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Pesticide exposure and serum organochlorine residuals
among testicular cancer patients and healthy controls
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The incidence of testicular cancer (TC) has been increasing worldwide during the last decades. The reasons of the increase remains
unknown, but recent findings suggest that organochlorine pesticides (OPs) could influence the development of TC. A hospital-based
case-control study of 50 cases and 48 controls was conducted to determine whether environmental exposure to OPs is associated
with the risk of TC, and by measuring serum concentrations of OPs, including p,p’-dichlorodiphenyldichloroethylene (p,p’-DDE)
isomer and hexachlorobenzene (HCB) in participants. A significant association was observed between TC and household insecticide
use (odds ratio [OR] = 3.01, 95 % CI: 1.11-8.14; ORadjusted = 3.23, 95 % CI: 1.15-9.11). Crude and adjusted ORs for TC were also
significantly associated with higher serum concentrations of total OPs (OR = 3.15, 95 % CI: 1.00-9.91; ORadjusted = 3.34, 95 % CI:
1.09-10.17) in cases compared with controls. These findings give additional support to the results of previous research that suggest
that some environmental exposures to OPs may be implicated in the pathogenesis of TC.

Keywords: Testicular cancer; organochlorine pesticides; environmental exposure.

Introduction

Testicular cancer (TC) is the most diagnosed malignancy
in men aged 20–34 years and its incidence worldwide has
been increasing since the mid-1940s, rising several-fold in
many western countries.[1–3] The reasons of the increase
remain unknown, but evidence of strong geographical
differences in incidence, even between neighboring coun-
tries sharing similar genetic characteristics, together with
current plateauing trends in some countries, suggests a key
role for enviromental factors.[4–5]

A major focus of research of potential environmental
factors has been on organochlorine compounds (OCs). [6]

Some have been classified as xenoestrogens or endocrine
disrupting chemicals (EDCs) since they may mimic the
actions of estrogen by binding to estrogen receptors or have
antiandrogenic effects. [7–8] It has recently been hypothe-
sized that exposure to these compounds during a critical
period of development (e.g., prenatal, neonatal, early
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and Infectious Diseases, University of Rome “La Sapienza”, P.le
Aldo Moro, 500185 Rome, Italy; E-mail:
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Received February 14, 2011.

childhood, adolescent) could increase the risk of TC by
interfering with regular hormonal balance of the subject,
but more research is needed to confirm this hypothesis.[9–10]

Organochlorine pesticides (OPs), such as dichloro-
diphenyltrichloroethane (DDT) and Hexachlorobenzene
(HCB), are synthetic and lipophilic OCs widely used in
the past as pesticides until concerns over their environ-
ment persistence and possible detrimental effects on human
health led many countries to ban their use in the 1970s and
1980s.[11]

As a consequence of their bans, measured serum levels
of these chemicals have steadily declined in the developed
world in the past few decades. [12]

However, due to their strong persistence in the environ-
ment, they are still ubiquitous contaminants, persisting
indoors, where they are protected from degradation
from sunlight, and bioaccumulating through the fatty
component of the food chain.

Ingestion of food of animal origin is an important source
of human exposure to OPs; about 90 % is due to fish, meat
and dairy products, with proportions depending on the
food habits of different populations. [13–14] High intake of
fat has been associated with increased risk of TC, a finding
consistent with reports of similar associations with other
hormone-related cancers such as breast, prostate, colon
and ovary. [15] One ecological and three case-control studies
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Pesticide exposure and testicular cancer 781

found that high dairy product intake was associated with
an increased risk of TC. [16–19] Some studies have shown that
fish consumption is associated positively with serum levels
of organochlorines. [13, 20] Negative reproductive effects of
the consumption of fish contaminated by OPs have been
shown both in wildlife and in experimental animals, as well
as in humans. [20] In addition, some studies have shown the
possible reproductive risk associated with OCs present in
vegetable foods due to pesticide residues and phytoestro-
gens, with estrogenic and anti-androgenic properties.[21]

The International Agency for Research on Cancer
(IARC) considers the “spraying and application of
non-arsenical insecticides entailing exposures” to be, as
a whole, probably carcinogenic to humans. [22] With the
exception of occupationally exposed individuals, most
exposure to organochlorine insecticides occurs through
their home and garden use. [23–24] Several studies have
suggested that household pesticide exposure may be
associated with cancers frequently occurring in childhood
and early adulthood (e.g. leukemia). [25–27] It is therefore
surprising that no studies have examined the role of
household exposure to OPs on the risk of TC.

Four case-control studies have investigated the associa-
tion between serum OPs concentrations and TC risk to date.
Three of them found evidence in favor of an association be-
tween exposures to p,p′-dichlorodiphenyldichloroethylene
(p,p′-DDE) and chlordane compounds, and risk of
TC. [28–30] However, a recent population-based study con-
ducted in Washington State found no such evidence. [31]

Exposure to OPs as a risk factor for TC is therefore a hy-
pothesis that deserves further investigation.

In Italy, the incidence of TC has been relatively low com-
pared with high incidence rates of Northern European pop-
ulations; [32] however, an increasing trend has been observed
in recent years while mortality has been stable. [33]

The levels, sources and routes of the contamination in the
Italian population, mainly through the ingestion of poten-
tially contaminated foods and household exposures, may
provide further information towards the elucidation of the
role of environmental factors in the etiology of TC.

A hospital-based case-control study was conducted to
determine whether environmental exposure to OPs is asso-
ciated with the risk of TC. This relationship was explored
through a detailed questionnaire on environmental and di-
etary exposures in the cases and controls and by measuring
serum concentrations of OPs, including p,p′-DDE isomer
and HCB in participants.

Materials and methods

Study subjects

Between October 2006 and September 2008, 50 consecutive
patients affected by testicular cancer (TC) and 48 controls

were recruited at the Laboratory of Seminology and
Sperm Bank, Department of Medical Pathophysiology,
University of Rome “Sapienza”. The study was approved
by the local Institutional Review Board of University
Hospital “Umberto I”. All testicular cancer patients were
evaluated ∼1 month after orchidectomy. Controls were
recruited from the same Department among healthy men
undergoing an andrological examination in order to ascer-
tain their fertility status. Case patients and controls were
well balanced for age, BMI and place of residence (P =
not significant [NS]). Recruitment was restricted to males
who were aged 18-45 years and did not have any other type
of cancer. The study included 2 main histological groups
of TC: seminoma (typical and anaplastic seminoma) and
nonseminoma (embryonal carcinoma, teratoma, and all
mixed tumors in accordance with the classification of the
World Health Organization). Twenty-eight TC cases were
seminomas and twenty-two were nonseminomas.

Specimens of venous blood (10 mL) were collected in
Vacutainer R© tubes. The blood was centrifuged and serum
was immediately separated and kept frozen until analysis.

Cases and controls were interviewed face-to-face by
specifically trained medical doctors using a structured
questionnaire. The interviews for case patients and control
patients were identical, except for the information on
the disease under study, and included questions on the
known and suspected risk factors identified in previous
epidemiological research, as well as some previously
unexamined potential risk factors.

The data collected included demographic information,
rural residence prior to diagnosis (defined on the basis of
the presence of at least one farm near the house within 500
m), medical history (alterations of testicular function, pres-
ence of congenital defects such as cryptorchidism and oth-
ers, history of trauma, and previous infections), and factors
related to testicular temperature (driving to work, seden-
tary work/behaviour, wearing of tight trousers or jeans,
wearing of tight-fitting underpants). The questionnaire also
included a detailed reconstruction of occupational history,
lifestyle, and other environmental factors involving activ-
ities with suspected exposure to OCs. Detailed data were
collected on diet, including consumption of the following
potentially contaminated food items: dairy products (e.g.
milk, yoghurt, cheese, and butter), fish (marine and lake
fish), fruit and vegetables, meat (white or red). For each
food item, the men were asked about the frequency of con-
sumption (every day, at least once per week, at least once
per month, less than once per month, never). The five dif-
ferent frequencies of consumption were then collapsed into
two classes (rare or frequent) according to the food item.
For example, in Italy the consumption of dairy products
once per week is considered rare, but the consumption of
fruit and vegetables every day is classified as frequent.

The questions relating to household exposure to OPs
covered the period from childhood to diagnosis, and
included home insecticide use and mixing pesticides for
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782 Giannandrea et al.

gardening by participants. The questions on pesticide use
at home and in the garden were closed questions: “Have
you ever used insecticides at home?”, “Have you ever
mixed pesticides for gardening ?”. The questionnaire also
addressed parents’ occupations during pregnancy and
subjects’ occupations before diagnosis.

Occupational exposures included all occupations that
subjects held at least one year before diagnosis. Information
on occupation included work sector, specific job, chemical
exposures reported by the subject, previous occupations
before the last job held. The job-exposure matrix of Van
Tongeren et al. [34] was then used to classify subjects to
a category of occupational exposure to EDCs. For each
occupation reported by the subject, the corresponding oc-
cupation in the matrix was found, and it was assigned the
subject to an exposure probability level, categorized as 0
(if no exposure), >1 (if medium or high exposure). [34] Be-
cause many subjects held more than one occupation before
the diagnosis, a level of exposure was assigned on the basis
of the sum of the score for each task for each occupation,
yielding a probability level ranging from no exposure (0),
to medium/high exposure (>1).

In addition, the questionnaire included information on
perinatal characteristics of the subject (reproductive birth
defects, parity, mother’s age at birth and breastfeeding). The
residential information of the mothers and fathers during
the prenatal life was also collected. Subjects’ information
about their mothers’ and fathers’ occupations was asked
to classify parental exposures to EDCs on the basis of the
job-exposure matrix. [34]

Analytical methods

Blood samples were analyzed at the Laboratory for En-
vironmental and Toxicological Testing, Salvatore Maugeri
Foundation, Pavia. The OPs included in the study were
p,p′-DDE and HCB.

A fast and reliable analytical method, previously devel-
oped and validated, was properly modified in order to si-
multaneously detect p,p′-DDE isomer and HCB.[35]

The same volume of methanol was added to 2 mL of
serum and the solution was vortexed for 30 sec. The ex-
traction was performed using 5 mL ethyl ether/hexane (1:1
v/v). The organic phase was separated and the extraction
procedure was repeated twice. Organic phases were evapo-
rated under a stream of nitrogen until a volume of about
500 µL. This residue was then purified with Bond Elut
PCB after prior treatment of the cartridge with 1 mL hex-
ane. The extract was eluted with 3 mL hexane and then
with 3 mL hexane: ethyl ether (1:1, v/v). The eluates were
collected and dried in a stream of nitrogen. The dry residue
was redissolved in 100 µL hexane, and analyzed using gas
chromatography-mass spectrometry (GC-MS).

A Shimadzu (Shimadzu Deutschland GmbH, Duisburg,
Germany) gas chromatograph mass spectrometer GCMS-

QP5050A equipped with an autoinjector/auto-sampler
AOC-20 was used.

Statistical analyses

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS R© v. 13.0 for Windows)
and STATA – 9.

Since the concentrations of the serum OPs were often
below the level of detection (LOD), values of p,p′-DDE
and HCB were grouped as below or above this cut-off point
(LOD = 0.2 ng/ml).

Continous and categorical variables were created
for the following independent variables: age, residence
(urban/rural), education, smoking status (never, for-
mer/current). Cross tabulations were run for the likelihood
ratio chi-squared test and Fisher’s exact test, when appro-
priate. Additional variables from the crude analyses and
TC covariates were added to the model and the estimated
coefficients were compared with and without the additional
variable to see if any differences existed. The associations
between the different exposure variables and the risk of TC
were estimated, expressed as odds ratio (OR) and 95 %
confidence interval (CI), by using logistic regression.

In order to evaluate the statistical association of serum
levels of p, p′-DDE and OCs with TC risk, ORs were ad-
justed for educational level of the subject and prenatal con-
founders such as mother’s age at birth and parity.

Results

Baseline characteristics of cases and controls are shown
in Table 1. Since cases and controls were balaced for age,
BMI and residence, differences of these characteristics are
not significant.

No significant difference was seen in educational level,
in lifestyle factors (e.g. smoking, driving to work) and
in occupational exposures to OPs of the subject and his
parents. Among the perinatal factors, the only one that
resulted significantly different among cases and controls
was the presence of more reproductive tract birth defects
among cases than controls (P < 0.01). This result is con-
sistent with literature as reproductive tract birth defects
are an established risk factor for TC.

The study also analyzed serum residuals of p,p′-DDE and
HCB, reaching detectable values of at least one contami-
nant in 32 % of samples from TC patients and 11 % in the
control group. The maximum contaminant level detection
in the serum was 1.2 ng/ml for p,p′-DDE, and 0.83 ng/ml
for HCB, both observed in case subjects. Distribution of
detected serum concentrations of p,p′-DDE among semi-
noma (n = 28) and non-seminoma (n = 22) TC patients,
respectively, and controls (n = 48) are shown in Figure 1.

Table 2 shows crude and adjusted ORs of direct and in-
direct indicators of OCs exposure. A significant association
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Pesticide exposure and testicular cancer 783

Table 1. Baseline characteristics of TC cases and controls.

TC cases Controls
Characteristics (n = 50) (n = 48) P value

Demographic
Age (years), mean ± SD 29.7 ± 6.7 30.3 ± 6.0 0.63
BMI (Kg/m2), mean ± SD 26.04 ± 3.7 25.13 ± 3.34 0.40
Residence

Rural 15 (30.0) 16 (33.3)
Urban 35 (70.0) 32 (66.7) 0.82

Education (years), n (%)
≤ 8 9 (18.0) 3 (6.2)
> 8 41 (82.0) 45 (93.8) 0.12

Perinatal
Reproductive tract birth defects, n (%)

No 38 (76.0) 46 (95.8)
Yes 12 (24.0) 2 (4.1) 0.008

Mother’s age at birth (years), n (%)
≤ 25 26 (52.0) 19 (39.6)
> 25 24 (48.0) 29 (60.4) 0.23

Mother’s parity
≤ 1 9 (18.0) 4 (8.3)
> 1 41 (82.0) 44 (91.7) 0.23

Breast feeding
No 10 (20.0) 5 (10.4)
Yes 40 (80.0) 43 (89.6) 0.26

Lifestyle
Smoking status, n (%)

Never 29 (58.0) 27 (56.3)
Former/current 21 (42.0) 21 (43.8) 1.00

Sedentary behavior (h / day)
≤ 6 28 (56.0) 22 (45.8)
>6 22 (44.0) 26 (54.2) 0.41

Driving to work
No 15 (30.0) 19 (39.6)
Yes 35 (70.0) 29 (60.4) 0.39

Wearing of tight trousers or jeans
Never/sometimes 38 (76.0) 43 (89.6)
Often 12 (24.0) 5 (10.4) 0.10

Wearing of tight underpants
Never/sometimes 32 (64.0) 35 (72.9)
Often 18 (36.0) 13 (27.1) 0.39

Occupational
Occupational exposure to pesticides ∗

Improbable 44 (88.0) 41 (85.4)
≥ Possible 6 (12.0) 7 (14.06) 0.77

Occupational exposure to PCBs ∗
Improbable 43 (86.0) 43 (89.6)
≥ Possible 7 (14.0) 5 (10.4) 0.76

Parental occupational exposure to pesticides in perinatal period
∗

Improbable 40 (80.0) 36 (75.0)
≥ Possible 10 (20.0) 12 (25.0) 0.63

At least one parent farm worker in perinatal period
No 46 (92.0) 41 (85.4)
Yes 4 (8.0) 7 (14.6) 0.35

∗
Occupational exposures evaluated using Van Tongeren’s Matrix[34]

ControlsTC non-seminoma casesTC seminoma cases
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Fig. 1. Box plots of serum-detected concentrations of p,p′-DDE
among seminoma and non-seminoma TC patients, and controls.

between TC and household insecticide use (OR = 3.01, 95
% CI: 1.11-8.14; OR adjusted = 3.23, 95 % CI: 1.15-9.11)
was observed. Mixing pesticides for gardening was more
common among TC case patients, although the difference
was not significant (OR = 4.38, 95 % CI: 0.88-21.80).

With regard to dietary patterns, higher consumption of
dairy products (OR = 2.15, 95 % CI: 0.67-6.83) and fish
(OR = 2.03, 95 % CI: 0.86-4.77) was also identified as
possible risk factors for TC (Table 2).

No association was found between the consumption of
meat and TC (OR = 0.97, 95 % CI: 0.43-2.21). A reduced
protective risk of TC associated with elevated consumption
of fruit and vegetables is also present in these data, although
non-statistically significant (OR = 0.50, 95 % CI: 0.22-
1.13).

OR for TC resulted significantly associated with higher
serum levels of p,p′-DDE after dicothomization (< 0.2
ng/ml vs ≥ 0.2 ng/ml; OR = 3.02, 95 % CI: 1.00-9.27)
(Table 2). The association with increased serum concentra-
tions of p,p ′-DDE was less consistent after adjustment for
educational level of the subject and prenatal confounders
such as mother’s age at birth and parity (ORadjusted = 3.21,
95 % CI: 0.77-13.30).

HCB was evaluated using p Fisher exact test because the
number of detectables samples was too small. Increased
serum concentrations of HCB among TC cases compared
with controls (p Fisher < 0.01) were observed (Table 2).

Crude and adjusted ORs for TC were also significantly
associated with higher total OPs (p,p′-DDE + HCB) con-
centrations in the serum (< LOD vs ≥ LOD; OR = 3.15,
95 % CI: 1.00-9.91; ORadjusted = 3.34, 95 % CI: 1.09-10.17)
(Table 2).
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784 Giannandrea et al.

Table 2. Direct and indirect indicators of exposure to organochlorine pesticides of cases and controls (Crude and adjusted OR).

Variable Cases Controls OR crude CI OR adjusted CI

Household exposure
Household insecticide use

No 33 41 1.00 Reference 1.00 Reference
Yes 17 7 3.01 1.11-8.14 ∗ 3.23 1.15-9.11 ∗

Mixing pesticides for gardening
No 42 46 1.00 Reference 1.00 Reference
Yes 8 2 4.38 0.88-21.80 4.80 0.91-25.30

Dietary exposure
Dairy products

Rare 40 43 1.00 Reference 1.00 Reference
Frequent 10 5 2.15 0.67 - 6.83 2.55 0.76 - 8.50

Fruit and vegetables
Rare 25 16 1.00 Reference 1.00 Reference
Frequent 25 32 0.50 0.22-1.13 0.62 0.26-1.47

Fish
Rare 13 20 1.00 Reference 1.00 Reference
Frequent 37 28 2.03 0.86-4.77 1.94 0.80-4.72

Meat
Rare 19 18 1.00 Reference 1.00 Reference
Frequent 31 30 0.97 0.43-2.21 0.97 0.44-2.26

Serum residuals (ng/mL)
p,p′-DDE

< 0.2 37 43 1.00 Reference 1.00 Reference
≥ 0.2 13 5 3.02 1.00 - 9.27 ∗ 3.21 0.77-13.30

HCB
< 0.2 47 48 1.00 Reference 1.00 Reference
≥ 0.2 3 0 p Fisher = 0.042 ∗ p Fisher = 0.087

� Organochlorine pesticides (p,p′-DDE + HCB)
< 0.2 36 43 1.00 Reference 1.00 Reference
≥ 0.2 14 5 3.15 1.00-9.91∗ 3.34 1.09-10.17∗

OR adjusted for mother’s age at birth, education and parity
∗P < 0.05
∗∗P < 0.01

Discussion

The incidence of TC has been increasing in many Western
countries since World War II[1–3]. Although the risk factors
driving the increase are unknown, recent epidemiological
studies suggest that the risk of TC may be related to some
increasingly prevalent environmental exposures.[4,10]

Concern has been recently focused on environmen-
tal EDCs such as OCs with either estrogenic or anti-
androgenic effects, which may be associated with TC and
other male reproductive diseases.[9–10]

In Italy, the use of OPs has been restricted for approxi-
mately 30 years, but DDT production continued until late
1990s.[11] Recent reports have shown still detectable lev-
els of pesticides in Italian foodstuff.[36] These compounds
and, in particular, a major biologic metabolite of DDT,
p,p′-DDE, are known to accumulate in fatty tissue, includ-
ing testis, breast and liver, and might modify the endocrine
system and promote hormone-related carcinogenesis in hu-
mans. [11,37]

This study is the first to explore the relationship between
household exposure to pesticide and risk of TC. Epidemi-
ological studies have implicated residential and household
pesticide exposure as risk factors for childhood leukemia
and other cancers frequently occuring in childhood and
early adulthood, indicating that early-life exposures are
important.[25–27] Moreover, these chemicals persist indoors
in carpets, where they are protected from degradation by
sunlight. Ingestion of house dust is an important route of
chemical exposure for young children, who spend most of
their time indoors and frequently put their hands in their
mouths.[26] These findings suggest that household exposure
to these chemicals may represent a previously unrecognized
risk factor for the development of TC.

A possible weak association was also found between
fish and dairy products consumption and TC. The bio-
accumulation of contaminants in fish, especially lake
fish, is well-documented in different countries.[20,38] The
contamination of dairy products by OPs is a worldwide
phenomenon.[39–40] In addition, several studies reported an
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association between cheese and milk consumption with TC
risk.[16–19]

Another interesting finding of this study is the observed
increased serum concentrations of p,p′-DDE, HCB and to-
tal OPs among TC cases compared with controls.

These results are consistent with recent case-control stud-
ies that have shown some evidence of a positive associa-
tion between organochlorine concentrations in the serum
with the risk of TC. In a hospital-based study (58 cases,
61 controls) conducted in Sweden, investigators found sig-
nificantly higher serum concentrations of cis-nonachlor, a
congener of the insecticide chlordane, among cases com-
pared with controls. [28] In addition, case mothers were
found to have higher serum levels of HCB, and chlordane
compounds. The U.S. Servicemen’s Testicular Tumor Envi-
ronmental and Endocrine Determinant (STEED) Study, a
large case-control investigation of TC (754 cases, 928 con-
trols) conducted among U.S. servicemen, similarly found
elevated pre-diagnostic concentrations of the insecticide
metabolite p,p′-DDE, and chlordane compounds among
cases versus controls. [29] In a nested case-control study (49
cases, 51 controls) within the Janus Serum Bank cohort
of Norway, TC cases had elevated concentrations of p,p′-
DDE, chlordane compounds, and some PCB congeners.[30]

These findings suggest that some of the increase in TC in-
cidence in recent decades could be related to accumulation
of these chemicals in the environment.

The associations observed in this study should be con-
sidered only tentative, and do not constitute evidence of a
“cause-effect” relationship between the exposure variables
indentified to be associated with TC. One possible limita-
tion is that the serum concentrations of p,p′-DDE and HCB
were lower than those found in earlier studies from some
Nordic countries.[41]

This may be partly due to lower exposure to OPs through
dietary sources in Italy in respect to Inuit and Scandinavian
populations.[41] It is noteworthy that recent time-trend stud-
ies regarding OCs and DDT/DDE levels in the populations
of developed countries found a rapid decline in the serum
concentrations of these compounds.[12, 42] According to Ax-
mon et al.[12], the percentage of men with p,p′-DDE below
the limit of detection (LOD) was significantly higher in 2004
than in 2000 (65 % vs. 6 %, P < 0.001 for p,p′-DDE). Thus,
the results from the present study, could be consistent, at
least in part, with previous findings of decreasing serum
OPs concentrations since 2000 and with similar detectable
levels of p,p′-DDE found by Axmon et al.[12] in 2004.

Another limitation is the low power of the study due
in part to the rarity of the tumour, and the difficulties in
recruiting cases and appropriate controls. Moreover, this
study was conducted in Italy, a country with relative low
incidence of TC. Similar limitations have determined small
sample size in previous studies even among populations
of Northern European ancestry which have the highest
incidence of TC in the world.[28, 30] In fact, TC incidence
varied across European populations, with higher rates re-

ported in Northern and Central Europe (e.g. 16.7/100,000
in Denmark in 1979-1998) than in Southern Europe (e.g.
3.2/100,000 in Spain in 1983-1997).[32] Wide geographic
discrepancies in TC incidence also exist between the North
and the South of Italy, with the highest rate reported in
Genoa (4.5 cases per 100,000 in 1993–1997), and the low-
est in Ragusa province, Sicily (1.7 cases per 100,000 in
1993–1997).[43]

In spite of the above limitations, the current study also
has several strenghths: cases and controls were well bal-
anced for age, BMI and residence, and all cases were
histologically confirmed, therefore more accurate than
studies recruiting participants without pathological con-
firmation. In addition, the analyses were performed in the
same laboratory and collection of blood was made dur-
ing the same period for cases and controls. This eliminated
the possibility of a change over time of OPs in the study
population.

In conclusion, this study provides some evidence in sup-
port of the hypothesis of an association between environ-
mental exposures to OPs in the etiology of TC. Increased
absorption of OPs may be associated with an increasd risk
of TC.

These findings also partially support the EDCs hypoth-
esis and suggest that some of the increase in TC incidence
in recent decades could be related to accumulation of these
chemicals in the environment. To the authors’ knowledge,
no previous study has investigated household exposure to
OPs in relation to the risk of TC. Interestingly, the majority
of studies on OPs and TC so far reported were conducted
in countries with elevated incidence rates of TC, where sig-
nificant levels of contamination to OPs in foods and indoor
environments. The results reported herein are in line with
previous Nordic and US investigations, but need to be repli-
cated and investigated further in countries that share with
Italy similar TC incidence rates and trends.
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