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The importance of two birth cohorts (n=20, 926 and n=514) : 15 years’ experiences
of the Hokkaido study on environment and children’ s health: malformation,

development and allergy

Reiko KISHI, Atsuko ARAKI, Chihiro MIYASHITA, Sachiko ITOH, Machiko MINATOYA, Sumitaka
KOBAYASHI, Keiko Yamazaki Yu AIT BAMAI, Ryu MIURA, Naomi TAMURA
Center for Environmental and Health Sciences, Hokkaido University

WHO Collaboration Centre for environmental health and prevention of chemical hazards

Abstract

Since “Our Stolen Future” by Theo Colborn was published in 1996, global interest
on the impact of chemical substances, such as the endocrine—disrupting action of
chemicals, has increased. In Japan, “The Hokkaido Study on Environment and
Children’ s Health: Malformation, Development and Allergy” was launched in 2001.
It was a model of Japan Environment and Children’ s Study of the Ministry of the
Environment. In a large—scale, Hokkaido cohort, we obtained the consent of 20, 926
mothers at the organogenesis stage with the cooperation of 37 obstetrics clinics in
Hokkaido. We tracked the effects of endocrine disruptors on developmental disorders.
In a small-scale Sapporo cohort, we observed in detail the neuropsychiatric
development of children with the consent of 514 mothers in their late pregnancy. We
examined how prenatal exposure to low concentrations of environmental chemicals
affect the development of organs and the postnatal development of children. Maternal
exposure to POPs, such as PCB/dioxins and perfluorinated alkyl substances, has
affected not only children’ s birth size, thyroid functions, and sex hormone levels,
but also postnatal neurodevelopment, infection, and allergy among others. The
associations of short—half-life substances, such as DEHP and BPA, with obesity, ASD,
and ADHD have been investigated. Gene—environment interactions have been found for
smoking, caffeine, folic acid, and PCB/dioxin. In 2015, our center was officially
designated as the WHO Collaborating Center for Environmental Health and Prevention
of Chemical Hazards, and we continue to the contribute to the global perspectives

of child health.
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1. BERZT 4 (R ZoDa—Fk—}) OWEROEERLER, K

AARTIIFSNEERZ 2 ST LR ZBI L, 18 b OEZ B 5 RN %S0 EiE
STV, JRIREIAN D o SR EENR R 5228 4 AiTF) & (TR 5 A = — 7R — RIFZEIE 2000
FFETHEIE LR o7, Bxld 1990 405 JRiE FRIFRE R OBBREERIZ DN T
FEG T FRAFIE % b o 72 SR R OREFERFA S T E R WRA R & o 72 Z & 5 [1], 2001 4F X
DElEE AR TBRE L 7 &6 OFEICE T 2 L& X # 7 « (The Hokkaido Study on
Environment and Children’ s Health: Malformation, Development and Allergy) | % 37
b k7, [2]

ALiEE A 27 4 OIS B O R & BRI 2 E THRMEORENAE 3 —R— b
7a 7y AVEE UCEEICIR R0 T2 2RISR T (8, 4], BI UL 3 MRI5-71,
HERCIE, 1996 41 “Our stolen future” 7% Theore Colbourn 51T & - THIAR & 48],
R < EUERR R E RO E LD EAE TR M E o7, B EFbh2£ <X
PCB 72 & OEREERE N SO HBK CORBETH 72, LovL, F7obid, BEY A VMG L
TIX. BAROF TS BAEYE L A MEWILEEICB W TH RENRO b D), HE
MEALNDELTEDZDOWEIZEDL BWNREBETHD EEZT, SDITETDOEET
SR HEES (B4R 95 Single Nucleotide Polymorphysims (SNPs) 72 E@{nfy72/ A U A
JHEMTY 27 O LEANRD BN L7002 2 FHICHET 2 2 ERaF & B2, HRMIC
ACHRWREIC BRI EE S W e A o — R — MFZEZBIMG L7c, R & b o ffess (&
WL <) HEEXDR, HEFORENS, BEMS L IZ/NERERICH D &
VY9 DOHaD (Developmental Origin of Health and Diseases) “#ai[9]] OHRFEDL HE &
BERXlce THROBRAICZR > TORLOHRAEBZZLNDEHOHERE, A
MERESL, —HIIBENLHDRHICER S 5 &5 & AR E
BHESndEHiZhoTnbroT, FAiebix, AEZEBEL TO PHESOEEMN
AL TW Z D ARBAE LORERBEICRDEEEZEZTZNLTH D,

LB A 2 T 4 1T K/ 2 DO E 2 —h— SRS, —2ITH— 20 37 [
FRERIC I HabHEE 2 — 4 — R TREE 20, 926 AT THD, b O —olF, fLIgo—pE
FHEREEE & 530 U Tl % 5t Gl LT/ MR LI 2 — R — M RER 514 AT Th 5.
F 1 IZARE R 27« DR AE £ LTz, O A AE T2 T 28R E DR E(LY
W'l DU R AR, QAEIRT O RHA MR H I Z & 2 BRIRRAF T 2 Z &I k> THRIED
BERI 2 G el R OBRBIRFE K IC OV T OIEMRBIESH, @R, HAR
Bt ERE, 7 LAX—RYWE, PRI, FEEEE, BEHRER SHAER O 72
T U b ATk U CIEME e BREE AN B S < MEWTAD 22 U X U GEAl, @AETEBREEER & DR



% (72 & 2 IREER R O RHAI ORERES, a2 F = AEOE BRI, 2 REER OS2 L)
B EHDIMRNT, @FNENOLFWEOREC I OFIREZ e &2 BlE L 72 BB/ 72
AYVRT TN—TORE, @/3f 8 « —7 =P —512 X DB OBETB L O
TS MEREETIRIREE R ) = XL DOBEFTH D, FEHOEFEICHOWTIE, Fik
HORSEBREDF A NHO T XNV AT VEAB LN F = OREZITV, BIEX
E BT 9-10 I TRIE 215 TR >V T S IREIEL 2 — I3 %M L T\ 5

2. R E a—r—b : BEORRFIT VA v L HEEE

2 BB DILHEE = —7— b TUE, IR @GFE A © 12 8 £ TICRE 2 /74
I 2 SPGUCR BT EIRE 2 RIE L, BB XD REE, B, {EMREIM I AR A
FEFEUENE 10%ATH (Small for Gestational Age; SGA) 38 X OMEHIAAE, RET LLX—~
DO L W OMRIEE(HBIEALY b7 AREE (Autism Spectrum Disorder; ASD) <7k
BRA - ZEERESE (attention—deficit hyperactivity disorder; ADHD) 7¢ &) ~DE#HE
FIRARBARZ M L7z (M Do b 5 — DDA 2 —R — F Tl dEIREH (IR 23~35 1)
OROMKER, FHr, RFL, BEKE, RORRHEE, L IgE, fE7 LLF—I12xZ,
FEM 76 I KD FEMA L FEM L TV D (K 2), dLifEA 27 TIXAFAE TR 5t
R L~V OBREALFE BN DT, AEAR RIS S O I O 5 & 7 A= (RURH 2
W BREREC X 2 BRI A2 EhE L T\ D, R 2 ICFRA BNIEEE &k E
~ LT,

2001 47205 2004 2V 70— b L7 AL = — & — b TIE Polychlorinated
biphenyl (PCB) « # A A x 8, AT v #LEW perfluorooctane sulfonate (PFOS)
& perfluorooctanoic acid (PFOA), HHEMFERRI, 7 X L 27 LAY
mono (2-ethylhexyl) phthalate (MEHP), B X7 = /—/L A(BPA), 3 X OUKSEDHIE & %
7z AbMEE 2 —A— R T 2002 END 2012 FEETU 7 b— kL, BREHMCLFWENIE LA

v FLA W) perfluorinated alkyl substances (PFASs) 11 FlYH L PCB « & A A %3 4,
7 Z VR AT VR T FEEE, BPASEICOWTIHM L T\ 5 (22), 7 X ILET AT )L
FRIXERXLTIRAF v 70ABHATHY, AERE -HFHELEDBIIEDLBZVNON
di (2-ethylhexyl) phthalate (DEHP) T&h 2, A VUMb =A8icnz, &5, @ (b
BRSO A HBICbEMEN D, BASEEICEY, Trl (Fk 22 FFRA 5784 &R 5 336
W, 2010), BXOWMME, MRS EEAE T 5 RMICHEMT R L OEIERR~OME
MTHIBR STV D25 (R 14 FRATTEE SR 267 75, 2002), ZOMONEM RN
S~ OB T 2 HHNE 72 P00 B~ A FREE L i<, PCB- & 1 A% o U4,



HFEDEE PFAS O L 5 BRIV, BAMICEENST-D, B AEEHICIRE S
NESIF 5, BPA & 7 X LEET A7 VSERAREID, I3, FIoHE Y B —F %k — MO
BRAR, HORONMNCa—T 4 7SN TV D ARF VBRI S, BrERio
HECHEACEI N DR OIRET 5, O TUIR Y I —ARx— MUORFRICHE R S Tniz
2N, BUEIIEMLZEFESICLY, R H—Rx— g E R OREE - a5 o
BRI DN E D BT 5 [10],

\

3. ALMFERFZ T 4 TINE TG LIZRRE (BEE)

BE, 7807 bd UWETEMZ LD, 095 h, HAERE, 6 A, 18 A,
BIO3,, —EIXTRETCOMEE RS, 70U M AIZHONTidET (20184FE2 H)
FCEICHEIGEIZHINTZ DI ONWTORROMEL R 3 IZF LD, LIF, gD
BER CHERRMEAREIEY'E Persistent Organic Pollutants (POPs) % =& L CHERZ R
N, IO W TR DL E O O TR R D,

(1)PCBs « A A% ¥ HFIRBIT L 2 HARE, BHRE BIYET VX —RE~DRE

HFEA X T 4 TIIHRTOD TEREEDO T A7 a~ 7T 7 4 —EFE&554T (GC/MS 5734T)
ZHWT, FIZAHA X « T4 AF A VFEM| TR EL % > 7 Polychlorinated
dibenzo—p-dioxins (PCDD), polychlorinated dibenzofuran (PCDF) 7 & o [EIiE FAEIRSHT
FB XL dioxin-like PCBs JREZME L, &7 HFLREHRER World Health Organization;
WHO) 235% & L 7= 2t MifR %k (toxic equivalency factor; TEF) &AW TH A A% 4
(29 FitH) O EMESEAM R (toxic equivalent; TEQ) DORHIZATVY, AHEEIK % FH5& L 7= st
BT TW5DH, BRI L-ILIZOWTIE, FLig=—A— FNORHMRIM R & A A% 2 U RE X
16. 5 TEQ pg/g lipid (1 Jufi) C, HHPE rIREFE T OO oM CTH L7256, BN (R @ 22. 1 TEQ
pg/g lipid), BLOAT 4 (35.8 TEQ pg/lipid) [11]R° K > (28. 4 TEQ pg/lipid) [12],
7 AU 77 (NY) (39.1 TEQ pg/lipid) [13]7¢ & DeESE K v (KA -72[14, 15],

HARHAREIZ DWW T, RHAM A O PCDFs JREE, # PCDFs/TEQ JREED mv ME & AR
FEAEAAEICK 300g K T &8, BUETITH PCDDs IR, 4 A 4% TEQ L-ULAEWIE
CIREE T [15], BYERBITIE, 2,3,4,7, 8 pentachlorodibenzofuran (PeCDF) |Z &
D HARMEERE O BERBO BB bz, L L, KR TR bk -7 [15],

FRRFEEIZ DV TCIE, RHAIMH PCDF & PCDD DR E D BPMERERE N E < 72D LA 6 2
HEFDSA U —Fsh B3 EM A 11 (Bayley Scale of Infant & Toddler Development—1II ;
BSID-1I) D3R 2MES, FREBNFEHEICHHE T, BIRITEEN @72 [14], BE A A
v TEQ Y BSID-T O E A EARADBEN R S, 18 M AKFD BSID- 11 ~D 5%




(X6 PHREL 0/ E SRRV IR BN R 2 S5 e o7z [16],

42 7> A OB FERMRE (Kaufman Assessment Battery for Children; K-ABC)iZ X %
FNAIREEE DWIE TIX, &R E L TI3mpukésE & dioxin like compound (DLC) DfIZE DR
IR OGN oTz, UL, M EICIT 21T 5 &, KR T - SREOEB/ER
FE & DLC ORICIEDBEDS, 5 CIIFRALEEFE R E & DLC ICADBEENFE THY,
PERNC K-> THRENRRZ2 D Z LR INTZ[17],

FIET VAKX —IZOWNTIE, BOXA A% UEREENEWVIE S 1gE L-LME
FLI18], Atk 18 2 H £ TORIYE (e bIEBHEN GNP HE) LA EOBENE
bz, TEQfEIX PCDFs 725 10 538 IN4 % & H A4~ Xtb (0dds Ratio; OR) 73 1. 36 fi%
EAEBITHEM LT, BROBEHRMA L A F X2 LAV R A v X0 f
BHEINAFRD bz [19], BRRIE, WAEZR & OB 7R e T SRR & — L,
A AETE ORIR RISV T, RORE~OREZ MR T THRE L2[19], 561
A% OBPNT 3 CIEIHREBII R NWTEE R o 7o, TORE R TIEZ A A%
K DIROUGEIGED Y 27 53 7.8 5T BV Z~D BN R T 2 Z LB N>
7-[20],

(2)PFASs BRFE D /AR - FEPIRE, BPJET VN - E~DEE

PFASs 1%, RFHIZT7 v RBEE L, KERITT VTN E T ALK v 3 & R0 FUmEiE e
BITd %, IRFEBDN I D AR DBFIET D03, REMLEW L L TRFEHEIL 8 @ PFOS
BEOPFOA b 5, BEARERIMME, BN - (LPRLEME R EOBENTALY: - MPRERIRAEZ §
b, RS ORIEFIEIC CHEH S 5130, RESE, SRnEEEM, 77 b TS,
Bik 27 L—& LCHAMICER SN5D, PROS 1ZZDEEENE NI LB A by 7 AL
DEKNTIBWNTHIH S 41, PFOA & B NS X 2 PJEHBIBA~DOE Y #4036 F > T D,
PFASs 1% 1950 4FEEH S AR AGICERAI L LT SN CE T A U A ClI@ i e TS Yl
THER~OEENME L 720, M #LCIEFFR Z 24T 2000 FARICEEL IR L7z, 2009
I, A7~ FEAWTH D PFOS, PROA IXFERBMEAWMIGYMEICET 2 A ~ v 7 L A
ST D AU SRR S vz,

ez 1T EP, R —F— MTOWT, 2004 FITBBE AR TRFBITNEMRBTH S Z
LR CHIO THER L=, & DICkLIg = — 74— b @ PFASs I&#% L ~/L (PFOS: 5.2 ng/mL)
X7 A U 5 (PFOS: 24.4 ng/mL) [21] R°F > ~—2 (PFOS: 34.4 ng/uL) [22], L/ /L
¥ =— (PFOS: 13. 0 ng/mL) [23]7¢ & DFESE L VKA 72118, 24, 25], 7 7 #EE T
BENRbEVA, A, @E, FEITOTI RO ASOCERWVRE ThH 72 4], H




ARE L OB AP L 25, BHAIM PFOS B IILIEOHARELAEICIKT S,
Tz, TORBIILRTCIVBETHH-7[18],

FRIET LIV F—I{TOWT, PFOATEREIZ/L 1% EIRAIL TgE 2K T S, A% 18 2 A
DT LF— « JRYIEY 2 7 L IIAERBEEDRGRO b o T2 [24],

FEAIEBIFE T OV T, RHARIM PFOA JREEN B35 &, 6 2HIZE1T 5o BSID-
O ORMREEDO R 2T O TRRLNE L2, 18 » A TIEEOREBITED bNRh o7
[26],

JEHEE = — R — MW T, 2003 425 2011 4512 PRASs11 FEREH 2 & L 7= k55, T4
PFOS & PFOA JRFEIIIAHI SR E - /- - OB B Li=nd, REFENDEL, TSR E X
5, IH perfluorononanoic acid(PFNA) & perfluoroundecanoic acid (PFUnDA) DHREA
MO IIE T L ICENZN 4. T8 L OV 2. A IMO BN TR B 7= [25], T LLX
—IZOWTE LIERFD T LV —JElk & OBETIE, BT ¥ —, 7 hE—MEREX,
RESRRIZOWTRE LR R, AEAREIIER bhvkn o7z, 2RI, LRDA
2BV TRHAIML T PFUNDA, perfluorotridecanoic acid (PETrDA) JEFENEWVIEE, 2 B
DIIE DFIE Y A 7 PEFIEHNNRT UL27], SeEmmfil o maetEs Rl I iz, =612,
F & f58 & BRI T PFASs JEFE & 4 MO T LILX—FHAE L OURYYE & OEZME L,
VA3 PFASs BREEEIRFENEVIE Y, 4 MORATT LV —REALIBZO Y 27 BMETF LT,
—J7, WEZ%, Wik, KECRS UA L ARYIE e EREYYEOREE Y A 71X B Lz [28],

INETIEEAEMBN TR - T BREERE L LTI, FHAIML O PFOS R EWIE L,
U= a-V 7 VU T 7% B - DHA 72 & 8 FEBE O RHA ML A AR IE O R BE DMK
TL, RERGEEAEA IR R EIC R < BIE L7z (M 3), —J7, PFOA MREEIFARMARE~0 2
TN EDole, ZHEHRTHHDTOT =4 T, WADEEOKRFNMLETH 5 [29],

(3) B L DIEMEBRE~DEE

AR R EIITRE P IR R ICAFTE T D REIG R WE TH Y, AXEW O Y%
WU CTEMOERNICER S, AR OA TR I~ DREE & Zich < I ED
T BN STV D, ARRIEFRR I & A1 6 7> H IF o BSID- I 15 £ [ BEd
TR DN o72hs, 18 7 H TITAMESR REHKDO O L D TH D cis—heptachlor epoxide
EAEFES S L OMICADBERTE Ch o7z, HARTOA ISR REEA~DBREIL,
KL~ Th o T IROMRFEIEFEZFFONE LR [30],

(4) {LEWERENPBEDOW - AT 0 A FELEU/~EZ DHHE




B A 2T 4 TlE, E6ICAT A RRLEY TAEY (Furzxsuy, TARR
Ty, TAKZUA—), dehydroepiandrosterone (DHEA), androstenedione, =/
V)b, a)VF V) EHT LT 31, 32], FEEEASE TR0 TR O BREAL S R R
N, AT A RRVESNT AN ELT D RS RSN, FrICHERIZBWNT,
7 v RIBEW, 7HNVBT ATV EOREACTWEORIMREICLY, KRoZ
AT 4 v el KO b UMOBREEZ R TR LVE CREOR TR I (K 3,
X 4) [31,33],

O PCB- #AAF

JBHFE A X T 4 128D PCB R A A X VIRFTEIE, EAMNE LY HIERVIRE L L ThH
ST, BEOBEBERENEWE RO inhibin B 2MEWEERENESNZ[34], 7T ADH
A2 =1 —7R— MJFSE PELAGE [35] 0 PCB MRFEIR L & ALfE A % 7 ¢ LX) L~V T, IREER
FELTAMATRUVBRIOT A MATRY /A ST UA—/LibE OADORBENHRE S
TV, 20X, KRERETH->TH, HAR, PFHRMLORLVEREZNELL
22 EMD, BERICHMERLE DDV E~DOFER RO 50, BUE LB A
BT Tnb
@ HHFREHEK

Dichlorodiphenyltrichloroethane (DDT) IZf\3& X D FH R, EDF%

MR ENZ &5 1970 FFRYIEA L 0 EHSHH Sz, 20tk 30 Ll EXSRGE Lz
L 5T, dLMREA X T BN LR O Mg 51X, BEIXEVD, < 0EH
R SN 7=136], dbHFIE A X T 4 TiX, BLTREIIZLI-E 24, B Tld Mirex,
Nonachlor, Dichloro-diphenyl-dichloroethylene (DDE), Dierdrin, Toxaphen 72 U < -5
DOLEMNT A NATOY, TARNATRY /T R A7 3P4 U, Sterdoid
Hormone Binding Globrin(SHBG), 7w T 7 F > L ADHBIA/RL, DHEA, =R T V4 —
VST ARNRAT R b EITIEOFB A R L2 [37],

Q@FHE~7 v F LAWY (Perfluoroalkyl substances: PFAS)

REORIfL 1 0> PRAS #8 & HZAEREOPEAR L8 o OB 2 BiEHE, 8 2707210 R
ATHIMEER X T 4 OHZTHDH, BT PROS EL 7' 1 A7 1, inhibin B,
Insulin like factor 3(INSL3), 7 A hATmr Y /A NT VA — VL EEDHBENH Y
(X 4), W CIiE, PROS & 7 7 271 2 SHBG, 7’1 7 7 F > L OB A 6 7= [38],
T2, BLAEDEMITC, PFOS & DHEA IZIEDOHMBY, 2TV —/b, arF Vv Li3Aam
FABEAGR® vtz (X 4) [39], PFAS 1%, MET v FORHRNRAT vA RERIE, 747
4 v EMifaDOT A N AT v VRHEERSRE SN TEY, B OENOARD L, BO



HI2 5T, B N THZORBIIEICHRIEIICIAE D, A% bk T 2 aTREMES RIB ST,
D7 Z N AT VA

FEA X T 4 Tk, BIRT, 7’eF 270y, TAMRATRY /T A NI UL,
inhibin B, INSL3 & OBADMHEENTRO b721Es (K 4) [31], B4k HITDEHA L IFIED
B, 2T =k, LT L TR SN2 [38], B TIE, JRYEH0 DEHP
BERELT A NAT oY, TAMATRY/ZZ T OA—/VHOADRBN LR TR
5472 [40], DEHP 1%, BMIEBRCIMFOZ A7 ¢ » e, v b UMIRORA & 5\
HEMH 25 I L, TA AT R UREDERTREDRLVELNT AL A LN
Wl SN TWZA[41,42], B FTHEBROEENR D H 2 LS, Fox DEFMIEIC X - TR
e Xz,
(®BPA

JEVEHI > BPA BREFEIZ L B W OPERILE L ~DEEIZOWTIE, B O e & 7
A RATOYy, TuFATurEOEOHBENALNT43],
©%F 2 5B A RS ECD R 2T

ZDEh, BRIBHIOX A A% U R0PCB, 7 X NVEET AT IVEH~DIEENEWNZ &0, %)
B OBECDOBR A 2T PMEL 725 2 E0nb [44], MAEMOT > K a7 g OWD 3k
DI HE L= e S TW\W5, 22 CTIilEAZ 7 ¢ TliX, BAEMoT» Fa sy
voYa s —hv—h—L LTCHREHOEO Y —2 4 L0, H 2488 4 1A RIE L
oo ZOORER, BREHIORLE CBREEE LT INSLS IENMEWE, BROZEMOE 2 5
SEARERREY, ThbbRERE R LZ82], b2, BRTEHE 2B H 4
R KREWE FEIICEORD 2 a7 B3R ZxR L2146, 4%, REMORELTY
BIREIC LD 2 1575 4 FRHESIEO DB ~D BRI T 2 T 4 51 &l AT 5 HBE)
b5,

&

iy

=

(B) TT4RHA L ~DF

RERHIRE S & 53 S AL D AEBIEMME CH DT T 4 R A 220 T, IFErif o v
TFURT T 4 RFR T F PR L HAREOBHRICOWTEEZE N DG ST D,
FRIZ, VT IR TCAERE - WS ND T ERMBNTED, BRLOKECHEICEHE
ThdeInd, LEAZT 1 T, WHILTOT 74 RR2 7 F o, VIF U RERRE
PRI OBREAL AW E R & PR 5 2 et Uiz, REARIL S > PROS JREEDEEINDL, HEH?
M7 T 4 R FUoPREL BASE72[46], £/, BHRIMFD BPA o7 Z LT 27 )L
¥6 (DEHP, Di-n-butyl phthalate; DnBP) IREESHEIMNT 5 &, MEHFMET L7 F o OIRE

10



WD 22 Enbhrotz (R4 [47], MATIE, 7T 4 KRR 7 F o007 F AL
AZRY v 7 Rr—ADEEL - TEY, S OIGEFEILL T F U B3R TE) 5
L BIRT D ATREME IR S U, ABOREBRREICBITS, FELOT T 4R A b
A REZTEBIRSBEL OO RERH D EEZ HND,

(6) BAnHIRZMERNA

BRI PSRRI DWW T, FEBLSBEE C, LIS ERIRILKFEORFNEID D Ary]
Hydrocarbon Receptor (AHR), cytochrome P450 141 (CYPIAL), 1B X O glutathione
S—transferase mu 1 (GSTMD)BAZT-ZH[48]1°, HENBAMME = Fv V7T I VHOMRHIC
Bii>% NAD(P)H quinone dehydrogenase 1 (NQO1)FS XN CYPZEL {51251 [49]<°, DNA
BB IZR D X-ray repair cross—complementing protein 1 (XRCCI)&IxT2M[50]12>
WTHEDHAGDLEE b DL, WOMAEREIZILIY REETLE, 61, ZAbo
BIETZROMAEDEIE, RUBEZZITTCWLEETH- T, HORERZEX
E B R oT, SEWREORBZ OV I RHMAIE T D 2 F = LR EE A @ CTRIE L (i
RS 0. 12ng/mL), ARIREEMIA HIEZEY, =&, REEMMED 3FICHBELIE A, aF
=VRENE L e DI E EHAEREITERTIIE T L, B AHR & XRCCI iR T-2B 0%
W2 X2 TZORRTFH R BEA K E < B ofz (K16) [61], & HICREOITHRH DI
S & CYPIAL BAG T2, REOIEYRF OB & 3 % TOR DT OEEV & DR
HICEWELEL LI EEB LM LE52],

A TFVFHOEBIZONWTIL, XA 4T EHONRBNCED /O CYPIALEIE T4
BNZ X5 TC, FUBEAZIT CTOTHRHMRM P & A A% o VERENE 2 572 (K 7) [63],
BT, B GSTH BIRTZOE NI L T, MR X A 4% U HHRE & A KRE
EORENPRES B LT LWL L (7)) [54],

N7 2 A DEBIONTL, 7oA UBRTXFH o FUIcfftans & EIEICH
b D CIPIA2EIE T ZRUC L > T, BOB 7 = A ABRUE & HARE & o BEHTEVD AR
Bz [65],

BP0 EORFE DB OWTUE, ERRIIRIROMRRIZARAIRT, 1 B 400 p g OFEUIHE
D0, HERREITCEESR (5, 10-UTHFR) BIZ 2B K-> T, HAEREMETT 2,
ZAUTMRE S X o T & BTN E 572 [56],

(1) =5/ A
T LENTIX, 7 LARIRD DNA A FAALDFEEE & 72 % long interspersed element-1
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(LINED, 3 X O IR B ICE B2 %% % 5727 Insulin-like growth factor 2 (/GF2)
/H19 RO . DNA A FAALRAZRE L, MIEHRE L OMELZ R L-, T OfE
PFOA & & [GF2 DA F AL E DRICABRADOEEN LN, S BIZ, 16F2 A F 1L
2% PFOA BREEIZ 1 5 HAEREARS (R 7 7 0) OB 2 M LTB Y, TOEED 20%
Bl CE s eprane (K8), Lo T, PFASs BEFEIL, DNA A F /A b~DFE %
LU THREOREICEREEZ 52 TWD 2 ERBEN5[657],

F72, BREMLFEWE PCBs DR EHAMRTE & DNA A F LAk & DBSE TlX, decaCB HRIE{AE
& HI9DAF AL E DIEDOBHE, F72, heptaCB BYEIR L LINE-1 D A F AL L O IEDRHE
DO bz, BEHITIE, HRIZZEND OB R 6Tz [54],

(8) HERFER 2 L2 DIZHDRFFRE

AHRE A & 7 ¢ TR LI AR O T 7 N 1 5% FLPE (37 1A , B8 IEH A(RE (1, 500g
A), term=SGA (37 WLLFE) 2T CTHRD &, MBOFENRFARED ETHDHZ LN
SGA DY A7 Z 64 Z L AVR STz, AR LR ORI OV T, REROZFME & Body
Mass Index (BMI) 7% term—SGA \ZKIFE TV A7 TIXLRANERANEO B, FEFEEN has
DD BMIL 28 18.5 Rl DREH CTlie b U A7 @< 72 D AlRgtE s Sz (681, 7z, iy
AR EUNE E, A 42 70 A O R OHBYFEER R (K-ABC) 1X& < 72 0, FBTTEIS A (child
behavior checklist; CBCL) [T 72 o7z, FHHIZ L 5T &b DMBFEELEIL, RO
HIURES) WAIS-R (B AZNGERE) CTIEE L T, ARERBEEZE L12[59]), F7odtimE = —&k
— N 2000 4 LA EOfENT NG 51T D1 £ S ORI THE) (Strengths and Difficulties
Questionnaire; SDQ) %, REDLEARRATO BML 23 30 BA &= (M) . REDBCEED w22 AT, 4T
IR OHAFFINDS 300 THAN, F—F T, BRTHLZ L EEMRLTVD Z LBH LA
Lipotz[60], BREZEKOH T, SR EROBEEMNENRZ SN,

4. AMBHERZ T 4 DS HRDOBE LIRS

DI 9 12 PFACs DG RIANRER S EAR T O RE, AR OIRIT 5 2 % kR 2 7 R s 2 2 5l
Lice SDHITHRONIZHEDR, WOETRHRE, COLIITHEL TV ONEG| iz
HTWS BERDH Y, BYDIEFICHEECTH D, BERFIIHAEZROEIFRELBEL,
Ji6 VIR EE DN WO F TR D D WNIF v v T 7 v ST 007 EFEMEZ B 6 MNICT 5
ZETEHRIZONY)RTWEERLRT —Z LD,

QOREBIZDOIEBNCTHONTIX, T 7 N A~DEERCFYE OIS UT-ER D, 4
IR E 7T T 4 ANVET Vo T EEZ VTR - 70 ML - K ER 0 BHE
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RS LA AL L CRETT 2 BN S 5,

@RTEB LT ¥ M DGO HFICHONWT, HREE, 8T o7 oE~ EHHLT
Mk T OFEREOMBBMEDO LV AR L, BECFEWENS]E R TR
HSMNCT D2 EREBOTHIREERT HOICEETH S, FalTaE, EEOa—
7"— b ® Principal Investigators &F#H# L. BiCCA (Birth Cohort Consortium of Asia)
Z 2011 ARICRRAL L 72 [61], AARTHRRICILBER 27T 40, WILAZ T 4 IBARA 2T 4
72 EILBiCCA A R —Th 5, BEA T aF LHE G RIE, BiCCA IS L W72, 7
CTDY—H—L LTHEHE> TWEEETW, bARAZI—a v DT v~v—I /Ly
z—@a—F— MIFMNOEA AT —FR—sDF 2= 7 b Environmental Health Risks in
European Birth Cohorts (ENRIECO) (24 ¥ {7/ L CIELFMFFED Fhii 4T - T4 [62],

ORI L 2 RIEREBIZOWTERNOE YT —% TY A7 FHZ{T> TV DD
T, BRA~ORME TEDLETHATHELY, 728 20F, $iZ, POPs A TRENMET
L 72 PFOS & PFOA 1T LT, [EIN THRER &R 2NHEAN L CU ™2 PENA, PFDA 72 &R R 8HAY K\ V PFASs
DY AT T AT H Z & THI e EXERITERTE 5,

OFFICBREEA = 2 F ORI D 10 010> b A GRS COT — % OERN &
HDT, WaAMHEA X T 4 ORFEORRETEN L T2 & 20, Fx NARGRE TH
Tenolz 2 L I3FESLEED Science of the Total Environment D7 7 ¢ a—zk— h OH5E
FIZHIBRARTZN[63], TV T THEKRIZBWTHEL D a—Fk— MIZEMTHOILTEY
ZOEIT 20012 BB, T—FR— bR THDHAELEE NS 10 TIZ EH03, 72L& 2 100
NFEED/NSNT—=FR—=FThH-oThH, ZNLENOECHS & DHVTDH DR RO %
B L. 0% ORFROEFHRESCR FEMOREER L TWD, TV7 OEREHR
kv = LD a—KR— R 2 HERORFENFR— bE L TWLHEFIREL T/NL0Oa—7R
—hDO—DFAARABPLI THY ., HAPEBL TV DHHITH D, Fx D 500 AOFLIE=—
FA—Fb/NIOR, KRRETHERZ LI CZOERIIELENCH DL, T—r v D/ LY
=T v —7 CIEEFZ A — MI 10 TABBETH DM, Frtad 250H L3 —ik
— FBBFEA B L T D, BT LWRH PR RBRERH TE TV D6 ThDH, REVWa—
A= Fb/hSNa—R— bbb ENFNICEHETHLHZ LEZHL LT TRS & Lzvy,

HEE © ARBFTRITRAE T @R EOTIE, SGRREE R AL, 3 L OBREEA B S HEE R S
<

FEDOMIFEI A 25 T THEML TWET, £z, 2INE, BAHEREREERE, £ < 0dtqE
WL EICERBRZHHEB > TRV E9, ZIITESEHP L LT ET,
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mERAEI—R— b ALMRI—AR—b
DI —h 2002~2012 £ 2001~2004 £
BERAZ 20,926 % (JbiBE 37 E&ELKE) 514 % (ALWRm 1 EREER)
o 1. BREORRBCFMEOR IR EZ A
2. B ERIZRT. BB RHORIGRERATE L £ OREESTM
3. KREE. HERMAME, BE. METEBRE. R%-TUILT— ADWNLESZEDOUREHE
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x2 BIEIRHE

RAIEIER 7k
{EFME
17 Dioxins, 69 PCBs, 6 OH-PCBs (congener level) HRGC/HRMS
11 PFASs (PFHpA, PFHxA, PFOA, PFNA, PFDA, PFUnDA, PFDoDA, PFTrDA, PFTeDA, PFHxS, PFOS) UPLC-MS/MS
7 Phthalate metabolites (MnBP, MiBP, MBzP, MEHP, MEHHP, MECPP, cx-MiNP) GC-MS, LC-MS/MS

29 Chlorinated pesticides (cis-chlordane, trans-chlordane, cis-nonachlor, trans-nonachlor,
oxychlordane, o,p’-DDT, p,p’-DDT, o,p’- DDE, p,p’-DDE, o,p’-DDD, and p,p’-DDD, aldrin, dieldrin, endrin,
heptachlors, cis- HCE, trans-HCE, HCB,a-HCH, 8-HCH, y-HCH, and 6-HCH, Mirex, Parlar-26, Parlar-41,
Parlar-40, Parlar-44, Parlar-50, and Parlar-62)

GC-NCIMS, GC- HRMS

Bisphenol A ID-LC-MS/MS

Me-Hg Oxygen combustion-gold amalgamation method

Cotinine ELISA
ZOMORIEIER

Thyroid hormones (TSH, FT4) ELISA

Folic acid CLEIA

Fatty acids (palmitic, stearic, palmitoleic, oleic, linoleic, arachidonic, a-linolenic, EPA, DHA) GC-MS

Triglyceride TC E-Test Wako

IgE, IgA, ELISA

Adipokines (adiponectin, leptin, TNF-a, IL-6) ELISA and RIA

Steroid hormones (estradiol, testosterone, progesterone, cortisol, cortisone, DHEA, androstenedione)  LC-MS/MS

Reproductive hormones (inhibin B, INSL-3, SHBG, FSH, LH) ELISA, RIA, EIA

CLEIA Chemiluminescent Enzyme Immunoassay, cx-MiNP mono-carboxy-isononyl phthalate, DDD dichlorodiphenyldichloroethane, DDE
dichlorodiphenyldichloroethylene, DDT dichlorodiphenyltrichloroethane, DHA docosahexaenoic acid, DHEA Dehydroepiandrosterone, EIA enzyme immune assay,
ELISA Enzyme Linked Immunosorbent Assay, EPA eicosapentaenoic acid, FSH follicle-stimulating hormone, FT4 free thyroxine, GC-HRMS gas chromatography-high
resolution mass spectrometry, GC-MS gas chromatography- mass spectrometry , GC-NCIMS gas chromatographic-negative-ion chemical ionization mass
spectrometric, HCB hexachlorobenzene, HCE heptachlor epoxide, HCH hexachlorocyclohexane, HRGC/HRMS high resolution gas chromatography/high resolution
mass spectrometry, ID-LC-MS/MS isotopic dilution liquid chromatography-tandem mass spectrometry, IgA immunoglobulin A, IgE immunoglobulin E, LC-MS/MS
gas chromatography-tandem mass spectrometry, /L-6, interleukin-6, INSL-3 Insulin-like factor 3, LH luteinizing hormone, Me-Hg methylmercury, MnBP
mono-n-buthyl phthalate, MiBP mono-i-buthyl phthalate, MBzP mono benzyl phthalate, MECPP mono-(2-ethyl-5-carboxypentyl) phthalate, MEHP
mono(2-ethylhexyl) phthalate, MEHHP mono (2-ethyl-5-hydroxyhexyl) phthalate, OH-PCB hydroxylated polychlorinated biphenyl, PCB polychlorinated biphenyl,
PFASs perfluorinated alkyl substances, PFOA perfluorooctanoic acid, PFDA, perfluorodecanoic acid, PFDoDA, perfluorododecanoic acid, PFHpA perfluoroheptanoic
acid, PFHxA, perfluorohexanoic acid, PFHxS, perfluorohexane sulfonate, PFNA, perfluorononanoic acid, PFTeDA perfluorotetradecanoic acid, PFTrDA
perfluorotridecanoic acid, PFOS perfluorooctanoic sulfonate, PFUnDA perfluoroundecanoic acid, RIA radioimmunoassay, SHBG sex hormone-binding globulin,

2



TNF-a tumor nucleosis factor, TG triglyceride, TSH thyroid-stimulating hormone, UPLC-MS/MS Ultra Performance Liquid Chromatography-tandem mass
spectrometry
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R4 JHVBEIZATIVEENORE EEAREE(C LB MY TR O ADRE

(ASIE7) TIMA B 95% Cl
MnBP Total adiponectin -0.07t -0.14, 0.01
HMW adiponectin -0.09t -0.19, 0.00
Leptin -0.11 -0.26, 0.05
MEHP Total adiponectin 0.00 -0.03, 0.03
HMW adiponectin 0.00 -0.04, 0.05
Leptin -0.09* -0.16, -0.02
MECPP Total adiponectin -0.08* -0.14,-0.03
HMW adiponectin -0.11* -0.18,-0.03
Leptin 0.00 -0.13,0.13

*p<0.05, tP<0.1

Cl confidence interval, HMW high molecular

mono(2-ethylhexyl) phthalate
(XER[47]ZBEICHERR)

weight, MnBP mono-n-buthyl phthalate, MECPP mono-(2-ethyl-5-carboxypentyl)

phthalate,

MEHP



Figure legends

X1 AbifEE = —R— F OfiiL

2 AL = —AR— kot

ATS-DLD the American Thoracic Society-Division of Lung Disease, BSID-Il the Bayley Scales of Infant
Development second edition, CBCL the Child Behavior Checklist, DDST the Denver Developmental
Screening Tests, EES the Evaluation of Environmental Stimulation, FTII the Fagan Test of Infant
Intelligence, ISAAC the International Study of Asthma and Allergies in Childhood K-ABC the Kaufman
Assessment Battery for Children, KWCST B2}l Wisconsin Card Sorting Test, WAIS-R the Wechsler
Adult Intelligence Scale-Revised, WISC-IIl the Wechsler Intelligence Scale for Children third edition,

3 BHMAILT PFOS #REE & RHAILF U 77U &Y R, JENGEE & oo B

PFOS JREZZ UL LIz & & D% U 7V & Y R OENIBE O i/ 3 FEAME (95%(F #8 XFH)
% 7", AA arachidonic acid, ALA a-linolenic acid, DHA docosahexaenoic acid, EFA essential fatty
acids, EPA eicosapentaenoic acid, LA linoleic acid

(SCHk[29) % & & ITHERR)

BJ 4 RHAIMH PFOS R &P I M « A7 1A RAR/LE & o

PROS J % PUASTIZ LTz & & ORMEARLE v DR/ EE  (95%EFEIXE) &2,
T/E2 T AMART Y /A NT U4 —)L

(3CHRI33,39]1 % & & ITERK)

B 5 RHAIMA 7 2 g 27 VARG & S Lt OMEAR LR IR E & OBE (5 1R)
MEHP J £ % DU EAC LTz & & OAMER AT > O/ “ R (95%FHEXM) 2R, (F
1 PSR Ly 5 4 PUSL & DY FLHRIZ 351 T**P<0.003)

INSL3, insulin like factor-3, MEHP mono(2-ethylhexyl) phthalate

(CCHRB1Z & & IR



6 HHAKREASORHRME = F = JREE & SNPs (1 K 2 BREERISAS BAEH

AHR (G>A, At gb554Lys; rs2066853) (Z-OWT, GG, GA, AA genotype |[Z/EHI L. RHAILLH
aF = URE R 5 BRI LV T BTV (Lo 1, 0.12-0. 21 ng/mL; L 2,
0.22-0.55 ng/mL, L3, 0.56-11.48 ng/mL, L~ 4, 11.49-101.66 ng/mL, L~3L
5, 101.67-635.25 ng/mL) ., FALEIND LI 5 HAKE DR/ 5V (95%ZHE
X)) Z5Rd, L-Ub 1 % reference & L7ZEFD*P<0. 05, s#p<0. 1, **xp<0. 001,
(SCHRIS1) % & & IS PERR)

B4 7 RHAIMLF A A o IR E & HAERHMAE & OBREE - B8R AR

I, CYPIAL O n+£8 (TT/TC R, CC AY) “C“EB'J L7z & & OfHAIfLH PCDD/PCDF-TEQ
27, AL, GSTML @ non—null B & null BUZERI L= & & MRS X A 4% 18

FEN 1051272 o 72 & E DRO M EKREDORD &E2 R,

CYP1A1 cytochrome P450 1A1, GSTM1 glutathione S-transferase mu 1, PCDD polychlorinated

dibenzo-p-dioxins, PCDF polychlorinated dibenzofuran, TEQ toxic equivalent.

(3CHk[54,551% & & IZVERR)

8 RHAIMLT PFOA JREE & WEDR T T AT~ DEEEL DNA A F /ALK DI 1E
REHAIL S PROA JEEEDN 10 fFIC72 272 & T DR T T VAR~ DEAEREIT-0. 44 kg/m’, A
F AL ENTE L7 R 2 3-0. 11 kg/m’, IGF2 A FALDNTEZRIL 20% (-0. 11/-0. 55 = 0. 2)
TdHo7-, *p<0.05, *kp<0. 1

(SCHR[541 % & & ITHERR)
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Triclyceride
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P for trend <0.003
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Estradiol T/E2 ratio Inhibin B

(ng/mL) (pg/mL)
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(i) AHR (G=A, Arg554Lys; rs2066853)
GG genotype (n =989) GA genotype (n = 1,586) AA genotype (n = 688)
Leveld

Leval 1 Level? Level 3 Laveld Leval® Lavel 1 Leval2 Leveld Levald Level® Lol Lol Leveld Levalé
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PCDDs toxicity equivalence quantity

(TEQ pgfg lipid)
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-0.74% 0.16%*

IGF2
AFILE
PFOA RT3
RS | %
-0.44

-EEMFEE 044

AFIEENTET HEENEE:
-0.74x0.16 = -0.11

- 278 (-044)+(-0.11)=-0.55%

IGFZAF WAL DT EF(X20%
(-0.11/-0.55=0.2)
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