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Abstract

Background—Triclosan, an antimicrobial agent used in some consumer products, reduces
endogenous thyroid hormone concentrations in rodents. Despite ubiquitous triclosan exposure and
the importance of thyroid hormones for normal fetal development, few human studies have
examined the impact of triclosan exposure on maternal, neonatal, or child thyroid hormones.

Methods—In the HOME Study, a prospective cohort from Cincinnati, OH, we measured urinary
triclosan concentrations up to three times in pregnant women between 16 weeks and delivery, and
up to three times in children between age 1-3 years. We quantified serum concentrations of
thyroid stimulating hormone and total and free thyroxine and triiodothyronine in mothers at 16-
weeks gestation (n=202), neonates at delivery (n=274), and children at age 3 years (n=153). We
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estimated covariate-adjusted differences in thyroid hormones with a 10-fold increase in triclosan
using linear regression and multiple informants models.

Results—Triclosan was not associated with thyroid hormones during pregnancy. We observed a
few associations of triclosan concentrations with thyroid hormone concentrations in neonates at
delivery and children at age 3 years. Higher gestational triclosan, particularly around the time of
delivery, was associated with lower cord serum total thyroxine (8:0.3 ug/dL; 95% CI:-0.6, —0.0).
Childhood triclosan, particularly at age 1 year, was positively associated with total thyroxine at
age 3 years (B:0.7 pg/dL; 95% CI1:0.3, 1.2).

Conclusion—Our findings suggest that triclosan exposure may influence some features of
neonatal and early child thyroid function. Given the large number of comparisons we made, these
findings should be replicated in other cohorts.

Introduction

Triclosan is an antimicrobial agent used in some toothpastes, personal care products, soaps,
cleaning supplies, and medical devices (Rodricks et al., 2010). Exposure may occur either
through oral ingestion (e.g., toothpaste) or dermal absorption (e.g., soaps or personal care
products) (Allmyr et al., 2006; Dann and Hontela, 2011). Triclosan has a biological half-life
<24 hours and is predominately excreted in the urine as a glucuronide or sulfate conjugate
(Sandborgh-Englund et al., 2006). Triclosan exposure is ubiquitous in many countries with
average urinary concentrations ranging from 6-30 ng/mL and <1-32 ng/mL among pregnant
women and children, respectively (Casas et al., 2011; Li et al., 2013; Stacy et al., 2017;
Wolff et al., 2010; Woodruff et al., 2011).

Triclosan causes reductions in serum thyroxine (T4) concentrations in rodents by increasing
hepatic catabolism of endogenous thyroid hormones (Johnson et al., 2016; Paul et al., 2012;
Paul et al., 2010). Decreases in T4 during fetal neurodevelopment may cause reduced
cognitive abilities or increased risk of behavior problems in children (Ghassabian et al.,
2011; Henrichs et al., 2013). Only a few epidemiological studies examining triclosan
exposure and thyroid function in adolescents or adults have been conducted, with
inconsistent findings (Cullinan et al., 2012; Geens et al., 2015; Koeppe et al., 2013). In a
study of pregnant women, 3" trimester urinary triclosan concentrations were inversely
associated with maternal free T, concentrations in the 3" trimester and cord serum free
triiodothyronine (T3) concentrations (Wang et al., 2017). However, no studies have
examined whether urinary triclosan concentrations are associated with thyroid hormones in
the first or second trimester of pregnancy, when the fetus is reliant on the mother for T4 (de
Escobar et al., 2004). Moreover, we are not aware of any prospective studies examining the
impact of triclosan exposure on thyroid function during early childhood, a critical period of
neurodevelopment. Finally, no studies have examined if there are unique windows of
heightened susceptibility to triclosan exposure.

To address these important research gaps, we examined the association of repeated
gestational and childhood urinary triclosan concentrations with maternal, neonatal, and child
serum thyroid hormone concentrations among women and their children in the Health
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Outcomes and Measures of the Environment (HOME) Study. We also sought to identify
whether there were windows of heightened susceptibility to triclosan exposure.

Methods

Study Participants

We used data from the HOME Study, a prospective cohort study designed to quantify the
health effects of early life exposure to prevalent environmental chemicals. Details regarding
eligibility, recruitment, and follow-up have been previously published (Braun et al., 2016).
Briefly, we recruited pregnant women from seven prenatal clinics associated with three
hospitals in the Cincinnati, Ohio area from March 2003 to January 2006. The eligibility
criteria at enrollment were: 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 any medications for
seizure or thyroid disorders. After research assistants explained study protocols, all women
provided written informed consent for themselves and their children. The institutional
review boards of Cincinnati Children’s Hospital Medical Center and the cooperating
delivery hospitals approved this study.

Urinary Triclosan Concentration Measurements during Pregnancy

Women provided up to two urine samples during their prenatal care clinic visits around 16
and 26 weeks of pregnancy and another within 48 hours after delivery. Almost all women
(97%) provided at least two urine samples. We collected urine samples from children during
study visits completed between 2004 and 2009, which included clinic or home visits at ages
1, 2, and 3 years. Eighty-five percent of children provided at least one urine sample; among
those 71% provided at least two samples.

Caregivers were asked to wipe their child’s genital area with a triclosan-free towelette before
urine collection. We collected urine using Kendall abdominal pads placed inside the diaper
for non-toilet trained children, a training potty lined with inserts for children who were being
toilet trained, or specimen cups for children who were toilet trained. We followed the
recommendations of Ye et al. (2013) to minimize the potential for external contamination
during urine sample collection, storage, and analysis (Stacy et al., 2017; Ye et al., 2013).
Details regarding our quality control procedures are available in the Supplemental Methods
and Supplemental Table 1.

All samples were refrigerated until they were processed (<24 hours), after which they were
stored at or below —20°C until shipped on dry ice to Centers for Disease Control and
Prevention (CDC) for analysis. Total urine triclosan concentrations (free + conjugated) were
measured at the CDC laboratories using previously described analytic chemistry methods
and the coefficient of variation (CV) for the assay ranged from 5.2 to 9.3% for low and high
concentration quality control samples (Ye et al., 2008). The limit of detection (LOD) for the
assay was 2.3 ng/mL and concentrations below the LOD were assigned a value of the LOD/
V2. To account for urine dilution, we measured urinary creatinine concentrations using a
kinetic Jaffe reaction, and triclosan concentrations were divided by creatinine concentrations
and multiplied by 100 to yield units of pg triclosan/g creatinine.
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Maternal, Neonatal, and Child Serum Thyroid Hormone Concentrations

Covariates

We collected venous blood from mothers at approximately 16 weeks gestation, venous
umbilical cord blood from neonates at delivery, and venous blood from children at
approximately age 3 years. Blood samples collected during pregnancy and at age 3 years
were collected at the same time as the urine samples that we quantified triclosan in. We
separated serum from clotted blood and stored it at —80 °C until analysis. The clinical
chemistry laboratory in the Department of Laboratory Medicine at the University of
Washington quantified thyroid stimulating hormone (TSH), total and free T4 (TT4 and fTy),
total and free T3 (TT3 and fT3), and thyroid antibodies (thyroid peroxidase [TPOAb] and
thyroglobulin antibodies [TgAb]) concentrations in maternal and cord sera using an Access2
automated clinical immunoassay analyzer (Beckman Coulter Inc.). Because the volume of
serum samples from age 3 years was limited, we prioritized thyroid hormone assays in these
samples as follows: TSH > fT, > TT,4 > fT3> TT3 > thyroid antibodies. This resulted in
varying sample sizes for analyses of thyroid hormones at age 3 years. The coefficient of
variation for internal quality control samples ranged from 2.0 to 10%. Masked replicate
quality control samples also had low coefficients of variation (<8.5%).

We considered adjusting for potential confounders that might be associated with both
urinary triclosan concentrations and maternal, neonatal, or child serum thyroid hormone
function. We used a directed acyclic graph (DAG) to select confounders that were not causal
intermediates and associated with both urinary triclosan concentrations and thyroid function
(Supplemental Figures 1-3). We used previously published results from this cohort to
identify covariates associated with maternal and child triclosan concentrations (Stacy et al.,
2017). Trained research assistants collected covariate information using standardized
computer-assisted interviews and medical chart reviews. Sociodemographic covariates
included maternal race, age, education, marital status, household income during pregnancy,
and child sex and race. We abstracted maternal weight and height at 16 weeks gestation from
medical records and measured child weight and height at age 3 years. These were used to
calculate maternal and child body mass index (BMI). We measured exposure to tobacco
smoke using serum cotinine concentrations, a sensitive and specific biomarker of nicotine
(Bernert et al., 2009). Serum cotinine concentrations were measured up to three times during
pregnancy and at delivery, as well as up to three times from ages 1-3 years. We calculated
the average of available measures for gestational and childhood periods separately. Finally,
we assessed urinary iodine concentrations in a subset of women with sufficient urine
collected at 16 (3%) or 26 (97%) weeks gestation with an Agilent 7500cx Inductively
Coupled Plasma-Mass Spectrometer at the Trace Element Analysis Facility at Dartmouth
College (Caldwell et al., 2003). The LOD was 0.5 ug/L, with an average CV% across quality
control replicates of 8%.

Statistical Analyses

We began our analyses by describing gestational and childhood urinary triclosan and serum
thyroid hormone concentrations at each study visit. We calculated intraclass correlation
coefficients (ICC) between repeated measures of thyroid hormones during the gestational
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and childhood periods. We calculated average gestational and childhood creatinine-
standardized urinary triclosan concentrations by taking the mean of available logyg-
transformed creatinine-standardized urinary triclosan concentrations among mothers and
children, respectively. If a mother or child only had one sample, we used that as their mean.
We calculated the Pearson correlation coefficient of average gestational and childhood
triclosan concentrations. Next, we described maternal, neonatal, or child TSH concentrations
according to covariates.

We examined the shape of the dose-response relationship of logyg-transformed 16-week,
average gestational, or average childhood urinary triclosan concentrations with serum
thyroid hormone concentrations using a 3-knot restricted cubic polynomial spline
(Desquilbet and Mariotti, 2010). When associations were linear, we used multivariable linear
regression models to estimate the change in serum thyroid hormone concentrations per 10-
fold increase in urinary triclosan concentrations. We In-transformed serum TSH
concentrations and calculated the percent change in TSH concentrations with increasing
urinary triclosan concentrations. We modeled serum T4 and T3 concentrations on their
original scales.

We used linear regression to estimate the unadjusted and covariate-adjusted differences in
thyroid hormone concentrations per 10-fold increase in urinary triclosan concentrations. For
the analyses of maternal thyroid hormones, we used 16 week triclosan concentrations and
adjusted these models for maternal age, race, BMI at 16 weeks gestation, household income,
and gestational age at the time of sample collection. For analyses of cord serum thyroid
hormone concentrations, we examined the average gestational triclosan concentrations. We
adjusted these models for maternal age, race, household income, BMI at 16 weeks, and child
sex. For analyses of thyroid hormones at age 3 years, we examined the average gestational
and average childhood triclosan concentrations in separate models. We adjusted these
models for household income, child race, BMI at age 3 years, child sex, and age at 3 years.

Finally, we used a multiple informants model to test whether there were periods of
heightened susceptibility to triclosan exposure using our six repeated urinary triclosan
concentrations from mothers and children (Sanchez et al., 2011). The multiple informants
model treats individual triclosan concentrations as informants and simultaneously estimates
associations between each individual triclosan concentration and a given thyroid hormone in
the same statistical model. As described by Sanchez et al. (2011), the model takes the form:

E(Y) =Py + BpX; +B,Z, (Equation 1)

Where E(Y;) is the mean thyroid hormone concentration for the i-th participant, B is the
intercept for the association between thyroid hormone and triclosan concentrations measured
at the k-th visit, By is the slope of the association between thyroid hormone and triclosan
concentrations measured at the k-th visit, and oy is the association between thyroid
hormone concentrations and covariates. The model estimates the association between
thyroid hormone and urinary triclosan concentrations at each time point (i.e., f11,p12) using
generalized estimating equations with a working independence correlation matrix. In

Horm Behav. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Braun et al.

Modifiers

Page 6

addition, we can statistically tests the null hypothesis that the triclosan coefficients at each
visit are equal (i.e., 11 =P12 = ... =P1k) vs. the alternative hypothesis that at least one B1x
differs from the others. The model does not adjust for triclosan concentrations in the other
periods.

We conducted two sets of analyses to examine potential effect measure modification of
triclosan-thyroid associations. First, we examined if the associations between triclosan and
thyroid hormones at delivery or age 3 years were modified by child sex because we and
others have previously observed sex-specific effects of other environmental chemicals
(Chevrier et al., 2013; Romano et al., 2015). We did this by including a product interaction
term between urinary triclosan concentrations and children’s sex. If the p-value for this
interaction term was <0.10, we considered modification to be present and estimated sex-
specific associations. Second, in light of the importance of iodine in thyroid hormone
production and because we previously observed that urinary iodine concentrations modified
the association between gestational urinary bisphenol A and neonatal serum thyroid
hormone concentrations, we examined whether the associations of gestational urinary
triclosan concentrations with maternal or cord serum thyroid hormones concentrations were
modified by creatinine-standardized maternal urinary iodine concentrations (insufficient:
<150 pg/g vs. sufficient: =150 pg/g) (Romano et al., 2015). Finally, we conducted an
exploratory analysis examining whether urinary triclosan concentrations were associated
with TPO antibody concentrations.

Sensitivity Analyses

Results

We examined whether any of our notable associations were attenuated when we adjusted for
maternal urinary iodine concentrations since iodine may be an important confounder of the
association between environmental chemicals and thyroid function (Chevrier, 2013). In
addition, we adjusted for average urinary BPA concentrations at 16 and 26 weeks and
delivery because we previously observed that gestational BPA concentrations were
associated with both gestational triclosan concentrations and cord blood TSH concentrations
in this cohort (Romano et al., 2015; Stacy et al., 2017). Second, we examined whether our
associations were confounded by compromised thyroid function by excluding women,
neonates, or children with clinically significant elevations in thyroid peroxidase antibodies
(>9.0 IU/mL), a marker of compromised thyroid function. Finally, because labor and
delivery complications could lead to both compromised neonatal thyroid function and
medical interventions with triclosan exposure, we adjusted for mode of delivery and
excluded neonates who were admitted to the neonatal intensive care unit (NICU).

A total of 350 mother-child pairs were included in at least one of our primary analyses: 203
for 16-week thyroid hormones, 277 for cord blood thyroid hormones, and 153 for age 3 year
thyroid hormones. Average gestational urinary triclosan concentrations were higher than
average childhood urinary triclosan concentrations (medians: 14 vs. 8.1 ng/mL) (Figure 1,
Supplemental Table 2). Average gestational and childhood urinary concentrations were
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weakly correlated (Pearson r=0.22, p-value=0.0001). Maternal urinary triclosan
concentrations declined slightly from 16 weeks gestation to delivery (17 to 12 ng/mL)
(Figure 1, Supplemental Table 2). In contrast, children’s median urinary triclosan
concentrations increased from age 1 to 3 years (4.2 to 15 ng/mL). Individual gestational
(ICC=0.53) and childhood (ICC=0.56) urinary triclosan concentrations had fair
reproducibility (Stacy et al., 2017).

Few women, neonates, or children had clinically elevated TSH concentrations at 16 weeks
gestation (>3.0 mIU/L: n=14, 6.9%), delivery (>20 mIU/L: n=12, 4.3%), or age 3 years (>5
mlU/L: n=2, 1.3%), respectively (Table 1) (Alexander et al., 2017; Manglik et al., 2005).
TSH concentrations in mothers at 16 weeks and their neonates at delivery were weakly
correlated (Pearson r=0.22, p-value<0.05) and children’s TSH concentrations at delivery and
age 3 years were also weakly correlated (Pearson r=0.19, p-value<0.05). There were no
other correlations between repeated thyroid hormone concentrations.

Serum TSH concentrations at 16 weeks gestation were higher among women who were
older or obese, or had higher income or lower urinary iodine concentrations (Supplemental
Table 3). Cord serum TSH concentrations were higher in neonates born to women who were
overweight, but not obese, unexposed to tobacco smoke, had higher income, or delivered at
=37 weeks gestation (Supplemental Table 3). Serum TSH concentrations at age 3 years were
not substantially different across categories of covariates (Supplemental Table 3).

We did not observe evidence of non-linear associations between urinary triclosan
concentrations and thyroid hormones (all non-linearity p-values=0.17). Generally, our results
were similar before and after adjustment for covariates (Table 2). We observed no
associations between urinary triclosan and serum thyroid hormone concentrations among
pregnhant women at 16 weeks gestation (Table 2).

We observed that average gestational urinary triclosan concentrations were inversely
associated with cord serum TTy4 and fT3 concentrations and positively associated with cord
serum TSH concentrations (Table 2); however, the 95% confidence intervals (Cls) of these
point estimates included the null value. The inverse associations between triclosan
concentrations and TT,4 were stronger for triclosan measures taken near the time of delivery
(B: —0.3; 95% CI: -0.6, —0.0) than measures at 16 (B: —0.1; 95% CI: —0.4, 0.2) or 26 weeks
(B: —0.2; 95% ClI: -0.4, 0.1) (Figure 2, Supplemental Table 3); however, these associations
were not statistically different from one another (visit x triclosan interaction term p-
value=0.33) (Supplemental Table 4). The association between individual urinary triclosan
measures and fT3 concentrations did not significantly vary according to the time of urine
sample collection (visit x triclosan interaction term p-value=0.85) (Supplemental Table 4).
The repeated triclosan concentrations were not associated with other cord serum thyroid
hormone concentrations (Supplemental Table 4).

Average gestational urinary triclosan concentrations were positively associated with TSH

concentrations at age 3 years; however, the 95% CI of this estimate included the null value
(Table 2). The associations of individual triclosan measures with TSH concentrations were
not statistically different from one another (visit x triclosan interaction term p-value=0.90).
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Repeated triclosan measures during gestation or childhood were not associated with serum
concentrations of other thyroid hormones at age 3 years (Supplemental Table 5). Average
childhood urinary triclosan concentrations were positively associated with TT4 and T4
concentrations at age 3 years (Table 2). The association of TT, and fT4 concentrations at age
3 years with triclosan were strongest for triclosan measures collected at age 1 year (B TT4:
0.7; 95% CI: 0.3, 1.2; B fT4: 0.05; 95% CI: 0, 0.09) compared to triclosan concentrations at
other time points (Figure 3, Supplemental Table 5), but the associations of repeated triclosan
measures were only different from each other when examining triclosan and TTy4 (visit X
triclosan interaction term p-value=0.07) (Supplemental Table 5).

Secondary Analyses

We did not observe evidence that the association between urinary triclosan concentrations
and thyroid hormones at delivery or age 3 years was modified by child sex, with one
exception. The association between average gestational triclosan concentrations and cord
serum TSH was positive in girls (56% increase in TSH per 10-fold increase in triclosan;
95% ClI: 8, 125%), but null in boys (-19% decrease in TSH per 10-fold increase in triclosan;
95% CI: —46, 22) (child sex x triclosan interaction term p-value=0.02). Urinary iodine
concentrations during pregnancy did not modify the association of gestational triclosan
concentrations with maternal or neonatal thyroid hormone concentrations, with one
exception. Among women with low iodine concentrations during pregnancy, triclosan was
positively correlated with TSH concentrations at 16 weeks (67% increase; 95% CI: —20,
247), but inversely correlated with TSH among women with normal iodine concentrations
(41% decrease; 95% CI: -62, 9) (iodine x triclosan interaction term p-value=0.02).

TPO antibody concentrations at 16 weeks gestation or delivery were not associated with
gestational triclosan concentrations. Notably, we observed that each 10-fold increase in
average childhood urinary triclosan concentrations were associated with 328% higher (95%
Cl: 18, 1,457) TPO antibody concentrations. These associations did not vary by visit (visit x
triclosan interaction term p-value=0.15) (Supplemental Table 6).

Sensitivity Analyses

The associations of urinary triclosan concentrations around the time of delivery with TT, did
not appreciably change when we excluded neonates with high TPO antibody concentrations
or NICU admission or when we adjusted for average gestational urinary BPA
concentrations, urinary iodine concentrations, or delivery mode (Supplemental Table 7).

Discussion

We estimated the associations of urinary triclosan concentrations with thyroid hormone
levels in a group of healthy pregnant women who gave birth to typically developing children
with urinary triclosan concentrations similar to those observed in pregnant women and
children from the United States (Calafat et al., 2008; Woodruff et al., 2011). In this cohort,
we observed a few associations between urinary triclosan concentrations during pregnancy
or early childhood and neonatal or child thyroid levels. Notably, urinary triclosan
concentrations during pregnancy were inversely associated with serum TT,4 concentrations in

Horm Behav. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Braun et al.

Page 9

neonates at delivery. In particular, higher urinary triclosan concentrations near the time of
delivery were more strongly associated with decreases in TT,4 concentrations than triclosan
concentrations at 16 or 26 weeks gestation. Urinary triclosan concentrations during
pregnancy or childhood were generally not associated with most thyroid hormone
concentrations at age 3 years. However, we did observe suggestive positive associations of
gestational triclosan concentrations with TSH concentrations at age 3 years and childhood
triclosan concentrations with TT,4 and fT4 concentrations at age 3 years. We did not observe
evidence that urinary triclosan concentrations during pregnancy were associated with
maternal thyroid hormones at 16 weeks gestation.

This study adds to a small number of epidemiological studies examining the potential
thyroid-toxicity of triclosan exposure. In a randomized trial of adults who had coronary heart
disease (n=132), TSH, fT,4, and fT3 concentrations did not change after five years of using
triclosan-containing toothpaste vs. regular toothpaste (Cullinan et al., 2012). A small cross-
over study of adults (n=12) did not observe any changes in T4 concentrations after 14 days
of using a triclosan-containing toothpaste (Allmyr et al., 2009). In a nationally representative
cross-sectional study of United States adolescents and adults (n=1,831), urinary triclosan
concentrations (median~10 pg/g Cr) were associated with elevated TT3 concentrations in
adolescents; triclosan concentrations (median=11 to 16 ug/g Cr) were not associated with
thyroid hormone concentrations in adults (Koeppe et al., 2013). In a study of overweight or
obese Belgian adults (n=194), urinary triclosan concentrations (median=1.5 ng/mL) were
inversely associated with fT4 concentrations at baseline and 3 months after bariatric surgery
or a weight loss program, with stronger associations in women compared to men (Geens et
al., 2015). Finally, in a study of 398 Chinese women, urinary triclosan concentrations at ~39
weeks gestation (median=2.5 ng/mL) were inversely associated with maternal T4
concentrations at 36-41 weeks gestation and cord serum fT3 concentrations (Wang et al.,
2017). Both the present and prior study observed evidence that urinary triclosan
concentrations around the time of delivery were inversely associated with neonatal thyroid
hormone levels. In contrast to the inverse association between triclosan and fT4 among
pregnant women in this prior study, we observed no association between triclosan and fT,4
concentrations at 16 weeks gestation.

Differences in the results of our study and the prior one in pregnant women could arise for
several reasons (Wang et al., 2017). First, we assessed triclosan exposure in both the 2"d and
3" trimesters and again near the time of delivery, while the prior study assessed triclosan
exposure in the late 3" trimester. Second, average (median: 13 vs. 2.5 ng/mL) and maximum
(maximum: 1,135 vs. 89 ng/mL) third trimester urinary triclosan concentrations were higher
in this study compared to the study in China (Supplemental Table 2). Finally, we assessed
thyroid function earlier in the pregnancy than the prior study. Given the dynamic state of
maternal thyroid function during pregnancy, it is possible that the effects of triclosan on
thyroid concentrations vary over the course of pregnancy (de Escobar et al., 2004).
Additional studies with repeated measures of both triclosan exposure and thyroid function
during pregnancy could address this hypothesis.

One prior cross-sectional study observed a positive correlation between urinary triclosan
concentrations and triiodothyronine concentrations among adolescents (Koeppe et al., 2013).
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This is somewhat consistent with our results of a positive association of childhood triclosan
concentrations with serum TT4 or fT4 concentrations at age 3 years, but neither this nor the
prior cross-sectional study are consistent with experimental studies observing decreased
thyroxine concentrations in triclosan-exposed juvenile rodents (Johnson et al., 2016). We
also observed a suggestive positive association between gestational urinary triclosan
concentrations and serum TSH concentrations at age 3 years. Additional studies examining
early life triclosan exposure and child thyroid function with larger sample sizes are
warranted given our notable findings.

At least nine experimental studies in rodents show that triclosan exposure can reduce
circulating concentrations of T, in pregnant, neonatal, juvenile, and adult mice or rats
(Johnson et al., 2016; Louis et al., 2017). Several experimental studies in rodents and /n vitro
systems show that triclosan may decrease circulating T4 and T3 concentrations by increasing
thyroid hormone clearance via hepatic catabolism. Paul et al. showed that triclosan caused
reductions in serum TT,4 and TT3 concentrations in adult rats and these decreases were
accompanied by increased T4 glucuronidation and upregulation of Phase Il enzymes in the
liver that are involved in thyroid hormone catabolism (Paul et al. 2010). In a second study;,
Paul et al. demonstrated that triclosan caused reductions in maternal and neonatal serum TT4
concentrations and this was accompanied by changes in the activity of Phase Il enzymes in
the maternal liver that were consistent with a hepatic catabolism mechanism of action (Paul
et al., 2012). Triclosan may have other effects on thyroid hormone metabolism, including
sulfotransferase (Butt and Stapleton, 2013) or deiodinase inhibition (Butt et al., 2011;
Shimizu et al., 2013), which may in turn affect the availability of iodine for thyroid hormone
synthesis.

We used a novel statistical method to identify potential windows of susceptibility to triclosan
exposure. Some of the associations between triclosan and thyroid hormones concentrations
varied with respect to the timing of triclosan exposure assessment. \We speculate that
triclosan exposure during sensitive periods of development may influence the programming
of thyroid hormone homeostasis. Prior studies have observed that the hypothalamic-
pituitary-thyroid axis undergoes rapid changes during both gestation and infancy (Fisher et
al., 2000), and that the programming of this hormonal axis is modulated by numerous
factors, including genetics, endogenous hormones, and xenobiotics (Hoermann et al., 2015).
One limitation of our statistical method was that it required us to make a large number of
comparisons and it is possible that some results are spurious.

The present study has several strengths and limitations. First, we prospectively measured
urinary triclosan concentration up to three times during pregnancy and at delivery, and up to
three additional times during early childhood. Having repeated urinary triclosan
concentrations allowed us to estimate average gestational and childhood exposure, while
also identifying periods of heightened susceptibility. However there is moderate within-
person variation of urinary triclosan concentrations during pregnancy and early childhood
(Stacy et al., 2017), which can result in triclosan exposure misclassification. If this
misclassification is non-differential with respect to thyroid hormone concentrations, then our
associations may be attenuated towards the null. Second, we examined thyroid hormone
concentrations at three periods of life when thyroid hormones play an important role in
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neurodevelopment (Zoeller and Rovet, 2004). Gestational T, reductions are associated with
deficits in visual processing, visuomotor abilities, and motor skills, while postnatal
reductions are associated with deficits in language, fine motor skills, attention, and memory
(Rovet et al., 1992; Rovet and Hepworth, 2001a; Rovet and Hepworth, 2001b; Song et al.,
2001). Given that both gestational and childhood thyroid hormones are necessary for
different aspects of neurodevelopment, there is the potential for triclosan exposure at
different periods of life to impact specific features of neurobehavior. Nevertheless, our
sample size for the analysis of thyroid hormone concentrations at age 3 years was small and
we lacked statistical power to detect subtle associations at this time. In addition, our modest
sample size prevented us from determining whether urinary triclosan concentrations were
associated with clinically significant changes in thyroid function. Finally, while we
examined whether maternal iodine status during pregnancy modified the associations
between triclosan and thyroid hormones, we were not able to examine whether other known
thyroid stressors (e.g., perchlorate exposure) modify associations between triclosan and
thyroid hormone concentrations (Steinmaus et al., 2016). Moreover, we were not able to
examine if childhood iodine status modified or confounded the association between triclosan
and thyroid hormone concentrations.

This study contributes to the body of literature examining the potential thyroid toxicity of
triclosan in humans. During pregnancy, urinary triclosan concentrations were not associated
with thyroid hormone concentrations. However, urinary triclosan concentrations during
pregnancy, particularly around the time of delivery, were associated with reduced thyroxine
levels among newborns in this cohort. Triclosan concentrations in childhood, particularly
those around age 1 year, were associated with increased thyroxine concentrations in children
at age 3 years. Given that thyroid hormones play a critical role in neurodevelopment,
additional studies are needed to determine if triclosan exposure is associated with adverse
neurodevelopmental outcomes in children and if neonatal thyroid function mediates these
associations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

We measured triclosan levels 3 times during gestation and 3 times during
childhood

We measured thyroid function during pregnancy and at delivery and age 3
years

Triclosan levels during pregnancy were not associated with maternal thyroid
levels

Triclosan levels at delivery were associated with reduced neonatal thyroxine
levels

Triclosan levels at age 1 year were associated with higher child thyroxine
levels
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Figure 1.
Bean plots of urinary triclosan concentrations during pregnancy, at delivery, and during the

first three years of life among mother-child pairs from the HOME Study.

Dotted line represents the overall median urinary triclosan concentration and solid line in
each bean plot represents the median urinary triclosan concentration for that visit. The gray
area is a density function of triclosan concentrations at each visit, with individual
observations indicated by the narrow black lines. W=weeks of gestation, Y= age in years.

Horm Behav. Author manuscript; available in PMC 2019 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Braun et al.

Page 17

0.2 -

0.0~ =

0=

-04 -

Difference in Total Thyroxine

-0.6 - 1

16w 26V Delivery

Triclosan Measurement Time

Figure 2.
Adjusted difference in neonatal cord serum total thyroxine concentrations with a 10-fold

increase in urinary triclosan concentrations at 16 and 26 weeks and near the time of
deliveryaP

a- Adjusted for maternal age at delivery, race, BMI at 16 weeks gestation, household
income, and child sex

b-Estimates are derived from a multiple informants model that simultaneously estimates the
association between each urinary triclosan concentration and serum total thyroxine
concentrations. Estimates were not significantly different from one another (visit x triclosan
p-value=0.33).
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Figure 3.
Adjusted difference in child serum total and free thyroxine concentrations at age 3 years

with a 10-fold increase in urinary triclosan concentrations during pregnancy and early
childhood??

a - Adjusted for child race, household income, child BMI at age 3 years, and child age at 3
years.

b-Estimates are derived from a multiple informants model that simultaneously estimates the
association between each urinary triclosan concentration and serum thyroid hormone
concentrations. Estimates were not significantly different from one another (visit x triclosan
p-value=0.07 and 0.39 for total thyroxine and free thyroxine, respectively).
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