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.






