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smokers. Smokers reported that they smoked an average of 13.0 (§D=6.5,
range 2-20) cigarettes per day during pregnancy.

Maternal and Infant Characteristics

Table 1 shows the maternal and infant characteristics. Mothers of the
smoking group were younger than in the other two groups (F,,, =640, p<
.01). Infants’ characteristics did not differ among the three groups of moth-
ers.

TABLE 1
MATERNAL AND INEANT CHARACTERISTICS

Maternal Smoking During Pregnancy F |
No Yes

Nonsmokers Exsmokers Smokers
(n=288) (n=44) (n=12)
M SD M SD M SD

Maternal Prenancy

Aget 322 4.3 304 6.1 29.1 4.3 640 .04
Alcohol use (no/yes)? 225/63 30/14 4/8
Delivery type

(spontaneous/Cesarean)? 233/55 40/14 8/4
Parity (first/other)? 144/144 40/14 6/6

Infant

Sex (M/F)? 145/143 28/16 6/6
Gestational age, wk. 394 14 39.7 1.3 392 07 134  .008
Birth weight, gm 3018.0 380.0 3108.0 380.0 3184.0 4154 144 .008
Birth length, cm 489 22 493 1.8 490 23 059 .003
Head circumference, cm 335 14 334 1.3 33.9 1.5 087 .005
Apgar, 1 min. 80 09 7.9 0.7 8.3 0.5 150 .009

Fisher’s exact test. Tp <.01 by analysis of variance.

Neonatal Behavioral Assessment Scale Performance

Table 2 shows the unadjusted mean Neonatal Behavioral Assessment
Scale scores for the three groups. There were no significant differences
among groups on the seven clusters. The 29 behavioral items were analyzed
next. On the inanimate auditory item, the infants of Exsmokers showed a
higher mean score than the Nonsmokers (F,,,;=3.42, p<.05). For the gen-
eral tone item, significant differences among groups were found (F, ;4 =3.14,
p<.05). For the peak of excitement, the infants of Smokers had a lower
mean score than the other two groups (F,,s=3.51, p<.01).

Table 3 shows the adjusted mean Neonatal Behavioral Assessment Scale
scores of the three groups. There were no significant differences for any of
the seven clusters. Among the behavioral items, general tone was still statisti-
cally significant with covariates controlled (F,,,,=3.33, p<.05). Peak of ex-
citement, cuddliness, and inanimate auditory orientation were not significant
after adjustment for covariates.
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TABLE 2
NEeoNaTAL BeHAVIORAL ASSESSMENT ScaLt UNaADJUSTED MEAN ScORES OF THREE GROUPS
Cluster and Behavioral Item  Nonsmokers  Exsmokers Smokers F 2
(7=288) (n=44) (n=12)
M SD M SD M SD
Habituation 6.57 1.38 6.65 133 636 1.29 0.20 .001

Response decrement to light  5.82  1.94 577 1.94 500 219 098 .007
Response decrement to rattle  7.04 151 7.16 1.25 691 136 057 .005
Response decrement to bell 7.82 212 8.09 233 813 197 0.08 .001
Response decrement to foot

stimulation 625 2.16 6.14 1.96 600 150 011 .001
Orientation 457 1.13 491 1.18 440 142 194 .01
Animate visual 485 134 4.62 145 400 093 075 .005
Animate visual and auditory ~ 5.05  1.32 530 128 442 113 156 .01
Inanimate visual 390 1.50 433 1.73 4.04 1.17 1.66 .02
Inanimate visual and auditory 5.23  1.55 558 159 488 136 121 .009
Animate auditory 433 1.73 448 1.88 450 233 016 .001
Inanimate auditory™ 450 133 5.09 1.63 444 213 342 .02
Alertness 430 1.28 474 1.67 433 150 1.99 .01
Motor 4,63 0.65 459 0.69 455 0.89 018 .001
General tone* 5.06  0.99 4.87 1.03 436 1.12 314 .02
Motor maturity 416 1.14 428 1.06 482 125 19 .01
Pull to sit 491 121 475 125 4.64 1.69 . 028 .002
Defensive movements 476 1.64 470 1.60 482 199 0.04 .000
Activity 429 0.70 428 0.77 4.09 070 042 .003
Range of State 3.88 0.73 3.84  0.77 377 09 013 .001
Peak of excitement™ 320 1.12 332 093 236 1.03 351 .02
Rapidity of build-up 414 151 4.04 1.74 4.09 145 0.07 .000
Trritability 434 1.63 431 1.89 5.00 149 092 .006
Lability of state 3.83 0.80 379 0.9 3.82 133 0.04 .000
Regulation of State 423 1.16 448 1.10 429 192 091 .006
Cuddliness 4.64 133 472 1.75 3.64 150 285 .02
Consolability 444 151 495 1.49 413 295 201 .01
Self-quieting 4.13 256 436 248 436 335 021 .001
Hand to mouth 3.66 2.33 391 245 436 287 067 .004
Autonomic Stability 5.69  1.00 592 1.02 6.09 0.88 0.65 .004
Tremulousness 531 1.82 5.66 205 627 1.67 19 .01
Startles 691 148 7.09 149 736  1.03 072 .01
Lability of skin color 486 093 502 085 464 092 024 .002
Reflex 265 1.8 289 2.13 3.18 244 065 .004

*p<.05 by analysis of variance.

Discussion
Several studies have found negative associations between maternal
smoking and neonatal muscle tone. Law, et /. (2003) examined the associa-
tion of maternal smoking during pregnancy with infant neurobehavioral
status, using the NICU Network Neurobehavioral Scale at 48 hours after
birth. They stated that infants of their smoking group showed more signs of
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TABLE 3
NeonaraL BEHAVIORAL ASSESSMENT SCALE ADJUSTED MEaN Scores oF Tureg GrRoOUPS
Cluster and Behavioral Item  Nonsmokers Exsmokers Smokers F 12
(n=288) (n=44) (n=12)
M SD M SD M SD
Habituation 641 0.13 650 022 6.63 040 055 .004

Response decrement to light 553 0.18 529 031 527 057 023 .002
Response decrement to rattle  7.00  0.21 7.19 036 751 066 054 .009
Response decrement to bell 775 0.18 7.98 0.29 8.05 054 071 .005
Response decrement to foot

stimulation 6.11  0.22 6.08 036 6.00 072 005 .001
Orientation 457 011 493 0.18 449 036 276 .02
Animate visual 440 0.13 4.66 0.21 408 044 133 .01
Animate visual and auditory  4.91  0.13 524 0.22 457 048 219 .02
Inanimate visual 380 0.19 433 031 404 066 171 .02
Inanimate visual and auditory 5.35 0.17 5.66 027 485 - 056 164 .01
Animate auditory 432 017 448 0.27 478 056 065 .005
Inanimate auditory 4.62 0.14 5.14 0.23 457 046 3.08 .02
Alertness 434 0.15 477 0.23 439 047 253 .02
Motor 4.66 0.06 457 0.10 458 0.19 032 .002
General tone* 5.11 0.10 4.88 0.16 445 030 333 .02
Motor maturity 424 0.10 433 0.16 475 031 134 .009
Pull to sit 479 0.12 4,68 0.20 462 037 021 .001
Defensive movements 485 0.16 470 0.27 496 050 004 .001
Activity level 4.27 0.07 424 0.12 406 022 049 .003
Range of State 3.88 0.07 3.80 0.12 391 023 003 .001
Peak of excitement 326 0.11 335 0.18 258 033 224 .02
Rapidity of build-up 4.14  0.15 3.84 025 4.02 048 019 .002
Irritability 445 0.17 428 0.20 532 054 123 .008
Lability of state 369  0.09 372 0.14 3.86 027 024 .002
Regulation of State 437 0.12 4.61 020 444 037 040 .003
Cuddliness 473 0.14 478 0.23 378 043 28 .02
Consolability 468 0.17 5.17 029 441 058 165 .01
Self-quieting 4,08 0.26 442 044 431 081 013 .001
Hand to mouth 391 024 4.06 039 458 074 046 .003
Autonomic Stability 5.72  0.10 5.85 0.16 591 031 033 .002
Tremulousness 553 0.17 5.75 028 575 051 031 .002
Startles 679 0.15 677 024 720 046 054 .004
Lability of skin color 6.79 0.15 6.77 024 7.20 046 011 .001
Reflex 3.09 0.18 340 031 337 057 049 .003

*p<.05 by analysis of covariance.

stress or abstinence and were hypertonic and excitable. Fried, ez a/. (1987)
examined the association of infant neurological status with maternal cigarette
smoking, marijuana use, and alcohol use. They assessed the neurological sta-
tus by Prechtl Neurological Examination at 9 and 30 days after birth and
found that prenatal cigarette exposure was associated with hypertonicity and
increased nervous system excitation, particularly at 30 days. Dempsey, et /.
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(2000) assessed neonatal neurobehavioral status with a neurological examina-
tion and reported an association of neonatal hypertonicity with maternal
smoking. Our observation of the association between maternal smoking dur-
ing pregnancy and a lower score for general tone may be in line with these
studies. Infants’ muscle tone is thought to indicate the maturity of the cen-
tral nervous system (Prechtl, 1977).

Many reports have described the association of maternal smoking with
birth weight (Andres & Day, 2000; Matsubara, ez al., 2000; Weitzman, et al.,
2002). However, no association of maternal smoking and birth weight was
noted here. In this cohort study were included only infants who were full-
term (36-42 weeks of gestation) and had a birth weight of over 2500 gm.
Although selection bias is possible given to exclusion of lower-birth weight
infants, there were 22 infants who were excluded due to lower birth weight
and shorter gestational age, none of whose mothers had been smoking dur-
ing pregnancy. Therefore, this type of selection bias would not be expected.
Moreover, Law, et al. (2003) reported a negative association of maternal
smoking with neurobehavioral status, including muscle tone, without finding
one with birth weight. In addition, the nicotine in cigarettes is thought to
act as a neuroteratogen that interferes with fetal development (Slotkin, 1998).
This suggests that maternal smoking adversely affects neurobehavioral devel-
opment at smoking doses which do not affect growth parameters such as
birth weight; however, these results suggested that maternal smoking directly
affects infant neurobehavioral status.

Although Japan Ministry of Health, Labour and Welfare reported that
the prevalence of women who smoked during pregnancy was 10.0% in
2000, the prevalence of smokers in this study was small (3.4%). Therefore,
the interpretation of the findings may require some consideration. It was pos-
sible that the association of neonatal neurobehavioral status with maternal
smoking was not examined sufficiently given the small number of smokers.
The reason for this small number of smoking mothers is not known, but
there are several possibilities. First, it is possible that the smokers were origi-
nally few. The present study was done at big hospitals in an urban area.
Women who were interested in health participated in our cohort study.
Moreover, guidance for smoking cessation is provided pregnant women in
the hospitals where this study was conducted. Second, the data on smoking
habits were collected by a self-report questionnaire. Objective measurements
such as salivary, serum, or urine cotinine levels were not available. Although
several studies have yielded modest correlations between self-reported smok-
ing and biomarkers of cigarette exposure (Bennie, Mchugh, Macpherson,
Borland, & Moir Malik, 2004; Fendrich, Mackesy-Amiti, Johnson, Hubbell,
& Wislar, 2005; Yano, 2005), misclassification of the mothers’ cigarette use
canpnot be ruled out. Ernhart, Morrow-Tlucak, Sokol, and Martier (1988) re-
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ported that mothers report more drinking in pregnancy retrospectively than
when interviewed during pregnancy. It is possible that these smoking moth-
ers did not describe their actual smoking habits because of hospital pro-
vided guidance for smoking cessation. However, since this study is a longitu-
dinal cohort study to monitor the growth of these children, re-administering
the questionnaire on maternal smoking habits during pregnancy will be done
so re-analysis of the classification of the mothers’ cigarette use can be done
in the near future.

Several studies have linked reductions of motor function, general cogni-
tive function, or psychiatric disturbances such as attention deficit hyperactiv-
ity disorder in childhood, to maternal smoking during pregnancy (Fried, ez
al., 1998; Trasti, Vik, Jacobsen, & Bakketeig, 1999; Day, Richardson, Gold-
schmidt, & Cornelius, 2000). This present study is a prospective cohort
study, so evaluation of the long-term effects of maternal smoking during
pregnancy on child development from diverse angles will be continuous. The
clinical significance of a negative change in muscle tone in newborns is poor-
ly understood, but it may be linked to motor, cognitive, or behavioral prob-
lems in later childhood. It is important to investigate the association between
infant muscle tone status and cognitive or behavioral outcomes during child-
hood.

Finally, there was an association of a lower score for muscle tone with
maternal smoking, but interpretation may require some considerations, given
the small number of smokers which may be a limitation of this study. Since
this is the first report in which an association between maternal smoking
and neurobehavioral status in Japanese infants has been noted, continued ex-
amination of the association of maternal smoking during child development
from diverse angles is important. Outcomes of this study might be important
in considering the effects of smoking by pregnant women in Japan.
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Introduction

The neurobehavioral effects of perinatal exposures to methylmercury (MeHg) and environmentally persistent
organic pollutants (POPs) including polychlorinated biphenyls (PCBs), dioxins and pesticides are of great
concern world wide.  Several epidemiological studies have reported some associations of perinatal exposure to
MeHg or PCBs with neurobehavioral deficit, such as postnatal growth delay and poorer cognitive functions'.
These chemicals accumulate in human body mostly through the consumption of food, especially fish and
shellfish. On the other hand, since fish is rich in nutrients such as polyunsaturated fatty acid (PUFA) essential
for normal brain development of fetus, fish has been usually recommended for pregnant women. Therefore,
from perspective of risk assessment, these health hazard issues are important for fish eating populations.

We have been performing a prospective cohort study, the Tohoku Study of Child Development (TSCD), to
examine the effects of perinatal exposure to MeHg, PCBs, and dioxins on neurobehavioral development in
Japanese children’. We registered 599 mother-infant pairs from January 2001 to September, 2003 in an urban
area of Tohoku district, Japan. Samples such as maternal peripheral blood, cord blood, breast milk and
maternal hair were collected for chemical determination. For the assessment of neurobehavioral development,
Brazelton Neonatal Behavioral Assessment Scale (NBAS) was administered when children were three days old,
and other tests including Bayley scales of infant development second edition and Kaufman assessment battery

for children were performed with growth of children.

Organohalogen Compounds Vol 68 (2006) 1201



Neurotoxicity and disorders

In the present study, we report the preliminary results on the association of NBAS with total PCB

concentration in cord blood and maternal fish intake.

Materials and Methods

Participants were 163 mother-infant pairs whose variables including PCBs concentration in cord blood,
NBAS, and other covariates were available. Mean maternal age at the delivery was 31.9 (SD4.2). Infants
consisted of 87 boys and 76 girls, and they were all singleton and full-term (36-42 weeks) gestation without
congenital anomalies or diseases. Birth weight was 2400g or more. Information was obtained about
pregnancy, delivery conditions and infant characteristics from medical record.

PCBs concentration was measured from whole of cord blood collected immediately after delivery. All 209
congeners were analyzed using HR-GC/MS (Metocean environmental Inc, Shizuoka, Japan). Total PCB
concentration represented the sum of the all measured congeners, expressed as ng/g-fat.

Maternal fish intake was estimated using the semi-quantitative food frequency questionnaire (FFQ) for 122
individual foods and recipes® and 13 additional items regarding fish and shellfish. The FFQ was administered
at four days after delivery. Trained investigators showed mothers a real size photograph of each food, then,
mothers answered the frequency and the amount of intake per meal.

For other variables of chemical analysis, hair mercury (hair Hg) concentration was analyzed from maternal
hair samples taken at two days after delivery. Total hair Hg concentration was measured by cold vapor atomic
absorption’ at National Institutes of Minamata Disease (Minamata, Japan). Thyroid hormones including
thyroid-stimulation hormone (TSH), total thyroxine (T4), triiodothyromine (T3), free T4 and free T3, were
measured from plasma of cord blood by SRL, Inc. (Tokyo, Japan).

NBAS was administered on three days after delivery. Examiners of the NBAS were trained and certified at
the training center for NBAS in Nagasaki University School of Medicine, Japan. Reliability check was
conducted throughout the data collection to maintain a 90% level of agreement.

In the statistical analysis, a stepwise multiple regression analyses were performed for adjustment of
covariates. The potential covariates were as follows; maternal age at delivery, maternal alcohol drinking
during pregnancy, maternal smoking habit, maternal total energy intake, delivery type, parity, gestational age,
gender, birth weight, apgar score, TSH and T3 concentration in cord blood, maternal hair Hg concentration, and

NBAS examiners. The significance level was set at 5%.
Results and Discussion

The mean total PCB concentration in cord blood was 65.3 ng/g-fat (SD 43.4), and the mean maternal total

fish intake was 2.6 kg/year (SD 1.6). Table 1 shows results of multiple regression analyses. A positive
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association was found between total PCB concentration and the score of the regulation of state cluster. A
negative association was found between total fish intake and the score of the habituation cluster.

Early studies reported the negative associations of prenatal PCBs exposure with neurobehavioral
development. We hypothesized the negative associations between total PCBs in cord blood and the NBAS.
On the other hand, because fish is rich in nutrients such as PUFA essential for brain development, we also
hypothesized the beneficial effects of maternal fish intake on the neonatal neurobehavioral status. Our
findings are not in line with our hypotheses and the findings from early studies. We do not know clearly the
reason for these findings, there are several possibilities. First, it is possible that the level of PCB exposure in
our study was too low to detect the effects of PCB exposure on neonatal neurobehavioral status.  We supposed
that the level of PCB exposure in our study might be lower than those of early studies™®”, although it is
difficult to compare PCB levels among studies for different analytical methods. Second, since this report is
based on the preliminary results, the sample size too small to detect the effects of low level exposure to PCB.
The entire participant of our cohort study is 599 mother-infant pairs, and we collected not only samples of cord
blood, but also maternal peripheral blood and breast milk. The measurements of chemicals including PCBs
are now on going, and the further study will reveal the associations of neurobehavioral development with

perinatal PCBs exposure and fish intake.

Table 1. The results of multiple regression analyses

Habituation  Orientation Motor Rangeof  Regulation Autonomic Reflex
state of state stability
Total PCBs
0.47 0.34 0.28 -0.04 0.81* 0.16 -1.39

(ng/g-fat)'
Total fish intake

-0.87* -0.00 0.20 -0.34 0.73 -0.23 -0.28
(kg/year)'

(Beta value) *p<.05

1Log translations, Log;oX, were used on the value of total PCB concentration and total fish intake.
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Abstract

The work described in this paper examined the possible relationship between fish consumption and human fecundity
among Japanese women using hair mercury level and time to pregnancy (TTP) as indicators of fish consumption and
fecundity. We hypothesized that hair mercury concentrations reflect the level of fish consumption and, consequently,
can also be taken to indicate the level of intake of organochlorine compounds (OCs) such as dioxins and
polychlorinated biphenyls (PCBs) for which fish are the primary source, and which can disrupt normal human
reproductive processes. TTP was obtained by a self-administered questionnaire from women who had been delivered
of a baby at either of two hospitals in Sendai, Japan, during the period of January 2002-March 2004. Total mercury
concentration in their hair (0-3 cm from the scalp) was determined by cold vapor atomic absorption spectrometry.

Of the 298 women approached, 193 (65%) reported their TTP. The subjects were classified into two groups
according to their TTP: group 1, 0-12 months TTP; and Group 2, >12 months TTP. A step-down procedure
backward binominal logistic regression analysis was performed by using age, BMI, parity, frequency of intercourse,
life-style parameters (smoking, drinking and dietary habits) and hair mercury level of the female subjects and their
partners as independent variables. Two separate analyses were performed by including/excluding information on the
partners of the subjects. ‘

The analyses did not extract hair mercury concentration as significant indicating that fish consumption did not
prolong TTP, which was not consistent with the results of our previous study, i.e., in that study frequent fish eaters
showed prolonged TTP. Possible reasons of the negative result are discussed and it is suggested that the hair mercury
levels in the present study were not an appropriate indicator of fish consumption of the subjects or of their exposure to
OCs. Further study on the relationship between fish consumption (and, ultimately, of OCs intake) and fecundity with
more appropriate indicators of fish consumption and/or fish-mediated poliutants intake are warranted to characterize
the health risk posed by fish consumption.
© 2006 Elsevier GmbH. All rights reserved.
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Introduction

Fish has been the major source of protein for
Japanese people since ancient times and its health-
giving properties have recently been highlighted by the
health authorities in many countries. Japanese people
consumed, on average, 94g of fish and shellfish per
person daily in 2001 (Ministry of Health, Labor and
Welfare, Japan, 2003). It is important, however, to
evaluate the health risks posed by fish consumption
because it is well known that fish can be a major source
of hazardous chemicals such as polychlorinated biphe-
nyls (PCBs), dioxins, and methylmercury.

We are interested in the possible effects of exposure to
environmental chemicals on human fecundity. Time to
pregnancy (TTP) has attracted interest in several
countries as a measure of human fecundity (Juul et al.,
1999). However, until recently it has not been used in
reproductive health research in Japan. In our previous
study on the applicability of TTP to Japanese subjects,
we found a statistical association between frequent fish
eating and prolonged TTP (Arakawa et al., 2003). We
hypothesized that the prolonged TTP was due to
excessive exposure (through fish consumption) to
chemicals, particularly to organochlorine compounds
(OCs) that can disrupt normal human reproductive
processes. Our previous results were consistent with
those of Buck et al. (2000), but not with the results of
several other studies (Buck et al., 1997, 1999; Axmon
et al., 2002). The inconsistency may have resulted from
the semi-quantitative estimation of fish consumption,
such as fish eating frequency, used in those studies.
Moreover, in our previous study, the number of subjects
was limited (n = 92). It was necessary, therefore, to re-
evaluate our findings using a larger population and with
a more quantitative indicator of fish consumption.

As a quantitative indicator of fish consumption by
subjects from a fish-eating population without occupa-
tional mercury exposure, the total mercury concentra-
tion in hair has been used (Yamaguchi et al, 1971;
Iwasaki et al,, 2003). In the work reported here, we
investigated the possible relationship between fish
consumption and human fecundity in Japanese women
using mercury concentration in hair as a quantitative
indicator of fish consumption.

Materials and methods
Study design and sampling

We approached the subjects in a prospective cohort
on child development and environmental exposure to
chemicals (Nakai et al., 2004). Women who had been
delivered of a baby at either of two hospitals in Sendai,

Japan during the period of January 2002-March 2004,
were asked to participate in our study. Only women who
had given written consent after having the purpose and
design of our study explained to them were included in
the investigation.

Hair samples were obtained from the subjects on the
second day postpartum. A lock of hair was cut with
stainless steel scissors as close to the scalp as possible.
Samples were placed in plastic bags such that the scalp
end of the hair was identifiable in each case and they
were kept in desiccators until analysis.

On the third day postpartum subjects were asked to
complete questionnaires that had been developed in our
preliminary study (Arakawa et al, 2003). The ques-
tionnaire included questions on biological attributes and
life style parameters (dietary habits, smoking, drinking,
the intake of caffeinated beverages, etc.) of both the
woman before pregnancy and of her partner, and on
TTP (How long did you try to become pregnant after
cessation of contraception?). Dietary habits were re-
vealed by questions about the frequency of consumption
per week, and beverage consumption by the number of
cups per week.

The Ethical Committee of Tohoku University ap-
proved this study.

Analytical methods

Clippings from the scalp end of the lock of hair, 3cm
in length, were taken and subjected to mercury analysis.
Determination of total mercury concentration was
carried out by cold vapor atomic absorption spectro-
metry (Akagi and Nishimura, 1991) with minor
modifications. Analytical accuracy was ensured by
analyzing the Human Hair Reference Material NIES
CRM No. 13 from the National Institute of Environ-
mental Studies (Lot #650, Tsukuba, Japan). Details of
the mercury analysis are given elsewhere (Nakai et al,,
2004).

Statistical methods

The subjects were classified into two groups according
to the reported TTP: group 1 (TTP 0 — 12 months) and
group 2 (TTP >12 months). Biological attributes and
life-style parameters of both the subject and her partner
were compared between the two groups by chi-square
tests and by #-tests. The body mass indices (BMI) of the
subjects were calculated from the reported weights and
heights before pregnancy. Caffeine consumption was
calculated from the cups-per-week-consumption and the
caffeine contents of the beverages {Bunker and McWil-
liams, 1979, Wilcox et al, 1988, Stanton and Gray,
1995). Correlations between fish consumption and total
mercury concentrations in hair were analyzed by the
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Spearman rank correlation analysis. A step-down
procedure backward binominal logistic regression ana-
lysis was employed to extract statistically significant
independent variable(s) that contributed to classify the
subjects into groups 1 and 2. Independent variables used
in these analyses were biological attributes (age, parity,
and BMI), frequency of intercourse, total mercury
concentration in hair, and life style parameters (smok-
ing, alcohol intake, caffeine intake, frequencies of milk
and meat consumption) of both the female subject and
her partner. Since there was a significantly positive
correlation between the subject and her partner for age
and some of the life-style parameters, it was not
considered appropriate to include both of these vari-
ables for the subject and her partner as independent
variables. Therefore, two separate binominal logistic
regression analyses were carried out: one by using age
and life-style parameters of the female subject only,
and another by combining those variables for the
subject and her partner (e.g., sum of the ages of the
subject and her partner). Cox regression was also
performed using the same variables as those of the
logistic regression analysis, but TTP as continuous
variable. Statistical analysis was performed using SPSS
for Windows version 11.5.

Results

Of the 298 women approached, 193 (65%) reported
their TTP. We excluded subjects who got pregnant in
spite of contraception and who had had infertility
treatment from the data analysis (four and nine women,
respectively) because their TTP may not have repre-
sented actual fecundity. Thus, 180 women were eligible
for statistical analysis. Fig. 1 shows the TTP distribution
of the 180 subjects. Comparison of demographic
parameters for subjects who reported TTP and those
who did not was given in Table 1. This table showed
that there were significant differences in some para-
meters between the two groups.

The geometric mean of the total mercury concentra-
tions in hair was 2.01ug/g (range 0.42-9.35ug/g,
n = 177). There was a significant association between
frequency of fish consumption and total mercury
concentrations in hair (r = 0.19, p = 0.01, Fig. 2).

Table 2 compares biological attributes and life style
parameters of both the subject and her partner for the
two groups defined according to TTP. Meat consump-
tion of partner was the only variable that was
significantly different between the groups. Approxi-
mately, 60% of the subjects and >80% of their partners
consumed fish more than 3 meals/week for total subjects
(Table 1) and for those reported TTP (Table 2). Fig. 3
shows total mercury concentration in the hair of

120
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Fig. 1. Distribution of time to pregnancy (n = 180).

subjects divided by reported TTP. The geometric means
of mercury concentrations in hair were 2.01pg/g for
group 1 and 1.97pg/g for group 2, and the difference
was not statistically significant.

Alcohol consumption was the only variable that was
extracted for prolonged TTP by a step-down procedure
backward binominal regression analysis when age and
lifestyle parameters of the female subject only were
included (Table 3). When summed variables were used,
prolonged TTP was associated with decreasing parity
and increasing sum of age of the subject and her partner
(Table 4). Sum of age and parity were the variables with
marginal insignificance (p = 0.06) found in Cox regres-
sion analysis for the summed variables. Total mercury
concentration in hair was not selected as significant in
either of the analyses. When hair mercury concentration
was replaced with frequency of fish consumption in the
logistic regression analyses, the frequency was not
selected as significant either.

Discussion

The response rate to the question of TTP asked of the
present subjects (65%) was slightly lower than that of
our previous study (75% response rate). This may have
resulted from the fact that information on TTP was
sought at 2-3 gestational months in our previous study
and at postpartum in this study. However, the distribu-
tion of the reported TTP for our subjects (Fig. 1) was
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Table 1. Comparison of characteristics of the participants who reported/did not report their TTP

TTP Total p value

Not reported Reported

Number 118 180 298
Age (years)
Subject 31.9 30.6 314 0.14
Partner 33.7 31.9 329 0.05
BMI (kg/m?) 212 20.6 20.8 0.08
Number of births (times) 1.9 1.5 1.7 <0.001
Hair mercury level (ug/g) 2.02 2.01 2.01 0.94
Frequency of intercourse (%)
< 1/week 51 41 44 0.19
1/week 30 40 37
>2/week 19 19 19
Smoking (%)
Subject 25 16 19 0.05
Partner 62 54 57 0.20
Milk (glass/week)
Subject 4.4 53 4.9 0.09
Partner 2.6 4.4 3.7 <0.001
Caffeine (mg/week)
Subject 1114 1332 1247 0.04
Partner 1188 1337 1280 0.17
Alcohol (g/week)
Subject 75.7 69.7 72.0 0.75
Partner 183 170 175 0.77
Fish consumption (%)
Subject <1/week 2.9 1.7 2.1 0.65
1-2/week 41 39 40
3-5/week 42 49 47
> 5/week 14 11 12
Partner < 1/week 2.9 1.7 2.1 0.34
1-2/week 21 17 19
3-5/week 57 62 60
> 5/week 19 19 19
Meat consumption (%)
Subject < 1/week 39 4.0 3.9 0.98
1~-2/week 38 36 37
3-5/week 44 46 46
> 5/week 14 14 14
Partner < 1/week 1.0 0.0 0.4 0.40
1-2/week 20 15 17
3-5/week 54 55 55
> 5/week 25 30 28
similar to those reported previously (e.g., Curtis et al., of possible differences in their sexual practices compared
1999) as well as to the distribution obtained in our to those of Western women, e.g., in their preferred
previous study on Japanese subjects (Arakawa et al, methods of contraception.
2003). The present result again shows that the TTP The geometric mean of the total mercury concentra-
questionnaire is applicable to Japanese women in spite tions (2.01 pg/g) was close to those obtained in a recent
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Fig. 2. Relationship between frequency of fish consumption
(meals per week) and hair mercury level.

study in which geometric mean values of 1.23-2.50 ug/g
were reported for mercury concentrations in the hair of
persons from 5 cities in Japan (total number of samples
1666) (Yasutake et al., 2003). This result indicated that
fish consumption of our subjects was similar to that of
the average Japanese.

There were significant differences in some parameters
between the subjects who reported TTP and those who
did not (Table 1). Subjects who did not report TTP were
older and had a higher number of previous births. The
difference in parity could be explained by the age
difference: there was a positive correlation between age
and parity for the subjects ( = 0.33, p<0.001), and the
slope of the regression line indicated that the differences
in parity were consistent with age difference. Older
women who already have children probably do not
memorize TTP because they are likely to pay less
attention to getting pregnant. In other words, women
who were more anxious about and paid more attention
to getting pregnant were the subjects of our analysis.
Whether this bias has a bearing on our research
objectives should be carefully considered.

In our multivariate analyses, parity and age were
significant variables that contributed to prolonged TTP
when partners’ effects were taken into consideration
(Table 4). This result was consistent with those of other
studies that reported associations between parity and
TTP (e.g., Howe et al., 1985; Olsen, 1991), age of female
subject and/or her partner and TTP (e.g., Baird and
Wilcox, 1985, Howe et al., 1985; Olsen, 1991; Spinelli
et al, 1997). Inconsistent resuits for the logistic
regression analysis were obtained when age and life-

style parameters for the subject only were included
although the reason for the inconsistency was not clear.
The reason why alcohol intake was a significant variable
for the classification of our subjects into the two groups
(Table 3) was also not clear. The results of logistic
regression analysis were virtually the same when Cox
regression analysis was employed, though statistical
significance was not obtained (p = 0.06). However, the
important finding was that hair mercury concentration
was not selected as significant in either of logistic
regression analysis and Cox regression analysis.

It is well known that some OCs, such as dioxins and
PCBs, can disrupt normal human endocrine functions
(Longnecker et al, 1997; Watanabe et al., 1999), and
that these compounds concentrate along food chains
(IPCS, 1992; Rolff et al., 1993) and thus fish can contain
OCs at high concentrations. Therefore, fish consump-
tion is the predominant route of the intake of OCs for
the general population with fish-eating habits (Svensson
et al., 1991; Tsutsumi et al., 2001). In addition to this,
the total mercury concentration in hair has been
considered a quantitative indicator of fish consumption
(Yamaguchi et al., 1971; Twasaki et al., 2003). Thus, we
employed hair mercury level as a marker of fish
consumption, and of the exposure level to OCs, to
relate to TTP, based on the assumption that there is a
strong correlation between the concentrations of OCs
and mercury in fishes, and consequently, in the tissues
and body fluids of humans who consume fish.

The result of this study, however, was not consistent
with our previous finding that frequent fish eaters
showed prolonged TTP (Arakawa et al, 2003). The
reasons for this inconsistency may partly be attributable
to the fact that we employed total mercury concentra-
tion in the hair segment 0~3 cm from the scalp. The hair
mercury level represents fish consumption in the last
trimester of the subjects’ gestation: clearly this does not
correspond to the period of TTP. It is possible that the
amount of fish consumption changed after pregnancy.
This may be the reason for the low correlation between
fish-eating frequency and hair mercury level (Fig. 2),
which, though statistically significant, was weaker than
those recorded in previous studies (Bjornberg et al.,
2005). We should, perhaps, have employed samples of
hair of >10cm from the scalp.

Another possible reason for the negative result of the
present study was that hair mercury levels are not
correlated with the intake of the chemicals in fish that
can affect fecundity. We assumed that the concentra-
tions of OCs and mercury in marine foods would
correlate with each other because of their co-biomagni-
fication. However, Bjerregaard and Hansen (2000)
reported that the concentrations of OCs and mercury
did not correlate in the blood of women who consumed
marine food. Therefore, it is clear that we should employ
direct indicators that reflect the level of exposure to OCs
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Table 2. Comparison of characteristics of the participants between group 1 (TTP: 0-12 months) and group 2 (TTP: > 12 months)

Time to pregnancy Total p value
0-12 >12
Number 160 20 180
Age (years)
Subject 30.6 31.0 30.6 0.70
Partner 31.7 337 319 0.10
BMI (kg/m?) 20.7 20.5 20.6 0.83
Number of births (times) 1.5 1.4 1.5 0.23
Hair mercury level (ug/g) 2.01 1.97 2.01 0.82
Frequency of intercourse (%)
< 1/week 40 50 41 0.24
1/week 40 45 40
>2/week 21 5.0 19
Smoking (%)
Subject 15 18 16 041
Partner 51 64 54 0.10
Milk (glass/week)
Subject 5.5 3.4 5.3 0.05
Partner 4.5 39 4.4 0.62
Caffeine (mg/week)
Subject 1314 1469 1332 0.48
Partner 1313 1469 1337 0.30
Alcohol (g/week)
Subject 59.1 155 69.7 0.12
Partner 16% 182 170 0.79
Fish consumption (%)
Subject <1/week 1.9 0.0 1.7 0.94
1-2/week 39 40 39
3-5/week 49 50 49
> 5/week 11 10 11
Partner <1/week 1.9 0.0 1.7 0.29
1-2/week 16 30 17
3-5/week 61 65 C62
> 5/week 21 5.0 19
Meat consumption (%)
Subject < 1/week 4.5 0.0 4.0 0.68
1-2/week 36 35 36
3-5/week 45 55 46
>5/week 15 10 14
Partner < 1/week 0.0 0.0 0.0 0.03
1-2/week 14 25 15
3-5/week 53 70 55
> 5/week 33 5.0 30

to relate to TTP. To date, we know of only one such
study: Axmon et al. (2004) investigated the relationship
between serum/plasma 2,2'4.4'.5,5-hexachlorobiphenyl
(CB-153) concentrations, a biomarker of total PCB
exposure, and TTP. They did not find any association

between blood CB-153 concentrations and TTP. They
estimated the blood concentrations of CB-153 for the
subjects when the index pregnancies took place, namely,
1-36 years previously (median: 20 years), from the CB-
153 concentrations in blood that had been drawn from
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Fig. 3. Comparison of hair mercury level between group 1
(TTP: 0-12 months) and group 2 (TTP>12 months).

Table 3. Odds ratio of risk factors

0Odds ratio 95% CI p value

Alcohol 1.61 1.05-2.49 0.03
The variable “age” “milk” “alcohol” “caffeine” “meat” “smoking” of
the female subjects only were used.
Table 4. Odds ratio of risk factors

0Odds ratio 95% CI p value
Parity 0.44 0.20-0.97 0.04
Age 3.10 1.60-6.04 <0.001
The variables “age” “milk” ““alcohol” “caffeine’” “meat” “smoking”

were generated by summing data for the female subject and her partner
because there was a positive correlation between them for these
variables.

the subjects in 2000. It is very probable that the blood
CB-153 concentrations estimated after so many years
would have been subject to gross errors, and this was
possibly a major reason why these investigators failed to
find any association between blood CB-153 concentra-
tions and TTP.

It may be worth pointing out that the present result
indicates a lack of association between TTP and
methylmercury exposure in Japanese. In other words,
methylmercury exposure at the present level does not
affect human fecundity. This may be valuable informa-
tion in the hazard identification of methylmercury.

In summary, we could not obtain reproducible results
showing a positive relationship between fish consump-
tion and TTP in this cohort study using hair mercury
levels as an indicator of fish consumption, although such
a relationship had been indicated in our earlier study.
We will extend our survey by including direct indicators
that can reflect exposure level to OCs during the
duration of the TTP to characterize the health risk
posed by fish consumption, which is important for
Japanese and other fish-eating populations.
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Introduction

From several cohort researches, it has been reported that the perinatal exposure to the methylmercury and
persistent organic pollutants (POPs), such as polychlorinated biphenyls (PCBs), has been associated with
neurobehavioral development on postnatal growth'. We have started a prospective cohort study to examine the
effects of perinatal exposures to POPs on neurobehavioral development in Japanese children (The Tohoku Study of
Child Development, TSCD)®. We registered 599 mother-infant pairs in this cohort study.

Measurement of PCBs in previous epidemiological researches was performed by homologue or limited isomer,
but congener-specific analysis was not done. Furthermore, dioxins measurement in cord blood was not reported in
many papers since this measurement required high sensitivity and a large amount of samples.

In the present study, we established a measurement procedure to simultaneously determine dioxins and all
congener-specific PCBs by high resolution gas chromatograph mass spectrometer (HRGS/HRMS) using isotopic
dilution method from the same sample. Then, we determined the concentration of dioxins and PCBs in whole cord

blood in Japanese children.

Materials and Methods

PCDDs, PCDFs, dioxin-like PCBs and total PCBs in whole cord blood were analyzed by HRGC/HRMS. After a
whole cord blood (about 20 ml) was weighed and added with the clean-up spike containing *C-labeled standard
mixture of PCDDs, PCDFs, dioxin-like PCBs and PCBs, and then crude lipid in sample was extracted. This extract
dissolved in n-hexane was purified on a multi-layer silica gel column. The purified solution was divided into two
aliquots of 80 % for determination of PCDDs, PCDFs and dioxin-like PCBs (aliquot A) and 20 % for
determination of congener-specific PCBs (aliquot B). The aliquot B was concentrated without further purification
and measured by HRGC/HRMS. The aliquot A was fractionated on active carbon-dispersed silica gel column to
PCDDs, PCDFs, non-ortho PCBs fraction and mono-ortho PCBs fraction, and measured for each fraction by
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HRGC/HRMS. HRGC/HRMS analysis was conducted on a 6890 series GC (Agilent Technology, USA) equipped
with Autospec-Ultima (Micromass, UK). Measurements of PCDDs , PCDFs and non-ortho PCBs were used with
SCLV injection system (SGE, Australia).

Results and Discussion

The distribution of total PCBs concentration in whole cord blood was shown in Figure 1. The mean total PCBs
concentration was 65.3ng/g-fat (SD 43.4, median 55.6, minimum 12.1, maximum 2381, n = 163). The mean total
TEQ was 13.1pg-TEQ/g-fat (SD 7.7, median 10.9, minimum 3.5, maximum 44.5, n = 84). The correlation between
total PCBs and TEQ was shown in Figure 2. This correlation coefficient was 0.93 (p<0.01, n =84).

Although there are few reports on TEQ in whole cord blood in Japan, a governmental report prepared by
Morita® is very suggestive. In that report, the TEQ values that were based on the sum of PCDDs and PCDFs were
similar or slightly lower than that of our study Fukata et al.* reported the PCBs concentration in cord serum in
Japanese, in which the median was 63.0ng/g-fat (n=32). Qur results of total PCB concentration were same level as
compared with their results.

It was shown that the correlation between TEQ and total PCBs in cord blood was absolutely high in Fig 2. This
suggests that it would be possible for measurement of TEQ or total PCBs to evaluate each other value. In addition,
using both TEQ and total PCBs should be avoided in a multiple liner regression analysis because of
multicollinearity. Consequently, measurement of both TEQ and PCBs in the same sample should be reconsidered.

The sources of dioxins and PCBs were different. In Japan, dioxins were released unintentionally into
environment as an impurity of the agricultural chemicals. On the other hand, PCBs is the chemical substance
which had been used intentionally for insulation oil, thermal catalyst and coating compound. As the reasons why
high correlation was observed between dioxins and total PCBs in the cord blood, it would be suggested that the
behavior of both chemicals in the ecosystem and the mechanism which pollutes the human body through the

bioaccumulation by the food chain is similar.
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