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Abstract

Introduction—Gestational phthalate exposures have been adversely associated with attention,
externalizing, and internalizing behaviors in childhood. Early childhood temperament may be a
marker of later behavioral patterns. We therefore sought to determine whether gestational
phthalate exposures were associated with infant and toddler temperament.

Methods—The Mount Sinai Children’s Environmental Health Study is a prospective cohort
study of children born between May 1998 and July 2001 in New York City (N=404). Phthalate
metabolites were measured in spot urine samples collected from pregnant women in their third
trimester. Child temperament was assessed by parental report at 12-months using the Infant
Behavior Questionnaire (IBQ) (N=204) and at 24-months using the Toddler Behavior Assessment
Questionnaire (TBAQ) (N=279). We used multiple linear regression to evaluate associations
between urinary phthalate metabolites and eleven temperament domains.

Results—Phthalate biomarker concentrations were weakly associated with lower gross motor
activity levels as well as higher duration of orienting at the 12-month assessment. Mono(3-
carboxypropyl) phthalate (MCPP), monobenzyl phthalate (MBzP) and the sum of metabolites of
di(2-ethylhexyl) phthalate (XDEHP) were associated with lower levels of smiling and laughing at
12 months. At 24-months, social fear and lower pleasure was linked to higher concentrations of
MCPP and MBzP, and higher XDEHP was weakly associated with increased anger levels at 24-
months.
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Conclusions—Though we observed some weak associations between biomarkers of prenatal
exposure to phthalates and temperament at 12- and 24-months, overall phthalates biomarkers were
not strongly associated with alterations in temperament.
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1. Introduction

Temperament has been conceptualized as enduring individual differences in behavioral
propensities (Rothbart et al. 2000). Early childhood temperament patterns have been
suggested to be potential precursors or modifiers of later psychopathology (reviewed in Nigg
2006; De Pauw and Mervielde 2010), including Attention-Deficit/Hyperactivity Disorder
(ADHD) (Nigg 2006; Willoughby et al. 2016) and internalizing disorders (Nigg 2006).
While twin studies suggest moderate genetic heritability of temperament (20-60%) (Saudino
2005), it is also suspected that environmental factors influence its development. For
example, studies have found associations between certain dimensions of temperament and
socioeconomic status (Jansen et al. 2009), prenatal drug use (Locke et al. 2016; Weiss et al.
2007; Richardson et al. 2008), prenatal binge drinking (Molteno et al. 2014; Alvik et al.
2011), maternal depression (Davis et al. 2007; Stroustrup et al. 2016; Sugawara et al. 1999;
Melchior et al. 2012), and anxiety during pregnancy (Blair et al. 2011; Austin et al. 2005).

While much attention has been focused on the potential influence of prenatal toxicant
exposure and child cognitive and behavioral development (Grandjean and Landrigan 2014)
comparatively little attention has been paid to the influence of early life toxicant exposures
and the development of temperament. However, temperament may indeed mediate or modify
the association between early life exposures, such as maternal stress (Zhu et al. 2014),
prenatal depression (Stroustrup et al. 2016), and perhaps exposures to environmental
toxicants, on later neurodevelopmental outcomes. For example, recently maternal lead
exposure was found to increase risk for a difficult infant temperament (i.e. high activity, low
approach, low adaptability, high intensity, negative mood, low persistence), and to enhance
the already deleterious effect of maternal depression on infant temperament (Stroustrup et al.
2016). Consequently, temperament may be associated with later childhood behavioral
development, and associations with toxicant exposures may highlight early developmental
impacts on self-regulatory processes.

Phthalates are used as plasticizers in a variety of commercial products. Low molecular
weight (LMW) phthalates (for example, diethyl phthalate (DEP)) are sometimes present in
personal care products, such as perfume, shampoo, nail polish, and lotion (ATSDR 1995,
2001). High molecular weight (HMW) phthalates (for example, di(2-ethylhexyl) phthalate
(DEHP)) are typically used as polyvinyl chloride plasticizers in applications such as
flooring, tubing, wall covering, and medical devices (ATSDR 1997, 2002). People may be
exposed to phthalates by dermal contact, ingestion of contaminated food products, and
inhalation. Phthalates are quickly metabolized and excreted from the body in urine and
feces. Despite rapid metabolism, studies suggest moderate stability in concentrations of
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some phthalate metabolites over time because of frequent, albeit episodic, exposure to some
phthalate sources (e.g., cosmetics) (Adibi et al. 2008; Dewalque et al. 2015; Hauser et al.
2004; Teitelbaum et al. 2008).

A growing literature suggests potential links between prenatal phthalate exposures and
neurodevelopmental outcomes in children (Miodovnik et al. 2011; Factor-Litvak et al. 2014;
Y. Kim et al. 2011; Polanska et al. 2014; Whyatt et al. 2012; Engel et al. 2010; Kobrosly et
al. 2014; Lien et al. 2015; Yolton et al. 2011; Swan et al. 2010), though not all studies report
non-sex specific associations (Braun et al. 2014; Doherty et al. 2017; Gascon et al. 2015;
Huang et al. 2015; Tellez-Rojo et al. 2013; Engel et al. 2009). A number of studies
specifically reported associations between phthalate exposures and behavioral difficulties.
For example, B. N. Kim et al. (2009) reported an association between metabolites of DEHP
and parent-reported ADHD. Another study found associations between metabolites of LMW
phthalates in maternal urine from pregnancy and aggression, conduct problems, attention
difficulties, externalizing problems, and low adaptability on the Behavior Assessment
System for Children- Parent Rating Scales (BASC) (Engel et al. 2010). This same study also
reported links between increased prenatal LMW phthalate metabolites and lower emotional
control and poorer executive function on the Behavior Rating Inventory of Executive
Function (BRIEF) (Engel et al. 2010). Two studies also reported some associations between
particular phthalates in prenatal urine samples and behavior problems in children as reported
by mothers on the Child Behavior Checklist (CBCL) (Whyatt et al. 2012; Kobrosly et al.
2014). For example, Whyatt et al. (2012) described an association between monobuty!|
phthalate (MnBP; a metabolite of di-n-butyl phthalate [DnBP]) and monobenzy! phthalate
(MzBP; a metabolite of butylbenzyl phthalate [BBzP]) and clinically withdrawn behaviors,
and MBzP and clinically internalizing behaviors. Many of these studies also reported some
differential associations between phthalates and behaviors in male compared to female
children (Engel et al. 2010; Whyatt et al. 2012; Kobrosly et al. 2014).

Given the studies suggesting associations between phthalate exposures and childhood
behavior and psychological literature implicating temperament patterns in development of
psychopathology, we hypothesized that maternal prenatal concentrations of urinary
phthalates biomarkers may also be associated with early childhood temperament. Thus, we
sought to examine this hypothesis in a longitudinal study of child development with existing
markers of prenatal phthalate exposure and multiple assessments of early childhood
temperament. Since previous studies reported sex-phthalate interactions, we also assessed
associations between phthalate and temperament among male and female children.

2. Material and methods

2.1 Study participants and data collection

The Mount Sinai Children’s Environmental Health study is a prospective cohort study of
primiparous women with singleton pregnancies. Pregnant women were enrolled during
prenatal visits at Mount Sinai Diagnostic and Treatment Center or two private practice
clinics. All children in the study were born between May 1998 and July 2001 at Mount Sinai
Hospital.
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A single urine sample was collected from women between weeks 25 and 40 of pregnancy.
During the third trimester, the women were administered a questionnaire about
sociodemographic characteristics, medical conditions and lifestyle. The quality of the home
environment was assessed using the Home Observation for Measurement in the Environment
(HOME) Inventory at 12 and 24 months of age (Caldwell and Bradley 1984). Birth and
delivery characteristics were collected from the medical record database at the Mount Sinai
Department of Obstetrics, Gynecology and Reproductive Science. Institutional Review
Boards at the Mount Sinai School of Medicine and the University of North Carolina at
Chapel Hill approved the study. The analysis of blinded specimens at the Centers for
Disease Control and Prevention (CDC) laboratory was determined not to constitute
engagement in human subjects research.

2.2 Phthalate metabolite measurements

Concentrations of ten phthalate metabolites in the maternal urine samples were quantified at
the CDC according to methods described previously (Kato et al. 2005; Silva et al. 2008). For
concentrations below the limit of detection (LOD), we imputed the value of the LOD
divided by the square root of two.

For these analyses, we focused on five phthalate metabolites: monoisobutyl phthalate (MiBP,
a metabolite of diisobutyl phthalate), MnBP, monoethyl phthalate (MEP, a metabolite of
DEP), mono(3-carboxypropyl) phthalate (MCPP, a major di-n-octyl phthalate metabolite, a
minor DnBP metabolite and a metabolite of several high molecular weight phthalates), and
MBzP. We calculated the molar sum of four metabolites of DEHP: (mono(2-ethyl-5-
carboxypentyl) phthalate (MECPP), mono(2-ethyl-5-oxohexyl) phthalate (MEOHP),
mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono(2-ethylhexyl) phthalate
(MEHP)), and refer to this as ZDEHP.

2.3 Temperament assessment

When the children were approximately 12-months old, mothers were asked to complete the
Infant Behavior Questionnaire (IBQ) — 1978 version (Rothbart 1981). This 91-item
questionnaire contains Likert-type scales for which the parent is asked to indicate how often
the infant engaged in certain behaviors in the past week. Item responses are averaged to
create summary scores that represent six dimensions of toddler temperament: activity level
(17 items) with higher scores indicating greater gross motor activity, distress to limitations
(20 items) with higher scores revealing increased frustration in response to being prevented
from completing certain actions, distress and latency to sudden changes or novel stimuli
(16 items) with higher scores signifying greater distress, duration of orienting (11 items)
with higher scores suggesting increased interaction and vocal communication with an item
without an alteration in stimulation, smiling and laughing (15 items) with high scores
indicating increased smiling or laughing, and soothability (8 items) with higher scores
revealing increased reduction of distress when soothing attempted. The IBQ originally
contained 11 items on the soothability scale, but we dropped three items (92, 93, and 94).
The scoring documentation for the 1978 version of the IBQ states that reliability for the
soothability scale had only thus far been established without items 92 and 93. For item 94,
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mothers were asked to specify other methods for soothing the child and this was missing for
the majority of children in our study.

Mothers completed a 108 item Toddler Behavior Assessment Questionnaire (TBAQ)
(Goldsmith 1996) when the children were approximately 24-months of age. This parent-
report assessment consists of five content scales: activity level (20 items) with higher scores
signifying a greater level of movement, anger (28 items) with higher scores implying
greater proneness to crying or protesting when in conflict, social fear (19 items) with higher
scores revealing more inhibition or withdrawal in new social situations, interest (22 items)
with higher scores implying longer time persisting in independent play, and pleasure (19
items) with higher scores specifying increased smiling, laughing, and positive vocal
communication.

Participants missing greater than 25% of scale items were coded as missing that summary
score. Thus, the number of mother-child pairs with outcome information differed for each
temperament scale.

2.4 Statistical analyses

We examined the distributions of the temperament scales and calculated the internal
consistencies (Cronbach’s alpha) of each scale to assess whether or not the different items
represent the same underlying construct. We also calculated correlations between scores of
the different scales. We compared the characteristics of study participants in the cohort
eligible for the analysis to the participants with at least one 12-month temperament content
scale and with at least one 24-month temperament content scale.

To examine how temperament content scales differed across mother-child characteristics, we
calculated medians and interquartile ranges (IQRs) for each temperament content scale by
categories of the characteristics. Since some of the temperament scale had non-normal
distributions, we tested for differences between the groups using Kruskal Wallis tests.

We used multiple linear regression to examine associations between phthalate metabolite
concentrations and each of the temperament scales in SAS version 9.4 (SAS Institute Inc.,
Cary, NC). We examined regression diagnostics using PROC REG. Since some of the initial
regression models indicated heteroskedasticity of the residuals, we natural log-transformed
the temperament scales. We completed a series of analyses examining the relationship
between the outcomes and each natural log-transformed phthalate metabolite with
adjustment for natural log creatinine concentration in the model. In the main results, we
present the percent change in each of the temperament scales for each 10% increase in
phthalate concentration. In supplemental results, we also z-standardized the log-
transformations in order to interpret the results on a standard deviation scale. Our models
were adjusted for maternal alcohol use during pregnancy (no, yes), marital status during
pregnhancy (married or living with baby’s father, single/divorced/widowed/separated),
maternal race (non-Hispanic white, non-Hispanic black, Hispanic/other), breastfeeding (no,
yes), maternal education (high school or less, some college, college graduate), child’s sex
(male, female), maternal age at delivery (continuous), the total HOME score from the time
period (12-month or 24-month) of the outcome assessment (continuous) and smoking during
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pregnancy (no, yes). The results of the regression models presented here were fit using
PROC GLM. Regression analyses were restricted to mother-child pairs with phthalate
biomarkers data, a urinary creatinine concentration >10 mg/dL, and an available summary
score on each individual temperament scale. Because there was minimal missing covariate
data, we also restricted our analysis to mother-child pairs with complete covariate
information.

Since there is evidence of heterogeneous associations between phthalate metabolites
concentrations and neurodevelopmental outcomes by sex, we also fit models where we
allowed for interactions between log-transformed phthalate metabolites and child’s sex.
Based on the results of these models, we estimated the associations between phthalate
metabolites concentrations and the temperament scales for each sex.

3.1 Characteristics of analytic sample

The Mount Sinai Children’s Environmental Health study recruited 479 pregnant women.
“Among these women, 75 were excluded because of miscarriage (n=1), fetal or infant death
(n=2), medical complications (n=3), genetic anomalies (n=5), birth at less than 32 weeks
completed gestation or birth weight of less than 1,500 g (n=5), not supplying a urine
specimen prior to delivery (n=12), not continuing to participate in the study (n=19), or
moving to a new hospital or outside of New York City (n=28) (Engel et al. 2007). Thus, 404
mother-child pairs were eligible for these analyses. Among 404 mother-child pairs in the
original cohort, 204 had a score for at least one 12-month temperament scale and 279 had a
score for at least one 24-month temperament scale. The mothers completing at least one 12-
month temperament evaluation for their child were more likely to be white, have a college
degree, or 30 years of age or older than mothers in the original cohort (Table 1). The
mothers of children with at least one 24-month temperament scale were more likely to have
reported breastfeeding, but were otherwise similar compared to those in the original cohort.

For the regression analyses, 382 of the eligible 404 mother-child pairs had phthalate
metabolite concentrations. We excluded six mother-child pairs with maternal urinary
creatinine concentrations <10 mg/dL from the regression analyses. After restricting to
mother-child pairs with scores on each individual scale, we excluded participants with
incomplete covariate data (N=10 from the 12-month analyses and N=8 from the 24-month
analyses).

3.2 Outcome scale characteristics and demographics

Internal consistencies (Cronbach alpha coefficients) for the scales ranged from 0.72 to 0.88.
Distress or and latency to novelty on the 12-month IBQ scale was moderately correlated
with social fear on the 24-month TBAQ scale (Spearman correlation coefficient (p) = 0.41).
Higher activity levels on the TBAQ were also modestly correlated with higher TBAQ anger
scores (p = 0.51). Otherwise, correlations between the temperament scales were weak (|p| <
0.40) (Supplemental Table 1).
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At 12-months, children of mothers with a partner were more likely than others to have lower
scores on distress and latency to novel stimuli and duration or orienting scales (Table 2).
Black mothers reported that their children had higher distress to novel stimuli than white,
Hispanic or other race/ethnicity mothers. Duration of orienting was lower in children of
white women whereas smiling and soothability scores were higher among children of
Hispanic or other mothers. Breastfeeding was inversely correlated with the child’s duration
of orienting. Higher maternal education was associated with the child’s lower distress to
novelty and higher duration of orienting. Distress and latency to novelty were also higher
among male children or children with younger mothers.

At the time of the 24-month questionnaire, activity and interest levels were higher among
children born to women who did not report alcohol use during pregnancy (Table 3). Children
of black or Hispanic/other mothers had higher scores on the activity level, anger, and
pleasure scales than children of white mothers. Hispanic/other mothers reported higher
levels of interest. Not breastfeeding was also associated with higher reported activity levels
in the children. Activity, anger and pleasure scores were higher among children of younger
mothers or children of mothers with lower education levels. Higher total home year score at
24-months was associated with lower activity level and anger, but higher scores on the
interest scale.

3.3 Phthalate metabolite concentrations and infant/toddler temperament

Descriptions of the phthalate metabolite concentrations in Mount Sinai Children’s
Environmental Health study have been published previously (Wolff et al. 2008) and
concentrations are within the ranges of the general United States population in the late 1990s
—early 2000s (Silva et al. 2004). Though we observed some consistent patterns in
associations between phthalate metabolite concentrations and some of the 12-month
temperament scales, most associations did not meet statistical significance (Figure 1,
Supplemental Table 2, Supplemental Table 3). Furthermore, the magnitude of the
associations was small. Phthalate metabolites concentrations were inversely associated with
reported activity levels. We found that a 10% increase in MnBP concentration was
associated with a 0.2% (95% confidence interval (Cl): 0.0%, 0.5%) decrease in the IBQ
activity score and that a 10% increase in MBzP was associated with a 0.2% (95% CI: 0.0%,
0.4%) decrease IBQ activity score, respectively. For many of the phthalates biomarkers,
higher concentrations were associated with duration of orienting scores at 12-months (%
change in orienting per 10% change in MnBP=0.2 [95% CI: —0.1, 0.4], % change in
orienting per 10% change in MiBP=0.2 [95% CI: -0.1, 0.5], % change in orienting per 10%
change in MCPP=0.2 [95% CI: -0.1, 0.5], % change in orienting per 10% change in
MBzP=0.3 [95% CI: 0.0, 0.5], % change in orienting per 10% change in ZDEHP= 0.2 [95%
Cl: -0.1, 0.5]). For metabolites of high-molecular weight phthalates, increasing
concentrations were associated with lower reported levels of smiling and laughing, although
these associations did not meet statistical significance (% change in smiling per 10% change
in MCPP=-0.1 [95% CI: -0.3, 0.0], % change in smiling per 10% change in for MBzP=-0.1
[95% CI: -0.2, 0.0], % change in smiling per 10% change in DEHP=-0.1 [95% CI: -0.2,
0.1]).
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For the 24-month TBAQ questionnaire, the patterns across phthalate metabolites were not as
clear. We observed evidence of a non-significant positive association between DEHP and
anger levels (% change in anger per 10% change in ZDEHP=0.2 [95% CI: 0.0, 0.4]) (Figure
2, Supplemental Table 4, Supplemental Table 5). We also observed borderline associations
between concentrations of MCPP and MBzP and increased social fear (% change in social
fear per 10% change in MCPP=0.3 [95% CI: -0.1, 0.6], % change in social fear per 10%
change in MBzP=0.3 [95% CI: 0.0, 0.5]). Finally, MCPP and MBzP concentrations were
inversely associated with scores on the pleasure scale (% change in pleasure per 10% change
in MCPP=-0.2 [95% CI: -0.4, —-0.1], % change in pleasure per 10% change in MBzP=-0.1
[95% CI: -0.2, 0.0]).

Though sex-by-phthalate interaction terms were not statistically significant at the p-value <
0.10 level, the associations between phthalate metabolite concentrations and duration of
orienting scores at 12-months were stronger among girls (Supplemental Table 6 and 7).
There was evidence of heterogeneity by sex on the distress and latency to novelty scale with
higher concentrations of MnBP (interaction p-value=0.07), MCPP (interaction p-
value=0.01), and MBzP (interaction p-value=0.03) being more strongly associated with
higher distress to novelty among girls. At 24-months, we did not observe any evidence of
heterogeneity by sex in the association between phthalate metabolites and temperament
(Supplemental Table 8, Supplemental Table 9).

4. Discussion

4.1 Findings

In this prospective cohort study, we generally did not observe strong statistical evidence for
associations between maternal urinary phthalate metabolites concentrations during
pregnhancy and parent-reported child temperament at 12 and 24-months of age. Based on the
12-month temperament questionnaire, there were borderline associations between phthalate
metabolites concentrations and lower activity levels, particularly for MnBP and MBzP.
These same phthalate metabolites were also weakly associated with higher duration of
orienting. Additionally, MCPP, MBzP and ZDEHP metabolites were weakly, but not
significantly, associated with less smiling and laughing. At 24 months, higher concentrations
of MCPP and MBzP were associated with higher social fear and lower pleasure. There was
also some suggestion of a positive association between ZDEHP and anger levels. However,
there was no association with activity level at the 24-month visit.

4.2 Previous Literature

Early childhood temperament has been associated with maternal social, behavioral and
environmental exposures experienced in the prenatal and early life period (Stroustrup et al.
2016), and with later psychopathology (Nigg 2006). The continuity of temperament from
infancy through early childhood has been found to be stable, suggesting the importance of
the early developmental period in the establishment of self-regulatory capabilities (Carranza
et al. 2013; Komsi et al. 2006). Therefore, infant and toddler temperament might serve as a
potential marker of later behavioral outcomes. For example, Willoughby et al. (2016)
reported associations between higher reactivity (fear, anger, and activity) and lower
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regulation (inhibition and persistence of attention) in the first three years of life and parent-
and teacher-reported ADHD behaviors when the children were in first grade. As such,
identifying negative temperamental features may be useful for targeting early interventions
to at risk children.

Previous studies have found associations between exposure to phthalates and behavioral
difficulties and social impairment in older children (B. N. Kim et al. 2009; Engel et al. 2010;
Whyatt et al. 2012; Kobrosly et al. 2014; Chopra et al. 2014; Miodovnik et al. 2011; Park et
al. 2015). Whyatt et al. (2012) reported associations between maternal concentrations of
MnBP and MBzP during the third trimester and increased withdrawal and internalizing
behaviors in children at three years of age as assessed through the maternally reported Child
Behavior Checklist (CBCL). Kobrosly et al. (2014) reported associations between higher
maternal MiBP urinary concentrations during pregnancy and attention problems, aggressive
behavior, oppositional defiance, and conduct problems in children at 6-10 years of age
according to a parent-reported CBCL.

In this same cohort, we previously reported associations between maternal urinary
concentrations of metabolites of low molecular weight phthalates during pregnancy and
worse BASC scores for aggression, conduct problems, attention difficulties, depression,
externalizing problems, and adaptability, and with the BRIEF emotional control scale and
global executive composite index when the children were 4-9 years old (Engel et al. 2010).
In the present paper, we extended this research to investigate the relation between gestational
phthalate exposure and temperament because temperament at 12- and 24-months of age is
closer in time to the initial phthalate exposure measurements, leaving less opportunity for
postnatal environmental exposures and home environment conditions to potentially
confound the effects of prenatal exposures.

We reported suggestive weak associations between exposure to certain phthalates and lower
activity levels and higher duration of orienting at 12-months of age. The duration of
orienting scale is a visual habituation task, intended to represent the construct of persistence
of attention (Rothbart et al. 2000; Rothbart 1981), which has been shown to segregate with
the orienting/regulatory capacity factor in several studies (Sung et al. 2015; Gartstein and
Rothbart 2003), and may serve as an important predictor of later effortful control (Gartstein
et al. 2013). After the first year of life, however, the infant’s emerging ability to regulate and
shift attentional focus, a core component of executive functions, may result in faster
disengagement with familiar objects, and thus a lower duration of orienting (Gartstein et al.
2013). Indeed, a recent longitudinal study found that shorter duration of looking was
associated with significantly higher executive function scores throughout early childhood, as
compared to infants with a longer duration of looking (Cuevas and Bell 2014). In this
context, increases in duration of orienting associated with increasing gestational exposure to
phthalates is coherent with previously reported associations with phthalate-associated
deficits in executive functions in this and other studies (Engel et al. 2010; Kobrosly et al.
2014; Factor-Litvak et al. 2014), since children in the present study were largely 12 months
and somewhat older at the time of their assessment. Thus, our findings lend weak support to
the hypothesis that gestational phthalate exposure may negatively impact executive
functions, in particular, effortful control. Of note, an earlier analysis of data from our cohort
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found that increasing concentrations of the molar sum of MCPP and metabolites of high
molecular weight phthalates (DEHP, BzBP) was associated with decreasing scores on the
Orientation domain of the Brazelton Neonatal Behavioral Assessment Scale (BNBAS)
among girls (Engel et al. 2009). The BNBAS Orientation scale represents the capacity of the
newborn to engage with visual and auditory stimuli as well as the quality of alertness, so it
does not measure the same construct represented by duration of orienting scale on the IBQ,
but does generally point to a common affected domain over time

High scores on duration of orienting have also been linked to increased internalizing
behaviors at later ages (Rothbart et al. 2000). In our study sample, somewhat lower scores
on the Activity and Smile domain at 12-months, and lower scores on the Pleasure domain at
24 months along with higher scores on the Social Fear domain, suggest an internalizing
component. Some studies have linked gestational exposure to phthalates with increases in
internalizing behaviors in later childhood (Whyatt et al. 2012; Engel et al. 2010), also
lending plausibility to these observations. Though some phthalates were associated with
lower activity at 12 months, there was no association with activity at 24 months. We found a
weak correlation (0.32) between activity level at 12 and 24 months. This may indicate that
activity level is not necessarily consistently reported over time or that the construct assessed
through the two scales is not the same.

We also evaluated if associations between maternal phthalate metabolite concentrations and
temperament differed by child’s sex since earlier studies have reported differential
associations between phthalates and later childhood behaviors in males as compared to
females (Engel et al. 2010; Whyatt et al. 2012; Kobrosly et al. 2014). We found some
evidence of heterogeneity by child’s sex in the association between certain phthalate
metabolites and distress and latency to novel stimuli. Though the interaction terms were not
statistically significant at the 0.05 level, the association between phthalates and duration of
orienting was largely observed among the girls and not the boys. We did not find any
evidence of sex heterogeneity and associations between phthalate metabolites and
temperament at 24-months.

4.4 Limitations and Strengths

One limitation of our study is that temperament outcome is based on parental response.
Parents may differ in their response to the questionnaire independently of the child’s actual
behavior. For example, responses may be influenced by the psychological well-being of the
parent and by comparative knowledge of other children. In our study, we found that the
distributions of some temperament scales differed by maternal race and education as
previously reported (Jansen et al. 2009). We do not know if these groups are objectively
different because of situational factors or if the differences are solely a result of parental
reporting. Despite the limitations of parental report, an advantage of using parental report is
that parents are more familiar with the overall behavior of the child than an outside observer,
and thus may be more attuned to subtle features of their responses.

Another concern of our study is that the exposure measurement was based on the
concentration in a spot urine sample from one time point in pregnancy. Phthalates are
rapidly metabolized and exposures are likely episodic, so we cannot guarantee that the
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measurement is reliable across the pregnancy period. Despite the concern of the rapid
metabolism of phthalates, personal care product usage is generally consistent over time.
There is also evidence that concentrations of some phthalates are moderately stable over
time in samples collected from pregnant women (Adibi et al. 2008; Braun et al. 2012;
Cantonwine et al. 2014; Ferguson et al. 2014; Fisher et al. 2015; Valvi et al. 2015) and non-
pregnant persons (Baird et al. 2010; Dewalque et al. 2015; Frederiksen et al. 2013; Fromme
et al. 2007; Hauser et al. 2004; Hoppin et al. 2002; Meeker et al. 2012; Peck et al. 2010;
Preau et al. 2010; Teitelbaum et al. 2008; Townsend et al. 2013; Sexton and Ryan 2012).
Also, our measurements were generally from the third trimester, so it is possible that other
exposure windows may differentially impact brain and behavior development. Furthermore,
early childhood exposure to phthalates may impact childhood temperament and we could
not account for this in the analysis.

It is somewhat challenging to contextualize the magnitude of the reported associations given
the dearth of research in this area, and the inconsistency in reporting patterns among studies.
We scaled our estimates to standard deviation increases to provide intuitive comparability
across scales, and provide a relative benchmark to the distribution. The largest observed
effect size was a —0.22 standard deviation change in log-pleasure score with a log-unit
change in MCPP concentration, which suggests relatively small changes temperament
outcomes over the entire distribution of biomarkers concentrations. MCPP is also a non-
specific metabolite that can derive from multiple parent phthalate compounds. We also
cannot exclude the potential for unmeasured or residual confounding; in particular, we did
not have information on history of maternal depression, which might impact maternal
reporting of child temperament, although this may well be non-differential with respect to
phthalate exposure.

Our study has numerous strengths. Our study was conducted in a socioeconomically diverse
study that was followed prospectively; thus we were able to ascertain and adjust multiple
potential confounders of the association between phthalates and temperament. We assessed
phthalate exposure during the prenatal time period using validated biomarkers. We also
measured temperament at two time points: 12-months and 24-months of age. Finally, we
considered the potential for heterogeneity by sex based on prior studies suggesting that
phthalate effects may differ by sex.

5. Conclusion

In this prospective cohort study with a diverse study sample, we found weak evidence for
associations between urinary phthalate metabolite concentrations during pregnancy and
child temperament at 12- and 24- months of age. This is despite evidence linking prenatal
phthalate concentrations to adverse behavioral profiles later in childhood. Further research
may provide relevant data to identify environmental factors that may influence temperament.
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Highlights
. Prenatal phthalates metabolites were measured in spot urine samples.
. Temperament was assessed by parent report at 12- and 24-months.
. Prenatal phthalates were generally not associated with temperament.
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Distress and
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Figure 1.
Estimates of percent change in 12-month infant temperament scales (and 95% confidence

interval) for a 10% increase in prenatal phthalate metabolite concentration.

Regression models are adjusted for maternal alcohol use during pregnancy, marital status
during pregnancy, maternal race, breastfeeding, maternal education, child’s sex, maternal
age at delivery, the total HOME score at 12-months, smoking during pregnancy, and the
natural log of the creatinine concentration. Number of subjects in analyses: Activity
(N=178), Distress to limitations (N=180), Distress and latency to novelty (N=178), Duration
of orienting (N=179), Smiling (N=178), Soothability (N=178).
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Estimates of percent change in 24-month infant temperament scales (and 95% confidence
interval) for a 10% increase in prenatal phthalate metabolite concentration.
Regression models are adjusted for maternal alcohol use during pregnancy, marital status
during pregnancy, maternal race, breastfeeding, maternal education, child’s sex, maternal
age at delivery, the total HOME score at 24-months, smoking during pregnancy, and the
natural log of the creatinine concentration. Number of subjects in analyses: Activity
(N=255), Anger (N=245), Social Fear (N=234), Interest (N=239), Pleasure (N=247).
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