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Abstract

Triclosan and triclocarban (TCs) are broad-spectrum microbicides found in household and
personal wash products. We sought to determine whether TC exposure from wash products or
urinary triclosan level modified thyroid function during pregnancy or anthropometric
measurements at birth. A randomized intervention of wash products with or without TCs,
including toothpaste, enrolled pregnant women from 20 weeks’ gestation. Urinary triclosan, TSH,
T4 and T3 were assessed at enrollment, 36 weeks’ gestation and/or post-delivery; anthropometric
measures at birth were ascertained from medical records. 78 and 76 mothers were assigned to the
TC-containing and no-TC-containing product arms, respectively. No differences were observed in
any thyroid function measure at any time point or in any anthropometric measurement at birth
between either exposure arms or lowest and highest urinary triclosan quartile groups. TCs from
wash products, primarily liquid and bar soaps, did not affect thyroid function measures during
pregnancy or babies’ anthropometric measures at delivery.
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INTRODUCTION

Triclosan and triclocarban (together, TCs) are synthetic, broad-spectrum biocides first

licensed for use in the 1960s. Found worldwide in a vast array of household and personal
products including toys and kitchenware, TCs are present most notably in toothpaste and
liquid soaps (triclosan) and bar soaps (triclocarban) [1]. They are frequent environmental
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contaminants [2] and are prevalent in human populations. For example, in 2003 a US
national population survey detected triclosan in 74% of urine samples [3].

TCs have been reported to disrupt thyroid function in a variety of laboratory and cell culture
systems. In rats, triclosan has been shown to reduce levels of both triiodothyronine (T3) and
thyroxine (T4) [4-7]; in minnows, triclosan exposure delayed hatching [8]. In vitro studies
have demonstrated changes in TH-responsive gene transcripts at high triclocarban
concentrations [9], thyroid hormone receptor activity by irradiated triclosan solutions [10],
and inhibition of thyroid hormone synthesis genes by both triclosan and triclocarban [11].

The thyroid hormones T3 and T4 are key metabolic hormones, essential for development,
growth, neural differentiation and metabolic regulation [12]. Thyroid dysfunction has well
documented adverse effects on human gestation including premature birth, low birth weight,
miscarriage, fetal loss and impaired fetal neurocognitive development [13, 14]. Few studies,
though, have explored the effects of TCs on thyroid function in humans. In one small study,
short-term use of triclosan-containing toothpaste did not modify thyroid function measures
[15]. A small cross-over trial of TC-containing wash products including toothpaste showed
no change in either thyrotropin (TSH) or T4 levels after four months [16]. Finally, a cohort
study of heart disease patients randomized to triclosan-containing or placebo toothpaste
identified no effect on thyroid function measures over a four-year period [17]. Although
triclosan has commonly been found in urine samples from pregnant women [18-24]
(triclocarban has been less studied but is also prevalent [23]), only one study has explored its
impact on thyroid function during pregnancy and no changes in any thyroid function
measure across time were observed [25]. Anthropometric measurements at birth, affected by
thyroid dysfunction during pregnancy, have for the most part not been shown to be related to
urinary triclosan levels in cohort studies [26—29].

In 2011, we initiated a birth cohort study, STanford’s Outcomes Research in Kids (STORK),
to better understand the role of early childhood infectious diseases on growth and
development [30]. Within STORK, we nested a randomized trial of TC-containing wash
products and toothpaste. In a post-hoc analysis, we explored whether TC exposure modified
either maternal thyroid function measures during pregnancy or babies’ anthropometric
measurements at delivery.

METHODS
STORK study design

Detailed methods for the STORK cohort have been described previously [30]. In brief,
participants were recruited through flyers or attendance at public obstetric clinics (the Lucile
Packard Children’s Hospital (LPCH; Stanford, CA) and the Valley Health Center at Tully
(Santa Clara Valley Medical Center [SCVMC], San Jose, CA). Enrollment criteria for
mothers included: Spanish or English fluency, a low-risk healthy pregnancy with a single
fetus, and self-reported absence of non-gestational diabetes, thyroid dysfunction or other
endocrine conditions. At enrollment, cohort subjects were invited to participate in a nested,
randomized trial of the effect of TC-containing wash products on infectious disease
incidence in the index baby. Participants were randomly allocated to the TC arm or the
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control (nTC) arm and were provided commercially available wash products (liquid and bar
soap, toothpaste, dishwashing liquid), all of which either did or did not contain TCs;
supplies were replenished every four months as needed. Triclosan-containing toothpaste was
provided to households assigned to the TC arm only after the baby was born.

Household visits were performed every four months after enroliment to obtain demographic
and household information. Chart review from the hospital record at delivery was performed
to determine the baby’s sex, gestational age at delivery and anthropometric measurements as
available; abstractors were blinded as to each household’s intervention arm assignment.

Urine samples were collected at each visit and stored at —80°C until processed. A blood
sample was collected at enrollment. An additional sample was drawn at a second household
visit before delivery if this occurred, at the routine 36 week clinic visit if this occurred, or at
the first household visit after delivery.

All questionnaire information was collected on tablet computers and uploaded using SAS
version 9.4 (Cary, NC) for storage and management in REDCap [31] hosted at Stanford
University. Information from chart abstraction was entered into Medrio (San Francisco, CA).
The study was approved by the institutional review boards of Stanford University and the
SCVMC (ClinicalTrials.gov identifier; NCT01442701).

Measurements of thyroid function

All maternal serum specimens with an available volume equal to or greater than 0.9 ml were
tested for TSH, total T3, and both total and free T4 (TT4, FT4). Testing used immunoassays
(TSH and FT4: Siemens Dimension Vista homogeneous chemiluminescent immunoassay on
LOCI technology; total T3: Abbott Architect chemiluminescent microparticle immunoassay
(CMIA); TT4: Siemens Dimension Vista homogeneous enzyme immunoassay) and was
performed at the Stanford Anatomic Pathology & Clinical Laboratories at Hillview
(Stanford, CA). Reference ranges were not adjusted for pregnancy (TSH: 0.4—4.00pl/mL;
T3: 70-180ug/dL; TT4: 6.1-11.8ug/dL; FT4: 0.6-1.6ng/dL).

Urinary triclosan measurements

Urinary triclosan levels were measured using liquid chromatography-mass spectrometry
with liquid-liquid extraction using ethyl acetate (see Supplemental Material). Testing was
performed at the Vincent Coates Foundation Stanford University Mass Spectrometry
Laboratory (http://mass-spec.stanford.edu) (Stanford, CA). (Urinary triclocarban levels were
not assessed.)

Statistical methods

TC exposure was defined in two ways: 1) by intervention arm assignment (intention to treat
[ITTY]), or 2) by categorizing lowest (<1.3 pg/ul) and highest (>54.8 pg/ul) quartiles of
urinary triclosan using the distribution of all available urinary triclosan results from
throughout the analysis time frame (baseline visit, late pregnancy visit and/or first post-
delivery visit). If more than one post-baseline level was available, we calculated the mean of
the two results prior to categorization by quartile. Results from the mothers with levels in the
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lowest and highest quartiles were compared for the lowest-highest quartile (LHQ) analysis
(Figure 1).

We tested differences in both thyroid function measures and anthropometric measurements
between the exposure groups (either ITT or LHQ) using Wilcoxon rank-sum tests or t-tests
for continuous variables and chi-square or Fisher’s Exact tests for categorical variables, as
appropriate. Generalized linear modeling (GLM) was used to determine whether TC
exposure was a predictor of thyroid function measures during pregnancy. Potential
confounders considered in the analyses included both gestational age in weeks when
samples were drawn (or weeks post-partum in the case of post-delivery samples) and time
since enrollment in weeks (as a marker of cumulative TC exposure from the intervention).

We defined the 5™ percentile of head circumference (less than two standard deviations
below the mean for sex at birth) for term girls and boys when head circumference was less
than 32.251 cm for girls and 32.148 cm for boys [32]. Additional GLM models considered
the effect of TC exposure on baby anthropometric measures at birth.

All analyses were performed in SAS Version 9.4 (Cary, NC).

Of the 158 mothers enrolled in the STORK cohort, four declined participation in the
intervention; of the remainder, 78 (50.7%) were assigned to the TC arm and 76 (49.4%)
were assigned to the nTC arm (Figure 1). Baseline characteristics of mothers overall have
been described previously [30]. Intervention arms appeared balanced with regard to
demographic and household factors (data not shown). Both gestational age at enrollment and
weeks from enrollment in the study to delivery were similar between intervention arms
(median [Q1-Q3]: gestational age at enrollment: 23.0 [16.9-31.6] weeks in the TC arm and
23.3 [14.3-30.9] weeks in the nTC arm, p=0.65; weeks enrolled in the study to delivery:
17.3[7.4-22.6] in the TC arm and 15.7 [9.0-24.4] in the nTC arm, p=0.68).

Triclosan levels

At least one urinary triclosan level was available from 117 mothers, with 50, 54 and 13
providing one, two or three results, respectively, across time. The overall distribution of
triclosan from all time points was skewed: 14.2% of samples were below the level of
quantification and 8.1% were above 200 pg/ul (range: 388-7356 pg/ul). At enrollment,
triclosan levels were low and similar across arms (median: 6.8 pg/ul in both arms, p=0.71)
(Figure 2; Table 1); 20 (13.0%) and 27 (17.5%) mothers had urinary triclosan levels < 1.3
pg/ul and = 54.3 pg/ul, respectively. Considering only post-TC randomization urine samples,
median triclosan levels were seven-fold higher in the TC arm than in the nTC arm (median:
19.0 pg/ul in the TC arm vs. 2.7 pg/ul in the nTC arm, p=0.002). A total of four mothers had
post enrollment triclosan levels greater than 200 pg/ul (three in the TC arm; one in the nTC
arm).
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Measures of thyroid function

All mothers in the intervention provided at least one blood sample that potentially could
have been used for this study; however, 42 women did not provide a quantity of serum
sufficient for testing (=0.9 ml). These 42 did not differ from the 106 women who were
ultimately tested for thyroid function (45 with one sample only [35 baseline, 9 late
pregnancy, 1 post-delivery] and 61 with two samples [49 baseline/late pregnancy, 12
baseline/post-delivery]).

As expected from previous physiological studies during pregnancy [33], mean TT4 and T3
tended to be higher than non-pregnant levels (Table 2). At medical chart review, we
identified one woman taking thyroxine and three women with a history of thyroid
dysfunction (one with hyperthyroidism, one hypothyroidism and one unspecified). In our
study, all four of these women had post-enroliment thyroid function measures within normal
ranges. A total of 29 other women had at least one value of their post enrollment thyroid
function measures outside of the references ranges. One had low TSH levels with normal
FT4 and T3 levels, and two had high T3 levels with normal TSH and FT4 levels. The largest
group of women with values outside the normal ranges were 26 with high TT4 levels, a
common finding in pregnancy due to increased protein binding. For 23 of these women, the
remaining thyroid function tests were normal. For three, however, other abnormalities were
observed---low TSH levels in one, and high T3 levels in two. No woman had a post
enrollment FT4 value outside of the normal range. No difference in distribution between
intervention arms was observed at baseline or at any other time point for any thyroid
function measure; TSH, TT4 and T3 decreased post-delivery but these changes were not
different between arms (Figure 3). A total of 49 mothers had results from two pre-delivery
samples. No difference in change in levels between the two time points was observed across
intervention arms for any thyroid function measure (Figure 4). These findings did not
change after adjustment for either gestational age in months or time since enrollment (GLM,;
data not shown). Comparison of the highest and lowest quartiles of post enrollment urinary
triclosan showed no difference in any thyroid function measure at any time point or in any
difference in measures between time points (Supplemental Material, Table S1). Among the
women with post enrollment urinary triclosan values greater than 200 pg/ul, all thyroid
function measures were within the reference ranges.

Babies’ anthropometric measurements

Medical records were available for review of delivery details for 70 girls and 74 boys,
equally distributed between intervention arms (Table 3). Distributions of birth weight,
length, body mass index (BMI) and head circumference overall were similar between
intervention arms (Figure 5). The proportion of head circumferences in the 5 percentile
was not different between arms. No differences were observed between highest and lowest
urinary triclosan quartile groups for any baby anthropometric measurement (Supplemental
Material, Table S2).
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DISCUSSION

Our randomized intervention compared the use of TC-containing and non-TC-containing
wash products in 154 healthy women undergoing a low-risk pregnancy with a single fetus.
Levels of thyroid hormones in 106 of these mothers during pregnancy were comparable to
those in the literature: normal changes in thyroid function during pregnancy include a steady
increase in TT4 and T3 to approximately 1.5 times the non-pregnant levels by mid second
trimester, and a gradual decrease in FT4 and FT3 throughout the second and third trimesters,
still within the normal reference range [33]. In our analysis, exposure to TCs had no effect
on thyroid function measures. These findings support those of a previous investigation that
tested thyroid function earlier during pregnancy (16—-20 and 24-28 weeks) [25]. Our study,
with sampling time points at approximately 23 and 36 weeks, expands the exposure
timeframe throughout pregnancy, still with no observed effect of TCs on thyroid function
measures.

Our analysis also did not identify any association between intervention arm and
anthropologic measurements of the baby at delivery, including weight, length, BMI and head
circumference either overall or as the lowest fifth percentile. Anthropometric measurements
in this study are compatible with those of a geographically similar sample [34]. Few studies
have examined TC exposure and birth outcomes, mostly identifying no association but with
some exceptions. An inverse association of birth weight and length with TC exposure was
shown in boys [29]; decreased head circumference with TC exposure was suggested, again
in boys [27, 28]; finally, early gestational age was associated with triclocarban exposure
[26]. We could confirm none of these findings.

Our intervention was successful, in that mothers in the TC arm evinced more TC exposure
than mothers in the nTC arm, with a 7-10 fold difference in median urinary triclosan level
between arms; in fact, the median urinary triclosan level in the TC arm (19 pg/ul) was 2.5
times higher than the US adult female 50t percentile for triclosan (7.4 ug/L) [3]. Levels
overall though, even in the TC arm, were low. Much of the TC exposure attributable to
consumer products is likely to be from ingestion of toothpaste, as dermal adsorption from
soaps is not high [15, 35]. In our cohort, however, it is impossible to know for certain the
primary sources of urinary triclosan since: a) triclosan-containing toothpaste, unlike other
wash products, was not provided until the first visit after delivery (until this time, mothers in
these households used their own toothpaste); b) mothers may have had TC exposure outside
the home; and c) dosage of TC from wash products on skin or residual on dishes is
impossible to quantify. A recent ruling from the FDA has banned TCs from liquid and bar
soaps but not from toothpaste [36]; it will be intriguing to see whether future TC prevalence
estimates are affected by this change.

There were several limitations to our study. First, very few mothers had high urinary
triclosan levels. We therefore cannot prove that differences in thyroid function measures
would not have been observed had triclosan levels been considerably higher. Levels
identified in this study, however, fit well within other population estimates [3, 21, 28, 29].
Secondly, exposure to intervention arm was not a particularly good marker of TC exposure.
This randomized intervention was not blinded and participants could have used wash
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products other than those assigned. Additionally, TC exposure could have occurred outside
of the household. We attempted to correct for potential misclassification by performing a
comparison of high vs. low urinary triclosan quartile groups (LHQ analysis) but did not
identify any association with any thyroid function measure, although sample size was small.
Finally, ascertainment of anthropometric measures at delivery was incomplete, particularly
for head circumference. Medical records were not available for all births, and within a
record, some measures may have been lacking; chart review, however, was performed
blinded to intervention arm assignment. Despite these limitations, our analysis suggests that
thyroid function measures during pregnancy are not grossly affected by “real-world” use of
TCs from wash products.

CONCLUSION

In this randomized intervention, TCs from wash products, primarily liquid and bar soaps, did
not have an effect on either thyroid function measures during pregnancy or anthropometric
measures at delivery. The effect of TC-containing toothpaste and other TC-containing
household products on thyroid function remains uncertain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS
. Triclosan and triclocarban (TCs) disrupt thyroid function in animals.
. We randomized pregnant women to receive TC- or no-TC-containing wash
products.
. We assessed urinary triclosan and thyroid hormones over time and birth
anthropometry.
. Neither thyroid function measures nor babies’ anthropometry were affected

by intervention arm.
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Figure 1.
Participant disposition by randomization ar

Non-TC arm: Babies born
73

m, showing intention-to-treat (ITT) and lowest

vs. highest quartiles of urinary triclosan (LHQ) cohorts.
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Figure 2.

PostEnroliment®

Distribution? of urinary triclosan at baseline and post enroliment, by intervention arm (TC,

nTC)
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Late Pregnancy Post Delivery

Distribution of thyroid function measures at baseline?, late pregnancy and post-delivery,

comparing intervention arms? (TC, nTC)
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Figure 4.
Change in thyroid function measures over time?, comparing intervention arms® (TC, nTC)
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Figure 5.

Distribution of anthropometric measures at delivery, comparing intervention arms? (TC

nTC)
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Table 1

Urinary triclosan levels (pg/ul) for all samples by time point and intervention arm

Measure TCarm nTCarm pc
(median [Q1-Q3]) | (median [Q1-Q3])
Baseline? 6.8 [1.4 - 56.4] 6.8 [2.7-37.5] 071
Late pregnancy 39.4 [7.2-118.3] 3.9[1.4-11.0] 0.002
Post delivery 1.4[0.6-2.0] 0[0-0.2] 0.003
Post enrollment £ | 19.0 [3.1-80.6] 2.7[0.3-10.9] 0.002

aBaseIine: approximately 23 weeks gestation (51 women in the TC arm and 61 in the nTC arm); late pregnancy: approximately 36 weeks gestation
(27 in the TC arm and 32 in the nTC arm); post-delivery: approximately 6 weeks (10 in the TC arm and 16 in the nTC arm)

bLate pregnancy or post-delivery value, or mean of the two if both available (31 women in the TC arm and 39 in the nTC arm)

C, .
Wilcoxon rank-sum test
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Thyroid function measures by time point and difference over time, by intervention arm

Table 2

Measure TCarm nTCarm pc
(median [Q1-Q3]) | (median [Q1-Q3])
TSH (ul/mL)
Baseline & 1.19 [0.82-1.38] 1.23 [0.77-1.56] 0.65
Late pregnancy 1.45[1.07-2.33] 1.44[1.11-2.00] 0.82
Post delivery 0.89 [0.81-1.08] 0.95[0.73-1.58] 0.94
Difference £ from baseline | 0-34 [-0.02-0.56] | 0.51[0.1-0.91] 0.26 4
T3 (ng/dL)
Baseline 144 [117-167] 144 [113-156] 0.57
Late pregnancy 131 [123-154] 141 [134-157] 0.14
Post delivery 109 [94-110] 100 [95.5-108] 0.94
Difference from baseline -14 [-27 -8] -0.5 [-14-28] 0.24d
TT4 (ug/dL)
Baseline 12.3[10.7-14.8] 12.1[10.9-13.5] 0.54
Late pregnancy 11.8[10.7-13.2] 11.3[10.2-12.6] 0.34
Post delivery 7.5[7.3-7.9] 8.0 [6.7-8.9] 0.71
Difference from baseline -0.4[-1.6-04] -0.9[-2.5-0.4] 0324
FT4 (ng/dL)
Baseline 0.9 [0.9-1.0] 0.9 [0.9-1.0] 0.48
Late pregnancy 0.9 [0.9-1.0] 0.9 [0.8-1.0] 0.11
Post delivery 0.9[0.9-1.0] 0.95 [0.85-1.05] 1.00
Difference from baseline 0[-0.1-0] -0.1[-0.1-0] 0124

TSH: thyrotropin, T3: total triiodothyronine; TT4 and FT4: total and free thyroxine

Page 17

aBaseIine: approximately 23 weeks gestation (51 women in the TC arm and 45 in the nTC arm); late pregnancy: approximately 36 weeks gestation

(29 in each arm); post-delivery: approximately 8 weeks (5 in the TC arm and 8 in the nTC arm)

b . . . .
Among women with two pre-delivery measures only (25 women in the TC arm and 24 in the nTC arm)

C. . L
Wilcoxon rank-sum test unless otherwise indicated

dT—test
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Table 3

Baby anthropometric measurements 4 by intervention arm

Measure | TCarm | nTCarm | pd
Sex
Girls [N(%)] 34 (48%) 36 (49%) 0.86 €
Boys 37 (52%) 37 (51%)
Weight (kg)
Mean (SD) 3.41(0.49) | 3.49(0.43) 0.32
Range [1.97-4.72] | [2.63-4.58]

Length (cm) €

Mean (SD) 50.13 (2.69) | 50.81(2.26) | 0.12
Range [43.2-58.5] | [45.1-55.0]

BMmI &
Mean (SD) 13.56 (1.50) | 13.48(1.33) | 0.75
Range [9.7-17.1] [11.3-16.7]

Head circumference (cm) 4

Mean (SD) 34.22 (1.39) | 34.60 (1.35) | 0.17
Range [3L.0-36.5] | [315-37.5]
5t percentile ¢ [N(%)] 5 (12%) 2(3.3%) 012f

A total of 9 babies were missing birth length (6 in the TC arm and 3 in the nTC arm) and 41 babies were missing head circumference (30 in the
TCarm and 11 in the nTC arm).

bBody mass index: weight in kg/(length in cm) 2
C<32.25 cm for girls and <32.15 cm for boys
dT—test unless otherwise indicated

e. .

Chi square test

fFisher's Exact test
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