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Objective: To investigate the association between prenatal exposure to organochlorine pesticides (OCPs) and
thyroid-stimulating hormone (TSH) levels in male newborns.
Methods: Exposure to 17 OCPs was analyzed in 220 placentas from a male birth cohort in Southern Spain, and
TSH was measured in the umbilical cord blood. OCP concentrations were quantified by gas chromatography
and mass spectrometry. Multivariate regression analysis was conducted to examine the association between
pesticide exposure and neonatal TSH levels, adjusting for confounders.
Results: Newborn boys with higher exposure to endrin in placenta had higher odds of TSH cord blood levels
≥5 mU/L (80th percentile) (OR=2.05; 95% CI=1.01, 4.18; p=0.05), whereas higher prenatal exposure to
endosulfan-sulfate was associated with lower odds of TSH ≥5 mU/L (OR=0.36; 95% CI=0.17, 0.77;
p=0.008). Amarginally significant negative association was found between TSH and hexachlorobenzene levels

(β=−0.15; 95% CI=−0.31, 0.02; p=0.09), and exposure to p,p′-DDE showed a marginally-significant higher
odds of TSH≥5 mU/L (OR=1.32; 95% CI=0.95, 1.83; p=0.09). No associationwas found between TSH and the
remaining pesticides.
Conclusions:Early exposure to certain environmental chemicalswith endocrine-disruption activitymay interfere
with neonatal thyroid hormone status; however, the pattern of interference is not yet clearly elucidated.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

Human exposure to environmental chemicals that disrupt endocrine
homeostasis (endocrine disruptors [EDs]) has been mainly related to
effects on sex hormones (estrogens and androgens). Thus, many
organochlorine compounds (OCs) have been shown to display an
estrogenic-like activity (DeCastro et al., 2006; Fernández et al., 2004).
Organochlorine pesticides (OCPs), polychlorinated biphenyls (PCBs) and
dioxins/furans have also been demonstrated to influence thyroid
hormone (TH) (thyroxine [T4], triiodothyronine [T3] and thyroid-
stimulating hormone [TSH]) activity and metabolism in animal studies
(Boas et al., 2006). With regard to OCPs, there are considerable animal
data on the alteration of TH levels by exposure to p,p′-dichlorodiphenyldi-
chloroethene (p,p′-DDE) and hexachlorobenzene (HCB) (ATSDR, 2002a,
2002b).
thyroid-stimulating hormone;
; TH, thyroid hormone.
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Thyroid disruption may be caused by various mechanisms, since
different chemicals interfere with the hypothalamic–pituitary–thyroid
axis at distinct levels. Several OCs are structurally similar to THs and
therefore have the potential to bind to proteins and receptors that
characteristically bind THs, producing complex effects on TH signaling
(Zoeller, 2007). In addition, changes in serum TH concentrations can be
caused by chemicals that inhibit TH synthesis, release and metabolism
(Boas et al., 2006).

Several studies have investigated associations between OC
exposure levels in human tissues and TH status in adults (Langer et
al., 2006) and infants (Alvarez-Pedrerol et al., 2008; Asawasinsopon et
al., 2006; Lopez-Espinosa et al., 2010; Ribas-Fitó et al., 2003; Takser et
al., 2005), with no conclusive results (Boas et al., 2006;Maervoet et al.,
2007). Discrepancies in these findingsmight result from differences in
study populations, sample sizes, matrices for exposure measurement
(e.g., maternal venous blood, cord blood, breast milk), specimen
collection time points and/or isomers. Investigations into the effects of
early OC exposure on human thyroid function have largely studied
PCBs and dioxins (Maervoet et al., 2007; Wang et al., 2005). Recent
studies suggested that p,p′-DDT (1,1,1-trichloro-2,2-bis(p-chlorophenyl)
ethane), p,p′-DDE, β-hexachlorocyclohexane (β-HCH) and HCB may also
alter the thyroid system (Alvarez-Pedrerol et al., 2008, 2009a, 2009b;
Takser et al., 2005). However, little is known about the disrupting
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potential of OCPs other than DDT, HCB, or HCH, e.g., mirex, aldrin and
dieldrin (Asawasinsopon et al., 2006; Takser et al., 2005).

THs play an important role during early human development and
it has been speculated that some of the neurotoxic and reproductive
effects of early exposure to environmental EDs may result from
disruption of the thyroid system (Williams, 2008). Thus, studies in
infants have focused on the association between THs and adverse
health effects such as low birth weight, growth retardation and
altered psychomotor and cognitive functions (Alvarez-Pedrerol et al.,
2009a, 2009b; Freire et al., 2010b; Ribas-Fitó et al., 2007; Toft et al.,
2004).

The production and use of most OCPs have been restricted or
banned internationally since the 1970s, although some remain in legal
use in various countries (Beard, 2006; PNA Convenio Estocolmo y
Reglamento 850/2004., 2007). However, worldwide and intensive use
of these compounds has led to widespread contamination of the
environment and, due to their high persistence and bioaccumulation
capacity, their presence is still detected in human tissues (Cerrillo et
al., 2005; Lopez-Espinosa et al., 2007). Southern Spain has the largest
area of intensive greenhouse agriculture in Europe andmay constitute
a special case of exposure to pesticides that have only recently been
banned (in 2009), such as endosulfans (Cerrillo et al., 2005). In fact,
Spain has been the main consumer of endosulfans in the European
Union over the past few years (Endosulfan Preliminary Dossier, 2003).

Exposure to OCPs during human development may result in a
permanent alteration of the endocrine system, and the fetus can be
exposed to these compounds through the placenta. The present study
aimed to investigate the relationship between cord blood TSH levels
in a cohort of newborns from Granada, Southern Spain, and their
prenatal exposure to a range of OCPs in placentas. This investigation is
part of the INMA (INfancia y Medio Ambiente [Environment and
Childhood]) Project, a prospective multi-center study in Spain (www.
proyectoinma.org).

2. Methods

2.1. Subject recruitment

From 2000 to 2002, 700 eligible mother–son pairs registered at the
San Cecilio University Hospital were enrolled at delivery, establishing
the INMA-Granada male birth cohort, with the initial aim of
investigating the relationship between chronic exposure to endocrine
disrupting pesticides during pregnancy and urogenital malformations
in newborn boys (Freire et al., 2010a; Lopez-Espinosa et al., 2007).
Exclusion criteria were: maternal presence of serious chronic disease,
such as diabetes, hypertension or thyroid disease; pregnancy compli-
cation that could affect growth or development; and non-residence in
the hospital referral area (Fernández et al., 2007). The study was
approved by the Institutional Ethical Committee of the Hospital, and
signed informed consent was obtained from the eligible women who
agreed to participate.

2.2. Laboratory analysis

2.2.1. Extraction and quantification of OCPs
A random sample of 308 placentas was selected from the cohort

for chemical analysis. Placentas were collected at delivery and sent to
the Laboratory of Medical Investigations for analysis. They were
immediately coded, frozen, and stored at −86 °C until processing
(Lopez-Espinosa et al., 2007). Before analysis, half of the placenta was
almost defrosted and thenmechanically homogenized. Bioaccumulated
compounds were extracted from samples by a previously described
method (Fernández et al., 2007) with slight modifications. Briefly, 1.6 g
of placenta homogenate was dissolved in hexane and eluted in a glass
column filled with Alumine (Merck, Darmstadt, Germany). The eluate
obtained was concentrated at reduced pressure under nitrogen stream
and then injected into the preparative high pressure liquid
chromatography (HPLC). This previously described HPLC method
allows us the separation of xenoestrogens from natural estrogens
without destroying them. In addition, it has been demonstrated that
the fraction collected in thefirst 11 minHPLC (α fraction) contains all
the selected persistent chemicals (Fernández et al., 2007).

The presence of 17 OCPs (o,p′-DDT, p,p′-DDT, o,p′-DDD (dichlor-
odiphenyldichloroethane), p,p′-DDE, endosulfan-I and -II, endosulfan-
diol, -sulfate, -lactone, and -ether, aldrin, dieldrin, endrin, lindane, HCB,
mirex, and methoxychlor) was determined by gas chromatography
with electron-capture detection (Varian-3350 gas chromatograph plus
ECD (63Ni)), using p′-dichlorobenzophenone as internal standard, and
mass spectrometry. Standard solutions of organochlorine compounds
were analyzed previously to determine retention times and calibration
curves of these chemicals. The calibration linearity of all chemicals in
pure and processed standards was N0.98. The recovery of studied
chemicals, measured by spiking placenta samples with pure chemicals,
ranged from 84 to 102%. The reproducibility of the process was
established by running 10 placenta samples 10 times. The limits of
quantification (LQ) of the gas chromatograph for the studied chemicals
ranged from 0.1 to 3.0 ng/mL. Chemical compounds were confirmed by
GC and mass spectrometry (GC/MS) using a Saturn 2000 ion-trap mass
spectrometer fromVarian (Fernández et al., 2007; Lopez-Espinosa et al.,
2007) in all the samples. Placental lipid content was gravimetrically
quantified.

2.2.2. TSH determination
TSHwas measured in a cord blood sample spotted on a filter paper

(Schleicher & Schuell no. 2992), which was routinely obtained shortly
after birth in our Hospital for the national neonatal hypothyroidism
screening program (Cortés Castell et al., 2002). Data on neonatal TSH
levels were gathered for 80% of the boys (n=551). Hormone
concentrations were determined by using time-resolved sandwich
fluoroimmunoassay (AutoDELFIA, Perkin Elmer/Wallac, Turku, Fin-
land) at the Center for the Early Detection of Metabolopathies in
Neonates in San Juan de Dios Hospital (Granada, Spain). The limit of
detection (LD) was 0.01 mU/L. A cord blood level ≥14 mU/L is
established in the Center's laboratory to trigger the protocol for the
study and confirmation of neonatal hypothyroidism.

2.3. Covariates

Covariates considered in the statistical analysis are shown in
Table 1. A post-delivery questionnaire was administered to gather
data on: maternal age, alcohol consumption and cigarette smoking
during pregnancy, parity, pre-pregnancy body mass index (BMI),
maternal education, marital status, and area of residence (urban: city
of Granada; metropolitan: towns of N20,000 inhabitants in city
residential belt; sub-urban: towns of 10,000–20,000 inhabitants;
rural: b10,000 inhabitants), among other reproductive and medical
characteristics. Information on gestational age and anthropometric
measurements at birth were obtained from medical records. We
considered these covariates as potential confounders a priori.

Complete information on placental OCP concentrations, cord blood
TSH levels and covariates were available for a subset of 220 subjects
from the cohort. No differences in any study characteristics were found
between this subset and the children without TSH measurements
(n=88) (data not shown).

2.4. Statistical analysis

Descriptive analysis of continuous OCP concentrations was first
conducted. For further analyses, values of those OCPswith a frequency
of detection ≥50% were transformed into natural logarithms and
treated as continuous variables (for levels below the LD, we
considered a value of half the LD); while concentrations of pesticides
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Table 1
TSH levels (mU/L) measured in cord blood (n=220) by characteristics of study population from the INMA-Granada cohort, Southern Spain, 2000–2002.

n (%) TSH levels (mU/L)

GM 95% CI p-valuea

Child variables
Small for gestational age 0.72

No 197 (89.5) 3.05 2.79; 3.34
Yes 22 (10.5) 3.21 2.51; 4.11

Gestational age (weeks)b 220 (100) 39.4 39.2; 39.6 0.76
Birth weight (g)b 220 (100) 3335 3277; 3394 0.26

Maternal variables
Age at delivery (years)b 220 (100) 31.8 31.2; 32.5 0.44
Smoking during pregnancy 0.16

No 168 (76.4) 3.17 2.89; 3.48
Yes 52 (23.6) 2.76 2.29; 3.33

Alcohol consumption 0.12
No 196 (89.1) 3.15 2.90; 3.42
Yes 20 (10.9) 2.52 1.71; 3.71

Parity 0.14
Primiparous 110 (50) 3.27 2.91; 3.67
Multiparous 110 (50) 2.88 2.56; 3.25

Pre-pregnancy BMI (kg/m2) 0.92
b19 13 (5.9) 3.20 2.41; 4.26
19–24 142 (64.5) 3.06 2.74; 3.42
25–29 51 (23.2) 3.07 2.66; 3.55
≥30 14 (6.4) 3.04 1.97; 4.69

Educational level 0.90
Up to primary school 115 (52.3) 3.05 2.70; 3.45
Secondary school 69 (31.4) 3.03 2.60; 3.54
University 36 (16.4) 3.20 2.73; 3.76

Marital status 0.80
Stable partner 202 (91.8) 3.08 2.82; 3.36
Without stable partner 18 (8.2) 2.97 2.32; 3.79

Area of residence 0.51
Rural 50 (22.7) 2.81 2.28; 3.45
Sub-urban 35 (15.9) 3.45 2.93; 4.06
Metropolitan 108 (49.0) 3.10 2.75; 3.49
Urban 27 (12.3) 2.99 2.35; 3.81

TSH: thyroid-stimulating hormone; GM: geometric mean; CI: confidence interval.
a p-value for simple linear regression, T-test or ANOVA.
b Continuous variables; BMI: body mass index.

Table 2
Organochlorine pesticide (OCP) concentrations measured in placenta (ng/g placenta),
INMA-Granada cohort, Southern Spain, 2000–2002 (n=220).

OCPs n (%≥LD) GMa 95% CIa P25 P50 P75 P95 Max.

o,p′-DDT 123 (55.9) 0.86 0.76; 0.97 bLD 0.50 0.73 3.18 6.98
p,p′-DDT 108 (49.1) 1.25 1.03; 1.52 bLD bLD 0.91 7.47 51.2
p,p′-DDE 205 (93.2) 2.01 1.75; 2.30 0.84 1.74 3.37 11.9 65.7
o,p′-DDD 108 (49.1) 1.91 1.54; 2.37 bLD bLD 1.86 15.1 35.3
∑DDTs 215 (97.7) 4.16 3.61; 4.81 1.99 4.13 7.89 25.5 66.5
E-I 116 (52.7) 0.73 0.60; 0.88 bLD 0.25 0.58 5.11 29.8
E-II 69 (31.4) 1.37 1.14; 1.64 bLD bLD 1.00 10.8 48.7
E-diol 116 (63.2) 2.10 1.07; 6.20 bLD 3.68 6.27 18.7 26.2
E-ether 110 (50.0) 0.23 0.20; 0.27 bLD bLD 0.19 1.36 4.67
E-sulfate 109 (49.5) 0.93 0.75; 1.14 bLD bLD 0.88 7.17 31.7
E-lactone 85 (38.6) 1.14 0.87; 1.50 bLD bLD 0.79 17.2 40.3
∑Endosulfans 211 (95.9) 4.02 3.35; 4.82 1.26 5.69 9.64 27.0 129
Aldrin 62 (28.2) 0.82 0.68; 0.99 bLD bLD 0.50 4.41 7.86
Endrin 75 (34.1) 2.53 2.12; 3.01 bLD bLD 1.50 10.8 59.1
Dieldrin 47 (21.4) 1.05 0.82; 1.34 bLD bLD bLD 8.73 10.0
Lindane 168 (76.4) 0.41 0.32; 0.53 0.12 0.25 0.47 1.84 6.66
HCB 94 (42.7) 1.02 0.84; 1.24 bLD bLD 0.55 8.62 30.4
Methoxychlor 62 (28.2) 1.20 0.94; 1.52 bLD bLD 0.50 10.0 22.0
Mirex 55 (25.0) 1.15 0.91; 1.47 bLD bLD 0.44 8.72 22.3

LD: Limit of detection; GM: geometric mean; CI: confidence interval; P: percentile;
Max.: maximum.
DDT: 1,1,1-tricloro-2,2-bis(4-clorofenil)-etano; ∑DDTs: sum of o,p′-DDT, p,p′-DDT, p,p′-
DDE, and o,p′-DDD; E: endosulphan; ∑Endosulfans: sum of E-I, E-II, E-diol, E-ether,
E-sulfate, and E-lactone; HCB: hexachlorobenzene.

a Descriptive statistics for concentrations ≥LD.
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detected in b50% of the placenta extracts were treated as dichoto-
mous variables, using the LD as cut-off. TSH values were transformed
into natural logarithms to improve the normality and were treated as
a continuous variable. In a second analysis, TSH was dichotomized
using as cutoff the value established by theWorld Health Organization
for “moderately elevated neonatal concentrations” (5 mU/L) (WHO,
2007), which coincided with the 80th percentile (4.99 mU/L). We
used one-way analysis of variance and the Student's t-test to examine
the relationship of covariates with continuous TSH levels.

Linear and logistic regression analyses were performed to explore
the unadjusted and adjusted association of OCP concentrations in
placenta tissue samples with cord blood TSH levels. All multivariate
models controlled for maternal age and gestational age (continuous),
regardless of their statistical significance, based on reports in the
literature (Chevrier et al., 2008; Maervoet et al., 2007; Takser et al.,
2005). OCP concentrations were adjusted by g of placenta (ng/g) in
the descriptive analysis, but the total placental lipid content was
included as a separate term in the regression models for continuous
OCPs because it was recently shown that lipid standardization models
are highly prone to bias (Schisterman et al., 2005). Models were also
adjusted for confounding factors, i.e., prenatal smoking (yes/no),
alcohol consumption during pregnancy (yes/no), parity (primiparous/
multiparous), birth weight (continuous) and maternal education
(primary/secondary/university). Variables associated with TSH levels
at a significance level of pb0.20 in bivariate analysis or whose
inclusion in the models changed OCP effect estimates by N10% were
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considered confounders. p≤0.05 was considered significant. SPSS
version 16.0 (SPSS Inc., Chicago, IL, US) and STATA version 9.0
(Corporation, College Station, Texas) were used for the analyses.

3. Results

The mean age of the 220 mothers at delivery was 32 years
(range=16–46 years) and pre-pregnancy BMI was 24 kg/m2 (17–
40 kg/m2). Around 24% of women were smokers, 9% consumed
alcohol during pregnancy, 50% were primiparous, 16% had university
education, and only 8% did not have a stable partner. The mean birth
weight was 3335 g (2070–4590 g), and the mean duration of
gestation was 39 weeks (32–42 weeks); 10% of the boys were small
for gestational age (SGA). All cord blood TSH levels were within
normal laboratory reference values (b14 mU/L), with a geometric
mean (GM) of 3.07 mU/L (95% confidence interval [CI]=2.82, 3.34;
range=0.24–14.00 mU/L). Table 1 summarizes TSH levels by char-
acteristics of the study population. Although differences did not reach
statistical significance, cord blood TSH levels were higher among
primiparous mothers (p=0.14) and those smoking (p=0.16) or
consuming alcohol during pregnancy (p=0.12).

Table 2 lists the percentages of detection, and GM, 95% CI,
percentiles 25, 50 75 and 95, and maximum levels ≥LD of the 17
OCPs quantified in the placenta samples. All samples were positive for
at least one pesticide, with a mean of eight pesticides per placenta
(range=2–15 pesticides). p,p′-DDE was the most frequent pesticide
(96.2%), followed by lindane (76.4%), endosulfan-diol (63.2%), o,p′-
DDT (55.9%), endosulfan-I (52.7%), and endosulfan-ether (50.0%). The
remaining OCPs studied were detected in b50% (21.4–49.5%) of
placenta samples. Around 98% and 96% of the placenta samples,
respectively, had detectable levels of at least one of the studied DDT
and endosulfan isomers/metabolites. Unadjusted analysis with cate-
Table 3
Unadjusted association of TSH levels (mU/L) measured in cord blood with organo-
chlorine pesticide (OCP) concentrations (ng/g placenta), INMA-Granada cohort,
Southern Spain, 2000–2002 (n=220).

OCPs TSH ≥5 mU/La Continuous TSHb

OR 95% CI p-value β 95% CI p-value

o,p′-DDTc 1.02 0.67; 1.55 0.92 0.04 −0.06; 0.15 0.43
p,p′-DDTd 0.83 0.43; 1.62 0.59 −0.08 −0.25; 0.08 0.32
p,p′-DDEc 1.35 0.99; 1.83 0.05 0.04 −0.03; 0.12 0.29
o,p′-DDDd 0.93 0.48; 1.81 0.84 −0.06 −0.23; 0.11 0.48
ΣDDTsc 1.28 0.94; 1.74 0.11 0.00 −0.08; 0.07 0.91
E-Ic 0.96 0.71; 1.28 0.77 −0.03 −0.10; 0.04 0.45
E-IId 1.50 0.75; 2.99 0.25 0.01 −0.17; 0.19 0.91
E-diolc 1.17 0.92; 1.48 0.20 0.02 −0.04; 0.07 0.58
E-etherc 1.10 0.79; 1.53 0.58 0.00 −0.08; 0.09 0.94
E-sulfated 0.40 0.20; 0.80 0.01 −0.14 −0.31; 0.02 0.09
E-lactoned 0.69 0.34; 1.39 0.30 −0.08 −0.25; 0.09 0.36
ΣEndosulfansc 1.07 0.86; 1.35 0.53 0.00 −0.06; 0.05 0.99
Aldrind 1.09 0.53; 2.25 0.82 0.01 −0.17; 0.20 0.89
Endrind 2.32 1.18; 4.55 0.01 0.08 −0.10; 0.25 0.39
Dieldrind 1.30 0.60; 2.81 0.51 −0.02 −0.22; 0.18 0.85
Lindanec 1.01 0.67; 1.52 0.95 −0.04 −0.14; 0.07 0.50
HCBd 0.91 0.47; 1.78 0.78 −0.07 −0.24; 0.10 0.41
Methoxychlord 1.61 0.80; 3.25 0.18 0.10 −0.08; 0.29 0.27
Mirexd 1.76 0.86; 3.60 0.12 0.18 −0.01; 0.37 0.07

OR: Odds ratio; CI: confidence interval; β: regression coefficient.
DDT: 1,1,1-trichloro-2,2-bis(4-chlorophenyl)-ethane; ΣDDTs: sum of o,p′-DDT, p,p′-DDT,
p,p′-DDE, and o,p′-DDD; E: endosulfan; ΣEndosulfans: sum of E-I, E-II, E-diol, E-ether,
E-sulfate, and E-lactone; HCB: hexachlorobenzene.

a Simple logistic regression analysis with dichotomous TSH levels (≥5 mU/L) as
dependent variable.

b Simple linear regression analysis with log-transformed TSH levels as dependent
variable.

c Concentrations transformed into natural logarithm.
d Categorical concentrations (≥ limit of detection).
gorical TSH (≥5 mU/L) showed positive associations with endrin
(OR=2.32; 95% CI=1.18, 4.55; p=0.01) and p,p′-DDE (OR=1.35;
95% CI=0.99, 1.83; p=0.05) and an inverse relation with endosulfan-
sulfate (OR=0.40; 95% CI=0.20, 0.80; p=0.01). No significant
associations were found with continuous TSH levels (Table 3).

Table 4 shows the results of the adjustedanalysis of thedifferentOCP
concentrations with cord blood TSH levels. Levels of TSH ≥5 mU/L
remained significantly associated with endrin and endosulfan-sulfate
placental concentrations after controlling for covariates, with a 2-fold
higher odds (OR=2.05; 95% CI=1.01, 4.18; p=0.05) in newborns
exposed to concentrations of endrin ≥LD in utero, but a significantly
lower odds of TSH ≥5 mU/L in newborns prenatally exposed to
endosulfan-sulfate ≥LD. A higher odds of TSH ≥5 mU/L (OR=1.32;
95% CI=0.95, 1.83; p=0.09) was observed with higher p,p′-DDE
concentrations, although significance was not reached. With the
exception of HCB, which showed a negative and marginally significant
association (β=−0.15; 95% CI=0.95, 1.83; p=0.09), no relationship
was found between OCP concentrations in placenta samples and
continuous TSH levels.
4. Discussion

The relationship between exposure to placental OCPs and TSH
levels was investigated in 220 male newborns from the general
population. It was found that the risk of cord blood TSH ≥5 mU/L was
higher in neonates prenatally exposed to greater concentrations of
endrin but lower in those exposed to greater concentrations of
endosulfan-sulfate. Marginally significant associations were found
between higher TSH concentrations and higher p,p′-DDE and lower
HCB. Exposure to OCPs during fetal development may exert some
effects on thyroid status in neonates, as indicated in other studies
Table 4
Adjusted association of organochlorine pesticide (OCP) concentrations (ng/g placenta)
with neonatal TSH levels (mU/L) measured in cord blood, INMA-Granada cohort,
Southern Spain, 2000–2002 (n=220)a.

OCPs TSH ≥5 mU/Lb Continuous TSHc

OR 95% CI p-value β 95% CI p-value

o,p′-DDTd 0.91 0.59; 1.42 0.69 0.04 −0.07; 0.14 0.49
p,p′-DDTe 0.79 0.39; 1.60 0.51 −1.0 −0.27; 0.07 0.26
p,p′-DDEd 1.32 0.95; 1.83 0.09 0.05 −0.26; 0.09 0.26
o,p′-DDDe 0.77 0.37; 1.58 0.48 −0.09 −0.03; 0.12 0.32
∑DDTsd 1.17 0.84; 1.63 0.35 −0.02 −0.10; 0.06 0.57
E-Id 0.92 0.67; 1.25 0.58 −0.02 −0.10; 0.05 0.53
E-IIe 1.50 0.71; 3.17 0.28 −0.04 −0.22; 0.14 0.68
E-diold 1.09 0.85; 1.40 0.49 0.00 −0.05; 0.06 0.89
E-etherd 1.10 0.77; 1.56 0.60 −0.01 −0.10; 0.08 0.80
E-sulfatee 0.36 0.17; 0.77 0.008 −0.12 −0.29; 0.05 0.15
E-lactonee 0.80 0.38; 1.67 0.55 −0.05 −0.22; 0.12 0.58
∑Endosulfansd 1.04 0.82; 1.31 0.75 −0.01 −0.06; 0.05 0.84
Aldrine 0.94 0.43; 2.04 0.87 0.02 −0.16; 0.21 0.82
Endrine 2.05 1.01; 4.18 0.05 0.03 −0.15; 0.20 0.76
Dieldrine 1.28 0.57; 2.86 0.55 −0.01 −0.21; 0.20 0.93
Lindaned 0.92 0.59; 1.42 0.71 −0.03 −0.14; 0.07 0.53
HCBe 0.72 0.35; 1.47 0.36 −0.15 −0.31; 0.02 0.09
Methoxychlore 1.72 0.81; 3.68 0.16 0.04 −0.15; 0.22 0.69
Mirexe 1.69 0.77; 3.69 0.19 0.12 −0.07; 0.32 0.22

OR: Odds ratio; CI: confidence interval; β: regression coefficient.
DDT: 1,1,1-trichloro-2,2-bis(4-chlorophenyl)-ethane;∑DDTs: sum of o,p′-DDT, p,p′-DDT, p,
p′-DDE, and o,p′-DDD; E: endosulfan; ∑Endosulfans: sum of E-I, E-II, E-diol, E-ether,
E-sulfate, and E-lactone; HCB: hexachlorobenzene.

a Association of OCP concentrationswith TSH levels, adjusted formaternal age, gestational
age, smoking and alcohol consumption during pregnancy, parity, birth weight, maternal
education, and placenta lipid concentration.

b Dichotomous TSH levels (≥5 mU/L) as dependent variable.
c Log-transformed TSH levels as dependent variable.
d Concentrations transformed into natural logarithm.
e Categorical concentrations (≥ limit of detection).
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(Alvarez-Pedrerol et al., 2008; Asawasinsopon et al., 2006; Lopez-
Espinosa et al., 2010; Ribas-Fitó et al., 2003); however, there was not a
consistent pattern in the association shown in the present study.

Very little information is available on the specific thyroid effects of
early exposure to most OCPs. Although TH concentrations have been
consistently associated with PCBs and dioxins (Hagmar, 2003;
Maervoet et al., 2007), evidence on the effect of OCPs on TH levels
in vulnerable groups (e.g., pregnant women and infants) has been
controversial (Alvarez-Pedrerol et al., 2008; Asawasinsopon et al.,
2006; Dallaire et al., 2008; Maervoet et al., 2007; Takser et al., 2005).
Previous findings in a Spanish community highly exposed to HCB
showed no significant association between this pesticide and TSH
concentrations at birth but, in agreement with our results, a close-to-
significant positive association between cord serum p,p′-DDE and
infant TSH levels N10 mU/L; the earlier study also reported a positive
relationship with β-HCH (Ribas-Fitó et al., 2003). Two more recent
Spanish studies found a positive association with β-HCH but not with
HCB or DDT (Alvarez-Pedrerol et al., 2008; Lopez-Espinosa et al.,
2010). Asawasinsopon et al. (2006) found no relation between cord
blood TSH and maternal or cord serum levels of DDT, dieldrin,
heptachlor, HCB or lindane, and there have been other reports of no
association between TSH levels and OCP concentrations (Dallaire et al.,
2008; Maervoet et al., 2007; Takser et al., 2005). Higher serum TSH
levels were related to higher p,p′-DDE exposure in Spanish pregnant
women (Lopez-Espinosa et al., 2009), although TSH was not associated
withmaternal serum levels of DDTs andHCB (Chevrier et al., 2008). The
present study found that neonatal TSH was related to placental endrin
and endosulfan-sulfate. Limited data have been published on the effects
of human exposure to these two pesticides on thyroid function
(Dewailly et al., 1993). An unexpected finding was the negative
relationship of TSH with endosulfan-sulfate and, although not signifi-
cant, with HCB, since a higher exposure to OCPs might be expected to
increase TSH levels due to a decrease in free or total T4 neonatal levels
(Maervoet et al., 2007; Takser et al., 2005).

Somemechanistic hypotheses can be proposed for the associations
found in the present study. Thus, field and laboratory animal studies
have demonstrated that DDT may be able to alter the production of
THs and hormone availability at target tissues by competing with T4
for binding to purified human transthyretin (Scollon et al., 2004;
Sormo et al., 2005; Verreault et al., 2004). Transthyretin is the main
plasma T4 transporting protein in rats but may also play an important
role in T4 transportation in the human brain. DDT has also been shown
to disrupt THs by increasing TH peripheral metabolism through an
induction of hepatic microsomal enzymes, resulting in an increased
excretion of plasma T4 (Capen, 1994; Scollon et al., 2004). In contrast,
an in vitro study found that neither p,p′-DDT nor p,p′-DDE interacted
with transthyretin or thyroid-binding globulin (Cheek et al., 1999).

Few experimental data are available on the effects of endrin and
endosulfan on the thyroid function. Interestingly, endrin was found to
depress thyroid iodine uptake in various fish species, suggesting that
it may compromise thyroid function by inhibiting TH synthesis and its
intra-thyroidal storage, which can account for more than three
months of TH reserves in humans (Bhattacharya et al., 1989; Singh
and Singh, 1980). Evidence is emerging on the thyroid-disrupting
effects of other pesticides, such as methoxychlor and endosulfan
(Boas et al., 2006), but their mechanism of action has yet to be
elucidated. Exposure to endosulfan was found to alter circulating TH
levels in a study of fish, inhibiting T4 production/secretion and
enhancing T4 clearance (Coimbra et al., 2005); low doses of
endosulfan in the diet decreased plasma T4 levels, restored T3 levels,
and depressed hepatic type I deiodinase activity at 21 days of
exposure, but hepatic type III activity increased after 35 days of
treatment. Contrary to expectations, a higher endosulfan dose did not
alter TH plasma level or hepatic deiodinase activity in this study,
suggesting that paradoxical results can be obtained depending on the
dose and duration of exposure (Coimbra et al., 2005). Early exposure
to endosulfan-sulfate could lead to significant alterations in T4
feedback to the hypothalamus, resulting in decreasing TSH levels at
birth, as it has been reported for placental and cord plasma PCBs
(Sandau et al., 2002; Wang et al., 2005).

Humans may be exposed to mixtures of OCPs and numerous other
compounds, hampering the prediction of effects on TH levels. In the
present series, all placentas had measurable concentrations of at least
one of the 17 OCPs investigated, reflecting the ubiquity of exposure in
the population, as previously reported (Lopez-Espinosa, 2006; Lopez-
Espinosa et al., 2007). Chemicals may have different effects on the
thyroid axis or act synergistically (Crofton et al., 2005). Therefore,
alterations in TSH levels might result not only from prenatal exposure
to endrin or endosulfan-sulfate but also from exposure to other OCPs,
alone or in combination. It should be borne in mind that the INMA-
Granada birth cohort is entirely composed of male infants, whose
hormonal levels might have differed from those of females. Thus,
Wang et al. (2005) described a gender difference in the sensitivity to
EDs, reporting that prenatal exposure to dioxins – which have
antiestrogenic activity – increased neonatal T4 levels in female but not
male infants.

A Spanish study of another INMA cohort (Alvarez-Pedrerol et al.,
2007) showed that THs were related to cognitive function and
attention behavior among preschoolers, suggesting that even small
changes in TH levels may have a significant effect on brain function.
Concentrations of DDT in cord serum were associated with a decrease
in cognitive skills at preschool age in two other INMA cohorts (Ribas-
Fitó et al., 2006). The present cohort is being followed up throughout
childhood, and a recent longitudinal study showed that prenatal
exposure to mirex (in 104 of these children) had a negative effect on
cognitive development at the age of 4 years (Puertas et al., 2010).
Although mirex did not show a significant effect on neonatal TSH
status in the present study, a positive trend (p=0.07) was found with
continuous TSH in the crude analysis and with TSH ≥5 mU/L
(OR=1.69; p=0.19) in the adjusted analysis. A further study has
been recently conducted by our group into the impact of neonatal TSH
levels on neurodevelopment at the age of 4 years (Freire et al., 2010b),
which will be also investigated in the same cohort at the age of 9–
10 years.

Other study strengths are that we examined the effects of a large
number of covariates identified from the literature. Neonatal TSH
levels were assessed using the same technique as in other Spanish
studies (part of routine early screening for hypothyroidism in
Spanish hospitals), supporting the validity of the present study. We
measured prenatal exposure to OCPs in placenta samples, hamper-
ing comparison of our findings with previous reports on this issue.
Nevertheless, a high correlation has been demonstrated among
OC concentrations in maternal serum, cord serum and placenta
(Bergonzi et al., 2009; Wang et al., 2004), and placental analysis
offers the opportunity to measure the exposure of both mother
and fetus to EDs without requiring an invasive procedure. A
limitation of our study is that only concentrations of TSH were
determined, and no data were available on total or free T4/T3.
However, TSH is considered a more sensitive indicator of thyroid
disruption in comparison to T4 or T3 levels (The National Academy of
Clinical Biochemistry, 2007).

5. Conclusions

This is the first report on the relationship between TSH status at
birth and prenatal exposure to a wide range of OCPs as measured in
the placenta. Although some associations were detected between
OCP exposure and TSH cord blood levels, no clear pattern emerged
on the influence of the compounds measured in placenta tissue on
neonatal TH status. The impact of environmental chemicals on
thyroid hormone levels and metabolism is a matter of growing
concern, and further research is warranted to elucidate the causal
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relationship between endocrine-disrupting chemicals and thyroid
hormones.
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