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Abstract Persistent organic pollutants (POPs) are a
group of heterogeneous compounds of both natural and
anthropogenic origin with highly persistent and
bioaccumulative properties. They cause a range of ad-
verse effects to human health and the environment
around the world. There is growing concern that
POPs may increase breast cancer risk due to their
xenoestrogenic properties. The aim of this systematic lit-
erature review is to summarize and integrate the risks of
breast cancer following environmental exposure to POPs
(other than DDT) from primary epidemiological studies
published between 2006 and 2015. After searching vari-
ous databases, 14 case-control studies and one cohort
study were included. Evidence of an association between
increased breast cancer risk and environmental exposure
to these chemicals is inconsistent and inadequate to con-
clude with certainty. However, most of the studies have
examined exposure to the pollutants after diagnosis of
breast cancer, overlooking exposure during critical win-
dows of vulnerability. They have also largely focused on
individual chemicals but ignored the combined effects of

different chemicals. Therefore, major data gaps remain in
examining exposure during critical windows of vulnera-
bility and assessing combined effects of multiple
chemicals. Development of better exposure assessment
methods addressing these gaps is required for future
research.
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Introduction

Breast cancer (BC) is the most frequently diagnosed cancer
among females as well as the principal cause of their death
from cancer worldwide (Torre et al. 2015). Recent global can-
cer statistics showed that an estimated 1.7 million women
were diagnosed with breast cancer and 521,900 died from this
disease in 2012. These figures equate to 25 % of overall can-
cer incidence and 15 % of total cancer deaths in women,
respectively (Torre et al. 2015). However, only 41 % of this
increased number of breast cancer cases are attributable to
recognized risk factors, such as later age at first birth,
nulliparity, family history of breast cancer and higher socio-
economic status (Madigan et al. 1995). Environmental factors
have been suggested as an important missing link for breast
cancer causality.

Oestrogen exposure throughout life is considered
a major risk factor for developing breast cancer
(Bernstein and Ross 1993). Oestrogen exposure is influ-
enced by factors such as age at menarche, first pregnan-
cy and menopause, length of reproductive life, use of
hormonal contraception and hormonal replacement thera-
py and body mass index (BMI), which are directly
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related to level of sex hormones (The Endogenous
Hormones and Breast Cancer Collaborative Group
2011; McPherson, Steel and Dixon 2000). Persistent or-
ganic pollutants (POPs) are well known for their estro-
genic effects (Soto, Chung and Sonnenschein 1994;
Bonefe ld-Jørgensen, Autrup and Hansen 1997;
Bonefeld-Jørgensen et al. 2001; Andersen, Cook and
Waldbillig 2002). These chemicals are a group of hetero-
geneous compounds of both natural and anthropogenic
origin that possess a range of common properties
(Abelsohnet al. 2002, El-Shahawiet al. 2010, Li et al.
2 0 06 ) . Th e s e l i p o ph i l i c c ompound s ( e x c e p t
perfluorinated chemicals) accumulate in fat, resulting in
bioaccumulation and biomagnification up the food chain
(Abelsohn et al. 2002; Damstra 2002; Li et al. 2006).
They are also resistant to photolytic, biological or chem-
ical degradation and remain in the environment for a
long period (Damstra 2002). In addition, due to their
semi-volatile properties, they are able to be transported
long distances by air (World Health Organization [WHO]
2010). These chemicals can thus be found in distant geo-
graphical locations from their sources. Overall, their
widespread distribution and long persistence in the envi-
ronment makes them virtually ubiquitous.

The Stockholm Convention on POPs is a global treaty for
protecting human health and the environment from exposure to
POPs (Stockholm Convention n.d.). It was formed in 2001 and
became effective in 2004. Initially, there were 12 chemicals (al-
drin, chlordane, dichlorodiphenyltrichloroethane (DDT),
polychlorinated biphenyls (PCBs) dieldrin, endrin, heptachlor,
hexachlorobenzene, mirex, polychlorinated dibenzo-p-dioxins
and polychlorinated dibenzofurans (PCDD/PCDF), hexachloro-
benzene) listed under this Convention. Later, new chemicals
(chlordecone,α-hexachlorocyclohexane,β-hexachlorocyclohex-
ane, lindane, pentachlorobenzene, hexabromobiphenyl,
hexabromodiphenyl ether and heptabromodiphenyl ether,
perfluorooctane sulfonic acid, its salts and perfluorooctane sulfo-
nyl fluoride, tetrabromodiphenyl ether and pentabromodiphenyl
e ther ) were added in 2009 and endosul fan and
hexabromocyclododecane were added in 2011 and 2013, respec-
tively. Among these chemicals, DDT is extensively studied and
there is a recent systematic literature review on DDT and breast
cancer (Park et al. 2014). There are, however, few systematic
literature reviews for other POPs, with the most recent review
of PCB published in 2003 (Negri et al. 2003) and cyclodienes in
2007 (Khanjani et al. 2007). There are also some narrative re-
views (Brody et al. 2007, Calle et al. 2002, Golden and
Kimbrough 2009, Mitra, Faruque and Avis 2004), but to our
knowledge, there is no systematic literature review on breast
cancer due to environmental exposure to POPs other than
DDT, in the last 10 years. Hence, this study will review epide-
miological studies on breast cancer due to environmental expo-
sure of POPs other than DDT published in the last 10 years.

The aims of this systematic review are to summarize
the risks of breast cancer following environmental expo-
sure to POPs other than DDT from primary epidemio-
logical studies, to find methodological challenges and
reasons for heterogeneity among studies and to identify
research gaps and, ultimately, recommend directions for
future research.

Methodology

A comprehensive research strategy including key words,
inclusion and exclusion criteria, databases to be searched,
literature screening and quality appraisal procedure and
data extraction, analysis, interpretation and documenta-
tion processes was developed and documented to avoid
bias. The detailed search strategy is available in
Supporting Information. Databases searched were
PubMed, Scopus, CINAHL (via EBSCOhost) and
Embase (via embase.com).

Types of studies

Original studies published in a peer-reviewed journal
between 2006 and 2015, with a case-control, nested
case-control or cohort design, that estimated risk of
breast cancer (odds ratio, risk ratio or hazard ratio) as-
sociated with environmental exposure to POPs listed in
the Stockholm Convention (except DDT) were included
in this review. Moreover, to be included in the review,
studies were required to have clear description of the
methodology, including the selection criteria of cases
and controls, and details of data collection and data
analysis procedures. Only literature published in
English was considered (Fig. 1).

Types of participants

Both female and male breast cancer patients were included.

Types of exposures

Studies of environmental exposure to POPs (other than
DDT) listed in the Stockholm Convention were consid-
ered. However, studies of exposure to some derivatives
of these compounds and closely related substances were
also considered. For example, some articles reported expo-
sure of oxychlordane, an oxidative metabolite of chlordane
(Zheng et al. 2000) or trans-nonachlor and cis-nonachlor,
which are bioaccumulating components of chlordane
(Bondy et al. 2000). Furthermore, the Stockholm
Convention only includes perfluorooctane sulfonic acid
and its salts and perfluorooctane sulfonyl fluoride
(PFOSF) while many epidemiological studies reported
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other perfluorinated chemicals along with perfluorooctane
sulfonate (PFOS) due to their common properties. For all
compounds, exposure had to be measured directly by bi-
ological sample, not by environmental data or other indi-
rect methods.

Types of outcome measures

Histologically confirmed breast cancer.

Literature search

Databases were searched with the same keywords.
However, different filters were used for different data-
bases. In PubMed, filtering was used for publishing

years (last 10 years), language (English) and human
studies; in Scopus for publishing years (2006–2015),
language (English), document types (articles) and
source types (journal); in Embase for years (2006–
2010), publication types (articles); in CINAHL for
years (2006–2010), language (English) and source
types (academic journal). The literature search took
place between 24th August and 25th September of
2015. The title and abstracts of articles found through
keyword searches were screened initially for inclusion
and exclusion criteria, and full articles were subse-
quently further screened for inclusion and exclusion
criteria. Searches were conducted by one author and
checked for accuracy by another author. Any disagree-
ment between two authors was solved by consensus.

Potentially relevant 
articles were found 

after keyword search 
and application of 
relevant filters in 

PubMed 
(n=249)

Potentially relevant 
articles were found 

after keyword search
and application of 
relevant filters in 

Scopus 
(n=329)

Potentially relevant 
articles were found 

after keyword search
and application of 
relevant filters in 

CINAHL (via 
EBSCOhost) 

(n=22)

Potentially relevant 
articles were found 

after keyword search
and application of 
relevant filters in 

Embase (via 
embase.com)

(n=396)
)

Potential relevant articles after 
removal of duplicates

(n=399)

Duplicate articles removed
(n = 597)

Full text articles screened for inclusion 
and exclusion criteria (n=22)

Articles removed after 
screening of title and abstract 

for the inclusion and 
exclusion criteria 

(n = 372)

Articles included
(n=15)

Articles removed after 
screening of full text for 
inclusion and exclusion 

criteria
(n = 7)

Fig. 1 Literature search flow
diagram
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Result of the search

After keyword searches and using relevant filters, 249
articles from PubMed, 329 from Scopus, 22 from
CINAHL (via EBSCOhost) and 396 from Embase (via
embase.com) were obtained. After screening of title and
abstract of these articles, 17 case-control studies and 5
cohorts were selected. Of those articles, 14 case-control
studies and 1 cohort study were selected after screening
full articles (Tables 1, 2, 3 and 4).

Quality assessment

After screening, those articles which satisfied the inclusion
and exclusion criteria were assessed for quality using the
Critical Appraisal Skills Program (CASP) checklist for rele-
vant study types (CASP).

Data extraction

Data was extracted by one author and checked by an-
other author. Extracted data included author and year of
publication, number and types of participants, exposure
assessment method, risk of breast cancer for different
exposure levels and significance and name of con-
founders considered in data analysis. Data extraction
tables differed according to study design.

Results

In total, 14 case-control studies and 1 cohort study met
the inclusion criteria for the literature search. Tables 1,
2, 3 and 4 summarize the findings of the included lit-
erature. Articles differed in the units of measure used to
report concentrations of POPs. For this review, lipid-
adjusted or lipid-based concentrations were used.
Where studies reported more than one odds ratio, the
odds ratio was adjusted for the highest number of
covariates.

Case-control studies

Polychlorinated biphenyls

The literature search identified 8 case-control studies for
polychlorinated biphenyls (PCBs), analysing the association
between PCB exposure and BC risk (Rubin et al. 2006; Gatto
et al. 2007; Itoh et al. 2009; Recio-Vega et al. 2011; Bonefeld-
Jorgensen et al. 2011; Cohn et al. 2012; Holmes et al. 2014;
Arrebola et al. 2015). Two case-control studies considering
genotype in addition to exposure to PCBs for BC risk were

also identified (Bräuner et al., 2014; Ghisari et al. 2014). All of
these studies measured serum or plasma levels of PCBs except
Bräuner et al. (2014). They used adipose tissue samples to
measure 18 PCB congeners. Three studies (Cohn et al.
2012; Rubin et al. 2006; Bräuner et al. 2014) used blood
samples taken before diagnosis of breast cancer, whereas the
remainder used blood samples taken after the diagnosis. Cohn
et al. (2012) limited their analysis to postpartum serum sam-
ples and only considered cancer incidence before 50 years of
age. Most of the studies had age-adjusted healthy controls.
However, in two studies, controls were women who
underwent biopsies for breast conditions, with negative results
(Holmes et al. 2014; Recio-Vega et al. 2011).

Only two studies which considered BC risk as a result of
exposure to PCBs found a positive association between
PCBs and BC risk. The first case-control study analysed
20 congeners of PCBs in 70 newly diagnosed BC patients
and 70 controls (Recio-Vega et al. 2011). They found 8
congeners (118, 128, 138, 170, 180, 195, 206 and 209)
positively associated with BC risk and most congeners
(77 %) had more than five chlorines in their chemical struc-
tures (heavy molecular weight). The study grouped PCBs
into five groups according to their structure–activity rela-
tionship. Group 1 and 2 included potentially estrogenic
and antiestrogenic dioxin-like properties respectively, while
group 3 included biologically persistent enzyme inducers
(CYP1A & CYP1B) (Wolff and Toniolo 1995; Recio-Vega
et al. 2011). Group 4 was known for environmental rele-
vance and group 5 included neurotoxic PCBs (Recio-Vega
et al. 2011). BC risk was found to be higher for groups 2b
(OR = 1.90, 95 % CI: 1.25–2.88), 3 (OR = 1.81, 95 % CI:
1.08–3.04) and 4 (OR = 1.57, 95 % CI: 1.20–2.07).
Moreover, after menopausal status was taken into account,
significant associations were found for groups 1a, 2b and 4
in postmenopausal women and group 4 in premenopausal
women. The highest OR was found for Group 1a PCBs in
postmenopausal women (OR = 7.59; 95 % CI 1.12–51.38).
This group is known for its potential estrogenic properties
(Wolf and Toniolo 1995). In addition to PCBs, they found a
positive association of BC with age, postmenopausal status,
family history of BC and residence near an industrial facil-
ity (Recio-Vega et al., 2011).

The next case-control study finding a positive association
between BC and PCB exposure was a prospective case-control
study (Cohn et al. 2012). This nested case-control study
analysed archived serum samples collected during the postpar-
tum period for 16 congeners of PCB. The study only consid-
ered breast cancer incidence before the age of 50 years. For the
112 case-control pairs, no association was observed for total
PCBs or PCB groups. However, they found a statistically sig-
nificant positive association with PCB 203 and negative asso-
ciations for PCB 167 and PCB 187. This result is similar to the
findings of a previous study (Recio-Vega et al., 2011).
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Two case-control studies examined the association of BC
with PCB exposure in indigenous Alaskan women (Rubin
et al. 2006; Holmes et al. 2014). Rubin et al. (2006) examined
banked serum of 63 cases and 63 controls for 28 PCB conge-
ners. They noticed a significant negative association between
total PCB and BC risk in univariate analysis. The result was
not significant in multivariate analysis.

Holmes et al. (2014) analysed blood collected after BC
diagnosis. Seventy-five cases were newly diagnosed, histo-
logically confirmed patients and 95 controls were diagnosed
with benign breast disease. They observed no significant as-
sociation between indicator PCBs (PCB 138/158, 153, 180)
with BC risk in both univariate and multivariate analysis.
They further analysed BC risk and oestrogen and progesterone
status of 62 women with invasive tumours. Women with both
oestrogen and progesterone binding capacity (ER+/PR+) had a
higher geometric mean of PCBs compared to those with no
binding capacity for both hormones (ER−/PR−).

Arrebola et al. (2015) also reported indicator PCBs (PCB
138, 153 and 180) in 69 breast cancer cases and 56 controls in
Tunisia. PCBs were positively associated with BC risk in
univariate analysis only. In contrast, Itoh et al. (2009) found
a negative association for the same indicator PCBs and other
congeners. The association was also negative when grouped
according to PCB structure–activity. Moreover, there was sig-
nificant negative association between total PCB exposure and
BC risk (p = 0.008). When patients were grouped according to
oestrogen and progesterone receptor and menopausal status,
the negative association for total PCBs remained significant
for ER+/PR−, ER+/PR+ and premenopausal and postmeno-
pausal BC cases.

The remaining case-control studies reported total PCB lev-
el rather than individual congeners (Gatto et al., 2007;
Bonefeld-Jorgensen, 2011). Gatto et al. (2007) observed no
association between BC risk and PCB exposure among
African-American women. Moreover, PCB exposure was
not associated with any subtype of breast cancer depending
on PR (progesterone receptor), p53 or HER2/neu (human epi-
dermal growth factor receptor 2) status. However, they found
a significantly increased BC risk among BC patients who had
not been treated with chemotherapy. Total PCB level was also
not positively associated with BC risk among cases in
Greenlandic Inuit (Bonefeld-Jorgensen et al. 2011).
However, when the total PCB level was divided into quartiles,
the median of the highest quartile was significantly higher
among cases compared to controls (p = 0.02).

Bräuner et al. (2014) tested the hypothesis that polymor-
phism of CYP1B1 and COMT gene modifies BC risk from
PCB exposure. For 18 PCB congeners in 387 matched case-
control pairs, they found no significant association between
CYP1B1 genotype and breast cancer. On the other hand, there
was a significant negative association between COMTand BC
risk (RR = 0.65; 95 % CI 0.42–1.01, p = 0.02). However,T
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when exposure to different functional groups of PCBs was
assessed for BC risk, no significant association was found
for any genotypes of CYP1B1 and COMT. The result was
similar when hormonal replacement therapy was considered.
Another study in Inuit women failed to find any significant
association between BC risk and PCB exposure for different
genotypes of CYP1A1, CYP1B1, COMT, CYP17, CYP19
and BRCA1 (Ghisari et al. 2014).

Hexachlorocyclohexane

Four studies were found that analysed the risk of BC
for β-hexachlorocyclohexane (HCH) (Iwasaki et al.
2008; Itoh et al. 2009; Holmes et al. 2014; Arrebola
et al. 2015) and two for γ-HCH (Boada et al. 2012;
Holmes et al. 2014). Arrebola et al. (2015) found a
positive association between BC and β-HCH after ad-
justment for selected covariates (OR = 1.10, 95 % CI:
1.03–1.18, p < 0.050). They observed a threefold in-
crease in breast cancer risk for β-HCH concentrations
above the limit of detection (LOD) compared to concen-
trations below LOD (OR = 3.44, p < 0.05). However,
the other three case-control studies did not notice any
significant association. Two of these case-control studies
further analysed risk of BC among women grouped by
oestrogen receptor (ER) and progesterone receptor (PR)
status and found no significant result for β-HCH in
subgroups (Itoh et al. 2009; Holmes et al. 2014). On
the other hand, of the two case-control studies reporting
γ-HCH level, neither found a positive association. For a
case-control study among indigenous Alaskan women,
the level of γ-HCH was higher among cases compared
to controls, although not significant (8.3 ng/g lipid vs
7.7 ng/g lipid, p = 0.23) (Holmes et al. 2014). Boada
et al. (2012) also found no positive association of BC
risk and γ-HCH in multivariate analysis (OR = 1.097,
95 % CI: 0.420–28.412, p = 0.988). Moreover, when
they considered organochlorine pesticides (OCP) mix-
tures as a determinant factor for breast cancer, the com-
bination of lindane and endrin was found only among
healthy women.

Hexachlorobenzene

There were four case-control studies that considered risk of
breast cancer associated with hexachlorobenzene (HCB) ex-
posure (Iwasaki et al. 2008; Itoh et al. 2009; Holmes et al.;
2014, Arrebola et al. 2015). Arrebola et al. (2015) found a
positive association in an unadjusted model; however, it was
no longer significant after adjustment for different covariates.
For other case-control studies, the adjusted OR was less than
1, when the highest quartile was compared to the lowest.

Polybrominated diphenyl ethers

Hurley et al. (2011) and Holmes et al. (2014) examined the
risk of BC and Polybrominated diphenyl ethers (PBDE) ex-
posure. Hurley et al. (2011) examined breast cancer risk and
five major PBDE congeners among Californian women
known for their high level of exposure. They observed no
significant association between adipose concentration of
PBDEs and breast cancer risk. On the other hand, Holmes
et al. (2014) measured only BDE-47 among indigenous
Alaskan women. This PBDE congener was significantly high
among cases (geometric mean (GM) = 38 ng/g lipid) com-
pared to controls (GM = 25.1 ng/g lipid, p = 0.04).
However, the risk was only significantly increased in univar-
iate analysis of BDE-47 (OR = 1.79, p = 0.06).

Perfluorinated compounds

The associations between BC risk and perfluorinated com-
pound exposure were analysed by three case-control studies
in the last 10 years. Bonefeld-Jorgensen et al. (2011) collected
blood samples from 31 BC patients and 115matched controls.
Serum level of perfluorooctane sulfonate (PFOS),
perfluorooctane sulfonamide (PFOSA), sum PFSA (sum of
PFOS, perfluorohexane sulfonate (PFHxS) and PFOSA) and
sum PFCA (sum of perfluoroheptanoic acid (PFHpA),
perfluorooctanoic acid (PFOA), perfluorononanoic acid
( P F NA ) , p e r f l u o r o d e c a n o i c a c i d ( P F DA ) ,
perfluoroundecanoic acid (PFUnA), perfluorododecanoic acid
(PFDoA) and perfluorotridecanoic acid (PFTrA) were mea-
sured. They also measured the sum of 12 PCB congeners
(99, 101, 105, 118, 128, 138, 153, 156, 170, 180, 183
&187) and eight OCPs (p, p′-DDT, p, p′-DDE,β-HCH, aldrin,
HCB, oxychlorodane, cis-nonachlor and trans-nonachlor).
The serum level of these perfluorinated compounds was sig-
nificantly higher among cases when compared with controls.
Moreover, the risk of BC was significantly associated with
serum level of PFOS (OR = 1.03, 95 % CI: 1.001–1.07,
p = 0.05), sum PFSA (OR = 1.03, 95 % CI: 1.00–1.05,
p = 0.02) and sum of lipophilic legacy POPs and PFCs (sum
PCB + sum OCP + sum PFSA + sum PFCA) (OR = 1.02,
95% CI: 1.01–1.04, p = 0.01) in both adjusted and unadjusted
models. Using the same study population, Ghisari et al. (2014)
conducted another case-control study to explore the effect of
different genetic polymorphisms on the association between
BC risk and perfluorinated compounds. They analysed the
single nucleotide polymorphism in genes CYP1A1,
CYP1B1, COMT, CYP17, CYP19 and different genotypes
of BRCA1. Breast cancer risk was increased for high serum
level of PFASs. After taking different polymorphisms into
account, BC risk associated with PFASs was increased
(Table 4). These findings strengthen the hypothesis that
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genetic polymorphisms might play an important role in BC
risk associated with PFC exposure.

On the other hand, a prospective case-control study mea-
sured plasma level of perfluoroalkylated substances (PFAS)
up to 15 years before diagnosis of breast cancer (Bonefeld-
Jorgensen et al. 2014). For 250 BC cases and 233 controls,
they observed a significant negative association for
perfluorohexane sulfonate (PFHxS) for both unadjusted and
adjusted models (RR = 0.66, 95 % CI: 0.47–0.94, p < 0.05)
and positive association for perfluorooctane sulfonamide
(PFOSA) in an unadjusted model (RR = 1.03, p < 0.05).
However, for PFOSA, they observed a significant increased
BC risk in the 5th quintile when compared to the 1st quintile
(RR = 1.89, 95 % CI: 1.01–3.54, p < 0.05). Moreover, after
withdrawal of 72 BC cases, they observed an increase in pos-
itive association of BC risk with PFOSA in an unadjusted
model (RR = 1.04, 95 % CI: 1.00–1.08, p < 0.05) and also
in BC risk for PFOSA in the 5th quintile in an unadjusted
model (RR = 2.45, 95 % CI: 1.00–6.00, p < 0.05). In contrast,
the negative association of PFHxS disappeared in an adjusted
model (RR = 0.71, 95 % CI: 0.43–1.15, p > 0.05).

Chlordane and chlordane-associated compounds

Two case-control studies were found regarding exposure to
chlordane and their associated compounds. Itoh et al. (2009)
observed a negative association between BC risk and trans-
nonachlor (OR = 0.49, 95 % CI: 0.22–1.06, p = 0.08), cis-
nonachlor (OR = 0.41, 95 % CI: 0.19–0.91, p = 0.07) and
oxychlordane (OR = 0.65, 95 % CI: 0.31–1.38, p = 0.33)
when the highest quartile was compared with the lowest quar-
tile. Holmes et al. (2014) found a similar result for
oxychlordane (OR = 0.91, 95 % CI: 0.35–2.35, p = 0.84)
and trans-nonachlor (OR = 0.65, 95 % CI: 0.26–1.66,
p = 0.37).

Other POPs7

Only one case control study considered heptachlor and
α-endosulfan exposure and BC risk (Arrebola et al.
2015). Serum levels of heptachlor were positively asso-
ciated with increased risk of BC in unadjusted model
(p < 0.05); however, significance was borderline in an
adjusted model (p < 0.1). For mirex, two case-control
studies were found (Itoh et al. 2009; Holmes et al.
2014). Though both studies found a negative association
between mirex exposure and BC risk, the association
was only statistically significant (p = 0.02) in the study
by Itoh et al. (2009). One case control study from Spain
considered aldrin and dieldrin (Boada et al. 2012).
Aldrin was found at a significantly higher level among
breast cancer patients (p < 0.001), although after a mul-
tivariate analysis, both aldrin and dieldrin showed no

significant association with BC risk. However, this
study found 24.8 % BC patients had a combination of
aldrin, dichlorodiphenyldichloroethane (DDD) and DDE,
while no healthy persons had this combination of
chemicals. Therefore, Boada et al. (2012) hypothesised
that a mixture of pollutants rather than individual pol-
lutants could play an important role in breast cancer
incidence.

Total organochlorine compounds

Two case-control studies considered total organochlorine
compound levels for sum of p, p′-DDT, p, p′-DDE, β-
HCH, aldrin, HCB, oxychlordane, cis-nonachlor and
trans-nonachlor levels for the same population.
Bonefel-Jorgenson et al. (2011) found no significant as-
sociation between breast cancer and the sum OCP level.
The association remained non-significant when Ghisari
et al. (2014) analysed it further for different genotypes
of CYP1A1, CYP1B1, COMT, CYP17, CYP19 and
BRCA1.

Cohort

In this systematic literature search, only one cohort
study was found that examined the association of BC
risk with the dioxin-tetrachlorodibenzo-p-dioxin (TCDD)
exposure among 981 women who were 0–40 years old
and lived in Seveso in 1976. A chemical plant accident
occurred in the town of Seveso in July 1976 and ex-
posed the local population to a significant amount of
TCDD. Over the 32 year (1976–2008) follow-up period,
Warner et al. (2011) observed a non-significant in-
creased risk of BC for a tenfold increase in serum
TCDD in 33 breast cancer cases (HR = 1.44, 95 %
CI: 0.89–2.33, p = 0.13). There was also a non-
significant dose-response relationship (p = 0.09).
However, this result is not consistent with the earlier
follow-up of this cohort. After 20 years of follow-up
(1976–1996), they observed a twofold increase in BC
risk for a tenfold increase in serum TCDD levels
(HR = 2.1, 95 % CI: 1.0–4.6, p = 0.05).

Discussion

The development of breast cancer is a complex process with
multiple genetic, epigenetic and environmental factors con-
tributing to it. Most of the risk factors of BC are directly
related to the exposure of breast tissues to elevated level of
sex hormones (The Endogenous Hormones and Breast Cancer
Collaborative Group 2011; McPherson et al. 2000). Factors
associated with elevated sex hormone levels include age at
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menarche, first pregnancy and menopause, parity, total lacta-
tion time, length of reproductive life, use of hormonal contra-
ception and hormonal replacement therapy, BMI, smoking
and alcohol consumption. There is now enough epidemiolog-
ical evidence to demonstrate that exposure to higher level of
endogenous and exogenous hormones increases the risk of
breast cancer (Chen 2008). This evidence is more consistent
for postmenopausal women (Kaaks et al. 2005b; Missmer
et al. 2004; The Endogenous Hormones and Breast Cancer
Collaborative Group 2002). Apart from circulating estrogens,
these studies also observed an association of circulating an-
drogens, such as testosterone, androstenedione and DHEA,
with increased risk of breast cancer. This can be explained
by the fact that androgens can be converted into estrone and
estradiol by aromatase (Yager & Davidson 2006). On the oth-
er hand, for premenopausal women, epidemiological studies
regarding this are inconsistent (Eliassen et al. 2006; Kaaks
et al. 2005a). However, a collaborative reanalysis of seven
prospective studies found that both estrogens and androgens
were positively associated with the risk for breast cancer in
premenopausal women (The Endogenous Hormones and
Breast Cancer Collaborative Group 2013). This evidence re-
garding positive association of different hormones with in-
creased breast cancer risk helped to form the hypothesis that
environmental pollutants with estrogenic disruption potential
might also be a risk factor for this cancer.

Endocrine-disrupting chemicals are defined by US
Environmental Protection Agency [US EPA] as Ban exoge-
nous agent that interferes with synthesis, secretion, transport,
metabolism, binding action, or elimination of natural blood-
borne hormones that are present in the body and are respon-
sible for homeostasis, reproduction, and developmental
process^ (Knower et al. 2014). Different POPs show structural
similarity with endogenous hormones and disrupt their func-
tion by competing with the binding of the same receptors
(Bonefeld-Jørgensenet al. 2001). Moreover, these pollutants
can trigger indirect hormonal response by binding with the
aryl hydrocarbon receptor (Long and Bonefeld-Jørgensen
2012). They are also able to disrupt the endocrine system
through non-receptor-mediated effects such as disrupting dif-
ferent hormone synthesis (Sanderson 2006). There are also
action mechanisms other than hormonal disruption that might
play an important role in carcinogenesis. There is growing
evidence that POPs such as 2, 3, 7, 8-tetrachloridibenzo-p-
dioxin (TCDD) and polychlorinated biphenyls (PCBs) are ca-
pable of influencing epigenomic landscape disruption in can-
cer (Knower et al. 2014). Some of these pollutants can also
cause genotoxicity (Yáñez et al. 2004). Moreover, organo-
chlorine pesticides are capable of inducing oxidative stress
(Karami-Mohajeri and Abdollahi 2011). Above all, a number
of recent studies observed positive association BC risk with
PCB exposure when polymorphism in the CYP1A1 gene was
considered (Moysich et al. 1999; Laden et al. 2002; Zhang

et al. 2004; Li et al. 2005). PCB activated CYP1A1, which
is involved in oestrogen metabolism and activation of
procarcinogens such as polycyclic aromatic hydrocarbons
(PAHs) (Bandiera et al. 1997; Moysich et al. 1999; Ghisari
et al. 2014). Overall, a number of mechanisms might work
behind BC occurrence due to exposure to POPs. However, the
epidemiological evidence found in this systematic literature
review is inconsistent.

We found two studies with significant positive association
between BC risk and PCB, while the other six studies either
observed no significant association or negative association.
This result is consistent with other reviews undertaken for
BC risk and PCB exposure (Negri et al. 2003; Brody et al.
2007). However, these two studies found positive association
for heavy PCBs, which needs more investigation (Recio-Vega
et al., 2011; Cohn et al., 2012). In addition, we found no study
with evidence for modulation of association between BC risk
and PCB exposure due to different genetic polymorphisms
(Bräuner et al., 2014; Ghisari et al. 2014). A number of
case-control studies published before 2006 observed higher
BC risk due to PCB exposure in different genetic polymor-
phisms (Moysich et al. 1999; Laden et al. 2002; Zhang et al.
2004; Li et al. 2005). Therefore, the influence of genetic poly-
morphism on the association between PCB and BC risk re-
quires further investigation with more epidemiological
studies.

On the other hand, one case-control study found a signifi-
cant negative association between total PCB and BC risk in
univariate analysis (Rubin et al. 2006). The result did not
remain significant with multivariate analysis. However, the
controls of this study were more likely to be Eskimos (65 vs
35 %) and born in the south-western region of Alaska. Total
PCB levels were highest among Eskimo women (8.57 ppb)
compared to Aleut (5.61 ppb) and Indian women (2.96 ppb)
and women born in south-western region (8.13 ppb) com-
pared to north-western (7.60 ppb), south-central (4.29) and
interior (5.21 ppb) regions of Alaska. Therefore, differences
in ethnic distribution and birthplace between case and control
could be a reason for negative association between PCB and
BC risk. The association was no longer evident after adjusting
for ethnicity, parity, family history of BC and triglyceride and
cholesterol levels.

Though experimental studies showestrogenic properties of
HCH (Steinmetz et al. 1996; Zou and Matsumura 2003), ep-
idemiological results are conflicting. Mussalo-Rauhamaa
et al. (1990) found a positive association between BC and
β-HCH in 44 breast cancer patients. β and γ-HCHwere found
at a significantly higher level in 135 breast cancer patients in
India (Mathur et al. 2002). γ-HCH was also found to be sig-
nificantly associated with BC risk among postmenopausal
women (OR = 1.76, 95 % CI: 1.04–2.98) in a case-control
study in Spain (Ibarluzea et al. 2004). In contrast, other studies
did not observe any significant association for γ-HCH
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(Dorgan et al. 1999) or β-HCH (Dewailly et al. 1994; Guttes
et al. 1998; Høyer et al. 1998, 2000; Dorgan et al. 1999; Zheng
et al. 1999b; Aronson et al. 2000; Lo’pez-Carrilloet al. 2002
and Raaschou-Nielsen et al. 2005). Demers et al. (2000) no-
ticed breast cancer patients with increased β-HCH had large
and aggressive cancer (tumour diameter ≥ 2 cm and axillary
lymph node involvement). Results of epidemiological studies
have been inconsistent in the last 10 years, except for a case-
control study in Tunisia which observed a significant associ-
ation between serum β-HCH level and increased BC risk
(Arrebola et al. 2015).

Hexachlorobenzene (HCB) promotes mammary tumours
in rats and has been shown to enhance tumour growth and
metastasis (Randi et al. 2006; Pontillo et al. 2013). However,
most of the studies found no positive association between
HCB exposure and BC risk (Mussalo-Rauhamaa et al. 1990;
Guttes et al. 1998; Moysich et al. 1998; Zheng et al. 1999a;
Aronson et al. 2000; Høyer et al. 2001, Lo’pez-Carrillo et al.
2002, Pavuk et al. 2003; Raaschou-Nielsen et al. 2005). In
contrast, Dorgan et al. (1999) observed a twofold increased
risk for women in the upper three quartiles compared to the
lowest quartile for women whose blood was collected within
2.7 years of diagnosis. Another case-control study observed
significantly increased serum HCB levels among cases com-
pared to controls (Charlier et al. 2004). No studies were found
demonstrating significantly higher risk of BC due to HCB
exposure in the last 10 years.

A number of studies calculated risk of BC associated with
chlordane (Gammon et al. 2002; Raaschou-Nielsen et al.
2005), cis-nonachlor (Aronson et al. 2000; Raaschou-
Nielsen et al. 2005) and trans-nonachlor (Demers et al.
2000; Aronson et al. 2000; Ward et al. 2000; Wolff et al.
2000; Zheng et al. 2000; Raaschou-Nielsen et al. 2005) or
oxychlordane (Demers et al. 2000; Aronson et al. 2000;
Ward et al. 2000; Zheng et al. 2000; Raaschou-Nielsen et al.
2005). However, none of these studies found a significantly
increased risk associated with chlordane. Raaschou-Nielsen
et al. (2005) observed an inverse association for trans-
nonachlor and oxychlordane, consistent with the studies found
in this review.

Cassidy et al. (2005) and Mathur et al. (2002) observed
increased risk of BC for heptachlor epoxide and heptachlor,
respectively; in contrast, Mussalo-Rauhamaa et al. (1990);
Ward et al. (2000) and Dorgan et al. (1999) found no positive
association. Arrebola et al. (2015) observed significant asso-
ciation in an unadjusted model, but borderline significant as-
sociation in an adjusted model for association between hepta-
chlor and BC risk.

A case-control study in Spain found a significant associa-
tion of aldrin exposure and BC risk (Ibarluzea et al. 2004).
When they were grouped according to menopausal status, the
risk was only significant for postmenopausal women. In con-
trast, BC risk was non-significant and negatively associated

for aldrin exposure in a case-control study; however, aldrin
was detected only in three people (Ward et al. 2000).

Laboratory studies have demonstrated PBDEs’ estrogenic
effect (Meerts et al. 2001; Mercado-Feliciano and Bigsby
2008), which strengthens the hypothesis that PBDE is a risk
factor for hormonally related cancers such as BC. Human
studies on BC risk due to PBDE exposure are limited. To
our knowledge, there were no epidemiological studies pub-
lished on this issue before 2006 (Brody et al. 2007). Recently,
two case-control studies examined risk of BC and PBDE ex-
posure (Hurley et al. 2011; Holmes et al. 2014) and one found
a positive association for BDE-47.

Perfluorinated compounds have shown xenoestrogenic
properties in MCF-7 breast cancer cells (Maras et al. 2006).
However, epidemiological evidence is very limited. One co-
hort study did not observe any risk of BC among 32,254
residents of Mid-Ohio Valley exposed to perfluooctanoic acid
in drinking water (Barry, Winquist and Steenland, 2013).
There are also a number of cohort studies, which considered
cancer mortality among workers exposed to different
perfluorinated compounds and observed either no deaths or
few deaths from breast cancer (Leonard et al. 2008; Lundin
et al. 2009; Steenland and Woskie 2012). However, two stud-
ies found in this literature review showed positive association
of BC risk with serum levels of perfluorooctane sulfonate
(PFOS), total perfluorosulfonated acids (PFSA) (Bonefeld-
Jorgensen et al. 2011) and perfluorooctanesulfonamide
(PFOSA), but negative association for perfluorohexane sulfo-
nate (PFHxS) (Bonefeld-Jorgensen et al. 2014). Another study
found increase in BC risk associated with PFASs for different
genetic polymorphisms (Ghisari et al. 2014). More epidemio-
logical studies are required to confirm these preliminary
results.

Experimental studies show varying evidence of toxicity
and carcinogenicity due to dioxins; however, epidemiological
evidence of human carcinogenicity is limited (Boffetta et al.
2011). Two case-control studies reported no increased risk of
BC for TCDD; however, they both observed positive associ-
ation for octachlorodibenzo-p-dioxin (OCDD) (Hardell et al.
1996; Reynolds et al. 2005). In contrast, an earlier follow-up
of the Seveso Women’s Health Study (SWHS) observed a
twofold increased BC risk for tenfold increase in serum
TCDD levels (HR = 2.1, 95 % CI: 1.0–4.6, p = 0.05)
(Warner et al. 2002). This association was not found to be
significant in a recent follow-up study, which was reported
above. This result is consistent with other cohort studies,
which found no significant increased breast cancer incidence
or mortality among the residents of this area (Bertazzi et al.
1993, 1997; Consonni et al. 2008; Pesatori et al. 2009).

Epidemiological evidence regarding breast cancer inci-
dence due to these persistent pollutants is inconsistent. Most
of the studies considered in this review are case-control stud-
ies, with too few breast cancer patients and inconclusive
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results. Moreover, case-control studies are more prone to
biases than other analytical studies (Greenland Watson and
Neutra 1981). Among these biases, selection bias is a common
and significant issue in these types of studies (Mezei and
Kheifets 2006). In this review, a number of articles have not
always clearly reported the selection process (Arrebola et al.
2015) or response rate (Boada et al. 2012, Hurley et al. 2011).
In addition, these studies showed wide variation in eligibility
criteria, population selection, sample collection and laboratory
procedures. Incomplete reporting of the selection process and
response rate and inconsistent selection criteria make evalua-
tion of potential selection bias and comparison of different
studies difficult (Mezei and Kheifets 2006, Olson, Voigt,
Begg and Weiss 2002). Apart from differences in target pop-
ulation and study design, there was a difference in selection of
covariates and biological matrices used to measure exposure.
Though most of the studies considered a large number of
covariates, the possibility of missing or residual confounding
cannot be ruled out completely. Moreover, studies used differ-
ent biological matrices for environmental exposure. Most
studies used serum level due to procedural and ethical com-
plications regarding collection of adipose tissue. A recent
study observed higher levels of heavy compounds such as
PCBs in adipose tissue compared to that found in serum, but
this was not the case for lighter compounds like HCB or p,p′-
DDE (Artacho-Cordón et al. 2015), demonstrating the impor-
tance of choosing an appropriate biological matrix for the
compounds being studied. In addition, Artacho-Cordón et al.
(2015) observed that POPs in dissimilar biological matrices
are affected differently by covariates. For example, they ob-
served that recent weight loss was negatively associated with
most of the pollutants in adipose tissue, but positively associ-
ated with PCB-138 concentrations in serum. These findings
indicate that covariates need to be selected carefully, depend-
ing on both type of pollutant and biological matrix.
Furthermore, most of the studies collected biological samples
after diagnosis of breast cancer; there is growing controversy
that biological samples collected after diagnosis or a few years
before diagnosis do not reflect the body burden of environ-
mental pollutants in early life. For breast cancer, exposure of
environmental pollutants in early life poses more risk of dis-
ease compared to exposure after 40 years of age (Wolf and
Weston 1997). Verner et al. (2008) have recently developed a
physiologically based pharmacokinetic (PBPK) model to cal-
culate the lifetime toxicokinetics of POPs. They evaluated the
model by analysing thesuitability of blood PCB levels mea-
sured at the time of diagnosis of breast cancer in reflecting
earlier PCB exposures (Verner et al. 2011). The results of this
study suggest that PCB levels measured at the time of diag-
nosis was not able to reflect early life exposure, especially
during the first decade of life.

Most of the epidemiological studies focused on individual
chemical exposures rather than the combined effect of these

chemicals (Kortenkamp 2006). Laboratory studies have
shown that mixtures of weak xenoestrogenic compounds can
exert a significant estrogenic effect when present at levels
lower than their individual ‘no observed effect’ levels
(Rajapakse, Silva and Kortenkamp 2002; Silva, Rajapakse
and Kortenkamp 2002). Mixtures of organochlorines can also
induce the proliferation of hormone-dependent breast cancer
cell lines (Aubé, Larochelle and Ayotte 2011).A case-control
study measuring total effective xenoestrogenic burden
(TEXB-alpha) of environmental estrogens in adipose tissue
for 260 cases and 352 controls noticed a positive association
of TEXB-alpha with BC risk among women with lower BMI
(Ibarluzea et al., 2004). One study found in this literature
review measured variousmixtures of organochlorine pesti-
cides and observed different mixtures in cases and controls
(Boada et al. 2012). The compounds studied included aldrin,
dieldrin, endrin, lindane and different isomers and metabolites
of DDT. However, other POPs that were not examined could
also be present and have potential effects on breast cancer risk.
Simultaneous exposure of endogenous hormones and their
interaction with environmental pollutants might also play an
important role in carcinogenesis (Kortenkamp 2006). Hence,
current epidemiological studies have a gap in the measure-
ment of multiple chemicals and their interactions with each
other and other endogenous hormones. Further, current epide-
miological studies contain methodological flaws which may
contribute to inconsistent results. Future studies need to ad-
dress this gap by developing a better exposure method for
cumulative effects of different chemicals.

Conclusion

Epidemiological studies published in the last 10 years could
neither prove nor rule out the association between breast can-
cer risk and environmental exposure to persistent organic pol-
lutants (other than DDT). However, most of the studies exam-
ined exposure to the pollutants after diagnosis of breast cancer,
overlooking exposure during critical windows of vulnerabili-
ty. The studies examined also largely focused on individual
chemicals, ignoring the potential for combined effects
chemicals. Therefore, major data gaps remain in examining
exposure during critical windows of vulnerability and
assessing combined effects of multiple chemicals. The possi-
bility of potential interaction between environmental pollut-
ants and endogenous and exogenous hormones also remains
unaddressed. Development of better exposure assessment
methods addressing these gaps is required for future research.

BC , b r e a s t c ance r ; BMI , body mas s i ndex ;
DDD, d i c h l o r od i ph eny l d i c h l o r o e t h an e ; DDE ,
dichlorodiphenyldichloroethylene; DHEA, dehydroepian-
drosterone; ER, oestrogen receptor; GM, geometric mean;
HCB, hexachlorobenzene; HCH, hexachlorocyclohexane;
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HER2/neu, human epidermal growth factor receptor 2; HR, haz-
ards ratio; LOD, limit of detection; OCDD, octachlorodibenzo-
p-dioxin; OCP, organochlorine pesticide; OR, odds ratio; PAH,
polycyclic aromatic hydrocarbon; PBDE, polybrominated
diphenyl ether; PBPK, physiologically based pharmacokinetic;
PCB: polychlorinated biphenyl; PCDD, polychlorinated
dibenzo-p-dioxin; PCDF, polychlorinated dibenzofuran;
PFAA, perfluoroalkyl acid; PFAS, perfluoroalkylated sub-
stances; PFBS, perfluorobutane sulfonate; PFC, perfluorinated
contaminant; PFCA, perfluorocarboxylated acid; PFDA,
perfluorodecanoic acid; PFDoA, perfluorododecanoic acid;
PFPeA, perfluoro-n-pentanoic acid; PFHpA, perfluoroheptanoic
acid; PFHpS, perfluoroheptane sulfonate; PFHxA,
perfluorohexanoic acid; PFHxS, pPerfluorohexane sulfonate;
PFNA, perfluorononanoic acid; PFOA, perfluorooctanoic acid;
PFOS, perfluorooctane sulfonate; PFOSA, perfluorooctane sul-
fonamide; PFOSF, perfluorooctane sulfonyl fluoride; PFSAs,
perfluorosulfonated acids; PFTeA, perfluorotetradecanoic acid;
PFTrA, perfluorotridecanoic acid; PFUnA, perfluoroundecanoic
acid; POPs, persistent organic pollutants; p,p’-DDT, dichlorodi-
phenyltrichloroethane; p,p’-DDE, dichlorodiphenyl-
dichloroethylene; PR, progesterone receptor; RR, risk ra-
tio; TCDD, tetrachlorodibenzo-p-dioxin; TEXB, total ef-
fective xenoestrogenic burden; α-HCH, α-hexachlorocy-
clohexane; β-HCH, β-hexachlorocyclohexane; γ-HCH,
γ-hexachlorocyclohexane.
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