
Introduction

Breast cancer is the most serious and common cancer 
in women worldwide. According to the American Cancer 
Society, the number of new cases and deaths from breast 
cancer is still the highest for malignant tumors in the 
United States in recent years [1]. WHO reported in 2012 
that breast cancer accounted for 23% of all cancer deaths 
for women. One in every three women in Asia faces life-

long breast cancer risk [2]. Rates for new cases of female 
breast cancer in China are lower than in Europe, but have 
increased in recent years with an incidence rate of 13.95 
per 100,000 in 2012 [3].

Numerous risk factors identified for breast cancer 
include the functional loss of breast cancer susceptibility 
genes, such as BRCA1 and BRCA2 [4], and such lifestyle 
factors as smoking, alcohol consumption, radiation 
exposure, and diet. However, the underlying causes of the 
increasing incidence of breast cancer are indistinct and 
need to be explored. Hormone-dependent breast cancer is 
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related to exposure to high estrogen levels. Estrogen levels 
in the body can be altered with early-onset menarche, late 
menopause, nullipara, the late age of a first pregnancy,  
not breastfeeding, and exposure to pharmacological 
estrogens by use of the contraceptive pill and hormone 
replacement therapy. All of these events have been 
reported to be risk factors for breast cancer development 
and growth [5-6]. 

The exogenous environmental compounds with 
estrogenic activity are classified as environmental 
estrogens (EEs). EEs can bind to estrogen receptors and 
imitate endogenous estrogens exerting estrogen-like 
effects and interfere with the regulation of the growth 
and the proliferation of mammary glands by endogenous 
estrogens. Therefore, EEs are suspected of playing an 
important role in the occurrence and development of 
breast cancer and even treatment and prognosis. Exposure 
to environmental estrogen-like chemicals could affect 
pubertal timing. Indeed, a cohort study of puberty in 
girls revealed a delay in puberty onset with increased 
persistent organic pollutant concentrations [7]. With the 
acceleration of industrial pollution, persistent organic 
pollutants continuously released into the environment 
include dioxins, phthalates, bisphenol A, nonylphenol, 
perfluorooctane sulfonate, polychlorinated biphenyls, and 
polybrominated diphenyl ethers. These environmental 
estrogen-like chemicals not only are enriched in 
environmental matrices but also bio-accumulate in human 
tissues. The distribution and concentration of these 
seven environmental estrogen-like chemicals in human 
specimens are presented in Table 1. Although evidence 
from environmental and experimental research has shown 
that EEs can bind to estrogen receptors (ER) or aryl 
hydrocarbon receptors (AhR), inducing estrogen activities 
and affecting intrastitial estrogen levels and thereby 
affecting reproductive development and reproductive 
system diseases [8-9], there is no clear mechanism for 
explaining the relationship between EEs and breast 
cancer occurrence and development. The impact of EEs 
on human health and particularly breast cancer remains 
to be determined, especially the impact of EEs that are 
measurable in human specimens, including blood, breast 
milk, breast tissue, urine, and other tissues. 

This review aimed to examine the evidence for the 
contribution of the seven EEs in industrial pollutants to 
the occurrence and development of breast cancer or to the 
prognosis and survival of breast cancer affected by EE 
exposure during the progress of breast cancer therapy. We 
focus on these seven EEs to give an overall insight into 
the risk of breast cancer with exposure to the compounds 
and to provide clues for further studies on EEs and breast 
cancer risk.

Bisphenol A (BPA)

BPA is polymerized to manufacture polycarbonate 
plastic and epoxy resin and is used to make baby formula 
and water bottles, water pipes, dental sealants, coatings 

on the inside of almost all food and beverage cans, toys, 
athletic safety equipment, medical equipment and tubing, 
consumer electronics, and eyeglass lenses. It is also an 
additive for thermal papers, flame-retardants, and brake 
fluids. BPA can leach into food and beverages, which is 
the main exposure route for humans. BPA is lipophilic and 
has been detected in human breast milk, breast adipose 
tissue, urine, and serum [10-12]. BPA can also be detected 
in maternal and fetal serum, placental tissue, and amniotic 
fluid [13-14].

The structure of BPA is similar to that of estradiol 
and it has estrogenic properties [15]. BPA is considered 
to play a part in the development of breast cancer, and 
BPA exposure might increase the risk of breast cancer. 
Fernandez and Russo reported that  BPA could cause 
neoplastic transformation in human breast epithelial 
cells [16]. BPA can increase the expression of estrogen 
receptors and the number of terminal end buds altering 
the development of mammary glands [17], so it may 
predispose the mammary gland to carcinogenesis. 
Pubertal exposure to low-dose BPA increased lateral 
branches and hyperplasia in adult Balb/c mouse mammary 
glands; it acutely increased mammary stem cell (MaSC) 
in 6-week-old glands and delayed the increase in luminal 
progenitors in 4-month-old adult glands [18]. BPA 
altered the function of MaSCs from different age groups, 
causing early neoplastic lesions in regenerated glands, so 
MaSCs are susceptible to BPA-induced transformation. 
This study suggests for the first time that pubertal BPA 
exposure altered MaSC gene expression and function 
to induce early neoplastic transformation. Other studies 
have indicated that prenatal exposure to BPA increased 
mammographic density – yet another risk factor for 
human breast cancer [19]. In considering the interaction 
of gene mutations and BPA exposure, Fernandez et 
al. showed that in breast cancer tissue with BRCA1 or 
BRCA2 mutations, MCF-10F cells (normal-like human 
breast epithelial cells) were susceptible to transformation 
by BPA [20]. Interaction of those environmental and 
genetic factors might augment the risk of tumorigenesis of 
the breast. Several environmental factors might increase 
the risk of tumorigenesis in BRCA1-defective breast 
epithelial cells [21]. The homeobox-containing gene 
HOXC6 is associated with mammary gland development 
and is overexpressed in various cancers, including breast 
and prostate. Hussain et al. found that BPA induced the 
expression of HOXC6 in breast cancer tissue in vitro and 
in vivo [22]. In investigating the transcriptional regulation 
of HOXC6 via estradiol (E2) and BPA, the authors found 
that the estrogen receptor α (ERα) and ER-coregulators 
such as MLL-histone methylases bound to the HOXC6 
promoter on exposure to BPA, which increased histone 
H3K4-trimethylation, histone acetylation, and recruitment 
of RNA polymerase II at the HOXC6 promoter [22]. 
HOXC6 overexpression induced the expression of 
tumor growth factors and facilitated 3D colony growth 
formation, which indicates its potential roles in tumor 
growth. Animal experiments also showed the potential 
effect of BPA on breast cancer with prenatal exposure, 
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which disturbed the development of mammary glands and 
increased carcinogenic susceptibility [23]. 

Few epidemiological studies have linked BPA 
to breast cancer. According to the U.S. Institute of 
Medicine,  the available evidence was insufficient to 
draw a firm conclusion of the relation of BPA exposure 
and breast cancer [24]. Yang and coworkers did not find 
a significant difference in blood BPA levels between 
breast cancer patients and controls [25]. The major BPA 
metabolite (BPA-glucuronide) was measured in urine but 
had no association with postmenopausal breast cancer 
[26]. However, Sprague et al. found increased serum BPA 
levels associated with increased mammographic breast 
density [27]. The inconsistency may be due to sampling 
methods and sample size as well as studies conducted in 
different countries. 

Although evidence from epidemiological studies 
for a direct relationship between BPA and breast cancer 
is lacking, the risks cannot be ignored. For breast 
cancer therapy, BPA at low nanomolar doses (i.e., 
environmentally relevant doses) can oppose the action 
of chemotherapeutic agents to reduce their efficacy [28]. 
BPA was also significantly associated with breast tumors, 
characterized by high histologic grade and large tumor 
size, for decreased recurrence-free patient survival [29]. 
Thus, exposing breast cancer patients to EPA should be 
considered when choosing therapeutic regimens. 

The hazards of BPA cannot be ignored in the 
whole process of breast cancer, including neoplastic 
transformation, development, and even therapy. Currently, 
most of the evidence is based on animal studies;  
further research of larger samples and well-designed 
biomonitoring studies are needed to confirm the 
phenomena observed in the cell lines and animal 
experiments, which would be valuable for breast cancer 
prevention and treatment.

Nonylphenol (NP)

NP is applied to synthesize nonylphenol ethoxylates, 
which are nonionic surfactants used as emulgators, 
lubricant additives, antioxidants, or stabilizers in industrial, 
agricultural, and domestic consumer products. NP can 
leach into the environment during both the manufacturing 
process and from final products. The extensive use of NP 
has resulted in its ubiquitous exposure to humans. Both 
in vitro and in vivo studies showed that NP plays a role in 
the occurrence of breast cancer. NP can mimic estrogen 
and act as an agonist for estrogen receptors in MCF-7 
breast cancer cells (human breast cancer cell line) [30]. NP 
was found to trigger DNA mutations and chromosomal 
abnormalities in in vitro experiments [31] and induce cell 
proliferation in MCF-7 cells [32]. In another study, MCF-7 
cells exposed to NP showed increased expression of cyclin 
D1 and cathepsin D and decreased p21 expression at both 
transcriptional and translational levels; however, NP-
induced alterations of these genes were blocked by ICI 182 
and 780, so changes in expression of these genes may be 

regulated by an ERα-dependent pathway [33]. Therefore, 
NP may induce cell cycle-related gene expression to 
increase MCF-7 cell proliferation and intensively activate 
cathepsin D to promote cancer metastasis. In addition, NP 
may be involved in signal transduction to inhibit apoptosis 
induced by estrogen deletion in T47D breast cancer 
cells [34]. The offspring of rats treated with NP during 
pregnancy showed changed mammary gland development 
[35]. 

NP can also activate pregnane-X receptors (PXR) 
and induce P-450 enzymes, which are responsible for 
producing E3, an estrogen receptor agonist, to increase 
the risk of breast cancer [36]. The authors suggest that 
NP might increase breast cancer risk by increasing E3 
production. MMTVneu mice treated with NP for 32 weeks 
showed an increased incidence of mammary cancer [37].

Epidemiological studies of the association of NP and 
breast cancer are scarce, and further studies with human 
specimens are needed.

Phthalates (PAEs)

PAEs are a family of compounds made from alcohols 
and phthalic anhydride, which can prolong the lifespan or 
durability of plastics and increase the flexibility of some 
plastics. They are widely used in our daily life, especially 
for medication; personal care products, including 
cosmetics, perfume, hair spray, and shampoo; detergent; 
adhesives; and even foods and food preservatives. PAEs 
are commonly found in foods and house dust, with food 
being the primary source of human exposure. Because 
the general population is commonly and continually 
exposed to PAEs, the health effects of PAEs have garnered 
increasing concern [38]. PAEs tend not to bioaccumulate in 
the body. Urinary concentrations of phthalate metabolites 
have been used extensively to assess exposure to PAEs 
in epidemiologic studies [39]. The detrimental impacts of 
PAEs have been reported, and the association with breast 
cancer has been evaluated in some studies. Exposure to 
the parent compound of the phthalate metabolite mono-(2-
ethylhexyl) phthalate (MEHP) was found to be associated 
with breast cancer on both univariate analysis (odds ratio 
(OR) 2.16, 95% CI 1.16-4.05, p = 0.02) and multivariable 
analysis (OR 2.43, 95% CI 1.13-5.25, p = 0.02) [40]. 
López-Carrillo et al. evaluated the risk of breast cancer 
with PAE exposure by urinary concentrations of several 
phthalate metabolites in northern Mexican women (age-
matched 233 cases to 221 controls): the concentration of 
MEP, the main metabolite of diethyl phthalate (DEP), was 
higher in cases than controls and positively associated 
with breast cancer incidence (ORhighest vs. lowest tertile 2.20, 
95% CI 1.33-3.63) and the association was stronger for 
premenopausal women (ORhighest vs. lowest tertile 4.13, 95% CI 
1.60-10.70) [41]. 

Carran and  Shaw reported a greater incidence of 
breast cancer in children of New Zealand Malayan war 
veterans who had been exposed to dibutyl phthalate 
(DBP) than the general population (4% vs. 0.48%). The 
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possible mechanism may be that phthalates and/or their 
metabolites induce DNA damage and affect heredity, 
thereby increasing the cancer risk for offspring [42]. 

Because the half-lives of PAEs are relatively short, 
avoidance of daily exposure would be beneficial for 
preventing breast cancer. Changing lifestyles, especially 
reducing the use of personal care products with added 
PAEs, can decrease the PAE exposure opportunity, which 
might also reduce the risk of breast cancer [43].

Perfluorooctane Sulfonate (PFOS)

Perfluorooctanesulfonyl fluoride is a synthetic 
perfluorinated compound with a sulfonyl fluoride 
functional group that is used in a wide variety of consumer 
products such as carpets, upholstery, and textiles. These 
compounds degrade to PFOS, a final degradation product, 
which is a persistent metabolite that accumulates in tissues 
of humans and wildlife [44]. PFOS are widespread in the 
environment and exist in the tissues of fish, birds, and 
marine mammals. It is an emerging persistent organic 
compound with a long half-life. PFOS can bioaccu- 
mulate to high trophic levels of the food chain, which 
implies a high exposure to humans [45]. The observed 
serum and plasma concentrations of PFOS range from  
1 to 116 ng/ml [44]. 

As for other persistent organic pollutants, PFOS also 
possess estrogen-like properties [46]. PFOS can enhance 
the effects of 17β-estradiol (E2) on estrogen-responsive 
gene expression, extracellular signal-regulated kinase 1/2 
(ERK1/2) activation, and growth of hormone-deprived 
T47D human breast cancer cells [47]. The effects of PFOS 
on human breast cancer have raised concerns in recent 
years. A case-control study of 31 cases and 115 controls 
of Greenlandic Inuit found that the median serum level of 
PFOS in breast cancer patients was twofold that of controls. 
Whether before or after adjustment for the corresponding 
confounders, including age, BMI, pregnancy, cotinine, 
breastfeeding, and menopausal status, breast cancer risk 
was related to serum concentrations of PFOS (adjusted 
OR 1.03, 95% CI 1.001–1.07) [44]. In a subsequent study, 
the authors found increased risk of breast cancer in Inuit 
women with BRCA1 founder mutation and polymorphisms 
in CYP1A1 (Val) and CYP17 (A1) and the risk increased 
with increased serum levels of PFOS [48].

Grice et al. used a questionnaire-based study of workers 
exposed to perfluorooctanesulfonyl fluoride and found 
no association of PFOS exposure and several cancers, 
including breast cancer [49]. However, the authors did not 
collect serum or tissue samples to evaluate PFOS levels in 
women workers, and the exact body levels of PFOS were 
unknown.

Data on this compound are scarce and findings 
are inconsistent, with limitations in the literature, so 
confirmed conclusions are seldom reached. Research with 
large-scale, prospective controlled cohort designs would 
be useful for evaluating the links between PFOS exposure 
and breast cancer.

Polybrominated Diphenyl Ethers (PBDEs)

PBDEs are flame retardants used extensively in 
such consumer products as electronics, fabrics, and 
polyurethane foam. Because PBDEs are additives, they 
can be released from products and furnishings and can be 
found in outdoor air, sediments, sludge, and soil, as well as 
house and office air and dust. Like other persistent organic 
pollutants, PBDEs have been detected in such wildlife as 
birds, marine species, fish, and terrestrial animals; and in 
humans, including in blood, serum, adipose tissue, and 
breast milk [50]. PBDEs ingested by inhalation, dermal 
absorption and food intake accumulate in the body. In 
Shenzhen, China, the main route of PBDE exposure for 
adults is food [51]. However, some research shows the key 
routes as being household consumer products [52]. 

Because of the estrogen-like effects of PBDEs [53], 
the risk of breast cancer may be increased with PBDE 
exposure. In addition, considering the carcinogenicity 
of PBDEs, the chemical structure and toxicological 
properties are similar to known carcinogens such 
as polychlorinated biphenyls and other dioxin-like 
compounds [54]; therefore, the association of PBDEs and 
breast cancer seems reasonable. PBDE-209 promoted 
the proliferation of various cancer cells from the female 
reproductive system and normal ovarian Chinese hamster 
ovary (CHO) cells. Furthermore, it reduced tamoxifen-, 
protein kinase C α (PKCα)-, and ERK-inhibited apoptosis 
and upregulated phosphorylation of PKCα and ERK1/2 
proteins in tumor cells and CHO cells [55]. In a case-
control study of breast cancer and exposure to synthetic 
environmental chemicals in native Alaskan women, BDE-
47 levels were significantly higher in cases than controls 
(geometric mean 38.8 vs. 25.1 ng/g lipid; p = 0.04) [40]. 
However, the authors also indicated that this study was 
limited by a small sample size and an inability to control 
for the confounding effects of BMI, so the association 
between BDE-47 and breast cancer warrants further 
investigation. Another case-control study tried to examine 
the relationship of the body burden of PBDEs and the 
risk of breast cancer. The results were negative, with no 
evidence of a link between PBDE adipose concentrations 
measured at or near the time of diagnosis and  breast 
cancer risk [56]. However, the controls included women 
with other proliferative benign breast lesions, suggested 
to be a risk factor of breast cancer. The small sample size 
(78 cases and 56 controls) was another limitation. Further 
studies with a prospective design and more representative 
controls would help reveal the true effect of PBDEs on 
breast cancer. In addition, PBDE levels were found 
inversely related to age, so the body burden of PBDEs 
measured at or near the time of diagnosis cannot reveal 
the real damage for breast cancer [57].

McElroy and colleagues [58] evaluated recent 
consumption of Great Lakes fish exposed to organic 
pollutants, including PBDEs. Recent consumption of sport-
caught fish was not associated with risk of breast cancer in 
postmenopausal women but was associated with the risk 
in premenopausal women (relative risk (RR) 1.70, 95% CI 
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1.16-2.50) [58]. Whether the result occurred by chance or 
not, more studies with parallel results will help to ensure 
whether the contamination of PBDEs in the environment 
and food is associated with the development of breast 
cancer, especially in young and premenopausal women.

Dioxins

Dioxins are universal persistent organic pollutants 
with reproductive toxicity existing in the environment. In 
general, dioxins are by-products from cement and metal 
manufacturing industries when chlorinated substances 
are burned incompletely, and from some chemical 
production process such as the manufacture of herbicides, 
insecticides, and defoliants. Dioxins also are generated by 
such daily activities as garbage incineration [59-60]. They 
can gather in tiny particles in the atmosphere, soil, and 
water. Because they are highly lipophilic and degradation-
resistant, dioxins can bio-accumulate in the food chain and 
be enriched by adipose tissues. Therefore, humans can be 
exposed through environmental contact or ingestion of 
contaminated air, dust, oil, food, and drinking water [61-
62]. In the general population, diet is considered one of the 
main sources of exposure to dioxins. Dioxins have been 
found frequently in adipose tissue, blood, and milk of the 
human body [62-63].

Dioxins are a family of organochlorine compounds 
with 210 structurally similar congeners, comprising 75 
polychlorinated dibenzo-p-dioxin (PCDDs) isomers and 
135 polychlorinated dibenzofuran (PCDFs) isomers. 
The 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) was 
studied extensively in previous studies and was used as 
a reference chemical for dioxins. TCDD was classified 
as a group 1 carcinogen by the International Agency for 
Research on Cancer in 1997 [60, 64]. As a carcinogen for 
humans, dioxins can combine with the aryl hydrocarbon 
receptor (AhR) to activate and induce the AhR pathway 
mediating cytochrome P450 (CYP1) expression, 
disrupting endocrine functions and thereby leading to 
adductive and oxidative DNA damage and resulting in 
mutagenesis as an incentive for diseases [65-66]. Some 
studies showed that dioxins played a protective role in 
breast cancer development because TCDD can induce the 
expression of CYP1A1 and CYP1B1 to catalyze estradiol 
(E2) metabolism, leading to reduced E2 levels in breast 
tissue cells [9, 67-68]. Studies also reported that 6-methyl-
1,3,8-trichlorodibenzofuran can inhibit E2-induced cell 
proliferation and tumor growth and prevent E2-increased 
levels of ER and progesterone receptors (PR) [69-70]. But 
some studies found that dioxins can elicit AhR-mediated 
estrogenic activity by interacting with ER and promote 
gene expression and the proliferation of breast cancer 
cells [71-72]. In contrast to the above two viewpoints, 
Spink and his collaborators thought TCDD-induced AhR 
expression had no relationship with the proliferation and 
estrogen-stimulated tumor formation of MCF-7 cells 
[73]. However, dioxin receptor and ER signaling shows 
crosstalk, and dioxin-activated AhR expressed anti-

estrogenic effects depending on estrogen, but estrogenic 
effects are independent of estrogen [9, 74-75]. Therefore, 
the  mechanism of the relationship between dioxins and 
breast cancer is still unclear.

In epidemiological studies, two early cohort studies 
(the Seveso cohort of community residents exposed to 
dioxins by industrial accident and the Hamburg cohort 
of workers exposed during the production of herbicides) 
revealed an increase in breast cancer incidence with 
increasing serum dioxin exposure [76-77]. Subsequent 
cohort studies also showed increased incidence and 
mortality with breast cancer on dioxin exposure. Pesatori 
et al. studied the cancer incidence of residents of Seveso, 
Italy, experiencing a chemical pollution accident from 
1977 to 1996 and found much higher soil TCDD levels 
in residents of zone A (nearest to the accident site) as 
compared with residents in a unpolluted reference territory 
(RR 2.57, 95% CI 1.07-6.20) [78]. Manuwald et al. 
reported that female workers with dioxin exposure during 
chemical production had increased breast cancer mortality 
(standardized mortality ratio 1.86, 95% CI 1.12-2.91) 
[60]. One bit of research combined space and space-time 
factors with dioxin pollution to explore the relationship 
with breast cancer, and found there was a significantly 
spatial association [79]. However, a recent cohort study 
investigated  dietary  dioxin uptake  level distribution 
in different groups by demographic characteristics, 
reproductive/reproductive characteristics, and ER/PR 
expression. The result showed increasing dioxin intake 
levels associated with declining breast cancer risk in 
post-menopausal women with ER-negative/PR-negative 
tumors [59]. In contrast, epidemiological case-control 
studies found no apparent association between dioxin 
exposure and breast cancer [80-81].

Because of various retrospective interference factors 
in case-control studies, no significant association has 
been found. Although Danjou et al. [59] reported breast 
cancer risk negatively associated with dioxin intake in 
ER-negative/PR-negative post-menopausal women, 
single food exposure reflected only a part of human dioxin 
exposure. Because most of the more convincing cohort 
studies support increased breast cancer risk with dioxin 
exposure, more extensive studies in vivo and in vitro are 
needed to explain the relationship between dioxins and 
breast cancer.

Polychlorinated Biphenyls (PCBs)

PCBs are used as dielectric fluids in industry to 
make transformers and capacitors, organic diluents, 
plasticizers, adhesives, and flame retardants, and have 
several other industrial applications. They are highly 
stable and lipophilic chemicals. In the food chain, they can 
accumulate in human fat tissues, including adipose tissue, 
plasma lipids, and milk fat [82]. One study supported PCB 
levels associated with increasing age, fish consumption, 
and heavy alcohol consumption, but a history of 
breastfeeding can reduce the risk [83].
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PCBs have estrogenic properties. Wolff et al. classified 
PCB congeners by their different structures and properties. 
Hormonal and non-hormonal activities of PCBs depend on 
the structure [84]. Potential estrogenic PCBs are usually 
ortho-substituted, non-planar congeners, and/or their 
hydroxylated metabolites. Since the early 1990s, PCBs 
have been considered to play a causal role in the etiology 
of breast cancer through estrogen-related pathways. 
Subsequently, many researchers have started to confirm 
this hypothesis. Literature reviews of PCBs and breast 
cancer (before 1994) found no increased risk of breast 
cancer with environmental exposure [85-86]. In the Key 
and Reeves review [85], from six small epidemiological 
studies (301 cases, 412 controls), the summary ratio was 
1.01 (99% CI 0.92-1.10) and in the Adami et al. review 
[86], the rate ratio was 0.84 (95% CI 0.50-1.33). 

In early studies, researchers explored the effects of 
PCB exposure with the sum of all PCB congeners as 
the measure of exposure and usually found no evidence 
of increased breast cancer risk with total PCB levels. A 
review conducted by Golden et al. concluded that the 
weight of evidence did not support a causal association 
between human cancer and PCB exposure [87]. From the 
comprehensive reviews about breast cancer [88-89], the 
association between PCB exposure and breast cancer may 
be obscured by the use of different epidemiologic methods 
(case-control study, nested-control study, cohort study, 
etc.) and indexes (breast cancer mortality, breast cancer 
incidence, or both); at the same time, the exposure level of 
PCBs was evaluated by different body specimens collected 
before or after diagnosis. In addition, with improved PCB 
detection and many changeable factors, explaining the 
inconsistency among studies becomes more complex and 
sophisticated.

In later studies, researchers explored the association 
of breast cancer and individual PCB congeners or groups 
(by their properties) of congeners. The results were often 
inconsistent. For example, the joint effects of nine PCB 
congeners were analyzed in one study, with a protective 
effect on breast cancer risk with PCB 156 exposure 
reported [90]. In another congener-specific analysis study, 
the authors observed higher PCB 156 concentrations in 
women with breast cancer (OR 1.80, 95% CI 1.11-2.94; 
fourth vs. first quartile) [91]. Diorio et al. suggested an 
association between increased plasma levels of some 
PCB congeners (153, 183, 196, and combined Wolff 
group 3 PCBs) and postmenopausal women with lower 
mammographic density [92].

Studies showed the periods of fetal, peri-pubertal, and 
pregnancy as susceptible to breast cancer [93]; exposure 
at these periods would be a risk factor for breast cancer. 
Cohn and co-researchers found in a nested case-control 
study that exposure to PCB 203, measured shortly after 
delivering, was strongly associated with breast cancer 
incidence before age 50 [94].

The Golden and Kimbrough review concluded 
no evidence of increased risk of breast cancer and 
occupational exposure to PCBs [95]. Doubting the 
sensitivity of mortality, Silver and colleagues evaluated 

breast cancer incidence in 5,752 women with occupational 
PCB exposure who worked at least one year in capacitor 
facilities and found no overall increased incidence of 
breast cancer. For the subgroup of non-white workers, the 
exposure-related risk was increased, although limited by 
a small number of cases. The authors did not collect body 
samples to evaluate the body burden of PCBs but assessed 
the PCB exposure by semiquantitative job-exposure 
matrices [96]. During exposure to PCBs, many potential 
confounders and biases, such as the healthy worker effect, 
may underestimate the PCB association.

Conclusions

Exposure to EEs is a life-long health risk that only 
increases later in life. The collaboration of environmental 
health and oncology would be of crucial significance 
in the study of environmental estrogens. We live in 
an environment full of EE pollution, in surface water, 
sediments, and soils, and in diets, household dust, the 
community, and work. Except for genetic factors, complex 
EE pollution may play a role in the increase in breast 
cancer incidence, and there are windows in a lifetime that 
are susceptible to environmental exposure. 

Avoiding daily exposure would help prevent breast 
cancer. To prevent the occurrence and development of 
breast cancer, researchers should assess how food, water, 
and consumer products contribute to the overall and 
differential risk among subpopulations, and knowledge 
and/or advice should be provided. Society should pay 
attention to the problem and try to protect the environment 
to make it less carcinogenic. Societal decisions that shape 
individual behavior and circumstances are needed. Also, 
people should reduce potential risk by avoiding exposure 
to EEs.
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