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Table S1. Distribution of LOD-LOQ values of urinary environmental contaminants and normal values for
hormonal levels measured in adolescent males from the INMA-Granada cohort (n=130)

Environmental BPA MPB BP3 As Cd IMPy MDA DCCA ETU
chemicals
LOD (ng/mL) 0.1 0.1 0.1 0.60 0.01 0.117 0.052 0.055 0.072
LOQ (ng/mL) 0.3 0.3 0.3 1.81 0.04 0.391 0.172 0.184 0.241
Reproductive hormone levels reference values
Hormones T DHEAS E2 SHBG LH FSH
(nmol/L) (nmol/L) (pmol/L) (nmol/L) (mU/L) (mU/L)

Reference value ) 4 ,q g 2.3-10 <10-82 10.46-75.25 1.7-8.6 1.54-12.4
(lower-upper limits)

BPA= bisphenol A; MPB= methylparaben; BP3= benzophenone 3; As= arsenic; Cd= cadmium; IMPy= 2-isopropyl-4-methyl-6-
hydroxypyrimidine; MDA= malathion dicarboxylic acid; DCCA= 2,2-dichlorovinyl-2,2-dimethylcyclopropane-1-carboxiclic acid;
ETU= ethylene thiourea. T = testosterone; DHEAS= dehydroepiandrosterone sulphate; E2= estradiol; SHBG= sex hormone
binding-globulin; LH= luteinizing hormone; FSH= follicle stimulating hormone. LOD: Limit of detection; LOQ: Limit of
quantification; Q-SRM: Selected reaction monitoring; tR: Retention time; RSD= Relative standard deviation; SD= standard
deviation.

Reference levels of male reproductive hormones were taken from Howard, 2021; Karbasy et al., 2016; and Yamamoto et al., 1995.




Table S2. Primer and probe information for real-time PCR and pyrosequencing

Gene Symbol ICC:)L];?il;nr?some Accessiond# Amplicon length ABI assay ID / part#
CDH1 16g22.1 NM_004360.2 117 Hs00170423_m1l
CDH11 16922.1 NM_001797.2 96 Hs00156438_m1
KI1SS1 1932 NM_002256.2 71 Hs00158486_m1

ID2 2p25 NM_002166.4 112 Hs00747379_m1
PLAC1 Xq26 NM_021796.3 81 Hs00222307_m1
ACTB 7pl5- p12 NM_001101.2 171 4352935E

TBP 6927 M55654.1 127 4333769F

HPRT1 X(q26.1 NM_000194.1 100 4333768F

Primer information for pyrosequencing

s(i/enr”:gol I%E;?i?:some Region tpyggnae " Primer sequence (5°23)
F TTTTTTGTTTGTTGGGGATTG

APC 5021-q22 promoter R 5’ Biotin- ATCC(A/G)ACAACACCTCCATTCTAT
S TTTGTTGGGGATTGG
F GGTGTGGAGGATGGAAAGAGT

KISS1 1932 promoter R 5’ Biotin- TCCCTAATCACATCCCTTTTATAAAA
S GGAGAGGTTGTTTTTAGTTA

CASP8 2033-934 exon 1 F GGTTATGGAGGGAGGTAGAAGAGTT
R 5’ Biotin- AACAACACCCAAAAATATCCTCAA
S ATTTTTTTTTTTGTTGAGTA

PTPN6  12p13 promoter F TTTTTTATTTGGTTTGGGTTATTGTGTA
R 5° Biotin- TTCACACAC(A/G)TC(A/G)AAATAAACATCA
S TTTTTTTTTTTTATAGAGAGATG

& F, forward primer; R, reverse primer; S, sequencing primer



Table S3. Spearman’s correlation analyses of environmental chemical contaminants

BPA MPB BP3 As Cd IMPy MDA DCCA ETU
Rho  1.00 0.30 044 004 019 -0.10 0.07 0.11 -0.04

BPA
p 000 000 063 003 023 045 020 067
Rho  0.30 050 015 022 -003 005 010 0.6
MPB 1.00
p  0.00 000 009 001 073 055 027 046
5P Rho 044 050 100 025 008 003 008 017  0.11
p 000 0.0 000 033 071 037 005 021
As Rho 004 015 025 100 021 008 0.9 018  0.06
p 063 009 0.00 002 038 031 004 051
o Rho 019 022 008 021 100 008 004 020 0.7
p 003 001 033 002 036  0.66 002 043
IMPy Rho -0.10 -003 003 008 008 100 0.9 006  0.09
p 023 073 071 038 036 0.30 046 031
vpa KMo 007 005 008 009 004 009 100 002  0.02
p 045 055 037 031 066 0.30 078 085
scca Rho 011 010 017 018 020 006 002 100 0.8
p 020 027 005 004 002 046 078 0.38
Rho -0.04 006 011 006 007 009 0.2 0.08
ETU 1.00

p 0.67 046 021 051 043 0.31 0.85 0.38
BPA= bisphenol A; MPB= methylparaben; BP3= benzophenone 3; As= arsenic; Cd= cadmium; IMPy= 2-
isopropyl-4-methyl-6-hydroxypyrimidine; MDA= malathion dicarboxylic acid; DCCA= 2,2-dichlorovinyl-2,2-
dimethylcyclopropane-1-carboxiclic acid; ETU= ethylene thiourea.




Table S4. Associations between the joint effect of environmental chemical mixtures with Kisspeptin and hormones biomarkers (n=133)

Kiss54 CpG1 CpG2 CpG3 CpG4 CpGt
% LL UL % LL UL % LL UL % LL UL % LL UL % LL UL
Phenols 2.36 -1.38 625 -08 -259 08 -224 559 122 -057 -228 117 -2.26 -552 112 -132 -3.03 043
Metals 1.99 -206 621 -003 -196 194 -031 -413 3.66 0.29 -1.62 224 0.24 -352 414 011 -185 211
Pesticides 9.09** 329 1521 -207 -454 047 -526* -99% -032 -116 -367 142 -6.03* -1063 -1.19 -3.34* -581 -0.81
Whole Mixture 11.61** 396 19.82 -3.10f -6.35 0.27 -7.19* -1326 -0.71 -153 -483 190 -7.87* -1381 -152 -4.48* -768 -1.16
Hormones
T DHEAS E2 SHBG LH FSH
% LL uL % LL uL % LL uL % LL UL % LL UL % LL UL
Phenols 11.08 -3.19 2746 9.72 -243 2338 393 -17.81 3143 1567 4.89 2756 6.62 -8.27 2393 742 -21.03 46.13
Metals 11.97 -4.04 30.66 3.60 -9.20 1820 -0.66 -23.64 2924 216 -8.75 14.38 7.60 -894 2715 -1934 -42.78 13.70
Pesticides 6.99 -13.28 32.01 -193 -1800 17.28 1488 -19.22 63.37 -1010 -22.74 461 -23.34* -38.63 -4.24 -20.38 -49.69 26.02
Whole Mixture  24.10 -5.98 6380 1431 -964 4460 1285 -2955 80.78 3.86 -14.67 2641 -1275 -3519 1745 -23.97 -58.65 39.78

DHEAS= dehydroepiandrosterone sulfate; E2= estradiol; SHBG= sex hormone binding-globulin; FSH= follicle stimulation hormone.
adolescents’ age (continuous), waist to height ratio (continuous), Tanner Stage (<G4/>G4), urine creatinine concentrations (continuous), annual family income

Model was adjusted for

(<25000/2500-35000/>35000), season of sample collection (spring/summer/autumn/winter). LL: lower limit, and UL: upper limit of the confidence interval (CI).

**p<0.01; *p<0.05; 1p<0.10.



Table S5. Association between Kisspeptin effect biomarkers and hormone concentrations (n=133)

T DHEAS E2 SHBG LH FSH
95%_ClI 95%_ClI 95%CI 95%ClI 95%CI 95%ClI
%Chanae LL UL % Change LL UL % Change LL UL % Change LL UL % Change LL UL % Change LL UL
kiss54 38.08 -28.87  168.04 8.62 -37.51  88.81 -5.13 -68.03  181.58 43.17 -10.00 127.75 131.01* 14.79 364.92 -83.51*  -95.94 -33.02
CpG1 429.72* 27.31 2104.1 -44.93 -83.49  83.72 -40.82 -9451  537.45 -51.48 -82.44  34.09 185.37 -39.55  1247.08 -68.41 -98.63 627.06
CpG2 -13.86 -58.26 77.76 -28.26 -60.60  30.65 -58.94 -87.31 3285  -44.01* -66.04 -7.70 35.66 -37.60 19491 -37.29 -86.86 199.33
CpG3 -42.86 -86.59  143.36 -23.43 -77.07 155.67  -68.82 -97.07 231.74 44.09 -48.05 299.65 -12.83 -81.67  314.52 49.18 -9351  3329.02
CpG4 -10.95 -57.74 87.66 -19.08 -56.40  50.18 -58.84 -87.71 3782  -38.401  -63.30 3.38 25.23 -43.71  178.60 -3.10 -80.63 384.66
CpGt 1.18 -75.90 324.84 -49.37 -8453 6576  -87.14f -98.73 3044  -62.77f -86.23 0.65 96.05 -57.80  810.72 -63.17 -98.33 711.52

DHEAS= dehydroepiandrosterone sulfate; E2= estradiol; SHBG= sex hormone binding-globulin; FSH= follicle stimulation hormone. Model was adjusted for adolescents’ age
(continuous), waist to height ratio (continuous), Tanner Stage (<G4/>G4), urine creatinine concentrations (continuous), annual family income (<25000/2500-35000/>35000),
season of sample collection (spring/summer/autumn/winter). LL: lower limit, and UL: upper limit of the confidence interval (Cl). *p<0.05; +p<0.10
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Figure S1. Flow-chart showing the time-line of follow-ups conducted in the INMA-Granada cohort and the final sample of 15-17-year-old adolescents in the
present study.
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Figure S2. Correlation analyses among kisspeptin effect biomarkers (n=133). Spearman’s Rho is showed. *p<0.05



Table S6. Associations between individual environmental chemicals and kisspeptin biomarkers without adjusting for Tanner stage (n=133)

Kiss54 CpG1 CpG2 CpG3 CpG4 CpGt

Yochange LI?S%ClIJL Yochange LLQS%CLIJL Yochange Lﬁs%ctjl_ Yochange L?_S%CLIJL Yochange LﬁS%CLIJL Yochange LiS%Cle
BPA 024 -117 167 -054t -118 0.10 053 -182 079 -027 -091 038 -101 -225 024 -058t -1.23 0.07
MPB 078  -022 1.79 002  -044 048 050 -142 043 009 -037 055 -017 -107 073 -0.10 -057 0.37
BP3 056 -056 1.69  -027 -0.78 025 -1.04* 206 -002 -027 -079 024 -080 -1.79 020 -052f -1.03 0.00
As 1.74+ -008 360 -030 -1.14 055 046 -215 1.26  -047 -1.31 037 006 -157 173 -024 -1.09 0.62
Cd -393* 737 -036 -029 -1.98 143 023 -363 328 034 -1.36 206 -065 -390 272 -011 -1.83 1.64
IMPy 067 -116 254 -117* -198 -035 -1.08 -276 062 -032 -1.16 053 -1.33 294 029 -092* -175 -0.08
MDA  298* 041 561 073 -045 193 266 027 511 -1.10f -225 007 069 -161 304 050 -0.70 1.72
DCCA 193* 045 343  -048 -116 021  -1.83* -316 -049 045 -024 114 -1.35* -265 -0.04 -0.69* -1.38 -0.01
ETU 086  -0.71 245 038 -034 111 059 -203 088 049 -023 121 -007 -147 135 012 -0.62 085

kiss54: kisspeptin 54;

limit, and UL: upper limit of the confidence interval (Cl). All models were adjusted for age (continuous), waist-to-height ratio (continuous), urine creatinine concentrations

CpGt: Total DNA methylation [(CpG1 + CpG2 +CpG3 + CpG4)/4]; BPA: Bisphenol A; MPB: methylparaben; BP3: benzophenone 3; As: arsenic
(total), Cd: cadmium; IMPy: 2-isopropyl-6-methyl-4-pyrimidinol; MDA: malathion diacid; DCCA: dimethylcyclopropane carboxylic acid; ETU: ethylene thiourea. LL: lower

(continuous), annual family income (<25,000/25,000-35,000/>35,000), season of biological sample collection (spring/summer/autumn/winter). *p<0.05; +p<0.10



10

Table S7. Associations between the joint effect of environmental chemical mixtures with kisspeptin and hormones biomarkers without adjusting for
Tanner stage (n=133)

Kisspeptin effect biomarkers

Kiss54 CpG1 CpG2 CpG3 CpG4 CpGt
% LL UL B LL UL B LL UL B LL UL B LL UL B LL UL
Phenols 131 -1.72 4.43 -1.10 -2.74 0.57 -1.87 -5.14 151 -0.36 -1.97 1.27 -1.98 -5.09 1.24 -1.18 -2.84 0.52
Metals 1.74 -1.52 5.09 -0.38 -2.18 1.46 0.13 -3.49 3.88 0.49 -1.26 2.27 0.50 -2.97 4.09 0.24 -1.60 2.12
Pesticides 10.41*  5.83 1520 -1.44 -3.84 1.02 -3.24 -7.90 1.66 -0.73 -3.09 1.69 -4.30% -8.75 037 -224%  -4.67 0.26
\I\//IVik:((;IL?re 11.60*  5.62 1793 -2.82+ -5.89 0.36 -453 -1051 1.84 -0.81 -3.88 2.35 -591+  -11.56 010 -3.20f -6.30 0.01

Hormones

T DHEAS E2 SHBG LH FSH
B LL UL B LL UL B LL UL B LL UL B LL UL B LL UL
Phenols 6.33 -7.48 2221 7.64 -3.98  20.66 116  -1950 2712 15.38* 4.84 26.97 7.74 -7.36  25.30 4.53 -22.74 4141
Metals 247  -11.94 19.22 0.02 -11.69 1328 -2.04 -2356 2555 1.57 -8.74  13.05 6.58 -945 2544 -1468 -3857 1851
Pesticides 207 -17.18 2579 -407 -19.18 13.87 1871 -1528 66.35 -8.44 -2091 599 -22.94* -38.19 -392 -1211 -43.79 3743
\I\//Ivir;&:fre 744  -1830 41.28 6.88 -1444 3352 1169 -28.32 74.05 452  -1330 26.02 -12.69  -3467 16.68 -1478 -52.39 52.55

DHEAS= dehydroepiandrosterone sulfate; E2= estradiol; SHBG= sex hormone binding-globulin; FSH= follicle stimulation hormone. LL: lower limit, and UL: upper

limit of the confidence interval (Cl). Model was adjusted for adolescents’ age (continuous), waist to height ratio (continuous), urine creatinine concentrations
(continuous), annual family income (<25000/2500-35000/>35000), season of sample collection (spring/summer/autumn/winter). **p<0.01; *p<0.05; Tp<0.10



Table S8. Associations between Kisspeptin biomarkers and serum hormone levels without adjusting for Tanner stage (n=133)
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T DHEAS E2 SHBG LH FSH
95%Cl 95%Cl Yochange 95%Cl Yochange 95%Cl Yochange 95%Cl Yochange 95%Cl
Yochange Yochange - E— - E—
LL UL LL UL LL uL LL UL LL uL LL uL
cisq T2 366 2185 1875 578 2098 1235 102 3007 4010 814 694 2568 2366 131 5495 -27.08 5391 1536
T3 2238t -095 5121 -441  -19.99 1421 2281 -1356 7450 948  -595 2745 3017* 363 6351 -3825% -6117 -1.82
T2 787  -1242 3287 -453  -1957 1331 -448 -32.02 3422 -1038 -2253 3.67 4072* 1331 7476 -4461* 6420 -14.32
PCL 13 788 1245 3204 754 2213 079 1519 3060 1925 059  -1307 1639 1662  -6.14 4489 -4004* -67.08 -2109
T2 527  -1433 2936 -17.23* 2991 -226 -1821 -41.10 1356  -7.97 -2036 6.35 1050 -1145 37.90 -3755* -59.42 -3.89
G213 o3 067 2123 -13.66% -27.24 245 -36.40% -5463 -1085 876 -21.38 58 880 -1338 3664 -51.73* -69.03 -24.79
T2 111 -1750 2391 -11.00 -2497 558 255 -27.13 4431  -010 -1380 1578 375  -17.08 2982 262  -3441 6055
PE3 13 030+ 3476 263 743 2175 952 248 3033 3651 201 -1603 1226 782 2607 1493 51.29% -2.61 135.04
T2 038 -1829 2331 -0.75 -1625 17.61 -21.44 -4333 891  -659  -1927 807 9.88f -1200 3720 237  -3468 6041
PGt 13 o0s 2857 834 864 2307 849 -4044* 5721 1711 130  -1485 1440 375 2312 2051 1985 4913 2629
T2 876 -1178 3410 -031 -1614 1850 -462 -31.74 3329 -1015 -2246 410 003  -20.26 2548 -1299 -4481 37.19
POU 13 442 2235 1766 -628 2105 1126 3370 5244 759 179 1515 1366 -385 -2322 2041 2691 5348 1484

T: Total testosterone; DHEAS= dehydroepiandrosterone sulfate; E,= estradiol,

SHBG= sex hormone binding-globulin; LH=Iluteinizing hormone; FSH= follicle stimulation
hormone; kiss54: kisspeptin 54; CpGt: Total DNA methylation [(CpG1 + CpG2 +CpG3 + CpG4)/4]. LL: lower limit, and UL: upper limit of the confidence interval (Cl).

Model was adjusted for adolescents’ age (continuous), waist to height ratio (continuous), urine creatinine concentrations (continuous), annual family income (<25,000/25,000-

35,000/>35,000), season of biological sample collection (spring/summer/autumn/winter). *p<0.05; +p<0.10
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Table S9. Associations between individual environmental chemicals and Kisspeptin biomarkers without multiple imputation (n=104 for serum kiss43;
n= 117 for KISS1 DNA methylation)

KISS1 gene DNA methylation

Kiss54
CpGL CpG2 CpG3 CpGé4 CpGt
95% CI 95% CI 95% CI 95% CI 95% CI 95% CI
%Change OChange OChange %Change OChange OChange
LL UP LL UP LL uUP LL LL uUP LL UP

BPA 0.07 -1.35 151 -0.74f -1.50  0.02 -0.80 -233  0.74 -0.34 -1.10 044 -141y -2.84 0.04 -0.79* -154 -0.03
MPB 0.52 -051 157 0.01 -053  0.55 -0.61 -1.67  0.46 0.16 -0.37 070 -0.33 -1.35 071 -0.13 -0.66 041
BP3 0.73 -046 195 -0.40 -0.98  0.18 -1.32* -245 -0.17 -0.26 -0.84 033 -111 -220 -0.00 -0.65* -1.23 -0.08
As 1.29 -0.66  3.27 -0.38 -1.32  0.56 -0.79 -264 110 -0.52 -1.45 041 -0.34 -2.13 148 -0.39 -1.32 055
Cd -3.01 -6.67  0.80 -0.10 -1.99 1.82 0.17 -3.58 4.06 0.28 -1.61 220 -0.32 -3.90 3.39 0.07 -1.82 199
IMPy 1.76% -0.19 375 -119* -210 -0.26 -0.80 -2.68 111 -0.31 -1.25 065 -1.25 -3.03  0.57 -0.85¢ -1.78 0.08
MDA 2.667 -0.04 5.44 0.56 -0.77  1.92 2.47% -020 522 -1.20f -249 011 0.50 -2.05  3.12 0.32 -1.02 167
DCCA 0.02* 0.00 0.03 0.00 -0.01  0.00 -0.02x  -0.03 -0.00 0.01* 0.00 0.01 -0.01 -0.03  0.00 -0.01 -0.01  0.00
ETU 1.18 -0.47  2.85 0.52 -031 135 -0.70 -2.33  0.95 0.51 -0.32 134 -0.16 -1.74  1.44 0.12 -0.71  0.95

kiss54: kisspeptin 54; CpGt: Total DNA methylation [(CpG1 + CpG2 +CpG3 + CpG4)/4]; BPA: Bisphenol A; MPB: methylparaben; BP3: benzophenone 3; As: arsenic (total),
Cd: cadmium; IMPy: 2-isopropyl-6-methyl-4-pyrimidinol; MDA: malathion diacid; DCCA: dimethylcyclopropane carboxylic acid; ETU: ethylene thiourea. LL: lower limit, and
UL.: upper limit of the confidence interval (CI). All models were adjusted for age (continuous), waist-to-height ratio (continuous), Tanner Stage (<G5/G5), urine creatinine
concentrations (continuous), annual family income (<25,000/25,000-35,000/>35,000), season of biological sample collection (spring/summer/autumn/winter). *p<0.05; +p<0.10
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Table S10. Associations between the joint effect of environmental chemical mixtures with kisspeptin and hormones biomarkers without multiple
imputation (n=104 for serum kiss43; n= 117 for KISS1 DNA methylation)

Kisspeptin effect biomarkers

Kiss54 CpG1 CpG2 CpG3 CpG4 CpGt
%Change LL UL %Change LL UL %Change LL UL %Change LL UL %Change LL UL %Change LL UL
Phenols 1.46 -2.39 5.46 -1.50 -3.45 0.48 -2.33 -6.18 1.68 -0.47 -2.45 1.54 -2.68 -6.34 1.12 -1.56 -349 042
Metals 2.00 -2.13 6.31 -0.34 -2.35 1.72 0.37 -3.63 4.54 0.51 -1.49 2.56 0.59 -3.26 4.60 0.35 -166 241
Pesticides  11.86* 6.30 17.70 -1.68 -4.40 111 -3.97 -9.17 1.53 -0.56 -3.30 2.26 -5.041 -10.02  0.22 -2.62+ -531 015
\I\//IViP:((;IL?re 13.76* 6.17 21.89  -3.19% -6.62 0.37 -5.15 -11.74 1.93 -0.78 -4.30 2.87 -6.80* -13.04 -0.11 -3.64* -7.03  -0.12

Hormones

T DHEAS E2 SHBG LH FSH
%Change LL UL %Change LL UL %Change LL UL %Change LL UL %Change LL UL %Change LL UL
Phenols 6.31 -7.58 2230 7.74 -3.96  20.87 1.20 -19.59 2736  14.73** 4.30 26.21 7.27 -7.82  24.83 6.23 -2143 43,61
Metals 2.48 -11.98 19.31 0.02 -11.74  13.33 -2.08 -23.67 25.62 1.73 -8.52 13.13 6.71 -9.36 2562 -15.09 -38.71 17.65
Pesticides 2.10 -17.25 2597 -411  -19.29 1392 18.82 -15.36 66.80 -9.06 -21.36 517  -23.36* -3855 -441  -10.53 -42.68 39.67
\I</Ivir;(0tllfre 7.47 -18.42 4158 7.02 -1445  33.88 11.65 -28.56 74.49 3.39 -14.16 2453 -1350 -3533 1571 -12.26 -50.92 56.86

DHEAS= dehydroepiandrosterone sulfate; E2= estradiol; SHBG= sex hormone binding-globulin; FSH= follicle stimulation hormone. LL: lower limit, and UL: upper limit
of the confidence interval (Cl). Model was adjusted for adolescents’ age (continuous), waist to height ratio (continuous), Tanner Stage (<G4/>G4), urine creatinine
concentrations (continuous), annual family income (<25000/2500-35000/>35000), season of sample collection (spring/summer/autumn/winter).

**p<0.01; *p<0.05; +p<0.10



Table S11. Associations between Kisspeptin biomarkers and serum hormone levels without multiple imputation (n=104 for serum Kiss43; n= 117 for
KISS1 DNA methylation)
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T DHEAS E2 SHBG LH FSH
95%CI 95%CI 95%CI 95%CI 95%CI 95%CI
Yochange YOchange YOchange YOchange Yochange Yochange

LL UL LL UL LL UL LL UL LL UL LL UL

) T2 4,52 -18.79 34.51 -7.78 -25.46 14.08 12.86 -22.68  64.73 8.25 -891 2866 19.26 -6.93 52.82 -8.09 -32.05 2432
Kissod T3 33.16* 2.51 72.95 -8.48 -26.60 14.10 59.00* 7.43 135.33 3.99 -13.05 24.37 18.49 -8.36 53.22 -14.59 -37.55 16.81
T2 -3.91 -23.63 20.92 -6.52 -22.37 1256 0.25 -30.01 4358 -16.26* -27.97 -2.66 22.58 -3.78 56.16 -25.00 -54.12 22.58

cpel T3 1.77 -19.50 28.65 -10.62  -26.05 8.03 -23.83 -47.20 9.89 -1.64 -15.65 14.68 12.83 -11.86 4445 -39.15 -63.14 0.46
T2 4.38 -16.88 31.08 -19.27* -3254 -3.39 -26.21 -48.01 4,74 -7.16 -2042 831 10.97 -12.95 4146  -48.56 -68.02 -17.24
CrG2 T3 -9.90 -28.52 1357 -22.00~ -35.01 -6.39 -40.08 -58.02  -14.46 -5.43 -19.14 1061 17.80 -7.96 50.76 -51.62* -70.16 -21.57
T2 9.40 -12.48 36.75 -5.37 -21.60 14.23 19.52 -17.08 72.27 4.98 -10.19 22.72 4.02 -18.73 3313 -21.43 -51.90 28.32
cre3 T3 -20.13* -36.00 -0.33 -0.57 -17.52 19.85 6.15 -26.15 52.59 -0.15 -14.48 16.59 -4.77 -2546 2166  42.26 -12.59  131.52
T2 -3.45 -23.09 21.20 4.87 -12.80 26.12 -24.57 -47.00 7.34 -8.80 -21.75 6.30 16.28 -8.69 48.09 -4.42 -41.71 56.73

PG4 T3 -11.74 -29.79 10.96 -6.65 -22.47 1241 -34.21* -53.88 -6.17 -3.05 -16.90 13.11 1.70 -20.27  29.72 -22.51 -52.89 27.47
T2 8.11 -13.94 35.81 0.99 -16.03 21.45 8.97 -23.14 5450 -15.70* -27.46 -2.03 21.25 -4.76 54.37 -0.01 -39.15 64.29

cret T3 -6.34 -25.55 17.82 -11.74  -26.70 6.27 -33.85 -53.45 -6.01 0.02 -14.02 16.34 1.61 -20.31 2956 -21.49 -52.37 29.40

T: Total testosterone; DHEAS= dehydroepiandrosterone sulfate; E,= estradiol; SHBG= sex hormone binding-globulin; LH=luteinizing hormone; FSH= follicle stimulation

hormone; kiss54: kisspeptin 54; CpGt: Total DNA methylation [(CpG1 + CpG2 +CpG3 + CpG4)/4]. LL: lower limit, and UL: upper limit of the confidence interval (CI). Model
was adjusted for adolescents’ age (continuous), waist to height ratio (continuous), Tanner Stage (<G5/>G5), urine creatinine concentrations (continuous), annual family income

(<25,000/25,000-35,000/>35,000), season of biological sample collection (spring/summer/autumn/winter). *p<0.05; +p<0.10
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Table S12. General characteristics of study participants at follow-ups.

.. 15-17 yrs 9-11yrs 4-5yrs
Characteristics (n=133) (n=300) (n=220)
BMI (kg/m?), mean 23.1 19.1 17.0

. Urban 71.5 24.7* 64.3
Area of residence, %

Suburban/rural 28.5 75.3 35.7

. . Yes 41.2* 72.1 53.0*
Passive smoking, %

No 58.8 27.9 47.0

o <25,000 36.1* 66.2 N.A.

Annual family income 5 3 35 909 39.1 24.1 N.A.

(euros), %
>35,000 24.8 9.7 N.A.

BMI: Body mass index. N.A.: Not available. *p<0.05



