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Abstract
Background: An association between air pollution and
breast cancer risk has been suggested, but evidence is sparse
and inconclusive.
Methods: We included 22,877 female nurses from the
Danish Nurse Cohort who were recruited in 1993 or 1999
and followed them for incidence of breast cancer (N ¼ 1,145)
until 2013 in the Danish Cancer Register. We estimated
annual mean concentrations of particulate matter with diameter <2.5 mg/m3 (PM2.5) and <10 mg/m3 (PM10), and nitrogen
dioxide (NO2) at nurses' residences since 1990 using an
atmospheric chemistry transport model. We examined the
association between the 3-year running mean of each pollut-

ant and breast cancer incidence using a time-varying Cox
regression.
Results: We found no association between breast cancer and
PM2.5 (HR, 0.99; 95% conﬁdence interval, 0.94–1.10 per interquartile range of 3.3 mg/m3), PM10 (1.02; 0.94–1.10 per 2.9 mg/m3),
or NO2 (0.99; 0.93–1.05 per 7.4 mg/m3).
Conclusions: Air pollution is not associated with breast
cancer risk.
Impact: Exposure to air pollution in adulthood does not
increase the risk of breast cancer, but more data on the effects
of early exposure, before ﬁrst birth, are needed. Cancer Epidemiol

Introduction

<2.5 mg/m3 (PM2.5), or PM with diameter <10 mg/m3 (PM10;
refs. 3, 4), or nitrogen oxides NOx (5). Only two studies had data
on PM2.5 and PM10 (3, 4). Here, we examined the association
between long-term exposure to PM2.5, PM10, and NO2 at the
residence and incidence of breast cancer in the nationwide,
prospective Danish Nurse Cohort (DNC).

Trafﬁc-related air pollution is a risk factor for lung cancer and
classiﬁed as a carcinogen to humans. Experimental data provide
some evidence of a link between a number of carcinogens in air
pollution and breast cancer, including polycyclic aromatic hydrocarbons, which can cause mammary tumors in laboratory animals
(1). Epidemiologic data are mixed, with case–control studies (2)
detecting association and cohort studies (3–5) ﬁnding no association between air pollution and breast cancer incidence. The
latest Canadian case–control study found a 26% to 32% increased
risk of premenopausal, and 7% to 10% increased risk of postmenopausal breast cancer, per 10 ppb increase in nitrogen dioxide
(NO2; ref. 2). Three cohort studies did not detect association
between breast cancer incidence and NO2 (3), PM with diameter
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Materials and Methods
The DNC consists of 28,731 Danish female nurses (>44 years),
recruited in 1993 (19,898) or 1999 (8,833) when they answered a
questionnaire on working conditions, weight, height, lifestyle,
and reproductive factors. Using the unique personal identifying
number, we linked nurses to the Central Population Register to
obtain residential address history (1971–2013) and vital status
information and to the Danish Cancer Register for diagnosis of
primary invasive breast cancer (International Classiﬁcation of
Diseases-10 code C50) between cohort baseline (1993 or
1999) and 2013, and any other cancer prior to cohort baseline.
We used the Danish integrated air pollution modeling system
(THOR and AirGIS) to estimate human exposure to outdoor air
pollution at address level (6). We estimated annual mean concentration of PM2.5, PM10, and NO2 at the residential addresses for
nurses with complete information on residential address history
80% of the time between 1990 and 2013 and used the 3-year
running mean of each pollutant concentrations as the main
exposure proxy. We used the time-varying Cox proportional
hazards regression to model association between breast cancer
incidence and air pollution, with age as the underlying time scale,
and stratiﬁed by year of birth, in three steps: age adjusted; adjusted
additionally for smoking, alcohol consumption, physical activity,
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Table 1. Characteristics of the nurses from the DNC at baseline in 1993 or 1999, by incident breast cancer status at follow-up
Total
Breast cancer
n ¼ 22,877
n ¼ 1,145
Age, mean (SD)
52.9 (7.8)
53.2 (7.3)
Premenopausal, n (%)
11,579 (51.0)
583 (51.5)
Postmenopausal, n (%)
11,120 (49.0)
548 (48.5)
Menarche  12, n (%)
Menarche > 12, n (%)

5,477 (24.1)
17,222 (75.9)

BMI, mean (SD)

290 (25.6)
841 (74.4)

23.7 (3.5)

Underweight (<18.5 kg/m ), n (%)
Normal (18.5–25 kg/m2), n (%)
Overweight (25–30 kg/m2), n (%)
Obese (30 kg/m2), n (%)
2

Never smoked, n (%)
Previously smoked, n (%)
Current smoker, n (%)
Smoking intensity (g/day), mean (SD)
Never consumed alcohol, n (%)
Alcohol use in drinkers (g/week), mean (SD)

532
15,698
5,167
1,302

23.8 (3.5)

(2.3)
(69.2)
(22.8)
(5.7)

22
801
239
69

7,956 (35.1)
6,922 (30.5)
7,821 (34.5)

(1.9)
(70.8)
(21.1)
(6.1)

359 (31.7)
330 (29.2)
442 (39.1)

No breast cancer
n ¼ 21,732
52.9 (7.8)
10,996 (51.0)
10,572 (49.0)
5,187 (24.0)
16,381 (76.0)
23.7 (3.5)
510
14,987
4,928
1,233

(2.4)
(69.1)
(22.8)
(5.7)

7,597 (35.2)
6,592 (30.6)
7,379 (34.2)

7.8 (9.2)

8.4 (8.8)

7.8 (9.2)

3,894 (17.2)

195 (17.2)

3,699 (17.2)

112.5 (127.6)

120.7 (119.8)

112.1 (127.9)

Low physical activity, n (%)
Medium physical activity, n (%)
High physical activity, n (%)

1,496 (6.6)
6,132 (27.0)
15,071 (66.4)

71 (6.3)
299 (26.4)
761 (67.3)

1,425 (6.6)
5,833 (27.0)
14,310 (66.3)

Nulliparous, n (%)
Gave birth to 1 child, n (%)
Gave birth to 2 children, n (%)
Gave birth to 3 children, n (%)
Gave birth to 4 children or more, n (%)

3,163
2,680
9,648
5,499
1,709

(10.3)
(11.8)
(42.5)
(24.2)
(7.5)

180 (15.9)
140 (12.4)
467 (41.3)
271 (24.0)
73 (6.5)

2,983
2,540
9,181
5,228
1,636

Age at ﬁrst birth 15–24 years, n (%)
Age at ﬁrst birth 25–29 years, n (%)
Age at ﬁrst birth 30 years, n (%)

8,123 (35.8)
8,350 (36.8)
3,065 (13.5)

383 (33.9)
384 (34.0)
184 (16.3)

7,740 (35.9)
7,966 (36.9)
2,881 (13.4)

Never used HT, n (%)
Previously used HT, n (%)
Current user of HT, n (%)

16,600 (73.1)
2,193 (9.7)
3,906 (17.2)

743 (65.7)
99 (8.8)
289 (25.6)

15,857 (73.5)
2,094 (9.7)
3,617 (16.8)

Never used OC, n (%)
Ever used OC, n (%)

9,202 (40.5)
13,497 (59.5)

475 (42.0)
656 (58.0)

8,727 (40.5)
12,841 (59.5)

Rural, n (%)
Provincial, n (%)
Urban, n (%)

9,784 (43.1)
3,368 (14.8)
9,547 (42.1)

514 (45.4)
163 (14.4)
454 (40.1)

9,270 (43.0)
3,205 (14.9)
9,093 (42.2)

Baseline annual PM2.5 (mg/m3), mean (SD)
Baseline annual PM10 (mg/m3), mean (SD)
Baseline annual NO2 (mg/m3), mean (SD)

19.7 (3.5)
23.5 (3.9)
12.5 (8.1)

20.2 (3.5)
24.1 (3.8)
12.7 (8.0)

(13.8)
(11.8)
(42.6)
(24.2)
(7.6)

19.6 (3.6)
23.5 (3.9)
12.5 (8.1)

Abbreviation: OC, oral contraceptives.

and body mass index (BMI); and additionally adjusted for age at
ﬁrst birth, parity, age at menarche, hormone therapy (HT), and
oral contraceptive use (described in Table 1). Effect modiﬁcation
by smoking status, BMI, menopausal status at baseline, HT use,
and urbanization level was examined by including interaction
terms in the model. Effects are reported by HRs and 95% conﬁdence intervals (CI), per interquartile range increase in 3-year
mean of pollutant levels. The methods for establishing the cohort
(7) and some prior accomplishments related to studying health
effect of air pollution (6, 8) have been described previously.

likely nulliparous, HT users, and current smokers (Table 1). We
found no association between breast cancer incidence and PM2.5,
PM10, or NO2 (Table 2), and no interaction by smoking status,
BMI, or level of urbanization (results not shown). We detected
stronger (Pinteraction ¼ 0.07) association between breast cancer and
PM2.5 in premenopausal (1.06; 0.94–1.18) than in postmenopausal (0.93; 0.85–1.05) women, and in past (1.19; 0.97–1.44)
and current (1.05; 0.92–1.20) than in never HT users (0.95; 0.85–
1.05; P ¼ 0.06).

Discussion
Results
Of the 28,731 nurses, we excluded 1,924 with cancer and 3 with
inactive vital status before cohort baseline, and 3,927 with missing data on address or confounder, leaving 22,877 for ﬁnal
analyses. A total of 1,145 nurses developed breast cancer during
mean follow-up of 16 years. Nurses with breast cancer were more

www.aacrjournals.org

We found no association between long-term exposure to air
pollution and breast cancer incidence in DNC in agreement with
other cohort (2, 3, 5), and in contrast to a case–control study (2).
We found moderately stronger associations in pre- than in postmenopausal women, in agreement with two studies (2, 3). We
present novel ﬁndings of enhanced association between PM2.5
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Table 2. Association between air pollution and breast cancer among the 22,877 nurses from DNC
Model 1a
Unit
HR (95% CI)
3-year mean
PM2.5
PM10
NO2

3.3 mg/m3
2.9 mg/m3
7.4 mg/m3

1.03 (0.94–1.13)
1.04 (0.95–1.14)
1.03 (0.97–1.10)

Model 2b
HR (95% CI)

Model 3c
HR (95% CI)

1.02 (0.93–1.12)
1.03 (0.95–1.12)
1.02 (0.96–1.08)

1.00 (0.91–1.09)
1.02 (0.94–1.11)
1.00 (0.94–1.07)

a

Adjusted for age.
Model 1 additionally adjusted for smoking (status and intensity), alcohol use, BMI, and physical activity.
Model 3 also adjusted for parity, age at ﬁrst birth, age at menarche, hormone therapy use, oral contraceptive use, and menopausal status.

b
c

and breast cancer in past and ever HT users, which needs
replication.
Ours and most other recent studies (2–5) examined air pollution exposure during adulthood, relatively close to breast cancer
onset, which may not be the relevant exposure window for the
development of breast cancer. A study found signiﬁcantly
increased breast cancer risk with exposure to trafﬁc emissions at
ﬁrst childbirth, but no risk associated with later exposure windows
(9), in line with growing evidence of relevance of early smoking
on breast cancer risk (10).
We beneﬁted from having a nationwide cohort of female
nurses, with large air pollution exposure contrasts, detailed information on breast cancer risk factors, objective validated information on breast cancer onset, and a state-of-the-art high-resolution
air pollution model with data on PM. Weakness of our study is
lack of data on air pollution levels during puberty and early
adulthood.
Results of our study contribute to growing evidence of a lack of
association between exposure to air pollution in adulthood and
postmenopausal breast cancer, but association with early exposure windows cannot be excluded. Studies with data on exposure
to air pollution early in life and premenopausal breast cancer are
needed.
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