
Effects of PCBs, p,p9-DDT, p,p9-DDE, HCB and b-HCH
on thyroid function in preschool children
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ABSTRACT
Objective: Several studies have shown that some
organochlorine compounds (OCs) can interfere with the
thyroid system. As thyroid hormones (THs) are essential
for normal brain development, it is important to study the
association between THs and OCs during pregnancy and
childhood. We have evaluated the relationship between
thyroid function and OCs in preschool children.
Methods: Children from a general population birth cohort
in Menorca (n = 259), Spain were assessed at the age of
4 years. Concentrations of THs (free T4 and total T3),
thyrotropin (TSH) and a range of OCs were measured in
peripheral blood.
Results: Blood levels of dichlorodiphenyl trichloroethane
(p,p9-DDT), b-hexachlorocylcohexane (b-HCH), poly-
chlorinated biphenyls (congeners PCB-138, PCB-153 and
PCB-118) were related to lower total T3 levels (p,0.05).
In addition, free T4 was inversely associated with PCB-
118, while no relationship was found between TSH and
any of the measured OCs.
Conclusions: This study suggests that even at back-
ground levels of exposure, OCs may affect the thyroid
system, particularly total T3 levels.

Organochlorine compounds (OCs) such as poly-
chlorinated biphenyls (PCBs), dioxins, chloroben-
zenes, dichlorodiphenyl trichloroethane (p,p9-
DDT) and hexachlorocyclohexanes are widespread
environmental pollutants. They are highly lipophi-
lic and chemically stable compounds that persist in
the environment and accumulate in the food chain
and in human tissues. In recent years, OCs have
been detected in human milk, blood and adipose
tissue in the general population.1 2

OCs have several well known toxic effects.
Thyroid effects, generally hypothyroidism, have
been found in both animals3 4 and humans,5

although results are controversial. The association
between thyroid hormones (THs), thyrotropin
(TSH) and OCs in humans has been studied
mainly in newborns,6–15 toddlers16–18 and adults.5

Nevertheless, young children are also vulnerable to
environmental insults, since neurodevelopmental
processes such as myelination, which is dependent
on THs, are not completed until adolescence.19 20

Osius et al studied the relationship between THs
(free T3 and free T4), TSH and PCBs in 7–10-year-
old children,21 Schell et al studied the effects of
PCBs, p,p9-dichlorodiphenyl dichloroethylene
(p,p9-DDE) and hexachlorobenzene (HCB) on T4
and TSH in a group of adolescents,22 and Ilsen et al
studied the effects of dioxins in a small group of
preschool children.23 To our knowledge, no other
studies have been done in children. Most reports
have focused on the effects of PCBs and dioxins on

TH levels6 7 9–11 13 15–18 21 23 and some studies have
suggested that other OCs such as p,p9-DDT, p,p9-
DDE, b-hexachlorocylcohexane (b-HCH) or HCB
may also disrupt the thyroid system.8 12 14 22

However, further research is required to assess
the effects of a full range of OCs in preschool
children, particularly since their neurological sys-
tems are still developing.

The objective of this study was to evaluate the
effects of background exposure to OCs (PCBs, p,p9-
DDT, p,p9-DDE, b-HCH and HCB) on levels of
THs (free T4 and T3) and TSH in preschool
children from the general population.

METHODS
Study population
A population-based birth cohort was set up on the
island of Menorca, a popular tourist destination in
the northwest Mediterranean, and included all
children born between July 1997 and December
1998. A total of 482 children were enrolled (written
consent was obtained from parents) and 468
(97.1%) provided data up to their 4th-year visit.
OC and TH measurements in serum at age 4 years
were obtained from 259 (55%) of these children
and were included in the analysis. The most
common reasons for non-inclusion in the study
were parental refusal for blood extraction from
their child (24% of the enrolled children) or an
insufficient quantity of serum for OC and/or TH
measurement.

Organochlorine compounds
HCB (formerly used as a fungicide), b-HCH, p,p9-
DDT and its metabolite dichlorodiphenyl dichlor-
oethylene (p,p9-DDE), used as pesticides, were
analysed in serum at birth and at 4 years of age.
Polychlorinated biphenyls (summation of conge-
ners PCB-28, PCB-52, PCB-101, PCB-118, PCB-138,
PCB-153 and PCB-180) were also assessed because
of their potential effects on the thyroid. The most
common PCBs (PCB-118, PCB-138, PCB-153 and
PCB-180) were also analysed separately. All ana-
lyses were carried out in the Department of
Environmental Chemistry of the Institute of
Chemical and Environmental Research (IIQAB-
CSIC) in Barcelona, Spain using gas chromatogra-
phy (GC) with electron capture detection
(Hewlett-Packard 6890N GC-ECD; Hewlett-
Packard, Avondale, PA, USA) and GC coupled to
chemical ionisation negative-ion mass spectrome-
try (Hewlett-Packard 5973 MSD), which has been
previously described.24 Limits of detection (LOD)
and quantification (LOQ) ranged from 0.02 to 0.09
and from 0.03 to 0.13 ng/ml, respectively. OC
values were substituted with one-half of the
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detection limit when they were below the detection limit. OCs
measured at birth and at 4 years were correlated (correlations
between 0.14 and 0.46, p,0.05) except for p,p9-DDT which was
not statistically significantly correlated (correlation 0.12,
p,0.06).

Thyroid hormone assessment
Thyroid function was assessed at age 4 years by measuring the
concentrations of TSH, T3 and free T4 in serum samples by

chemiluminescence assay (ARCHITECT system; Abbott
Laboratories, Abbott Park, Illinois, USA) in the Reference
Laboratory of Catalonia in 2004. Inter-assay coefficients of
variation (CV) for the TSH, free T4 and total T3 measurements
were under 5.2%, 7.8% and 5.3%, respectively, and intra-assay
coefficients were 3.3%, 4.2% and 3.0%, respectively. The
reference ranges proposed by the laboratory were 0.35–5 mU/l
for TSH, 80–200 ng/dl for total T3 and 0.7–1.7 ng/dl for free
T4. As all samples were collected in the morning, there should
be no circadian variation effects. Samples were stored at –20uC
prior to analysis.

Other variables
Information on parental education, socioeconomic background
(using the UK Registrar General’s 1990 classification according
to parental occupation by ISCO88 code), marital status,
maternal disease and obstetric history, parity, duration of
breastfeeding, gender, alcohol consumption during pregnancy,
children’s cigarette exposures (during the mother’s pregnancy
and when the child was 4 years old) and dietary fish intake was
obtained through questionnaire. Information on gestational age
and anthropometric measurements at birth was available from
clinical records. Anthropometric measurements were also taken
at age 4 years.

Statistical analysis
We conducted a cross-sectional analysis among participants at
age 4 years to assess the relationships between THs and TSH
levels (outcome variables) and OCs (exposure variables). OCs
and TSH showed a non-normal distribution and were log
transformed before being included in the models. Unadjusted
and adjusted linear regression models were performed using
THs and TSH as continuous variables. OC levels were first
treated as categorical variables (categorised into quartiles) and
given the linearity observed in most of the associations between
quartiles of OCs and THs; models were repeated using the OCs
as continuous variables. Models were adjusted for those
variables that appeared to be statistically significantly asso-
ciated with TH levels at the 0.20 level of significance in the
bivariate analysis (child’s weight at age 4 years, gestational age,
mother’s age at delivery, geographical location and mother’s
smoking habits when the child was aged 4 years) in addition to
those variables identified from the literature, including sex and
duration of breastfeeding. All statistical analyses were con-
ducted with the STATA 8.2 statistical software package.

Table 3 presents the crude association between total T3, free
T4 and TSH, and quartiles of the different OCs. Total T3 was
associated with HCB, p,p9-DDT, b-HCH, PCB-118 and the sum
of PCBs, and a linear trend (p trend) was observed in the
relationship with b-HCH, PCB-153 and PCB-118, and the sum
of PCBs. For instance, children with higher PCB-118 levels (last
quartile) had 11.5 ng/dl of T3 less than children from the
reference group (first quartile). Free T4 concentration was only
associated with PCB-118 (p trend = 0.003), and TSH with the
sum of PCBs (p trend = 0.046).

RESULTS
The characteristics of the study population are described in
table 1. Participating children were more likely than non-
participating children to have mothers who smoked 4 years
after delivery (34% vs 28%, respectively) and to live in the two
main cities of Menorca. However, there were no other

Table 1 Characteristics of the study population at age 4

Children
included
(n = 259)

Children not
included{
(n = 209)

Child variables

Gestational age (weeks) 39.3 39.4

Gender (% males) 47.9 55.4

Birth height (cm) 48.9 49.1

Birth weight (g) 3197 3183

Height at age 4 (cm) 107 107

Weight at age 4 (kg) 18.6 18.6

Geographical location (% of children

living in this area)

Ciutadella 51 40

Maó 24 19

Other 25 41*

Duration of breastfeeding (%)

,3 weeks 22 21

3–19 weeks 32 32

.19 weeks 46 47

Fish consumption (at least twice/week, %) 55 54

OCs at birth (cord blood), geometric

mean (ng/ml)

Sum of PCBs 0.72 0.59

HCB 0.33 0.30

p,p9-DDE 1.13 0.98

p,p9-DDT 0.07 0.06

b-HCH 0.23 0.25

Maternal variables

Mean age at delivery (years) 33 32

Social class (%)

Professional, manager, technician 13 11

Skilled manual and non-manual 51 53

Partially skilled and unskilled 14 16

Unemployed 22 20

Education (%)

High 15 9

Secondary 29 29

Primary 49 55

Less than primary 7 7

Smoking at delivery (%) 24 17*

Smoking at 4 years after delivery (%) 34 28

Paternal variables

Social class (%)

Professional, manager, technician 17 15

Skilled manual and non-manual 70 73

Partially skilled and unskilled 13 11

Unemployed 0 1

Smoking at 4 years after delivery (%) 38 32

*p,0.05 (differences between included and not included children).
{Children with data up to the 4th-year visit but not included in the analysis because of
lack of data on THs, TSH or organochlorine levels at 4 years of age.
b-HCH, b-hexachlorocylcohexane; HCB, hexachlorobenzene; OCs, organochlorine
compounds; PCBs, polychlorinated biphenyls; p,p9-DDE, p,p9-dichlorodiphenyl
dichloroethylene; p,p9-DDT, dichlorodiphenyl trichloroethane; THs, thyroid hormones;
TSH, thyrotropin.
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significant differences between participants and non-partici-
pants.

The concentrations of THs, TSH and the different OCs are
given in table 2. The PCB congeners with the highest
concentrations were PCB-153, PCB-138, PCB-180 and PCB-
118. PCB-153 contributed approximately 30% to the sum of all
seven congeners analysed. One of the children had very high
levels of all PCBs and b-HCH, having levels approximately 10-
fold greater than the other children. THs (free T4 and T3) were
positively correlated (correlation 0.19, p,0.001), but TSH was
not correlated with any of the THs (data not shown).

The magnitude of the association between the potential
confounders and T3 is shown in table 4. Weight at 4 years and
gestational age showed the strongest association with the
outcome (b (standard error, SE) = 2.58 (0.51) and b

(SE) = 21.50 (0.75), respectively).
The coefficients from the adjusted models using the OC levels

categorised into quartiles confirmed the association with total
T3 (table 5). Also for T4 the adjusted association was similar to
that shown in table 3, while the association between sum of
PCBs and TSH disappeared (data not shown). When multi-
variate models were conducted using the OCs (log transformed)
as continuous variables, most compounds were negatively
associated with total T3 (table 4). The toxicants with the
strongest association were p,p9-DDT (b (SE) = 22.51 (1.14)),
PC-153 (b (SE) = 25.21 (2.39)) and PCB-118 (b (SE) = 24.19
(1.73)). Free T4 was associated with continuous PCB-118 (b
(SE) = 20.025 (0.011)) and continuous b-HCH (b (SE) = 20.015
(0.008)), although the latter was not statistically significant
(p = 0.070). When models were repeated excluding the child
with the highest levels of PCBs and b-HCH, the coefficients for
the OCs were slightly higher (data not shown). TSH was not
related to any of the OCs when analysed as continuous
variables (data not shown). Adjustment for the other OCs
diminished the effect of p,p9-DDT, b-HCH and HCB; however,
it is difficult to distinguish the proper effect of each OC on THs
because of their high collinearity (correlations between 0.32 and
0.91). Further stratification by gender showed that the effects
were greater among boys, although associations were not
statistically heterogeneous (p.0.5), except for PCB-118
(p = 0.17).

DISCUSSION
In a group of 259 preschool children from the general
population, we found a statistically significant negative
relationship between levels of total T3 and p,p9-DDT, b-HCH,
PCB-138, PCB-153 and PCB-118. In addition, free T4 was
negatively related to PCB-118.

Inverse relationships between PCBs and T46 10 17 18 22 and
positive associations with TSH6 17 22 have been observed in
several studies. In agreement with the results reported here, the
selective effect of PCBs on T3 levels has been reported in
newborns from Quebec12 and in school children from Hessen,
Germany.21 In the latter study, Osius et al found that PCB-118,
PCB-138, PCB-153, and PCB-180 levels were negatively related
to free T3 concentrations without any significant association
with TSH or T421 (with the exception of a positive relationship
between PCB-118 and TSH). The levels of exposure observed in
both reports were slightly lower than those seen in the present
study. Few studies have assessed the effects of other OCs such
as p,p9-DDT, p,p9-DDE, b-HCH and HCB.8 12 14 22 Ribas-Fitó et
al found that prenatal exposure to b-HCH, but not p,p9-DDE or
HCB, was positively associated with TSH levels in newborns
(THs were not measured).8 Schell et al showed a positive
relationship between TSH and p,p9-DDE, while no relationship
was observed with HCB in adolescents.22 Moreover, Tasker et al
observed a negative association between HCB and p,p9-DDE
and total T3 but no association with p,p9-DDT,12 and
Asawasinsopon et al found a negative relationship between
p,p9-DDE, p,p9-DDT and total T4 in newborns (T3 was not
measured).14 This heterogeneity in the results could be due to a
variety of factors that are difficult to control in an epidemio-
logical study, such as differences in environmental levels of
OCs, diet, selection of the subjects, age range and sample size.
Moreover, the high collinearity between the different OCs
makes it difficult to discern the specific effect of each OC on
THs. Nevertheless, we found an association between THs and a
number of OCs (even after adjusting for the other OCs),
suggesting that the OCs examined in the current study play a
specific role in disrupting thyroid activity.

Altered TH levels following exposure to OCs have also been
found in experimental animal studies.25–28 The mechanisms
involved in the alteration of TH homeostasis are still not fully

Table 2 Thyroid hormone (T4 and T3) and thyrotropin concentrations and levels of organochlorine compounds at 4 years of age (n = 259)

Geometric mean SD % Detected Min PC25 PC50 PC75 Max

THs and TSH

Free T4 (ng/dl) 1.04 0.14 0.4 0.97 1.05 1.15 1.44

Total T3 (ng/dl) 1.48 22 25 137 150 164 226

TSH (mU/l) 1.63 0.78 0.45 1.23 1.67 2.2 5.01

OCs (ng/ml)

HCB 0.32 0.45 99.5 ,dl 0.19 0.31 0.51 4.52

p,p9-DDE 0.88 3.38 99.5 ,dl 0.44 0.81 1.76 43.88

p,p9-DDT 0.06 0.11 91.5 ,dl 0.03 0.05 0.10 0.66

b-HCH 0.22 0.45 90.0 ,dl 0.11 0.19 0.30 5.65

PCB-138 0.18 0.56 99.0 ,dl 0.11 0.17 0.28 8.71

PCB-180 0.12 0.48 100 0.01 0.06 0.12 0.21 7.20

PCB-153 0.25 0.70 100 0.01 0.14 0.25 0.41 10.88

PCB-118 0.09 0.12 99.5 ,dl 0.07 0.10 0.13 1.82

PCB-52 0.04 0.31 73.0 ,dl ,dl 0.03 0.05 4.95

PCB-101 0.08 0.14 99.5 ,dl 0.05 0.08 0.11 2.09

PCB-28 0.02 0.34 49.0 ,dl ,dl 0.01 0.02 5.5

Sum of PCBs 0.82 2.6 100 0.15 0.55 0.78 0.18 41.17

b-HCH, b-hexachlorocylcohexane; ,dl, below detection limit; HCB, hexachlorobenzene; OCs, organochlorine compounds; PC25, 25th percentile; PC50, 50th percentile; PC75, 75th
percentile; PCBs, polychlorinated biphenyls; p,p9-DDE, p,p9-dichlorodiphenyl dichloroethylene; p,p9-DDT, dichlorodiphenyl trichloroethane; SD, standard deviation; THs, thyroid
hormones; TSH, thyrotropin.
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understood. Because of the structural similarity between some
OCs and THs, OCs are suspected to either decrease or mimic
the biological action of THs. The possible explanatory mechan-
isms which have been proposed include (i) interference with the
hypothalamic-pituitary-thyroid axis,29 30 (ii) increased biliary
clearance of T4 through the induction of thyroid metabolising
enzymes31 32 and (iii) competitive binding to TH transport
proteins such as transthyretin (TTR)33 34 resulting in decreased
plasma TH levels. The negative association observed between
OCs and total T3 could be explained by inhibition of type I
monodeiodinase, which converts T4 in peripheral sites to

biologically active T3, or by activation of type III monodeiodinase,
which catalyses the deiodination of T4 to reverse T3 and of T3 to
3,39-T2 (3,39-diiodothyronine). Unfortunately, no analytical data
on free T3, sulfate T3 and reverse T3 are available to test this
hypothesis. It has been observed in several animal studies that
some OCs have marked effects on deiodinase activity,25 26 35 but it
is unclear if this is a direct effect or a compensatory mechanism
secondary to changes in TH levels. Overall, further research is
needed to explain why these effects appear to be specific to total
T3. In addition, we observed that PCB-118 showed a negative
association with free T4, which could be explained by interaction

Table 3 Unadjusted association (coefficient and standard error) between thyroid hormones and thyrotropin concentrations and quartiles of
organochlorine compounds (n = 259)

lnTSH Free T4 Total T3

Coefficient p Trend Coefficient p Trend Coefficient p Trend

HCB quartiles (ng/ml)

Reference{ 0.46 mU/l 1.06 ng/dl 155 ng/dl

0.194–0.304 20.02 (0.08) 0.00 (0.02) 26.1 (3.8)

0.305–0.506 0.02 (0.08) 0.00 (0.02) 28.8 (3.8)*

0.507–4.52 0.13 (0.08) 0.079 20.02 (0.02) 0.602 25.3 (3.8) 0.120

p,p9-DDE quartiles (ng/ml)

Reference{ 0.50 mU/l 1.05 ng/dl 151 ng/dl

0.436–0.807 20.05 (0.08) 0.00 (0.02) 0.1 (3.8)

0.808–1.75 20.06 (0.08) 0.01 (0.02) 21.4 (3.8)

1.76–43.9 0.09 (0.08) 0.280 20.02 (0.02) 0.379 25.0 (3.8) 0.166

p,p9-DDT quartiles (ng/ml)

Reference{ 0.42 mU/l 1.06 ng/dl 156 ng/dl

0.026–0.049 0.04 (0.08) 0.00 (0.02) 27.5 (3.8)*

0.050–0.103 0.11 (0.08) 0.00 (0.02) 29.0 (3.8)*

0.104–0.657 0.12 (0.08) 0.101 20.03 (0.03) 0.360 27.9 (3.8)* 0.40

b-HCH quartiles (ng/ml)

Reference{ 0.57 mU/l 1.08 ng/dl 155 ng/dl

0.108–0.190 20.15 (0.08) 20.03 (0.02) 25.0 (3.8)

0.191–0.304 20.16 (0.08)* 20.04 (0.02) 27.1 (3.8)

0.305–5.65 20.01 (0.08) 0.833 20.05 (0.02) 0.070 29.0 (3.8)* 0.015

PCB-138 quartiles (ng/ml)

Reference{ 0.50 mU/l 1.06 ng/dl 153 ng/dl

0.105–0.174 20.09 (0.08) 0.00 (0.02) 20.8 (3.8)

0.175–0.276 0.05 (0.08) 0.00 (0.02) 24.8 (3.8)

0.277–8.71 0.02 (0.08) 0.382 20.01 (0.02) 0.674 26.2 (3.8) 0.061

PCB-180 quartiles (ng/ml)

Reference{ 0.44 mU/l 1.07 ng/dl 151 ng/dl

0.064–0.115 20.01 (0.08) 20.04 (0.02) 2.6 (3.8)

0.116–0.211 0.14 (0.08) 20.01 (0.02) 24.4 (3.8)

0.212–7.20 0.09 (0.08) 0.097 20.02 (0.02) 0.694 24.3 (3.8) 0.097

PCB-153 quartiles (ng/ml)

Reference{ 0.49 mU/l 1.06 ng/dl 152 ng/dl

0.141–0.250 20.07 (0.08) 0.00 (0.02) 2.0 (3.8)

0.251–0.410 0.03 (0.08) 0.01 (0.02) 24.9 (3.8)

0.411–10.88 0.07 (0.08) 0.208 20.02 (0.02) 0.482 26.3 (3.8) 0.032

PCB-118 quartiles (ng/ml)

Reference{ 0.39 mU/l 1.09 ng/dl 155 ng/dl

0.069–0.098 0.17 (0.08)* 20.03 (0.02) 23.2 (3.8)

0.099–0.128 0.09 (0.08) 20.06 (0.02)* 24.8 (3.8)

0.129–1.824 0.12 (0.08) 0.247 20.07 (0.02)** 0.003 211.5 (3.8)** 0.003

Sum of PCBs quartiles (ng/ml)

Reference{ 0.41 mU/l 20.04 ng/dl 155 ng/dl

0.547–0.775 0.08 (0.08) 20.01 (0.02) 24.7 (3.8)

0.776–1.171 0.09 (0.08) 20.05 (0.02) 27.4 (3.8)

1.172–41.17 0.16 (0.08) 0.046 1.08 (0.02) 0.193 28.3 (3.8)* 0.021

*p,0.05, **p,0.01 (in comparison with the reference category).
{Children in the lowest quartile of exposure.
b-HCH, b-hexachlorocylcohexane; HCB, hexachlorobenzene; PCBs, polychlorinated biphenyls; p,p9-DDE, p,p9-dichlorodiphenyl dichloroethylene; p,p9-DDT, dichlorodiphenyl
trichloroethane; TSH, thyrotropin.
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with the aryl hydrocarbon receptor (AhR), since this is the only
congener analysed with coplanar structure which has dioxin-like
properties.36

OCs are also known to be neurotoxic.37 38 Brain damage
caused by exposure to these compounds could be mediated, at
least in part, by their ability to alter TH levels. These hormones
play an essential role in brain development.39 40 Deficiency in
THs during the perinatal period results in severe mental and
physical retardation.39 40 Furthermore, since OCs can reach the
fetus as they can pass through the placental barrier,41 it is
important to elucidate the effects of OCs on TH homeostasis
and development. Previous analyses carried out in this cohort
showed that THs and TSH, despite being within the normal
range, were related to cognitive function and attention
behaviour,42 suggesting that even small changes in TH levels
may have significant effects on brain function. Additionally,

exposure to background levels of p,p9-DDT during pregnancy
was also associated with a decrease in cognitive skills in this
study population at age 4 years.43 Nevertheless, further evalua-
tion of the inter-relationships between OCs, THs and neuro-
development in these preschool children will be important in
order to elucidate the role of THs in the relationship between
OCs and cognitive function.

The cross-sectional design of the present study is a major
limitation since the single measures preclude determination of
the order in which the OCs had an effect. Most other previous
population studies have evaluated this association using a cross-
sectional approach. However, effects on TH concentrations
following the administration of OCs have been observed in
animal studies.25–28 OCs were also measured at birth (cord
blood); however, the correlations between OCs at birth and at
4 years were moderate although statistically significant. This
poor correlation is probably explained by duration of breastfeed-
ing, since maternal milk is the most important source of OCs
during childhood. Moreover, the mechanisms underlying the
effects of OCs on thyroid function are expected to follow a
short (acute/subacute) rather than a long term pattern.29–35 Thus
we decided to focus on the relationship between THs, TSH and
OCs measured cross-sectionally at the age of 4 years.

A second limitation relates to the low proportion of children in
whom both THs and OCs were measured (54%). However, few
differences were observed between participating and non-partici-
pating children, and so any resulting effects from selection bias are
likely to be minimal. Conversely, strengths of this study are the
large sample size when compared with most other studies that
have evaluated the effects of OCs on TH levels in newborns and
children, and the fact that we were able to adjust for a number of
potential confounders. Moreover, the results can be extrapolated
to other preschool populations since this is a population of healthy
children exposed to background levels of OCs.

In summary, this research supports evidence that OCs can
alter the thyroid system. However, more experimental studies
are necessary to better understand the mechanisms involved.
Although TH levels were within the normal range, small
changes in these levels could have significant effects on
cognitive function. Additional studies are therefore required to
more fully understand the effects of OCs on THs in children of
different ages, as well as the possible causal relationships
between OCs, THs and neurodevelopment.

Table 4 Bivariate coefficients between T3 concentrations and all
covariables included in the multivariate models (n = 259)

Bivariate association with T3

Coefficient (SE) p Value

Weight at 4 years of age (kg) 2.58 (0.51) ,0.000

Mother’s age (years) 20.33 (0.25) 0.191

Gestational age (weeks) 21.50 (0.75) 0.048

Duration of breastfeeding

,3 weeks Reference

3–19 weeks 20.37 (3.60) 0.917

.19 weeks 20.96 (3.31) 0.771

Mother’s smoking habits

No Reference

Yes 4.20 (2.68) 0.118

Geographical location (village)

Ciutadella Reference

Maó 0.63 (3.20) 0.844

Castell 29.67 (4.98) 0.053

Alaior 2.24 (4.71) 0.635

Ferreries 18.70 (5.19) 0.000

Sant Lluis 10.76 (5.31) 0.044

Other 7.78 (6.81) 0.254

Sex

Female Reference

Male 1.26 (2.54) 0.622

SE, standard error.

Table 5 Adjusted{ coefficients (standard error) between total T3 concentrations and organochlorines categorised into quartiles and as continuous
variables (log transformed) (n = 259)

Quartiles of OCs{

Continuous OCs
Reference
(ng/dl total T3) 2nd 3rd 4th

HCB (ng/ml) 108.57 (10.76) 23.37 (3.94) 27.44 (4.13) 23.14 (4.63) 21.68 (1.83)

p,p9-DDE (ng/ml) 104.94 (10.85) 0.85 (4.08) 0.69 (4.34) 23.27 (4.70) 21.90 (1.62)

p,p9-DDT (ng/ml) 112.36 (10.62) 29.25 (3.80)* 210.75 (3.98)** 28.11 (4.18) 22.51 (1.14)*

b-HCH (ng/ml) 109.37 (10.61) 24.42 (3.69) 28.13 (4.00)* 28.54 (4.12)* 22.44 (1.23)*

PCB-138 (ng/ml) 106.44 (10.91) 1.05 (3.88) 25.10 (4.30) 25.18 (4.80) 24.69 (2.31)*

PCB-180 (ng/ml) 108.79 (10.82) 3.30 (4.03) 24.38 (4.47) 25.06 (4.94) 22.77 (1.88)

PCB-153 (ng/ml) 108.79 (10.82) 3.30 (4.03) 24.38 (4.47) 25.06 (4.94) 25.21 (2.39)*

PCB-118 (ng/ml) 110.66 (10.84) 21.75 (3.87) 23.99 (3.91) 29.49 (23.90)* 24.19 (1.73)*

PCBs (ng/ml) 109.54 (10.86) 23.59 (3.92) 27.74 (4.23) 27.94 (4.71) 24.00 (2.64)

*p,0.05, **p,0.01.
{Models have been adjusted for child’s weight at age 4 years, gender, geographical location, gestational age, mother’s age at delivery, mother’s smoking habits when child was
aged 4 years and duration of breastfeeding.
{Quartiles defined in table 3.
b-HCH, b-hexachlorocylcohexane; HCB, hexachlorobenzene; OCs, organochlorine compounds; PCBs, polychlorinated biphenyls; p,p9-DDE, p,p9-dichlorodiphenyl dichloroethylene;
p,p9-DDT, dichlorodiphenyl trichloroethane.
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Main messages

c Background levels of OCs affect thyroid function in children.
c Children with higher levels of p,p9-DDT, b-HCH and PCBs

(congeners PCB-138, PCB-153 and PCB-118) had lower
concentrations of T3, while free T4 was only negatively
associated with PCB-118.

Policy implications

c As thyroid hormones are essential for normal brain
development, the lower levels of T3 or free T4 observed in
children with higher exposure to OCs may affect cognitive
function.

c Further studies in newborns and children are required to more
fully understand the effect of OCs on the thyroid system and
neurodevelopment.
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