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Summary

Objective: To explore whether there is association between air pollution and female breast cancer by conducting a meta-analysis. Ma-
terials and Methods: Publications addressing the association between air pollution and female breast cancer risk were selected from
PubMed, Medline-Ebsco, Web of Science, Google Scholar, CNKI, and other related research databases. Data were extracted from stud-
ies by two independent reviewers. The meta-analysis was performed by R 3.2.0 software, and odds ratio (OR) with a 95%-confidence
interval (CI) were calculated. Results: Finally, nine case-control studies were retrieved with a total of independent 43 control groups.
Significant association was identified between air pollution and female breast cancer (OR = 1.13, 95% CI: 1.07-1.20, p < 0.0001).
Meanwhile, according to the nationality of the study population, stratified analysis found that people in America association between
air pollution and breast cancer was statistically significant (OR = 1.13, 95% CI: 1.07-1.20, p < 0.0001); In European populations, the
association between air pollution and breast cancer in women was not statistically significant (OR = 0.67, 95% CI: 0.36—1.24, p =
0.2030). In Asian populations, the association between air pollution and breast cancer was statistically significant (OR =1.71, 95% CI:
1.06-2.76, p = 0.0279). Menopause stratified analysis showed that premenopausal women and the association between air pollution and
breast cancer was statistically significant (OR = 1.23, 95% CI: 1.09—1.40, p = 0.0009). For postmenopausal women, association between
air pollution and breast cancer was also statistically significant (OR = 1.11, 95% CI: 1.03—1.20, p = 0.0093). Conclusion: The present

study confirms that there is association between air pollution and female breast cancer.
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Introduction

Breast cancer has become a major public health problem
in the community. Since the late 1970s, the incidence of
breast cancer on a global scale has been ranked first female
malignancy. Overall, the incidence of the developed coun-
tries in Western Europe and North America is higher, and
most parts of Asia, Latin America, and Africa are the low-
incidence areas [1]. According to World Health Organiza-
tion statistics, the incidence of breast cancer worldwide
each year increases by 0.2—8%, which translates into 140
million people worldwide that are diagnosed with breast
cancer. About 50 million people die of the disease and is
the first cause of death in women aged 40 to 55 [2].

There are multiple factors that have been identified or
suggested to be associated with the increased risk for breast
cancer [3-5]. However, these factors do not fully explain
the tendency of breast cancer to continue to grow each year.
Some scholars believe that the first demographic charac-
teristics such as childbearing age, high income, family ge-
netic history, efc. can only explain 41% [6], and even some
scholars believe that these factors may account for only
30% [7, 8]. Some studies show that active and passive
smoking, high-fat foods [9-15], obesity [16-20], drink [21],
age, early menarche, and late menopause [22] are the rea-
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sons leading to breast cancer risk, but they cannot be fully
explained [23]. Studies have found that air pollution has a
direct link with breast cancer [24-27]. The definition of the
International Organization for Standardization (ISO)
pointed out that the air pollution usually refers to the result
of human activity or natural processes causing certain sub-
stances to enter into the atmosphere, showing a concentra-
tion sufficient to cause harm to body’s comfort, health, and
well-being. The main air pollutants include carbon monox-
ide (CO), nitrogen oxides (NOx), volatile organic com-
pounds (VOC), sulfur dioxide (SO,y, and particulate matter
up to 10/2.5 micrometers in diameter (PM10/PM2.5), and
so on [28]. There are natural factors (such as forest fires,
volcanic eruptions, efc.) and human factors (such as indus-
trial waste, gas, coal, automobile exhaust, and others), es-
pecially caused by industrial production and transportation.
Regarding the effect of outdoor air pollution on human car-
cinogenicity [29], World Health Organization’s Interna-
tional Cancer Research in 2013 clearly states that PM2.5
air pollution sources are carcinogenic. World Health Or-
ganization also reported that at least 12.5% of annual global
deaths are due to air pollution.

Currently there is sufficient evidence that exists between
air pollution and breast cancer [30]. Number of data shows
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that breast cancer incidence in industrialized countries is
higher than in developed countries [31] and that the inci-
dence of breast cancer is much higher in urban residents
than in rural areas. Women 30 years ago if regular expo-
sure to certain petroleum products, such as prolonged
breathing of gasoline, and exhaust, menopausal problems
and breast cancer will increase at least two-fold [32]. The
cities in general include pollution. Benzopyrene air pollu-
tants in the air have ubiquitously the strongest carcinogenic
capacity, and is widely found in automobile exhaust pollu-
tant and from factories that block solar radiation, resulting
in a reduction synthesis of vitamin D [33]. Urban residents
with breast cancer carcinogen cytochrome P4501A1 are
significantly higher than among rural residents. In addition,
studies also show that breast cancer may be associated with
certain organic solvents, polycyclic aromatic hydrocarbons
(PAN), and exposure to organochlorine compounds [33].
However, Mendez & Arab [34] and Lopez-Cervantes et al.
[35] and other scholars believe that these organic chlorine
compounds have no significant link to breast cancer. Be-
cause the sample size of different scholars in the study is
limited, therefore, different scholars in the study of associ-
ation between air pollution and breast cancer are likely to
report conflicting results [36].

Materials and Methods

Search strategy

The authors performed a research of PubMed, Medline-Ebsco,
Web of Science, Google Scholar, and CNKI (China National
Knowledge Infrastructure) to retrieve articles linking air pollution
and susceptibility to breast cancer, available up to September
2015. Search keyword included: “breast cancer”, “breast tumor”,
“breast neoplasm”, “air pollution”, “gaseous pollutant”, “envi-
ronmental pollution”, and “atmospheric pollution”. In addition,
the authors searched the literature in references. Publications in
English and Chinese were included for all the breast cancer and air
pollution articles.

The study included met the following inclusion criteria: (1)
cases related to air pollution associated with breast cancer control
research, (2) study involved women, and (3) sufficient statistical
data for estimating an OR with 95% CI. Exclusion criteria in-
cluded: (1) sample was not accountable or with incomplete data;
(2) only included a larger sample while the same author published
repeated articles, and (3) abstracts, comments, reviews, and edi-
torials.

Two researchers developed a unified form extracting all data
included in the study, including the first author’s name, year of
publication, the study sample nationality, for example, the num-
ber of cases and controls, source of cases and controls, as well as
the OR and 95% CI values. In the process of extracting data, such
as the case of difference, the experts discussed the arbitration,
third-party-oriented research in the field through a third party.

Statistics

This study included R3.2.0 meta-analysis, the use of OR, and
95% CI to analyze the relationship between air pollution and breast
cancer among women. To detect and remove sources of hetero-
geneity, this paper analyzed subgroups of differtent nationality and
menopause. Q statistic was calculated by chi-square test /2 and p-
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Figure 1. — Flow chart showing the study selection procedure.

values. If p > 0.10 and 7 > 50%, using a fixed effects model, sta-
tistical significance was indicated, otherwise random effects model
merge statistics. Significant merger statistics take Z tests; p < 0.05
represents the difference which was statistically significant. If the
data provided by the institutes included too much heterogeneity,
only descriptive systemic reviews (SR) were included.

Sensitivity analysis was conducted to assess the stability and
reliability of these results. By backspace included in the study to
evaluate the impact of a single study of the overall results. Using
Egger’s test and Begg’s test for publication, bias included in the
study was used to assess and conduct visual display.

Results

Characteristics of eligible studies

According to the literature of inclusion and exclusion cri-
teria, a total of nine case-control studies were included.
Among them, there were seven literatures that distin-
guished premenopausal women and postmenopausal
women. The flow chart of the study selection is summa-
rized in Figure 1 and the selected study characteristics are
summarized in Table 1 [8, 17,18, 20, 21, 37-40]. Nine doc-
ument control studies were included: six from the Ameri-
cas, two from the Europe, and one from the Asian. All
included studies were conducted using logistic regression
method.

Meta-analysis results

This research divided women in premenopausal and post-
menopausal. Analyzing various conditions, such as age, dif-
ferent pollutants, and breast cancer, the present can be
considered as an independent research. The main results of
this meta-analysis and the heterogeneity test are shown in Fig-
ure 2. Heterogeneity test results showed that there was no het-
erogeneity between studies, therefore, the fixed-effect model
(7=10.00%, p = 0.1896) was utilized. Meta-analysis showed
an association between air pollution and breast cancer which
statistically significant (OR = 1.13, 95% CI: 1.07-1.20, p <
0.0001). Meanwhile, according to the nationality of the study
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Table 1. — Characteristics of eligible case-control studies included in the meta-analysis.
First author Year Country Pre-and Case/control Research method OR 95%CI
post-Menopausal
Elizabeth L.L-M. 1996 USA Premenopausal 33/28 Logistic regression 1.12  0.60-2.08
8/6 1.24  0.41-3.73
15/15 095  0.42-2.12
2/2 096  0.13-7.00
Postmenopausal 127/149 1.11 0.84-1.48
33/32 1.33  0.80-2.21
44/54 .12 0.72-1.74
11/16 092  0.42-2.03
Petralia S.A. 1999 USA Premenopausal 43/27 Unconditional 1.95 1.14-3.33
14/8 logistic regression 240  0.96-6.01A
Gammon M.D. 2002 USA Premenopausal 30/23 Unconditional 0.86  0.44-1.71
36/27 logistic regression 094  0.51-1.74
32/22 1.11 0.56-2.17
Postmenopausal 99/112 1.10 0.70-1.74
174/109 0.73  0.47-1.12
79/101 1.09  0.70-1.69
Bonner M.R. 2005 USA Premenopausal 164/283 Unconditional 1.78 0.62-5.10
204/386 logistic regression 0.66  0.38-1.16
181/371 0.52  0.22-1.20
Postmenopausal 357/521 242 0.97-6.09
469/757 145  0.74-2.87
435/782 1.33  0.87-2.06
Nie J. 2007 USA Premenopausal 56/83 Unconditional 207 091472
39/92 logistic regression 1.22 0.44-3.36
35/100 1.29  0.59-2.82
22/124 1.49  0.65-3.43
Postmenopausal 62/75 2.58 1.15-5.83
119/292 0.82  0.58-1.18
81/310 0.80  0.55-1.17
Viel J.F. 2008 France Total 11/67 Conditional 0.88 0.43-1.79
4/60 logistic regression 0.31 0.08-0.89
Crouse D.L. 2010 Canada Postmenopausal 383/416 Unconditional 1.31 1.00-1.71
383/416 logistic regression 1.35 0.94-1.94
Huo Q. 2013 China Total - Logistic regression 1.71 1.06-2.76
Perry H. 2015 Canada Premenopausal 30/23 Unconditional 0.86  0.44-1.71
36/27 logistic regression 094  0.51-1.74
32/22 1.11 0.56-2.17
Postmenopausal 99/102 1.10 0.70-1.74
174/109 0.73  0.47-1.12
79/101 1.09  0.70-1.69

population, stratified analysis found an association between
air pollution and breast cancer in America which was statisti-
cally significant (OR = 1.13, 95% CI: 1.07-1.20, p <0.0001).
In European populations, the association between air pollu-
tion and breast cancer in women was not statistically signifi-
cant (OR = 0.67, 95% CI: 0.36—1.24, p = 0.2030). In Asian
populations, the association between air pollution and breast
cancer was statistically significant (OR = 1.71, 95% CI: 1.06
—2.76, p = 0.0279). Stratified analysis showed that in pre-
menopausal women, the association between air pollution and
breast cancer was statistically significant (OR = 1.23, 95% CI.
1.09—-1.40, p = 0.0009). In postmenopausal women, air pollu-
tion was associated with breast cancer with statistical signifi-

cance (OR =1.11, 95% CI: 1.03—1.20, p = 0.0093).

Publication bias and sensitivity analysis

The authors also performed a sensitivity analysis to explore
the influence of individual studies on the overall result of in-
fluence by backspace included in the study, were included in
the study results show that a single no significant effect on
the overall results. Publication bias was assessed by Begg’s
funnel plot and Egger’s test. Begg’s funnel plot in each point
represents a separate study for the indicated association; as
can be seen the graph symmetrical to the funnel-shaped dis-
tribution, indicates no clear publication bias (Figure 3). Egger
linear regression analysis included studies which further con-
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firmed that no publication bias existed (¢ = 0.5779, p =
0.5665).

Discussion

In recent years, air pollution has become increasingly se-
rious. World Health Organization in an attempt to monitor
the cities in 2014, most air pollution indexes exceeded the
WHO standards for air quality. Among them, the Asian
countries were the most severe, followed by South Amer-

pubblication bias test.

ica, and European countries which generally had better air
quality. Air pollution has become the world’s largest killer,
and can lead to heart disease, stroke, lung disease, acute
respiratory infections, diabetes, and cardiovascular, and
other major diseases [37]. With the rising incidence of
breast cancer each year, more and more scholars are exam-
ining its association with air pollution. However, despite
the growing number of studies, all regions have varying air
qualities, even in the same area and at different times, air
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pollutant concentrations will be different. The incidence of
breast cancer also shows large differences according to re-
gion, in the number of samples, and in various study
groups; consequently there is conflicting data in the re-
searches conducted.

Meta-analysis can be integrated and systematic study of
multiple quantitative analyses can improve statistical
power. The main idea of this method is to combine multi-
ple research results, thus increasing the sample size to im-
prove results’ credibility and accuracy. Thus, meta-analysis
requires strict inclusion and exclusion criteria. The present
study met the inclusion criteria’s nine literature meta-analy-
ses.

Although the present authors performed a comprehen-
sive research of all available studies and provided an
overview of the association between air pollution and fe-
male breast cancer, there are however, some deficiencies
and limitations. First, because a small number of them met
the inclusion criteria, each article in the control groups was
treated individually, which may lead to homogeneity be-
tween studies. Secondly, most of the included studies where
conducted in the Americas, United States, Canada, from
Europe, only in France, from Asia, only in China, while
Africa and Oceania have no reported literature, hence this
might caused inconspicuousness. Third, most of the in-
cluded studies only divided women into premenopausal and
postmenopausal women, which may not represent the gen-
eral population. Lastly, OR values reported in the literature
were adjusted, however various factors in the studies may
not have been used for the same.

Conclusion

In summary, the present meta-analysis successfully indi-
cated that there are some associations between air pollu-
tion and female breast cancer. Because there were several
limitations to this meta-analysis, in particular, research es-
pecially from Africa and Oceania, is required to further as-
sess the association of air pollution and female breast
cancer in order to refine the study on this interesting issue.
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