0.13 (0.05, 0.21), 0.0008
	-0.05 (-0.09, 0.00), 0.03

	PFHxS
	0.01 (-0.05, 0.07), 0.74
	0.02 (-0.04 0.08), 0.53
	-0.009 (-0.03, 0.01), 0.25

	PFNA
	0.07 (-0.02, 0.15), 0.13
	0.08 (-0.0008, 0.17), 0.05
	-0.02 (-0.04, 0.01), 0.15

	Total PFAS
	0.08 (0.0006, 0.16), 0.05
	0.13 (0.04, 0.23), 0.008
	-0.05 (-0.10, 0.00), 0.06

	TG

	PFOA
	0.06 (0.004, 0.12), 0.04
	0.09 (0.03, 0.14), 0.01
	-0.02 (-0.04, 0.00), 0.04

	PFOS 
	0.05 (0.004, 0.09), 0.03
	0.08 (0.03, 0.13), 0.002
	-0.03 (-0.06, -0.01), 0.004

	PFHxS
	0.0007 (-0.04, 0.04), 0.91
	0.007 ( -0.03, 0.05), 0.68
	-0.006 (-0.02, 0.00), 0.17

	PFNA
	0.09 (0.04, 0.14), 0.004
	0.11 (0.06, 0.16), 0.002
	-0.02 (-0.03, 0.00), 0.02

	Total PFAS
	0.06 (0.001, 0.10), 0.04
	0.09 (0.03, 0.15), 0.002
	-0.03 (-0.07, -0.01), 0.01

	HDL-C

	PFOA
	-0.02 (-0.06, 0.01), 0.22
	-0.03 (-0.07, 0.01), 0.13
	0.01 (-0.004, 0.02), 0.20

	PFOS 
	-0.008 (-0.03, 0.02), 0.55
	-0.02 (-0.05, 0.02), 0.30
	0.01 (-0.005, 0.02), 0.25

	PFHxS
	-0.01 (-0.04, 0.02), 0.41
	-0.01 (-0.04, 0.02), 0.33
	0.003 (-0.003, 0.01), 0.33

	PFNA
	-0.01 (-0.04, 0.03), 0.71
	-0.01 ( -0.05, 0.03), 0.56
	0.004 (-0.004, 0.01), 0.30

	Total PFAS
	-0.02 (-0.05, 0.01), 0.27
	-0.03 (-0.07, 0.01), 0.13
	0.01 (-0.005, 0.03), 0.16

	AIP

	PFOA
	0.04 (0.02, 0.07), 0.004
	0.05 (0.02, 0.08), 0.002
	-0.01 (-0.02, 0.00), 0.11

	PFOS 
	0.03 (0.007, 0.05), 0.02
	0.04 (0.01, 0.07), 0.004
	-0.01 (-0.03, 0.00), 0.04

	PFHxS
	0.005 (-0.01, 0.03), 0.69
	0.007 (-0.02, 0.03), 0.57
	-0.002 (-0.008, 0.00), 0.35

	PFNA
	0.05 (0.02, 0.08), 0.002
	0.05 (0.02, 0.08), 0.002
	-0.006 (-0.01, 0.00), 0.12

	Total PFAS
	0.04 (0.01, 0.06), 0.006
	[bookmark: OLE_LINK61]0.05 (0.02, 0.08), < 0.0001
	-0.02 (-0.03, 0.00), 0.04


PFAS, Poly- and perfluoroalkyl substances; PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctane sulfonate; PFHxS, Perfluorohexane sulfonate; PFNA, Perfluorononanoic acid; LDL-C, Low density lipoprotein cholesterol; TC, Total cholesterol; TG, Triglycerides; HDL-C, High density lipoprotein cholesterol; AIP, atherogenic index of plasma.


[bookmark: OLE_LINK5]Table S8. Mediation analysis of serum folate on the relationships between poly- and perfluoroalkyl substances and serum lipid parameters and atherogenic index of plasma in male adolescents.
	PFAS
	Total effect β (95% CI), p-value
	Direct effect β (95% CI), p-value
	Mediation/ Suppression effect β (95% CI), p-value

	LDL-C

	PFOA
	0.08 (-0.006, 0.18), 0.07
	0.09 (-0.01, 0.18), 0.08
	-0.002 (-0.01, 0.01), 0.71

	PFOS 
	0.08 (0.02, 0.16), 0.01
	0.09 (0.03, 0.17), 0.01
	-0.008 (-0.03, 0.01), 0.37

	PFHxS
	0.49 ( -0.31, 0.10), 0.25
	0.49 ( -0.30, 0.10), 0.25
	-0.03 (-0.14, 0.00), 0.95

	PFNA
	0.01 ( -0.07, 0.10), 0.77
	0.01 ( -0.07, 0.10), 0.77
	-0.0007 (-0.007, 0.01), 0.86

	Total PFAS
	0.09 (0.003, 0.18), 0.04
	0.10 (0.007, 0.18), 0.04
	-0.006 (-0.02, 0.01), 0.52

	TC

	PFOA
	0.11 (0.001, 0.23), 0.048
	0.11 (0.001, 0.23), 0.048
	-0.0005 (-0.01, 0.01), 1.00

	PFOS 
	0.12 (0.04, 0.21), 0.003
	0.13 (0.04, 0.22), 0.002
	-0.007 (-0.03, 0.01), 0.53

	PFHxS
	0.50 (-0.38, 0.11), 0.32
	0.50 (-0.38, 0.11), 0.31
	0.02 (-0.19, 0.00), 0.95

	PFNA
	0.03 (-0.06, 0.14), 0.46
	0.03 (-0.07, 0.14), 0.48
	0.0002 (-0.007, 0.01), 0.93

	Total PFAS
	0.13 (0.04, 0.23), 0.004
	0.13 (0.03, 0.24), 0.004
	-0.004 (-0.03, 0.01), 0.68

	TG

	PFOA
	0.06 (-0.02, 0.14), 0.13
	0.06 (-0.02, 0.14), 0.14
	0.003 (-0.004, 0.01), 0.40

	PFOS 
	0.06 (0.02, 0.11), 0.004
	0.06 (0.01, 0.11), 0.02
	0.002 (-0.01, 0.01), 0.69

	PFHxS
	0.007 (-0.04, 0.05), 0.71
	0.007 ( -0.04, 0.05), 0.70
	0.0001 (-0.003, 0.00), 0.93

	PFNA
	0.04 (-0.03, 0.11), 0.29
	0.04 (-0.03, 0.11), 0.32
	0.002 (-0.002, 0.01), 0.43

	Total PFAS
	0.07 (0.01, 0.12), 0.01
	0.07 (0.01, 0.12), 0.03
	0.003 (-0.008, 0.01), 0.51

	HDL-C

	PFOA
	-0.002 (-0.04, 0.04), 0.90
	-0.003 (-0.04, 0.04), 0.88
	0.0004 (-0.004, 0.00), 0.78

	PFOS 
	0.008 (-0.02, 0.04), 0.55
	0.008 (-0.02, 0.04), 0.56
	0.0001 (-0.007, 0.01), 0.95

	PFHxS
	-0.12 (-0.36, 0.02), 0.88
	-0.12 (-0.36, 0.02), 0.88
	0.01 (-0.06, 0.00), 0.99

	PFNA
	0.002 (-0.03, 0.04), 0.90
	0.002 ( -0.03, 0.04), 0.91
	0.0002 (-0.003, 0.00), 0.89

	Total PFAS
	0.005 (-0.03, 0.04), 0.74
	0.005 (-0.03, 0.04), 0.76
	0.0004 (-0.006, 0.01), 0.91

	AIP

	PFOA
	0.04 (-0.0005, 0.08), 0.06
	0.04 (-0.002, 0.08), 0.07
	0.001 (-0.003, 0.01), 0.48

	PFOS 
	0.03 (0.01, 0.06), 0.01
	0.03 (0.01, 0.06), 0.01
	0.001 (-0.006, 0.01), 0.76

	PFHxS
	0.18 (-0.46, 0.04), 0.23
	0.18 (-0.47, 0.04), 0.23
	0.04 (0.06, 0.00), 0.93

	PFNA
	0.03 (-0.007, 0.06), 0.11
	0.03 (-0.007, 0.06), 0.12
	0.0008 (-0.002, 0.00), 0.49

	Total PFAS
	0.04 (0.01, 0.07), 0.02
	0.04 (0.01, 0.07), 0.02
	0.001 (-0.005, 0.01), 0.64


PFAS, Poly- and perfluoroalkyl substances; PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctane sulfonate; PFHxS, Perfluorohexane sulfonate; PFNA, Perfluorononanoic acid; LDL-C, Low density lipoprotein cholesterol; TC, Total cholesterol; TG, Triglycerides; HDL-C, High density lipoprotein cholesterol; AIP, atherogenic index of plasma.

Table S9. Mediation analysis of serum folate on the relationships between poly- and perfluoroalkyl substances and serum lipid parameters and atherogenic index of plasma in female adolescents.
	PFAS
	Total effect β (95% CI), p-value
	Direct effect β (95% CI), p-value
	Mediation/ Suppression effect β (95% CI), p-value

	LDL-C

	PFOA
	0.06 (-0.03, 0.15), 0.19
	0.06 (-0.03, 0.15), 0.20
	-0.001 (-0.02, 0.02), 0.98

	PFOS 
	0.07 (0.01, 0.13), 0.01
	0.08 (0.02, 0.15), 0.01
	-0.01 (-0.03, 0.02), 0.59

	PFHxS
	0.02 ( -0.03, 0.08), 0.39
	0.02 ( -0.03, 0.08), 0.38
	-0.0002 (-0.01, 0.01), 0.97

	PFNA
	0.03 ( -0.05, 0.11), 0.41
	0.03 ( -0.05, 0.11), 0.42
	0.0003 (-0.02, 0.02), 0.91

	Total PFAS
	0.07 (0.01, 0.15), 0.03
	0.08 (0.01, 0.16), 0.03
	-0.006 (-0.03, 0.02), 0.66

	TC

	PFOA
	0.06 (-0.04, 0.16), 0.22
	0.06 (-0.04, 0.17), 0.21
	-0.002 (-0.02, 0.02), 0.83

	PFOS 
	0.08 (0.02, 0.15), 0.01
	0.09 (0.02, 0.17), 0.02
	-0.01 (-0.04, 0.02), 0.5

	PFHxS
	0.18 (-0.63, 0.07), 0.73
	0.18 ( -0.64, 0.07), 0.73
	0.03 (-0.14, 0.01), 0.98

	PFNA
	0.07 (-0.02, 0.15), 0.11
	0.07 (-0.02, 0.16), 0.13
	-0.002 (-0.02, 0.02), 0.91

	Total PFAS
	0.08 (-0.002, 0.17), 0.06
	0.09 (-0.001, 0.19), 0.05
	-0.01 (-0.04, 0.02), 0.62

	TG

	PFOA
	0.06 (0.01, 0.12), 0.04
	0.06 (0.002, 0.12), 0.04
	0.003 (-0.01, 0.02), 0.65

	PFOS 
	0.05 (0.005, 0.09), 0.03
	0.04 (-0.001, 0.09), 0.06
	0.003 (-0.02, 0.02), 0.82

	[bookmark: _Hlk194964938]PFHxS
	0.001 (-0.04, 0.04), 0.97
	-0.002 ( -0.04, 0.04), 0.93
	0.003 (-0.004, 0.01), 0.44

	PFNA
	0.09 (0.04, 0.15), 0.002
	0.09 (0.03, 0.14), ＜0.0001
	0.002 (-0.01, 0.01), 0.73

	Total PFAS
	0.06 (0.001, 0.10), 0.048
	0.05 (-0.005, 0.11), 0.07
	0.003 (-0.02, 0.02), 0.82

	HDL-C

	PFOA
	-0.002 (-0.04, 0.04), 0.90
	-0.003 (-0.04, 0.04), 0.88
	0.0004 (-0.004, 0.00), 0.78

	PFOS 
	0.008 (-0.02, 0.04), 0.55
	0.01 (-0.02, 0.04), 0.56
	0.0001 (-0.007, 0.01), 0.95

	PFHxS
	-0.12 (-0.36, 0.02), 0.88
	-0.12 (-0.36, 0.02), 0.88
	0.01 (-0.06, 0.00), 0.99

	PFNA
	0.002 (-0.03, 0.04), 0.90
	0.002 ( -0.03, 0.04), 0.91
	0.0001 (-0.003, 0.00), 0.89

	Total PFAS
	-0.02 (-0.05, 0.02), 0.29
	-0.01 (-0.05, 0.02), 0.47
	-0.004 (-0.02, 0.01), 0.53

	AIP

	PFOA
	0.04 (0.01, 0.07), 0.002
	0.04 (0.01, 0.07), 0.006
	0.003 (-0.003, 0.01), 0.30

	PFOS 
	0.03 (0.007, 0.05), 0.006
	0.03 (0.003, 0.05), 0.03
	0.003 (-0.01, 0.01), 0.50

	PFHxS
	0.005 (-0.02, 0.03), 0.64
	0.003 (-0.02, 0.03), 0.79
	0.002 (-0.001, 0.01), 0.25

	PFNA
	0.05 (0.02, 0.07), 0.004
	0.05 (0.01, 0.07), 0.01
	0.003 (-0.004, 0.01), 0.37

	Total PFAS
	0.04 (0.01, 0.07), 0.02
	0.04 (0.01, 0.07), 0.02
	0.001 (-0.005, 0.01), 0.64


PFAS, Poly- and perfluoroalkyl substances; PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctane sulfonate; PFHxS, Perfluorohexane sulfonate; PFNA, Perfluorononanoic acid; LDL-C, Low density lipoprotein cholesterol; TC, Total cholesterol; TG, Triglycerides; HDL-C, High density lipoprotein cholesterol; AIP, atherogenic index of plasma.

Table S10. Poly- and perfluoroalkyl substances toxicity targets obtained based on ADMETlab 2.0.
	Property
	Value
	Decision

	Perfluorohexane sulfonate

	Human ether-a-go-go related gene (hERG) blockers
	0.002
	Inactive

	Human hepatotoxicity
	0.249
	Inactive

	Drug induced liver injury
	0.065
	Inactive

	Ames test toxicity
	0.106
	Inactive

	[bookmark: _Hlk179981506]Rat oral acute toxicity
	0.865
	Active

	FDA maximum daily dose
	0.391
	Weakly active

	[bookmark: _Hlk179981705]Skin sensitization
	0.911
	Active

	[bookmark: _Hlk179982073]Carcinogenicity
	0.346
	Weakly active

	[bookmark: _Hlk179981460]Eye corrosion
	0.991
	Active

	[bookmark: _Hlk179981494]Eye irritation
	0.871
	Active

	[bookmark: _Hlk179981516]Respiratory toxicity
	0.983
	Active

	Perfluorononanoic acid

	hERG blockers
	0.002
	Inactive

	Human hepatotoxicity
	0.123
	Inactive

	[bookmark: _Hlk179982107]Drug induced liver injury
	0.351
	Weakly active

	Ames test toxicity
	0.011
	Inactive

	Rat oral acute toxicity
	0.51
	Weakly active

	Food and Drug Administration (FDA) maximum daily dose
	0.061
	Inactive

	Skin sensitization
	0.897
	Active

	Carcinogenicity
	0.108
	Inactive

	Eye corrosion
	0.996
	Active

	Eye irritation
	0.907
	Active

	Respiratory toxicity
	0.911
	Active

	Perfluorooctanoic acid

	hERG blockers
	0.002
	Inactive

	Human hepatotoxicity
	0.124
	Inactive

	[bookmark: _Hlk179982135]Drug induced liver injury
	0.308
	Weakly active

	Ames test toxicity
	0.012
	Inactive

	Rat oral acute toxicity
	0.463
	Weakly active

	FDA maximum daily dose
	0.04
	Inactive

	Skin sensitization
	0.877
	Active

	Carcinogenicity
	0.151
	Inactive

	Eye corrosion
	0.997
	Active

	Eye irritation
	0.909
	Active

	Respiratory toxicity
	0.932
	Active

	Perfluorooctane sulfonate

	hERG blockers
	0.002
	Inactive

	Human hepatotoxicity
	0.24
	Inactive

	Drug induced liver injury
	0.112
	Inactive

	Ames test toxicity
	0.045
	Inactive

	Rat oral acute toxicity
	0.662
	Weakly active

	FDA maximum daily dose
	0.585
	Weakly active

	Skin sensitization
	0.929
	Active

	Carcinogenicity
	0.17
	Inactive

	Eye corrosion
	0.981
	Active

	Eye irritation
	0.873
	Active

	Respiratory toxicity
	0.981
	Active




Table S11. Top four targets in the protein-protein Interaction (PPI) network.
	Target name
	Degree
	Disease

	Albumin 
	11
	Hyperlipidemia

	Peroxisome proliferator activated receptor γ
	9
	Hyperlipidemia

	Peroxisome proliferator activated receptor δ
	6
	Hyperlipidemia

	Nuclear receptor subfamily 1 group H member 4
	6
	Hyperlipidemia

	Albumin 
	13
	Atherosclerosis

	Peroxisome proliferator activated receptor γ
	10
	Atherosclerosis

	Nuclear receptor subfamily 1 group H member 4
	7
	Atherosclerosis

	Interleukin-10
	7
	Atherosclerosis




Table S12. Molecular docking results for targets and small molecules.
	Target name
	Molecule name
	Affinity (kcal/mol)

	Peroxisome proliferator activated receptor γ
	PFOS
	-8.985

	Peroxisome proliferator activated receptor γ
	PFNA
	-8.817

	Peroxisome proliferator activated receptor γ
	PFOA
	-8.635

	Albumin 
	PFOS
	-8.54

	Albumin 
	PFNA
	-8.194

	Albumin 
	PFOA
	-8.156

	Peroxisome proliferator activated receptor δ
	PFOS
	-8.154

	Peroxisome proliferator activated receptor γ
	PFHxS
	-8.15

	Peroxisome proliferator activated receptor δ
	PFHxS
	-8.013

	Nuclear receptor subfamily 1 group H member 4
	PFOA
	-7.946

	Peroxisome proliferator activated receptor δ
	PFNA
	-7.812

	Peroxisome proliferator activated receptor δ
	PFOA
	-7.672

	Albumin 
	PFHxS
	-7.355

	Interleukin-10
	PFNA
	-7.283

	Nuclear receptor subfamily 1 group H member 4
	PFNA
	-7.104

	Nuclear receptor subfamily 1 group H member 4
	PFOS
	-7.073

	Interleukin-10
	PFOS
	-6.859

	Interleukin-10
	PFOA
	-6.579

	Interleukin-10
	PFHxS
	-6.573

	Nuclear receptor subfamily 1 group H member 4
	PFHxS
	-6.391


PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctane sulfonate; PFHxS, Perfluorohexane sulfonate; PFNA, Perfluorononanoic acid
Please define all abbreviations in the table legend (including those shown in table itself).
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