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Abstract

Context: Dioxins and dioxin-like chemicals composed of 419 compounds are a large group of compounds, including polychlori-
nated di-benzo-p-dioxins (PCDDs), dibenzofurans (PCDFs), and biphenyls (PCBs). Dioxins are extremely persistent in the environ-
ment and disperse in a great distance from the emission source, and bioaccumulation in the food chain is one of their critical prop-
erties. The incidence of breast cancer among Iranian women is about 30 to 35 per 100,000 cases. The present study is a systematic
review of published studies in English language to discover the relationship between exposure to dioxin compounds and breast
cancer.

Methods: We conducted a comprehensive literature review utilizing PubMed, Embase, Scopus, and ISI web of science databases.
The MeSH-based keywords used included Organic Chemical (MeSH) OR Dioxins (MeSH) AND cancer (MeSH) OR Breast cancer (MeSH)
AND Breast disease (MeSH).

Results: The review of the literature indicated a significant positive association between dioxins exposure and the risk of breast
cancer. Only in one study, breast cancer mortality rate was reported in terms of exposure to dioxins, and standardized mortality
rates (SMRs) were determined.

Conclusions: Although there were limitations in this study, statistical analyses in various epidemiological studies demonstrated
that dioxins exposure is linked to an increased risk of breast cancer.
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1. Context

Currently, 210 recognized dioxins (75 PCDDs and 135
PCDFs) have been recognized by the amount and location
of chlorine molecules. Among them, 17 (7 PCDDs and 10
PCDFs) have been distinguished as harmful by the World
Health Organization (WHO), and TCDD is the foremost
harmful congener. In 1997, IARC classified TCDD as car-
cinogenic to humans. This classification was confirmed in
2009, withadequate population testing for all cancers, and
restricted testing for lung cancer, soft tissue sarcoma, and
non-lymphoma (1, 2). TCDD is not specifically genotoxic
but may cause an increment in responsive oxygen species
(ROS), and consequently, DNA harm and changes (3).

Previous studies have proposed that dioxins disturb es-
trogenic directions to the AhR and can have different im-
pacts according to level of hormone (4-7). Dioxins demon-
strate anti-estrogenic reactions within the proximity of

estrogens through restraining estrogen-induced qualities
and proteins (8, 9) and estrogenic impacts in the nonat-
tendance of estrogens, through which dioxins actuate the
translation of hormone-dependent qualities (9).

TCDD may be an organic pollutant (POP) (10) and bio-
accumulate in animal and human nourishment systems.
TCDD has more dissolvability in water, but it is exceedingly
lipophilic and amasses in fat tissues. TCDD is identified
in fat tissues, blood, and breast secretions (11, 12). Human
exposure to dioxins is calculated based on noxious com-
parability leftovers (TEQ). All the 17 harmful dioxin con-
geners are given a harmful proportionality figure (TEF), ac-
cording to its favoritism with the Alright recipient, this is
weighted for the most part to TCDD. The TEQ of a mixture
of congeners is calculated by multiplying individual levels
of congeners by its TEFand summing the individual values.
Dioxins are produced unintentionally during combustion
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processes involving a chlorine source such as incineration
sources, cement kilns, wood-burning including domestic
heating, diesel vehicles, coal-fired utilities, and crematoria,
pulp, and paper mills, chemical manufacturing, and metal
industry (13).

Dioxins are omnipresent contaminants within the en-
vironment, including surface water, groundwater, soil,
and sediment. Dioxin exposure within the common pop-
ulace is evaluated to be low; a survey assessed the TCDD
blood concentration at 1.8 pg/g lipid (standard deviation
SD=1.7) within the common populace not directly exposed
to dioxin emitting sources (109 studies published in 1989 -
2010 (14). IARC reported that around 90% of dioxin intro-
duction within the common populace happens through
the swallowing of sullied nourishment, due to the accumu-
lation of them within the nourishment chain and in nour-
ishments such as high-fat dairy items, eggs, and fats and
fish (IARC 2012c¢).

Indeed, higher exposures happen due to mechanical
mishaps, the mostimportant of which I the blast of ICMESA
chemical plant in Seveso (Italy, July 1976), causing the dis-
charge of an expansive sum of TCDD of up to 30 kg over
18.1 km? within the polluted zone (15). Due to their po-
tential carcinogenicity and estrogen-mimicking proper-
ties demonstrated in experimental studies, dioxins are sus-
pected of causing breast cancer (16, 17). This is a system-
atic review with emphasis on English-language published
studies to discover the relationship between exposure to
dioxin-related compounds and breast cancer.

The incidence of breast cancer among Iranian women
is about 30 to 35 cases per 100,000. This is a systematic re-
view of published studies in English language to discover
the relationship between exposure to dioxin-related com-
pounds and breast cancer.

2. Methods

2.1. Data Source

For this systematic literature review, we searched
PubMed, Scopus, Web of Science, EMBASE, and Cochrane li-
brary databases for articles published from April 1968 to
April 2020. The keywords used (MeSH) included Organic
Chemical (MeSH) OR Dioxins (MeSH) AND cancer (MeSH)
ORBreast Neoplasm (MeSH) AND Breast disease (MeSH). All
English published articles that reported breast cancer due
to exposure to dioxins were used in this study. The inclu-
sion criteria in this study were as follows: (I) cohort studies
and case-control studies; (II) human subject research; and
(1) studies with the confirmation of carcinogenicity.

The exclusion criteria were as follows: (I) case reports,
(I1) news, (III) letters, (IV) review articles, and (V) abstracts
without full texts because of the limited data. For stud-
ies with multiple results, only data on adverse outcomes
was analyzed. Moreover, we focused on human health and
studies whose full text was available free of charge or on-
line through institutional subscriptions.

2.2. Data Extraction

Data extraction was conducted independently by two
researchers. The endpoints of this study were all breast
cancer incidences and mortalities due to the various forms
of exposure to dioxins as most of the included studies
adopted. The information extracted from each study in-
cluded author’s name, title, year of publication, popula-
tion size of the study group, study area, and study results.
In the process of data extraction, any disagreement be-
tween the researchers was resolved by unanimity. This
meta-analysis was designed and conducted according to
the PRISMA statement (Figure 1) (18).

2.3. Data Synthesis and Statistical Analysis

The incidence rate of breast cancer was independently
estimated in cohort studies. The odds ratios (OR) and 95%
confidence intervals (CI) were calculated for case-control
studies. We used the Cochrane Q and I? statistics to assess
heterogeneity and inconsistency, respectively. Further-
more, funnel plot supported with Egger’s regression test
was performed to assessed small-study effects. No planned
subgroup analysis was performed because of the small
number of studies and insufficient reported data. STATA12
software (STATA Corporation, College Station, Texas) was
used for statistical analysis. A P-value of less than 0.05 was
considered statistically significant.

3. Results

3.1. Study Description

After a comprehensive search, 416 articles were re-
trieved, 316 of which were excluded because the titles were
irrelevant, 62 articles were excluded for being duplicates,
and 17 articles were excluded for being review articles.
Overall, 38 articles were included for further considera-
tion, 28 of which were excluded after full review. Finally,
this systematic review study included nine studied for fur-
ther analysis, including four cohort studies, three case-
control studies, and two cross-sectional studies.
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Figure 1. The flow diagram for selecting studies

Of the nine studies, two were performed in the USA,
three in France, two in Germany, one in Italy,and one in Tai-
wan (19-28). There were different dioxin exposure sources,
such as occupational and non-occupational exposure and
industrial explosion. The general characteristics of the se-
lected studies are presented in Table 1. Among the included
studies, eight investigated the association between expo-
sure to dioxins and the risk of breast cancer incidence, and
one study evaluated breast cancer mortality.
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3.2. Dioxin Exposure and Breast Cancer

The effects of dioxins on the incidence of breast can-
cer were investigated in the USA, France, and Germany.
The most frequently reported result was the association of
breast cancer incidence and mortality with dioxins expo-
sure. Some articles categorized the results by gender (Table
1).

In a study in Midland, Saginaw, and Bay counties,
Michigan, USA, high levels of dioxin contamination were
found in the 100-year-old Midland floodplain and the
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Table 1. Summary of the Selected Studies for the Systematic Review

References Study Pop- Breast Number of Ways of P-Values
ulation Cancer Cases Exposure
Cases

Standardized  Odd Ratio Crude TEQ Type of Finding
Ratios (95% Con- Hazard Study
(SMRs) fidence Ratio (95%
Interval) a)

Dai and Oyana Michigan, Female 4,604 Soil < 0.0001
(24),2008 USA

Viel etal. (25), France Female 434 Non- 0.17-0.21
2008 occupational
exposure

Warner et al. Seveso, Italy Seveso 981 Industrial 0.05-0.07
(26),2002 Women's explosion

Health

study

Wang et al. (27), Taiwan Female 25 - 50 Non-
2006 34 years occupational
exposure

Danjou et al. France Female 63,830 Dietary 0.0463
(19),2015 dioxin
exposure

Reynolds et al. California, Female 79 Non- 036
(20),2005 USA occaptional
exposure

Manuwald et al. Hamburg, Female and (1191 Occupational
(21), 2012 Germany male men[398 exposure
women

Korner etal. Germany Mammary 8 Non-
(22),1994 carcinoma occupational
tissue exposure

Villeneuve et al. France Female and 104 cases Occupational 014
(23),2010 male and 1901 exposure
controls

1-2.45 - - Ecological The odds ratio also points toa
study statistically significant (=

0.05) increase in breast
cancer rates as women age, as
well as a higher disease
burden in the Midland and
the neighboring areas, which
are adjacent to
dioxin-polluted areas.

0.88-1.06 - Case- There was not an increase or
for women control decrease in the risk of dioxin
aged 20-59 study exposure among women
years 0.31-1 under 60 years of old. women
for women over 60 years old who lived in
aged 60 the most exposed zone, on
years and the other hand, were 0.31
over times less likely to develop
invasive breast cancer (95%
confidence interval, 0.08 -
0.89).

21-33 - Cohort The hazard ratio for breast

study cancer was linked with a
10-fold increase in serum
TCDD levels. log10 TCDD was
dramatically enhanced to 2.1
(95% confidence interval, 1.0 -
4.6) using Cox proportional
hazards models.

4.84-5.97 Cohort The presence of PCDDs/PCDFs
study in the body may be linked to

altered estrogen catabolism.
Our findings imply that
PCDD/PCDF exposure has a
considerable impact on
estrogen metabolism. As a
result, when employing the
OH-E2 ratio as a breast cancer
marker, PCDD/PCDF exposure
must be taken into account.

0.45-0.96 - Cohort In general, no link was

study established to estimate the
relationship between dietary
dioxin exposure and breast
cancer risk in E3N women. To
see if low-dose dioxin
exposure is linked to BC risk,
more research should be
done on both dietary and
environmental exposures.

0.47-3.16 ° Case- The presence of PCDD[PCDFs

for second control in adipose tissue was not

tertiles study linked to the risk of breast

0.64-4.12 cancer. More research is

for third needed among women of

tertiles color, who may have larger
quantities of these chemicals
in their bodies.

121t01.56 - - - Cohort Breast cancer mortality (ICD-9
study 174) increased in women
(SMR14.186, 95% CI 1.12 t0 2.91).

Ecological Despite having comparable

study congener profiles, the
concentrations in four
axillary adipose tissue
samples that corresponded to
cancer samples were almost
40% lower.

1.0-4.4 - - Case- The increased incidence of
control male breast cancer in
study particular vocations revealed
probable mammary
carcinogens in the
environment.

Titabawasi River and, which showed a significant relation-
ship with high incidence rates of breast cancer in Midland
and polluted areas. In another study in Germany, concen-
tration and profile of PCDDs and PCDFs in mammary carci-
noma tissues were investigated.

3.3. Case-Control studies

Case-control studies were conducted to evaluate the
link between dioxin exposure and breast cancer incidence
(20, 23, 25). There were three case-control studies with a
non-significant heterogeneity between studies (x* = 5.74,
P = 0.057; Figure 2). However, because of substantial I =
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65.1%, the Der Simonian and Laird’s method was applied as
a random-effect model for appraising the overall OR (Fig-
ure 3). The obtained pooled OR =1.03 (95% CI (0.57 - 1.86),
P = 0.93) was non-significant. In addition, Egger’s test in-
dicated that publication bias might not have a significant
influence on the pooled estimation (P = 0.37).

In the study of Veil et al. (25), the association between
dioxins and breast cancer risk was reported. Breast can-
cer cases, which were extracted from Doubs cancer reg-
istry, were women diagnosed from 1996 to 2002, aged 20
and above, and residing in the study area at the time of
diagnosis. In France, among women under 60 years of
age, no breast cancer risk was found for any dioxin ex-
posure, and women aged over 60 years living in dioxin
exposed areas were 0.31 times less likely (95% confidence
interval, 0.08 - 0.89) to have an increased breast cancer
risk (25). Another case-control study in the San Francisco
Bay Area, was conducted among 79 women with invasive
breast cancer and 52 controls with benign breast disease.
This study determined the levels of organochlorines mea-
sured in the breast adipose tissue of women undergoing
surgical breast biopsy (20). In another case-control study
in eight European countries, 104 cases and 1901 controls
were observed. This multi-center case-control study deter-
mined the occupational risk factors for male breast cancer
(23).

3.4. Cohort Studies

Cohort studies have been conducted to evaluate the re-
lationship between dioxins exposure and breast cancer in
Italy, France, Germany, and Taiwan (19, 21, 26, 27). The as-
sociation between dioxins exposure and breast cancer is
shown in Table 2. In Italy, 981 breast cancer cases, in France
63830 cases, and in Germany 1191 men and 398 women with
breast cancer were observed (19, 21, 26).

In Taiwan, 50 pregnant women 25 - 34 years of age were
investigated for the risk of breast cancer (27). For men,
overall mortality (ICD91999) (SMR:1.14, 95% CI:1.06 to 1.23),
increased cancer mortality (SMR: 1.37, 95% CI: 1, 21 to 1.56).
For women, breast cancer mortality increased (ICD9 174)
(SMR:1.86,95% CI:1.12 to 2.91(21). The Cox proportional haz-
ards model indicated that the breast cancer riskratio (log;o
TCDD) related to elevated serum TCDD levels raised to 2.1
(95% confidence interval, 1.0 - 4.6) (26).

The pooled estimation of incidence was 7% (95% CI (1%-
16%), P < 0.001). However, there was substantial hetero-
geneity between studies (I = 99.4%, x* = 592.4, P < 0.001;
Figures 4 and 5). A sensitivity analysis excluding the study
by Wang et al. (27) had a minimal effect on the heterogene-

Jundishapur ] Health Sci. 2021; 13(2):e116516.

ity between studies (I* = 98.9%, x> =197.5, P < 0.001). The Eg-
ger test was also used to evaluate the effectiveness of small
studies. The results indicated that publication bias might
not have a significant influence on incidence rate pooled
estimation (P = 0.68).

4. Discussion

Various studies have shown that exposure to chemi-
cals is associated with the risk of breast cancer. Spatial
grouping of breast cancer morbidity near polluted areas
proposes that there are significant factors contributing to
the burden of disease in women that should be considered
further in future works (24). In recent years, special atten-
tion has been paid to the carcinogenic effect of pseudo-
estrogen compounds such as dioxins in carcinogens on
various organs including the breast (20, 23, 29). So far, the
studies of dioxins in soil have shown that breast cancer
incidence is specifically related to soil contamination by
dioxins (24).

This meta-analysis summarized the results of four co-
hort studies, three case-control studies, and two cross-
sectional studies = conducted on the relationship between
dioxins and breast cancer incidence and mortality. Reports
of Macon and Fenton (29), Viel et al. (25), Warner et al. (26),
Wang et al. (27), Danjou et al. (19), Reynolds et al. (20),
Korner et al. (22), Villeneuve et al. (23), and Danjou et al.
(28) indicated a significant positive association between
dioxins exposure and breast cancer risk. Only in one study,
breast cancer mortality rates were reported in terms of ex-
posure to dioxins and standardized mortality rates (SMRs)
were determined (21). Although there were few cases, but
the low P-values showed that these findings were not acci-
dental. The results of these studies showed that individu-
als exposed to dioxins through a variety of sources are at
a significantly increased risk of breast cancer. Findings of
the present study confirmed the carcinogenicity of dioxin
compounds in previous studies. In addition, these stud-
ies draw researchers’ attention to the risk of breast cancer
mortality in exposed individuals.

Based on the results of these studies, the risk of breast
cancer mortality in women is higher than in men (ICD-9
174) (SMR =1.86, 95% CI1.12 to 2.91). For men, the risk of can-
cer mortality had increased (21). The risk of breast cancer
in male vehicle mechanics due to occupational exposure to
dioxins was increased (OR=2.1,95% CI1.0 to 4.4)(23). Based
on the results of this meta-analysis, no relationship exists
between dietary dioxin exposure and breast cancer risk in
women. Future works should address both dietary and en-
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Study %

ID OR (95% CI) Weight

0]

viel et al. (2008) 0.59 (0.34,1.02) 35.82

Reynolds et al. (2005) 1.44(0.72,2.86) 30.40

Villeneuve et al. (2010) = 136 (0.75,2.47) 33.78

Overall (Isquared = 65.1%, P = 0.057) <> 1.03(0.57,1.86) 100.00

NOTE: Weights are from Random Effects Analysis
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Figure 2. Forest plot for the association between dioxins exposure and breast cancer in the case-control studies
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Figure 3. Funnel plot for dioxins exposure and breast cancer (funnel histogram with false 95% confidence limits) in the case-control studies
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Table 2. Cohort and Case-Control Studies of Dioxins and Breast Cancer

Reference Number of Cases and Risk Estimate (95% CI) Design Outcome  Adjustment Factors Age Range,y
Control
Viel et al. (25),2008 453[2170 OR: 0.88-1for aged 20 - Case-control Incidence Age and sex 20-59 and 60 and over
59 years OR: 0.31-1for
aged 60 years and over
Warner et al. (26),2002 981 HR:1-4.6 Cohort Incidence Age and sex 0-40
Danjou et al. (19), 2015 63,830 HR:0.45-0.96 Cohort incidence Age and sex 50
Reynolds et al. (20), 79/52 OR: 0.47-3.16 for second Case-control Incidence Age and sex < 40to> 60
2005 tertiles; OR: 0.64 - 4.12 for
third tertiles
Manuwald et al. (21), 1191 men/398 women SMRs: 1.21-1.56 Cohort Mortality Sex -
2012
Villeneuve et al. (23), 104/1901 OR:1.0-4.4 Case-control Incidence Age < 40to> 65
2010
Wang et al. (27),2006 50 TEQ: 4.84-5.97 Cohort Incidence Age and sex 25-34
%
Study ES (95% CI) Weight
: ]
i
Manuwald et al. (2012) - . 0.01(0.01,0.02)  25.03
|
i
|
Warner et al. (2002) - ! 0.02(0.01,0.03) 24.92
|
i
Danjou et al. (2015) s | 0.05(0.05,0.06) 25.22
|
i
Wang et al. (2006) ! —a—— 031(0.28,034) 24.83
|
Overall (12=99.44%, P= 0.00) <> 0.07(0.01,0.15)  100.00
i
|
|
i
i
i
|
T 1 T T T
0 1 2 3 4

Figure 4. Forest plot for the association between dioxins exposure and breast cancer in cohort studies

vironmental exposures to investigate whether dioxin ex-
posure is related to the risk of breast cancer (19).

There are some limitations to this review that need to
be addressed. The included studies were limited to peer-
reviewed published articles in English. The English lan-
guage criterion could have led to the selection of extensive
research performed in English-speaking countries, includ-
ing the United States, Canada, the United Kingdom, and
Australia. By restricting the search to studies that specifi-
cally focus on breast cancer, we may have missed studies
with the a more general title “cancer” in the headline re-
view. However, the references of the included articles were
also searched to minimize the possibility of omissionsina

Jundishapur | Health Sci. 2021; 13(2):e116516.

large number of studies.

5. Conclusions

This meta-analysis included nine studied including
four cohort study, three case-control studies, and two cross
sectional studies. These studies were conducted in differ-
ent geographical locations such as Taiwan, USA, France,
and Germany. Most of the studies were cohort and case-
control studies. Reports of various studies indicated a sig-
nificant positive association between dioxin exposure and
the risk of breast cancer. Only in one study, breast can-
cer mortality rates were reported in terms of exposure to
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dioxins and standardized mortality rates (SMRs) were de-
termined.
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