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Abstract

Introduction—During fetal development, sex steroids influence sexually dimorphic behaviors, 

such as visual-spatial abilities. Thus, endocrine disrupting chemicals that impact sex steroids 

during gestation may affect these behaviors.

Objective—We investigated the relationship between prenatal urinary phthalate metabolite, 

triclosan, and BPA concentrations and visual-spatial abilities in a prospective cohort of 198 

mother-child dyads.

Methods—Data are from a prospective cohort in Cincinnati, OH (HOME Study). We measured 

nine phthalate metabolites, triclosan, and BPA in maternal urine samples collected at 16 and 26 

weeks of gestation. We assessed children’s visual-spatial abilities at 8 years of age using the 

Virtual Morris Water Maze (VMWM), a computerized version of the rodent Morris Water Maze. 

We quantified the covariate-adjusted change in the time or distance to complete the VMWM and 
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time spent in the correct quadrant during a probe trial with an interquartile range increase in 

chemical concentrations using linear mixed models and linear regression, respectively.

Results—Boys completed the VMWM faster (4.1 seconds; 95% CI:−7.1, −1.2) and in less 

distance (1.4 units; 95% CI:−2.8, 0) than girls. Overall, children with higher mono-n-butyl 

(MnBP), mono- benzyl (MBzP), and mono-carboxypropyl phthalate concentrations completed the 

VMWM in less time and distance than children with lower concentrations. For example, children 

with higher MnBP concentrations completed the VMWM in 0.9 less distance units (95% CI:−1.8, 

−0.0). Child sex modified the association between MnBP and VMWM performance. In girls, 

higher MnBP concentrations were associated with longer time (1.7 seconds; 95% CI: −0.7, 4.1) 

and shorter distance (−1.7 units; 95% CI: −2.8, −0.5), whereas in boys, it was associated with 

shorter time (−3.0 seconds; 95% CI:−5.6, −0.4), but not distance (−0.1 units; 95% CI:1.4, 1.0). 

Other phthalate metabolites, triclosan, and BPA were not associated with VMWM performance, 

and sex did not consistently modify these associations.

Conclusions—In this cohort, greater prenatal urinary concentrations of some phthalate 

metabolites were associated with improved VMWM performance, particularly among boys. Future 

studies should confirm these findings and determine if phthalates affect other hormonally sensitive 

aspects of child neurobehavior.
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Introduction

Phthalates, triclosan, and bisphenol A (BPA) are endocrine disrupting chemicals used in a 

multitude of consumer products. Phthalates are a multifunctional class of chemicals used in 

some personal care and beauty products, polyvinyl chloride plastics, food processing or 

packaging, rainwear, adhesives, and flooring.1 Because phthalates are not covalently bound 

to the products in which they are used, they can leach out and be dermally absorbed, inhaled, 

or ingested. BPA is used to produce some canned food linings, epoxy resins, polycarbonate 

plastics, medical equipment, dental sealants, and thermal receipts.2 Diet is the predominant 

route of BPA exposure; dermal absorption from handling thermal receipts is another route of 

exposure. Triclosan is an antimicrobial compound used in personal care products, soaps, 

cleaning supplies, and medical devices. Triclosan exposure is predominately through oral 

routes, but dermal absorption may occur from use of soaps or personal care products.3 

Exposure to phthalates, triclosan, and BPA is ubiquitous, including among pregnant 

women.4-7

In experimental studies, phthalates, triclosan, and BPA affect sex steroid hormone synthesis, 

metabolism, transport, or action. Prenatal exposure to di-2-ethylhexyl phthalate (DEHP), 

butyl-benzyl phthalate (BBzP), di-n-butyl phthalate (DnBP), and di-iso-butyl phthalate 

(DiBP) reduces Leydig cell testosterone production by decreasing the expression of genes 

involved in cholesterol biosynthesis and steroidogenic enzymatic pathways.8,9 Triclosan can 

also reduce testosterone production by disrupting cholesterol biosynthesis in Leydig 

cells.10,11 BPA is considered a weak environmental estrogen, but may also reduce 
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testosterone levels and increase estrogen production by inhibiting enzymes involved in sex 

steroid synthesis and metabolism.12,13 Experimental studies also show that some aspects of 

brain development are dependent on the action of sex steroids, particularly testosterone.14 

These hormones have organizational effects on the brain during fetal development that are 

partly responsible for sexually-dimorphic behaviors.15 In humans, sexual dimorphisms 

include differences in toy preference, play style, and visual-spatial abilities, as well as 

differences in the risk of autism and attention-deficit hyperactivity disorder.16,17 Studies of 

children with congenital adrenal hyperplasia (CAH), a genetic disorder that causes excess 

fetal androgen production, show that high testosterone exposure during the sensitive prenatal 

period of brain development can affect human neurodevelopment. Female children with 

CAH have behavioral profiles that are more “masculine” than unaffected females.17 For 

example, girls with the most severe form of CAH have visual-spatial abilities that are similar 

to those of unaffected males and better than those of unaffected girls.18

Sexually dimorphic behaviors, including visual spatial abilities, may be sensitive to 

endocrine disrupting chemical exposures that disrupt the organizational effects of sex 

steroids during fetal development. Thus, we investigated the relationship of prenatal 

exposures to phthalates, triclosan, and BPA with visual-spatial abilities at 8 years of age in a 

prospective birth cohort of 198 children from Cincinnati, OH. To facilitate comparisons to 

prior animal studies investigating the neurotoxicity of these chemicals, we assessed child 

visual-spatial abilities with a computerized version of the Morris Water Maze (MWM).

Materials and Methods

Study Participants

The Health Outcomes and Measures of the Environment (HOME) Study is a prospective 

pregnancy and birth cohort that has followed mothers and their children in the greater 

Cincinnati, OH metropolitan area from the 2nd trimester of pregnancy (March 2003-January 

2006) until their singleton children were 7.5-10 years old (March 2012-July 2014).19 We 

designed the study to assess the relationship between low-level environmental chemical 

exposures and child development. Inclusion criteria at enrollment included: 1) 16±3 weeks 

gestation, 2) ≥18 years old, 3) living in a home built before 1978, 4) no history of HIV 

infection, and 5) not taking medications for seizure or thyroid disorders. All women 

provided informed consent for themselves and their child’s participation. The institutional 

review boards (IRBs) of Cincinnati Children’s Hospital Medical Center and the cooperating 

delivery hospitals approved this study. The Brown University relinquished IRB authority to 

Cincinnati Children’s Hospital Medical Center with an Interagency Agreement.

Urinary Biomarkers of Phthalate Metabolites, Triclosan, and BPA

We assessed maternal exposure to phthalates, triclosan, and BPA by measuring total 

(conjugated+free) urinary concentrations of nine phthalate metabolites, triclosan, and BPA. 

Women provided up to two urine samples in polypropylene cups at prenatal care clinic visits 

at 16 and 26 weeks of pregnancy. All samples were refrigerated for <24 hours until they 

were processed, after which they were stored at or below −20°C until shipped on dry ice to 
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the CDC for analysis. CDC staff measured phthalate metabolites, triclosan, and BPA 

concentrations using previously described analytic chemistry methods.20,21

We summed the molar concentrations of mono(2-ethylhexyl) phthalate (MEHP), mono(2- 

ethyl-5-oxohexyl) phthalate (MEOHP), mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), 

and mono(2-ethyl-5-carboxypentyl) phthalate (MECPP) to create a summary measure of 

di(2- ethylhexyl phthalate (ΣDEHP) exposure. We expressed the ΣDEHP concentrations in 

μg/L of MECPP by multiplying the molar sum of the individual metabolites by 308 μg/μmol.

We measured urinary creatinine concentrations to account for urine dilution and creatinine-

normalized urine concentrations of phthalate metabolites, triclosan, and BPA in units of μg/g 

creatinine and then log10-transformed concentrations before averaging the 16 and 26 week 

concentrations. One-hundred ninety one (96%) women provided urine samples at both 

timepoints.

We applied the methods of Varshavsky et al. (2016) to calculate the anti-androgenic 

weighted daily phthalate intake of BBzP, DnBP, DiBP, and DEHP.22 Briefly, we calculated 

the daily intakes of BBzP, DnBP, DiBP, and DEHP at 16 and 26 weeks gestation using urine 

concentrations of monobenzyl phthalate (MBzP), mono-n-butyl phthalate (MnBP), mono-

iso-butyl phthalate (MiBP), and ΣDEHP, respectively. Then, we weighted each of these 

intakes by the potency of each phthalate, and took the average of the 16 and 26 week 

weighted intakes.23,24 The potencies used to weight each phthalate were based on 

benchmark doses associated with a 5% reduction in testosterone production in rat 

experiments.25,26

Child Visual-Spatial Ability Assessment

We assessed child visual-spatial abilities using the Virtual Morris Water Maze (VMWM). 

The VMWM is a computerized version of the MWM, a rodent test of learning and visual-

spatial reference memory.27,28 On average, in humans, rats, and mice, males perform better 

on the MWM and VMWM than females.29,30 In experimental rat studies, female 

performance on this task is improved after prenatal exposure to androgens; epidemiological 

studies suggest that girls’ performance is positively related to in utero androgen 

exposure.18,31

We administered the VMWM to children on a laptop computer in a quiet room in our study 

clinic. We instructed children to navigate around a virtual pool (Supplemental Figure 1) and 

find a hidden platform as quickly as possible using a joystick to move forward and turn left 

or right; children were not allowed to move backwards. Children completed four practice 

trials in a room with no visual landmarks and a visible platform. After the practice trials, 

children completed four blocks of four trials in a room with visual landmarks and a platform 

hidden in a fixed location across trials. Within each block of four trials, children started from 

four different start locations (north, east, south, and west). Finally, children completed a 30-

second probe trial in the same virtual room as the hidden platform trials, but with the 

platform removed. The program recorded the time children took to find the platform 

(latency) and their path length from the start location to the platform (distance).
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Our primary outcomes were the latency and distance on the hidden platform trials and the 

time spent in the correct quadrant of the probe trial. To account for the different starting 

positions on each hidden platform trial, we calculated the average latency or distance for 

each block of hidden platform trials.

Covariates

We adjusted for potential confounding variables that might be associated with our exposures 

and VMWM performance based on biological plausibility and prior knowledge. Data on 

maternal demographic and perinatal factors, including maternal age at delivery, race, marital 

status, education, parity, employment, household income, and prenatal vitamin use were 

obtained using structured interviews and chart reviews conducted by trained research staff. 

Depressive symptoms during the 2nd trimester were measured with the Beck Depression 

Inventory-II.32 Maternal full scale IQ was measured using the Vocabulary and Matrix 

Reasoning subtests of the Wechsler Abbreviated Scale of Intelligence.33 Cotinine, a tobacco 

smoke exposure biomarker, was measured in maternal serum samples.34 Child age and sex 

were examined as covariates because they are correlated with performance on virtual tests.35

Statistical Analyses

We began our statistical analyses by describing the characteristics of covariates, VMWM 

performance, and urinary concentrations of phthalate metabolites, triclosan, and BPA. We 

also calculated the Pearson correlation coefficient between log10-transformed creatinine-

standardized urinary phthalate metabolite, triclosan, and BPA concentrations. Then, we used 

a linear mixed model with a random intercept and unstructured covariance matrix to estimate 

the difference in VMWM performance between boys and girls.

Next, we examined the relationship between urinary concentrations of phthalates, triclosan, 

or BPA and VMWM performance on the blocks of hidden platform trials using linear mixed 

models with a random intercept and unstructured covariance matrix to account for the 

correlation of repeated measures within a child. We characterized phthalate, triclosan, and 

BPA concentrations as continuous log10-transformed variables and estimated the mean 

difference in VMWM latency and distance for an interquartile range (IQR) increase in 

chemical concentrations. In addition to covariates, we adjusted for block in these models. 

We used multivariable linear regression to examine the time spent in the correct quadrant of 

the probe trial.

To investigate whether the associations between phthalate metabolites, triclosan, or BPA 

concentrations and VMWM performance were sexually-dimorphic, we used confounder 

adjusted models with a product interaction term between child sex and biomarker 

concentrations to produce sex-specific estimates and test whether the associations in boys 

differed from those in girls. We considered an association between the urinary concentration 

of a phthalate metabolite, triclosan, or BPA and VWMW performance to be sexually 

dimorphic if the p-value for this interaction term was <0.10.
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Secondary Analysis

Because the effect of endocrine disrupting chemicals on the developing brain could depend 

on the timing of exposure, we conducted a secondary analysis examining the association 

between VMWM performance and urinary concentrations of phthalate metabolites, 

triclosan, or BPA separately in samples collected at 16 and 26 weeks.

Results

Among 389 singletons born to women in our cohort, 228 (59%) completed follow-up, and 

199 (87%) successfully completed the VMWM between 7.5 and 10 years of age (mean: 8.1 

years). Reasons for not completing the VMWM included insufficient time (n=8), child 

behavioral issues or refusals (n=11), out of town visits (n=7), illness (n=1), computer 

problems (n=2), or distractions during testing (n=1). One child had incomplete covariate 

data, leaving 198 children for our final analyses.

Mothers of children who completed the study visit were predominately non-Hispanic white 

(63%), college educated (47%), married (64%), and non-smokers (89%). Characteristics of 

women who completed this follow-up visit were similar to those who enrolled and delivered 

singleton infants (see reference 19).

Median urinary concentrations of phthalate metabolites during pregnancy ranged from 2.1 

μg/g creatinine (mono-carboxypropyl phthalate) to 128 μg/g creatinine (mono-ethyl 

phthalate) (Supplemental Figure 2, Supplemental Table 1). Median maternal urinary BPA 

and triclosan concentrations during pregnancy were 2.0 and 18 μg/g creatinine, respectively. 

Urinary BPA and triclosan concentrations were weakly correlated (Pearson R=0.14), while 

some phthalate metabolites were weakly to moderately correlated (Pearson R’s=0.16 to 

0.45) (Supplemental Table 2).

On average, children completed the VMWM in 48 seconds (standard deviation [SD]: 16) 

and in a distance of 18 pool units (SD: 7.6). Children’s performance on the VMWM 

improved over the four blocks (trend p-value<0.05). Children found the platform 3.1 

seconds faster (95% CI: − 0.5, −5.7) and travelled 2.6 less units (95% CI: −1.3, −3.9) on the 

fourth block compared to the first. On average, boys completed the VMWM faster (−4.1 

seconds; 95% CI: −7.1, −1.2) and in less distance (−1.4 units; 95% CI: −2.8, 0) than girls 

(Supplemental Figure 3).

Increasing urinary MnBP, MBzP and MCPP concentrations were associated with reduced 

distance to complete the VMWM among all children, and there was a suggestive inverse 

association of urinary MBzP concentrations with VMWM latency (Figures 1 and 2). Sex 

modified the association between urinary MnBP concentrations and both VMWM latency 

and distance (latency EMM p-value=0.01 and distance EMM p-value=0.08) (Figures 1 and 

2). An IQR increase in urinary MnBP concentration was associated with longer latency (1.7 

seconds; 95% CI: −0.7, 4.1) and shorter distance (−1.7 units; 95% CI: −2.8, −0.5) among 

girls. In boys, an IQR increase in urinary MnBP concentration was associated with shorter 

latency (−3.0 seconds; 95% CI: −5.6, −0.4) and no association with distance (−0.2 units; 

95% CI: −1.4, 1.0). We investigated the discrepant result of longer time and shorter distance 
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with increasing urinary MnBP concentration among girls by examining the average speed 

during the hidden platform trials. Consistent with the latency and distance findings, an IQR 

increase in urinary MnBP concentration was associated with slower speed in girls (−0.04 

units/second; 95% CI: −0.07, −0.02) and faster speed in boys (0.02 units/second; 95% CI: 

−0.00, 0.04) (EMM p-value<0.001).

Neither maternal urinary triclosan nor BPA concentration during pregnancy was associated 

with VMWM latency or distance (Figures 1 and 2); child sex did not modify these 

associations.

Among all children, increasing prenatal urinary phthalate metabolite, triclosan and BPA 

concentrations were generally associated with increased time in the correct quadrant during 

the probe trial, but the 95% CI of the point estimates included the null value (Figure 3). The 

relationship between urinary MnBP concentration and probe trial time was modified by 

child sex (EMM p-value=0.03). Increasing concentrations were associated with increased 

time in the correct quadrant in boys (2.1 seconds; 95% CI: 0.6, 3.6), but not girls (−0.3 

seconds; 95% CI: −1.8, 1.2)

The median anti-androgenic weighted daily phthalate intake was 11 (range: 2.0-985) and 10 

(range: 2.2-392) μg/kg/d at 16 and 26 weeks of gestation, respectively. An IQR increase in 

the anti-androgenic weighted phthalate summary measure was suggestively associated with 

decreased latency (−1.1 seconds; 95% CI: −3.1, 0.9), distance (−0.5 units; 95% CI: −1.4, 

0.4), and increased time in the correct quadrant during the probe trial (1.1 seconds; 95% CI: 

−0.1, 2.2), but the 95% CIs of these point estimates include the null value. These 

associations were not modified by sex (EMM p-values >0.47).

Overall, we did not see consistent evidence that the association between VMWM 

performance and urinary concentrations of phthalate metabolites, triclosan or BPA varied by 

the timing of the urine measurement (Supplemental Figures 4, 5, and 6). An exception was 

that association between BPA concentrations at 16 and 26 weeks gestation and boy’s 

VMWM distance (Supplement Figure 5).

Discussion

Because sex steroids can influence the development of sexually dimorphic behaviors during 

fetal brain development, we hypothesized that prenatal endocrine disrupting chemical 

exposures may affect these behaviors in a sexually dimorphic manner. Based on previous 

toxicological studies, we hypothesized that BPA exposure would be associated with worse 

VMWM performance in girls and that TCS, DEHP, BBzP, MnBP, and MiBP would be 

associated with worse VMWM performance in boys.

In general, we observed that increasing maternal urinary concentrations of some phthalate 

metabolites during pregnancy were associated with better VMWM performance among 8-

year old children in this cohort. Few of these associations consistently differed by child sex, 

with the exception of the sexually dimorphic association between MnBP concentrations and 

VMWM performance. Specifically, we observed that higher maternal urinary MnBP 

concentrations during pregnancy were associated with shorter distance, longer time, and 
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slower speed to complete the VMWM among girls, but not boys. Maternal urinary triclosan 

and BPA concentrations during pregnancy were not associated with VMWM performance, 

and these associations were not modified by child sex.

VMWM performance was sexually-dimorphic, with boys completing the test faster and 

more efficiently than girls, on average. This is consistent with other studies in rodents and 

humans.18,29-31 While this suggests that prenatal androgen exposure plays a role in the 

development of visual-spatial abilities, the magnitude of the differences was modest and 

may be attributable to other non-biological postnatal factors.

A strength of our study is the ability to compare our results to those of animal studies that 

have examined the neurotoxicity of these chemicals using the rodent MWM. We are aware 

of 13 studies examining the effect of prenatal or lactational exposure to BPA, DnBP (parent 

diester of MnBP), DiBP (parent diester of MiBP), BBzP (parent diester of MBzP), or DEHP 

on rodent MWM performance.36-48

Studies of prenatal phthalate exposure and MWM performance have been heterogeneous. 

Prenatal DnBP exposure caused poorer,43 better,44 or no change 45 in MWM performance 

among males rodents. One study reported that prenatal DEHP exposure caused deficits in 

MWM performance in males during puberty, but these effects did not persist into 

adulthood;47 while another study found no effect.48 Finally, one study reported that prenatal 

BBzP exposure caused poorer MWM performance in male rats.46 Our findings of better 

VMWM performance with increasing urinary MnBP concentrations are consistent with one 

prior study, but not two others. Our findings for the other phthalate metabolites we examined 

are inconsistent with prior animal studies. We can only speculate as to why we saw 

associations between urinary MnBP concentrations and VMWM performance in girls, but 

not boys. One possibility is that the male gonad is able to compensate for the anti-

androgenic effect of phthalate exposure at the levels our participants were exposed to, 

whereas females cannot compensate due to their lower testosterone production during fetal 

development.49,50 However, this hypothesis is not consistent with epidemiological studies 

showing that some anti-androgenic phthalates are associated with reductions in masculine 

traits (e.g., anogenital distance, play behaviors) in boys, but not girls.51,52

We are not aware of any rodent studies examining early life exposure to triclosan and MWM 

performance or other neurodevelopmental endpoints.

Rodent studies examining the neurotoxicity of BPA using the MWM have observed mixed 

results, with some studies reporting no effect of prenatal BPA exposure.38,40,41 Other studies 

report inconsistent deficits, including sex-specific and BPA-induced differences in MWM 

learning and acquisition.36,37 Two studies reported that prenatal BPA exposure caused 

increased latency and distance to complete the task and decreased time in the correct 

quadrant of the probe trial.39,42 Thus, our null findings for BPA are consistent with some 

prior studies in rodents, but not others.

While using the VMWM may help facilitate comparisons to rodent studies assessing the 

neurotoxicity of these chemicals, it is not without limitations. The MWM is an aversive task 

and rodents are motivated to perform well by their instinct to reach the safety of the hidden 
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platform. In contrast, children’s VMWM performance is not motivated by an aversive 

stimulus and may be influenced by many factors, including their desire to perform well or 

their interest (or lack thereof) in the test. Future epidemiological studies could consider 

using analogues of non-aversive rodent tests like the radial arm maze, which has been used 

to examine the neurotoxicity of BPA,53 and also has a computerized human version.35 In 

addition, it is important to consider that performance on the VMWM is related to multiple 

neuropsychological domains, including visual-spatial abilities, executive functions, and 

motor function, which in turn are related to multiple molecular pathways (e.g., endocrine 

and neurotransmitter systems), as well as brain structures, organization, and function.54 

Thus, it is likely that VMWM performance is influenced by factors acting on a variety of 

mechanisms, and not solely by early life alterations in gonadal hormone homeostasis.

When comparing our results to rodent studies, rodent neurotoxicity studies typically expose 

animals to BPA or phthalate at doses several orders of magnitude higher than those 

experienced by the general population, including the HOME Study participants. Thus, the 

absence of significant associations in our study may be because children’s exposures were 

not high enough or spanning enough range to affect their VMWM scores. In addition, rodent 

studies have administered exposure at varying times and durations during gestation, which 

likely does not accurately reflect chronic, low-level human exposure. Finally, differences in 

the biological mechanism of these chemicals’ action across species might explain the 

discrepancy of our results with those of rodent studies.

Almost all women (96%) in this study had two urinary measurements of phthalates, 

triclosan, and BPA during the 2nd and 3rd trimesters of pregnancy. However, there is 

potential for exposure misclassification. Urine concentrations of these biomarkers vary over 

time because parent exposures are episodic and these chemicals have short biological half-

lives.55-57 It is important to note that the degree of exposure misclassification may vary 

depending on the primary source of exposure, with more misclassification of chemical 

exposures coming predominately from dietary sources (e.g., BPA and DEHP) than those 

coming primarily from personal care products (e.g., triclosan). A simulation study found that 

the high within-person variation of a urinary biomarker like BPA leads to associations being 

biased towards the null, and that it might be necessary to obtain ≥10 repeated urine 

biomarkers from an individual to adequately characterize exposure over pregnancy.58 Thus, 

within-subject pooling and regression calibration techniques could be used to account for 

non-differential exposure measurement error in future studies.

While we were able to assess exposure across the latter two-thirds of pregnancy, we were 

unable to examine the associations between VMWM performance and exposure to 

phthalates, triclosan, or BPA during the 1st trimester, which may be another sensitive period 

of development for sexually dimorphic behaviors like visual-spatial abilities.14

Another strength of this study is that we used a biologically-weighted summary of exposure 

to DEHP, BBzP, DnBP, and DiBP.59 This allowed us to evaluate whether aggregate prenatal 

exposure to these anti-androgenic phthalates was associated with VMWM performance. The 

associations between VMWM performance and this summary measure were generally 

consistent in terms of direction and magnitude compared to the associations between 
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VMWM performance and the individual metabolites making up this summary measure. 

Future studies would benefit from considering similar summary measures or others derived 

from other biologically relevant pathways that are important for neurodevelopment (e.g., 

thyroid disruption). One limitation of our biologically-weighted summary phthalate measure 

is the assumption that the potencies derived from rodent models are applicable to humans, 

including pregnant women.

While we did not observe strong evidence that prenatal urinary concentrations of phthalate, 

triclosan, or BPA biomarkers were associated with VMWM performance at 8 years of age, 

prenatal exposure to these chemicals may adversely affect other neurodevelopmental 

domains not assessed by the VMWM, which assesses spatial and working memory, but not 

domains such as impulsivity. Prior studies have observed that prenatal phthalate exposure is 

associated with behavior problems, deficits in social behavior, executive function 

impairments, reduced intelligence, and reduced masculine play behavior in boys.51,60-62 In a 

previous study from this cohort, we did not observe associations between prenatal urinary 

concentrations of phthalates and children’s social behavior.63 However, we previously found 

that prenatal urinary BPA concentrations were associated with behavior problems and 

executive function impairments among girls in this cohort,64 and other studies have reported 

sexually dimorphic associations between prenatal urinary BPA concentrations and child 

behavior.65,66

In this cohort, children’s VMWM performance was sexually-dimorphic; on average, boys 

completed the test faster and in less distance than girls. We observed few notable 

associations between maternal urinary concentrations of phthalate metabolites, triclosan, or 

BPA during pregnancy and children’s visual-spatial abilities at 8 years of age. Phthalates 

with previously documented anti-androgenic activity were not associated with worse 

VMWM performance in boys or girls. The sexually-dimorphic association we observed 

between prenatal urinary MnBP concentrations and VMWM performance should be 

confirmed in other studies. Future studies should consider examining the relationship 

between prenatal exposure to these chemicals and other sexually dimorphic and hormonally 

sensitive neurodevelopmental outcomes using multiple and serial measures of phthalate, 

triclosan, and BPA biomarkers collected across the entire course of pregnancy.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• We administered the Virtual Morris Water Maze (VMWM) to 198 8-year old 

children.

• On average, male children performed better than female children.

• In boys, VMWM exposure was associated with prenatal exposure to some 

phthalates.

• Prenatal bisphenol A or triclosan exposure was unassociated with VMWM 

performance.
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Figure 1. 
Adjusted mean difference in latency to complete the VMWM with an interquartile range 

increase in maternal concentrations of urinary phthalate metabolites, triclosan, or bisphenol 

A during pregnancya,b

*-Abbreviations: BPA: Bisphenol A, TCS: Triclosan, MCPP: mono-carboxypropyl 

phthalate, MiBP mono-iso-butyl phthalate, MBzP: mono-benzyl phthalate, MnBP: mono-n-

butyl phthalate (MnBP), ΣDEHP: sum of di-2-ethylhexyl phthalate metabolites, and MEP: 

monoethyl phthalate.

a- Adjusted for maternal race, maternal age at delivery, marital status, maternal education, 

parity, household income, serum cotinine concentrations during pregnancy, binge drinking 

during pregnancy, depressive symptoms during pregnancy, prenatal vitamin use, maternal 

IQ, and child age at testing.

b- The p-values for the interaction terms between child sex and urinary BPA (p=0.74), 

MCPP (p=0.82), MiBP (p=0.31), MBzP (p=0.62), triclosan (p=0.46), ΣDEHP (p=0.50), and 

weighted phthalate sum (p=0.47) were not significant, while the p-value for the interaction 

term between child sex and urinary MnBP (p=0.01) and MEP (p<0.01) were significant.
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Figure 2. 
Adjusted mean difference in distance to complete the VMWM with an interquartile range 

increase in maternal urinary concentratios of phthalate metabolite, triclosan, or bisphenol A 

during pregnancya,b

*-Abbreviations: BPA: Bisphenol A, TCS: Triclosan, MCPP: mono-carboxypropyl 

phthalate, MiBP mono-iso-butyl phthalate, MBzP: mono-benzyl phthalate, MnBP: mono-n-

butyl phthalate (MnBP), ΣDEHP: sum of di-2-ethylhexyl phthalate metabolites, and MEP: 

monoethyl phthalate.

a- Adjusted for maternal race, maternal age at delivery, marital status, maternal education, 

parity, household income, serum cotinine concentrations during pregnancy, binge drinking 

during pregnancy, depressive symptoms during pregnancy, prenatal vitamin use, maternal 

IQ, and child age at testing.

b- The p-values for the interaction terms between child sex and urinary BPA (p=0.57), 

MCPP (p=0.36), MiBP (p=0.28), triclosan (p=0.28), ΣDEHP (p=0.66), MEP (p=0.28), and 

weighted phthalate sum (p=0.55) were not significant, while the p-values for the interaction 

terms between child sex and urinary MBzP (p=0.05) and MnBP (p=0.07) were significant.
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Figure 3. 
Adjusted mean difference in probe trial time with an interquartile range increase in maternal 

urinary concentrations of phthalate metabolite, triclosan, or bisphenol A during pregnancya,b

*-Abbreviations: BPA: Bisphenol A, TCS: Triclosan, MCPP: mono-carboxypropyl 

phthalate, MiBP mono-iso-butyl phthalate, MBzP: mono-benzyl phthalate, MnBP: mono-n-

butyl phthalate (MnBP), ΣDEHP: sum of di-2-ethylhexyl phthalate metabolites, and MEP: 

monoethyl phthalate.

a- Adjusted for maternal race, maternal age at delivery, marital status, maternal education, 

parity, household income, serum cotinine concentrations during pregnancy, binge drinking 

during pregnancy, depressive symptoms during pregnancy, prenatal vitamin use, maternal 

IQ, and child age at testing.

b- The p-values for the interaction terms between child sex and urinary BPA (p=0.44), 

MCPP (p=0.29), MiBP (p=0.44), MBzP (p=0.83) triclosan (p=0.49), ΣDEHP (p=0.82), 

MEP (p=0.62), and weighted phthalate sum (p=0.90) were not significant, while the p-value 

for the interaction term between child sex and urinary MnBP (p=0.04) was significant.
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Table 1

Descriptive characteristics of women and their children from the HOME Study who completed the Virtual 

Morris Water Maze at 7.5 to 10 years of age (n=198)

N (%) or Mean [SD]

Maternal Age at Delivery (years) 29 [6]

Maternal Race

Non-Hispanic White 124 (63)

Non-White 74 (37)

Maternal Education

≥Bachelor’s Degree 94 (47)

Some College 58 (29)

≤High School 46 (23)

Marital Status

Married 126 (64)

Single-Living Together 23 (12)

Single-Living Alone 49 (25)

Maternal Depressive Symptoms

Minimal 159 (80)

Mild 22 (11)

Moderate/Severe 17 (9)

Prenatal Tobacco Smoke Exposure

None 69 (35)

SHS 108 (55)

Active 21 (11)

Prenatal Vitamin

Never/Rarely 28 (14)

Weekly/Daily 170 (86)

Parity

Nulliparous 91 (46)

1 60 (30)

2+ 47 (24)

Maternal IQ 105 [16]

Household Income ($/year) 57,222 [42,607]

Child Age at Testing (years) 8.1 [0.6]

Child Sex

Female 107 (54)

Male 91 (46)

Neurotoxicology. Author manuscript; available in PMC 2018 January 01.


	Abstract
	Introduction
	Materials and Methods
	Study Participants
	Urinary Biomarkers of Phthalate Metabolites, Triclosan, and BPA
	Child Visual-Spatial Ability Assessment
	Covariates
	Statistical Analyses
	Secondary Analysis

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

