NIH Public Access
Author Manuscript
Environ Res. Author manuscript; available in PMC 2014 October 01.

NIH-PA Author Manuscript

Published in final edited form as:
Environ Res. 2013 October ; 126: 43–50. doi:10.1016/j.envres.2013.06.004.

Prenatal and Early Childhood Bisphenol A Concentrations and
Behavior in School-Aged Children
Kim G. Harleya, Robert B. Guniera, Katherine Koguta, Caroline Johnsona, Asa Bradmana,
Antonia M. Calafatb, and Brenda Eskenazia
aCenter for Environmental Research and Children’s Health (CERCH), School of Public Health,
University of California, 1995 University Ave, Suite 265, Berkeley, CA 94704 USA
bDivision

of Laboratory Sciences, National Center for Environmental Health, Centers for, Disease
Control and Prevention, 1600 Clifton Road, Atlanta, GA 30333 USA

Abstract
NIH-PA Author Manuscript

Introduction—Early life exposure to bisphenol A (BPA), an endocrine disrupting chemical used
in some food and beverage containers, receipts, and dental sealants, has been associated with
anxiety and hyperactivity in animal studies. A few human studies also show prenatal and
childhood BPA exposure to be associated with behavior problems in children.
Methods—We measured BPA in urine from mothers during pregnancy and children at 5 years of
age (N = 292). Child behavior was assessed by mother and teacher report at age 7 years and direct
assessment at age 9 years.
Results—Prenatal urinary BPA concentrations were associated with increased internalizing
problems in boys, including anxiety and depression, at age 7. No associations were seen with
prenatal BPA concentrations and behaviors in girls. Childhood urinary BPA concentrations were
associated with increased externalizing behaviors, including conduct problems, in girls at age 7
and increased internalizing behaviors and inattention and hyperactivity behaviors in boys and girls
at age 7.
Conclusions—This study adds to the existing literature showing associations of early life BPA
exposure with behavior problems, including anxiety, depression, and hyperactivity in children.
Additional information about timing of exposure and sex differences in effect is still needed.
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Bisphenol A (BPA) is an endocrine-disrupting compound used in the manufacture of
polycarbonate plastics and epoxy resins and as an additive in thermal paper. Humans are
exposed to BPA via plastic food and beverage containers, canned food, medical devices,
dental sealants, and receipts (Biedermann et al., 2010; Geens et al., 2011). Exposure to BPA
is nearly ubiquitous, with 95% of Americans participating in the National Health and
Nutrition Examination Survey (NHANES) having detectable levels of BPA in their urine
(Calafat et al., 2008).
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In animal studies, gestational exposure to BPA has been associated with alterations in brain
morphology, function, and behavior (Wolstenholme et al., 2011). In rats and mice, perinatal
BPA exposure has been shown to feminize sexually dimorphic regions of the hypothalamus
in males (Patisaul et al., 2006; Rubin et al., 2006) and masculinize these regions in females
(Patisaul et al., 2007). Studies have also found loss of sex differences in rodent behavior
(Cox et al., 2010; Nakagami et al., 2009; Rubin et al., 2006), including rearing, exploration,
and mother-infant interactions. Several studies have found gestational BPA exposure in
rodents to be associated with increased anxiety (Cox et al., 2010; Patisaul and Bateman,
2008; Ryan and Vandenbergh, 2006; Tian et al., 2010; Xu et al., 2011; Yu et al., 2011) and
hyperactivity (Ishido et al., 2004; Ishido et al., 2007; Masuo et al., 2004; Xu et al., 2007),
although there is less consistency about whether these effects are present in males, females,
or both.
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Several human studies have investigated the role of prenatal BPA exposure on behavior in
children (Braun et al., 2011; Braun et al., 2009; Miodovnik et al., 2011; Perera et al., 2012;
Yolton et al., 2011). In a sociodemographically diverse population, Braun et al found that
maternal urinary BPA concentrations during pregnancy were associated with increased
behavior problems in girls, but not boys, according to maternal report on the Behavioral
Assessment Scale for Children (BASC-2) (Braun et al., 2011; Braun et al., 2009).
Specifically, higher prenatal urinary BPA concentrations were associated with more
externalizing problem behaviors in girls at age 2 years (Braun et al., 2009) and increased
report of hyperactivity, anxiety, and depression behaviors in girls at age 3 (Braun et al.,
2011). In contrast, in a low-income African-American population, Perera et al found that
maternal urinary BPA concentrations during pregnancy were associated with fewer behavior
problems (anxious/depressed, aggressive behavior) in girls but increased aggressive
behavior and emotional reactivity in boys between 3 and 5 years of age, according to
maternal report on the Child Behavior Check List (CBCL) (Perera et al., 2012). Miodovnik
et al found suggestive, but non-significant associations of prenatal BPA concentrations with
social responsiveness, or autistic spectrum-type behaviors, in another cohort of
predominantly minority women (Miodovnik et al., 2011).
Two of the above-mentioned studies also examined post-natal BPA exposure (Braun et al.,
2011; Perera et al., 2012), but found no association of children’s urinary BPA concentrations
between age 1 and 4 years with later behavior. However, in a randomized trial of dental
restorations, children with higher cumulative exposure to BPA, categorized as surface-years
of exposure to BPA-containing dental composites between 6 and 10 years of age, reported
more anxiety, depression, maladjustment, and emotional symptoms on the self-reported
BASC between age 11 and 16 years compared to children randomized to receive amalgam
or non-BPA dental restorations (Maserejian et al., 2012). This study found no differences by
sex.
The present study examined the association of BPA concentrations in maternal urine during
pregnancy and in children’s urine at age 5 years with mother- and teacher-reported behavior
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problems at age 7 and interviewer-administered tests of attention and hyperactivity at age 9.
Based on previous animal and human literature, behaviors of particular interest were
anxiety, depression, aggression, and hyperactivity.

2. Materials and Methods
2.1 Study Population

NIH-PA Author Manuscript

Data were collected from mothers and children participating in the Center for the Health
Assessment of Mothers and Children of Salinas (CHAMACOS), a longitudinal birth cohort
study examining the role of environmental exposures on the health of pregnant women and
their children. In 1999–2000, we enrolled 601 pregnant women living in the Salinas Valley,
an agricultural region of California. Eligible women were less than 20 weeks gestation, were
at least 18 years of age, qualified for low-income health insurance (MediCal), spoke English
or Spanish, and were receiving prenatal care at one of 6 participating clinics serving the
region’s low-income, farmworker population. A total of 527 women were followed through
the birth of a singleton, live born infant, and behavioral data at ages 7 and 9 years are
available for 349 and 309 of these children, respectively. We excluded 3 children diagnosed
with developmental disabilities (Down syndrome, autism, hydrocephaly), 1 deaf child, and
53 children missing BPA measures (7 were missing prenatal and 46 were missing early
childhood urinary BPA concentrations). The final sample was 292 children with both
prenatal and childhood BPA concentrations and behavior data at 7 and/or 9 years of age. All
study activities were approved by the Committees for the Protection of Human Subjects at
U.C. Berkeley and the Centers for Disease Control and Prevention (CDC).
2.2 Urinary BPA Concentrations
Spot urine samples were collected in 1999–2000 from mothers at two time points during
pregnancy (mean ± sd: 13.6 ± 4.8 and 26.4 ± 2.5 weeks gestation) and from children at 5
years of age (mean ± sd: 5.0 ± 0.2 years). Urine samples were collected in polypropylene
urine cups, aliquotted into glass vials, and frozen at −80°C. Samples were shipped to the
CDC for analysis.
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Total urinary BPA concentration (conjugated plus unconjugated) was measured using online
solid phase extraction coupled to high performance liquid chromatography-isotope dilution
tandem mass spectrometry (Ye et al., 2005). The limit of detection (LOD) was 0.4 µg/L.
Concentrations below the LOD for which a signal was detected were reported as measured.
Concentrations below the LOD with no signal detected were randomly imputed based on a
log-normal probability distribution using maximum likelihood estimation (Lubin et al.,
2004). Each batch of study samples also included analytical standards, reagent blanks, and
matrix-based quality control (QC) materials at two concentrations (~10 µg/L and ~2.5 µg/L).
The method accuracy, expressed as a spiked recovery percentage, ranged from 98 to 113%
at four different spiking levels (Ye et al., 2005). The method precision, determined from the
coefficients of variation of repeated measurements of the QC materials was below 10%.
Specific gravity was measured with a refractometer (National Instrument Company Inc.,
Baltimore, MD) for the maternal urine samples, but was unavailable for the children’s
samples. Thus, maternal concentrations were normalized for urinary dilution using urine
specific gravity (Mahalingaiah et al., 2008) and child BPA concentrations were normalized
by dividing by urinary creatinine concentration.
For the prenatal samples, the two urinary measures were available for 221 women and were
averaged to better approximate exposure over the course of pregnancy. In the 71 women for
whom only one BPA measurement was available, the single measurement was used. For
children, the single measure of urinary BPA concentration at 5 years of age was used.
Environ Res. Author manuscript; available in PMC 2014 October 01.
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2.3 Childhood behavior
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Children’s behavior was assessed by maternal and teacher report at age 7 and by direct
assessment at age 9.
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At 7 years of age, the Behavior Assessment System for Children 2 (BASC-2) (Reynolds and
Kamphaus, 2004) and the Conners' ADHD/DSM-IV Scales (CADS) (Conners, 2001) were
interviewer-administered to the mother (due to low literacy rates) and self-administered by
the child’s teacher. Both instruments have been validated in English and Spanish. The
BASC-2 Parent Rating Scale asks how often the child exhibits certain behaviors in the home
setting (160 questions) while the Teacher Rating Scale asks about similar behaviors at
school (139 questions). Frequencies were summed into raw scores and compared to national
norms to generate agestandardized T-scores for several clinical scales, with higher values
indicating more frequent problem behaviors. Scales of interest from the BASC-2 were
anxiety, depression, and somatization (which can be combined into the internalizing
problems composite scale); aggression, conduct problems, and hyperactivity (combined into
the externalizing problems composite scale); and attention problems. The CADS Parent and
Teacher Forms assess attention and hyperactivity using 26 questions that correspond to the
DSM-IV criteria for Attention-Deficit/Hyperactivity Disorder (ADHD). Answers were
summed into raw scores and compared to national norms to generate T-scores standardized
for age and sex for three DSM-IV-oriented scales (inattention, hyperactivity, and ADHD
DSM-IV scales).
At 9 years of age, we also assessed ADHD directly using the Connors’ Continuous
Performance Test (CPT), a computerized test that assesses reaction time, accuracy, and
impulse control by having the child press the space bar as quickly as possible when any
letter except the letter × appears on the screen (Conners and Staff, 2001). This program
yields age- and sexstandardized T-scores for errors of commission (i.e. failure to withhold
the response for an X, suggesting lack of response inhibition), errors of omission (i.e. failure
to respond to other letters, suggesting inattention), reaction time, reaction time variability,
and response bias (β, a measure of response style with high scores indicating a more
cautious style).
2.4 Covariates

NIH-PA Author Manuscript

Information about possible confounders was gathered through structured maternal
interviews conducted in English or Spanish by trained interviewers. During pregnancy, we
gathered information about maternal age, race/ethnicity, education level, marital status,
country of birth, years of residence in the United States and health behaviors, including
smoking during pregnancy. Maternal interviews when the children were 7 years old assessed
factors that might impact child behavior or mothers’ perception of child behavior, including
number of siblings in the home, family income, maternal depression, and the level of
stimulation in the home environment. Family income was compared to the federal poverty
threshold for families of the same size to generate a variable for ≤ poverty vs. > poverty.
Maternal depression was assessed using the Center for Epidemiologic Studies - Depression
(CES-D) scale (Radloff, 1977) and analyzed as depressed vs. not depressed (≥16 vs. <16).
The caregiving environment and level of stimulation was assessed using the Home
Observation for Measurement of the Environment (HOME) Inventory (Caldwell and
Bradley, 1984). HOME score, age and parity were included in multivariable models as
continuous variables. All other covariates were categorized as shown in Table 1.
Because the study participants are from an agricultural region and because we have
previously found prenatal exposure to organophosphate pesticides to be associated with
attention problems in this cohort (Marks et al., 2010), we also controlled for maternal
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urinary concentrations of dialkyl phosphate (DAP) metabolites of organophosphate
pesticides. DAP metabolites were measured in the same maternal urine samples as BPA
using isotope dilutions gas chromatography-tandem mass spectrometry (Bradman et al.,
2005) and were averaged to approximate exposure throughout pregnancy. Polybrominated
diphenyl ether (PBDE) flame retardants are also an important exposure in this population
that has been associated with neurobehavior (Eskenazi et al. 2012). However, because
PBDEs were not associated with BPA concentrations and controlling for PBDEs did not
change the association of BPA and behavior, PBDE concentrations were not included in the
final models.
2.5 Statistical Analysis
T-scores for all behavioral outcomes were examined as continuous variables. We first
generated descriptive statistics for all of the outcome measures separately by sex and
examined the distributions of these variables. T-scores for the BASC-2 and CADS are
standardized to a mean=50 and SD=10 and descriptive analyses of the behavioral outcomes
showed similar distributions in this population.
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We examined the functional form of the relationships of BPA concentrations with each
outcome variable using lowess plots. We used generalized additive models (GAM) with a 3degrees-of-freedom cubic spline to evaluate the linearity of exposure-response curves and
found that most relationships did not depart from linearity. Thus, BPA concentration was
analyzed as a continuous variable in the main analyses, although we also re-ran our models
results examining BPA concentration quartiles. Continuous urinary BPA concentrations
were log-transformed to reduce the influence of outliers and to better improve the functional
form of the association. Because of the relatively small range of prenatal urinary BPA
concentrations (<LOD to 33) we log-transformed to the base 2. Thus, associations are for
the change in outcome for each twofold increase in urinary BPA concentration.
Multivariable linear regression was used to examine the association of maternal and child
BPA concentrations with continuous behavioral outcomes. Because animal and
epidemiologic studies suggest that the effects of BPA exposure on behavior differ for males
and females, we included interaction terms for sex in all models of the total population, and
then conducted analyses stratified by boys and girls. Both maternal and child BPA
concentrations were included in all models.
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We conducted several sensitivity analyses to ensure that the findings were robust. First, we
examined maternal and child BPA concentrations in separate models rather than together in
the same model. Second, we examined issues of urinary dilution by excluding samples with
creatinine concentrations <20 mg/dL (N=17) and including BPA concentrations unadjusted
for urinary dilution in the models. Third, we examined raw CADS and CPT scores using
negative binomial regression (for count data) rather than T-scores. Fourth, we excluded
outliers identified by the extreme studentized deviate many-outlier procedure (Rosner,
1983). Finally, we examined for bias due to loss to follow-up using inverse probability
weighting. All analyses were conducted in Stata 11.

3. Results
Demographic characteristics of the study population are shown in Table 1. Mothers tended
to be young (75% were less than 30), married (83%), Latina (99%) and born in Mexico
(86%). Only 22% of mothers had graduated from high school and most families (70%) were
living below the federal poverty threshold. Many women (28%) reported sufficient
symptoms at the 7-year follow-up visit to qualify as depressed on the CES-D scale. Few
factors were associated with urinary BPA concentrations, although mothers who were born
Environ Res. Author manuscript; available in PMC 2014 October 01.
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in the United States, who had lived longer in the United States, or who had more children
had higher BPA concentrations than other mothers (Quiros-Alcala, submitted).
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Mean BPA concentrations in the children at age 5 years were approximately twice as high as
in their mothers during pregnancy (Table 2). However, BPA concentrations in this
population were considerably lower than in the general U.S. population. The geometric
mean BPA concentration was 1.1 µg/L in pregnant mothers (compared to 2.4 µg/L for all
women in NHANES 2003–2004) and 2.5 µg/L for 5-year old children (compared to 3.6 µg/L
for children aged 6–11 in NHANES)(Calafat et al., 2008). The two prenatal BPA
concentrations were weakly correlated (r=0.25, p-value=0.001), unstandardized prenatal and
child BPA concentrations were not (r=0.02, p-value=0.79).
3.1 Prenatal BPA exposure
The association of prenatal BPA concentrations with child behavior as assessed by the
BASC-2 and CADS is shown in Table 3. We observed significant interaction by sex for the
association of prenatal BPA concentrations with many of the subscales; thus, results from
sexstratified models are shown.
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In boys, higher maternal urinary BPA concentrations during pregnancy were associated with
increased internalizing problems at age 7 years according to both mother and teacher report.
Each doubling of prenatal BPA concentrations was associated with an increase in
internalizing scores of 1.8 points (95% CI: 0.3, 3.3) by mothers’ report and 2.5 points (95%
CI: 0.7, 4.4) by teachers’ report. Both mothers and teachers reported increased symptoms of
depression and anxiety in boys with higher prenatal BPA concentrations. The findings were
also suggestive of increased somatization in boys by mothers’ report but these findings were
not statistically significant. Increasing prenatal BPA concentrations were also associated
with increased aggressive behavior in boys according to teacher report (Table 3).
Prenatal BPA concentrations were not associated with inattention or hyperactivity in boys or
girls on the CADS at age 7. Similarly, prenatal BPA concentrations were not associated with
errors of omission, errors of commission, reaction time variability or ADHD confidence
index on the CPT at 9 years of age (supplemental Table 1).
No associations were seen with prenatal BPA concentrations and any behaviors in girls,
although for almost all scales, the point estimates trended towards increased behavior
problems in boys and decreased in girls.
3.2 Childhood BPA exposure
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Associations of childhood urinary BPA concentrations at age 5 with behavior at age 7 are
shown in Table 4. Teachers’ report showed similar findings to prenatal exposure in boys,
with childhood BPA concentrations associated with increased internalizing scores and
increased anxiety on the BASC-2. Childhood BPA concentrations were also associated with
attention problems in boys by teacher report on both the BASC-2 and the CADS. However,
no associations between childhood BPA concentrations and any behaviors in boys were seen
according to maternal report.
In girls, childhood urinary BPA concentrations were associated with internalizing problems
(by teacher report) and externalizing problems (by mother and teacher report). Each
doubling of BPA concentration at age 5 was associated with an increase in externalizing
score of 1.2 (95% CI: 0.3, 2.1) by maternal report and 1.0 (95% CI: −0.1, 2.0) by teacher
report, with teachers additionally reporting associations with hyperactivity and mothers
reporting associations with conduct problems. Each doubling of urinary BPA concentrations
at age 5 in girls was associated with an increase in ADHD score of 1.3 (95% CI: 0.4, 2.2) by
Environ Res. Author manuscript; available in PMC 2014 October 01.
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maternal report and 1.7 (0.3, 3.1) by teacher report on the CADS, with associations also seen
for both inattention and hyperactivity behaviors. However, no associations were seen with 5
year BPA concentrations and any ADHD parameters measured in the CPT (Table S2).
Because the interaction terms for sex were not statistically significant for childhood BPA
concentrations and teacher-reported behavior (Table 4), we analyzed boys and girls together
to increase the sample size (Table S3). All associations persisted and became more
statistically significant: childhood urinary BPA concentrations were associated with
increased scores for internalizing problems (β = 1.6; 95% CI: 0.5, 2.8), anxiety (β = 1.4;
95% CI: 0.3, 2.5), depression (β = 1.2; 95% CI: 0.3, 2.2), hyperactivity (β = 1.1; 95% CI:
0.0, 2.1), and inattention (β = 0.9; 95% CI: 0.3, 1.5) on the BASC-2, as well as inattention (β
= 1.4; 95% CI: 0.5, 2.2)and ADHD (β = 1.3; 95% CI: 0.3, 2.2) on the CADS.
3.3 Sensitivity Analyses
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In general, the findings were robust in sensitivity analyses. When we examined prenatal and
childhood BPA concentrations in separate models, the findings were largely unchanged,
suggesting that effects of prenatal and postnatal BPA exposure are independent of each
other. Findings also changed little when we accounted for urinary dilution either by
dropping individuals with dilute urine or examining BPA concentrations unadjusted for
creatinine or specific gravity. The associations of prenatal and, particularly, childhood BPA
concentrations also persisted regardless of whether sex-standardized T-scores or raw scores
were used. Findings also changed little when outliers and influential points were removed.
Finally, using inverse probability weighting to account for potential bias due to loss to
follow-up did not meaningfully change the results.

4. Discussion
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We found that higher urinary BPA concentrations in mothers during pregnancy were
associated with increased internalizing problem behaviors, including anxiety and depression,
in their sons at 7 years of age. Higher urinary BPA concentrations in the children at age 5
were associated with increased internalizing problems and increased ADHD behaviors in
both boys and girls and increased externalizing behaviors, including conduct problems, in
girls at age 7. Findings of associations with prenatal BPA concentrations and behavior
problems in boys were consistent using both mothers’ and teachers’ report, but many
associations with childhood BPA concentrations were only seen with teacher report. The
different results observed for mother and teacher report of internalizing problems with
childhood BPA levels may be due to differences between home and school setting
(Achenbach et al. 1987), and suggest that some behavior problems may need to be
considered as informant-specific phenomena (Offord et al. 1996). Although associations
were seen with both mother and teacher reports of attention and hyperactivity, no
associations were seen with direct assessment of ADHD behaviors using the CPT.
This study adds to the limited and somewhat conflicting data on the effects of prenatal and
postnatal BPA exposure on children’s neurobehavioral development. Including the present
study, five epidemiologic papers from four different studies have examined internalizing,
externalizing, and attention outcomes in children, three relying on urinary biomonitoring
measures (Braun et al., 2011; Braun et al., 2009; Perera et al., 2012) and one on indirect
measures of exposure (Maserejian et al., 2012) (see Table 5). All four studies have found
associations of BPA exposure and behavior problems in children, with three studies
specifically seeing increased anxiety and depression. However, there is little consistency
about whether these effects are in boys or girls and a lack of agreement about the relevant
timing of exposure. While Braun et al reported that prenatal urinary BPA concentrations
were associated with behavior problems in girls only, our study and Perera et al found
Environ Res. Author manuscript; available in PMC 2014 October 01.
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associations with behavior problems in boys. Braun et al and Perera et al found no
associations of childhood urinary BPA concentrations with later behavior. However, using
different study designs and exposure and outcome measures, our study and Maserejian et al
both found BPA exposure in childhood to be associated with anxiety and depression in boys
and girls. Maserejian et al found additional associations with personal/clinical
maladjustment and emotional problems while we found associations with externalizing/
conduct problems, inattention, and hyperactivity.
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The animal studies have focused on perinatal BPA exposure, shedding little light on the
effects of exposure later in development. Even so, some discrepancies with regard to sex are
seen. Namely, two studies found increased anxiety in females and decreased anxiety in male
rodents (Farabollini et al., 1999; Yu et al., 2011), while another found the opposite
(decreased anxiety in females and increased anxiety in males)(Xu et al., 2011). Difference in
findings may be a result of different doses, timing, species, and strains. However, one
consistency is that in each of these cases the authors report a loss of sexually-dimorphic
differences in BPA exposed animals; that is, sex differences in anxiety-like behaviors in
controls were eliminated in the BPA exposed group. Thus, one possible explanation for the
different findings observed for prenatal BPA exposure in humans is that sex differences are
reduced. For example, Braun et al found that prenatal BPA concentrations were associated
with increased externalizing behaviors (typically more common in boys) among girls while
we report increased internalizing behaviors (more common in girls) among boys, suggesting
boys’ and girls’ behavior might be becoming more similar with higher prenatal BPA
concentrations. However, this does not explain our finding and that of Perera et al of
increased aggression in boys, or Braun et al’s additional finding of increased internalizing
behaviors in girls.
Development of sex-specific behavior is mediated largely by sex hormones in the fetal brain
(Patisaul and Polston, 2008) and exposure to endocrine-disrupting compounds during
earliest development can impact behavior, including aggression and anxiety, in both males
and females (Patisaul and Bateman, 2008). In female mice, perinatal exposure to ethinyl
estradiol at 5 µg/kg/day and BPA at 200 µg/kg/day were both associated with increased
anxiety on the elevated plus maze and light/dark chamber, suggesting an estrogenic
mechanism of anxiety (Ryan and Vandenbergh, 2006). However neonatal exposure to BPA
at 50 µg/kg/day (but not the same dose of estradiol) also increased anxiety-like behaviors in
male rats (Patisaul and Bateman, 2008). Among Wistar rats prenatally dosed with 40 µg/kg/
day of BPA, both males and females had elevated corticosterone levels compared to controls
after a mildly stressful maze test, with BPA-exposed females also exhibiting elevated basal
corticosterone levels and more anxiety on the Y maze (Poimenova et al., 2010).
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BPA may also impact anxiety, hyperactivity, and attention through dopaminergic pathways.
Perinatal exposure to low doses (250 ng/kg/day) of BPA increased anxiety-like behavior and
increased dopamine levels in male but not female mice in one study (Matsuda et al., 2012).
In another study, BPA exposure to male rats during lactation was associated with
hyperactivity, as measured by increased spontaneous motor activity, accompanied by
reductions in tyrosine hydroxylase immunoreactivity in the substantia nigra, suggesting
degeneration of dopaminergic neurons (Ishido et al., 2007). A third study found that rats
dosed perinatally with 2 µg/kg/day of BPA exhibited increased hyperactivity (indicated by
greater moved distance) and decreased attention (indicated by higher rearing frequency),
possibly caused by GABAergic disinhibition and dopaminergic enhancement (Zhou et al.,
2011). Thus, biological mechanisms exist to support the findings observed in this study.
The present study has some limitations. BPA was measured in two urine samples collected
during pregnancy in 1999–2000 and one urine sample collected at age 5 in 2005–2006.
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Studies indicate considerable intra- and inter-day variability (Ye et al., 2011), suggesting
that the urinary BPA concentrations used in this study may not represent on-going BPA
exposure. This may be a bigger issue in the measure of childhood BPA exposure than
prenatal exposure, since childhood exposure is represented by just one spot urine sample and
reflects a longer time span. In our data, the two prenatal BPA measurements were only
weakly correlated. The median and range of BPA concentrations in this study were
relatively low compared to the general U.S. population, potentially limiting our ability to
detect associations, and possibly explaining the differences in findings among studies. We
conducted multiple comparisons and cannot rule out the possibility that some associations
were due to chance. However, strengths of this study include the use of biomarkers to assess
early life BPA exposure, behavior assessed by multiple observers at school age, and
information on a wide variety of potential confounders.
Overall, this study supports findings in the animal and human literature linking prenatal and
childhood BPA exposure to behavior problems, including anxiety, depression, and
hyperactivity. However, there are considerable inconsistencies in the literature with regard
to the timing of the critical period of exposure and whether one sex is more vulnerable to the
effects of BPA. . Other measures to accurately characterize on-going BPA exposure over
pregnancy and early childhood are needed.
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•

We measured BPA in urine during pregnancy and from children at five years of
age.

•

We assessed children’s behavior at seven years of age by maternal and teacher
report.

•

Higher prenatal BPA is associated with depression and anxiety in boys.

•

Higher childhood BPA is related to internalizing problems and ADHD in boys
and girls.

•

Higher childhood BPA is associated with externalizing problems in girls.
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Geometric mean and standard deviation of urinary BPA concentrations (µg/L) by demographic characteristics
of the study population, CHAMACOS Study, Salinas, California (n=292).
Maternal BPA (pregnancy)

Child BPA (5 years)

N (%)

GM ± GSD

GM ± GSD

Latina

288 (98.6)

1.1 ± 2.2

2.5 ± 3.0

Other

4 (1.4)

2.4 ± 1.4*

3.5 ± 1.6

United States

36 (12.3)

1.5 ± 2.2

3.1 ± 3.6

Mexico

252 (86.3)

1.1 ± 2.2

2.4 ± 2.9

4 (1.4)

0.8 ± 2.7*

1.9 ± 4.2

≤ 1 year

67 (23.0)

1.0 ± 2.1

2.8 ± 3.2

2 – 5 years

66 (22.6)

0.9 ± 2.1

2.3 ± 3.1

6 – 10 years

82 (28.1)

1.3 ± 2.3

2.0 ± 2.4

11+ years

48 (16.4)

1.3 ± 2.3

2.7 ± 2.6

Entire life

29 (9.9)

1.5 ± 2.4**

3.4 ± 4.0

≤ 6th Grade

126 (43.2)

1.1 ± 2.3

2.1 ± 2.6

7 – 12th Grade

103 (35.3)

1.1 ± 2.3

2.7 ± 3.4

≥ High School

63 (21.6)

1.2 ± 1.9

2.9 ± 2.8

18 – 24

123 (42.1)

1.1 ± 2.2

2.6 ± 2.9

25 – 29

95 (32.5)

1.1 ± 2.1

2.3 ± 2.9

30 – 34

49 (16.8)

1.1 ± 2.2

2.2 ± 2.7

35 – 45

25 (8.6)

1.3 ± 2.7

2.9 ± 4.3

Married/Living as married

241 (82.5)

1.1 ± 2.1

2.5 ± 3.4

Not Married

51 (17.5)

1.1 ± 2.6

2.5 ± 2.9

Yes

12 (4.1)

0.9 ± 2.2

2.5 ± 1.9

No

280 (95.9)

1.1 ± 2.2

2.5 ± 3.0

Maternal Race/ethnicity

Maternal Country of Birth

Other
At time of pregnancy
Time in U.S.

NIH-PA Author Manuscript

Maternal Education

Maternal Age (years)

Marital Status

NIH-PA Author Manuscript

Maternal Smoking

At time of 7 year behavior assessment
Household Income
≤ Poverty

205 (70.2)

1.1 ± 2.2

2.5 ± 3.2

> Poverty

87 (29.8)

1.3 ± 2.3†

2.5 ± 2.4

< 15

36 (12.3)

1.2 ± 2.1

2.4 ± 3.1

15 – 18

142 (48.6)

1.1 ± 2.3

2.5 ± 2.9

HOME Score
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Maternal BPA (pregnancy)

Child BPA (5 years)

N (%)

GM ± GSD

GM ± GSD

114 (39.0)

1.2 ± 2.2

2.6 ± 3.0

Yes (≥16)

80 (27.5)

1.1 ± 2.3

2.3 ± 3.3

No (<16)

211 (72.5)

1.1 ± 2.2

2.6 ± 2.8

0

94 (32.2)

1.0 ± 2.2

2.6 ± 2.8

1

83 (28.4)

1.1 ± 2.1

2.6 ± 2.9

2

70 (24.0)

1.0 ± 2.0

2.1 ± 3.0

≥3

45 (15.4)

1.7 ± 2.6**

2.6 ± 3.2

≥ 19
Maternal Depression (CES-D)

Number of Siblings

†

p<0.1;

*

p<0.05;

**

p<0.01 based on ANOVA.

CES-D = Center for Epidemiologic Studies Depression Scale; GM = geometric mean; GSD = geometric standard deviation.
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0.9

Specific Gravity Adjusted BPA (µg/L)

2.0

Creatinine Adjusted BPA (µg/g)

3.2

2.3

1.2

1.1

50th

5.5

4.3

2.0

1.8

75th

Percentiles

<LOD – 350

<LOD – 442

<LOD – 27

<LOD – 33

Range

3.7 ± 2.6

2.5 ± 3.0

1.3 ± 2.1

1.1 ± 2.2

GM ± GSD

Limit of detection (LOD)=0.4 µg/L; GM=geometric mean; GSD=geometric standard deviation. Maternal samples were collected in 1999–2000 and child samples in 2005–2006.

1.2

Unadjusted BPA (µg/L)

Child BPA (5 Year)

0.7

25th

Unadjusted BPA (µg/L)

Maternal BPA (Pregnancy Average)

Measurement

Distributions of Urinary Bisphenol A concentrations in CHAMACOS participants (n=292).
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133
135
133
133
135
133
133
133

Anxiety scale

Depression scale

Somatization scale

Externalizing Problems

Aggression scale

Conduct problems scale

Hyperactivity scale

Attention scale

135
135

Hyperactive DSM-IV

ADHD DSM-IV
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114
114
114
114
114
114
114
114

Internalizing Problems

Anxiety scale

Depression scale

Somatization scale

Externalizing Problems

Aggression scale

Conduct problems scale

Hyperactivity scale

BASC-2

Teacher reportb

135

Inattention DSM-IV

CADS

133

Internalizing Problems

BASC-2

Mother reporta

N

156
155

1.5 (0.0,3.0 )*
1.3 (−0.1,2.7) †

131

3.2 (1.4,5.1) **

1.1 (−1.3,3.4)

131

131

131

2.7 (0.3,5.1)*
1.1 (−0.9,3.1)

131

1.8 (−0.5,4.1)

131

131

1.9 (0.0,3.7) *

0.8 (−1.1,2.8)

131

156

156

156

155

155

155

156

2.5 (0.7,4.4) **

0.3 (−1.2,1.8)

0.3 (−1.3,1.9)

0.1 (−1.3,1.5)

−0.2 (−1.1,0.8)

0.1 (−1.5,1.8)

1.1 (−0.7,3)

0.5 (−1.2,2.1)

155

155

1.5 (−0.3,3.2) †

0.7 (−1.1,2.5)

155

−0.9 (−2.2,0.4)

−0.3 (−1.7,1.1)

−0.1 (−1.4,1.1)

−0.5 (−1.8,0.8)

−0.5 (−2.9,1.8)

−0.2 (−1.8,1.4)

−1.7 (−3.7,0.4)

−1.0 (−3.1,1.1)

−0.2 (−1.3,0.8)

0.0 (−1.1,1.1)

−0.5 (−1.5,0.5)

−0.3 (−1.1,0.4)

−0.3 (−1.2,0.7)

−0.9 (−2.1,0.4)

0.2 (−0.8,1.1)

−0.3 (−1.3,0.7)

−0.7 (−2.2,0.8)

0.1 (−1.2,1.3)

0.5 (−0.8,1.8)

0.0 (−1.4,1.3)

β(95%CI)

1.8 (0.3,3.3) *

Girls

β(9’5% CI)
N

Boys

0.11

0.26

0.04

0.07

0.51

0.01

0.01

0.03

0.69

0.83

0.59

0.66

0.62

0.02

0.35

0.14

0.03

0.10

0.30

0.04

p-value

BPA × Sex

Association of prenatal urinary BPA concentration (log2, specific gravity adjusted) and continuous behavior outcomes at 7 years of age. CHAMACOS
Study, Salinas, California.
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114
113

Hyperactive DSM-IV

ADHD DSM-IV

0.8 (−1.2,2.7)

1.4 (−0.6,3.5)

0.3 (−1.5,2.2)

127

130

130

0.13

0.03

−1.6 (−3.3,0.2) †
−1.2 (−2.9,0.4)

0.38

0.62

p-value

−0.6 (−1.9,0.7)

−0.4 (−1.3,0.5)

β(95%CI)

N
131

β(9’5% CI)
−0.1 (−1.4,1.2)

p<0.01

p<0.05;

**

*

p<0.1;

†

Adjusted for mother's country of birth, maternal education, marital status, child's age, HOME score, household income, number of siblings, child's BPA at 5 years and maternal DAP metabolite levels
during pregnancy.

b

Adjusted for mother's country of birth, maternal education, marital status, maternal language of interview, child's exact age, HOME score, household income, number of siblings, maternal depression at 7
years, child's BPA at 5 years, and maternal DAP metabolite levels during pregnancy.

a

114

Inattention DSM-IV

CADS

114

N

NIH-PA Author Manuscript

Attention scale

BPA × Sex

NIH-PA Author Manuscript
Girls

NIH-PA Author Manuscript

Boys
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133
135
133
133
135
133
133
133

Anxiety scale

Depression scale

Somatization scale

Externalizing Problems

Aggression scale

Conduct problems scale

Hyperactivity scale

Attention scale

135
135

Hyperactive DSM-IV

ADHD DSM-IV
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114
114
114
114
114
114
114

Internalizing Problems

Anxiety scale

Depression scale

Somatization scale

Externalizing Problems

Aggression scale

Conduct problems scale

BASC-2

Teacher reportb

135

Inattention DSM-IV

CADS

133

Internalizing Problems

BASC-2

Mother reporta

N

131
131

1.2 (−0.1,2.5) †
1.2 (−0.2,2.7) †

0.5 (−0.9,2.0)

0.4 (−1.4,2.1)
131

131

131

131

1.6 (0.3,3.0) *

0.5 (−1.2,2.2)

131

156

156

156

155

155

155

156

155

155

156

155

1.8 (0.4,3.1) *

−0.2 (−1.1,0.8)

−0.3 (−1.3,0.8)

0.0 (−0.9,0.9)

0.5 (−0.2,1.1)

−0.2 (−1.2,0.9)

−0.3 (−1.5,0.9)

−0.2 (−1.3,0.8)

−0.3 (−1.4,0.9)

−0.4 (−1.3,0.5)

−0.4 (−1.4,0.6)

0.3 (−0.9,1.4)

155

0.03

1.3 (0.3,2.3) **

0.4 (−0.8,1.6)

0.84

0.77

0.72

1.0 (−0.1,2.0) †
0.9 (−0.2,1.9)

0.85

0.97

0.99

1.3 (−0.7,3.3)

1.4 (0.1,2.8) *

1.5 (−0.3,3.2) †

0.92

0.05

1.1 (0.1,2.0) *

1.8 (0.1,3.6) *

0.03

1.3 (0.4,2.2) **

0.31

0.02

1.8 (0.8,2.9) **

0.9 (0.2,1.6) **

0.13

0.7 (−0.1,1.6) †

0.30

0.05

1.2 (0.3,2.1) *

0.6 (−0.3,1.4)

0.13

0.07

0.35

0.34

p-value

BPA × Sex

0.7 (−0.6,2.1)

0.7 (−0.4,1.8)

−0.7 (−1.9,0.5)

0.3 (−0.9,1.5)

β(95% CI)

−0.3 (−1.2,0.7)

Girls

β(95% CI)
N

Boys

Association of childhood urinary BPA concentration (log2, creatinine-adjusted) and continuous behavior outcomes at 7 years of age. CHAMACOS Study,
Salinas, California.
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113

114

Hyperactive DSM-IV

ADHD DSM-IV

114

Inattention DSM-IV

1.1 (−0.3,2.4)

0.4 (−1.1,1.8)

1.7 (0.3,3.0) *

127

130

130

131

0.58

0.24

1.7 (0.3,3.2) *
1.7 (0.3,3.1) *

0.40

0.39

1.0 (−0.1,2.0) †

0.6 (−0.2,1.3)

0.48

1.4 (0.4,2.5) *

1.2 (0.2,2.2) *

p-value

β(95% CI)

N
131

β(95% CI)
0.6 (−1.1,2.3)

p<0.01

**

p<0.05;

*

p<0.1;

Adjusted for mother's country of birth, maternal education, marital status, child's age, HOME score, household income, number of siblings, maternal BPA and DAP metabolite levels during pregnancy.

†

b

Adjusted for mother's country of birth, maternal education, marital status, maternal language of interview, child's exact age, HOME score, household income, number of siblings, maternal depression at 7
years, child's BPA at 5 years, and maternal DAP metabolite levels during pregnancy.

a

114

Attention scale

CADS

114

N

NIH-PA Author Manuscript

Hyperactivity scale

BPA × Sex

NIH-PA Author Manuscript
Girls

NIH-PA Author Manuscript

Boys
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Table 5

Comparison of published studies of BPA and childhood behavior.
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Prenatal BPA

Childhood BPA

Boys

Girls

Boys

Girls

Braun et al
Exposure: Urinary BPA
Outcome: BASC at 2–3
years

↓ hyperactivity

↑ anxiety
↑ depression
↑ hyperactivity
↑ externalizing

No associations

No associations

Perera et al
Exposure: Urinary BPA
Outcome: CBCL at 3–5
years

↑ aggression
↑ emotional reactivity

↓ anxiety
↓ aggression

No associations

No associations

Harley et al (present study)
Exposure: Urinary BPA
Outcome: BASC, CADS
at 7 years

↑ anxiety
↑ depression
↑ somatization
↑ aggression
↑ Internalizing

No associations

↑ anxiety
↑ depression
↑ inattention

↑ anxiety
↑ depression
↑ ADHD
↑ externalizing
↑ conduct problems

Maserejian et al
Exposure: Dental composite
(surface-yrs)
Outcome: BASC, CBLC
At 10–16 years

↑ anxiety
↑ depression
↑ emotional problems
↑ maladjustment
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