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Phthalate exposure and its effects on onset of puberty
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Phthalates are ubiquitous environmental chemicals, which are widely used as
plasticizes. Humans are exposed to phthalates since fetal life, and their endocrine disrupting
properties has been concerned. However, prenatal exposure to phahalates and their effects on fetus
onset of puberty in human are not well known. In this study, onset of puberty were examined among
children registered to Sapporo cohort, the Hokkaido Study. Among those approached, 150 (45.6%)
responded. Total effects of MEHP (primary metabolite of the most widely used phthalate, DEHP) levels

in maternal blood was significantly positively associated with onset of puberty; natural log
increase of MEHP (app. 2.67), onset of puberty delayed 7.17 95%Cl 2.89-11.5 months among boys.
Although progesterone and inhibin B were inversely associated with MEHP, none of hormones showed
indirect effect of MEHP to onset of puberty. Girls did not show any association between MEHP,
hormones, or onset of puberty.
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Table 2 Child Characteristics

N (%) or
Meant SD
Sex Boys 74 (50.3)
Girls 73 (49.7)
Birth weight (g) 3059.94373.2
Birth height (cm) 48.0+£2.14
Gestational week 38.99+1.44
Age at survey (month) 144.5+10.4
Onset of puberty Yes 126 (85.7)
Onset of puberty (month) 132.1+12.6
MEHP
MEHP
2.7
7.00 95%CI:
1.98-12.02
MEHP
DEHP

Table 3  Associations between MEHP and
timing of onset of puberty

Adjusted®
beta 95%CI p-value
Boys 6.999 1.981 12.017 0.007
Girls 1.025 -4.521  6.571 0.710
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2015 12 2016 2
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+SD 313+ 43 51%
6.8% 38.8% MEHP
25-75%  9.86 (5.53-17.5)ug/mL
Table 1. Maternal characteristics
Mean+ SD
o or
N o) median
(25-75%)
Age at delivery 147 313443
(years) T
Height 147 158.0+5.5
Weight 147 52.047.8
(pre-pregnancy
BMI 147 208428
(pre-pregnancy)
Parity premapara 75 (51)
multipara 72 (49)
Smoking during % 10 (6.8
pregnancy es 6.8)
Alcohol drinking v 57
during pregnancy e (38.8)
Annual Income <3 million o4
yen/year (63.9)
5 million 53
yen/year (36.1)
Educational Level 12 years (2é33)
104
>13 years (70.7)
MEHP (ng/mL) 142 % 593'?167 5)
2
+SD 1445+ 14 12
10-13 74 73
59 79.7%
67 91.8%
137.7% 10.6
127.2+ 12.2

10

MEHP levels is In transformed
Adjusted for maternal age, maternal height, timing of
blood sampling

4 MEHP
Direct
effect c’-path estradiol DHEA A-dione
SHBG prolactin Inhibin B
estradiol/testosterone ratio A-dione/DHEA ratio
Testosterone/A-dione ratio MEHP
A-dione
6.53(95%CI: 0.09-13.0) Inhibin B
10.13(95%CI10.94-19.33) MEHP
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MEHP

indirect effect

Table 4 Mediation of each hormone to MEHP and

onset of puberty-Boys

Coeff LLCI ULCI p-value
Progesterone
a-path -0.98 -1.80 -016  0.022
b-path -0.40 -5.17 4.37 0.863
indirect 393 -4.07 5.95
?;fi‘;;th) 679  -072 1429  0.074
ng;;fge“ 718 289 1147 0002
Estradiol
a-path 0.26 -0.53 1.05 0.500
b-path -4.41 -15.08 6.27 0.400
indirect -1.15 -12.36 1.35
direct 8.33 0.01 16.66  0.050
total effect 7.18 2.89 1147  0.002
Testosterone
a-path -0.20 -0.81 0.40 0.493
b-path -5.12 -19.67 9.43 0.472
indirect 1.05 -1.63 7.92
direct 6.13 -0.33 12.60  0.062
total effect 7.18 2.89 1147  0.002
DHEA
a-path 0.65 -0.45 1.75 0.235
b-path -0.78 -4.59 3.02 0.673
indirect -0.51 -6.00 1.39
direct 7.69 194 1344 0.011
total effect 7.18 2.89 1147  0.002
Androstenedione
a-path -0.20 -0.93 0.53 0.577
b-path -3.21 -10.02 3.60 0.338
indirect 0.64 -0.89 9.66
direct 6.54 0.09 1299 0.047
total effect 7.18 2.89 1147 0.002
LH
a-path -0.30 -1.24 0.64 0.474
b-path -0.54 -20.75 19.67  0.950
indirect 0.16 -5.77 9.22
direct 3.77 -12.42 19.95  0.590
total effect 7.18 2.89 1147 0.002

a-path 0.25 -0.22 0.73 0.261
b-path -0.75 -20.37 18.88  0.933
indirect -0.189 -9.89 5.98

direct 7.02 -3.83 17.87  0.177
total effect 7.18 2.89 1147  0.002
SHBG

a-path 0.08 -0.29 0.45 0.655
b-path -2.44 -19.49 14.62  0.769
indirect -0.20 -4.25 1.90

direct 7.38 2.59 1216 0.004
total effect 7.18 2.89 1147  0.002
PRL

a-path -0.21 -0.66 0.23 0.331
b-path 1.27 -7.99 10.52  0.779
indirect -0.27 -6.67 1.40

direct 7.45 275 1216 0.004
total effect 7.18 2.89 1147  0.002
Inhibin B

a-path -0.52 -0.96 -0.08 0.022
b-path 5.69 -9.00 20.37  0.430
indirect -0.15 -0.50 0.14

direct 10.13 0.4 1933 0.032
total effect 7.18 2.89 1147 0.002
INSL3

a-path -0.30 -0.75 0.15 0.185
b-path -3.15 -15.58 9.29 0.604
indirect 0.94 -1.74 7.80

direct 6.24 -0.53 13.01  0.069
total effect 7.18 2.89 1147 0.002
Estradiol/Testosterone ratio

a-path 0.47 -0.37 1.31 0.262
b-path -0.14 -4.43 4.15 0.946
indirect -0.07 -3.14 2.14

direct 7.25 2.00 1249 0.009
total effect 7.18 2.89 1147 0.002
A-dione/DHEA ratio

a-path -0.85 -1.79 0.10 0.076
b-path -0.45 -4.78 3.89 0.832
indirect 0.038 -3.22 4.15

direct 6.80 0.68 1292 0031
total effect 7.18 2.89 11.47  0.002
Testosterone/Androstenedione ratio

a-path -0.01 -0.60 0.59 0.986
b-path -3.59 -14.77 7.58 0.511
indirect 0.02 -4.50 3.99

direct 7.16 2.00 1232  0.009
total effect 7.18 2.89 11.47  0.002

FSH

MEHP and hormone levels were log, transformed.

Adjusted for blood sampling week for MEHP
Indirect effects were calculated by bootstrapped

method.
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