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Abstract

Background: Perfluoroalkyl and polyfluoroalkyl substances (PFAS) have been reported to
disrupt the thyroid function. But epidemiological evidence on the association between PFAS and
thyroid hormone (TH) levels in cord blood is scarce and controversial. We aimed to examine the
association between cord blood PFAS concentrations and TH levels in prelabor caesarean
deliveries.

Methods: We measured ten PFAS and three THSs in cord blood in 568 prelabor caesarean
deliveries. The associations between PFAS and TH levels were examined using multiple linear
regression model and sparse partial least square (SPLS) regression model.

Results: In SPLS analyses, thyroid stimulating hormone (TSH) level decreased with increasing
concentrations of perfluorooctane sulfonate (PFOS, p=-0.012, 95% confidence interval [CI]:
-0.019, —-0.005), perfluorononanoic acid (PFNA, p=-0.012, 95% CI: —0.019, —0.005),
perfluorodecanoic acid (PFDA, p=—0.012, 95% CI: —0.02, —0.005), perfluoroundecanoic acid
(PFUA, p=-0.013, 95% CI: -0.021, —0.006) and perfluorododecanoic acid (PFDoA, p=-0.013,
95% CI: —0.023, —0.006). Moreover, we found a positive association between PFDoA and free
thyroxine (FT4) levels (B=0.190, 95% CI: 0.063, 0.304) after adjusting for potential confounders.
Free tri-iodothyronine (FT3) levels were positively associated with concentrations of PFOS (=
0.059, 95% CI: 0.023, 0.100), but negatively associated with PFDoA (= —0.153, 95% CI: —-0.212,
-0.106). We also observed gender disparity in the associations of PFAS exposure and FT3, FT4,
TSH levels.

Conclusion: Our results suggest that prenatal exposure to certain PFAS may disrupt fetal thyroid
function. The effect may be gender-specific.
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1. Introduction

Perfluoroalkyl and polyfluoroalkyl substances (PFAS) are synthetic fluorine-containing
compounds that have been extensively used in various consumer products including
surfactants, cookware, lubricants, clothing, and food packaging since the 1950s (Lindstrom
et al. 2011). Due to the strong carbon-fluorine bond, PFAS, in particular for those with long-
carbon chain, such as perfluorooctane sulfonate [PFOS] perfluorooctanoate [PFOA] and
perfluorohexane sulfonate (PFHXS), can persist in the environment and human body for a
long time, with estimated half-lives of 7.3 years for PFHxS, 4.8years for PFOS and 3.5 years
for PFOA in human serum (Olsen et al. 2007). The general population is exposed to PFAS
mainly through packaged food, water, household dust and air inhalation (Wang et al. 2014).
The persistence and widespread use of some PFAS has resulted in ubiquitous human
exposure (Calafat et al. 2007). Evidence shows that PFAS can cross the placental barrier and
interfere fetal thyroid hormone (TH) homeostasis (Shah-Kulkarni et al. 2016; Tsai et al.
2017; Yang et al. 2016) , while the latter is crucial for fetal growth and development
(Forhead and Fowden 2014; Shields et al. 2011)

Experimental studies found that PFOS treatment resulted in lowered thyroxine (T4) and
triiodothyronine (T3) levels in pregnant rats, and decreased total T4 level in rat pups
(Luebker et al. 2005; Thibodeaux et al. 2003). In humans, the association between cord
blood PFAS and offspring THs was less certain. Studies performed by Shah-Kulkarni et al.
in Korea, Yang et al. in Beijing and de Cock et al. in Netherlands found positive associations
between cord blood PFAS and fetal T4 levels while a cohort study in Taiwan reported
negative associations(de Cock et al. 2014; Shah-Kulkarni et al. 2016; Tsai et al. 2017; Yang
et al. 2016). Another study in Korea did not find an association of prenatal PFAS exposure
with TH levels (Kim et al. 2011). This may be partly attributable to the time when THs were
measured and how the fetus was delivered. A neonatal TSH surge occurs at delivery, leading
to a subsequent increase in T3 and T4 production (Stoffer 2008), which creates challenges in
assessing the true association between PFAS exposure and TH levels at birth. Furthermore,
babies born vaginally had statistically significantly higher umbilical cord plasma TSH but
similar T4 concentrations to babies born by caesarean section (Gupta et al. 2014; Lao and
Panesar 1989). This phenomenon may be related to intrapartum fetal stress even though
much of the stress is physiological (Armanian et al. 2013), leading to rapid changes of TH
levels until shortly after birth (Stoffer 2008).

Keeping these potential challenges in mind, we examined the association between PFAS and
THs in the cord blood among prelabor cesarean deliveries. Moreover, prior studies mainly
relied on conventional regression approach to examine the effects of PFAS in isolate, leaving
the residual confounding by co-exposed, highly correlated PFAS components uncontrolled.
Thus, we used sparse partial least squares (SPLS) regression modeling (Chun and Keles
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2010), a recently introduced multipollutant model, to assess the associations between PFAS
and TH levels in the cord blood.

2. Methods

2.1 Study design and participants

Between 2012 and 2013, the Shanghai Obesity and Allergy Cohort Study recruited 1244
pregnant women from two large tertiary-level maternity hospitals in Shanghai, China.
Information on demographic characteristics, including fish intake, maternal education level,
smoking status and alcohol consumption, was collected by trained nurses through a face-to-
face questionnaire interview at enrollment. Medical information, such as maternal age, pre-
pregnancy body mass index (BMI), gestational age, infant sex, thyroid disease before and
during pregnancy, and mode of delivery, was retrieved from medical records. 441 subjects
were excluded because of the lack of information on PFAS or TH measurements in the cord
blood. Among 803 infant-mother pairs, 637 gave birth by caesarean section. 20 subjects
were excluded due to a history of or current thyroid diseases and 16 subjects for lack of
information on maternal thyroid function. In addition, 20 subjects were excluded for
intrapartum cesarean delivery and 13 were excluded for preterm birth. Thus, 568 subjects
were included in the final analysis (details of participant recruitment and reasons for
caesarean section were described in the supplementary materials Figure S1, Table S1).

The cord blood collected at delivery was stored at —80°C until testing. We obtained a signed
informed consent from all participants and the study was approved by the institutional
review board of both hospitals.

2.2 EXxposure assessment

Ten PFAS were measured in cord plasma using liquid chromatograph system coupled with
tandem mass spectrometry (HPLC-MS/MS, Agilent 1290 — 6490, Agilent Technologies Inc.,
USA). These compounds included PFOA, PFOS, perfluorononanoic acid (PFNA),
perfluorodecanoic acid (PFDA), perfluoroundecanoic acid (PFUA), PFHXS,
perfluorododecanoic acid (PFDoA), perfluorobutane sulfonate (PFBS), perfluorooctane
sulfonamide (PFOSA), perfluoroheptanoic acid (PFHpA). Detailed methods of PFAS
measurements have been described previously (Wang et al. 2016). The limits of detection
(LOD) for PFAS ranged from 0.009 to 0.12 ng/mL. PFOSA and PFHpA were detected in <
50% of the samples (46.0% and 19.5%, respectively), and thus were not included in further
analyses; concentrations below the LOD were replaced by the LOD/V2 (Hornung and Reed
1990).

2.3 Assessment of thyroid hormones

FT3, FT4, TSH concentrations in cord blood serum were determined by chemiluminescent
microparticle immunoassay using the Architect system (Abbott Laboratories, Abbott Park,
IL, USA). Detailed methods of THs measurements have been described in our previous
study (Wang et al. (2017). The LODs for FT3, FT4 and TSH were 1.54 pmol/L, 5.15 pmol/L
and 0.35 mIU/L, respectively. TSH and FT4 were detected in > 99% of the samples, while
FT3 could be detected in 82.4% of the samples. Concentrations below the LOD were
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replaced by the LOD/V2. (Hornung and Reed 1990). QA/QC procedures were performed for
all THs analyses in accordance with the Architect system.

2.4 Statistical analysis

Because of similar chemical structures and emission sources, PFAS are generally highly
correlated. Analyzing the association between PFAS and THSs in a one-at-a-time approach
may fail to account for residual confounding by co-exposed PFAS component, which
requires further adjustment. Although mutual-adjusted approach with all PFAS included in
the same regression model can partially generate the adjusted estimates, it is only viable
when the correlation among PFAS is weak to moderate. The inclusion of highly correlated
PFAS in the regression model potentially introduces multi-collinearity, resulting in unstable
estimates with inflated standard errors. To obtain the valid estimates of effects of PFAS on
fetal TH levels, flexible multipollutant models that are good at handling issues of multi-
collinearity are needed. Recently, sparse partial least square (SPLS) regression, a
multipollutant model with the combination of properties of partial least square regression
(PLS) and least absolute shrinkage and selection operator (LASSO) regression, has been
introduced to assess the effects of multiple endocrine disrupting chemicals on reproductive
function (Lenters et al. 2015). While PLS addresses the multi-collinearity by dimension
reduction (i.e. finding the latent components of correlated predictors) in a supervised
approach, LASSO renders the property of sparseness to SPLS to shrink the regression
coefficients of correlated predictors toward to zero. A simulation study proved that SPLS has
a good performance in variable selection, providing a good alternative method to identify the
dominant pollutant related to the outcome of interest (Lenters et al. 2018). Therefore, we
adopted the SPLS regression to address this issue and identify PFAS that are associated with
the THs in newborns.

In present study, SPLS enables the matrix of PFAS (exposure) and THs (outcome) vector to
be simultaneously decomposed into latent variables and regressed in a way that maximizes
the covariance between exposures and outcome, and the penalization is applied during this
dimension reduction. Specifically, L1 penalty of LASSO was approximated via the SPLS
sparsity penalty, which performs the variable selection (Chun and Keles 2010). And the
regression coefficients of PFAS were obtained via PLS for the reduced set of PFAS matrix.
In this context, the model complexity depends on the number of components (k) used to
construct the model and the degree of sparsity (). We created a series of SPLS models with
varied value of k (from 1 to 8 based on the numbers of PFAS) and ny (from 0.01 to 0.99 in
steps of 0.01). The final combination of k and n was determined by the 10-fold cross-
validation with each model ran for 100 times and the overall minimum mean squared
prediction error (Chun and Keles 2010). Further, the 95% confidence interval (Cl) of
coefficients was obtained via bootstrapping with 1000 iterations. The interpretation and
discussion of the results will be based mainly on the SPLS results.

Since there is no simple way to adjust for potential confounders in a regression that performs
variable selection, a two-stage regression approach was adopted: each TH and each PFAS
measurement were separately regressed on potential confounders by conventional regression
and, then, SPLS regression models were fitted based on the generated residuals (Xing et al.
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2011). A set of covariates were selected according to previous studies including maternal
age, infant sex, parity (nulliparous or parous), gestational age at delivery, maternal pre-
pregnancy BMI and maternal fish consumption during pregnancy. As only few women drank
alcohol (1.9%) and smoked during pregnancy, variables of maternal drinking and smoking
status were not included in the final adjusted model.

In order to assess the gender specific effects, we conducted a series of stratified analyses
according to infant gender by adopting the above modeling strategies. Because FT3 was
only detected in 82.4% of samples, we reexamined the association between PFAS and FT3
by limiting the analysis to subjects with FT3 levels above LOD to assess the robustness of
our main findings. We performed additional sensitivity analyses among first-born infants to
assess the potential impact of previous children on PFAS levels.

Before regression modeling, PFAS were natural log-transformed to address their right-
skewed distribution. Of three indicators of THs, only TSH was log-transformed because of
its right-skewed distribution. We also mean-centered all log-transformed PFAS and scaled
them by dividing one time of their respective standard deviation, equivalent to a z-score. All
the scaled PFAS and THs were modeled as continuous variables.

Estimates were presented as changes in TH levels per unit increase in PFAS. All the
analyses were performed through RStudio version 1.1.453 (2009-2018 RStudio, Inc) and
the SPLS analyses were performed via “spls” package (Chung et al. 2013). Spearman's rank
correlations were used to assess unadjusted relationships among PFAS. Statistical
significance level was set at 0.05 for two sides.

3. Results

Table 1 presents the demographic characteristics of the study population. Participants had an
average age of 29.6 years and a mean pre-pregnancy BMI of 21.8kg/m2. Most participants in
the study tended to be well educated and 89.1% of women were nulliparous. Only one
woman smoked during pregnancy and eleven women consumed alcohol during pregnancy.
The mean gestational age was 38.8 weeks and 53.8% of the infants were male. The mean
birth weight was 3450 g and mean birth length was 49.9 cm.

Table 2 summarizes the distribution of PFAS and THs in cord blood. The highest median
concentration was 7.57ng/mL for PFOA, followed by PFOS (2.51ng/mL), PFNA (0.66ng/
mL), PFDA (0.41ng/mL), PFUA (0.40ng/mL), PFHxS (0.18ng/mL), PFDoA (0.11ng/mL),
and PFBS (0.05ng/mL). As expected, some PFAS were highly correlated, with Spearman
correlation coefficient ranging from 0.019 to 0.888 (see Table S2). The median
concentrations of FT3, FT4 and TSH were 2.03pmol/L, 13.48pmol/L, and 4.66mIU/L,
respectively. Cord blood concentrations of PFAS and THs showed no significant differences
by sex.

We examined the associations between THs and PFAS levels in cord blood through single-
pollutant, mutual-adjusted (Table S3-S6) and SPLS regression models. In general, the
direction of associations for PFAS selected in SPLS models was consistent with that in
single and multi-pollutant linear regression analyses (Tables S3-S6). Due to the multi-
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collinearity problem in the multiple linear regression, our discussion and explanation in this
study were mainly based on results from SPLS analyses.

Table 3 presents the associations between PFAS and FT4 levels in the cord blood of all
infants. A standardized unit increase in PFDoA was significantly associated with 0.190
pmol/L (95% CI: 0.063, 0.304) increase in FT4 levels. Further, we conducted stratified
analyses by gender. SPLS models showed that PFOA (= 0.062, 95% CI: 0.024, 0.138),
PFNA (p=0.04, 95% CI: 0.006, 0.081), PFDA (p=0.043, 95% CI: 0.016, 0.078) and PFBS
(p= 0.056, 95% ClI: 0.009, 0.158) were positively associated with FT4 among boys while
PFDoA was positively associated with FT4 in both boys and girls with the estimates of
0.054 pmol/L (95% CI: 0.019, 0.119) and 0.174 pmol/L (95% CI: 0.019, 0.331),
respectively.

Regarding the relationship between PFAS and FT3 in cord blood among all infants (Table
3), PFOS (B=0.059, 95% CI: 0.023, 0.100) was selected and positively associated with FT3,
and PFDoA (B=-0.153, 95% CI: —0.212, -0.106) was found to be significantly reversely
associated with FT3. Further stratified analyses by gender indicated that there were gender-
specific effects in terms of the associations between PFAS and FT3 in cord blood.
Specifically, we found that PFBS (p=0.098, 95% CI: 0.021, 0.182) was selected and
positively associated with FT3 among boys. PFDoA was negatively associated with FT3 in
both boys and girls but the estimates were stronger in boys.

Meanwhile, there were consistent negative associations between PFAS and TSH. Five of
eight PFAS were identified and negatively associated with TSH (Table 3). In the
stratification analysis by fetal sex, PFDoA was negatively associated with TSH in boys (p=
-0.062, 95% CI: —0.108, —0.017) while PFOS (p=—0.016, 95% CI: —0.032, —0.002) showed
a negative association in girls (Table 3).

Given the lower detection rate of FT3, we conducted a sensitivity analysis by selecting those
with a level of FT3 above the LOD. Table S6 shows that the negative association between
PFDoA and FT3 remained significant while the positive association between PFOS and FT3
disappeared. Further, a positive association of PFNA and a negative association of PFOA
with FT3 emerged. The gender-specific analysis shows that PFNA was positively associated
with FT3 while the positive association between the PFBS and FT3 disappeared among
boys. PFDoA remained significantly inversely associated with FT3 in both boys and girls.

We performed another sensitivity analysis in only first-born babies (N=506) and found that
the associations of selected PFAS with THSs did not change appreciably (Table S7). When
stratified by fetal sex, the direction of the association of PFAS with THs remained
unchanged and the associations between PFNA, PFUA and TSH among girls became
significant. Among boys, only PFDoA was still significantly and positively associated with
FT4 but negatively associated with FT3. The negative association between PFBS and TSH
became statistically significant.
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4. Discussion

Our study explored the effects of /in utero exposure to PFAS on fetal TH levels by assessing
the associations between PFAS and THs in cord blood. We found a significant positive
association of PFOS, a negative association of PFDoA with FT3, and a significant positive
association of PFDoA with FT4. We also observed negative associations of PFAS with TSH.
The estimates were significant except for PFOA, PFHxS and PFBS. Meanwhile, gender-
specific effects of PFAS exposure were also observed.

The fetal period is a particularly vulnerable stage during which many critical
neurodevelopmental events occur. THs are known to be crucial for fetal growth and
neurodevelopment (Prezioso et al. 2018; Shields et al. 2011). Any disturbance of the
homeostasis of maternal or fetal THs would result in adverse health effects, including low
birth weight, metabolic disturbance or impaired neurodevelopment (Ajmani et al. 2014; Saki
et al. 2015).

PFAS, especially those with short chains or carboxyl groups, are shown to be able to easily
cross the placental barrier, exposing the fetus /n utero (Monroy et al. 2008). As the thyroid
toxicity of PFAS is indicated in adults and rodents, increasing attention has been drawn to
the effects of prenatal exposure to PFAS on fetal TH levels (Ballesteros et al. 2017; Kim et
al. 2018). To our knowledge, six studies assessed the association between cord blood PFAS
and fetal TH levels (de Cock et al. 2014; Dufour et al. 2018; Kim et al. 2011; Shah-Kulkarni
et al. 2016; Tsai et al. 2017; Yang et al. 2016) (see Table S8), and two of them adjusted for
delivery method (Tsai et al. 2017; Yang et al. 2016), but none of them were restricted to
cesarean deliveries.

Our study found that PFDoA was positively associated with fetal FT4. Dallaire et al. (2009)
also observed a positive association between PFOS and FT4 in Inuit adults from Nunavik,
Canada. Lin et al. (2013) found that PFNA was positively associated with FT4 levels in a
cohort of adolescents and young adults from Taiwan ($=0.004, 95% CI: 0.001, 0.007).
While these studies were consistent with ours, it should be pointed out that the association
between PFAS and FT4 may differ between the fetus and adults. In contrast, Tsai et al. and
Yang et al. observed no association between any PFAS and FT4 in cord blood (Tsai et al.
2017; Yang et al. 2016).

Likewise, in our study, PFOS was positively associated with FT3 and PFDoA was negatively
associated with FT3. Yang et al. (2016) also found a positive association between PFOS and
FT3 in cord blood. Two studies conducted among adult women reported that PFOS and
PFNA (Byrne et al. 2018) and PFOA (Lewis et al. 2015) were positively associated with
FT3. However, Tsai et al. (2017) observed no association between PFAS and FT3 in cord
blood

Furthermore, our study showed that fetal TSH was negatively associated with most of PFAS
in cord blood, which is inconsistent with previous studies by Kim et al. (2011), Tsai et al.
(2017), and Yang et al. (2016). But it should be reminded that such a direct comparison may
be difficult since our study population was restricted to prelabor caesarean deliveries only.
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And the concentrations of most PFAS measured in these studies were generally lower than
those in our study (Table S8). Further research on this association is needed.

To date, the exact underlying mechanisms of how PFAS affect THs remain unclear.
Toxicological studies suggested several potential mechanisms. PFAS may competitively
bind to thyroid-hormone binding proteins, such as the thyroxine-binding globulin (TGB),
transthyretin (TTR), and albumins (Weiss et al. 2009). PFAS may also increase type 1
deiodinase concentrations, which may increase conversion of T4 to T3 (Yu et al. 2009).
Increased FT3 and FT4 may, in turn, result in decreased TSH due to feedback loop through
hypothalamic-pituitary-thyroid axis. However, these mechanisms cannot explain all the
findings in this study since we also found that PFDoA can significantly reduce the level of
FT3. We speculate that there might exist a PFAS-specific effect. PFDoA might activate the
thyroidal type 3 deiodinase, which is involved in the inactivation of T4 and T3 in cells,
resulting in a reduced level of FT3. Nonetheless, this hypothesis has not been corroborated
in previous studies; the present study was not a causation study and there is discrepancy in
the result of sensitivity analysis of FT3. The possibility of chance cannot be excluded, either.
Therefore, the results should be considered as preliminary.

In addition, consistent with previous studies in adults, adolescents and infants, we also
observed gender-specific effects of PFAS on fetal THs. Several studies suggested that
estrogen or other sex hormones may affect thyroid homeostasis (D'Angelo and Fisher 1969;
Kraiem et al. 1994). Moreover, toxicological studies showed that PFAS can promote
estrogen dependent gene expression and alter concentrations of both estrogen and androgens
(Sonthithai et al. 2016). However, the underlying mechanisms have yet to be fully
elucidated.

Our study has several strengths. First, compared with previous studies, we used SPLS, a
statistical method that combines the strengths of PLS and LASSO and is capable of variable
selection under collinearity. This model is more flexible in addressing collinearity and
identifying the dominant PFAS related to THs (Lenters et al. 2018) and represents an
important step towards understanding how exposure to mixtures of PFAS may affect the
fetal thyroid axis. Second, we measured both PFAS and THs in the cord blood. Given the
fact that PFAS may exhibit various transfer ratios between maternal and fetal compartments
(Monroy et al. 2008), PFAS levels measured in cord blood may more accurately reflect fetal
exposure. Further, TSH cannot be transferred from the mother to the fetus through the
placenta (Polak 2014). Therefore, TH levels measured in cord blood is a good representation
of levels during fetal life. Finally, we examined the association between PFAS and THSs in
prelabor caesarean deliveries whose TH levels, particularly for TSH levels, are generally less
affected by the long labor duration and delivery process.

The present study also has several limitations. First, our study is a cross-sectional analysis in
nature and, therefore, the temporal relationship between PFAS and THSs cannot be assured.
However, some PFAS (e.g., PFOA, PFQOS, PFHXS) are quite stable with a long half-life in
plasma. Their levels are likely to reflect the exposure prior to the outcomes (Olsen et al.
2007). Second, several PFAS in our study have limited ranges, which may limit our ability to
identify new associations. Third, we didn’t have the data regarding maternal TH
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concentrations, which may also influence PFAS levels. Fourth, we didn’t measure the fetal
levels of total T3, total T4, thyroid transport proteins, thyroid peroxidase antibodies and
iodine sufficiency, which would provide a clearer picture of this complex association.
Finally, the observed association between PFAS and THs might be due to other confounding
exposures that were not measured in the current study.

In conclusion, our study suggests that /n utero PFAS exposure may be associated with fetal
thyroid function. Considering the importance of THs in a rapidly developing fetus, this issue
warrants further investigations.
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Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Maternal and fetal characteristics * (N=568)

Characteristics N Mean % SD or n (%)
Mother
Maternal age (years) 568 29.6+44
Pre-pregnancy body mass index 566 21.8+37
Parity
Nulliparous 506 89.1
Parous 62 10.9
Maternal alcohol intake
Yes 11 1.9
No 557 98.1
Maternal education
High School or lower 64 11.3
College 465 82.0
Master’s degree or above 38 6.7
Gestational age at delivery (weeks) 568 38.8+0.9
Fish consumption
< 1-2 times/month 229 40.3
= 1-2 times/week 339 59.7
Fetus
Birth weight (g) 568 3450 £ 433.5
Birth length (cm) 565 499+1.3
Gender
Male 305 53.8
Female 262 46.2

*
The missing data: Pre-pregnancy body mass index (n=2); maternal education (n=1); Birth length (n=3); gender (n=1)

Environ Int. Author manuscript; available in PMC 2020 February 14.

Page 12



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Aimuzi et al.

Distribution of PFAS and thyroid hormone levels in umbilical cord blood (N=568) *

Table 2.

Percentiles

Items % >LOD GM Range

P25 P50 P75 P95
PFAS ? (ng/mL)
PFOA 100 7.57 1.61-33.94 5.65 7.57 9.98 14.75
PFOS 100 2.53 0.39 - 65.61 1.85 251 3.34 5.50
PFNA 100 0.67 0.11-9.16 0.52 0.66 0.85 1.24
PFDA 99.6 0.39 <LOD -20.54 0.27 0.41 0.57 1.06
PFUA 99.8 0.41 <LOD-22.41 0.31 0.40 0.54 0.91
PFHxS 100 0.19 0.08 - 1.00 0.14 0.18 0.25 0.36
PFDoA 93.1 0.11 <LOD-222 0.08 0.11 0.17 0.25
PFBS 98.4 0.06 <LOD-0.46 0.04 0.05 0.09 0.14
PFHpA 46.0 <LOD <LOD-0.82 <LOD <LOD 0.10 0.20
PFOSA 19.5 <LOD <LOD-018 <LOD <LOD <LOD 0.3
Thyroid hormones
13 2 (pmoliL) 82.4 189 <LOD-429 169 203 234 275
FT4 € (pmollL ) 99.8 1354 <LOD-1844 1274 1348 1439 1593
TSH (mIU/L) 100 4.79 1.73 - 28.87 3.76 4.66 5.85 9.14

Page 13

*
FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone; GM: geometric mean; P25 ~ pgs:25th ~ gsth percentiles.

Missing data: FT3 (n=4); TSH (n=1)

FPFAS limit of detection (LOD, ng/mL): PFOA (0.09), PFOS (0.09), PFNA (0.02), PFDA (0.02), PFUA (0.02), PFHXS (0.02), PFDOA (0.05),

PFBS (0.009), PFOSA (0.12), PFHpA (0.03).

bFT3 LOD= 1.54 pmol/L.

FT4 LOD= 5.15pmol/L.
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Table 3.

Estimates of association between PFAS and thyroid hormones in cord blood among prelabor cesarean

deliveries by sparse partial least square (SPLS)a (N=568)

b FT4B (95%Cl) FT3B (95%Cl)

TSH B (95%Cl)

Page 14

Exposure

AllC n=0.99, K=1 1= 0.67, k =2 1= 0.67, k =1

PFOA — — —

PFOS — 0.059 (0.023, 0.100) -0.012 (-0.019, -0.005)

PFNA — 0.024 (-0.027, 0.071) -0.012 (-0.019, —0.005)

PFDA — -0.008 (—0.04, 0.026) -0.012 (-0.02, —0.005)

PFUA — 0.018 (-0.034, 0.077) -0.013 (-0.021, -0.006)

PFHxS — — —

PFDoA 0.190 (0.063, 0.304) -0.153 (-0.212, -0.106)  —0.013 (-0.023, -0.006)

PFBS — — —

Boy d n=0.15k =1 n=0.93, k=5 n=0.99, k =2

PFOA 0.062 (0.024, 0.138) -0.068 (—0.151, 0.015) —

PFOS 0.023 (-0.035, 0.057)  0.034 (~0.069, 0.185) —

PFNA 0.040 (0.006, 0.081) 0.075 (-0.07, 0.216) —

PFDA 0.043 (0.016, 0.078) — —

PFUA 0.033 (-0.007, 0.069)  0.107 (~0.069, 0.234) —

PFHxS 0.024 (-0.024,0.067) — —

PFDoA 0.054 (0.019, 0.119) -0.251 (-0.361, -0.144)  —0.062 (-0.108, -0.017)

PFBS 0.056 (0.009, 0.158)  0.098 (0.021, 0.182) -0.047 (-0.103, 0.011)

Girt @ 1= 0.99, k =1 1=0.99, k =1 1= 0.61, k=1

PFOA — — —

PFOS — — -0.016 (-0.032, —0.002)

PFNA — — -0.015 (-0.031, 0.001)

PFDA — — -0.013 (-0.026, 0.01)

PFUA — — -0.018 (-0.033, 0.003)

PFHxS —_ — —_

PFDoA 0.174 (0.019, 0.331) -0.124 (-0.185, —0.056) —

PFBS — — 0.011 (-0.003, 0.059)
aRegression coefficients (B) and 95% confidence intervals calculated using SPLS models; —, indicates association was not selected in SPLS

model; SPLS tuning parameters: k: the number of components used to construct the model, n: the degree of sparsity; the 95% CI of coefficients

was obtained via bootstrapping with 1000 iterations.

b . . -
All natural log-transformed PFAS were standardized, TSH was natural log-transformed. The regression coefficients (B) and 95%Cls were

presented as changes in THSs level per unit increase in PFAS

cModeIs adjusting for maternal age, fish intake, parity, infant sex, gestational age at delivery and maternal pre-pregnancy BMI

Models adjusting for maternal age, fish intake, parity, gestational age at delivery and maternal pre-pregnancy BMI
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