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Table S1. Associations between metal concentration and child age and BMI z-score at follow up. 
	
	In utero
	Peripubertal

	
	Child Age (years)
	Child BMI z-score
	Child Age (years)
	Child BMI z-score

	
	βa
	(95% CI)
	p-value
	βa
	(95% CI)
	p-value
	βa
	(95% CI)
	p-value
	βa
	(95% CI)
	p-value

	Ni
	0.10
	-0.01
	0.20
	0.07
	0.00
	-0.12
	0.12
	0.96
	0.01
	-0.05
	0.08
	0.67
	0.04
	-0.04
	0.13
	0.31

	Cu
	0.06
	-0.02
	0.14
	0.13
	-0.01
	-0.11
	0.09
	0.84
	0.01
	-0.04
	0.06
	0.78
	0.04
	-0.03
	0.10
	0.32

	Mo
	0.15
	0.05
	0.24
	<0.01
	-0.11
	-0.23
	0.00
	0.05
	0.02
	-0.05
	0.10
	0.52
	0.00
	-0.10
	0.10
	0.99

	Ba
	0.13
	0.04
	0.22
	0.01
	-0.15
	-0.25
	-0.04
	0.01
	0.01
	-0.04
	0.06
	0.75
	-0.05
	-0.12
	0.02
	0.20

	As
	-0.50
	-0.69
	-0.31
	<0.01
	0.23
	-0.02
	0.47
	0.07
	0.04
	0.01
	0.07
	0.02
	-0.06
	-0.10
	-0.02
	0.01

	Se
	0.05
	-0.03
	0.13
	0.20
	-0.06
	-0.15
	0.04
	0.24
	-0.02
	-0.08
	0.03
	0.41
	0.02
	-0.06
	0.10
	0.59

	Al
	0.30
	0.16
	0.43
	<0.01
	-0.12
	-0.30
	0.05
	0.16
	-0.03
	-0.08
	0.03
	0.34
	-0.06
	-0.13
	0.00
	0.07

	Mn
	-0.05
	-0.15
	0.04
	0.29
	-0.02
	-0.13
	0.10
	0.77
	0.02
	-0.03
	0.07
	0.41
	-0.03
	-0.09
	0.04
	0.42

	Co
	0.17
	0.07
	0.27
	<0.01
	-0.09
	-0.21
	0.03
	0.15
	0.01
	-0.05
	0.06
	0.77
	-0.01
	-0.09
	0.06
	0.72

	Zn
	-0.12
	-0.17
	-0.07
	<0.01
	0.05
	-0.02
	0.11
	0.17
	-0.02
	-0.06
	0.02
	0.25
	-0.01
	-0.06
	0.04
	0.70

	Cd
	-0.09
	-0.17
	-0.01
	0.03
	-0.01
	-0.10
	0.09
	0.90
	0.00
	-0.05
	0.05
	0.98
	0.01
	-0.06
	0.08
	0.76


CI = confidence interval.
a Difference in ln-transformed metal concentration associated with a 1-unit increase in child age or BMI z-score at follow up adjusted for urinary specific gravity.









Table S2. Distribution of measures of sexual maturation at two visits among ELEMENT girls. 

	Secondary sex characteristics
	Stages
	Early-teen Visit a(N)
	%
	Late-teen visit b (N)
	%

	Pubic hair
	1
	98
	74.2
	9
	8.0

	
	2
	22
	16.7
	40
	35.4

	
	3
	9
	6.8
	29
	25.7

	
	4
	2
	1.5
	21
	18.6

	
	5
	1
	0.8
	14
	12.4

	Breast Development
	1
	87
	65.9
	5
	4.4

	
	2
	20
	15.2
	12
	10.6

	
	3
	18
	13.6
	47
	41.6

	
	4
	7
	5.3
	31
	27.4

	
	5
	0
	0.0
	18
	15.9

	Menarche
	0
	102
	77.3
	23
	20.4

	
	1
	30
	22.7
	90
	79.6



a total number of girls at early-teen visit (aged 8-13 years) =132 
b total number of girls at adolescence visit (aged 14-18 years) = 114 (with 1 girl missing info on menarche and 1 girl missing info on breast and pubic hair development)












Table S3. GM and median of uncorrected metal concentration among ELEMENT girls and NHANES (1999-2010)


	 
	 
	Prenatal
	Peripubertal

	Metals
	Cohort
	GM
	50%
	GM
	50%

	
	
	
	
	
	

	As
	ELEMENT
	12.4
	12.4
	12.9
	12.9

	 
	NHANES
	7.1~8.6
	6.5~8.2
	6.5~8.6
	6.1~8.1

	Ba
	ELEMENT
	3.7
	4.3
	2.8
	2.8

	 
	NHANES
	1.3~1.5
	1.4~1.5
	1.8~2.2
	1.9~2.4

	Cd
	ELEMENT
	0.2
	0.2
	0.1
	0.1

	 
	NHANES
	0.2
	0.2
	0.1
	0.1

	Co
	ELEMENT
	1.1
	1.1
	0.7
	0.7

	 
	NHANES
	0.4
	0.4
	0.5
	0.5

	Mn
	ELEMENT
	0.8
	0.7
	1
	1

	 
	NHANESa
	0.1
	0.1
	0.1
	0.1

	Mo
	ELEMENT
	14.5
	20.9
	41.6
	44.6

	 
	NHANES
	34.9~40.5
	37.9~45.8
	52.4~64.1
	58.5~68.6




a Mn was measured in NHANES cycle 2011-2012 and 2013- 2014.
b Metal concentrations measured among female participants of NHANES was included in comparison for prenatal metal concentrations measured among participants in our study.
c Metal concentrations measured among 12-19 years old children participants of NHANES were included in comparison for peripubertal metal concentrations measured among participants in our study.







Table S4. Percent difference in peripubertal hormone levels associated with an interquartile range (IQR) increase in in utero and peripubertal metal concentration among ELEMENT girlsa.

	
	Estradiol
	Testosterone
	SHBG
	DHEA-S
	Inhibin B

	In utero
	%Δ/IQRa(95%CI)
	%Δ/IQRa (95%CI)
	%Δ/IQRa (95%CI)
	%Δ/IQRa (95%CI)
	%Δ/IQRa (95%CI)

	Ni
	0.01 (-8.46,9.26)
	4.57 (-11.09,23)
	-0.3(-7.21,7.12)
	3.81(-6.78,15.6)
	-2.01 (-13.43,10.9)

	Cu
	-5.78 (-12.48,1.44)
	-6.87 (-18.76,6.75)
	-1.18 (-6.99,5)
	-1.63 (-10.19,7.74)
	-6.33 (-15.57,3.92)

	Mo
	14.65 (-0.55,32.19)
	20.93 (-7.06,57.34)
	-3.03 (-13.76,9.04)
	2.83 (-13.79,22.65)
	10.42 (-9.75,35.1)

	Ba
	4.78 (-8.67,20.2)
	-3.94 (-25.39,23.67)
	0.48 (-10.15,12.35)
	-4.82 (-19.5,12.54)
	16.63 (-3.6,41.11)

	As
	-1.82 (-11.86,9.37)
	9.38 (-10.23,33.27)
	-0.43 (-8.79,8.69)
	-4.14 (-15.94,9.32)
	-4.61 (-17.98,10.93)

	Se
	-1.39 (-17.95,18.52)
	-0.83 (-29.25,39.01)
	4.45 (-10.02,21.23)
	-10.72 (-28.57,11.59)
	-16.55 (-35.34,7.7)

	Al
	6.74 (-6.92,22.39)
	-5.35 (-26.51,21.92)
	5.04 (-5.68,16.98)
	6.7 (-9.61,25.96)
	-5.36 (-21.83,14.58)

	Mn
	0.35 (-7.76,9.18)
	-1.55 (-15.67,14.94)
	0.02 (-6.6,7.1)
	-9.3 (-18.02,0.35)
	-4.82 (-15.39,7.07)

	Co
	3.51 (-8.85,17.54)
	2.78 (-18.65,29.84)
	-9.36 (-18.12,0.34)
	-1.02 (-15.25,15.59)
	-3.83 (-19.52,14.92)

	Zn
	4.23 (-9.03,19.42)
	-3.02 (-24.55,24.66)
	-2.29 (-12.21,8.75)
	-8.33 (-22.2,8.01)
	-17.44 (-31.45, -0.56)*

	Cd
	5.41 (-6.05,18.27)
	15.77 (-6.19,42.88)
	-0.15 (-9.09,9.67)
	7.84 (-6.26,24.06)
	-14.63 (-27.17,0.08)

	Peripubertal
	
	
	
	
	

	Ni
	6.47 (-4.63,18.86)
	40.8 (18.02,67.97)*
	7.87 (-1.44,18.05)
	-2.84 (-14.63,10.58)
	10.38 (-5.33,28.71)

	Cu
	9.12 (-7.75,29.09)
	-27.95 (-45.46, -4.82)*
	-4.96 (-17.28,9.19)
	8 (-11.31,31.51)
	0.28 (-20.77,26.93)

	Mo
	14.44 (-1.09,32.4)
	-2.29 (-23.83,25.35)
	0.64 (-10.9,13.68)
	-1.04 (-16.76,17.64)
	10.38 (-10.14,35.58)

	Ba
	0.22 (-10.53,12.26)
	8.98 (-9.94,31.88)
	-1.5 (-10.3,8.15)
	-10.67 (-21.66,1.87)
	-5.22 (-19.09,11.03)

	As
	13.42 (-1.65,30.81)
	22.63 (-3.6,55.98)
	-3.93 (-14.68,8.19)
	2.67 (-13.28,21.56)
	-5.63 (-22.84,15.41)

	Se
	12.9 (-4.35,33.25)
	9.61 (-17.27,45.21)
	-2.14 (-14.73,12.32)
	5.37 (-13.34,28.11)
	-18.27 (-35.11,2.94)

	Al
	-1.45 (-11.92,10.27)
	5.1 (-13.02,27)
	2.34 (-6.71,12.26)
	-3.04 (-14.98,10.58)
	-2.02 (-16.25,14.63)

	Mn
	0.92 (-11.93,15.64)
	-3.31 (-23.13,21.64)
	-8.15 (-17.82,2.65)
	18.39 (1.24,38.46)*
	4.43 (-13.65,26.28)

	Co
	12.63 (0.04,26.81)*
	-1.51 (-19.6,20.64)
	5.47 (-4.45,16.42)
	-8.69 (-20.61,5.03)
	5.58 (-10.74,24.88)

	Zn
	13.83(-4.18,35.22)
	25.23(-5.38,65.75)
	-3.64(-16.45,11.13)
	-0.83(-18.93,21.3)
	2.32(-19.58,30.18)

	Cd
	-2.39(-15.13,12.26)
	11.02(-12.25,40.46)
	-1.09(-11.86,11.01)
	0.96(-14.29,18.92)
	4.55(-14,27.1)


a Linear regression models were adjusted for child age, BMI z-score and specific gravity
* Significant associations detected (p value<0.05)

Table S5. Odds Ratios and 95% Confidence Intervals for the Ordinal Generalized Linear Regression of in utero and peripubertal Metal Exposure and Tanner Stagea 

	 
	 
	In utero exposure
	Peripubertal exposure

	
	Effectb
	Breast Development
	Pubic Hair Development
	Menarche
	Breast Development
	Pubic Hair Development
	Menarche

	 
	 
	OR/IQRc (95%CI)
	OR/IQRc (95%CI)
	OR/IQRc (95%CI)
	OR/IQRc (95%CI)
	OR/IQRc (95%CI)
	OR/IQRc (95%CI)

	Ni
	Cross-sectional
	1.64 (0.74, 3.63)
	1.34 (0.65, 2.77)
	0.59 (0.14, 2.44)
	1.19 (0.68, 2.06)
	2.03 (0.99, 4.18)
	1.42 (0.65, 3.1)

	
	Tempo
	0.73 (0.59, 0.89)*
	0.86 (0.64, 1.15)
	1.17 (0.72, 1.9)
	0.83 (0.67, 1.04)
	0.75 (0.59, 0.95)*
	0.83 (0.58, 1.17)

	Cu
	Cross-sectional
	0.86 (0.57, 1.28)
	0.53 (0.24, 1.2)
	0.92 (0.36, 2.31)
	0.76 (0.39, 1.48)
	2.13 (0.98, 4.64)
	0.76 (0.25, 2.28)

	
	Tempo
	1 (0.87, 1.14)
	1.14 (0.88, 1.46)
	1.02 (0.77, 1.35)
	0.99 (0.75, 1.3)
	0.76 (0.55, 1.05)
	0.94 (0.6, 1.47)

	Mo
	Cross-sectional
	1.48 (0.77, 2.83)
	2.93 (1.14, 7.55)*
	1.32 (0.23, 7.7)
	1.06 (0.5, 2.24)
	1.71 (0.72, 4.04)
	1.05 (0.38, 2.91)

	
	Tempo
	0.91 (0.74, 1.12)
	0.79 (0.59, 1.05)
	0.93 (0.55, 1.57)
	1 (0.82, 1.22)
	0.82 (0.6, 1.13)
	1.03 (0.67, 1.59)

	Ba
	Cross-sectional
	0.96 (0.6, 1.54)
	1.33 (0.69, 2.57)
	0.66 (0.25, 1.76)
	1.02 (0.68, 1.52)
	1.69 (1.04, 2.75)*
	1.3 (0.71, 2.38)

	
	Tempo
	0.9 (0.74, 1.09)
	0.89 (0.71, 1.11)
	1.19 (0.86, 1.65)
	0.91 (0.76, 1.1)
	0.82 (0.67, 1)*
	0.95 (0.72, 1.24)

	As
	Cross-sectional
	0.54 (0.24, 1.23)
	1.01 (0.42, 2.42)
	0.59 (0.19, 1.88)
	1.43 (0.71, 2.9)
	1.98 (0.99, 3.93)
	1.05 (0.33, 3.37)

	
	Tempo
	1.15 (0.87, 1.52)
	0.94 (0.68, 1.32)
	1.13 (0.78, 1.65)
	0.99 (0.8, 1.23)
	0.98 (0.74, 1.31)
	1.14 (0.7, 1.84)

	Se
	Cross-sectional
	0.73 (0.19, 2.84)
	1.01 (0.17, 6.08)
	1.28 (0.19, 8.55)
	1.12 (0.42, 3.03)
	2.23 (0.7, 7.15)
	2.49 (0.84, 7.39)

	
	Tempo
	0.67 (0.43, 1.03)
	0.77 (0.45, 1.32)
	0.71 (0.35, 1.44)
	0.89 (0.71, 1.12)
	0.81 (0.55, 1.21)
	0.91 (0.54, 1.52)

	Al
	Cross-sectional
	1.01 (0.58, 1.76)
	1.27 (0.63, 2.56)
	1.05 (0.46, 2.4)
	0.93 (0.58, 1.49)
	1.93 (1.11, 3.36)*
	1.06 (0.49, 2.29)

	
	Tempo
	0.82 (0.68, 0.99)*
	0.85 (0.68, 1.08)
	0.97 (0.72, 1.3)
	0.94 (0.76, 1.16)
	0.81 (0.64, 1.02)
	1 (0.69, 1.47)

	Mn
	Cross-sectional
	1.15 (0.69, 1.92)
	1.32 (0.54, 3.2)
	0.29 (0.08, 0.98)
	0.72 (0.41, 1.28)
	1.45 (0.69, 3.07)
	1.1 (0.51, 2.34)

	
	Tempo
	0.83 (0.67, 1.02)
	0.88 (0.68, 1.14)
	1.36 (0.88, 2.11)
	1.04 (0.82, 1.32)
	0.87 (0.63, 1.19)
	1.17 (0.78, 1.75)

	Co
	Cross-sectional
	0.87 (0.42, 1.8)
	1.47 (0.59, 3.69)
	0.7 (0.18, 2.68)
	1.49 (0.71, 3.12)
	2.17 (0.97, 4.88)
	3.79 (1.14, 12.58)*

	
	Tempo
	0.99 (0.74, 1.31)
	0.98 (0.71, 1.35)
	1.11 (0.68, 1.8)
	0.95 (0.75, 1.21)
	0.84 (0.62, 1.15)
	0.79 (0.46, 1.35)

	Zn
	Cross-sectional
	0.76 (0.34, 1.74)
	1.47 (0.57, 3.74)
	1.35 (0.45, 4.05)
	1.28 (0.5, 3.28)
	1.5 (0.38, 5.93)
	1.08 (0.23, 5.04)

	
	Tempo
	0.82 (0.61, 1.09)
	0.83 (0.62, 1.12)
	0.99 (0.65, 1.49)
	0.87 (0.67, 1.13)
	0.95 (0.61, 1.49)
	1.03 (0.58, 1.84)

	Cd
	Cross-sectional
	1.02 (0.58, 1.77)
	1.06 (0.69, 1.63)
	1.29 (0.68, 2.44)
	1.35 (0.7, 2.6)
	1.96 (0.89, 4.35)
	1.79 (0.72, 4.42)

	 
	Tempo
	0.83 (0.71, 0.97)*
	0.99 (0.85, 1.16)
	0.8 (0.56, 1.14)
	0.9 (0.72, 1.14)
	0.85 (0.64, 1.13)
	0.69 (0.48, 1)*



a GEE models were adjusted for child age and BMI z-score (baseline and change)
b The effects are cross-sectional effect of metal on Tanner stage/menarche and the effect of metal on the progression of Tanner stage/menarche 
c Odds ratio associated with an IQR increase in metal concentration. 
* Significant associations detected (p value<0.05)
Table S6. Percent difference in peripubertal hormone levels associated with an interquartile range (IQR) increase in in utero and peripubertal metal concentration, restricted to ELEMENT girls who had not undergone menarchea.

	
	Estradiol 
	Testosterone
	 SHBG 
	DHEA-S
	 Inhibin B

	In utero
	%Δ/IQRa(95%CI)
	%Δ/IQRa (95%CI)
	%Δ/IQRa (95%CI)
	%Δ/IQRa (95%CI)
	%Δ/IQRa (95%CI)

	Ni
	-0.39 (-7.22,6.94)
	5.8 (-9.95,24.3)
	0.19 (-6.77,7.67)
	4.47 (-5.85,15.93)
	-2.85 (-11.79,6.98)

	Cu
	-16.54 (-32.07,2.54)
	-19.08 (-49.62,30)
	-5.34 (-23.41,17)
	-3.92 (-29.36,30.7)
	-16.91 (-37.33,10.18)

	Mo
	24.93 (1.36,53.98)*
	38.22 (-14.68,123.9)
	-4.45 (-23.08,18.69)
	2.8 (-24.97,40.85)
	17.24 (-12.23,56.61)

	Ba
	10.79 (-3.27,26.9)
	8.04 (-20.93,47.62)
	0.53 (-12.55,15.55)
	-6.5 (-23.57,14.39)
	4.86 (-13,26.39)

	As
	-2.7 (-11.35,6.8)
	12.91 (-8.53,39.37)
	0.88 (-8.21,10.88)
	-2.55 (-15.03,11.76)
	-8.38 (-19.19,3.88)

	Se
	-7.95 (-20.4,6.44)
	2.88 (-26.24,43.48)
	3.57 (-10.69,20.1)
	-8.55 (-26.19,13.3)
	-10.64 (-26.66,8.89)

	Al
	1.53 (-10.65,15.36)
	-4.25 (-28.6,28.41)
	4.97 (-7.55,19.2)
	7.08 (-11.04,28.89)
	-4.73 (-19.39,12.6)

	Mn
	-2.66 (-9.61,4.81)
	-0.71 (-16.13,17.55)
	0.05 (-7.2,7.86)
	-5.6 (-15.3,5.21)
	-4.31 (-13.46,5.81)

	Co
	-0.56 (-10.62,10.62)
	1.42 (-20.41,29.24)
	-9.56 (-18.65,0.55)
	-0.47 (-14.9,16.42)
	-3.99 (-16.93,10.96)

	Zn
	-4.29 (-15.23,8.06)
	-6.06 (-28.96,24.2)
	-4.7 (-15.56,7.56)
	-7.27 (-22.26,10.62)
	-9.84 (-23.01,5.57)

	Cd
	-5.65 (-14.12,3.64)
	7.38 (-13.39,33.15)
	-1.55 (-10.56,8.37)
	2.87 (-10.5,18.24)
	-3.1 (-14.81,10.22)

	Peripubertal
	
	
	
	
	

	Ni
	0.56 (-8.96,11.08)
	47.76 (21.18,80.17)*
	8.96 (-1.35,20.35)
	1.37 (-12.09,16.9)
	4.62 (-8.04,19.03)

	Cu
	-4.2 (-17.57,11.34)
	-16.24 (-39.22,15.41)
	-1.12 (-15.12,15.18)
	5.38 (-15.04,30.72)
	4.83 (-13.78,27.47)

	Mo
	10.13 (-2.82,24.81)
	3.23 (-21.28,35.38)
	9.23 (-3.81,24.03)
	1.33 (-15.47,21.47)
	3.96 (-11.79,22.53)

	Ba
	-3.43 (-12.92,7.1)
	10.54 (-11.4,37.92)
	-4.12 (-13.66,6.47)
	-12.33 (-24.25,1.47)
	-0.43 (-12.99,13.93)

	As
	1.93 (-11.76,17.75)
	33.88 (-1.18,81.37)
	-2.57 (-15.82,12.77)
	13.13 (-7.86,38.9)
	-1.4 (-18.26,18.94)

	Se
	7.52 (-9.15,27.26)
	10.95 (-22.73,59.31)
	-2.6 (-17.94,15.62)
	15.87 (-8.89,47.37)
	-11.1 (-28.56,10.62)

	Al
	1.03 (-9.57,12.88)
	10.18 (-13.05,39.62)
	0.22 (-10.44,12.15)
	0.08 (-14.62,17.31)
	-1.95 (-15.11,13.25)

	Mn
	-5.21 (-16.08,7.07)
	9.09 (-16,41.66)
	-5.68 (-16.63,6.71)
	20.55 (1.59,43.04)*
	0.51 (-14.26,17.82)

	Co
	5.02 (-8.82,20.95)
	-9.25 (-32.95,22.84)
	10.77 (-3.91,27.68)
	-15.59 (-30.89,3.1)
	4.26 (-13.25,25.31)

	Zn
	5.95 (-10.12,24.89)
	34.88 (-3.72,88.96)
	-2.87 (-18.02,15.09)
	0.12 (-20.9,26.73)
	3.79 (-16.29,28.69)

	Cd
	-2.22 (-13.16,10.09)
	14.08 (-11.41,46.9)
	3.53 (-8.19,16.74)
	0.03 (-15.61,18.56)
	-1.2 (-15.32,15.27)


a Linear regression models were adjusted for child age, BMI z-score and specific gravity
* Significant associations detected (p value<0.05)



























Table S7. Odds Ratios and 95% Confidence Intervals for the Ordinal Generalized Linear Regression of in utero and peripubertal Metal Exposure and Tanner Stage, adjusted only for child agea

	 
	 
	In utero exposure
	Peripubertal exposure

	
	Effectb
	Breast Development
	Pubic Hair Development
	Menarche
	Breast Development
	Pubic Hair Development
	Menarche

	 
	 
	OR/IQRc (95%CI)
	OR/IQRc (95%CI)
	OR/IQRc (95%CI)
	OR/IQRc (95%CI)
	OR/IQRc (95%CI)
	OR/IQRc (95%CI)

	Ni
	Cross-sectional
	1.45 (0.85, 2.45)
	1.3 (0.73, 2.34)
	0.64 (0.18, 2.32)
	1.16 (0.71, 1.9)
	1.81 (0.92, 3.58)
	1.54 (0.78, 3.03)

	
	Tempo
	0.77 (0.65, 0.91)*
	0.88 (0.67, 1.15)
	1.13 (0.72, 1.77)
	0.86 (0.7, 1.06)
	0.78 (0.62, 0.99)*
	0.81 (0.56, 1.17)

	Cu
	Cross-sectional
	0.98 (0.64, 1.5)
	0.63 (0.29, 1.36)
	1.07 (0.46, 2.5)
	0.79 (0.38, 1.65)
	2.05 (0.93, 4.55)
	0.86 (0.34, 2.18)

	
	Tempo
	0.99 (0.86, 1.13)
	1.1 (0.87, 1.4)
	1 (0.76, 1.3)
	0.98 (0.74, 1.31)
	0.76 (0.55, 1.04)
	0.96 (0.66, 1.41)

	Mo
	Cross-sectional
	1.28 (0.65, 2.53)
	2.44 (0.93, 6.38)
	1.21 (0.22, 6.63)
	0.78 (0.41, 1.5)
	1.13 (0.52, 2.45)
	0.8 (0.31, 2.1)

	
	Tempo
	0.92 (0.75, 1.14)
	0.81 (0.61, 1.09)
	0.92 (0.54, 1.55)
	1.08 (0.87, 1.32)
	0.9 (0.67, 1.22)
	1.09 (0.72, 1.64)

	Ba
	Cross-sectional
	0.86 (0.5, 1.47)
	1.23 (0.68, 2.23)
	0.57 (0.23, 1.41)
	1.12 (0.76, 1.66)
	1.76 (1.08, 2.86)*
	1.37 (0.85, 2.18)

	
	Tempo
	0.91 (0.75, 1.1)
	0.88 (0.71, 1.09)
	1.19 (0.87, 1.63)
	0.91 (0.76, 1.09)
	0.83 (0.68, 1.02)
	0.96 (0.74, 1.23)

	As
	Cross-sectional
	0.7 (0.32, 1.54)
	1.23 (0.54, 2.81)
	0.77 (0.26, 2.27)
	1.67 (0.87, 3.21)
	2.32 (1.18, 4.56)*
	1.31 (0.56, 3.06)

	
	Tempo
	1.08 (0.83, 1.41)
	0.9 (0.66, 1.24)
	1.05 (0.72, 1.53)
	0.99 (0.8, 1.23)
	0.97 (0.73, 1.29)
	1.11 (0.72, 1.71)

	Se
	Cross-sectional
	1.02 (0.26, 3.98)
	1.47 (0.25, 8.73)
	1.78 (0.35, 8.98)
	1.09 (0.49, 2.47)
	2.05 (0.68, 6.19)
	2.35 (0.84, 6.55)

	
	Tempo
	0.66 (0.42, 1.02)
	0.7 (0.41, 1.2)
	0.66 (0.35, 1.25)
	0.95 (0.74, 1.2)
	0.86 (0.58, 1.29)
	0.9 (0.52, 1.57)

	Al
	Cross-sectional
	0.94 (0.54, 1.63)
	1.18 (0.62, 2.23)
	0.93 (0.41, 2.08)
	1.06 (0.68, 1.65)
	2.03 (1.17, 3.5)*
	1.17 (0.63, 2.18)

	
	Tempo
	0.88 (0.73, 1.07)
	0.89 (0.71, 1.11)
	1.06 (0.78, 1.43)
	0.95 (0.77, 1.17)
	0.82 (0.65, 1.04)
	1.07 (0.78, 1.48)

	Mn
	Cross-sectional
	1.12 (0.67, 1.88)
	1.33 (0.61, 2.9)
	0.27 (0.08, 0.93)*
	0.94 (0.53, 1.65)
	1.79 (0.85, 3.78)
	1.38 (0.67, 2.84)

	
	Tempo
	0.85 (0.69, 1.06)
	0.88 (0.68, 1.13)
	1.44 (0.92, 2.25)
	0.99 (0.78, 1.25)
	0.84 (0.62, 1.14)
	1.04 (0.72, 1.52)

	Co
	Cross-sectional
	0.78 (0.38, 1.61)
	1.26 (0.47, 3.39)
	0.62 (0.17, 2.32)
	1.55 (0.85, 2.8)
	2.02 (1.06, 3.86)*
	3.94 (1.47, 10.57)*

	
	Tempo
	1.01 (0.76, 1.33)
	1 (0.72, 1.41)
	1.12 (0.7, 1.78)
	0.99 (0.78, 1.25)
	0.89 (0.65, 1.21)
	0.85 (0.52, 1.41)

	Zn
	Cross-sectional
	0.74 (0.34, 1.65)
	1.35 (0.54, 3.37)
	1.06 (0.37, 3.01)
	1.34 (0.61, 2.97)
	1.39 (0.41, 4.76)
	1.18 (0.31, 4.49)

	
	Tempo
	0.84 (0.64, 1.11)
	0.83 (0.62, 1.1)
	1.06 (0.7, 1.59)
	0.95 (0.74, 1.21)
	1.06 (0.7, 1.63)
	1.11 (0.6, 2.04)

	Cd
	Cross-sectional
	0.9 (0.5, 1.62)
	1 (0.62, 1.62)
	1.12 (0.59, 2.13)
	1.18 (0.64, 2.17)
	1.58 (0.74, 3.4)
	1.36 (0.63, 2.96)

	 
	Tempo
	0.84 (0.72, 0.98)*
	0.98 (0.84, 1.14)
	0.8 (0.6, 1.07)
	0.95 (0.75, 1.2)
	0.9 (0.68, 1.19)
	0.8 (0.57, 1.11)



a GEE models were adjusted for only child age
b The effects are cross-sectional effect of metal on Tanner stage/menarche and the effect of metal on the progression of Tanner stage/menarche 
b Odds ratio associated with an IQR increase in metal concentration. 
* Significant associations detected (p value<0.05)



































Table S8. Posterior inclusion probabilities (PIPs) for group inclusion and conditional inclusion into hormone models, using Bayesian kernel machine regression (BKMR) model (N=132)a

	In utero exposure

	
	
	Estradiol
	Testosterone
	SHBG
	DHEA_S
	Inhibin B

	Metals
	Group
	groupPIP
	condPIP
	groupPIP
	condPIP
	groupPIP
	condPIP
	groupPIP
	condPIP
	groupPIP
	condPIP

	Ni
	1
	0.49
	0.16
	0.41
	0.14
	0.39
	0.21
	0.43
	0.13
	0.79
	0.00

	Cu
	1
	0.49
	0.22
	0.41
	0.17
	0.39
	0.10
	0.43
	0.09
	0.79
	0.02

	Mo
	2
	0.50
	0.43
	0.56
	0.29
	0.48
	0.19
	0.74
	0.10
	0.39
	0.44

	Ba
	1
	0.49
	0.13
	0.41
	0.17
	0.39
	0.16
	0.43
	0.14
	0.79
	0.14

	As
	3
	0.49
	0.48
	0.45
	0.46
	0.44
	0.33
	0.49
	0.37
	0.66
	0.35

	Se
	1
	0.49
	0.17
	0.41
	0.20
	0.39
	0.21
	0.43
	0.21
	0.79
	0.25

	Al
	1
	0.49
	0.19
	0.41
	0.14
	0.39
	0.13
	0.43
	0.26
	0.79
	0.00

	Mn
	2
	0.50
	0.31
	0.56
	0.38
	0.48
	0.34
	0.74
	0.64
	0.39
	0.25

	Co
	2
	0.50
	0.26
	0.56
	0.33
	0.48
	0.47
	0.74
	0.27
	0.39
	0.30

	Zn
	1
	0.49
	0.13
	0.41
	0.18
	0.39
	0.17
	0.43
	0.18
	0.79
	0.60

	Cd
	3
	0.49
	0.52
	0.45
	0.54
	0.44
	0.67
	0.49
	0.63
	0.66
	0.65

	Peripubertal exposure

	
	
	Estradiol
	Testosterone
	SHBG
	DHEA_S
	Inhibin B

	Metals
	Group
	groupPIP
	condPIP
	groupPIP
	condPIP
	groupPIP
	condPIP
	groupPIP
	condPIP
	groupPIP
	condPIP

	Ni
	1
	0.49
	0.20
	0.84
	0.75
	0.58
	0.34
	0.48
	0.13
	0.56
	0.15

	Cu
	1
	0.49
	0.25
	0.84
	0.17
	0.58
	0.18
	0.48
	0.20
	0.56
	0.12

	Mo
	2
	0.51
	0.26
	0.48
	0.24
	0.54
	0.27
	0.60
	0.12
	0.48
	0.31

	Ba
	1
	0.49
	0.10
	0.84
	0.02
	0.58
	0.12
	0.48
	0.38
	0.56
	0.13

	As
	3
	0.45
	0.38
	0.48
	0.34
	0.43
	0.53
	0.36
	0.49
	0.47
	0.66

	Se
	1
	0.49
	0.14
	0.84
	0.02
	0.58
	0.15
	0.48
	0.11
	0.56
	0.45

	Al
	1
	0.49
	0.12
	0.84
	0.03
	0.58
	0.12
	0.48
	0.11
	0.56
	0.07

	Mn
	2
	0.51
	0.14
	0.48
	0.22
	0.54
	0.44
	0.60
	0.73
	0.48
	0.40

	Co
	2
	0.51
	0.60
	0.48
	0.53
	0.54
	0.29
	0.60
	0.15
	0.48
	0.29

	Zn
	1
	0.49
	0.19
	0.84
	0.01
	0.58
	0.09
	0.48
	0.07
	0.56
	0.08

	Cd
	3
	0.45
	0.62
	0.48
	0.66
	0.43
	0.47
	0.36
	0.51
	0.47
	0.34



a Models were adjusted for specific gravity, age and BMI z-score at early teen visit
Figure S1. Predictor-response function of each metal in exposure matrix for the second predictor in the exposure matrix fixed at various quantilesab
[image: ]
a Outcome was menarche
[bookmark: _GoBack]b Exposure matrix was peripubertal metals
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