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Effects of pre-pubertal exposure to phthalate and phosphorous flame retardants
on pubertal developments in Japanese children
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The aim of this study was to prospectively examine the effects of single and

combined exposure to PFRs and phthalates before puberty on the onset of pubertal development in
children in the prospective birth cohort, the Hokkaido Study. The outcomes of pubertal development
children at the age of 12 years were assessed from the 12-year-old questionnaire; 10 urinary
metabolites of phthalate were determined by LC-MS/MS from first morning void urine samples collected
at the age of 7 years.
The results of the present study are consistent with previous findings showing that exposure to
phthalates delays the onset of puberty. However, caution is needed in interpreting the results as
the exposure was assessed in urine at one point in time at the age of 7 years. Future studies will
examine the effects of combined exposure to other chemicals for which exposure assessments have been
completed in 7-year-old children.
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MiBP MnBP MBzP MEHP 50H-MEHP 5o0xo-MEHP 5cx-MEPP
MIiNP  OH-MIiNP cx-MiNP 500 pL 20 pL
100mM pH 6.5 500 uL 3- 50 pL
37 90 min 100 mM
pH8.0 1mL 1% 90% 1mL 1mL 0.5%
1mL Oasis MAX 96 well plate USA, Waters
0.5mL 0.5mL 0.5mL 0.2
40% 0.5 mL 0.2% 90% 1.0 mL
250 pL 750 pL
UPLC-MS/MS USA, Waters 40uL
DiNP DiNP-1, DiNP-2, DINP-3 (European
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BCIPP BCIPHIPP DNBP DPHP 4HO-DPHP 4HO-TPHP 3HO-
TPHP TCEP BDCIPP BBOEP BBOEHEP TBOEP-OH EHPHP 5HO-EHDPHP

2mL 50 uL 1.5mL B-
50 uL 37 2h
100 pL 3mL Q2mL
Bond Elut C18 Agilent Q1lmL
Q1.5mL 3mL
Q50 pL 50 uL Q:
1:1 100 pL 0.2 pm VWR
LC-MS/MS Agilent  1290-6460
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1. Characteristics of participants

N %
. . Qg;zi t(’r;e:;:r?)rowm Mean(SD),Min 1288 (11.1) 72
weighted quantile sum (WQS)  Age of pubichair Mean, SD 1335(8.9) 101
growth begins (month)
?rgz::hr;‘e”amhe Mean, SD 1348(9.1) 106
Breast growth
No 13 31
Yes 399 9.6
Unknown 1 0.2
p<0.05 Pubic hair growth
No 108 26.2
SPSS R Yes 289 700
Unknown 16 3.9
Menarche
No 182 4.1
Yes 229 55.4
512 Unknown 1 0.2
Refusal to answer 1 0.2
100 bR ETEE] Mean, SD 147.1 15.8
menarche (month)
399 966 289 700 Annual household income (JPN Yen)
<3 milion 52 10.3
229 55.4 >=3, <5 milion 158 313
>=5,<8milion 206 40.9
10.7 >=8milion 66 131
Missing 22 4.4
11.1 8.9 Environmental tobacco smoke at home at 7Y
No 348 69
11.2 Yes 155 30.8
Missing 1 0.2
0.21 0.28
2. Distributions of urinary phthalate metabolites (ng/mL)
LOQ DF% Min 25 50 75 Max
MiBP 0.95 99.4 <LOQ 5.01 9.47 16.50 1246
MnBP 0.78 100 152 18.06 32.25 50.76 860
MBzP 0.1 96.6 <LOQ 0.47 1.08 2.71 997
MEHP 0.15 100 0.15 1.89 3.27 5.80 282
MEOHP 0.05 100 0.76 9.69 15.86 26.49 2474
14 MEHHP 0.12 100 0.76 13.87 21.98 38.02 4407
MECPP 0.09 100 1.58 18.91 32.15 52.69 5612
MiNP 0.15 87.5 <LOQ 0.17 0.40 0.74 18
512 OH-MiNP 0.05 100 <LOQ 1.57 3.39 6.39 158
cx-MiNP 0.11 98.3 <LOQ 0.85 187 3.72 91
LOQ: limit of detection quantification; DF: detection frequency
66
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3. Associations between prepubertal exposure to phthalates and pubertal growth in 12 year-old girls
Breast growth Pubic hair growth Menarche
OR 95%CI p value OR 95%CI p value OR 95%CI p value
MiBP 140 066 300 0.384 1.05 079 140 0.741 093 073 117 0.526
MnBP 134 054 332 0.529 125 086 181 0.245 118 086 162 0.313
MBzP 0.71 050 0.99 0.045 1.01 087 118 0.866 095 083 1.09 0492
MEHP 124 063 243 0529 126 09 167 0.101 1.07 084 136 0.59
MEOHP 142 057 352 0.449 124 086 179 0.258 1.07 080 144 0.644
MEHHP 140 060 3.29 0.435 119 084 168 0334 1.09 082 144 0546
MECPP 155 062 386 0349 130 091 183 0.153 114 085 153 0.369
MiNP 067 037 120 0.175 099 077 127 0927 087 070 1.08 0.193
OH-MiNP 079 045 139 0.419 1.06 084 134 0.605 099 081 120 0.880
cx-MiNP 111 064 195 0.705 1.06 084 132 0.635 099 082 121 0951
2DBP 140 057 342 0.466 117 081 170 0.39%5 1.02 075 138 0.898
2DEHP 152 060 38 0373 123 086 178 0.262 1.09 081 146 0.587
2DiNP .92 047 .81 0.803 105 079 140 0.718 096 075 123 0.726
Logistic regression analysis adjusted by age of maternal menarche, environmental tobacco smoke at 7Y, age of filling in the
questionnaire, and urinary creatinine level .Exnosure levels are transformed to natural-loa scale.
. Associations between prepubertal exposure to phthalates and onset of pubertal growth in 12 year-old girls
Onset of breast growth Onset of pubic hair growth @nsetof menarche (months)
(months) (months)
B 95%CI p value B 95%CI p value B 95%CI p value
MiBP 0.13 -1.35 161 0.866 059 -0.77 196 0.391 034 -114 181 0.654
MnBP -0.13 -2.08 1.83 0.897 137 -053 327 0.156 0.88 -1.06 281 0.372
MBzP 0.18 -0.65 1.01 0.669 -0.12 -093 0.68 0.764 0.12 -0.67 0.91 0.764
MEHP 010 -1.35 155 0.890 0.85 -0.57 228 0.239 026 -1.26 177 0.738
MEOHP -0.25 -2.09 160 0.790 1.05 -0.79 290 0.261 0.23 -152 197 0.799
MEHHP -0.56 -229 118 0.529 0.79 -1.08 2.66 0.406 0.06 -1.69 180 0.951
MECPP -056 -236 125 0545 0.84 -097 264 0.362 0.03 -172 177 0977
MiNP 024 -111 158 0.730 020 -1.02 142 0748 0.48 -1.77 0.82 0471
OH-MiNP -0.36 -1.60 0.88  0.566 045 -0.75 1.66 0.460 0.16 -1.40 1.09 0.805
cx-MiNP 001 -121 124 0981 0.40 -0.74 153 0.489 035 -0.83 153 0.556
2DBP -0.17 -2.09 176 0.866 1.01 -0.77 279 0.266 026 -1.60 211 0.787
2DEHP -0.38 -221 146 0.688 095 -092 281 0319 0.05 -1.73 182 0.959
2DINP -010 -166 145 0.897 046 -097 189 0528 -0.16 -163 130 0.825
Logistic regression analysis adjusted by age of maternal menarche, environmental tobacco smoke at 7Y, age of filling in the
questionnaire, and urinary creatinine level .Exposure levels are transformed to natural-log scale.
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Adjusted by age of maternal menarche, environmental tobacco smoke at 7Y, age of filling in the questionnaire, and urinary creatinine level.
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