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Abstract

Endometriosis has been hypothesised to be linked to persistent and toxic organochlorinated chemicals. Dioxins and
dioxin-like compounds have in particular been associated with the disease, mainly on the basis of experimental studies.
Data in women are conflicting. A case-control study on 80 Italian nulliparous women of reproductive age was carried
out to assess whether there is a correlation between the presence of endometriosis and blood levels of polychlorobiphe-
nyls (PCBs), a family of ubiquitary environmental pollutants which comprises congeners with dioxin-like activity.
Higher levels of PCBs were found in women with endometriosis. A mean cumulative value of 410 ng g�1, lipid base,
was found in cases versus the value of 250 ng g�1 observed in the control group (odds ratio for upper tertile 4.0, CI
95% 1.3–13; p = 0.0003). PCB increase involved both dioxin-like (PCBs 105, 118, 156, and 167) and non-dioxin-like
congeners (PCBs 101, 138, 153, 170, 180).
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Endometriosis is a common, estrogen dependent,
gynaecologic disease, often associated with infertility
and pelvic pain. Its prevalence in the general population
is approximately 10% (Eskenazi and Warner, 1997), but
this figure is probably underestimated, since it includes
only women presenting symptoms and looking for medi-
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cal care. Endometriosis has been found at laparoscopy in
about 15% of asymptomatic women (Leibson et al.,
2004). Direct visualisation and biopsy during laparos-
copy or laparotomy is the gold standard diagnostic test
for this condition and enables the gynaecologist to iden-
tify the location, extent and severity of the disease and to
perform the treatment. Its etiology and pathogenesis are
likely to be multifactorial: genetic susceptibility, men-
strual and reproductive history, immunologic factors,
and environmental factors may be involved in the disease
etiology. The possible role as a risk factor of highly per-
sistent and lipophilic organochlorinated environmental
ed.
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pollutants, which biomagnify along food chains and bio-
accumulate in human body, has been recently driving
much attention. Exposure to ‘‘dioxins’’—the families
of polychlorodibenzodioxins (PCDDs) and poly-
chlorodibenzofurans (PCDFs) among which the 2,3,7,
8-tetrachlorodibenzodioxin or ‘‘dioxin’’—and to poly-
chlorobiphenyls (PCBs) has been hypothesised to play a
role in endometriosis pathogenesis via endocrine and/or
immune dysregulations. This hypothesis was first pro-
posed (Rier et al., 1993) when a dose-dependent increase
in the incidence and severity of spontaneous endometri-
osis was observed in a colony of rhesus monkeys that
had been chronically exposed to dioxin, and held up for
over ten years after the termination of exposure. These
findings, although ‘‘incidentally’’ obtained (endometri-
osis, which was not a prospectively defined primary end-
point of the experiment, was observed many years after
dioxin treatment had ceased), were included by the World
Health Organization (1998) and the Scientific Committee
on Food SCF (2000) among the pivotal experimental
information used to derive the tolerable daily intake of
dioxin and related compounds for humans. A few years
later, the analysis of blood levels of dioxins and PCBs
in the same cohort of monkeys (Rier et al., 2001), revealed
an association between endometriosis and some dioxin-
like PCBs, whose source in the monkeys could not be
clearly determined. In the light of these findings of diffi-
cult interpretation, the SCF decided not to include Rier�s
first study (Rier et al., 1993) among those used to carry
out the updated risk assessment of dioxins (Scientific
Committee on Food, 2001).

So far, the most solid indication (Guo, 2004; Scien-
tific Committee on Food, 2001) on an association
between dioxin and endometriosis on non-human pri-
mates comes from a study carried out on cynomolgus
monkeys (Yang et al., 2000) showing a promotion by
dioxin of the growth and survival of autotransplanted
endometrial tissue.

In humans, an association of endometriosis with
dioxins has been proposed by some Belgian researchers
(Koninckx et al., 1994), who suggested that the higher
prevalence of endometriosis in their country could be
related to the relatively high dioxin concentration in
the Belgian population (World Health Organization,
1989; Van Larebeke et al., 2001).

Indeed, in a pilot case-control study we carried out
on a small number of Italian and Belgian women (De
Felip et al., 2004a), a significant difference (2.5-fold) in
dioxin-like compound blood levels was observed
between women from the two countries, while no signif-
icant differences were found in dioxin-like compound
body burdens between women with or without endome-
triosis. On the whole, results from the few human studies
carried out to test the hypothesis of an association
between endometriosis and dioxins and/or PCBs are
contradictory. Some studies showed in fact a significant
association between endometriosis and dioxin (Mayani
et al., 1997), or some PCBs (Gerhard and Runnebaum,
1992; Heilier et al., 2004; Buck Louis et al., 2005), while
a non-significative risk of the disease associated to expo-
sure to dioxin-like compounds (Pauwels et al., 2001),
dioxin (Eskenazi et al., 2002), and a number of PCBs
(Lebel et al., 1998) was reported by others. A compari-
son among these studies is made difficult by major differ-
ences in study design and methodology.

Generally, exposure to dioxins and dioxin-like PCBs
occurs at the same time as that of the much more abun-
dant non-dioxin-like PCBs. These congeners, character-
ised by two or more chlorines in the ortho positions, are
present in the environment, in food and hence in human
tissues in concentrations of up to three orders of magni-
tude higher than dioxins and dioxin-like PCBs. In par-
ticular, congeners most abundant in human tissues
(concentrations usually >1 ng g�1 fat), as a result of
their biaccumulation in food and their poor metabolism,
are the ortho-substituted PCBs 28, 52, 101, 118, 138,
153, 180, referred to as ‘‘indicators’’ (Appel, 2003),
because currently used to estimate the PCB total content
of a matrix, plus a few others as PCBs 105, 156, 167
(with weak dioxin-like activity), and 170. The three
congeners 138, 153 and 180 dominate in all human tis-
sues and account for at least 50% up to 80% of total
PCB content in serum (Glynn et al., 2000) adipose tis-
sue, breast milk (Noren and Meironyté, 2000; Wingfors
et al., 2000), and follicular fluid (De Felip et al., 2004b).

Non-dioxin-like PCB toxicity has been raising grow-
ing concern for the adverse effects shown in vivo and
in vitro models, including the ability to interfere with
sexual hormone-regulated processes shown by PCBs
138, 153 and 180 (Bonefeld-Jorgensen et al., 2001).

Because of this potential of altering the steroid hor-
mone signalling, and considering the abundance of these
compounds in human tissues, we carried out the present
study to explore the correlation between the blood levels
of prevalent PCBs and the presence of endometriosis in
nulliparous women of reproductive age from the area of
Rome.
2. Materials and methods

2.1. Patients

One hundred and fifty-four women living in the
Rome area, undergoing laparoscopy for suspected endo-
metriosis or other benign gynaecological conditions
from April 2000 to January 2004 at the Department
of Gynaecological Sciences, Perinatology and Child
Health, of the Policlinico Umberto I—University of
Rome ‘‘La Sapienza’’, were considered eligible for the
study. All women signed an informed consent to the
study. A physician unaware of the indications to lapa-
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roscopy administered a questionnaire before surgery
which documented age, education, job, medical, gyneco-
logical and obstetrical history, height and weight, smok-
ing and dietary habits. The questionnaire was designed
to ascertain information on potential confounders,
including metabolic diseases, gravidity, parity, and
weight changes in the last years. For each woman, body
mass index (BMI) was calculated. Only women undergo-
ing laparoscopy were enrolled in the study in order to
assess or rule out the presence of endometriosis, since
its diagnosis cannot be achieved with other non-invasive
diagnostic methods. Women with no visual and
histological evidence of endometriosis were considered
controls. Before laparoscopy, a blood specimen of
approximately 30 ml was collected from cubital vein in
vacutainer tubes containing heparin; specimens were
stored at �20 �C until subjected to analytical processing.
A 10-mm laparoscopy under general anesthesia was per-
formed. The presence of endometriosis was confirmed
by histological examination of lesions. Random perito-
neal biopsies were performed in those women with no
laparoscopic evidence of endometriosis; histology con-
firmed the absence of the disease. Seventy women had
laparoscopic and histological confirmed endometriosis
and 84 cases had other benign gynecological conditions
with no visual or histological evidence of the disease.
Only 80 patients participated to the study, meeting the
inclusion criteria of selection: nulliparity, age (range:
20–40 years), absence of any other acute or chronic dis-
ease, and no evidence of relevant weight modifications
(more than 10 kg) in the last years.

Forty women had histologically confirmed endome-
triosis (cases), whereas 40 had benign gynecologic condi-
tions (ectopic pregnancies, uterine myomas, benign
adnexal masses, fallopian tubes abnormalities), with no
evidence of endometriosis (controls).

2.2. Analysis

Blood samples (10 ml) were added with a 13C mixture
of labelled PCBs (28, 52, 101, 118, 138, 153, 156, 180)
and allowed to rest overnight. Samples were added with
15 ml of formic acid/2-propanol (4/1,v/v), sonicated and
extracted by manual shaking with n-hexane. After cen-
trifugation, the organic phase was removed and col-
lected. This extraction process was repeated four times,
and the n-hexane aliquots were pooled in a centrifuge
tube and concentrated. After acidic treatment with
concentrated H2SO4, the organic phase was eluted on
a multilayer column (De Felip et al., 1990). Instrumental
analysis was carried out by ion trap (IT) mass spectro-
metry (Thermofinnigan Polaris Q) coupled to high reso-
lution gas chromatography and used in the MS–MS
mode. The isotope dilution technique was applied through-
out. Recovery ranges were 70–110% for 13C-labelled
congeners analysed.
Analytical reliability was specifically warranted by
the analysis of frequent blind replicates and blanks.
Accuracy was assessed by in-house reference matrices
fortified with 13C PCB congeners at concentrations close
to background levels.

Lipid determination was carried out gravimetrically
according to the method reported by Atuma and Aune
(1999).

The laboratory has a long time experience in the
analysis of microcontaminants. Over the years it has
participated in several interlaboratory comparisons on
the analysis of dioxin-like and indicator PCBs, PCDDs
and PCDFs in food and maternal milk, among which
the ‘‘Interlaboratory Comparison on Dioxins in Food
2005’’ organised by the Norvegian Institute of Public
Health.

2.3. Statistical analysis

In order to assess if differences in PCB concentrations
between cases and controls were statistically significant,
a non-parametric test (Mann–Whitney�s U-test) was per-
formed (STATISTICA, version 6.0). We also divided
the 80 women enrolled (cases and controls) into three
groups on the basis of their PCB blood levels using ter-
tiles. Odds ratios were then calculated to measure the
risk of endometriosis for the two groups characterised
by higher PCB blood levels using the group with PCB
levels under the first tertile as the reference category.
Adjusted odds ratios and their 95% CIs were calculated
by logistic regression (STATA Statistical Software, ver-
sion 8.0).
3. Results and discussion

Characteristics of the women enrolled in the study
are shown in Table 1. Cases and controls are well
matched regarding BMI (p = 0.65, Mann–Whitney�s
U-test), while the two groups� mean age differs by five
years.

The results of the congener-specific PCB analysis car-
ried out on the two groups of women (Table 2) show
that PCB levels, as a sum of all congeners assessed, are
higher in women with endometriosis, characterised by
a mean cumulative value of 410 ng g�1, lipid base, versus
the value of 250 ng g�1 observed in the control group.
PCB increase involves both dioxin-like (PCBs 105, 118,
156, and 167) and non-dioxin-like congeners (PCBs
101, 138, 153, 170, 180). The application of the two-
sided Mann–Whitney�s U-test shows a highly significant
difference (p < 0.001) between cases and controls with
respect to the sum of all PCBs, and for the individual
congeners PCBs 138, 153, and 180 (Table 3). In particu-
lar, the lowest p values and the highest odds ratios are
observed for PCBs 153 and 180, and for the sum of all



Table 1
Characteristics of the Italian women enrolled in the study

Cases
(N = 40)

Controls
(N = 40)

Age

Mean value (years) 29 34
Range (years) 22–40 20–40

Body mass index

Mean value 22 23
Range 16–29 15–40
<20 14 16
P20 26 24

Smoking status

Never 21 20
Former 5 3
Current 14 17

Average number of cigarettes per day

Mean value (cigarettes/day) 14 12
<15 8 10
P15 6 7

Years of smoking

Mean value (years) 14 9.8
<10 5 7
P10 9 10

Table 2
Selected PCB congener concentrations (ng g�1, lipid base) in
human blood samples of Italian women with (cases) and
without (controls) endometriosis

PCB congener Cases (N = 40) Controls (N = 40)

Mean SD Mean SD

PCB-28 5.5 9.5 5.6 8.3
PCB-52 2.5 2.7 3.0 5.5
PCB-101 3.6 3.0 3.1 3.2
PCB-105 10 10 8.0 9.6
PCB-118 51 91 24 24
PCB-138 85 50 53 26
PCB-153 150 81 95 55
PCB-156 22 28 10 10
PCB-167 11 21 5.2 5.0
PCB-170 13 8.7 10 11
PCB-180 65 25 45 28
P

PCBs 410 220 250 140

Values rounded off to two figures.
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congeners: odds ratios for the patients in the mid and
upper categories are 5.6 and 7.0 and 8.3 and 8.8 for
PCBs 153 and 180, and 3.2 and 4.0 for the sum of all
PCBs. When the potential confounding effects of age
and smoking habits are taken into account, the differ-
ences between cases and controls remain significant
and odds ratios increase for most of the congeners and
for their sum (Table 3).
PCB congener-specific profiles in cases and controls
appear to be substantially overlapping (Fig. 1), this sug-
gesting homogeneity of exposure. Dietary habits of all
the subjects, as characterised from administered ques-
tionnaires, were substantially representative of the mean
Italian diet.

Our findings are consistent with two other works,
although differences in study design, selection criteria
(e.g. parity), and analytical methodology must be taken
into account: an association between PCBs 138, 153 and
180 and endometriosis had been observed in a study car-
ried out in German women (Gerhard and Runnebaum,
1992); in a recent study, higher levels of PCBs (expressed
as a sum of selected congeners, among which PCBs 153
and 180) were assessed in Belgian women with rectovag-
inal nodules of adenomyosis (Heilier et al., 2004).

The present study was based on strict selection crite-
ria, in order to exclude confounding factors, among
which parity (breast-feeding is known to significantly
reduce dioxin body burden), presence of any metabolic
or other diseases that might influence the PCB levels,
and substantial weight changes. Controls were not ran-
domly selected from the local general population,
because endometriosis cannot be excluded by other
non-invasive diagnostic methods, therefore only patients
with no laparoscopic and histological evidence of the
disease were included. To our knowledge, no data are
available on a possible influence of PCBs on the benign
gynecological conditions that we observed in controls.
As the analytical methodology used is a crucial para-
meter in providing univocal identification and reliable
quantitation of different congeners, PCB analysis was
carried out by a highly selective congener-specific tech-
nique; quality control and quality assurance measures
were adopted to ensure analytical reliability.

The causes of PCB increase in women with endome-
triosis remain to be elucidated. Body burden is the result
of an input–output balance. As for the input, dietary
intake determines over 90% exposure: dietary habits
documented by the questionnaires, did not account for
any measurable difference in dietary exposure. PCB
elimination is mostly determined by metabolism and fae-
cal excretion; this latter is related to several factors, as
BMI and a diet rich in non-absorbable lipophilic sub-
stances (Rohde et al., 1999), with respect to which we
could not assess any difference. The difference in the
observed levels might instead be due to variabilities in
toxicokinetics, mainly regarding the biotransformation
phase: different metabolic capabilities in this phase are
usually due to both genetic polymorphism, or to expo-
sure to environmental contaminants, resulting in induc-
tion/inhibition phenomena. PCBs are biotransformed
by phase I cytochrome P450 isoforms (CYPs) into
hydroxy metabolites (mainly monohydroxy metabolites,
PCB-OHs) which are then conjugated for subsequent
excretion with glucuronide, sulfate or glutathione, in



Table 3
Blood PCB concentrations (ng g�1, lipid base) in Italian women with (cases) and without (controls) endometriosis

Mean (SD) p valuea Categories
and tertiles

Odds ratios (CI 95%)b

Cases (N = 40) Controls (N = 40) Unadjusted Adjustedc

PCB 118 51 (91) 24 (24) 0.0108 <15
15–28 3.2 (1.0–10) 3.2 (0.81–12)
>28 4.0 (1.3–13) 4.6 (1.2–17)

PCB 138 85 (50) 53 (26) 0.0015 <47
47–76 2.8 (0.90–8.6) 4.5 (1.1–19)
>76 4.8 (1.5–15) 6.6 (1.6–27)

PCB 153 150 (81) 95 (55) 0.0004 <93
93–130 5.6 (1.7–19) 10 (2.1–48)
>130 7.0 (2.1–23) 9.1 (1.9–43)

PCB 180 65 (25) 45 (28) 0.0002 <37
37–64 8.3 (2.4–29) 5.8 (1.4–24)
>64 8.8 (2.5–31) 4.0 (1.0–16)

P
PCBs 410 (220) 250 (140) 0.0003 <250

250–360 3.2 (1.0–10) 6.5 (1.5–28)
>360 4.0 (1.3–13) 5.3 (1.3–23)

a Mann–Whitney U-test.
b The group with blood contamination level under the lower tertile is the reference category (odds ratio = 1.00).
c Adjusted by age and smoking habits.
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Fig. 1. Blood PCB congener-specific concentrations in Italian
women with (cases) and without (controls) endometriosis.

M.G. Porpora et al. / Chemosphere 63 (2006) 1361–1367 1365
reactions catalysed by phase II enzymes (James, 2001).
CYP-mediated biotransformation is thus the first and
critical event in the elimination of PCBs and CYP
enzymes play an important role in determining the
half-life and the extent of bioaccumulation of these
compounds.

Also, genetic polymorphism of phase II enzymes,
such as glutathione-S-transferases (GSTs), could be
related to increased levels of PCBs and their metabolites.
Indeed, the presence of GSTM1-null genotype has been
hypothesised as a risk factor for the development of
endometriosis (Baranova et al., 1999; Arvanitis et al.,
2003): enzymes belonging to this family are important
in the detoxification of active intermediates resulting
from xenobiotic phase I metabolism, such as PCB oxy-
genated metabolites, which they conjugate for subse-
quent excretion. The absence of activity of this enzyme
could result in an excess of oxygen species: chronic expo-
sure of endometrium to these reactive intermediates may
have an inflammatory effect in addition to the inflamma-
tory activity of some PCB themselves. Some PCBs have
in fact been shown to chronically stimulate the expres-
sion and activity of the pro-inflammatory cytokines
and growth factors (IL1, IL-6, TNFa, and INFc)
involved in the cyclic regulation of endometrial remodel-
ing, proliferation and cell death; these effects may pro-
mote ectopic tissue proliferation (Rier and Foster, 2002).

At present, the potential effects of PCBs in the path-
ogenesis of endometriosis are still to be elucidated.
Many PCBs may interfere with the hormone receptor:
in particular congeners found in higher concentrations
(PCBs 138, 153, and 180) have been shown to have
pleiotropic effects on the estrogen and androgen-recep-
tor (Bonefeld-Jorgensen et al., 2001), and therefore to
be able to interfere with sexual hormone-regulated pro-
cesses, and to play a role in the disease etiology and/or
progression.

The results obtained clearly show an increase of PCB
congeners most abundant in human tissues in women
with endometriosis. The interpretation of these results
is made particularly difficult by the fact that the
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observed increase involves congeners of both dioxin-like
and non-dioxin-like type, this making necessary to con-
siderate the broad range of different and not fully eluci-
dated mechanisms of action pertinent to both groups of
congeners. Further studies are ongoing aimed to under-
stand the complex network of factors and the mecha-
nisms that may be thought to be responsible of the
association we observed, with a particular attention to
polymorphism in genes encoding enzymes involved in
PCB detoxification.
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