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3. Prenatal exposure to bisphenol A and
child neurodevelopment: The Hokkaido

FRBIOEREFORERNE F—2 2

Study

A— b EHWEEREY X7 FHEICEE T B0t

e

JLUFERN OER 37 gk CHIRIE NS
14T 20,929 4 O EB/TEEEL, Ak
25 1 ARE CITHAERBEDIFRNE
LN 2th (JREE - EEEXSTe) 18,333
BaRtBE Ui, 300 %ICEREERE T
FLEk S HAERMEEND, AEEE, JRE
(B - A0) &2E£E5H L7, RWTAEER
IZDOWT, PRk & EEHRE, fERREE, M
ARELZEH LT, EEFOERBIZOWNT

Cord blood samples collected from the
Hokkaido study participants were

analyzed for BPA Child
neurodevelopment was assessed using

levels.

mental and psychomotor development
indexes (MDI and PDI) from a Bayley
Scales of Infant Development II at 6 and
18 months of age (N = 121, 86,
respectively). The associations between
cord blood BPA levels and child
neurodevelopment were estimated using
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linear regression models adjusted for
potential confounders. Data of TSH and
FT4 were obtained from mass screening
test for endocrine disorders conducted by
Sapporo City Institute of Public Health.

4. VA7 =) —)VAODBBHEREICLS

YUEI TR DOBERE, IR OBYERD, 7
DR, BEELEERR, 18 » AR DOFEN
ZERER L OEHREE TRE L,

5. Prenatal Exposure to Perfluorinated

Chemicals and Neurodevelopment in
Early Infancy: The Hokkaido Study
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BT 5EFHRA2AF L, R 18 » AFRIZ
X, BERIC X B BB E IR oEH
EEEML, 18 » ABEOEKE, 7L /LX—
R L OVYMAE O BEENE - BUREE, #HL
s%, EFRERE, WoSEEERN: &
\ZDWT 390 &0 b EIE 157, B+
® BPA BEX, FAERAIR LC-MS/MS 7
(M FIRME 0.048 ng/mL) THIFE L,
F 77, BaiffiE s IgE B 1L, ELISA
% (B TERME 0.05 IU/mL) T () SRL
WCCHIE LT, S BPA B L IgE
BE L OREEEY B D 72D, W OHIER
B R o 72 152 & & ffMT*tg & L7z, BPA
BEL IgEEEITBARMEELL L, BHET
FRfE (LOD) LA F OBEIXHEERA LT,
BAEHIC R OFE, MERE, ZERE, i
HRtR DOBIRGL, T O T LV —R B
FRER X ORI CHE L= BEEIRSHT
2{To77, E512, BPARELIED 18 »
AETOT LAF—ERE X OREE & D
BEA 2B, MEFDOT—Z B ELN
72186 44125\ Ta AT 1 v 7 BIRSHT
PiTolz, T LR —IERITIFOHERE,
R OBYERM, MBLOT LV —KEA
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questionnaire
survey was completed after the second

A self-administered

trimester containing information related
to smoking, household
educational levels,
caffeine intake

income and

and alcohol and
during pregnancy.
Medical information including maternal
age, maternal body mass index (BMI)
before pregnancy, parity, gestational age,
pregnancy complications, type of
delivery, infant sex, and birth size were
obtained from participant medical
records (Kishi et al. 2001). A 40-mL
blood sample was taken from the
maternal peripheral vein after the
second trimester of pregnancy and
maternal serum PFOS and PFOA levels

were assessed by liquad
chromatography-tandem mass
spectrometry (Nakata et al. 2009).

BSIDII (Bayley 1993) were used to
assess the infants’ neurodevelopment
at 6 and 18 months of age. This test
includes mental developmental index
(MDI) and the psychomotor
developmental index (PDI). For data
analysis, we used the
eligibility criteria for
subjects: no
complications during pregnancy and
delivery, singleton babies born at term,

following
analysis of

serious 1llnesses or

Apgar score of > 7 at 1 min, infants
without congenital anomalies or diseases,
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and BSID-II completed. We performed
multiple-regression analysis to examine
the association between and the levels of
maternal PFCs and infant’ s BSID-II
scores (MDI, PDI), and confounders were

as follows: maternal age, parity,
maternal educational levels, alcohol
consumption and smoking during
pregnancy, caffeine intake during

pregnancy, blood sampling period, breast
feeding, and total dioxin levels.

6 . Effects of Prenatal Exposure to
Perfluoroalkyl Acids on Cord Blood
IGF2/H19 Methylation and Associations
with Birth Size

Two hundred thirty-five mother-child
dyads from the Hokkaido Study on
Environment and Children’ s Health
were  included in  this study.
Perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonate (PFOS) levels

in the maternal sera were measured by
liquid chromatography-tandem mass
spectrometry (LC- MS/MS). The IGF2
differentially methylated region (DMR),
H19 DMR and LINEI methylation were
cord blood by
Multiple linear
regressions were performed.

quantified in
pyrosequencing.
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3. Prenatal exposure to bisphenol A and

child neurodevelopment: The Hokkaido

Study
Overall,

there were no statistical
significant associations between cord
blood BPA levels and child
neurodevelopment at 6 and 18 months of
age. Among female, MDI score at 6
month of age and the TSH levels was
inversely associated with cord blood BPA
levels with borderline significance.

4. EAXA7x)—)VADBEHREICLD
CREHREE~ DR - i ML IgE 38 X OVEL%)
IBEIOT Lk, BYGYE & OB -
RT3 152 4 ORI FEERIT,

30.2£4.6 %, K- R2ELL 7S 56.6% (86
4) WIPEL Y 50.7% (77 4) , fEiRH Iz
JE U7 R AR & 5 de) 12 85.56% (54
£) Tholz, M TT LA —BEERH
DEVE, B 30.9% (474) , XS 16.4%
(25 44) T oiz, £z, BIRIE 45.4% (69
&) Thoiz, A% 18 » ARFOEME|IC
[HI2Z° L7z 186 44 Cld, FEEP T2 B /3
HDHN 46.3% (634) , EHREINT
WA IRIE 18.4% (25 4) Toh o 7= (Table 1),
JEFE I P BPA J2E1 0.065 ng/mL (o
f#) , LOD (0.048 ng/mL) LLFi% 40.1%
(61 4) ThotTe, EHMMEF IgE &
VT 0.22 TU/mL (F4fE) , LOD (0.05
IU/mL) LLTFiE 15.1% (23 &) Thot
(Table 2) , WOHAENLS 18 3 AFETD
7 LV E IR & OVRYYE O BRAE TR AR
%, 892 22.1% (804) , BT L X —
20.6% (28 4) , Wil 9.6% (134) ,
H% 18.4% (25 4) T, BIRCIIHELD
FEERNIROK 25 TH o7 (Table3) .
JErEs i BPA JREE & IgE IR & DR E A
BRat L7z, ZRETFCTHRELCLAER
BEhEIIRO bR o T, £z, BEm T
BPABE L 18 » A ToE, BT L
X —, Wi, FEHREOBEIZOWTY
FEEEIE CTH B ZRBEEIIRED bz o T2,
UL, B cBb Lz 24, BIRTI,

s P BPA JREENK 2.7 512725 &,

HEHEDA v X (OR) 2NFHEE 2 LT 2.97
(95% CI: 1.05, 8.38) , #WEFLTIL6.53
(95% CI: 1.85, 31.57) ¢t AEIC EH LT-,
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5. Prenatal Exposure to Perfluorinated

Chemicals and Neurodevelopment in

Early Infancy: The Hokkaido Study

The mean values of maternal PFOS
and PFOA levels were 6.2 ng/mL and 1.3
ng/mL, respectively. Average of MDI and
PDI scores (+SD) of infants at 6 months
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of age were 90.5 (£5.7) and 90.2 (+10.3),

respectively. Mean MDI and PDI scores
of infants at 18 months of age were 84.2
(£12.0) and 86.4 (£10.9), respectively.
In 6 months of age, we found a negative
significant association between prenatal
PFOA and MDI score (not PDI) only in
female infants (8= -0.317, 95%
confidence interval: -12.54 to -1.00). We
did not find any significant association of
PFOS levels with any outcomes. We also
divided PFOA levels into quartiles, the
quartile analysis showed
MDI score difference the fourth quartile
of PFOA compare to first quartile among
female infants at 6 months of age. In 18
we did not observe
convincing association between PFCs
and BSID II (both MDI and PDI), and
the association between PFOA and MDI
in female infants disappeared.

significant

months of age,

6 . Effects of Prenatal Exposure to
Perfluoroalkyl Acids on Cord Blood
IGF2/H19 Methylation and Associations
with Birth Size

The median concentrations of PFOS
and PFOA were 5.0 and 1.4 ng/mL,
respectively. In the fully adjusted model,
the IGF2 fractions
significantly decreased with a loglO-
increase in PFOA concentration [ =
-1.53, 95% confidence interval (CI): -2.93
to -0.12]. We observed a positive
correlation between IGF2 methylation
and the ponderal index (kg/m3) at birth
(B =0.18, 95% CI: 0.09 to 0.27).

methylation

7. PCBs * FA X U O IRERE
12 XD 42 A IR ORI E~D SR

fEMTRTS OERBEMEIL, BIR 79 £
(49.1%) , 1 1 76 4 (50.3%) , K-ABC
B R A #5131 35.7 72 H (SD4.7) Th
272, K-ABC &, AL EAE S 103.2
(SD=12.8), BHEEH X 99.9(SD=14.0) T
o7, K-ABC LB 9 5 ERAL, FUL AL
FE, fE O WAIS-R BHERE SN EVIE
F, RIERESS, BEESISOWS
Do Tz (B & FRALE p=0.01,450Y
& BEE p=0.015,WAIS-R & aﬁ%w&
—0000 WAIS-R & EHEFE p=0.026) ,
A ARV URBE L EI, %z*lﬁ%@%ﬁﬁ
WA BREENRD bz, FETERNC
K-ABC XA T XV UEREORE A
&t&*5§4ﬁ%vyﬁﬁﬁkmﬁ@
?%‘m B‘g@&imu )] %ﬂfiﬁ)’) 7175) ?«‘f}_“
’,i$W®mwﬁTTWﬂﬂmD®$%
ENRFRD bz,

8. MHiEDEMNRBEETZHN T A 4%
R E RO M AR & OBSEIZ KIE T
&

BH&Mm PCDFs @ TEQ f&2S 10 fi2H8 2
A& , )I_.O) ,‘;{jéﬂ#ﬂiiﬁl 206g ﬁ g_ﬁ/)‘
L7z (P<0.05) , 5|, AHR #&=T%
AN GA/AA L, CYP1Al EEFLAIMN
TT/TC B L GSTM1 EEFLH N
Absent B DIF R T, R0 HA R A EARK
2 471g BRI LEZ (P<0.01) , &
SRV R S p- AT F
(PCDDs) & RV LY NV 75~
(PCDFs)®D 4 BT [FEHER SRR D
BTz,

JEIRHIZ A ¥ PCBs IBENIRD
%meNAx%wm;& B
AIFFEDREE, 238 FLO R O 5 i
DNA 2 F /AL L~ u(=SD)iX IGF2DMR
2 48.7% (£3.0), HI9DMR 7% 52.4% (+
1.9%), LINE17X 75.9% (+1.1)Th -7,




IR T BB AR e B & (L ) A 7 B EE3E)
FeREEFE

F7, A X A A% - PCBs R
O Y (/M feKfE) X, ¥4 4%
T UME(TEQ) 7S 14.2 pglg lipid (3.2 to
42.9), PCBs ##:7% 100.8 ng/glipid (16.0
t0 326.8) T o7z, HERIFIHT TEHEH T
Z FH & % , NoCBs , #
22'33'455'66'-NoCB (PCB-208) & H19 *
F Ak & ORNICIEDOBIHEDFRD 5 72(8
=0.87, 95%CI: 0.08 to 1.67), £/, B& T
BRI LT T2 2 A, BIRICER
WT PCDFs & IGF2 A F Ak oA
ERAOBEN (8=-4.21, 95%CIL: -7.60
to -0.83), RIZBWT H19 AF ik
NoCBs (B=2.60, 95%CI: 0.82 to 4.38),
DeCB (B=2.77, 95%CI: 0.76 to 4.78) & [H]
WCHEZRIEOREENGRD b,

1 0. BHEFRREEOR RGNS
BDeEIc b % 5 a

R 29 FEO S B, 15 fEEAMS MR
80% Th o7, ZDHH 8FEAN 10 pg/g-wet
PLEoddeficdH o772 (oxychlordane (40

pg/g-wet) trans-Nonachlor (72
pg/g-wet) : p,p-DDE(651 pg/g-wet) :
p,p-DDT(23 pg/g-wet) Dieldrin(16
pgl/g-wet) cis-Heptachlorepoxide(26
pg/g-wet) : HCB(102 pg/g-wet) : 8

-HCH(154 pg/g-wet) (FRfE) ) , RAEE
ZREE U 7o EEVR AT CRHAE ML D B
W kv i # M IgE 2 B L 7z
(B(95%C1I) :0,p-DDT= 0.29 (0.01, 0.56),
Dieldrin= 0.44 (0.02, 0.86)), %7-, 18 7>
AOKRYGEEY 27 BETFLE (OR
(95%CD): o,p'-DDE=0.60 (0.39, 0.93)) .

LW LT LAX—U 27 & DOREEITERD b
I Do T2,

1 1. FHEIESREIEA~OG TBREE N A 1%
6 2> H VR OFEMEBNFEZEIC G X DR
BSID 15 & OBEE %, MDI TI3AEgR R

¥ (r=0.20, p <.05), PDI CiZE0E#E K
= -0.19, p < .05), HEHRH %G = 0.28, p
< .05), BLOFEEREMSL(C =0.16, p
< ORAIZOWTHEE TChH-T-, AEEER
R OWTCH BB EMEI I A T, B
Bl AT OFER B 6, MDI, 38X OV PDI
EOREME IR SN o T,

12. WD 7 A B E CYP1IA2
BAR T ZHNC L D AR RIS~ D B8
BO1HHUTZVDOL 7 A ERE, B
BRI E CYP1A2 B TFEHEnEhns
H AR AR I KT TR BT R 2 &,
100mg R DT 7 = A MAKIEEEE & il
T5&, 300 mg LLEDT 7 = A U EER
HETH HAERKEICEEITA DN N o T,
CYP1A2 EEFEA G AR AR & B
(37200 Te, BRI CIEIEMLE TR & b
i U C AR oD H AR R AR EE 1 87g D L
72 3(p=0.019), HARE K, BEFAICEET
BN T2, B CYP1A2 E s+ %5
C1RSTYDOD T oA AEREEESE
R THET 5 &, CYPLA2 E{nFZ MM
CC/CABIT 100 mg K\ D N 7 = A MEKHE
e L el L C, AA 7RG 300 mg LI ED
BT oA EEREE T, HARKER X
O AR RICEEIIZRD b ho 72723,
HAERFBE R 138 B IS L7 (p=0.023),
Bz, BOBERR CERIT 5 & IERRELE
T CYP1A2 BE=F£HH AA Ald 300
mg PLEDH T =4 UEEREETHE, HAe
ek E 2% 276g(p=0.024), H A& EEFIZ
1.0cm A L7z (p=0.027), HAREET
IR EER VAR TH - 7=(p=0.023), —77,
HAERS E~DOREITBRER CER LT
LI BILRo Tz,

13. KEaFr—hMNZBIFAHAT T B
J MBI 5 FRaRHE R
WFes g o 5 HEMREEIL 12% T
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Holz, HET T NI ADT—EZNHDHE
&7 VE T REL O HEERFE R & A FES N
BED BMI ([ZETH DI o T2, WIFED
B ILBIREEE THEEICE o1,
FLICHEBEWBEOHAET U NI L%ERL
7. FEPE (22 WLIKE) 1XHART 2.6/HE
1000, MAAC 12.0/HiEE 1000 TH -7z, B
ETITEE (2238»5 37H) 1% 4.2%, 1K
HAKEIR (OLF LBW) I 7.7% Th - 1=,
SGA & SFW iZ#NnFh 4.3%, 4.1%TH
o, IR TIIEB LY LREERLL, &
REICET A EEOEIEIIZ -T2,
HAERE OIS 3044.8 THARITAM]

NS RREOLS TV AGH ThHoTe, B

JECITBEHAREIRIT 37 BUKIZITA
LT, MMEHAKEIRIT 32 BLARFIZIX
B O Tz, MR TIEER X HIRE
BT HEEORIEIZE o727, 32
PIBETEDEIIRE LS RoTW=, WIET
IXIEHE CHIEREN/ NS oz, BIRZRE
L, ExOHERIZONT, BEINRT
WAHIEEEOFRRE (F7I3FEHE) (%t
TREEEZ% TRLELOTH D, EHE
1IN ORI CHIFIE 100%Th -
=0, BEERE CHESNTZBERADR
IBREEEE AR L2 RE T/ NS VE
Lipolz, REBRMICEH L, BEOHE
RN & BFTZESNiE D BMI IZ2DOWTHOE
FEDFEGfEREE 1T 1.43 (95%E @ X [E]: 1.21
1.69) & 1.28 (95%(5#HX[H : 1.08, 1.54)
LBW O EREIL 1.39 (95%EHEX
R :1.23, 1.57) & 1.76 (95%EHEXM :
1.56, 1.97) , IEHIE SGA OFEXMERE X
1.15 (95%EHEXA] : 0.95, 1.40) & 1.77
(95%EHEX M : 1.49, 2.10) Th -7,

14. ROETRAEEREL OGS REE
K & DR IZ OV T OEFESE
AFEDIRIT 18401 4 T, FHERBEIL

38.8 = 1.53 #, ¥ ¥ H 4K EIX

b

3037.1+414.3g TdH -7, Cox N¥— K4
FrofER, BHOEKFEREIERETH D
BHICH LT, PFEETOLIRENOAESE
NIRRT, BEOY 27N 11T EEEICE
{7077, Cox N — RO REER, B
DEEEBENERETH DI LT,
2R THHIEBENAEAENZIRIL SGA
DY A7 B 116 REEEICEL 2o Tz,
FIVE, BEB IO SGA LITHEZRBIR
IR 6o Tz,
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AR TR LIEAEREERAERLOT
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VMEMA S B DL, B 5(2005)1% JAOG
DRETHOBREPEMRRT 592 T, O
FoF Y U TRBEPBRESND Z LT
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