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Abstract

Increasing breast density is a risk factor for breast cancer. Geographic variations in breast density may be due to differences in
lifestyle and diet, as well as environmental factors such as air pollution exposure. However, these environmental contributors have
not been established. In this study, we evaluated an association between air pollution and mammographic breast density. The study
population for this study was postmenopausal women who had undergone screening mammography at the Center for Preventive
Medicine, St. Luke’s International Hospital, from April 2004 to September 2018. Individual mammography results were obtained
from electronic charts. The ambient air pollution (PM, 5) density of the locations of interest, namely, the patients’ residential areas
during the study period, was obtained. The mean PM, 5 exposure levels for 1, 3, 5, and 7 years were determined. A generalized
estimating equations model was used to examine the association between air pollution density and dense breast. A total of 44,280
mammography results were included in this study, and 29,135 were classified in the non-dense breast group and 15,145 in the dense
breast group. There was a 3% increase in the odds of having dense breasts after 1 year (OR=1.027, 95% confidence interval (CI)
1.019-1.034) and 3 years of PM, s exposure (OR=1.029, 95% CI 1.022-1.036). This further increased to 4% at 5-year exposure
(OR=1.044,95% CI 1.037-1.052) and 5% at 7-year exposure (OR=1.053, 95% CI 1.044—1.063). The risk for dense breasts increased
if the factors of smoking, family history of breast and/or ovarian cancer, and history of childbirth were present.
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Introduction

Breast density is the proportion of epithelial and/or
fibroglandular tissue to fatty tissue in the breast. High
breast density may convey an increased intrinsic risk of
developing cancer since it is a radiographic manifestation of
higher fibroglandular breast tissue composition (Heller et al.
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2018). A meta-analysis suggests an association between
increased breast density and increased risk of breast cancer
(McCormack and dos Santos Silva 2006).

Breast density is affected by several endogenous and
exogenous factors, namely, age, body mass index (BMI),
parity, use of hormonal therapy, menopausal status, genetic
background, and personal or family history of breast cancer
(Dorgan et al. 2013; Ramoén y Cajal et al. 2015; Heller et al.
2018). There have also been reports of geographic variations
in breast density between urban and rural areas, with higher
breast density in women living in urban areas (Yaghjyan et al.
2017). Geographic variations in breast density may be due
to differences in lifestyle and diet, as well as environmental
factors such as air pollution exposure. However, the environ-
mental contributors have not been established.

PM, 5 is defined as a particulate matter of less than
2.5 pm in diameter. It consists of a mixture of chemical
components such as ammonium, elemental carbon, organic
carbon matter, nitrate, silicon, sodium, and sulfate, among
others (Bell et al. 2007). Several studies have shown the
harmful effects of PM, 5 and its association with adverse
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health effects. Particulate matter in air pollution is classified
as a group I carcinogen by the World Health Organization
International Agency for Research on Cancer (WHO-IARC).

The studies of Caucasian populations suggested an asso-
ciation between PM, 5 and the incidence of breast cancer
(Andersen et al. 2017; Villeneuve et al. 2018; White et al.
2019; Cheng et al. 2019). The mechanism of this association
has not been elucidated, but one of the possible pathways
is considered to be an intermediate effect of PM, 5 on an
increase in breast density, thereby increasing the incidence
of breast cancer. However, there are only a few studies on the
association between PM, 5 and breast density. One of these
studies, conducted by DuPre et al. on a Caucasian study
population in the USA, provided inconclusive results (DuPre
et al. 2017). Another study conducted in the USA, how-
ever, showed that women with extremely dense breasts had
a higher mean PM, 5 exposure than women with fatty breasts
(Yaghjyan et al. 2017). More evidence on this association
is needed, but such studies have not yet been conducted in
Japan or other Asian study populations.

The objective of this study was to determine the
association between PM, s exposure and mammographic
breast density among postmenopausal women who had
undergone screening mammography in Tokyo, Japan.

Methods
Study population

The study population of this study was postmenopausal
women who had undergone screening mammography at the
Center for Preventive Medicine, St. Luke’s International
Hospital from April 2004 to September 2018. We limited
our study population to postmenopausal women because
statistical adjustment for the effects of physiological
hormones on breast density in premenopausal women is
not feasible. The exclusion criteria were premenopausal
status, personal history of breast cancer, and missing data
on covariates or PM, 5. The study was approved by the
Institutional Review Board of St. Luke’s International
University (No. 19-R038).

PM, ; exposure assessment

In Japan, an individual can choose a medical institute for
his/her annual health examination including mammography
regardless of location. Also, the Center for Preventive
Medicine at St. Luke’s International Hospital caters
to employees’ annual health examinations of many
organizations including private companies. This enabled a
variety of addresses among individuals and subsequently
various levels of exposure to PM, s.
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Data on the concentration of PM, 5 at the locations of
interest, namely, the patients’ residential areas during the study
period, were obtained from the official website of the Bureau
of Environment of the Tokyo Metropolitan Government. The
monitoring station nearest to the patient’s residence based on
the postal code was determined using the Quantum Geographic
Information System (QGIS) program. The mean levels of
exposure to PM, 5 for 1, 3, 5, and 7 years were determined by
counting the corresponding number of days backward from the
day of the mammography examination and calculating the mean
PM, s levels of that specific period.

Breast density assessment

Screening mammography examinations at the Center of
Preventive Medicine are performed using full-field digital
mammography images. The images and findings are interpreted
and reported by doctors certified to read mammographic images.
When there are discrepancies between the readers, the senior
radiologist decides before the report is finalized. As part of the
final report, the mammographic breast density is classified into
one of the 4 classifications designated by the American College
of Radiology’s Breast Imaging-Reporting and Data System
(BI-RADS): almost entirely fatty, scattered fibroglandular
density, heterogeneously dense, and extremely dense.

Covariates

The data on covariates were obtained from the answers to
questionnaires filled out and submitted by the individuals at
every visit for an annual health check-up. The data entries
were processed through Optical Character Recognition
(OCR) and pooled in the database (St. Luke’s Health
Check-up Database: SLHCD). We used this database to
obtain the study population’s demographic information, as
well as the medical and personal histories.

Statistical analyses

A logistic marginal model for longitudinal data was used to
examine the association between air pollution density and
categorical data on mammographic breast density. Subjects
who had almost entirely fatty or scattered fibroglandular density
on mammography were included in the non-dense breast group,
while those with heterogeneously or extremely dense categories
were included in the dense breast group. We controlled for the
following covariates: age, BMI, smoking, use of hormone
replacement therapy, parity, age at menopause, and family
history of breast and/or ovarian cancer. Subgroup analyses
were done to compare the associations among smokers versus
non-smokers, nulliparous versus parous women, and those with
a family history of breast and/or ovarian cancer versus those
without a family history.
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Results

The patient demographics of the 44,280 mammography
results included in this study are presented in Table 1: 29,135
were classified in the non-dense breast group and 15,145
in the dense breast group based on the mammographic
density classification. The mean age of the women when
the mammography was performed was 62 years in the non-
dense breast group and 59 years in the dense breast group.
Both groups had similar characteristics in terms of mean
BMLI, family history, and smoking status. There were more
nulliparous women in the dense breast group (46.90%)
compared to the non-dense breast group (25.75%). The
majority of the subjects lived in urban areas and were non-
smokers. The mean concentration of PM, s was similar in the
non-dense breast and dense breast groups. The PM, 5 levels
were noted to increase with a longer duration of exposure. The
mean, median, and mode values of the daily PM, 5 exposure
categorized by the duration of exposure are summarized
in Table 2. The mean annual exposure was 17.39 ug/m?,
greater than the Japanese annual standard (15.0 ug/m?) and
the World Health Organization guideline (5 ug/m®). Ambient

Table 2 Daily PM, 5 exposure

Years of Mean (ug/m?) Median (ug/m?) Mode (ug/m?)
exposure

1 17.39 16.57 16.59

3 18.23 16.96 18.63

5 19.00 17.87 20.66

7 19.64 19.22 24.15

PM, 5 concentrations have gradually decreased over the last
decades in Japan, which was reflected in slightly increasing
PM, 5 concentrations with longer exposure time.

There was a 3% increase in the odds of having dense
breasts after 1 year (OR=1.027, 95% CI [1.019, 1.034])
and 3 years of PM, 5 exposure (OR=1.029, 95% CI [1.022,
1.036]), and it further increased to 4% at 5-year exposure
(OR=1.044, 95% CI [1.037, 1.052]) and 5% at 7-year
exposure (OR=1.053, 95% CI [1.044, 1.063]) (Table 3).

For subgroup analysis, we found that the subgroups of
individuals with a smoking history and a family history of
breast or ovarian cancer had higher odds of having dense

Table 1 Characteristics of the
study population (n=44,280) by
breast density category

Characteristic

Non-dense breast” Dense breast® (n=15,145)

(n=29,135)
Age at mammogram, years (mean, SD) 61.6 (7.85) 58.6 (7.11)
Body mass index, kg/m2 (mean, SD) 22.3 (3.27) 20.2 (2.54)

Parity (number [%])
0

3

Hormone therapy (number [%])
Yes
No

Family history of breast and/or ovarian cancer
(number [%])

Residential area (number [%])
Urban
Rural

Smoking (number [%])

IV =

Smoker
Non-smoker
PM, s levels (mean, SD, pg/m®)
1-year exposure
3-year exposure
5-year exposure
7-year exposure

7,503 (25.75)
4,171 (14.32)
12,278 (42.14)
5,183 (17.79)

3,407 (11.69)
25,728 (88.31)
2,860 (9.82)

25,384 (87.13)
3,751 (12.87)

4,978 (17.09)
24,157 (82.91)

17.4 (3.29)
18.2 (3.48)
19.0 (3.58)
19.6 (3.54)

7,103 (46.90)
2,493 (14.46)
4,540 (29.98)
1,009 (6.66)

2,317 (15.30)
12,828 (84.70)
1,628 (10.75)

13,271 (87.63)
1,874 (12.37)

3,019 (19.93)
12,126 (80.07)

17.4 (3.23)
18.3 (3.39)
19.1 (3.52)
19.7 (3.50)

# Almost entirely fat and scattered fibroglandular density categories

Heterogeneously dense and extremely dense categories
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Table 3 Association between PM, 5 and breast density by the dura-
tion of exposure

Odds ratio [95%
confidence
interval]?

Duration of exposure (year)

1 1.027 [1.019, 1.034]
3 1.029 [1.022, 1.036]
5 1.044 [1.037, 1.052]
7 1.053 [1.044, 1.063]

Controlled for age, BMI, smoking, family history of breast and/or
ovarian cancer, hormone therapy use, parity, and age at menopause

breasts, while the odds were lower in the subgroup of nul-
liparous individuals (Table 4). The odds of having dense
breasts were higher at 4% among smokers at 1 year of
exposure to PM, s (OR=1.035, 95% CI [1.016, 1.054]) as
compared to 3% among non-smokers (OR =1.025, 95%
CI [1.017, 1.033]). The odds were 5% at 5 years of expo-
sure (OR=1.05, 95% CI [1.032, 1.068]) and 6% at 7 years
of exposure (OR=1.056, 95% CI [1.034, 1.078]) among
smokers, while the non-smokers’ odds were lower at 4%
(OR=1.043,95% CI [1.035, 1.052]) and 5% (OR =1.053,
95% CI [1.043, 1.064]) after 5 years and 7 years of PM, 5
exposure, respectively. A positive family history of breast
or ovarian cancer had a higher modifying effect on the
effect of PM, 5 on the odds of having dense breasts at 4%
(OR=1.039,95% CI [1.012, 1.067]) at 1-year exposure, 5%
(OR=1.046,95% CI [1.019, 1.074]) at 3-year exposure, 6%
(OR=1.062,95% CI[1.037, 1.087]) at 5-year exposure, and
9% (OR=1.091, 95% CI [1.059, 1.124]) at 7-year of expo-
sure to PM, 5. Those without a family history had lower odds
of having dense breasts at 3% (OR=1.025,95% CI [1.017,
1.033]) at 1-year exposure, 3% (OR=1.027, 95% CI [1.020,
1.034]) at 3-year exposure, 4% (OR=1.042, 95% CI [1.034,
1.050]) at 5-year exposure, and 5% (OR=1.049, 95% CI
[1.039, 1.059]) at 7-year exposure to PM, 5. For the sub-
group analysis on parity, a history of childbirth had a higher
modifying effect on the odds of having dense breasts after

Table 4 Subgroup analysis (odds ratio, 95% confidence interval)

exposure to PM, 5 compared to those who had not given
birth. The odds were higher at 3% among those with a his-
tory of childbirth at 1 year (OR=1.027, 95% CI [1.018,
1.037]) and 3 years of exposure (OR =1.030, 95% CI [1.020,
1.039]) and 5% at 5 years (OR =1.046, 95% CI [1.037,
1.056]) and 7 years of exposure to PM, s (OR=1.053, 95%
CI[1.041, 1.065]). The odds were lower among those with-
out a history of childbirth at 2% at 1-year (OR=1.015, 95%
CI[1.003, 1.027]) and 3-year exposure (OR=1.018, 95% CI
[1.006, 1.030]), 3% increase at 5-year exposure (OR =1.030,
95% CI [1.017, 1.042]), and 4% increase at 7-year exposure
to PM, 5 (OR=1.049, 95% CI [1.039, 1.059]).

Discussion

In this study, we investigated the association between
PM, 5 and mammographic breast density in a large Asian
population. As result, we found an association between
breast density and PM, 5, with an increasing trend as the
exposure duration increased.

The results of this study were consistent with the previous
study (Yaghjyan et al. 2017). On the contrary, a large-scale
cohort study did not show any association between PM,
and breast density (DuPre et al. 2017). Both studies did not
have an analysis of the duration of exposure to PM, s.

Air pollution is ubiquitous, and everyone is exposed to
it daily in different locations at various amounts. PM, s is
believed to be the most relevant component of air pollution
in terms of its health effects, which include cancer (Hamra
etal. 2014). A study by Buschini et al. showed that the PM, 5
fraction of airborne particulate matter generally includes
the highest concentration of DNA-damaging compounds
(Buschini et al. 2001). Since PM, 5 can penetrate the human
body easily due to its small size, its carcinogenic effect,
probably through DNA damage, may initially be manifested
as an increase in breast density. Increased duration of
exposure to higher amounts of PM, 5 may therefore cause
an increase in mammographic breast density.

Years of
exposure

Smoking history?®

Family history®

Parity®

Smoker

Non-smoker

Yes

No

Nulliparous

Parous

1
3
5
7

1.035 [1.016, 1.054]
1.039 [1.021, 1.058]
1.050 [1.032, 1.068]
1.056 [1.034, 1.078]

1.025[1.017, 1.033]
1.027 [1.020, 1.035]
1.043 [1.035, 1.052]
1.053 [1.043, 1.064]

1.038 [1.011, 1.066]
1.045 [1.018, 1.073]
1.061 [1.036, 1.086]
1.091 [1.059, 1.123]

1.025[1.017, 1.033]
1.027 [1.020, 1.034]
1.042 [1.034, 1.050]
1.049 [1.039, 1.059]

1.015 [1.003, 1.027]
1.018 [1.006, 1.030]
1.030 [1.017, 1.042]
1.040 [1.025, 1.056]

1.028 [1.018, 1.038]
1.030 [1.020, 1.039]
1.046 [1.037, 1.056]
1.053 [1.041, 1.065]

4Controlled for age, BMI, family history of breast and/or ovarian cancer, hormone therapy use, parity, and age at menopause

Controlled for age, BMI, smoking, hormone therapy use, parity, and age at menopause

“Controlled for age, BMI, smoking, family history of breast and/or ovarian cancer, hormone therapy use, and age at menopause
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The subgroup analyses conducted in this study were based
on the risk factors associated with the incidence of breast cancer
according to previous studies. Although there had been two
previous studies on the association between PM, 5 and breast
density in Caucasian study populations and these risk factors
were considered as covariates in the statistical analyses, subgroup
analyses were not performed. The results of our study showed
that there was a higher increase in the risk of having dense breasts
among smokers, individuals with a family history of breast and
ovarian cancer, and those with a history of childbirth. Smoking
and family history of breast and/or ovarian cancer were consistent
with the previously demonstrated positive effect of these risk
factors on the incidence of breast cancer. Parity or history of
childbirth, on the other hand, had the opposite effect of increasing
the odds of having dense breasts despite its decreasing effect on
the risk of developing breast cancer.

Dense breast is known to be heritable (Boyd et al. 2002). Our
study found that the group of individuals with a family history
of breast and/or ovarian cancer had higher odds of having dense
breasts compared to those without a family history. This may
imply that those with a family history may be more susceptible
to the effects of PM, 5, and further studies are warranted to
elucidate the mechanism to identify preventive measures.

A study by Nakajima showed that nulliparity is associated
with dense breasts, while parity, regardless of infant feeding
method, induces atrophic changes in the breast tissue
(Nakajima et al. 2020). Our study, though, showed that the
group of individuals without a history of childbirth had a lower
increase in the odds of having dense breasts compared to those
with a history of childbirth. Further studies are necessary to
provide a possible explanation for this inconsistency.

In this study, we analyzed a large sample of an Asian
population. Most of the individuals who visited the
institution for health check-ups, and were included in the
study database, made repeated visits over several years. This
made it possible for us to statistically analyze the data by
using the logistic marginal model. These points are therefore
the strengths of our study.

Our study also had limitations. Missing data and erroneous
data were inevitable because the data for this study were
obtained from a pooled database of answers on hand-written
questionnaires that had been converted to electronic records
through an Optical Character Recognition (OCR) system.

We used the residential address of the study participants
to measure exposure to PM, 5. However, information on
the duration of residence and moving was not available.
Therefore, we assumed that the used address would
represent the address for the past 1 year. Taking into account
old ages in our study population, however, we speculate
that the likelihood of moving in our study population is
relatively low. According to the statistical agency of Japan,
older adults move much less frequently than younger adults
(Japan Statistics Bureau. 2022).

The values of PM, 5 exposure used in this study were
surrogate measurements taken at the nearest monitoring
stations to the individual’s residential area, and these values
are not the actual exposure. Due to this non-differential bias,
the effect estimate appears to be underestimated. However,
this may not be a concern, because the effects of PM, s were
not exaggerated rather, despite the underestimation through a
surrogate measurement, a positive association was established.

Conclusion

In this study, we examined an association between PM, s
exposure and mammographic breast density in an Asian
population. We found a positive association between PM, 5 and
mammographic breast density, and the strength of association
increased with the increasing duration of exposure. We focused
on breast density, which is considered a possible precursor to
breast cancer. Hence, our study serves as a means to elucidate
an intermediate association between exposure to PM, 5 and
breast cancer occurrence.
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