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Abstract
Polychlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethane (DDT), and dichlorodiphenyldichloroethylene (DDE) are
suspected to be associated with breast cancer risk, but the results are controversial. This study was performed to evaluate the
associations between adipose tissue PCB, DDT, and DDE concentrations and breast cancer risk. Two hundred and nine patho-
logically diagnosed breast cancer cases and 165 controls were recruited from three local hospitals in Shantou city, China, from
2014 to 2016. Concentrations of 7 PCB congeners, p,p′-DDT, and p,p′-DDE were measured in adipose tissues obtained from the
breast for cases and the breast/abdomen for controls during surgery. Clinicopathologic information and demographic character-
istics were collected from medical records. PCBs, p,p′-DDT, and p,p′-DDE concentrations in adipose tissues were compared
between cases and controls. Multivariate logistic regression model was used to analyze the risk of breast cancer by PCBs, p,p′-
DDT, and p,p′-DDE concentrations in adipose tissues. Breast cancer cases have relatively higher menarche age, higher
breastfeeding and postmenopausal proportion than controls. Levels of PCB-52, PCB-101, PCB-118, PCB-138, PCB-153,
PCB-180, total PCBs (∑PCBs), and p,p′-DDE were relatively higher in breast cancer cases than controls. Breast cancer risk
was increased in the third tertile of PCB-101, PCB-118, PCB-138, PCB-153, PCB-180,∑PCBs, and p,p′-DDE as compared with
the first tertile in both adjusted and unadjusted logistic regression models (odds ratios [ORs] were from 1.58 to 7.88); and
increased linearly across categories of PCB-118 and p,p′-DDE in unadjusted model, and PCB-118 and PCB-153 in the adjusted
model with trend (all P < 0.01). While breast cancer risk was declined in the second tertile of PCB-28, PCB-52, and PCB-101 in
both unadjusted and adjusted models, also second tertile of p,p′-DDT and third tertile of PCB-28 in the adjusted models. This
study suggests associations between the exposure of PCBs, p,p′-DDT, and p,p′-DDE and breast cancer risk. Based on adjusted
models, PCB-118, PCB-138, PCB-153, PCB-180, ∑PCBs, and p,p′-DDE exposures increase breast cancer risk at current
exposure levels, despite existing inconsistent even inverse results in PCB-28, PCB-52, PCB-101, and p,p′-DDT. More epidemi-
ological studies are still needed to verify these findings in different populations.
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Introduction

Breast cancer with a high incidence was commonly diagnosed
among women, which has become one of the most common
female cancers (Ferlay et al. 2015). According to
GLOBOCAN report, the incidence of breast cancer has been
increasing globally in recent years. In China, the incidence of
breast cancer was relatively lower than that in European and
American countries (Dubey et al. 2015), but the increasing inci-
dence has classed as the first among female malignant tumors in
some economically developed regions and cities (Chen et al.
2016; Li et al. 2015). Although much attention has been paid
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to breast cancer, the etiology is not explicit. Existing literatures
supported that causes of breast cancer mainly come from familial
genetics or genetic damage, hormonal or reproductive factors,
unhealthy lifestyle, and environmental or medical harmful expo-
sure (Salehi et al. 2008). Genetic inheritance made 5–10% of
contribution to breast cancer patients (Campeau et al. 2008;
Martin and Weber 2000), other factors may play a significant
role in breast cancer development. Especially, endocrine
disrupting chemicals (EDCs) were suspected to play an impor-
tant role through estrogen-related pathways (Lee et al. 2014;
Sifakis et al. 2017).

Polychlorinated biphenyls (PCBs) and dichlorodiphenyltri-
chloroethane (DDT) were two kinds of EDCs and they were
suspected of associating with breast cancer risk.
Dichlorodiphenyldichloroethylene (DDE) is the main degra-
dation metabolites of DDT. PCBs were industrially synthetic
chemicals with 209 kinds of congeners, which were widely
used in industry since 1929. DDT was synthetic insecticide
and was originally used in the 1940s. Then DDT was widely
used in military, agriculture, and daily life, and especially
showed a vital function for combating malaria. PCBs and
DDT were both banned in the 1970s in Western Europe and
America and in 1983 in China (ATSDR 2000; ATSDR 2002).
After being banned, DDTwas produced as a rawmaterial until
2003 in China (Wang et al. 2007). Until now, PCBs and DDT
are still existing in the environment, the organisms, and hu-
man body, because of their persistence, resistance to decom-
position, and bioaccumulation (Floehr et al. 2013). Because of
the long half-life of PCBs and DDT in the human body (re-
spectively about 10 to 15 years and 10 years) (Ritter et al.
2011), human beings will be exposed to them in a period of
the future. Therefore, it is meaningful to explore the associa-
tions of PCBs and DDTwith breast cancer.

But the associations of PCBs and DDT with breast cancer
were still ambiguous, and the epidemiological information is
insufficient. PCBs andDDTare both persistent organochlorines
with similar structure, so they had similar property in some
respects. Experiments in vitro showed PCBs, DDT, and DDE
have estrogenic property and can stimulate breast cancer cell
proliferation through estrogenic pathway (Aube et al. 2011);
PCB-126 can elevate estradiol level in H295R human adeno-
carcinoma cell line through upregulating the mRNA level of
CYP19 which can regulate the synthesis of estradiol
(Kraugerud et al. 2010); PCBs also can induce oxidative stress
leading to DNA damage in human MDAMB-231 (MDA)
breast cancer cells (Lin et al. 2009). As genetic damage may
induce cancerization of cells, PCB exposure may increase
breast cancer risk. Population-based studies showed inconsis-
tent conclusions. Some studies found PCB/DDTexposure to be
associated with increased breast cancer risk (Aronson et al.
2000; Arrebola et al. 2015), but some found no significant even
negative results (Gatto et al. 2007; Itoh et al. 2009; Rubin et al.
2006). Dichlorodiphenyldichloroethylene (p, p′-DDE) was the

main metabolites of DDT and studies also showed p,p′-DDE
exposure was associated with breast cancer (Arrebola et al.
2015; Iwasaki et al. 2008).

In order to explore the associations between PCB and organ-
ochlorine exposures and breast cancer risk, further investiga-
tions and experiments are needed. In addition, most of the ep-
idemiological studies usually employed blood specimens to
evaluate the associations between organochlorine pesticides
and PCB body burden and breast cancer risk, other more ap-
propriated kinds of specimen are also encouraged. PCB and
organochlorine levels in breast adipose tissue are higher than
in serum and represent cumulative internal exposure at the tar-
get site for breast cancer. Therefore in the present study, we
used PCB and organochlorine levels of breast adipose tissues
in cases and their levels of abdominal adipose tissues in controls
to explore the associations between PCB and organochlorine
exposures and breast cancer risk in Chinese Chaoshan women.

Methods

Study population

The study population consisted of 374 women residents from
Chaoshan area, located in the southeast coastal area of China.
This place includes Shantou (Swatow), Chaozhou (Teochew),
Jieyang, and other neighboring areas. These subjects were
recruited from January 2014 to May 2016 at three local hos-
pitals. Among them, 209 participants were undergoing sur-
gery for newly diagnosed as invasive breast cancer who were
histopathologically confirmed as cases. A total of 165 controls
who were histopathology confirmed as benign breast disease
or non-breast-related disease would also provide breast or ab-
dominal adipose tissue after undergoing surgery. All cases and
controls were recruited from Chaoshan area where they had to
be born and lived, and without any preceding cancer diagno-
ses as well as receiving radiotherapy. The cases and controls
have similar lifestyles and dietary habits, same ethnic and
religious practices. Ethical approval was obtained from the
Human Ethical Committee of Shantou University Medical
College. All participants gave their informed written consent
before enrollment.

Demographic data collection

Demography information and basically clinical data for sub-
jects were acquired from medical records. All clinical and
pathological documents, including history of disease, cancer
in the family and menstrual, reproductive history, pathological
diagnose of breast lumps, were carefully extracted. And infor-
mation on demographic characteristics, such as age, marriage,
parity, breastfeeding, type of job, lifestyle, and residential his-
tory, were also collected at the same time.
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Sample collection

The collection of human breast tissue samples and abdominal
adipose tissues was previously described (Hernandez et al.
2009; He et al. 2017). Approximately 2 g and more adipose
tissues were obtained from biopsies taken during surgery.
These samples were placed in hexane-washed polyethylene
tubes, marking identity and disease classification, then imme-
diately frozen, stored at − 80 °C.

Measurement of PCB, DDT, and DDE levels in adipose
tissues

The procedure for specimen preparation, extraction, and puri-
fication of the compounds was as described (Covaci et al.
2008; Hernandez et al. 2009) with minor modification, and
was introduced detailed in our previous studies (He et al.
2017; He et al. 2018). The instrument measurement and quan-
tification were also described in previous study (He et al.
2017). The detailed information was also provided in
Supplementary Information files.

Statistical analysis

All statistical analyses were conducted using SPSS 23.0
(SPSS Inc., Chicago, IL, USA). Concentrations below the
limit of detection (LOD) were calculated as the value of the
LOD divided by the square root of 2 (Holmes et al. 2014).
∑PCBs was defined as the sum concentrations of the 7 con-
geners in adipose tissues. Continuous data are described ac-
cording to their mean ± SD and non-normally distributed data
with median (interquartile range [IQR], P25–P75). The differ-
ence was compared between case group and control group by
Student’s t test or nonparametric test. The numeration data
was analyzed by chi-square test, or Fisher’s exact test was
used when there are data of certain theoretical frequency less
than 5. Mann–Whitney U test was used for comparing be-
tween groups because PCBs/p,p′-DDT/p,p′-DDE concentra-
tions in adipose tissue were not distributed normally. Levels
of p,p′-DDT, p,p′-DDE, and total and individual PCB conge-
ners were divided into tertiles by the concentrations of these
compounds in controls. Bivariate logistic regressions were
performed to estimate odds ratios (ORs) and 95% confidence
intervals (95% CIs) for total and individual PCBs/p,p′-DDT/
p,p′-DDE and breast cancer risk, with adjustment for some
possible confounders. Because age, menarche age, meno-
pause status, and ever breasting data were not balanced in
cases and controls, these variables were adjusted in the logistic
regression models. We calculated P values for trend from the
Cochrane-Mantel-Haenszel chi-square test. Two-tailed with
P < 0.05 was considered statistically significant.

Results

General characteristics of breast cancer cases
and controls

The general characteristics of breast cancer cases and con-
trols are summarized in Table 1. Age, menarche age, age
at first birth, family history of breast cancer, marriage,
ever breastfeeding, parity, menopausal status, and type
of employment and residence were compared between
cases and controls. A total of 209 cases with mean age
of 52.00 ± 9.89 years and 165 controls with mean age of
48.64 ± 10.88 years were recruited in this study. The con-
trol samples included 14 benign breast adipose tissues and
151 abdominal adipose tissues (from 28 patients with
uterine fibroids, 67 patients with cesarean section, 32 pa-
tients with gallstone, 25 patients with lipoma, and 13 pa-
tients with abdominal hernia). Women in cases had older
mean menarche age than that in controls (14.63 vs.
13.95 years, P < 0.001). The proport ion of ever
breastfeeding among women in cases was 90.0% which
was larger than that in controls (82.4%). None of the
participants’ marriage, age at first birth, parity, family
history of breast cancer, type of employment, and resi-
dence was significantly different between cases and con-
trols (all P > 0.05).

Levels of PCBs, p, p′-DDT, and p, p′-DDE in breast
cancer cases and controls

Seven PCB congener, p, p′-DDT, and p, p′-DDE levels were
measured in adipose tissue samples. Most of the participants
were found to have PCB, p, p′-DDT, and/or p, p′-DDE expo-
sures, the detection rate was from 57.9~100%. Median levels
of PCB-52, PCB-101, PCB-118, PCB-138, PCB-153, PCB-
180,∑PCBs, and p, p′-DDEwere significantly higher in cases
than in controls (Table 2). No significant differences of p, p′-
DDTand PCB-28 were found between the cases and controls.

Levels of PCBs, p, p′-DDT, and p, p′-DDE and breast
cancer risk

Unconditional logistic regression models were used to esti-
mate the unadjusted and adjusted ORs and 95%CIs for breast
cancer risk associated with adipose tissue levels of DDT,
DDE, and PCBs. Breast cancer risk was increased in the 3rd
tertile of PCB-101, PCB-118, PCB-138, PCB-153, PCB-180,
∑PCBs, and DDE as compared with the 1st tertile in both
unadjusted and adjusted logistic regression models (Table 3).
The risk was increased in both 2nd and 3rd tertiles of PCB-118
and DDE in unadjusted model, and PCB-118 and PCB-153 in
the adjusted model with trend (all P < 0.01). The risk was also
increased in 3rd tertile of PCB-52 as compared with the 1st
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tertile, while breast cancer risk was declined in the 2nd tertile
of PCB-28, PCB-52, and PCB-101 in both unadjusted and
adjusted models, also 2nd tertile of DDT and 3rd tertile of
PCB-28 in the adjusted model (Table 3).

Discussions

This study was a case-control study based on hospitals. We
aimed to explore the associations between adipose tissue

Table 1 Characteristics of breast
cancer cases (n = 209) and
controls (n = 165)

Characteristics Cases Controls P

Age (Mean ± SD, years) 52.00 ± 9.89 48.64 ± 10.88 < 0.001

Menarche age (Mean ± SD, years) 14.63 ± 1.46 13.95 ± 1.03 < 0.001

Age at first birth (Mean ± SD, years) 25.13 ± 3.29 25.89 ± 4.09 0.083

Family history of breast cancer

Yes 7 (3.3) 1 (0.6) 0.144

No 202 (96.7) 164 (99.4)

Married

Yes 208 (99.5) 165 (100) 1.000

No 1 (0.5) 0 (0.0)

Ever breastfeeding

Yes 188 (90.0) 136 (82.4) 0.034

No 21 (10.0) 29 (17.6)

Parity number

0 5 (2.4) 2 (1.2) 0.688

1 53 (25.4) 44 (26.7)

≥ 2 151 (72.2) 119 (72.1)

Type of employment

White-collar employee 30 (14.4) 27 (16.4) 0.754

Housewife 70 (33.5) 58 (35.1)

Peasant worker 109 (52.1) 80 (48.5)

Menopausal status

Premenopausal 92 (44.0) 93 (56.4) 0.018

Postmenopausal 117 (56.0) 72 (43.6)

Residence

Urban 167 (79.9) 121 (73.3) 0.134

Rural 42 (20.1) 44 (26.7)

Table 2 Concentrations of PCBs, p, p′-DDT, and p, p′-DDE in adipose tissue from 209 cases and 165 controls (ng g−1 lipid)

Compounds Cases (n = 209) Controls (n = 165) Mann-Whitney U P

> LOD
(%)

Median (IQR) > LOD
(%)

Median (IQR)

PCB-28
PCB-52
PCB-101
PCB-118
PCB-138
PCB-153
PCB-180
∑PCBs
p, p′-DDT
p, p′-DDE

73.7
57.9
75.1
100.0
97.6
99.0
82.8
100.0
82.8
100.0

2.27 (0.61–4.25)
3.15 (0.15–28.07)
4.64 (0.65–7.67)
16.78 (9.30–36.42)
19.72 (12.48–32.85)
23.36 (14.40–37.77)
20.90 (8.20–34.57)
107.24 (61.57–176.59)
115.63 (54.55–244.05)
1885.04 (915.60–3467.44)

83.0
72.1
78.8
98.2
94.5
97.0
93.9
100.0
98.2
87.9

3.21 (1.64–3.76)
1.37 (0.15–2.26)
1.53 (0.36–4.44)
7.12 (3.77–11.68)
13.29 (7.59–21.20)
11.48 (6.09–20.06)
14.51 (7.90–26.43)
57.44 (35.69–97.59)
126.39 (90.42–208.99)
1746.47 (477.52–2810.74)

15,872.0
13,685.5
13,187.0
7647.0
11,451.5
9141.0
14,899.5
9589.0
15,517.0
14,473.0

0.171
< 0.001
< 0.001
< 0.001
<0.001
< 0.001
< 0.001
< 0.001
0.096
0.008

LOD limit of detection, IQR interquartile range (P25–P75)

*Mann–Whitney U test was used for comparing cases and controls due to the skew distributions of PCB, p, p′-DDT, and p, p′-DDE concentrations in
adipose tissue
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PCB, p,p′-DDT, and p,p′-DDE exposures and breast cancer
risk among women in Chaoshan area. Levels of 7 PCB con-
geners, p,p′-DDT, and p,p′-DDE in breast or abdominal adi-
pose tissues were measured, and their associations with breast
cancer risk were evaluated. The results suggested that most of
the PCB individual congeners and total PCBs as well as p,p′-
DDEwere significantly higher in breast cancer cases.Multiple
logistic regressions also suggested positive associations be-
tween these compound exposures and breast cancer risk.

In this study, PCB-52, PCB-101, PCB-118, PCB-138,
PCB-153, PCB-180, and total PCBs showed significantly
higher median levels in breast cancer cases than in controls.
Similarly, previous studies also have found that female breast
cancer cases have higher serum concentration of PCBs than
controls (Arrebola et al. 2015; Cohn et al. 2012; Holmes et al.
2014). Other studies also have found that breast cancer cases

have higher breast adipose concentration of PCBs than con-
trols (Aronson et al. 2000; Muscat et al. 2003; Stellman et al.
2000; Zheng et al. 2000). In this study, p,p′-DDEwas relative-
ly high in our participants when compared with other popula-
tion, both in cases and controls. This may be attributed by the
environmental pollution and the residuals in vegetables, meat,
and fish. p,p′-DDEwas also found to be higher in cases than in
controls, which was consistent with other study (300.1 vs.
167.7 ng/g lipid, P < 0.012) (Ramos et al. 2017). While in this
study, p,p′-DDT had lower median level in cases than in con-
trols. This result was agreement with one study in Japanese
population, in which women of cases were found to have
lower median levels of p,p′-DDT than women in controls
(9.3 vs. 9.9 ng/g lipid, P = 0.03) (Itoh et al. 2009). Another
study also found the similar result (153.0 vs. 217.0 ng/g lipid,
P < 0.001) (Ramos et al. 2017).

Table 3 Multiple logistic
regression analysis for assessing
the association of adipose tissue
PCB, p,p′-DDE, and p,p′-DDE
exposures with breast cancer risk

Compounds (ng g−1

lipid)
Controls
(n)

Cases
(n)

Unadjusted OR
(95%CI)

Adjusted OR
(95%CI)

P value for
trend

PCB28
< 2.60 55 117 1.00 (Ref.) 1.00 (Ref.) 0.129
2.60–3.58 56 26 0.46 (0.29, 0.74) 0.21 (0.12, 0.36)
> 3.58 54 66 1.22 (0.85, 1.75) 0.54 (0.33, 0.88)
PCB52
<0.61 55 85 1.00 (Ref.) 1.00 (Ref.) 0.113
0.61–1.91 56 9 0.16 (0.08, 0.33) 0.10 (0.04, 0.21)
> 1.91 54 115 2.13 (1.54, 2.94) 1.24 (0.78, 2.00)
PCB101
< 0.90 54 52 1.00 (Ref.) 1.00 (Ref.) 0.102
0.90–3.03 56 20 0.36 (0.21, 0.60) 0.31(0.16, 0.59)
> 3.03 55 137 2.49 (1.82, 3.41) 2.41(1.43, 4.06)
PCB118
<4.56 55 23 1.00 (Ref.) 1.00 (Ref.) < 0.001
4.56–10.51 55 59 2.57 (1.39, 4.72) 2.02 (1.11, 3.68)
> 10.51 55 127 5.52 (3.09, 9.87) 4.50 (2.53, 8.00)
PCB138
< 10.11 55 37 1.00 (Ref.) 1.00 (Ref.) < 0.001
10.11–18.18 55 57 1.04 (0.72, 1.50) 1.28 (0.74, 2.24)
> 18.18 55 115 2.09 (1.52, 2.88) 2.66 (1.54, 4.61)
PCB153
< 7.83 55 17 1.00 (Ref.) 1.00 (Ref.) < 0.001
7.83–15.86 55 48 0.87 (0.59, 1.29) 2.25 (1.18, 4.30)
> 15.86 55 144 2.62 (1.92, 3.57) 7.88 (4.13, 15.02)
PCB180
< 9.70 55 55 1.00 (Ref.) 1.00 (Ref.) 0.005
9.70–20.06 55 47 0.86 (0.58, 1.26) 0.76 (0.44, 1.30)
> 20.06 55 107 1.95 (1.41, 2.69) 1.77 (1.05, 2.97)
∑PCBs
< 42.61 55 23 1.00 (Ref.) 1.00 (Ref.) <0.001
42.61–80.55 55 49 0.89 (0.61, 1.31) 1.73 (0.94, 3.18)
> 80.55 55 137 2.49 (1.82, 3.41) 5.62 (3.07, 10.31)
DDT
< 98.56 55 90 1.00 (Ref.) 1.00 (Ref.) 0.305
98.56–180.84 55 48 0.87 (0.59, 1.29) 0.47 (0.28, 0.78)
> 180.84 55 71 1.29 (0.91, 1.84) 0.64 (0.38, 1.06)
DDE
< 765.52 55 44 1.00 (Ref.) 1.00 (Ref.) 0.013
765.52–2422.54 55 78 1.42 (1.01, 2.00) 1.47 (0.97, 2.50)
> 2422.54 55 87 1.58 (1.13, 2.22) 1.63 (1.15, 2.85)

Adjusted for age, menarche age, ever breastfeeding, and menopausal status
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Serum levels of environmental pollutants are suggested as
a risk factor for breast cancer (Wielsoe et al. 2017). PCBs, p,p
′-DDT, and p,p′-DDE were endocrine disrupting chemicals
(EDCs), which can be stored in the body fat tissue and inter-
fere with the process of the synthesis and release, transport,
metabolism, and combination of normal hormone in the body.
PCBs, p,p′-DDT, and p,p′-DDEwere reported to be associated
with breast cancer in previous studies with controversy
(Arrebola et al. 2015; Arrebola et al. 2016; Dorgan et al.
1999). The mechanisms of EDCs associated with breast can-
cer are still uncertain. And the mechanisms had been proposed
as following: affecting the level of estrogen exposure in body
or mimicking estrogen function and disrupting the function of
the endogenous estrogen (Dickerson and Gore 2007);
destroying the epigenomic landscape (Knower et al. 2014);
study has shown that some known EDCs do cause cellular
toxicity related to DNA damage, protein damage, oxidative
damage, and membrane damage (Gu et al. 2002). In vitro
experiments found that PCBs, p,p′-DDT, and p, p′-DDE can
induce and promote the proliferation of breast cancer cells
(Aube et al. 2011). There have existed a certain amount of
researches which explored the associations of PCBs, p,p′-
DDT, and p,p′-DDE with breast cancer risk, but the results
were controversial (Dorgan et al. 1999; Laden et al. 2001).
The controversial results may be caused by different design of
experiments, different measurement methods for organochlo-
rine compounds, objects of study from different countries, and
race with different eating habits, and different beginning time
and quantity of use of organochlorine pesticides.

Further unconditional logistic regression models were used
to evaluated the associations between PCB, p, p′-DDT, and
p,p′-DDE exposures and breast cancer risks. Our results sug-
gested some individual PCB congeners including PCB-101,
PCB-118, PCB-138, PCB-153, PCB-180, total PCBs, and p,p
′-DDEwere positively associated with breast cancer risk while
PCB-28 and p,p′-DDTwere negatively associated with breast
cancer risk. PCB-118 is a kind of dioxin-like PCB congener
and is similar to dioxin with toxic effect, and PCB-118 was
evaluated relatively more in epidemiologic studies. In vitro
studies suggested PCB-118 may be associated with breast
cancer risk, can stimulate MCF-7 cell proliferation, and im-
prove the secretion of 17 β-estradiol (Radice et al. 2008). For
other individual congeners, one study suggests the possibility
that PCB-138 and PCB-153 contribute to the action of endog-
enous 17 β-estradiol on cell proliferation and apoptosis in
MCF-7 cells (Ptak et al. 2011). Dioxin-like PCB congeners
such as PCB-126 and PCB-169 concentrations dependently
induced 2-MeOE(1/2) formation and ethoxyresorufin-O-
deethylation (EROD) activity through induced CYP1A1 ex-
pression in MCF-7 and MCF-10A cells (van Duursen et al.
2003). The highest PCB-174 tertile was associated with an
increase in all-cause (HR = 2.22) and breast cancer–specific
(HR = 3.15) mortalities within 5 years of diagnosis and

remained associated with breast cancer–specific mortality
(HR = 1.88) at 15 years (Parada et al. 2016). Our study and
some previous epidemiological studies also found the specific
individual congener PCB-105, PCB-118, PCB-156, or PCB-
183 exposure can increase the risk of breast cancer (Demers
et al. 2002; Stellman et al. 2000). Especially some results
suggest that exposure to dioxin-like PCBs increases breast
cancer risk (Demers et al. 2002). Further and deeper studies
were needed to explain the association between dioxin-like
PCB-118 exposure and breast cancer risk.

DDT was classified as possible cancerogen to humans in
1991 (Goldsmith 2000). DDT was probably carcinogenic to
non-Hodgkin lymphoma and testicular cancer (Pahwa et al.
2012) and the carcinogenicity of DDT is based on a lot of
animal experiments. But, the association between DDT and
breast cancer was indeterminate, and the results of abundant
studies were controversial. Several studies of meta-analysis on
epidemiologic studies were found no association between
DDT exposure and breast cancer risk (Ingber et al. 2013;
Lopez-Cervantes et al. 2004; Park et al. 2014). However, pre-
vious several cohort studies found DDT to be associated with
breast cancer risk (Dorgan et al. 1999; Helzlsouer et al. 1999;
Laden et al. 2001) and some studies suggested DDTexposure
in windows of breast susceptibility can increase breast cancer
risk. Such as, a study showed women with a higher level of
DDT exposure in early life had bigger risk of breast cancer
(Cohn et al. 2007); a study found that fetus with DDT expo-
sure in utero had increased risk of breast cancer in later life
(Cohn et al. 2015); a study in Taiwan found the greatest mor-
tality of breast cancer in population were born in 1951 when
DDT was largely used to malaria control (Ho et al. 2015).
Moreover, an animal experiment also found that prepubertal
female mice with DDT exposure at level of environmental
exposure in human can accelerate the occurrence of breast
tumor (Johnson et al. 2012). These studies suggested that
DDT exposure in windows of breast susceptibility associated
with increased risk of breast cancer. Inversely, our study found
that p,p′-DDT was negatively associated with breast cancer,
consistent with the result of a study which found o,p′-DDT
exposure negatively associated with breast cancer risk
(Cohn et al. 2015). The relationships between DDT and
breast cancer may be not linearly, and different concen-
trations of these compounds may present different results.
This discrepancy may be also caused by p,p′-DDE. In this
study, women in cases had higher levels of p,p′-DDE but
lower levels of p,p′-DDT than the ones in controls. As p,p
′-DDE is the main metabolites of p,p′-DDT, the present
levels of DDT did not represent the early p,p′-DDT expo-
sure of the body. And we found association between p,p′-
DDE exposure and breast cancer risk. Further and deeper
studies were needed to explore the clear association be-
tween p,p′-DDT exposure as well as p,p′-DDE exposure
and breast cancer risk.

Environ Sci Pollut Res (2019) 26:32128–32136 32133



Besides environmental pollutants with estrogen potential,
lifestyle, obesity, and reproductive factors, genetic inheritance
and clinical radiation are also risk factors for breast cancer.
Explicit expressions of BRCA1, BRCA2, andCHEK2 are found
to increase the risk of breast cancer (Hall and Easton 2013;
Rudolph et al. 2016). Diet is the main way of harmful
liposoluble organics bioaccumulating in the human body
(Arrebola et al. 2009; Brauner et al. 2012), and regarded as a
risk factor for breast cancer. Smoking, alcohol, reproductive
factors, hormone replacement therapies, and clinical radiation
are also risk factor for breast cancer (Barnard et al. 2015; Salehi
et al. 2008; Trichopoulos et al. 2008). Older age, early menar-
che age, older age at first birth, family history of breast cancer,
no lactation, and no parity were established to be risk factors for
breast cancer, so these factors were usually regarded as con-
founding factors to estimating the ORs in multiple logistic re-
gression models. In the present study, cases have older menar-
che age than controls, which differed from some other studies
which found that breast cancer patients have earlier menarche
age than healthy population and earlier menarche age was a risk
factor for breast cancer (Gaudet et al. 2011; Xing et al. 2010).
Breast cancer cases have a bigger proportion of lactation than
controls in this study. This result also contradicted with previ-
ous results of some studies showing that breastfeeding can re-
duce breast cancer risk (Barnard et al. 2015). These two con-
tradictions may reflect that reproductive factors (such as men-
arche age and lactation) were not the decisive factors in the
process of breast cancerization. Further studies are needed to
explain the contradictions. No association was found in this
study for age at first birth, family history, marriage, parity, and
type of employee with breast cancer.

There exist several strengths in this study. Firstly, few stud-
ies assessing associations between PCB and organochlorine
pesticide exposures and breast cancer risk used adipose tissues
in China, a developing country with rapid development these
decades accompanied by severe pollution. We have investi-
gated the concentrations of PCBs as well as organochlorine
pesticides in adipose tissues in women from Chaoshan area
with relatively high burden in the environment and their ex-
posures associated with breast cancer risk. Secondly, only
newly diagnosed breast cancer cases with surgery were in-
cluded in our study to avoid Neyman bias or prevalence-
incidence bias. Because for the newly diagnosed cases, the
lifestyles and dietary styles are not changed with the disease
diagnosis, the exposure information is relatively credibly.

However, some limitations were also existed in this study.
Firstly, as a case-control study, we measured PCB and organ-
ochlorine pesticide levels after the diagnosis of breast cancer,
the levels may not represent the concentrations of PCB and
organochlorine pesticide exposures in special periods of early
exposure. It cannot very well evaluate the influence of PCBs
and organochlorine pesticides in process of breast
cancerization. Further prospective studies from all over the

world are needed to confirm the associations. Secondly, our
controls were women with benign breast disease or non-
breast-related disease, and the collected adipose tissues in-
cluded normal breast and abdominal adipose tissues, which
may lead to the unbalance between the cases and controls. But
previous study suggested that measurements of PCBs and
organochlorine pesticides in breast and abdominal adipose
tissues were correlated well and concentrations of target
chemicals in one tissue could be derived from measurements
in the other tissue (Petreas et al. 2004). Actually, it is difficult
to obtained breast adipose tissue from healthy woman.
Thirdly, breast cancer susceptibility genes were not analyzed
in this study. Some breast cancer susceptibility genes are re-
ported as important risk factors for the breast cancer risk, the
interactions between environment pollutants and gene suscep-
tibility could be evaluated if the information can be obtained,
and more comprehensive explanation would be generated for
associations between PCB exposure as well as organochlorine
pesticide exposure and breast cancer risk.

Conclusions

In conclusion, our study demonstrated that some individual
PCB congeners (PCB-101, PCB-118, PCB-138, PCB-153,
and PCB-180), total PCBs, and p,p′-DDE exposures in adipose
tissues increased breast cancer risk, especially PCB-118, PCB-
138, PCB-153, PCB-180, ∑PCBs, and p,p’-DDE with a linear
trend. Further and deeper experimental studies in vitro and
in vivo are needed to verify the findings and underlying
mechanisms.
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