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hydrocar-bon receptor: AHR
P450 Cytochrome P450: CYP
1A1, CYP1A2, CYP1B1,
S- (GSTs), DNA
X-ray cross-complementing
gene 1 (XRCC1)

, PAHs
, AHR (G>A,
Arg554Lys, rs2066853), CYP1lAl
(A>G, lled62Val, rs1048943),
CYP1A2 (A>C, CYP1A2*1F,

rs762551), CYP1B1 (C>G, Leu432Val,
rs1056836), GSTM1 (Non-null/null),
GSTT1 (Non-null/null) XRCC1

C>T, Argl94Trp, rs1799782; G>A,
Arg399GIn, rs25487

AHR, CYP1Al (T>C, Mspl), GSTM1

DNA

DNA

Insulin-like
growth factor 2 (IGF2)
IGF2/H19 LINE1 DNA
IHHlumina
HumanMethylation450 BeadChip
DNA
99%
45
1
37
20,929
25
18,333



(H26- - -002) 28
55
37
20,926
27 12
19,280
55

3
2003 2 37
13
2013
20816
18305
3
42 33
exact
confidence interval
small-for-gestational age SGA
35 BMI
18 general linear
model
small-for-gestational age
10
1.5SD 6.7



(H26- - -002) 28

small-for-reference-fetal weight
SFW

4  Prevalence and Risk of Birth
Defects Observed in a Prospective
Cohort Study

Subjects in this study comprised
19,244 pregnant women who visited
one of 37 associated hospitals in the
Hokkaido Prefecture from 2003 to
2012, and completed follow-up. All
birth defects after 12 weeks of
gestation, including 55 marker
anomalies associated with
environmental chemical exposures,
were recorded. We examined parental
risk factors for birth defects, and the
association between birth defects and
risk of growth retardation.

5 7

20,926 2016 6

4
birth outcome
1 2 4 7

the
International Classification of
Disease 10th revision (ICD 10th)

6 Birth
defects
2002 2012 20,926
chemiluminescent enzyme
immunoassay

22
14,763 birth
defects multivariate

logistic regression analysis

7 Predictors of folate status among
pregnant Japanese women

Study location and population
Participants of this study were
pregnant women recruited during
their first trimester (<13 weeks of
gestation) from thirty-seven health
facilities across Hokkaido Prefecture.
They are participants of the ongoing
large-scale birth cohort of the
Hokkaido Study on Environment and
Children’s  Health. Data was
generated from these participants by
means of baseline questionnaires,
biochemical assays, hospital birth
records, and four months post-partum
health  records. Totally, 15266
participants with available baseline
guestionnaires, folate and cotinine
levels were included in this study.
Biochemical assays

Non-fasting whole maternal blood
samples  were collected from
participants and sera were stored
promptly at 4°C until folate assay.
Folate is quantified by direct
chemiluminescent acridinium ester
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technology?3 adopted by World Health
Organization’s (WHO) classification
guidelines?s. In this study, we used
plasma cotinine concentrations to
quantitatively classify active and
passive smoking status as previously
reported16.

Definition of variables

The dependent variable was folate
status. Serum folate status was
classified as: folate deficiency,
(<6.80nmol/L); suboptimal status
(6.80 -13.59 nmol/L) and optimal
folate status (>13.60 nmol/L)15. We
merged  folate  deficiency and
suboptimal category in one group.
Active and passive exposure to
tobacco smoking statuses were
classified based on plasma cotinine
cut-off points established in a
previous reporté, A non-smoker was
defined as having plasma cotinine
concentration of less than 1.19
nmol/L. A person exposed to
environmental tobacco smoke (ETS)
as having 1.19 — 65.21 nmol/L; and
active smoker as having greater than
65.21 nmol/L of plasma cotinine
concentration. Self-reported active
tobacco smoking was categorized
based on the number of cigarette
sticks smoked per day. Light
smokers (<10 cigarette sticks per
day); moderate smokers (10-19
cigarette sticks per day); and heavy

smokers (>20 cigarette sticks per day).

ETS exposure at home and work
place was assessed.
Statistical analyses
Skewed serum folate and plasma
cotinine concentrations were
log-transformed during the

)

preliminary descriptive analyses,
thereafter back-transformed. We used
Bayesian logistic regression and
fitted the model to the wm =10
imputed data set, with dichotomized
folate status as the outcome variable,
and the followings as potential
predictor variables: age, BMI, parity,
educational level, income, occupation,
region, year of enrollment, season of
the year at enrollment, folic acid
supplements use, other nutritional
supplements use, alcohol intake,
active cigarette smoking, and
exposure to environmental tobacco
smoke (ETS) both at home and work
place. We used results of plasma
cotinine concentration to
quantitatively classify active smoking
and passive exposure to tobacco
products, and regressed against folate
status, with adjustment for all other
potential predictors. We reported
pooled estimates for the main effects
of the predictor variables in the model.
P-values for testing for the presence
of a linear trend are also reported for
predictor variables with more than
two categories. Reported effects,
confidence intervals and p-values are
pooled over the m = 10 imputed data
sets. Statistical analyses were
performed wusing JMP 11 Pro
Statistical Software Package and
binary logistic regression model
which required multiple imputation
of missing data and was performed
using R version 3.2.2. An alpha level
of significance was set at <0.05.

8
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2002 2012
Small for
Gestational Age SGA
Cox
a=0.05
BMI
SGA
BMI
9
/ (ADHD)
8
3,258 ADHD
ADHD-RS (ADHD-Rating
Scale ; 2008)
ADHD ,
ADHD-RS DuPaul et
al.(1998) ADHD
8
ADHD
501
15.5 ADHD
1 2 4 7
ELIZA
2
Sasaki et

10

)

al.(2012) 0.21ng/ml
0.21ng/ml

11.49ng/ml

11.49ng/ml 3

10 Prenatal EXxposure to

Perfluorinated Chemicals and

Neurodevelopment in Early Infancy
A self-administered questionnaire
survey was completed after the
second trimester containing
information related to smoking,
household income and educational
levels, and alcohol and caffeine intake
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 liquid
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 wused the following
eligibility criteria for analysis of
subjects: no serious illnesses or
complications during pregnancy and
delivery, singleton babies born at
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term, Apgar score of > 7 at 1 min,
infants without congenital anomalies
or diseases, and BSID-IlI completed.
We performed multiple-regression
analysis to examine the association
between and the levels of maternal
PFCs and infant’s BSID-Il 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.

11 Effects of prenatal exposure to
perfluoroalkyl acids on risk of
allergic diseases at 4 vyears old
children

Mother-infant pairs who enrolled in
the Hokkaido large cohort Study on
Environment and Children's Health
in 2003-2009 were included in this
study. 11 PFAAs including PFHXA,
PFHpA, PFHXS, PFOS, PFOA, PFNA,
PFDA, PFUNnDA, PFDoDA, PFTrDA
and PFTeDA were measured in

maternal plasma taken at 28-32
weeks of gestation using
ultra-performance liquid

chromatography coupled to triple
quadrupole tandem mass
spectrometry. Information on
characteristics of participants was
obtained from medical birth records,
and self-administered questionnaires
obtained during pregnancy and after
delivery. Allergic diseases including
eczema, rhinoconjunctivitis  and
wheezing were defined using a
modified part of the Japanese version
of the International Study of Asthma

11

)

and Allergies in Childhood (ISAAC)
Phase Three questionnaire at 4 years
of age. Associations of PFAA quartiles

with allergic  outcomes  were
examined using logistic models
(n=1558).

12 Prenatal Exposure to
Perfluoroalkyl Acids and Risk of
Infectious Diseases in Early Life
Mother-infant pairs who enrolled in
the Hokkaido large cohort Study on
Environment and Children's Health
in 2003-2009 were included in this
study. We measured concentrations of
11 PFAAs: PFSAs (perfluoroalkane
sulfonates) including PFHXS, PFOS;
and PFCAs (perfluorinated carboxylic
acids) including perfluorohexanoic
acid (PFHxA), perfluoroheptanoic
acid (PFHpA), PFOA, PENA, PFDA,
PFUNDA, PFDoDA, PFTrDA,
perfluorotetradecanoic acid
(PFTeDA) in maternal plasma
samples obtained at 3rd trimester of
pregnancy using ultra-performance
liquid chromatography coupled to
triple quadrupole tandem mass
spectrometry. The method detection
limits (MDLs) were: PFNA and PFOS
(0.3 ng/mL), PFOA and PFHxS (0.2
ng/mL), and the other PFAAs (0.1
ng/mL). Information on
characteristics of participants was
obtained from medical birth records,
and self-administered questionnaires
obtained during pregnancy and after
delivery. Information on infectious
diseases including otitis media,
pneumonia, RSV, varicella, febrile
seizure were extracted from report of
mothers in questionnaire at 4 years
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of age. Totally 1,558 mother child
pairs who had information on
infectious diseases and prenatal
PFAA measurements were used for
analysis. Associations of PFAA
guartiles with allergic outcomes were
examined using logistic models.

13 The Association of Prenatal
Exposure to Perfluorinated Chemicals

with Glucocorticoid and Androgenic
Hormones in Cord Blood Samples

We conducted a hospital-based
birth cohort study between July 2002
and October 2005 in Sapporo, Japan
(n=514). In total, 251 mother-infant
pairs were included in this study. The
prenatal PFOS and PFOA levels were
measured in maternal serum samples
by liquid chromatography-tandem
mass spectrometry (LC-MS-MS).
Cord blood levels of glucocorticoid
(cortisol and cortisone) and
androgenic hormones
(dehydroepiandrosterone (DHEA)
and androstenedione) were also
measured by LC-MS-MS.

14 Association of prenatal exposure
to perfluoroalkyl substances with
cord blood adipokines

In this study, 168 mother-child
pairs were included. Perfluorooctane
sulfonate (PFOS) and
perfluorooctanoate (PFOA) in
maternal blood were determined by
LC-MS/MS. Cord blood adiponectin
and leptin levels were measured by
ELISA and RIA, respectively. Birth
weight and ponderal index (PI) were
obtained from birth record.

12

15 PCBs
42
2002 7 2005 9
1
514
426 23
35
PCDD 7 PCDF
10 PCB
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HRGC/HRMS

the Kaufman
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Hg
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6 K-ABC
151 PCBs
log
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3
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HRGC/HRMS
ISAAC
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340
TSH

365
FT4

BMI,

OCP

21 (OCP)

OCP29 80%

15

490
374

OCP

BMI

22 A BPA

BPA

/
ID-LC-MS/MS

BPA

BPA
BPA

23 Prenatal exposure to bisphenol A

14

)

and child neurodevelopment

Cord blood samples collected from
the Hokkaido study participants were
analyzed for BPA levels. Child
neurodevelopment was  assessed
using mental and psychomotor
development indexes (MDI and PDI)
from a Bayley Scales of Infant
Development Il at 6 and 18 months of
age (N = 121, 86, respectively). The
associations between cord blood BPA
levels and child neurodevelopment
were estimated using 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.

24 A
- IgE
514
18

18

390

BPA
LC-MS/MS 0.048
ng/mL

IgE ELISA
0.05 IU/mL SRL
BPA IgE
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152
BPA IgE
LOD
BPA 18
136
18
18

25 Prenatal MEHP,BPA exposure

and cord blood adipokine levels
Among 514 pregnant women
between 23 and 35 weeks of gestation
from one hospital in Sapporo, MEHP
levels in maternal blood in late
pregnancy (N=340) and bisphenol A
(BPA) levels in cord blood were
measured (N=285). Leptin and total
and high molecular weight (HMW)
adiponectin measured in cord blood
samples as markers of metabolic
function. Logistic regression models
were used to estimate the association
between MEHP and BPA and fetal
leptin and adiponectin, adjusting for
confounding factors. Total and high
molecular weight (HMW) adiponectin
and leptin levels in cord blood were
measured in 264 and 257 neonates,
respectively. Adiponectin analysis

)

was done by ELISA using Human
Adiponectin Assay kit from Sekisui
Medical Co. Ltd (Tokyo, Japan).
Leptin analysis was done by
Radioimmunoassay (RIA) using
Human Leptin RIA kit from Linco
Research Inc. (St. Charles, MO, USA).
Cord blood levels of leptin and total
and HMW  adiponectin  were
categorized into the top 90th
percentile (high group) and bottom
10th percentile (low group).

26  Effects of prenatal phthalate
exposure on thyroid hormone levels,
mental and psychomotor development
of infants

Maternal blood samples collected
between 23 and 41weeks of gestation
was analyzed for mono (2-ethylhexyl)
phthalate (MEHP), metabolite of di
(2-ethylhexyl) phthalate (DEHP)
levels. Neonatal FT4 and TSH were
obtained from mass screening data.
Infant neurodevelopment was
assessed by Bayley Scale of Infant
Development second edition at 6 and
18month of age. For the final analysis,
328 participants were included.

27. The associations between

prenatal phthalate exposure and

cryptorchidism

20,791
69
+1
138 207



(H26- - -002) 28 ( )
( )
3 263
7 MnBP,
MiBP, MBzP, MEHP ,MEHHP,
MECPP, MiNP BPA
ELISA Receiver
UPLC-MSMS ID-LCMSMS Operating Characteristic (ROC)
=11.48 ng/mL
50% DNA
(AHR)
BPA P450(CYP) 1A1 DNA
X-ray repair
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(Sasaki et al., 2011) , <
0.21 ng/mL 733  (Low cotinine
level) , 0.22-11.48 ng/mL 1,265
(Moderate cotinine level)

Moderate cotinine level
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H19, long interspersed
elementl LINEI
DNA
PFAAs
PFAAs

33 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 quantified in cord
blood by pyrosequencing. Multiple
linear regressions were performed.

34 PCBs
DNA
- 2002 7
2005 10
514
DNA 238
400 uL

Maxwell® 16 DNA Purification Kit
(Promega ) DNA

DNA Epitect Plus
Bisulfite Kit (Qiagen )

IGF2 DMRO
(chrllpl5.5, site 1: 2,109,519; site 2:
2,109516; NCBI Human Genome
Build 37.1), H19 DMR (chrllpl5.5,
site 1. 1,964,261; site 2: 1,964,259;
site 3: 1,964,257; site 4. 1,964,254),
LINE1 3
Pyromark Q24 system (Qiagen )

DNA

PCBs
HRGC/HRMS
log10
TEQ
(Van den Berg et al. 2005)
YDioxin-TEQ PCDDs 7

PCDFs 10 Non-ortho PCBs 4
Mono-ortho PCBs 10
YPCBs 58 PCB

35.

DNA

2002 2005

514
DNA
(N=244)
MEHP (N=187)
400 pL
Maxwell® 16 DNA Purification Kit
(Promega )
DNA Epitect Plus Bisulfite Kit
(Qiagen )
Pyromark Q24 system (Qiagen )

IGF2 H19 LINE1I 3
DNA
AAS
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increased risk of being
32 small-for-gestational age at term.
5 7
7
% 623 3.2%
100% 19,282 325 1.7
22 292
15 1.9 7
42
26 ICD 10th
BMI
1.43 95% 1.21,1.69 1.28 192
95% 1.08,1.54 LBW 91 89
1.39 95% 1.23,
157 1.76 95% 1.56, 1.97 33
SGA 1.15 95% 7 101 3
0.95, 1.40 1.77 95% 7
1.49, 2.10 41
4  Prevalence and Risk of Birth 6 Birth
Defects Observed in a Prospective defects
Cohort Study (

Prevalence of all birth defects was
18.9/1000 births. The proportion of
birth defects identified between 12
and 22 weeks (gestation was

approximately 10% of all birth defects.

Among congenital malformation of
the nerve system, 39% were observed
before 22 weeks of gestation. All
anencephaly and encephalocele were
identified before 22 weeks of
gestation. We observed different
patterns of parental risk factors
between birth defect cases included in
ISBDSR and cases not included.
Cases included in ISBDSR were
associated with an increased risk of
preterm birth. Cases not increased in
ISBDSR were associated with an

21

) 16.5 (13.4-21.5) nmol/L
deficiency (<10.0 nmol/L)  possible
deficiency (10.0-13.4 nmol/L)
optimal levels (>13.5 nmol/L)

6.6% 19.7% 73.7%
optimal levels deficiency
levels any birth defects

1.23 (95% confidence
interval [CI]: 0.81, 1.87) circulatory
system 1.23 (95% CI: 0.81, 1.87)
genital organs 1.31 (95% CI: 0.68,
2.55) urinary system 2.36 (95% CI:
0.77, 7.24) musculoskeletal
system 1.39 (95% CI: 0.49, 3.99) all
CHDs 1.39 (95% CI: 0.72, 2.71)
septal heart defects 1.30 (95% CI:
0.55, 3.06) ventricular septal defects
1.72 (95% CI: 0.72, 4.11)
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OR 0.26 (95% CI: 0.03, 2.03)

cases

7 Predictors of folate status among
pregnant Japanese women

Overall, geometric mean (standard
deviation) of serum folate

concentration was 17.77 (3.58) nmol/L.

Prevalence of folate deficiency was
0.52%. Suboptimal folate status
constituted 25.65%, while optimal
folate status was reported in 73.83%
of the population. Initial descriptive
analyses using folate as a continuous
variable revealed mean serum folate
concentrations increased with
increasing maternal age, educational

status, annual income, FA
supplements use, and other
nutritional supplements use. Mean

serum folate concentrations
decreased with increasing number of
cigarette sticks smoked per day, ETS
exposure at home, and increasing
plasma cotinine  concentrations.
Exposure to ETS at both home and at
work was associated with low folate
status. Serum folate inversely
correlated with plasma cotinine
concentration. Significant differences
were observed in mean plasma
cotinine concentrations among
nonusers of FA supplements and
users, with geometric mean (SD) of
46.41 (23.23) nmol/L, and 25.27
(15.32) nmol/L respectively. 7.00% of
folic acid users started intake more
than 3months before conception.
Another 8.00% started 1 month

22

)

before conception, while majority
(more than 60.00%) started use
following confirmation of pregnancy.
The average frequency of use per
week was 3 times. In the regression
model, the value of the McFadden's
pseudo-pooled over the imputed data
sets was 8.69%. The demographic
determinants of low folate status
identified were lower maternal age
(AOR: 1.48, 95% CI: 1.32, 1.66; lower
educational level (AOR: 1.27, 95% ClI:
1.17, 1.39; lower annual income
(AOR: 1.11, 95% CI: 1.01, 1.22);
residing in the south and eastern
regions (AOR: 1.25, 95% CI: 1.14,
1.38), and (AOR: 1.15, 95% CI: 1.05,
1.25), respectively. Being enrolled
into the study between 2005 and 2007
was associated with an increase in
the risk of low folate status (AOR:
1.23, 95% CI: 1.12, 1.35); while
recruitment between 2008 and 2010
reduced the likelihood of having low
folate status (AOR: 0.81, 95% CI: 0.73,
0.90), respectively. Lower BMI (AOR:
0.84, 95% CI: 0.74, 0.94; and
unemployment were associated with
risk reduction (AOR: 0.87, 95% CI:
0.80, 0.94.

Lifestyle factors that reduced the
odds of low folate status were the use
of FA supplements; other nutritional
supplements; and weekly alcohol
consumption. Lifestyle factors that
increased the odds of low folate status
were active cigarette smoking and
ETS exposure. Smoking <10 cigarette
sticks per day was associated with
increased odds; while smoking
between 10 to 19 cigarette sticks per
day was associated with an increased
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risk. However, smoking > 20 cigarette
sticks per day was not statistically
significant, but p-trend <0.001.
Exposure to ETS at home and work
increased the odds of low folate
status.

Participants with plasma cotinine
levels between 1.19 — 65.21nmol/L
were 1.20 times more likely to have
low folate status (AOR: 1.20, 95% CI:
1.10, 1.31); while those with levels >
65.21nmol/L had a twofold increase in
risk (AOR: 1.91, 95% CI: 1.70, 2.14.

8

18401
38.8+£1.53

3037.1+414.3g Cox

1.17 Cox

SGA
1.16
SGA

/ (ADHD)

ADHD

ADHD
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OR
=1.769,95%

Cl :1.250-2.502 OR=
1.560,95%Cl1:1.105-2.204
OR=1.557,95%C1:1.099-2.265)
OR=1.445, 95%Cl1:1.008-2.072
ADHD

(

OR=0.622,95%C1:0.409-0.944
OR=0.565,95%C1:0.354-0.902)

10 Prenatal Exposure to
Perfluorinated Chemicals and

Neurodevelopment in Early Infancy
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 (xSD) of infants
at 6 months 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 significant MDI
score difference the fourth quartile of
PFOA compare to first quartile
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among female infants at 6 months of
age. In 18 months of age, we did not

observe convincing association
between PFCs and BSID Il (both MDI
and PDI), and the association

between PFOA and MDI in female
infants disappeared.

11 Effects of prenatal exposure to
perfluoroalkyl acids on risk of
allergic diseases at 4 years old
children

Mother-child pairs who had
information on allergy at 4 years and
PFAA measurements were included
in data analysis (n=1558). The
number of children who developed
allergic disorders at 4 years of age
were as follows: wheezing, 291 (18.6);
rhinoconjunctivitis 84 (5.4%); eczema
296 (19.0%); and total allergic disease
536 (34.4%). Adjusted odds ratios
(ORs) in the 4th quartile vs 1st
quartile (Q4 vs Q1) for total allergic
diseases (including at least one of
allergic outcomes) were significantly
decreased for PFDoDA (Q4 vs Q1 OR:
0.621; 95% CI: 0.454, 0.847) and
PFTrDA (Q4 vs Q1 OR: 0.712; 95% ClI:
0.524, 0.966) in all children. We found
the same results between PFAAs and
eczema. The adjusted OR (Q4 vs Q1)
for wheezing in association with
higher maternal PFHXS levels was
0.728 (95% CI: 0.497, 1.06) in all
children. Although adjusted OR for
allergic outcomes in 2nd to 4th of
examined PFAA quartiles reduced
compare to first quartile in both sexes,
the associations were statistically
significant only in boys after sex
stratification.

24

12 Prenatal Exposure to
Perfluoroalkyl Acids and Risk of
Infectious Diseases in Early Life

The number of children who
developed infectious disorders until 4
years of age were as follows: otitis
media, 649 (41.4%); pneumonia, 287
(18.4%); RSV, 197 (12.6%); varicella
589 (37.8%), and febrile seizure, 121
(7.7%), and total infectious disease
1075 (69.0%). There was no
significant difference between
incidence of infectious diseases
among boys and girls. PFOS levels in
the highest quartile (Q) were
associated with increased odds ratio
of infectious diseases compare with
the lowest quartile (Q4 vs Q1 OR:
1.56; 95% CI: 1.12, 2.17; p for trend=
0.022) in all children. In addition,
PFHXS was associated with higher
risk of total infectious diseases only
among girls across quartiles (Q4 vs
Q1 OR: 1.56, 95% CI: 0.963, 2.54; p
for trend= 0.022). However, PFDA
was associated with reduced risk of
otitis media among girls (Q4 vs Q1
OR: 0.700; 95% CI: 0.452, 1.08, p for
trend= 0.042).

13 The Association of Prenatal
Exposure to Perfluorinated Chemicals

with Glucocorticoid and Androgenic
Hormones in Cord Blood Samples

We  found a  dose-response
relationship of prenatal PFOS
exposure, but not PFOA, with
glucocorticoid levels after adjusting
for potential confounders. Cortisol
and cortisone concentrations were
-28.70 (95% confidence interval (ClI):
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-46.10, -11.30; p for trend < 0.001) and
-77.93 ng/mL (95% CI: -130.97,
-24.89; p for trend <0.001) lower,
respectively, in infants with prenatal
PFOS in the fourth quartile compared
with those in the first quartile. The
highest quartile of prenatal PFOS
exposure was positively associated
with a 0.99 ng/mL higher DHEA level
compared with the lowest quartile
(95% CI: 0.15, 1.83; p for trend=0.013),
whereas PFOA showed a negative
association with DHEA levels
(quartile 4 vs 1: -0.98 ng/mL, 95% CI:
-1.72, -0.23; p for trend=0.011). We
observed no significant association
between PFCs and androstenedione
levels.

14 Association of prenatal exposure
to perfluoroalkyl substances with
cord blood adipokines

The median maternal PFOS and
PFOA were 5.1 and 1.4 ng/mL,
respectively. The median total
adiponectin and leptin levels were
19.4 pg/mL and 6.2 ng/mlL,
respectively. Adjusted linear
regression analyses found that PFOS
level was positively associated with
total adiponectin levels (8=0.12, 95%
Cl1:0.01, 0.22), contrary  was
negatively associated with PI (8=-2.25,
95% CI: -4.01, -0.50). The association
was more significant in boys. PFOA
level was negatively associated with
birth weight (8=-197, 95% Cl: -391,
-3).

15 PCBs
42

25

79
50.3%
35.7
K-ABC
103.2 SD=12.8
99.9(SD=14.0)

49.1% 1
K-ABC
SD4.7

76

K-ABC
WAIS-R
p=0.01,
p=0.015,WAIS-R
p=0.000, WAIS-R
p=0.026

K-ABC

Total PCDD

16

3.5 323

7 252

(OR(95&C1)=5.87 (1.18-29.3))

17

29 15
80% 8 10
pg/g-wet

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 pg/g-wet)
cis-Heptachlorepoxide(26 pg/g-wet)
HCB(102 pg/g-wet) B-HCH(154
pg/g-wet)
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IgE
B(95%Cl :o,p'-DDT= 0.29 (0.01,
0.56) Dieldrin=0.44 (0.02, 0.86))
18
OR (95%Cl): o,p'-DDE 0.60 (0.39,
0.93)

18
6
 BSID MDI
(r=0.20,p <.05) PDI

(r=-0.19, p<.05) (r=

0.28, p < .05) (r

=-0.16, p < .05)

MDI PDI

19

oxychlordan,
trans-nonachlor,
cis-heptachlorepoxide, HCB, Mirex

DDE DDT,
Dieldrin BHCH, Mirex,
Parlar-50 PRL
c-Heptachlorepoxide, HCB
Inhibin B

LH, FSH, SHBG, INSL3

DDE DDT

p-p-DDE  T/E2

E2

20 OCP

OCP TSH

o,p’-DDE
Diedrin

0,p-DDT
FT4
o,p-DDE: B=-.03, p<.05
o,p-DDT: B=-.06, p<.05
B=-.08, p<.05) TSH
cicNonachlor
Parlar50
FT4
cicNonachlor:8=.04,
p,p-DDT:8=.04, p<.05
B=.04, p<.05)

p,p-DDT

p<.05

21 (OCP)

Diedrin:

Parlar50:

(r =
<.01) (r =0.70, p < .01)
(r=0.81,p<.01)
<.01)
(t = 2.8, p < .05)
OCP

Parlar26
(B= -169,
Cl: -319 -19, p <0.05)

22 A BPA

0.50, p

(r=0.59,p

BPA

0.5ng/mL
BPA

97%
101%
MDL
Method Detection
20

Limit
10
26
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10
5
0.036ng/mL

MDL  0.037ng/mL
BPA
MDL 0.1ng/mL

BPA BPA

20 10

10 BPA
BPA
ND

(BPA d-16)/

(BPA d-4)

3
66 112%

23 Prenatal exposure to bisphenol A
and child neurodevelopment

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.

24 A

152
30.2+4.6 56.6%

86 50.7% 77

35.5% 54
30.9%
47 16.4% 25
45.4% 69
18
136
46.3% 63
18.4% 25
Table 1
BPA 0.055 ng/mL
LOD 0.048 ng/mL
40.1% 61
IgE 0.22 1U/mL
LOD 0.05I1U/mL
Table 2

15.1% 23

18
22.1% 30
20.6% 28
9.6% 13 18.4% 25
2 Table 3
BPA IgE

BPA 18

BPA 2.7

OR 2.97

95% CI: 1.05, 8.38 6.53
95% CI: 1.35, 31.57

25 Prenatal MEHP, BPA exposure

and cord blood adipokine levels

Median (IQR) MEHP and BPA
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levels (ng/ml) were 10.70 (6.30-17.05)

and 0.051 (< LOD-0.075), respectively.

Median total and HMW adiponectin
and leptin levels were significantly
higher in girls than boys. (P = 0.006
for total adiponectin, p = 0.005 for
HMW adiponectin, p < 0.001 for
leptin, respectively). The median
leptin  level was significantly
correlated to both total and HMW
adiponectin levels (data not shown).
The median leptin level was
significantly higher in mothers with
higher BMI (P = 0.006) and the total
and HMW adiponectin levels were
suggestively higher in mothers with
higher BMI (p < 0.1). The geometric
mean BPA level was higher in higher
total adiponectin  group  with
borderline significance. BPA level
was also higher in high HMW
adiponectin and high leptin groups
with no statistical significance.
After adjusting with covariates,
MEHP level was positively associated
with total and HMW adiponectin
levels among boys (p = 0.008 for both).
MEHP level was negatively
associated with leptin levels with
borderline significance over all, and
after stratification by child sex, the
association was observed only among
girls with statistical significance (p =
0.008). BPA level was not associated
with any of the adipokine levels.

26 Effects of prenatal phthalate
exposure on thyroid hormone levels,
mental and psychomotor development

of infants: The Hokkaido Study on
Environment and Children's Health.
The median levels of maternal MEHP

28

)

was 10.6ng/ml, neonatal TSH and
FT4 was 2.20 pU/ml and 2.03ng/ml,
respectively. We did not find any
associations between prenatal DEHP
exposure and neonatal thyroid levels
or infant mental and psychomotor
development at 6 and 18month. In
this study, prenatal DEHP exposure
did not show adverse effects on infant
TH levels or mental and psychomotor
development in early life stage.

27. The associations between
prenatal phthalate exposure and
cryptorchidism

MnBP100%, MiBP99.0%,
MBzP2.9%, MEHP 98.5%, MEHHP
5.3%, MECPP 86.4%, MINP 1.0%,
BPA 78.6%

MnBP 41.0ng/mL
MiBP 5.3 ng/mL MEHP
1.2ng/mL MECPP 0.26 ng/mL

BPA 1.1
ng/mL
BMI
BPA
MECPP case
vs. control: 0.21 ng/mL vs. 0.28
ng/mL; p=0.011
MECPP
0.60
[OR(95% CI): 0.60
(0.35-1.03); p=0.065]
BPA
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P <0.05 AHR
GA/AA CYP1Al
TT/TC GSTM1
Absent
—— 4719
P<0.01
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(PCDFs) 4
29
719

(95%CI; -103, -40; P < 0.001)
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lle462Val)-AA XRCC1(C>T,
Argl194Trp)-CC
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CYP1A1-AG/GG
XRCC1-CT/TT

145g
(95%Cl; -241, -50; P = 0.003)

30

AHR XRCC1

, Level 1 ,
Level 5
171 g 95% CI: -226, -117

P for trend < 0.001

AHR  G>A, Arg554Lys
GG , Level 1 , Level
5 217 g 95% CI: -332,
-102 P for trend <
0.001 P for trend
<0.01 XRCC1 C>T, Argl94Trp

TT , Level 1

, Level 5 387 g 95%
Cl:-558, -217 P for
trend < 0.05 XRCC1 G>A,
Arg399GIn AA , Level
1 , Level 5 366

g 95% CI: -554, -177

P for trend < 0.001 :
CYP1Al (A>G, lled62Vval), CYP1A2
(A>C, CYP1A2*1F), CYP1B1 (C>G,

Leu432Val), GSTM1
(Non-null/null), GSTT1
(Non-null/null)
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300 mg
2769(p=0.024)
1.0cm (p=0.027)
(p=0.023)
32 DNA
PFOA IGF2
(B= -0.73, p= 0.04) IGF2
IGF2
(B=0.17, p= 0.002)
IGF2 PFOA

20%

33 Effects of Prenatal Exposure to
Perfluoroalkyl Acids on Cord Blood
IGF2/H19 Methylation and

)

(kg/m3) at birth (B = 0.18, 95% CI:
0.09 t0 0.27).

34 PCBs
DNA
238
DNA «SD) IGF2
DMR  48.7% (+3.0) H19 DMR

52.4% (+1.9%) LINE1 75.9% (+1.1)
PCBs

(TEQ) 14.2
pg/g lipid (3.2 to 42.9) PCBs

100.8 ng/glipid (16.0 to 326.8)

NoCBs
(PCB-208)

22'33'455'66'-NoCB
H19
(8=0.87, 95%CI:

0.08 to 1.67)
PCDFs IGF2

(B=-4.21, 95%Cl: -7.60
to -0.83) H19

NoCBs (8=2.60, 95%CI: 0.82 to
4.38) DeCB (8=2.77, 95%CI: 0.76 to
4.78)

35.

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
methylation fractions significantly
decreased with a logl0—increase in
PFOA concentration [B8 = -1.53, 95%
confidence interval (CI): -2.93 to
-0.12]. We observed a positive
correlation between IGF2
methylation and the ponderal index

30

DNA

1.42pgl/g
:0.30-7.55)
187 MEHP
10.4 ng/ml ( -
3.4-64.0)

LINE1
(8=0.7,
p=0.04)
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H19
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LINE1 ICBDSR Annual report 2013

H19 2007-2011
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4
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False-discovery rate <0.05
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PFOA PFENA PFDA PFUNDA
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PFNA
PFDA
PFOS3.83 ng/mL PFOA 2.67
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ng/mL PFHXxS 0.324 ng/mL
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DDT HCB
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Fukata et al., 2005
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FT4
cisNonachlor p,p’ -DDT Parlar50
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Table 1. Birth outcomes observed in the Hokkaido Study on Environment and Children’s Health.

Singleton birth Twin birth
Index of outcome n % N %
[95% CI] [95% CI]
Still birth 47/17787 0.26 4/322 1.2
[0.19, 0.35] [0.3, 3.1]
Live birth
Preterm birth 737/17740 4.2 234/318 73.6
[3.9, 4.5] [68.4, 78.3]
Modelate preterm birth 684/17740 3.9 224/318 70.4
[3.6, 4.1] [65.1, 75.4]
Very preterm birth 45/17740 0.25 6/318 1.9
[0.19, 0.34] [0.7, 4.1]
Extream preterm birth 8/17740 0.05 4/318 1.3
[0.02, 0.09] [0.3, 3.2]
Low birth weight 1359/17725 7.7 250/317 78.9
[7.3,8.1] [74.0, 83.2]
Very low birth weight 49/17725 0.28 15/317 4.7
[0.20, 0.37] [2.7, 7.7]
Extream low birth weight 13/17725 0.07 6/317 1.9
[0.04, 0.13] [0.7, 4.1]
Macrosomia 185/17725 1.0 0/317 o*
[0.90, 1.2] [0, 1.2]
Small for gestational age 683/15921 4.3 35/286 12.2
[4.0, 4.6] [8.7, 16.6]
Term small for gestational age 646/15921 4.1 18/286 6.3
[3.8, 4.4] [3.8, 9.8]
Small for reference fetal weight 743/15921 4.7 63/286 22.0
[4.3, 5.0] [17.4, 27.3]

Note. Still birth is the birth of a dead fetus of 22 completed gestational weeks or above. Preterm birth is defined as the birth after 22 and before 37 completed gestational weeks. Preterm birth is
subdividedinto three degrees of prematurity: moderately preterm (32—36 completed weeks), very preterm (28-31 completed weeks) and )extremelypreterm (22—27 completed weeks). Low birth weight,
very low birth weight and extream low birth weight are the birth weight less than 25009, 1500 and 1000g, respectively. Macrosomia is the birth weight above 4000g. Small-for-gestational-age is the birth
weight less than 10th percentile of the reference birth weight estimated by gestational age, gender and parity. Term small-for-gestational-age is the small-for-gestational-age in the term birth neonates.
Small-for-reference-fetal-weight is the birth weight less than 1.5 standard deviation of the reference ultrasonic-based fetal weight estimated by gestational age, gender and parity. Cl = confidence interval.

*97.5% confidence interval.



Table 2. Proportion of live birth children corresponding to index of birth weight according to gestational age in the Hokkaido Study on Environment and
Children’s Health.

Gestational age in full weeks at delivery

Index of birth weight 22-31 32-36 37-41
% % %
n [95% CI] n [95% CI] n [95% CI]
Low birth weight
Singletons  52/53 98.1 315/684 46.1 937/16955 55
[89.9, 100] [42.3 49.9] [5.2,5.9]
Twins 10/10 100 189/223 84.8 51/84 60.7
[69.2, 100] [79.4 89.2] [49.5, 71.2]
Very low birth weight
Singletons  38/53 71.7 11/684 1.6 0/16955 0
[57.7, 83.2] [0.8 2.9] [0, 0.02]*
Twins 10/10 100 5/223 2.2 0/84 0
[69.2, 100] [0.7,5.2] [0, 4.3]*
Extream low birth weight
Singletons  13/53 24.5 0/684 0 0/16955 0
[13.8, 38.3] [0, 0.5]* [0, 0.02*
Twins  6/10 60.0 0/223 0 0/84 0
[26.2, 87.8] [01.6]* [0, 4.3]*
Small for gestational age
Singletons  7/46 15.2 30/612 4.9 646/15263 4.2
[6.3, 28.9] [3.3 6.9] [3.1, 6.7]
Twins  2/10 20.0 15/197 7.6 18/176 10.2
[2.5, 55.6] [4.3,12.2] [6.2, 15.7]
Small for reference fetal weight
Singletons  5/46 10.9 51/612 8.3 687/15263 4.5
[3.6, 23.6] [6.3, 10.8] [4.2, 4.8]
Twins  2/10 20.0 36/197 18.3 25/176 14.2
[2.5, 55.6] [13.1, 24.4] [9.4, 20.3]

Note. Low birth weight, very low birth weight and extream low birth weight are the birth weight less than 25009, 1500 and 1000g, respectively. Small for gestational age is the birth weight
less than 10 percentile of reference birth weight estimated by gestational age, gender and parity. Small-for-reference-fetal-weight is the birth weight less than 1.5 standard deviation of

reference ultrasonic-based fetal weight estimated by gestational age, gender and parity. Cl = confidence interval. * 97.5% confidence interval.



Table 3. Fetal growth ratio of live birth neonates according to gestational age in the Hokkaido Study on Environment and Children’s Health.

Gestational age in full weeks at delivery

22-31 32-36 37-41
mean mean mean
: [95% ClI] : [95% Cl] : [95% Cl]
Fetal growth ratio calculated using reference birth
weight (%)
Singletons 46 101.4 612 105.4 15263 103.9
[92.1, 110.6] [104.2, 106.6] [103.7, 104.1]
Twins 10 90.4 197 96.9 79 92.5
[75.1, 105.8] [95.2, 98.7] [89.9, 95.1]
Fetal growth ratio calculated using reference fetal
weight (%)
Singletons 46 98.4 612 97.8 15263 99.3
[89.3, 107.5] [96.8, 98.9] [99.2, 99.5]
Twins 10 88.2 197 90.1 79 86.9
[72.8, 103.6] [88.4, 91.7] [84.4, 89.3]

Note. 'Fetal-growth-ratio calculated using reference birth weigh't is the percent of the median birth weight calculated using the reference birth weight estimated by gestational age, gender
and parity. Fetal growth ratio calculated using reference fetal weight is the percent of the median fetal weight using the reference ultrasonic-based fetal weight estimated by gestational
age, gender and parity. Cl = confidence interval.



Prevalence and Risk of Birth Defects Observed in a Prospective Cohort Study;
the Hokkaido Study on Environment and Children®s Health

Background: Prevalence rates of all anomalies classified into birth defects,
including those identified before the 22th gestational week, are limited in
published reports, including those from International Clearinghouse for Birth
Defects Surveillance and Research (ICBDSR). In our birth cohort study, we
collected the data for all birth defects after 12 weeks of gestation.

Methods: Subjects in this study comprised 19,244 pregnant women who visited
one of 37 associated hospitals in the Hokkaido Prefecture from 2003 to 2012, and
completed follow-up. All birth defects after 12 weeks of gestation, including 55
marker anomalies associated with environmental chemical exposures, were
recorded. We examined parental risk factors for birth defects, and the
association between birth defects and risk of growth retardation.

Results: Prevalence of all birth defects was 18.9/1000 births. The proportion of
birth defects identified between 12 and 22 weeks gestation was approximately
10% of all birth defects. Among congenital malformation of the nerve system,
39% were observed before 22 weeks of gestation. All anencephaly and
encephalocele were identified before 22 weeks of gestation. We observed
different patterns of parental risk factors between birth defect cases included in
ISBDSR and cases not included. Cases included in ISBDSR were associated
with an increased risk of preterm birth. Cases not increased in ISBDSR were
associated with an increased risk of being small-for-gestational age at term.
Conclusions: Data from our study complemented the data from ICBDSR. We
recommended that birth defects not included in ICBDSR also be analyzed to
elucidate the etiology of birth defects.

Birth defects, including malformations,
( deformations, and chromosomal

) abnormalities, are major causes of
neonatal mortality.l: 2 Previously, it
was believed that most birth defects




were idiopathic. However, it is now
recognized that there are birth defects
known to be caused by hazardous
epidemics, such as thalidomide
exposure during pregnancy. To
investigate and prevent birth defects,
surveillance programs affiliated with
the International Clearinghouse for
Birth  Defects Surveillance and
Research (ICBDSR) are underway.3 4

Incidence of birth defects
cannot be accurately estimated
because fetal death cases before
diagnosis of the pregnancy are
unknown. The Japan Association of
Obstetricians and  Gynaecologists
(JAOG) reports observed birth defect
cases via the nation-wide
hospital-based monitoring program to
the ICBDSR. However, mortality cases
before 22 weeks of gestation have not
been reported.? Data regarding the
prevalence of all birth defects, and
cases observed before 22 weeks of
gestation, could be captured via
prospective cohort studies of pregnant
women. In this report, we described
birth defects observed beginning at 12
weeks of gestation during the
pre-natal care of pregnant women in a
prefectural-wide hospital-based birth
cohort study, the Hokkaido Study on
Environmental and Children's
Health.> 6 Furthermore, we examined
parental risk factors for birth defects,
and the association between the birth
defects and the risk of growth
retardation. We analyzed and
presented the differences in these
estimations between those birth defect
cases included in the ICBDSR and
those cases not included.

Study cohort

The primary goal of the Hokkaido
Study on Environmental and
Children's Health was to examine the
effects of perinatal environmental
chemical exposures on birth outcomes,
including birth defects. The details of
this cohort study have been described
previously.>. 6 We enrolled women in
early pregnancy (<13 weeks
gestational age), who visited one of the
37 associated hospitals or clinics
including 3 university hospitals and
their associated clinics in the
Hokkaido Prefecture, from February
2003 to March 2012. These hospitals
and clinics are evenly distributed
throughout the Hokkaido prefecture.
We obtained written informed consent
from all subjects. The institutional
ethical board of the Hokkaido
University Center for Environmental
and Health Sciences (reference no.14,
March 22, 2012), and Hokkaido
University  Graduate  School of
Medicine (May 31, 2003) approved the
study protocol.

Follow-up

Follow-up with the pregnant women
enrolled in the study and their
offspring is on-going. In this study, we
used the dataset of the fixed cohort as
of the end of 2015, which included
20,805 women. The number of study
participants with a birth record was
19,579. The follow-up rate at birth was
94.1%. Data from 5.9% of participants
were missing because the participants
were lost-to-follow-up.

Data collection



The number of subjects in this report
who had birth outcome data and
gestational week data was 19,244.
According to the standardized manual
provided by the principal investigator
of the Hokkaido University (R.K.),
each physician in charge of each
woman in the delivery units of the
participating hospitals or clinics
ascertained and recorded birth defects
within 7 days of delivery or at the
termination of pregnancy. The
physicians selected from a list of 55
disease names to record the birth
defect, or if the disease was not on the
list, described disease names in the
unified sheet. These 55 birth defects
listed on the unified sheet are possible
effect markers of environmental
exposure. We encoded the birth defects
according to the International
Statistical Classification of Diseases
and Related Health Problems (ICD),
10th revision.” The ICBDSR
monitoring list that physicians also
complete lists 35 malformations.3
Medical records of the parents
and offspring at delivery or
termination, including gestational age
and birth weight, were also recorded
on the same sheet. Preterm birth was
defined as birth between 22 and 37
weeks of gestation. Very low birth
weight (VLBW) was defined as birth
weight <1500 g. Small for gestational
age at term (term SGA) was defined as
birth weight below the 10th percentile
reference point for birth weight,
according to gestational age, sex, and
parity. We used the database of birth
weight published by the Japan
Pediatric Society as a reference.8

The baseline data regarding
information on parental reproductive
history and life style factors, including
age at the entry of this study, body
mass index before the pregnancy,
parity, drinking habit in the first
trimester, smoking during the
pregnancy, and any usage of assisted
reproductive technologies, were
collected wusing a self-administered
questionnaire.

Statistical analysis

Differences between expected and
observed frequencies by gestational
week (before week 22 or from week 22
of gestation), sex (males or females),
and the number of births (singletons or
multiples) for each category or defect
were tested by the Fisher's exact test.

We calculated risk ratios (RRSs)
for all kinds of birth defects, and birth
defects included or not included in the
ICBDSR, in singleton fetus or infants,
according to maternal and paternal
factors, including maternal age at the
entry (<35, >35 years old), maternal
body mass index, parity (0, >1),
assisted reproductive technology (used,
unused), age of the partner at the
entry (<35, >35 years old), maternal
alcohol use in early period of the
pregnancy (used, unused), and
maternal smoking during pregnancy
(smoking, nonsmoking). We estimated
RRs of birth defects by preterm birth,
VLBW, and term SGA. We calculated
RRs using log-binomial regression
analysis with and without adjustment
for the above maternal and paternal
factors. P value <0.05 was considered
as statistically significant. Statistical
analyses were calculated using Stata



14 (Stata Corp, College Station, TX,
USA).

We show the distribution of mother
and singleton child pairs according to
the gestational week and birth
outcomes in Figure 1. Women who
delivered between 12 and 21 weeks of
gestation accounted for 10.0% of all
births. The proportion of birth defects
among deliveries at 12-21 weeks was
9.7% (32/341) of all birth defect cases
observed in this report. Consequently,
prevalence of birth defects in this
period was approximately ten times as
high as the birth defects observed from
22 weeks of gestation. Among study
subjects, 40 cases ended in termination
and 18 of the 40 cases had a birth
defect. Of 149 cases of miscarriage
among study subjects, 15 of the cases
had a birth defect and of 57 stillbirths,
4 had a birth defect. Of the 18,565
cases that were live born, 277 had a
birth defect.

The prevalence of birth defects
classified by major ICD-10 categories
according to gestational week, sex and
number of births is shown in Table 1.
Each defect was counted separately,
even if there were accompanying
defects in the same infant. The
prevalence of all birth defects observed
in this study was 18.9/1,000 births
(19.7/1000 pregnant women). The
highest prevalence was observed in
malformations or deformations of the
musculoskeletal system (4.1/1,000
births), followed by malformations of
the circulatory system (3.6/1,000
births). The prevalence of the birth

defects from 22 weeks of gestation was
17.4/1,000 births. The prevalence
before 22 weeks of gestation was
164.2/1,000 births (P < 0.0001).
Prevalence of malformations of the
nervous system, malformations of eye
or ear or face or neck, malformations of
the urinary system, malformations
and deformations of the
musculoskeletal system, and
Chromosomal  abnormalities  was
higher before 22 weeks of gestation
compared to after 22 weeks of
gestation. Among the congenital
malformation of the nerve system, 39%
were observed before 22 weeks of
gestation. The total prevalence was not
significantly different between males
and females; 19.6/1,000 births in males
and 17.6/1,000 births in females (P =
0.48). Malformations of eye or ear or
face or neck, and the circulatory
system were found more in females
than males, but the differences were
not statistically significant (P = 0.07
and 0.18, respectively). Malformations
of genital organs and urinary system
occurred significantly more in males
than females (P < 0.001 and P = 0.003,
respectively). The total prevalence was
not significantly different between
singleton (18.9/1,000 births) and
multiple birth infants (20.8/1,000) (P =
0.70). In multiple births, triplet births
occurred only in nine pregnancies. No
birth defects were observed in the
triplet births. Most birth defect cases
were identified before birth. All cases
of malformation of the nervous system,
digestive system except for oral cavity,
and genital organs were identified
before birth. Malformations of the



respiratory system showed the lowest
percentage of identification before
birth (50.0%).

There were 32 cases of
multiple defects. The most frequent
combination of multiple defects was

malformations of the circulatory
system and chromosomal
abnormalities (n, 8), followed by
malformations of the circulatory

system and other malformations (n, 5),
and cleft lip/cleft palate and
malformations and deformations of the
musculoskeletal system (n, 5).

The prevalence of selective
birth defects included in the ICBDSR
is shown in Table 2. The prevalence of
birth defects included in the ICBDSR
was 8.4/1,000 births. Cleft lip with or
without cleft palate showed the
highest prevalence (1.3/1,000 births),
followed by Down syndrome (1.0/1,000
births) and polydactyly (1.0/1,000
births). The prevalence of the birth
defects from 22 weeks of gestation was
7.8/1,000 births. The prevalence before
22 weeks of gestation was 64.7/1,000
births. All anencephaly and
encephalocele cases were observed
before 22 weeks of gestation. Among
the spina bifida cases, 33% were
observed before 22 weeks of gestation.

Most cases were identified before birth.

Limb reduction defects showed the
lowest percentage of identification
before birth (75.0%).

RRs of birth defects in
singletons for selective maternal and
paternal factors are shown in Table 3.
For those birth defects included in the
ICBDSR, maternal age>35
significantly increased birth defect

risk (adjusted RR, 1.89; 95% CI,
1.23-2.91). For birth defects not
included in the ICBDSR, nulliparous
and assisted reproductive technology
significantly increased birth defect
risk (adjusted RR, 1.63; 95% ClI,
1.13-2.32, adjusted RR, 1.99; 95% CI,
1.06-1.41, respectively). Body mass
index, age of partner, alcohol use, and
smoking did not significantly increase
birth defect risk.

RRs of growth retardation in
singletons with birth defects are
shown in Table 4. Presence of a birth
defect significantly increased the
adjusted RRs of VLBW both for birth
defects included and those not
included in the ICBDSR. For birth
defects included in the ICBDSR,
presence of a birth defect significantly
increased the adjusted RRs of preterm
birth (adjusted RR, 2.20; 95% CI,
1.34-3.60). Among birth defects not
included in the ICBDSR, significantly
increased RRs of term SGA was
observed (adjusted RR, 2.01; 95% CIl,
1.11-3.66). Birth defects presented in
Table 3 and Table 4 include those
observed before 22 weeks of gestation.

The JAOG system is an important
nation-wide monitoring system for
assessing incidence and prevalence of
birth defects, and identifying
outbreaks that has been in place for
approximately 40 years. However, the
system aggregates birth defect cases.
It is not a population-based
registration system, such as those in
Scandinavian  countries, but a
hospital-based monitoring system. The



primary difference between the
nation-wide reporting of birth defect
cases by JAOG and the present study
is that our study is a prospective birth
cohort study, in which various data
covering all gestational periods, many
parental factors, and other related
observations, such as infant
development after entry to the cohort

were collected, thereby providing
additional research and reporting
opportunities. In our study, we

identified the prevalence of all birth
defects after 12 weeks of gestation
among the general population of
Japanese women in a prefectural-wide
prospective cohort study. Our study
included 55 birth defects as possible
effect markers of environment
exposure. We reported that the
character of those birth defects not
included in the ICBDSR was different
from those included in the ICBDSR.

In our study, we were able to
examine the above issues because we
obtained informed written consent
from all women at the time of
notification of their pregnancy, or
before 13 weeks of gestation. However,
we could not include women who
miscarried for any reason or cause
before the informed consent was
obtained. If lethal defects occurred
during conception, or before the entry
of epidemiological studies or
surveillance programs, valid incident
cases could not be counted. Because an
accurate denominator, i.e. number of
fetuses at risk, is unknown, this study
omitted observations before 12 weeks
of gestation. The ICBDSR surveillance
programs omit observations before 22

weeks of gestation. Observation before
22 weeks of gestation are included in

this report.
The Japanese data reported in
the ICBDSR showed that the

prevalence of birth defects (total
number of cases among live births,
stillbirths, and elective terminations of
pregnancy for a fetal anomaly) was
1.6% per year during 2007 - 2011.3
Using the same denominator and
numerator, the prevalence of birth
defects included in the ICBDSR was
found to be 0.8% in our study. The
prevalence in our study is lower than
that reported in the nation-wide
hospital-based monitoring project. One
possibility is that the ICBDSR
monitoring project consists of core
hospitals in each area, such as
university hospitals and specified
children’s hospitals, for example, the
Hokkaido Medical Centers for Child
Health and Rehabilitation. High-risk
pregnant women might tend to visit
such hospitals, and severe birth defect
cases are usually transferred to such
core  hospitals before  delivery.
Moreover, only 10 institutions
participated in the monitoring project
in the Hokkaido area. Our 37
associated hospitals or  clinics
including 3 university hospitals, were
evenly distributed throughout the
Hokkaido prefecture, and accounted
for approximately 40 % of the
institutes with delivery units in this
prefecture.9 Therefore, we guess that
our study participant represented the
population of women in general in the
Hokkaido area. Another possibility
might be that our participants were



relatively healthy pregnant women
who had an interest in environment
and health in communities.

We found that birth defects
observed before 22 weeks of gestation
was approximately 10% of all birth
defects. However, the proportion of
birth defects in this early gestational
period was very high. Therefore, this
finding confirmed a large proportion of
stillbirths and terminations were
caused by birth defects. Pregnancies
with major structural defects tend to
be terminated. Information on
termination of pregnancy is difficult to
obtain in general; however, prospective
birth cohort studies provide an
opportunity to obtain information on
termination.

Regarding differences by sex, a
population-based study in the US
observed that the overall prevalence of
major defects in live births was 3.9%
among males and 2.8% among females
during 1968 to 1995.10 We did not
observe significant differences in

prevalence between males and females.

Higher prevalence of malformations of
genital organs and urinary system in
males, and malformations of ear, face,
and neck in females were consistent
with data in the US. However, we
found a difference regarding
malformations of the circulatory
system; prevalence was higher in
females in our study. The mechanisms
of a sex-based difference in prevalence
are unknown. However, race-based
difference in prevalence suggests
involvement of differences in
susceptibility genes.1?

Concerning multiple gestations,

the total prevalence of birth defects
was not different between singleton
and multiple infants in this study.
However, there were congenital
malformations observed only in twins.
Additional etiological factors appeared
to be a factor in multiple births.12
Although the prevalence is low, a study
of multiple births would be necessary
to elucidate the cause of birth defects.

Our study findings suggest a
different pattern of parental risk
factors between those birth defects
included in the ISBDSR, and those not
included. Various risk factors for birth
defects have been suggested, including
environmental exposures.1l. 13 However,
the causes of most birth defects remain
unknown. The increased risk from
high maternal age in our study was
consistent with previous studies.l4 In
previous studies, there was less
evidence that high paternal age
affected risk.15 We observed increased
risk due to high age of the partner in
birth defects included in the ICBDSR,
although the RR was not statistically
significant. Increased risk due to usage
of assisted reproductive technologies of
birth defects not included in the
ICBDSR was comparable finding to
previous studies.18 The risk of alcohol
use and smoking has been reported in
previous studies; however, we did not
observe the significant risk.l7. 18
Future studies need to further
examine parental and environmental
factors, including passive smoking,®
endocrine  disrupting  chemicals,20
indoor air pollution,2? folate,22. 23
supplemental vitamins,24-26 and
stress.27.28



It was indicated in a previous
study that structural birth defects
contributed to a substantial proportion
of preterm birth.29 We observed an
increased risk of preterm birth in birth
defects included in the ICBDSR. In
contrast, we observed an increased
risk of term SGA in birth defects not
included in the ICBDSR. Both preterm
birth and term SGA are indicators of

fetal growth retardation, however,
their etiological factors might be
difference (Tamura N., et al., in

submission). Therefore, our findings
might suggest that there were
different etiological factors between
birth defects included and those not
included in the ICBDSR. Our
observation of birth defects not
included in the ICBDSR also suggest
that the same etiology might be
involved in both fetal growth and in
birth defects, such as usage of assisted
reproductive technologies. Because of
future morbidity of children associated
with growth retardation,30. 31 our
findings emphasize that prospective
birth cohort studies play an important
role in the prevention of childhood
illness.

Birth defects are rare outcomes.
In addition, it is often not possible to
conduct prospective studies for the
investigation  of  birth defects.
Therefore, researchers usually select a
case-control study design, which is
appropriate for rare disease outcomes,
in order to elucidate the relationship
between birth defects and parental
and environmental factors. However,
in case-control studies, an underlying
recall bias of exposure is not

avoidable.1! Although the rarity of
specific anomalies often limits the
design of epidemiologic studies, the
data from prospective studies are still
valuable.

The potential disadvantages of
our study data should be considered.
The findings concerning the
lost-to-follow-up group suggest the
existence of ‘bias due to withdrawal’,
although the reason for dropout was
speculative. Participants from certain
backgrounds might tend to withdraw
from this or similar studies. However,
the effect of the withdrawal was
considered to be small because our
follow-up rate was sufficiently high.

Malformations, deformations,
and chromosomal abnormalities were
previously thought to be idiopathic;
therefore, they were frequently termed
congenital anomalies. However, more
recent research indicates that such
abnormalities have been caused in
part by parental conditions and
environmental factors, such as drug
usage and environmental pollution.
The term ‘congenital anomalies’ is no
longer used as the general term.13 In
this study, the term 'birth defects’' was
used.

Previously, observation of birth
defects began at birth. However,
timing of ascertainment has begun
earlier as technology advance,
especially through the use of
ultrasound.! In our study, most birth
defects were diagnosed before birth.
However, some birth defects, such as
malformations of the respiratory
system, showed low percentage of
ascertainment before birth. We



continue to collect data regarding birth
defects wusing a self-administered
questionnaire administered at 1, 2, 3,
4, and 7 years after delivery. Because
there are birth defects that may not be
identified until the later years of
follow-up, it is anticipated that the
number of birth defect cases will
increase over time. Future studies
investigating the association of risk
factors with birth defects and the
long-term impacts of birth defects,
using the existing and future data of
this cohort study, will provide valuable
insights.

In conclusion, we reported the
prevalence of birth defects in the
general population of Japanese women
in our cohort study. Although the
monitoring system based on the
ICBDSR is an excellent nation-wide
monitoring system to survey
longitudinal trend, the birth defects
not included in the ICBDSR should
also be analyzed to elucidate the
etiology of birth defects. Prospective
studies will contribute the elucidation
of the prevalence and etiology of birth
defects by using the framework of
epidemiology.
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Figure 1. Subjects in this report, and the distribution of birth defects according to the gestational week and pregnancy outcomes.



Table 1. Prevalence of birth defects by major | CD-10 categories according to gestational age, sex, and multiple birth observed after 12th gestational week in the Hokkaido Study on

Environment and Children’s Health®

. . . Ascertainment
Total Gestational week Sex Mutiple birth before birth
(n=19,195) 12 - 21 week 22 - 42 week meles females singleton births muitiple births ~ (n=19,195)
(n=201) (n=18,994) (n=9,660) (n=9,437) (n=18,811) (n=384)
o (/1,000 AQ“_._OOO .Q“_..ooo (11,000 (/1,000 A.h_._ooo Q“_..Ooo
Classfication (ICD-10 code) n births) n biths<21 n biths>22 N debi rths) n fermale n sngeton n  mutiple (%)
week) week) births) births) births)
Congenital melformetions of the nervous
system (Q00-Q07) 18 ( 09 7( 348 ) 11( 06 ) 7(07 ) 8( 09 ) 8( 10 ) 0( 00 100
Congenital melformetions of eye, ear,
106, and nock (Q10-Q18) 30 ( 16 3( 149 ) 27( 14 ) 10( 1.0 ) 20( 21 ) 30( 16 ) 0O( 00 733
Congenital melformetions of the
ciroulatory systom (020-Q28) 69 ( 36 0( 00 ) 69( 36 ) 29( 30 ) 40( 42 ) 68( 36 ) 1( 26 855
Congenital melformetions of the
respiratory systom (Q30-Q34) 2 ( 01 0( 00 ) 2( 01 ) 1( 01 ) 1( 01 ) 2( 01 ) o( 00 50.0
Cleft lip and cleft palate (Q35-Q37) 36 ( 19 0( 00 ) 36( 19 ) 19( 20 ) 17( 18 ) 3B/( 19 ) 1( 26 88.9
Other congenital malformetions of the
digestive systom (Q38-045) 19 ( 10 0( 00 ) 19( 10 ) 12( 12 ) 7( 07 ) 18( 10 ) 1( 26 100
Congenital melformetions of genital 24 ( 13 0( 00 ) 24( 13 ) 21( 22 ) 3( 03 ) 23( 12 ) 1( 26 100
organs (Q50-Q56)
Congenital malformetiors of theuinary o5 4 2( 100 ) 24( 13 ) 21( 22 ) 5( 05 ) 2( 12 ) 4( 104 96.2
system (Q60—Q64)
Congenital melformeations and
deformations of the musculoskeletal 79 (41 9( 448 ) T70( 37 ) 43( 45 ) 34( 36 ) 79( 42 ) 0( 00 88.6
qvatem (OAS-OT79)
MMM congenital matformations (Q80- g 4 g 1( 50 ) 27( 14 ) 12( 12 ) 16( 17 ) 28( 15 ) 0( 00 85.7
Chromosomal abnormalities, not
olewhere classied (Q90-099) 32 ( 17 1 ( 547 ) 21( 11 ) 14( 15 ) 15( 16 ) 32( 17 ) 0o( 00 90.6
Total 363 (189 33( 1642 ) 330 ( 174 ) 189 ( 196 ) 166 ( 176 ) 355 ( 189 ) 8 ( 208

ICD, International Statistical Classification of Diseases and Related Health Problems 10th revision.

Each defect was counted separately, even if there were acconmparnying defects in the same infart.



Table 2. Prevalence of selected birth defects included in the ICBDSR surveillance program according to gestational age,
observed after 12th gestational age in the Hokkaido Study on Environment and Children’s He alth®

Birth defects ICD-10 code Tota Gestationl week As;:::z’i*;“
(n=19,195) 12 - 21 week 22-42week  (n=19,195)
(n=201) (n=18,994)
s " b " by
Anencephaly Qo0 4 (21) 4 ( 20) 0 ( 00) 100
Spina bifida Q05 3 ( 16) 1 ( 498) 2 ( 11) 100
Encephalocele Qo1 1 ( 05) 1 ( 498) 0 ( 05) 100
Microcephaly Q02 1 (05) 0o ( 00) 1 ( 05) 100
Holoprosencephaly Q04.2 2 (10) O ( 00) 2 ( 11) 100
Hydrocephaly Q03 2 (10) O ( 00) 2 ( 11) 100
Anophthalmos/microphthaimos Q11.0-Q11.2 0O ( 060) O ( 00) 0 ( 00)
Anotia/microtia 0Q16.0, Q16.1 2 (10) 0 ( 00) 2 ( 11) 100
Trangposition of great vessels Q20.1-Q20.3 6 ( 31) 0 ( 00) 6 ( 32) 100
Tetralogy of Fallot Q21.3 5 (26) 0 ( 00) 5 ( 26) 60
Hypoplastic left heart syndrome Q234 2 (10) O ( 00) 2 ( 11) 100
Coarctation of the aorta Q25.1 3 (16) 0 ( 00) 3 ( 16) 100
Choandl atresia, bilateral Q30.0 0O ( 060) 0O ( 00) O ( 00)
Cleft palate without cleft lip Q35 1 ( 57) 0 ( 00) 11 ( 58) 81.8
Cleft lip with or without cleft palate  Q36, Q37 25 (1B80) 0 ( 00) 25 (132) 92
Oesophagesl atresia/stenosis Q39.0-Q39.4 2 ( 10) 0 ( 00) 2 ( 11) 100
Smdll intestine atresia/stenosis Q41 7 (36) 0 ( 00) 7 ( 37) 100
Anorectd aresia/stenosis Q42 6 (31) 0 ( 00) 6 ( 32) 100
Undescended testicles Q53 4 ( 73) 0 ( 00) 14 ( 74) 100
Hypospadias Q54 8 ( 42) 0 ( 00) 8 ( 42) 100
Indeterminate sex Q56.4 1 ( 05) 0 ( 00) 1 ( 05) 100
Renal agenesis Q60 0O ( 60) O ( 00) O ( 00)
Cystic kidney Q61.1-Q61.3 2 (10) 0 ( 00) 2 ( 11) 100
Epispadias Q64.0 0O ( 10) O ( 00) O ( 10)
Bladder exstrophy Q64.1 1 ( 05) 0 ( 00) 1 ( 05) 100
Polydactyly, preaxial Q69 20 (104) 1 ( 498) 19 ( 100) 90
Limb reduction defects Q71, Q72, Q73 4 (21) 1 ( 498) 3 ( 16) 75
Diaphragmetic hernia Q79.0-Q79.1 5 ( 26) 0 ( 00) 5 ( 26) 100
Omphalocele Q79.2 0O ( 60) O ( 00) O ( 00)
Gastroschisis Q79.3 0O ( 60) O ( 00) O ( 00)
Prune belly sequence Q79.4 0O ( 60) O ( 00) 0 ( 00)
Trisomy 13 Q91.4-Q91.7 1 (05) 0o ( 00) 1 ( 05) 100
Trisomy 18 Q91.0-Q91.3 4 (21) 1 ( 498) 3 ( 1l6) 100
Down syndrome Q90 20 (104) 4 ( 200) 16 ( 84) 90
Total 162 (844) 13 (6468 ) 149 ( 784)

ICD, International Statistical Classification of Diseases and Related Health Problems, 10th Revision; WHO, ICBDSR: International
Clearinghouse for Birth Defects Surveillance and Research.

®Each defect was counted separately, even if there were accomparying defects in the same foetus.



Table 3. Risk ratios of birth defects in singleton infants according to maternal factors, observed in the Hokkaido Study on Environment and Children’s Health

Risk for all birth defects Risk for Birth defects included in the ICBDSR program Risk for birth defects not included in the ICBDSR program
without - with 0 o2 05%  Adisted RRE@5% ot W CeRR(05%  Adjused RRE o with Adjusted RR® (95%
bith  birth o just o 5% bith  pirth o w%\ o birth  birth Crude RR (95% Cl) I o (95%
defects  defects ) defecte’ defects O5%C)  efete® defects )
Age at the entry
<35yearsold 15196 243 1.00 15195 106 1.00 15195 138 1.00

>35yearsold 3,301 71 1.34 103,174 161 (1.19,2.19) 3,301 38 164 (114,238) 1.89 (1.23,291) 3301 33 110 (0.74,1.60) 1.40 (0.90,2.16)
Body mass index

>18 15535 239 1.00 1.00 15535 113 1.00 1.00 15535 127 1.00 1.00

<18 1,905 33 1.12 (0.78,1.61) 1.21 (0.82,1.778) 1,905 11 0.80 (0.43,1.47) 0.83 (0.42,1.65) 1,905 22 141 (0.89,2.20) 152 (0.94,2.45)
Parity

>1 11,402 191 1.00 1.00 11,401 98 1.00 1.00 11,401 94 1.00 1.00

0 7,095 123 1.03 (0.83,1.29) 1.23 (0.94, 1.60) 7,095 46 0.76 (0.53,1.07) 0.86 (0.57,1.30) 7,095 77 131 (0.97,1.77) 163 (1.13,2.32)

Assisted reproductive technologies

No 16,972 254 1.00 1.00 16,971 116 1.00 1.00 16,971 139 1.00 1.00

Yes 743 21 1.86 (1.20,2.89) 1.95 (1.23,3.10) 743 9 1.76 (0.90,3.46) 1.96 (0.97,3.93) 743 12 196 (1.09,3.51) 1.99 (1.06,1.41)
Age of the partner

<35yearsold 12,302 192 1.00 1.00 12,302 82 1.00 1.00 12,302 110 1.00 1.00
>35yearsold 6194 122 1.26 (1.00.1.57) 1.09 (0.83,1.43) 6,194 62 1.50 (1.08,2.08) 1.26 (0.84,1.87) 6,194 61 1.10 (0.81,1.50) 0.97 (0.67,1.89)
Alcohol use in early period of the pregnancy

No 15246 228 1.00 1.00 15245 104 1.00 1.00 15245 125 1.00 1.00

Yes 2141 38 1.18 (0.84,1.66) 1.14 (0.80, 1.66) 2,141 17 116 (0.70,1.94) 1.14 (0.65,2.01) 2,141 21 119 (0.75,1.89) 1.15 (0.70,1.89)
Smoking during pregnancy

No 12,766 210 1.00 1.00 12,766 98 1.00 1.00 12,766 112 1.00 1.00

Yes 2078 30 0.88 (0.60,1.29) 0.99 (0.67,1.45) 2,078 10 0.63 (0.33,1.20) 0.69 (0.36,1.33) 2078 20 110 (0.68,1.76) 1.26 (0.80,2.04)

RR, risk ratio; Cl, confidence interval.

Adjusted for maternal age, parity, maternal body mass index, and assisted reproductive technology.
U_mxn_ca_zm birth defect cases not listed in the ICBDSR surveillance program.

°Excluding birth defect cases listed in the ICBDSR surveillance program.



Table 4. Risk ratios of birth outcomes in singleton infants according to birth defects, observed in the Hokkaido Study on Environment and Children’s Health

Risk of birth defects Risk of birth defects included inthe ICBDSR program Risk of birth defects not included in the ICBDSR program
without ~ with ! N without  with ! N without  with ) o
bith  birth CrudeRR (@5%cCly AAWEIRRIO5% — pinh iy crude RR (95% c1y AISEARRIE5% it i crude RR (9506 ¢l AdIUSted RR(95%
defects defects cn defects® defects cn defects® defects cn
Preterm birth
() 17,591 289 1.00 17,590 128 1.00 17,590 162 1.00
) 895 25 164 (112,240) 167 (1.13,248) 895 16 229 (1.44,3.66) 2.20 (1.34,3.60) 895 9109 (057,206 1.21 (0.64,229)
Very low birth weight
() 18215 277 1.00 18,214 129 1.00 18,214 149 1.00
) 231 33 850 (6.01,12.0) 9.35 (6.57,13.3) 231 13731 (4.29,125) 8.16 (4.81,13.8) 231 20 945 (6.14,14.5) 1020 (6.59, 15.9)
Term small for gestational age
() 15924 664 1.00 15919 97 1.00 15919 117 1.00
) 213 17 1.85 (116,293) 191 (1.20,3.03) 664 7168 (0.82,345 1.75 (0.86,3.59) 664 10 1.97 (1.08,358) 201 (1.11,3.66)

RR, risk ratio; Cl, corfidence interval.

®Adjusted for meternal age, parity, meternal body mess index, and assisted reproductive technology
_umxo_ca_:@ birth defect cases not listed in the ICBDSR surveillance program.

“Excluding birth defect cases listed in the ICBDSR surveillance program
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Birth defects

[Background]
birth defects
[Methods] 2002 2012
20,926 chemiluminescent enzyme
immunoassay 22
14,763 birth defects
multivariate logistic regression analysis [Results]
( ) 16.5 (13.4-21.5) nmol/L deficiency (<10.0 nmol/L)
possible deficiency (10.0-13.4 nmol/L) optimal levels (>13.5 nmol/L)
6.6% 19.7% 73.7% optimal levels deficiency levels any birth
defects 1.23 (95% confidence interval [CI]: 0.81, 1.87)
circulatory system 1.23 (95% CI: 0.81, 1.87) genital organs 1.31 (95% CI: 0.68, 2.55)
urinary system 2.36 (95% CI: 0.77, 7.24) musculoskeletal system 1.39 (95% ClI:

0.49, 3.99) all CHDs 1.39 (95% CI: 0.72, 2.71) septal heart defects 1.30 (95% CI:
0.55, 3.06) ventricular septal defects 1.72 (95% CI: 0.72, 4.11)
OR 0.26 (95% CI: 0.03, 2.03)
cases [Conclusions]
birth defects
birth defects
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( 15-18 )
CHDs cleft lip with/without cleft
palate (CL + P)1424

birth defects
birth defects

( )

25

birth defects

birth defects

birth cohort study
birth defects

2002 2
2012 5
37

20,926
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birth
defects

(SRL, Inc. Tokyo, Japan)
the ADVIA Centaur technique
chemiluminescent
enzyme immuno-assay (CLEIA)

7
(miscarriage, stillbirth and live birth,
singleton or multiple)
birth defects

2 birth
defects
22

(2) Definition and Classification of Birth
Defects
Birth defects the International
Classification of Disease 10th revision
(ICD 10) CHD
5 subgroups 1)
isolated septal defects
2)
conotruncal heart defects
Fallot ,
3) left-sided obstructive
malformation
4) right-sided obstructive
malformations
Ebstein 5)



other CHDs
7,8,10
folate-related birth defects
birth defects
NTDs 57 CHDs 98 orofacial
clefts 1517 hypospadias 26 limb
reduction defects??
Birth defects

birth defects
2
Birth defect

14,763
(3) Statistical Analysis
deficient (<10.0 nmol/L)
possibly deficient (10.0-13.4 nmol/L)
optimal (>13.5 nmol/L) 3

28 <20 20-24 25-
29 30-34 2>35
BMI(kg/m2) underweight (<18.5

kg/m2) normal weight (18.5-24.9 kg/m?2)
obese (>25.0 kg/m?2)

(€12 years,
>12 years) (<5 million yen, >5
million yen) (0, >1)

(yes, no)
(yes, no)
(yes, no) (yes, no)
(yes, no) birth defects
(yes, no) (ves,
no)
(yes, no)
(yes, no)
(yes, no)
birth
defects any birth
defects ICD 10t

folate-related birth defects

phenotype

Chi-squared Fisher s exact
tests one-way analysis of variance
(ANOVA)

birth defects
optimal level
deficiency possibly deficiency level

odds ratios (ORS) 95%
confidence intervals (CIs)
(continuous
variable)
BMI (continuous variable)

P values <0.05
95% CIs 1.0
SPSS for Windows
(version 21.0; IBM Corp., Armonk, NY,
USA)

16.5 (13.4 — 21.5) nmol/L



deficient possible deficient

optimal levels 981
(6.6%) 2,906 (19.7%) 10,876
(73.7%) (Table 1)
24 optimal levels
deficiency levels (P <0.001)
Deficient
(P <0.001) (P<
0.001) (P = 0.019)
(P < 0.001)

Obese mothers underweight
normal weight mothers

deficient (P < 0.001)

22.7% deficient

(P <
0.001)
deficient 67 (2.0%)
2. Birth defects
Birth defects 342

ICD 10th circulatory system
defects 130 genital
organ defects 63 (Table 2)

ventricular septal defects 61
birth defects
birth defects

16.6 nmol/L 16.5 nmol/L

(P =0.691)
Optimal levels deficient
possible deficiency levels
ORs ( 95% CI) Any birth

defects ORs deficient 1.23
(95% CI: 0.81, 1.87)

ICD 10th optimal
levels deficiency levels

ORs circulatory system 1.23 (95%

Cl:0.81,1.87) genital organs 1.31 (95%
Cl: 0.68, 2.55) urinary system 2.36
(95% CI: 0.77, 7.24)
musculoskeletal system 1.39 (95% CI:
0.49, 3.99)
nervous system cleft lip and cleft
palate digestive system possible
deficiency levels nervous system
digestive system  deficiency levels
possible deficiency levels
ORs 0.76
(95% CI: 0.09, 6.70) 0.44 (95% CI: 0.15,
1.68) 0.48 (95% CI:0.11, 2.13)

(Table 2)
folate-related birth defects
(Table 3)
NTDs limb reduction defects

2
optimal levels optimal levels
deficiency levels ORs
all regarding folate-related birth
defects 1.11 (95% CI: 0.59, 2.09) all
CHDs 1.39 (95% CI: 0.72, 2.71) septal
heart defects 1.30 (95% CI: 0.55, 3.06)
ventricular septal defects 1.72 (95% CI.:
0.72, 4.11)
CL +P deficiency levels
possible deficiency levels
cleft palate
ORs 0.26 (95% C1:0.03, 2.03)
2.25 (95% CI:0.25, 20.06)

Birth defect

(not
shown)
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birth defects skin system defects CHDs
septal heart defects conotruncal heart
defects left ventricle outflow
obstruction ventricular septal defect
oral cleft defects
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Saudi Arabia

birth defects
congenital malformations

48
40.85nmol/L congenital
malformations
961 50.50 nmol/L congenital
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Table 1. Baseline characteristics according to serum folate status

Serum Folate Status (nmol/L)

L(ﬁlzl 14,763) Deficiency Possible Deficiency  Optimal Level
(<10.0) (10.0-13.4) (=13.5) P value
Characteristics (n=981;6.6%) (n=2,906;19.7%) (n=10,876; 73.7%)
Maternal age at delivery (years)
mean + SD 29.0+5.0 29.5+4.9 30.7+4.7 <0.001°
<20 116 20 (200 38 (1.3) 58 (0.5) <0.0012
20-24 1,650 174 7.7y 456 (15.7) 1,020 (9.9
25-29 4,620 344 (35.1) 940 (32.3) 3,336 (30.7)
30-34 5,391 288 (29.4) 1,005 (34.6) 4,098 (37.7)
>35 2,981 155 (15.8) 467 (16.2) 2,359 (21.7)
unknown 5 0 - 0 - 5 -
Prepregnancy body mass index (kg/m?)
mean £+ SD 21.6+4.2 21.2+33 21.143.3 <0.001°
<185 2,501 168 (17.7) 524 (18.5) 1,809 (17.0) <0.0012
18.5-24.9 10,328 633 (66.6) 1,981 (69.9) 7,714 (72.5)
>25.0 1,599 149 (15.7) 331 (11.7) 1,119 (10.5)
unknown 335 31 - 70 - 234 -
Education level (years)
<12 7,233 617  (635) 1,627  (56.6) 4,989 (46.2)  <0.0012
>12 7,416 355 (36.5) 1,250 (43.4) 5,811 (53.8)
unknown 114 9 - 29 - 76 -
Annual household income (million yen)
<5 8,474 611 (75.2) 1,772 (72.0) 6,091 (65.2) <0.0012
>5 4,133 201 (24.8) 688 (28.0) 3,244 (34.8)
unknown 2,156 169 - 446 - 1,541 -
Parity (times)
0 5,920 407 (436) 1,174 (42.3) 4,339 (42.6) 0.7932
>1 7,981 527 (56.4) 1,601 (57.7) 5,853 (57.4)
unknown 862 47 - 131 - 684 -
Drinking in early pregnancy
Yes 1,929 100 (10.2) 361 (12.6) 1,468 (13.6) 0.0062
No 12,682 876 (89.8) 2,511 (87.4) 9,295 (86.4)
unknown 152 5 - 34 - 113 -
Smoking in early pregnancy
Yes 5,735 559 (57.3) 1,355 (47.3) 3,821 (35.5) <0.0012
No 8,854 417 (42.7) 1,507 (52.7) 6,930 (64.5)
unknown 174 5 - 44 - 125 -
Assisted reproductive technology
Yes 584 27 (2.8) 82 (2.8 475 (4.4) <0.0012
No 14,082 951 (97.2) 2,803 (97.2) 10,328 (95.6)
unknown 97 3 - 21 - 73 -



Diabetes mellitus

Yes 66 4 (0.9 8

No 13,909 916 (99.6) 2,725

unknown 788 61 - 173
Recurrent miscarriages

Yes 144 5 (0.5) 18

No 13,831 915 (99.5) 2,715

unknown 788 61 - 173
Family history of birth defects

Yes 321 21 (2.2) 50

No 14,327 952 (97.8) 2831

unknown 115 8 - 25
Medication use during early pregnancy

Yes 5,517 381 (39.1) 1,078

No 9,132 593 (60.9) 1,807

unknown 114 7 - 21

Only folic acid supplement use during early pregnancy

Yes 2,909 54 (5.6) 148
No 11,592 907 (94.4) 2,716
unknown 262 20 - 42

Any folic acid supplement use during early pregnancy

Yes 3,357 67 (7.0) 208
No 11,144 895 (93.0) 2,655
unknown 262 19 - 43

Multivitamin (containing folic acid) use during early pregnancy

Yes 729 14 (1.5 68
No 13,851 951 (98.5) 2,802
unknown 183 16 - 36

(0.3)
(99.7)

(0.7)
(99.3)

(1.7)
(98.3)

(37.4)
(62.6)

(5.2)
(94.8)

(7.3)
(92.7)

(2.4)
(97.6)

10,268
554

121
10,201
554

250
10,544
82

4,058
6,732
86

2,707
7,969
200

3,082
7,594
200

647
10,098
131

(0.5)
(99.5)

(1.2)
(98.8)

(2.3)
(97.7)

(37.6)
(62.4)

(25.4)
(74.6)

(28.9)
(71.1)

(6.0)
(94.0)

0.2912

0.0192

0.1672

0.6072

<0.0012

<0.0012

<0.0012

%2 tests and Fisher’s exact tests; "one-way analysis of variance



Table2. Associations between al birth defects and ICD 10 birth defect codes and maternal serum folate status during the first trimester

Possible

Optimal

Deficiency . Crude Odds Ratios Adjusted Odds Ratios
Deficiency Levels o . 0 :
(n = 981) (N=2,906) (n=10,876) (95% Confidence Interval) (95% Confidence Interval)
- Possible Optimal - Possible Optimal
No. No. Deficiency Deficiency Levels Deficiency Deficiency  Levels
. 26 65 251 115 0.97 Ref, 123 103 Ref,
Any birth defect (0.77, 1.74) (0.74, 1.28) (0.81,1.87)  (0.78, 1.36)
ICD 10 Codes
0 ; 0.75 Ref. ; 0.76 Ref.
Nervous system (Q00-07) 1 5 - (0.09, 6.41) - (0.09, 6.70)
1 1.39 0.47 Ref. 1.06 0.39 Ref.
Eye, ear, face, and neck (Q10-18) 1 8 (0.17,11.13)  (0.06, 3.74) (0.13,881)  (0.05,3.19)

. 10 115 0.89 Ref. 131 0.96 Ref.
Circulatory system (Q20-28) 23 97 (0.60, 2.21) (0.56, 1.40) (0.68 255)  (0.61, 1.53)
Respiratory system (Q30-34) 0 1 0 ] ] Ref. ] ] Ref.

. 1 3 20 0.56 0.56 Ref. 0.44 0.49 Ref.
Cleft lip and cleft palate (Q35-37) (0.08, 4.15) (0.17, 1.89) (0.06,339)  (0.15, 1.68)

. 0 2 16 - 0.47 Ref. - 0.48 Ref.

Digestive system (Q38-45) - (0.11, 2.03) - (011, 2.13)
. 5 16 42 132 143 Ref. 145 1.59 Ref.
Genital organs (Q50-56) (0.52, 3.36) (0.80, 2.54) (0.56,3.74)  (0.88, 2.86)
. 4 2 18 2.47 0.42 Ref. 2.36 0.41 Ref.
Urinary system (Q60-64) (0.84, 7.32) (0.10, 1.79) (0.77,7.24)  (0.10, 1.80)
4 14 39 114 1.34 Ref. 1.39 157 Ref.
Musculoskeletal system (Q65-79) (0.41, 3.20) (0.73, 2.48) (0.49,399)  (0.84, 2.94)
Other (Q80-85) 1 2 4 2.78 1.87 Ref. 2.28 1.89 Ref.
(except for syndromes, not (0.31, 24.91) (0.34, 10.21) (0.24,21.93) (0.37,10.60)

elsewhere classified)

Adjusted for maternal age (continuous variable), parity, educational level (years), smoking in early pregnancy, drinking in early pregnancy, body mass index (continuous

variable), medication use in early pregnancy
CHD, congenital heart defect



Table 3. Associations between folate-related birth defects and maternal serum folate status during the first trimester

Deficiency Boeﬁ"(':?éﬁcy Optimal Crude Odds Ratios (95% Confidence Adjusted Odds Ratios (95%
(n=981) (n=2,906) (n=10,876) Interval) Confidence Interval)
Groups of folate-related birth - Possible Optimal - Possible Optimal
defects No. No. No. Deficiency Deficiency Levels Deficiency Deficiency Levels
All folate-rdlated birth 104 0.89 T11 0.92
defects 1 28 118 (056,1.93) (059,193  Ref (059,200) (0.61,141) Ref
121 0.94 1.39 1.02
CHDs 10 23 92 (063,233 (059, 148 e (072,271)  (0.64,1.63) e
CHD classification
113 0.95 13 1.04
Septal heart defects 6 15 59 (0.49,263) (054,168 Re (055,306) (058 181) e
278 4.09
Conotruncal heart defects 1 0 4 (0.31,2491) -~ Ref. (041, 40.53) ° Ref.
Left ventricle outflow 1 2 6 1.85 1.25 Ref 161 1.28 Ref
obstruction (0.22,15.42)  (0.25, 6.18) : (0.18, 14.50) (0.25, 6.54) :
Right ventricle 2 2 13 171 0.58 Ref 2.24 0.66 Ref
outflow obstruction (0.39,7.60)  (0.13, 2.55) : (0.49,10.22) (0.15, 2.94) :
1.50 164
CHD phenotype
. 152 0.94 172 101
Ventricular septal defects 6 1 44 (065,357)  (0.48 1.81) e (0.72,411) (051,197) Re-
. 1.5 156
Atrial septal defects 0 3 9 - (0.34, 4.61) Ref. - (0.41, 5.87) Ref.
. 171 0.58 231 0.67
Pulmonary valve stenosis 2 2 13 (0.39,7.60) (013,255  Ref (051,1052) (0.15,301) e
. 0.56 0.56 0.44 0.49
Orofacial clefts 1 3 20 (008,415  (0.17,1.89) Re- (0.06,3.39) (0.15,1.68) e
Orofacial cleft phenotype
Cleft lip with or 0.31 0.26
without cleft palate 0 1 12 - (0.04,2.40)  Ref. - (003,203 Re
185 0.62 2.5 0.62
Cleit palate (dlone) 1 1 6 (0.22,1542) (0.08,518) Ref- (0.25,2006) (0.07,529) Ref
187 155
Other 0 1 2 - (0.17,2063) Ref - (0.14,17.74) Ref-
. 3.70 491
Hypospadias 0 2 2 - (052,2630) Ref - (0.66,36.64) R

Adjusted for maternal age (continuous variable), parity, educational level (years), smoking in early pregnancy, drinking in early pregnancy, body mass index (continuous
variable), medication use in early pregnancy
CHD, congenital heart defect



Predictor s of folate status among pregnant Japanese women: the Hokkaido Sudy
on Environment and Children’s Health, 2002 -2012

The International Clearinghouse for Birth Defects, Surveillance and Research (ICBDSR)
reports arise in the prevaence rate of spina bifida in Japan. We determined first trimester
folate status of Hokkaido women and identified potential predictors. Participants were
15266 pregnant women of The Hokkaido Study on Environment and Children’s Health
Cohort. Data was extracted from self-reported questionnaires and biochemical assay results.
Demographic determinants of low folate status were younger maternal age (Adjusted odds
ratio [AOR]: 1.48, 95% CI: 1.32, 1.66); lower educational level (AOR: 1.27, 95% CI: 1.17,
1.39); and lower annua income (AOR: 1.11, 95% CI. 1.01, 1.22). Plasma cotinine
concentrations of 1.19 — 65.21nmol/L increased the risk of low folate status (AOR: 1.20,
95% CI: 1.10, 1.31); and concentration > 65.21nmol/L further increased the risk (AOR:
1.91, 95% ClI: 1.70, 2.14). Most favorable predictor was folic acid (FA) supplements use
(AOR: 0.19, 95% CI: 0.17, 0.22). Certain socio-demographic factors influence folate status
among pregnant Japanese women. Modifiable negative and positive predictors are active
and passive tobacco smoking, and folic acid supplements use. Avoiding both active and
passive tobacco smoking, and using folic acid supplements could improve folate status of
Japanese women.

rapid cell replications and tissue growth
like pregnancy. The role of synthetic folic
acid (FA) supplements in the prevention

) of neural tube defects (NTDs) has been
Houman. Goudaruzi well  documented?. Several countries

Yila Thamar Ayo
Braimoh Tiilola

(

A with policies of FA food fortification, do
report a 30.00% to 70.00% reduction in
the incidence of NTDs®. As reported by
the International Clearinghouse for Birth
Defects, Surveillance and Research

Folate as a cofactor in one-carbon
metabolism is very essential in all cellular
processes, especially in conditions of




(ICBDSR), Japan has experienced an
increase in the prevalence of spina bifida
over the past few decades. While in
countries like the United States and
England the prevalence of NTDs is about
3 per 10,000 births, Japan has a
prevalence of 5.2% 5. Efforts have been
made to determine folate status of
pregnant Japanese women in other
regions of Japan but not Hokkaido® % &9,
However, probable small sample sizes,
different folate assay techniques and
varied folate status definitions/cut-off
levels, might have yielded inconsistent
results. For instance, three previous
studies have reported a wide range of
folate status among pregnant Japanese
women. A study from Aichi Prefecture
which defined normal versus inadequate
folate status as >6.80nmol/L  and
<6.80nmol/L respectively, reported folate
inadequacy in 1.00% of 41 pregnant and
154 non pregnant participants®. Another
study from Tokyo metropolis among
pregnant women in all trimesters reported
low folate status in 67.00% of 118 women
in thelr first trimester and 79.30% overall.
The study defined normal, low and
deficient folate statuses as having
>13.60nmol/L, 6.80 - 13.60nmol/L, and
<6.80nmol/L, respectively®. The third
study from Tokyo metropolis was
conducted among 58 young university
women. Norma folate status was
categorized as having >13.60nmol/L; low
status as having 6.80 -13.59nmol/L; while
folate deficient group had <6.80nmol/L of
folate concentration. Results showed
12.10% had folate deficiency, and 58.60%
had low status’. In Hokkaido Prefecture,
such reports are scarce. We recently
conducted a genetic study using the first

part of this cohort’s data. Low folate
status was reported among 28.70% of the
study population (N = 1784), but the
scope of the study excluded a detailed
exploration of the demographic and
lifestyle predictors of folate status'®. In
contrast to previous smaller studies in
Japan, this study uses data from a large
cohort to explore the various demographic
and lifestyle factors that may influence
first trimester folate status of Japanese
women in Hokkaido.

B

Study location and population
Participants of this study were pregnant
women recruited during their first
trimester (<13 weeks of gestation) from
thirty-seven  health  facilities across
Hokkaido Prefecture.  They  are
participants of the ongoing large-scale
birth cohort of the Hokkaido Study on
Environment and Children’s Health. The
study is broadly aimed at observing the
health effects of intrauterine exposures to
various environmental and genetic factors
on feta development, outcomes of
pregnancy, and subsequent childhood
health. Details of the study have been
described elsewhere!™ 12, Briefly, the
ongoing large-scale cohort started in 2002,
with a full blown large scale version from
February 2003. A total of 20816 women
were recruited between 2002 and March
2012. All pregnant Japanese women who
presented at any of the participating
healthcare facilities for prenata care
during their first trimester, were
considered eligible for the study. However,
only those who agreed to participate in
the study were contacted and recruited.
Data was generated from these



participants by means of baseline
guestionnaires,  biochemical  assays,
hospital birth records, and four months
post-partum heath records. We finaly
used a total of 15266 participants, details
of selection is shown in the flow chart
(Fig. 1).

Certain repeated self-reported information
obtained from birth records and
postpartum questionnaires were used to
compare with the baseline questionnaires
in order to improve quality and missing
information in the whole data. Otherwise,
these data were not used in the analysis of
this report.

Biochemical assays

Non-fasting whole blood samples were
collected from participants, pre-treated
and sera obtained. Sera were stored
promptly at 4°C until they were
transported on ice to a commercia
laboratory (SRL Corporation Inc, Tokyo,
Japan), for folate assay. The ADVIA
Centaur Folate Assay Protocol is one of
the automated Competitive Protein
Binding (CPB) Immunoassay Technology.
Folate is quantified by  direct
chemiluminescent  acridinium  ester
technology’®. This technique has an
acceptable imprecison of less than
10.00%, with an advanced Quality
Control (QC) package. It has an analytical
sengitivity of 0.91nmol/L. It can detect
from small volumes of as low as 10uL of
biological specimen, thus, making it a
method of choice in large epidemiological
studies™. Specimen preparations,
shipping, and assays, were done in
batches, depending on new recruitments.
All laboratory analysts were blinded to
participants’ information. Because thereis
no standard classification of folate status

from automated immunoassay techniques,
we adopted the World Hedth
Organization’s (WHO) classification
guidelines®™. Nicotine is the toxic
chemical in tobacco products and its
predominant metabolite is cotinine.
Cotinine can be detected in biological
specimens as biomarker of exposure to
tobacco. In this study, we used plasma
cotinine concentrations to quantitatively
classify active and passive smoking status.
The details of measurements of plasma
cotinine are described in our previous
report®.

Definition of variables

The dependent variable was folate status.
Folate status was classified as: folate
deficiency, defined as

(<6.80nmol/L) of serum  folate,
suboptimal  status (6.80 -13.59nmol/L)
and optimal folate status
(>13.60nmol/L)*. Folate deficiency was
reported in 0.52% of the study population.
To improve study power, and because non
fasting serum was used for folate assay,
we merged this group with the suboptimal
category. Active and passive exposure to
tobacco smoking statuses were classified
based on plasma cotinine cut-off points
established in a previous reportl®. A
non-smoker was defined as having plasma
cotinine concentration of less than
1.19nmol/L. A person exposed to
environmental tobacco smoke (ETS) as
having 1.19 — 65.21nmol/L; and active
smoker as having greater than
65.21nmol/L  of plasma cotinine
concentration. Prenatal folic acid (FA)
supplement use was defined as ‘“a report
on the use of FA supplements before or
after conception”. Other nutritional



supplements use was defined as ‘“any
report on intake of nutritional
supplements other than FA, before or after
conception”.  Ingestion of alcoholic
beverages was categorized based on
frequency of intake: “monthly, weekly or
daily”.  Self-reported active tobacco
smoking was categorized based on the
number of cigarette sticks smoked per day.
Light smokers (<10 cigarette sticks per
day); moderate smokers (10-19 cigarette
sticks per day); and heavy smokers (>20
cigarette sticks per day). ETS exposure at
home was defined as “living with one or
more active smokers”. ETS at work place
referred to “working with one or more
active smokers at work place”. In this
study, lifestyle habits considered were
alcoholic beverage consumption,
nutritional supplements use, and tobacco
use. Potential predictors of folate status
were identified based on previous reports.
In this study, year of enrolment, materna
age, parity, BMI, educationa leve,
household income, occupation, use of
nutritional  supplements, active and
passive cigarette smoking, alcohol intake,
season of the year, and geographical
location, were identified as putative
predictors.

Satigtical analyses

Stetistical tests of associations included
Pearson’s chi squared tests, and Fischer’s
exact tests for categorical variables.
Skewed serum folate and plasma cotinine
concentrations were  log-transformed
during the preliminary descriptive
analyses, thereafter back-transformed.
Differences in mean folate levels were
explored using ANOVA with post-hoc
analyses to correct for multiple

comparisons. However, the main
regression analyses were performed using
qualitative folate status. We imputed the
missing values present in the data via
Multivariate Imputation by Chained
Equations (MICE), as implemented in the
R package mice, obtaning m = 10
imputed data sets. MICE is a Markov
Chain Mote Carlo method that uses the
correlation structure of the data and
imputes missing data values for each
incomplete variable m times Dby
regression of incomplete variables on the
other avalable variables iteratively. We
used Bayesian logistic regression and
fitted the model to the m = 10 imputed
data set, with dichotomized folate status
as the outcome variable, and the
followings as potential  predictor
variables. age, BMI, parity, educational
level, income, occupation, region, year of
enrollment, season of the year at
enrollment, folic acid supplements use,
other nutritional supplements use, alcohol
intake, active cigarette smoking, and
exposure to environmental tobacco smoke
(ETS) both at home and work place. We
used results of plasma cotinine
concentration to quantitatively classify
active smoking and passive exposure to
tobacco products, and regressed against
folate status, with adjustment for all other
potential predictors. We reported pooled
estimates for the main effects of the
predictor variables in the model. P-values
for testing for the presence of a linear
trend are aso reported for predictor
variables with more than two categories.
Reported effects, confidence intervals and
p-values are pooled over the m = iQ
imputed data sets.  Additionaly, we
reported the value of the McFadden's



pseudo-r? pooled over these data sets.
All datistical analyses were performed
using JMP 11 Pro Statistical Software
Package (SAS, Cary, NC, USA), except
for the binary logistic regression model
which required multiple imputation of
missing data and was performed using R
version 3.2.2 (Vienna, Austria). An alpha
level of significance was set at <0.05.

The Ingtitutional Ethical Board for
Human Gene and Genome studies at
Hokkaido University Graduate School of
Medicine approved the study protocol.

C.

Overdl, geometric mean (standard
deviation) of serum folate concentration
was 17.77 (3.58)nmol/L. Among women
with optimal folate status, the geometric
mean (standard deviation) was 20.67
(3.26) nmol/l, and 10.83 (2.65) nmoal/l
among participants with suboptimal folate
status. One sided lower limit tolerance
interval at 95% of the population was
847nmol/L. Prevalence of folate
deficiency was 0.52%. Suboptimal folate
status constituted 25.65%, while optimal
folate status was reported in 73.83% of
the population (Table 1). Initia
descriptive analyses using folate as a
continuous variable revealed mean serum
folate concentrations increased with
increasing maternal  age (p<0.001),
educational status (p<0.001), annua
income (p<0.001), FA supplements use
(p<0.001), and other  nutritional
supplements use (p<0.001). Mean
serum folate concentrations decreased
with increasing number of cigarette sticks
smoked per day (p<0.001), ETS exposure
at home (p<0.001), and increasing plasma

cotinine  concentrations  (p<0.001).
Exposure to ETS at both home and at
work was associated with low folate
status, p <0.001. About 60.00% of those
with folate deficiency were exposed to
both ETS a home and at work place.
Other associations were geographical
region, year of enrolment into the study,
and season of the year (data not shown).
Serum folate inversely correlated with
plasma cotinine concentration (r =
-0.2000, p <0.001, data not shown).
Significant differences were observed in
mean plasma cotinine concentrations
among nonusers of FA supplements and
users, with geometric mean (SD) of 46.41
(23.23)nmol/L, and 25.27 (15.32)nmol/L,
p <0.001, respectively. Also, geometric
mean (SD) between nonusers and users of
other nutritional supplements was 42.49
(21.91)nmol/L, and 34 99
(20.17)nmol/L, p = 0.028, respectively
(Fig. 2). Users of FA supplements were
likely to be those with chronic
inter-current medical conditions, those
who had fertility treatments, and those
who were also users of other nutritiona
supplements. 7.00% of folic acid users
started intake more than 3months before
conception. Another 8.00% started 1
month before conception, while majority
(more than 60.00%) started use following
confirmation of pregnancy. The average
frequency of use per week was 3 times.
Multivitamins reported were found to
contain various doses of folic acid in the
range of 100ug to 200ug per tablet (data
not shown).

In the regression model, the value of the
McFadden's pseudo-gr* pooled over the
m = 10 imputed data sets was-8.69%.
The demographic determinants of low



folate status identified were lower
maternal age (AOR: 1.48, 95% CI: 1.32,
1.66, p < 0.001); lower educationa level
(AOR: 1.27, 95% CI: 1.17, 1.39, p <
0.001); lower annual income (AOR: 1.11,
95% CI: 1.01, 1.22, p = 0.024); residing
in the south and eastern regions (AOR:
1.25, 95% CI: 1.14, 1.38, p <0.001), and
(AOR: 1.15, 95% CI: 1.05, 1.25, p =
0.003), respectively. Being enrolled into
the study between 2005 and 2007 was
associated with an increase in the risk of
low folate status (AOR: 1.23, 95% CI:
1.12, 1.35, p <0.001); while recruitment
between 2008 and 2010 reduced the
likelihood of having low folate status
(AOR: 0.81, 95% CI: 0.73, 0.90, p <
0.001), respectively. Being enrolled
during summer, autumn, and winter were
associated with higher likelihood of low
folate status (AOR: 1.12, 95% CI: 1.02,
1.24, p = 0.023); (AOR: 1.13, 95% CI:
1.02, 1.25, p = 0.015), and (AOR: 1.13,
%% CI: 101, 127, p = 0.037),
respectively. Lower BMI (AOR: 0.84,
95% CI: 0.74, 0.94, p = 0.006; and
unemployment were associated with risk
reduction (AOR: 0.87, 95% CI: 0.80, 0.94,
p =0.001), (Table 2).

Lifestyle factors that reduced the odds of
low folate status were the use of FA
supplements (AOR: 0.19, 95% CI: 0.17,
0.22, p <0.001); other nutritiona
supplements (AOR: 0.55, 95% CI: 0.48,
0.64, p <0.001); and weekly alcohol
consumption (AOR: 0.75, 95% ClI: 0.62,
0.90, p = 0.003), respectively. Lifestyle
factors that increased the odds of low
folate status were active cigarette
smoking and ETS exposure. Smoking <10
cigarette sticks per day was associated
with increased odds (AOR: 1.42, 95% CI:

1.23, 1.64, p <0.001); while smoking
between 10 to 19 cigarette sticks per day
was associated with an increased risk
(AOR: 2.28, 95% CI: 1.92, 271, p <
0.001). However, smoking > 20 cigarette
sticks per day was not statistically
significant, but prend <0.001. Exposure to
ETS a home increased the odds of low
folate status (AOR: 1.23, 95% CI: 1.13,
1.34, p < 0.001), and exposure to ETS at
workplace also increased the odds of low
folate status (AOR: 1.16, 95% CI: 1.02,
1.31, p = 0.02565), (Tables 2).

Using plasma cotinine concentrations to
classify active and passive exposure to
tobacco products, Tables 3 shows that
participants with plasma cotinine levels
between 1.19 — 65.21nmol/L were 1.20
times more likely to have low folate status
(AOR: 1.20, 95% CI: 1.10, 1.31, p <
0.001); while those with levels >
65.21nmol/L had a twofold increase in
risk (AOR: 1.91, 95% ClI: 1.70, 2.14, p <
0.001); ptrend <0.001.

D

To our knowledge, this report presents
robust information on demographic and
lifestyle predictors of folate status in a
relatively large cohort of pregnant
Japanese women. Magjority (73.83%) of
participants had optima first trimester
folate status. Only 0.52% had serum
folate concentrations below 6.80nmol/L, a
level clinically considered a negative
folate balance, while 25.65% of the
population had marginal folate status.
Lower tolerance limit of 8.47nmol/L
implies a negative folate balance for this
population. Our findings contrast those
from Tokyo where more than 50.00% of
the study population of pregnant women



had low folate status.

Demographic predictors of folate status

Low folate status was associated with
younger maternal age, higher BMI,
educational level and annual income.
Cigarette smoking rate is on the increase
among young Japanese women, and a
quest to achieve a lower BMI via dieting
IS in vogue among women of reproductive
age. These factors may invariably
compromise nutritional status including
folate among younger women* .
Micronutrients  deficiencies including
folate in overweight/obese people have
been reported by some previous studies'®,
Possible mechanisms postulated have
been: decrease dietary intake, current
cigarette smoking, and possible low
serum/plasma concentrations as a result of
increased intravascular volume'.
Consistent with our findings,
socio-economic status has been reported
to influence folate intake among Japanese
workers®. Also, educational attainment

was reported in Belgium?}, and Australia??.

In USA, older maternal age, higher
education, and higher income status, have
been reported to predict the use of FA
supplements™. In this study, these factors
might have favored higher folate status.
Other demographic factors associated
with suboptimal folate status have been
reported from other countries, and these
include household size®, season of the
year®, rural residence?®, and region?’. We
observed that residing in the southern and
eastern regions, and seasons of the year
were associated with the risk of low folate
status.

Traditionally, most Japanese women are
full-time house wives. This may explain

why the unemployed had lower risk.
Working women are likely to skip their
meals and may prefer fast foods as
reported among children of working
women®. Of note here is that
employment status was broadly classified.
Further exploration based on job types
may shade more insight on this
observation.

Unfavorable lifestyle predictors of folate
status

We report self-reported active cigarette
smoking and ETS exposure as the major
modifiable unfavorable predictors of
folate status. Although we could not
demonstrate a dose-response pattern in
the odds, especiadly among heavy
smokers during pregnancy; this may
probably be related to a small subgroup
size. Using plasma cotinine biomarker,
the risk of low folate status increased in a
dose-response pattern. Contrary to this
result, another study in Tokyo found no
lifestyle habits as risk factors for
suboptimal folate status®. However, our
result is consistent with reports from other
developed countries, where lifestyle
factors are commonly observed as
predictors of folate status. Folate
depleting effects of active smoking and
ETS exposure have been reported? 30 3L
82,3334 35 Possible biologic mechanisms
of folate depletion in active and passive
smokers include decreased intake? 33,
inactivating effects of organic nitrites,
cyanates, and nitrous oxide on circulating
folates® %, and direct effects of oxidative
stress or increased folate turnover3t 3. We
observed lower mean plasma cotinine
concentrations among nutritional
supplements users. Nutritional



supplements users are more likely to
practice healthy lifestyles.

Favorable lifestyle predictors of folate
status

FA supplements use is the maor
modifiable predictor of optimal folate
status. This report further confirms the
well documented role of FA supplements
in improving folate status. Other
nutritional  supplements used aso
correlated positively with folate status,
probably because most multivitamins also
contain FA. Other nutritional supplements
used included multivitamins, trace
elements, herbs, proteins, ginseng and
energy drinks. Over-the-counter (OTC)
multivitamins used contained various
doses of folic acid in the range of 100ug
to 200ug per tablet according to the brand
names reported by study participants,
majority of whom were recruited between
2002 and 2010. However, latey, folic
acid content seems to have been increased
by drug makers (up to 480ug/tablet). This
may reflect in our findings of increase in
mean folate concentrations of participants
enrolled from 2010 and beyond, and a
reduction in the risk of having low folate
status. In this study, mgority of folic acid
supplements users did not use it because
of pregnancy. Those who used it for
prenatal purpose started only after
confirming they were pregnant. This
information may impact on the crucial
periconceptional period for prevention of
NTDs. Within Japan, some smaller
studies outside Hokkaido did report that
using FA supplements increased blood
folate concentrations more than using
dietary sources of folate only. They aso
observed that Japanese women in their

reproductive age do not meet the daily
Recommended Dietary Allowance (RDA)
of 440pg for folate® 783839 Although the
Japanese Government has recommended
that women of reproductive age or those
who plan to become pregnant should take
400ug/day of FA supplements, scholars
have reported that the level of awareness
and compliance with the
recommendations are dtill  low® %,
Furthermore, across the Asian sub-region,
prenatal FA supplements use is not a
routine prenatal care practice”. Our
findings are similar to other reports
emerging from China, Malaysia and
Indonesia. Of these three, mandatory
fortification islegislated only in Indonesia
42,4344 Internationally, studies from other
developed countries  without food
fortification policies are  reporting
increasing incidence of suboptimal folate
concentrations? 4% 4. Our result on the
role of acoholic beverage consumption
on folate is consistent with a previous
study in Czech Republic, where moderate
beer consumption correlated with higher
plasma folate’’. Conversaly, chronic
heavy alcohol consumption is associated
with folate deficiency via numerous
mechanisms®,  We sand with the
universal recommendation that pregnant
women should abstain from consuming
alcoholic beverages, because of adverse
fetal effects™.

Strengths and limitations

This study is the first to utilize a large
population of pregnant Japanese women
who were recruited early enough within
the stage of embryonic neurulation and
organogenesis. Epidemiologicaly, the
study identified demographic and lifestyle



determinants of folate status at this critical
stage of neural tube formation. Identifying
modifiable lifestyle factors as favourable
and unfavourable determinants can lay a
sound foundation for Public Health
intervention policies. All information
about the type or brand name of
nutritional supplements used, the timing
and duration of use were self-reported,
hence the risk of bias. However,
nutritional supplements use and smoking
status were validated by biomarkers to
avoid misclassification bias. For instance,
the difference observed in folate
biomarker concentrations among FA users
and non-users was an indication of valid
self-reported use. Also, comparable
results were obtained with plasma
cotinine and self-reported cigarette
smoking or ETS exposure. Serum folate
was used as an indicator of folate status.
Erythrocyte folate signifies tissue folate
reserves and is not subject to dietary
fluctuations exhibited by serum/plasma
folate concentrations, thus making it a
more reliable choice. However, because
erythrocyte folate assay is more complex,
serum folate assay was preferred to
conduct this large epidemiological study.
Two previous studies have justified its use
in epidemiologic studies®®®!, This study
involved only women who presented at
the designated health facilities and
consented to participate, therefore may
not be representative of the genera
population. Finally, our findings are more
of statistical correlations and not in any
way  signifying  causdlity.  Future
randomized controlled trials employing
erythrocyte folate and known dosages of
folic acid supplements may be more
informative.

I mplications

The implication of active and passive
tobacco smoking in the determination of
folate status is of public health importance
because an increasing prevalence of
tobacco smoking among younger
Japanese women is being reported®.
Optimal first trimester folate status is
central in this subpopulation. It may be
helpful to consider policies that could
improve folate status in this group.
Mandatory food fortification with FA
might be a great precautionary measure.
Although, there are emerging
controversies about prenatal FA exposure
and epigenetic effects®™, however, the
folate depleting effects of tobacco smoke
may constitute a huge public health
challenge in the prevention of NTDs and
other birth defects in Japan. Although this
Hokkaido cohort data recorded only eight
(0.04%) cases of isolated NTDs, the
national rate is the second highest in
developed countries after Germany.

E

In conclusion, demographic and lifestyle
factors likely predict folate status of
Hokkaido women. Active cigarette
smoking and ETS exposure are the major
modifiable unfavourable predictors of
folate status; while the use of FA
supplement and FA containing
multivitamins are the maor favourable
predictors. FA supplementation may
correct the folate deficits associated with
tobacco smoking.
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Tablel: Distributions of maternal characteristics by folate status. The Hokkaido Study on
Environment and Children’s Health 2002-2012, Japan (N = 15266).

Variables Categories n Folate status  (nmol/L)
Deficient Suboptimal Optimal
(<6.80) (6.80 — 13.59) (>13.60)
n (%) n (%) n (%)
79 (052) 3916 (25.65) 11271 (73.83)
Age (years) <20 110 2 (1.82) 53 (48.18) 55 (50.00)
20-24 1685 16 (0.95) 614 (36.44) 1055 (62.61)
25-29 4564 25 (0.55) 1249 (27.37) 3290 (72.09)
30-34 5393 24 (0.45) 1258 (23.33) 4111 (76.23)
>35 2827 9 (0.32) 572 (20.23) 2246  (79.45)***
Parity Nulliparous 5983 27 (0.45) 1549 (25.89) 4407 (73.66)
Parous 8035 38 (0.47) 2125 (26.45) 5872 (73.08)
BMI <18.50 2532 8 (0.32) 660 (26.07) 1864 (73.62)
(Kg/m?) 18.50 -24.99 10576 45 (0.43) 2649 (25.05) 7882 (74.53)
25.00 -29.00 1225 17 (1.39) 347 (28.33) 861 (70.29)
>30.00 313 4 (1.28) 92 (29.39) 217 (69.33)***
Educational Junior high 768 4 (0.52) 283 (36.85) 481 (62.63)
level school
High school 6573 49 (0.75) 1946 (29.61) 4578 (69.65)
College 5948 17 (0.29) 1301 (21.87) 4630 (77.84)
University 1580 7 (0.44) 283 (17.91) 1290 (81.65)***
Annua income (million <3 2914 21 (0.72) 915 (31.40) 1978 (67.88)
JPY) 3-4,999 5709 23 (0.40) 1462 (25.61) 4224 (73.99)
5-7,999 3215 13 (0.40) 716 (22.27) 2486 (77.33)
>8 889 4 (045) 164 (1845) 721 (81.10)***
Occupation Unemployed 6464 31 (0.48) 1568 (24.26) 4865 (75.26)
Employed 8802 48 (0.55) 2348 (26.68) 6406 (72.78)**
Tobacco smoking No 13599 59 (0.44) 3249 (23.96) 10251 (75.60)
(cigarette sticks/day) <10 975 8 (0.82) 343 (35.18) 624 (64.00)
10-19 630 11 (175 290 (46.03) 329 (52.22)
>20 102 1 (0.98) 34 (33.33) 67 (65.69)***
°ETS No 5763 25 (0.43) 1178 (20.44) 4560 (79.13)
at home Yes 9503 54 (057) 2738 (2881) 6711 (70.62)***
°ETS No 1530 11 (0.72) 383 (25.03) 1136 (74.25)
at work place Yes 13736 68 (0.50) 3533 (25.72) 10135 (73.78)
Combined ETS exposure  None 724 4 (0.55) 149 (20.58) 571 (78.87)
at home and work place Work place 5039 21 (042) 1029 (20.42) 3989 (79.16)
Home only 806 7 (0.87) 234 (29.03) 565 (70.10)
Home and 8697 47 (054) 2504 (28.79) 6146 (70.67)***
work place
Plasma cotinine status <1.19 5874 22 (0.37) 1142 (19.44) 4710 (80.18)
(nmol/L) 1.19-65.21 7113 35 (0.49) 1905 (26.78) 5173 (72.73)
>65.21 2279 22 (0.97) 869 (38.13) 1388 (60.90)***




Tablel (continued)

Variables Categories n Folate status (nmol/L)
Deficient Suboptimal Optimal
(<6.80) (6.80 - 13.59) (>13.60)
n (%) n (%) n (%)
79 (0.52) 3916 (25.65) 11271 (73.83)
Alcohol intake (frequency) No 8084 37  (0.46) 1965 (24.31) 6082 (75.24)
Monthly 5590 34 (0.61) 1586 (28.37) 3970 (71.02)
Weekly 723 3 (0.41) 160 (22.13) 560 (77.46)
Dally 869 5 (0.58) 205 (23.59) 659 (75.83)***
Folic Acid supplements No 13559 74  (0.62) 3672 (30.68) 8224 (68.71)
use Yes 1707 5 (0.15) 244 (7.40) 3047  (92.45)***
Other nutritional No 13956 74  (0.53) 3660 (26.23) 10222 (73.24)
supplements use Yes 1310 5 (0.38) 256 (19.54) 1049 (80.08)***
Region Central 6718 27  (0.40) 1522 (22.66) 5169 (76.94)
South 3589 18 (0.50) 1076 (29.98) 2495 (69.52)
East 4765 33 (0.69) 1271 (26.67) 3461 (72.63)
Other 194 1 (0.52) 47 (24.23) 146 (75.26)***
regions
Year of enrolment 2002-2004 4623 15 (0.32) 1290 (27.90) 3318 (71.77)
2005-2007 5651 35 (0.62) 1675 (29.64) 3941 (69.74)
2008-2010 4063 22  (0.54) 782 (19.25) 3259 (80.21)
2011-2012 929 7 (0.75) 169 (1819) 735 (81.05)***
Season of the year at Spring 3850 31  (0.81) 1010 (26.23) 2809 (72.96)
enrolment Summer 3720 17  (0.46) 987 (26.53) 2716 (73.01)
Autum 2424 13 (0.54) 629 (25.95) 1782 (73.5))
Winter 5272 18 (0.34) 1290 (24.47) 3964 (75.19)*

SD, Standard deviation ;

Environmental Tobacco smoke.

n, number of participants, BMI, Body mass index; JPY, Japanese Yen; ETS,

P values were derived from Pearson’s chi squared tests and Fisher’s exact tests. Means and standard deviations

generated from Students t-tests and ANOVA with post-hoc analysis. All percentages are row percentages.

Values may not add up to 100% due to missing values. Levels of significance: *p <0.050; **p<0.010;

*%%p<0,001.



Table 2: Estimated effects of demographic characteristics and lifestyle factors on folate
status: The Hokkaido Study on Environment and Children’s Health 2002-2012, Japan (N =

15266)
Variables Categories n Folate status  (nmol/L)
Deficient Suboptimal Optimal
(<6.80) (6.80 - 13.59) (>13.60)
n (%) n (%) n (%)
79 (052) 3916 (25.65) 11271 (73.83)
Age (years) <20 110 2 (18 53 (48.18) 55 (50.00)
20-24 1685 16 (0.95) 614 (36.44) 1055 (62.61)
25-29 4564 25 (0.55) 1249 (27.37) 3290 (72.09)
30-34 5393 24 (045) 1258 (23.33) 4111 (76.23)
>35 2827 9 (0.32) 572 (20.23) 2246  (79.45)***
Parity Nulliparous 5983 27 (0.45) 1549  (25.89) 4407 (73.66)
Parous 8035 38 (047) 2125 (26.45) 5872 (73.08)
BMI <18.50 2532 8 (0.32) 660 (26.07) 1864 (73.62)
(Kg/m?) 18.50 -24.99 10576 45 (043) 2649  (25.05) 7882 (74.53)
25.00 -29.00 1225 17 (1.39) 347 (28.33) 861 (70.29)
>30.00 313 4  (128) 92 (29.39) 217 (69.33)***
Educational Junior high school 768 4 (052) 283 (36.85) 481 (62.63)
level High school 6573 49 (0.75) 1946 (29.61) 4578 (69.65)
College 5948 17 (0.29) 1301 (21.87) 4630 (77.84)
University 1580 7 (0.44) 283 (17.91) 1290 (81.65)***
Annual income <3 2914 21 (0.72) 915 (31.40) 1978 (67.88)
(million JPY) 3-4,999 5709 23 (0.40) 1462 (25.61) 4224 (73.99)
5-7,999 3215 13 (0.40) 716 (22.27) 2486 (77.33)
>8 889 4 (045) 164 (18.45) 721 (81.10)***
Occupation Unemployed 6464 31 (0.48) 1568 (24.26) 4865 (75.26)
Employed 8802 48 (0.55) 2348 (26.68) 6406 (72.78)**
Tobacco smoking No 13599 59 (0.44) 3249 (23.96) 10251 (75.60)
(cigarette sticks/day) <10 975 8 (0.82) 343 (35.18) 624 (64.00)
10-19 630 11 (1.75) 290 (46.03) 329 (52.22)
>20 102 1 (098 34 (33.33) 67 (65.69)***
°ETS No 5763 25 (0.43) 1178 (20.44) 4560 (79.13)
at home Yes 9503 54 (0.57) 2738 (28.81) 6711 (70.62)***
°ETS No 1530 11 (0.72) 383 (25.03) 1136 (74.25)
at work place Yes 13736 68 (0.50) 3533 (25.72) 10135 (73.78)
Combined ETS None 724 4  (0.55) 149 (20.58) 571 (78.87)
exposure at homeand  Work place 5039 21 (042) 1029 (20.42) 3989 (79.16)
work place Home only 806 7 (087) 234 (29.03) 565 (70.10)
Homeand work 8697 47 (054) 2504  (28.79) 6146 (70.67)***
place
Plasma cotinine status  <1.19 5874 22 (0.37) 1142 (19.44) 4710 (80.18)
(nmol/L) 1.19-65.21 7113 35 (0.49) 1905 (26.78) 5173 (72.73)
>65.21 2279 22 (0.97) 869 (38.13) 1388  (60.90)***




Table2 (continued)

Variables Categories n Folate status (nmol/L)
Deficient Suboptimal Optimal
(<6.80) (6.80 - 13.59) (>13.60)
n (%) n (%) n (%)
79 (0.52) 3916 (25.65) 11271 (73.83)
Alcohol intake (frequency) No 8084 37  (0.46) 1965 (24.31) 6082 (75.24)
Monthly 5500 34 (0.61) 1586 (28.37) 3970 (71.02)
Weekly 723 3 (0.41) 160 (22.13) 560 (77.46)
Daily 869 5 (0.58) 205 (23.59) 659 (75.83)***
Folic Acid supplements No 13559 74  (0.62) 3672 (30.68) 8224 (68.71)
use Yes 1707 5 (0.15) 244 (7.40) 3047  (92.45)***
Other nutritional No 13956 74  (0.53) 3660 (26.23) 10222 (73.24)
supplements use Yes 1310 5 (0.38) 256 (19.54) 1049 (80.08)***
Region Central 6718 27  (0.40) 1522 (22.66) 5169 (76.94)
South 3589 18 (0.50) 1076 (29.98) 2495 (69.52)
East 4765 33 (0.69) 1271 (26.67) 3461 (72.63)
Other 194 1 (0.52) 47 (24.23) 146 (75.26)***
regions
Year of enrolment 2002-2004 4623 15 (0.32) 1290 (27.90) 3318 (71.77)
2005-2007 5651 35 (0.62) 1675 (29.64) 3941 (69.74)
2008-2010 4063 22  (0.54) 782 (19.25) 3259 (80.21)
2011-2012 929 7 (0.75) 169 (1819) 735 (81.05)***
Season of the year at Spring 3850 31 (0.81) 1010 (26.23) 2809 (72.96)
enrolment Summer 3720 17  (0.46) 987 (26.53) 2716 (73.01)
Autum 2424 13 (0.54) 629 (25.95) 1782 (73.5)1)
Winter 5272 18 (0.34) 1290 (24.47) 3964 (75.19)*

n, number of participants, BMI, Body mass index; JPY, Japanese Yen; ETS, Environmental Tobacco smoke.
AOR, Adjusted odds ratio; Cl, Confidence interval.
Regression model adjusted for maternal age, parity, BMI, educationa level, annual income, occupation,

geographical region, year of enrolment into the study, season of the year at enrolment, nutritional supplements

use, alcohol intake, and active and passive smoking.
Levels of significance: *p <0.050; **p<0.010; ***p<0.001. McFadden's pseudo-7 = 8.69%.
All percentages are row percentages. Values may not add up to 100% due to missing values. NS, not significant.

fOther nutritional supplements used included multivitamins, trace elements, herbs, proteins, ginseng and

energy drinks.



Table 3: Estimated effects of active and passive cigarette smoking based on plasma cotinine
concentrations on folate status: The Hokkaido Study on Environment and Children’s Health
2002-2012, Japan (N = 15266)

Smoking status Plasma cotinine Folate status  (nmol/L) AOR 95%CI Prrend
levels (nmol/L) Suboptimal Optimal
(<13.60) (>13.60)
n (%) n (%)
3995 (26.17) 11271 (73.83)
Non smoker <1.19 1164 (19.82) 4710 (80.18) 1.00 Reference <0.001
ETS exposed 1.19-65.21 1940 (27.27) 5173 (7273) 120 (1.10,1.3)"
Active smoker  >65.21 891 (39.10) 1388 (60.90) 191 (1.70,2.14)"™

n, number of participants, BMI, Body massindex; JPY, Japanese Yen; ETS, Environmental Tobacco smoke.
AOR, Adjusted odds ratio; CI, Confidence interval.

Regression model adjusted for maternal age, parity, BMI, educationa level, annual income, occupation,
geographical region, year of enrolment into the study, season of the year at enrolment, nutritional
supplements use, alcohol intake, and active and passive smoking.

Levels of significance: *p <0.050; **p<0.010; ***p<0.001.

All percentages are row percentages. Values may not add up to 100% due to missing values. McFadden's
pseudo-g? = 8.53%.
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Fig. 1: Study selection chart: The Hokkaido Study on Environment and
Children’s Health, 2002 — 2012, Japan.
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participants: The Hokkaido Study on Environment and Children’s Health,
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1 37
N
% weeks ( SD ) P % P
18401 38.8 ( 153) 847 4.60
9266 50.4 38.7 ( 0.02 ) <001 446 4.81 0.16
9133 49.6 38.9 ( 0.02) 400 4.38
<24 2259 12.3 39.0 ( 0.03 ) 91 4.03
25 ,<30 7118 38.7 38.9 ( 0.02) <001 279 3.92 <0.01
30 ,<35 5246 28.5 38.8 ( 0.02 ) 248 4.73
35 3770 20.5 385 ( 0.02 ) 228 6.05
BMI
<185 3002 17.3 38.7 ( 0.03 ) 164 5.46
185 , <25 12436 71.8 388 ( 0.01 ) <0.01 529 4,25 <0.01*
25 1888 10.9 38.7 ( 0.04 ) 97 5.14
6947 46.9 38.8 ( 0.01) <001 326 4.69 0.77
7863 53.1 38.6 ( 0.03 ) 361 4.59
16870 95.8 38.8 ( 0.01) <001 741 4.39 <0.01*
733 4.2 385 ( 0.06 ) 61 8.32
8022 54.5 38.8 ( 0.02 ) 384 4.79
4679 31.7 38.8 ( 0.02 ) 0.80 219 4,68 0.85
2026 13.8 38.8 ( 0.03 ) 91 4.49
6829 39.5 38.7 ( 0.02 ) 334 4.89
10211 59.1 389 ( 0.02 ) <001 445 436 0.24
233 1.35 38.8 ( 0.10 ) 12 5.15
10797 58.7 38.8 ( 0.01 ) 0.14 516 4.78 0.16
7604 41.3 38.8 ( 0.02 ) 330 4.34
955 5.4 38.7 ( 0.05 ) 45 4.71
7668 43.6 38.8 ( 0.02 ) 021 316 4.12 013
7078 40.2 38.8 ( 0.02 ) 349 4.93
1893 10.8 38.8 ( 0.03 ) 87 4.60
<300 3458 23.0 38.9 ( 0.03 ) 128 3.70
300 <500 6713  44.493 38.8 ( 0.02 ) <0.01 305 454 0.01
500 4923 32541 38.7 ( 0.02) 247 5.02




2 10% Small for Gestational Age
N Small for Gestational Age
% g ( Sb ) P N % P
18401 3037.1 ( 414.33 ) 1188 6.47
9266 50.4 3082.3 ( 4.27 ) <0.01 577 6.23 0.20
9133 49.6 29912 ( 431 611 6.69
<24 2259 12.3 3048.8 ( 871 ) 155 6.86
25 ,<30 7118 38.7 3051.8 ( 491 ) <0.01 448 6.29 0.40
30 ,<35 5246 28.5 30349 ( 572 ) 324 6.18
35 3770 20.5 30054 ( 6.74 ) 261 6.92
BMI
<18.5 3002 17.3 2935.8 7.48 298 9.93
18.5 ,<25 12436 71.8 3048.2 ( 3.68 ) <0.01 733 5.89 <0.01*
25 1888 10.9 31257 ( 9.44 ) 81 4.29
6947 46.9 3008.8 ( 4.96 ) <0.01 562 8.09 <0.01*
7863 53.1 30605 ( 4.66 ) 341 4.34
16870 95.8 30412 ( 319 ) <0.01 741 4.39 <0.01*
733 4.2 2960.0 ( 15.28 ) 61 8.32
8022 54.5 30312 ( 464 ) 537 6.69
4679 31.7 3036.6 ( 6.08 ) 0.35 301 6.43 0.28
2026 13.8 30458 ( 924 ) 116 5.73
6829 39.5 3043.6 ( 5.02 ) 383 5.61
10211 59.1 3037.0 ( 410 ) <0.01 702 6.87 <0.01*
233 1.35 29515 ( 27.16 ) 24 10.30
10797 58.7 30347 ( 399 ) 0.36 712 6.59 037
7604 41.3 3040.4 475 ) 476 6.26
955 5.4 3010.3 ( 13.39 ) 72 7.54
7668 43.6 3046.6 ( 4.72 ) 0.02 478 6.23 034
7078 40.2 30314 ( 4.92 ) 469 6.63
1893 10.8 30435 ( 951 ) 114 6.02
<300 3458 23.0 3045.7 7.08 242 7.00
300 , <500 6713 44.493 30416 ( 5.08 ) 0.07 400 5.96 0.06
500 4923 32.541 30301 ( 593 ) 336 6.83




No. % No. % No. % No. % p

955 54 7668  43.6 7078 40.2 1893 10.8

479 50.2 3877 50.6 3546 50.1 970 51.2 0.83
476 498 3791 494 3532 49.9 923 48.8 '
<24 400 419 1264 165 425 6.0 54 2.9
25 , <30 299 31.3 2083 389 2834 40.1 672 355 <0.01*
30 , <35 154 16.1 1983 259 2241 31.7 667 35.2 '
35 102 10.7 1435  18.7 1577 22.3 500 26.4
BMI
<185 196 215 1259  16.8 1208 17.3 327 175
185 ,<25 582 63.9 5307 70.9 5094 72.9 1407 75.2 <0.01*
25 133 14.6 920 123 690 9.9 138 7.4
335 443 2879 448 2846  47.54 855 54.5 <0.01*
422 55.8 3542 552 3141 525 715 455 '
913 98.5 7398 96.8 6708 95.2 1755 93.1 <0.01*
14 15 245 3.2 342 4.9 130 6.9 '
424 542 3347 535 3260 56.1 813 52.8
252 32.2 2017 323 1785 30.7 506 329 0.10
107 13.7 889 142 764 13.2 221 14.4
373 405 3152 421 2675 38.6 595 32.3
525 56.9 4232 565 4177 60.3 1220 66.2 <0.01*
24 2.6 110 15 70 1.0 28 15
565 59.2 4465 582 4041 57.1 1105 58.4 0.39
390 408 3203 418 3037 42.9 788 41.6 '
<300 365 487 1897 29.3 1025 16.6 169 10.0
300 <500 299 39.9 3108  48.1 2745 44.5 556 32.9 <0.01*

500 86 22.6 1463  22.6 2405 39.0 964 57.1




<300 300 <500 500
No. % No. % No. % p
3458 23.0 6713  44.493 4923  32.541
1757 50.8 3366 50.1 2461 50.0 0.74
1701 49.2 3347 49.9 2462 50.0 '
<24 862 24.9 553 8.2 156 3.2
25 . <30 1475 42.7 2862 42.7 1484 30.2 <0.01*
30 , <35 687 19.9 2050 30.6 1726 35.1 '
35 434 12.6 1246 18.6 1555 31.6
BMI
<185 587 17.3 1123 17.0 797 16.3
185 , <25 2389 70.5 4755 71.8 3552 728 017
25 415 12.2 745 11.3 528 10.8
1420 495 2445 435 1925 46.2 <0.01%
1447 50.5 3173 56.5 2244 53.8 '
3384 98.2 64440 96.2 4568 93.1 <0.01%
61 1.8 253 3.8 341 7.0 '
1533 54.5 3013 54.9 2179 54.0
911 32.4 1732 31.6 1291 320 0.77
369 13.1 740 135 566 14.0
1433 425 2620 39.8 1724 35.9
1889 56.0 3878 59.0 3011 62.6 <0.01*
50 15 81 1.2 73 1.5
2025 58.6 3852 57.4 2864 58.2 0.47
1433 41.4 2861 42.6 2059 51.8 '
365 10.6 299 4.5 86 1.8
1897 54.9 3108 46.3 1463 29.8 <0.01%
1025 29.7 2745 40.9 2405 48.9 )
169 4.9 556 8.3 964 19.6




37

Cox
Crude Adjusted
% HR 95 CI HR 95 ClI

5.3 1.17 1.10 1.26 1.16 1.06 1.27

43.8 Reference Reference
40.2 1.00 0.97 1.04 1.02 0.98 1.07
10.7 1.03 0.98 1.08 1.05 0.99 1.12
<300 43.8 1.00 0.96 1.04 1.01 0.96 1.06

300 , <500 40.2 Reference Reference
500 10.7 1.02 0.98 1.06 1.01 0.96 1.05

BMI



Small for Gestational Age SGA

Crude Adjusted
% HR 95 CI HR 95 ClI

5.3 1.16 1.08 1.24 1.16 1.07 1.26

43.8 Reference Reference
40.2 1.01 0.97 1.04 1.00 0.96 1.04
10.7 1.03 0.98 1.09 1.03 0.97 1.09
<300 43.8 1.00 0.96 1.04 0.99 0.94 1.03

300 , <500 40.2 Reference Reference
500 10.7 1.02 0.98 1.06 0.99 0.95 1.03

BMI

Cox
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Table 1

ADHD
Normal (N=2757) OHD suspected (N=5C P_value
N Numbe %,SD N Numbel%SD
Mother's Charactristic
2757 501 0.003 *
24 189 6.9% 57 11.4%
25 -29 832  30.2% 145  28.9%
30 -34 1141 41.4% 186  37.1%
35 595  21.6% 113 22.6%
Missing 0 0.0% 0 0.0%
BMI 2682 494 0.694
185 433  16.1% 72 14.6%
185 25 1965 73.3% 368  74.5%
25 253 9.4% 46 9.3%
Missing 31 1.2% 8 1.6%
2682 494 0.088
58 2.2% 20 4.0%
1064  39.7% 184  37.2%
1225  45.7% 236 47.8%
319  11.9% 52  10.5%
2 0.1% 0 0.0%
Missing 14 0.5% 2 0.4%
2682 494 0.026 *
133 5.0% 23 4.7%
1018  38.0% 211 42.7%
618  23.0% 126 25.5%
854  31.8% 127 25.7%
13 0.5% 0 0.0%
Missing 46 1.7% 7 1.4%
2682 494 0.046 *
300 418  15.6% 96  19.4%
300 —499 1035 38.6% 199  40.3%
500 —799 663  24.7% 106  21.5%
800 234 8.7% 33 6.7%
Missing 332 12.4% 60 12.1%
2682 494 0.013 *
1 1186  44.2% 259  52.4%
2 1053  39.3% 165  33.4%
3 377 14.1% 56  11.3%
4 27 1.0% 6 1.2%
5 14 0.5% 1 0.2%
6 6 0.2% 0 0.0%
Missing 19 0.7% 7 1.4%
2682 491
2280 85.0% 416  84.7% 0.691
384  14.3% 74 15.1%
Missing 18 0.7% 4 0.8%
2682 494 0.033 *
2269  84.6% 396  80.2%
392  14.6% 90 18.2%
Missing 21 0.8% 8 1.6%
Child Charactristic
2757 501 0.005 *
1357  49.2% 281 56.1%
1400 50.8% 220  43.9%
Missing 0 0.0% 0 0.0%
2753 501 0.174
15009 2 0.1% 57 11.4%
15009 25009 185 6.7% 145  28.9%
25009 40009 2537  92.2% 186  37.1%
40009 28 1.0% 113 22.6%
Missing 1 0.0% 0.00 0.0%
2733 494 0.044
<24 week 0 0.0% 0 0.0%
25-29 1 0.0% 2 0.4%
30-36 128 4.7% 21 4.3%
37=< 2599  95.1% 471 95.3%
Missing 5 0.2% (0] 0.0%

X 2



Table 2 ADHD
Normal (N=2757) DHD suspected (N=50 P_value
N Number |%SD N Numbe %,SD
Mother's Smoking
2682 494 0.294
1866  69.6% 332 67.2%
795  29.6% 158 32.0%
Missing 21 0.8% 4  0.8%
2682 494 0.843
0 1863  69.5% 331 67.0%
1 -9 196 7.3% 33 6.7%
10 -19 395  14.7% 75 15.2%
20 202 7.5% 49  9.9%
Missing 26 1.0% 6 12%
2682 494 0.001 *
2394 89.3% 420 85.0%
191 7.1% 56 11.3%
Missing 97 3.6% 18  3.6%
2682 494 0.005 *
0 2394  89.3% 421 852%
1 -9 123 4.6% 29 59%
10 -19 57 2.1% 22 45%
20 11 0.4% 4  0.8%
Missing 97 3.6% 18  3.6%
2543 471
2238  88.0% 401 85.1% 0.043 *
213 8.4% 53 11.3%
Missing 92 3.6% 17 3.6%
4 2543 471
2264  89.0% 406 86.2% 0.035 *
187 7.4% 48 10.2%
Missing 92 3.6% 17 3.6%
2417 433 0.052
2009  83.1% 346 79.9%
210 8.7% 36 8.3%
198 8.2% 51 11.8%
Missing 0 0.0% 0 0.0%
2641 481
1470  55.7% 256 53.2% 0.157
440  16.7% 76  15.8%
13 0.5% 3 0.6%
10 0.4% 1 02%
136 5.1% 38  7.9%
Missing 572 21.7% 107 22.2%

X 2



Table 3 ADHD

Normal (N=2757) ADHD suspected (N=501) P_value
N Number, %.SD N Number %,SD
Father's smoking status
2682 494 0.732
952  355% 176  35.6%
1631  60.8% 291 58.9%
Missing 99 3.7% 27  55%
2682 494 0672
0 952  35.5% 176  35.6%
1 -9 146 5.4% 30 6.1%
10 -19 531  19.8% 89 18.0%
20 929  34.6% 168  34.0%
Missing 124 4.6% 31 6.3%
2682 494 0.76
1091  40.7% 202  40.9%
1504  56.1% 270 54.7%
Missing 87 3.2% 22 4.5%
2682 494 0.942
0 1092 40.7% 202 40.9%
1 -9 199 7.4% 39 7.9%
10 -19 542 20.2% 95 19.2%
20 741 27.6% 132 26.7%
Missing 108 4.0% 26 5.3%
2543 471 0.373
1056  41.5% 206  43.7%
1393  54.8% 248  52.7%
Missing 94 3.7% 17 3.6%
2543 471 0.344
1074 42.2% 210 44.6%
1375  54.1% 244 51.8%
Missing 94 3.7% 17 3.6%

X 2



Table 4 ADHD
Crude Model
95%Cl p 95%Cl p

ref ref

1117 0908 - 1.374) 0.294 1.06 0.84 - 1.337) 0.626
ref ref

1671 1.219 - 2.291) 0.001 * 1.769 1.25 - 2.502) 0.001 *
ref ref

1.389 1.009 - 1.911) 0.044 * 1.56 1.105 - 2.204) 0.012 *
ref ref

1431 1.025 - 1.999) 0.035* 1577 1.099 - 2265) 0014 *
ref ref

0.995 0.687 - 1.443) 0.98 0.859 0.563 - 1.311) 0482

1.496 1.077 - 2.077) 0.016 * 1.445 1.008 - 2.072) 0.045 *

model



Table 5 ADHD
Crude Model
95%Cl p 95%Cl p

0o 7/ ref ref

1-9 7/ 0.948 0.644 - 1395) 0.785 0.838 0542 - 1.295) 0425
10-19 / 1.069 0.813 - 1.404) 0634 1.035 0.768 - 1.395) 0.822
20 / 1.365 0.978 - 1905) 0.067 131 0.908 - 1.891) 0.149
0o 7/ ref ref

1-9 7/ 1.341 0.883 - 2.036) 0.169 1.337 0.843 - 2122) 0.218
10-19 / 2.195 1328 - 3.628) 0.002* 2.319 1353 - 3975) 0.002 *
20 / 2.068 0.655 - 6.524) 0.215 3.419 0976 - 11.972) 0.055

Model



Table 6 ADHD

Crude Model
95%ClI p 95%ClI p
ref ref
0.965 ( 0.787 - 1.183) 0.732 0.949 ( 0.75 - 1.202) 0.666
ref ref
0.97 ( 0.795 - 1.182) 0.76 0957 ( 0.762 - 1.202) 0.706
ref ref
0.913 ( 0.746 - 1.116) 0.373 0.897 ( 0713 - 1.129) 0.356
ref ref
0.908 ( 0.742 - 1.11) 0.344 0292 ( 0.703 - 1.112) 0.292

model



Table 7 ADHD
Crude Model
95%ClI p 95%ClI p
0o 7/ ref ref
1-9 7/ 1111 0.727 - 1.699) 0.626 1.269 0.794 - 2.028) 0.32
10-19 / 0.907 0.688 - 1.195) 0487 0.805 0.586 - 1.105) 0.18
20 / 0.978 0.777 - 1231) 0851 0.987 0.759 - 1283) 0922
0o 7/ ref ref
1-9 7/ 1.059 0.728 - 1541) 0.763 1.094 0.724 - 1.653) 0.67
10-19 / 0.948 0.727 - 1.235) 0.69 0.863 0.639 - 1166 ) 0.337
20 / 0.963 0.759 - 1222 ) 0.757 0.985 0.753 - 1.289) 00911

model



Table 8 ADHD referent

Crude Model
95%Cl p 95%Cl p
0.623 ( 0425 - 0914) 0.016 * 0622 ( 0409 - 0944) 0.026 *
0.618 ( 04 - 0.954) 0.03 * 0565 ( 0354 - 0902) 0.017 *
0.826 ( 0.224 - 3.048) 0.774 1.034 ( 0.267 - 4012) 0961
0.358 ( 0.044 - 2.884) 0.335 0598 ( 0.069 - 5138) 0.639

ref ref

model



Prenatal Exposureto Perfluorinated Chemicals and Neurodevelopment in Early
I nfancy

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. Neurodevel opment of infants at 6 and 18
months of age were assessed by Bayley Scales of Infant Development. Associations with
logl0-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 neurodevel opment of
infants and children with bigger sample size and different battery testsisin need.

Houman Goudarzi

(

A.

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

slowly eliminated from the human body and
are resistant to metabolism with mean
half-lives of 5.4 and 3.8 years for PFOS and
PFOA, respectively (Olsen et a. 2007).
Both of these compounds showed
neurodevelopmental  toxicity in anima
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 a. 2003;
Butenhoff et al. 2009). A strong correlation
of these compounds has been demonstrated
between maternal and cord blood samplesin



humans, indicating that neonates are
exposed to PFCs via the placental passage
(Inoue et a. 2004). Exposure of pregnant
women and infants to PFCs had raised
concerns, and they may have permanent
neurodevel opmental toxic effects in humans.

However, the effects of prenatal PFCs
exposure on neurodevelopment of next
generation, especially in early infancy is not
well understood. In the present analyses, we
explored the reationship of prenatd
PFOS/PFOA exposure with Mental and
Psychomotor Developmental Indices (MDI,
PDI) at 6 and 18 months of age assessed by
Bayley Scales of Infant Development, 2™
edition (BSID I1).

B

This study was a part of the Hokkaido Study
on Environment and Children’s Health
performed between July 2002 and October
2005, and the details have been previously
described (Kishi et al. 2011 and 2013). Of
1,796 approached Japanese pregnant women,
514 (28.6%) pregnant women agreed to
participate in this study. A self-administered
guestionnaire survey was completed after
the second trimester containing information
related to smoking, economic status,
educational levels, and acohol and caffeine
intake  during  pregnancy. Medical
infformation  including maternal age,
maternal body mass index (BMI) before
pregnancy, parity, gestationa age, type of
delivery, infant sex, and birth size were
obtained from participant medical records.

A 40-mL blood sample was taken from
the maternal periphera vein after the second
trimester of pregnancy, and PFOS and PFOA
levels in maternal serum were measured by
column-switching liquid chromatography
-tandem mass spectrometry (LC/MS/MS).

The PFOS values of al samples were
detected, and for samples with PFOA levels
below the detection limit (0.50 ng/mL), we
used a value of half the detection limit (0.25
ng/mL). BSIDII were used to assess MDI
and PDI in infants at 6 and 18 months of age.
The environmental conditions of the subjects
were assessed by using the questionnaire of
home environment devised by Anme et al.
(1997).

For the analysis of associations between
maternal PFCs and BSID 11, the following
subjects were excluded: women with
pregnancy-induced hypertension (n=11),
women with diabetes mellitus (n=1),
mother-infant pairs with fetal heart failure
(n=1), and twins (n=7). After the exclusion
of these subjects, 428 mother—infant pairs
had avalable PFOS and PFOA
concentrations. In addition, €igibility
criteria for analysis of subjects were: babies
born at term (37-42 weeks’ gestation),
Apgar score of > 7 at 1 min, infants without
congenital anomalies or diseases, and
BSID-11 completed.

We analyzed correlations between PFC
concentrations and the characteristics of the
mothers and infants (also BSID |1 scores and
characteristics) using the  Spearman
correlation test, the Mann-Whitney U-test,
and the Kruskal-Wallis test. We performed
multiple-regression analysis to examine the
association between BSID-II scores and the
levels of PFCsin maternal blood. The levels
of PFCs in materna blood were logio
transformed, and the analysis was adjusted
for materna age (year), parity (0/ 2 1),
maternal educational levels (categorical),
alcohol consumption and smoking during
pregnancy (yes/no), caffeine intake during
pregnancy (milligrams per day), blood
sampling period (before and after delivery),



breast feeding (less or more than 3 months),
Index of Child Care Environment, and total
dioxin levels (TEQ, WHO 2005). We
performed al of the statistical analyses using
JMP pro 10 (SAS Ingtitute Inc., NC, USA).
Results were considered significant if p <
0.05.

This study was conducted with the
written informed consent of all participants
and the study protocol was approved by the
institutional ethical board for
epidemiological studies at the Graduate

School of Medicine and Center for
Environmental and Heath Sciences,
Hokkaido University.

B.

The basic characteristics of the study
population are presented in Table 1. The
mean scores were 90.5 (SD = 5.7) for MDI
and 90.2 (SD = 10.3) for PDI at 6 months of
age. Whereas, the mean scores for MDI and
PDI were 84.2 (SD = 12.0) and 86.4 (SD =
10.9) at 18 months of age. The mean values
of maternal PFOS and PFOA levels were 6.2
ng/mL and 1.3 ng/mL, respectively. In crude
and adjusted model, PFOS and PFOA did
not show significant association with MDI
nor PDI at 6 months of age (n=174). After
sex dtratification, we found a negative
significant association between prenata
PFOA and MDI score (but not PDI) only in
female infants (B=-0.317; Cl, -12.5t0 -0.95;
p-vaue= 0.023) in adjusted model. We did
not find any significant association between
PFOS levels with BSID |1 scores before and
after sex dtratification in adjusted model.
Regarding the association between PFCs and
neurodevelopment at 18 months (n=134),
although there was a negative association
between PFOA and MDI (B= -0.155; CI,

-16.5 to 3.8; p-value= 0.219) and PDI (B= -
0.135; CI, -14.2 to 4.3; p-vaue= 0.295) in
adjusted model, but it was not significant.
PFOS did not show any significant
association  with neurodevel opmental
outcomes a 18 months of age Sex
stratification was applied to find sex
differences of PFCs exposure on
neurodevelopment but we did not find any
significant association in either sexes at 18
months of age.

D

To our knowledge, this study is one of few
epidemiological  reports regarding the
association between PFC levels and
neurodevelopment, and the first study to
examine correlation of PFCs and Bayley’s
test. We did observe no association between
low prenatal PFOS exposure and BSID 11
scores at 6 and 18 months of age. We found
negative correlation between prenatal PFOA
exposure and MDI at 6 months of age only
among female infants. We observed an
inverse association between PFOA and
MDI/PDI a 18 months of age but p-value
was not significant. It may be due to small
sample size in our study at 18 months of age
(n=134).

There are few reports regarding the
association of PFCs and neuro-devel opment
in infants and children. Fei et a. (2008)
reported no convincing associ ations between
prenatal PFCs (PFOS and PFOA) and
developmental milestones at 6 and 18
months of age reported by mothers. In this
report, PFOS and PFOA levels were higher
than those in our study with a large sample
size (6-months, n=1336; 18-months,
n=1,255). In another recent study, there was
no association between prenata PFCs
exposure and behavioral/affective disorders



such as ADHD in offspring (n=965) at 20
years of age (Strom et a. 2014). In contrast
to our result, a Taiwanese report indicated
PFOS but not PFOA levels in cord blood
plasma were adversely associated with
neurodevelopment among 2-year children
using a national guestionnaire (Chen et al.
2013). In our study, exposure levels of PFCs
were lower than al of mentioned studies.
Comparison of above results with our results
is difficult due to difference of exposure
levels, biomedia, societies, age of children
and applied battery test. Our results suggest
negative association between in utero PFOA
exposure and neurodevelopment in early
infancy especially among female infants.

E

Our result suggest in utero PFOA exposure
is associated with lower neurodevelopmental
indexes in early infancy especially among
girls. Previously, our group reported time
trends of 11 types of PFCs between 2003
and 2011 in plasma samples of pregnant
women in Hokkaido (Okada et al. 2013).
The results indicate that PFOS and PFOA
concentrations declined, whereas long-chain
PFCs (including PFNA and PFDA) levels
increased. In future studies, assessment of
the effects of newly emergent PFCs (such as
PFNA and PFDA) on neurodevelopment of
infants and children with bigger sample size
and different battery tests is necessary.

F.

1.

In preparation

2.

Houman Goudarzi, Tamiko Ikeno, Sachiko
Kobayashi, Atsuko Araki, Chihiro Miyashita,
Seiko Sasaki, Sonomi Nakajima, Hiroyuki
Nakazawa, Reiko Kishi: Exposure to

perfluoroalkyl chemicals and
neurodevelopment at 6 months of age.
International Society for Environmental
Epidemiology (August 24-28, Seattle, USA,
poster presentation)

G.

1) Olsen GW, Burris JM, Ehresman DJ,
Froehlich JW, Seacat AM, Butenhoff JL, et
al. 2007. Half-life of serum elimination of
perfluorooctanesulfonate

perfluoro-hexanesulfonate, and
perfluorooctanoate in retired fluorochemical
production  workers. Environ Health

Perspect. 115:1298-305.

2) Lau C, Thibodeaux JR, Hanson RG
Rogers JM, Grey BE, Stanton ME,et 4.
2003. Exposure to perfluorooctane sulfonate
during pregnancy in rat and mouse. II:
postnatal evaluation. Toxicol Sci.74:382-92.

3) Butenhoff JL, Ehresman DJ, Chang SC,
Parker GA, Stump DG 2009. Gestationd
and lactational exposure to potassium
perfluorooctanesulfonate (K+PFOS) in rats:
devel opmental neurotoxicity. Reprod
Toxicol. 27:319-30.

4) Inoue K, Okada F, Ito R, Kato S, Sasaki S,
Nakgima S, et al. 2004. Perfluorooctane
sulfonate (PFOS) and related perfluorinated
compounds in human maternal and cord
blood samples. assessment of PFOS
exposure in a susceptible population during
pregnancy. Environ Health Perspect.



112:1204-7.

5) Kishi R, Sasaki S, Yoshioka E, Yuasa M,
Sata F, Saijo Y, et al. 2011. Cohort profile:
the Hokkaido study on environment and
children's health in Japan. Int J Epidemiol.
40:611-8.

6) Kishi R, Kobayashi S, Ikeno T, Araki A,
Miyashita C, Itoh S, et al. 2013. Ten years of
progress in the Hokkaido birth cohort study
on environment and children's health: cohort
profile--updated 2013. Environ Heath Prev
Med. 18:429-50.

7) Anme T, Shimada C, Katayama H. 1997.
Evaluation of environmenta stimulation for
18 months and the related factors. Nihon
Koshu Eisal Zasshi. 44:346-52.

8) Fei C, McLaughlin JK, Lipworth L, Olsen
J 2008. Prenatal exposure  to
perfluorooctanoate (PFOA) and
perfluorooctanesulfonate (PFOS)  and
maternally reported devel opmental
milestones in infancy. Environ Health
Perspect. 116:1391-5.

9) Strem M, Hansen S, Olsen SF, Haug LS,
Rantakokko P, Kiviranta H. et a. 2014.
Persistent organic pollutants measured in
maternal serum and offspring
neurodevel opmental outcomes--a
prospective study with long-term follow-up.
Environ Int. 68:41-8.

10) Chen MH, Ha EH, Liao HF, Jeng SF, Su
YN, Wen TW. et a. 2013. Perfluorinated
compound levels in cord blood and
neurodevelopment a 2 years of age
Epidemiology. 24:800-8.

11) Okada E, Kashino |, Matsuura H, Sasaki
S, Miyashita C, Yamamoto J. et a. 2013.
Tempora trends of perfluoroakyl acids in
plasma samples of pregnant women in
Hokkaido, Japan, 2003-2011. Environ Int.
60:89-96.



Table 1. Characteristics of mothers and infants

At 6 months At 18 month

Characteristics No. (%) No. (%)
Maternal characteristics
Age (years) @ 30.8+4.6 31.1+4.4
Prepregnancy BMI (kg/m2) 2 21.242.9 21.242.9
Parity (times)

0 83 (48.0) 65 (48.9)

>1 90 (52.0) 68 (51.1)
Smoking during pregnancy

Yes 53 (30.5) 39(29.1)

No 121 (69.5) 95 (70.9)
Alcohal intake during pregnancy

Yes 51 (29.3) 40 (29..9)

No 123 (70.0) 94 (70.1)
Blood sampling period

during pregnancy 132 (75.9) 107 (79.8)

after delivery 42 (24.1) 27 (20.2)
Child characteristics
Sex

Mae 84 (48.3) 67 (50.0)
Female 90 (51.7) 67 (50.0)

Gestational age (days) ? 276.4+8.3 276.4+8.5
Birth weight (g) 3112.5+357.9 3098.6+323.3
Birth length (cm)? 48.2+1.7 48.2+1.6
Breast-feeding (month)

<3 72 (41.4) 51 (38.0)

>3 102 (58.6) 83 (62.0)
BSID Il mental index score (MDI) ? 90.5+5.7 84.2+12.0
BSID Il psychomotor index score (PDI) 2 90.2+10.3 86.4£10.9
Index of Child Care Environment” 222439 28.2+3.5

mean+SD. "perfect scoreis 30 and 38 pointsin 6 months and 18 months, respectively.



Table 2.

Concentration of PFOS and PFOA (ng/mL) in maternal blood (n=174) whose infants had

Bayley test score

Mean (SD) Minimum Percentile Maximum
25th 50th 75th
PFOS 6.2 (2.7) 1.6 44 5.7 74 162
PFOA ® 1.3(0.8) not detected 0.8 1.2 1.7 4.3

Concentration of PFOS and PFOA (ng/mL) in maternal blood (n=134) whose infants had

Bayley test score
Mean (SD) Minimum Percentile Maximum
25th 50th 75th
PFOS 6.2 (2.6) 1.70 44 5.8 74 16.2
PFOA * 1.3 (0.8) not detected 0.8 1.2 1.8 43

limit were used.

* For subjects with a level below the detection limit, a value equal to half the detection




Table 3. BSID II MDI and PDI development scores at 6 months of age for infants in relation to the levels
of PFCs in maternal blood (n=174).

MDI PDI

beta (95% CI) p-value beta (95% CI) p-value
PFOS
crude 0.037 (-3.26t05.43) 0.624 -0.016 (-8.62 to 6.96) 0.833
Adjusteda  0.036  (-4.02t06.08) 0.688 0.004 (-0.391 to 0.371) 0.959
PFOA
crude 0.003 (-2.89t0 3.03) 0.961 -0.030 (-6.38 to 4.21) 0.687
Adjusteda  -0.033 (-4.16t0 2.88) 0.721 0.011 (-5.31 to 6.08) 0.893

adjusted for gestational age, parity, maternal age, smoking and aleohol intake during pregnancy, caffeine
during pregnancy, maternal education level, blood sampling period, breast feeding, score, Index of Child
care Environment, and total dioxin levels (TEQ, WHO 2005).



Table 4. BSID IT MDI and PDI development scores at 6 months of age for infants in

relation to the levels of PFCs in maternal blood by sex stratification.

Boys (n=84) MDI PDI

beta (95% CI) p-value beta (95% CT) p-value
PFOS
crude -0.080 (-8.58t03.96) 0.466 -0.041 (-12.21 to 8.32) 0.707
adjusted® -0.064 (-9.84to 6.26) 0.659 0.178 (-3.62 to 19.01) 0.179
PFOA
crude 0.087 (-2.38t05.52) 0.431 0.009 (-6.20to 6.74) 0.934
adjusted® 0.139 (-2.09t0 7.72) 0.368 0.063 (-5.87t09.33) 0.650
Girls (n=90) MDI PDI

beta (95% CI) p-value beta (95% CT) p-value
PFOS
crude 0.136 (-2.11 to 0.198 0.002 (-11.63to0 11.90)  0.981

10.03)

adjusted® 0077 (-5.08t09.55)  0.545 0.029 (-11.27+t014.48)  0.804
PFOA
crude -0.094 (-6.56t02.48) 0.373 -0.055 (-10.97 to 6.43) 0.605
adjusted® -0.317 (-12.5t0-0.95) 0.023 0.096 (-6.59to 14.46)  0.458

Adjusted for gestational age, parity, maternal age, smoking and alcohol intake during

pregnancy, caffeine during pregnancy, maternal education level, blood sampling period,
breast feeding, Index of Child Care Environment, and total dioxin levels (TEQ, WHO 2005).



Table 5. BSID I MDI and PDI development scores at 18 months of age for mfants in
relation to the levels of PFCs in maternal blood (n=134).

PFOS

crude
adjusted *
PFOA
crude

adjusted *

MDI PDI
beta {(93% CI) p-value beta (95% CT) p-value
0.082 (-3.77 to 16.3) 0.342 -0.033 (-12.08 to 8.13) 0.701
0002  (-178to0 174 0.985 -0.030 (-18.0 10 14.2) 0.813
-0.090 (-109 to 3.3) 0.298 -0.065 (-8.9 10 4.0) 0.455
-0.153 (-16.5to 3 .8) 0219 -0.135 (-14 2 to 4 3) 0295

*adjusted for gestational age. parity. maternal age, smoking during pregnancy, alcohol
during pregnancy. caffeine during pregnancy, maternal education, blood sampling period.

breast feeding, caffeme dunng pregnancy, maternal education, blood sampling period,

breast feeding, Index of Child Care Environment. and total dioxin levels (TEQ, WHO 2003).







Effectsof prenatal exposureto perfluoroalkyl acids on risk of
allergic diseases at 4 yearsold children

Perfluoroalkyl acids (PFAAS) as emerged chemicals are extremely resistant chemicals
widespread in environment and frequently detected in human blood samples. Animal studies
showed exposure to PFAAs cause immunotoxicity. However, the association between
PFAASs including long chain PFAAs and alergy in humans are not well understood. We
examined whether prenatal exposure to PFAAS is associated with allergic symptoms in
4-year old children in a large-scale prospective birth cohort, Hokkaido, Japan. 1558
mother-child pairs were analyzed in this study and prenatal levels of 11 PFAAS were
measured in maternal plasma samples obtained between 28 and 32 weeks of pregnancy by
ultra-performance liquid chromatography-tandem mass spectrometry. Information of
participants’ characteristics were obtained from self-administered pre-, postnata
questionnaires and medical birth records. Infant allergies including eczema, wheezing, and
allergic rhinoconjunctivitis were assessed by Japanese version of the International Study of
Asthmaand Allergies in Childhood (ISAAC) Phase Three questionnaire obtained at 4 years
post-delivery. Associations of PFAA quartiles with allergic outcomes were examined using
logistic models. Adjusted odds ratios (ORs) in the 4th quartile vs 1st quartile (Q4 vs Q1) for
total alergic diseases (including at least one of alergic outcomes) were significantly
decreased for PFDoDA (Q4 vs Q1 OR: 0.621; 95% CI: 0.454, 0.847) and PFTrDA (Q4 vs
Q1 OR: 0.712; 95% CI: 0.524, 0.966) in all children. We found the same results between
PFAASs and eczema. The adjusted OR (Q4 vs Q1) for wheezing in association with higher
maternal PFHxS levels was 0.728 (95% Cl: 0.497, 1.06) in al children.

Although adjusted OR for allergic outcomes in 2nd to 4th of examined PFAA quartiles
reduced compare to first quartile in both sexes, the associations were statistically significant
only in boys after sex stratification (p for trend<0.05). In conclusion, prenatal exposure to
PFAAS, especialy long chain ones, may have immunosuppressive effects on allergic
diseasesin 4 year old children especially among boys.

Houman Goudarzi

Perfluoroakyl acids (PFAAS) are ubiquitous
chemicals with widespread contamination in
environment, animals and humans. Main
route of exposure to PFAAs are
contaminated food and water, and house
dust (Kato et al., 2009). The most used
PFAAs are perfluorooctane sulfonic acid
(PFOS) and perfluorooctanoic acid (PFOA).
While PFOS and PFOA are being
voluntarily phased out by several industries,



they are dtill present in older products.
PFAAs are resistant to metabolism with long
elimination half-lives for example 3.8, 5.4
and 85 vyears for PFOA, PFOS
perfluorohexane sulfonate (PFHXS) in
humans, respectively (Olsen et a., 2007).
The stability and long half-lives of PFAAS
result in continued presence in environment
and human exposure.

Exposure to PFOS and PFOA in animals
decreased |lymphoid organ weights, reduced
number of lymphoid cells and antibody
production (Yang et al. 2001; Peden-Adams
et a., 2007). In animas, PFOS and PFOA
inhibit T-cell-dependent Immunoglobulin M
(IgM) antibody response (TDAR) which is
one of essentia and predictor of immune
system function.

PFAAs can pass placenta during
pregnancy (Inoue et a., 2004); therefore,
fetuses and children are continuously
exposed to PFAAs. Exposure to PFAAS
during these critica  window  of
susceptibility may affect several aspects of
hedth in later life including immune
function. Previous epidemiological studies
propose immunomodulatory effects of
PFAAs indicating that prenatal exposure to
PFOS and PFOA were associated with IgE
levels of cord blood in different directions
(Okada et al., 2012; Wang et a., 2011). Also
pre- and post-natal exposure to PFOS and
PFOA are associated with reduced antibody
levels of tetanus, and diphtheria (Grandjean
et a., 2012), and rubella (Granum et a.,
2013) in children.

We previously reported declining trend
for PFOS and PFOA, however we observed
increasing trend for perfluorononanoic acid
(PFNA, C9) and perfluorodecanoic acid
(PFDA, C10) levels among pregnant women
between 2003 and 2011, Hokkaido, Japan
(Okada et a. 2013); worthy to note that
PFAAs with longer carbon chains including
perfluoroundecanoic acid (PFUnDA, C11),

perfluorododecanoic acid (PFDoDa, C12),
and perfluorotridecanoic acid (PFTrDA,
C13) were detectable in more than 90% of
maternal plasma samples obtained at 3rd
trimester of pregnancy in our cohort. Our
group assessed association of prenatal
exposure to 11 types of PFAASs and alergic
symptoms at 12 to 24 months of age,
reported negative association between
prenatal exposure to PFTrDA and eczema
among female infants (Okada et a., 2014).
Although some animal experiments suggest
prenatal PFC exposures modified postnatal
immune response throughout the period of
early childhood (Keil et a. 2008); to this
date, effects of PFAAs including long-chain
PFAAs on dlergic diseases in childhood
long observations especially in prospective
birth cohorts are not well understood.
Therefore, in this study, we followed
mother-child pairs in the same cohort of
report of Okada et al. (2014) and assessed
the association of prenatal PFAAS with
allergic disease at 4 year-old children.

The current work is a part Hokkaido Study
on Environment and Children’s health,
prospective ongoing birth cohort. The details
of this study have previously described
(Kishi et a. 2011 and 2013). Briefly,
pregnant women who had antenatal health
care in early pregnancy (>13 weeks of
gestational age) at any 37 participating
hospitals and clinics in Hokkaido prefecture
in this study were €eligible. Hedth care
personnel approached pregnant women and
introduced the study. Between 2003 and
2009, 17,869 agreed to participate in
large-scale Hokkaido cohort. Of these, we
selected 12,847 who had submitted a
baseline questionnaire and from whom we
had obtained a third trimester blood sample
and hospital birth records. After exclusion of
cases with miscarriage and stillbirth (n = 19),



congenital malformation (n = 143), and
multiple births (n = 162), we extracted 6335
participants who had completed al three
postnatal questionnaires at 4, 12, and 24
months after birth for long-term follow-up.
From these, we randomly extracted 300
participants per year from 2003 to 2008 and
295 participants in 2009 (n=2095) for the
PFAA measurement in maternal plasma
samples (Okada et a., 2014). Finadlly, atotd
of 1,558 mother-child pairs sent us 4-year
old questionnaires and were included in the
current study.
During the first trimester of pregnancy,
participants completed a self-administered
baseline questionnaire which included
parental information related to age
prepregnancy BMI, previous medical history,
educational level, annual household income,
parity, alcohol consumption and smoking
during pregnancy, and medication. Medical
birth records from hospitals included the
gestational age, infant gender, and birth
weight, as well as miscarriage, stillbirth,
multiple births, and congenital anomalies.
We  collected a  sdf-administered
questionnaire at 4 months after delivery
reported by mothers, including information
about birth size, maternal complications
during pregnancy, and maternal smoking
status in the third trimester. At 4 years
post-delivery, participants  completed
another  self-administered  questionnaire
including information related to breast
feeding, infant size, smoking status of
parents, parental history of allergic diseases,
environmental tobacco smoke (ETS)
exposure and day care attendance. In
addition, mothers reported previous or
current medical history of infant alergic
diseases including eczema, wheezing, and
allergic rhinoconjunctivitis symptoms.
Detailed sample preparation and PFAAS
measurement methods have been previously
described (Okada et al., 2013). We used

maternal plasma for exposure assessment

using ultra-performance liquid
chromatography  coupled to  triple
quadrupole tandem mass spectrometry

instrumentation  (UPLC-MS/MS).  We
measured concentrations of 11 PFAAS:
PFSAs (perfluoroalkane sulfonates)
including PFHxS, PFOS; and PFCAs
(perfluorinated carboxylic acids) including
perfluorohexanoic acid (PFHxA),
perfluoroheptancic acid (PFHpA), PFOA,

PFNA, PFDA, PFUNDA, PFDoDA,
PFTIDA, perfluorotetradecanoic ~ acid
(PFTeDA) in maternal plasma samples

obtained at third trimester of pregnancy.
Infant allergies were assessed based on
the mothers self-administered
guestionnaires obtained 4 years
post-delivery. Allergic diseases were defined
using a modified part of the Japanese
version of the International Study of Asthma
and Allergies in Childhood (ISAAC) Phase
Three questionnaire (Asher et al., 2006).
Eczema was defined based on positive
answers to al three following questions:
“Have your child had this itchy rash at any
time in the past 12 months?”, “Have your
child ever had a skin rash which was coming
and going for at least 6 months?”, and “Has
thisitchy rash at any time affected any of the
following places: the folds of the elbows;
behind the knees; in front of the ankles;
under the buttocks; or around the neck, ears,
or eyes?”. Wheezing was defined based on a
positive answer to the question: “Have your
child had wheezing or whistling in the chest
in the past 12 months?”. Current allergic
rhinoconjunctivitis symptoms were assessed
based on al positive answers to both of
following questions: “In the past 12 months,
has your child had a problem with sneezing
or a runny or blocked nose when you
(he/she) did not have a cold or the flu?”” and
if the answer is positive, “In the past 12
months, has this nose problem been



accompanied by itchy watery eyes?” (Asher
et al., 2006). We also defined total allergic
diseases as cases with at least one of
symptoms of eczema, wheezing, and alergic
rhinoconjunctivitis.

Correlations between PFAA
concentrations were analyzed using the
Spearman's rank correlation coefficient (p).
We divided participants to 4 groups
according to quartiles (Q) of prenatal PFAA

levels. In crude and adjusted logistic
regression  anayses we  examined
associations between materna  PFAA

concentrations and the risk of allergic
diseases. In logistic models, odds ratios
(ORs) for the risk of alergic diseases were
evaluated with PFAA concentrations in the
second through fourth quartiles and
compared to those in the lowest quartiles.
We examined the effects on total alergic
diseases and also each dlergic symptoms,
separately. Potential confounding variables
considered in the analysis were: maternal
age (continuous), number of older siblings
(0, >1), maternal education (<12, >12 years),
parental allergic history (yes/no), infant
gender, breast-feeding period (<6, >6
months), day care attendance (yes/no), and
environmental tobacco smoke (ETS)
exposure at 4 years old children (yes/no).
The number of older siblings was obtained
from parity information.

This study was conducted with all of the
participants’  written informed consent
during pregnancy up to two years old and
also another informed consent was obtained
at four years old. The institutional ethical
board for epidemiological studies at
Hokkaido University Center for
Environmental and Health Sciences and
Hokkaido University Graduate School of
Medicine approved the study protocol.

We assessed the association of prenatal
exposure to PFAAs and alergic diseases in
4-year old children in totaly 1,558
mother-child pairs. The average of materna
age (SD) was 31.1 (4.4), and prepregnancy
BMI (SD) was 20.9 (2.9). 45.7 % of mothers
were nulliparous and 5.7% were smoking
during pregnancy. 50.9% of infants were
male (Table 1).

Because of low detection rate, we excluded
PFHxA, PFHpA and PFTeDA before data
analysis. Among left 8 PFAAs, PFHxS and
PFDoDA had detection rate of 82.6 and
90.6%, respectively (Table 2). Other PFAAS
had detection rate were more than 97%.
PFOS had the highest median exposure
levels (4.92 ng/mL) followed by PFOA
(2.01 ng/mL), PFUNDA (1.43 ng/mL), and
PFNA (1.18 ng/mL).

Table 3 shows the incidence of allergic

symptoms among children at 4 years in our
study population. The number and
percentage of children who developed
allergic diseases in the preceding 12 months
were: wheezing, 291 (18.7%); eczema, 296
(19.0%), and rhinoconjunctivitis 84 (5.4%).
Totally, 536 (34.4%) had at least one of
allergic symptoms. Incidence of allergic
symptoms were a little bit higher among
boys than girls but it was not statistically
significant.
We analyzed the association of PFAAS with
total alergic diseases (Figure 1), eczema
(Figure 2), wheezing (Table 4) using logistic
regression models. Adjusted ORs in the
highest quartile vs lowest quartile for total
allergic  diseases were  sSignificantly
decreased for PFDoDA (Q4 vs Q1 OR:
0.621; 95% CI: 0.454, 0.847; p for trend=
0.008) and PFTrDA (Q4 vs Q1 OR: 0.712;
95% CI: 0.524, 0.966; p for trend= 0.013).
After sex drétification, we observed
significant association of PFDoDA and
PFTrDA with total allergic diseases among
boys not girls (Figure 1).



Figure 2 shows the association of PFAAS
with risk of eczema. Adjusted ORs for
eczema and PFOA decreased significantly
for the three highest quartiles compared with
lowest quartile as reference only among
boys (Q4 vs Q1 OR: 0.592; 95% ClI: 0.319,
1.08, p for trend= 0.022). Adjusted ORs for
the highest vs lowest quartile were 0.566
(95% CI. 0.383, 0.831) for PFDoDA, and
0.672 (95% CI: 0.465, 0.968) for PFTrDA in
al children. Effects of these long PFAAs
were prominent among boys, for examples
adjusted ORs of eczema in boys across
second to forth quartile compared with
lowest quartile of PFDoDA were 0.877
(95% CI: 0.536, 1.43), 0.828 (95% CI: 0.500,
1.36), and 0.451 (95% Cl: 0.253, 0.785)
with a dose-response relationship (p for

trend= 0.008).
Among PFAAS, PFHXS  were
significantly associated with risk of

wheezing (Table 4); the adjusted OR of
PFHXS in the fourth quartile vs first quartile
was 0.728 (95% CI: 0.497, 1.06, p for
trend= 0.038) in al children. After sex
stratification, this association was prominent
among boys (Q4 vs Q1 OR: 0.650; 95% ClI:
0.391, 1.07; p for trend= 0.063).

We also assess the association between
PFAAs and rhinoconjunctivitis (data not
shown). PFNA  showed  significant
association with monotonic reduced risk of
(Q4 vs Q1 OR: 0.409; 95% CI: 0.192, 0.825;
p for trend= 0.019), after sex stratification
we observed reduced OR of quartile forth vs
first quartile of PFNA in box sexes but p for
trend did not meet significance statistically.
In addition, adjusted ORs for
rhinoconjunctivitis were decreased for the
three highest quartiles of PFUNDA (Q4 vs
Q1 OR: 0.285; 95% CI: 0.099, 0.714; p for
trend= 0.030) and PFDoDA (Q4 vs Q1 OR:
0.430; 95% CI: 0.176, 0.985; p for trend=
0.045) compared with the lowest quartile
only among boys.

In the current study, we focused on the
effects of prenatal exposure to 11 PFAAS,
including long-chain ones, on alergic
diseases of next generation at 4 years in a
prospective birth cohort. We found that
prenatal exposure to long chain PFAAs
including PFDoDA and PFTrDA were
associated with reduced risk of total allergic
diseases in 4 year-old children. We observed
that PFDoDA and PFTrDA were associated
with a decline in the risk of eczema, aso
PFHxS showed association with reduced risk
of wheezing. Although, almost all adjusted
OR of dlergic diseases across 2nd to 4th
gquartiles of PFAAs were less than one
compare with first quartile as reference
among girls, we observed the associations of
PFAAs with alergic diseases at 4 year-old
children were statistically significant only in
boys.

Severa previous anima studies
suggest that PFAAs have immunotoxic
effects including suppression of cytokine
production such as TNF-a, IL4 and IFN-y
(Qazi et d. 2010), and reduced IgM
production and humoral immunity (Dewitt et
a., 2009; Peden-Adams et al., 2007).
Epidemiological studies aso have reported
suppression of antibody production in
individuals exposed to higher PFAA levels.
Prenatal exposure to PFAAS were negatively
associated with anti-rubella antibody among
3-year old children (Granum et a., 2013). In
Granum’s study, only 4 types of PFAAs
were examined and strength of inverse
association between PFAAs with reduced

antibody were as follows:
PFNA>PFOA>PFHxS>PFOS, indicating
that PFCAs have stronger impact on

antibody production compare with PFSASs.
We aso observed stronger association of
PFCAs with longer carbon chain on alergic
outcomes compare with PFSAs. In another



study, higher pre- and postnatal exposure to
PFOS and PFOA were inversely associated
with tetanus and diphtheria antibody
concentrations at 5 and 7 years old children
(Grandjean et al., 2012); Results of these
birth cohort are consistent with our results
suggesting association of PFAAs with
reduced immune response.

Our group previoudy anayzed the
association of prenatal exposure to PFOS and
PFOA with cord blood IgE and alergic
diseases at 18 months of age in another birth
cohort of Hokkaido Study with small sample
size (Okada et a., 2012). We did not find
any association of PFOS and PFOA with
alergic diseases, however, PFOA levels
were negatively associated with cord blood
IgE among female infants suggesting
immunomodul atory effects of this chemical.
In addition, we reported the association of
PFAAs with infant alergic diseases at 12
and 24 months of age using ISAAC
guestionnaires (Okada et al., 2014), showing
association of prenatal exposure to PFTrDA
and reduced risk of eczema (n=2,062). After
sex dratification, higher PFTrDA and
PFUNDA were negatively associated with
risk of eczema only among female infants. In
the current study, we followed those infants
to 4 years including 1558 mother-child pairs
and found that not only PFTrDA but also
other long chain PFAAs including PFNA,
PFUNDA, PFDoDA ae  negatively
associated with reduced risk of allergic
outcomes. However, impact of PFAAS on
male infants were prominent in this current
study. We conducted further examination
and comparison to clarify difference of
populations in Okada et a. (2014) (n=2,062)
and current analyses (n=1558), we looked at
characteristics and exposure levels between
two studies (data not shown). PFAA
exposure levels of participants in these two
studies were similar in range. Demographic
characteristics including maternal age, parity,

child gender and parental alergy history
were similar. However, maternal smoking
rate during pregnancy was lower in the
current analysis compare to report of Okada
et. a. (5.7% vs 7.3%). Also, we looked at the
characteristics of population with loss of
between 2 vs 4 years (n=498); 10.6% of
mothers were smoker during pregnancy and
mothers had lower educationa levels in loss
of follow up group. Day care attendance in
current analysis was significantly higher
compare with that of Okada et al. (90.3% vs
28.3%), suggesting that high percentage of
children a 4 year old have day care
attendance. Taken together, athough we
observed some few differences in
characteristic between these Okada et al.
study and current study, these two reports
suggest  consistent  immunosuppressive
effects of prenatal exposure to PFAAS in
infancy and early childhood.

This study suggest inverse association
between prenatal exposures to long chain
PFCAs with risk of allergic diseases in early
childhood with sex differences. It may
provide new evidence in humans that
PFAAs have immunosuppressive effects
consistent with animal studies. However,
more studies with longer observations need
to be conducted in prospective studies.
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Table 1. Characteristics of study population of the Hokkaido Study on Environment and Children's

Health, Japan (n=1558).

Characteristics

4-year postpartum
assessment (n=1558),
mean=SD or No. (%)

Parental characteristics

Maternal age (years) (mean + SD)
Prepregnancy BMI

Maternal educational level (years)

Parity (times)?

Maternal smoking status during pregnancy
Maternal allergic history

Paternal alergic history

Annual household income (million yen)?

Children characteristics
Gender

Breast feeding (months)

Older siblings (numbers)

Day care attendance at 4-year-old?

ETS exposure at 4-year-old?

<12

>12

0

>1
Nonsmoker
Smoker
Yes

Yes

<5

>5

Mde
Femae
<6

>6

>1

Yes
No
Yes

No

31.1+4.4
20.9+2.9
660 (42.4)
898 (57.6)
702 (45.7)
835 (54.3)
1468 (94.3)
90 (5.7)
484 (31.0)
307 (19.7)
880 (64.0)
495 (36.0)

793 (50.9)
765 (49.1)
289 (18.6)
1269 (81.4)
702 (45.7)
835 (54.3)
1373 (90.3)
148 (9.7)
724 (48.0)

782 (52.0)

aMissing data: parity (n=21), annual household income (n=183), day care attendance (N=37),

and ETS exposure (n=52).
bETS: environmental tobacco smoke.




Table 2. Concentrations of 11 PFAAs in 1558 maternal plasma samples from the Hokkaido Study on
Environment and Children's Health, Japan, 2003-2013.

Detection Concentration (ng/mL)
Compound MDL® No. % Ger?]rgg”c Mean Minimum 25th  50th  75th Maximum
PFHXS (C6) 02 1287 826 0275 0322 <02 0221 0296 0395 3.386
PFHXA (C6) 01 721 462 0085 0103 <01 <01 <01 0145 0.694
PFHPA (C7) 01 549 352 0076 0095 <01 <01 <01 0125 0.757
PFOS (C8) 03 1558 100 4932 5456 1003 3667 4925 6654 30.283
PFOA (C8) 02 1557 999 2105 2713 <02 1314 2013 3346 24.88
PFNA (C9) 03 1556 998 123 1402 <03 0908 1183 1589 13.189
PFDA (C10) 01 1551 995 0514 0575 <01 0393 0522 0694 2434
PFUNDA (C11) 04 1555 998 1368 1534 <01 1037 1431 1895 589
PFDODA (C12) 01 1413 906 0172 0191 <01 014 018 0233 0729
PFTIDA (C13) 01 1524 978 0316 035 <01 0247 0332 0424 1325
PFTeDA (C14) 01 238 152 0057 0061 <01 <01 <01 <01  0.303

aM DL : method detection limit.




Table 3. Number and proportion of children who developed alergic diseases during the 4-year-old in

the Hokkaido Study on Environment and Children's Health, Japan, 2003-2013 (n = 1558).

Totd Male children Female children

Symptoms (n=1558) (n=793) (n=765) p?
n (%) n (%) n (%)

Tota allergic diseases® 536 (34.4) 285 (35.9) 251 (32.8) 0.194
Wheezing 291 (18.7) 162 (20.4) 129 (16.8) 0.071
Eczema 296 (19.0) 153 (19.2) 143 (18.6) 0.762
Allergic rhinoconjunctivitis 84 (5.4) 46 (5.9) 38 (4.9) 0.467

symptoms

aChi-square test.

b“Total allergic diseases” indicates cases with at least one of the listed symptoms.
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Table 4. Prenatal PFAA concentrations and risk of wheezing at 4 years old in the Hokkaido Study on Environment and Children's Health, Japan, 2003-2013
(n=1558).

Tota (n = 1558) Male children (n = 793) Female children (n = 765)
Compound X Crude Adjusted? X Crude Adjusted® X Crude Adjusted®
" Tore (95% CI)¥ OR®  (95% CI)° " Tore (95%CI)¥ OR®  (95% CI) " Tore (95%Cl)¥ OR°  (95% Cl)d
PFHXS
Quartile1 80 1 1 49 1 1 31 1 1

Quatile2 83 1.00  (0.711,141) 0.895 (0.624,1.28) 42 0.829 (0519,1.32) 0705 (0.430,1.15) 41 128 (0.764,2.14) 121 (0.706,2.10)
Quartile3 61 0.702 (0.486,1.01) 0.652 (0.443,0.954) 33 0.612 (0.374,1.00) 0582 (0.346,0.966) 28 0.842 (0.483,147) 0.811 (0.448, 1.46)
Quartile4 67 0.778 (0.543,1.11) 0.728 (0.497,1.06) 38 0.722 (0.448,1.16) 0650 (0.391,1.07) 29 0867 (0.499,1.50) 0.889 (0.494, 1.59)

p for trend 0.056 0.038 0.097 0.063 0.320 0.398
PFOS
Quartile1 78 1 1 43 1 1 3B 1 1

Quartile2 67 0.822 (0.572,1.18) 0.753 (0.514,1.09) 33 0.758 (0.458,1.25) 0.751 (0.439,1.27) 34 0899 (0.533,151) 0.753 (0.433, 1.30)
Quartile379 1.01  (0.714,1.43) 00980 (0.680,1.41) 47 121 (0.758,1.94) 118 (0.718,1.94) 32 0826 (0.487,1.40) 0.809 (0.467,1.39)
Quartile4 67 0.824 (0.574,1.18) 0.770 (0.526,1.12) 39 0901 (0.555 1.46) 0.889 (0.530,1.48) 28 0740 (0.429,1.27) 0.676 (0.379, 1.19)

p for trend 0.527 0.398 0.855 0.921 0.259 0.238
PFOA
Quartile1 66 1 1 32 1 1 34 1 1

R

Quatile2 74 113  (0.79,1.64) 109 (0.743, 1.60) 133 (0.805,220) 122 (0.722,209) 30 094 (0.549,161) 0982 (0.557,1.72)
Quartile376 118  (0.823,1.70) 110 (0.749,1.62) 44 140 (0.845,232) 129 (0.762,222) 32 0977 (0575 1.66) 0.969 (0.544,1.72)
Quartile4 75 116  (0.806,1.67) 109 (0.729,1.65) 42 137 (0.824,228) 125 (0.711,222) 33 0971 (0.574,1.64) 1.00 (0.555, 1.82)
pfortrend 0411 0.699 0.235 0.427 0.948 0.992
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PFNA
Quartile1 70
Quartile2 78
Quartile 3 67
Quartile 4 76

p for trend

PFDA
Quartile 1 76
Quartile 2 65
Quartile 3 82
Quartile 4 68

p for trend

PFUNDA
Quartile1 72
Quartile2 70
Quartile 3 77
Quartile4 72

p for trend

PFDoDA
Quartilel 71
Quartile2 71
Quartile 3 79
Quartile4 70

p for trend

1.14
0.945
1.10
0.872

0.816
1.09

0.853
0.755

0.96
1.06
0.991
0.889

0.972
1.109
0.946
0.960

(0.801, 1.64)
(0.654, 1.36)
(0.767, 1.57)

(0.566, 1.17)
(0.768, 1.54)
(0.594, 1.22)

(0.667, 1.38)
(0.748, 1.52)
(0.69, 1.42)

(0.675, 1.39)
(0.776, 1.58)
(0.657, 1.36)

1.16
0.910
111
0.875

0.785
1.08

0.879
0.917

0.994
1.10
1.04
0.706

0.962
112

0.999
0.794

(0.803, 1.67)
(0.617, 1.33)
(0.760, 1.63)

(0.537, 1.14)
(0.756, 1.56)
(0.602, 1.28)

(0.682, 1.44)
(0.762, 1.60)
(0.714, 1.51)

(0.659, 1.40)
(0.778, 1.63)
(0.684, 1.45)

36
47

45

40
36
52

37
45
41
39

50
41
37

1.43
0.987
1.27
0.658

0.873
1.45

0.834
0.966

1.13

1.216
1.047
0.803

1.42
121
1.04
0.903

(0.883, 2.34)
(0.588, 1.65)
(0.781, 2.07)

(0.529, 1.43)
(0.909, 2.32)
(0.503, 1.38)

(0.695, 1.83)
(0.739, 2.00)
(0.635, 1.72)

(0.874, 2.32)
(0.731, 2.01)
(0.622, 1.74)

1.49
0.911
1.23
0.852

0.794
1.53

0.859
0.743

1.20
1.32
1.19
0.462

141
1.22
114
0.781

(0.908, 2.49)
(0.526, 1.57)
(0.732, 2.09)

(0.468, 1.34)
(0.943, 2.51)
(0.503, 1.45)

(0.725, 2.01)
(0.783, 2.25)
(0.709, 2.03)

(0.851, 2.36)
(0.728, 2.08)
(0.668, 1.95)

31
33
31

36
29
30

35
25
36
33

37
21
38
33

0.878
0.906
0.918
0.788

0.755
0.762
0.874
0.637

0.753
0.944
0.931
0.980

0.553
1.01

0.859
0.950

(0.514, 1.49)
(0.535, 1.53)
(0.537, 1.56)

(0.441, 1.29)
(0.447, 1.29)
(0.521, 1.46)

(0.43, 1.31)
(0.565, 1.57)
(0.551, 1.57)

(0.31, 0.987)
(0.613, 1.67)
(0.512, 1.44)

0.860
0.918
1.04

0.820

0.785
0.728
0.918
0.702

0.793
0.918
0.906
0.843

0.556
1.02

0.864
0.533

(0.493, 1.49)
(0.528, 1.59)
(0.587, 1.85)

(0.451, 1.35)
(0.415, 1.26)
(0.532, 1.58)

(0.444, 1.40)
(0.541, 1.56)
(0.522, 1.56)

(0.303, 1.00)
(0.604, 1.73)
(0.502, 1.48)
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PFTrDA
Quartile1 78 1 1
Quartile2 73 0.918 (0.643,1.31) 0.966 (0.669, 1.39)
Quartile3 65 0.800 (0.556,1.15) 0.805 (0.550, 1.17)
Quartile4 75 0.926 (0.650, 1.31) 0.944 (0.653, 1.36)
p for trend 0.526 0.565

1 1
0.737 (0.452, 1.199) 0.810
0.788 (0.485,1.281) 0.813
0.883 (0.545,1.43) 0.978
0.694 0.931

(0.487, 1.34)
(0.486, 1.35)
(0.590, 1.61)

26
34

1
1.16
0.789
0.976
0.614

(0.691, 1.96)
(0.453, 1.37)
(0.579, 1.64)

1
119 (0.696, 2.04)
0.801 (0.449, 1.41)
0.919 (0.531,1.58)
0.474

a Adjusted for maternal age, maternal educational level, parental alergic history, number of older siblings, children gender, breast feeding, day care attendance and ETS

exposure at 4-years old.
b Adjusted for all the covariates except children gender.
¢ OR: odds ratio. ¢Cl: confidence interval.

*| ndicates number of cases with wheezing.
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Figure 1. The association between quartiles of PFDoDA (A), PFTrDA (B) with risk of total alergic diseases among 4-year old children. Tota allergic diseases
were defined as cases with at least one of the following symptoms: eczema, wheezing, allergic rhinoconjunctivitis symptoms. Adjusted for materna age,
maternal educationa level, parental alergic history, number of older siblings, children gender, breast feeding, day care attendance and ETS exposure at

4-yearsold. Q: quartile.
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Figure 2. The association between quartiles of PFDoDA (A) and PFTrDA (B) with risk of eczema among 4-year old children. Adjusted for materna age,
maternal educationa level, parental alergic history, number of older siblings, children gender, breast feeding, day care attendance and ETS exposure at

4-yearsold. Q: quartile.
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Prenatal Exposureto Perfluoroalkyl Acidsand Risk of
I nfectious Diseasesin Early Life

Animal studies have shown that perfluroalkyl acids (PFAAS) have immunotoxic effects.
However, epidemiological studies investigating the effects of PFAASs on infectious diseases,
are scarce. We examined the relation between prenatal exposure to PFAAs and risk of
infectious diseases at 4 years of age. Mother-infant pairs who enrolled in the Hokkaido
Study on Environment and Children's Health in 2003-2009 were included in this study.
Eleven PFAAs including PFHXA, PFHpA, PFHXS, PFOS, PFOA, PFNA, PFDA, PFUNDA,
PFDoDA, PFTrDA and PFTeDA were measured in materna plasmataken at third trimester
of gestation using ultra-performance liquid chromatography coupled to triple quadrupole
tandem mass spectrometry (UPLC-MS-MYS). Information on characteristics of participants
was obtained from medical birth records, and self-administered questionnaires obtained
during pregnancy and after delivery. Infectious diseases including otitis media, pneumonia,
respiratory syncytial virus (RSV), varicella, and febrile seizure were defined using a
mother-reported questionnaire at 4 years of age. For those who have information on allergy
at 4 years and PFAA measurements were used for analysis (n=1558). The number of
children who developed infectious disorders at 4 years of age were as follows: otitis media,
649 (41.4%); pneumonia, 287 (18.4%); RSV, 197 (12.6%); varicella 589 (37.8%), and
febrile seizure, 121 (7.7%), and total infectious disease 1075 (69.0%). PFOS levelsin the
highest quartile were associated with increased odds ratio of infectious diseases (Q4 vs Q1
OR: 1.56; 95% CI: 1.12, 2.17; p for trend= 0.022) in all children. In addition, PFHXS was
associated with higher risk of total infectious diseases only among girls (Q4 vs Q1 OR:
1.56, 95% ClI: 0.963, 2.54; p for trend= 0.043). Our findings suggest that prenatal exposure
to PFOS and PFHxS may increase risk of infectious diseases at 4 years of age. In addition,
we previously reported immunosuppressive effects of PFAAs on alergic symptoms at 2 and
4 years old children. These suggest that prenatal exposure to PFAASs may suppress immune
system in next generation.

Houman Goudarzi

There is a globally contamination of
perfluoroalkyl acids (PFAAS) in
environment, wild life, and humans. Food is

expected to be the main source of human
exposure to PFAAS; however people are aso
exposed to these chemicals through
contaminated water, dust and air and various
consumer  products (ATSDR  2015).
Perfluorooctane sulfonate (PFOS) and
perfluorooctanoate (PFOA) are the most



commonly used PFAAs. PFAAS are resistant
to metabolism; elimination half-life for
PFOS and PFOA is 54 and 3.8 years,
respectively (Olsen et al. 2007). Recently,
PFOS and PFOA are being voluntarily
phased out by several industries, however
they are dtill present in older products.
However, humans are constantly exposed to
PFAAs with long-half-lives resulting in
bioaccumulation into  human  tissues
overtime which raises human hedth
concerns.

Globally, infectious diseases account for
more than one-half of al deaths among
children aged less than 5 years, and it also
has high burden for health care systems
(Elliot and Beason, 2008). Previous
laboratory studies showed that exposure to
PFAAs have immunotoxic and
immunosuppressive effects such as atrophy
and reduced cell number of immune organs
such as spleen and thymus, lower IgM
production, decreases of natura killer-cell
activity and change of pro-inflammatory

cytokine  production  (Dewitt 2008,
Peden-Adams 2008, Brieger et a. 2011,
Qazi et d. 2012).

PFAAs can pass placenta during
pregnancy, therefore fetuses are exposed to
these chemicals. Pre- and postnatal PFOS
PFOA concentrations are associated with
reduced humoral immune response to
diphtheria and tetanus in children aged 5 and
7 years (Grandjean et a. 2012). Also,
another report showed inverse association
between prenatal exposure to PFOS, PFOA,
PFNA and PFHxS and the level of
anti-rubella antibodies in the children and

the concentrations of the four PFAAS.
Furthermore, they found a positive
association between the maternal

concentrations of PFOA and PFNA and the

number of episodes of common cold for the
children, and between PFOA and PFHxS
and the number of episodes of gastroenteritis
(Granum et al. 2013). However, Fei et a.
(2010) reported no association between
prenatal exposure to PFOS and PFOA with
and risk of infectious diseases leading o
hospitalization in early childhood.

Previously, in a small cohort, we
reported negative association of prenatal
exposure to PFOA and cord blood IgE levels
among female infant; however we did not
observe any association between PFOS and
PFOA with risk of allergic diseases at 18
months of age (Okada et al. 2012). We also
examined the association of in utero
exposure to PFAAs with alergic diseases in
early infancy in a large scae cohort and
found that PFTrDA levels is inversey
associated with risk of eczema among
femaleinfants (Okada et al. 2014).

To this date, effects of PFAAS on risk of
infectious diseases is not well investigated
especially impact of exposure to these
chemicals during pregnancy on developing
immune system and functions. In this study,
we assessed association between prenatal
exposure to eleven PFAAs and risk of
infectious diseases in early childhood, in a
prospective birth cohort.

The current work is a part Hokkaido Study
on Environment and Children’s health,
prospective ongoing birth cohort (Kishi et al.
2011 and 2013). This study started in
February 2003 and the participants were all
native Japanese mother-child pairs. Briefly,
pregnant women who had antenatal health
care in early pregnancy (>13 weeks of
gestational age) at any 37 participating
hospitals and clinics in Hokkaido prefecture



in this study were eligible. Hedth care
personnel approached pregnant women and
introduced the study. Flowchart of study is
shown in Figure. 1.

During the first trimester of pregnancy,
participants completed a self-administered
baseline questionnaire which included
parental information related to age,
prepregnancy BMI, previous medical history,
educational level, annual household income,
parity, alcohol consumption and smoking
during pregnancy. Medical birth records
from hospitals included the gestational age,
infant gender, and birth weight, as well as
miscarriage, stillbirth, multiple births, and
congenital anomalies. We collected a
self-administered questionnaire at 4 months
after delivery reported by mothers, including
information about maternal smoking status
in the third trimester. At 4 years
post-delivery, participants ~ completed
another  self-administered  questionnaire
including information related to breast
feeding, smoking status of parents, parental
history of alergic diseases, petsin the home,
and environmental tobacco smoke (ETS)
exposure and day care attendance. In
addition, mothers reported previous or
current medical history of infant infectious
diseases including pneumonia, otitis media,
varicella, respiratory syncytia virus (RSV),
and febrile seizure.

Detailed sample preparation and PFAAS
measurement methods have been previously
described (Okada et a. 2013). Maternal
peripheral vein samples were collected and
stored at -80°c until exposure analysis. We
used materna plasma for exposure
assessment using ultra-performance liquid
chromatography  coupled to  triple
quadrupole tandem mass spectrometry
instrumentation (UPLC-MS/MS) (Waters,

USA). We measured concentrations of 11
PFAASs. PFSASs (perfluoroalkane sulfonates)
including PFHxS, PFOS; and PFCAs
(perfluorinated carboxylic acids) including
perfluorohexanoic acid (PFHXA),
perfluoroheptanoic acid (PFHpA), PFOA,
PFNA, PFDA, PFUNDA, PFDoDA,
PFTIDA, perfluorotetradecanoic ~ acid
(PFTeDA) in maternal plasma samples
obtained at 3rd trimester of pregnancy.

We performed al of the statistical
analyses using JMP pro 10 (SAS Institute
Inc., NC, USA). The results were considered
statistically significant if p < 0.05. For
participants with PFAA levels less than
MDL, avalue equal to half of the MDL was
substituted. We divided participants to 4
groups according to quartiles (Q) of prenata
PFAA levels. In crude and adjusted logistic

regression  anayses we  examined
associations between maternal  PFAA

concentrations and the risk of infectious
diseases. In logistic models, odds ratios
(ORs) for the risk of infectious diseases
were evaluated with PFAA concentrations in
the second through fourth quartiles and
compared to those in the lowest quartiles.
We sdected confounders in anaysis
according to a review of the literature.
Potential confounding variables considered
in the anaysis were: maternal age
(continuous), number of older siblings (O,
>1), maternal education (<12, >12 years),
parental allergic history (yes/no), infant
gender, breast-feeding period (<6, >6
months), day care attendance (yes/no), and
environmental tobacco smoke (ETS)
exposure at 4 years old children (yes/no).
The number of older siblings was obtained
from parity information. Because of
potential sex differences of PFAA health
effects, we stratified the results by sex, as



well.
(

This study was conducted with all of the
participants’ written informed consent
during pregnancy up to two years old and
also another informed consent was obtained
at four years old. The institutional ethical
board for epidemiological studies at
Hokkaido University Center for
Environmental and Health Sciences and
Hokkaido University Graduate School of
Medicine approved the study protocol.

The average of maternal age at birth (SD)
was 31.1 (4.4) and 50.9% of infants were
male. 54.3 % of mothers were multiparous
and 5.9% were smoking during pregnancy
(Table 1).
Because of low detection rate, PFHXA,
PFHpA and PFTeDA levels were excluded
before data analysis. Median of PFAAs were
as follows: PFHxS (0.296 ng/mL); PFOS
(4.92 ng/mL); PFOA (2.01 ng/mL); PFNA
(.18 ng/mL); PFDA (0522 ng/mL);
PFUNDA (1.43); PFDoDA (0.186 ng/mL);
PFTrDA (0.332 ng/mL) (Table 2).
Incidence of infectious diseases symptoms
among children at 4 years in our study
population is shown in Table 3. The number
and percentage of children who developed
infectious diseases at 4 years old were: otitis
media, 649 (41.6%); pneumonia, 287
(18.4%); RSV, 197 (12.6%); varicella, 589
(37.8%) and febrile seizure, 121 (7.7%). In
total, 1075 (69.0%) of children had at least
one of infectious diseases. Incidence of
infectious diseases was not significantly
different among boys than girls.

We assessed the association of PFAAS
with total infectious diseases using logistic
regression models (Figure 2, Supplementary

Table S1). We observed a positive
association with total infectious diseases
across PFHXS quartiles (Q4 vs Q1 adjusted
OR: 1.56, 95% CI: 0.963, 2.54; p for trnd=
0.043) in female but not male children. In
addition, adjusted ORs in the highest
quartile vs lowest quartile for total infectious
diseases were significantly increased for
PFOS (Q4 vs Q1 OR: 1.56; 95% CI: 1.12,
2.17; p for trend= 0.022) in al children.

This study is one of few studies which
focuses on prenatal exposure to PFAASs and
risk of infectious diseases. We measured
eleven types of PFAASs including long-chain
PFAASs during pregnancy and followed up
children until 4 years in a large-scale birth
cohort. We observed that prenatal exposure
to PFHXS and PFOS were associated with
higher risk of infectious diseases in 4
year-old children. However, we did not any
significant association of PFCAs including
PFOA, PFNA and PFDA with infectious
diseases.

Median values of PFAAs with C6-C8
including PFHxS, PFOS and PFOA in this
study were low compare to those in the US
(Stein et a., 2012), Denmark (Halldorsson
et a., 2012), Korea (Lee et d., 2013) and
China (Jiang et al., 2014) during pregnancy.
However, longer chain PFAA levels (C>9)
were higher than western countries such as
Spain, Denmark, Sweden and USA (Harada

et a. 2011).
Anima studies showed endocrine
disruption, neuro- and immunotoxic

properties of PFOS and PFOA (Lau et a.
2003; Seacat 2003; Leubker 2005).
Exposure to PFOS and PFOA in animals
decreased |lymphoid organ weights, reduced
number of lymphoid cells and antibody



production (Yang 2001; Peden-Adams 2007).

Pre- and post-natal exposure to PFOS and
PFOA were associated with reduced
antibody levels of tetanus, diphtheria
(Grandjean et a. 2012), and rubella
(Granum et al. 2013) in children. In adults,
elevated PFOA serum concentrations are
associated with reduced antibody titer rise,
particularly to A/H3N2 influenza virus, and
an increased risk of not attaining the
antibody threshold considered to offer
long-term protection (Looker et a. 2014).
These animal and human studies suggest
immunosuppressive effects of PFAAS.

There are few conducted studies about
the effects of PFAAs, especidly in
prospective studies, on risk of infectious
diseases. A Danish study examined the
association of prenatal exposure to PFOS
and PFOA with risk of hospitalization for
infectious diseases in early childhood, and
did not find any association between these
PFAAs and risk of infectious diseases
leading to hospitalization (Fei et al. 2010).
However, Granum et al. (2013) reported a
positive association between the prenatal
PFOA and PFNA levels and the number of
episodes of common cold for the children
and between PFOA and PFHxS and the
number of episodes of gastroenteritis at 3
years of age. In this study PFAA exposure
levels were similar to those we found, and
their results are consistent with our result
indicating that prenatal exposure to PFAAsS
are associated with increased risk of
infectious diseases in next generation.

Previously we studied association of
eleven PFAAs and risk of alergic diseases at
12-24 months of age and found inverse
association of prenatal exposure to PFTrDA
and risk of eczema among female infants
(Okada et a. 2014). Recently, we examined

the effects of prenatal PFAAs on risk of
alergic diseases at 4 years of age in the
same cohort and follow up of the same
participants. The result showed that there is
an inverse association of prenatal exposure
to PFDoDA and PFTrDA with risk of
eczema;, and inverse association between
PFHxS and wheezing (Goudarzi et a. in
preparation). Taken together, PFAAs may
suppress immune system in  humans
resulting in higher risk of infectious diseases
and reduced allergic reactions.

This study suggests inverse association
between prenatal exposures to PFOS and
PFHXS and risk of infectious diseases in
ealy childhood. It may provide new
evidence that PFAAs have
immunomodulatory  effects on  human
immune system. However, more studies are
necessary to observe long effects of in utero
exposure to PFAAs on immune system in
later life.
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Figure S1. Flow chart of study participant selection.
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Table 1. Characteristics of study population

Children's Health, Japan, 2003-2013.

of the Hokkaido Study on Environment and

Participants
Characteristics (n=1558)
No. (%)
Parental characteristics
Maternal age (years) (mean + SD) 31.12+4.48
Prepregnancy BMI 20.96+2.90
Maternal educational level (years) <12 660 (42.36)
>12 898 (57.64)
Parity (times) 0 702 (45.67)
>1 835 (54.32)
missing 21
: : 1465
Maternal smoking status during pregnancy ~ Nonsmoker
(94.03)
Smoker 93 (5.97)
Maternal alergic history Yes 484 (31.07)
Paternal alergic history Yes 307 (19.70)
Annual household income (million yen) <5 880 (56.48)
>5 495 (31.77)
Missing 183 (11.75)
Children characteristics
Gender Mae 793 (50.9)
Female 765 (49.1)
Older siblings (numbers) 0 626 (40.18)
>1 932 (59.82)
Day care attendance at 4-year-old Yes 1373
(90.27)
No 148 (9.73)
missing 37
ETS exposure at 4-year-old Yes 724 (48.07)
No 782 (51.92)
Missing 52

2ETS: environmental tobacco exposure



Table 2. Concentrations of 11 PFAAs in 1558 materna plasma samples from the Hokkaido
Study on Environment and Children's Health, Japan, 2003-2013.

Compound MpLa 9 Mean Minimum 25th  50th  75th  Maximum

PFHXS 02 8261 0.322 <0.2 0221 029  0.395 3.386
PFHXA 01 46.28 0.103 <0.1 <0.1 <01 0145 0.694
PFHpA 01 3524 0.095 <0.1 <01 <01 0125 0.757
PFOS 03 100 5.456 1.003 3667 4925 6.654 30.283
PFOA 02 9994 2713 <0.2 1314 2013 3.346 24.88
PFNA 03 99.87 1402 <0.3 0.908 1183 1.589 13.189
PFDA 01 9955 0.575 <0.1 0393 0522 0.694 2434

PFUNDA 01 9981 1534 <0.1 1037 1431 1895 5.89
PFDoDA 01 9069 0.191 <0.1 014 0186 0.233 0.729
PFTrDA 01 9782 035 <0.1 0247 0332 0424 1.325
PFTeDA 01 1528 0.061 <0.1 <01 <01 <0.1 0.303

aM DL : method detection limit

Table 3. Number and proportion of children who developed alergic and infectious diseases
during the 4-year-old in the Hokkaido Study on Environment and Children's Health, Japan,
2003-2013 (n = 1558).

Total Male children Female children

Symptoms (n=1558) (n=793) (n=765) p?

n (%) n (%) n (%)

Infectious diseases® 1075 (69) 534 (67.34) 541 (70.72)  0.149
Otitis media 649 (41.66) 340 (42.88) 309 (40.39) 0.320
Pneumonia 287 (18.42) 151 (19.04) 136 (17.78)  0.520
RSvirus 197 (12.64) 92(11.6) 105 (13.73)  0.207
Febrile seizure 121 (7.77) 59 (7.44) 62 (8.1) 0.624
Varicedla 589 (37.8) 284 (35.81) 305 (39.87)  0.099

aChi-sguare test.

b “Infectious diseases” indicates cases with at least one of the listed symptoms.



Figure 2. The association between quartiles of PFHXS (A) and PFOS (B) with risk of total allergic diseases among 4-year old children.
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Adjusted ORs in the highest quartile vs lowest quartile for infectious diseases were significantly decreased for PFHxS and
PFOS. Q: quartile. Infectious diseases includes otitis media, pneumonia, respiratory syncytia virus (RSV), varicella, febrile seizure
and were collected using a mother-reported questionnaire at 4 years of age. Logistic models were adjusted for maternal age,
maternal educational level, parental alergic history, parity, children gender, day care attendance and ETS exposure in at 4-year-old,
and breast feeding.



Supplementary Table S1. Odds ratio (95% CI) between PFAA concentrations in materna plasma and total infectious diseases during
the 4 year-old in the Hokkaido Study on Environment and Children’'s Health, Japan, 2003-2013 (n= 1558).

Total (n = 1558)

Male children (n = 793)

Female children (n = 765)

Compound Crude Adjusted® Crude Adjusted® Crude Adjusted®
" OR® (95%Cl)¥  OR®  (95% Cl)d " OR®  (95%Cl)d OR®  (95% Cl)¢ " OR®  (95%CI)¢  OR®  (95% Cl)d
PFHxS
Quartilel 267 1 1 143 1 1 124 1 1
Quartile2 267 0.898 (0.663,1.21) 0.963 (0.697,1.33) 127 0.710 (0.465,1.08)  0.705 (0.446,1.11) 140 1.14 (0.743,1.77) 1.33 (0.835,2.13)
Quartile3 280 1.10 (0.811,1.51) 1.28 (0.919,1.79) 140 0.945 (0.612,1.46) 1.00 (0.630,1.59) 140 1.30 (0.836,2.04) 1.79 (1.10,2.95)
Quartile4 261 0.858 (0.634,1.16) 0.974 (0.703,1.34) 124 0.647 (0.425,0.987) 0.663 (0.421,1.03) 137 1.16 (0.750,1.80) 1.56 (0.963, 2.54)
p for trend 0.596 0.719 0.131 0.212 0.416 0.043
PFOS
Quartilel 251 1 1 130 1 1 121 1 1
Quartile2 276 1.31 (0.969,1.77) 143 (1.04,1.98) 134 123 (0.813,1.86) 1.38 (0.883,217) 142 1.39 (0.900,2.16)  1.45 (0.903,2.33)
Quartile3 264 1.15 (0.856,1.55) 127 (0.921,1.75) 127 111 (0.736,1.68) 1.21 (0.775,1.90) 137 1.18 (0.773,1.82) 1.32 (0.834,2.11)
Quattile4 284 1.46 (1.07,1.98) 156 (1.12,217) 143 140 (0.924,213) 152 (0.968,241) 141 152 (0.978,239)  1.61 (0.995, 2.63)
p for trend 0.039 0.022 0.171 0.119 0.123 0.087
PFOA
Quartile1l 266 1 1 129 1 1 137 1 1
Quartile2 272 1.04 (0.774,142) 113 (0.814,157) 137 0.927 (0.611,1.40) 00934 (0.593,1.46) 135 1.232(0.787,1.92) 142 (0.875,2.32)



Quartile 3
Quartile 4
p for trend
PFNA
Quartile 1
Quartile 2
Quartile 3
Quartile 4
p for trend
PFDA
Quartile 1
Quartile 2
Quartile 3
Quartile 4
p for trend
PFUNDA
Quartile 1
Quartile 2
Quartile 3
Quartile 4
p for trend
PFDoDA
Quartile 1

277
260

273
271
276
255

277
275
266
257

262
270
271
272

264

1.13 (0.835, 1.54)
0.917 (0.679, 1.23)
0.699

1
0.984 (0.723, 1.33)
1.01 (0.743,1.37)
0.808 (0.597, 1.09)
0.204

1
0.941 (0.69, 1.28)
0.851 (0.625, 1.15)
0.744 (0.549, 1.00)
0.042

1
1.08 (0.799, 1.46)
1.06 (0.790, 1.44)
1.10 (0.812, 1.49)
0.577

1.18
1.16
0.363

1.17
1.20
0.987
0.983

0.989
0.893
0.851
0.266

111
1.08
1.07
0.703

(0.850, 1.66)
(0.826, 1.65)

(0.849, 1.62)
(0.869, 1.67)
(0.711, 1.37)

(0.712, 1.37)
(0.645, 1.23)
(0.614, 1.17)

(0.804, 1.53)
(0.788, 1.49)
(0.779, 1.48)

144
124

140
134
125
135

142
133
130
129

131
146
122
135

127

123 (0.802, 1.90)
0.851 (0.559, 1.29)
0.766

1
0.926 (0.605, 1.41)
0.812 (0531, 1.24)
0.815 (0.537, 1.23)
0.272

1
0.799 (0.524, 1.21)
0.817 (0.533, 1.25)
0.775 (0.507, 1.18)
0.280

1
1.03 (0.683, 1.56)
094 (0.618, 1.44)
1.04 (0.686, 1.59)
0.942

122 (0.765, 1.95)
0.986 (0.606, 1.60)
0.743

1
114 (0.725, 1.80)
0.971 (0.616, 1.52)
0.973 (0.617, 1.53)
0.745

1
0.799 (0.508, 1.25)
0.791 (0.501, 1.24)
0.865 (0.545, 1.36)
0.547

1
1.04 (0.672, 1.63)
0.984 (0.621, 1.56)
1.07 (0.682, 1.68)
0.836

133
136

133
137
151
120

135
142
136
128

131
124
149
137

137

1.04 (0.673, 1.60)
0.993 (0.646, 1.52)
0.802

1
1.04 (0.674, 1.63)
1.32 (0.844,2.07)
0.777 (0.503, 1.20)
0.441

1
1.14 (0.720, 1.81)
0.886 (0.568, 1.38)
0.711 (0.460, 1.10)
0.066

1
1.15 (0.738, 1.80)
119 (0.779, 1.83)
1.16 (0.750, 1.79)
0.485

1.16 (0.717, 1.89)
1.38 (0.838, 2.31)
0.346

1
123 (0.775,1.97)
153 (0.952, 2.50)
1.02 (0.634, 1.66)
0.704

1
1.28 (0.787, 2.08)
1.00 (0.625, 1.60)
0.865 (0.541, 1.38)
0.365

1
116 (0.722, 1.89)
119 (0.756, 1.88)
1.04  (0.660, 1.66)
0.801



Quartile 2
Quartile 3
Quartile 4
p for trend
PFTrDA
Quartile 1
Quartile 2
Quartile 3
Quartile 4

p for trend

262
275
274

261
270
272
272

0.908 (0.671, 1.22)
1.06 (0.780, 1.44)
1.02 (0.752, 1.38)
0.655

1
1.10 (0.816, 1.49)
1.14 (0.842, 1.54)
1.05 (0.784, 1.43)
0.676

0.957
101
1.10
0.473

1
1.10
1.16
1.08
0.563

(0.694, 1.32)
(0.736, 1.40)
(0.801, 1.53)

(0.801, 1.52)
(0.841, 1.61)
(0.789, 1.49)

145
130
132

121
150
137
126

1.089 (0.714, 1.66)
0.976 (0.638, 1.49)
0.962 (0.630, 1.46)
0.730

1
1.45 (0.951, 2.22)
118 (0.779, 1.80)
1.04 (0.685, 1.58)
0.889

116 (0.747,1.83)
1.03 (0.657, 1.61)
113 (0.724, 1.78)
0.719

1
1.64 (104, 2.59)
1.30 (0.834, 2.04)
1.23  (0.789, 1.93)
0.567

117
145
142

140
120
135
146

0.747 (0.484, 1.15)
1.16 (0.744,1.81)
1.09 (0.703, 1.70)
0.320

1
0.829 (0.536, 1.28)
111 (0.716, 1.74)
1.08 (0.700, 1.66)
0.464

0.718 (0.448, 1.14)
0.956 (0.592, 1.54)
1.05 (0.653, 1.69)
0.548

1
0.710 (0.444, 1.13)
0.992 (0.614, 1.60)
0.922 (0.577, 1.47)
0.907

a Adjusted for maternal age, maternal educational level, parental allergic history, parity, children gender, breast-feeding period, day care attendance

at 4-year-old, and ETS exposure in children at 4-year-old.

b Adjusted for all the covariates except children gender.
¢ OR: odds ratio. 9 Cl: confidence interval.
*Indicates number of cases with infectious diseases.



The Association of Prenatal Exposureto Perfluorinated Chemicalswith Glucocorticoid and
Androgenic Hormonesin Cord Blood Samples: The Hokkaido Study

Perfluorinated chemicals (PFCs) disrupt homeostasis of cholesterol, which is a substrate of
steroid hormones. Steroid hormones such as glucocorticoids and androgenic hormones
mediate several vital physiologic functions; however, the in utero effects of PFCs exposure
on the homeostasis of these steroid hormones are not well understood in humans. We
examined the relationship between prenatal exposure to perfluorooctane sulfonate
(PFOS)/perfluorooctanoate (PFOA) and cord blood levels of glucocorticoid and androgenic
hormones.

Methods. We conducted a hospital-based birth cohort study between July 2002 and October
2005 in Sapporo, Japan (n=514). In total, 251 mother-infant pairs were included in this
study. The prenatal PFOS and PFOA levels were measured in maternal serum samples by
liquid chromatography-tandem mass spectrometry (LC-MS-MS). Cord blood levels of
glucocorticoid (cortisol and cortisone) and androgenic hormones (dehydroepiandrosterone
(DHEA) and androstenedione) were also measured by LC-MS-MS. We found a
dose-response relationship of prenatal PFOS exposure, but not PFOA, with glucocorticoid
levels after adjusting for potential confounders. Cortisol and cortisone concentrations were
-28.70 (95% confidence interval (Cl): -46.10, -11.30; p for trend <0.001) and -77.93 ng/mL
(95% CI: -130.97, -24.89; p for trend <0.001) lower, respectively, in infants with prenatal
PFOS in the fourth quartile compared with those in the first quartile. The highest quartile of
prenatal PFOS exposure was positively associated with a 0.99 ng/mL higher DHEA level
compared with the lowest quartile (95% CI: 0.15, 1.83; p for trend=0.013), whereas PFOA
showed a negative association with DHEA levels (quartile 4 vs 1: -0.98 ng/mL, 95% CI:
-1.72, -0.23; p for trend=0.011). We observed no significant association between PFCs and
androstenedione levels. Our results indicated that prenatal exposure to PFC levels were
significantly associated with glucocorticoid and DHEA levelsin cord blood.

Houman Goudarzi

Perfluorinated  chemicas (PFCs) are
persistent and ubiquitous chemicals that

have been widely used in different industries.

PFCs have long eimination half-lives;

serum elimination of PFOS and PFOA in
human sera is estimated to take 5.4 and 3.8
years, respectively (Olsen et a. 2007).
These result in the bioaccumulation of PFCs
in the human body.

Fetuses are exposed to PFCs because of
maternofetal passage  during  organ
development (Inoue et a. 2004). Some



epidemiological studies in the genera
popul ation suggest that these compounds are
associated with poor birth outcomes such as
reduced birth size (Apelberg et a. 2007;
Washino et a. 2009). Cholesterol is a
substrate of al steroid hormones. Previous
human studies have reported that PFCs may
change the cholesterol profile in pregnant
(Starling et a. 2014) and non-pregnant
people (Frisbee et a. 2010; Winquist et al.
2014). Joensen et a. (2013) reported an
inverse association between PFOS and
testosterone levels in serum samples of adult
men. Previoudly, our group has reported a
negative association between prenatal PFOS
and progesterone hormone levels of cord
blood samples in male and female infants.
In addition, PFOS was negatively associated
with testosterone/estradiol in male infants,
whereas prenatal PFOA was positively
associated with progesterone levels in cord
blood samples of both sexes (Itoh et al.
2014). However, the effects of PFCs on
glucocorticoid hormones and androgenic
hormones (the main substrates of
testosterone and estrogen) are not well
understood in humans.

We investigated whether prenatal
exposure to PFOS and PFOA was associated
with cortisol and cortisone levels in cord
blood samples in a birth cohort using a
prospective  design. In  addition to
glucocorticoids, to gan a Dbetter
understanding of the effects of PFCs on
steroidogenesis, we assessed the association
of PFCs with DHEA and androstenedione as
androgenic hormones in cord blood and
assessed the balance of glucocorticoids and
androgenic hormones in infants.

This study was part of the Hokkaido Study

on the Environment and Children’s Health
that was conducted between July 2002 and
October 2005 (n=514). The details of this
study have been described previously (Kishi
et a. 2011 and 2013). A self-administered
guestionnaire survey was completed after
the second trimester of pregnancy that
contained information related to previous
medical history, socioeconomic status, and
habits  during  pregnancy. Medical
information, including maternal  age,
maternal body mass index (BMI) before
pregnancy, parity, gestational age, pregnancy
complications, type of delivery, infant’s sex,
and birth size, was obtained from participant
medical records.

A 40-mL blood sample was taken from
the maternal peripheral vein after the second
trimester of pregnancy to measure PFOS and
PFOA levels. PFOS and PFOS levels were
measured in maternal serum samples using
column-switching liquid chromatography
-tandem mass spectrometry (LC-MS-MS)
(Nakata et al. 2009). A blood sample (10-30
mL) was collected from the umbilical cord
a delivery. Concentrations of cortisol,
cortisone, DHEA, and androstenedione were
measured in cord blood samples using LC-
MS/MS (Yamashitaet al. 2007a, 2007b).

The following subjects were excluded
from the analysis of associations between
maternal PFCs and glucocorticoids: women
with  pregnancy-induced  hypertension
(n=11), women with diabetes mellitus (n=1),
mother-infant pairs with fetal heart failure
(n=1), and twins (n=7). After the exclusion
of the mentioned subjects, 428 mother—
infant pairs had available PFOS and PFOA
concentrations. Of those, 251 mother-infant
pairs had available cord blood samples and
included in current analysis. Because of the
skewed distributions, we treated the levels



of PFCs, glucocorticoid and androgenic
hormones as a continuous variable on alogio
scale.

We analyzed correlations between PFOS and
PFOA concentrations and the characteristics
of the mothers and infants using the
Spearman correlation test, the Mann-
Whitney U-test. The same datistica
analyses were performed to find associations
between steroid hormone levels and
participants’ characteristics. We performed
multiple-regression analysis to examine the
association between glucocorticoid and
androgenic hormones and the levels of PFCs
in maternal serum samples. Potential
confounders that affected exposure and/or
outcome levels including maternal age
(year), parity (0/>1),
(continuous), caffeine intake (continuous),
smoking during pregnancy (yes/no), and
blood sampling period (before and after
delivery). To assess a dose-response
relationship, we divided PFC levelsinto four
quartiles and least square means (LSMs) and
95% confidence intervals (Cl) were
caculated. To calculate a p vaue for the
trend, we used linear contrast coefficients of
-3, -1, +1, and +3 assigned to quartiles 1, 2,
3, and 4, respectively. We performed all of
the statistical analyses using JMP clinical 5
(SAS Ingtitute Inc., NC, USA) and results
were considered significant when p < 0.05.

gestational age

All participants provided written informed
consent and the study protocol was approved
by the institutional ethical board for
epidemiological studies at the Graduate
School of Medicine and the Center for
Environmental and Headth Sciences,
Hokkaido University.

The average age of the mothers at birth was
29.9 years (standard deviation (SD) 4.8);
49.9 % of mothers were nulliparous (Table
1). Among pregnant women, 15.5 % smoked
and 33.1 % consumed alcohol during
pregnancy. The mean (£SD) of birth weight
was 3119.2 g (£332.7), and 44.2% of
newborns were boys. PFOS levels were
detected in al of the samples, however
PFOA levels were not detected in 16
maternal  serum  samples (6.3%  of
participants). The median (25-75 percentile)
values of PFOS and PFOA were 5.0 ng/mL
(3.2t0 6.8 ng/mL) and 1.4 ng/mL (0.9to 1.9
ng/mL), respectively (Table 2). We observed
statistically significant differences in mean
PFOS concentrations by parity and blood
sampling period. Additionally, there were
significant differences in mean PFOA
concentrations by parity, blood sampling
period, and smoking and caffeine intake
during pregnancy. Median (25-75 percentile)
values of cortisol, cortisone, DHEA and
androstenedione in cord blood samples were
37.9 (22.3-63.0), 935 (68.9-123.3), 2.2
(1.7-3.0), and 0.46 (0.36-0.59) ng/mL,
respectively (Table 3). Cortisol and
cortisone were detected in 97.2 % and
944 % of samples, respectively. The
detection rates  of DHEA and
androstenedione were both 100%.

Cortisol and cortisone levels in cord blood
showed a negative association with materna
age. Glucocorticoid levels in cord blood of
infants with multiparous mothers were
significantly lower compared with those in
infants  with nulliparous  mothers.
Gestational age had a significant positive
correlation with cortisol levels and a
non-significant positive correlation with
cortisone levels. DHEA and androstenedione



levels did not show any association with
maternal or infant characteristics (data not

shown).
As shown in Table 4, after controlling for
potential confounders, prenatal PFOS

concentration was inversely associated with
cortisol levels (p = -0.284; 95% CI: -1.05,
-0.397; p-vaue < 0.001). Similarly, we
observed a significant negative association
between PFOS and cortisone levels (B =
-0.268; 95% CI. -1.37, -0.471; p vdue
<0.001). In addition, prenata PFOS
concentrations were positively associated
with DHEA levels (B = 0.181; 95% CI:
0.067, 0.436; p-value = 0.007). We found a
non-significant positive association between
PFOA and cortisol (B =0.117; 95% CI:
-0.053, 0.525; p-value = 0.109) and
cortisone levels (B = 0.136; 95% CI: -0.024,
0.761; p-value=0.066). Prenatal exposure to
PFOA was negatively associated with
DHEA levels (p = -0.219; 95% CI: -0.396,
-0.085; p value = 0.002). In addition, we
assessed the association of PFCs with the
cortisol to DHEA ratio and the

glucocorticoid to androgenic hormones ratio.

PFOS was dgnificantly  negatively
associated with the ratios of cortisol/DHEA
and glucocorticoid/androgenic  hormones.
However, PFOA showed a positive and
significant association with these ratios.

For further assessment, we aso divided
maternal PFC levels into quartiles and
examined the dose-response relationship
between PFCs and steroid hormones (Figure
1). The quartile analysis after full adjustment
showed that the highest quartile of PFOS
was associated with a -28.70 ng/mL (95%
Cl: -46.10, -11.30; p for trend < 0.001) in
cortisol and -77.93 ng/mL (95% ClI: -130.97,
-24.89; p for trend < 0.001) in cortisone
levels compared with the lowest quartile.

PFOA did not show any significant trend for
glucocorticoid levels. In addition, we found
significant increases in DHEA levels across
PFOS quartiles (quartile 4 vs 1 difference:
0.99 ng/mL, 95% ClI: 0.15, 1.83; p for trend
= 0.012), but significant decreases in DHEA
levels among PFOA quartiles (quartile 4 vs
1 difference= -0.98 ng/mL, 95% ClI: -1.72,
-0.23; p for trend = 0.011). We did not
observe a doseresponse relationship
between PFCs and androstenedione levels.

To the best of our knowledge, this study
isthe first to address the association of PFCs
with  cord blood glucocorticoid and
androgenic hormone levels in a prospective
birth cohort. In this study, we found a
significant negative association of prenatal
PFOS levels with cortisol and cortisone
levelsin cord blood samples. In addition, we
found a non-significant association of
prenatal PFOA with cortisol and cortisone
levels. We observed a positive association
between PFOS and DHEA levels, whereas
PFOA was inversely associated with DHEA
levels. Our results provide new evidence
regarding the association of exposure to low
levels of PFCs in utero with the
concentration  of  glucocorticoid and
androgenic hormones in the next generation.

The values we  obtaned for
glucocorticoids in cord blood samples in our
study are comparable with those in cord
blood samples both in and outside of Japan
(Hasegawa et al. 2010; Anderson et al. 2010).
There is a physiologic hypercortisolism
during pregnancy, and glucocorticoids are
essential for regulating and/or modulating
normal physiologic functions in metabolism,
growth, neurodevelopment, the immune
system, blood pressure maintenance, and
fluid and electrolyte homeostasis (Reynolds



2010; Braun et a. 2013). Moreover,
glucocorticoids have a crucia role in late
gestational lung and heart maturation, and
insufficient or excess amounts of these
hormones have lifdlong adverse effects on
the cardiovascular system (Rog-Zielinska et
al. 2014; Ishimoto and Jaffe 2011). In
addition, cord blood cortisol is lower in
infants with intrauterine growth retardation
compared with infants with appropriate
growth for their gestational age (Strinic et al.
2007). Our findings suggest that
dyshomeostasis of glucocorticoids and
DHEA at birth are associated with in utero
PFCs exposure, and this may have adverse
effects on the hypothalamic-pituitary-adrenal
(HPA) axis and steroid hormone homeostasis
later in life. Therefore, in utero PFC
exposure may be a public health concern and
longer observations of these effects are
warranted.

The fetal adrenal uses large amounts of
progesterone supplied by the placenta for
cortisol synthesis (Mastorakos and llias
2003). PFOS can inhibit the secretion of
progesterone in a concentration-dependent
manner in human placenta
syncytiotrophoblasts (Zhang et al. 2015). In
addition, we reported that prenatal exposure
to PFOS was inversely associated with
progesterone levels in cord blood of mae
and femae infants in the same cohort. In
contrast, prenatal PFOA levels were
positively associated with cord blood
progesterone levels in mae and femae
infants (Itoh et al. 2014). Therefore, this may
partly explain the negative association of
PFOS but not PFOA with glucocorticoids in
the current study.

We found that PFOS is associated with a
decrease in the cortisol/DHEA ratio and
glucocorticoid/androgenic  hormone  ratio,

indicating that PFOS may  shift
steroidogenesis to androgenic  hormones.
Additionally, PFCs, especially PFOS, inhibit
the activity of severa enzymes in the
pathway of steroidogenesis in human cells,
such as 3pB-hydroxysteroid dehydrogenase
(HSD3B), that convert pregnenolone to
progesterone and DHEA to androstenedione
(Zhao et a. 2010). Therefore, these modified
enzyme activities may disrupt the balance of
C19-steroids (androgenic  hormones) and
C21-steroids (glucocorticoids). In contrast,
PFOA increased these ratios. In this study,
we found that the direction of PFOS and
PFOA effects on steroids are different.
Further studies are necessary to replicate
these findings and clarify the mechanistic
effects of these PFCs on steroidogenesis.

Our results indicated that prenatal exposure
to PFC levels were significantly associated
with glucocorticoid and DHEA levels in
cord blood.
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Table 1. Characteristics of the subjects participating in the Hokkaido Study on
Environment and Children’s Health, Sapporo, Japan, 2002-2005 (n = 251).

Characteristics N (%) or
meant SD

Maternal characteristics

Age (years) 29.9+ 48

Pre-pregnancy BMI (kg/m?) 20.8+ 2.7

Parity (times)?

0 125 (49.9)
>1 126 (50.1)
Educational level (years)

<12 118 (47.0)

>13 133 (53.0)
Annua household income (million yen)?

lessthan 5 180 (72.2)

more than 5 69 (27.8)
Smoking during pregnancy

Yes 39 (15.5)

No 212 (84.5)
Alcohol intake during pregnancy

Yes 83(33.1)

No 168 (66.9)
Caffeine intake during pregnancy (mg/day) 149.6+ 123.6
Blood sampling period

during pregnancy 185 (73.7)
after delivery 66 (26.3)

Gestational age (days) 2780+ 7.0
Infant characteristics
Sex

Male 111 (44.2)

Female 140 (55.8)

dMissing data: annual household income (n=2).



Table 2. Materna blood PFOS and PFOA levels (ng/mL) in relation to the
characteristics of the subjects participating in the Hokkaido Study on Environment and

Children’s Health, Sapporo, Japan, 2002-2005 (n = 251).

Characteristics N (%) PFOS p-Value PFOA p-Value
mean £ SD, mean + SD,
median (25-75 median (25-75
percentile), percentile),
or correlationa or correlationa
(p-vaue) (p-vaue)
Mean (£SD) 251 5.4(2.7) 1.5(0.8)
(100)
Median (25-75 percentile) 251 5.0(3.2-6.8) 1.4(0.9-1.9)
(100)
Maternal characteristics
Age (years)® p =-0.093 0.138 p=-0.055 0.377
Pre-pregnancy BMI (kg/m?)? p=-0.033 0.594 p =-0.060 0.338
Parity (times)®
0 125 6.08 + 0.24 <0.001 | 1.89 + 0.07 <0.001
>1 126 473 + 0.24 1.12 + 0.07
Educational level (years)®
<12 118 527 £+ 0.25 0.480 1.44 + 0.08 0.2%4
>13 133 552 + 0.24 156 + 0.07
Annua household income
(million yen)® ¢
lessthan 5 180 536 £+ 0.20 0.866 1.49 + 0.06 0.630
more than 5 69 543 + 0.33 155 + 0.10
Smoking during pregnancy °
Yes 39 468 + 0.44 0.078 123 £+ 0.14 0.034
No 212 553 + 0.19 155 + 0.06
Alcohoal intake  during
pregnancy °
Yes 83 528 + 0.30 0.625 151 + 0.09 0.985
No 168 546 + 0.21 150 + 0.06
Caffeine  intake  during p=-0.102 0.104 p=-0.190 0.010
pregnancy (mg/day)?
Blood sampling period ®
during pregnancy 185 578 + 020 | <0.001 | 1.60 + 0.06 0.003
after delivery 66 434 + 0.33 123 £+ 0.10




Gestational age (days)® p=0.073 0.246 p=0.100 0.111
I nfant char acteristics
Sex”
Male 111 574 + 0.26 0.088 159 + 0.08 0.161
Female 140 513 + 0.23 143 + 0.07

P-values calculated by 2Spearman's correlation (p), > Mann-Whitney U-test.
dannual household income (n=2).

Table 3. Concentrations (ng/mL) of steroid hormonesin cord blood samples (n=251).

n  men SD Med (25th-75th) >(LO/?)D
Cortisol 251 46.5 36 379 (22.3-63.0) 97.2
Cortisone 251 96.0 414 935 (68.9-123.3) 94.4
DHEA 251 4.1 9.2 2.2 (2.7-3.0 100
Androstenedione 251 0.60 0.73 046 (0.36-0.59) 100




Table 4. Association of prenatal PFC levels with cord blood glucocorticoids and
androgenic hormones (n=251).

PFOS PFOA
Std B (95% ClI) p-vaue Std B (95% CI) p-value

Cortisol

Crude -0.225 | (-0.888, -0.266) | <0.001 0.145 | (0.043,0.540) | 0.021

Adjusted ® -0.284 | (-1.05,-0.397) | <0.001 0.117 | (-0.053,0.525) | 0.109
Cortisone

Crude -0.248 | (-1.26,-0.437) | <0.001 0.102 | (-0.057,0.613) | 0.104

Adjusted @ -0.268 | (-1.37,-0.471) | <0.001 0.136 | (-0.024,0.761) | 0.066
DHEA

Crude 0.204 | (0.115,0.455) | 0.001 -0.128 | (-0.276, -0.005) | 0.041

Adjusted @ 0.181 | (0.067,0.436) | 0.007 -0.219 | (-0.396, -0.085) | 0.002
Androstenedione

Crude -0.010 | (-0.140, 0.119) | 0.868 -0.080 | (-0.167,0.035) | 0.203

Adjusted @ -0.020 | (-0.163,0.119) | 0.762 -0.111 | (-0.211,0.027) | 0.130
Cortisol/DHEA rétio

Crude -0.235 | (-1.30,-0.419) | <0.001 0.150 | (0.077,0.787) | 0.017

Adjusted ® -0.267 | (-1.45,-0.502) | <0.001 0.165 | (0.062,0.891) | 0.024
Glucorticoid/androgenic

hormones ratio
Crude -0.247 | (-1.44,-0.496) | <0.001 0.131 | (0.024,0.786) | 0.037
Adjusted @ -0.265 | (-1.55,-0.526) | <0.001 0.171 | (0.082,0.972) | 0.020

@Adjusted for materna age, parity, smoking, and caffeine intake during pregnancy,
blood sampling period, and gestational age.

Both exposure and outcome measures were |0gio transformed.

Std B: standardized Beta




Figure 1. The dose-response relationship of prenatal PFOS (A) and PFOA (B) quartiles
with glucocorticoid and DHEA levels in cord blood, Sapporo, Japan, 2002-2005
(n=251). The LSMs were adjusted for gestational age, maternal age, smoking, and
caffeine intake during pregnancy, parity and the blood sampling period. The LSMs were
back transformed from logio to norma values and the error bars depict the upper and
lower 95% CI. Q = quartile.
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Association of prenatal exposure to perfluoroalkyl substances with cord blood
adipokines and birth size: The Hokkaido Study on Environment and Children’ s
Health

Perfluoroalkyl substances (PFASs) are synthetic chemicals that persist in the
environment and in humans. There is a possible association between prenatal
PFASs exposure and both neonate adipokines and birth size, yet epidemiological
studies are very limited. The objective of this study was to examine associations
of prenatal exposure to PFASs with cord blood adipokines and birth size. We
conducted birth cohort study, the Hokkaido Study. In this study, 168
mother-child pairs were included. Perfluorooctane sulfonate (PFOS) and
perfluorooctanoate (PFOA) in maternal blood were determined by liquid
chromatography tandem mass spectrometry. Cord blood adiponectin and leptin
levels were measured by ELISA and RIA, respectively. Birth weight and
ponderal index (PI) were obtained from birth record. The median maternal
PFOS and PFOA were 5.1 and 1.4 ng/mL, respectively. The median total
adiponectin and leptin levels were 19.4 p g/mL and 6.2 ng/mL, respectively.
Adjusted linear regression analyses found that PFOS level was positively
associated with total adiponectin levels (B =0.12, 95% CI1:0.01, 0.22), contrary
was negatively associated with PI (B =-2.25, 95% CI: -4.01, -0.50). PFOA level
was negatively associated with birth weight (B =-197, 95% CI: -391, -3). Leptin
levels were not associated with PFASs levels. PFOS and adiponectin levels
showed marginal dose-response relationship and both PFOS and PFOA and
birth size showed significant dose-response relationships. Mediation analysis
suggested that cord blood adiponectin was a mediator that could account for
association between PFOS levels and PI. Results from this study suggested that
prenatal PFASs exposure may alter cord blood adiponectin levels and may
decrease birth size.

impregnation, furnishings, non-stick
housewares, and food packaging (Lau et al.
2007) and found in the environment,

animals, and humans. The main exposure
pathway to PFASs in human occurs orally
Perfluoroalkyl ~ substances (PFASs) ae  via intake of contaminated food and water.
widely used in the industry including textile  (Fromme et al. 2009). Even though the use



of PFOS has been diminishing globaly
since they were included in Annex B of the
Stockholm Convention on persistent organic
pollutants in 2009 (UNEP 2007), due to
their bioaccumulation and presence in older
products, PFOS and PFOA are dtill
detectable in human and environmental
samples (Olsen et al. 2012; Okada et al.
2013). Since PFASs can cross the placental
barrier and can be transferred from mother
to fetus (Inoue et a. 2004; Midasch et al.
2007), studiesin prenatal exposure to PFASs
and its adverse health effects on fetus are
warranted.

Adiponectin  and leptin are hormones
produced by adipocyte and have been used
as biomarkers of metabolic function. The
known roles of these hormones are
metabolic homeostasis and regulation
(Faroogi and O'Rahilly 2014; Fiaschi et al.
2014). Child adiponectin levels at birth and
birth weight have been examined in the
previous studies however, were inconsistent.
Volberg et a. reported no relations (Volberg
et al. 2013), while the others reported
positive association between cord blood
adiponectin  levels with birth  weight
(Mantzoros et al. 2009) and the association
between lower adiponectin and small for
gestational age (SGA) and preterm birth
(Palcevska-Kocevska et a. 2012; Yeung et
al. 2015). A progressively significant
negative association between adiponectin
and BMI at 2, 5, and 9 years of age has been
reported (Volberg et a. 2013). In adults, low
adiponectin levels are the implication of
obesity, metabolic syndrome and type 2
diabetes (DM2) (Mather and Goldberg
2014). Studies have suggested that both too
high and too low leptin in fetus result in
non-optimal fetal growth phenotypes that
subsequently increase long term obesity risk

(Ornoy 2011). High cord blood leptin levels
have been known to positively associated
with birth weight (Karakosta et al., 2011),
while low cord blood leptin levels have been
associated with SGA (Ren and Shen 2010).
Importance of investigating adipokine levels
a birth have been suggested from the
studies that found cord blood leptin levels
may modify child growth trgjectory (Parker
et al. 2011; Kaar et a. 2014; Karakosta et al.
2016). There have been reported that cord
blood adiponectin levels were negatively
correlated with body weight at one year,
weight gain after one year and with BMI at
one year (Mazaki-Tovi et a. 2011) and that
cord serum adiponectin  levels were
significant predictors of BMI Z-score gain
from birth to 3 years of age (Nakano et al.
2012). Thus alternation of cord blood
adiponectin levels may cause adverse effects
on early childhood growth.

Previous epidemiological studies including
our group have found that reduction of birth
weight in association with prenatal exposure
to PFASs (Olsen et al. 2009; Washino et al.
2009; Verner et a. 2015). In addition to birth
weight, our group has reported that prenatal
exposure to PFASs could results in
disrupting various hormones balance
including reproductive, thyroid and steroid
hormone of neonates. PFOS were inversely
associated  with  testosterone/estradiol,
progesterone (P4) and inhibin B among boys
and with P4 and prolactin among girls (Itoh
et a. 2016). PFOS, but not PFOA were
inversely correlated with maternal TSH and
positively associated with infant serum TSH
(Kato et a. 2016). Similarly, PFOS, but not
PFOA was negatively associated with
glucocorticoidsin cord blood (Goudarzi et al.
2017).

Anima studies have suggested that



developmental exposure to PFOS may
contribute to lipid metabolic disorder in
adulthood in rats (Lv et al. 2013). There was
only one study in human that found inverse
association between PFOS exposure and
polyunsaturated fatty acid levelsin pregnant
women (Kishi et al. 2015). Developmental
exposure to lower levels of PFOA induced
elevated serum leptin and overweight in
mid-life in female mice through increasing
of fatty acid metabolism by activation of
proliferator-activated receptors
(PPAR)-alpha (Hines et a. 2009). However,
findings from animal data may not be
applicable to humans. To our knowledge,
there has been only a few prospective cohort
studies that examined associations between
early life exposure to PFASs and metabolic
function such as adipokine levels
(Halldorsson et al. 2012; Fleisch et a. 2016;
Ashley-Martin et al. 2017). One study found
no evidence of an adverse effect of PFASs
exposure on metabolic function in
mid-childhood (Fleisch et a. 2016) and
contrary, the other study suggested that
prenatal PFOA exposure significantly
associated with leptin and adiponectin levels
in female at age of 20 years (Halldorsson et
al. 2012). These studies only investigated
postnatal adipokine levels at childhood and
early adulthood, but not examined adipokine
levels at birth. The recent study in Canada
(MIREC Study) is the only one to examine
associations between maternal  PFAS
concentrations and birth weight and cord
blood concentrations of leptin  and
adiponectin (Ashley-Martin et a. 2017),
which found null associations.

The fetal time period is critical window of
adipocyte development and thus, exposures
to PFASs during fetal period may change
postnatal growth trgjectory and increase the

risk of obesity and metabolic disorders later
in life (Grun and Blumberg 2009; Hatch et
a. 2010). Though prenatal exposure to
PFASs and birth outcomes such as birth size
have been studied, adipokines at birth, the
metabolic related biomarkers have not been
well investigated and understood.

The objectives of this study was to examine
the association between prenatal exposure to
PFASs and neonatal adipokines including
adiponectin and leptin levels in cord blood
along with birth size.

Study population and questionnaire

This prospective birth cohort study was
based on the Sapporo Cohort, the Hokkaido
Study on Environment and Children's Health
(Kishi et a. 2011; Kishi et al. 2013). The
Sapporo Cohort is an ongoing cohort study
that began in 2002. Briefly, pregnant women
at 23-35 weeks of gestation were recruited
between July 2002 and October 2005 from
the Sapporo Toho Hospital in Hokkaido,
Japan. 514 women agreed to participate in
the cohort study. All participants were
residents in Sapporo City or surrounding
aress.

The participants completed the
self-administered questionnaire including
baseline information such as their dietary
habits, exposure to chemical compounds in
their daily life, smoking history, alcohol
consumption, caffeine intake, family income,
educational levels of themselves and
partners. Maternal anthropometric
measurement data and medical history were
obtained from medical record and birth
weight and length were collected from birth
records. We used the following criteria to
include the participants into the analyses;
singleton baby born at term (37-42 weeks of
gestation). Participants with no PFASs



measurement (n=22) or those with blood
collected after deivery (n=124) were
excluded snce PFOS and PFOA
concentrations were significantly lower in
post-delivery blood samples (Goudarzi et al.
2016; Itoh et a. 2016). Finally, 168
mother-child pairs who had both PFASs and
adipokine measurements were included into
the statistical analyses (Fig 1). This study
was conducted in accordance with the
Declaration of Helsinki, and the protocol
used in this study was approved by the
Institutional ethical board for
epidemiological studies at the Hokkaido
University Graduate School of Medicine and
Hokkaido University Center for
Environment and Health Sciences. This
study was conducted with the informed
consent of al participantsin written forms.
Maternal serum PFA Ss measurements
PFOS and PFOA concentrations in
maternal serum were measured by liquid
chromatography-tandem mass spectrometry
(LC/IMS/IMS). Detailed methods for the
PFOS and PFOA measurements can be
found in our previous reports (Nakata et al.
2009; Kishi et a. 2015). The limit of
detection (LOD) of PFOS and PFOA was
0.50 ng/mL. PFOS was detected in al
samples, and for samples with PFOA below
LOD, we used avalue of half the LOD (0.25
ng/mL). Nine samples were below LOD for
PFOA measurement.
Cord blood adipokine measurements
Total and high molecular weight (HMW)
adiponectin and leptin levels in cord blood
were measured. Adiponectin levels were
determined by Enzyme Linked
ImmunoSorbent Assay (ELISA) using
Human Adiponectin Assay kit from Sekisui
Medical Co. Ltd (Tokyo, Japan). Leptin
levels were determined by

Radioimmunoassay (RIA) using Human
Leptin RIA kit from Linco Research Inc. (St.
Charles, MO, USA). All the analyses were
conducted at LSl Medience (Tokyo, Japan)
according to the operation manual. Analyses
were repeated for all samples with
coefficient of variation (CV) greater than
15 %. The LODs of adiponectin was 0.39
M g/mL and of leptin was 0.5 ng/mL. All
samples were in the range of detection.
Intrae and inter-assay CVs for tota
adiponectin were < 9.1% and < 10.1%, for
HMW adiponectin were < 9.2% and <
11.6% and for leptin were < 5.3% and <
8.1%, respectively.
Statistical analyses

PFOS and PFOA levels in relation
to maternal and infant characteristics were
examined by Spearman’s correlation test and
Mann-Whitney U test or Kruskal-Wallis test.
Similarly, cord blood adipokine levels in

relation to maternal  and  infant
characteristics were  examined by
Spearman’s correlation test and

Mann-Whitney U test or Kruskal-Wallis test.
Associations of maternal PFOS and PFOA
levels with cord blood adipokines and birth
size were anayzed by multiple linear
regression anayses. Maternad PFOS and
PFOA levels did not distribute normally,
thus these levels were 10g10 transformed for
linear regression analyses. Total and HMW
adiponectin, leptin levels were aso 1ogl0
transformed. Pl which was calculated as
follows; Pl (kg/m3) = Birth weight (kg) /
(Birth length (m))3. To assess dose-response
relationships, PFAS levels were categorized
into tertiles and the least sguare means
(LSMs) and lower and upper 95 % CI were
calculated. P for trend was obtained from
dose-response analysis.

Potential confounding variables were



considered based on the previous literatures
(Itoh et al. 2016; Kato et a. 2016; Goudarzi
et a. 2017). Medica record and
questionnaires were used for obtaining data.
The fina linear regresson model was
adjusted for materna body mass index
(BMI), maternal smoking status during
pregnancy, parity, maternal blood sampling
period (gestational weeks in categories,
23-31, 32-34 and 35-41), infant sex, and
gestational age (days).

All the analyses were conducted for boys
and girls combined as well as boys and girls
separately.  Results were  considered
significant at p < 0.05. All analyses were
conducted using SPSS Version 22.0 J
(Chicago, IL, USA). Additionally, mediation
analysis was performed by SPSS PROCESS,
amacro implemented in SPSS (Hayes 2013)
to examine indirect effect of prenatal
exposure to PFASs on birth size through
cord blood adipokines. The indirect effect
and the bias-corrected and accelerated
confidence intervals of the indirect effect
were determined by bootstrapping with 5000
iterations. The effect size was determined by
using percent mediation (PM) method
(Preacher and Hayes 2008).

This prospective birth cohort study was
based on the Sapporo Cohort, Hokkaido
Study on Environment and Children’s
Health [30, 31]. Briefly we recruited
pregnant women at 23-35 weeks of gestation
between July 2002 and October 2005 from
the Sapporo Toho Hospital in Hokkaido,
Japan. All subjects were resident in Sapporo
City or surrounding areas. The participants
completed the self-administered
guestionnaire survey after the second
trimester during their pregnancy. The
questionnaire contained baseline
information including their dietary habits,

exposure to chemical compounds in their
daily life, smoking history, acohol
consumption, caffeine intake, family income,
educational levels of themselves and
partners. The prenatal information of the
mothers and their neonates was collected
from their medical records. This study was
conducted with the informed consent of all
participants in written forms. This study was
conducted in accordance with the
Declaration of Helsinki, and the protocol
used in this study was approved by the
Institutional ethical board for
epidemiological studies at the Hokkaido
University Graduate School of Medicine and
Hokkaido University Center for
Environment and Health Sciences.

The characteristics of both mothers and
infants is shown in Table 1. Among 168
participants included in this study, the
median concentrations of maternal PFOS
and PFOA were 5.1 ng/mL (interquartile
range [IQR]:3.7-6.7 ng/mL) and 1.4 ng/mL
(IQR: 0.9-2.2 ng/mL), respectively. PFOS
and PFOA levels were modestly correlated
(Spearman’s rho=0.287). Table 2 shows
maternal PFOS and PFOA levels in relation
to characteristics of mothers and infants.
PFOS and PFOA levels were significantly
higher among primiparous women. PFOS
and PFOA levels were significantly lower
among smokers. Caffeine intake during
pregnancy was negatively correlated with
PFOA levels. PFOS and PFOA levels were
negatively correlated with blood sampling
period (gestational weeks). The mean PFOA
level was higher among boys compared to
girls. PFOS level was negatively correlated
with PI and PFOA level was negatively
correlated with both birth weight and PI.

Concentrations of cord blood adiponectin



and leptin are shown in Table 3. The
detection rate of both adiponectin and leptin
was 100%.

Table 4 shows cord blood adipokine levels
in relation to characteristics of mothers and
infants. None of the maternal characteristics
were significantly associated with either
adiponectin or leptin levels. Adiponectin and
leptin levels were significantly higher in
girls than in boys. Total adiponectin level
was negatively correlated with gestational
age, contrary positively correlated with PI.
Leptin level was positively correlated with
birth weight, length and PI.

Associations of maternal PFOS and
PFOA levels with cord blood adiponectin
and leptin levels, birth weight and Pl are
shown in Table 5. PFOS level was positively
associated with total adiponectin level (B =
0.12; 95% confidence interva [CI]: 0.01,
0.22). Contrary, PFOS level was negatively
associated with Pl (B = -2.25; 95% CI:
-4.01, -0.50). PFOA levels were negatively
associated with birth weight (B = -197;
95% ClI: -391, -3) and marginally negatively
associated with Pl (B = -1.32; 95% CI:
-2.66, 0.02). Stratification by infant sex
found that positive association between
PFOS and adiponectin and negative
associ ation between PFOS and Pl were more
significant in boys (Table S1). PFASs and
sex interaction was examined and found to
be not significantly associated except PFOS
and sex interaction on leptin levels
(p=0.008) (Table S1).

We also PFASs levels into tertiles
and examined the dose-response
rel ationships between PFASs and cord blood
adipokines (Figure 2 and Tables S2 and S3).
The tertile analysis with adjustment showed
that the highest tertile of PFOS was
associated with 2.91 y g/mL increase in

total adiponectin compared to the lowest
tertile and p for trend was 0.095. Similarly,
the highest tertile of PFOS was associated
with 1.99 p go/mL increase in HMW
adiponectin compared to the lowest tertile
and p for trend was 0.072. The highest tertile
of PFOS was associated with 1.16 kg/m3
decrease in Pl compared to the lowest tertile
and p for trend was significant (Ptrend =
0.003). The PFOA level was associated with
decreased birth weight and Pl with clear
dose-response relationships. P for trend for
birth weight was 0.021 and for PI was 0.002,
respectively.

We have previously reported that decreased
birth weight among girls in association with
in utero exposure to PFOS with significance
in this population (Washino et al. 2009).
Similarly, our previous report of both PFOS
and PFOA levels and Pl were inversely
associated (Kobayashi et a. 2016). Our
results provided a new evidence of
association between relatively lower levels
of prenatal PFASs exposure and neonatal
birth size and cord adipokines. In addition to
our previous findings of inverse association
between PFOS exposure and
polyunsaturated fatty acids levels of mothers
(Kishi et a. 2015), this study suggested
PFOS exposure may associate with
disruption of fetal metabolic function.

Median concentrations of maternal PFOS
and PFOA in this study were 5.1 and 1.4
ng/mL, respectively, which were comparable
to the recent report from Canada (PFOS: 4.6,
PFOA: 1.7 ng/mL) (Ashley-Martin et al.
2017), however, lower than previous reports
from Korea (PFOS: 9.3, PFOA: 2.6 ng/mL)
(Lee et a. 2013)., the United States (PFOS:
8.2, PFOA: 2.9 ng/mL) (Stein et al. 2012),
Denmark (PFOS: 21.5, PFOA: 3.7 ng/mL)



(Halldorsson et al. 2012), Norway (PFOS:
13, PFOA: 2.2 ng/mL) (Starling et a. 2014).
Adiponectin and leptin levels in this study
were comparable to those from Japanese
study (Nakano et a. 2012) and other studies
in Asian countries (Chou et a. 2011; Kim et
a. 2016). Contrary, cord blood adiponectin
in our study showed lower level compared
to the previous studies from North America
and Europe (Brynhildsen et a. 2013; Lagiou
et a. 2013; Luo et a. 2013; Ashley-Martin
et a. 2017). Similarly, compared to
Canadian study, leptin level in our study was
lower. (Ashley-Martin e a. 2014
Ashley-Martin et al. 2017). Relatively lower
levels of adiponectin and leptin in our study
was consistent with previously reported
observations that showed differences in
these adipokine levels among ethnicities
(Mente et a. 2010; West et a. 2014).

Two of the previous birth cohort studies
(Halldorsson et al. 2012; Fleisch et a. 2016)
only examined associations between
maternal levels of PFASs and adipokine
levels of mid-childhood and early adulthood,
however, there were lacking information at
birth. Besides exposure levels were
relatively high in those two studies whereas
our study could assess relatively lower level
exposures to PFASs on metabolic related
outcomes. The recent Canadian birth cohort
study found overall null associations
between maternal PFAS levels and cord
blood adiponectin and leptin and birth
weight z score (Ashley-Martin et a. 2017).
The materna PFAS levels in their study
were similar to ours and our findings
partialy agreed to their results. Regression
coefficients in our study were aso
comparable to their results and both of the
studies found no association between
maternal PFOS and PFOA levels and cord

blood leptin levels.

The mediation anaysis found a significant
indirect effect of maternal PFOS levels on PI
through cord blood total adiponectin levels
(Figure 3). The results showed that cord
blood adiponectin as a mediator could
account for ~27% of the total effect
(PM=0.27). Cross-sectiona studies reported
a negative association between cord blood
PFOS levels and Pl (Apelberg et a. 2007)
and an inverse relationship between neonatal
adiponectin levels and Pl (Mantzoros et al.
2004). Our study added the evidence that
prenatal exposure to PFOS were associated
with both increased cord blood adiponectin
levels and reduced Pl. Result from the
mediation analysis suggested that mediatory
effect of cord blood adiponectin may
partiadly be responsible for the observed
relationship between prenatal exposure to
PFOS and PI. However, the result should be
cautioudly interpreted. There are possibilities
that other unmeasured factors including
other types of adipokines and hormones that
are responsible for fetal growth can account
for our result. Observed null association
between maternal PFOA and cord blood
adipokine levels indicated that prenatal
PFOA exposure’s adverse effects on birth
size was not likely to occur through
adiposity-related pathways.

The  mechanisms behind  observed
association  between prenatal  PFOS
exposures and cord blood adiponectin levels
are not fully understood. Mutual adjustment
to see whether PFOS and PFOA have
additive effects on outcomes was performed,
however, the regression coefficient did not
change. The possible pathway could be
interaction of PFASs with PPAR-apha,
which were involved in lipid metabolism in
adipocytes (Takacs and Abbott 2007; Hines



et a. 2009). Yet, why only PFOS showed
inverse association with adiponectin levels
remain unclear. PFOA can pass placenta
more efficient than PFOS (Gutzkow et al.
2012) may explain our observed association
between PFOA and reduced birth weight and
Pl.

Accumulating evidences from
epidemiological  studies indicated that
reduced birth size was a risk factor for a
range of metabolic problems including high
adult BMI, insulin resistance, increased
visceral adiposity, and impaired glucose
tolerance (Calkins and Devaskar 2011).
Thus our finding of reduced birth size in
association with prenatal exposure to PFASs
may aso be responsible for adverse
metabolic outcomes in later life. Continuous
follow-up of cohort participants is required
to determine whether altered adipokine
levels at birth persist and reduced birth size
relates to metabolic dysfunction.

The limitations of this study should be
considered. The participants included into
the statistical analyses were limited to those
who with available prenatal PFA Ss exposure
and cord blood adipokines measurements
(n=168), which may have led to potential
selection bias. We should note that cord
blood samples for adipokine measurements
were avallable only from those who had
vagina delivery. Compared to the whole
population, participants included in this
study showed higher prevaence of
primipara, higher rate of smoking during
pregnancy, lower family income (< 5million
yen/year) and longer gestational age (Table
). However, maternal age, pre-pregnancy
BMI, acohol intake during pregnancy and
maternal education of participants in this
study are similar to those in the whole
population. In the datistical anaysis,

variables differed between this study
population and the whole population were
adjusted, thus potential influence of these
variables were considered to be null.
Although the number of participants were
limited, we included only those who had
blood samples during pregnancy for PFASs
exposure measurements, which enabled
accurate reflection of prenatal exposures.
There might be a possibility of the influence
of unmeasured co-exposures  and
confounders.

Recently, our group has reported that
maternal MEHP levels were associated with
alternation of adiponectin and leptin levels
in cord blood in sex-specific manner
(Minatoya et a. 2017). Cord blood
adipokine levels can be investigated in
association with these environmental
chemical exposures in our future work. As a
strength of prospective birth cohort study,
we have longitudinal follow-up data
including childhood anthropometric
measurements and metabolic related health
outcomes at different ages. The follow-up
data together with exposure assessment and
cord blood adipokines and birth size can be
used for further investigation of associations
between prenatal exposures and metabolic
related outcomesin later life.

Our findings provided some evidences of
possible adverse effects of prenatal exposure
to PFASs on metabolic function at birth and
birth size. PFOS and adiponectin levels
showed margina dose-response relationship
and both PFOS and PFOA and birth size
showed significant dose-response
relationships. Additionally, our result
suggested mediatory effect of adiponectin on
relationship between PFOS exposure and PI.
Further investigation is required to



determine whether prenatal exposure to
PFASs continue to associate with growth
and metabolic related outcomes such as
obesity and DM2 in later life. Additionaly,
potential sex-specific influence of exposure
to PFASs on metabolic related outcomes
should be further investigated for better
understanding of mechanism  behind
observed findings. Future follow-up study in
the Hokkaido Study will enable to explore
associations between prenatal exposures and
childhood growth.
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All participants N=514

I Dropped out before delivery n=10

n=504

Exclusion criteria
Multiple birth n=7
Preterm birth n=28

n=469

Excluded from the analyses
Blood sample withdrawn after delivery n=124
PFAAS levels were not measured n=22

Participants with available adipoki n=264 | lr with available before delivery PFAAs levels n=323

| Participants with both PFAAs and adipokine measurements n=168 |

Figure 1. Flowchart of participants’ selection.
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Figure 2. The dose-response relationships of PFOS (A) and PFOA (B) tertiles with adipokine
levels and birth size. The LSMs were adjusted for maternal BMI, parity, smoking during
pregnancy, blood sampling period, gestational age and infant sex.

PFOS; T1:1.5-4.0 ng/mL, T2: 4.1-6.2 ng/mL, T3: 6.3-14.7 ng/mL.

PFOA; T1:<LOD-1.10 ng/mL, T2: 1.20-1.80 bg/mL, T3: 1.90-5.30 ng/mL.

The error bars show the lower and upper 95% confidence intervals.

LSM: least square mean, LOD: limit of detection.
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Figure 3. Mediation analysis of the association between PFOS and total adiponectin and
between PFOS and PI. Regression coefficients of each path are described alongside with
arrows. The total effect of PFOS on Pl is described in the parentheses. A significant indirect
effect of PFOS on Pl through total adiponectin was observed (indirect effect=0.61;
bias-corrected and accelerated confidence interval: 0.04, 1.50). The total adiponectin as a
mediator can account for roughly 30% of total effect (percent mediation=0.27). Adjusted for
maternal BMI, parity, smoking during pregnancy, blood sampling period, gestational age and
infant sex. *p<0.05 and **P<0.01.



Table 1 Characteristics of participants (n=168).

Characteristics N (%) or mean + S.D.
Mother
Age (years) 30.0+4.6
Pre-pregnancy BMI (kg/m?) 21.2+3.3
Parity 0 90 (53.6)
1 78 (46.4)
Educational level (years) 12 76 (45.2)
13 92 (54.8)
Family income (million yen) 5 121 (72.0)
>5 47 (28.0)
Smoking during pregnancy Yes 31 (18.5)
No 137 (81.5)
Alcohol intake during pregnancy Yes 56 (33.3)
No 112 (66.7)
Caffeine intake during pregnancy (mg/day) 139.5+127.9
Blood sampling period 23-31 weeks 64 (38.1)
32-34 weeks 39 (23.2)
34-41 weeks 65 (38.7)
Infant
Sex Boy 78 (46.4)
Girl 90 (53.6)
Gestational age (days) 279.0 £ 6.6
Birth weight (g) 3150 + 330
Birth length (cm) 486 +1.6
Ponderal index (kg/m?3) 275+2.2

Table 2 Maternal PFOS and PFOA levels in relation to characteristics of participants.

Characteristics PFOS p-value PFOA p-value
mean + S.D. or mean * S.D.
correlation or correlation

Mother

Age (year) p=-0.048 0.534 p=-0.021 0.789

Pre-pregnancy BMI (kg/m?) p=-0.105 0.177 p=-0.060 0.439

Parity 0 5.86 + 2.56 0.009 1.95+0.99 <0.001

1 490 +2.34 1.24 £0.79
Educational level (years) 12 5.27+2.10 0.846 1.58 +1.02 0.295
13 5.54 +2.80 1.66 £ 0.93
Family income (million yen) 5 5.30 +2.47 0.350 1.63 +1.03 0.674
>5 5.71 £2.59 1.60 + 0.81
Smoking during pregnancy Yes 457 +2.23 0.047 1.29 £ 0.80 0.023
No 5.61+253 1.69 +0.99
Alcohol intake during pregnancy Yes 5.37 +2.43 0.968 1.62 £0.85 0.819
No 5.44 +2.55 1.62+1.02
Caffeine intake during pregnancy (mg/day) p=-0.144 0.141 p=-0.183 0.018
Blood sampling period (weeks) 23-31 6.06 +2.18 <0.001 1.82£0.90 0.007
32-34 5.85+3.08 1.61+1.14
35-41 4.53+2.16 1.43+£0.90
Infant
Sex Boys 5.85+2.63 0.054 1.77 £0.90 0.013
Girl 5.04 + 2.33 1.49+1.01

Gestational age (days) p=0.055 0.483 p=0.093 0.233

Birth weight (g) p=-0.048 0.539 p=-0.156 0.044

Birth length (cm) p=0.131 0.091 p=0.071 0.364

Poderal index (kg/m®) p=-0.232 0.003 p=-0.259 0.001

Mann-Whitney U test or Kruskal-Wallis test. Spearman’s rho.



Table 3 Concentration of cord blood adipokines.

N Median (IQR)

Total adiponectin (ug/ml) All 168  19.4 (15.7-22.6)
Boy 78 18.7 (14.8-21.1)
Girl 90 20.4 (16.8-23.7)

HWM adiponectin (ug/ml) All 168  12.9 (9.9-15.6)
Boy 78 11.6 (9.7-14.6)
Girl 90 13.6 (10.3-16.7)

Leptin (ng/ml) All 165 6.2(3.9-10.1)
Boy 78 5.0 (3.4-6.8)
Girl 87 8.2 (4.8-13.0)

Detection rate was 100% for all the adipokines.

Table 4 Cord blood adipokines in relation to characteristics of participants.

Characteristics Total p-value HMW p-value Leptin p-value
adiponectin adiponectin mean + S.D.
mean = S.D. or mean + S.D. or correlation
correlation or correlation
Mother
Age (year) p=0.005 0.954 p=-0.018 0.821 p=-0.046 0.554
Pre-pregnancy BMI (kg/m?) p=0.119 0.125 p=0.113 0.143 p=0.153 0.050
Parity 0 20.0+£5.7 0.445 13.3+4.6 0.642 8.3+5.9 0.398
1 19.0+54 12.8+4.6 7.2+51
Educational level (years) 12 20.2+56 0.108 13.8+4.8 0.052 8.6+6.2 0.071
13 19.0£55 124+43 71+49
Family income (million yen) 5 19.9+59 0.239 13.4+49 0.175 8.1+57 0.246
>5 18.5+4.4 121+ 3.6 7.0+5.1
Smoking during pregnancy Yes 19.6+7.0 0.920 13.3+5.6 0.781 79+6.1 0.869
No 19.5+52 13.0+43 7.7+55
Alcohol intake during  Yes 19.5+55 0.946 129+4.5 0.874 7.7+57 0.757
pregnancy
No 19.6 5.6 13.1+4.6 78+55
Caffeine intake during pregnancy p=-0.036 0.645 p=-0.002 0.978 p=-0.037 0.638
(mg/day)
Infant
Sex Boys 18.4+45 0.017 121+ 3.6 0.015 6.0+4.5 <0.001
Girl 20.5+6.2 13.9+5.1 9.4 +6.0
Gestational age (days) p=-0.157 0.042 p=-0.138 0.075 p=0.139 0.076
Birth weight (g) p=0.131 0.090 p=0.116 0.133 p=0.366 <0.001
Birth length (cm) p=-0.060 0.442 p=-0.073 0.348 p=0.155 0.048
Poderal index (kg/m3) p=0.259 0.001 p=0.264 0.001 p=0.294 <0.001

Mann-Whitney U test or Kruskal-Wallis test. Spearman’s rho.

Table 5 Association of maternal PFASs levels with cord blood adipokines and birth size.

PFOS PFOA
All B (95% CI) p-value B (95% ClI) p-value
Total adiponectin 0.12 (0.01, 0.22) 0.028 0.04 (-0.04, 0.11) 0.377
HMW adiponectin 0.12 (-0.01, 0.25) 0.075 0.03 (-0.07, 0.13) 0.575
Leptin -0.05 (-0.27, 0.18) 0.691 0.02 (-0.15, 0.19) 0.830
Birth weight (g) -29 (-289, 232) 0.828 -197 (-391, -3) 0.047
Ponderal index (kg/m®) -2.25 (-4.01, -0.50) 0.012 -1.32 (-2.66, 0.02) 0.054

Both PFASs levels and adipokine levels were logio transformed.
Adjusted for maternal BMI, parity, smoking during pregnancy, blood sampling period,
gestational age and infant sex.



Table S1 Association of maternal PFASs levels with cord blood adipokines and birth size
stratified by child sex and interaction between PFASs and child sex.

PFOS Boys Girls
B (95% Cl) B (95% Cl) Pinteraction

Total adiponectin 0.13 (0.00, 0.26) 0.11 (-0.06, 0.27) 0.563
HMW adiponectin 0.13 (-0.04, 0.30) 0.12 (-0.08, 0.33) 0.598
Leptin 0.01 (-0.28, 0.30) -0.14 (-0.49, 0.21) 0.008
Birth weight (g) 190 (-162, 543) -251 (-645, 143) 0.201
Ponderal index (kg/m?) -2.46 (-4.74, -0.18) -2.11 (-4.86, 0.64) 0.658
PFOA

Total adiponectin 0.06 (-0.13, 0.13) 0.05 (-0.05, 0.16) 0.811
HMW adiponectin -0.01 (-0.19, 0.16) 0.05 (-0.09, 0.18) 0.885
Leptin -0.14 (-0.42, 0.15) 0.08 (-0.15, 0.31) 0.591
Birth weight (g) -276 (-619, 67) -169 (-419, 81) 0.160
Ponderal index (kg/m?3) -1.02 (-3.33, 1.29) -1.39 (-3.13, 0.36) 0.376

Adjusted for maternal BMI, parity, smoking during pregnancy, blood sampling period and
gestational age. Pinteraction for PFOS or PFOA and child sex interaction.

Table S2 Adjusted least square means (LSM) for cord blood adipokines. and birth size by
tertiles of PFASSs.

PFOS Total HMW adiponectin Leptin
adiponectin
LSM LCI UCl LSM LCI UCl LSM LCI UcCl

T1 17.02 1541 18.63 11.23 9.81 12.65 7.44 558 931
T2 19.36 17.77 2094 1297 11.58 14.36 8.11 6.28 9.95
T3 19.93 18.34 2153 1322 1181 14.62 7.09 522 8.97
Piena  0.095 0.072 0.906

PFOA

T1 17.78 16.19 1937 11.72 10.34 13.09 7.45 578 9.13
T2 21.24 1960 22.89 14.67 13.24 16.09 7.89 6.15 9.63
T3 19.86 18.08 21.65 13.14 11.59 14.69 7.23 535 911
Piena  0.644 0.796 0.789

PFOS; T1:1.5-4.0 ng/mL, T2: 4.1-6.2 ng/mL, T3: 6.3-14.7 ng/mL.

PFOA; T1:<LOD-1.10 ng/mL, T2: 1.20-1.80 bg/mL, T3: 1.90-5.30 ng/mL.

Adjusted for maternal BMI, parity, smoking during pregnancy, blood sampling period,
gestational age and infant sex.

LSM: least square mean, LCI: lower 95% confidence interval, UCI: upper 95% confidence
interval, T: tertile, LOD: limit of detection.



Table S3 Adjusted least square means (LSM) for birth size by tertiles of PFASs.

PFOS Birth weight Ponderal index

LSM LCI ucCl LSM LCI ucCl

T1 3196 3095 3298 28.39 27.71 29.06
T2 3076 2976 3176 26.68 26.02 27.34
T3 3158 3057 3258 27.23 26.57 27.90
I:)trend 0.424 0.003

PFOA

T1 3197 3095 3300 27.78 27.08 28.48
T2 3092 2986 3199 2761 26.89 28.34
T3 3087 2972 3203 2658 25.79 27.37
Ptrend 0.021 0.002

PFOS; T1:1.5-4.0 ng/mL, T2: 4.1-6.2 ng/mL, T3: 6.3-14.7 ng/mL.

PFOA; T1:<LOD-1.10 ng/mL, T2: 1.20-1.80 bg/mL, T3: 1.90-5.30 ng/mL.

Adjusted for maternal BMI, parity, smoking during pregnancy, blood sampling period,
gestational age and infant sex.

LOD: limit of detection.

Table S4 Comparison of basic characteristics between whole population (n=469)
and participants included in this study (n=168).

Characteristics Whole population Participants included in this study
(n=469) (n=168)
Mother % or mean (SD)
Age at delivery (years) 30.7 (4.9) 30.0 (4.6)
Pre-pregnancy BMI (kg/m?) 21.1(3.1) 21.2(3.3)
Parity 0 48.0% 53.6%
1 51.8% 46.4%
Smoking during pregnancy No 83.3% 81.5%
Yes 16.6% 18.5%
Alcohol intake during pregnancy No 68.0% 66.7%
Yes 32.0% 33.3%
Education (years) 12 45.0% 45.2%
13 55.0% 54.8%
Family income (yen) <5M 68.9% 72.0%
5M 31.1% 28.0%
Infant
Sex Boy 46.9% 46.4%
Girl 53.1% 53.6%

Gestational age (days) 276.7 + 7.8 279.0 + 6.6
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Tablel Level of dioxine like compounds and dioxines (TEQ pg/glipid) in maternal blood N=422

. Percentile
N Mean Min Max
25th 50th 75th
Total PCDD-TEQ(05) 422 7.25 1.65 5.01 6.83 9.03 20.81
Total PCDF-TEQ(05) 422 2.55 0.64 1.79 2.38 3.04 7.77
Total Non-ortho PCBs-TEQ(05) 422 453 0.65 2.62 4.20 5.83 17.37
Total Mono-ortho PCBs-TEQ(05) 422 0.37 0.05 0.23 0.33 0.46 1.09
Total Dioxin-TEQ(05) 422 14.70 3.17 9.90 13.86 18.08 43.35

Total PCOD-TEQES) Total PCOF-TEQ08) TotalNon-oth PCBs.TEQUE) Total Mono-ortho PCBS TEQES) TotalDioxin TEQIS)

=
=am
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Figurel PCB N=



Table 2 K-ABC

1)

2)

K-ABC
Mean+ SD / Mean+ SD /
N Mean(Min-Max) n (%) N Mean(Min-Max) n (%) P3)
Maternal characteristic
Age (years) 355 30.4+4.9 151 31.7+4.7 0.01*
Delivery order 355 151 0.242
first child 165 (46.5) 76 (50.3)
second child over 190 (53.5) 75 (49.7)
Annnual income 352 151
under 3,000,000 77 (21.9) 18 (11.9) 0.001**
3,000,000~5,000,000 181 (51.4) 68 (45.0)
5,000,000~70,000,000 66 (18.8) 38 (25.2)
7,000,000 10,000,000 25(7.1) 23 (15.2)
7,000,000 over 3(0.9) 4(2.6)
Educational level 355 151
9 years 13 (3.7) 1(0.7) 0.005**
10-12years 160 (45.1) 51 (33.8)
13-16 years 178 (50.1) 94 (62.3)
17 years- 4(1.1) 5(3.3)
WAIS-R short-version score 22 20.7+3.8 137 21.0+4.1 0.830
Working after delivery 196 147
no 127 (64.8) 87 (57.6) 0.465
tenporary working 10 (5.1) 6 (4.0)
working 59 (30.1) 54 (35.8)
Fish intake during pregnancy
Inshore fish 354 151
never 24 (6.8) 5(3.3) 0.207
1~2 times/month 164 (46.3) 86 (57.0)
1~2 times/week 143 (40.4) 54 (35.8)
3~4 times/week 22 (6.2) 6 (4.0)
almost everyday 1(0.3) 0 (0.0)
Deep-sea fish 355 151
never 10 (2.8) 4(2.6) 0.214
1~2 times/month 154 (43.4) 66 (43.7)
1~2 times/week 163 (45.9) 77 (51.0)
3~4 times/week 24 (6.8) 4 (2.6)
almost everyday 4(1.1) 0(0.0)
Caffeine in take during preegnancy (mg/day) 361 152.0+127.1 151 132.6+86.6 0.312
Alchool intake during pregnancy (mg/day) 361 1.9+11.3 151 1.0+25 0.882
Blood cotinin before pregnancy (ng/ml ) 334 24.7+65.8 151 10.9+39.6 0.011*
Smoking in during pregnancy 355 151
never 151 (42.5) 75 (49.7) 0.003**
quit before noticing pregnant 47 (13.2) 30 (19.9)
quit after pregnant 83 (23.4) 33 (21.9)
Smoking 74 (20.8) 13 (8.6)
Child Characteristic
Sex 351 151
male 168 (47.9) 72 (47.7) 0.497
female 183 (52.1) 79 (52.3)
Gestational age (weeks) 351 39.0(31.0-41.0) 151 39.0(31.0-41.0) 0.813
Birthweight (g) 351 3050.0(794.0-4292.0) 151 3088.0(1700.0-4138.0) 0.135
Birthlength (cm) 351 48.0(33.0-53.0) 151 48.2(40.5-52.8) 0.490
Birth chest (cm) 351 31.5(17.5-36.5) 151 31.5(26.5-36.0) 0.395
Hed circumstance (cm) 351 33.0(23.5-37.0) 151 33.5(28.0-36.5) 0.258
Nursary Environment
Family menber 354 3.0(1.0-7.0) 151 3.0(2.0-7.0) 0.673
Index of Child Care Environment 196 27.0(17.0-34.0) 147 27.0(18.0-34.0) 0.598
Duration of breastfeeding(mnoths) 126 13.8(0.0-42.0) 100 13.0(0.0-37.0) 0.633
Mother's Depression after 1M of delivery 296 3.0(0.0-23.0) 146 3.0(0.0-26.0) 0.504
Attend to kindergarten at 42 month of age 184 143
No 99 (53.8) 62 (0.4) 0.150
Yes 85 (46.2) 81 (0.5)
K-ABC at 42 month of age
Mental processing sacle  — 151 103.2+12.8 —
Achievement scale  — 151 99.9+ 14.0 —
The level of PCBs/Dioxines
Total PCDD-TEQ(05) 274 6.97(1.65-18.48) 147  7.73(1.69-20.81) 0.020*
Total PCDF-TEQ(05) 274 2.42(0.64-7.06) 147 2.76(0.80-7.77) 0.004**
Total Non-ortho PCBs-TEQ(05) 274 4.14(0.65-17.37) 147 5.16(0.65-16.75) 0.000***
Total Mono-ortho PCBs-TEQ(05) 274 0.35(0.05-1.7) 147 0.39(0.05-1.09) 0.046*
Total Dioxin-TEQ(05) 274 13.88(3.17-43.35) 147  16.04(3.35-42.93) 0.001**
1) K-ABC PCBs
2)K-ABC PCBs
3)x 2 Man-Whitney

*p<0.05, **p<0.01,***p<0.001



Table3 (n=151)
Annnual income <5,000,000 Annnual income 5,000,000 p”
Mean(ainay ") Meanainay "
Maternal characteristic
Age (years) 86 30.3+4.2 65 33.4+4.7 0.000**
Delivery order 86 65
first child 49 (57.0) 27 (41.5) 0.043*
second child over 37 (43.0) 38 (58.5)
Educational level 86 65
9 years 1(1.2) 0(0.0) 0.064
10-12years 35(40.7) 16 (24.6)
13-16 years 49 (57.0) 45 (69.2)
17 years- 1(1.2) 4(6.2)
WAIS-R short-version score 75 20.1+4.0 62 22.1+4.0 0.004**
Working after delivery 86 62
no 53 (61.6) 34 (54.8) 0.516
tenporary working 4(4.7) 2(3.2)
working 28 (32.6) 26 (41.9)
Fish intake during pregnancy
Inshore fish 86 65
never 3(3.5) 2(31) 0.426
1~2 times/month 44 (51.2) 42 (64.6)
1~2 times/week 35 (40.7) 19 (29.2)
3~4 times/week 4(4.7) 2(31)
Deep-sea fish 86 65
never 4(4.7) 0 (0.0) 0.247
1~2 times/month 34 (39.5) 32 (49.2)
1~2 times/week 46 (53.5) 31 (47.7)
3~4 times/week 2(2.3) 2(3.1)
Caffeine in take during preegnancy (m¢ 86 132.2+84.6 65 133.3+89.8 0.952
Alchool intake during pregnancy (mg/d. 86 1.0+2.5 65 09+25 0.842
Blood cotinin before pregnancy (ng/ml) 86 14.7+49.7 65 57+17.0 0.386
Smoking in during pregnancy 86 65
never 36 (41.9) 39 (60.0) 0.015*
quit before noticing pregnant 15 (17.4) 15 (23.1)
quit after pregnant 24 (27.9) 9(13.8)
Smoking 11 (12.8) 2(31)
Child Characteristic
Sex 86 65
male 40 (46.5) 32 (49.2) 0.745
female 46 (53.5) 33 (50.8)
Gestational age (weeks) 86 39.0(35.0-41.0) 65 39.0(31.0-41.0) 0.398
Birthweight (g) 86 3095.0(2112.0-4138.0) 65 3078.0(1700.0-3916.0) 0.924
Birthlength (cm) 86 48.2(42.5-52.0) 65 48.2(40.5-52.8) 0.718
Birth chest (cm) 86 31.5(27.0-36.0) 65 31.5(26.5-35.0) 0.659
Hed circumstance (cm) 86 33.5(30.5-36.0) 65 33.5(28.0-36.5) 0.434
Nursary Environment
Family menber 86 2.0(2.0-7.0) 65 3.0(2.0-7.0) 0.001**
Index of Child Care Environment 84  26.5(18.0-34.0) 65 28.0(18.0-34.0) 0.048*
Duration of breastfeeding(mnoths) 60 13.0(3.0-37.0) 40 13.0(0.0-30.0) 0.714
Mother's Depression after 1M of deliver 82  3.0(0.0-13.0) 64 2.0(0.0-26.0) 0.134
Attend to kindergarden at 42 month of 82 61
No 39 (45.3) 23 (35.4) 0.317
Yes 42 (48.8) 38 (58.5)
K-ABC at 42 month of age
Mental processing sacle 86 101.0+13.2 65 106.1+11.6 0.014*
Achievement scale 86 97.1+12.7 65 103.5+15.0 0.015*
The level of PCBs/Dioxines
Total PCDD-TEQ(05) 83  7.34(3.16-17.32) 64 8.30(1.69-20.81) 0.033*
Total PCDF-TEQ(05) 83 2.61(0.95-7.77) 64 3.00(0.80-6.99) 0.023*
Total Non-ortho PCBs-TEQ(05) 83  4.89(0.65-16.75) 64 5.68(0.65-13.18) 0.053
Total Mono-ortho PCBs-TEQ(05) 83  0.37(0.05-1.09) 64  0.43(0.10-0.92) 0.055
Total Dioxin-TEQ(05) 83  15.20(4.81-42.93) 64 17.42(3.35-39.64) 0.021*
1) 2 X 2 Man-Whitney Kruscal-Wallis

*p<0.05, **p<0.01



Table4 K-ABC scores

(N=151)

Mental processing scale

Achievement scale

MeantSD, r” P MeanSD,r” P
Maternal characteristic
Age (years) r=-0.106 0.196 r=0.155 0.058
Delivery order
first child 103.1+12.1  0.842 99.8+13.9 0.963
second child over 103.3+13.4 99.9+14.3
Annnual income
under 5,000,000 101.5+13.6 ~ 0.014* 97.1+12.7 0.015*
5,000,000 over 106.1+11.6 103.5+15.0
Educational level
12years 103.3+12.4 0911 98.9+14.9 0.526
13years 103.1£13.0 100.4£13.6
WAIS-R short-version score r=0.341 0.000*** r=0.190 0.026*
Fish intake during pregnancy
Inshore fish
0 2 times/month 103.8+12.7  0.646 99.7£13.9 0.783
1time over/week 102.3+12.9 100.1+14.3
Deep-sea fish
0 2 times/month 103.3+13.4 0.942 100.5+14.9 0.709
1time over/week 103.1£12.3 99.3+13.4
Alchool intake during pregnancy (mg/day) r=-0.008 0.924 r=0.020 0.809
Blood cotinin before pregnancy (ng/ml ) r=-0.014 0.870 =-0.104 0.211
Smoking in during pregnancy
never  102.8+13.1  0.827 102.0£13.7  0.046%
quit or smoking 103.6+£12.5 97.7+14.2
Child Characteristic
Gestational age (weeks) r=0.097 0.237 r=0.027 0.740
gender
male 104.0+12.8  0.656 99.0+14.5 0.357
female 102.4+12.7 100.7+13.7
Birthweight (g) r=0.069 0.401 r=0.011 0.891
Birthlength (cm) r=0.150 0.066 r=0.039 0.635
Birth chest (cm) r=-0.018 0.83 r=-0.048 0.555
Hed circumstance (cm) r=-0.033 0.689 r=-0.117 0.154
Nursary Environment
Index of Child Care Environment r=0.194 0.019* r=0.186 0.029*
Duration of breastfeeding(months) r=-0.022 0.831 =-0.069 0.498
Mother's Depression after 1M of delivery r=0.067 0.424 r=0.105 0.205
Attend to kindergarden
No 103.3+11.2  0.294 100.7¢15.0 ~ 0.402
Yes 103.3+13.6 99.4+13.0
The level of PCBs/Dioxines
Total PCDD-TEQ(05) r=0.014 0.869 r=0.292 0.000***
Total PCDF-TEQ(05) r=0.032 0.697 r=0.287 0.000***
Total Non-ortho PCBs-TEQ(05) r=-0.031 0.707 r=0.205 0.013*
Total Mono-ortho PCBs-TEQ(05) r=-0.012 0.888 r=0.250 0.002**
Total Dioxin-TEQ(05) r=-0.011 0.891 r=0.273 0.001**
1) r=Spearman Correlation
2) p: Spearman Man-Whitney Kruscal-Wallis

Mental processing sacle
*p<0.05, **p<0.01,***p<0.001

Achievement scale



Table5 K-ABC scores

Mental processing scale Achievement scale
Income <5,000,000 (N=86) Income 5,000,000> (N=65) Income <5,000,000 (N=86) Income 5,000,000> (N=65)
Mean=SD, ) P Mean=SD, r") P Mean+SD, ) P Mean=SD, ) P

Maternal characteristic

Age (years) r=-0.383 0.000"" r=0.069 0.583 r=0.098 0.432 r=0.140 0.265
Delivery order
first child 100.8+12.9 0.882 107.1£9.5 0.501 96.1+12.4 0.432 106.6+14.1 0.162
second child over 101.2+13.7 105.3+13.0 98.5+13.2 101.3+15.4
Annnual income
under 5,000,000 — — — —
5,000,000 over — — — —
Educational level

12years 100.6+12.7 0.661 109.6+9.3 0.113 95.2+13.5 0.192 107.4+14.8 0.187
13years 101.3+13.7 104.9+412.1 98.6+12.0 102.2+15.0
WAIS-R short-version score r=0.332 0.004** r=0.241 0.059 r=0.270 0.019* r=0.001 0.997
Fish intake during pregnancy
Inshore fish
0 2 times/month 101.5+13.2  0.805 106.3+11.8  0.938 97.1+12.4 0.883 102.5+15.1  0.465
1time over/week 100.4+13.4 105.7+11.6 97.2+13.2 105.6+15.0
Deep-sea fish
0 2times/month  102.0+13.8 0514 104.8£12.9  0.434 98.1+12.5 0.548 103.5¢17.1  0.803
1time over/week 100.2+12.8 107.3+10.3 96.4+13.0 103.5+12.9
Alchool intake during preghancy (mg/day) r=-0.005 0.966 r=-0.028 0.824 r=-0.013 0.907 r=0.051 0.686
Blood cotinin before pregnancy (ng/ml ) r=-0.015 0.888 r=0.018 0.891 r=-0.075 0.49 r=-0.114 0.378
Smoking in during pregnancy
never 99.2+14.3 0.393 106.1£11.1  0.909 98.5+11.7 0.281 105.3+14.6  0.210
quit or smoking 102.3+12.3 106.1+12.6 96.2+13.4 100.7+15.4
Child Characteristic
Gestational age (weeks) r=0.164 0.132 r=0.061 0.627 r=-0.096 0.379 r=0.224 0.073
gender
male 102.9+13.8  0.374 105.5£11.5  0.599 97.4+14.2 0.962 100.9+14.7  0.108
female 99.4+12.6 106.7+11.9 96.9+11.4 106.0+15.0
Birthweight (g) r=0.121 0.266 r=0.044 0.728 r=-0.078 0.474 r=0.133 0.289
Birthlength (cm) r=0.139 0.203 r=0.174 0.165 r=-0.113 03 r=0.190 0.129
Birth chest (cm) r=-0.023 0.835 r=0.014 0.914 r=-0.092 0.398 r=0.004 0.977
Hed circumstance (cm) r=-0.002 0.986 r=-0.027 0.829 r=-0.132 0.225 r=-0.054 0.671
Nursary Environment
Index of Child Care Environment r=0.216 0.048* r=0.034 0.789 r=0.143 0.194 r=0.143 0.265
Duration of breastfeeding(months) r=-0.069 0.598 r=0.104 0.525 r=-0.184 0.16 r=0.104 0.524
Mother's Depression after 1M of delivery r=0.171 0.125 r=0.018 0.886 r=0.091 0.417 r=0.175 0.166
Attend to kindergarden
No 102.9+11.0 0171 103.9+11.6  0.470 98.3+13.4 0.467 104.7¢17.1  0.566
Yes 99.8+14.9 107.0+£11.0 97.3+12.4 101.6+13.5
The level of PCBs/Dioxines
Total PCDD-TEQ(05) r=-0.053 0.631 r=0.017 0.893 r=0.286 0.009** r=0.251 0.046*
Total PCDF-TEQ(05) r=-0.058 0.604 r=0.056 0.663 r=0.305 0.005** r=0.194 0.124
Total Non-ortho PCBs-TEQ(05) r=-0.126 0.258 r=0.050 0.685 r=0.200 0.070 r=0.159 0.210
Total Mono-ortho PCBs-TEQ(05) r=-0.086 0.442 r=0.016 0.902 r=0.272 0.013* r=0.163 0.199
Total Dioxin-TEQ(05) r=-0.118 0.288 r=0.059 0.645 r=0.264 0.016* r=0.214 0.089
1) r=Spearman Correlation
2) p: Spearman Man-Whitney Kruscal-Wallis
Mental processing sacle Achievement scale

*p<0.05, **p<0.01,***p<0.001



Table6 K-ABC score PCBs (N=109)
Mental processing scale Achievement scale
B 95%ClI p B 95%ClI p
PCDD log crude 1.771 -11.334 ; 14.876 0.789 24.312 9.964 ; 38.660 0.001***
Model" 3.098 -10.271 ; 16.467 0.647 21.771 6.660 ; 36.881 0.005**
Model® 7.049 -8.095 ; 22.193 0.358 26.483 9.263 ; 43.704 0.003**
Model® 7.111  -8.137 ; 22.358 0.357 26.033 8.768 ; 43.298 0.004**
PCDF log crude 1.117 -12.417 ; 14.652 0.870 23.773 8.877 ; 38.669 0.002**
Model” 2.301 -11.972 ; 16.574 0.750 20.824 4573 ; 37.076 0.013*
Model” 6.893 -9.000 ; 22.787 0.391 25.505 7.308 ; 43.703 0.006**
Model® 7.067 -9.012 ; 23.147 0.385 24.700 6.342 ; 43.058 0.009**
NPCB log crude 0.786 -8.297 ; 9.870 0.864 14.915 4.859 ; 24.971 0.004**
Model” 2.374 -7.137 ; 11.886 0.622 12.285 1.373 ; 23.197 0.028*
Model” 3.044 -7.697 ; 13.784 0.575 15.822 3.517 ; 28.126 0.012*
Model® 3.446 -7.634 ; 14.526 0.538 14.911 2.237 ; 27.584 0.022*
MPCB log crude -1.551 -12.119 ; 9.016 0.772 17.221 5.512 ; 28.931 0.004**
Model"” 1959 -9.685 ; 13.604 0.739 15.035 1.685 ; 28.385 0.028*
Model? 2.589 -10.124 ; 15.302 0.687 17.746 3.145 ; 32.348 0.018*
Model® 2.936 -10.097 ; 15.969 0.656 16.668 1.734 ; 31.602 0.029*
Dioxin log crude 0.759 -12.088 ; 13.606 0.907 23.776 9.711 ; 37.841 0.001**
Model"” 3.127 -10.415 ; 16.670 0.648 21.458 6.118 ; 36.798 0.007**
Model? 6.596 -8.844 ; 22.036 0.399 26.552 8.980 ; 44.123 0.003**
Model® 6.942 -8.828 ; 22.712 0.384 25.654 7.731 ; 43.577 0.005**
1)Modell:crude+ HOME WAIS-R M
2)Model2:Modell 1 =0 PCDD PCDF Dioxine

3)Model3:Model2+

*p<0.05, **p<0.01,***p<0.001

log
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Table 1. Characteristics of study subjects

3.5years of age 7 years of age
No. (%) Mean+SD  No. (%) Mean + SD
M other
Ageat delivery (years) 327 31.0+44 264 31.3+44
Pre-pregnancy BMI| (kg/mz) 327 21.2+£32 264 21.1+3.0
Parity >1 162 (49.7) 134 (51.0)
Educational level >12 years 200 (61.2) 173 (65.5)
Tobacco smoking during pregnancy Yes 38(11.6) 28(10.6)
Alcohol consumption during pregnancy Yes 99 (30.3) 84(3L.8)
Allergic history Yes 93(28.4) 80(30.3
Blood sampling period <28 weeks 20(6.2) 17 (6.4)
28to <36 weeks 146 (44.6) 119 (45.1)
>36 weeks 67 (20.5) 52 (19.7)
After delivery 94 (28.7) 76 (28.8)
Father
Allergic history Yes 61 (18.7) 49 (18.6)
Living environment
Environmental tobacco exposure Yes 189 (57.8) 131 (49.6)
Keeping pets Yea 52 (15.9) 44 (16.7)
Distance to highway fromhome >100 mm 144 (54.8)
Qrzgﬁ:go”sem'd income during >5millionyen  115(35.2) 103 (39.0)
Child
Gender Male 167 (51.1) 130 (49.2)
Duration of breast-feeding >4 months 272 (84.0) 213(84.2)
Day care attendance Yes 174 (53.2)
Outcomes of child
Allregy Yes 136 (41.6) 148 (56.1)
Food allergy Yes 72(22.0) 58 (22.0)
Eczema Yes 69 (21.1) 81(30.7)
Asthma Yes 42(12.8) 89(33.7)
Infections Yes 219(67.0) 204 (77.3)
Otitis media Yes 136 (41.6) 115 (43.6)
Respiratory infection Yes 66 (20.2) 48(18.2)
RSV infection Yes 10(3.) 8(3.0)
Chicken pox Yes 98 (30.0) 147 (55.7)

BMI; body mass index



Table 2 Concentrations of total 29 dioxin like- compounds in maternal blood (TEQ pg/g lipid)

3.5 years of age (n=327) 7 years of age (n=264)
Median (Min, Max) Median (Min, Max)
All 14.2 (3.35, 43.4) 15.0 (4.19, 42.9)
Boy 14.2 (4.19, 42.9) 14.5 (4.19, 42.9)
Girl 14.2 (3.35, 43.4) 15.2 (4.28, 36.6)

TEQs were calculated using toxic equivalency factor values (Van den Berg et al. 2006). TEQ,
toxic equivalent



Table 3 Odds ratio (95% CI) between dioxins concentrations and allregy risk

All Boy Girl
Adjusted Adjusted Adjusted
OR (95%Cl) p OR (95%Cl) p OR (95%Cl) p
3.5 years of age
allergy 0.66 (0.18, 2.36) 0.520 0.72(0.11, 4.51) 0.725 0.58 (0.09, 3.77) 0.570
food allergy 1.29 (0.29, 5.80) 0.743 2.83(0.33,24.38) 0.343 0.42 (0.04, 4.05) 0.457
eczema 0.83(0.18, 3.76) 0.807 0.32 (0.03, 3.03) 0.319 2.62 (0.28, 24.52 0.400
athma 0.69 (0.10, 4.58) 0.698 0.10 (0.01, 1.89) 0.124 3.80(0.20, 71.35 0.372
7 years of age
allergy 1.98 (0.48, 8.20) 0.348 2.67 (0.35, 20.24) 0.343 1.05(0.13,8.64) 0.965
food allergy 1.53(0.28, 8.25) 0.620 3.28 (0.32,33.97) 0.319 0.39 (0.03, 5.24) 0.477
eczema 1.19(0.26, 5.38) 0.819 0.41 (0.05, 3.58) 0.419 5.14 (0.48, 54.86 0.175
athma 5.87(1.18,29.27) 0.031 8.98 (0.90, 89.54) 0.061 3.34(0.29, 38.76 0.334

Adjusted for maternal allergic history, educational level, parity, infant gender, duration of breast-feeding, environmental tobacco exposure,

blood sampling



Table 4 Odds ratio (95% Cl) between dioxins concentrations and I nfection risk

All Boy Girl
Adjusted Adjusted Adjusted
OR (95%Cl) OR (95%Cl) OR (95%Cl)
3.5 years of age
Infections 0.96 (0.25,3.71) 0958 1.70(0.25,11.38) 0.585 0.45 (0.06, 3.53) 0.447
Otitid media 0.51(0.14, 1.84) 0301 0.61(0.09,4.11) 0.612 0.48 (0.07, 3.07) 0.435
Respiratory infection 0.92(0.19, 4.43) 0916 2.81(0.19,41.23) 0.452 0.90(0.11, 7.08) 0.918
RSV 1.94 (0.04, 96.78) 0.739  1.30(0.00, 602.88) 0.932 0.88(0.01, 108.01) 0.959
Chickenpox 1.15(0.28,4.81) 0.845 1.28(0.16, 10.60) 0.816 1.19(0.14,9.93) 0.870
7 years of age
Infections 4.29 (0.86, 21.47) 0.077  4.14(0.46, 37.57) 0.206 6.12 (0.54, 69.27) 0.143
Otitid media 0.96 (0.23,3.97) 0953 0.98(0.14,6.93) 0.984 1.19 (0.13, 10.55) 0.877
Respiratory infection 0.47 (0.08, 2.70) 0396  1.20(0.09, 16.55) 0.890 0.17 (0.01, 2.10) 0.166
RSV 3.59 (0.06, 219.94) 0542  0.30(0.00, 150.78) 0.707 5.17 (0.01, 2221.97) 0.595
Chickenpox 4.69 (1.13, 19.51) 0.034  1.93(0.28,13.41) 0.507 18.88 (2.04, 174.85) 0.010

Adjusted for maternal educational level, parity, infant gender, duration of breast-feeding, environmental tobacco exposure, day care attendance, blood

sampling
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Table 1. Characteristics of study subjects (N = 379).

No. (%) Mean + D
Mother
Age at delivery (years) 379 30.90 £4.76
Pre-pregnancy BMI (kg/m?) 379 21.38+£3.34
Parity 0 185 (48.9)
>1 193 (51.1)
Smoking history No 178 (47.0)
Yes 201 (53.0)
T obacco smoking during pregnancy No 310 (81.8)
Yes 69 (18.2)
Alcohol consumption history No 106 (28.0)
Yes 273 (72.0)
Alcohol consumption during pregnancy No 265 (69.9)
Yes 114 (30.1)
Allergic history No 277 (73.1)
Yes 102 (26.9)
Educational level <12 years 161 (42.5)
>12 years 218 (57.5)
Blood sampling period During pregnancy 246 (64.9)
After delivery 133 (35.1)
Measurement year of POPs 2007 70 (18.5)
2008 67 (17.7)
2009 37 (9.8)
2010 12 (3.2)
2011 45 (11.9)
2012 56 (14.8)
2013 92 (24.3)
Father
Allergic history No 315 (83.1)
Yes 64 (16.9)
Infant
Gender Male 178 (47.0)
Female 201 (53.0)
IgE in cord blood (1U/mL) 0.21 (0.08, 0.56)?
Infant at 18 months of age
Duration of breast-feeding <4 months 56 (17.2)
>4 months 269 (82.8)
Day care attendance No 261 (80.3)
Yes 64 (19.7)
Food allergy No 269 (82.0)
Yes 59 (18.0)
Eczema No 268 (81.7)
Yes 60 (18.3)
Asthma No 286 (87.2)
Yes 42 (12.8)
Infections
otitismedia No 319 (82.0)
Yes 70 (18.0)
Living environment
Distance to highway from home during <100 mm 189 (50.0)
>100 mm 189 (50.0)
Environmental tobacco exposure No 133 (40.1)
Yes 199 (59.9)
Annual household income <5 million yen 257 (68.0)
>5 million yen 121 (32.0)

a Median (25-75th) BMI; body massindex



Table 2. concentrations of persistent organochlorine pesticides in maternal blood (pg/g-wet)(n=379

Detection Detectio Percentile
Persistent organochlorine pesticides limit(pg/g- n rate
wet) Minimum 25th 50th  75th Maximum

Aldrin 1.00 0 0.50 0.50 0.50 0.50 12.83
Chlordane cis-Chlordane 0.70 59 0.35 0.35 1.10 2.07 17.53
Chlordane trans-Chlordane 0.50 45 0.25 0.25 0.25 0.71 3.79
Chlordane oxychlordane 0.90 100 7.93 27.05 39.67 56.02 250.94
Chlordane cis-Nonachlor 0.40 100 1.63 6.76 9.97 14.36 38.07
Chlordane trans-Nonachlor 0.50 100 13.14 49.70 7152 107.59 513.52
DDT o,p'-DDD 0.50 12 0.25 0.25 0.25 0.25 1.16
DDT p,p'-DDD 0.40 90 0.20 0.94 1.48 2.29 9.04
DDT o,p'-DDE 0.40 85 0.20 0.75 1.27 1.82 6.20
DDT p.p'-DDE 0.60 100 99.52 40153 65099 101148 4575.67
DDT o,p'-DDT 0.60 98 0.30 2.27 3.48 4.86 17.15
DDT p,p'-DDT 0.40 100 2.38 16.63 23.16 33.99 12152

Dieldrin 0.80 100 411 12.08 16.42 22.62 7152

Endrin 1.00 0 0.50 0.50 0.50 0.50 0.50
Heptaclor Heptachlor 0.80 1 0.40 0.40 040 0.40 114
Heptaclor trans-Heptachlorepoxide 1.00 0 0.50 0.50 0.50 0.50 050
Heptaclor cis-Heptachlorepoxide 0.40 100 6.17 18.78 26.44 37.28 200.53

HCB 0.90 100 34.94 80.24 10165 130.06 245.48
HCH a-HCH 0.70 69 0.35 0.35 0.90 1.32 3.89
HCH B-HCH 0.60 100 19.95 105.05 15445 24476 1667.12
HCH y-HCH 0.90 59 0.45 0.45 1.05 1.63 100.92
HCH S-HCH 0.70 1 0.35 0.35 0.35 0.35 111

Mirex 0.50 100 0.88 4.07 595 8.26 34.97
Toxaphene Parlar-26 1.00 97 0.50 2.87 4.39 6.65 20.82
Toxaphene Parlar-41 0.70 27 0.35 0.35 0.35 0.72 1.96
Toxaphene Parlar-40 2.00 1 1.00 1.00 1.00 1.00 243
Toxaphene Parlar-44 2.00 2 1.00 1.00 1.00 1.00 2.84
Toxaphene Parlar-50 2.00 96 1.00 4.36 6.52 9.68 29.29
Toxaphene Parlar-62 6.00 0 3.00 3.00 3.00 3.00 3.00




Table 3. Persistent organochlorine pesticides levels in relation to characteristics (N=379).

Characteristics oxychlordane cis-Nonachlor trans-Nonachlor p.p'-DDD o,p'-DDE p,p'-DDE 0,p'-DDT p.p'-DDT
r r r r r r r r
Mother
Age at delivery (years) 249" 193" 236" 125" 016 228" -.002 .065
Pre-pregnancy BMI (kg/m2) 107" .013 -.072 .016 .079 .032 .063 .080

Median (min-max)

Median (min-max)

Median (min-max)

Median (min-max)

Median (min-max)

Median (min-max)

Median (min-max)

Median (min-max)

Parity 0 43.3 (8.5, 250.9)* 11.4 (2.0,38.1)* 824 (18.2,513.5* 15 (0.2,9.0) 1.3 (0.2, 6.2)* 689.1 (157.1, 4575.7)* 3.5 (0.3, 17.2) 25.3 (6.8, 121.5)
21 35.2 (7.9, 105.2) 8.9 (1.6, 27.8) 65.4 (13.1,216.7) 1.5(0.2,6.3) 1.2 (0.2, 4.6) 606.3 (99.5, 3682.2) 3.5(0.3,13.3) 21.8 (2.4, 104.8)
Tobacco smoking No 39.8 (8.2, 250.9) 10.1(1.6,38.1) 72.2 (13.1,5135) 1.5(0.2,9.0) 1.3(0.2,6.2) 659.8 (99.5, 4575.7) 3.6 (0.3,17.2) 23.7 (2.4,121.5)
during pregnancy Yes 38.2 (7.9,102.6) 8.9(2.0,36.4) 68.3 (16.5,286.8) 1.7 (0.2,5.7) 1.1 (0.2,5.6) 619.7 (161.2, 3345.9) 3.0 (0.3, 13.3) 22.0 (8.1, 107.4)
Alcohol consumption No 39.2 (85, 250.9) 9.5(1.6,38.1) 69.5 (13.1,5135) 1.5(0.2,9.0) 1.2 (0.2, 6.2)* 632.2 (99.5,4575.7)*  3.2(0.3,13.3) 22.4 (2.4, 121.5)
during pregnancy Yes 40.2 (7.9,119.0) 11.0(1.9,33.4) 78.8 (13.4,317.1) 1.7(0.2,6.2) 1.3(0.2,5.7) 671.9 (161.2,3345.9) 3.9 (0.3,17.2) 24.9 (6.4, 107.4)
Allergic history No 38.8 (7.9, 199.7) 9.6 (1.7, 38.1) 70.5 (13.1,5135) 1.5(0.2,9.0) 1.3(0.2,6.2) 681.3 (99.5, 4575.7) 3.6 (0.3,17.2) 23.7 (2.4, 1215)
Yes 39.8 (8.2, 250.9) 10.5 (1.6, 34.3) 73.8 (13.4,487.9) 1.5(0.2,5.0) 1.2 (0.2, 3.6) 577.5(103.3,3345.9) 3.4 (0.3, 11.1) 21.8 (6.4, 107.4)
Educational level <12 years 38.4 (7.9,107.0)* 9.6 (1.7, 36.4)* 68.6 (13.1,286.8) 1.4 (0.2, 9.0) 1.2 (0.2,5.7) 598.2 (104.7, 4575.7) 3.2 (0.3,17.2) 22.3 (5.6, 121.5)
>12 years 39.9 (8.5, 250.9) 10.2 (1.6, 38.1) 72.8 (145,5135) 15(0.2,7.2) 1.3(0.2,6.2) 687.8 (99.5, 3682.2) 3.6 (0.3, 13.3) 24.3 (2.4, 107.4)
Blood sampling period During pregnancy 38.6 (7.9, 199.7) 9.7 (1.6, 37.6) 68.8 (13.4,5135) 1.4 (0.2,6.3) 1.3 (0.2,5.7) 649.3 (103.3, 4575.7) 3.6 (0.3, 17.2) 22,5 (5.6, 121.5)
After delivery 40.7 (9.2, 250.9) 10.3 (1.7, 38.1) 81.7 (13.1,487.9) 1.8(0.2,9.0) 1.3(0.2,6.2) 651.0 (99.5, 3682.2) 3.3(0.3,13.2) 23.9 (2.4, 107.4)
Measurement year of POPs 2007 39.2 (10.9,199.7)* 9.9 (4.5, 37.6)* 62.9 (25.2,5135) 1.1(0.2, 4.4)* 1.6 (0.7, 6.2)* 668.6 (192.5, 4575.7)* 4.0 (1.2, 13.2)* 26.5 (10.1, 121.5)*
2008 45.9 (9.4, 250.9) 11.6 (1.6, 34.3) 82.4 (145,4879) 1.4(02,7.2) 1.4 (0.2,4.4) 637.8 (118.0, 2267.1) 3.7 (0.3,9.1) 23.9(7.1,728)
2009 39.7 (7.9, 88.3) 9.7 (2.0, 27.8) 69.5 (16.5,216.7) 1.8 (0.2, 9.0) 1.2 (0.2,3.4) 535.6 (115.5, 2419.2) 3.6 (0.3, 11.0) 19.9 (5.6, 70.5)
2010 35.0 (18.0, 58.5) 10.1 3.7,17.7) 68.2 (33.6,113.7)  1.8(0.2,3.1) 1.0 (0.2,1.8) 446.9 (229.1,1170.7) 2.7 (0.3,5.4) 18.7 (9.7, 29.5)
2011 46.4 (11.0,131.0) 109 (4.5, 36.4) 75.6 (28.7,295.0) 1.1 (0.2, 5.2) 1.3 (0.2, 5.6) 782.1 (224.2,3345.9) 3.8 (1.4,12.2) 25.8 (8.8, 107.4)
2012 32.5 (8.5, 103.6) 8.3 (1.7, 25.3) 69.0 (13.1,231.1) 2.4 (0.2,6.3) 0.8 (0.2,38) 563.3 (103.3,2686.2) 2.3 (0.3, 11.1) 20.3 (6.2, 47.8)
2013 38.1 (8.2, 119.0) 10.0 (1.7, 38.1) 73.2 (134,317.1) 1.7 (0.2, 4.1) 1.2 (0.2, 4.0) 7155 (99.5,36822) 3.5 (0.3,17.2) 26.0 (2.4, 90.1)
Father
Allergic history No 40.2 (7.9, 199.7) 10.0 (1.6, 38.1) 73.7 (13.1,5135) 1.5(0.2,9.0) 1.3(0.2,6.2) 672.7 (99.5, 4575.7) 3.5(0.3,17.2) 24.2 (2.4,1215)
Yes 35.0 (8.2, 250.9) 9.1 (1.7, 34.3) 62.9 (13.4,487.9) 1.3(0.2,6.2) 1.2 (0.2, 3.6) 530.7 (103.3, 2414.5) 3.3 (1.3,13.3) 19.8 (6.4, 90.1)
Infant
Gender Male 40.0 (7.9, 199.7) 9.9 (1.6, 37.6) 75.2 (14.5,5135) 1.5(0.2,6.0) 12 (0.2,6.2) 663.8 (99.5, 4575.7) 3.4(0.3,13.2) 23.8 (2.4,121.5)
Female 38.4 (8.2, 250.9) 10.0 (1.7, 38.1) 68.9 (13.1,487.9) 1.5(0.2,9.0) 1.3 (0.2, 4.6) 626.5 (103.3,3682.2) 3.6 (0.3, 17.2) 22.4 (6.2, 107.4)
Duration of breast-feeding <4 months 47.0 (11.0,105.2)  11.3 (3.7, 33.4) 84.1(28.7,1935) 1.3 (0.2, 4.8) 1.1(0.2,5.7) 701.5 (2004, 4575.7) 3.1 (0.7, 12.8) 24.9 (6.8, 121.5)
24 months 39.3 (7.9, 250.9) 9.8 (1.6, 38.1) 69.7 (13.1,513.5)  1.5(0.2,9.0) 13 (0.2, 6.2) 669.3 (99.5, 3345.9) 3.5(0.3,13.2) 23.4 (2.4,107.4)
Day care attendance No 39.7 (7.9, 199.7) 9.9 (1.6, 38.1) 71.5(13.1,5135) 1.5(0.2,9.0) 1.3(0.2,6.2) 670.4 (103.3,4575.7)  3.5(0.3, 13.2) 23.8 (6.1, 121.5)
Yes 44.6 (14.3, 250.9) 10.9 (1.7, 34.3) 80.8 (14.7,487.9) 1.4(0.2,48) 1.3 (0.2,3.3) 692.0 (99.5, 3682.2) 3.2(0.3,12.8) 22.4(2.4,728)
Living environment
Environmental tobacco exposure No 41.1 (8.6, 170.8) 10.7 (1.6, 32.6) 74.8 (13.1,379.1) 1.4 (0.2,9.0) 1.2 (02,6.2) 658.2 (104.7, 4575.7)  3.5(0.3,13.2) 245 (6.1, 121.5)
Yes 39.0 (7.9, 250.9) 9.3(1.7,381) 69.5(13.4,5135) 15(0.2,6.1) 1.3 (0.2,5.7) 673.5 (99.5, 3345.9) 3.4(0.3,12.2) 22.4 (2.4,107.4)
Annual household income <5 million yen 37.8 (7.9, 199.7)* 9.4 (1.6, 38.1)* 68.6 (13.1,513.5)  1.5(0.2,9.0) 12 (0.2,5.7)* 632.2 (99.5, 4575.7) 3.4 (0.3,13.3) 22.5(2.4,1215)
>5 million yen 43.6 (10.7, 250.9) 10.9 (3.2, 36.4) 80.0 (21.6,487.9) 1.5(0.2,6.3) 14 (0.2,6.2) 710.2 (103.3,3345.9) 3.7 (0.3,17.2) 23.9 (6.8, 107.4)
Distance to highway from home <100m 40.7 (9.2, 250.9) 10.1(1.7,38.1) 72.7 (13.1,5135) 15(0.2,6.2) 13(0.2,6.2) 670.0 (99.5, 4575.7) 35(03,17.2) 23.7 (2.4, 121.5)
during pregnancy 2100m 37.8(7.9,119.0) 9.4 (1.6, 36.4) 69.7 (13.4,317.1) 1.6 (0.2,9.0) 1.2 (0.2,5.7) 618.8 (115.5, 3345.9) 3.4 (0.3, 13.3) 22.5 (5.6, 107.4)

r: Spearman’s rank correlation coefficient; *p<0.05, **p<0.01 by the Spearman’s rank correlation test, T test and one-way analysis of variance



Table 4. Persistent organochlorine pesticides levels in relation to characteristics (N=379).

Characteristics Dieldrin cis-Heptachlorepoxid HCB B-HCH Mirex Parlar-26 Parlar-50
r r r r r r r
Mother
Age at delivery (years) .079 196" 119" 378™ a48™ 112° 113"
Pre-pregnancy BMI (kg/m2) 241" 1617 .049 128" _182" 187" 174™

Parity

Tobacco smoking
during pregnancy
Alcohol consumption
during pregnancy
Allergic history
Educational level

Blood sampling period

Measurement year of POPs

Father
Allergic history

Infant
Gender

Duration of breast-feeding
Day care attendance

Living environment
Environmental tobacco exposure

Annual household income

Distance to highway from home
during pregnancy

0

21

No

Yes

No

Yes

No

Yes

<12 years
>12 years
During pregnancy
After delivery
2007

2008

2009

2010

2011

2012

2013

No
Yes

Male
Female

<4 months
24 months
No

Yes

No

Yes

<5 million yen
>5 million yen
<100m
2100m

Median (min-max)

Median (min-max)

Median (min-max)

Median (min-max)

Median (min-max)

Median (min-max)

Median (min-max)

176 (5.1, 59.3)
15.7 (4.1, 71.5)
16.6 (4.1, 71.5)
155 (6.8, 53.5)
165 (4.1, 71.5)
16.4 (7.3, 47.4)
16.2 (4.1, 71.5)
16.9 (7.4, 59.3)
15.8 (5.1, 71.5)
16.8 (4.1, 59.3)
17.0 (5.8, 63.6)
156 (4.1, 71.5)
18.9 (8.9, 53.5)*
18.9 (7.8, 37.5)
14.9 (5.8, 59.3)
20.0 (7.5, 22.6)
176 (7.2, 71.5)
12.9 (5.1, 44.7)
15.8 (4.1, 63.6)

16.4 (4.1, 71.5)
16.9 (7.2, 36.1)

152 (4.1, 71.5)
173 (6.2, 63.6)
198 (7.1,59.3)
16.3 (4.1, 71.5)
16.4 (5.1, 71.5)
165 (4.1, 37.5)

173 (5.1, 71.5)
15.9 (4.1, 59.3)
15.6 (4.1, 71.5)*
17.8 (7.4, 59.0)
16.7 (4.1, 71.5)
16.2 (5.8, 63.6)

27.8 (7.6, 200.5)
25.0 (6.2, 149.1)
26.9 (6.2, 200.5)
25.1 (6.5, 93.7)
27.0 (6.2, 200.5)
25.3 (8.4, 149.1)
26.1 (6.2, 200.5)
27.7 (7.6, 91.0)
26.2 (7.6, 93.7)
27.0 (6.2, 200.5)
26.6 (6.5, 200.5)
26.4 (6.2, 149.1)
28.3 (9.9, 200.5)*
29.1 (7.1, 72.8)
23.4 (8.4, 149.1)
27.3 (12.4, 58.7)
32.7 (12.6, 91.0)
20.6 (6.5, 57.6)
25.1 (6.2, 93.7)

26.8 (6.2, 200.5)
25.9 (7.1, 149.1)

26.4 (6.2, 200.5)
26.8 (6.5, 93.7)
27.3 (9.1, 67.7)
26.2 (6.2, 200.5)
26.2 (6.5, 200.5)
265 (6.2, 66.3)

27.2 (8.3, 149.1)
26.0 (6.2, 200.5)
25.1 (6.2, 200.5)
29.8 (7.1, 149.1)
27.2 (6.2, 200.5)
26.2 (7.1, 91.0)

111.0 (46.1, 245.5)*
92.5 (34.9, 212.3)
101.6 (35.5, 245.5)
104.5 (34.9, 221.6)
102.5 (35.5, 245.5)
99.9 (34.9, 212.3)
102.9 (34.9, 239.8)
101.4 (36.8, 245.5)
100.4 (34.9, 238.2)
104.3 (36.8, 245.5)
101.9 (34.9, 238.2)
100.4 (39.4, 245.5)
104.7 (58.1, 238.2)*
112.9 (36.8, 245.5)
90.5 (34.9, 179.5)
92.1 (65.6, 145.3)
115.8 (62.7, 221.3)
84.2 (38.6, 200.1)
99.3 (35.5, 239.8)

104.5 (34.9, 245.5)
99.8 (35.5, 191.9)

99.3 (34.9, 238.2)
103.9 (35.5, 245.5)
107.9 (60.2, 238.2)
99.3 (34.9, 245.5)
100.4 (34.9, 239.8)
104.6 (47.4, 245.5)

1015 (35.5, 245.5)
101.6 (34.9, 239.8)
100.4 (34.9, 239.8)
108.4 (39.4, 245.5)
103.9 (38.6, 245.5)
100.4 (34.9, 221.3)

171.8 (37.8, 1667.1)*
140.9 (20.0, 1202.5)
157.0 (23.7, 772.6)
152.6 (20.0, 1667.1)
164.4 (23.7, 1667.1)
146.8 (20.0, 558.4)
154.5 (20.0, 1667.1)
156.3 (23.9, 719.7)
149.6 (20.0, 1667.1)
158.6 (23.9, 729.6)
153.6 (20.0, 772.6)
163.2 (23.7, 1667.1)
166.9 (32.4, 772.6)*
158.5 (31.8, 642.2)
127.7 (20.0, 1202.5)
107.9 (37.0, 209.0)
183.6 (49.5, 603.7)
130.4 (23.7, 717.7)
177.8 (31.1, 1667.1)

163.2 (20.0, 1667.1)
133.0 (23.9, 528.1)

156.3 (20.0, 772.6)

1545 (23.7, 1667.1)
181.2 (49.5, 1202.5)
153.1 (20.0, 1667.1)
151.8 (20.0, 1667.1)
178.3 (34.2, 1202.5)

165.5 (23.7, 772.6)
152.8 (20.0, 1667.1)
150.7 (20.0, 1667.1)
184.1 (23.9, 1202.5)
169.4 (23.7, 1667.1)
149.6 (20.0, 1202.5)

59 (1.1,31.2)
6.0 (0.9, 35.0)
6.0 (0.9, 35.0)
5.7 (1.1, 30.1)
5.8 (0.9, 35.0)
6.4 (1.9, 30.1)
6.0 (0.9, 35.0)
57 (1.9, 23.1)
59 (1.1, 30.1)
6.0 (0.9, 35.0)
58 (1.1,31.2)
6.2 (0.9, 35.0)
6.1 (2.3, 30.1)*
6.5 (1.9, 27.9)
49 (2.1, 21.2)
6.6 (1.9, 11.4)
6.7 (2.2, 35.0)
47 (1.1, 22.5)
5.7 (0.9, 18.6)

6.0 (0.9, 35.0)
52 (1.1, 31.2)

6.0 (0.9, 31.2)
5.8 (1.1, 35.0)
5.8 (1.9, 21.6)
6.0 (0.9, 35.0)
6.1 (1.1, 35.0)
5.8 (0.9, 30.1)

6.0 (1.1, 35.0)
6.0 (0.9, 30.1)
55 (0.9, 35.0)*
6.7 (1.9, 30.1)
6.0 (0.9, 31.2)
5.8 (1.1, 35.0)

5.2 (0.5, 20.8)
4.0 (0.5, 18.9)
4.4 (0.5, 18.9)
4.3 (0.5, 20.8)
4.4 (0.5, 20.8)
4.4 (0.5, 18.9)
4.4 (0.5, 20.8)
43 (0.5, 16.9)
4.6 (0.5, 20.8)
43 (0.5, 18.9)
45 (0.5, 20.8)
43 (05, 16.9)
56 (2.3, 18.9)*
5.7 (0.5, 13.4)
3.9 (1.2, 12.6)
39(05,7.7)
46 (0.5, 20.8)
2.9 (0.5, 12.4)
4.0 (0.5, 16.9)

4.4 (0.5, 20.8)
4.6 (0.5, 13.9)

4.4 (0.5, 18.9)
4.4 (0.5, 20.8)
4.8 (1.2, 18.9)
4.3 (0.5, 20.8)
41 (0.5, 20.8)
4.9 (0.5, 12.6)

4.4 (0.5, 18.9)
4.3 (0.5, 20.8)
43 (0.5, 18.9)
47 (0.5, 20.8)
45 (0.5, 18.9)
4.3 (0.5, 20.8)

75 (1.0, 29.3)
5.8 (1.0, 23.8)
6.5 (1.0, 27.2)
6.6 (1.0, 29.3)
6.4 (1.0, 29.3)
6.6 (1.0, 27.2)
6.5 (1.0, 29.3)
6.6 (1.0, 23.1)
6.6 (1.0, 29.3)
6.4 (1.0, 23.4)
6.8 (1.0, 29.3)
6.3 (1.0, 23.3)
8.9 (3.5, 27.2)
8.2 (L0, 22.7)
5.3 (L0, 16.6)
6.8 (2.1, 9.8)
75 (1.0, 29.3)
47 (1.0, 19.5)
5.4 (1.0, 23.3)

6.4 (1.0, 29.3)
6.8 (1.0, 20.5)

6.5 (1.0, 27.2)
6.6 (1.0, 29.3)
6.6 (2.1, 27.2)
6.4 (1.0, 29.3)
6.2 (1.0, 29.3)
6.6 (1.0, 19.3)

6.6 (1.0, 23.8)
6.4 (1.0, 29.3)
6.3 (1.0, 27.2)
6.7 (1.0, 29.3)
6.6 (1.0, 23.8)
6.4 (1.0, 29.3)

r: Spearman’s rank correlation coefficient; *p<0.05, **p<0.01 by the Spearman’s rank correlation test, T test and one-way analysis of variance



Table 5 B (95% CI) between persistent organochlorine pesticides concentrations and IgE in

cord blood
: : . Crude Adjusted
Persistent organochlorine pesticides B (95%CI) B (95%CI)
Chlordane oxychlordane -0.03 (-0.39, 0.33) -0.07 (-0.49, 0.35)
Chlordane cis-Nonachlor 0.12 (-0.22, 0.46) 0.12 (-0.25, 0.49)
Chlordane trans-Nonachlor -0.01 (-0.34, 0.32) -0.05 (-0.43, 0.32)
DDT p,p'-DDD -0.14 (-0.36, 0.08) -0.11 (-0.33, 0.11)
DDT o,p'-DDE 0.10 (-0.14, 0.34) 0.09 (-0.15, 0.34)
DDT p,p'-DDE 0.00 (-0.31, 0.31) 0.11 (-0.22, 0.43)
DDT o,p'-DDT 0.22 (-0.05, 0.49) 0.29 (0.01, 0.56)*
DDT p,p'-DDT 0.16 (-0.19, 0.51) 0.19 (-0.16, 0.54)
Dieldrin 0.37 (-0.04, 0.79) 0.44 (0.02, 0.86)*
Heptaclor cis-Heptachlorepoxide 0.18 (-0.20, 0.57) 0.20 (-0.20, 0.60)
HCB 0.09 (-0.44, 0.61) 0.11 (-0.45, 0.67)
HCH [3-HCH 0.00 (-0.29, 0.29) 0.09 (-0.26, 0.45)
Mirex 0.05 (-0.30, 0.40) 0.13 (-0.29, 0.56)
Toxaphene Parlar-26 0.14 (-0.13, 0.42) 0.15 (-0.14, 0.44)
Toxaphene Parlar-50 0.17 (-0.12, 0.46) 0.17 (-0.14, 0.47)

Adjusted for maternal age, pre-pregnancy BMI, parental allergic history, maternal educational
level, parity, infant gender, duration of breast-feeding, environmental tobacco exposure, day
care attendance, blood sampling



Table 6 Odds ratio (95% CI) between persistent organochlorine pesticides concentrations and
Infection risk during the first 18 months

Persistent organochlorine pesticides

Crude

Adjusted

OR (95%CI)

OR (95%CI)

Infections
Chlordane oxychlordane 1.01 (1.00, 1.01) 1.01 (1.00, 1.02)
Chlordane cis-Nonachlor 1.02 (0.98, 1.06) 1.02 (0.98, 1.07)
Chlordane trans-Nonachlor 1.00 (1.00, 1.01) 1.00 (1.00, 1.01)
DDT p,p'-DDD 0.95 (0.79, 1.15) 0.95 (0.76, 1.18)
DDT o,p'-DDE 0.79 (0.60, 1.03) 0.76 (0.54, 1.07)
DDT p,p'-DDE 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)
DDT o,p'-DDT 0.89 (0.80, 1.00)* 0.90 (0.79, 1.01)
DDT p,p'-DDT 1.00 (0.99, 1.01) 1.00 (0.99, 1.02)
Dieldrin 0.99 (0.96, 1.02) 0.98 (0.95, 1.02)
Heptaclor cis-Heptachlorepoxide 1.00 (0.99, 1.01) 1.00 (0.98, 1.01)
HCB 1.00 (1.00, 1.01) 1.01 (1.00, 1.01)
HCH B-HCH 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)
Mirex 1.04 (0.99, 1.09) 1.05 (0.99, 1.12)
Toxaphene Parlar-26 1.01 (0.94, 1.08) 1.00 (0.92, 1.09)
Toxaphene Parlar-50 1.02 (0.97, 1.07) 1.02 (0.96, 1.08)
Otitid media
Chlordane oxychlordane 1.00 (0.99, 1.01) 1.00 (0.99, 1.01)
Chlordane cis-Nonachlor 1.00 (0.96, 1.04) 0.98 (0.93, 1.04)
Chlordane trans-Nonachlor 1.00 (1.00, 1.00) 1.00 (0.99, 1.00)
DDT p,p'-DDD 0.94 (0.75, 1.17) 0.94 (0.71, 1.23)
DDT o,p'-DDE 0.71 (0.50, 1.00)* 0.60 (0.39, 0.93)*
DDT p,p'-DDE 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)
DDT o,p'-DDT 0.88 (0.77, 1.01) 0.87 (0.75, 1.01)
DDT p,p'-DDT 0.99 (0.97, 1.01) 0.99 (0.97, 1.01)
Dieldrin 0.99 (0.96, 1.02) 0.97 (0.93, 1.02)
Heptaclor cis-Heptachlorepoxide 1.00 (0.98, 1.01) 0.99 (0.97, 1.01)
HCB 1.00 (0.99, 1.01) 1.00 (0.99, 1.01)
HCH B-HCH 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)
Mirex 1.03 (0.97, 1.09) 1.03 (0.96, 1.11)
Toxaphene Parlar-26 0.98 (0.91, 1.07) 0.93 (0.84, 1.04)
Toxaphene Parlar-50 0.99 (0.94, 1.05) 0.96 (0.89, 1.03)

Adjusted for maternal age, pre-pregnancy BMI, parental allergic history, maternal educational

level, parity, infant gender, duration of breast-feeding, environmental tobacco exposure, day care

attendance, blood sampling



Table 7 Odds ratio (95% CI) between persistent organochlorine pesticides concentrations

and allergic risk during the first 18 months

Persistent organochlorine pesticides

Crude

Adjusted

OR (95%CI)

OR (95%CI)

Food allergy
Chlordane oxychlordane
Chlordane cis-Nonachlor
Chlordane trans-Nonachlor
DDT p,p'-DDD
DDT o,p'-DDE
DDT p,p'-DDE
DDT o,p'-DDT
DDT p,p'-DDT
Dieldrin
Heptaclor cis-Heptachlorepoxide
HCB
HCH B-HCH
Mirex
Toxaphene Parlar-26
Toxaphene Parlar-50
Eczema
Chlordane oxychlordane
Chlordane cis-Nonachlor
Chlordane trans-Nonachlor
DDT p,p'-DDD
DDT o,p'-DDE
DDT p.p'-DDE
DDT o,p'-DDT
DDT pp'-DDT
Dieldrin
Heptaclor cis-Heptachlorepoxide
HCB
HCH [3-HCH
Mirex
Toxaphene  Parlar-26
Toxaphene Parlar-50
Asthma
Chlordane oxychlordane
Chlordane cis-Nonachlor
Chlordane trans-Nonachlor
DDT p,p'-DDD
DDT o,p'-DDE
DDT p,p'-DDE
DDT o,p'-DDT
DDT p,p'-DDT
Dieldrin
Heptaclor cis-Heptachlorepoxide
HCB
HCH [3-HCH
Mirex
Toxaphene Parlar-26
Toxaphene Parlar-50

1.00 (0.99, 1.01)
0.99 (0.95, 1.04)
1.00 (0.99, 1.00)
0.95 (0.7, 1.19)
1.01 (0.76, 1.35)
1.00 (1.00, 1.00)
1.07 (0.96, 1.19)
1.00 (0.98, 1.01)
1.00 (0.97, 1.03)
1.01 (0.99, 1.02)
1.00 (0.99, 1.00)
1.00 (1.00, 1.00)
0.98 (0.92, 1.05)
0.98 (0.90, 1.07)
1.00 (0.94, 1.06)

1.00 (0.99, 1.01)
0.97 (0.93, 1.02)
1.00 (0.99, 1.00)
0.94 (0.75, 1.17)
0.94 (0.70, 1.27)
1.00 (1.00, 1.00)
1.00 (0.88, 1.12)
0.99 (0.97, 1.01)
0.98 (0.95, 1.02)
1.00 (0.99, 1.02)
1.00 (0.99, 1.00)
1.00 (1.00, 1.00)
0.96 (0.90, 1.03)
0.95 (0.86, 1.04)
0.96 (0.91, 1.03)

1.00 (0.98, 1.01)
0.99 (0.94, 1.04)
1.00 (0.99, 1.00)
0.84 (0.64, 1.12)
0.88 (0.61, 1.26)
1.00 (1.00, 1.00)
0.88 (0.75, 1.03)
1.00 (0.98, 1.02)
1.01 (0.97, 1.04)
1.00 (0.98, 1.02)
1.00 (0.99, 1.01)
1.00 (1.00, 1.00)
0.97 (0.90, 1.05)
0.96 (0.86, 1.06)
0.99 (0.93, 1.06)

1.00 (0.99, 1.01)
1.00 (0.95, 1.05)
1.00 (0.99, 1.00)
0.98 (0.7, 1.25)
0.97 (0.69, 1.35)
1.00 (1.00, 1.00)
1.06 (0.93, 1.20)
1.00 (0.98, 1.02)
1.01 (0.97, 1.04)
1.01 (0.99, 1.02)
1.00 (0.99, 1.01)
1.00 (1.00, 1.00)
0.97 (0.89, 1.05)
1.00 (0.90, 1.10)
1.01 (0.94, 1.08)

1.00 (0.99, 1.01)
0.98 (0.93, 1.03)
1.00 (0.99, 1.00)
0.95 (0.74, 1.21)
0.92 (0.66, 1.28)
1.00 (1.00, 1.00)
0.98 (0.86, 1.11)
0.99 (0.97, 1.01)
0.99 (0.95, 1.02)
1.00 (0.99, 1.02)
1.00 (0.99, 1.01)
1.00 (1.00, 1.00)
0.95 (0.87, 1.04)
0.96 (0.87, 1.07)
0.97 (0.90, 1.04)

1.00 (0.98, 1.01)
0.98 (0.92, 1.04)
1.00 (0.99, 1.00)
0.84 (0.60, 1.18)
0.80 (0.52, 1.25)
1.00 (1.00, 1.00)
0.86 (0.72, 1.03)
1.00 (0.98, 1.02)
1.01 (0.97, 1.05)
1.00 (0.98, 1.02)
1.00 (0.99, 1.01)
1.00 (1.00, 1.00)
0.97 (0.88, 1.07)
0.91 (0.80, 1.04)
0.97 (0.89, 1.05)

Adjusted for maternal age, pre-pregnancy BMI, parental allergic history, maternal

educational level, parity, infant gender, duration of breast-feeding, environmental tobacco

exposure, day care attendance, blood sampling
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(r=.20, p<.05) PDI
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<.05) (r=-.16, p <.05)
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(pg/g-wet) oxychlordane
(37.8), cisNonachlor

transNonachlor (65.7), p,p-DDD (1.3),
p,p’-DDE (1.3),p,p-DDE (637.5), o,p’
-DDT (3.5), p,p-DDT (24.4), Dieldrin

(16.7), cis-Heptachlorepoxide (25.33),
HCB (100.5), B -HCH (153.6), Mirex
(5.93), Parlar26 (4.8), Parlar50 (7.2)

MDI
4 PDI
5 MDI PDI
5 6 MDI PDI
crude
Modell PDI  cisNonachlor( =-.23,

Cl: -18.3 -1.04, p <.05), Mirex (B = -.25,
Cl: -20.7 -2.0, p <.05), Parlar26(p = -.22,
Cl: -15.6 -0.5, p <.05), Parlar50( = -.22,
Cl: -17.1 -0.7, p <.05)

Mirex

Model2

(B = -.23, CI: -20.9
-.03, p <.05)

Total TEQ
Model3
D
6
BSID
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Ribas-Fito et al. (2003)
HCB 13 BSID MDI PDI

Mirex
Puertas et al. (2010)
4 PDI

McCarthy Scaled
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1 Charasteristics of mothers and infants (n=174).

Characteristic No. (%)
Maternal charasteristics
Age (years)® 312 +4.38
Education Level (years)
<9 4 (2.3)
10-12 63 (36.2)
13-16 103 (59.2)
>17 4 (2.3)
Economic status:annual income
< 3,000,000 27 (15.5)
3,000,000-5,000,000 84 (48.3)
5,000,000-7,000,000 39 (22.4)
7,000,000-10,000,000 20 (11.5)
>10,000,000 4 (2.3)
Worked during pregnancy 20 (11.5)
Smoked during pregnancy 23 (13.2)
Caffein intake during pregnancy (mg/day)® 135.9 #94.7
Alcohol intake before pregnancy (g/day)® 17.3 164.9
Alcohol intake during pregnancy (g/day)® 09 *2.6
Blood sampling period
During pregnancy 117 (67.2)
After delivery 57 (32.8)
Total dioxin TEQ 151 6.7
Child characteristics
Sex
Male 84 (48.3)
Female 90 (51.7)
Gestational age (days)® 277.3 8.1
Birth weight (g)* 3119.6 *341.7
Length (cm)? 48.3 +1.6
Head circumference (cm)® 333 #1.3
First-born
Duration of breast-feeding, > 3months
Age at testion (days)® 187.1 +4.5
BSID-Il mental index score: MDI? 90.1 +8.9
BSID-II motor index score: PDI? 899 +12.7
Index of Child Care Environment®” 22.3 3.5

AMean+SD. °A perfect score is 30points.



2 BSID-I1 MDI and PDI scores in relation to mother and infant charasteristics (n=174)

Characteristic No. MDI PDI
MeantSD  p-value Mean+SD p-value
Maternal charasteristics
Age (years) 174 r=-0.120 0.11 r=-.188* 0.01
Education Level (years)
<12 67 914 +4.4 0.08 92.0 £11.0 0.09
>13 107 89.3 +10.8 88.6 +13.6
Economic status:annual income
< 5,000,000 111 90.5 +5.7 0.46 111.0 #91.1 0.12
25,000,000 63 89.5 +12.8 63.0 +87.9
Worked during pregnancy
No 20 88.5 +21.9 0.70 85.6 +235 0.36
Yes 154 90.3 55 90.5 +10.6
Smoked during pregnancy
Caffein intake during pregnancy (mg/day) 174 r =0.053 0.48 r =-0.039 0.61
Alcohol intake before pregnancy (g/day) 174 r =-0.005 0.95 r =-0.064 0.40
Alcohol intake during pregnancy (g/day) 174 r=0.114 0.14 r = 0.031 0.68
Blood sampling period
During pregnancy 117 90.4 +53 0.63 89.6 +x10.4 0.70
After delivery 57 89.5 +13.7 90.5 *16.6
Total dioxin TEQ 174 r = 0.060 0.43 r =-0.093 0.22
Child characteristics
Sex
Male 84 89.5 +11.3 0.34 88.4 +14.2 0.13
Female 90 90.7 5.9 91.3 +11.1
Gestational age (days) 174 r=.203** 0.01 r = .284* 0.00
Birth weight (g) 174 r=0.018 0.81 r=0.019 0.81
Length (cm) 174 r =0.053 0.49 r =0.084 0.27
Head circumference (cm) 174 r=0.013 0.87 r =-0.062 0.42
First-born
Yes 91 90.3 +10.9 0.81 90.0 +14.6 0.90
No 83 90.0 +6.2 89.8 +10.3
Duration of breast-feeding, > 3months
Yes 135 89.9 +9.8 0.62 89.7 +12.8
No 39 90.7 +4.8 90.8 +12.6 0.63
Age at test (days) 174 r=0.120 0.11 r=0.074 0.33
Index of Child Care Environment 174 r = 0.006 0.93 r = -.155*% 0.04

Student's t-test, Peason's correlation coeffifient test: ‘p< 0.05, “p<0.01



3 Levels of organochlorine pesticides detected over 80 % of participants.

Detection Limit Detection Percentile
(pg/g-wet) Rate Minimum 25th 50th 75th Maximum
oxychlordane 0.90 100 8.19 2698 37.77 5574  250.94
cisNonachlor 0.40 100 1.63 6.52 9.44 15.00 38.07
transNonachlor 0.50 100 13.14 46.80 65.72 106.75 513.52
p,p'-DDD 0.40 90 0.20 0.89 1.33 2.26 6.28
o,p'-DDE 0.40 85 0.20 0.77 1.34 1.89 6.20
p,p'-DDE 0.60 100 9952 40992 63753 1021.90 4575.67
o,p'-DDT 0.60 98 0.30 2.26 3.50 4.98 13.27
p,p'-DDT 0.40 100 2.38 16.56 24.39 34.73 121.52
Dieldrin 0.80 100 411 12.08 16.68 22.95 53,51
cisHeptachlorepoxide 0.40 100 6.17 1731 2533 3594 20053
HCB 0.90 100 36.78 7791 10047 12921 239.84
[3HCH 0.60 100 23.68 10866 153.64 221.26 1667.12
Mirex 0.50 100 0.88 3.97 5.93 9.02 30.11
Parlar26 1.00 97 0.50 3.20 476 7.13 18.86
Parlar50 2.00 96 1.00 4.90 7.19 10.83 27.23




4 BSID-Il mental development scores (MDI) for infants in relation to the organochlorine

pesticides.
MDI
persistent o_rg_anochlorine Model 1(crude) Model 2 Model 3
pesticides
B 95%ClI p B 95%ClI p B 95%Cl p

oxychlordane 009 -228 838 0.26 008 -260 812 0.31 009 -406 1080 0.37
cisNonachlor 009 -217 8.00 0.26 008 -250 771 0.31 010 -378 1056 0.35
transNonachlor 0.08 -236 753 030 0.07 -254 739 034 009 -381 944 040
p,p'-DDD -001 -409 354 0.89 001 -355 406 0.89 002 -352 440 083
o,p'-DDE 001 -374 409 093 -0.02 -437 345 082 -003 -507 334 069
p,p'-DDE -006 -6.39 257 0.40 -007 -6.62 226 0.33 -012 -887 158 0.17
o,p'-DDT 001 -412 494 0.86 -001 -477 431 0.92 -0.03 -583 4.06 0.72
p,p'-DDT -001 -541 503 0.94 -001 -550 486 0.90 -005 -820 478 0.60
Dieldrin -001 -753 622 085 -002 -757 618 084 -004 -939 569 063
cisHeptachlorepoxide 0.01 -547 627 089 001 -550 616 091 0.00 -644 641 100
HCB 0.09 -326 1321 023 0.08 -400 1257 031 009 -658 1646 040
BHCH -002 -5.07 4.06 0.83 -001 -487 425 0.89 -004 -723 461 0.66
Mirex 003 -424 6.28 0.70 004 -404 658 0.64 006 -509 894 0.59
Parlar26 007 -230 6.58 0.34 006 -271 6.23 0.44 006 -371 704 0.54
Parlar50 0.08 -2.03 7.08 027 008 -228 684 0.33 008 -318 800 040
Model2:

Model3: Model2 + Todal dioxin TEQ

5 BSID-Il psychomotor development scores (PDI) for infants in relation to the organochlorine

pesticides.
persistent organochlorine PDI
pesticides Model 1(crude) Model 2 Model 3
B 95%Cl p B 95%Cl p B 95%Cl p

oxychlordane -001 -823 705 088 -001 -789 687 0.89 012 -410 1610 0.24
cisNonachlor -0.07 -1055 400 0.38 -0.06 -10.14 387 0.38 0.02 -877 1081 084
transNonachlor -002 -821 5096 0.75 -002 -792 573 0.75 008 -523 1281 041
p,p'-DDD -002 -6.05 484 0.83 000 -537 507 0.95 002 -452 6.27 0.75
o,p'-DDE -005 -7.48 3.69 0.50 -007 -810 259 0.31 -004 -720 425 0.61
p,p'-DDE -012 -1163 109 0.10 -0.13 -1145 064 0.08 -0.09 -11.08 317 0.27
o,p'-DDT -006 -925 367 040 -008 -945 296 030 -004 -865 480 057
p,p'-DDT -012 -1333 147 0.12 -011 -12.73 136 0.11 -0.09 -1331 432 0.32
Dieldrin -008 -1469 489 0.32 -006 -13.14 568 0.44 -0.02 -1180 8.75 0.77
cisHeptachlorepoxide -001 -873 803 0.93 000 -775 823 0.95 006 -512 1234 042
HCB -004 -1488 872 0.61 -0.04 -1422 857 0.62 0.07 -1057 2084 052
BHCH -011 -1129 167 014 -0.08 -989 256 0.25 000 -817 795 098
Mirex -013 -1379 112 0.10 -012 -1316 131 011 -0.05 -12.09 7.00 0.60
Parlar26 -008 -990 276 0.27 -0.08 -948 277 0.28 -0.02 -823 642 081
Parlar50 -007 -9.40 363 0.38 -006 -875 3.77 0.43 001 -705 820 0.88
Model2:

Model3: Model2 + Todal dioxin TEQ



6 BSID-11 MDI for male infants in relation to the organochlorine pesticides.

MDI
persistent orggnochlorine Model 1(crude) Model 2 Model 3
pesticides
B 95%Cl p B 95%Cl p B 95%Cl p
oxychlordane 0.09 -561 1376 041 007 -6.74 1303 053 0.07 -1099 17.07 067
cisNonachlor 013 -372 1504 023 012 -437 1504 028 017 -646 2150 029
transNonachlor 009 -525 1268 041 0.08 -596 1247 048 009 -913 1618 058
p,p'-DDD 001 -724 811 091 005 -584 944 064 0.09 -546 1147 048
o,p'-DDE 0.04 -570 787 075 -001 -699 659 095 -001 -726 695 097
p,p'-DDE -0.09 -11.18 473 042 -009 -1142 459 040 -012 -1369 461 033
o,p'-DDT 0.03 -680 893 079 001 -747 837 091 001 -821 872 095
p,p'-DDT 0.00 -915 935 098 -001 -962 872 092 -004 -1299 991 079
Dieldrin -0.05 -15.08 937 064 -004 -1416 1029 075 -006 -16.79 1039 064
cisHeptachlorepoxide 000 -1037 1012 098 -0.03 -11.75 896 0.79 -005 -1415 9.73 0.71
HCB 013 -666 2549 025 010 -859 2384 035 014 -1315 3451 037
BHCH -0.05 -1024 616 0.62 -006 -10.77 647 062 -013 -1557 620 039
Mirex 0.07 -6.14 1227 051 010 -575 1437 040 0.09 -828 16.08 053
Parlar26 013 -329 1318 0.24 011 -419 1246 033 012 -525 1454 035
Parlar50 014 -297 1292 0.22 013 -335 1262 0.25 015 -422 1484 0.27
Model2: .
Model3: Model2 + Todal dioxin TEQ
7 BSID-11 PDI for male infants in relation to the organochlorine pesticides.
PDI
persistent o_rg_anochlorine Model 1(crude) Model 2 Model 3
pesticides
B 95%Cl p B 95%Cl p B 95%Cl p
oxychlordane 008 -7.75 16.67 047 006 -868 1558 057 016 -841 26.02 031
cisNonachlor 006 -860 1519 058 006 -859 1536 058 016 -832 2620 031
transNonachlor 008 -7.17 1545 047 007 -780 1483 054 016 -727 2379 029
p.,p'-DDD 001 -938 996 095 004 -741 1135 0.68 008 -7.02 1389 052
o,p'-DDE 001 -815 896 093 -002 -919 746 084 -001 -925 830 091
p,p'-DDE -015 -16.75 3.14 0.18 -012 -1537 4.20 0.26 -013 -1732 5.23 0.29
o,p'-DDT -007 -1292 6.87 0.54 -0.06 -1226 7.14 0.60 -005 -1271 817 0.67
p,p'-DDT -009 -1643 678 041 -009 -1589 651 041 -0.10 -1953 863 044
Dieldrin -012 -23.73 6.89 0.28 -0.08 -20.26 9.66 0.48 -0.07 -2197 1155 054
cisHeptachlorepoxide 001 -1253 1328 095 001 -1219 1322 094 004 -1262 1685 0.78
HCB 007 -1427 2648 055 0.07 -1383 2610 054 018 -1252 46.11 0.26
BHCH -010 -15.04 553 0.36 -006 -1331 784 0.61 -0.06 -16.32 10.65 0.68
Mirex -0.03 -13.22 1003 0.79 -0.01 -1273 1207 0.96 001 -1462 1553 0.95
Parlar26 001 -1009 1083 094 000 -1013 1043 0.98 002 -1112 1344 085
Parlar50 004 -838 1181 0.74 004 -782 1192 0.68 008 -804 1561 0.53
Model2:

Model3: Model2 +

Todal dioxin TEQ



8 BSID-I1 MDI for female infants in relation to the organochlorine pesticides.

MDI
persistent o_rg_anochlorine Model 1(crude) Model 2 Model 3
pesticides
B 95%Cl p B 95%Cl p B 95%Cl p

oxychlordane 009 -300 7.08 042 010 -331 790 042 010 -504 10.01 051
cisNonachlor 001 -451 499 092 001 -493 546 092 -005 -807 595 076
transNonachlor 007 -316 6.21 0.52 008 -348 6.82 0.52 006 -520 8.00 0.67
p,p'-DDD -004 -397 267 0.70 -004 -396 277 0.72 -005 -422 272 0.67
o,p'-DDE -007 -515 267 0.53 -007 -522 275 0.54 -013 -698 234 0.32
p,p'-DDE -003 -501 367 076 -005 -550 335 063 -012 -803 299 037
o,p'-DDT -003 -527 378 075 -005 -573 345 062 -011 -758 3.08 040
p.p'-DDT -002 -557 456 084 -004 -615 425 072 -011 -926 406 044
Dieldrin 003 -559 779 0.74 004 -537 811 0.69 003 -661 8.26 0.83
cisHeptachlorepoxide 003 -510 6.52 0.81 004 -497 697 0.74 003 -560 7.14 0.81
HCB 004 -6.14 859 0.74 003 -689 865 0.82 -0.01 -10.81 9.96 0.94
[BHCH 005 -327 545 062 005 -354 580 0.63 004 -501 676 077
Mirex -005 -6.30 404 066 -006 -760 461 063 -015 -1120 403 035
Parlar26 -004 -483 340 072 -003 -492 377 079 -009 -705 369 053
Parlar50 -003 -5.07 394 0.80 -001 -502 443 0.90 -0.07 -757 450 0.61
Model2:

Model3: Model2 + Todal dioxin TEQ

9 BSID-I11 PDI for female infants in relation to the organochlorine pesticides.
PDI
persistent o_rg_anochlorine Model 1(crude) Model 2 Model 3
pesticides
B 95%Cl p B 95%Cl p B 95%Cl p

oxychlordane -012 -1490 384 024 -006 -1228 737 062 009 -897 16.73 055
cisNonachlor -023 -1832 -1.04 003 * -018 -1631 156 0.10 -015 -1798 5.80 031
transNonachlor -015 -1485 250 0.16 -0.09 -1271 528 041 000 -1125 1131 1.00
p,p'-DDD -003 -7.17 524 076 -003 -674 504 077 -002 -637 549 088
0,p'-DDE -016 -12.62 183 0.14 -0.14 -11.77 204 0.16 -009 -1118 477 0.43
p,p'-DDE -010 -12.09 406 033 -012 -1220 3.16 0.25 -0.04 -1087 8.04 0.77
o,p'-DDT -008 -11.79 5.06 043 -0.10 -12.02 397 032 -005 -1095 731 0.69
p,p'-DDT -016 -1646 222 0.13 -0.15 -1574 222 0.14 -009 -1551 7.24 0.47
Dieldrin -0.04 -1504 995 0.69 -0.01 -1213 1147 096 006 -920 16.15 059
cisHeptachlorepoxide -004 -1273 897 073 0.00 -10.21 1068 0.96 007 -729 1441 052
HCB -017 -2460 252 011 -0.14 -2244 446 0.19 -006 -2152 1391 0.67
BHCH -012 -1290 329 024 -0.09 -1150 4.79 041 004 -858 1150 0.77
Mirex -025 -20.72 -200 002 * -023 -2093 -0.03 0049 * -021 -2249 330 014
Parlar26 -022 -1559 -049 004 * -015 -1313 186 0.14 -009 -1233 598 049
Parlar50 -022 -1711 -069 003 * -016 -1439 191 0.13 -0.09 -1394 6.63 0.48
Model2:

Model3: Model2 +

Todal dioxin TEQ



(organochlorine pesticide; OCP)
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(N = 232).

No. Meant SD %
Mother

Ageat delivery (years) 232 3045+4.81

Pre-pregnancy BMI (kg/r) 232 21.03+£2.92
Educational level <12 years 100 431
>12 years 132 56.9
Annual Household income <5 million yenper year 166 716
5 million yenper year 66 284
Smoking during pregnancy No 190 81.9
Yes 42 181
Alchol consumption during preg No 14 66.4
Yes 78 336
Parity 0 120 517
>1 112 483
Type of delivery Vaginal 230 9.1
Caesarian section 2 09
Blood sarmpling period During pregnancy 159 685
After delivery 73 315
M easurement year of POPs 2007 32 138
2008 58 250
2009 23 9.9
2010 9 39
2011 2 95
2012 37 159
2013 51 220

Infant
Sex Male 106 457
Fermale 126 54.3
Birth weight 3130.5+332.5
Gastational Age 3932+ 1.05

BMI; body mass index



OCP (n=232

Persistent organochlorine Deteclfin?irl Detection Percentile
pesticides (0o/g-wet) rate - -
Minimum  25th 50th 75th  Maximum
Aldrin 1.00 0.4 0.50 0.50 0.50 0.50 12.83
Chlordane cis-Chlordane 0.70 62.1 0.35 0.35 1.15 2.29 17.53
Chlordane ~ Jams- 050 496 025 025 025 084 379
Chlordane oxychlordane 0.90 100.0 7.93 28.87 40.04 57.32 250.94
Chlordane cis-Nonachlor 0.40 100.0 1.63 7.07 10.37 15.07 37.58
Chlordane [Jrans- 050 1000 1345 5209 7560 11054 51352
DDT o,p'-DDD 0.50 14.2 0.25 0.25 0.25 0.25 1.16
DDT p,p'-DDD 0.40 88.8 0.20 0.98 1.65 254 9.04
DDT o,p'-DDE 0.40 86.6 0.20 0.72 1.25 1.78 4.60
DDT p,p'-DDE 0.60 100.0 9952  409.79 619.26  968.05  2686.23
DDT o,p'-DDT 0.60 96.6 0.30 2.28 3.36 4.67 17.15
DDT p,p'-DDT 0.40 100.0 2.38 16.22 23.17 33.94 104.76
Dieldrin 0.80 100.0 411 12.16 16.68 2221 71.52
Endrin 1.00 0.0 0.50 0.50 0.50 0.50 0.50
Heptaclor Heptachlor 0.80 0.9 0.40 0.40 0.40 0.40 1.14
Heptaclor trans-HCE 1.00 0.0 0.50 0.50 0.50 0.50 0.50
Heptaclor cis-HCE 0.40 100.0 6.17 18.81 26.25 37.45 200.53
HCB 0.90 100.0 34.94 83.04 103.99 131.61 245.48
HCH o-HCH 0.70 68.5 0.35 0.35 0.91 131 3.10
HCH [3-HCH 0.60 100.0 19.95 104.25 154.31 238.45 717.67
HCH y-HCH 0.90 57.3 045 0.45 1.09 173 100.92
HCH S-HCH 0.70 13 0.35 0.35 0.35 0.35 111
Mirex 0.50 100.0 0.88 411 6.04 8.53 30.11
Toxaphene Parlar-26 1.00 97.0 0.50 2.84 4.46 7.13 20.82
Toxaphene Parlar-41 0.70 28.4 0.35 0.35 0.35 0.73 1.96
Toxaphene Parlar-40 2.00 0.9 1.00 1.00 1.00 1.00 243
Toxaphene Parlar-44 2.00 2.2 1.00 1.00 1.00 1.00 2.77
Toxaphene Parlar-50 2.00 96.1 1.00 4.30 6.56 9.86 29.29
Toxaphene Parlar-62 6.00 0.0 3.00 3.00 3.00 3.00 3.00
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1 Charasteristics of mothers and infants.

TSH FT4
Characteristic Mean£SD
No.(%) Mean+SD  p-value Mean+SD  p-value
Maternal charasteristics
Age at delivery (years) 342 31.3 4.7 r =0.06 0.28 r =-0.07 0.22
BMI before pregnancy 340 21.2 £3.2 r = 0.13 0.01 r =-0.08 0.12
Parity "1 162 (47.4) 1.27 0.99 0.80 1.01 0.24 0.17
>1 T 179'52.9) 1.24 1.11 1.05 0.32
Education Level (years) <13 147 (43.0) 1.29 1.01 0.66 1.01 0.30 0.20
213 195 (57.0) 1.24 1.08 1.05 0.27
Economic status:annual income (yen) <300 60 (17.5) 1.31 1.30 0.72 0.99 0.20 0.15
2300 282 (82.5) 1.25 0.99 1.04 0.30
Smoked during pregnancy No 292 (85.4) 1.23 1.03 0.20 1.04 0.29 0.06
Yes 50 (14.6) 145 1.15 0.97 0.20
Alcohol intake during pregnancy No 239 (69.9) 1.30 1.07 0.32 1.04 0.30 0.33
Yes 103 (30.1) 1.18 1.00 1.01 0.23
Povidone iodine gargling(week) No 322 (94.2) 1.27 1.07 0.45 1.03 0.29 0.69
Yes 19 (5.6) 1.12 0.79 1.05 0.20
seaweed (week) No 100 (29.2) 1.48 1.15 0.06 1.00 0.31 0.45
Yes 184 (53.8) 1.22 1.02 1.02 0.27
iodine include supplements/eggs (month) No 240 (70.2) 1.31 1.07 0.80 1.01 0.29 0.43
Yes 44 (12.9) 1.36 1.13 1.04 0.23
Blood sampling period POPs Before delivery 223 (65.2) 1.26 1.03 0.97 1.02 0.23 0.67
After delivery 119 (34.8) 1.26 1.09 1.04 0.36
Blood sampling period TH 341 79.6 +15.6 r = 0.20 0.00 r =-0.24 0.00
Infant charasteristics
Gender Male 170 (46.6) 2.84 2.89 0.67 2.03 0.39 0.68
Female 195 (53.4) 2.73 1.84 2.05 0.41
Gestational days 365 2754 £10.1 r =0.14 0.01 r = 0.16 0.00
Birth weight (g) 365 3063.0 +382.6 r =-0.01 0.90 r=20.21 0.00

Blood sampling (day after birth) of THs 365 4.4 +0.9 r =0.00 0.98 r =-0.17 0.00




1 Levels of organochlorine pesticides (pg/g-wet) detected over 80 % of participants.
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3 Thyroid hormons for mothers in relation to the organochlorine pesticides.
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4 Thyroid hormons for infants in relation to the organochlorine pesticides.
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1 Birth weight in relation to mother and infant charasteristics (n=374)

Characteristic No. Birth weight
Mean=%SD p-value
Mathers
Age (years) 374 r = -0.061 0.24
Education Level (years)
<12 159 3046 =+391 0.42
>13 215 3078 +372
Economic status:annual income
< 5,000,000 255 3091 +366 0.06
>5,000,000 118 3010 =+404
Worked during pregnancy
No 333 3052 +380 0.09
Yes 41 3160 +370
Smoked during pregnancy
No 318 3064 +392 0.98
Yes 56 3065 +307
BMI 372 r = 0.076 0.14

Alcohol intake during pregnancy

No 260 3056 +395 0.56
Yes 114 3082 +344
Blood sampling period
During pregnancy 243 3075 %379 0.44
After delivery 131 3044 %382
Infants
Sex
Male 174 3122 +392 0.01
Female 200 3013 =*=363
Gestational age (days) 374 r = .506** 0.00
Length (cm) 374 r = .704** 0.00
Chest circumference (cm) 374 r = .810** 0.00
Head circumference (cm) 374 r = .591** 0.00
First-born
Yes 192 3075 +392 0.55
No 182 3052 +367

Student's t-test, Peason's correlation coeffifient test: “p< 0.05, ~ p<0.01



%2 Levels of organochlorine pesticides (pg/g-wet) detected over 80 % of participants

Detection Detection

.. Percentile
Limit Rate Mean sD
Min 25th 50th 75th Max

oxychlordane 0.9 100 8.0 27.1 39.5 56.0 251.0 44.6 26.3
cisNonachlor 0.4 100 2.0 6.8 10.0 14.4 38.0 11.3 6.3
transNonachlor 0.5 100 13.0 49.7 71.6 108.0 514.0 85.4 57.3
p,p'-DDD 0.4 90 0.0 0.9 1.5 2.3 9.0 1.8 1.3
o,p'-DDE 0.4 85 0.0 0.8 1.3 1.8 6.0 1.4 1.0
p.p'-DDE 0.6 100 100.0 406.3 653.5 1011.6 4576.0 798.6 586.9
o,p'-DDT 0.6 98 0.0 2.3 3.5 4.9 17.0 4.0 2.5
p,p'-DDT 0.4 100 2.0 16.6 23.3 34.0 122.0 27.8 16.8
Dieldrin 0.8 100 4.0 12.1 16.5 22.6 72.0 18.7 9.7
cisHeptachlorepoxide 0.4 100 6.0 18.9 26.6 37.3 201.0 30.7 18.9
HCB 0.9 100 35.0 80.2 101.9 130.1 245.0 107.8 38.3
BHCH 0.6 100 20.0 106.2 154.3 244.2 1667.0 198.6 160.8
Mirex 0.5 100 1.0 4.1 6.0 8.3 35.0 7.0 4.6
Parlar26 1.0 97 1.0 2.9 4.4 6.7 21.0 5.3 3.4
Parlar50 2.0 96 1.0 4.4 6.5 9.7 29.0 7.6 4.8

(pg/g-wet)



3 Birth weight in relation to the organochlorine pesticides

ALL
Crude Model
B 959%ClI p B 959%6Cl p
oxychlordane -25.1 -190.9 140.7 0.77 -115.4 -261.2 30.4 0.12
cisNonachlor -57.3 -216.4 101.8 0.48 -119.0 -256.4 18.4 0.09
transNonachlor -35.1 -189.5 119.3 0.66 -103.8 -237.9 30.4 0.13
p.,p'-DDD 17.7 -86.0 121.3 0.74 10.1 -78.1 98.3 0.82
o,p'-DDE 58.0 -48.6 164.5 0.29 0.6 -90.5 91.8 0.99
p,p'-DDE 103.8 -29.0 236.6 0.13 33.7 -82.0 149.4 0.57
o,p'-DDT 27.8 -105.5 161.2 0.68 10.3 -104.9 125.6 0.86
p,p'-DDT 22.6 -134.8 180.1 0.78 -17.9 -151.9 116.0 0.79
Dieldrin 52.3 -141.8 246.4 0.60 21.0 -153.0 195.1 0.81
cisHeptachlorepoxide -24.4 -194.5 145.8 0.78 -48.8 -199.4 101.8 0.52
HCB 3.7 -243.0 250.4 0.98 -156.9 -367.6 53.7 0.14
BHCH -6.0 -136.2 124.2 0.93 -78.8 -198.0 40.3 0.19
Mirex -63.4 -220.2 93.4 0.43 -94.4 -247.9 59.2 0.23
Parlar26 -27.6 -158.1 102.9 0.68 -65.8 -178.7 47.2 0.25
Parlar50 -2.1 -139.0 134.8 0.98 -62.6 -180.4 55.3 0.30

Model:Adjusted for maternal age, annual income, working and smoking during pregnancy,
maternal BMI, blood sampling period, gestational days



4 Birth weight for male and female infants in relation to the organochlorine pesticides

Male Female
Crude Model Crude Model
B 959%ClI p B 959%ClI p B 959%ClI p B 959%Cl p
oxychlordane -81.6 -331.9 168.7 0.52 -166.8 -385.9 52.2 0.13 9.6 -209.0 228.2 0.93 -61.8 -260.1 136.5 0.54
cisNonachlor -68.5 -304.9 167.9 0.57 -81.1 -286.7 124.5 0.44 -47.7 -260.6 165.3 0.66 -131.1 -320.4 58.2 0.17
transNonachlor -96.2 -327.6 135.1 0.41 -139.9 -339.9 60.1 0.17 4.8 -200.2 209.8 0.96 -59.5 -242.8 123.8 0.52
p,p'-DDD 140.2 -21.5 302.0 0.09 89.0 -48.6 226.6 0.20 -77.4 -209.1 54.3 0.25 -40.3 -156.4 75.7 0.49
o,p'-DDE 59.9 -96.0 215.8 0.45 41.5 -91.0 174.0 0.54 68.5 -76.4 213.4 0.35 -17.4 -145.9 111.0 0.79
p,p'-DDE 37.5 -171.8  246.9 0.72 57.5 -124.6  239.6 0.53 155.0 -13.5 323.5 0.07 48.7 -103.2  200.7 0.53
o,p'-DDT 32.0 -161.8 225.9 0.74 109.0 -57.3 275.2 0.20 36.9 -145.6 219.3 0.69 -35.5 -202.0 131.0 0.67
p,p'-DDT 121.0 -113.1 355.1 0.31 121.4 -79.5 322.3 0.23 -63.2 -273.1 146.7 0.55 -103.6 -287.6 80.4 0.27
Dieldrin 151.8 -130.7 434.3 0.29 169.7 -86.1 425.5 0.19 -9.4 -275.2 256.3 0.94 -123.9 -365.4 117.6 0.31
cisHeptachlorepoxide -81.0 -331.1 169.1 0.52 -92.9 -324.6 138.8 0.43 22.9 -207.1 252.8 0.84 -0.7 -206.0 204.5 0.99
HCB -36.2 -428.7  356.2 0.86 -84.4 -421.0 252.3 0.62 30.2 -281.6 341.9 0.85 -180.0 -455.9 95.9 0.20
BHCH -77.4 -281.2 126.3 0.45 -121.6 -310.2 67.0 0.20 52.2 -114.0 218.5 0.54 -31.1 -186.6 124.4 0.69
Mirex -0.7 -234.6  233.2 1.00 18.2 -205.2 241.6 0.87 -158.2 -367.8 51.4 0.14 -172.7 -390.8 45.4 0.12
Parlar26 61.2 -135.4 257.9 0.54 86.6 -88.1 261.3 0.33 -97.6 -269.4 74.1 0.26 -168.9 -318.9 -19.0 0.03
Parlar50 36.6 -160.2 233.4 0.71 33.1 -139.3 205.6 0.71 -37.6 -226.9 151.7 0.70 -136.7 -302.9 29.5 0.11

Model:Adjusted for maternal age, annual income, working and smoking during pregnancy,

maternal BMI, blood sampling period, gestational days
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Prenatal exposure to bisphenal A and child neurodevelopment: The Hokkaido
Study

Background: Prenatal bisphenol A (BPA) exposure may affect early child thyroid
function and neurodevel opment.

Objective: To evauate the associations between cord blood BPA levels and child mental
and psychomotor development at 6 and 18 months of age. Additionally the association
with thyroid stimulation hormone (TSH) and free thyroxine (FT4) of newborn were
assessed. Methods: Cord blood samples collected from the Hokkaido study participants
were analyzed for BPA levels. Child neurodevelopment was assessed using mental and
psychomotor development indexes (MDI and PDI) from a Bayley Scales of Infant
Development |1 at 6 and 18 months of age (N = 121, 86, respectively). The associations
between cord blood BPA levels and child neurodevel opment were estimated using 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. Results. Overdl, there were no dstatistical 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.
Concluson: This study added the evidence that relatively lower levels of prenatal BPA
exposure may not affect early child neurodevelopment or levels of thyroid hormones of
newborn over al. Further studies of investigating sex specific effects of BPA exposure
are needed.




A.

Bisphnol A(BPA) is anendocrine-disrup
ting chemical used in the manufacture of
plastics and resins including food and
drink containers, and as an additive in
thermal paper, dental sealant, medical
equipment and flame retardant (Biedermann
et d. 2010; Geenset d. 2011). BPA exposure
iIs nearly ubiquitous in developed
countries. The predominant source of
BPA exposure for general adult
population is diet. According to previous
study, pregnant women who regularly
consume canned food have higher urinary
BPA concentrations compared with
women without the habit (Braun et al.
2011). BPA has a weak estrogenic
properties (Akingbemi et al. 2004; Lee et
al. 2003). Experimentally, BPA has
shown to interact with estrogen signaling
pathways through binding to the estrogen
receptors (Naciff et al. 2002; Vandenberg
et a. 2009; Wetherill et al. 2007) and also
act as a thyroid hormone agonist (Zoeller
et a. 2005). In anima studies, the
association between prenatal BPA
exposure and neurobehaviora effects
such as anxiety (Cox et al. 2010; Xu et al.
2011), cognitive deficit (Tian et a. 2010;
Viberg and Lee 2012) and social behavior
(Wolstenholme et a. 2011) have
indicated. Studies aso have shown loss
of sex differences in anima behavior
(Cox et d. 2010; Patisaul et a. 2006;
Rubin et d. 2006). There are limited data of
BPA exposure effects on neurodeve opment

in humans. Epidemiological studies have
investigated the effects of prenata BPA
exposure on child neurobehavior at
several different ages using different
assessment scales (Braun et al. 20009,
2011, 2014; Peera e d. 2012
Miodovnik et a. 2011, Harley et 4.
2013; Yolton et a. 2011). The scaes
used in these studies were varied such as
Behavior Rating Inventory of Executive
Function-Preschool  (BRIEF),  Child
Behavior Checklist (CBCL), NICU
Network Neurobehavioral Scale (NNNS),
Behavioral  Assessment Sysem  for
Children (BASC), Conners’
ADHD/DSM-IV Scadles (CADS) and
Socia Rating Scale (SRS). Some
findings from epidemiological studies
may suggest maternal BPA exposure’s
adverse effects on child neurobehavior,
on the other hand, others did not show
any evidence of adverse effects of
prenatal BPA exposure. Additionally
several random clinical trials of denta
restorations found that there was a
significant reduction in scores on
memory tests in children with composite
fillings containing BPA at ages 6 and 10
(Belinger et d. 2007; Bdlinger e d. 2008),
children with compodte fillings reported
significantly increased anxiety, depresson,
socdd  dress and  interpersond-raion
problems a ages 11 and 16 (Masergjian et
al. 2012). Among these epidemiological
investigations, we did not find any
published studies using Bayley Scales of



Infant Development (BSID), which is a
standard series of measurements to assess
the development of infants. The BSID-II
mental scale assesses the age-appropriate
children’s level of cognitive, language,
and persona/socia development. The
motor scale assesses fine and gross motor
development. Our group have reported
prenatal exposure to severa isomers of
dioxins may affect the motor
development of 6 month-old infants
(Nakajimaet al. 2006).

Thyroid hormones play an essential role
in pre and postnatal brain development.
Severa epidemiological studies including
prospective cohort and cross-sectiond
studies have investigated the association
between BPA levels and thyroid function
of adults and children and showed
suggestive inverse associations with TSH
and T4 and positive associations with T3
(Bucker-Davis et a. 2011; Chevrier et al.
2013; Wang et al. 2012; Meeker and
Ferguson, 2011; Wang et a. 2013),
however, there is no human studies on
BPA exposure and neonatal thyroid
hormone levels dong with child
neurodevelopmental assessment.

Given very limited research on human
thyroid function and neurobehavior in
association with prenatal exposure to
BPA, the am of this study was to
investigate the association between cord
blood BPA levels and newborn thyroid
hormone levels and child menta and
psychomotor development at two distinct

time points of ages 6 and 18 months.

B

Study population

This prospective birth cohort study was
based on the Sapporo Cohort, Hokkaido
Study on Environment and Child Health
(Kishi et al. 2011; Kishi et a. 2013).
Briefly we recruited pregnant women at
23-35 weeks of gestation between July
2002 and October 2005 from the Sapporo
Toho Hospital in Hokkaido, Japan. All
subjects were resident in Sapporo City or
surrounding areas. The participants
completed the self-administered
questionnaire survey after the second
trimester during their pregnancy. The
questionnaire contained baseline
information including their dietary habits,
exposure to chemical compounds in their
daily life, home environment, smoking
history, alcohol consumption, caffeine
intake, family income, educational levels
of themselves and partners. The prenata
information of the mothers and their
children was collected from their medical
records. This study was conducted with
the informed consent of all participantsin
written forms. The protocol used in this
study was approved by the Institutional
ethical board for epidemiological studies
a the Hokkaido University Graduate
School of Medicine and Hokkado
University Center for Environment and
Health Sciences.

Measurement of Bisphenol A



Cord blood was obtained at delivery. All
samples were stored at -80 until
analysis. The concentration of BPA in
cord blood was measured by using isotope
dilution-liquid  chromatography-tandem
mass spectrometry (ID-LC/MS/MS) at

IDEA Consultants, Inc. (Shizuoka, Japan).

1.0 mL whole blood was spiked with
BPA-d16 as an internal standard. After
addition of 0.2 M acetate buffer (pH 5.0)
and B-glucuronidase, the sample was held
in an incubator at 37°C for 5 hours. The
diluted sample was applied to a
solid-phase extraction column. BPA was
extracted using acetonitrile.  Then,
BPA-d4 was added to the extract as an
internal standard. The organic extract
was concentrated and the sample was
analyzed by ID-LC/MS/MS. The limit of
detection (LOD) of BPA was 0.048
ng/ml.

Data from mass screening test

We obtained blood samples data of
thyroid stimulating hormone (TSH), free
thyroxine (FT4) from Sapporo City
Institute of Public Hedth which
conducted the mass screening test for
endocrine disorders. A heel-prick blood
sample of newborns was obtained as
spots on afilter paper for the Guthrie card.
The blood samples were obtained from
infants between 4 and 7 days age of after
birth. Blood samples were applied to 0.3
cm filter disks and TSH and FT4 levels
were measured using Enzyme-Linked
Immuno Sorbent Assay (ELISA) (TSH:

Enzaplate N-TSH, Bayer Co., Tokyo,
Japan; FT4: Enzaplate N-FT4, Bayer Co.).
The FT4 vaues of al samples were
detected, and for samples with TSH
levels below the detection limit (0.50
pU/ml), we used a value of half the
detection limit.

Devdopmental measurements

We used BSID-II (Bayley. 1993) to
assess the infant mental and psychomotor
development at age 6 and 18 months. The
BSID-II is an infant developmenta test
tool used between O to 3 years of age.
The BSID-II mental scale assesses the
age-appropriate
cognitive, language, and personal/social
development. The motor scale assesses
fine and gross motor development.
Mental and motor raw scores were
converted to a normalized scale with a
mean of 100 and standard deviation of 15.
Home Observation for Measurement of
the Environment (HOME) was used to
investigate the caregiving environmental
conditions of children at 6 and 18 months
of age (Anme et a. 1997).

Data analyss

We used the following digibility for
criteria for analyses of subjects; no
serious illness or complications during
pregnancy and delivery, singleton babies
born a term (37 to 42 weeks of
gestation), Apgar score of > 6 at 1 minute,
babies without congenital anomalies or
diseases, and BSID-II completed at ages
between 166 and 195 days for 6 months

children’s level of



examination. Among all 514 participants
of Sapporo Cohort Study, 286 cord blood
samples for BPA measurements were
available. For the final analyses, 121 and
86 children at 6 months and at 18 months,
respectively, were included.

Since the distributions of cord blood BPA
concentrations were right skewed, these
variables were transformed by the natural
logarithms (In) to improve their linear
relation with MDI and PDI scores. BPA
concentrations below the LOD was
assigned the value of one-half of the
LOD, 0.024 ng/ml. To examine the
relation between cord blood BPA levels
and child neurodevelopment, linear
regression models were used. Then
models were stratified by child sex. To
select covariates to include in
multivariable models, risk factors known
or suspected of being associated with the
BPA  concentrations and/or  child
neurodevelopment were reviewed in the
literatures (Kim et al. 2011; Polanska et
a. 2014). The covariates used in this
study were maternal education, HOME
score, annua income and child sex.
Additionally, caffeine intake during
pregnancy was used for the analyses of 6
month as the correlation between PDI
scores at 6 month was significant. In our
previous study (Nakaima et a. 2006),
gestational age and maternal smoking
status were used as covariates, however,
these covariates were not used in this
study as the correlations were not

significant. Results were considered
significant at p < 0.05. All analyses were
conducted using SPSS (Version 22.0;
SPSS, Chicago, IL, USA).

C.

Table 1 shows basic characteristics of
participants. Compared to the Sapporo
Cohort full profile data from our previous
report (Kishi et a. 2011), no significant
differences were observed (data not
shown) in maternal age (30.7 = 4.9 vs.
30.9 £ 4.9 years old), maternal education
(55.6% vs. 61.2%, > 12 years), annua
income (31.0% vs. 37.2%, 5M),
smoking status during pregnancy (18.6%
vs. 10.7%, smoker) birth weight (3065 +
375 vs. 3158 = 316 g) and gestational age
(39.0 £ 1.4 vs. 39.7 = 1.0 weeks).
Duration of breast feeding was used as a
covariates in previous reports (Kim et al.
2011; Tellez-Rojo et a. 2013), however,
34.7 % of datawere missing in our study,
and thus duration of breast feeding was
not used as covariate for adjustment.
Table 2 shows the characteristics of
exposure and outcomes of participants.
The median level of cord blood BPA was
0.059 ng/ml. Cord blood BPA level was
detected in 73.8% of samples and the
range of cord blood BPA levels was from
below LOD to 0.217 ng/ml. The median
TSH and FT4 levels of newborn were
1.90pU/ml and 2.00ng/ml, respectively.
Table 3 shows BPA levels and MDI, PDI
scores at 6 and 18 months in relation to



characteristics. Maternal
caffeine intake during pregnancy was
negatively correlated with both MDI and
PDI scores a 6 month and statistical
significance was found only with PDI
score (p = 0.011). MDI score at 18 month
was higher in the group of annual income
was above 5 million yen compared to
below 5 million yen (812 vs. 86.3,
respectively, p = 0.043). PDI scores at 18
month was higher in the group of higher
paternal education compared to lower
(83.8 vs. 89.6, respectively, p = 0.043).
Both MDI and PDI scores at 18 month
were higher in female compared to male
with statistical significance (86.4 vs. 79.4,
p = 0.005 for MDI, 91.1 vs. 84.0, p =
0.006 for PDI).

Table 5 and 6 show MDI and PDI
scores of BSID-II a 6 and 18 months in
relation to natura log transformed cord
blood BPA levels. Overall, both MDI and
PDI scores at 6 months were negatively
associated with cord blood BPA levels.
MDI and PDI scores at 18 months were
negatively associated with cord blood
BPA levels without adjustment, however,
after the adjustment, the associations
became weakly positive. Since there have
been reported that BPA may have
sex-specific  effects, we performed
analyses for male and female separately.
After dtratification by child sex, MDI
scores at 6 months showed opposite
associations with cord blood BPA levels
between male and female. The scores

participants’

were positively associated in male (f =
138, 95% CI: -1.40, 4.16), contrary,
negatively associated in female (f = -1.99,
95% ClI: -4.28, 0.31) and the significance
was borderline. For PDI scores, the
negative association was stronger in male
B = -318, 95% CI. -7.70, 1.35)
compared to female (f = -0.91, 95% ClI:
-5.52, 3.70). MDI scores a 18 months
showed weak negative association with
cord blood BPA levels after adjustment
in both sexes. PDI scores a 18 months
showed opposite association between
sexes, positive association in female (f =
2.28, 95% CI: -3.10, 7.65) and negative
association in male (B = -2.05, 95% CI:
-9.11, 5.01). The borderline significance
of negative association between femae
MDI scores at 6 months and cord blood
BPA levels was not found at 18 months.
Similarly the negative association found
in PDI scores a 6 months in male with
cord blood BPA levels became weaker at
18 months.

Table 4 shows the associations between
cord blood BPA levelsand TSH and FT4
of newborn. Overall, TSH levels were
negatively associated with cord blood
BPA levels. Further analysis after
stratification of child sex, female showed
borderline significant negative
association (B = -0.232, p = 0.089),
contrary male showed weak positive
association (f = 0.048, p = 0.823). Cord
blood BPA level showed weak positive
association with FT4 levels with no



statistical significance.

D.

This is the first published study of
examining thyroid hormone levels and
child neurodevelopment at 6 and 18
months using BSID-II in relation to cord
blood BPA levels. There was borderline
significant inverse association between
cord blood BPA levelsand TSH levelsin
female. Meeker and Ferguson observed
suggestive inverse trends for BPA
quintiles and TSH (p trend = 0.14) in
cross-sectional study of 1367 adults
(Meeker and Ferguson. 2011). However,
no association was found with FT4 in
smaller study of 167 adult men (Meeker
et al. 2010). Our observation on TSH and
FT4 agreed with their  report.
Brucker-Davis et a. (2011) reported
weak trend for a negative correlation
between BPA and TSH in prospective
cohort of 164 newborn boys and Chevrier
et a. (2013) reported that maternal BPA
was negatively associated with neonatal
TSH in boys in CHAMACOS study.
These studies found negative associations
between BPA and THS levels only in
male, and our findings did not agree with
these previous reports as we observed
stronger negative associations in femde
rather thanin mde. A dudy by Kaneko et al.
reported that BPA suppresses TSH rdease
from amphiblan pituitary in  manner
independent of both the thyroid hormone
feedback mechanism and the estrogenic

activity of BPA (2008) which may
explain our observation of negative
association between BPA and TSH.

There was no significant association
between cord blood BPA levels and child
neurodevelopment at 6 and 18 months
among al children. The different
responses were observed in MDI scores
a 6 months; female exhibited decreases
in scores and male exhibited increases in
scores. PDI scores at 6 months, negative
association was stronger in male than in
femae. At 18 months, the different
responses were observed in PDI scores;
female exhibited increases in scores and
male exhibited decreases in scores.
Prenatd BPA exposure may have adverse
influences on endocrine or neurctranamitter
pathways and cause sexua differentiation
of brain and ater behavior in a gender
dependent manner (Manson. 2008).
Limited observational evidence suggests
an association between prenatal BPA
exposure and adverse neurobehavioral
outcomes in children. Our findings on
cord blood BPA levels and child
neurodevelopment were compared to the
obsarvations from previous human studies.
Out of 7 available epidemiological dudies
regaeding BPA  exposure and  child
neurodevelopment, 5 dudies suggested
prenatal BPA exposure and adverse effects
of child neurodeveopment. Braun e 4d.,
reported evidences of adverse effect of
prenatal BPA exposure predominately in
girls using the BASC at 2 years of age



and the BRIEF-P at 3 years of age (Braun
et a. 2009, 2011). Perera et a. (2012)
used CBCL ages between 3 and 5 years
old and suggested that prenatal exposure
to BPA may affect child behavior
differently among boys and girls. Harley
et al. (2013) reported that prenatal urinary
BPA concentrations were associated with
increased anxiety and depression in boys
age a 7 using BASC-2. Contrary, 2
studies, Yolton e a. (2011) and
Miodovnik et al. (2011) reported no
evidence of an association between
prenatal BPA exposure and child
neurodevelopment at 5 weeks of age
using NNNS and at ages between 7 and 9
years old using SRS, respectively. Those
epidemiologica results were conflicting
and very limited. This could be due to a
number of differences between the study
designs, and timing and tools of outcome
assessment as well as timing of exposure
measurements. The assessment tool used in
this study, BSID-I11 assesses developmentd
domains different from intelligence or
executive  function. Each unique
assessment tool used in different studies
had specific purpose; BASC-2 has
excellent reliability and validity for
assessing adaptive and maladaptive
behaviors (Reynolds and Kamphaus
2004), the CBCL measures child
behavior problems, the BRIEF-P assess
the ability to modulate emotions, the
capacity to control behavioral responses,
the ability to anticipate and to plan for

future events, the capacity to transition to
and from events and the ability to hold
information in mind for completing a task,
the NNNS assesses 13 dimensions of
neurobehavior (Lester and Tronick. 2004),
the SRS is a scae for detecting and
measuring the severity of autistic
behavior, and CADS assesses attention
and hyperactivity (Conners. 2001), thus
these results simply were not able to be
compared on the same table. Also noted
that most of the studies used the same
cohort. In our study, BPA in cord blood
was measured as prenatal exposure
whereas maternal urine samples were
used in the other epidemiological studies
for exposure assessment. This difference
made it difficult to compare our
observations with previous findings.
Even studies used urinary BPA as
exposure measurements, intra-individual
variability of BPA concentrations were
moderately correlated (Braun et a. 2009)
and accurately characterizing exposure
from a single measurement was difficult.
On the other hand, using mean
concentration of wurinary BPA from
several measurements would decrease the
ability to identify shot time-sensitive
window of development (Braun et d. 2011).
To improve exposure classfication during
critical windows of neurodevelopment,
the importance of single measurement or
summary  measurement of BPA
concentration should be considered. The
cord blood BPA levels in this study was



much lower compared to the previous
reports (Aris. 2014; Zhang et a. 2013;
Kosarac et a. 2012; Chou et a. 2011,
Brucker-Davis et a. 2008 Lee et al.
2008) and this may imply that prenatal
BPA exposure levels as low as we
observed did not have significant
influences on child neurodevel opment.

A recent study suggested that perinatal
exposure to low-dose BPA specifically
and non-monotonically impairs spatial
learning and memory in male offspring
rats (Kuwahara et a. 2013). Severa
mechanisms including epigenetic changes
in gene expression in various brain
regions via BPA action as weak estrogen
receptor agonists and an anti-androgen
were suggested from anima studies
(Wolgenholme et d. 2011); synaptogenesis
decrease in hippocampus and prefrontal
cortex of monkeys and rats (Leranth et al.
2008; MacLusky et al, 2005), disruption
in cortical development in  mice
(Nakamura et a. 2006, 2007), alternation
in sexualy dimorphic brain regions in

hypothaamus (Patisaul et d. 2006; Rubin et d.

2006) and reduction of corticotropin-released
hormone and DA cell number in midbrain
(Funabashi et a. 2004; Tando et a. 2007;
Tanida et a. 2009). In BPA exposed
animals, multiple genes in tissues were

differently methylated (Kundakovnic et al.

2013; Tang et a. 2012), BPA exposure
may change expresson and DNA
methylation of nuclear estrogen receptors
and/or signaling via glutamate receptor

(Kundakovic et a. 2013; Xu et a. 2010),
these studies suggested that BPA may
aso lead heritable changes in gene
expression.

A couple of issues, especially dose and
route of exposure, need to be consider
when comparing our result to those of
animal studies. Many of dose ranges used
in animal studies were not relevant to
human study. Route of exposure in
anima studies were oral, subcutaneous
and direct injection at target organs (Li et
al. 2008), whereas oral exposure in
human studies were predominate.

The limitations of this study need to be
considered. First, there was limited
statistical power with our sample size.
Additionally, there have been concerns
whether single drawing of cord blood
sample represent the long-term prenata
BPA exposure due to short half-lives of
BPA and there might be a possibility of
accidental exposure near blood drawing
period. Other limitation is that cord blood
samples were taken at delivery, thus, the
effect of fetal exposure to BPA during the
earlier stages of fetal neurodevelopment
have not been assessed in this study.
There might be a chance of selection bias
in this study as we only included
participants with available cord blood
samples. However, as described the
comparison between origina cohort
profile and the present study profile did
not show significant discrepancy. Another
limitation is that we were not able to examine



whether postnatd exposure to BPA was
associaed with childhood neurodeve opment.
The drength of our dudy was that we
measured child neurodevel opment outcome at
two different times dong with the
measurement of newborn thyroid hormone
levels. Additiondly, in our study we used the
BPA leveds of cord blood, which accurately
indicated the exposure of fetus. However,
more studies are necessary to confirm adverse

effect BPA  exposure on child
neurodeve opment.
E

The findings of this study suggested that
relatively lower levels of cord blood BPA
levelswas not notably associated with thyroid
hormone levels or neurodevelopment of
children. We have observed suggestive
negative associ ations between BPA levels
and TSH levels and MDI at 6 month only
in female, thus, additional researches
investigating sex specific effects are
needed.
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Table 1. Parental and child basic characteristics (N = 121).

Parental characteristics Mean + S.D. or median (IQR) or number (%)
Maternal age (years) 309 £ 4.8
Maternal education < 12 years 47 (38.8)

> 12 years 74 (61.2)
Paternal age (years) 32759
Paternal education < 12 years 37(30.6)

> 12 years 84 (69.4)
Family income < 5M yen 76 (62.8)

= 5Myen 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)

=2 14 (11.6)
Caffeine intake during pregnancy (mg/day) 120.75(66.75-183.50)
Alcohol consumption during pregnancy Yes 41(33.9)

No 80 (66.1)
Child characteristics
Sex Male 53 (43.8)

Female 68 (56.2)
Birth weight (g) 3158 £ 316
Birth length (cm) 485+ 1.5
Gestational age (days) 2785 £ 7.1
Duration of breast feeding* < 3 months 8 (6.6)

= 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 scoreis 38.



Table 2. Characterigtics of exposure and outcomes.

Characteristics

Mean = S.D. or median (IQR) or number (%)

Cord blood BPAlevel (ng/ml)

0.050 (LOD-0.076)

BSID-II 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-II MDI @ 18 month (N = 86) 83.3(11.7)
BSID-1I PDI @ 18 month (N = 86) 88.0(12.0)
HOME score @ 18 month*** (N = 89) 28.0(3.7)

TSH (@U/ml)

1.90 (1.10-3.20)

FT4 (ng/ml)

2.00 (1.80-2.25)




Table 3. BPA levels and MDI, PDI scores at 6 and 18 months in relation to participants’ characteristics.

BPA levels MDI at 6 month PDI at 6 month MDI at 18 month PDI at 18 month
Parental characteristics mean (S.D) p- mean (S.D) | p-value | mean (S.D) | p-value | mean (S.D) p-value | mean (S.D) p-value
value

Maternal age (vears) p=-0.110 0.230 | p=0.098 0.284 p=-0.064 0.484 p=-0.019 0.863 p =-0.060 0.582

Paternal age (years) p=-0.097 0.289 | p=0.112 0.221 p=-0.153 0.093 p=0.001 0.993 p=-0.075 0.494

Maternal Education < 12vears | 0.057 (0.036) | 0.578 | 91.2 (4.4) 0.472 90.9 (10.1) 0.722 83.2 (13.2) 0.978 6.1 (12.3) 0.252
> 12 years 0.053 (0.036) 90.5 (6.7) 90.2 (11.6) 83.3 (10.8) 89.2 (12.7)

Paternal Education =< 12years 0.061 (0.043) 0.194 | 89.7 (5.9) 0.201 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) 90.4 (10.8) 84.7 (11.6) 89.6 (11.8)

Family income < 5Myen 0.058 (0.040) | 0.153 | 90.6 (6.1) 0.693 90.8 (11.3) 0.632 81.2 (11.3) 0.043* | 87.1(12.6) 0.388
> 5Myen 0.049 (0.028) 91.0 (5.6) 89.8 (10.4) 86.3 (11.8) 89.3 (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) 0.867 90.7 (10.4) 0.573
No 0.056 (0.036) 92.7 (6.2) 90.7 (10.9) 83.3 (11.8) 87.8 (12.0)

Maternal smoking during pregnancy Yes 0.064 (0.031) | 0.311 | 89.0 (7.1) 0.263 87.2 (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 0 0.056 (0.035) | 0.831 | 90.8 (5.8) 0.324 | 90.4 (11.8) 0.876 | 81.6 (12.4) 0.124 | 86.9 (12.1) 0.071
1 0.056 (0.041) 89.7 (6.5) 90.3 (9.5) 86.9 (10.4) 7.2 (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 =-0.230 0.011%* p=0.008 0.938 p=-0.071 0.518

Alcohol consumption during pregnancy Yes 0.053 (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
No 0.056 (0.037) 90.8 (5.9) 90.0 (11.2) 82.9 (12.7) 7.1 (12.4)

Child characteristics

Sex Male 0.055 (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) 86.4 (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 0.417

Birth length (cm) p=0.063 0.492 | p=0.009 0918 | p=0.112 0220 | p=-0.039 0.720 | p=-0.005 0.966

Gestational age (days) p=0.025 0.787 | p=0.125 0.170 p=0.087 0.345 p=0.209 0.053 p=0.105 0.334

Duration of breast feeding* <3months | 0.042 (0.026) [ 0.229 | 90.3 (3.5) 0.879 | 95.4 (13.8) 0.250 | 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) 83.7 (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 scoreis 38.



Table 4. Association between natural log transformed TSH, FT4 levelsat birth and natural log transformed cord blood BPA concentration (N=121).

[ TsH

-0.15 (-0.38, 0.08)

[ FT4

0.206

170.03 (-0.02, 0.08)

[0.289

All
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

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

Table 5. Association between BSID-11 (M DI, PDI) at 6 month and natural log transformed cord blood BPA concentration (N=121).

MDI @ 6 month

, Crude

-0.56 (-2.26, 1.15)

| Adjusted?

-0.65 (-2.39. 1.05)

I @ 6 month 7

(@ 6 month

1.38 (-1.40, 4.16)

DI @ 6 month E

7 6 month

-1.87 (-4.11,0.36)

19 (-6.72, 2. 0.336 E

0.099

-1.99 (-4.28,0.31)

0.088

PDI @ 6 month

-0.87 (-5.32, 3.58)

0.697

-0.91 (-5.52,3.70)

0.695

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

Table 6. Association between BSID-11 (MDI, PDI) at 18 month and natural log transfor med cord blood BPA concentration (N=86).

Crude Adjusted?
MDI @ 18 month -0.98 (-4.91,2.96) 0.623 0.08 (-3.71,3.87) 0.968
PDI @ 18 month -0.93(-4.96,3.11 0.648 0.69 (-3.34,4.72 0.735
MDI @ 18 month -0.91(-7.40,5.57) 0.777 -0.09 (-6.51, 6.34) 0.978
PDI @ 18 month -2.79(-9.00,3.43 0.369 -2.05(-9.11,5.01 0.557
MDI @ 18 month -0.39(-5.21,4.43) 0.871 -0.96 (-5.88,3.96) 0.695
PDI @ 18 month 0.75(-4.40,5.91) 0.770 2.28(-3.10, 7.65) 0.398

aAdjusted for HOME at 18 month, maternal education, annual income and child sex for all subjects.






A BPA
BPA
BPA IgE
IgE
BPA 2.7 18
6.53 95% Cl: 1.35, 31.57
BPA
BPA
BPA
A BPA
514
BPA
18
18
BPA
390
BPA BPA
BPA LC-MS/MS 0.048 ng/mL
6 IgE
BPA S ELISA 0.05 IU/mL
SRL
BPA BPA IgE




152 BPA IgE 0.22 1U/mL LOD 0.05

LOD IU/mL 15.1% 23
Table 2 18
22.1% 30 20.6%
28 9.6% 13 18.4%
BPA 18 25
2 Table 3
136 BPA IgE
Table 4
BPA 18
18
18 BPA
2.7 OR
2.97 95% CI: 1.05, 8.38
6.53 95% ClI: 1.35, 31.57
Table 5
BPA
BPA
16
BPA 6
152 3
30.2+ 4.6 56.6% 86 26
50.7% 77 BPA
35.5% 54
16
30.9% 47 16.4% 26 BPA 4
25 45.4% 69 BPA
18
136
46.3% 63 5
18.4% 25 Table 1 BPA 5 7
BPA 0.055 ng/mL 12 32
LOD 0.048 ng/mL 40.1% BPA 6 7

61 IgE



BPA
BPA
T IFN-y IL-10
IL-4 IgE
BPA 17
IgE
5 BPA
Th2
BPA
BPA
BPA.-
BPA
BPA
BPA
BPA
OR
2,3,4,7,8-PeCDF 1
4 OR 2.8 95%Cl:

1.2-6.6
OR 53 95%ClI:1.5-19.0

18

BPA
BPA
IgE
BPA 2.7
18 OR 6.53 95% CI:
1.35, 31.57
1
2

Donohue KM, Miller RL, Perzanowski
MS, Just AC, Hoepner LA, Arunajadai
S, et al. Prenatal and postnatal
bisphenol A exposure and asthma
development among inner-city children.
J Allergy Clin Immunol.
2013;131:736-742.



Gascon M, Casas M, Morales E, Valvi D,
Ballesteros-Gomez A, Luque N, et al.
Prenatal exposure to bisphenol A and
phthalates and childhood respiratory
tract infections and allergy. J Allergy
Clin Immunol. In press.

Lee MH, Chung SW, Kang BY, Park J,
Lee CH, Hwang SY, et al. Enhanced
interleukin-4 production in CD41 T
cells and elevated immunoglobulin E
levels in antigen-primed mice by
bisphenol A and nonylphenol,
endocrine disruptors: involvement of
nuclear factor-AT and CaZ21.
Immunology. 2003;109:76-86.

Midoro-Horiuti T, Tiwari R, Watson CS,
Goldblum RM. Maternal bisphenol A
exposure promotes the development of
experimental asthma in mouse pups.
Environ Health Perspect. 2010;
118:273-277.

Miyashita C, Sasaki S, Saijo Y, Washino
N, Okada E, Kobayashi S, et al. Effects
of prenatal exposure to dioxin-like
compounds on allergies and infections
during infancy. Environmental
Research. 2011;111:551-558.

Ohshima Y, Yamada A, Tokuriki S,
Yasutomi M, Omata N, Mayumi M.
Transmaternal exposure to bisphenol a
modulates the development of oral
tolerance. Pediatr Res. 2007;62:60-64.

Sawai C, Anderson K, Walser-Kuntz D.
Effect of bisphenol A on murine
immune function: modulation of
interferon-gamma, 1gG2a, and disease
symptoms in NZB X NZW F1 mice.
Environ Health Perspect. 2003; 111:
1883-1887.

Spanier AJ, Kahn RS, Kunselman AR,
Hornung R, Xu Y, Calafat AM, et al.
Prenatal exposure to bisphenol A and
child wheeze from birth to 3 years of
age. Environ Health Perspect. 2012;
120: 916-920.

Spanier AJ, Kahn RS, Kunselman AR,
Schaefer EW, Hornung R, Xu Y, et al.
Bisphenol A Exposure and the
Development of Wheeze and Lung
Function in Children Through Age 5
Years. JAMA Pediatr. 2014; 168(12):
1131-1137.

Strunk RC, Szefler SJ, Phillips BR,
Zeiger RS, Chinchilli VM, Larsen G, et
al. Relationship of exhaled nitric oxide
to clinical and inflammatory markers
of persistent asthma in children. J
Allergy Clin Immunol. 2003; 112:
883-892.

Tian X, Takamoto M, Sugane K.
Bisphenol A promotes IL-4 production
by Th2 cells. Int Arch Allergy Immunol.
2003;132:240-247.

Yan H, Takamoto M, Sugane K. Exposure
to Bisphenol A prenatally or in
adulthood promotes T(H)2 cytokine
production associated with reduction of
CD4CD25 regulatory T cells. Environ
Health Perspect. 2008;116:514-519.



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)
>1 75 (49.3)
Maternal education level (years)
<12 66 (43.4)
213 86 (56.6)
Maternal smoking status during pregnancy
Nonsmoker 98 (64.5)
Smoker 54 (35.5)
Maternal allergic history
No 105 (69.1)
Yes 47 (30.9)
Paternal alergic history
No 127 (83.6)
Yes 25 (16.4)
Annual household income (million yen)
<3 28 (18.4)
35 81 (53.3)
>5 43 (28.3)
Distance from home to highway
<100 m 72 (47.4)
>100 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 a 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)



Table2 Concentrations of BPA and concentrations of IgE in cord blood (n=152)

Detection limit  ND? no. (%) Mean Minimum 25th 50th 75th Maximum Ge&rgert}rlc
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 alergies and infections during the firtst 18 months of life (n=136)

Overdl Male Femae
n (%) n (%) n (%)
Allergy
Eczema 30(22.1) 15(23.1) 15(21.1)
Food dlergy 28 (20.6) 13(20.0) 15(21.1)
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” 3(2.2) 0(0) 3(4.2
Bronchitis 3(2.2) 1(1.5) 2(2.8)
Pneumonia 2(1.5) 0(0) 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.



Table4 Association between BPA? concentrations (ng/mL) and IgEb concentrations (IU/mL) in cord blood (n=152)

Crude Adjusted®
B 95% Cl B 95% Cl
log.BPA
Over al (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)

4BPA: bisphenol A
b 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 concentrationsin 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% Cl OR? 95% ClI OR? 95% ClI OR? 95% ClI OR? 95% Cl OR? 95% ClI
loge BPA®
Eczems® 114 (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® 114 (058, 2.22) 1.21 (0.60, 2.46) 1.93 (0.68, 5.50) 3.05 (0.80, 11.6) 0.76 (0.30, 1.92) 0.62 (0.23,1.72)
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, 3.02)
Otitis media’ 173 (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)

2OR for a2.7-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.



Prenatal MEHP, BPA exposure and cord blood adipokine levels

There is a growing interest in the possibility of endocrine disrupting
chemicals (EDCs) such as bisphenol A (BPA) and phthalates may contribute to
obesity. However, there has been insufficient research addressing the obesogenic
potential of prenatal exposure to EDCs in epidemiological studies. Thus, ours
objective was to investigate fetal adipokine levels, birth weight in association
with prenatal exposure to DEHP and BPA in prospective birth cohort study.
MEHP levels in maternal blood in late pregnancy and BPA levels in cord blood
were measured. Leptin and adiponectin levels in cord blood were measured as
markers of metabolic function. Association between MEHP and BPA levels and
fetal leptin and adiponectin levels, birth weight, were examined. Leptin and
adiponectin levels were significantly higher among girls than boys. HEHP level
was positively associated with adiponectin levels among boys and was
negatively associated with leptin level among girls. This study suggested that
prenatal DEHP exposure may have adverse influence on fetal adipokine levels
but not on birth weight and the influence may potentially be sex-specific.

Obesity is known to closaly link to physical
activity and diet, however, recent research
suggests that other factors can contribute to
obesity etiology [1]. In 2006, the term
“obesogen” was coined by Griin and
Blumberg [2] and defined as “molecules that
inappropriately regulate lipid metabolism
and adipogenesis to promote obesity”. From
growing number of in vivo and in vitro
studies, endocrine disrupting chemicals

(EDCs) have been considered as obesogens
[3, 4]. EDCs including bisphenol A (BPA)
and phthalates are ubiquitous in the
environment and have been detected in
majority of population [5-8]. Experimental
data have shown that phthalate and BPA
exposure aters lipid metabolism and
adipogenesis (Grun, 2009 #109).

BPA is used in the manufacture of plastics
and resins including food and drink
containers, and as an additive in thermal
paper, dental sealant, medical equipment and
flame retardant [9, 10]. The predominant
source of BPA exposure for general adult
population is diet [11]. The effects of BPA
on metabolic function by inhibiting
adiponectin release from human adipose
tissue have been reported [12].

Phthalates are group of chemicas widely



used in consumer products including
personal care products as well as in industry
for plasticizers [13]. In particular, the
metabolite of di(2-ethylhexyl) phthalate
(DEHP), one of the most commonly used
plasticizer, mono(2-ethylhexyl) phthalate
(MEHP), were widely detected in human
urine and blood samples [14]. Phthaate
exposure may potentially promote weight
gan by binding to peroxisome
proliferator-activated  receptor  gamma
(PPAR-y), which regulates fatty acid storage
and glucose metabolism [15].

Although adult exposure to EDCs is
important, developmental fetal exposure to
EDCs is of particular concern [16-18] as the
feta time period is particularly crucia
window for adipocyte development [19].
Adipocyte-produced hormones including
adiponectin and leptin have been used as
biomarkers of fetal metabolic function. The
roles of these hormones in metabolic
homeostasis and regulation, recently have
been recognized [20, 21]. For fetus, leptin
signals that existing fat depots are sufficient
[22]. Studies have suggested that both too
much and too little leptin in fetus results in
non-optimal fetal growth phenotypes that
subsequently increase long term obesity risk
[23]. Chemical exposures during fetal period
may change growth and weight gain
trajectory and may influence on the risk of
obesity in later life or may cause long lasting
metabolic disorders because it is known that
fetal period is a critica window of
development of adipocyte [18]. It has known
that high cord blood leptin levels have been
positively associated with birth weight [24]
whereas low levels of cord blood leptin have
been associated with small for gestationa
age [25]. Cord blood adiponectin levels
were positively associated with birth weight

[26].

There are only a few studies regarding
prenatal BPA and phthalates exposure and
cord blood adipokines [27-29]. Thus
investigation of health effects of feta BPA
and phthalates exposure on metabolic
function is warrant.

Thus, the objective of this study was to
assess the association between maternal
MEHP and cord blood BPA levels and feta
adipokines levels and birth weight.

Study population

This prospective birth cohort study was
based on the Sapporo Cohort, Hokkaido
Study on Environment and Children’s
Health [30, 31]. Briefly we recruited
pregnant women at 23-35 weeks of gestation
between July 2002 and October 2005 from
the Sapporo Toho Hospital in Hokkaido,
Japan. All subjects were resident in Sapporo
City or surrounding areas. The participants
completed the self-administered
questionnaire survey after the second
trimester during their pregnancy. The
guestionnaire contained baseline
information including their dietary habits,
exposure to chemical compounds in their
daily life, smoking history, acohol
consumption, caffeine intake, family income,
educational levels of themselves and
partners. The prenatal information of the
mothers and their neonates was collected
from their medical records. This study was
conducted with the informed consent of all
participants in written forms. This study was
conducted in accordance with the
Declaration of Helsinki, and the protocol
used in this study was approved by the
Institutional ethica board for
epidemiological studies at the Hokkaido
University Graduate School of Medicine and




Hokkaido University Center for
Environment and Health Sciences.

M easurement of MEHP and BPA

The concentrations of MEHP were measured
in maternal serum samples collected after
the second trimester of their pregnancy.
Approximately 40 mL of maternal blood
samples were collected from each woman
and samples were stored at -80  until the
analysis. The measurement was carried out
by using chromatography-mass
spectrometry  (GC/MS) a Nagoya
University under the analytical conditions
mentioned previously [32]. 30 ul of blood
samples were mixed with 120 pl of IN HCI
to deactivate the serum enzymes, 350 ul of
saturated saline solution and 50 pl of 10 uM
MEHP-d as an internal standard. Then
MEHP was extracted two times with 500 pl
of ethyl acetate after shaking for 15 minutes.
No incubation process until extraction. The
ethyl acetate layer was evaporated then the
residue was dissolved into 40 pl of ethyl
acetate. After addition of 20 pul of
N-methyl-N-(tert-butyldimethylsilyl)
trifluoroacetamide (GL Sciences, Tokyo,
Japan), the reaction was left for 60 minutes
at room temperature. The concentration of
MEHP tertbutyldimethylsilyl derivative was
measured by GC/MS (6890N, 5973N;
Agilent Technologies, CA, USA). Two ions,
m/z 227 as quantification ion and 339 for
confirmation ion, were used to detect MEHP
[33]. The limit of detection (LOD) was
0.278 ng/ml (1 pmol/ml). For each sample,
duplicate  analysis was  performed.
Ultimately, MEHP level was available from
493 samples. To determine background
levels, MEHP levels in a tube containing the
same medium as the reaction vial were
measured. All glass wares were heated at
200 for 2 hours to exclude the possibility

of environmental contamination. Coefficient
of variation (CV) of MEHP measurements
within a day was 2.0-7.8 % for 6 days, and
CV of day to day for 6 days was 6.2 % at 5
pmol/ml of concentration [34].

The concentration of BPA in cord blood was
measured by using isotope dilution-liquid
chromatography-tandem mass spectrometry
(ID-LC/IMS/IMS) at IDEA Consultants, Inc.
Briefly cord blood was obtained at delivery
and stored at -80 until analysis. 1.0 mL
whole blood was spiked with Bisphenol
A-d16 as an internal standard. After addition
of 0.2 M acetate buffer (pH 5.0) and
B-glucuronidase, the sample was held in an
incubator at 37°C for 5 hours. The diluted
sample was applied to a solid-phase
extraction column (ISOLUTE multimode
(500 mg/3 mL) cartridges) from Biotage
(Biotage Japan, Tokyo, Japan). BPA was
extracted using acetonitrile. Then, BPA-d4
was added to the extract as an internal
standard. The organic extract was
concentrated and the sample was anayzed
by ID-LC/MS/MS (Agilent 1100 liquid
chromatograph, APl 4000 Q Trap mass
spectrometer). Ultimately 285 cord blood
samples for BPA measurements were
available and the LOD was 0.048ng/ml.

Fetal adipokines

Total and high molecular weight (HMW)
adiponectin and leptin levels in cord blood
were measured in 264 and 257 neonates,
respectively. Adiponectin analysis was done
by ELISA using Human Adiponectin Assay
kit from Sekisui Medica Co. Ltd (Tokyo,
Japan). Leptin analysis was done by
Radioimmunoassay (RIA) using Human
Leptin RIA kit from Linco Research Inc. (St.
Charles, MO, USA). All the analyses were
conducted at LSl Medience (Tokyo, Japan)
according to the operation manual. Analysis




was repeated for al samples with
coefficients of variation (CV) greater than
15 %. The LODs of adiponectin was 0.39
pg/ml and of leptin was 0.5 ng/ml. All
samples were in the range of detection.
Intraa and inter-assay CVs for tota
adiponectin were < 9.1% and <10.1%, for
HMW adiponectin were <9.2% and <11.6%
and for leptin were < 5.3% and < 8.1%,
respectively.

Data analysis

To consider potential confounding variables,
we used data from medical record at birth.
We examined the following variables as
potential cofounders based on previous
literatures, child sex, parenta BMIs,
gestational age.

BMI were calculated from body weight and
height obtained from questionnaire. As
distribution of BPA and MEHP were skewed,
concentrations were logio transformed for
stetistical analysis. For MEHP levels, 493
samples were obtained, however, we
excluded blood samples withdrawn after
delivery as there might be MEHP exposure
from medical devices during delivery, and
for the fina analysis, 335 samples were
included. For BPA levels, we had 285
available data. Cord blood levels of
adipokine were also logio transformed for
statistical analysis. Given evidences of sex
differences in the relationship between BPA
and dipokines [27], all the analyses were
conducted for boys and girls combined as
well as boys and girls
separately.Concentrations below LOD were
assigned the value of one-haf of the LOD.
Results were considered significant at p <
0.05. All anayses were conducted using
SPSS (Version 22.0J; SPSS, Chicago, IL,
USA).

Initially the prospective birth cohort was
consisted of 514 mothers. We excluded total
23 participants for dropping out before
delivery (n=10), multiple birth (n=7) and
pre-term birth (n=6). For the final analysis
of this study, 491 subjects were included
(Figure 1). Birth weight was significantly
heavier among boys compared to girls,
however, ponderal index (Pl), which is
calculated as weight divided by height raised
to the power of 3 did not differ between
boys and girls.

Median (IQR) MEHP and BPA levels
(ng/ml) were 10.70 (6.30-17.05) and 0.051
(LOD-0.076), with the detection rate of
100% and 83.2%, respectively.

Median total and HMW adiponectin and
leptin levels were significantly higher in
girls than in boys (p = 0.006 for total
adiponectin, p = 0005 for HMW
adiponectin, p < 0001 for leptin,
respectively, Table 2). The median leptin
level was significantly higher in mothers
with higher BMI (p = 0.006) and the total
and HMW adiponectin levels were
suggestively higher in mothers with higher
BMI (p < 0.10). Birth weght was
significantly heavier among neonates with
higher maternal BMI. Although there was
not statistically significant, neonates born
from smokers had lower birth weight
compared to nonsmokers. (Table S1).
Maternal MEHP and cord blood BPA levels
according to maternal characteristics were
shown in Table 3. Geometric mean (GM) of
either MEHP or BPA levels did not differ
among mothers of different ages, BMIs,
educational levels, family income and
smoking habit.

The association between maternal MEHP
and cord blood BPA levels and adipokine
levels were shown in Table 4. After



adjusting with covariates, MEHP level was
positively associated with total and HMW
adiponectin levels among boys (p = 0.009, p
= 0.012, respectively). MEHP level was
negatively associated with leptin levels with
borderline significance over al (p = 0.063),
and after stratification by child sex, the
association was observed only among girls
with statistical significance (p = 0.004). The
association between maternal MEHP levels
and cord blood adipokines were different
between boys and girls. BPA level was not
associated with any of the adipokine levels.
The association between maternal MEHP
and cord blood BPA levels andbirth weight
and ponderal index were shown in Table 5.
Overal, materna MEHP levels were not
significantly associated with birth weight.
The Bs for birth weight in association with
maternal MEHP levels showed opposite
directions between boys and girls. Positive
associations among boys, whereas negative
associations among girls were observed.
This indicated that prenatal DEHP exposure
may influence on fetal adipokine levels and
birth weight in sex specific manner. Cord
blood BPA levels were not significantly
associated with birth weight.

In this prospective birth cohort study of
Japanese  women, we investigated the
relationship between MEHP leve in
maternal blood and BPA level in cord blood
and fetal adipokine levels, birth weight. The
median concentration of MEHP levels was
10.70 ng/ml in this study. Compared to the
study of serum MEHP measurements of
pregnant women [35], the level was dlightly
higher. However, blood sampling periods
were different between our study and
previous study, which could explain the
difference of maternal MEHP levels. When

compared to 2 other studies of adult serum
MEHP measurements from European
countrieq 36, 37], MEHP levelsin our study
was higher, however, the production and use
of DEHP varied among countries where
studies were taken place, which could have
caused differences in observed MEHP levels
in blood. In fact, the levels of DEHP in
house dust in Japan [38] were higher
compared to studies from European
countries [39-43], Asian countries [44, 45],
and the USA [45, 46].

The cord blood BPA levels in this study was
much lower compared to the previous
reports [47-51].

We observed higher levels of leptin and total
and HMW adiponectin levelsin girls than in
boys. Compared to previous studies, the
leptin and adiponectin levels in this study is
similar levels to those from Japanese
study[52], however, they observed that male
had higher adiponectin levels compared to
female (18.8 pg/ml vs. 16.4 pg/ml). Also our
observed levels of adipokines were close
range to the reported levels in Taiwan [27].
Leptin levels in our study was lower
compared to the recently reported levels
from Canadian study [28] which showed
higher leptin levels in female than in male
(16.0 and 8.7 ng/ml, respectively). Severa
studies from western countries showed
much higher levels of adiponectin [53] and
leptin [54] compared to our results. Contrary,
report from USA and China [55] showed
relatively lower adiponectin levels compared
to our results. As previously reported [56,
57], leptin and adiponectin levels vary
among ethnicities and in adult study, Asian
population showed lower adiponectin levels
compared to those of European people [58].
To our knowledge, there have been two
previous reports on prenatal BPA exposure



and cord blood adipokine levels and birth
outcome [27, 28] Chou et a. showed that
elevated prenatal BPA exposure increased
the risk of adverse actions of adipokines,
low adiponectin and high leptin in neonates,
especidly in male infants. In addition, they
reported negative correlation  between
maternal serum BPA levels and birth weight
(p = -0.24) and prenatal BPA exposure
increased the risk of LBW and SGA. In their
study, geometric mean (GM) concentration
of cord blood BPA was 0.5 ng/ml, which
was over 10 times higher than our result
(GM = 0.045 ng/ml), thus the difference in
exposure levels could be one of the reasons
that we did not observe association between
BPA levels and either adiponectin and leptin
levels or birth weight. Ashley-Martin et al.
observed an inverse, non-linear relationship
between maternal urine BPA level and
adiponectin level among males. The
association between maternal urine BPA
levels and birth size was not examined in
their study. In our study, we found no
association between BPA and adiponectin
levels. In thelr study, materna urinary
samples were used for exposure assessment
while we used cord blood samples, which
made it difficult in comparison of the study
results. Further, their study population was
mainly Caucasian living in Canada whereas
our population was Japanese, thus, genetic
differences in metabolism among ethnic
groups may explain the various finding.
Associations  between  prenatal BPA
exposure and birth size have been reported
from several birth cohort studies [27, 51,
59-61], yet the results from those
epidemiological studies were inconsistent.
One study estimated prenatal BPA exposure
only based on questionnaires with no bio
monitoring data, thus comparison of results

was difficult [61]. 2 birth cohort studies
Korea, they reported that prenatal BPA
exposure was associated with increased birth
weight [51, 59]. However, cord blood levels
of BPA was higher in Korean study [51], and
this could be a reason that we did not find
the same result. Experimental studies
suggested that BPA increased gene
expression of adipogenic transcription
factors in 3T3-L1 preadipocytes [62] and
perinatal BPA exposure was associated with
the  over-expression of adipocyte
hypertrophy and of lipogenic genes in rats
[63]. Although these studies provided some
evidences that BPA exposure may alter
adipokine secretion, we should consider that
results from higher exposure levels in
experimental setting may not be applicable
to human exposure levels and thus
examinations in lower exposure level in
epidemiological studies ill need to be
conducted.

There have been one previous study
regarding prenatal phthalate exposure and
adipokine levels in cord blood [28]. They
found that maternal urinary
Mono-(3-carboxypropyl) phthalate (MCPP),
metabolite of Di-n-octyl phthalate (DOP),
level was associated with increased odds of
high leptin among males (OR = 3.5, 95% ClI:
1.1-11.6). They aso have investigated other
phthalate metabolites including MEHPR,
however, did not find any associations
between these metabolites and feta
adipokine levels. In our study, we did not
conduct exposure assessment of DOP, thus
we were unable to compare our results with
the previous study results, however, we
found positive association between MEHP
and adiponectin in boys and negative
association between MEHP and leptin in
girls. In the previous study [28], they only



have investigated the association between
maternal urinary phthalate levels and fetd
adipokines, but no birth outcomes such as
birth weight were examined. Our study is
the first study to investigate the association
between prenatal phthalate exposure and
fetal adipokines and birth outcome together.
The results from our study could be
interpreted that prenatal phthalate exposure
may cause changes in fetal adipokine levels,
but not adverse influence on birth size.
Other previous studies have shown no
significant association between prenatal
phthalate exposure and birth size [64, 65].
Our result added an evidence that prenata
DEHP exposure did not have significant
influence on birth weight. Yet influence of
other phthalate exposure on fetus adipokines
and birth size need to be investigated in the
future work.

This was the first study of investigating
prenatal DEHP and BPA exposure on fetd
adipokine levels aong with investigating
birth weight. This study suggested that
prenatal BPA and DEHP exposure may have
adverse influence on fetal metabolic
function but not on birth size. Also these
influences appeared to be potentialy
sex-specific. In the future, evaluation of
postnatal exposure to these chemicals and
examination of biomarkers of children is
necessary to assess the association between
EDCs exposure and childhood growth.
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Figure 1. Participants’ selection flow in this study.



Table 1 Characteristics of participants.

Characterigtics

All
% or mean (SD)

Boys
% or mean (SD)

Girls
% or mean (SD)

Maternal characterigics

N =491

Age at delivery (years) 30.7 (4.9)
Pre-pregnancy BMI (kg/nv) 21.2 (3.2)
Parity-nulliparous 47.8%
Smoking Never/quit before pregnancy | 59.7%
Quit after finding pregnancy | 23.4%
Current smoker 16.9%
Education (years) 12 44.6%
13 55.4%
Family income (yen) < 5M 68.2%
5M 31.2%
Paternal characterigics N =491
Age (years) 32.3(5.7)
BMI (kg/m?) 23.2(3.4)
Education (years) 12 43.8%
13 56.2%
Child characterigics N =491 N=233 N=258
Gestational age (days) 275.6 (9.6) 275.0 (9.4) 276.0 (9.7)
Birth weight () 3064 (374) 3113 (378) 3020 (365)
Ponderal Index (kg/mq) 27.6 (3.6) 27.6 (4.5) 27.6 (2.4)




Table 2 Measurements of MEHP, BAP and adipokines.

Biomarkers All Boys Girls
N Median (IQR) | N Median (IQR) | N Median (IQR)

MEHP (ng/ml) 335 | 10.70

(6.30-17.05)
BPA (ng/ml) 285 | 0.051

(LOD-0.076)
Total adiponectin | 264 | 19.1 127 | 18.3 137 | 19.7
(ug/ml) (15.0-22.8) (14.1-21.2) (16.0-23.8)
HMW adiponectin | 264 | 12.7 127 | 114 137 | 131
(ug/ml) (9.5-15.5) (8.9-14.8) (10.2-16.7)
Leptin (ng/ml) 257 | 5.9 125 | 5.0 132 | 74

(3.8-9.3) (3.4-6.6) (4.4-11.8)




Table 3 Distribution of maternal MEHP and cord blood BPA levels by maternal characteristics.

MEHP (ng/ml) BPA (ng/ml)
N=335 N=285
Characterigtics GM pvalue | GM p value

Age (years) 24 11.21 0.823 0.051 0.714
25-29 11.20 0.047
30-34 10.52 0.046
35 10.84 0.046

BMI (kg/m?) < 18.5 11.44 0.819 0.048 0.123
18.5-24.9 10.88 0.046
25.0-29.9 9.70 0.063
30 10.76 0.063

Parity 0 10.68 0.444 0.047 0.684
1 11.17 0.047

Education (years) 12 10.94 0.885 0.046 0.967
13 10.84 0.048

Family income (yen) <5M 10.62 0.190 0.048 0.586
5M 11.42 0.046

Smoking never/quit before pregnancy | 10.94 0.802 0.046 0.794
quit after finding pregnancy | 10.80 0.048
current smoker 10.81 0.048

p values were obtained from Mann-Whitney’s U test or Kruskal-Wallis test.




Table 4 Association between maternal MEHP and cord blood BPA levels and fetal adipokines.

All Boys Girls

N [p 95% ClI N [B 95% ClI N [p 95% ClI
MEHP
Total adiponectin (ug/ml)® | 187 | 0.02 | -0.04, 0.09 91 0.12 | 0.03,0.21** | 96 -0.04 | -0.13, 0.06
HMW adiponectin | 187 | 0.04 | -0.05,0.12 91 0.15 | 0.03,0.27** | 96 -0.03 | -0.15, 0.09
(ng/mh?
Leptin (ng/ml)P) 181 |-0.13 | .0.27,0.01t [ 89 |008 |-0.12,028 |92 |-0.29 |-0.49,-0.10**
BPA
Total adiponectin (ug/ml)® | 251 | 0.03 | -0.03, 0.09 118 | 0.04 | -0.05, 0.13 133 | 0.03 | -0.05, 0.10
HMW adiponectin | 251 | 0.04 | -0.04,0.11 118 | 0.04 | -0.08, 0.16 133 | 0.04 | -0.06, 0.13
(ng/mh?
Leptin (ng/ml)® 245 | 0.07 |-005019 |117 | 005 |-0.12,021 | 128 | 0.09 | -0.09,0.27

3 Adjusted for child sex and maternal BMI
b Adjusted for child sex, maternal BMI and gestational age

+ p<0.10, ** p<0.01




Table 5 Association between maternal MEHP levels, cord blood BPA levels and birth weight.

All Boys Girls
N [ 95%Cl N [ 95%Cl N [ 95%Cl
MEHP 335 161 174
Weight (g) -36.5 | -162.4, 335 | -169.5, -81.2 | -243.0,
89.4 236.5 80.5
Ponder al -0.57 | -2.10, -0.08 | -3.21, -0.85 | -2.03,
Index (kg/m?®) 0.96 3.06 0.33
BPA 285 127 158
Weight () 541 | -69.5, 63.4 | -116.4, 46.8 | -126.5,
177.7 243.2 220.2
Ponderal 044 | -047, 1.10 | -0.26, -0.04 | -1.29,
Index (kg/m?®) 1.36 2.45 1.21

3 Adjusted for child sex, parental BMIs and gestational age.

b Adjusted for parental BMI and gestational age.




Table S1 Distribution of adipokines and birth weight by maternal characteristics.

Total HMW Leptin Birth
adiponectin | adiponectin | (hg/ml) | weight (g)
(ug/ml) (ng/ml)
Mater nal characteristics median median median | mean (SD)
Age (years) 24 18.7 12.2 8.2 3068 (367)
25-29 18.8 12.6 55 3077 (375)
30-34 20.3 134 6.3 3068 (376)
35 16.9 11.0 5.4 3039 (375)
BMI (kg/m?) < 18.5 18.2+ 11.41 4.3* 2951 (371)*
18.5-24.9 18.8 12.6 6.0 3083 (371)
25.0-29.9 204 124 7.0 3059 (435)
30 22.9 16.1 8.6 3163 (160)
Education (years) 12 19.7 12.8 6.1 3044 (376)
13 18.6 12.4 5.7 3079 (372)
Family income (yen) <5M 195 12.8 5.8 3076 (368)
5M 18.3 11.9 6.0 3042 (386)
Smoking never/quit before pregnancy | 19.0 12.7 5.8 3062 (378)
quit after finding pregnancy | 18.4 12.0 5.9 3097 (392)
current smoker 19.7 12.8 6.0 3022 (331)

p values were obtained from Mann-Whitney’s U test or Kruskal-Wallis test.

*P<0.05 tp<0.10




Effects of prenatal phthalate exposure on thyroid hormone levels, mental and
psychomotor development of infants: The Hokkaido Study in Environment and
Children®s Health

Di (2-ethylhexyl) phthalate (DEHP) is commonly used phthalates and
concerns of adverse effects of prenatal DEHP exposure on neonatal thyroid
hormone (TH) and neurodevelopment are increasing. However, there is no
report regarding association between prenatal DEHP exposure and infant
neurodevelopment including TH levels in Japanese population. Thus the aim of
present study was to evaluate the associations between prenatal DEHP
exposure and mental and psychomotor development of infants 6 and 18 months
along with investigating influence on neonatal free thyroxine (FT4) and thyroid
stimulating hormone (TSH) levels in the prospective birth cohort study.
Maternal blood samples collected between 23-41 weeks of gestation was
analyzed for mono (2-ethylhexyl) phthalate (MEHP), metabolite of DEHP levels.
Neonatal FT4 and TSH were obtained from mass screening data. Infant
neurodevelopment was assessed by Bayley Scale of Infant Development second
edition at 6 and 18 month of age. For the final analysis, 328 participants were
included.

The median levels of maternal MEHP was 10.6 ng/ml, neonatal TSH and FT4
was 2.20 p U/ml and 2.03 ng/ml, respectively. We did not find any associations
between prenatal DEHP exposure and neonatal TH levels or infant mental and
psychomotor development at 6 and 18 months.

In this study, prenatal DEHP exposure did not show adverse effects on infant
TH levels or mental and psychomotor development in early life stage. However,
our previous study revealed negative effects of prenatal DEHP exposure on sex
hormone levels, continuous investigation on neurodevelopment in later life in
association with prenatal DEHP exposure is necessary.

inhaled through contaminated air or dust,
ingested through food and dermally
absorbed through care products® and

detectable levels of phthalates have been
reported  worldwide®>. In  particular,
Phthalates are a group of chemicals widely Di-2-ethylhexyl phthal ate (DEHP)
used in consumer products including  represents one of the most important
persona care products aswell asinindustry  plasticizers used in industry®. DEHP is
for primary plasticizers!. Phthalate can be primarily metabolized to  monoester,




Mono-2-ethylhexyl phthalate (MEHP) then
further metabolized to the secondary
metabolites. Adverse health effects of
phthal ate exposure has been a growing issue,
especially in populations such as pregnant
women and infants® as maternal-fetal
transmission to offspring have been
reported” & and as detoxifying enzymes are
not fully developed in fetus.

In animal studies, prenata DEHP exposure
were associated with adverse effects on
neurodevelopment and behavior in their
offspring®. In human, certain phthalate
metabolites, especially metabolites of DEHP
measured in  materna  urine  during
pregnancy have been associated with
adverse  infant  neurodevel opment!-13,
Cross-sectional studies have reported that
DEHP metabolites including MEHP were
significantly associated with attention deficit
hyperactivity disorder (ADHD) symptom
among school age children*, reduced
intelligence quotient (IQ) in school age
children in Korea®™® and attention deficit
disorder (ADD) symptom among children
aged 6-15 years'®. Some of these adverse
effects on child neurodevelopment observed
in previous studies were sex-specific and
limited. Thus understanding impact of
prenatal exposure to phthalates, especialy
most commonly used DEHP, is urgent.
Subtle changes in circulating levels of
thyroid hormone (TH) may have permanent
effect on child development'’. TH is very
important for fetal growth during pregnancy.
Exposure to environmental chemicals
including phthalates have been reported to
cause thyroid disruption in experimental
animals'®, Several studies have indicated
that phthalates may alter thyroid functionsin
human'®2L, Especially, MEHP was inversely
associated with serum free thyroxine (FT4)

and total triiodothyronine (T3) levels in a
cross-sectional study of 408 men attending a
U.S. infertility clinic®. The same group
reported significant inverse relationships

between urinary DEHP  metabolites
including MEHPR, MEHHP
(Mono-2-ethyl-5-hydroxyhexyl  phthalate),

MEOHP (Mono-2-ethyl-5-oxohexyl
phthal ate) and MECPP
(Mono-2-ethyl-5-carboxypentyl  phthalate)

and total thyroxine (T4), FT4, T3, and
positive relationships with
thyroid-stimulating hormone (TSH) among
1346 adult population in U.S. (NHANES)®.
Urinay DEHP metabolites were also
inversely related to total and FT3 levelsin a
Danish cross-sectional study of 845
children®2. Contrary, two of the previous
studies observed no association between
maternal DEHP exposure and thyroid
function in their offspring®> 24,

To our knowledge, there are no available
data of investigating association between
prenatal DEHP exposure and TH levels of
neonates and effects of later infant
neurodevel opment together. Thus the aim of
this study was to investigate the association
between prenatal DEHP exposure and infant
mental and psychomotor development at
two distinct time points of ages 6 and 18
month aong with examining the influence
of prenatal DEHP exposure on infant TH
levels.

Study population

This prospective birth cohort study was
based on the Sapporo Cohort, Hokkaido
Study on Environment and Children’s
Health® 2. Briefly we recruited pregnant
women at 23-35 weeks of gestation between
July 2002 and October 2005 from the
Sapporo Toho Hospital in Hokkaido, Japan.



All subjects were residents in Sapporo City
or surrounding areas. The participants
completed the self-administered
questionnaire after the second trimester
during their pregnancy. The questionnaire
contained baseline information including
their dietary habits, exposure to tobacco
smoking history, acohol consumption,
caffeine intake, family income, educational
levels of themselves and partners. The
perinatal information of the mothers and
their infants was collected from their
medical records. We used the following
eligibility for criteria for analyses of
subjects; no serious illness or complications
during pregnancy and delivery, no thyroid
function diseases, singleton babies born at
term (37 to 42 weeks of gestation), Apgar
score of > 6 at 1 minute, babies without
congenital anomalies or diseases, and
Bayley Scale of Infant Development second
edition (BSID-11)*® completed. Among all
514 participants of Sapporo Cohort Study,
493 available maternal blood samples for
MEHP measurements. Materna  blood
samples collected after delivery were
excluded from analysis due to the relatively
short biologica half-life of DEHP.
Eventually 332 maternal blood levels of
MEHP were available in this study. Of 332,
328 participants had available TH levels,
among them, only 127 and 97 participants
had available BSID-I1 scores at 6 month and
at 18 month, respectively. This study was
conducted with the informed consent of all
participants in written forms. The protocol
used in this study was approved by the
Institutional Ethical Board for
epidemiological studies at the Hokkaido
University Graduate School of Medicine,
Hokkaido University Center for
Environmental and Health Sciences and

Ethics Review Committee of Nagoya
University Graduate School of Medicine.
MEHP measurement

Approximately 40 mL of maternal blood
samples were collected from each woman
after the second trimester of their pregnancy.
All samples were stored in uniform way at
-80 until the analysis to avoid hydrolysis
by enzyme activity. The concentrations of
MEHP in maternal blood were measured by
using gas chromatography-mass
spectrometry  (GC/MS) a Nagoya
University under the analytical conditions
mentioned previously?’. 30 p | of blood
samples were mixed with 120 py | of 1IN
HCIl to deactivate the serum enzymes, 350
M | of saturated saline solution and 50 p |
of 10 y M MEHP-d as an internal standard.
Then MEHP was extracted two times with
500 p | of ethyl acetate after shaking for 15
minutes. There was no incubation process
until extraction. The ethyl acetate layer was
evaporated then the residue was dissolved
into 40 p | of ethyl acetate. After addition
of 20 ¥ I of
N-methyl-N-(tert-butyldimethylsilyl)
trifluoroacetamide (GL Sciences, Tokyo,
Japan), the reaction was left for 60 minutes
at room temperature. The concentration of
MEHP tertbutyldimethylsilyl derivative was
measured by GC/MS (6890N, 5973N;
Agilent Technologies, CA, USA). Two ions,
m/z 227 as quantification ion and 339 for
confirmation ion, were used to detect
MEHP?, The limit of detection (LOD) was
0.278 ng/ml (1 pmol/ml). For each sample,
duplicate analysis was performed. To
determine background levels, MEHP levels
in a tube containing the same medium as the
reaction vial were measured. All glass wares
were heated at 200  for 2 hours to exclude
the possibility of environmental



contamination. Coefficient of variation (CV)
of MEHP measurements within a day was
2.0-7.8 % for 6 days, and CV of day to day
for 6 days was 6.2 % a 5 pmol/ml of
concentration?’.

Thyroid hor mone measurement

We obtained blood samples data of TSH and
FT4 from Sapporo City Institute of Public
Health which conducted the mass screening
test for congenital diseases routinely. A
heel-prick blood sample of newborns was
obtained as spots on a filter paper for the
Guthrie test. The blood samples were
obtained from infants between 3 and 7 days
after birth. Blood samples were applied to
0.3 cm filter disks and TSH and FT4 levels
were measured using ELISA (TSH:
Enzaplate N-TSH, Bayer Co., Tokyo, Japan;
FT4: Enzaplate N-FT4, Bayer Co.). The FT4
levels were detected from al the samples.
For samples with TSH levels below the
detection limit (0.50 pU/mL), we used a
vaue of haf the detection limit (0.25
pU/mL).

Devel opmental assessment

We used BSID-11?° to assess the infant
mental (mental development index; MDI)
and psychomotor (psychomotor
development index; PDI) development at
age 6 and 18 month. The BSID-II is
considered most useful infant devel opmental
test tool used between 0O to 3 years of age.

The BSID-II menta scade assesses
children’s  cognitive, language, and
personal/social  development and the

psychomotor scale assesses fine and gross
motor development. The developmental
evaluation was peformed by three
occupationa therapists who have clinica
experience in the field of developmental
disabilities®®. The examiner was unaware of
maternal MEHP levels. Additiondly, the

Index of Child Care Environment (ICCE)
was used to investigate the child care
environment of infants at 6 and 18 month of

age™.
Dataanalyss
Since the distributions of MEHP

concentrations and TH levels were right
skewed, these variables were transformed by
the natural logarithms (In) to improve their
linear relation with MDI and PDI. To
examine the relation between prenatd
DEHP exposure and infant TH levels and
infant neurodevel opment, mediation
analyses were conducted by using
bootstrapping confidence intervals. To select
covariates to include in models, risk factors
known or suspected of being associated with
the phthalates concentrations and/or infant
neurodevelopment were reviewed in the
literatures'® ™. The covariates used in this
study were maternal age at delivery,
maternal education, caffeine intake during
pregnancy, family income, parity, blood
sampling period, gestational age and infant
sex. The covariates were included into the
final model if their p-values were below 0.1.
Results were considered significant at p <
0.05. All analyses were conducted using
SPSS (Version 22.0; SPSS, Chicago, IL,
USA).

Table 1 shows basic characteristics of
participants. There were no significant
difference in maternal  characteristics
between infant sexes. 18% of mother
smoked during pregnancy and 33% of
mothers had acohol consumption during
pregnancy. Birth length was significantly
longer in boys compared to girls (p = 0.005).
The median concentration of MEHP was
10.6 ng/ml (Inter Quartile range (IQR);
6.3-17.1 ng/ml) and was detected in 100 %



of the samples. The median concentration of
TSH was 220 p U/ml (IQR; 1.40-4.00)
and FT4 was 2.03 ng/ml (IQR; 1.79-2.29),
respectively. The mean + SD of MDI and
PDI a 6 month were 90.2 £+ 5.4 and 88.6
+ 10.4, respectively. The mean £ SD of
MDI and PDI a 18 month were 84.6 *
12.4and 87.0 £ 11.5, respectively.

Table 2 shows maternal MEHP levels in
relation to participants’ characteristics. All
the characteristics except blood sampling
period were not associated with MEHP
levels. MEHP levels were significantly
higher among samples taken between 32-34
weeks of gestation. Maternal MEHP levels
were not associated  with  infant
characteristics.

Comparison between participants who
completed BSID-II (N=127) and who did
not (N=201) was shown in the Supplemental
Table 1. Maternal and paterna education
levels, family income, paternal age and
MEHP level were significantly higher
among those who included in fina the
analysis compared to those who were not
included. Comparison between those who
had two times of neurodevelopment
assessments (both at 6 and 18 months,
N=97) and those who had one assessment
(only at 6 month, N=30), both materna and
paternal ages were significantly higher
among those who had both assessments.
Additionally, the percentage of maternal
smoking during pregnancy was significantly
lower among those who had both
assessments. Furthermore PDI at 6 month
was significantly higher among those who
both assessments (Supplemental Table 2).
Table 3 shows association between infant
TH levels and maternal MEHP levels. Both
TSH and FT4 levels were not associated
with maternal MEHP levels.

Table 4 shows association between BSID-I|
score and 6, 18 month and materna MEHP
levels. Overal there was no significant
association between BSID-II scores and
maternal MEHP levels at both tested ages.
Models included environmental chemicals;
PCBs, dioxins and perfluorinated chemical
(PFCs) that showed negative association
with BSID-11 in the same cohort %* 3 did not
change the results (data not shown).

Maternal MEHP level was higher compared
to previously reported values of pregnant
women®, In our study, we found that
maternal MEHP level was not associated
with infant TH level nor infant
neurodevelopment at ages 6 and 18 months.
Our findings added evidence to the previous
prospective  study?, which found no
association between DEHP exposure and
cord blood TH levels.

In several epidemiological studies, adverse
health effects of DEHP exposure determined
by urine metabolites on TH levels were
reported’® 2. In Taiwanese study, high
exposure to DEHP from foodstuffs were
associated with decreased TSH levels in
children, however, in their study, DEHP
exposure assessment was only based on
interview, thus misclassification might
exist??. Experimental evidence suggested
that thyroid homeostasis disruption,
peroxisome proliferator-activated receptors
(PPAR) activation, and changing lipid
metabolism maybe responsible for prenatal
phthalate in association with fetd
neurodevel opment®3, Although these studies
suggest DEHP metabolites may disrupt TH
homeostasis among adults and children, how
and which particular TH by which phthalate
metabolite is still inconsistent. Additionally,
adults and children may have different



influence on thyroid functions. Contrary a
prospective birth cohort study in Taiwan
showed no significant association between
DEHP exposure and TH levels in cord
blood?. Our finding was consistent with the
Tailwanese prospective study, however,
given the fact that T4 and TSH levelsin this
study were within the normal ranges and the
sample size was relatively small, thus
possible significant relationships could
easily have been missed.

In this study, we did not find any significant
association between maternal MEHP levels
and infant MDI and PDI at both 6 and 18
month. As described in  previous
publications from our group® 3!, maternal
caffeine intake, birth weight, birth length
and gestational age for 6 month, family
income and infant sex for 18 month were
found to be correlated to BSID-II scores in
this study population (Supplemental Table 2)
and thus even the study population was
smaller compared to our original cohort,
subpopulation in this study considered to
have null bias. Our result was supported by
previous report that socioeconomic status
was associated with neurological functions
such as language, memory, cognition and
socia development®. In this study, BSID-II
score at 6 month were similar between boys
and girls, however, girls showed higher
BSID-1I scores at 18 month. Previous study
showed higher MDI and PDI among girls
after first year of life but not earlier age®
and our result was consistent with the
previous report.

Kim et a.l° found an inverse association
between prenatal levels of MEHHP and
MEOHP, metabolites of DEHP and MDI and
PDI only in male. Tellez-Rojo et a.'?
evaluated the effects of maternal urinary
concentrations of phthalate metabolites on

MDI and PDI in children 24-36 months and
found no significant association among all
children, however, negative association
between DEHP metabolites and MDI was
observed only in girls. Polanska et al.l
found that child motor development was
inversely associated with sum of DEHP
metabolites in maternal urine samples. A
study examined infant neurodevel opment at
5 weeks newborn intensive care unit (NICU)
Network Neurobehavioral Scae (NNNS)
found that prenata exposure to DEHP
determined from materna urine levels at 26
weeks of gestation was associated with
non-optimal reflexes in male infants®. The
recent study in Taiwan®’ suggested that
positive associations between maternad
DEHP exposure and externalizing domain
behavior problems in 8-year-old children by
using Child Behavior Checklist (CBCL).

Although various epidemiological studies
have been conducted on prenata DEHP
exposure and child neural and behaviord
development, demographic of  study
population, timing of exposure and outcome
measurements, assessment of outcome, and
other factors have varied among studies and
therefore, no clear conclusion have been
found. The median concentration of MEHP
was 10.6 ng/ml in this study. Compared to
the study of serum MEHP measurements of
pregnant women®?, the level was higher.
However, the production and use of DEHP
varied among countries, which could have
caused differences in observed MEHP levels
in blood. More than 50% of phthalate use in
Japan is DEHP®, and DEHP intake in
Japanese population was higher than that of
most other studies®™. Additionally, the levels
of DEHP in house dust in Japan were higher
compared to the studies from other
countries®. Previous report from our cohort



population showed that prenata DEHP
exposure was not associated with infant
birth size?” suggested that MEHP levels we
observed were not high enough to cause
developmental adverse effects on infant
health.

No differences were found between boys
and girls in relation to MEHP levels and
infant neurodevelopment in this study. In
severa epidemiologica studies, sex specific
effects of prenata phthalate exposure on
child neurodevelopment were found'® 12 36
4 yet results from these previous studies
were inconsistent. Also the reason that we
did not find significant association could be
due to relatively smaller sample size of this
study. Decreased PDI at 18 month among
girls even it did not reach the significance
may suggest there might be sex specific
effect. Continuous neurodevel opmental
evaluation and larger sample sizes were
required to find out sex specific effects.
Maternal smoking and alcohol consumption
during pregnancy, breast feeding were
known important factors of infant
neurodevelopment. Breast feeding also
could possibly be an exposure source of
DEHP. In this study, we examined the model
including these factors, however, the results
of analysis with and without these covariates
did not show much change, and thus, those
factors were excluded from the final model.
We also investigated the association between
maternal MEHP levels and TH of neonate
and BSID-1Il with controlling other
environmental chemical exposures including
PCBs, dioxins and PFCs as they were found
to be negatively associated with neonatal TH
levels and infant development® 3% 42,
However, the result remained unchanged
and we did not find adverse effects of
prenatal DEHP exposure on TH levels and

BSID-II.

BSID-1I mean scores in both 6 and 18
months were lower than standardized scores
in this study. Since there are cultural and
language differences between Japan and the
United States, the BSID-II should be used
with caution in Japan. Although we
observed relatively lower mean BSID-II
scores among our study population, Oka et
al. reported high correlation between
BSID-1I and the Kyoto Developmental Test
that was standardized in Japan®™. Thus,
BSID-I11 scores of our study population were
considered to be validated and reasonable
for using analyses.

The strength of our study was that we
measured child neurodevelopment outcome
by well-trained examiners and twice at
different time points which allowed us to
investigate the association of prenatal DEHP
exposure and child neurodevel opment across
the time. The limitations of this study need
to be considered. In our study population,
serum was used for measurements of
phthalates instead of urine. Recently, some
disadvantages of using serum instead of
urine have had much attention™. It is known
that hydrolytic enzymes are present in blood
samples and may be responsible for diester
to monoester conversion after the blood
sampleis drawn®. Thus, levels of monoester
phthalates may seem to be falsely elevated
due to ex-vivo conversion of contamination.
To reduce the influence of enzyme, blood
samples were immediately stored at -80
and acid was added to samples immediately
after thawing to inhibit enzyme activity. We
cannot exclude the possibility of conversion
of diesters from sample contamination
happened between drawing of blood and
analysis. In this study, al blood samples
were collected at one hospital in the same



way, and analyzed at the same laboratory,
therefore, it is expected to be the same level
of potential environmental contamination if
any. Additionaly findings from previous
studies suggested that wurinary DEHP
metabolites in pregnant women were lower,
particularly at the later stages of pregnancy
than those in non-pregnant women, thus
using urinary DEHP metabolites as exposure
biomarkers needs to be cautiousy
implemented®. Other limitations were the
follows. There have been concerns whether
single drawing of maternal blood sample
represent the long-term prenatal phthalate
exposure due to short half-life of DEHP and
there might be a possibility of accidental
exposure near blood drawing period. Blood
concentrations might change rapidly and
therefore, repeated measurements would be
desirable. Using secondary metabolites of
phthalates was recommended due to
hydrolytic enzyme activity in blood samples
and several recent studies*” * successfully
determined secondary metabolites of DEHP
in blood samples though level of secondary
metabolites in serum sample was lower than
in urine sample®. Measurement of MEHP
may be more relevant in studies
investigating associations between DEHP
exposure and adverse hedth effects as
MEHP is known to be responsible for
biological activities attributed to DEHP
exposure®. Maternal blood samples were
taken during the third trimester, thus, the
effect of fetal exposure to DEHP during the
earlier stages of fetal neurodevelopment
have not been assessed in this study.
Previously, influence on infant
neurobehavior by phthalate was evident only
with exposure measured at 26 weeks but not
at 16 weeks of gestation®, thus exposure
assessment at late pregnancy might be more

reasonable when comes to assessing
neurodevelopment. Fetal growth is rapid
during the third trimester. Biologically, little
synapse formation occurs before the
beginning of the third trimester, when it
accelerates to  approximately 40,000
synapses per minute™ indicating that it was
arelevant exposure period. There might be a
chance of selection bias in this study as we
only included participants with available
materna blood samples and BSID-I1 scores
into the final analysis (N=127). Participants
included in our final analysis showed higher
percentage of college graduate level of
education of parents, higher income level
(5 million yen/year), compared to the
participants who excluded. Small sample
size could be a possible reason for not
observing association between prenata
DEHP exposure and neurodevel opment.

In conclusion, prenatal exposure to DEHP
did not show adverse effects on neonate TH
levels and infant MDI and PDI in early life
stage, athough prenatal PCBs, dioxins and
PFCs exposure showed negative impact in
the same cohort participants® 3L %2, This was
the first study of investigating prenatal
DEHP exposure and TH levels of newborns
and infant MDI and PDI at early stage of life.
However, our previous study reveded
negative effects of prenatal DEHP exposure
on maternal fatty acids including omega 3%’
and sex hormone levels®, continuous
investigation on neurodevelopment in later
life, especialy peripuberty, in association
with prenatal DEHP exposure is necessary.
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Table 1 Characteristics of participants.

Parental characteristics Mean £SD or number (%) or Median (IQR) p-valueb
All (N=328) Boys (N=158) Girls (N=170)

Maternal age (years) 30.2+4.7 30.5+4.9 30.0+4.6 0.524

Maternal education (years) 12 147 (44.8) 70 (44.3) 77 (45.3) 0.857
>12 181 (55.2) 88 (55.7) 93 (54.7)

Parity 0 167 (51.1) 86 (54.8) 81 (47.6) 0.198

1 160 (48.9) 71 (45.2) 89 (52.4)

Maternal smoking during pregnancy Yes 59 (18.0) 23 (14.6) 36 (21.2) 0.119
No 269 (82.0) 135 (85.4) 134 (78.8)

Alcohol consumption during pregnancy Yes 108 (32.9) 105 (66.5) 53 (33.5) 0.819
No 220 (67.1) 115 (67.6) 55 (32.4)

Maternal work during pregnancy Yes 31(9.5) 15 (9.5) 16 (9.4) 0.980
No 297 (90.5) 143 (90.5) 154 (90.6)

Caffeine intake during pregnancy (mg/day) 143.0 + 120.8 145.1 £ 101.2 141.1 £ 136.7 0.215

MEHP (ng/ml) 10.6 (6.3-17.1) 10.1 (6.5-15.6) 11.3 (5.9-17.8) 0.361

Maternal pre-pregnancy BMI (kg/m?) 21.3+33 20.9+3.2 21.6+34 0.030

Family income (million yen) <5 225 (68.8) 110 (69.6) 115 (68.0) 0.759

5 102 (31.2) 48 (30.4) 54 (32.0)

Paternal age (years) 31.9+56 32.0+55 31.7+56 0.729

Paternal education (years) 12 146 (44.6) 67 (42.7) 79 (46.5) 0.491
>12 181 (55.4) 90 (57.3) 91 (53.5)

Paternal smoke during pregnancy Yes 237 (72.5) 111 (70.7) 123 (74.1) 0.490
No 90 (27.5) 46 (29.3) 44 (25.9)

Infant characteristics

Birth weight (g) 3096 + 366 3108 + 381 3085 + 352 0.614

Birth length (cm) 48.2+1.9 48.4+22 48.0+x1.5 0.005

Gestational age (days) 277.1+£8.9 276.2+9.4 278.0+8.4 0.115

Mode of delivery Vaginal 278 (84.8) 130 (82.3) 148 (87.1) 0.229
C-section 50 (15.2) 28 (17.7) 22 (12.9)

TSH (uU/mil) 2.20 (1.40-4.00) 2.21 (1.38-4.00) 2.30(1.38-3.93) 0.790

FT4 (ng/ml) 2.03 (1.79-2.29) 2.02 (1.81-2.22) 2.03 (1.79-2.34) 0.437

MDI at 6 month N=127 90.2+54 90.3+54 90.1+54 0.898

PDI at 6 month N=127 88.6 + 10.4 87.3+94 90.0+11.3 0.132

MDI at 18 month N=97 84.6+12.4 82.2+11.5 87.1+£12.9 0.053

PDI at 18 month N=97 87.0+11.5 84.4+11.4 89.5+11.1 0.029

p value obtained from Mann-Whitney U-test between boys and girls.

MEHP; Mono-2-ethylhexyl phthalate, TSH; Thyroid Stimulating Hormone, FT4; Free Thyroxine,
MDI; Mental Development Index, PDI; Psychomotor Development index

Table 2 Maternal MEHP levels in relation to participants’ characteristics (N=328).

MEHP levels (ng/ml)

Maternal characteristics mean + SD p-value

Maternal age (years) p =-0.015 0.790

Maternal education (years) 12 14.3+13.4 0.474
>12 13.4+£10.3

Parity 0 13.6+12.2 0.753

1 140+ 11.4

Maternal smoking during pregnancy Yes 154 +£17.8 0.416
No 13.4+10.0

Alcohol consumption during pregnancy Yes 14.0+£12.2 0.818
No 13.7+11.6

Maternal working during pregnancy Yes 149+94 0.585
No 13.7+12.0

Caffeine intake during pregnancy (mg/day) p= 0.080 0.148

Maternal pre-pregnancy BMI (kg/m?2) =-0.005 0.929

Family income (million yen) <5 13.9+13.1 0.797

5 13.6+84

Blood sampling period (weeks) 23-31 13.6 £10.1 0.002
32-34 16.2+15.0
35-41 12.0+10.5

Infant characteristics

Sex Boy 129+ 11.0 0.181
Girl 146+ 125

Birth weight (g) p =-0.036 0.513

Birth length (cm) p =-0.001 0.982

Mode of delivery Vaginal 13.8 +121 0.971
C-section 13.7+£9.8

Gestational age (days) p =-0.007 0.906

TSH (uU/mil) p =0.041 0.464

FT4 (ng/ml) p=0.018 0.752

MEHP; Mono-2-ethylhexyl phthalate, TSH; Thyroid Stimulating Hormone, FT4; Free Thyroxine,

Mann-Whitney test or Kruskal-Wallis test and Spearman’s coefficients.



Table 3. Association between infant thyroid hormone levels and maternal MEHP levels stratified by infant sex.

Thyroid hormone N B (95% CI) p-value

TSH (uU/mi) Al 328  0.04(-0.16,0.23  0.719
Boy 158  0.04(-0.18,0.26)°  0.732
Girl 170 0.08(-0.09, 0.25)°  0.381
FT4 (ng/ml) Al 328 -0.02(-0.08,0.03) 0.361
Boy 158  0.03(-0.02,0.07)°  0.277
Girl 170 -0.01(-0.05,0.04)°  0.781

2 Adjusted for infant sex, infant age (days) at hormone measurement and blood sampling period for MEHP
measurement.

b Adjusted for infant age (days) at hormone measurement and blood sampling period for MEHP measurement.

TSH; Thyroid Stimulating Hormone, FT4; Free Thyroxine

Table 4. Association between MDI and PDI at 6 and 18 months and maternal MEHP levels stratified by infant sex.

BSID 6 month N B (95% CI) p-value

MDI All 127 0.64(-0.75,2.03)°  0.365
Boy 64  -0.09(2.17,1.98)° 0.929
Gl 63 1.17(-0.83,3.17)°  0.247
PDI All 127 -1.63(-4.14,0.887 0.202
Boy 64  -1.99 (-5.44, 1.47)° 0.254
Gil 63 -1.42(-5.37,2.53)° 0.474

BSID 18 month B (95% CI)° p-value

MDI Al 97  049(-3.19, 4.17)°  0.791
Boy 50 1.18(4.42 6.78)  0.674
Gl 47  0.28(-5.80,5.25¢  0.920
PDI Al 97  -1.19 (-4.55,2.17)° 0.483
Boy 50 0.31(5.23586)0 0810
Girl 47 -2.86(7.54,1.83)° 0.225

@ Adjusted for infant sex, gestational age, mother’s age at delivery, maternal education, blood sampling period for MEHP
measurement, caffeine intake during pregnancy (only for PDI).

b Adjusted for gestational age, mother’s age at delivery, maternal education, blood sampling period for MEHP
measurement, caffeine intake during pregnancy (only for PDI).

¢ Adjusted for gestational age, mother’s age at delivery, maternal education, blood sampling period for MEHP
measurement, family income (only for PDI), parity (only for PDI).

4 Adjusted for infant sex gestational age, mother’s age at delivery, maternal education, blood sampling period for MEHP
measurement, family income (only for PDI), parity (only for PDI).

BSID; Bayler Scale of Infant Development, MDI; Mental Development Index, PDI; Psychomotor Development index



Supplemental Table 1. Difference in characteristics between included participants (N=127) and excluded
participants (N=201).

Parental characteristics Mean £SD or number (%) p-value
Included Excluded
(N=127) (N=201)
Maternal age (years) 30.6+4.7 30.0+4.8 0.252
Maternal education (years) 12 45 (35.4) 102 (50.7) 0.007
>12 82 (64.6) 99 (49.3)
Parity 0 68 (54.0) 99(49.3) 0.407
1 58 (46.0) 102 (50.7)
Maternal smoking during pregnancy Yes 17 (13.4) 42 (20.9) 0.085
Alcohol consumption during pregnancy Yes 42 (33.1) 66 (32.8) 0.965
Maternal work during pregnancy Yes 15 (7.5) 16 (12.6) 0.121
Caffeine intake during pregnancy (mg/day) 136.8 £ 93.3 146.9 £ 135.3 0.463
Maternal pre-pregnancy BMI (kg/m?2) 21.4+27 21.7+3.6 0.507
Family income (million yen) <5 78 (61.4) 147 (73.5) 0.022
5 49 (38.6) 53 (26.5)
MEHP (ng/ml) 15.6 £ 13.3 12.6 £ 10.6 0.022
Paternal age (years) 32.7+53 31.3+5.7 0.030
Paternal education (years) 12 45 (35.4) 101 (50.5) 0.008
>12 82 (64.6) 99 (49.5)
Paternal smoke during pregnancy Yes 93 (73.2) 144 (72.0) 0.808
Infant characteristics
Birth weight (g) 3147 + 329 3064 + 385 0.044
Birth length (cm) 485+1.6 48.1+£2.0 0.078
Gestational age (days) 278.2+8.3 276.5+9.2 0.099
Sex Boy 64 (50.4) 94 (46.8) 0.522
Girl 63 (49.6) 107 (53.2)
TSH (pU/ml) 2.54 +1.86 3.09+2.67 0.043
FT4 (ng/ml) 2.03+0.39 2.07+0.38 0.404

Student’s t test or chi-square test.

Supplemental Table 2. Difference in characteristics of participants with 2 times neurodevelopmental
assessments (6 and 18 months) and with only one (6 month) assessment.

Parental characteristics Mean £SD or number (%) p-value
Both Only 6 month
assessment assessment
(N=97) (N=30)
Maternal age (years) 31.1+4.6 289+4.7 0.021
Maternal education (years) 12 33 (34.0) 12 (40.0) 0.550
>12 64 (66.0) 18 (60.0)
Parity 0 50 (51.5) 19 (63.3) 0.257
1 47 (48.5) 11 (36.7)
Maternal smoking during pregnancy Yes 9(9.3) 8(26.7) 0.015
Alcohol consumption during pregnancy Yes 33 (34.0) 9 (30.0) 0.682
Maternal work during pregnancy Yes 10 (10.3) 6 (20.0) 0.162
Caffeine intake during pregnancy (mg/day) 131.7 £ 89.6 153.4 + 104.3 0.268
Maternal pre-pregnancy BMI (kg/m?) 214+26 21.4+3.2 0.918
Family income (million yen) <5 50 (59.8) 20 (66.7) 0.499
5 39 (40.2) 10 (33.3)
MEHP (ng/ml) 149117 17.5+17.7 0.357
Paternal age (years) 33.3+5.3 30.8+5.0 0.022
Paternal education (years) 12 34 (35.1) 11 (36.7) 0.872
>12 63 (64.9) 19 (63.3)
Paternal smoke during pregnancy Yes 72 (74.2) 21 (70.0) 0.648
Infant characteristics
Birth weight (g) 3123 + 302 3226 + 398 0.133
Birth length (cm) 484+1.6 485+1.7 0.958
Gestational age (days) 278.2+8.3 278.0+8.3 0.907
Sex Boy 50 (51.5) 14 (46.7) 0.640
Girl 47 (48.5) 16 (53.3)
TSH (pU/ml) 2.53+1.77 243+1.95 0.786
FT4 (ng/ml) 2.00+£0.38 210+ 0.44 0.223
ICCE at 6 month2 23.0+25 222+48 0.252
MDI at 6 month 90.3+5.0 90.0+6.5 0.783
PDI at 6 month 89.7+£10.0 85.2+11.4 0.038

aMaximum score is 30.

MEHP; Mono-2-ethylhexyl phthalate, MDI; Mental Development Index, PDI; Psychomotor Development index, ICCE;
Index of Child Care Environment, TSH; Thyroid Stimulating Hormone, FT4; Free Thyroxine

Student’s t test or chi-square test.



Supplemental Table 3. Characteristics of participants in relation to BSID-Il at 6 and 18 months.

MDI at 6 month PDI at 6 month MDI at 18 month PDI at 18 month

Parental characteristics mean (SD) p-value mean (SD) p-value mean (SD) p-value mean (SD) p-value
Maternal age (years) p =0.044 0.620 p =0.021 0.811 p =-0.010 0.926 p =-0.065 0.527
Maternal education 12 90.7 (4.3) 0.476 89.0 (11.0) 0.787 84.2 (12.2) 0.827 86.3 (12.4) 0.675
(years)

>12 90.0 (5.9) 88.5 (10.2) 84.8 (12.6) 87.3 (10.9)
Paternal age (years) p=0.019 0.835 =-0.076 0.395 =-0.135 0.189 =-0.104 0.310
Paternal education 12 90.1(5.1) 0.885 87.5(9.7) 0.379 82.9 (11.9) 0.311 85.3 (11.7) 0.233

>12 90.3 (5.5) 89.2 (10.8) 85.7 (12.6) 87.9 (11.3)
Family income <5 90.2 (5.3) 0.999 88.4 (10.4) 0.785 83.3 (13.0) 0.200 85.1 (11.7) 0.045
(million yen)

5 90.2 (5.6) 89.0 (10.6) 86.6 (11.1) 89.9 (10.6)
Maternal working Yes 91.6 (6.1) 0.282 85.9 (7.6) 0.270 93.0 (12.5) 0.022 85.1 (13.1) 0.603
during pregnancy
Maternal smoking Yes 89.5 (6.3) 0.548 85.8 (9.8) 0.234 86.7 (12.3) 0.567 84.9 (11.3) 0.564
during pregnancy
Parity 0 90.6 (5.4) 0.394 89.2 (10.4) 0.476 84.0 (13.9) 0.564 84.7 (11.6) 0.053
Caffeine intake during p =-0.026 0.773 p=-0.278 0.002 p =0.020 0.847 p =-0.062 0.547
pregnancy (mg/day)
Alcohol intake Yes 90.2 (5.6) 0.983 88.6 (11.5) 0.997 83.8(9.4) 0.603 86.9 (11.6) 0.965
during pregnancy
1 89.8 (5.3) 87.9 (10.5) 85.3 (10.6) 89.2 (11.0)

Maternal p =0.006 0.947 p=0.038 0.670 p =-0.097 0.342 p=-0.186 0.068
pre-pregnancy
BMI (kg/m2)
Paternal smoke Yes 90.6 (5.3) 0.148 89.1 (10.5) 0.448 85.2 (12.2) 0.399 87.7 (10.7) 0.239
during pregnancy
Infant characteristics
Sex Boy 90.3 (5.4) 0.898 87.3(9.4) 0.132 82.2 (11.5) 0.053 84.4 (11.4) 0.029

Girl 90.1 (5.4) 90.0 (11.3) 87.1 (12.9) 89.5 (11.1)
Birth weight (g) p=0.184 0.038 p=0.152 0.089 p=0.140 0.171 p =0.053 0.540
Birth length (cm) p=0.122 0.173 p =0.225 0.011 p=0.028 0.783 p =0.058 0.576
Mode of delivery Vaginal 90.4 (5.4) 0.176 88.8 (10.4) 0.571 85.3 (12.4) 0.177 86.5 (11.6) 0.461

C-sectio 88.5(5.2) 87.3(10.9) 80.4 (11.6) 89.0 (10.6)

n
Gestational age p=0.201 0.023 p=0.352 <0.001 p=0.184 0.071 p =0.087 0.395
(days)
ICCE at 6 month p =-0.068 0.450 p=-0.132 0.139
ICCE at 18 month p=0.102 0.333 p =0.070 0.509
TSH (uU/ml) p =0.062 0.491 p=0.137 0.125 p =-0.038 0.713 p =0.031 0.766
FT4 (ng/ml) p =0.056 0.535 p =-0.010 0.907 p =0.009 0.932 p =-0.103 0.315

Mann-Whitney test and Spearman’s coefficients.



Cohort full
population

N =514 Dropped out before delivery (N=10)

Preterm birth (N=6)
N = 491

Multiple birth (N=7)

MEHP measurements after delivery (N=148)
MEHP data not available (N=11)

MEHP measurements
before delivery
N = 332

TH data available
N = 328

BSID-II 6 month
completed
N =127

BSID-II 18 month
completed
N = 97

Supplemental Figure 1. Participants’ selection flowchart.




The associations between prenatal phthalate exposure and cryptorchidism: The
Hokkaido Study in Environment and Children's Health

Phthalates are chemicals used as plasticizers for polyvinyl chloride, food packaging,
cosmetics, personal care products and known endocrine-disrupting effects in rodents.
epidemiologic studies of male reproductive disorders such as cryptorchidism and
hypospadias using measurements of prenatal or postnatal phthalate levels have been
reported, however, in regards to the relationship to prenatal exposure to phthalates is very
limited and the results are contradictory. The aim of this study is to investigate potential
effects of prenatal phthalate metabolite levels on the occurrence of cryptorchidism in the
Hokkaido Study on Environment and Children’s Health. This prospective birth cohort study
was based on the Hokkaido large-scale cohort, the Hokkaido Study on Environment and
Children’s Health. We selected 63 cryptorchidism cases and 126 controls based on the birth
records and the questionnaires at aged 1, 2, 4, and 7 years old. Controls were 1 to 2 (1 : 2)
matched for delivery year + 1 year and their delivery hospitals. Seven phthalate metabolites
were measured from first trimester maternal blood using ultra-performance liquid
chromatography tandem mass spectrometry (UPLC-MS-MS) instrumentation. Cox logistic
regression analyses were performed to evaluate associations between prenatal exposure to
phthalates and the risk of cryptorchidism. There were no significant associations were
observed between cryptorchidism and phthalates metabolite levels, however, a borderline
significance was found in the level of MECPP. Prenatal exposure to phthalates did not show
adverse effects on cryptorchidism. This was the first study of investigating prenatal
phthalates exposure and cryptorchidism in Japanese population. Previous studies also have
been reported negative effects of prenatal phthalates exposure on cryptorchidism,
continuous investigation is needed as further studies.

phthalate (DBP) and di-2-ethylhexyl

Phthalates are chemicals used as
plasticizers for polyvinyl chloride, food

packaging, cosmetics, personal care
products and known endocrine-disrupting
effects in rodents [1, 2]. Animal studies

suggest that prenatal exposure to di-butyl

phthalate (DEHP, and di-isononyl phthalate
(DiNP) induce anti-androgenic effects on the
They
differentiation and

male fetus. alter Leydig cell
function and thus
diminish fetal testosterone production and
reduced anogenital distance [3-7].

Only three epidemiologic studies of
disorders such as

male reproductive

cryptorchidism and hypospadias using

measurements of prenatal or postnatal



phthalate levels have been

however, in regards to the relationship to

reported,

prenatal exposure to phthalates is very
limited and the results are contradictory; In

Danish study,
mono(2-ethyl-5-carboxypentyl) phthalate
(MECPP) and mono(4-
methyl-7-carboxyheptyl) phthalate

(7cx-MMeHP) in maternal amniotic fluid
however, neither
di(2-ethylhexyl) phthalate (DEHP) nor
phthalate (DiINP) was
consistently associated with cryptorchidism

were measured,
di-isononyl
and hypospadias [8]. In a prospective
Danish—Finnish cohort study, 6 phthalate
metabolites from 1-3 months postnatally
breast milk sample were measured, however,
no association has been reported between

phthalate
cryptorchidism [9]. In a prospective case —

monoester levels and
control study of 52 cryptorchidism and 128
phthalate
(MBP) from breast milk sample 3-5 day after
delivery and reported that concentrations
in the
cryptorchidism case versus control group

control measured monobutyl

were not significantly increased

although a trend for increased MBP was
observed [10].

The aim of this study is to investigate
phthalate
levels on the occurrence of

potential effects of prenatal
metabolite
cryptorchidism in the Hokkaido Study on

Environment and Children’s Health.

Study population

This prospective birth cohort study was
based on the Hokkaido large-scale cohort,
the Hokkaido Study on Environment and
Children’s Health [11, 12]. Study details
regarding the population, data collection,

sampling of biological specimens, and

contents of the questionnaire have been
described previously [11, 12]. Briefly, native
Japanese women living in Hokkaido were
recruited in this study at <13 weeks of
gestation at 37 hospitals and clinics in
Hokkaido between February 2003 and
March 2012. From a total of 20,929 pregnant
women who were enrolled to The Hokkaido
Study of Environment and Children's
Health, we selected 19,183 mother-infant
pairs who had a baseline questionnaire,
birth records, and first trimester maternal
blood. selected 63
cryptorchidism cases and 126 controls based

From these, we
on the birth records and the questionnaires
at aged 1, 2, 4, and 7 years old. Controls
were 1 to 2 (1 : 2) matched for delivery year
= 1 year and their delivery hospitals.

Assessments of prenatal exposure to

phthalates

Seven phthalate metabolites,
mono-n-butyl phthalate (MnBP),
mono-iso-butyl phthalate (MiBP),
mono-benzyl phthalate (MBzP),
mono(2-ethylhexyl) phthalate (MEHP),

mono(2-carboxymethyl-5-oxohexyl)
phthalate (MEHHP),
mono(2-ethyl-5-carboxypentyl) phthalate
(MECPP), Mono (4-methyl-7-carboxyheptyl)
phthalate (cx-MiNP) were measured from
first trimester maternal blood. Maternal
plasma was analyzed using
ultra-performance liquid chromatography
tandem mass spectrometry (UPLC-MS-MS)
instrumentation (Waters, Tokyo, Japan).
Sample preparation

A 40 uL of hydrochloric acid (1M) was
added to each maternal plasma sample (0.5
mL). Samples were mixed by vortexing and
ultrasonic irradiated for 10 minutes. An

internal standard, which consisted of 100



ng/mL of MEHP-d4, MiNP-13C4,
MEHHP-13C4, MECPP-13C4, OH-MiNP-d4,
cxX-MiNP-d4 (100 ng/mL of each), 1100 uL of
ammonium acetate buffer solution (100 mM,
pH 9.0), and 10 uL of B - glucuronidase
enzyme were added to each sample to
deconjugate  glucuronidated phthalate
metabolites. The samples were gently mixed
and incubated at 37 for 90 minutes.
After incubation, samples were extracted
300 uL into tube and added 900 uL of
acetonitrile. The samples were mixed by
vortexing to deproteine. After centrifugation
(3,500 500 uL of
supernatants were transferred into new
tubes and dried under nitrogen gas. After
drying, 250 uL of 20 % methanol was added
and ultrasonic irradiated for 5 minutes and

rpom for 5 min),

transferred to a glass sample vial insert.
Instrumental analysis

The reconstituted extract (10 uL) was
injected into an ultra-performance LC
(ACQUITY UPLC H-Class) coupled to triple
quadrupole tandem MS (Xevo TQ-S) (Waters,
Tokyo, Japan). The insoluble particulates
were filtered by in-line filters (2.1x5 mm, 1.7
um, Vanguard BEH C8, Waters, Tokyo,
Japan) preceding the BEH C8 column
(2.1x100 mm, 1.7 pm, Waters, Tokyo, Japan).
The retention gap technique was used by
installing retention gap columns Atlantis T3
(2.1x50 mm, 3 u, Waters, Tokyo, Japan),
metabolites

which improved phthalate

sensitivity by trapping mobile-phase
phthalate metabolites (contaminants) in the
retention gap column. The column
temperature was 40 . The analytes were
quantified using ESI-negative SRM mode
with product/precursor ion scans unique for
each analyte (Table 1). Analytes were eluted
from the column with a linear gradient

involving solvent A (2 mM ammonium

acetate in water) and solvent B (2 mM
ammonium acetate in 95 % acetonitrile) as
follows: 2 % B for the initial 1 min, then a
gradient of 2 — 98 % B from 1 min to 16 min.
The total UPLC cycle time was 20 min
including column re-equilibration. An eluent
flowrate of 0.3 mL/min was employed for all
analyses.

Data analysis
Because our data did not fall into a
normal distribution, phthalate metabolites
concentrations were converted to a natural
log (Ln) scale. For participants with
phthalate metabolites concentrations below
the MDL, a value equal to half of the MDL
was assigned for statistical analyses. We did
not include MBzP, MEHHP, and cx-MiNP in
the statistical analysis because these
compounds were detected less than 50 %.
For analysis of correlations between
the children

cryptorchidism  and

with and without
characteristics  of
mothers and infants, we used the Student’s
t-test and the Chi-square test. To assess risk
factors for

factors or protective

cryptorchidism, binominal logistic
regression analyses were used. Crude and
adjusted Cox logistic regression analyses
were performed to evaluate associations
between prenatal exposure to phthalates
and the risk of cryptorchidism. In logistic
models, we evaluated odds ratios (ORs) for
the risk of
transformed maternal phthalate metabolite

levels. Multivariate analyses were adjusted

cryptorchidism with Ln-

for confounding variables that influenced

cryptorchidism in univariate analyses,
possible risk factors reported in previous
studies. The fully adjusted model used
logistic

regression analysis of

cryptorchidism adjusted for maternal age at



delivery, gestational week, parity, maternal
education, smoking at early pregnancy,
alcohol intake at early pregnancy, maternal
BMI before pregnancy, and infant birth
weight.

All statistical
performed using the Statistical Package for
Social Science (SPSS) for Windows, version
22.0 (SPSS, Inc., Chicago, IL, USA) and
JMP Pro 12 Statistical Discovery Software
for Windows (S.A.S. Institute Inc., Cary,
North Carolina). Differences
considered statistically significant at p <
0.05.

analyses were

were

Ethics
For this study, all participating women
provided written informed consent, and the
study protocol was
institutional ethical

approved by the

board for
epidemiological studies at the Hokkaido
University Center for Environmental and
Health Sciences.

The characteristics of mother and
infant are show in Table 1. There were no
statistical significance relationships
between cryptorchidism case and control on
maternal age at delivery, gestational week,
parity, maternal education, smoking at early
pregnancy, alcohol intake at early pregnancy,
maternal BMI before pregnancy, and infant
birth weight, although the trend (p < 0.1) for
maternal age at delivery and smoking at
early pregnancy; mothers who were older
and smokers at early pregnancy had higher
prevalence of cryptorchidism.

The distributions of phthalate
metabolites were shown in Table 2. MnBP,

MiBP, MEHP, and MECPP were detected

more than 70 % of the samples. Most highly
detected metabolite was MnBP, followed as
MiBP, MEHP, MECPP.

The comparisons of median
concentrations of phthalate metabolites
were shown in Table 3. The level of MECPP,
a second metabolite of DEHP, was lower in
cryptorchidism than controls (p = 0.034).
Other

significant differences.

metabolites were not obtained

The Cox regression analysis of the
associations between prenatal exposure to
phthalates on cryptorchidism were shown in
Table 4. There

associations  were

were no significant

observed between

cryptorchidism and phthalates metabolite
levels, however, a borderline significance
was found in the level of MECPP (OR, 95%
Cl: 0.60, 0.35 - 1.03; p = 0.065).

This was the first study of
investigating prenatal phthalates exposure
and cryptorchidism in Japanese population.
We observed no consistent association
between prenatal exposure to phthalates
and the risk of cryptorchidism in Japanese
populations of large scale birth cohort study.
However, a borderline inverse association
was found between the level of MECPP and
cryptorchidism. Similar findings have been
reported from Denmark birth cohort study:
higher amniotic fluid levels of MECPP
decreased the corresponding OR for
cryptorchidism (p for trend = 0.54) [8]. Other
have

two studies measured postnatal

phthalate levels and related it to the

occurrence of cryptorchidism or hypospadias.



Main et al. (2006) reported that a study of 68

cryptorchidism cases and 62 controls

observed no association between
cryptorchidism and metabolites of DMP,
DEP, DBP, BBzP, DEHP, and DiNP in breast
milk, however, no consistent associations
between prenatal phthalates exposure and
cryptorchidism or hypospadias [9].

Chevalier et al. (2015) reported that
concentrations of MBP from breast milk
sample 3-5 day after delivery were not
significantly increased in the cryptorchidism
case versus control group although a trend
for increased MBP was observed in a
prospective case — control study of 52
cryptorchidism and 128 control [10].
Moreover, a nested in the EDEN and
PELAGIE mother—child cohorts study has

been reported inverse associations with

maternal urinary phthalate metabolites [13].

Important limitations to these inconsistent
interpretations are variations in the case
definition, the analytical matrices, and the
timing of exposure assessment. Jensen et al.
(2015) measured phthalate levels in
amniotic fluid from pregnant women who
aged more than 35 years old or having high
risk of pregnancy [8]. Therefore, study
population in this previous study might
differ from our population. Main et al. (2006)
and Chevalier et al. (2015) measured
phthalate levels from breast milk after their
delivery [9, 10]. Considering the important
time window of fetal masculinization,

exposure assessments should be during the

first half of pregnancy. The findings from
previous studies are still unclear, therefore,

continuous investigations are needed.

Animal studies supported that
prenatal phthalates exposure alter Leydig
cell differentiation and function and thus
diminish fetal testosterone production and
showed cryptorchidism and reduced
anogenital distance [3-7]. The exogenous
administration of oestrogens during
pregnancy results in increased incidence of
cryptorchidism were supported by animal
studies (Toppari et al., 1996). In this study,
we did not investigate the associations
between prenatal exposure to phthalates
and hormone levels. We could not confirm
the inverse relation between prenatal
phthalates exposure and cryptorchidism. In
contrast, we observed an unexpected
decrease in the risk of cryptorchidism with
increased concentrations of maternal
phthalate metabolites, for which we have no
clear explanation. Therefore, for further
study, the associations with hormones such
as testosterone, androstendione, and
insulin- like factor-3 which is produced by
fetal Leydig cells and acts on the
gubernaculum of the testis which plays a
key role in guiding the testis during its
phase of transabdominal descent should be
investigated in this study.

The limitations of this study need to
be considered. In this study, we used serum
for measurements of phthalate met abolites
instead of urine. The disadvantage of using
blood sample instead of urine, such as
conversion from diester to monoester after
blood sampling, have been considered [14,
15]. To avoid this conversion, we stored
blood samples at -80 immediately and
added acid to inhibit enzyme activity after

defrosting samples. The use of a single



measure to classify exposure levels of
phthalate exposure assessments is also one
of our limitations. Since phthalates are
known as short half-life compounds,
exposure levels of phthalates might be

varied during  pregnancy. Repeated

measurements are much appropriate.
However, we collected blood samples from
first trimester of pregnancy, therefore, our
time window of exposure assessment is
suitable. The definition of cryptorchidism
was based on birth records and the
self-reported (mother)

therefore some misclassifications might be

gquestionnaires,

happened. However, we collected most of
cryptorchidism cases from birth records,
which are diagnosed by medical doctors.
Therefore, we think the misclassifications
are held to a minimum. Moreover,
cryptorchidism cases appeared in this study
might have been not enough to fill the
statistical power to analyze the risk of
prenatal exposure to phthalates on
cryptorchidism, although we selected all
cryptorchidism cases from large birth cohort,
the Hokkaido Study on Environment and
Children’s Health. Small sample size could
be a possible reason for not observing
association between prenatal phthalates

exposure and cryptorchidism.

In  conclusion,
phthalates did not show adverse effects on

prenatal exposure to
cryptorchidism. This was the first study of
investigating prenatal phthalates exposure
and cryptorchidism in Japanese population.
Previous studies also have been reported
negative effects of prenatal phthalates
exposure on cryptorchidism, continuous

investigation is needed as further studies.
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Table 1. Characteristics of mothers and infants

total case control p value
n % n % n %
Maternal education  =<12yr 90 441 30 441 60 441 1.000
>12yr 114 559 38 55.9 76 55.9
Household income <4 120 67.0 36 62.1 84 694 0.330
(million yen/year) >=5 59  33.0 22 37.9 37 30.6
Alcohol intake during early pregnancy 27 13.0 9 13.0 18 13.0 1.000
Smoking during early pregnancy 22 10.6 10 145 12 8.7 0.202
Prity <1 95 459 32 464 63 457 0921
>=2 112 541 37 53.6 75 54.3
Maternal age at deliver Mean+SD 30.8 49 31.6 4.3 30.5 51 0.129
Gestational week MeantSD 38.6 1.6 38.4 1.8 38.6 16 0277
BMI before pregnancy Mean+SD 21.2 3.6 21.8 4.3 21.2 3.2 0.282
Birth weight (g) Mean+SD 3075 443.4 3006.7 4525 3108.7 4365 0.121
X2 test or t-test
Table 2. Distributions of phthalate metabolites
MDL <MDL (%) Min 25% Median 75% Max
MnBP 0.57 100 2.7 19.75 41 67.25 150
MiBP 0.44 99 0.22 3.4 5.3 8.13 19
MBzP 0.19 2.9 <ILOD <LOD <LOD <LOD 4.7
MEHP 0.23 98.5 <LOD 0.7 1.2 6.75 72
MEHHP 0.23 5.3 <LOD <LOD <LOD <LOD 1.9
MECPP 0.11 86.4 <LOD 0.16 0.26 0.37 1.4
cx-MiNP 0.12 0.97 <LOD <LOD <LOD <LOD 0.13
BPA 0.012 0.14 1.1 4.9 30
MDL.: method of detection limits
Table 3. Comparisons of phthalate metabolites
median (25th - 75th) p value
MnBP Case 39.00 (20- 56.0) 0.363
Control 4100 (18.5- 7.00)
MiBP Case 530 (3.0- 8.2) 0.581
Control 530 (3.65- 8.15)
MEHP Case 130 (0.68- 9.1) 0.566
Control 120 (0.7- 6.4)
MECPP Case 0.21 (0.13- 0.33) 0.011
Control 0.28 (0.19- 0.42)
BPA Case 0.99 (0.14- 4.75) 0.637
Control 120 (0.14- 4.9

Mann-Whitney U-test



Table 4. The Cox regression analysis of the associations between prenatal exposure to
phthalates on cryptorchidism

OR 95% CI p value
MnBP Crude 0.64 0.37 1.10 0.106
MnBP Adjusted 0.64 0.34 1.20 0.164
MiBP Crude 0.64 0.37 1.10 0.104
MiBP Adjusted 0.63 0.34 1.15 0.133
MEHP Crude 1.13 0.77 1.67 0.540
MEHP Adjusted 1.18 0.78 1.79 0.435
MECPP Crude 0.64 0.40 1.03 0.068
MECPP Adjusted 0.60 0.35 1.03 0.065
BPA Crude 0.85 0.60 1.19 0.338
BPA Adjusted 0.87 0.60 1.26 0.459

All phthalate metabolites were Ln-transformed.

Adjusted for birth weight, maternal age at delivery, parity, gestational week, maternal
education, smoking during early pregnancy, alcohol intake during early pregnancy, and
maternal BMI before pregnancy



(AHR)
P450 CYP 1Al GSTM1 S-

AHR G>A, Arg554Lys CYP1A1 T>C, Mspl GSTMI
Present/Absent

AHR (G>A, Arg554Lys) CYP1A1(T>C, Mspl)
GSTM1 (Present/Absent)

1
23 35 421
TEQ , AHR CYPI1A1
GSTM1
Total dioxins TEQ 10 2049

P<0.05 AHR GA/AA CYP1A1 TT/TC
GSTM1 Absent 4019

P=0.033 , PCDF GSTM1

Pinteraction = 0.030 ,
-p- (PCDDs) (PCDFs)

2,3,7,8-TetCDD 1,2,3,7,8-PenCDD 2,3,7,8-TetCDF
2,3,4,7,8-PenCDF ,
2,3,7,8-TetCDD GSTM1
Pinteraction = 0.014 AHR GA/AA CYPI1AI1
TC/CC GSTM1 Absent




Konishi 2009 6
Nakajima
2006 18
Miyashita 2011
Aromatic hydrocar-
bon receptor: AHR
AHR
translocator: ARNT

AHR nuclear

P450
Cytochrome P450: CYP 1Al

S- (Glutathione
S-transferases: GSTSs)
Vaury 1995;

Inui 2014

AHR G>A,
Arg554Lys CYP1A1 T>C, Mspl
GSTM1 Present/Absent

(Sasaki 2006)
AHR CYPI1A1
GSTM1
1
23 35

421

Polychlorinated
dibenzo-p-dioxins (PCDDs) 7
Polychlorinated dibenzofurans (PCDFs)
10 Non-ortho polychlorinated bi-
phenyls (PCBs) 4 Mono-ortho PCBs
8 29

High-resolution gas-
chromatography/high-resolution mass
spectrometry: HRGC/HRMS

Toxicity
equivalency factor: TEF
Toxic equivalency quantity: TEQ
(Van den Berg 2006)

AHR G>A, Arg554Lys
CYP1AI1(T>C, Mspl) GSTM1
Present/Absent
PCR
PCR
Spearman

PCR-RFLP

Mann-Whitney U-
Krascal-Wallis

TEQ Logio
AHR CYP1A1
GSTM1
TEQ Log1o
AHR, CYP1A1,
GSTM1
2 3



TEQ
P )
TEQ
2 F-
Postestimation
SPSS 22.0J
JMP Pro Ver.11
1
P <
0.05
TEQ
2 PCDDs PCDFs

Non-ortho PCBs Mono-ortho PCBs
Total dioxins TEQ
6.83 2.38 4.21 0.34 13.87 (TEQ pg/g
lipid) 457.27
18.15 7540 11302.35
11876.73(pg/g lipid)
TEQ
3
PCDDs TEQ 10
190 (95%ClI; -378, -2)g
P < 0.05
2,3,7,8-TetCDD

TEQ 10
0.76 (95%ClI; -1.51, -0.02)cm

(P < 0.05
1,2,3,7,8-PenCDD  TEQ 10
213 (95%ClI,
-374, -51)g (P < 0.05)
PCDFs TEQ 10 206
(95%CI; -400, -12)g P
<0.05
2,3,7,8-TetCDF TEQ 10
0.86 (95%Cl;
-1.50, -0.21)cm P <
0.05 2,3,4,7,8-PenCDF TEQ
10 171
(95%Cl; -330, -11)g P
<0.05
4 GSTM1
Present , Absent
0.17 (95%ClI; -0.35,
-0.00) cm P < 0.05
AHR GG
GSTM1 Present
, AHR GA/AA
GSTM1 Absent
0.29 (-0.57, -0.00) cm
P<0.05
PCDFs
5 CYP1A1
TT/TC , GSTM1
Absent , PCDFs 10

221 (95%CI; -414, -27) g P < 0.05
430 (95%Cl; -691, -168) g

P < 0.001
, PCDF GSTM1
Pinteraction = 0.030
, AHR GA/AA
GSTM1 Absent
CYPIAI TT/TC



GSTM1 Absent |, AHR
GA/AA |, CYPI1A1
TT/TC GSTM1
Absent ,PCDF TEQ
10

498 (-837, -159) g (P < 0.01), 372
(95%Cl; -651, -93) g (P < 0.01), 471
(95%ClI; -820, -121) g (P < 0.01)

PCDDs Total dioxin
TEQ
2,3,7,8-TetCDD
6 AHR
GA/AA :
2,3,7,8-TetCDD TEQ 10

, 1.25 (95%Cl;
-2.15, -0.35) cm (P < 0.01),
0.83 (-1.50, -0.16) cm
(P<0.05) GSTM1 Absent

,2,3,7,8-TetCDD  TEQ 10
: 214

(95%Cl; -413, -16) g (P < 0.05),
1.74 (95%CI; -2.80, -0.69) cm (P

< 0.01), 1.06 (95%Cl,
-1.83, -0.29) cm (P <
0.05) ,
2,3,7,8-TetCDD GSTM1
Pinteraction = 0.014 AHR
GA/AA CYPI1AI
TT/TC , 2,3,7,8-TetCDD  TEQ
10

1.13 (95%ClI; -2.08, -0.17) cm (P < 0.05),
0.76 (95%CI; -1.40, -0.03)

cm (P<0.05) AHR
GA/AA GSTM1
Absent , 2,3,7,8-TetCDD

TEQ 10 ,
308 (95%Cl; -553, -64) g (P <
2.45 (95%Cl; -3.74,
(P < 0.001)

0.05),
-1.16) cm

CYPI1A1 TT/TC
GSTM1 Absent ,
2,3,7,8-TetCDD TEQ 10

, 1.64 (95%Cl;
-2.76, -0.53) cm (P <
0.01) AHR GA/AA
CYPI1A1 TT/TC
GSTM1 Absent ,
2,3,7,8-TetCDD TEQ 10

, 282 (95%ClI;
539, -24) g (P < 0.05),
2.31 (95%CI; -3.67, -0.95) cm

(P < 0.01)
1,2,3,7,8-PenCDD,  2,3,7,8-TetCDF,
2,3,4,7,8-PenCDF

PCDDs PCDFs TEQ
PCDDs PCDFs
Vartiainen 1998

2,3,7,8-TetCDD  2,3,4,7,8-PenCDF

Nishijo
2008 OECD TEQ
Tajimi
2005
AHR Van den
Berg 2006 2,3,7,8-TetCDD

1,2,3,7,8-PenCDD 2,3,7,8-TetCDF
2,3,4,7,8-PenCDF TEF 0.0003



0.1
den Berg

1,2,3,7,8-PenCDD

Tsutsumi
1,2,3,7,8-PenCDD

8-PenCDF

10-100
Suzuki

G>A
CYP1A1 T>C

2006
2,3,7,8-TetCDD
2,3,4,7,8-PenCDF

2005

Van

2001
2347,

AHR
GA/AA
TT/TC

GSTM1 Present/Absent

Absent

Landi
1995; Wong

1995; Vaury
AHR
CYPI1AI
GSTM1

AHR
CYP1A1

Kobayashi
GA/AA
TT/TC
Absent

AHR

1994; Daly
2001
GA/AA
TT/TC
Absent

GA/AA
TT/TC

2013 AHR
CYP1A1
GSTM1

CYP1A1

, GSTM1
AHR CYP1A1
Herdy-Weinberg
, GSTM1
AHR, CYP1A1, GSTM1
CHAMACOS ;
1 PON1 PON1
ARYase
POase ,
PON1
: Linkage
disequibrium Huen , 2010;
Eskenazi , 2012 ,

GSTM1

Linkage disequibrium :
PON1 ARYase
, GSTM1

Developmental Origin of Health and
Disease; DOHaD

Barker 1989; Suzuki
2009; Hatch 2014; Zhu 2014
PCDDs PCDFs
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2,3,4,7,8-PenCDF

AHR G>A,

Argb554Lys CYP1A1 T>C, Mspl
GSTM1 Present/Absent
3 AHR
GA/AA CYP1A1
TT/CC GSTM1
Absent
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1. N =421

N (%) @) (cm) (cm)

+SD +SD +SD +SD
201 (47.7) 3117 + 393 484+2.1 33.7+1.3
220 (52.3) 3017 + 366 478+ 1.7 32.9+1.2
() 389+14 r =0.416 r =0.393> r =0.153>
(g)™ 3065 + 382 - r=0.701b r = 0.502b
(cmy*= 48.1+2.0 r=0.701b - r = 0.390b

(cm)*™* 33.3+1.3 r = 0.5020 r = 0.390° -
() 30.8 £4.7 r =-0.0370 r =-0.0580 r =-0.001P
(cm)=== 158+ 5 r =0.108b r=0.118 r =0.124b
(kg)** 53+9 r =0.156 r = 0.1400 r =0.105>
204 (48.5) 3045 + 380 48.1+2.0 33.2+1.3
217 (51.5) 3083 + 384 48.1+1.9 33.4+1.3
349 (82.9) 3070 + 394 48.1+2.0 33.3+1.4
72 (17.1) 3040 + 322 479+ 1.9 33.1+1.2
293 (69.6) 3047 + 399 48.0+2.1 33.2+14
128 (30.4) 3106 + 339 483+ 1.7 33.4+1.3
1.2 (0.3-51.8)2 r =-0.003> r =-0.071 r =-0.0900

@ )
117.3 (1.5-646.3)a r =-0.075> r =-0.0530 r = 0.0050
(mg/ )
20 (4.8) 3104 + 417 476+2.1 33.3+ 1.0
1-2 / 210 (49.9) 3085 + 347 482+ 1.7 33.4+1.3
12 / 167 (39.7) 3028 + 423 48.0+2.2 33.1+1.4
34 23 (5.5) 3139 + 329 483+ 1.5 33.5+1.3
1(0.2) 2604+ 0 47.1+0 325=0
12 (2.9) 3096 + 508 47.8+25 33.3+0.9
12 / 182 (43.2) 3066 + 380 48.0+1.8 33.4+1.3
1-2 / 201 (47.7) 3060 + 393 48.1+2.1 33.2+1.4
34 |/ 25 (5.9) 3083 + 251 48.1+1.6 33.5+1.2
1(0.2) 3098 +0 475+0 33.0+0
9 9(2.1) 3209 + 417 48.7+1.8 33.1+1.8
10-12 168 (39.9) 3040 + 390 47.9+1.9 33.2+14
13-16 235 (23.5) 3073 + 380 48.1+2.0 33.3+1.3
17 9(2.1) 3161 + 233 49.3+1.3 33.3+0.5
300 68 (16.2) 3071 + 404 479+ 2.1 33.1+1.4
300-500 209 (49.6) 3083 + 367 48.1+2.0 33.4+1.3
500-700 93 (22.1) 3008 + 382 48.1+1.8 33.1+1.3
700-1000 44 (10.5) 3034 + 385 47.8+2.1 33.4+15
1000 7(1.7) 3409 + 474 49.5+0.9 34.0 £ 0.8
293 (69.6) 3072 + 389 48.2+2.0 33.3+1.3
128 (30.4) 3049 + 366 47.9+1.9 33.3+1.4
SD: Standard deviation .a; - . b; Spearman .
flalaalaioi * ol ok Spearman Mann-Whitney  U-

Kruscal-Walls P<0.05



1. N =421
N (%) @) (cm) (cm)
+SD +SD +SD +SD
AHR (G>A, Arg554Lys)
GG 142 (33.7) 3049 + 414 481+ 1.8 33.3+1.4
GA 195 (46.3) 3078 + 364 48.1+2.1 33.3+1.3
AA 84 (20.0) 3061 + 370 48.1+1.9 33.3+1.3
CYP1A1 (T>C, Mspl)
TT 176 (41.8) 3086 + 339 482+ 1.8 33.3+1.3
TC 201 (47.7) 3029 + 404 479+ 2.1 33.2+1.3
CcC 44 (10.5) 3145 + 430 48.2+ 1.7 33.3+1.3
GSTM1 (Present/Absent)
Present 209 (49.6) 3062 + 372 48.1+1.8 33.3+1.4
Absent 212 (50.4) 3068 + 392 48.0+2.1 33.3+1.3
SD: Standard deviation .a; - . b; Spearman .
flalaalaioi * ol ok Spearman Mann-Whitney  U-

Kruscal-Walls

P<0.05
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N =421

@

(cm)

(cm)

B (95%CI)

B (95%CI)

B (95%CI)

Logse-transformed TEQ (TEQ pg/g lipid)

PCDDs
2,3,7,8-TetCDD
1,2,3,7,8-PenCDD
1,2,3,4,7,8-HexCDD
1,2,3,6,7,8-HexCDD
1,2,3,7,8,9-HexCDD
1,2,3,4,6,7,8-HepCDD
OCDD

-190 (-378, -2)*
-77 (216, 63)
-213 (-374, -51)*
9 (-154, 171)
-102 (-270, 67)
-41 (-172, 90)
-93 (-290, 104)
-28 (-215, 159)

-0.02 (-1.03, 0.99)
-0.76 (-1.51, -0.02)*
0.04 (-0.84, 0.91)
0.48 (-0.39, 1.35)
0.25 (-0.66, 1.15)
0.37 (-0.33, 1.08)
0.47 (-0.59, 1.53)
0.72 (-0.28, 1.72)

-0.27 (-0.99, 0.45)
-0.49 (-1.02, 0.04)
-0.26 (-0.88, 0.36)
0.16 (-0.46, 0.78)
0.06 (-0.58, 0.70)
0.02 (-0.48, 0.52)
0.13 (-0.62, 0.88)
0.07 (-0.65, 0.78)

PCDFs
2,3,7,8-TetCDF
1,2,3,7,8-PenCDF
2,3,4,7,8-PenCDF
1,2,3,4,7,8-HexCDF
1,2,3,6,7,8-HexCDF
2,3,4,6,7,8-HexCDF
1,2,3,7,8,9-HexCDF
1,2,3,4,6,7,8-HepCDF
1,2,3,4,7,8,9-HepCDF
OCDF

-206 (-400, -12)*
-152 (-323, 19)

-171 (-330, -11)*
-70 (-211, 71)
-100 (-237, 38)

-72 (-178, 33)

-0.45 (-1.49, 0.60)
-0.74 (-1.66, 0.18)

-0.32 (-1.18, 0.54)
-0.33 (-1.09, 0.43)
-0.18 (-0.92, 0.56)

-0.14 (-0.71, 0.43)

-0.29 (-1.03, 0.45)
-0.86 (-1.50, -0.21)*

-0.10 (-0.71, 0.51)
-0.18 (-0.72, 0.36)
-0.22 (-0.74, 0.31)

-0.03 (-0.44, 0.37)

Non-ortho PCBs
3,4,4’,5-TetCB (#81)

-115 (-250, 20)

38 (-97, 173)

-0.20 (-0.92, 0.53)

0.07 (-0.66, 0.79)

-0.15 (-0.66, 0.37)

-0.28 (-0.79, 0.24)

3,3,4,4-TetCB (#87)
3,3,4,4’,5-PenCB (#126) -104 (-228, 21) -0.17 (-0.84, 0.50) -0.12 (-0.60, 0.36)
3,3,4,4’,5,5-HexCB (#169) -84 (-234, 66) -0.16 (-0.97, 0.65) -0.25 (-0.82, 0.32)
Mono-ortho PCBs -114 (-268, 40) -0.07 (-0.89, 0.76) -0.33 (-0.92, 0.25)
2,3,4,4’,5-PenCB (#123) -75 (-183, 33) -0.04 (-0.62, 0.55) -0.13 (-0.55, 0.28)
2,3,4,4’,5-PenCB (#118) -108 (-248, 32) -0.03 (-0.78, 0.73) -0.28 (-0.81, 0.26)
2,3,4,4,5-PenCB (#114) -64 (-175, 48) 0.12 (-0.48, 0.72) -0.25 (-0.68, 0.17)
2,3,3',4,4-PenCB (#105) -90 (-229, 49) 0.05 (-0.70, 0.80) -0.24 (-0.77, 0.29)
2,3,4,4’,5,5-HexCB (#167) -89 (-224, 46) -0.09 (-0.81, 0.64) -0.37 (-0.88, 0.15)
2,3,3',4,4,5-HexCB (#156) -88 (-258, 82) -0.21 (-1.12, 0.71) -0.39 (-1.03, 0.26)
2,3,3',4,4,5-HexCB (#157) -53 (-195, 90) -0.00 (-0.77, 0.76) -0.21 (-0.75, 0.34)

2,3,3,4,4,5,5'-HepCB (#189)

-26 (-160, 107)

-0.08 (-0.80, 0.63)

-0.32 (-0.83, 0.19)

Total dioxins

-204 (-390, -17)*

-0.20 (-1.20, 0.81)

-0.25 (-0.96, 0.47)

B

*, P<0.05.

TEQ 10



4. AHR (G>A, Argb54Lys) CYP1A1 (T>C, Mspl) GSTMI1 (Present/Absent)
@ (cm) (cm)
AHR  CYPIA1 GSTMI1 N (%) B (95%Cl) B (95%Cl) B (95%Cl)
GG — — 142 (33.7) Referent Referent Referent
GA/AA _ _ 279 (66.3) -13 (-47, 22) 001 (-0.18, 0.19)  0.01 (-0.13, 0.14)
— cc — 44 (10.5) Referent Referent Referent
— TT/TC _ 377 (89.5) -29 (-81, 23) 001 (-0.27, 0.29)  -0.01 (-0.21, 0.20)
_ _ Present 209 (49.6) Referent Referent Referent
— —_ Absent 212 (50.4) -20 (-52, 12)  -0.17 (-0.35, -0.00)*  -0.09 (-0.21, 0.04)
GG cc — 14 (3.3) Referent Referent Referent
TT/TC — 128 (30.4) -36 (-106, 33) 0.06 (-0.31, 043)  -0.04 (-0.32, 0.24)
GA/AA cc — 30 (7.1) 52 (-51, 155) 0.10 (-0.45, 0.65)  -0.10 (-0.51, 0.31)
TT/ITC — 249 (59.1) -15 (-79, 48) 0.01 (-0.33, 0.36)  -0.02 (-0.28, 0.23)
GG — Present 66 (15.7) Referent Referent Referent
— Absent 76 (18.1) -14 (-78, 50) 0.04 (-0.31, 0.38) 0.00 (-0.25, 0.26)
GA/AA _ Present 143 (34.0) 40 (-12, 92) 0.27 (-0.01, 055)  0.12 (-0.09, 0.32)
— Absent 136 (32.3) -16 (-69, 37)  -0.29 (-057, -0.00)*  -0.14 (-0.35, 0.08)
— cc Present 21 (5.0) Referent Referent Referent
— Absent 23 (5.5) 28 (-82, 139) 0.03 (-0.56, 0.62) 0.06 (-0.38, 0.50)
— TT/TC  Present 188 (44.7) -7 (-69, 56) 0.21 (-0.12, 0.54) 0.10 (-0.15, 0.35)
— Absent 189 (44.9) -51 (-113, 11) -0.19 (-052, 0.14)  -0.11 (-0.35, 0.14)
GG cc Present 4 (1.0) Referent Referent Referent
Absent 10 (2.4) 112 (-81, 304) 0.17 (-0.87, 1.20) 0.38 (-0.39, 1.15)
TT/TC  Present 62 (14.7) -0 (-94, 93) 0.12 (-0.38, 0.62) 0.04 (-0.33, 0.42)
Absent 66 (15.7) -34 (-127, 59) 0.12 (-0.38, 0.62)  -0.04 (-0.41, 0.33)
GA/AA cc Present 17 (4.0) 116 (-36, 267) 0.22 (-0.59, 1.03) 0.01 (-0.60, 0.61)
Absent 13 (3.1) 5 (-166, 177) 0.05 (-0.86, 0.97)  -0.17 (-0.86, 0.52)
TT/TC  Present 126 (29.9) 28 (-51, 107) 0.37 (-0.06, 0.79) 0.14 (-0.17, 0.46)
Absent 123 (29.2) -21 (-100, 59) -0.23 (-0.66, 0.19)  -0.12 (-0.44, 0.20)

*; P<0.05.



5.
(9)
AHR CYPI1AI GSTM1 B (95%Cl)
GG — — -200 (-487, 87)
GA/AA — — -215 (-452, 23)
Pinteraction = 0.932
— CcC — -90 (-419, 239)
— TT/TC — -221 (-414, -27)*
Pinteraction = 0.992
— — Present -29 (-280, 223)
— — Absent  -430 (-691, -168)***
Pinteraction = 0.030*
GG CcC — -759 (-1773, 254)
TT/TC — -141 (-447, 164)
GA/AA CcC — -33 (-671, 606)
TT/TC — -238 (-494, 17)
Pinteraction = 0.761
GG — Present -108 (-512, 297)
— Absent -302 (-699, 95)
GA/AA — Present -6 (-324, 312)
— Absent -498 (-837, -159)**
Pinteraction = 0.118
— CcC Present 109 (-565, 783)
— Absent -790 (-1694, 114)
— TT/TC Present -68 (-340, 205)
— Absent -372 (-651, -93)**
Pinteraction = 0.605
GG CC Present -16 (-2186, 2153)
Absent -774 (-2022, 474)
TT/TC Present -116 (-529, 298)
Absent -194 (-636, 247)
GA/AA CcC Present 80 (-638, 798)
Absent -872 (-2414, 670)
TT/TC Present -35 (-391, 320)
Absent -471 (-820, -121)**
Pinteraction = 0.492
B TEQ 10
TEQ 2

*, P<0.05, **; P<0.01; ***; P<0.001.

: PCDFs

Postestimation



: 2,3,7,8-TetCDD

(@) (cm) (cm)
AHR  CYP1Al1 GSTMI B (95%CI) B (95%CI) B (95%Cl)
GG — — 26 (-216, 268) 0.17 (-1.13, 1.46) -0.11 (-1.07, 0.86)
GA/AA — — -152 (-321, 16) -1.25 (-2.15, -0.35)**  -0.83 (-1.50, -0.16)*
Pinteraction = 0.222 Pinteraction = 0.071 Pinteraction = 0.211
— cc — -147 (-557, 262) -1.10 (-3.29, 1.09) -1.46 (-3.04, 0.13)
— TT/TC — -62 (-209, 85) -0.73 (-1.52, 0.06) -0.40 (-0.97, 0.17)
Pinteraction = 0.698 Pinteraction = 0.753 Pinteraction = 0.215
— — Present 38 (-149, 224) 0.03 (-0.96, 1.02) -0.07 (-0.79, 0.66)
— — Absent  -214 (-413, -16)*  -1.74 (-2.80, -0.69)** -1.06 (-1.83, -0.29)**
Pinteraction = 0.063 Pinteraction = 0.014* Pinteraction = 0.058
GG cc — 26 (-1092, 1143) 0.99 (-4.97, 6.96) -5.64 (-9.93, -1.35)*
TT/TC — 28 (-220, 275) 0.10 (-1.22, 1.42) 0.19 (-0.77, 1.14)
GAIAA cc — -204 (-663, 255) -1.59 (-4.04, 0.86) -0.60 (-2.36, 1.17)
TT/TC — -107 (-285, 71) -1.13 (-2.08, -0.17)*  -0.71 (-1.40, -0.03)*
Pinteraction = 0.992 Pinteraction = 0.607 Pinteraction = 0.070
GG — Present 40 (-297, 377) 0.44 (-1.34, 2.22) 0.41 (-0.89, 1.71)
— Absent -24 (-359, 311) -0.17 (-1.94, 1.60) -0.67 (-1.97, 0.62)
GA/AA — Present 31 (-188, 251) -0.17 (-1.33, 0.99) -0.26 (-1.11, 0.59)
— Absent  -308 (-553, -64)* -2.45 (-3.74, -1.16)***  -1.21 (-2.15, -0.26)
Pinteraction = 0.992 Pinteraction = 0.607 Pinteraction = 0.069
— cc Present 32 (-502, 567) -0.10 (-2.94, 2.74) -0.03 (-2.09, 2.03)
— Absent  -392 (-1034, 250) -2.41 (-5.83, 1.00) -3.41 (-5.89, -0.94)**
— TT/TC  Present 38 (-161, 238) 0.01 (-1.05, 1.07) -0.11 (-0.88, 0.66)
— Absent -186 (-395,24)  -1.64 (-2.76, -0.53)** -0.80 (-1.60, 0.01)
Pinteraction = 0.916 Pinteraction = 0.781 Pinteraction = 0.196
GG cc Present  -97 (-1643, 1448) 1.41 (-6.77, 9.59)  -7.52 (-13.4, -1.61)*
Absent 605 (-1099, 2309) 1.67 (-7.35, 10.7) -3.60 (-10.1, 2.92)
TT/TC  Present 34 (-313, 381) 0.34 (-1.49, 2.18) 0.71 (-0.62, 2.03)
Absent -1 (-354, 352) -0.25 (-2.11, 1.62) -0.44 (-1.79, 0.92)
GA/AA cc Present 20 (-555, 596) -0.30 (-3.35, 2.74) 1.07 (-1.13, 3.27)
Absent  -588 (-1353, 178) -3.74 (-7.79, 0.32)  -3.51 (-6.44, -0.58)*
TT/TC  Present 35 (-203, 274) -0.15 (-1.42, 1.11) -0.52 (-1.43, 0.40)
Absent  -282(-539, -24)*  -2.31 (-3.67, -0.95)** -0.95 (-1.94, 0.03)
Pinteraction = 0.382 Pinteraction = 0.167 Pinteraction = 0.099
B TEQ 10
P TEQ F-

*; P<0.05, **; P<0.01; ***; P<0.001.

Postestimation



AHR P450 CYP 1Al
, DNA X-ray
cross-complementinggenel XRCC1
, AHR (G>A, Arg554Lys, rs2066853), CYP1AL (A>G, |le462Val, rs1048943)
XRCC1 C>T, Argl94Trp, rs1799782 :

2003 2007 3,263 :
=11.48 ng/mL
1,998 1,265 ,
: 719 95% Cl ;
-103, -40 , AHR-GA/AA , CYP1A1-AA , XRCC1-CC
, AHR-GG , CYP1A1-AG/IGG , XRCC1-CT/TT
1459 95%Cl; -241, -50

,AHR-GG , CYP1A1-AG/GG XRCC1-CT/TT

Polycyclic aromatic hydrocarbons:
) PAHs

PAHs
Aromatic hydrocarbon receptor:

AHR , AHR
AHR nuclear translocator:
, ARNT
, PA50 Cytochrome P450: CYP

: : , DNA
PAH-DNA DNA
X-ray cross-complementing gene
1 (XRCC1) , DNA
, , PAHs XRCC1
4,000 , AHR (G>A,
; Argb54Lys, rs2066853), CYP1Al (A>G,



[led62Val, rs1048943)

XRCC1 C>T,

Arglo4Trp, rs1799782

40

,  Enzyme-linked

Immunosolvent Assay (ELISA)

Recelver Operating

Characterigtic (ROC)

= 1148
ng/mL Sasaki et dl., 2011
DNA , PAHs :
DNA
AHR (G>A, rs2066853) CYP1Al (A>G,
rs1048943) XRCC1 C>T, rs1799782
PCR
4
1 2003
2007 10,731
: N =10,720 |,
N =9,011 |,
DNA N =9,647 , 8,257
, N=92 , N
=120 , N =39
8,015
11.48 ng/mL 6,730 , 11.49 ng/mL
1,285 11.48 ng/mL
6,730
2,010 , ,
1,998 11.49

ng/mL :

1,285 : , ,

1,265
, Spearman

Mann-Whitney  U-

AHR CYP1Al XRCC1

AHR, CYP1A1, XRCC1

F_
Postestimation
, Bonferroni P
SPSS 22.0J



P < 0.05

2
1,759
, 11.49
ng/mL 157 8.9%
692 :
11.48 ng/mL 37
5.3%
3
P <0.05
4 :
719
(95% (CI); -103, -40),
0.23 cm (95%CI; -0.41, -0.06),
0.28 cm (95%Cl;
-0.41, -0.15) AHR
, AHR-GA/AA
, AHR-GG
569
(95%Cl; -91, -20), 0.35 cm

(95%Cl; -0.55, -0.16)

CYP1A1 )
CYP1A1-AA
, CYP1A1-AG/IGG
62 g (95%Cl;
-95, -30), 0.27 cm
(95%Cl; -0.45, -0.09), 0.21cm

(95%Cl; -0.35, -0.08)
XRCC1 ,
XRCC1-CC
, XRCC1-CT/TT

59 g
-30), 0.18 cm
(95%Cl; -0.30, -0.06)
AHR CYP1Al
, AHR-GA/AA

(95%Cl; -87,

CYP1AL-AA

, AHR-GG CYP1AL-AG/GG

114 g

(95%ClI: -185, -43)

AHR, CYP1A1 XRCC1

, AHR-GA/AA

XRCC1-CC

, AHRGG

XRCC1-CT/TT

145 g

, CYP1A1-AA
CYP1A1-AG/GG

(95%CI: -241, -50)

,  AHR-GG ,

CYP1A1-AG/GG XRCC1-CT/TT

AHR-GG
CYP1A1-AG/GG

Wang et a., 2002; Sasaki et d.,
2006 :
, AHR-GG CYP1A1-AG/GG
Wong et al.,
2001; Kisselev et al., 2005 , XRCC1-CT/TT
DNA
Hanovaet a., 2010

, AHR-GG :

CYP1A1-AG/GG XRCCI1-CT/TT
PAHs ,

PAH-DNA

Maloue et al., 2005;
Nevert et a., 2004; Gao et a., 2014; Hecht
et a., 1999; Wang et a., 2003; Shen et a.,
2005; Indra et al., 2014; Karttunen et a.,



2010; Lodovici et al., 2004 AHR-GG
CYP1A1-AG/GG XRCC1-CT/TT
145¢9
, PAHs
PAH-DNA
1,759 , 157
11.49 ng/mL
157
11.49 ng/mL 1,265
12.4%
11.49 ng/mL

Walsh et al., 1996; Lindqvist et

a., 2002
692 , 37
11.48 ng/mL
37 : 11.48
ng/mL 1,998 1.9%
11.48 ng/mL
Jhun et a., 2010; Klebanoff et
al., 1998
1
17.9
Dempsey et a., 2013
, 2 1 1
686 ,
11.49 ng/mL 655

, 95.5% ,

1,759 ,
11.48 ng/mL
1,602 ,91.1%
, PAHs
DNA
AHR (G>A,

rs2066853), CYP1A1l (A>G, rs1048943)
XRCC1 C>T, rs1799782
3 AHR-GG :
CYP1A1-AG/GG XRCC1-CT/TT

1
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2003 2007

N =10,731

!

N = 8,257 <

N = 10,720
N =9,011
DNA N = 9,647

N =92
N =120

v

N =39

N = 8,015

211.49 ng/mL

<11.48 ng/mL
Sasaki et al., 2011) Sasaki et al., 2011)

N = 6,730 N = 1,285
N = 2,010
(N = 1,998) (N = 1,265)




1. N = 3,263

(N =1,998) (N =1,265)

N (%) N (%)
+ SD +SD
959 (48.0) 652 (51.5)
1,039 (52.0) 613 (48.5)
0(0.0) 1(0.1
39.0+1.3 389+13
kg 3,081 + 384 3,002 =379
cm 49.1+2.1 48.8+2.6
cm 33.3+1.5 33.0+15
30.3+4.5 29.4+4.7
cm 158+5 158+ 6
kg 53+8 5311
895 (44.8) 431 (34.1)
1,103 (59.6) 784 (62.0)
0(0.0) 50 (4.0)
807 (40.4) 431 (34.1)
1,191 (59.6) 812 (64.2)
0(0.0) 22(1.7)
49 (2.5) 176 (13.9)
833 (41.7) 726 (57.4)
880 (44.0) 316 (25.0)
235(11.8) 23(1.8)
1(0.2) 24 (1.9
300 419 (21.0) 310 (24.5)
300-500 900 (45.0) 499 (39.4)
500-800 527 (26.4) 186 (14.7)
800 152 (7.6) 57 (4.5)
0(0.0) 213 (16.8)
1
0-4 15(0.8) 97 (7.7)
5-9 14 (0.7) 196 (15.5)
10-14 5(0.3) 247 (19.5)
15-19 3(0.2) 51 (4.0)
20 0 (0.0 58 (4.6)
— 616 (48.7)

, Mann-Whitney ~ U-
SD; .
1P <0.05.



ng/mL
4
N (%) (25%-75%) N (%)
<0.21 0.22-11.48 >11.49
1,759 (53.9) 0.34 (0.15-0.91) 607 (34.5) 995 (56.6) 157 (8.9)
1-4 112 (3.4) 55.1 (26.6-95.4) 0(0.0) 15 (13.4) 97 (86.6)
5-9 210 (6.4) 88.9 (52.4-128.9) 2(1.0) 12 (5.7) 196 (93.3)
10-14 252 (7.7) 117.3 (79.5-155.9) 0(0.0) 5(2.0) 247 (98.0)
15-19 54 (1.7)  140.0 (104.2-190.9) 0(0.0) 3(5.6) 51 (94.4)
20 58 (1.8) 128.5(101.6-175.6) 0(0.0) 0 (0.0) 58 (100.0)
6 (1.4) 76.0 (58.0-92.7) 0(0.0) 0 (0.0) 6 (100.0)
4 812 (24.9) 62.5 (0.41-111.0) 124 (15.3) 235 (28.9) 453 (55.8)
3,263 (100.0) 1.01 (0.25-79.2) 733 (22.5) 1,265 (38.8) 1,265 (38.8)




3. N = 3,263
+SD © (cm) (cm)
N (%) +SD +SD +SD
1,611 (49.4) 3,111 +386 493+25 334+1.7
1,651 (50.6) 3,002 +376 48.7+£2.0 33.0+13
1(0.0
39.0+1.3 p=0421° p=0421° p =0.202°
kg 3,055+384 — p=0.759 p =0.568
cm 49.0+2.3 p=0.759 — p=0.384°
cm 332+£15 p =0.568° p=0.384° —
30.0+4.6 p =0.005° p=-0.035° p=0.104°
cm 158.1+54 p=0.186 p=0.214° p=0.139°
kg 53.0+9.3 p=0.249° p=0.196° p=0.176°
1,341 (4.6) 3,044 + 365 49.1+25 33.0+14
1,887 (57.8) 3,064 + 400 489 +2.1 333+1.5
35 (1.1)
1,238 (37.9) 3,056 =389 49.0+2.1 332+1.6
2,003 (61.4) 3,056 + 382 49.0+24 332+1.5
22 (0.7)
225 (6.9) 3,042 +381 49.0 2.0 33.1+14
1,559 (47.8) 3,036 +385 49.0+£2.2 33.1+14
1,196 (36.7) 3,066 + 388 49.0 £2.0 333+1.6
258 (7.9) 3,127 +361 494+18 335+15
25 (0.8)
300 729 (22.3) 3,050 +378 49.1+1.8 331+14
300-500 1,399 (42.9) 3,050 +391 49.0+£2.1 331+1.5
500-800 713 (21.9) 3,091 +388 49.1+£2.2 334+1.5
800 209 (6.4) 2,999 + 361 48.6 1.9 333+13
213 (6.5)
, Spearman
SD; . 8 Spearman

; P<0.05.



4. AHR (G>A, rs2066853) CYP1A1 (A>G, rs1048943) XRCC1 (C>T,
rs1799782)
g cm cm
AHR CYP1A1 XRCC1 N B (95%CI) B (95%CI) B (95%CI)
— — — 1,998 Reference Reference Reference
— — — 1,265 -71 (-103, -40) -0.23 (-0.41, -0.06) -0.28 (-0.41, -0.15)
GA/AA — — 1,396 Reference Reference Reference
GG — — 602 57 (30, 83) 0.21 (0.07, 0.36) 0.19 (0.07, 0.30)
GA/AA — — 878 -32 (-52, -6) 0.00 (-0.14, 0.15) -0.17 (-0.29, -0.06)
GG — — 387 -56 (-91, -20) -0.35 (-0.55, -0.16) -0.12 (-0.27, 0.03)
P = 0.130 Pix = 0.016 Pix = 0.858
— AA — 1,255 Reference Reference Reference
— AG/IGG — 743 39 (15, 63) 0.09 (-0.04, 0.22) 0.19 (0.08, 0.29)
— AA — 807 -20 (-47, 7) -0.01 (-0.16, 0.14) -0.09 (-0.21, 0.03)
— AGIGG — 458 -62 (-95, -30) -0.27 (-0.45, -0.09) -0.21 (-0.35, -0.08)
P = 0.206 P = 0.364 P = 0.154
— — CcC 937 Reference Reference Reference
— — CT/TT 1,061 38 (17, 60) 0.07 (-0.04, 0.20) 0.16 (0.06, 0.25)
— — CcC 615 -19 (-48, 10) -0.09 (-0.25, 0.08) -0.10 (-0.23, 0.02)
— — CT/TT 650 -59 (-87, -30) -0.18 (-0.34, -0.02) -0.18 (-0.30, -0.06)
Pix = 0.188 Pix = 0.886 Pix = 0.384
GA/AA AA — 858 Reference Reference Reference
GA/AA  AGIGG — 538 31 (0, 63) 0.08 (-0.10, 0.25) 0.15 (0.02, 0.29)
GG AA — 397 58 (23, 94) 0.24 (0.04, 0.43) 0.17 (0.02, 0.32)
GG AG/IGG — 205 68 (21, 115) 0.24 (-0.02, 0.50) 0.24 (0.04, 0.44)
GA/AA AA — 540 -16 (-54, 22) 0.15 (-0.06, 0.36) -0.13 (-0.29, 0.03)
GA/AA  AGIGG — 338 -43 (-87, 0) -0.14 (-0.38, 0.10) -0.21 (-0.40, -0.03)
GG AA — 267 -22 (-72, 27) -0.23 (-0.51, 0.04) -0.05 (-0.26, 0.17)
GG AG/IGG — 120  -114 (-185, -43) -0.54 (-0.93, -0.15) -0.26 (-0.56, 0.05)
P = 0.970 Pix = 0.608 Pix = 0.732
GA/AA AA CcC 144 Reference Reference Reference
GA/AA AA CT/TT 174 34 (-1, 69) 0.13 (-0.07, 0.32) 0.07 (-0.08, 0.22)
GA/AA  AGIGG cC 96 19 (-24, 63) 0.04 (-0.20, 0.29) 0.10 (-0.08, 0.29)
GA/AA  AGIGG CT/TT 100 43 (0, 86) 0.10 (-0.14, 0.34) 0.19 (0.00, 0.37)
GG AA CcC 72 81 (31, 131) 0.44 (0.16, 0.72) 0.18 (-0.03, 0.40)
GG AA CT/TT 74 36 (-14, 86) 0.03 (-0.25, 0.31) 0.14 (-0.08, 0.35)
GG AGIGG cC 25 28 (-46, 102) 0.08 (-0.34, 0.49) 0.10 (-0.22, 0.42)
GG AG/IGG CTT 48 97 (32, 162) 0.35 (-0.01, 0.71) 0.33 (0.05, 0.60)
GA/AA AA CcC 250 22 (-32, 76) 0.25 (-0.05, 0.55) -0.10 (-0.34, 0.13)
GA/AA AA CT/TT 290 56 (-111, -2) 0.04 (-0.26, 0.34) -0.18 (-0.41, 0.05)
GA/AA  AGIGG cC 164 =70 (-136, -4) -0.21 (-0.57, 0.16) -0.24 (-0.52, 0.04)
GA/AA  AGIGG CT/TT 178 -22 (-83, 39) -0.09 (-0.43, 0.25) -0.21 (-0.47, 0.05)
GG AA ccC 122 0 (-72, 72) -0.29 (-0.69, 0.11) -0.10 (-0.40, 0.21)
GG AA CT/TT 129 -47 (-121, 26) -0.19 (-0.60, 0.22) -0.01 (-0.33, 0.31)
GG AGIGG CcC 64 -64 (-186, 58) -0.28 (-0.96, 0.40) 0.19 (-0.34, 0.71)
GG AG/IGG CTT 68  -145 (-241, -50) -0.70 (-1.24, -0.17) -0.53 (-0.94, -0.13)
P = 0.199 P = 0.346 Pix = 0.487
B Reference g cm .
P P int y 2 F‘
Postestimation .AHR-GG x ; AHR-GG xCYP1lA1-AG/IGG  x
; Bonferroni 1 , P<0.013 (0.05/4); 2
, P <0.006 (0.05/8); 3 , P <0.003 (0.05/16)



AHR  XRCC1

PAHs AHR P450 CYP
1A1 , DNA X-ray cross-complementinggenel XRCC1
, AHR (G>A,

Argb54Lys, rs2066853), CYP1A1 (A>G, lle462Val, rs1048943), CYP1A2 (A>C,
CYP1A2* 1F; rs762551), CYP1B1 (C>G, Leu432Vadl; rs1056836), GSTM1 (Non-null/null),
GSTT1 (Non-null/null), XRCC1 C>T, Argl94Trp, rs1799782; A>G, Arg399Gin,
rs25487 :
2003 2007
3,263 :
=0.21, 0.55, 11.48, 101.66 ng/mL
Level 1 Level 5 : :

P for trend < 0.001
, Level 1 , Level 5
1719 95% Cl :-226,-117
AHR (G>A, Arg554Lys, rs2066853) XRCC1 C>T, Argl94Trp, rs1799782;
A>G, Arg399GlIn, rs25487 :

' 4,000

Polycyclic aromatic hydrocarbons: PAHs

PAHs



Aromatic hydrocarbon receptor: AHR
, AHR
AHR nuclear translocator: ARNT

PA50  Cytochrome P450: CYP 1Al
CYP1A2, CYP1B1
DNA
PAH-DNA
DNA X-ray
cross-complementing gene 1 (XRCC1)
, DNA , PAHs
XRCC1
S
(GSTs) .
, AHR, CYP1A1,
XRCC1
(Kobayashi et
a., 2016), ,

AHR (G>A, Arghb4Lys, rs2066853),
CYP1A1 (A>G, lled62Val, rs1048943),
CYP1A2 (A>C, CYP1lA2*1F, rs762551),
CYP1Bl1 (C>G, Leud32va, rsl056836),
GSTM1 (Non-null/null), GSIT1
(Non-null/null) XRCC1 C>T,
Argl94Trp, rs1799782; G>A, Arg399GlIn,
rs25487 ;

40

,  Enzyme-linked
Immunosolvent Assay (ELISA)
Receiver Operating
Characterigtic (ROC)

=021
11.48 ng/mL Sasaki et d., 2011
DNA , PAHs
: DNA
AHR (G>A, rs2066853), CYP1Al
(A>G, rs1048943), CYP1A2 (A>C,

CYP1A2*1F, rs762551), CYP1B1 (C>G,

Leud32Vval, rs1056836), XRCC1
C>T, rs1799782
PCR , GSTM1
(Non-null/null) GSIT1
(Non-null/null)
PCR 4
1 2003
2007 10,731
, n = 10,720 ,
n=9011 ,
DNA n=9,647 , 8,256
, n=92 , n
=120 , n =39
8,015
11.48 ng/mL 6,730 , 11.49 ng/mL
1,285 11.48 ng/mL
6,730
2,010 : :
1,998 ZDHHL
0.21 ng/mL  Low cotinine level
733 , 0.22-11.48 ng/mL Moderate

cotinine leve 1,265
M oderate cotinine level ,
0.55 ng/mL



2 11.49 ng/mL High
cotinine level :
1,285 , ,
, 1,265 High cotinine
level 101.66 ng/mL

: 2
Level 1 (<0.21 ng/mL,;
n = 733) Level 2 (0.22-0.55 ng/mL; n =
630), Level 3 (0.56-11.48 ng/mL; n = 635),
Level 4 (11.49-101.66 ng/mL; n = 632),
Level 5(>101.67 ng/mL; n = 633)

Kruska-Wallis ,

SPSS 22.0J

1 Leve 1
Level 5

P <0.05
AHR G>A, Argh54Lys XRCC1l C>T,
Argl94Trp; G>A, Arg399GIn

, Level 1
, Level 5
171
g 95% Cl: -226, -117
0.63cm 95% CI: -0.93, 003
; 0.53cm 95%
Cl: -0.77, -0.07

P for trend < 0.001
AHR  G>A, Arg554Lys
, GG , Level 1
, Level 5
217 g
95% CI: -332, -102 P for
trend <0.001 , 0.97cm 95%
Cl: -1.54,-0.40 P for trend
< 001 , 0.57 cm 95% CI:
-1.01, -0.13 P for trend
< 0.01 , AA , Leve 1
, Level 5
XRCC1 C>T, Argl94Trp
, 1T , Level 1
, Level 5
387 ¢
95% CI: -558, -217 P for
trend < 0.01 1.63cm 95% Cl:
-2.91, -0.35 P for trend
<0.05 , CC , Level 1
, Level 5
133g 95% CI:
-213, -53 P for trend <
0.01 , 0.38cm 95% ClI: -0.72,
-0.04 P for trend <

0.01



XRCC1 G>A, Arg399GIn

, AA , Level 1
, Level 5
366 g 95% CI: -554,
-177 P for trend < 0.001 |,
2.10cm 95% CI: -3.18, -1.03
P for trend < 0.001
, GG , Level 1
, Level 5
169g 95% Cl: -243, -95
P for trend < 0.001 |,
0.57cm 95% CI: -1.01, -0.13
P for trend < 0.05
CYP1A1 (A>G, lle462va), CYP1lA2
(A>C, CYP1A2*1F), CYP1B1 (C>G,
Leud32Vval), GSTM1

(Non-null/null), GSTT1 (Non-null/null)

, Leve 1 Level 3 Low cotinine
levels  Moderate cotinine levels
91.1%
Kobayashi et al., 2016 Low
cotinine levels  Moderate cotinine levels
, High cotinine levels
, Moderate cotinine

levels
30 g
1019 Kharrazi et a., 2004,
Salmasi et a., 2010 , High cotinine
levels
2819

Sasaki et al., 2006; Salmasi et
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2003 2007 N =10,731
n=10,720
n = 8,256 n =9,011)
DNA n = 9,647)
n=292
n = 120)
n = 39)

n = 8,015

<11.48 ng/mL

(Sasaki et al., 2011)

211.49 ng/mL
(Sasaki et al., 2011)

n=6,730 n=1285
n=2,010
n=1998 n=1265
<0.21 ng/mL 20.22 ng/mL
(Sasaki et al., 2011) (Sasaki et al., 2011)
Low cotinine level || Moderate cotinine level High cotinine level
n=733 n=1265 n=1265
Level 1 Level 2 Level 3 Level 4 Level 5
<0.21 0.22-0.55 0.56-11.48 ||11.49-101.66|| 2101.67
ng/mL ng/mL ng/mL ng/mL ng/mL
n=733 n =630 n =635 n =632 n =633




1. N = 3,263

Low Moderate High
Level 1 Level 2 Level 3 Level 4 Level 5
(n=733) (n=630) (n=635) (n=632) (n=633) P value
a
358 (48.8) 314 (49.8) 287 (45.2) 317 (50.2) 335(52.9) 0.089
375(51.2) 316 (50.2) 348 (54.8) 315 (49.8) 297 (46.9)
0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.2)

g ® 3,093 (394) 3,081 (384) 3,065 (373) 3,055 (374) 2,948 (378)  <0.001***
cm ® 492 (2.1) 49.1(2.1) 49.0 (2.0 49.1(2.0) 485(3.1) <0.001***
cm 33.4(17) 33.3(14) 33.1(14) 33.1(1.3) 330(17) <0.001***

b 38.8(1.3) 39.1(1.3) 39.1(1.2) 39.0(1.2) 38.8(1.3) <0.001***
b 31.4(4.2) 30.2 (4.5) 29.3(4.5) 29.0(4.8) 28.9(4.6) <0.001***
cm 158.0 (5.2) 158.1 (5.2) 158.1 (5.0) 158.6 (5.5) 157.9 (6.0) 0.224
kg ® 53.0(8.5) 52.9(8.3) 52.5(8.1) 53.8 (11.3) 53.1 (10.0) 0.179
a
296 (40.4) 283 (44.9) 316 (49.8) 259 (41.0) 187 (29.5) <0.001***
437 (59.6) 347 (55.1) 319 (50.2) 350 (55.4) 434 (68.6)
0(0.0) 0(0.0) 0(0.0) 23(3.6) 12(1.9)
a
313 (42.7) 245 (38.9) 249 (39.2) 208 (32.9) 223(35.2) 0.089
420 (57.3) 385 (61.1) 386 (60.8) 413 (65.3) 399 (63.0)
0(0.0) 0(0.0) 0(0.0) 11 (1.7) 10(1.6)
a
10 (1.4) 14 (2.2) 25(3.9) 80(12.7) 96 (15.2) <0.001***
280 (38.2) 244 (38.7) 309 (48.7) 357 (56.0) 372 (58.8)
336 (45.8) 291 (46.2) 253 (39.8) 175 (27.7) 141 (22.3)
107 (14.6) 80 (12.7) 48(7.6) 14(2.2) 9(1.4)
0(0.0) 1(0.2) 0(0.0) 9(14) 15(2.4)
a
<300 111 (15.1) 119 (18.9) 189 (29.8) 148 (23.4) 162 (25.6)  <0.001***
300-<500 346 (47.2) 291 (46.2) 263 (41.4) 248 (39.2) 251 (39.7)
500-<800 216 (29.5) 168 (26.7) 143 (22.5) 96 (15.2) 90 (14.2)
>800 60 (8.2) 52(8.3) 40 (6.3) 27 (4.3 30(4.7)
0(0.0) 0(0.0) 0(0.0) 113 (17.9) 100 (15.8)
, Kruskal-Wallis

- Level 1 (0.12-0.21 ng/mL), Level 2 (0.22-0.55 ng/mL), Level 3 (0.56-11.48 ng/mL), Level 4 (11.49-101.66 ng/mL), Level
5 (101.67-635.25 ng/mL).

= N (%).

b Mean (SD)..

*,P<0.05; **, P<0.01; ***, P<0.001.



2

XRCC1I C>T,rs1799782; G>A, rs25487

AHR G>A, rs2066853

n ) (cm) (cm)
B (95% CI) B (95% CI) B (95% CI)
All
) Level 1 733 0 (Reference) 0.00 (Reference) 0.00 (Reference)
) Level 2 630 -57 (-104, -10)* -0.36 (-0.62, -0.09)** -0.26 (-0.47, -0.05)*
) Level 3 635 -55 (-103, -8)* -0.31 (-0.58, -0.05)* -0.27 (-0.49, -0.06)*
) Level 4 632 -93 (-147, -39)** -0.34 (-0.64, -0.03)* -0.40 (-0.64, -0.16)**
) Level 5 633 -171 (-226, -117)*** -0.63 (-0.93, -0.03)*** -0.53 (-0.77, -0.07)***
P for trend < 0.001*** P for trend < 0.001*** P for trend < 0.001***
AHR (G>A, Arg554Lys; rs2066853)

GG Level 1 219 0 (Reference) 0.00 (Reference) 0.00 (Reference)
Level 2 183 -76 (-175, 23) -0.35 (-0.84, 0.15) -0.24 (-0.62, 0.14)
Level 3 200 -63 (-163, 37) -0.28 (-0.78, 0.22) -0.26 (-0.65, 0.13)
Level 4 193 -182 (-297, -67)** -0.74 (-1.31, -0.16)* -0.63 (-1.07, -0.18)**
Level 5 194 -217 (-332, -102)*** -0.97 (-1.54, -0.40)** -0.57 (-1.01, -0.13)*

P for trend < 0.001*** P for trend < 0.01** P for trend < 0.01**
GA Level 1 364 0 (Reference) 0.00 (Reference) 0.00 (Reference)
Level 2 317 72 (-134, -10)* -0.37 (-0.71, -0.02)* -0.42 (-0.71, -0.12)**
Level 3 290 -82 (-146, -18)* -0.44 (-0.80, -0.08)* -0.34 (-0.64, -0.03)*
Level 4 300 -90 (-164, -16)* -0.22 (-0.64, 0.19) -0.42 (-0.77, -0.07)*
Level 5 315 =177 (-249, -104)*** -0.46 (-0.86, -0.05)* -0.58 (-0.93, -0.24)**

P for trend < 0.001*** P for trend > 0.05 P for trend < 0.01**
AA Level 1 150 0 (Reference) 0.00 (Reference) 0.00 (Reference)
Level 2 130 8 (-98, 114) -0.35 (-1.04, 0.33) 0.06 (-0.43, 0.55)
Level 3 145 -7 (-112,97) -0.18 (-0.86, 0.49) -0.26 (-0.74, 0.22)
Level 4 139 9 (-103, 122) -0.09 (-0.82, 0.63) -0.19 (-0.70, 0.33)
Level 5 124 -102 (-224, 21) -0.53 (-1.32, 0.26) -0.52 (-1.08, 0.05)

P for trend > 0.05 P for trend > 0.05 P for trend > 0.05

XRCCL1 (C>T, Argl94Trp; rs1799782)

CcC Level 1 337 0 (Reference) 0.00 (Reference) 0.00 (Reference)
Level 2 297 -56 (-125, 13) -0.38 (-0.76, 0.00)* -0.35 (-0.65, -0.06)*
Level 3 303 -65 (-136, 6) -0.32 (-0.71, 0.07) -0.40 (-0.70, -0.09)*
Level 4 298 -96 (-175, -17)* -0.36 (-0.80, 0.07) -0.53 (-0.86, -0.19)**
Level 5 317 -133 (-213, -53)** -0.57 (-1.01, -0.13)* -0.38 (-0.72, -0.04)*

P for trend < 0.01** P for trend < 0.05* P for trend < 0.01**
CT Level 1 320 0 (Reference) 0.00 (Reference) 0.00 (Reference)
Level 2 273 -52 (-126, 23) -0.37 (-0.78, 0.05) -0.10 (-0.39, 0.18)
Level 3 264 -19 (-95, 57) -0.23 (-0.65, 0.19) -0.04 (-0.33, 0.24)
Level 4 276 -100 (-185, -15)* -0.29 (-0.77,0.18) -0.14 (-0.47,0.18)
Level 5 265 -172 (-258, -87)*** -0.59 (-1.07, -0.12)* -0.45 (-0.77, -0.12)**

P for trend < 0.001*** P for trend < 0.05* P for trend < 0.05*
TT Level 1 76 0 (Reference) 0.00 (Reference) 0.00 (Reference)
Level 2 60 -61 (-196, 74) -0.20 (-1.10, 0.69) -0.48 (-1.49, 0.53)
Level 3 68 -139 (-264, -14)* -0.52 (-1.35, 0.31) -0.49 (-1.43,0.45)
Level 4 58 -5(-167, 157) -0.31 (-1.39, 0.76) -0.89 (-2.11, 0.32)
Level 5 51 -387 (-558, -217)*** -0.88 (-2.02, 0.25) -1.63 (-2.91, -0.35)*

P for trend < 0.01**

P for trend > 0.05

P for trend < 0.05*




n ) (cm) (cm)
B (95% CI) B (95% CI) B (95% CI)
XRCC1 (G>A, Arg399GIn; rs25487)
GG Level 1 413 0 (Reference) 0.00 (Reference) 0.00 (Reference)
Level 2 346 -60 (-123, 3) -0.30 (-0.68, 0.07) -0.31 (-0.61, -0.02)*
Level 3 363 -50 (-114, 14) -0.17 (-0.55, 0.21) -0.41 (-0.71, -0.11)**
Level 4 348 -55 (-129, 18) -0.15 (-0.58, 0.29) -0.48 (-0.83, -0.13)**
Level 5 348 -169 (-243, -95)*** -0.57 (-1.01, -0.13)* -0.76 (-1.11, -0.41)***
P for trend < 0.001*** P for trend > 0.05 P for trend < 0.001***
GA Level 1 265 0 (Reference) 0.00 (Reference) 0.00 (Reference)
Level 2 232 -37 (-117, 44) -0.41 (-0.81, -0.01)* -0.17 (-0.48, 0.15)
Level 3 237 -53 (-133, 28) -0.51 (-0.91, -0.10)* -0.11 (-0.42, 0.21)
Level 4 245 -111 (-200, -21)* -0.47 (-0.91, -0.02)* -0.23(-0.58, 0.12)
Level 5 237 -126 (-218, -34)** -0.39 (-0.85, 0.07) -0.15(-0.51, 0.21)
P for trend < 0.01** P for trend > 0.05 P for trend > 0.05
AA Level 1 55 0 (Reference) 0.00 (Reference) 0.00 (Reference)
Level 2 52 -112 (-269, 44) -0.67 (-1.56, 0.23) -0.36 (-1.03, 0.31)
Level 3 35 -31 (-218, 156) -0.59 (-1.66, 0.48) 0.32(-0.47,1.12)
Level 4 39 -278 (-498, -59)* -1.18 (-2.43, 0.08) -0.68 (-1.62, 0.26)
Level 5 48 -366 (-554, -177)*** -2.10 (-3.18, -1.03)*** -0.85 (-1.62, 0.26)

P for trend < 0.001***

P for trend < 0.001***

P for trend > 0.05

95% Cl, 95%

: Level 1(0.12-0.21 ng/mL), Level 2 (0.22-0.55 ng/mL), Level 3 (0.56-11.48 ng/mL), Level 4 (11.49-101.66 ng/mL), Level

5 (101.67-635.25 ng/mL).

B Reference

*,P<0.05; **, P<0.01; ***, P<0.001.

cm



CYP1A2

CYP1A2

CYP1A2 CCI/CA 100 mg
AA 300 mg

IUGR SGA
CYP1A2

95% CYP1A2

C164A
CYP1A2

C164A

(1,3,7 )
CYP1A2 CYP1A2C164A

514




-80Ce
1
Nagata (1998)
1
(60mg)
(50mg)
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(60mg) (30mg)
(200mg) (100mg) [
1(30mg)
(5mg) (60mg)
(50mg)
(0) 1 2 (0.05) 1 2 (0.2
3 4 (0.5) (1) 5
1 1 1 2
2 3 3 4 4 4
1
[ Ix [ ]
x [1 ] 100mg
100-299mg 300 mg 3
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514 10

11 )
@)

Kruskal-Wallis

ANOVA

Spearman

(CCICA, AA)
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21.4%
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476

X2
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( )
t

Pearson
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CYP1A2

30.7 +4.9

31.1% 1

124.5mg(1.5-1242.5mg)

3

BMI
CYP1A2



300 mg

5.3% 10.8%

(Tablel)

(2996 +346¢g vs.3086 +3800Q)
300 mg
(2962 +4739)
BMI
CYP1A2

(Table
2)
1
CYP1A2

100mg
300 mg

CYP1A2

879 (p=0.019)

(Table 3)
CYP1A2 1

CYP1A2
100 mg
AA 300 mg

CCICA

(p=0.023)

CYP1A2 AA 300 mg

2769(p=0.024) 1.0cm
(p=0.027)
(p=0.023)
(Table 4,5,6)
CYP1A2
AA 1
300mg
CYP1A2G3858A SGA
1
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(300 mg )
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300 mg
IUGR SGA
CYP1A2
CYP1A2 AA
1 300 mg



1980
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300mg
200mg
IUGR
1
256.2mg
(
173.9-490.0mg) 1
400mg 11% 31-49
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1
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Tablel Characteristics of mother -infant pairsin relation to maternal caffeine intake levels during pregnancy, Sapporo, Japan, 2002-2005 (n=476)

Maternal caffeine intake during pregnancy

Characteristics <100mg/day =~ 100-299mg/day = >300mg/day p-value
n=180 n=265 n=31

Maternal characteristics
Maternal age (years) 30.7 (4.9) 30.1(4.9) 31.2(4.9) 30.7 (4.9) 0.063
Pre pregnancy BMI (kg/m?) 21.1(3.0) 21.3(3.2) 21.0(2.8) 21.0(3.3) 0.692
Education level (years)

<12 210 73(34.8) 122 (58.1) 15(7.1)

213 266 107 (40.2) 143 (53.8) 16 (6.0) 0.460
Annual household income (million yen)

<5 324 124 (38.3) 179 (55.2) 21(6.5)

>5 149 55 (36.9) 84 (56.4) 10 (6.7) 0.960
Maternal smoking status during pregnancy

Nonsmoker 374 160 (42.8) 194 (51.9) 20 (5.3)

Smoker 102 20 (19.6) 71 (69.6) 11 (10.8) <0.001
Alcohal intake during pregnancy

No 328 136 (41.5) 169 (51.5) 23 (7.0)

Yes 148 44 (29.7) 96 (64.9) 8(5.4) 0.025
Alcohol intake among drinkers during pregnancy (g/day) 1.4 (0.3-152.0) 12(0.3-14.0% 1.9(04-98.2% 1.6(0.4-152.0) 0.094
Parity

0 226 93 (41.2) 120 (53.1) 13(5.8)

>1 250 87 (34.8) 145 (58.0) 18(7.2) 0.340
CYP1A2 genotype

cC 64 26 (40.6) 33(51.6) 5(7.8)

CA 225 85(37.8) 127 (56.4) 13(5.8)

AA 187 69 (36.9) 105 (56.1) 13(7.0) 0.937

CCICA 289 111 (38.4) 160 (55.4) 18 (6.2) 0.917
Infant characteristics
Gender

Male 226 81(35.8) 129 (57.1) 16 (7.1)

Femae 250 99 (39.6) 136 (54.4) 15 (6.0) 0.667
Gestational age (wks) 39.0(1.4) 39.1(1.4) 39.0(1.4) 38.4(1.8) 0.080

Birth weight (g) 3067 (374) 3087 (363) 3066 (368) 2962 (473) 0.228

Birth length (cm) 48.1(1.9) 48.1(2.1) 48.1(1.8) 475(1.9) 0.198

Birth head circumference (cm) 33.3(1.3) 33.3(1.3) 33.3(1L.3) 33.0(15) 0.383

Mean (SD) / n (%)
M edian (minimum-maximum)
the chi-squared test, ANOVA, Kruskal-Wallis test



Table2 Characteristics of mother-infant pairs in relation to mean infant birth size, Sapporo, Japan, 2002-2005 (n=476)

Infant birth weight (g) Infant birth length (cm) Infant birth head circumference (cm)
Characteristics Mean (SD) p-value Mean (SD) p-value Mean (SD) p-vaue
Maternal characteristics
Maternal age (years) r=-0.026" 0.573 r=-0.029% 0.534 r=0.029" 0.528
Pre pregnancy BMI (kg/m?) r=0.100% 0.030 r=0.050% 0.272 r=0.061% 0.182
Education level (years)
<12 3049 (377) 48.0(1.9) 33.2(1.3)
213 3081 (372) 0.349 48.2(2.0) 0.258 33.3(1.3) 0.400
Annua household income (million yen)
<5 3076 (370) 48.1(2.0) 333(13)
>5 3053 (384) 0.526 48.1(1.8) 0.755 33.3(1.3) 0.891
Maternal smoking status during pregnancy
Nonsmoker 3086 (380) 48.1(2.0) 33.3(1.3)
Smoker 2996 (346) 0.032 47.8(1.6) 0.142 331(1.2) 0.078
Alcohoal intake during pregnancy
No 3056 (389) 48.0 (2.0) 33.3(1.3)
Yes 3091 (338) 0.340 48.2 (1.7) 0.242 33.3(1.3) 0.695
Alcohol intake among drinkers during pregnancy (g ,3:04002b 0.983 p:-04030b 0.719 p=-0.1 14° 0.167
Parity
0 3048 (376) 48.1(2.0) 332(13)
>1 3084 (372) 0.282 48.1(1.8) 0.930 334 (1.3) 0.072
CYP1A2 genotype
cCc 3058 (398) 48.0 (2.0) 33.3(15)
CA 3062 (359) 48.0 (2.0) 333(12)
AA 3076 (385) 0.911 48.1(1.8) 0.909 33.2(1.4) 0.642
CCICA 3061 (367) 0.671 48.0 (2.0) 0.663 33.3(1.3) 0.384
Infant characteristics
Gender
Mae 3110 (381) 48.4 (2.1) 336 (1.3)
Female 3028 (364) 0.017 47.8(1.7) 0.002 33.0(1.2) <0.001
Gestationa age (wks) r=0.472° <0.001 r=0.406" <0.001 r=0.208% <0.001

®Pearson correlation coefficient. bSpearman correlation coefficient
the t-test, ANOVA, Pearson, Spearman correlation test



Table3 Individual associations of maternal caffeine intake during pregnancy, maternal smoking status, and materna CY P1A2 genotype with infant birth size, Sapporo, Japan, 2002-2005 (n=476)

Infant birth weight

Infant birth length

Infant birth head circumference

Crude Adjusted™” Crude Adijusted™? Crude Adjusted™
n Abw (g)  95%CI p-vaue Abw(g) 95%Cl p-value Abl (cm)  95%Cl p-vaue Abl(cm) 95%Cl p-value Abl (cm)  95%Cl p-vaue Abl(cm) 95%CI p-value
Caffeine Intake
<100mg/day 180 Ref. Ref. Ref. Ref. Ref. Ref.
100-299mg/day 265 -21 -92, 50 0.558 -3 -63, 62 0.993 0.1 -0.3,05 0.609 0.2 -0.2,05 0.296 -0.002 -0.3,0.3 0987 0.02 -0.2,0.3 0.900
>300mg/day 31 125  -268,18 0086 -33  -158,92 0.607 06  -13,02 0134 -02  -08,05 0.609 03  -08,02 0184 -02  -07,03 0.379
Smoking Status
Non-smoker 374 Ref. Ref. Ref. Ref. Ref. Ref.
Smoker 102 -90 -172,-8 0032 87  -160,-15  0.019 03 07,01 0142 -03  -07,01 0.173 03 -06003 0078 -02  -0501 0.173
CYP1A2 Genotype
CCICA 289 Ref. Ref. Ref. Ref. Ref. Ref.
AA 187 15 -54, 84 0.671 24 -35, 84 0.422 0.1 -0.3,04 0.663 0.1 -0.2,04 0.489 -0.1 -0.3,0.1 0.384 -0.04 -0.3,0.2 0.714
Abw (g): mean difference in birth weight (grams) in multiple linear regression model
Abl (cm): mean difference in birth length or birth head circumferende (centimeter) in multiple linear regression model
“Caffeine intake and CYP1A2 genotype was adjusted for: maternal age, pre-pregnancy BMI, education (<12, >13), maternal smoking status, acohol intake during pregnancy, parity (0, >1), infant gender, gestational age
Psmoki ng status was adjusted for: maternal age, pre-pregnancy BMI, education (<12, >13), acohol intake during pregnancy, parity (0, >1), infant gender, gestational age
Table4 Combined association of maternal caffeine intake during pregnancy and maternal CY P1A2 genotype with infant birth weight by maternal smoking status, Sapporo, Japan, 2002-2005
All (n=476) Non-smokers (n=374) Smokers (n=102)
Crude Adjusted” Adjusted” Adijusted®
n Abw (g) 95%Cl p-value Abw (g)  95%Cl p-value n Abw (g) 95%Cl p-value n Abw (g) 95%Cl p-value
CYP1A2 Genotype  Caffeine Intake
<100mg/day 111 Ref. Ref. 100 Ref. 11 Ref.
CCICA 100-299mg/day 160 -37 -128, 53 0.416 -23 -102, 56 0.569 115 -24 -113, 65 0.594 45 -15 -214, 185 0.883
2300mg/day 18 25 -161, 210 0.795 54 -108, 217 0.510 12 95 -103, 292 0.346 6 -49 -362, 265 0.759
<100mg/day 69 17 -95, 129 0.762 8 -89, 105 0.870 60 -3 -109, 103 0.955 9 113 -166, 392 0.423
AA 100-299mg/day 105 20 -79, 120 0.689 40 -47,127 0.363 79 52 -47,151 0.305 26 10 -205, 225 0.928
2300mg/day 13 -316  -531,-102 0.004 -146 -333,40 0.124 8 -276 -516, -36 0.024 5 70 -249, 389 0.664
Interaction” -358 -647, -70 0.015 -209 -460, 42 0.103 -367 -684, -51 0.023 6 -454, 465 0.981

Abw (g): mean difference in birth weight (grams) in multiple linear regression model

“Adjusted for maternal age, pre-pregnancy BMI, education (<12, >13), maternal smoking status, alcohol intake during pregnancy, parity (0, 1), infant gender, gestational age

PAdjusted for maternal age, pre-pregnancy BMI, education (<12, 213), alcohol intake during pregnancy, parity (0, 21), infant gender, gestational age

"Test of interaction: tests the null hypothesis that Abw (g)=0 in the multiple linear regression model for the product term, maternal caffeine intake >300mg/day x CYP1A2 AA genotype



Table5 Combined association of maternal caffeine intake during pregnancy and maternal CY P1A2 genotype with infant birth length by maternal smoking status, Sapporo, Japan, 2002-2005

All (n=476) Non-smokers (n=374) Smokers (n=102)
Crude Adjusted” Adjusted’ Adjusted”
n Abl (cm)  95%Cl p-value Abl (cm)  95%Cl p-value n Abl (cm)  95%Cl p-value n Abl (cm)  95%Cl p-value
CYP1A2 Genotype  Caffeine Intake

<100mg/day 111 Ref. Ref. 100 Ref. 11 Ref.
CCICA 100-299mg/day 160 0.1 -04,0.5 0.716 0.2 -0.3,0.6 0.460 115 0.2 -0.3,0.7 0.410 45 0.1 -09,11 0.790
2300mg/day 18 0.1 -0.9,1.0 0.883 0.1 -0.7,1.0 0.752 12 04 -0.7,15 0.456 6 -0.5 -21,1.0 0.507
<100mg/day 69 0.2 -04,0.7 0.554 0.1 -0.4,0.7 0.584 60 0.1 -0.5,0.6 0.821 9 0.8 -0.6,2.2 0.238
AA 100-299mg/day 105 0.3 -0.2,0.8 0.290 0.3 -0.1,0.8 0.153 79 0.3 -0.2,09 0.212 26 0.5 -0.6,1.6 0.363
2300mg/day 13 -1.3 -24,-0.2 0.024 -0.5 -15,05 0.348 8 -0.7 -2.0,0.6 0.296 5 -0.1 -1.7,15 0.881
Interaction’ -1.5 -3.0,-0.03 0.045 -0.8 -21,06 0.266 -12 -2.9,0.6 0.184 -0.4 -2.7,19 0.713

Abl (cm): mean difference in birth length (centimeter) in multiple linear regression model

“Adjusted for maternal age, pre-pregnancy BMI, education (<12, >13), maternal smoking status, alcohol intake during pregnancy, parity (0, 21), infant gender, gestational age

PAdjusted for maternal age, pre-pregnancy BMI, education (<12, 213), alcohol intake during pregnancy, parity (0, >1), infant gender, gestational age

"Test of interaction: tests the null hypothesis that Abl (cm)=0 in the multiple linear regression model for the product term, maternal caffeine intake >300mg/day x CYP1A2 AA genotype

Table6 Combined association of maternal caffeineintake during pregnancy and maternal CY P1A2 genotype with infant birth head circumference by maternal smoking status, Sapporo, Japan, 2002-2005

All (n=476) Non-smokers (n=374) Smokers (n=102)
Crude Adjusted” Adjusted” Adjusted”
n Abl (cm)  95% ClI p-value Abl (cm)  95%Cl p-value n Abl (cm)  95% ClI p-value n Abl (cm)  95% Cl p-vaue
CYP1A2 Genotype  Caffeine Intake

<100mg/day 111 Ref. Ref. 100 Ref. 11 Ref.
CCICA 100-299mg/day 160 -0.1 -04,0.2 0.489 -0.1 -04,0.2 0.654 115 -0.1 -0.4,0.3 0.615 45 0.02 -0.8,0.8 0.952
2300mg/day 18 0.1 -05,0.8 0.671 0.2 -05,0.8 0.590 12 0.1 -0.7,0.8 0.862 6 0.5 -0.7,1.7 0.413
<100mg/day 69 -0.2 -0.6,0.2 0.348 -0.1 -0.5,0.3 0.611 60 -0.1 -0.5,0.3 0.624 9 0.2 -09,13 0.758
AA 100-299mg/day 105 -0.02 -04,0.3 0.925 0.1 -0.3,04 0.792 79 0.02 -0.4,0.4 0.936 26 0.1 -0.7,1.0 0.776
2300mg/day 13 -1.2 -2.0,-0.4 0.002 -0.8 -15,-0.1 0.023 8 -10 -1.9,-0.1 0.027 5 -04 -1.6,09 0.563
Interaction’ -11 -2.0,-0.1 0.029 -0.9 -1.9, 0.06 0.065 -1.0 -2.2,0.2 0.105 -1.1 -2.9,0.8 0.253

Abl (cm): mean difference in birth head circumference (centimeter) in multiple linear regression model

“Adjusted for maternal age, pre-pregnancy BMI, education (<12, 213), maternal smoking status, alcohol intake during pregnancy, parity (0, 1), infant gender, gestational age

PAdjusted for maternal age, pre-pregnancy BMI, education (<12, 213), alcohol intake during pregnancy, parity (0, 1), infant gender, gestational age

"Test of interaction: tests the null hypothesis that Abl (cm)=0 in the multiple linear regression model for the product term, maternal caffeine intake >300mg/day x CYP1A2 AA genotype
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Table 1. Maternal and infant characteristics and their relationships with maternal

serum PFAAs concentrations (N=177).

PFOS (ng/ml)

PFOA (ng/ml)

Mean =SD p P
N (%) Median p-value Median p-value
(25th-75th) (25th-75th)
Maternal characteristics
Maternal age (year)® 29.8+4.8 p=-0.105 0.165 p = -0.067 0.376
Pre-pregnancy BMI (kg/m 21.2 +3.1° p=-0.019 0.799 p = -0.08 0.292
Parity®
0 98 (55.4) 6.0(4.2,8.00 0.008** 1.6 (1.2, 2.4 <0.001**
1 59 (33.3) 4.8(3.1,6.2) 1.1 (0.8, 1.4)
>2 20 (11.3) 4.6 (3.3, 6.6) 0.8 (0.5, 1.1)
Educational level (year)®
<12 83 (46.9) 5.2(4.0,7.00 0.846 1.2 (0.8,1.8  0.030*
> 12 94 (53.1) 5.5(3.7,7.5) 1.5 (1.0, 2.3)
Smoking during pregnancy®
No 144 (81.4) 5.3(4.0,7.2 0.308 1.4 (0.9,2.27 0.133
Yes 33(18.6) 4.8(2.8,7.3) 1.2 (0.8, 1.7)
Alcohol consumption during pregnancy®
No 120 (67.8) 5.2 (3.9, 7.3 0.891 1.4 (0.9, 2.1 0.907
Yes 57 (32.2) 5.5(3.7,7.2) 1.4 (0.9, 2.2)
Blood sampling periodd
23-31 weeks 67 (37.9) 6.0 (4.8,7.6 <0.001** 1.6 (1.0,2.3 0.015*
32-34 weeks 45 (25.4) 6.2 (3.9, 8.6) 1.4 (0.8, 1.9)
35-41 weeks 65 (36.7) 4.6 (2.9,5.9) 1.1 (0.8, 1.8)
Infant characteristics
Gestational age (week)® 39.8 1.0 p = 0.042 0.575 p = 0.063 0.403
Sex°®
Male 79 (44.6) 5.4(4.2,7.5 0.158 1.6 (1.0, 2.2 0.040*
Female 98 (55.4) 5.2(3.3,7.0) 1.3 (0.8, 1.9)
Birth weight (g)* 3125 +330 p =-0.126 0.096 p =-0.116 0.124
Birth length (cm)® 485 +1.5° p=0.091 0.232 p = 0.071 0.346
Ponderal Index (kg/m®)? 27.4 +2.2° p=-0.264 <0.001** p = -0.226 0.003**

Abbreviations: BMI, body mass index; PFAA, perfluoroalkyl acid; PFOA, perfluorooctanoic acid;
PFOS, perfluorooctane sulfonate. aSpearman’s correlation

coefficient (p). PData missing: prepregnancy BMI (N =1). cMann—Whitney U-test. dKruskal-Wallis
test. eData excluded: birth length (N=1) and ponderal index

(N=1). *P<0.05; **P<0.01.



Table 2. Association between maternal PFAA concentrations and cord blood DNA
methylation in multiple linear regression analyses (N=177).

IGF2 methylation (%6) H19 methylation (%0) LINE1 methylation (%)
B (95% CI) p B (95% CI) p B (95% CI) p
log (PFOS)
Crude - 0.60 (—-1.53, 0.33) 0.203 - 0.16 (—0.79, 0.46) 0.605 0.18 (-0.17,0.53) 0.321
Adjusted - 0.56 (-1.56, 0.44) 0.274 - 0.09 (-0.77, 0.59) 0.798 0.05(-0.31,0.42) 0.764
R? =0.056 R®=0.018 R®=0.134
log (PFOA)
Crude - 0.82 (-1.50, — 0.14) 0.019* - 0.10 (-0.56, 0.36) 0.673 - 0.02(-0.28, 0.24) 0.863
Adjusted —0.73(—1.44, — 0.02) 0.043* - 0.08 (-0.57, 0.40) 0.736 - 0.15(-0.41, 0.10) 0.244
R? =0.072 R?=0.018 R?=0.140

Abbreviations: B, partial regression coefficient and indicates methylation changes with log-unit
increase in concentration; Cl, confidence interval; /IGFZ2, insulin growth factor 2; LINE1, long
interspersed element 1; PFAA, perfluoroalkyl acid; PFOA, perfluorooctanoic acid; PFOS,
perfluorooctane sulfonate; R2, squared multiple correlation coefficient in adjusted model. Adjusted
for maternal age, maternal education, maternal smoking during pregnancy, infant sex, and
maternal blood sampling period. *P<0.05.

Table 3. Association between DNA methylation and birth size in multiple linear
regression analyses.

Birth weight (g) Birth length (cm) Ponderal index (kg/m?3)
(N=177) (N=176) (N=176)
B (95% CI) P-value B (95% CI) P-value B (95% CI) P-value

IGF2 methylation (%6)

Adjusted for
gestational age

Full adjustment?® 13.2 (-2.5,28.8) 0.099 -0.03 (-0.10, 0.05) 0.443 0.17 (0.06, 0.27) 0.002**

11.5(-3.8, 26.9) 0.140  -0.05(-0.12,0.02) 0.190  0.19 (0.08, 0.29) 0.001**

H19 methylation (%0)

Adjusted for
gestational age

Full adjustment?® 7.9 (-16.1,31.9) 0.515 0.05 (-0.06, 0.16) 0.362 -0.02 (-0.18, 0.15) 0.839

-0.2 (-23.3, 23.0) 0.987 0.03 (-0.08, 0.14) 0.545 -0.06 (-0.22, 0.10) 0.470

LINE1 methylation (%6)

Adjusted for
gestational age

Full adjustment® -3.1(-47.1, 40.9) 0.889 0.01 (-0.20, 0.21) 0.940 -0.04 (-0.34, 0.27) 0.807

10.0 (-31.3,51.3) 0.634 0.15 (-0.05, 0.34) 0.142 -0.15 (-0.44, 0.14) 0.306

Abbreviations: B, partial regression coefficient and indicates methylation changes with log-unit
increase in concentration; BMI, body mass index; Cl, confidence interval; IGF, insulin growth
factor; LINEL, long interspersed element 1. Full adjustment: Adjusted for maternal age,
prepregnancy BMI, parity, maternal education, maternal smoking during pregnancy, gestational
age, and infant sex. **P<0.01. aData missing: prepregnancy BMI (N=1).
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Figure 1. Mediation analysis of the association between PFOA and IGF2 methylation
and between PFOA and ponderal index (N =175).

Regression coefficients of each path are described alongside with arrows. The total effect of PFOA
on ponderal index is described within parentheses. A significant indirect effect of PFOA on ponderal
index through IGF2 hypomethylation was observed (ab=— 0.11; BCaCl: — 0.30 to — 0.02; Hayes,
2013 . The IGF2 methylation as a mediator can account for ~ 20% of the total effect (PM=0.20;
Preacher and Hayes, 2008). Maternal age, prepregnancy body mass index (BMI), parity, maternal
education, maternal smoking during pregnancy, gestational age, infant sex, and maternal blood
sampling period were adjusted. ab, indirect effect; BCa ClI: bias-corrected and accelerated
confidence interval; PM, percent mediation. *P<0.05 and **P<0.01.



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

Background: Prenatal exposure to perfluoroalkyl acids (PFAAs) can influence fetal
growth and postnatal obesity. However, only one previous study has examined the
epigenetic effects of PFAAs in utero. Specifically, the effects on gene-specific
methylation, including the fetal growth factor insulin-like growth factor 2 (IGF2), and
the consequences to the offspring are unknown.

Objectives: To evaluate the effects of prenatal PFAA exposure on infants’ [IGF2/H19
and L/NE1 DNA methylations and their relations to birth size.

Methods: 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 LINE1 methylation were
guantified in cord blood by pyrosequencing. Multiple linear regressions were
performed.

Results: The median concentrations of PFOS and PFOA were 5.0 and 1.4 ng/mL,
respectively. In the fully adjusted model, the /GF2 methylation fractions significantly
decreased with a logl0-increase in PFOA concentration [ = -1.53, 95% confidence
interval (Cl): -2.93 to -0.12]. We observed a positive correlation between IGF2
methylation and the ponderal index (kg/m3) at birth (3 =0.18, 95% CI: 0.09 to 0.27).
Conclusion: Our results suggest that prenatal PFOA exposure results in IGF2
hypomethylation in the offspring, which explains some of the decrease in the ponderal
index at birth. Further investigations are necessary to elucidate the effects of /IGF2
hypomethylation on the offspring’ s postnatal growth and obesity.
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Perfluoroalkyl acids (PFAAs) are

currently widely used synthetic

compounds for consumer products and
industrial  applications and are
dispersed all over the environment (Lau
et al. 2007). PFAAs have long half-lives
of 5.4 years for perfluorooctane
sulfonate (PFOS) and 3.8 years for
perfluorooctanoic acid (PFOA) in
humans (Olsen et al. 2007) and it was
reported that PFOS and PFOA are both
able to pass through the placental
barrier and might exert negative effects
on fetuses (Midasch et al. 2007).
Previous animal studies have indicated
that PFAAs are developmentally toxic
and causes neonate mortality and
reduced body weight (Kudo and
Kawashima 2003). We previously
reported that prenatal exposure to
PFOS significantly reduces the birth
weight of female infants (Washino et al.
2009) and this finding has also been
supported by other studies (Olsen et al.
2009). Additionally, in a recent Danish
birth cohort study, prenatal PFOA
exposure was found to be associated
with overweight and obese statuses
among 20-year-old females and changes
in  their obese biomarkers, which
suggests that modifications due to

PFOA exposure in utero persist until
adulthood (Halldorsson et al. 2012).
Recent researches indicated that
environmental chemicals in utero may
perturb epigenetic machinery and result
in persistent phenotypic changes in
whole life (Baccarelli and Bollati 2009).
We hypothesized prenatal PFAA
exposure modifies the DNA methylation
patterns of infants and results in
reduced birth size.

DNA methylation is an epigenetic
process that shapes the cell’s
characteristics over its entire life and
thus has been postulated to be a
mediator of the effects of the
intrauterine environment on postnatal
phenotypes (Drong et al. 2012). DNA
methylation occurs via the addition of a
methyl group to a cytosine at cytosine—
guanine dinucleotides (CpGs) and acts
like a “switch” for gene expression. DNA
methylation plays fundamental roles
during embryonic development and cell
differentiation by establishing tissue—
specific DNA methylation patterns and
subsequent stable gene expression
(Hackett and Surani 2013). Additionally,
these methylation patterns can be
heritable through cell division and are
influenced by the external environment
(Fraga et al. 2005). Previous
epidemiological studies have suggested
that prenatal exposure to maternal
smoking and environmental chemicals,
such as persistent organic pollutants
(POPs), bisphenol A and heavy metals,
modifies the epigenome of whom
exposed (Baccarelli and Bollati 2009).



PFOA has also been reported to have
epigenetic effects on cord blood global
DNA methylation; however, the study
that reported this finding was cross—
sectional and had a small sample size
(N=30) (Guerrero-Preston et al. 2010).

One of the most studied regions in
epigenetics is the insulin-like growth
factor 2 (IGF2)/H19 locus. IGF2 is a
growth hormone that is essential for
fetal growth and is expressed in
throughout fetal development. Secreted
IGF2 exerts mitogenic and metabolic
effects on all tissues, and
polymorphisms of this gene are

associated with fetal growth (Kaku et al.

2007). Additionally, methylations of
IGF2/H19 in cord blood and placental
tissues have been found to be associated
with  fetal  growth in  human
epidemiological studies. In the
Generation R study, children born
small-for-gestational age (SGA) were
found to exhibit lower /IGF2 methylation
levels in cord blood; interestingly, lower
IGF2 methylation was also associated
with greater weight gain in the first
three months after birth
(Bouwland-Both et al. 2013). Other
previous study demonstrated that
IGF2/H19 placental methylation and
genetic polymorphisms together account
for 31% of birth weight variance
(St-Pierre et al. 2012), which is
suggestive of a major role of the /GF2in
fetal growth. Moreover, emerging
evidence has indicated the role of /IGF2
gene in metabolic risks in humans.

Several reports have shown that
polymorphisms of IGFZ2 are associated
with weight and the obese phenotypes
(Cianfarani 2012). Additionally, a recent
report suggested that [IGF2/H19
methylation at birth is linked to the
development of overweight or obesity in
early childhood (Perkins et al. 2012).

The expression of this imprinted gene is
controlled by DNA methylation at the
IGF2 and H19 differentially methylated
regions (DMRs), which are reciprocally
methylated and expressed between the
maternal and paternal alleles (Gabory
et al. 2010). In addition to their
functional importance, these regions
have been suggested to be epigenetically
labile to environmental perturbations,
especially in early life, and have been
studied as indicators of epigenetic
disruption (Hoyo et al. 2009). Previous
epidemiological studies have
demonstrated that perturbation in the
intrauterine nutritional environment
can decrease IGF2 methylation in the
offspring. Heijmans et al. reported that
60 year—old individuals who had
experienced severe famine in utero
during the Dutch Huger Winter,
exhibited 5.2% less IGF2 methylation in
their peripheral blood than their
unexposed, sex—matched siblings
(Heijmans et al. 2008). Moreover, the
children of mothers without
periconceptual folic acid
supplementation exhibit lower [IGF2
methylation in their cord blood
(Haggarty et al. 2013) and peripheral



blood during infancy
(Steegers-Theunissen et al. 2009). Other
marker of epigenetic disruptions include
repetitive sequences, such as the Long
interspersed element 1 (LINE1), which
iIs a retrotransposon sequence that is
globally distributed and composes
approximately 17% of the human
genome, and has thus been used as a
surrogate for a global methylation
(Cortessis et al. 2012).

In this birth cohort study, we
prospectively evaluated the effects of
prenatal PFOS and PFOA exposures on
gene-specific DNA methylation at
IGF2/H19 and global methylation of
LINE1 and the associations of these
effects on fetal growth.

2.1. Study population. The study
participants were enrolled as a part of
the Hokkaido Study on Environment
and Children’s Health, which is an
ongoing birth cohort study. Details
about the study design have previously
been described (Kishi et al. 2011; Kishi
et al. 2013). Briefly, pregnant women at
23-35 weeks of gestation were recruited
at the Toho Hospital in Sapporo, Japan
between 2002 and 2005. Of the 1,796
eligible women, some were excluded
because they were registrants of the
Japanese cord blood bank (25%) or were
planning to deliver at another hospital
(3%). Ultimately, 514 expectant mothers
agreed to participate in this cohort (29%
participation rate). Among the 514

pregnant women who participated at
the enrollment, 10 were excluded due to
miscarriage or stillbirth (N = 2),
relocation (N = 1), and voluntary
withdrawal (N = 7) from the study
before follow—up. From these mothers,
447 maternal blood samples and 267
cord blood samples were available for
PFAA and DNA methylation analyses.
Subsequently, 235 mother-infant dyads
whose PFAA and DNA methylation data
were available were included in this
study. All 235
singletons.

This study was conducted with the
written informed consent of all subjects.
The institutional ethical board for
human gene and genome studies at
Hokkaido  University Center for
Environmental and Health Science and
Hokkaido University Graduate School
of Medicine approved the study protocol.
2.2. Data collection. At enrollment, a
self-administered questionnaire was

deliveries were

utilized to obtain baseline information
that included parental demographic
characteristics, anthropometric
measurements and lifestyle factors,
such as maternal smoking and alcohol
consumption (Washino et al. 2009).
Information about pregnancy
complications, gestational age, infant
gender and birth size was obtained from
the medical records.

2.3. Specimen collection. A 40-mL
maternal blood samples were collected
from 177 participants at between 24-41

weeks of gestational age (75.3%) and



from 58 participants within five days of
delivery (24.7%). Cord blood samples
were taken immediately at birth. All
specimens were stored at -80°C until
the time of analyses.

2.4. Exposure assessment. Detailed
methods for the measurements of PFOS
and PFOA have previously been
described (Inoue et al. 2004; Nakata A
2009). Serum samples (0.1 mL) were
mixed with 0.2 mL internal standard
solution containing acetonitrile and
centrifuged at 1450 X g for 10 min, and
the supernatants were transferred to a
polypropylene tube. An aliquot of the
filtered sample solution was subjected
to column-switching liquid
chromatography-tandem mass
spectrometry (LC-MS/MS). PFOS was
detected in all of the samples, and the
PFOA levels of 15 samples were below
the detection limit (0.50 ng/mL). For
PFOA concentrations of those samples,
we used a value of half the detection
limit (0.25 ng/mL).

2.5. Quantification of DNA methylation.
Genomic DNA was extracted from
umbilical cord blood using a Maxwell®
16 DNA Purification Kit (Promega,
Madison, WI, USA). 500 ng of DNA were
subjected to a bisulfite conversion using
an Epitect Plus Bisulfite Kit (Qiagen,
Venlo, Netherlands) to convert the
unmethylated cytosines to uracils while
leaving the methylated cytosines
unchanged. Bisulfite pyrosequencing
was performed using previously
described methods and primers (Bollati

et al. 2007; Murphy et al. 2012a). We
evaluated two [IGF2/H19 regulatory
regions, one involved the two CpG sites
comprising the intragenic /GF2 DMRO,
and the other involved the four CpG
sites within the H19 DMR, which is
within the /IGF2/H19 imprinting control
region (ICR). For LINEI1, three CpG
sites in promoter region were quantified.
Each locus was amplified using
HotStarTag DNA polymerase in
PyroMark PCR Kits (Qiagen).
Biotin-labeled single-stranded
amplicons were bound to the
Streptavidin Sepharose HP (Amersham
Biosciences, Uppsala, Sweden) and
purified using the Pyromark Q24 Work
Station (Qiagen). Pyrosequencing was
performed using a Pyromark Q24
system, and the data were analyzed
using Pyro Q-CpG Software (Qiagen).
The PCR primers, conditions and
sequencing primers are described in
Table S1. All of the samples were
analyzed in duplicate. For the
subsequent analyses, the average
methylation level of each CpG site was
used.

2.6. Data Analyses. The Spearman
correlation test, Mann—-Whitney U-test,
and Kruskal-Wallis test were applied to
determine whether the maternal and
offspring characteristics were
associated with PFAA  exposure.
Multiple linear regression analyses
were performed to determine the
associations between the maternal

PFAA concentrations and the infants’



methylation levels at each locus. Due to
skewed distributions, we transformed
the concentrations of PFOS and PFOA
concentrations into logl0 scales. The
maternal blood sampling periods for the
PFAA measurements were categorized
into four groups: < seven months, eight
months + four weeks, > nine months of
pregnancy, and after delivery.
Additionally, the samples were divided
into quartiles according to PFOS and
PFOA concentrations, and tests for a
linear trend were performed by linear
contrast. The adjusted least square
means of the methylation levels in each
quartile were compared with the
Hsu-Dunnet method to accommodate
for multiple comparisons. Multiple
linear regressions were applied to
estimate the effects on the infants’ birth
sizes. The infant ponderal index, an
indicator of relative soft tissue mass to
bone structure, was calculated as the
ratio of birth weight (kg) to cubed birth

length (m3) (Miller and Hassanein 1971).

One subject was excluded from the
analysis of birth length and ponderal
index because the birth length of this
infant was more than four standard
deviations (SDs) from the mean despite
having a gestational age and birth
weight within the normal ranges. The
DNA methylation model was adjusted
for maternal age, education, the infant’s
sex, maternal smoking during
pregnancy and the blood sampling
period. The birth size model was
adjusted for gestational age, maternal

age, pre-pregnancy body mass index
(BMI), parity, maternal education,
maternal smoking during pregnancy
and the infant’s sex. All statistical
analyses were conducted using JMP pro
11 (SAS Institute Inc., NC, USA).
P-values below 0.05 were considered
statistically significant.

Among the 235 mother-infant
dyads who were included in the study,
the mean methylation levels (+ SD) for
the /GF2 DMRO, H19 DMR and LINE1
were 49.1% (= 3.3), 52.1% (+ 2.0) and
75.7% (£ 1.2), respectively. The
geometric means (GM) (25th to 75th
percentiles) of the PFOS and PFOA
levels in the maternal blood were 4.8
ng/mL (3.3 to 6.8) and 1.2 ng/mL (0.9 to
1.9), respectively (Table 1). The
maternal and infant characteristics and
their relations to the PFOS and PFOA
concentrations are described in Table 2.

Table 3 shows the results of the
multiple linear regression analyses of
the effects of the PFAAs on DNA



methylation in the cord blood. After
adjusting for potential confounders, our
results demonstrated a significant
decrease in IGF2 methylation fraction
with a log10-unit increase in PFOA (B
= -153, 95% CI: -293 to -0.12).
Although not statistically significant,
the PFOS level exhibited a trend similar
to that of PFOA (B = -0.90, 95% CI:
-2.79 to 0.98). The HI19 and LINE1
methylations did not exhibit any
significant association with either
PFOS or PFOA concentrations.

Next, we analyzed the effects of
PFOS and PFOA stratified by infant
gender (Table 4). We did not find
significant associations among either
the male or female infants. However, after
adjusting for potential confounders, a
stronger association between PFOS and
IGF2 methylation was observed among
the female infants (3 = -2.30, 95% CI:
-4.92 to 0.31) compared to the male
infants.

Figure 1 shows the changes in the
adjusted least square means in IGF2
methylation across the PFOS and PFOA
quartiles. After adjusting for potential
confounders, we found that, although
only marginally significant, /IGF2
methylation was decreased by 1.31% in
the fourth PFOA quartile (> 1.9 ng/mL)
compared to the first quartile (< 0.9
ng/mL) (B =-1.31, 95% CI: -2.65 to 0.03,
p = 0.06). The results also revealed a
decrease from the second to fourth
quartiles (p for trend = 0.01 in all
quartiles). The PFOS quartiles did not

exhibit any significant relation to /GF2
methylation (p for trend = 0.29; Table
S3).

We analyzed whether DNA
methylation at /GFZ2 was associated
with fetal growth (Table 5). After
adjusting for gestational age (Model 1)
and other potential confounders (Model
2), IGF2 methylation exhibited a
significant correlation with the ponderal
index (B = 0.18, 95% CI: 0.09 to 0.27).
H19 methylation was not significantly
related to these fetal growth indices
(data not shown).

The prenatal period is a critical
time for a fetus to create tissue-specific
DNA methylation patterns to develop a
functional human body, and perturbation
of these canonical processes by external
factors such as environmental
chemicals might result in persistent
epigenetic and phenotypic changes
(Barnes and Ozanne 2011). In this study,
even at our daily-life exposure levels, we
found that prenatal PFOA exposure
resulted in a decrease in DNA
methylation at the /GFZ2 locus in cord
blood, which was associated with a
lower ponderal index at birth.
Interestingly, these effects were more
pronounced in the gene-specific
methylation than global methylation as
measured at L/NE1. To our knowledge,
this is the first epidemiological report to
evaluate the effects of prenatal PFAA
exposure on gene-specific methylation.



Previous epidemiological studies have
demonstrated that
nutritional perturbations, such as
severe famine (Heijmans et al. 2008)
and perinatal maternal folic acid
deficiencies (Haggarty et al. 2013;
Steegers-Theunissen et al. 2009), can

intrauterine

decrease the offspring’ s /IGF2 methylation.

According to previous animal and
epidemiological studies, prenatal
exposure to PFOA can result in poor
growth in utero (Olsen et al. 2009). Our
results indicated that prenatal PFOA
exposure, which is another possible
cause of fetal growth restriction, can
elicit effects similar to those of
malnutrition and folic acid deficiency
and resulted in hypomethylation at the
IGF2 locus.

In the current study, we observed
that /GF2 methylation was positively
associated with the ponderal index at
birth (3 = 0.18, 95% CI: 0.09 to 0.27).
Based on our observations, it can be
estimated that a ten-fold increase in
PFOA concentration resulted in a 1.53%
decrease in IGF2 methylation, which
accounted for a reduction in the
ponderal index of 0.28 kg/m3. However,
because our observations of the
association of DNA methylation and
ponderal index were cross-sectional, we
were unable to determine whether lower
ponderal indices resulted in IGF2
hypomethylation or vice versa. Moreover,
it is unknown whether the minor /IGF2
hypomethylation in the cord blood that
we observed could represent functional

consequences such as changes in IGF2
protein levels.

The relationships of /GF2 methylation
with IGF2 protein levels have not yet been
fully clarified. A previous study of
placental tissues, which actually secrete
IGF2, showed that placental IGF2
DMRO methylation is positively
correlated with IGF2 protein
concentration in the cord blood, which
in turn is positively associated with
fetal growth indices (St-Pierre et al.
2012). Whereas another cord blood study
reported a negative correlation between
cord blood /GF2 DMRO methylation and
IGF2 protein circulation (Hoyo et al. 2012),
which  contradicts our observations.
Mechanistically, DNA methylation at the
H19 DMR is thought to play a more
crucial role in IGF2 expression; H19
DMR is located in the IGF2/H19 ICR
and determines the expression of the
H19 gene and the inhibition of IGF2
expression (Gabory et al. 2010).
However, our results showed that
methylation at the /GFZ2 DMR was
associated with the ponderal index, and
we do not have a rational explanation
for this matter yet.

In contrast, recent epidemiological
studies have suggested an association
between methylations of imprinted
genes and postnatal growth. It has been
reported that one vyear-old infants
within >85th percentile in weight for
age have higher H19 methylation levels
in the cord blood (Perkins et al. 2012),
and IGF2/H19 ICR methylation in the



peripheral blood was found to be
positively correlated with subcutaneous
adiposity and skinfold thickness at 17 years
of age in cross-sectional study (Huang et al.
2012). It is necessary to further follow up
the growth of our population that was
exposed to PFOA in utero and exhibited
IGF2 hypomethylation.

Although the exact modes of action
of the effects of PFOA on DNA
methylation remain to be elucidated,
some potential manners in which
prenatal PFOA exposure might affect
DNA methylation are known. As
exogenous ligands, PFAAs might
actively change the DNA methylation of
specific genes by binding to their target
receptors. Previous in vitro reporter
assays have demonstrated that PFOA
and PFOS can activate the human
peroxisome  proliferator - activated
receptors (PPARs) a and y (Vanden
Heuvel et al. 2006), which are
important nuclear receptors for lipid
homeostasis, adipogenesis and other
physiological processes. A previous
study suggested that PPARYy can
induce changes in histone modifications,
which represent another epigenetic
mechanism that is closely linked to
DNA methylation status, and promote
adipogenesis (Wakabayashi et al. 2009).
These findings might explain the gene-
specific methylation due to PFOA
exposure that was observed. Moreover,
it is possible that other environmental
chemicals with the ability to activate
PPARs also elicit effects similar to those

of PFOA, and further evaluations are
necessary.

In addition to transactivating
PPARs, PFOA and PFOS can also
exhibit weak estrogenic activity by
directly interacting with estrogen
receptors (ERS) (Kjeldsen and
Bonefeld-Jorgensen 2013), which can
lead to changes in /GF2 methylation
(Pathak et al. 2010). This estrogen
interaction might explain the sex
difference in methylation due to PFOS
exposure observed in our study.
However, this result was no statistically
significant, and further studies with
larger samples are needed to clarify the
sex differences in the epigenetic effects
of PFAAs.

In our study, we observed that only
PFOA decreased IGF2 methylation. A
previous in vitro reporter assay
indicated that PFOA is a stronger
activator of PPARs than PFOS (Takacs
and Abbott 2007). Moreover, it has been
shown that PFOA has greater
transplacental transfer efficiency
(Beesoon et al. 2011). These findings
might explain our observation that
PFOA had a stronger effect on IGF2
hypomethylation despite the lower
exposure level to PFOA than PFOS.

Regarding global methylation, we
did not observe a significant association
between PFAA concentration and
LINE1 methylation. A previous Cross-
sectional study (N = 30) demonstrated
that PFOA concentrations in cord blood

are inversely correlated with the



offspring’ s global DNA methylation as
quantified with enzyme-linked
immunosorbent assay (ELISA)
(Guerrero-Preston et al. 2010), which is an
immunochemical method that can be
used to quantify total methylated
cytosine to measure global methylation.
In contrast, we measured the
methylation of the retrotransposon
sequence LINE1 as a surrogate marker
of global methylation. Choi et al.
reported that L/NEI methylation is not
correlated with total cytosine
methylation (Choi et al. 2009). These
methodological differences might have
caused the discordance of the two
results. In contrast, two studies in adult
populations indicated that PFOA
concentrations are not significantly
associated with L/NE1 methylations in
peripheral blood or sperm cells (Leter et
al. 2014; Watkins et al. 2014). Moreover,
two in vitro studies reported no
significant effects of PFOA on total
cytosine methylation in human cells
(Bastos Sales et al. 2013; Tian et al.
2012), and Tian et al. reported a
significant increase in methylation at a
gene promoter region. The results of
these previous studies are concordant
with our observations, which suggests
that PFOA exposure exerts greater
effects on the DNA methylation of
specific genes rather than the global
methylation.

Our study is a birth cohort study
that has followed participants since the
prenatal period and can thus minimize

recall bias. However, we acknowledge
that this study also has some
limitations. First, we measured DNA
methylation in cord blood samples,
which might not entirely represent the
methylation levels of other tissues.
Comparisons of the methylation levels
across tissues have demonstrated that
the H19 methylation levels are similar
across tissues, but lower levels of IGF2
methylation have been observed in the
brain, kidneys and liver compared to
other tissues including cord blood and
the placenta (Murphy et al. 2012b).
Secondly, our study did not have a
sufficient sample size to ensure
adequate statistical power; thus, it is
possible that we were unable to detect
all of the effects of PFAA on IGF2/H19
and LINE1 methylations. Third,
population of this study was entirely
from a single hospital in Sapporo city;
however, compared to another of our
birth cohort studies that covered 37
hospitals in Hokkaido prefecture, the
characteristics of the participants were
very similar (Kishi et al. 2011; Kishi et
al. 2013), which suggests the hospital
from which we recruited participants
was a typical hospital without special
deviations. Therefore, our results can be
generalized to a larger context.
Additionally, we only used the data from
the participants who had cord blood
samples for DNA methylation analyses,
and this limited our study population to
those with vaginal deliveries (99.6%).
Another limitation is that the maternal



blood sampling period for the PFAA
measurements differed between the
subjects. However, PFOS and PFOA
have relatively long half-life of 5.4 years
and 3.8 years (Olsen et al. 2007), and we
adjusted for the blood sampling period
to minimize its influence on our results.

In the current study, we found that
in utero PFOA exposure can decrease
DNA methylation at the /GF2 locus. In
2009, PFOS was classified as Annex B
of the Stockholm Convention on POPs.
Since that time, the use of PFOS and
PFOA has been declining worldwide
(Olsen et al. 2012). Similarly, our group
reported that plasma PFOS and PFOA
concentrations also decreased in Japan
between 2003-2011, whereas the
concentrations of perfluorononanoic
acid (PFNA) and perfluorodecanoic acid
(PFDA) have increased over the years
(Okada et al. 2013). Therefore, it is
necessary to evaluate the effects of
these newly emerged PFAAS on the fetal
epigenome. Additionally, it is plausible
that PFOA and other PFAAs might
exert their epigenetic effects on genomic
regions other than [/GF2. Further
epigenome-wide association studies are
necessary to fully
influence of prenatal PFAA exposure on
the offspring’ s epigenome and future

elucidate the

risks.

Our study indicated that prenatal
exposure to PFOA decreased /IGF2
methylation in infants but did not

significantly affect H19 or LINE1
methylation.
methylation levels were associated with

Moreover, lower [IGF2

lower ponderal indices at birth, which
might explain the involvement of DNA
methylation in fetal growth restriction
that is caused by PFOA exposure.
Further long-term observations are
necessary to evaluate the health effects
of prenatal PFOA exposure and the
subsequent /GF2 hypomethylation on
health and disease of the offspring.
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Table 1. Concentrations of PFOS and PFOA (ng/mL) in the maternal sera (N = 235).

Detection Mean Geometric Percentile

limit2 ND (%) (+SD) Mean Minimum  25th  50th 75th  Maximum
PFOS 0.5 0(0.0) 5.5(=2.7) 48 14 33 5.0 6.8 16.2
PFOA 05 14 (43) 1.5 (+0.9) 1.2 ND 0.9 14 19 53

ND, nondetectable.
&For the subjects levels below the detection limit, we used avalue equal to half of the detection
limit.

Table 3. Effect of PFAA exposure on DNA methylation in cord blood according to multivariate
linear regression models.

| GF2 methylation (%) H19 methylation (%) LINE1 methylation (%)
B (95% CD) p B (95% CI) p B (95% CI) p

PFOS (Iogho)

Crude -1.69 (-3.45,0.06)  0.059 0.00(-1.19,1.19) 0.996 -0.09 (-0.74,0.56) 0.787

Adjusted @ -0.90 (-2.79,0.98)  0.346 0.26 (-1.03,1.54) 0.695 0.01(-0.64,0.67) 0.966
PFOA (logu0)

Crude -1.78 (-3.16,-0.40)  0.012* -0.59 (-1.53,0.35) 0.215 -0.03(-0.54,0.48) 0.905

Adjusted 2 -153(-2.93,-0.12) 0.033* -0.56 (-1.52,0.40) 0.249 -0.16 (-0.65,0.33) 0.524

@Adjusted for maternal age, maternal education, infant's sex, smoking during pregnancy, and
blood sampling period
*p<0.05



Table 2. Maternal and infant characteristics and their relationships with PFAA concentrations
(N=235).

PFOS (ng/ml) PFOA (ng/ml)
Mean = SD p P
N (%) Mean (95% CI) p Mean (95% ClI) p
Maternal characteristics
Maternal age (year)? 29.9 +4.8 p=-0.127 0.051 p=-0.055 0.405
Pre-pregnancy BMI (kg/m?)2 21.0+2.97 p=-0.056 0.395 p=-0.109 0.097
Parity®
Primiparous 122 (51.9) 6.14 (5.63,6.66)  <.001** 1.86 (1.70,2.02)  <.001**
Multiparous 113 (48.1) 4.74 (4.29, 5.19) 1.11(0.98, 1.24)
Educational level (year)®
<12 109 (46.4) 5.41(4.92,591) 0913 1.41(1.24,1.58) 0.037*
>12 126 (53.6) 5.51 (5.01, 6.02) 1.57 (1.43, 1.72)
Smoking during pregnancy®
No 196 (83.4) 5.54 (5.15,5.93)  0.500 154(1.41,1.67) 0.093
Yes 39 (16.6) 5.1(4.28,5.91) 1.28 (1.05, 1.51)
Alcohol consumption during pregnancy®
No 159 (67.7) 5,54 (5.10,5.98) 0.776 1.50(1.35,1.64) 0.798
Yes 76 (32.3) 5.32 (4.73, 5.92) 1.50 (1.31, 1.68)
Blood sampling period®
< 7 months 16 (6.8) 6.71(5.54,7.89) <.001** 1.70(1.27,2.13) 0.029*
8 months + 4 weeks 107 (45.5) 6.15 (5.62, 6.68) 1.65 (1.46, 1.84)
> 9 months 54 (23.0) 4.67 (4.04, 5.30) 1.31(1.08, 1.53)
After delivery 58 (24.7) 4.61 (3.87, 5.34) 1.33(1.16, 1.51)
Infant characteristics
Gestationa age (week)? 394+1.0 p=0.030 0.651 p=0.049 0.458
Sexb
Male 106 (45.1) 5.63(5.08,6.17) 0.368 158(1.41,1.75) 0.1
Female 129 (54.9) 5.34 (4.87, 5.81) 1.43 (1.28, 1.58)
Birth weight (g) 3122 £332 p=-0.106 0.107 p=-0.105 0.108
Birth length (cm) 48.4 £ 1.6} p=0.077 0.237 p =-0.004 0.947
Ponderal Index (kg/mq) 27.5+2.2% p=-0.233 <.001** p=-0.159 0.015*

'Datamissing: pre-pregnancy BM1 (N=1), fish consumption (N=14)
*Data excluded: birth length (N=1), ponderal Index (N=1)

2 Spearman's correlation (p), ° Mann-Whitney U-test, ¢ Kruskal-Wallis test
*pP<0.05**p<0.01



Table 4. Gender differences in the effects of PFAAs on DNA methylation according to
multivariate linear regression models (N=235).

|GF2 methylation (%) H19 methylation (%) LINE1 methylation (%)
N B (95% CI) p B (95% CI) p B (95% CI) p

PFOS (I0gi0)?

Male 106 0.68 (-2.19, 3.55) 0.641 -0.99 (-2.93,0.96) 0.316 0.00(-0.93,0.93) 0.997

Female 129 -2.30(-4.92,0.31) 0.084 1.08(-0.68,2.84) 0.226 -0.05(-0.97,0.87) 0.915
PFOA (logi)?

Male 106 -1.96 (-4.31,0.39) 0.101 -1.32(-2.92,0.28) 0.106 0.09 (-0.68,0.86) 0.816

Female 129 -1.45(-3.29,0.39) 0.123 -0.29 (-1.53,0.95) 0.642 -0.23(-0.87,0.42) 0.488

a Adjusted for maternal age, maternal education, infant's sex, smoking during pregnancy, blood
sampling period

Table5. Effects of IGF2 methylation on fetal growth (N=235).

| GF2 methylation (%)
Overall (N =235) Male (N =106) Female (N = 129)
B (95% CI) p B (95% CD) p B (95% CI) p
Birth weight (g)
Model 1 10,5 (-2.9, 23.9) 0.125 16.0(-2.4,345) 0088 9.0(-102,282) 0355
Mode! 2 10.2(-3.1, 23.6) 0.132 16.2 (-3.2, 35.7) 0.1 6.4 (-12.7, 25.6) 0.509
Birth length (cm)*
Model 1 -0.06 (-0.12, 0.01) 0.074 -0.04 (-0.14,0.06)  0.383 -0.05 (-0.13, 0.03) 0.241
Model 2 -0.05 (-0.12, 0.01) 0.118 -0.05(-0.16,0.06)  0.368 -0.05 (-0.14, 0.03) 0.199
Ponderal Index
(kg/m?y?
Mode 1 0.19 (0.10, 0.28) <.001** 0.21(0.09,0.34)  0.001** 0.17 (0.03,0.30)  0.014*
Model 2 0.18(0.09, 0.27) <.001** 0.22(0.10,0.35)  0.001** 0.15(0.02,0.29) 0.027*

tDatamissing: pre-pregnancy BMI (N=1)

tData excluded: birth length (N=1), ponderal Index (N=1)

@Model 1: adjusted for gestationa age

b Model 2: adjusted for gestational age, maternal age, pre-pregnancy BMI, Parity, maternal
education, maternal smoking during pregnancy, and the infant's sex

*pP<0.05**p<0.01



Fig 1. Dose-dependent effects of PFOA on IGF2 methylation (N=235)
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Fig 1. The bold line indicates the effects of PFOS (A) and PFOA (B) based on quartile (Q) splits.

The square dots indicate the betas, and the error bars depict the 95% Cls. | GF2 methylation began
to declinein quartile 3. Only PFOA exhibited a significant decrease (p for trend = 0.01).

PFOS: QI (< 3.3 ng/mL), Q2 (3.3-5.0 ng/mL), Q3 (5.0-6.8 ng/mL), Q4 (> 6.8 ng/mL).

PFOA: Q1 (£0.9 ng/mL), Q2 (0.9-1.4 ng/mL), Q3 (1.4-1.9 ng/mL), Q4 (> 1.9 ng/mL).

Adjusted for maternal age, maternal education, infant's sex, smoking during pregnancy and blood

sampling period.



PCBs DNA

PCBs
DNA
PCBs
IGF2/H19 LINE1
PCBs 238
IGF2/H19 LINE1 DNA
PCBs
NoCBs 22'33'455'66'-NoCB (PCB-208) H19

(B =0.87, 95%Cl: 0.08 to 1.67)
PCDFs  IGF2
(B =-4.21, 95%Cl: -7.60 to -0.83) H19 NoCBs (B =2.60, 95%ClI:
0.82t0 4.38) DeCB (B =2.77, 95%Cl: 0.76 t0 4.78)

( ) (Konishi et al. 2009)
( )
DNA
(Rusiecki et
al. 2008; Kim et al. 2010; Lind et al.
PCBs 2013) PCBs

POPs




Alu

70

PCBs

DNA

(Hackett and Surani
2013) DNA

(Baccarelli and Bollati 2009)

PCBs
PCBs IGF2/H19
LINE1
2002 7
2005 10
514

DNA 238

400 pL Maxwell® 16 DNA

Purification Kit (Promega )
DNA DNA

Epitect Plus Bisulfite Kit (Qiagen )
IGF2
DMRO (chrllp15.5, site 1: 2,109,519;
site 2: 2,109516; NCBI Human Genome
Build 37.1), H19 DMR (chrllpl5.5, site
1: 1,964,261; site 2: 1,964,259; site 3:
1,964,257; site 4: 1,964,254), LINE1 3
Pyromark Q24
system (Qiagen ) DNA

PCBs
HRGC/HRMS
log10
TEQ
(Van den Berg et al.
2005) 2 Dioxin-TEQ PCDDs 7

PCDFs 10 Non-ortho PCBs 4
Mono-ortho PCBs 10
> PCBs 58 PCB

238
DNA (+ SD)  IGF2



DMR  48.7% (+ 3.0) HI19 DMR
52.4% (+ 1.9%) LINEI 75.9% (+ 1.1)

PCBs
(TEQ) 14.2 pg/g lipid
(3.2t042.9) PCBs 100.8 ng/glipid

(16.0 to 326.8) ( )
PCB
PCBs H19
Crude

OcCBs, NoCBs, DeCB H19

total NoCBs
H19
(B =1.37,95%CI: 0.11 to 2.62)
PCBs IGF2
LINE1

PCBs
HpCBs, OcPBs,
NoCBs, DeCB
Crude H19

22'33'455'66'-NoCB(PCB208)
(B =0.87,
95%Cl: 0.08 to 1.67)
IGF2 LINEI1

PCBs
IGF2/H19 LINE1

PCDF  (TEQ) IGF2

10 4.21%
(B =-4.21, 95%Cl: -7.60 to -0.83)
PCDD/PCDF (TEQ) IGF2

(B =-3.47, -6.75 to -0.18)
H19 NoCB
(B =2.60, 95%Cl: 0.82 to 4.38)
DeCB(B =2.77, 95%Cl: 0.76 to 4.78)

PCBs

PCDF
PCBs NoCBs DeCB

PCDDs PCDFs

PCDDs/PCDFs (TEQ) 10
338.79
(p=0.022) (Konishi et al. 2009)
PCDFs
10
IGF2 4.21%
IGF2

(St-Pierre et al. 2012)
IGF2

(Kobayashi et al. submitted) PCDFs



IGF2
H19 in vitro
IGF2
(Gabory et al.
2010) NoCBs, DeCB
H19
PCB H19
PCBs
24
DNA IGF2
PCDFs IGF2
PCBs NoCBs, DeCB

H19

IGF2 PCDFs

DNA

1

(1) Kobayashi S, Azumi K, Itoh S,
Goudarzi H, Sasaki S, Ishizuka M et
al. Effects of Prenatal Exposure to
Perfluoroalkyl Acids on Cord Blood
IGF2/H19 Methylation and
Associations with Birth Size: The
Hokkaido Study. Environ Int
(submitted)

(2) : , ;

. 26(2):29-38, 2012.

2

(1) Kobayashi S., Azumi K., Sasaki S.,
Ishizuka M., Nakazawa H., Okada
E., Kobayashi S., Goudarzi H., Itoh
S., Miyashita C., Ikeno T., Araki A.,
Kishi R.; The effects of
perfluoroalkyl acids (PFAAS)
exposure in utero on IGF2/H19 DNA
methylation in cord blood. 26th
Annual International Society for
Environmental Epidemiology
Conference. Seattle, USA.
(2014.08.24-28)

(2) , , ,



IGF2 DNA
83
(2013.03.24-26)

. Baccarelli A, Bollati V. 2009.
Epigenetics and environmental
chemicals. Curr Opin Pediatr
21:243-251.

. Gabory A, Jammes H, Dandolo L.
2010. The h19 locus: Role of an
imprinted non-coding rna in growth
and development. Bioessays
32:473-480.

. Hackett JA, Surani MA. 2013. DNA
methylation dynamics during the
mammalian life cycle. Philos Trans R
Soc Lond B Biol Sci 368:20110328.

. Kim KY, Kim DS, Lee SK, Lee IK,
Kang JH, Chang YS, et al. 2010.
Association of low-dose exposure to
persistent organic pollutants with
global DNA hypomethylation in
healthy koreans. Environ Health
Perspect 118:370-374.

. Konishi K, Sasaki S, Kato S, Ban S,
Washino N, Kajiwara J, et al. 2009.
Prenatal exposure to pcdds/pcdfs and
dioxin-like pcbs in relation to birth
weight. Environ Res 109:906-913.

. Lind L, Penell J, Luttropp K,
Nordfors L, Syvanen AC, Axelsson T,
et al. 2013. Global DNA

hypermethylation is associated with
high serum levels of persistent
organic pollutants in an elderly
population. Environ Int 59:456-461.

. Rusiecki JA, Baccarelli A, Bollati V,

Tarantini L, Moore LE,
Bonefeld-Jorgensen EC. 2008. Global
DNA hypomethylation is associated
with high serum-persistent organic
pollutants in greenlandic inuit.
Environ Health Perspect
116:1547-1552.

8. St-Pierre J, Hivert MF, Perron P,

Poirier P, Guay SP, Brisson D, et al.
2012. 1gf2 DNA methylation is a
modulator of newborn's fetal growth
and development. Epigenetics
7:1125-1132.

9. Van den Berg M, Birnbaum LS,

Denison M, De Vito M, Farland W,
Feeley M, et al. 2006. The 2005 world
health organization reevaluation of
human and mammalian toxic
equivalency factors for dioxins and
dioxin-like compounds. Toxicol Sci
03:223-241.



Table 1. Dioxins and PCBs concentrations (N=238)

N Mean &SD) GM Min 25th Median  75th Max
Dioxins (pg/g lipid)
total PCDD 238 512.1 (£206.2) 477.8 202.4 374.7 455.5 630.9 1499.9
total PCDF 238 322 (£185.3) 19.6 9.5 151 195 23.0 2877.3
total PCDD/PCDF 238 544.4  (£294.4) 500.9 2155 390.8 474.7 655.2 3726.3
total Non-ortho PCB 238 84.7 (+49.2) 75.5 20.0 54.0 77.6 102.3 553.6
total Mono-ortho PCB 238 12730.1 (£6461.9) 11242.9 1777.9 8020.2 115636  15636.3  36382.2
total Coplanar PCB 238 128149 (+6494.6) 11321.9 1797.9 8083.7 11659.3  15716.2  36569.8
total Dioxin 238 13359.2 (+6586) 11897.3 2105.0 8507.5 12097.9  16385.7  37694.5
total PCDD-TEQ(05) 238 74 (£2.9) 6.8 17 52 71 9.4 17.3
total PCDF-TEQ(05) 238 27 (*12) 25 0.6 1.9 25 32 12.1
total PCDD/PCDF-TEQ(05) 238 101 (£3.9) 9.4 25 7.2 9.7 125 251
total Non-ortho PCB-TEQ(05) 238 47 (£2.8) 40 0.7 29 4.2 6.1 232
total Mono-ortho PCB-TEQ(05) 238 04 (+0.2) 0.3 0.1 0.2 0.3 05 11
total Coplanar PCB-TEQ(05) 238 51 (£3.0) 44 0.7 31 46 6.6 239
total Dioxin-TEQ(05) 238 152 (£6.3) 14.0 32 105 142 188 429
PCBs (pg/g lipid)
total TrCBs 238 1552.1 (=1516.1) 1252.2 238.9 874.1 1199.4 1729.1 17655.2
total TeCBs 238 6712.1 (£3130.3) 6121.3 1692.9 4620.6 6238.0 8065.4  24037.5
total PeCBs 238 73414 (£3674.9) 6539.8 1424.4 4846.1 6738.6 8835.6  25548.0
total HXCBs 238 492940 (£25761.9) 433138 61202 311058 452533 60351.0 159214.0
total HpCBs 238 34750.1 (+22071.3) 293934 3658.7 194639 296637 43030.6 167252.0
total OcPBs 238 71945 (£3987.3) 6235.1 1108.1 4320.0 6445.8 92028  22737.6
total NoCBs 238 10017 (£564.6) 868.2 1238 625.4 892.2 1265.9 3463.2
total DeCBs 238 514.1 (£297.4) 455.8 46.9 335.2 462.0 612.2 3300.5
total PCBs 238 108359.9 (+55810.8) 958364 160169 677728 100822.0 131467.0 326821.0

pa/g lipid



Table 2. Relationships between Maternal/infant characteristics and dioxins/PCBs
levels (N=238)

total Dioxin-TEQ (pg/g lipid) total PCBs (pg/g lipid)

Mean (SD) p p

N (%) Median (25th, 75th) p Median (25th, 75th) p
Maternal characteristics
Maternal age (year)? 238 30.4 (x4.8) 0.299 <.0001 0.451 <.0001
Pre-pregnancy BMI (kg/m2)2 238 21.0 (+2.9) 0.016 0.812 -0.055 0.401
Parity®
Primiparous 126 (52.9) 15.3(12.7,19.7) 0.001 102556.3 (71263.2, 134010.8) 0.063
Multiparous 112 (47.1) 13.3(9.5, 17.6) 94990.7 (60727.6, 125009.8)
Annual household income®
<3 36 (15.1) 12.8(9.4,17.9) 0.008 71540.4 (60405.2, 104274.3) 0.002
35 124 (52.1) 13.8(10.1, 17.2) 96317.5 (68847.1, 122004.1)
5-7 57 (24.0) 15(11.2, 22.3) 115799.8 (70807.1, 172030)
>7 21 (8.8) 17.9(15.4, 20.7) 115844.6 (83421.5, 175473.3)
Smoking during pregnancy®
No 207 (87.0) 14.6 (10.6, 19.1) 0.143 101613.2 (68284.5, 130337.4) 0.468
Yes 31 (13.0) 12.7 (9.3, 18) 90673.4 (63458.5, 139706.3)
Alcohol consumption during pregnancy®
No 158 (66.4) 14.3(10.3,18.8) 0.754 96317.5 (64599.7, 123644.4) 0.073
Yes 80 (33.6) 14.2 (11.1, 18.8) 104321.8 (71453.9, 145758.4)
Blood sampling period®
< 28 weeks 17 (7.) 14.9 (11, 27.1) 0.41 105574.3 (67391.8, 197835.7) 0.789
28-36 weeks 98 (41.2) 14.6 (11.5, 18.6) 101258.1 (68690.5, 127536.8)
> 36 weeks 55 (231) 15.1(10.1, 18) 101505.4 (67666.9, 139706.3)
After delivery 68 (28.6) 13.9(9.8, 18.6) 95401 (64564.7, 127866.8)
Infant characteristics
Gestational age (week)? 238 39.8 (+1.0) 0.061 0.351 0.089 0.17
S@(b
Male 111 (46.6) 14.1(10.3,18.5) 0.712 103157.2 (67808.1, 130251.8) 0.896
Female 127 (53.4) 14.4 (11, 18.9) 100029.6 (67666.9, 133161.1)
Birth weight (g) 238 3145 (+333) -0.057 0.38 -0.019 0.771
Birth length (cm) 238 485 (+1.9) 0.036 0.577 0.06 0.354
Ponderal Index 238 27.8 (+4.5) -0.158 0.015 -0.128 0.05

aSpearman’s correlation, ® Mann-Whitney U-test, ¢ Kruskal-Wallis



Table 3. Relationships between Dioxins/PCBs and H19 methylation by multiple
linear regression model.

Crude (N=238) Modd 1 (N=238) Mode 2 (N=238)
(logse-trasformed) B (95% Cl) p B (95% Cl) p B (95% Cl) p
Dioxins
total PCDD -053 (-2.1,1.04) 0.509 -0.27  (-1.91, 1.36) 0.743 -042 (-2.06, 1.21) 0.612
total PCDF -0.18 (-1.45, 1.08) 0.775 -0.28 (-1.57,1.02) 0.673 -028 (-1.57,1) 0.664
total PCDD/PCDF -0.6 (-2.11,0.9) 0.432 -043  (-1.99, 1.13) 0.585 -0.52  (-2.07,1.03) 0.511
total Non-ortho PCB 0.74 (-0.48, 1.96) 0.233 1.09 (-0.16,2.34) 0.088 0.87 (-0.41, 2.15) 0.184
total Mono-ortho PCB 0.7 (-0.42,1.82) 0.217 0.85 (-0.29,1.99) 0.143 056 (-0.64,1.77) 0.357
total Coplanar PCB 0.71 (-0.41,1.83) 0.216 0.85 (-0.29,2) 0.142 057 (-0.64,1.78) 0.354
total Dioxin 0.7 (-0.47,1.86) 0.242 0.85 (-0.34,2.04) 0.159 056 (-0.7,1.81) 0.382
Dioxins (TEQ 2005)
total PCDD-TEQ -0.1  (-1.47,1.27) 0.89 0.07 (-1.33,1.46) 0.927 -0.37  (-1.84,1.09) 0.615
total PCDF-TEQ -0.09 (-1.5,1.31) 0.894 -0.05 (-1.49, 1.38) 0.94 -0.36 (-1.83,1.1) 0.626
total PCDD/PCDF-TEQ -016 (-1.58,1.26) 0828 004 (-148,141) 096 045 (-1.95,1.05) 0.553
total Non-ortho PCB-TEQ 05 (-0.48,1.47) 0.318 0.77 (-0.23,1.76) 0.131 056 (-0.47,1.59) 0.282
total Mono-ortho PCB-TEQ 0.7 (-0.42,1.82) 0.217 0.85 (-0.29,1.99) 0.143 056 (-0.64, 1.77) 0.357
total Coplanar PCB-TEQ 052 (-0.48,1.51) 0.305 0.78 (-0.23,1.8) 0.129 0.58 (-0.47,1.63) 0.281
total Dioxin-TEQ 021 (-1.13,1.55) 0.758 044 (-0.92,1.81) 0.525 0.08 (-1.34,15) 0.912
PCBs
total TrCBs 0.02 (-0.93,0.98) 0.961 -0.09 (-1.08,0.89) 0.85 -0.06 (-1.04,0.92) 0.897
total TeCBs 047 (-0.87,1.82) 0.49 0.57 (-0.81,1.95) 0.417 033 (-1.07,1.74) 0.642
total PeCBs 098 (-0.19,2.14) 0.1 107 (-0.12,2.26) 0.077 094 (-0.26,2.13) 0.125
total HXCBs 0.88 (-0.21,1.98) 0.114 097 (-0.15,21) 0.089 0.69 (-0.5,1.89) 0.254
total HpCBs 0.97 (-0.01, 1.96) 0.052 1.04 (0.02, 2.06) 0.046* 0.76 (-0.4,1.92) 0.195
total OcPBs 1.09 (0.04,2.13) 0.041* 123 (0.14,231) 0.027* 096 (-0.34,2.26) 0.147
total NoCBs 1.36 (0.32,2.4) 0.011* 153 (0.45,2.61) 0.006** 1.37 (0.11, 2.62) 0.033*
total DeCBs 137 (0.22,2.53) 0.020% 157 (0.38,2.77) 0.01* 135 (-0.02,272)  0.054
total PCBs 1.05 (-0.09,2.18) 0.07 113 (-0.04,2.31) 0.058 0.83 (-0.45,2.11) 0.202

Model 1: adjusted for household income, maternal smoking, alcohol intake, blood
sampling period, infant sex
Model 2: adjusted for model 1 + maternal age



Table 4. Relationships between selected PCB congeners and H19 methylation by

multiple linear regression model.

Crude (N=238) Modd 1 (N=238) Model 2 (N=238)
(logio-trasformed) <ND (%) B (95% ClI) p B (95% ClI) p B (95% ClI) p
[PCBs]
HpCBs
22'33'566'-HpCB(#179) 27 (11.3) 0.54 (0.04,1.05) 0.036* 0.5 (-0.01,1.01) 0.052 0.47 (-0.04,0.98) 0.072
22'33'55'6-HpCB(#178) 0(0.0) 0.97 (0.04,1.9) 0.041* 101 (0.05 1.97) 0.039* 0.77 (-0.31, 1.84) 0.162
22'344'56-HpCB(#182) 0(0.0) 1.08 (0.14,2.01) 0.024* 111 (0.14,2.07) 0.025* 0.88 (-0.18, 1.95) 0.103
22'344'5'6-HpCB(#183) 0(0.0) 1.03 (0.06,2) 0.038* 106 (0.07,2.05) 0.036* 0.84 (-0.22,1.9) 0.122
22'344'56-HpCB(#181) 64 (26.9) 0.03 (-0.51,0.58) 0.906 -0.01 (-0.57,0.54) 0.96 -0.13  (-0.69, 0.44) 0.652
22'33'4'56-HpCB(#177) 0(0.0) 0.96 (0.02, 1.91) 0.046* 1 (0.02,1.97) 0.045% 0.78 (-0.26, 1.81) 0.142
22'33'455'-HpCB(#172) 1(0.4) 0.47 (-0.38,1.31) 0.277 0.48 (-0.39, 1.35) 0.278 018 (-0.77,1.14) 0.705
22'344'55'-HpCB (#180) 0(0.0 0.86 (-0.11, 1.82) 0.081 0.95 (-0.07, 1.96) 0.067 0.64 (-0.54,1.81) 0.286
233'44'5'6-HpCB(#191) 9(3.8) 041 (-0.24, 1.06) 0.214 049 (-0.17, 1.15) 0.145 0.33 (-0.37,1.03) 0.355
22'33'44'5-HpCB(#170) 0(0.0 0.84 (-0.15, 1.83) 0.098 09 (-0.14,1.93) 0.089 057 (-0.61, 1.75) 0.342
OcCBs
22'33'55'66'-OcCB(#202) 0(0.0) 0.92 (-0.01, 1.85) 0.051 103 (0.07,1.99) 0.036* 0.78 (-0.31,1.88) 0.16
22'33'45'66'-OcCB(#200) 15 (6.3) 0.38 (-0.22,0.97) 0.216 042 (-0.18,1.02) 0.173 0.33  (-0.28,0.94) 0.286
22'33'45**-OcCB(#201/198)  0(0.0) 0.93 (-0.05, 1.91) 0.064 1.04 (0.02, 2.06) 0.045* 0.75 (-0.44,1.95) 0.216
22'344'55'6-OcCB (#203) 0(0.0) 113 (013,212 0.026* 119 (0.16,2.23) 0.024* 0.95 (-0.26,2.17) 0.124
22'33'44'56-0OcCB (#195) 0(0.0) 1.08 (0.04,212) 0.041* 126 (0.19,232) 0.021* 1.02 (-0.19,2.22) 0.098
22'33'44'55'-OcCB(#194) 0(0.0) 107 (0.01,213) 0.047* 128 (0.16,2.4) 0.025% 1.03 (-0.36,2.42) 0.146
233'44'55'6-OcCB (#205) 27 (11.3) -0.02 (-0.59, 0.55) 0.943 -0.02 (-0.59, 0.55) 0.951 -0.2  (-0.79,0.4) 0.515
NoCBs
22'33'455'66'-NoCB(#208) 4(1.7) 0.93 (0.22,1.63) 0.010* 1 (0.28,1.73) 0.007** 0.87 (0.08, 1.67) 0.031*
22'33'44'566'-NoCB (#207) 8(3.4) 071 (0,142 0.049* 0.7 (-0.02,1.43) 0.058 0.55 (-0.21, 1.31) 0.156
22'33'44'55'6-NoCB(#206) 1(0.4) 0.74 (-0.21, 1.68) 0.125 0.86 (-0.11, 1.83) 0.083 0.58 (-0.5, 1.66) 0.294
DeCB
22'33'44'55'66-DeCB(#209)  0(0.0) 137 (0.22,253) 0.020* 157 (0.38,2.77) 0.010* 135 (-0.02,272) 0.054

Model 1: adjusted for household income, maternal smoking, alcohol intake, blood

sampling period, infant sex

Model 2: adjusted for model 1 + maternal age



Table 5. Relationships between Dioxins/PCBs and DNA methylation by sex-stratified multiple linear regression model.

IGF2 methylation (%)

H19 methylation (%)

LINE1 methylation (%)

Male (N=111) Female (N=127) Male (N=111) Female (N=127) Male (N=111) Female (N=127)
(log,o-trasformed) B (95% Cl) p-value B (5% Cl) p-value B (95% CI) p-value B (95% Cl) p-value B (9% Cl) p-value B (5% Cl) p-value
Dioxins
total PCDD -1.34 (-4.85,2.17) 045 1.23 (-247,4.93) 0512 -153 (-3.87,0.8)  0.196 0.82 (-1.54,3.18) 0.495 -0.32 (-1.48,0.85) 0.589 0.54 (-0.78,1.85) 0.419
total PCDF -4.07 (-8.15, 0) 0.05 13 (-1.02,3.61) 0.27 0.69 (-2.09,3.47) 0.622 -0.67 (-2.15,0.81) 0.372 -1.13 (-2.49,0.23) 0.101 0.51 (-0.31,1.34) 0.217
total PCDD/PCDF -145 (-5.03,2.12) 0422 1.79 (-1.46,5.04) 0.278 -1.49 (-3.87,0.89) 0.217 0.19 (-1.89,2.27) 0.856 -0.35 (-1.53,0.84) 0.563 0.62 (-0.53,1.78) 0.286
total Non-ortho PCB -1.3 (-4.23,1.63) 0.381 0.12 (-2.65,29) 0.931 053 (-1.43,25) 0.593 1.29 (-0.46,3.05) 0.147 -0.24 (-1.22,0.73) 0.62 0.43 (-0.55,1.42) 0.384
total Mono-ortho PCB -1.38 (-4.13,1.37) 0.322 0.52 (-2.12,3.16) 0.698 0.1 (-1.75,1.95) 0.913 1.23 (-044,29 0.147 -0.5 (-1.41,041) 0.283 0.21 (-0.73,1.14) 0.666
total Coplanar PCB -1.38 (-4.14,1.37) 0321 052 (-2.13,3.16) 0.699 0.11 (-1.75,1.96) 0.909 1.24 (-0.44,2.91) 0.146 -0.49 (-1.41,042) 0.284 0.21 (-0.73,1.15) 0.665
total Dioxin -145 (-4.32,141) 0.317 0.74 (-1.98,3.47) 059 0.09 (-1.84,2.01) 0.928 1.19 (-0.54,2.92) 0.175 -0.49 (-1.44,046) 0.304 0.27 (-0.7,1.24) 0582
Dioxins (TEQ)
total PCDD-TEQ(05) -3.04 (-6.17,0.1) 0.057 0.47 (-2.76,3.69) 0.775 -0.32 (-2.46,1.82) 0.767 -0.01 (-2.07,2.04) 0.99 -0.48 (-1.53,0.57) 0.369 0.1 (-1.05,1.24) 0.867
total PCDF-TEQ(05) -4.21 (-7.6,-0.83) 0015 1.16 (-1.86,4.18) 0.449 0.35 (-1.98,2.69) 0.764 -0.65 (-2,57,1.28) 0.508 -0.9 (-2.04,0.25) 0.124 066 (-0.41,1.72) 0.227
total PCDD/PCDF-TEQ(05) -347 (-6.75,-0.18)  0.039* 1(-2.23,423) 0542 -0.17 (-2.42,2.08) 0.879 -0.36 (-243,1.7) 0.728 -0.61 (-1.72,05)  0.277 035 (-08,1.5) 055
total Non-ortho PCB-TEQ(05) -1.08 (-3.25,1.09) 0.328 0.21 (-2.19,2.6) 0.863 0.46 (-1,1.91) 0.537 0.92 (-0.6,2.43) 0.234 -0.19 (-0.91,0.53) 0.599 0.39 (-0.46,1.23) 0.369
total Mono-ortho PCB-TEQ(05) -1.38 (-4.13,1.37) 0.322 0.52 (-2.12,3.16) 0.698 0.1 (-1.75,1.95) 0.913 1.23 (-0.44,29 0.147 -0.5 (-1.41,041) 0.283 0.21 (-0.73,1.14) 0.666
total Coplanar PCB-TEQ(05) -1.13 (-3.36,1.09)  0.315 0.23 (-2.2,2.66) 0.85 046 (-1.04,1.95) 0545 0.95 (-0.59,2.49) 0.226 -0.21 (-0.95,053) 0.571 0.38 (-0.48,1.24) 0.381
total Dioxin-TEQ(05) -2.86 (-5.91,0.2) 0.067 0.96 (-2.2,4.12) 0548 0.3 (-1.77,2.38) 0.772 0.2 (-1.81,2.22) 0.842 -0.49 (-1.51,054) 0.35 0.49 (-0.63,1.61) 0.386
PCBs
total TrCBs 0.44 (-1.9,2.78) 0.709 -0.3 (-2.29,1.69) 0.767 -0.54 (-2.11,1.02) 0492 0.48 (-0.78,1.75) 0.45 0.02 (-0.75,0.8)  0.953 0.29 (-0.42,0.99) 0.424
total TeCBs -0.59 (-3.6,2.42) 0.698 -1.44 (-459,1.72) 0.369 0.24 (-1.78,2.25) 0.817 1.02 (-1, 3.03) 0.319 -0.2 (-1.2,0.8) 0.693 0.2 (-0.93,1.32) 0.728
total PeCBs -0.17 (-2.8, 2.46) 0.899 -0.39 (-3.05,227) 0771 1.13 (-0.61,2.88) 0.201 1.23 (-0.46,2.91) 0.152 -0.28 (-1.15,0.59) 0.522 0.34 (-0.6,1.28) 0477
total HXxCBs -1.67 (-4.47,112) 0.238 1.11 (-1.47,3.68) 0.396 0.33 (-1.55,2.22) 0.726 121 (-0.42,2.84) 0.144 -0.5 (-1.43,042) 0.284 0.3 (-0.62,1.21) 0521
total HpCBs -1.68 (-4.55,1.19) 0.249 1.18 (-1.18,3.53) 0.324 0.8 (-1.13,2.73) 0411 0.92 (-0.58,2.42) 0.227 -0.48 (-1.43,048) 0.325 0.74 (-0.09,1.57) 0.081
total OcPBs -1.92 (-4.87,1.03)  0.199 188 (-0.94,4.7) 0.19 0.15 (-1.84,2.14) 0.881 1.63 (-0.16,3.41) 0.074 -0.65 (-1.63,0.32) 0.188 06 (-04,161) 0235
total NoCBs -1.37 (-4.08,1.33) 0.317 0.36 (-2.53,3.24) 0.806 0.35 (-1.47,2.17) 0.703 26 (0.82,4.38) 0.004** -0.7 (-1.59,0.19) 0.122 0.29 (-0.73,1.31) 0576
total DeCBs -1.82 (-4.69,1.05) 0.211 1.01 (-2.23,4.26) 0.538 0.19 (-1.75,2.13) 0.847 277 (0.76,4.78)  0.007** -0.67 (-1.62,0.28) 0.165 0.56 (-0.6,1.71) 0.341
total PCBs -1.69 (-4.71,1.33)  0.269 101 (-1.7,3.72) 0461 057 (-1.46,2.6) 0579 1.27 (-0.45,2.99) 0.146 -0.52 (-1.52,0.48) 0.306 0.58 (-0.38,1.54) 0.232

Adjusted for maternal age, annual household income, maternal smoking, alcohol intake, blood sampling period
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MEHP

N=244 Total Hg (Mg/g) N=187 MEHP (ng/ml)
Mean + SD L. 25th 75th p Mean = SD E. 25th 75th p
N (%) Median N (%) Median
Maternal Charactristic
Maternal age (year)® 30.0+ 4.8 p= 0.032 0.619 299+ 49 p= 0.042 0.565
Pre-pregnancy BMI (kg/m?)? 209+ 29 p=-0.033 0.606 21.1+29 p= 0.059 0.425
Parity” 0 132 (54.1) 1.42 0.99 1.89 0.945 103 (55.1) 10.15 5.68 15.06 0.465
1 112 (45.9) 1.44 0.95 2.02 84 (44.9) 10.46 6.28 15.47
Educational level (year)®
12 107 (43.9) 1.47 0.95 1.89 0.691 85 (45.5) 10.37 5.99 14.34 0.886
> 12 137 (56.1) 1.42 1.01 1.97 102 (54.5) 10.49 5.69 15.42
Annual houshold income”
5,000,000 169 (69.3) 1.48 0.97 1.89 0.592
> 5,000,000 75 (30.7) 1.42 1.01 2.08
Smoking during pregnancyb
No 205 (84.0) 1.44 0.99 1.93 0.209 156 (83.4) 10.44 5.99 15.36 0.273
Yes 39 (16.0) 1.30 0.96 1.61 31 (16.6) 9.96 5.12 14.38
Alcohol consumption during pregnancyb
No 165 (67.6) 1.42 0.96 1.92 0.666 121 (64.7) 10.48 5.96 15.33 0.854
Yes 79 (32.4) 1.44 1.03 1.89 66 (35.3) 10.35 5.63 15.09
Caffein in take during pregnancy (mg/day)” [ 149.9 = 125.0 p=-0.026 0.686 145.9 + 127.3 p= 0.043 0.562
Blood sampling period®
< 28 weeks 17 ( 9.1) 14.18 8.84 17.35 0.013*
28-36 weeks 109 (58.3) 10.87 6.45 15.38
36 weeks 61 (32.6) 7.13 5.24 13.96
Fish consumption (g/day)?
Inshore fish 47.1+32.3 p=0.244 0.0001**
Deep-sea fish 36.8 + 27.6 p= 0.257 <.0001**
Hair permanemtb
No 172 (70.5) 1.44 0.96 1.93 0.579
Yes 72 (29.5) 1.40 0.99 1.70
Infant Characteristic
Geatation age (week)® 39.8+ 1.0 p= 0.004 0.954 39.8+ 1.0 p= 0.0002 0.998
Sex” Male 115 (47.1) 1.48 0.97 1.97 0.484 88 (47.1) 10.48 5.68 16.27 0.528
Female 129 (52.9) 1.36 0.97 1.87 99 (52.9) 9.86 6.37 14.26
Birth weight (g)? 3129.2 + 333.4 p= 0.007 0.909 3130.7 + 335.4} p=-0.091 0.217
Birth length (cm)? 48.4+ 1.6 p=-0.080 0.214 485+ 1.6 p= 0.071 0.338
Ponderal Index (kg/m°)? 27.5+ 2.3 p= 0.100 0.121 274+ 2.2 p= -0.166 0.023*

dSpearman's correlation, bMann—Whitney U-test, “Kruskal-Wallis test

*p < 0.05. **p < 0.01



DNA

IGF2 methylation (%) H19 methylation (%) LINE1 methylation (%)

B (95% ClI) p B (95% CI) p B (95% CI) p
Total Hg (logio)
Crude 0.034 (-1.783, 1.851) 0.971 0.707 (-0.509, 1.922) 0.253 0.649 (-0.026, 1.324) 0.060
adjusted® 0.041 (-1.829, 1.911) 0.965 0.364 (-0.880, 1.608) 0.565 0.704 (0.047, 1.361) 0.035*
MEHP (log1o)
Crude 0.548 (-1.014, 2.109) 0.490 -1.341 (-2.385, -0.297) 0.012* -0.199 (-0.798, 0.400) 0.513
adjusted” 0.524 (-1.072, 2.120) 0.518 -1.309 (-2.355, -0.22) 0.015* -0.097 (-0.665, 0.472) 0.738

“Adjusted for maternal age, annual house income, smoking during pregnancy, fish consumption, hair permanemt, infant's sex
bAdjusted for maternal age, maternal education, smoking during pregnancy, blood sampling period, infant's sex

B: partial regression coefficient

*p < 0.05

. LINEL H19
N LINE1 methylation (%) N H19 methylation (%)
B (95% CI) p B (95% CI) p
Total Hg (log10)? MEHP (10g10)”°
Male 115 1.019 (0.060, 1.978) 0.038* [Male 88 -2.817  (-4.335, -1.298) <0.001**
Female 129 0.379 (-0.576, 1.334) 0.434 |Female 99 -0.707 (-2.163, 0.750) 0.338

®Adjusted for maternal age, annual house income, smoking during pregnancy, fish consumption, hair permanemt
bAdjusted for maternal age, maternal education, smoking during pregnancy, blood sampling period

B: partial regression coefficient

*p < 0.05, **p < 0.01
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LINET methylation (%), N=244

H19 methylation (%), N=187

B (95% CI) p B (95% CI) p
Birth weight (g)
adjusted? 7.943 (-28.01, 43.90) 0.664 2.673 (-20.72, 26.06) 0.822
adjustedb -8.061 (-45.14, 29.01) 0.669 4.554 (-19.15, 28.25) 0.705
Birth length (cm)
adjusted® -0.003 (-0.179, 0.172) 0.970 0.041 (-0.071, 0.152) 0.472
adjustedb -0.114 (-0.296, 0.069) 0.221 0.043 (-0.067, 0.154) 0.440
Ponderal index (kg/m3)
adjusted® 0.109 (-0.151, 0.369) 0.408 -0.044 (-0.203, 0.116) 0.587
adjustedb 0.150 (-0.125, 0.425) 0.284 -0.032 (-0.192, 0.129) 0.699

aAdjusted for gestational age

bAdjusted for gestational age, maternal age, parity, matanal education, pre-pregnancy BMI, smoking during

pregnancy, infant's sex
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Table 1. PFAAs
Mean (£SD) PFOS (ng/mL) PFOA (ng/mL)
N (%) Median (25th, 75th) p Median (25th, 75th) p
Concentration in maternal blood 164 4.7 (3.1,6.7) 1.4 (0.8, 1.8)
Maternal characteristics
Maternal age (year)? 164 30.0 (¢4.7) 0=-0.102 0.195 0=-0.114 0.145
Pre-pregnancy BMI (kg/m2)? 164  20.9 (£2.9) 0=0.016 0.841 0=-0.015 0.852
Parity®
Primiparous 86 52.4 5.4 (3.8,7.6) 0.002** 1.5(1.2,2.1) <.001**
Multiparous 78 47.6 4.2 (2.8,5.3) 0.9 (0.6, 1.4)
Maternal education®
<12 years 78 47.6 4.8 (3.3,6.0) 0.931 1.2 (0.8,1.7) 0.208
> 12 years 86 52.4 4.7 (3.0,7.2) 1.4 (0.9, 1.8)
Smoking during pregnancy®
No 138 84.1 4.8 (3.2,7.0) 0.178 1.4 (0.9, 1.8) 0.071
Yes 26 15.9 4.2 (2.5,6.7) 1.2 (0.7, 1.6)
Alcohol consumption during pregnancy®
No 119 72.6 4.8 (3.2,6.5) 0.536 1.3(0.8,1.7) 0.514
Yes 45 27.4 4.2 (3.1,6.9) 1.4 (0.9, 2)
Blood sampling period®
< 28 weeks 9 5.5 6.7 (5.5,7.8) <.001** 1.6 (1.1,2.7) 0.040*
28-36 weeks 73 44.5 5.2(4.2,7.5) 1.5 (0.9, 2.1)
> 36 weeks 37 22.6 3.1 (2.4,5.3) 1.1 (0.8, 1.4)
After delivery 45 27.4 3.6 (2.7,5.4) 1.3(0.8,1.7)
Infant characteristics
Gestational age (week)? 164  39.7 (£1.1) p=0.112 0.155 p=0.123 0.116
Sexb
Male 63 38.4 5.0(3.7,7.5) 0.127 1.5(1.1,1.9) 0.019*
Female 101 61.6 4.6 (3.1,6.2) 1.3(0.8,1.7)
Birth weight (g)? 164 3108 (x318) 0=-0.102 0.195 0=-0.019 0.813

aSpearman's correlation, P Mann-Whitney U-test, ¢ Kruskal-Wallis
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Figure 2. PFAAs 45 CpGs
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Table 2. Differentially methylated positions associated with PFOS and PFOA
concentrations.

(A) PFOS
PTPRN2 €g20528787 7 158032352 0.12 6.3E-05 Body open sea c
€g23066280 7 158032496 0.25 6.3E-04 Body open sea c
cg06715136 7 158046025 0.12 3.7E-06 Body open sea p
cg02770061 7 158046166 0.12 1.3E-03 Body open sea c
cg06400119 7 158046222 0.11 8.1E-07 Body open sea p
€g23759393 7 158110405 0.13 1.3E-03 Body shore c
cg09756125 7 158250978 -0.15 2.7E-02 Body shore c
cgl7429772 7 158269409 0.13 2.2E-03 Body open sea c
cg17812313 7 158270995 0.01 1.5E-06 Body open sea p
DNHD1 €cg11185456 11 6592066 -0.10 7.4E-04 Body island c
cg01833234 11 6592585 -0.10 3.8E-03 Body island c
cg10208301 11 6592745 -0.09 3.6E-03 Body island c
KLHL35 cg06329735 11 75139390 0.13 1.8E-02 Body shore c
cg05353869 11 75139544 0.15 2.8E-02 Body island c
€g10909185 11 75139736 0.21 1.0E-02 Body island c
RPH3AL cg04897931 17 152089 0.08 1.9E-02 Body shore c
€cgl7316718 17 152308 0.09 3.1E-02 Body island c
cg17193961 17 152350 0.09 1.2E-02 Body island c
HOOK2* cg04657146 19 12876947 -0.17 4.1E-02 Body island c, b CDST, Beell
€g23899408 19 12877188 -0.17 3.7E-02 Body shore c, b
FRG1B cg07753967 20 29611652 0.08 2.5E-02 TSS1500 island c CD8T, NK
914815891 20 29611903 0.14 4.4E-03 Body island c
€g20811988 20 29611924 0.12 6.8E-03 Body island c
RFPL2 cg01124132 22 32599511 0.10 1.1E-02 TSS200 open sea c CDA4T, Gran
€g12906381 22 32599516 0.12 4.3E-03 TSS200 open sea c
cg13405775 22 32599648 0.10 9.4E-04 TSS200 open sea c

1) method: ¢ (coefficient based), p (p-value based), b (Bumphunter)
2) cell: cell proportion that was associated with methylation levels (Spearman’s
correlateon > +0.1)



(B) PFOA

Gene name Probe ID CHR MAPINFO Beta P feature CpGl method® cell®
PRKCZ ¢cg00653281 1 1991051 -0.01 2.0E-05 Body island P
€g13918804 1 2043761 0.10 1.1E-03 5'UTR shelf c
cg12718519 1 2058417 -0.07 2.3E-02 5'UTR open sea c
Clorfl09 €g24088508 1 38156462 0.22 7.3E-03 TSS1500 shore c cDsT
€g12339802 1 38156545 0.07 4.5E-03 TSS1500 shore c
€g06917450 1 38156652 0.17 1.1E-02 TSS1500 shore c
LGR6 cg04811114 1 202172778 0.08 1.6E-02 TSS200 open sea c
Cg26347746 1 202172848 0.07 3.1E-02 TSS200 opensea ¢  qo oool eran
cg05044291 1 202172867 0.06 4.9E-02 TSS200 open sea c
GALNT2 cg05697274 1 230415377 -0.04 1.4E-06 3'UTR island p CD8T, NK, Mono
€g24250902 1 230415547 -0.06 1.3E-06 3'UTR island p
903144619 1 230415668 -0.05 1.2E-03 3'UTR island c
cg24401487 1 230416880 -0.03 2.5E-06 3'UTR shore p
PAXS8 €g21482265 2 113992762 0.07 4.3E-02 Body shore c CD8T, NK
€g12889195 2 113992843 0.07 3.1E-02 Body shore c
€g11763394 2 113992921 0.07 1.8E-02 Body shore c
€g21550016 2 113992930 0.06 2.3E-02 Body shore c
cg07772999 2 113993052 0.05 2.7E-02 Body shore c
€g19083407 2 113993142 0.07 3.4E-02 Body shore c
cg07594247 2 113993304 0.06 3.2E-02 Body island c
cgl7445212 2 113993313 0.06 3.8E-02 Body island c
cg09704166 2 114031854 -0.10 2.8E-02 Body shore c
HDAC4 cg08825699 2 239983929 -0.09 1.0E-02 Body open sea c CDA4T, Gran
€g20784693 2 239984030 -0.10 2.9E-03 Body open sea c
cg09155776 2 239984105 -0.05 8.2E-03 Body open sea c
cg06583077 2 240090977 -0.02 2.9E-05 Body open sea P
LRPAP1 ¢g00356499 4 3516065 0.06 1.9E-02 Body shore c CDAT, Beell,
€g26401028 4 3516534 0.06 4.4E-02 Body island c Mono, Gran
€g04857395 4 3516637 0.08 1.7E-02 Body island c
€g27321949 4 3516692 0.06 1.9E-02 Body island c
TNXB cg01337207 6 32063835 0.05 1.2E-02 Body island c CD8T, CDAT
€g10365886 6 32063874 0.06 4.7E-02 Body island c
cg07524919 6 32063901 0.05 3.7E-02 Body island c
cg00872984 6 32063991 0.05 2.1E-02 Body island c
DDO €g19196401 6 110721138 0.07 2.0E-02 Body island c
cg01119278 6 110721349 0.06 4.5E-02 Body island c
€g23891903 6 110725439 0.01 2.9E-06 Body shelf p
PRKAR1B €g11064039 7 766100 -0.11 1.4E-02 5'UTR island c CD8T, CDAT
cg06242242 7 766104 -0.09 2.9E-02 5'UTR island c
cg05729249 7 766119 -0.07 4.2E-02 5'UTR island c
EBF3 cg05636467 10 131669406 -0.08 1.1E-02 Body shelf c
cg04043455 10 131669461 -0.12 1.3E-02 Body shelf c
909252806 10 131669630 -0.09 2.1E-03 Body shelf c
TK2 cg03448915 16 66583078 -0.08 4.3E-03 Body shore c
cg07127456 16 66583081 -0.06 2.4E-03 Body shore c
909238666 16 66584358 -0.05 8.6E-04 TSS200 shore c




Table 3. Differentially methylated regions indicated by Bumphunting method.

CHR Start (Mb) Gene CpGs Probes Features CGI Area ey ey
PFOS log 10-transformed

19 12.9 HOOK2 3 cg04657146* cg06417478 ¢g11738485 ¢g23899408* Body island/shore 0.83 0.0001 0.112
PFOS (1st vs. 4th Quartiles)

19 12.9 HOOK2 3 €cg04657146* cg06417478 ¢cgl1738485 Body island/shore 0.38 0.0056 0.037

22 24.3 GSTTP1 3 cgl1141652 ¢g15242686 €g22666875 TSS1500 open sea 0.33 0.0108 0.072
*cg0457146, cg23899408  robust linear regression CpGs

Table 4. Estimated cell proportion in cord blood and their relation to PFAAs concentration (N=164).

Proportion

Median (25th, 75th)

Lymphocytes
CcD8'T
CD4™T
NK cells
B cells

Myeloid cells
Monocytes
Granulocytes

0.064 (0.049, 0.083)
0.116 (0.912, 0.142)
0.024 (0.000, 0.053)
0.101 (0.874, 0.120)

0.109 (0.097, 0.120)
0.603 (0.566, 0.649)

PFOS PFOA
p-value p p-value
-0.043 0.585 -0.068 0.384
0.057 0.468 -0.037 0.638
0.103 0.188 0.128 0.101
0.020 0.800 0.035 0.656
-0.214 0.006* -0.053 0.505
-0.022 0.784 0.054 0.494

p: Spearman’s correlateon coefficient



Figure 4. Spearman’s correlation between cell proportion estimates and DNA
methylation at selected CpGs.
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Figure 5. Changes in methylation with logioe-unit increase in PFOS and PFOA concentrations
with adjustment for estimated cell proportion.

(A) PFOS

cg20528787 e
cg23066280 e E———
cg06715136 o
cg02770061 | .-
cg06400119 o
cg23759393 B —
cg09756125 -
)
k

PTPRN2

—— -
cg17429772
cg17812313
cg11185456 —
cg01833234 —
cg10208301 —
cg06329735
cg05353869

i

I
cg10909185 F e

-

[ g

-

DNHD1

KLHL35

cg04897931

cg17316718

cg17193961

cg04657146 —_—
cg23899408 e
cg07753967 —
cg14815891 = 3 i
cg20811988 —
cg01124132 H

=
cg12906381 (e
| g

cg13405775

RPH3AL

HOOK
2t

FRG1B*

RFPL2T

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

Adjusted for maternall age, infants sex, maternal blood sampling period, (festimated cell
proportion)
Error bars indicates 95% confidence intervals.



(B) PFOA
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