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Table 1. Parental and child basic characteristics (N = 121).

i ntal ch

Maternal age (vears) 309 + 48
Maternal education < 12 vears 47(38.8)

> 12 vears 74 (61.2)
Paternal age (vears) 327+ 59
Paternal education _,S_: 12 vears 37(30.6)

> 12 vears 84 (69.4)
Family income <5M ven 76 (62.8)

2 5M yen 45(37.2)
Maternal working during pregnancy Yes 12(9.9)

No 109(90.1)
Maternal smoking during pregnancy Yes 13(10.7)

No 108(89.3)
Maternal prepregnancy BMI (kg/m?) 209 £ 2.6
Parity 0 69 (57.0)

1 38(31.4)

22 14(11.6)
Caffeine intake during pregnancy (mg/day) 120.75(66.75-183.50)
Alcohol consumption during pregnancy Yes 41(33.9)

N 80 (66.1
Sex Male 53 (43.8)

Female 68(56.2)
Birth weight (g) 3158 + 316
Birth length (cm) 48.5 + 1.5
Gestational age (days) 2785 £ 7.1
Duration of breast feeding* < 3 months 8(6.6)

2 3 months 71(58.7)

Data missing 42 (34.7)

* Duration of breast feeding was obtained from questionnaire at 18 month old.
** Maximum score is 30. *** Maximum score is 38.



JRAEFBR M EE M S (LW E ) 27 F5EE3E)
SyHR e E

Table 2. Characteristics of exposure and outcomes.

Cord blood BPAlevel (ng/ml) 0.050(LOD-0.076)
BSID-IL MDI @ 6 month 90.7(5.9)

BSID-II PDI @ 6 month 90.4 (11.0)

HOME score ¢ 6 month** 22.8(2.6)

BSID-IT MDI @ 18 month (N = 86) 83.3(11.7)
BSID-I PDI(@ 18 month (N = 86) 88.0(12.0)
"HOME score @ 18 month*** (N-=89) 28.0(3.7)

TSH (nU/mb) 1.90(1.10-3.20)
FT4 (ng/mb 2.00(1.80-2.25)
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Maternal age (years) p=-0.110 p=0.098 == -0.064 p=-0.019 p == -0.060
Paternal age (vears) p=-0,097 0.289 | p=0.112 0.221 p=-0.153 0,093 p=0.001 (.993 ==-{),075 0.494
Maternal Education = 12vears 0.037 (0.036) [ 0.578 | 91.2 (4.4) 0.472 00.9(10.1) 0.722 §3.2 (13.2) 0.978 86.1(12.3) 0.252
; =12 vears 0,053 (0.036) 00.5 (6.7) 90.2 (11.6) §3.3(10.8) 89.2(12.7)
Paternal Education = 12vears 0,061 (0.043) 0.194 | 89.7 (3.9) (.201 90.6 (11.4) 0.908 79.6 (11.4) 0.071 83.8 (11.6) 0,043%
> 12 years 0.052 (0.033) 91.2 (5.9) 20.4 (10.8) 84,7 (11.6) 89.6 (11.8)
Family income < SM yven 0.058 (0.040) 0,153 | 90.6(6.1) 0.693 90.8 (11.3) 0.632 81.2 (11.3) 0.043* §7.1 (12.6) 0,388
= SNIven 0,049 (0,028) 91.0 (5.6) 89,8 (10.4) 86,3 (11.8) 393 (11.1)
Maternal working during pregnancy Yes 0.042 {0,033) 0.183 | 90.5(5.9) 0,218 87.8 (11.5) 0.386 82,5 (10.7) (.867 90.7 (10.4) 0.573
No 0.056 (0.036) 92.7 (6.2) 90.7 (10.9) $3.3 (11.8) 87.8 (12.0)
Maternal smoking during preguancy Yes 0064 (0,031 ] 0311 | 82.0(7.1) 0.263 7.2 (10.6) 0.265 79,5 (8.9) 0.415 84.0 (10.4) 0.401
No 0.054 (0.037) 91.0(5.8) 90,8 (11.0) 83.6 (11.9) 88.3 (12.1)
Parity U 0,056 (0.03%) 0.831 | 90.8 (5.8) 0.324 90,4 (11.8) 0.876 81.6 (12.4) 0,124 §6.9 (12.1) (.071
1 0.036 (0.041) 89.7 {(6.5) 90.3 (9.5) 86.9 (10.4) 87.2 (11.8)
=2 0.048 {0.029) 93.0 (4.6) 90.8 (11.3) 80.2 (10.1) 96.4 {9.5)
Caffeine intake during pregnancy (mg/day p=0,028 0.759 | p=-0.093 0.310 p=-0.230 0.011* | p=0.008 0.938 p=-0.071 0.518
Alcohol consumption {fui*%ng preguancy Yes 0,033 (0.034) 0.636 | 90.6 (6.0) 0,885 91.4 (10.6) 0.500 83.9 (9.9) 0.704 89.6 (11.3) 0.352

0.056 (0,037

0.8 (5.9

87.1

Sex Male 0.035 (0,030) 0.856 | 91.4(5.5) 0.273 90.2 (9.4) 0.815 79.4 (11.3) 0,005 84.0 (10.9) 0.006*
Female 0.054 (0.041) 90.2 (6.2) 90.6 (12.1) §6.4 (11.2) 91.1 (12.0)

Birth weight (g) p=0,127 0.164 | p=0.063 0,491 p=0,075 0.415 p=-0.037 0.737 p=0.089 0417

Birth fength (cm) p=0.063 0.492 | p=0.009 0.918 p=0.112 0.220 p=-0.039 0.720 £ =-0,008 0.966

Gestationalage (days) p=0.025 0.787 | p=0.125 0.170 p=10,087 0,345 p=10209 0,053 £=0.105 0,334

Duration of breast feeding® <3 months 0.042 (0.026) 0.229 | 90.3(3.5) 0.879 95.4 (13.8) 0.230 80.0 (3.9) 0.123 88.7 (9.7) 0.760
= 3months | 0.059 (0,039) 90.6 (6.5) 90.8 (10.3) §3.7 (11.8) 87.1 (12.4)

HOME scale @ 6 month** p = -0.009 0.822 { p=0.005 0.953 p=-0.030 0.747

HOME scale @ 18 month*** p=-0.072 0.502 p=0.201 0.072 p=0.201 0.072

* Duration of breast feeding was determined from questionnaire at 18 month old.

** Maximum score is 30. *** Maximum score is 38.
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Table 4. Association between natural log transformed TSH, FT4 levels at birth and natural log transformed cord blood BPA concentration (N=121).

'g‘ﬁ
-0.15(-0.38,0.08)

FT4

All 0.206 0.03 (-0.02, 0.08) 0.289
Male 0.05 (-0.38,0.48) 0.823 0.04 (-0.05.0.12) 0.409
Female -0.23 (-0.50,0.04) 0.089 0.02 (-0.05, 0.09) 0.491

? Adjusted for child’s age (days) at hormone measurement.

Table 5. Association between BSID-II (MDI, PDI) at 6 month and natural log transformed cord blood BPA concentration (N=121).

MDI @ 6 month

Adjusted?

-0.65 (-2.39. 1.05)

MDI @ 6 month

PDI @ 6 month

i1
MDI @ 6 month

-1.87(-4.11,0.36)

0.336

0.099

-1.99(-4.28.0.31)

PDI @ 6 month

-0.87(-5.32,3.58)

0.697

-0.91(-5.52.3.70)

2 Adjusted for caffeine intake during pregnancy, HOME at 6 month, maternal education, annual income and child sex for all subjects.

Table 6. Association between BSID-1I (MDI, PDI) at 18 month and natural log transformed cord blood BPA concentration (N=86).

@ 18 month

Adjusted?

0.08(-3.71,3.87)

18 month

MDI @ 18 month

0.69(-3.34.4.72)

PDI @ 18 month

MDI @@ 18 month

-0.39(-5.21,443)

-0.96 (-5.88,3.96)

PDI @ 18 month

0.75(-4.40,5.91)

2.28(-3.10.7.65)

2 Adjusted for HOME at 18 month, maternal education, annual income and child sex for all subjects.
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Tablel Characteristics of subjects (n=152)

Characteristics n (%)

Parental characteristics

Maternal age (years)” 30.2 (4.6)
Maternal pre pregnancy BMI (kg/m*)* 20.8 (3.0)
Parity
0 77 (50.7)
21 75 (49.3)
Maternal education level (years)
<12 66 (43.4)
213 86 (56.6)
Matemai smoking status during pregnancy
Nonsmoker 98 (64.5)
Smoker 54 (35.5)
Maternal allergic history
No 105 (69.1)
Yes 47 (30.9)
Paternal allergic history
No 127 (83.6)
Yes 25(16.4)
Annual household income (million yen)
<« 28 (18.4)
3-5 81 (53.3)
>5 43 (28.3)
Distance from home to highway
<100 m 72 (47.4)
2100 m 80 (52.6)
Infant characteristics
Gender
Male 69 (45.4)
Female 83 (54.6)
Birth season
Spring (March-May) 36 (23.7)
Summer (June-August) 44 (28.9)
Autumn (September-November) 34 (22.4)
Winter (December- Febuary) 38 (25.0)
Breast-feeding period (months) (n=134)
<4 25 (18.7)
>4 109 (81.3)
Environmental tobacco smoke exposure at 18 months (n=136)
No 73 (53.7)
Yes 63 (46.3)
Day care attendance at 18 months (n=136)
No 111 (81.6)
Yes 25 (18.4)
* Mean (SD)
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Table2 Concentrations of BPA and concentrations of IgE in cord blood (n=152)
Detection limit  ND?, no. (%) Mean Minimum 25th 50th - 75th Maximum Gel\c;lmetnc
ean
Cord blood BPA (ng/mL)" 0.048 61 (40.1) 0.058 0.024 0.024 0.055 0.078 0.217 0.048
Cord serum IgE (IU/mL)° 0.05 23 (15.1) 0.66 0.03 0.09 0.22 0.55 10.90 0.23

*ND: not determined
" BPA: bisphenol A
¢ IgE: immunogloblin E

Table 3 Number of infants who developed allergies and infections during the firtst 18 months of life (n=136)

Overall Male Female
n (%) n (%) n (%)
Allergy
Eczema 30 (22.1) 15 (23.1) 15 (21.1)
Food allergy 28 (20.6) 13 (20.0) 1521.1)
Wheezing 13 (9.6) 7 (10.8) 6 (8.5)
Infection
Otitis media 25(18.4) 16 (24.6) 9(12.7)
Chicken pox 10 (7.4) 4(6.2) 6 (8.5)
RSV disease® 322) 0(0) 3(42)
Bronchitis 3(22) 1(L5) 2(2.8)
Pneumonia 2 (1.5) 00 2(2.8)
Other viral infections” 6 (4.4) 4(6.2) 2(2.8)

# RSV disease: respiratory syncytial virus disease.

® Rotavirus, adenovirus or cytomegalovirus.
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Table4 Association between BPA® concentrations (ng/mL) and IgEb concentrations (IU/mL) in cord blood (n=152)

Crude Adjusted®
B 95% CI B 95% CI
log BPA
Over all (n=152) -0.019  (-0.385, 0.346) -0.051 (-0.416,0.314)
Male infants (n=69) 0.116  (-0.473,0.704) 0.189  (-0.399, 0.776)
Female infants (n=83) -0.146  (-0.614, 0.322) -0.138  (-0.614,0.339)

* BPA: bisphenol A
® IgE: immunogloblin E

¢ Adjusted models included maternal age, parity, maternal education level, maternal smoking status during pregnancy, parental allergic history, infant gender

Table5 Adjusted odds ratio (95% CI) between BPA concentrations in cord blood and allergies and infectious diseases during the first 18 months of life (n=136)

Overall (n=152)

Male infants (n=69)

Female infants (n=83)

Crude Adjusted Crude Adjusted Crude Adjusted
, OR? 95% CI OR? 95% CI OR? 95% CI OR? 95% CI OR? 95% CI OR? 95% CI
log, BPA®
Eczema® 1.14 (0.60, 2.20) 1.08 (0.54,2.15) 1.39 (0.53, 3.64) 1.40 (0.47,4.13) 0.96 (0.39, 2.36) 0.75 (0.25,2.26)
Food allergy” 1.14 (0.58, 2.22) 1.21 (0.60, 2.46) 1.93 (0.68, 5.50) 3.05 (0.80, 11.6) 0.76 (0.30,1.91) 0.62 (0.23,1.71)
Wheezing’ 1.16 0.46, 2.90) 1.06 (0.40, 2.84) 1.20 (0.33, 4.42) 1.10 (0.24, 5.03) 1.10 (0.30,4.07) 0.51 (0.09, 3.01)
Otitis media® 1.73 (0.85, 3.52) 1.78 (0.76, 4.10) 2.97 (1.05, 8.38) 6.53 (1.35,31.57) 0.86 (0.28, 2.64) 0.82 (0.25, 2.65)

# OR for a 2.7-fold incrase in cord BPA concentrations
® BPA: bisphenol A

¢ Logistic regression model adjusted models for maternal education level, maternal smoking status during pregnancy, parental allergic history, infant gender, breast-feeding period, environmental

tobacco exposure, day care attendance at 18 months.

d Logistic regression model adjusted models for maternal education level, maternal smoking status during pregnancy, infant gender, breast-feeding period, environmental tobacco exposure, day

care attendance at 18 months.
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Prenatal Exposure to Perfluorinated Chemicals and Neurodevelopment in Early
Infancy

MIENREE & BT AEHRE R FRERRER P EEE ¥ — B
e E M ZRT ABERFRERENIMAEET v ¥ — BEHEN
MESHEE BT 05 IMRERFRERRBENEEHE ¥ ¥ — R EHEA
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EmAERICF DT EMERICFEIIEE HHR
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We assessed the effects of perfluorooctane sulfonate (PFOS)/perfluorooctanoate (PFOA)
concentrations, as most well detected PFCs in humans, on neurodevelopment of infants in
early infancy. Mother-child pairs were analyzed in this birth cohort between 2002 and 2005
in Japan. The prenatal PFOS and PFOA levels were measured in maternal serum samples by
liquid chromatography-tandem mass spectrometry. Neurodevelopment of infants at 6 and 18
months of age were assessed by Bayley Scales of Infant Development. Associations with
log10-transformed PFC concentrations were estimated using linear regression models
adjusted for potential confounders. In the fully adjusted model, PFOA, not PFOS, had a
negative association with mental developmental index (MDI) among female infants. In
addition, we observed negative association between PFOA and MDI/PDI at 18 months of
age but it did not meet significant p-value. We observed no association between
concentrations of PFOS and neurodevelopmental scores in infants. Our data suggest an
inverse association between low-dose PFOA exposure and MDI in early life. In future
studies, assessment of the effects of PFCs with longer carbon-chain on neurodevelopment of
infants and children with bigger sample size and different battery tests is in need.

A. BIRE® slowly eliminated from the human body and
Perfluorinated  chemicals (PFCs) are  are resistant to metabolism with mean
WrRBIE half-lives of 5.4 and 3.8 years for PFOS and
g7 O FLIRER 2 mmERsme | PFOA, respectively (Olsen et al. 2007).
RS RD Both of these compounds showed
Houman Goudarzi neurodevelopmental toxicity in animal

(biEE R FEREERER AT & —)
g 2. IR HET
(BERRERE G L FEE)

ubiquitous and stable chemicals widely
detected in humans and environment. The
most widely studied and detected PFCs are
perfluorooctane sulfonate (PFOS) and
perfluorooctanoate (PFOA). They are

studies; maternal or neonatal exposure to
PFOS and PFOA caused neurodelopmental
delay, increased motor activity and reduced
habituation that were accompanied by
hypothyroxinemia (Lau et al. 2003;
Butenhoff et al. 2009). A strong correlation
of these compounds has been demonstrated
between maternal and cord blood samples in



