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Abstract

Purpose Smoking before first childbirth increases breast

cancer risk, but the biological mechanism remains

unknown and may involve mammographic density (MD),

one of the strongest biomarkers of breast cancer risk. We

aimed to examine whether active smoking and passive

smoking were associated with MD.

Methods For the 5,356 women (4,489 postmenopausal)

from the Danish Diet, Cancer and Health cohort

(1993–1997) who attended mammographic screening in

Copenhagen (1993–2001), we used MD (mixed/dense or

fatty) assessed at the first screening after cohort entry.

Active smoking (status, duration, and intensity) and passive

smoking were assessed at cohort baseline (1993–1997) via

questionnaire, together with other breast cancer risk fac-

tors. Logistic regression was used to estimate associations

(odds ratios, 95 % confidence intervals) between smoking

and MD, adjusting for confounders.

Results Two thousand and twenty-six (56.5 %) women

had mixed/dense MD, 2,214 (41.4 %) were current, and

1,175 (21.9 %) former smokers. Current smokers had

significantly lower odds (0.86, 0.75–0.99) of having mix-

ed/dense MD compared to never smokers, while former

smoking was not associated with MD. Inverse association

between smoking and MD was strongest in women who

initiated smoking before age of 16 years (0.79, 0.64–0.96),

smoked C15 cigarettes/day (0.83, 0.71–0.98), smoked C5

pack-years (0.62, 0.43–0.89), smoked [30 years (0.86,

0.75–0.99), and smoked C11 years before first childbirth

(0.70, 0.51–0.96). Association between smoking and MD

diminished after smoking cessation, with increased odds of

having mixed/dense breasts in women who quit smoking

[20 years ago as compared to current smokers (1.37,

1.01–1.67). There was no association between passive

smoking and MD.

Conclusions We found an inverse association between

active smoking and MD.

Keywords Breast cancer risk factor � Breast density �
Mammographic density � Cigarette smoking � Secondhand
smoke

Introduction

Breast cancer is the most common cancer type among

women, yet known risk factors only explain about 30 % of

the disease, and most of these including reproductive history

and genetic predisposition are not easily modifiable for

prevention efforts. High mammographic density (MD) is

one of the strongest breast cancer risk factors next to age and

genetic susceptibility [1, 2]. MD refers to the proportion of

fibroglandular (dense) versus fatty tissue in the breast as

seen on a mammogram [2]. The determinants of MD and

biological mechanisms linking MD to breast cancer are still

not fully understood, mainly due to lack of data [1, 2].
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Active [3–6] and passive [4] smoking are newly rec-

ognized risk factor for breast cancer, with smoking before

first childbirth as the most relevant exposure window [3–6].

However, the biological mechanism remains unknown and

may involve MD. MD may be a possible surrogate marker

in the prevention of breast cancer, calling for more research

on determinants of MD.

Prior studies examining the association between smok-

ing and MD have been inconsistent, with some reporting an

inverse association [7–11], one study finding a positive

association in premenopausal women [12], three studies

failing to detect an association [13–15], and one detecting

an inverse association in premenopausal women only [16].

Only a few studies have in detail considered smoking

duration and intensity, or different smoking exposure

windows, such as smoking before first childbirth [7, 8],

which is the most relevant exposure window for breast

cancer risk [3–6]. Furthermore, literature is based on rel-

atively small studies, most with only a few hundred sub-

jects [7, 8, 10–12, 14, 15].

In this study, we will examine the association between

active and passive smoking and MD in the several thou-

sand women included in the Danish Diet, Cancer and

Health (DCH) cohort, considering in detail smoking dura-

tion, intensity, and smoking before first childbirth.

Materials and methods

The study population consists of 5,356 women above age

50 years who participated in the DCH cohort between 1993

and 1997 and subsequently attended the Copenhagen

mammography screening program between 1993 and 2001.

DCH cohort

This study was based on the DCH cohort, described in

detail elsewhere [17]. Briefly, a total of 160,725 persons

(72,729 women) aged 50–64 years, born in Denmark, liv-

ing in Copenhagen or Aarhus (the two largest cities in

Denmark), and free of cancer, were invited to participate in

the DCH cohort study. A total of 57,053 people, of whom

29,875 were women (37 % of invited women and 7 % of

entire Danish female population in this age group)

participated.

At the recruitment between 1993 and 1997, women

answered a detailed questionnaire about active and passive

smoking. Active smoking status was assessed as current,

former, or never smoker. In addition, current smokers

reported the number of cigarettes smoked per day and ever

smokers reported the age at smoking initiation and the age

at smoking cessation. Exposure to passive smoking was

based on the following questions: ‘‘Does someone

regularly smoke in your presence at home/work,’’ ‘‘Did any

of your parents smoke when you grew up,’’ ‘‘When you

were a child did you spend time where smoking were

present.’’ The questionnaires also included information on

menopausal status, hormone therapy (HT) use (ever/never)

and duration (years), physical activity in leisure time (yes/

no), nulliparity (yes/no), number of children, education

(B7/8–10/[10 years), age at first childbirth (years), alcohol

use (yes/no), and alcohol intake (g/day). Waist circumfer-

ence (cm), height (cm), and weight (kg) were measured at

the clinic, at the day of recruitment in the study. Based on

this information, smoking duration (years), smoking dura-

tion in relation to first full-time pregnancy (years), and

body mass index (BMI) were calculated.

Copenhagen mammography register

The Copenhagen mammography screening program started

in 1991 [18] and targeted approximately 40,000 women

aged 50–69 years at the start of each biennial invitation

round. We used data on MD from the first five screening

rounds between 1991 and 2001 [19]. Women who had

detected breast cancer at their first screening were excluded

from our final analytic data set, as these women lacked MD

data.

Study population

Of the 29,875 women participating in the DCH cohort,

7,507 were invited to mammography screening between

ages 50 and 69 years in Copenhagen. Of these, 646 were

excluded due to positive screening tests, 1,158 did not

participate in screening, and 44 were excluded due to

missing values in smoking exposure variables or potential

confounders, leaving 5,356 women for the analyses.

MD definition

One radiologist was in charge of the screening which took

place at a single Copenhagen hospital. All screens were

taken by the radiographers or X-ray nurses and were

evaluated independently by two radiologists. A two-view

mammography, craniocaudal and oblique, was performed

at the initial screening, when MD was assessed as either

fatty, equivalent to Breast Imaging Reporting and Data

System (BI-RADS) [20] density code 1 and part of code 2,

or mixed/dense, equivalent to part of BI-RADS code 2, and

BI-RADS code 3 or 4. Women with a negative screening

and fatty breasts were scheduled to have only an oblique

view at their next screening, whereas women with a neg-

ative screening test and mixed/dense breasts were sched-

uled for two-view mammography at the next screening.

MD was not coded for positive screening mammograms.
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This internationally unique Danish dichotomous score for

MD has been successfully validated showing high corre-

lation with the BI-RADS density classification system [21]

and has been utilized in earlier studies, showing the

expected associations with breast cancer risk [19]. Using

the personal identification (CPR) number of the Danish

Civil Registration System [22], we linked the Copenhagen

Mammography Register to the DCH cohort. We used MD

assessed at the first screening after the cohort baseline

(1993–1997), to facilitate prospective design. The

dichotomous MD score did not change for women who

participated in several screening rounds between 1991 and

2001.

Statistical analyses

Logistic regression was used to estimate association of MD

with active smoking status (current/former/never, ever/

never), smoking intensity (number of cigarettes per day,

number of pack-years) in current smokers, age at initiation

and duration of smoking in ever smokers, time since ces-

sation in former smokers, and smoking initiation and

duration before first childbirth in parous ever smokers, and

passive smoking (at home, work, and childhood). Three

separate models were fit: (1) a crude model, (2) a model

adjusted for age, and (3) a model additionally adjusted for

BMI, waist circumference, HT use, HT duration, physical

activity, parity, education, alcohol use (yes/no), and alco-

hol intake (g/day).

Effect modification of an association between active

smoking (ever/never) and MD by menopausal status

(postmenopausal/premenopausal), HT use (ever/never) and

BMI (normal/overweight and obese) was analyzed by

introducing interaction term into the fully adjusted model

and tested by Wald test. Results are presented as odds

ratios (OR) and 95 % confidence intervals (CI). Analyses

were conducted using SAS version 9.4 (SAS institute Inc.,

Cary, NC, USA).

Results

The mean age at baseline was 56.2 years, and 83.8 % of

the women were postmenopausal (Table 1). The majority

of women (56.5 %) had mixed/dense MD. The majority of

women in the cohort were ever active smokers: 41.4 % of

the women were current active smokers at cohort baseline,

21.9 % were former, and 36.9 % never smokers. Smoking

rates were similar in women with fatty and mixed/dense

MD. Women with mixed/dense breasts were more likely to

be HT users, premenopausal, nulliparous, physically active,

have lower BMI, and higher education than women with

fatty breasts.

In the crude model, compared to never active smokers,

only women with smoking initiation before age of 16 years

(0.81, 95 % CI 0.68–0.99) had statistically significantly

lower odds of having mixed/dense breast density, which

diminished after adjusting for age (Table 2). In a fully

adjusted model, current active smokers had statistically

significantly lower odds of having mixed/dense breasts

than never active smokers (0.86, 95 % CI 0.75–0.99).

Furthermore, initiation of smoking before age 16 years

(0.79, 95 % CI 0.64–0.96), smoking C15 cigarettes per day

(0.83, 95 % CI 0.71–0.98), smoking C5 pack-years (0.62,

95 % CI 0.43–0.89), smoking [30 years (0.86, 95 % CI

0.75–0.99), and smoking C11 years before first childbirth

(0.70, 95 % CI 0.51–0.96) were statistically significantly

associated with lower odds of having mixed/dense MD.

The odds of having mixed/dense breasts increased with

increasing time since smoking cessation, with significantly

higher MD in women who quit smoking[20 years ago as

compared to current smokers (1.37, 95 % 1.01–1.67).

Trend tests across the categories of smoking exposure are

displayed in Table 2, all yielded significant p values (all

p trends\0.0001).

There was no statistically significant modification of an

association between active smoking and MD by meno-

pausal status, HT use or BMI (Table 3).

A total of 33 women included in this study reported

never having been exposed to passive smoking, neither at

childhood, at home or at work, leaving only 28 women who

were never smokers and never exposed to passive smoking.

We found no association between passive smoking status

and MD. However, it seemed that women only exposed to

passive smoking had higher MD compared to women

exposed to both passive and active smoking (Table 4).

Discussion

We found an inverse association between active smoking

and MD, especially smoking early in life, and heavy

smoking for many years. Passive smoking was not asso-

ciated with MD, but the study was limited by very few

women in the cohort who were not exposed to either pas-

sive or active smoking.

Previous studies report mixed results on association

between active smoking and MD. Our results, however,

agree with the majority of the studies finding inverse

associations [7–11], although only one in premenopausal

women [12]. Existing studies use different definitions of

MD, making direct comparisons difficult. In accordance

with our results of 14 % lower odds of having mixed/dense

MD, Butler et al. [8] observed among 799 American pre-

menopausal and postmenopausal women that current

smokers had 7.2 % lower percent mammographic density
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Table 1 Characteristics of 5,356 participants in the Danish Diet, Cancer and Health cohort by mammographic density (mixed/dense or fatty)

Total Mixed/dense Fatty

Baseline cohort variables n = 5,356 n = 3,026 n = 2,330

Age (years), mean (SD) 56.2 (4.5) 55.4(4.3) 57.3 (4.7)

Age at first childbirth (years), mean (SD) 19.6 (9.2) 19.2 (9.9) 20.2 (8.3)

Postmenopausal, n (%) 4,489 (83.8) 2,441 (80.6) 2,048 (87.9)

Premenopausal, n (%) 867 (16.2) 585 (19.4) 282 (12.1)

Parous, n (%) 4,544 (84.8) 2,479 (81.9) 2,065 (88.6)

HT use (ever), n (%) 2,518 (47.0) 1,527 (50.4) 991 (42.6)

HT duration in ever users (years), mean (SD) 6.0 (6.0) 5.9 (5.9) 6.0 (6.0)

BMI (kg/m2), mean (SD) 25.9 (4.7) 24.6 (3.9) 27.6 (5.1)

BMI\ 25 (kg/m2), n (%) 2,624 (49.0) 1,840 (60.8) 784 (33.6)

BMI C 25 (kg/m2), n (%) 2,732 (51.0) 1.186 (39.2) 1546 (66.4)

Waist circumference (cm) 82.4 (11.8) 79.0 (10.1) 86.8 (12.4)

Alcohol drinker, n (%) 5,179 (16.5) 2,936 (97.0) 2,243 (96.3)

Alcohol consumption in drinkers (g/day), mean (SD) 13.5 (16.5) 14.4 (16.6) 12.2 (16.4)

Physically active, n (%) 2,572 (48.0) 1,507 (49.8) 1,065 (45.7)

Short education (B7 years), n (%) 1,906 (35.6) 933 (30.9) 973 (41.8)

Medium education (8–10 years), n (%) 2,624 (49.0) 1,526 (50.4) 1,098 (47.1)

Long education ([10 years), n (%) 826 (15.4) 567 (18.7) 259 (11.1)

Current active smoker, n (%) 2,214 (41.4) 1,262 (41.7) 952 (40.9)

Former active smoker, n (%) 1,175 (21.9) 652 (21.6) 523 (22.4)

Never active smoker, n (%) 1,967 (36.7) 1,112 (36.7) 855 (36.7)

Baseline smoking status among current and former active smokers n = 3,389 n = 1,914 n = 1,475

Started smoking\16 years of age, n (%) 544 (16.1) 280 (14.6) 264 (17.9)

Started smoking 16–26 years of age, n (%) 2,445 (72.1) 1,419 (74.1) 1,026 (69.6)

Started smoking C26 years of age, n (%) 390 (11.5) 209 (10.9) 181 (12.3)

Missing 10 (0.3) 6 (0.3) 4 (0.3)

Smoking duration (years), mean (SD) 29.8 (12.0) 29.2 (11.8) 30.7 (12.2)

Smoked* 0–10 years, n (%) 386 (11.4) 228 (11.9) 158 (10.7)

Smoked* 10–20 years, n (%) 400 (11.8) 234 (12.2) 166 (11.3)

Smoked* 20–30 years, n (%) 634 (18.7) 380 (19.9) 254 (17.2)

Smoked*[30 years, n (%) 1,934 (57.1) 1,052 (55.0) 882 (59.8)

Missing 35 (1.0) 20 (1.0) 15 (1.0)

Baseline smoking status among current active smokers n = 2,214 n = 1,262 n = 952

Cigarettes/day in current smokers, mean (SD) 15.0 (7.9) 15.2 (8.3) 14.8 (7.4)

0–5 259 (11.7) 150 (11.9) 109 (11.4)

5–10 484 (21.9) 272 (21.6) 212 (22.3)

10–15 613 (27.7) 348 (27.6) 265 (27.8)

[15 857 (38.7) 492 (39.0) 365 (38.3)

Missing 1 (0.0) 0 (0.0) 1 (0.1)

Number of pack-yearsa

B5 141 (6.4) 72 (5.7) 69 (7.2)

6–10 192 (8.7) 122 (9.7) 70 (7.4)

11–15 191 (8.6) 108 (8.6) 83 (8.7)

C16 1630 (73.6) 932 (73.9) 698 (73.3)

Baseline smoking status among parous current and former active smokers n = 2,842 n = 1,551 n = 1,291

Initiated smoking after first childbirth, n (%) 572 (20.1) 295 (19.0) 277 (21.5)

Initiated smoking before first childbirth, n (%) 2,270 (79.9) 1,256 (81.0) 1,014 (78.5)
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(PMD) than never (active and passive) smokers. Further-

more, Bremnes et al. [7] found that current and former

smokers had a modest 2 % lower PMD compared to never

smokers in a cohort of 907 Norwegian postmenopausal

women. Jeffreys et al. [10] in 628 premenopausal and

postmenopausal Scottish women found that women

smoking at university had 42 % lower PMD than women

not smoking at university, while Modugno et al. [11] found

in 239 postmenopausal American women that current

smokers had a 9 % lower PMD compared to previous and

never smokers. Cabanes et al. [9] in the largest study to

date among 3,568 Spanish women found no association

between MD and smoking defined as current versus non-

current smoker, but detected inverse association in heavy

smokers ([15 cigarettes per day and [700 accumulated

cigarettes life), in accordance with our results. Finally,

Vachon et al. [16] in 1,900 US women found 8–10 % lower

PMD among current premenopausal smokers compared to

never smokers, while no difference was observed among

postmenopausal women [16]. However, several studies

failed to find an association between smoking and MD [13–

15], and one even reported higher MD in smokers than

never smokers [12]. Isiharara et al. [14] and Roubidoux

et al. [15] had only data on smoking status, categorized as

current/previous/never and current/non-current, respec-

tively, without any data on smoking intensity and duration,

and both lacked power, with 522 and 528 women in the

study, respectively. Furthermore, Isiharara et al. [14] did

not specify whether they adjusted for BMI in the analyses.

Brand et al. [13], however, in 1,147 Swedish women failed

to find an association with smoking and PMD, even when

considering smoking duration, dose, and pack-years.

Finally, Gapstur et al. [12] in a small study in 296 Hispanic

women found higher PMD in current smokers as compared

to never and past smokers, but only statistically significant

in premenopausal women.

Most studies to date adjusted for BMI in the analyses,

which is a very strong predictor of MD. Roubidoux et al.

[15] did not include BMI as a possible confounder in their

model, which may explain the lack of association between

smoking and MD. When leaving BMI and waist circum-

ference out of fully adjusted model, we found no significant

associations between any of smoking proxies and MD, e.g.,

effect of current active smoking (compared to never)

changed (0.96; 95 % 0.84–1.09). The association between

BMI and MD is complex as both are independent risk

factors for breast cancer [23–25]. Furthermore, BMI is an

important confounder, since obesity is strongly inversely

associated with MD due to the larger proportion of fat in

the breast [26–28]. Strength of this study is that BMI is

measured at cohort baseline by trained professionals, with

no exposure misclassification, in contrast to self-reported

BMI in other studies [10, 13, 14] on smoking and MD. We

also benefited from having data on measured waist cir-

cumference and could thus extensively adjust for adiposity

by these two measures. Furthermore, BMI at cohort base-

line (at age 50–65 years) was well correlated with self-

reported BMI at age 50 years (Pearson’s correlation coef-

ficient r = 0.90), age 40 years (0.76), and age 30 years

(0.64), indicating that BMI reflects well lifetime BMI and

waist circumference. In conclusion, our results indicate that

adiposity is an important confounder, and failing to adjust

for BMI may lead to an underestimation of the effect of

smoking on MD.

We observed that early smoking initiation, before age of

16 years, heavy smoking, of more than 15 cigarettes a day,

and smoking for more than 30 years were associated with

lower MD. In accordance with our results, Butler et al. [8]

observed that starting to smoke before age 18 years and

having smoked more than 20 cigarettes a day (vs. 9

cigarettes) were associated with statistically significantly

lower percent MD [8]. Furthermore, Bremnes et al. [7]

Table 1 continued

Total Mixed/dense Fatty

Duration of smoking before first childbirth (years)

0–3 793 (27.9) 443 (28.6) 350 (27.1)

4–6 735 (25.9) 385 (24.8) 350 (27.1)

7–10 490 (17.2) 286 (18.4) 204 (15.8)

C11 252 (8.9) 142 (9.2) 110 (8.5)

Baseline smoking status among former active smokers n = 1,175 n = 652 n = 523

Quit smoking 0–10 years ago, n (%) 504 (42.8) 269 (41.3) 235 (44.9)

Quit smoking 10–20 years ago, n (%) 263 (22.4) 149 (22.9) 114 (21.8)

Quit smoking[20 years ago, n (%) 346 (29.4) 204 (31.3) 142 (27.2)

Missing 62 (5.4) 30 (4.6) 32 (6.1)

SD standard deviation, BMI body mass index, HT hormone therapy
a Number of cigarettes smoked per day multiplied by number of years smoked, divided by 20. One pack has 20 cigarettes
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Table 2 Odds of having

mixed/dense mammographic

density among 5,356

participants in the Danish Diet,

Cancer and Health cohort

Crude Age adjusted Fully adjustedb

Smoking exposure

Never active smokers 1.00 1.00 1.00

Former active smokers 0.96 (0.83–1.11) 1.03 (0–89–1.19) 0.98 (0.83–1.14)

Current active smokers 1.02 (0.90–1.15) 1.02 (0.90–1.15) 0.86 (0.75–0.99)

Former and current smokers 1.00 (0.89–1.12) 1.02 (0.91–1.15) 0.90 (0.78–1.02)

Age at smoking initiation among former and current smokers (years)

Never active smokers 1.00 1.00 1.00

\16 0.81 (0.68–0.99) 0.84 (0.69–1.02) 0.79 (0.64–0.98)

16–26 1.06 (0.94–1.20) 1.09 (0.96–1.23) 0.94 (0.82–1.07)

C26 0.88 (0.71–1.10) 0.92 (0.74–1.15) 0.84 (0.66–1.06)

p trendc \0.0001

Duration of smoking among former and current smokers (years)

Never active smokers 1.00 1.00 1.00

0–10 1.11 (0.89–1.39) 1.09 (0.87–1.38) 0.98 (0.77–1.24)

10–20 1.08 (0.87–1.35) 1.07 (0.86–1.34) 0.94 (0.74–1.18)

20–30 1.15 (0.96–1.38) 1.03 (0.86–1.24) 0.94 (0.77–1.15)

[30 0.92 (0.81–1.04) 1.00 (0.88–1.14) 0.86 (0.75–0.99)

p trendc \0.0001

Average no. of cigarettes per day among current smokersa

Never active smokers 1.00 1.00 1.00

0–5 1.11 (0.89–1.39) 0.96 (0.70–1.34) 0.85 (0.60–1.21)

5–10 1.01 (0.79–1.29) 1.07 (0.83–1.36) 0.83 (0.64–1.07)

10–15 1.09 (0.89–1.33) 1.16 (0.95–1.43) 0.94 (0.76–1.18)

C15 1.01 (0.88–1.17) 0.97 (0.83–1.12) 0.83 (0.71–0.98)

p trendc \0.0001

Number of pack-years among current smokersd

Never active smokers 1.00 1.00 1.00

B5 0.80 (0.57–1.13) 0.75 (0.53–1.05) 0.62 (0.43–0.89)

6–10 1.34 (0.98–1.84) 1.33 (0.97–1.83) 1.14 (0.82–1.60)

11–15 1.00 (0.74–1.35) 1.00 (0.74–1.36) 0.82 (0.60–1.12)

C16 1.03 (0.90–1.17) 1.04 (0.90–1.19) 0.87 (0.75–1.01)

p trendc \0.0001

Smoking initiation before first childbirth among parous ever smokers

Parous, never active smokers 1.00 1.00 1.00

No 0.89 (0.73–1.07) 0.93 (0.76–1.13) 0.96 (0.67–1.18)

Yes 1.03 (0.91–1.17) 1.05 (0.92–1.19) 0.93 (0.81–1.07)

Duration of smoking before first childbirth among parous ever smokers (years)

Parous, never active smokers 1.00 1.00 1.00

0–3 1.06 (0.89–1.25) 1.04 (0.87–1.23) 1.03 (0.85–1.25)

4–6 0.92 (0.77–1.09) 0.93 (0.78–1.11) 0.82 (0.68–1.00)

7–10 1.17 (0.95–1.44) 1.23 (0.99–1.52) 1.03 (0.82–1.29)

C11 1.08 (0.82–1.41) 1.17 (0.89–1.55) 0.70 (0.51–0.96)

p trendc \0.0001

Time since smoking cessation among former smokers (years)

Current smokers 1.00 1.00 1.00

0–10 0.86 (0.71–1.04) 0.90 (0.74–1.10) 1.08 (0.88–1.32)

10–20 0.98 (0.76–1.28) 0.99 (0.76–1.29) 1.10 (0.83–1.45)

[20 1.08 (0.86–1.37) 1.24 (0.98–1.56) 1.37 (1.01–1.67)
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found that current smokers who smoked 11 cigarettes or

more had a lower MD compared with current smokers who

smoked seven cigarettes or less [7]. Finally, Cabanes et al.

[9] detected an inverse association in women smoking

more than 15 cigarettes per day, and those with 700

accumulated cigarettes life, in accordance with our results.

Only one prior study [8] investigated the association

between passive smoking, defined as self-reported smoking

exposure within the last 7 days, and MD. In agreement

with our results, they found lower MD with increasing

intensity of combined passive and active smoking. Our

findings, however, should be interpreted cautiously as the

number of women exposed to neither active nor passive

smoking only included 28 women.

In contrast to previous studies [7, 8], we found that

smoking more than 11 years before first childbirth was

statistically significantly associated with lower MD

compared to parous never smokers (Table 2). An associa-

tion might be expected as breast tissue includes more

undifferentiated structures prior to a women’s first preg-

nancy [29] and according to prior studies on smoking and

breast cancer risk, showing that the pre-partum period

might be the most relevant exposure, increasing risk of

breast cancer [29–33]. Our finding of an inverse association

between smoking and MD implies that effect of active

smoking effect on breast cancer risk is likely not mediated

by MD.

Recent studies provide convincing evidence of an

association between smoking of high intensity and duration

and breast cancer, although exact mechanisms of how

tobacco smoke may cause breast cancer are unknown [3–

6]. It has been shown that breast tissue undergoes neo-

plastic transformation when exposed to certain carcinogens

from tobacco smoke such as polycyclic hydrocarbons

Table 2 continued
Crude Age adjusted Fully adjustedb

p trendc \0.0001

a Data are only available for current smokers
b Adjusted for age, BMI, waist circumference, HT use, HT duration, physical activity, parity, education,

alcohol use (yes/no), and alcohol intake (g/day)
c Trend test (Cochran–Armitage) between the levels of smoking categories
d Number of cigarettes smoked per day multiplied by number of years smoked, divided by 20. One pack

has 20 cigarettes

Table 3 Odds of having mixed/dense mammographic density among 5,356 participants in the Danish Diet, Cancer and Health cohort, stratified

by menopausal status, hormone use, and body mass index (BMI)

Crude Age adjusted Fully adjusteda

Menopausal status

Postmenopausal never active smoker 1.00 1.00 1.00

Postmenopausal former or current active smoker 1.02 (0.90–1.16) 1.02 (0.90–1.16) 0.91 (0.80–1.04)

Premenopausal never active smoker 1.00 1.00

Premenopausal former or current active smoker 1.00 (0.75–1.33) 1.07 (0.80–1.44) 0.92 (0.67–1.29)

p value for interaction 0.89 0.88 0.95

HT use in postmenopausal women

Ever HT user and never active smoker 1.00 1.00 1.00

Ever HT users and former or current active smoker 1.00 (0.84–1.19) 0.99 (0.83–1.18) 0.89 (0.74–1.08)

Ever HT user and never active smoker 1.00 1.00 1.00

Never HT users and former or current active smoker 1.01 (0.85–1.20) 1.02 (0.86–1.22) 0.92 (0.77–1.12)

p value for interaction 0.93 0.79 0.91

BMI

Normal BMI and never active smoker 1.00 1.00 1.00

Normal (BMI\ 25 kg/m2) former or current active smoker 0.84 (0.70–1.01) 0.90 (0.75–1.08) 0.84 (0.70–1.02)

Overweight/obese and never active smoker 1.00 1.00 1.00

Overweight/obese former or current smoker (BMI C 25 kg/m2) 0.96 (0.82–1.11) 0.97 (0.83–1.13) 0.94 (0.80–1.11)

p value for interaction 0.29 0.50 0.50

a Adjusted for age, BMI, waist circumference, HT use, HT duration, physical activity, parity, education, alcohol use (yes/no), and alcohol intake

(g/day)
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(PAH) and aromatic amines and N-nitrosamines, which

cause DNA damages [34]. Furthermore, PAH might also

induce formation of genotoxic estrogen metabolites, espe-

cially in the more undifferentiated breast tissue [35], and

can lead to mammary tumors in laboratory animals [36]. In

contrast to the well-established positive association

between postmenopausal hormone therapy and MD [37,

38], we observed an inverse association between smoking

and MD. These findings are consistent with an suggested

anti-estrogenic effect of smoking on MD [39, 40], sug-

gesting that tobacco smoke enhances the metabolism of

estradiol metabolites with minimum estrogenic activity and

inhibits aromatization of androgens into estrogens. As

estrogen increases MD, this biological mechanism of

tobacco smoke leading to lower circulation estrogen levels

seems to explain observed finding that smokers experience

lower MD, even more convincing with strong evidence in

our data of dose–response, with lower MD with increasing

smoking dose and duration. This is also in agreement with

the EPIC study which DCH cohort is part of, indicating that

smoking after menopause decreases the risk of breast

cancer [4].

In this study, we benefited from the possibility to link

the large, prospective cohort of Danish women with well-

defined, prospectively collected formation on exposure and

confounders to the Mammography Screening Registry with

validated data on MD [21]. This is the largest study to date

examining the association between smoking and MD. We

furthermore benefited from data on both active smoking

and passive smoking, and good data on intensity and

duration of smoking, which only three other studies had

previously [7–9]. We also had very high smoking preva-

lence in the cohort, with 63 % of ever and 41 % of current

smokers, allowing for power to examine associations

within various subgroups. Compared to prior studies

reporting associations between smoking and MD [7–16],

we included both BMI and waist circumference in the

multivariate models to adjust for adiposity, one of the

strongest predictors of MD, and minimize the possibility of

residual confounding. Finally, we had measured data on

BMI, whereas three of the studies [10, 13, 14] used self-

reported height and weight when calculating BMI.

A weakness of our study was the small number of

women non-exposed to both active and passive cigarette

smoking, and the simplified definition on passive smoking,

not including detailed information on passive smoking

intensity. This limited our possibility to fully examine the

effect of passive smoking. Nevertheless, this is interesting,

assuming that the DCH cohort represents a healthier and

better educated group of women compared to the general

Danish population [17]. Another limitation of this study is

the simplified dichotomized definition of MD and lack of

BI-RADS or percent MD. However, this score has been

validated showing good agreement with BI-RADS classi-

fication [21] and utilized in earlier studies [41, 42]. Fur-

thermore, information on smoking status was not updated

after baseline, which might induce some misclassification,

but this should not be a problem since average time

between cohort baseline and mammographic screening

used for MD was 1 year. However, as misclassification of

smoking status presumably would be non-differential to

MD, this would have biased the result toward the null

association. We cannot fully exclude the possibility that

our results are due to residual confounding, but we have

controlled for all known breast cancer risk factors and MD

determinants, including the strongest ones, as parity, age at

first childbirth, menopause, hormone therapy and BMI.

Furthermore, we have used MD data assessed at the

screening after cohort baseline (1993–1997), on average

1 year (up to 4 years) between cohort baseline and

screening, to ensure prospective cohort design. Data on

smoking and confounders were collected independently

from MD data, and before women participated in screen-

ing, without any knowledge of these data being used to

Table 4 Odds of having mixed/dense mammographic density by passive smoking status among 5,356 participants in the Danish Diet, Cancer

and Health cohort who had data on passive smoking (5,316)

n Total (mixed

dense/fatty MD)

Crude Age adjusted Fully adjusteda

Never active smokers, not exposed to passive smoking 28 (13/15) 1.00 1.00 1.00

Never active smokers, exposed to passive smoking in

childhood, at work or at home

1,929 (1,097/832) 1.53 (0.73–3.22) 1.02 (0.49–2.13) 1.22 (0.60–2.48)

Former or current active smokers, not exposed to

passive smoking in childhood, at work or at home

5 (0/5) NA NA NA

Former or current active smokers, also exposed to

passive smoking in childhood, at work or at home

3,354 (1,904/1,450) 1.52 (0.73–3.20) 1.05 (0.50–2.18) 1.04 (0.52–2.11)

Forty women were excluded due to missing data on passive smoking
a Adjusted for age, BMI, waist circumference, HT use, HT duration, physical activity, parity, education, alcohol use (yes/no), and alcohol intake

(g/day)

Cancer Causes Control

123



study MD, ensuring minimal information bias. Finally,

statistically significant dose–response inverse relationship

between smoking duration, dose, and early onset of

smoking in parous women with MD, all argue that this is

the true association.

In conclusion, in this study we found that active

smoking, especially high-intensity smoking for many

years, and smoking early in life were inversely associated

with MD. This implies that MD is not on the biological

pathway between smoking and breast cancer.
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