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Polychlorinated biphenyls (PCBs), polychlo-
rinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) (the
latter two termed dioxins) are lipophilic and
bioaccumulating environmental pollutants
that are known for their neurotoxic effects in
animals and humans. These fat-soluble toxi-
cants are present in human beings and cross
the placenta during pregnancy, thereby
exposing children during the rapid develop-
ment of the central nervous system (CNS). In
the last two decades, several prospective epi-
demiologic studies in industrialized countries
have shown subtle effects of exposure to back-
ground levels of PCBs and dioxins on health,
growth, and development in children
[reviewed in Weisglas-Kuperus (1) and
Brouwer et al. (2)]. Many systems of the
developing CNS may be affected by the neu-
rotoxic effects of prenatal exposure to PCBs
and dioxins (2). One property of PCBs and
dioxins and their metabolites is the modula-
tion of the endocrine system, including sex-
steroid hormones such as estrogens and
androgens (3,4). Steroid hormones play an
important mediating role in the development
of the CNS and influence not only reproduc-
tive but nonreproductive behaviors that show

sex differences (5,6). In evaluation of steroid
hormone disrupting effects of PCBs and
dioxins, effects on sexual dimorphic neurobe-
havior may therefore be important end
points. Moreover, prenatal sex difference in
sex-steroid hormone metabolism could cause
sex differences in endocrine disrupting effects
of PCBs and dioxins.

Sex-specific effects of perinatal PCB and
dioxin exposure have been reported in animal
studies on sexual dimorphic neurobehaviors
such as sweet preference (7,8) and spatial
learning (9,10). In humans, sex-specific neu-
robehavioral effects of prenatal exposure to
PCBs and dioxins have been described only
for the Yu-Cheng accident (11). In this
cohort of children born to mothers who were
accidentally exposed to high levels of PCBs
and PCDFs in rice oil, cognitive (predomi-
nantly spatial) abilities were more affected by
prenatal exposure to PCBs/PCDFs in boys
than in girls. 

In animal studies, nonreproductive
behaviors that were altered by gonadal
steroids include spatial and visual discrimina-
tion learning (12,13), open field exploration
(14), and rough and tumble play (15).
Especially behaviors that show sex differences

were altered by gonadal steroids, whereas no
such effect has been reported on behaviors
that do not show sex differences. In humans,
childhood play behavior shows marked sexual
dimorphic differences and gives the clearest
evidence for prenatal hormonal influence on
human behavioral development (16).

In the Netherlands, a cohort of children
born healthy has been prospectively followed
from birth to school age to address neuro-
toxic effects of perinatal exposure to PCBs
and dioxins. In this cohort, prenatal PCB
exposure was related to lower psychomotor
scores at 3 months of age (17) and lower cog-
nitive abilities at 42 months (18). At school
age, lower parental and home characteristics
were associated with negative effects of prena-
tal PCB exposure on cognitive and motor
development, whereas in children raised in
relatively more privileged environments these
subtle effects of prenatal PCB exposure were
not detectable (19).

As part of the follow-up assessment at
school age, we measured gender-role play in
the Rotterdam cohort, half of the Dutch PCB
and dioxin population. Our aim in this study
was to evaluate effects of perinatal exposure to
PCBs and dioxins on play behavior and
whether these effects show sex differences.

Methods

Subjects and study design. The study popula-
tion consisted of 207 healthy Caucasian
mother–infant pairs who were recruited from
June 1990 to February 1992 in the area of
Rotterdam, in the Netherlands. The study
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Polychlorinated biphenyls (PCBs) and dioxins are known as neurotoxic compounds that may
modulate sex steroid hormones. Steroid hormones play a mediating role in brain development and
may influence behaviors that show sex differences, such as childhood play behavior. In this study
we evaluated the effects of perinatal exposure to environmental levels of PCBs and dioxins on
childhood play behavior and whether the effects showed sex differences. As part of the follow-up
to the Dutch PCB/dioxin study at school age, we used the Pre-School Activity Inventory (PSAI)
to assess play behavior in the Rotterdam cohort (n = 207). The PSAI assesses masculine or femi-
nine play behavior scored on three subscales: masculine, feminine, and composite. Prenatal expo-
sure to PCBs was defined as the sum of PCB 118, 138, 153, and 180 in maternal and cord plasma
and breast milk. For breast milk we measured additional PCBs as well as 17 dioxins. Respondents
returned 160 questionnaires (age 7.5 years ± 0.4). Effects of prenatal exposure to PCBs, measured
in maternal and cord plasma, on the masculine and composite scales were different for boys and
girls (p < .05). In boys, higher prenatal PCB levels were related with less masculinized play,
assessed by the masculine scale (pmaternal = .042; pcord = .001) and composite scale (pcord = .011),
whereas in girls higher PCB levels were associated with more masculinized play, assessed by the
composite scale (pPCBmilk = .028). Higher prenatal dioxin levels were associated with more femi-
nized play in boys as well as girls, assessed by the feminine scale (p = .048). These effects suggest
prenatal steroid hormone imbalances caused by prenatal exposure to environmental levels of
PCBs, dioxins, and other related organochlorine compounds. Key words: dioxins, endocrine dis-
ruption, play behavior, polychlorinated biphenyls, prenatal exposure, sex-specific, sex steroids.
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design and recruitment process, chemical
analysis, and PCB and dioxin concentrations
have been described in detail elsewhere (20).
Pregnancy and delivery were uncomplicated.
Only first- or second-born children, born
healthy at term, were included. Half of the
group of children was breast-fed (BF) (n =
105) for at least 6 weeks; the others were for-
mula-fed (FF) (n = 102) during infancy. All
FF infants received formula from a single
batch (Almiron M2; Nutricia NV,
Zoetermeer, The Netherlands) from birth
until 7 months of age. In this formula, PCBs
and dioxins were not detectable. The medical
ethics committee of the University Hospital
Rotterdam/Sophia Children’s Hospital
approved the study design, and the parents
gave informed consent.

Assessment of exposure variables. Plasma
samples were collected from the mothers dur-
ing the last month of pregnancy, and cord
plasma samples were collected directly after
birth. These samples were analyzed for four
PCB congeners: International Union for Pure
and Applied Chemistry (IUPAC) numbers
118, 138, 153 and 180. Two weeks after
delivery, a 24-hr representative breast-milk
sample was collected from the mothers who
were breast-feeding their children. Breast-
milk samples were analyzed for 17 dioxins
(PCDDs and PCDFs), 6 dioxin-like PCBs (3
planar PCBs and 3 mono-ortho PCBs), and
20 nondioxin-like PCBs. Toxic potency of
the mixture of dioxins and dioxin-like PCBs
was expressed by using the toxic equivalent
(TEQ) approach (21).

We estimated prenatal exposure to PCBs
in the total study population by using 
the sum of the four PCB congeners in mater-
nal (ΣPCBmaternal) and in cord plasma
(ΣPCBcord). In the BF group additional pre-
natal exposure measurements were used: the

ΣPCBmilk (the sum of PCB118, 138, 153,
and 180), the dioxin, planar, mono-ortho,
and total TEQ value (the sum of the TEQ
values of the 17 dioxins and the 6 dioxin-like
PCBs), and the ΣPCB20 nondioxin PCBs (the
sum of 20 nondioxin-like PCBs).

Postnatal exposure to PCBs and dioxins
through lactation was estimated by multiply-
ing the number of weeks of breast-feeding
with, respectively, ΣPCBmilk; the dioxin,
planar, mono-ortho, and total TEQ; and
ΣPCB20 nondioxin PCBs concentrations in breast
milk.

Assessment of play behavior. Parents were
asked to complete the Dutch version of the
Pre-School Activities Inventory (PSAI)(22)
(Appendix) when the children reached school
age. This questionnaire, along with a question-
naire on problem behavior and a health ques-
tionnaire, was sent to the parents in two
mailings, depending on the age of the child (in
1998 and 1999), near the end of a school year. 

The PSAI is designed to discriminate play
behavior both within and between the sexes.
It consists of 24 questions addressing three
aspects of play behavior: type of toys, activi-
ties, and child characteristics. Answers are
given on a 5-point scale ranging from never
to very often. The questions assess either fem-
inine or masculine play behavior from which
3 scales are derived: a composite scale, inte-
grating both masculine and feminine play
behavior, and a masculine and a feminine
scale. The composite scale is essentially
defined as the difference: feminine scale
minus masculine scale. A negative score on
the composite scale implies masculine play
behavior and a positive score feminine play
behavior. A higher score on the feminine
scale indicates more feminine play behavior,
whereas a higher score on the masculine scale
indicates more masculine play behavior.

The questionnaire has been validated in a
group of preschool English children (n =
102); additionally, a test–retest reliability for
the scores on the PSAI of 0.62 for boys and
0.66 for girls has been found (22). The PSAI
has been assessed in various cohorts for stan-
dardization and norming purposes. These
cohorts include normal preschool children
across several samples in the United Kingdom
[pilot study (n = 75); validation study (n =
102); and a cohort obtained through the
magazine Practical Parenting (n = 1,643)], in
the United States (n = 203), and also in the
Netherlands, using a Dutch translation of the
questionnaire (n = 341) (22).

Assessment of other variables. Variables
that may influence child neurodevelopment
have been assessed and include birth weight,
duration of gestation, fetal exposure to alco-
hol and cigarette smoking, maternal age at
birth of the child, parity, type of feeding dur-
ing infancy, duration of breast-feeding, sex,
and parental education level. The verbal IQ
of the parent who spends the most time with
the child (usually the mother) was assessed
during the follow-up session at 42 months by
two subtests, Information and Vocabulary
from the Dutch version of the Wechsler
Adult Intelligence Scale (WAIS) (23). At 7
years of age, follow-up assessment in this
cohort was done at home by a psychologist
(H.V.). During this visit, the child’s home
environment was assessed by the Home
Observation for Measurement of the
Environment (HOME) (24).

Data analysis. To compare groups for a
single variable we used the Student’s t-test (for
continuous variables), the chi-square test (for
categoric variables), or the Mann-Whitney U
test. Plasma and milk PCB and dioxin values
were positively skewed and were therefore nor-
malized by natural logarithmic transformation.
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Table 1. Characteristics of the total study population and breast-fed and formula-fed boys and girls separately.

Total Breast-fed boys Breast-fed girls Formula-fed boys Formula-fed girls
Characteristics (n = 158) (n = 53) (n = 32) (n = 35) (n = 38)

Breast feeding period (weeks) 17 (6–72) 16 (6–72) 19 (6–54)
Number of first born (%) 80 (51) 28 (53) 17 (53) 15 (43) 20 (53)
Parental education (%)

Low 15 (10) 2 (4) 4 (13) 6 (17) 3 (8)
Medium 52 (33) 17 (32) 6 (19) 12 (34) 17 (45)
High 91 (58) 34 (64) 22 (69) 17 (49) 18 (47)

Parental verbal IQ 123.6 (± 14.9) 125.6 (± 13.2) 129.1 (± 11.2)# 122.4 (± 14.5) 117.2 (± 18.1)#
HOME 48.3 (± 3.0) 48.1 (± 3.1)* 49.6 (± 2.7)*# 47.8 (± 2.8) 48.1 (± 3.1)#
Age at assessment 7.5 (± 0.4) 7.6 (± 0.4) 7.5 (± 0.3) 7.5 (± 0.4) 7.5 (± 0.4)
Exposure variables
ΣPCBmaternal (µg/L) 2.06 (0.73–5.08) 2 .16 (0.73–4.21) 2.09 (0.87–4.87) 2.04 (0.88–5.08) 1.86 (0.80–4.71)
ΣPCBcord (µg/L) 0.42 (0.08–1.99) 0.44 (0.11–1.72) 0.40 (0.08–1.99) 0.38 (0.09–1.21) 0.40 (0.08–1.98)
ΣPCBmilk (µg/kg fat) 390 (174–805) 422 (200–805) 350 (174–796)
TEQdioxin (ng/kg fat) 36.3 (10.2–66.6) 36.6 (16.6–66.6) 36.0 (10.2–58.8)
TEQplanarPCB (ng/kg fat) 15.3 (4.4–45.7) 14.4 (4.4–45.7) 16.4 (5.3–30.0)
TEQmonoPCB (ng/kg fat) 13.9 (3.2–25.8) 14.4 (6.4–25.8) 12.4 (3.2–24.8)
Total TEQPCB + dioxin (ng/kg fat) 68.1 (27.7–135.2) 68.1 (27.7–135.2) 67.1 (28.1–108.9)
ΣPCB20 nondioxin-like (µg/kg fat) 438 (203–890) 456 (203–890) 370 (206–846)

Values are numbers (percentages), means ± SDs, or medians (ranges). 
*p < 0.05 comparing sexes within feeding groups; #p < 0.05 comparing feeding groups within sexes. 



We studied the effects of PCB and dioxin
exposure on the scores for the play behavior
scales using multiple linear regression analyses
(SPSS, version 9; SPSS, Chicago, IL, USA).
Variables that were likely to affect play behav-
ior were included in the regression model as a
fixed set of variables. These variables were: sex
(0/1 = boy/girl), highest education level of
either parent [0/1/2 = low (primary school,
secondary school not finished)/middle (sec-
ondary school finished)/high (high school fin-
ished, professional and university training)],
parental verbal IQ, type of feeding during
infancy (0/1 = BF or FF), duration of breast-
feeding (0 for FF children), HOME score, and
assessment age. Additionally, confounding
variables, i.e., variables that correlated (p <
0.2), adjusted for the fixed set of variables,
with one of the exposure variables and with
scores on one of the three play behavior scales
were included in the final regression model.
Candidate confounders were alcohol use (0/1
= no/yes) and smoking (0/1 = no/yes) during
pregnancy, duration of gestation, birth weight,
maternal age at birth, and parity (0/1 =
1st/2nd born). This procedure resulted in the
following regression model: sex, parental edu-
cation level, parental verbal IQ, feeding type,
duration of breast-feeding, HOME score, age
at assessment, and parity. We studied sex dif-
ferences in the effects of exposure to PCBs
and dioxins by including an interaction term,
the product of sex and exposure (sex*expo-
sure), in the regression model. The effect of
exposure on the outcome variables in boys
and in girls, and the difference between these
effects (girls minus boys) are estimated
through the interaction term sex*exposure in
essentially the same regression model by repa-
rameterizing the sex effect. Results were con-
sidered significant if p ≤ 0.05.

Results

In the follow-up assessment at school age,
189 of the 207 children in the original cohort
were re-examined and 160 of these parents
returned the PSAI questionnaire (84% were
filled out by mothers, 6% by fathers, and
10% by both parents). Two children were
excluded from data analyses due to circum-
stances other than PCB and dioxin exposure
that are likely to influence play behavior: a
girl with Turner syndrome and a boy with a
pervasive developmental disorder. Four ques-
tionnaires had missing data and were there-
fore excluded from data analyses.

Compared to the nonparticipating chil-
dren (including both children who did not
participate in the follow-up at school age and
children whose questionnaires were not
returned), prenatal PCB and dioxin exposure
levels were comparable with the levels in chil-
dren whose parents returned the questionnaire.
Moreover, the distribution of children over the

feeding groups in the participating group was
not statistically different from that of the non-
participating group (BF n = 20; FF n = 22). In
regard to the other variables used in the regres-
sion model, these groups were also generally
comparable except for the parental education
levels (p = 0.011), parental verbal IQs (p =
0.009), and HOME scores (p = 0.021), which
were higher in the participating group.

The mean age of the children at assess-
ment was 7.5 (± 0.4) years old. The descrip-
tives for the total study group, and for BF
and FF boys and girls separately, are pre-
sented in Table 1. The characteristics of all
boys and girls were not significantly different.

Comparing characteristics of boys and
girls within feeding groups, the HOME score
was significantly higher in BF girls than in BF
boys. The HOME score and the parental
education level were significantly higher in
BF girls than in FF girls.

Boys and girls scored significantly differ-
ent on the three PSAI scales [mean (SD)
composite scale: boys –14.6 (5.8), girls 14.0
(5.3); masculine scale: boys 24.2 (5.3), girls
12.6 (4.5); feminine scale: boys 9.6 (3.3),
girls 26.4 (6.2); all p-values < 0.001].

Table 2 presents effects of PCBs and diox-
ins on the PSAI scales for boys and girls

including the sex difference in effect, adjusted
for all other variables. Effects of prenatal expo-
sure to PCBs on the scores on the composite
scale and masculine scale were significantly
different for boys and girls. In boys, higher
prenatal PCB exposure was related with
higher scores on the composite scale and lower
scores on the masculine scale, both indicating
less masculine play behavior. In girls, effects of
prenatal PCB exposure moved in opposite
directions on the composite and masculine
scales; however, relations were not significant.
We saw no sex-specific effects of prenatal PCB
exposure on scores on the feminine scale. As
an example of the relation between prenatal
PCB exposure and play behavior in both
sexes, adjusted for confounding variables, the
relation between lnΣPCBcord and scores on
the masculine scale are visualized in a partial
regression plot (Figure 1).

In the BF group (Table 3), effects of
ΣPCBmilk on the scores on the composite
scale were also significantly different for
boys and girls (p = 0.020). In girls, higher
exposure to these compounds was related to
lower scores (p = 0.028), indicating more
masculine play behavior, whereas in boys the
relation was in the opposite direction,
although not significant (p = 0.369). We saw
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Table 2. Results of multiple regression analyses in the total population. 

Sex*exposurea Boysb Girlsc

β SE p-Value β SE p-Value β SE p-Value

lnΣPCBmaternal
Composite scale –5.93 2.69 0.029 2.73 1.78 0.127 –3.20 2.13 0.137
Masculine scale 4.50 2.04 0.029 –2.77 1.35 0.042 1.73 1.62 0.286
Feminine scale –1.20 1.95 0.590 –0.04 1.30 0.975 –1.24 1.55 0.423

lnΣPCBcord
Composite scale –5.51 2.08 0.009 4.06 1.56 0.011 –1.45 1.46 0.323
Masculine scale 5.94 1.56 0.001 –3.85 1.17 0.001 2.09 1.10 0.059
Feminine scale 0.56 1.52 0.712 0.15 1.15 0.898 0.71 1.07 0.508

Effects of prenatal exposure to PCBs on scores on the PSAI scales (composite, masculine, and feminine), adjusted for
type of feeding, duration of breast-feeding, sex, parity, parental education level, parental verbal IQ, HOME score, and age
at examination. The effect of exposure on the PSAI scores in boys and in girls and the difference between these effects
(girls minus boys) are estimated through the interaction term sex*exposure in essentially the same regression model by
reparameterizing the sex effect.
aRegression coefficient, SE, and p-value of the interaction variable sex*exposure (lnΣPCBmaternal or lnΣPCBcord) on out-
come variable when in the regression model boy is coded 0, and girl = 1; p < 0.05 indicates a significantly different effect
of prenatal exposure on PSAI scores between boys and girls. bRegression coefficient of exposure, SE, and p-value, on
PSAI scores in boys. cRegression coefficient of exposure, SE, and p-value, on PSAI scores in girls. 

Figure 1. Relation in boys (A) (r partial = –0.29) and in girls (B) (r partial = +0.17) between scores on the
masculine scale and levels of lnΣPCBcord, adjusted for confounding variables; partial regression plot.
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no sex-specific effects of ΣPCBmilk on scores
on the masculine and feminine scale. Effects
of prenatal levels of dioxin, planar and
mono-ortho TEQs, total TEQ, and the sum
of the 20 nondioxin-like PCBs on play
behavior were not significantly different for
boys and girls. Prenatal dioxin TEQ levels
were significantly related with higher scores
on the feminine scale in the total group of
boys and girls (p = 0.048), indicating more
feminized play behavior in both sexes.

Postnatal exposure, through lactation, to
ΣPCBmilk, dioxin, planar and mono-ortho
TEQs, total TEQ, and ΣPCB20 nondioxin PCBs
was not related to play behavior in the total
BF group nor in boys and girls separately.

Discussion

In this study we described sex-specific effects of
prenatal exposure to PCBs on play behavior in
healthy Dutch children at school age. Higher
prenatal exposure to PCBs was associated with
less masculinized play behavior in boys and
with more masculinized play behavior in girls.
Effects of prenatal exposure to dioxins were
seen on feminine play behavior. In boys as well
as in girls, higher prenatal dioxin levels were
associated with more feminized play behavior.
Childhood play behavior shows marked sex
differences and is likely to be influenced by the
prenatal steroid hormone environment. We
therefore suggest that these results may indi-
cate behavioral effects of steroid hormone
imbalances early in development related to
prenatal exposure to PCBs and dioxins, their
metabolites, and/or related compounds.

In the Yu-Cheng cohort, researchers
observed sex-specific effects of prenatal expo-
sure to high levels of PCBs and PCDFs on the
scores on the Raven’s Colored Progressive
Matrices (CPM) and Standardized Progressive
Matrices (SPM) (11). These tests are consid-
ered to be tests for general cognitive develop-
ment that appeal more on spatial rather than
verbal capabilities. Spatial abilities form another
domain of nonreproductive sex-specific
behaviors that provide evidence for prenatal

steroid hormone involvement. In the 
Yu-Cheng cohort, prenatally exposed boys
were affected in their scores on the CPM and
SPM tests, whereas in exposed girls no effect
was seen. Because boys typically develop bet-
ter spatial abilities than girls (25,26), these
results were interpreted as demasculinizing or
feminizing effects caused by disturbances in
steroid hormones by prenatal exposure to
PCBs/PCDFs (11). On the basis of results of
play behavior studies in several groups of chil-
dren that were prenatally exposed to abnormal
levels of endogenous or exogenous steroid hor-
mones, it has been hypothesized that there is
evidence for prenatal androgen influences on
sexual differentiation of childhood play (16).
Masculinized or defeminized childhood play
behavior was reported in genetic females who
were exposed to elevated androgens (27,28),
whereas demasculinized or feminized play
behavior was associated with prenatal exposure
to progestrogenic compounds that are assumed
to interfere with androgen action in genetic
females and, more subtly, in genetic males (29).

In adults prenatally exposed to diethyl-
stilbestrol (DES)—a group that might be seen
as a model group in studying potential estro-
genic effects of prenatal PCB and dioxin expo-
sure—childhood play behavior has been
studied retrospectively. Males prenatally
exposed to DES recalled slightly more mas-
culinized play behavior than nonexposed con-
trols, assessed by an interview covering
childhood play behavior (30). In DES females
no difference in childhood play, retrospectively
assessed by questionnaires filled out by the
DES subjects and their mothers, has been
reported (31,32). The effects of prenatal expo-
sure to PCBs and dioxins on childhood play
behavior we reported in this study are opposite
to the results of these DES studies. This differ-
ence in effect can be related to the retrospective
nature of these DES studies and to differences
in timing and duration of exposure to these
chemicals in these groups. Moreover, differ-
ences in behavioral effects can be related to the
level of exposure, which is likely to be higher

in DES-exposed children. Many studies have
reported that effects of exposure to hormones
and hormone-mimicking chemicals show non-
monotonic dose–response curves, such as U-
shaped or inverted U-shaped (33–37).

The current knowledge on the mecha-
nisms of action of PCBs and dioxins and
their metabolites, such as hydroxylated PCBs,
on prenatal steroid hormone metabolism is
still limited. Complex interactions with vari-
ous steroid hormone systems are suggested,
including estrogen and androgen hormone
systems (3). These systems can be affected on
various levels and estrogenic (38,39), anti-
estrogenic (8,40–42), and antiandrogenic (7)
effects have been described in in vivo and in
vitro studies, possibly depending on congener
type or metabolites. In this study we lack
information on prenatal steroid hormone lev-
els, and although play behavior studies sug-
gest that childhood play behavior is mediated
predominantly by prenatal androgen action,
our data are insufficient to show that multiple
endocrine effects are not involved in the
mechanism of action of prenatal exposure to
PCBs and dioxins.

In the environment, PCBs and dioxins are
present as complex mixtures of various con-
geners that may vary in metabolism, toxicity,
and endocrine-disrupting properties. In this
study we measured PCBs 118, 138, 153, and
180 in maternal and cord plasma samples.
The sum of these four most abundant con-
geners constitutes 46% of the total PCBs (43).
In the BF group various PCB and dioxin con-
geners were measured in breast milk. Prenatal
levels of ΣPCBmilk were associated with mas-
culine play behavior, similar to what was seen
using maternal and cord ΣPCB levels as pre-
natal exposure levels. Dioxin exposure was
related with more feminine play behavior.
Nondioxin-like PCB levels and dioxin-like
PCB and total TEQ levels were not signifi-
cantly associated with play behavior. Whether
these results reflect effects that are specific to
PCB or dioxin congeners or the limited power
of analyses in this subgroup of BF children
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Table 3. Results of multiple regression analyses in the BF group. 

Sex*exposurea Boysb Girlsc Total BF groupd

β SE p-Value β SE p-Value β SE p-Value β SE p-Value

lnΣPCBmilk
Composite scale –9.53 3.98 0.020 2.15 2.37 0.369 –7.39 3.29 0.028
Masculine scale 4.94 3.14 0.121 –0.07 1.87 0.970 4.86 2.59 0.065
Feminine scale –4.60 2.71 0.094 2.08 1.62 0.203 –2.3 0.24 0.263

lnDioxinTEQ
Composite scale –2.85 4.69 0.546 6.19 3.56 0.088 3.34 3.27 0.312 4.63 2.46 0.066
Masculine scale 1.70 3.77 0.653 –2.18 2.87 0.449 –0.48 2.63 0.856 –1.25 1.98 0.529
Feminine scale –1.15 3.18 0.720 4.00 2.42 0.103 2.86 2.22 0.203 3.38 1.67 0.048

Effects of prenatal exposure to PCBs on scores on the PSAI scales (composite, masculine, and feminine), adjusted for type of feeding, duration of breast-feeding, sex, parity, parental
education level, parental verbal IQ, HOME score, and age at examination. The effect of exposure on the PSAI scores in boys and in girls and the difference between these effects (girls
minus boys) are estimated through the interaction term sex*exposure in essentially the same regression model by reparameterizing the sex effect.
aRegression coefficient, SE, and p-value of the interaction variable sex*exposure (lnΣPCBmilk or lnDioxinTEQ) on outcome variable when in the regression model boy is coded 0, and girl
= 1; p < 0.05 indicates a significantly different effect of prenatal exposure on PSAI scores between boys and girls. bRegression coefficient of exposure, SE, and p-value, on PSAI scores
in boys. cRegression coefficient of exposure, SE, and p-value on PSAI scores in girls. dRegression coefficient of exposure, SE, and p-value on PSAI in the total BF group, not including
the sex*exposure interaction term in the regression model.



cannot be concluded from these results.
Moreover, total TEQ levels, the sum of the
nondioxin-like PCBs, and the four PCBs in
breast milk and maternal and cord plasma
correlated highly with each other (20).

Play behavior in our study was not associ-
ated with postnatal exposure to PCBs and
dioxins through breast-feeding. We therefore

suggest that childhood play behavior is sensi-
tive to endocrine-disrupting behavioral effects
of exposure to PCBs and dioxins early in
development, as is supported in females with
congenital adrenal hyperplasia (28) and by
studies in other mammals (44,45).

In conclusion, this is the first behavioral
study in humans to show effects of prenatal

exposure to environmental levels of PCBs and
dioxins on behavior that shows marked sex
differences. Moreover, sex-specific effects of
background prenatal exposure to PCBs have
not been reported previously in human PCB
studies. The results of this exploratory study
give evidence for steroid hormone involve-
ment in the neurotoxic mechanism of action
of prenatal exposure to environmental levels
of PCBs, dioxins, and other related organo-
chlorine compounds. Evaluation of the rela-
tion between prenatal steroid hormone status
and PCB and dioxin exposure is needed to
further confirm these findings; in addition,
follow-up of this cohort will be necessary to
assess potential implications of these results
on later development.

REFERENCES AND NOTES

1. Weisglas-Kuperus N. Neurodevelopmental, immunologi-
cal, and endocrinological indices of perinatal human
exposure to PCBs and dioxins. Chemosphere 37:1845–1853
(1998).

2. Brouwer A, Ahlborg UG, Van den Berg M, Birnbaum LS,
Boersma ER, Bosveld B, Denison MS, Gray LE, Hagmar L,
Holene E, et al. Functional aspects of developmental toxi-
city of polyhalogenated aromatic hydrocarbons in experi-
mental animals and human infants. Eur J Pharmacol
293:1–40 (1995).

3. Golden RJ, Noller KL, Titus-Ernstoff L, Kaufman RH,
Mittendorf R, Stillman R, Reese EA. Environmental
endocrine modulators and human health: an assessment of
the biological evidence. Crit Rev Toxicol 28:109–227 (1998).

4. Vincent DR, Bradshaw WS, Booth GM, Seegmiller RE,
Allen SD. Effect of PCB and DES on rat monoamine oxi-
dase, acetylcholinesterase, testosterone, and estradiol
ontogeny. Bull Environ Contam Toxicol 48:884–893 (1992).

5. Matsumoto A. Synaptogenic action of sex steroids in
developing and adult neuroendocrine brain.
Psychoneuroendocrinology 16:25–40 (1991).

6. Fitch RH, Denenberg VH. A role for ovarian hormones in
sexual differentiation of the brain. Behav Brain Sci
21:311–327 (1998).

7. Hany J, Lilienthal H, Sarasin A, Roth-Harer A, Fastabend A,
Dunemann L, Lichtensteiger W, Winneke G. Developmental
exposure of rats to a reconstituted PCB mixture or aroclor
1254: effects on organ weights, aromatase activity, sex
hormone levels, and sweet preference behavior. Toxicol
Appl Pharmacol 158:231–243 (1999).

8. Amin S, Moore RW, Peterson RE, Schantz SL. Gestational
and lactational exposure to TCDD or coplanar PCBs alters
adult expression of saccharin preference behavior in
female rats. Neurotoxicol Teratol 22:675–682 (2000).

9. Schantz SL, Moshtaghian J, Ness DK. Spatial learning
deficits in adult rats exposed to ortho-substituted PCB
congeners during gestation and lactation. Fundam Appl
Toxicol 26:117–126 (1995).

10. Roegge CS, Seo BW, Crofton KM, Schantz SL.
Gestational-lactational exposure to aroclor 1254 impairs
radial-arm maze performance in male rats. Toxicol Sci
57:121–130 (2000).

11. Guo YL, Lai TJ, Chen SJ, Hsu CC. Gender-related decrease
in Raven’s progressive matrices scores in children prena-
tally exposed to polychlorinated biphenyls and related
contaminants. Bull Environ Contam Toxicol 55:8–13 (1995).

12. Williams CL, Meck WH. The organizational effects of
gonadal steroids on sexually dimorphic spatial ability.
Psychoneuroendocrinology 16:155–176 (1991).

13. Bachevalier J, Hagger C. Sex differences in the development
of learning abilities in primates. Psychoneuroendocrinology
16:177–188 (1991).

14. Steward J, Cygan D. Ovarian hormones act early in devel-
opment to feminize adult open-field behavior in the rat.
Horm Behav 14:20–32 (1980).

15. Ward IL, Stehm KE. Prenatal stress feminizes juvenile play
patterns in male rats. Physiol Behav 50:601–605 (1991).

16. Collaer ML, Hines M. Human behavioral sex differences: a

Children’s Health • Prenatal PCB and dioxin exposure and play behavior

Environmental Health Perspectives • VOLUME 110 | NUMBER 10 | October 2002 A 597

Appendix

Pre-School Activity Inventory
copyright Susan Golombok and John Rust (22)

Name:
Age:
Sex: M/F (delete as appropriate)

Instructions
This inventory is about everyday activities of preschool children. It is in three sections: toy
preferences, activities, and characteristics. Each question asks how frequently the child plays
with particular toys, engages in particular activities or shows particular characteristics. There
are five possible answers: (N) Never, (HE) Hardly Ever, (S) Sometimes, (O) Often, or (VO)
Very Often. Answer each question by circling the response which best describes the child.

e.g., N HE S O VO
Please answer all of the questions. If you are unsure about which response best describes the
child for any of the questions then please answer according to the response which seems most
appropriate.

[Key: (N) Never, (HE) Hardly Ever, (S) Sometimes, (O) Often, or (VO) Very Often]

Part 1: TOYS: Please answer the questions according to how often the child played with the
following toys during the past months.
1.  Guns (or used objects as guns) N HE S O VO
2.  Jewelry N HE S O VO
3.  Tool set N HE S O VO
4.  Dolls, doll’s clothes, or doll’s carriages N HE S O VO
5.  Trains, cars, or airplanes N HE S O VO
6.  Swords (or used objects as swords) N HE S O VO
7.  Tea set N HE S O VO

PART 2: ACTIVITIES: Please answer these questions according to how often the child
engaged in the following activities during the past month.
1.  Playing house (e.g., cleaning, cooking) N HE S O VO
2.  Playing with girls N HE S O VO
3.  Pretending to be a female character (e.g., princess) N HE S O VO
4.  Playing at having a male occupation (e.g., soldier) N HE S O VO
5.  Fighting N HE S O VO
6.  Pretending to be a family character N HE S O VO
7.  Sports and ball games N HE S O VO
8.  Climbing (e.g., fences, trees, gym equipment) N HE S O VO
9.  Playing at taking care of babies N HE S O VO
10.  Showing all interest in real cars, trains, and equipment N HE S O VO
11.  Dressing up in girlish clothes N HE S O VO

PART 3: CHARACTERISTICS: Please answer questions according to how often the child
shows the following characteristics:
1.  Likes to explore new surroundings N HE S O VO
2.  Enjoys rough and tumble play N HE S O VO
3.  Shows interest in snakes, spiders, or insects N HE S O VO
4.  Avoids getting dirty N HE S O VO
5.  Likes pretty things N HE S O VO
6.  Avoids taking risks N HE S O VO

NOW PLEASE CHECK THAT YOU HAVE ANSWERED ALL THE QUESTIONS
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Kids, Questions, Clarification?...
No, we don't have all the answers to pediatric environmental health questions, but we can provide answers
to many of the medical, exposure and risk questions.

The Pediatric Environmental Health Specialty Units (PEHSU) offer clinical consultation and education for
the health professional needing information about children and families with environmental exposures.

The Association of Occupational and Environmental Clinics (AOEC) sponsored Pediatric Environmental
Health Specialty Units provide:
• Clinical advice and education from a physician or health care provider with expertise in pediatric 

environmental health
• Eleven regional and national sites plus Mexico and Canada
• Toll free telephone access

For the listing of the PEHSU site in your region, go to www.aoec.org/pesu.html or call AOEC at
202–347–4976

The PEHSU Program is funded by the Agency for Toxic Substances and Disease Registry (ATSDR) and the U.S. Environmental Protection Agency (EPA).




