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# 1 Dioxin level in the breast milk at 1 month and estimated dioxin exposure through

breastfeeding
Boys (n=23) Girls (n=21)
mean (SD) mean (SD) p
Dioxin level in breast milk
PCDDs (pg TEQ/g fat) 5.3 (2.1) 4.8 (2.5) 0.16
PCDFs (pg TEQ/g fat) 2.7 (1.1) 2.5 (1.2) 0. 40
Co PCBs (pg TEQ/g fat) 5.0 (2.4) 4.5 (2.1) 0. 40
total dioxins (pg TEQ/g fat) 13.1 (5.3) 11.9 (5.5) 0.23
Fat in breast milk (g/100 ml) 3.6 (1.2) 3.6 (1.4) 0.99
Total volume of breast milk intake 0.01

28510 (6636)

(ml/kg/year)
EDE (ng TEQ/kg/year)
DDI (pg TEQ/kg/day)

15.9 (9.1)
43.6 (25.0)

34520 (5556)

16.2 (7.5) 0.70
44.5 (20.5) 0.70

TEQ: toxic equivalence by the World Health Organization in 2005, EDE: estimated dioxin



# 2 Total difficulties scores (TDS) and five subscale scores of the Social Difficulties

Questionnaire compared by gender

total 4-5y
Boys Girls Boys Girls
N=23 N=21 N=16 N=17
mean mean b mean mean b
(SD) (SD) (SD) (SD)
10.9 10. 3 9.8 10.5
TDS 0.77 0.71
6.1) 4.1 (5.6) (4.0)
1.7 1.9 1.7 1.9
Emotional symptoms 0. 56 0. 67
(1.7) 1.7 (1.8) (1.7)
3.0 2.7 2.6 2.8
Conduct problems 0.77 0.71
2.1 (1.6) (1.9 (1.8)
4.2 4.1 3.6 4.1
Hyperactive/inattention 0.90 0.29
(2.5) (1.9 (2.4) (2.0
2.0 1.6 1.9 1.8
Peer problems 0. 24 0.68
(1.5) (1. 4) (1.5) (1.5)
6.2 6.6 6.7 6.5
Prosocial behavior 0.53 0.82
(2.6) (2.2) (2.4) (2.3)

p: p values by Mann-Whitney U test, TDS: total difficulties score

% 3 Linear multiple regression analysis to examine association between total dioxin level

in breast milk and TDS of SDQ

Boys Girls

B (95% C.1.) beta p B (95% C.1.) beta p
Log,,(total

1.10 (-18.5 - 20.7) 0.30 0.91 -0.76 (-14.9 - 13.4) -0.03 0.91
dioxins)
Age at SDQ -1.52 (-5.41 - 2.37) -0.21 0.42 1.09 (-2.57 - 4.75) 0.21 0. 53
Maternal age -0. 65 (-2.03 - 0.72) -0.27 0.31 -0.11 (-1.06 - 0.84) -0.08 0.81
Birth weight 0. 00 (-0.01 - 0.01) 0.16 0.95 0.004 (-0.005 -0.013) 0.30 0.37
Any history of

1.28 (-4.83 - 7.39) 0.11 0.66 0.31 (-4. 47 - 5.09) 0. 38 0.89

smoking habit




# 4 Linear multiple regression analysis to examine association

breastfeeding and TDS of SDQ

between EDE through

Boys Girls

B (95% C. I1.) beta p B (95% C.1.) beta p
Log,, EDE 7.20  (=31.3- 45.7) 0.25 0.67 9.38 (-3.00 - 21.8) 0.56 0.12
Age at SDQ -3.89 (-11.4 - 3.65) -0.46 0.26 0.21 (-5.24 - 5.65) 0.04 0.93
Maternal age -0.93 (-4.96 - 3.10) -0.31 0.60 -0.21 (-1.45 - 1.04) ~-0.14 0.71
Birth weight 0.00 (=0.01 - 0.11) 0.01 0.97 0.00 (-0.008 - 0.015) 0.31 0.47
Any history of

4,58 (-10.4 - 19.6) 0.35 0.49 -4.16 (-10.2 - 1.86) -0.57 0.15

smoking habit

1 Correlation between total difficulties score(IDS) of the SDQ and total dioxin level

of breastmilk in boys and in girls.
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Objective: The aim of this study was to elucidate the association between psychosocial and behavioral problems
in children at school age and dioxin level in breast milk or estimated dioxin exposure (EDE) through
breastfeeding in the general Japanese population.

Methods: Dioxin level of breast milk at 1 month of age and breastfeeding ratio through the first year of life were
used to calculate the EDE of infants born in 1998-2005 in Japan. The Japanese Social Difficulties Questionnaire
(SDQ) for the assessment of children's behavior was sent by mail to mothers whose breast milk underwent
the dioxin survey, at the time when their infants were aged 6-13 years.

Results: The study subjects were 175 pairs of mothers and their first infants (79 boys, 96 girls). The mean
total dioxin levels of breast milk were 18.3 and 19.8 (pgTEQ/g fat) and EDEs were 16.4 and 19.6 (ngTEQ/
kg/year) in boys and girls, respectively. In linear multiple regression analyses after adjusting for age at
SDQ, maternal age, birth weight and maternal smoking habit, dioxin level in breast milk was not significant-
ly related to the total difficulties score (TDS) of SDQ in boys, B = 2.29 (95% CI — 7.60-12.18), or in girls,
B = —1.04 (95% CI —9.24-7.15). EDE correlated to the TDS in neither boys, B = —0.99 (95% Cl —4.14-
2.15), nor girls, B = 1.08 (95% CI —2.69-4.85).

Conclusion: No evidence was found of a correlation between perinatal dioxin exposure and behavioral and
psychosacial problems of children measured by SDQ. These results support the benefits of recommending

breastfeeding.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Environmental contamination of organohalogen compounds, such
as dioxins and polychlorinated biphenyls (PCBs), is of concern, especially
exposure in utero and transfer through breastfeeding to infants. Be-
cause the developing brain is more vulnerable to these compounds
than the adult brain, they could affect the neurodevelopment of infants
and cause cognitive, psychological or psychiatric problems thereafter
[1-3]. Most of the previous studies dealt with prenatal PCB and/or diox-
in exposure, but few of them focused on postnatal intake through

Abbreviations: DDI, daily dioxin intake; EDE, estimated dioxin exposure; PCBs,
polychlorinated biphenyls; PCDDs, polychlorinated dibenzo-p-dioxins; PCDFs,
polychlorinated dibenzofurans; TCDD, tetrachlorinated dibenzo-p-dioxins; TDI,
tolerable daily intake; TDS, total difficulties score; TEQ, toxic equivalence; SDQ,
Strengths and Difficulties Questionnaire.
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0378-3782/© 2015 Elsevier Ireland Ltd. All rights reserved.

breastfeeding and the influence of perinatal exposure on neuro-
development is unclear. In a dioxin-contaminated area in Southern
Vietnam, Tai et al. reported that the levels of 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD)- and polychlorinated dibenzo-p-dioxin/furan (PCDD/
PCDF)-toxic equivalents in breast milk and the estimated infant daily
dioxin intake (DDI) via breastfeeding were inversely correlated to
neurodevelopmental scores in 4-month-old infants [4]. The Duisburg
Birth Cohort Study group showed that either maternal blood or milk
levels of PCDD/PCDF and PCB at environmental background levels did
not associate with the mental and motor developmental scores of the
Bayley Scales of Infant Development of children at 24 months [5].

We previously reported on the dioxin levels of breast milk in the
general population in Japan [6]. It would be of particular importance
to investigate whether dioxin exposure at these background levels
could affect the neurodevelopment and behavioral development of chil-
dren in the long term [7]. The aim of this study was thus to elucidate
whether the levels of prenatal and early postnatal dioxin exposure are
associated with behavioral problems of school-aged children in our

=95 —
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study population. We used dioxin concentration in breast milk itself as
an indicator of prenatal exposure [5,8]. For early postnatal exposure, we
calculated the estimated dioxin exposure (EDE) through breastfeeding
using the dioxin levels and the ratio of breastfeeding throughout the
first year of life [9]. The Strengths and Difficulties Questionnaire
(SDQ), the Japanese parent version [10], was used to assess behavioral
and psychosocial problems; it has been widely used to screen for child
developmental disabilities, and psychological and psychiatric condi-
tions or disorders [11].

2. Materials and methods
2.1. Human milk survey for dioxins

A human milk survey has been conducted in several prefectures and
cities in Japan since 1997. The details of this survey carried out in various
areas have been described in previous reports [6,12]. Healthy pregnant
women aged between 20 and 39 years were recruited and signed
informed consent was obtained from all of the participants. Approxi-
mately 30 ml of breast milk was collected manually from each partici-
pant at the time of a 1-month check-up for a baby. Polychlorinated
dibenzo-p-dioxins (PCDDs, seven isomers), PCDFs (10 isomers) and co-
planar P(Bs (12 isomers), which are known as dioxin-like PCBs, were
measured using gas chromatography and mass spectrometry, and
were quantified by lipid-based calculations [6,12]. The levels of dioxins
were described as the toxic equivalence (TEQ) values per gram of fat in
breast milk by using toxic equivalent factors of 2,3,7,8-TCDD, which was
previously documented in the 2005 World Health Organization (WHO)
re-evaluated toxic equivalency [13]. The study protocol was approved
by the medical ethics committee of Jichi Medical University, Tochigi,
Japan, and all of the participating facilities.

2.2. Study subjects

In this study, the subjects were mother-child pairs in which
birth occurred between 1998 and 2005. Because dioxin levels in
breast milk are known to be decreased by a previous history of
breastfeeding, primiparous mothers and their infants were ana-
lyzed in this study [14,15]. Information was collected using the
first questionnaire at the time of consent from the mother, which
included mother's age, weight, height and smoking habits, and
using the second questionnaire at a 1-month check-up for the
child, which included parity, gestational age, birth weight and gen-
der. Breastfeeding status at each month until 12 months of age was
obtained using the third questionnaire at a 1-year check-up for the
children. In addition, blood samples were collected at 1 year of age
from children born in 2003 to 2005 whose mothers' consent had
been obtained. Concentrations of PCDDs and PCDF levels in the
blood were measured by the same method used for the breast
milk samples [6].

2.3. Estimation of dioxin exposure (EDE) through breastfeeding

The following equation was used to estimate the postnatal diox-
in exposure by breastfeeding for the first year of life: EDE through
breastfeeding, ng TEQ/kg/year = V {total volume of breast milk in-
take for the first year (ml/kg/year)} x L {% lipid content of breast
milk/100 (g)} x Y {total dioxin levels (pg TEQ/g fat) x 1073} {9,
15]. We made the following assumptions for EDE. Firstly, the ratio
of breastfeeding (RO-R11) was calculated monthly from 0 to
11 months according to the type of feeding recorded using the
questionnaire, which was equal to 1 when feeding only on breast
milk, 0.75 when breastfeeding exceeded formula feeding, 0.5
when breastfeeding and formula feeding were equal, 0.25 when
formula feeding exceeded breastfeeding and 0 when feeding only
on feeding formula. Secondly, average volume of daily milk intake

and average body weight at 0 to 2 months, at 3 to 5 months, at 6 to
8 months and at 9 to 11 months by gender were obtained according to
the Dietary Reference Intakes for Japanese 2010 [16]. The following
formulas were used: V = [780 ml x (RO + R1 + R2)/4.9(kg) +
780 ml x (R3 + R4 + R5)/7.4(kg) + 600 ml x (R6 + R7 + R8)/
8.5(kg) + 450 ml x (R9 + R10 + R11)/9.1(kg)] x 365/12 in boys and
V = [780 ml x (RO 4 R1 + R2)/4.6(kg) + 780 ml x (R3 + R4 + R5)/
6.8(kg) + 600 ml x (R6 + R7 + R8)/7.8(kg) + 450 ml x (R9 +
R10 + R11)/8.5(kg)] x 365/12 in girls. Thirdly, because the lipid concen-
tration in breast milk varies individually and over the period of lactation,
we used the mean lipid contents in the breast milk of the study sub-
jects in the calculation. The average daily dioxin intake (DDI, pg
TEQ/kg/day) for the first year was calculated as follows: (EDE
through breastfeeding x 10%)/365.

2.4. 5SDQ score measurement

Japanese forms of SDQ were sent via mail to parents of the subjects
whose mothers' milk underwent dioxin survey [10]. Children of the
subjects were aged between 6 and 13 years at evaluation. Parents
were asked to complete the extended Japanese version of SDQ, which
comprised 25 items on specific strengths and difficulties, with an overall
rating of whether their child had behavioral or psychological problems.
The four SDQ subscales (emotional symptoms, conduct problems,
hyperactive/inattention and peer problems) representing problem
scores were obtained and the total difficulties score (TDS) rating of 0
to 40 was obtained, by adding the 4 subscale scores according to the in-
structions of SDQ [11]. Another subscale of prosocial behavior assesses
the positive aspects of child behavior.

2.5. Statistical analyses

Because a gender difference has been reported in the milk intake
volume during the first year of life [16], and gender and age effects
have been shown in the Japanese version of SDQ [10,17], the study sub-
jects were stratified into subgroups by gender and by age (6-10 years,
11-13 years). We employed non-parametric methods for analyses
since the dioxin level in breast milk and EDE were not distributed nor-
mally. Spearman's rank correlations were used to explore the associa-
tion between total dioxin level in breast milk or EDE by breastfeeding
and the five subscale scores of SDQ.

Linear multiple regression analyses were performed to examine the
association between TDS and the total dioxin level in breast milk or EDE
through breastfeeding after log; transformation. Adjustment for covar-
iates, including maternal age, birth weight, any history of maternal
cigarette smoking and age at SDQ assessment in boys and in girls, was
performed. These covariates were chosen from the questionnaires as
they have been reported to be related to the TDS of SDQ or the behavior
of children [10,11,17]. In addition, to verify the correlation between
dioxin exposure and the TDS of SDQ, the medians of TDS were com-
pared between the children with high EDE in the top 10 percentiles
and those with low EDE in the bottom 10 percentiles in boys and in
girls. Results were considered significant at p < 0.05. All analyses were
performed with SPSS 19.0 (IBM Japan, Tokyo, Japan).

3. Results

The study subjects consisted of 175 pairs of primiparous mothers
and their children who replied and completed the 25 SDQ items in
the 316 pairs to whom SDQ was sent. The residences of the study
subjects extended across 20 prefectures in Japan. They were neither
high- nor low-risk areas for dioxin pollution. The characteristics of
the mother and child (79 boys and 96 girls) pairs and breastfeeding
status are shown in Table 1. As represented by the breastfeeding
ratios, breastfeeding was dominant until 8 months and equal to
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Table 1
Characteristics of the mother and infant pairs and breastfeeding status by gender.
Boys Girls
n=179 n =96
Mothers
Age (years), mean + SD 298 £25 295+ 2.7
Weight (kg), mean + SD 50.6 + 6.3 515 £ 6.2
Height (cm), mean + SD 156.8 &+ 54 158.0 £53
Any history of smoking habit, n(%) 17(22) 22(23)
Smoking habit during pregnancy, n(%) 0(0.0) 2(2.1)
Infants
Gestational age (weeks), mean 4 SD 396+12 399+ 13
Birth weight (g), mean + SD 3067 + 340 3001 + 348
Birth length (cm), mean + SD 493 £+ 2.0 490 + 1.7
Birth head circumference (cm), mean & SD 331+£15 328 + 1.2
Breastfeeding ratio
0-2 months, mean + SD 0.73 £ 0.27 0.81 £ 0.24
3-5 months, mean + SD 0.61 £ 041 0.69 & 0.39
6-8 months, mean =+ SD 0.52 + 0.46 0.59 + 044
9-11 months, mean &+ SD 043 + 046 043 + 045
Age of infants at SDQ
6-10 years, n(%) 31(39) 40(42)
11-13 years, n(%) 48(61) 56(58)

SDQ: Social Difficulties Questionnaire, SD: standard deviation.

Breastfeeding ratio: 1 when feeding only on breast milk, 0.75 when breastfeeding
exceeded formula feeding, 0.5 when breastfeeding and formula feeding were equal, 0.25
when formula feeding exceeded breastfeeding and 0 when feeding only on feeding
formula.

formula feeding thereafter in both gender groups. At the time of SDQ
assessment, 48 (61%) boys and 56 (58%) girls were 11 to 13 years old.

Means, medians and interquartile range of dioxin concentra-
tions measured in the breast milk at 1 month are presented in
Table 2. There were no significant differences in the levels of
PCDDs, PCDFs, dioxin-like PCBs and total dioxin level in the milk
between the groups of boys and girls. The mean dioxin exposure
through breastfeeding was estimated to be 16.4 ng TEQ/kg/year
for boys and 19.6 ng TEQ/kg/year for girls. From these EDE levels,
the mean DDI for the first year of life was calculated at 44.9 pg
TEQ/kg/day in boys and 53.7 pg TEQ/kg/day in girls. The blood di-
oxin levels were measured in eight children at 1 year to evaluate
whether our estimation was relevant. The EDE was highly associat-
ed with the blood dioxin levels in these children (Supplemental
Fig. 1, Spearman's p = 0.905, p = 0.002).

The means of TDS of SDQ were 8.7 in boys and 7.4 in girls. Although
the means of TDS and three problem subscale scores were higher in
boys than in girls, a significant difference was found only in hyperac-
tive/inattention score (Supplemental Table 1). The prosocial behavior
score, which is a positive behavior subscale, was higher in girls than in
boys, but the difference was also not significant. Comparing the groups

aged 6-10 and 11-13, the means of TDS and subscales of conduct prob-
lem and hyperactive/inattention scores were significantly higher in the
group aged 6-10.

There was no significant association between TDS of SDQ and total
dioxin level in boys: Spearman'’s p = ~0.22, p = 0.05, or in the group
aged 6-10: Spearman's p = —0.12, p = 0.33, and aged 11-13:
Spearman's p = —0.16, p = 0.11. A weak negative correlation was
found in girls, with Spearman’s p = —0.24, p = 0.02. Among the five
subscales of SDQ, conduct problem scores and hyperactive/inattention
scores were negatively correlated, meaning that a higher dioxin level
in breast milk was related to fewer behavioral problems in girls. There
was no significant association between other subscales and total dioxin
level (Supplemental Table 2).

No significant association was found between TDS and EDE through
breastfeeding in boys: Spearman's p = —0.18, p = 0.11, or in girls:
Spearman's p = —0.03, p = 0.79, or in the groups aged 6-10:
Spearman's p = —0.20, p = 0.11, and aged 11-13: Spearman's
p = —0.08, p = 0.45. In addition, no correlation between any subscales
of SDQ and EDE through breastfeeding was found in boys and in girls. A
weak negative correlation was found between conduct problem scores
and EDE in the group aged 6-10, with Spearman's p = —0.26, p =
0.03 (Supplemental Table 3).

In linear multiple regression models to examine the association
between total dioxin level in breast milk and TDS of SDQ, total
dioxins did not affect the TDS significantly in boys, B = 2.29 (95%
Cl —7.60-12.18, p = 0.46), or in girls, B = —1.04 (95% (I
—9.24-7.15, p = 0.80). Younger age at SDQ assessment both in
boys and girls and any history of maternal cigarette smoking only
in boys increased TDS (Table 3). Similar results were obtained in
the models in which EDE through breastfeeding instead of the
dioxin level was included. The EDE was not a significant factor for
the TDS of SDQ either in boys, B = —0.99 (95% ClI —4.14- 2.15,
p = 0.53), or girls, B = 1.08 (95% CI —2.69-4.85, p = 0.57)
(Table 4). The medians (interquartile range) of TDS of SDQ of the
children with high EDE in the top 10 percentiles were 5 (3-10) in
boys and 5 (3-15) in girls, while those of the children with low
EDE in the bottom 10 percentiles were 8 (6-12) in boys and 7
(6-12) in girls. There were no significant differences between the
medians of TDS or subscale scores between the high-EDE group and
the low-EDE group in either boys or girls (Supplemental Table 4).

4. Discussion

To the best of our knowledge, the present study provides the first
evidence that either estimated prenatal or lactational dioxin exposure
did not correlate with behavior assessed using the Japanese parent-
rated SDQ of children living in Japan. Dioxin concentration in the breast

Table 2
Dioxin level in the breast milk at 1 month and estimated dioxin exposure through breastfeeding.
Boys (n = 79) Girls (n = 96)
Mean (SD) Median (interquartile range) Mean (SD) Median (interquartile range)
Dioxin level in breast milk
PCDDs (pg TEQ/g fat) 8.6 (3.1) 8.3 (6.6-10.3) 92 (3.7) 8.6 (63-11.3)
PCDFs (pg TEQ/g fat) 32 (1.5) 3.0 (24-356) 34(1.4) 3.1(24-4.2)
Co PCBs (pg TEQ/g fat) 6.5 (2.5) 6.2 (4.7-7.9) 7.2 (2.8) 6.6 (5.3-9.3)
Total dioxins (pg TEQ/g fat) 183 (6.2) 17.8 (13.9-21.7) 198 (7.1) 18.6 (14.0-25.3)
Fat in breast milk (g/100 ml) 4.1(14) 4.1 (3.1-5.1) 3.9(1.3) 3.8 (3.0-4.7)
Total volume of breast milk intake (ml/kg/year) 21716 (11499) 22691 (10894~33886) 25895 (11734) 30511 (15078-36747)
EDE (ng TEQ/kg/year) 164 (107) 14.0 (8.0-23.0) 19.6 (10.8) 18.8 (11.4-26.3)
DDI (pg TEQ/kg/day) 449 (293) 38.5 (22.0-62.9) 53.7 (29.6) 51.4 (31.2-72.0)

PCDDs: polychlorinated dibenzo-p-dioxins (sum of 2,3,7,8-tetra CDD, 1,2,3,7,8-penta (DD, 1,2,3,4,7,8-hexa CDD, 1,2,3,6,7,8-hexa CDD, 1,2,3,7,8,9-hexa CDD, 1,2,3,4,6,7,8-hepta CDD and

octa CDD).

PCDFs: polychlorinated dibenzofurans (sum of 2,3,7,8-tetra CDF, 1,2,3,7,8-penta CDF, 2,3,4,7,8-penta CDF, 1,2,3,4,7,8-hexa CDF, 1,2,3,6,7,8-hexa CDF, 1,2,3,7,8,9-hexa CDF, 2,34,6,7,8-hexa

CDF, 1,2,3,4,6,7,8-hepta CDF, 1,2,3,4,7,8,9-hepta CDF, octa CDF).

Co PCBs: coplanar polychlorinated biphenyls (sum of PCB 77, 81, 126, 169, 105, 114, 118, 123', 156, 157, 167 and 189).
TEQ: toxic equivalence by the World Health Organization in 2005, EDE: estimated dioxin exposure.
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Table 3
Linear multiple regression analysis to examine association between total dioxin level in breast milk and TDS of SDQ.
Boys Girls
B (95% CI) beta P B (95% CI) beta P
Logqo (total dioxins) 2.29 (—7.60 -12.18) 0.06 0.46 —1.04 (—9.24 -7.15) —-003 0.80
Age at SDQ —0.69 (—1.27 - —-0.12) —0.30 0.02 —043 (—091 -0.05) -0.20 0.08
Maternal age —0.36 (—0.83 -0.11) —0.16 0.13 0.31 (—0.11 - 0.74) 0.15 0.15
Birth weight -0.002 (—0.006 - 0.001) —0.14 0.21 —0.001 (—0.004 - 0.003) —0.04 0.73
Any history of smoking habit 3.28 (0.26 - 6.30) 0.24 0.03 0.68 (—2.08 -3.44) 0.05 0.63

B: partial regression coefficient.
beta: standardized partial regression coefficient.
TDS: total difficulties score.

milk at 1 month after delivery was considered as an indicator of prenatal
exposure and lactational exposure was estimated according to the diox-
in levels of breast milk and the ratio of breastfeeding to formula feeding
during the first year.

The average DDI of the infants during the first year of life calculated
from the EDE in this study was 10 to 14 times higher than the tolerable
daily intake (TDI) (i.e. 4 pg TEQ/kg/day) for the general population, as
defined by the WHO or by the Japanese Ministry of Health, Labour and
Welfare {13,18]. This result is compatible with previous reports stating
that DDl in breastfed infants is 4 to 40 times higher than the TDI because
of the high transfer via the mother's milk [14,15]. The EDE level in our
study was similar or slightly higher than the estimated dioxin exposure
levels in infants by breastfeeding recently reported in Japan and other
countries [14,19-21}]. Dioxin level in breast milk is known to decrease
after several months, reflecting a decrease in the burden on the mother
by breastfeeding [15]. However, this decrease may not be linear during
the lactation period and may differ from mother to mother [15,21]. We
did not, therefore, take the decrease in months into consideration and
the EDE level in this study might have been overestimated. On the
other hand, actual PCDD level in breast milk at 1 month was comparable
to the levels in other studies [14,19-21]. Thus, we analyzed the associa-
tions of both dioxin level in breast milk and EDE level to TDS of SDQ. No
linear dose-effect association between either dioxin level itself or EDE
and TDS was observed, meaning that an increase of dioxin intake from
breast milk was not associated with behavioral problems of children.
We found no significant differences in the TDS or subscale scores of
SDQ between the cases with a high EDE level and those with a low
EDE level. These results suggested that the perinatal dioxin exposure
in the range in this study population did not affect the behavioral and
psychosocial development of the children.

SDQ is a screening instrument to assess positive and negative
aspects of children's behavior; it can be filled in by parents or teachers,
and was originally published in English [11]. The Japanese parent-rated
SDQ was validated by Matsuishi et al. and normative data of Japanese
school-aged children were reported very recently [10,17]. The means
of TDS and four subscale scores relating to problematic behavior in
this study were similar to the validation study and slightly higher than
the scores reporting normative data [17]. However, the distribution pat-
terns of the four subscale scores and the effects of gender and age on the
scores, namely, higher hyperactivity/inattention scores or TDS for boys

than for girls, and TDS and scores for emotional symptoms and
hyperactivity/inattention tending to be lower in older children, were
similar to those in these studies and studies in other countries {10,17,
22]. Thus, we could assume that the scores of the parent-rated SDQ ob-
tained in this study were reasonable,

It has been revealed that perinatal dioxin exposure may affect
neurobehavioral development; however, the identified effects ap-
pear to be contradictory and subtle {1-3,5,23]. In animal models,
exposure in utero and via lactation to a low dose of TCDD disrupted
the functions of memory and emotion in male mouse offspring
[24]. The pups reaching adulthood showed behavioral inflexibility,
compulsive repetitive behavior and lowered competitive dominance
[25]. Maternal TCDD exposure delayed motor development assessed
by righting response from an inclined position of the offspring at an
early stage, especially in male rats [26]. The effects on learning
behaviors are, however, controversial; TCDD-exposed rats made
more errors in the early phase of the learning process in terms of spa-
tial discrimination/reversal learning, but they improved in terms of
performance in the visual discrimination/reversal learning task com-
pared with the contro! group [27].

In human studies, because environmental exposure levels are much
lower than those in animal models, the effect of perinatal exposure on
neurodevelopment and behavior in children remains unclear. Although
it is difficult to distinguish the effect between prenatal and postnatal
exposure, more significant correlations were found for prenatal expo-
sure, especially that to PCBs. In children from Michigan and North Caro-
lina whose mothers had consumed fish presumed to be contaminated
with PCBs, levels of prenatal PCB exposure were associated with adverse
outcomes such as greater impulsivity, poorer concentration and poorer
working memory only in children who had not been breastfed [28].
Sioen et al. studied prenatal exposure to environmental contaminants
of lead, cadmium, PCBs and dioxin-like compounds measured in cord
blood and behavioral problems at 7-8 years using SDQ [29]. Although
higher lead exposure was associated with a higher risk for hyperactivity
in both boys and girls, higher prenatal exposure to dioxin-like com-
pounds was found to be associated with a lower score for hyperactivity. -
Recently, the Duisburg Birth Cohort Study showed similar results;
PCDD/PCDF and PCB in maternal blood negatively associated with hy-
peractive behavior of school-aged children, while the effect of the
amount of PCDD/PCDF and PCB ingested with breast milk was not

Table 4
Linear multiple regression analysis to examine association between EDE through breastfeeding and TDS of SDQ.
Boys Girls
B (95% C.L) beta p B (95% C.L) beta p
Log,o EDE —-0.99 (—4.14 - 2.15) -0.07 0.53 1.08 (—2.69 - 4.85) 0.06 0.57
Age at SDQ —0.61 (=111 - ~0.11) -0.27 0.02 —047 (—0.91 - —0.03) —0.22 0.04
Maternal age —0.34 (—0.81 -0.12) —0.16 0.15 031 (—0.11-0.73) 0.15 0.15
Birth weight —0.002 (—0.005 - 0.002) —0.12 0.29 0.000 (—0.004 - 0.003) —0.03 078
Any history of smoking habit 3.10 (0.21 - 5.99) 0.23 0.04 092 (—1.80 - 3.64) 0.07 0.50

B: partial regression coefficient.
beta: standardized partial regression coefficient.
EDE: estimated dioxin exposure, TDS: total difficulties score.
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significant [30]. In contrast to the assumed unfavorable effects of dioxins
and dioxin-like compounds on neurological or developmental measure-
ments, we have to consider that a number of benefits of breastfeeding
for short- and long-term health as well as optimal brain development
in children have been noted [31].

One of the limnitations of this study is the potential bias due to a lack
of SDQ data via mailing questionnaires, and 55% of the mailed subjects
completed SDQ. The mothers who responded to SDQ questionnaires
could be more conscious of the subject matter or have concerns over
their children's behavior, as shown by the slightly higher TDS in our
study than the Japanese normative data [17]. However, the dioxin
level in breast milk and EDE in the subjects ranged widely and linear
multiple regression analysis was performed, which supported the
absence of a significant correlation between dioxin exposure and the
behavior of the children. Because SDQ is a tool for screening children's
psychological and psychiatric conditions, to clarify the influence on psy-
chological and psychiatric development of children in the longer term,
longitudinal follow-up and diagnostic evaluations are needed. The sec-
ond limitation is that we could not include socio-demographic covari-
ates, for example, education level of the parents, maternal alcohol
consumption and economic status, which are known as cofounders for
children's behavior {29,30]. Only maternal age and maternal smoking
habit were available from the questionnaires and were included in the
analyses. In addition, simultaneous exposure to other environmental
contaminants like heavy metals, such as lead, cadmium, mercury, or
pesticides, which may affect neurodevelopmental disorders in children,
was not measured in this study [29,32].

In summary, we investigated the correlation between dioxin level
in breast milk, dioxin exposure via breastfeeding and behavioral and
psychosocial problems using SDQ in pairs of mothers and children in
the general Japanese population. There was no significant associa-
tion between TDS of SDQ and dioxin level in breast milk or EDE.
This supports the benefits of breastfeeding and provides evidence
that breastfeeding should be recommended, even in the presence
of measureable amounts of dioxins in the current environment.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.earlhumdev.2015.06.001.
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