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Abstract

Mammographic density (MD) is a strong risk factor for breast cancer and may represent a useful intermediate
marker for breast cancer risk. Physical activity (PA) is known to be associated with a reduced risk of breast cancer. If
PA is associated with MD then this would be useful for breast cancer prevention studies. MD was assessed on
digitized mammograms using a computer assisted method (Madena) in 2218 postmenopausal women. A
questionnaire assessed PA, by asking about the duration and intensity of light, moderate, strenuous PA/week. We
used multivariate linear regression models to estimate least square means of percent MD by total and intensity of
PA with adjustment for confounders. The mean age (± s.d) was 58.4 (±5.3) and mean BMI was 24.6 (±4.6). We
observed a statistically significant inverse association between total PA and MD in the over-weight (BMI = 25.0-29.9)
women, where mean MD among women with highest activity (>360 mins/week) was 12.6% (95%CI; 11.2%-14.0%),
while among women with no activity it was 15.9% (95 CI; 13.6%-18.2%, p for trend = 0.04). There was no association
in the other BMI strata. MD was 12.1% (11.2%-13.0%) in the highest group (> 180 mins/week) of moderate/
strenuous activity and in the no activity group 14.8% (14.2%-15.5%, p for trend = 0.001) in the over-weight women.
There was no association between light PA and MD in all women combined or in any other BMI strata. We found
some evidence of an inverse association between PA and MD among overweight women.
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Introduction
Physical activity is one of the few modifiable lifestyle fac-
tor, which may play an important role in the prevention
of breast cancer (World Cancer Research Fund/Ameri-
can Institute for Cancer Research 2007; WCRF/AICR
Systematic Literature Review Continuous Update Report
2008). According to the International Agency for Re-
search on Cancer (IARC), approximately 25% of cancer
cases worldwide occur as a result of obesity and seden-
tary lifestyle (IARC Working Group 2002). Regular (or
high) physical activity has been associated with a
reduced risk of breast cancer in epidemiological studies
(Thune et al. 1997; McTiernan et al. 2003; McTiernan

2010; Carmichael et al. 2010; World Cancer Research
Fund/American Institute for Cancer Research 2007;
Irwin et al. 2006; Bernstein et al. 1994; Friedenreich
2001; Peters et al. 2009; Lahmann et al. 2007; George
et al. 2010; Friedenreich 2011; Lynch et al. 2011; WCRF/
AICR Systematic Literature Review Continuous Update
Report 2008), but details including the type of activity or
the amount and intensity of activity that is needed to
confer protection remains to be determined.
High mammographic density is positively associated

with risk of developing breast cancer for both pre- and
postmenopausal women (McCormack & Dos Santos
2006). Mammographic density is usually expressed as a
percentage: the area on the mammogram that is radio-
logically dense divided by the whole breast area. The risk
of breast cancer is 4 to 6 times in women having a mam-
mographic density > 75% as compared to women having
very low or no density (McCormack & Dos Santos
2006).
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Mammographic density has been shown to be influ-
enced by sex hormone levels (Boyd et al. 2002a). Repro-
ductive factors such as nulliparity and late age at first
birth which are positively associated with breast cancer
risk have been shown to be positively associated with
high mammographic density (Gram et al. 1995). More-
over, combined hormone therapy has been associated
with high mammographic density (Greendale et al. 2003;
McTiernan et al. 2005). Physical activity may protect
against breast cancer through hormonal mechanisms
(Friedenreich & Cust 2008), either directly through in-
fluencing circulating hormones or protein levels, or in-
directly by reducing body mass resulting in lower levels
of circulating sex hormones (van Gils et al. 2009), or by
increasing insulin sensitivity. Thus it is possible that
physical activity exerts its effect on breast cancer
through mammographic density. Further, women who
are physically active are often leaner than women who
are not, and body mass index (BMI) is inversely asso-
ciated with mammographic density (Stone et al. 2009),
thus complicating the association between physical ac-
tivity and mammographic density.
Epidemiological studies on the association between

physical activity and mammographic density have
reported inconsistent results (Lopez et al. 2003; Monnin-
khof et al. 2007; Irwin et al. 2006; Masala et al. 2009;
Siozon et al. 2006; Gram et al. 1999; Suijkerbuijk et al.
2006; Reeves et al. 2007; Samimi et al. 2008; Conroy
et al. 2010; Peters et al. 2008). A few have reported a sta-
tistically significant inverse association between physical
activity and mammographic density (Masala et al. 2009;
Lopez et al. 2003; Irwin et al. 2006; Monninkhof et al.
2007). But most studies have found no evidence of an
association (Peters et al. 2008; Suijkerbuijk et al. 2006;
Siozon et al. 2006; Reeves et al. 2007; Samimi et al. 2008;
Conroy et al. 2010; Gram et al. 1999). A number of these
studies have reported a positive association between
physical activity and mammographic density that attenu-
ated after adjustments for BMI (Peters et al. 2008;
Reeves et al. 2007).
In this cross-sectional study we evaluated the associ-

ation between total and intensity of physical activity and
mammographic density in postmenopausal Norwegian
women in all women combined as well as stratified by
BMI.

Materials and methods
Study sample
We used data from the Norwegian Breast Cancer
Screening Program , a governmentally funded mammo-
graphic screening program (Hofvind 2007). Women
aged 50–69 years are invited to a bilateral two-view
mammogram biennially.

The methods of this mammographic density study
have been described previously (Qureshi et al. 2011a).
Briefly, in 2004, an informed consent form and a study
questionnaire on various breast cancer risk factors were
enclosed with the official Norwegian Breast Cancer
Screening Program invitation letter to a random sample
of 17,050 women, residing in three counties. Women
were asked to bring the signed informed consent and
the completed risk factor questionnaire with them to the
screening examination. A total of 12,056 (71%) women
attended the screening; and 7,941 (66%) returned a com-
pleted questionnaire. The questionnaire solicited
answers to questions on breast cancer risk factors in-
cluding menstrual and reproductive history, oral contra-
ceptive and menopausal hormone use, family history of
breast cancer, current weight and height. In addition
these 7.941 women were asked whether they would be
willing to complete another questionnaire on dietary in-
take and physical activity.
The 7,174 (90%) women who agreed were sent a 13-

page questionnaire, and a total of 3,484 (49%) women
returned a completed questionnaire. We requested
screening mammograms from the various radiological
facilities, and limited these requests to women who
provided a completed dietary/physical activity question-
naire, and who had undergone screen film mammog-
raphy in 2004. Among the approximately 3180 women
with a completed questionnaire who had undergone
screen film mammography in 2004, we were during the
study period able to obtain and scan the 2004 mammo-
grams on 2871 women. Women were excluded if they
had a previous diagnosis of breast (n = 12) or ovarian (n
= 5) cancer. We also excluded 291 women, in successive
order, because of missing data on the following variables:
women who had incomplete data on age (n = 29), weight
(n = 42), height (n = 30), number of children (n = 59),
education (n = 32), menopausal status (n = 62), age at
menarche (n = 15), hormone use (n = 13), number of
pregnancies (n = 9). A previous coding error was cor-
rected on age for two women, resulting in two less
exclusions than our previous analysis (Qureshi et al.
2011a; Qureshi et al. 2011b). We restricted this analysis
to women who were assumed to be postmenopausal (six
months or longer since last menstrual bleeding), at the
time of screening (n = 2254). We also excluded (n = 36)
women who provided no physical activity information.
Finally data set in this analysis included 2218 women.
All participants signed an informed consent. The pro-

ject was approved by the regional ethics committee and
the Norwegian Data Inspectorate.

Physical activity assessment
In the questionnaire women were asked to report the
amount of time they usually spent on physical activity in
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a week. The questionnaire was modeled after the phys-
ical activity questionnaire used in the California Tea-
chers Study (Dallal et al. 2007) and modified somewhat
for Norwegian women. In the questionnaire women
were asked to provide information on how much time
they spent on physical activity during a week. Specifically
they were asked to provide the duration of time they
spent on: 1) light activities (such as walking at a slow
pace, or cross-country skiing at a slow pace); 2) moder-
ate activities (defined as activities where some effort is
required and which cause somewhat increased breathing
such as riding a bike at a moderate pace, swimming at a
moderate pace, jogging slowly, cross-country skiing at
moderate pace, dancing, golf ); 3) Very strenuous activ-
ities (defined as activities that require hard work and
causes substantial increased breathing such as aerobics,
running or cycling fast, swimming fast, cross-country
skiing at a fast pace, ball games). Women were asked to
give the duration in minutes or hours/week of the three
pre-defined levels of physical activity. They had to
choose from eight options which were 0, < 30 minutes,
30 minutes- 1 hr, 1.5- 2 hrs, 2.5- 3.5 hrs, 4–6 hrs, 7–
10 hrs and > 11 hrs per week.

Mammographic density assessment
Total breast area and absolute mammographic density
were determined using the University of Southern Cali-
fornia Madena computer-based threshold method of
assessing density, a method that has been validated and
described previously (Ursin et al. 1998; Greendale et al.
2003). Left cranio-caudal mammograms were digitized
using a Kodak Lumisys 85 scanner (Kodak, Rochester,
New York, USA) and were then viewed on a computer
screen. In brief, a trained reader first defines the total
breast area using an outlining tool, and the software esti-
mates the total number of pixels in the breast (total
breast area). Next, a reader defines a region of interest
in the breast that contains all the densities, but that
excludes the pectoralis muscle, prominent veins, fibrous
strands and other light artifacts. The reader then uses a
tinting tool to apply a yellow tint to dense pixels within
the region of interest that have grey levels at or above
some threshold and below a pixel value of 255. The
reader searches for the best threshold where all pixels
within the region of interest are considered to represent
mammographic densities. The software estimates the
number of tinted pixels within the region of interest (ab-
solute density). The percent mammographic density (%
MD), or the fraction (%) of the breast with densities, is
the ratio of absolute density to the total breast area. The
density assessments were performed by GU, while the
total breast areas were assessed by a research assistant
trained by GU. The readers were blinded to all subject
characteristics.

Statistical analysis
As the residuals from the models satisfied the normality
and homoscedasticity assumptions, we analyzed percent
mammographic density as continuous variable without
applying any transformation (Altman 1991). We esti-
mated the association between physical activity and %
MD by running multiple linear regression methods (Alt-
man 1991).
We assessed the association between physical activity

and % MD using women who reported no activity,
defined as women who reported none to less than
30 minutes of light activity, as the reference category. In
the analysis of the intensity of physical activity, we
examined each activity separately, and we also modeled
light, moderate and strenuous activity in the same
model. We modeled light, moderate and strenuous activ-
ity in the same model; the results presented are from
this model, unless stated otherwise. Tests for trend were
conducted by modeling intensity of physical activity as
continuous variables. The p-values are based on the or-
dinal value of each category of intensity of physical
activity.
We also combined moderate and strenuous physical

activity and created a new variable (moderate + strenu-
ous activity) in our analysis. In this analysis we adjusted
for light physical activity as well as other potential con-
founders in all women combined and stratified by BMI.
As indicated above women missing data on all three

physical activity variables were excluded. A woman who
had not answered the questions on how often she did
physical activity at one of the three intensity levels, was
assumed to have no activity at that intensity level, i.e.
she was placed in the no activity category for that inten-
sity level. For example, if a woman replied to the ques-
tion on light physical activity and was missing on
moderate and strenuous activity then it was assumed
that she only did light physical activity and vice versa.
We conducted analysis both with the women with such
missing variables included in the no activity group as
well as excluded. As the results were materially the same
from these two analyses, we present the results with
those with missing values included in the no activity
group.
Age was defined as age at the time of mammographic

screening. Both weight and height were self reported by
the women. BMI was calculated by dividing weight (kilo-
grams) by height (in meters2). We selected the following
potential confounders a priori according to their pre-
sumed association with mammographic density evident
from previous studies: age at mammography (years),
BMI at mammography (continuous), years of education
(≤ 11, 12–14, 15+), age at menarche (years), number of
pregnancies (nulliparous, 1, 2, 3, 4, 5+), age at first birth
among parous women (<20, 20–24, 25–29, 30+), and
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postmenopausal hormone therapy (never, past, current).
Current alcohol intake did not alter the results, so it was
not included in the final model. We did not have infor-
mation on smoking, however smoking has not been
strongly associated with mammographic density.
The effect of BMI on mammographic density is well

established (Stone et al. 2009). In order to control for
the effect of BMI on the association between physical ac-
tivity and mammographic density, we tried various BMI
adjustments, including adjusting for BMI quartiles (ter-
tiles, quintiles) using more detailed BMI categories,
entering them as dummy variables or as continuous
variables (results not shown). We concluded that this
did not necessarily capture the confounding effect at the
extreme categories of BMI. We therefore also conducted
analyses stratified by BMI, i.e. we examined the associ-
ation between physical activity and percent mammo-
graphic density separately in women according to the
World Health Organization (WHO) classification of nor-
mal weight (BMI < 25), overweight (≥ 25.0- 29.9 ), and
obese (BMI ≥ 30) (WHO 1995).
Factors such as age and hormone therapy could poten-

tially modify the association between physical activity
and mammographic density. Therefore, we also tested
for effect modification by age and postmenopausal ther-
apy, by stratifying analysis by age and postmenopausal
hormone therapy (never, past, current). We used χ2 tests
for heterogeneity and trend to evaluate differences in
estimates of mammographic density.
All P values quoted are two sided. We considered P

values < 0.05 as statistically significant and values 0.05-
0.10 as borderline significant. All analyses were per-
formed using the software package STATA version 11
(StataCorp. 2009. College Station, TX: StataCorp LP).

Results
The mean age (± standard deviation) of the 2,218 parti-
cipants was 58.4 years (±5.3 years) and their mean BMI
was 24.6 (± 4.6). The mean physical activity as reported
by the women was 288 mins/week (± 235 mins/week).
Normal weight women were found to be more edu-

cated and active as compared to the over- weight and
obese women (Table 1). Overall there was a slight posi-
tive association between total physical activity and mam-
mographic density in all women combined, but this was
not statistically significant (p for trend = 0.65) (Table 2).
This positive association was also observed in the nor-
mal weight BMI stratum. However, we found a statisti-
cally significant inverse association between total
physical activity and mammographic density in over-
weight women. The percent mammographic density was
12.6% (11.2%- 14.0%) in the highest group (> 360 mins/
week) whereas in the no activity group it was 15.9%
(13.6% - 18.2%). The inverse association between total

physical activity and mammographic density was also
observed in the obese women, but it did not reach statis-
tical significance.
When considering the intensity of physical activity,

there was no association between light physical activity
and percent mammographic density in any of the BMI
strata (Table 3). However, there was a statistically signifi-
cant inverse association between moderate physical ac-
tivity and percent mammographic density among the
overweight women. The percent mammographic density
was 12.2% (11.4%- 13.0%) in the highest activity group
(≤ 180 mins/week) whereas in the no activity group it
was 14.6% (13.9% - 15.2%) (p for trend = 0.02). We also
observed an inverse association between strenuous phys-
ical activity and percent mammographic density in the
overweight women; this association was borderline sta-
tistically significant (p for trend = 0.06).
We also examined the relationship between the com-

bination of moderate and strenuous physical activity and
mammographic density (Table 4). The analysis was
adjusted for light physical activity. There was no associ-
ation between moderate/strenuous activity and MD
overall but the association between activity and%MD dif-
fered by BMI. Consistent with the results mentioned
above, we observed an inverse association between the
combined moderate/strenuous physical activity and
mammographic density in the overweight women.
The percent mammographic density was 12.1%

(11.2%- 13.0%) in the highest activity group (> 180 mins/
week) whereas in the no activity group it was 14.8%
(14.2% - 15.5%) (p for trend = 0.001). However, in the
normal weight women, there was a positive borderline
significant association between moderate/strenuous ac-
tivity and mammographic density with percent mammo-
graphic density of 25.4% (24.6%- 26.1%) in the highest
group (> 180 mins/week), and 20.9% (20.2%- 21.6%) in
the no activity group (p for trend = 0.06). Analyses were
also conducted with absolute density as the outcome
measure. The results were not different, from the above-
mentioned results (results not shown). We also con-
ducted analysis by modeling intensity of physical activity
(light, moderate, strenuous) as continuous variables sep-
arately without mutually adjusting for each other. The
results were essentially the same (results not shown).
Finally we conducted analyses stratified by age and

postmenopausal hormone therapy to determine if either
variable modified the association between physical activ-
ity and mammographic density. There was no evidence
of effect modification by either in all women combined
or in any of the BMI strata (results not shown).

Discussion
In this study total physical activity was unrelated to MD
overall. However, in heavier women we found some
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evidence of an inverse association between total physical
activity and mammographic density, and between mod-
erate as well as strenuous physical activity and percent
mammographic density.
Our overall finding of no statistically significant associ-

ation between total physical activity and mammographic
density is consistent with many other studies which
reported no association between physical activity and
percent mammographic density (Gram et al. 1999; Suij-
kerbuijk et al. 2006; Siozon et al. 2006; Peters et al. 2008;
Conroy et al. 2010; Samimi et al. 2008; Reeves et al.
2007; Woolcott et al. 2010).
Our results are supportive of an inverse association

between physical activity and mammographic density
appearing in over-weight and obese women. Our results
are consistent with results of two previous studies
that stratified analyses by BMI. Both studies reported
inverse associations between physical activity and

mammographic density in heavier women (Irwin et al.
2006; Masala et al. 2009). One of these studies was a
cross-sectional analysis of 474 participants who reported
their usual physical activity a year prior to their diagno-
sis of breast cancer from two different centers in the US
(Irwin et al. 2006). No statistically significant trends were
observed between total physical activity or sports/recre-
ational physical activity and dense breast area or percent
mammographic density after adjustment for BMI as a
continuous variable. However, when the analyses were
stratified by BMI, statistically significant inverse associa-
tions were observed between physical activity and mam-
mographic density among obese (BMI ≥ 30 kg/m2)
postmenopausal women (Irwin et al. 2006). In a study of
Italian women, there was an inverse association between
physical activity among postmenopausal women that
was more evident in the highest BMI tertile (≥ 26.5 )
(Masala et al. 2009).

Table 2 Multivariate adjusted* mean (95%CI) of percent (%) mammographic density by duration of physical activity
(mins/week) for all women and stratified by BMI

VARIABLES ALL In strata of BMI

< 25 ≥ 25-29 ≥ 30

N = 2218 N = 1235 N = 732 N = 251

Physical_activity (mins/week)

No activity 140 15.6 (14.0- 17.3) 58 21.8 (19.4- 24.2) 46 15.9 (13.6- 18.2) 36 8.4 (5.9- 10.9)

30- 45 129 16.2 (14.6- 17.7) 59 22.2 (20.3- 24.0) 46 15.2 (13.5- 17.0) 24 8.1 (6.3- 10.0)

46-100 280 16.7 (15.8- 17.5) 138 22.5 (21.7- 23.9) 108 14.6 (13.3- 15.8) 34 7.9 (6.5- 9.3)

101-180 408 17.8 (17.1- 18.5) 215 23.0 (22.0- 23.8) 134 13.9 (13.0- 14.8) 59 7.7 (6.5- 9.0)

181-360 630 18.5 (18.0- 19.0) 353 23.2 (22.2- 24.1) 221 13.2 (12.2- 14.3) 56 7.5 (6.0- 9.0)

> 360 631 19.9 (19.4- 20.4) 412 23.6 (22.4- 24.8) 177 12.6 (11.2- 14.0) 42 7.3 (5.2- 9.4)

p for trend 0.65 0.25 0.04 0.60
* Least square means and p values for trend from linear regression. Adjusted for age at mammography (continuous), years of education (≤ 11, 12–14, 15+),
number of pregnancies (nulliparous, 1,2,3,4, 5–10), age at first full-term pregnancy for parous women (<20, 20–24, 25–29, 30+), postmenopausal hormone therapy
(never, past, current), body mass index (continuous).

Table 1 Characteristics of all the study population and stratified by BMI

VARIABLES ALL In strata of BMI

< 25 ≥ 25-29 ≥ 30

N = 2218 N = 1235 N = 732 N = 251

mean (± SD) mean (± SD) mean (± SD) mean (± SD)

Age (yrs) 58.4 (± 5.3) 58.4 (± 5.1) 58.2 (± 5.2) 58.8 (± 5.2)

Education (yrs) 12.8 (± 3.3) 13.5 (± 3.2) 12.8 (± 3.2) 12.1 (± 3.2)

BMI 24.6 (± 4.6) 21.8 (± 1.8) 26.5 (± 1.4) 32.7 (± 3.4)

Number of pregnancies 2.5 (± 1.2) 2.4 (± 1.2) 2.5 (± 1.2) 2.6 (± 1.3)

Age at first full-term pregnancy (yrs) 22.1 (± 7.5) 22.1 (± 8.5) 22.1 (± 7.7) 21.8 (± 7.6)

Postmenopausal HT* 51% 54% 60% 50%

Percent density (%) 18.2 (± 15.9) 26.2 (± 17.7) 18.8 (± 14.2) 10.7 (± 11.5)

Absolute density (cm2) 23.5 (± 20.9) 26.6 (± 18.8) 24.8 (± 20.9) 19.3 (± 22.0)

Physical activity (mins/week) 288 (± 235) 318 (± 250) 266 (± 217) 201 (± 172)

*Percentage of women taking hormone therapy.
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Physical activity is only inversely associated with mam-
mographic density in overweight/obese women. In other
words, one could hypothesize that the effect of physical
activity would be stronger in overweight women. A year
long randomized controlled trial, reported that physical
activity had a favorable effect on reducing circulating sex
hormone concentrations among overweight postmeno-
pausal women (McTiernan et al. 2004; Friedenreich
2011). Thus, if this effect is stronger in overweight than
in normal weight women, it could explain a possible
modifying effect of BMI on the association between
physical activity and mammographic density. If true, this
could suggest that physical activity is particularly benefi-
cial in reducing breast cancer risk in heavy women
(Woolcott et al. 2010).
A proposed mechanism explaining the association

between physical activity and mammographic density
is that physical activity may alter female sex steroid
hormone levels that may result in reduced mammo-
graphic density. The effect of endogenous estrogens on

mammographic density is however, not clear (Tamimi
et al. 2005; Tamimi et al. 2007; Boyd et al. 2002b; Green-
dale et al. 2005; Bremnes et al. 2007). Three studies have
examined the relationship between plasma levels of en-
dogenous sex steroid hormones and mammographic
density among postmenopausal women (Tamimi et al.
2005; Boyd et al. 2002b; 2005). Boyd et al. (2002b) found
no positive association between levels of circulating free
estradiol and mammographic density among 189 post-
menopausal women, after adjusting for age and waist
measurements. Among 520 women in the Nurses’
Health Study, Tamimi et al. observed an inverse associ-
ation between estradiol and mammographic density
which was no longer statistically significant after adjust-
ment for BMI (Tamimi et al. 2005). In contrast, the
Postmenopausal Estrogen – Progestin Interventions
study found a positive, association between endogenous
estradiol levels and mammographic density (Greendale
et al. 2005). An Italian study of recently postmenopausal
women also reported a positive association between

Table 3 Multivariate adjusted* mean (95%CI) of percent (%) mammographic density by light, moderate, strenuous
physical activity (mins/week) for all women and stratified by BMI

VARIABLES ALL In strata of BMI

< 25 ≥ 25-29 ≥ 30

N = 2218 N = 1235 N = 732 N = 251

Light_activity (mins/week)

No activity 361 17.3 (16.4- 18.1) 189 23.4 (22.5- 24.3) 111 13.1 (12.3- 14.0) 61 8.4 (7.8- 9.0)

≤ 45** 384 17.7 (16.9- 18.4) 188 22.6 (21.8- 23.4) 143 13.8 (13.0- 14.7) 53 8.1 (7.5- 8.6)

46-100 507 18.4 (17.8- 19.0) 276 23.2 (22.5- 24.0) 175 13.8 (13.0- 14.5) 56 8.0 (7.4- 8.7)

101-180 450 18.2 (17.6- 18.9) 250 22.8 (22.0- 23.6) 156 13.6 (12.9- 14.3) 44 7.0 (6.2- 7.9)

>180 516 19.2 (18.1- 19.7) 332 23.2 (22.6- 23.9) 147 14.3 (13.6- 14.6) 37 7.0 (6.0- 8.2)

p for trend 0.45 0.79 0.54 0.27

Moderate_activity (mins/week)

No activity 664 17.2 (16.7- 17.8) 341 21.4 (20.7- 22.0) 236 14.6 (13.9- 15.2) 87 8.5 (7.9- 9.0)

≤ 30 257 17.8 (16.9- 18.6) 130 22.1 (21.2- 23.1) 91 15.0 (14.1- 16.0) 36 8.5 (7.7- 9.2)

31- 45 457 18.3 (17.5- 19.0) 258 23.4 (22.6- 24.1) 142 13.3 (12.6- 14.1) 57 7.3 (6.7- 8.0)

46-100 414 18.6 (17.8- 19.4) 231 24.2 (23.4- 25.0) 138 13.0 (12.3- 13.8) 45 6.8 (6.0- 7.7)

101-180 426 19.8 (19.2- 20.4) 275 24.5 (23.8- 25.3) 125 12.2 (11.4- 13.0) 26 7.0 (6.2- 7.7)

p for trend 0.94 0.11 0.02 0.23

Strenuous_activity (mins/week)

No activity 1404 17.4 (17.0- 17.8) 727 22.3 (21.8-22.7) 490 14.0 (13.5- 14.4) 187 7.5 (7.2- 7.9)

≤ 30 218 18.2 (17.2- 19.1) 118 22.6 (21.5-23.7) 72 13.7 (12.7- 14.8) 28 7.5 (6.7- 8.2)

31- 45 265 19.9 (19.0- 20.9) 174 24.5 (23.6- 25.4) 69 13.2 (12.2-14.2) 22 8.4 (6.9- 9.9)

46- 100 197 20.2 (19.3- 21.1) 119 24.9 (23.8- 26.0) 69 12.6 (11.5- 13.7) 9 9.6 (6.6- 12.6)

101-180 134 21.5 (20.5- 22.4) 97 25.2 (24.0- 26.3) 32 12.7 (11.0- 14.4) 5 10.9 (6.6- 15.3)

p for trend 0.80 0.83 0.06 0.37
* Least square means and p values for trend from multiple linear regression modeling light, moderate and strenuous activity simultaneously. Adjusted for age at
mammography (continuous), years of education (≤ 11, 12–14, 15+), number of pregnancies (nulliparous, 1,2,3,4, 5–10), age at first full-term pregnancy for parous
women (<20, 20–24, 25–29, 30+), postmenopausal hormone therapy (never, past, current), body mass index (continuous).
** Women with ≤ 30 mins of light activity are included in the no activity group.
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mammographic density and endogenous estradiol (Hof-
vind et al. 2011).
Thus there is some, although not overwhelming evi-

dence for an association between endogenous levels of
estrogen and mammographic density. If there is such an
association, then the question is whether estrogen levels
could have a stronger affect in heavier than in lighter
women. In the Alberta Physical Activity and Breast Can-
cer Prevention (ALPHA) Trial physical activity resulted
in larger reduction in estrone levels in over-weight than
in normal weight women (Tretli & Haldorsen 1990).
A recent systematic review of 33 cohort studies and 40

case–control studies published until Dec 2009, found
that physical activity was associated with a reduction in
risk of breast cancer (Lynch et al. 2011). According to
these studies physically active women had on average
25% less risk of breast cancer as compared to the least
active women. Recreational activity, regular activity sus-
tained over life time, activity of moderate to vigorous in-
tensity and that performed after menopause had the
strongest association. Physical activity provides many
health benefits, including weight loss and maintenance,
improved insulin sensitivity, and improved lipid profile.
Alterations in the metabolism of endogenous hormones
such as insulin, sex hormones and levels of insulin-like
growth factor (IGF)- I, and IGF-binding proteins
(IGFBPs), may form the causal pathways linking excess
weight and breast cancer risk (Bianchini et al. 2002).
The cross-sectional design of our study limited our

ability to draw a temporal association. Another possible
limitation of our study could have been that we had
measurement of mammographic density at one point in
time only, and thus were precluded from assessing the
effect of physical activity on mammographic density over
time. As we did not have information on household and
occupational activity from our questionnaire, therefore

we cannot comment if there is any association with
these types of activity and mammographic density. We
had to rely on the information about physical activity
reported by the women themselves based on the ques-
tionnaire. Thus we cannot rule out the possibility of over
reporting and possible misclassification of the physical
activity variables.
A fundamental problem in making a causal interpret-

ation of associations from observational data is the pos-
sibility that such associations are due to confounding. In
our study, estimates were adjusted for important con-
founding factors including age, BMI, education, age at
menarche, use of hormone therapy. We cannot exclude
the possibility that our estimates could be residually
confounded. In particular BMI, as the weight and height
were self reported in our study it is likely that this would
have caused misclassification for the BMI variable.
Moreover, the assessment of adiposity by BMI rather
than a more precise measures of body fat (e.g. DXA)
may appear to be a limitation of the study, however,
Woolcott et al. found anthropometric measurements are
likely to be sufficient for adjustment of the association
between mammographic density and breast cancer risk
(Conroy et al. 2012).
There were several strengths of this study. The mam-

mographic density was assessed by trained personnel
using a validated computer assisted method. Readers
had no knowledge of the physical activity and risk factor
data, thus minimizing the chances of systematic error
due to observation bias. Another strength of our study is
that we used a continuous measure of mammographic
density, which more accurately represents the relation
with breast cancer risk (McCormack & Dos Santos
2006). Recall bias is unlikely to have been a problem in
our study, since women typically do not know their
mammographic density. In addition, not knowing their

Table 4 Multivariate adjusted* mean (95%CI) of percent (%) mammographic density by moderate + strenuous physical
activity (mins/week) for all women combined and stratified by BMI

VARIABLES ALL In strata of BMI

< 25 ≥ 25-29 ≥ 30

N = 2218 N = 1235 N = 732 N = 251

Moderate + strenuous activity (mins/week)

No activity 566 16.9 (16.3- 17.5) 287 20.9 (20.2- 21.6) 200 14.8 (14.2- 15.5) 79 8.0 (7.5- 8.5)

≤ 30 193 17.2 (16.1- 18.2) 90 21.9 (20.8- 23.1) 73 14.9 (13.9- 16.0) 30 8.4 (7.6- 9.2)

31- 45 265 17.2 (16.2- 18.2) 139 22.9 (21.8- 24.0) 84 13.0 (12.0 - 14.1) 42 7.5 (6.7- 8.3)

46- 100 435 18.5 (17.8- 19.1) 238 23.2 (22.4- 23.9) 149 13.8 (13.1- 14.6) 48 7.3 (6.6- 8.0)

101-180 426 19.1 (18.4- 19.8) 254 24.0 (23.2- 24.8) 136 12.5 (11.7 -13.3) 36 7.7 (6.8- 8.7)

>180 333 20.6 (20.0- 21.3) 227 25.4 (24.6- 26.1) 90 12.1 ( 11.2- 13.0) 18 7.2 (5.8- 8.6)

p for trend 0.81 0.06 0.001 0.51
* Least square means and p values for trend from linear regression. Adjusted for age at mammography (continuous), years of education (≤ 11, 12–14, 15+),
number of pregnancies (nulliparous, 1,2,3,4, 5–10), age at first full-term pregnancy for parous women (<20, 20–24, 25–29, 30+), postmenopausal hormone therapy
(never, past, current), body mass index (continuous), light physical activity.
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mammographic density the decision to participate in the
study was independent of their knowledge, hence ruling
out the possibility of a potential selection bias.
In conclusion, we found some evidence of an inverse

between physical activity and mammographic density
among women in the over-weight BMI stratum. How-
ever, our findings are limited to one BMI stratum and to
total physical activity only, thus we cannot rule out the
possibility that these findings could be due to chance.
Further studies are needed to confirm any associations
between physical activity (including other types house-
hold, occupational activity as well) and mammographic
density, and in particular to better understand the con-
founding or possibly modifying effects of BMI.

Competing interest
The authors declare no conflict of interest.

Authors' contributions
SAQ carried out the literature review, data analyses, interpreted the results,
and drafted the manuscript. ME contributed as co-author and helped with
the drafting and proof reading the manuscript. SH and AW helped with the
analysis, drafting and proof reading of the manuscript. GU designed the
study and contributed as supervisor and provided all scientific and technical
supports. All authors read and approved the final manuscript.

Acknowledgements
The project was funded in part by the Research Council of Norway (160610/
V50 and 163919/V50), the Norwegian Cancer Society (HS01-2006-0362) and
the Throne Holst Foundation. Dr. Wu was supported in part by the National
Cancer Institute (R01 CA102065).

Author details
1Department of Nutrition, Institute of Basic Medical Sciences, University of
Oslo, P.Box 1110, Blindern, Oslo, Norway. 2Cancer Registry of Norway,
Majorstuen, P.O.Box 5313, Oslo 0304, Norway. 3Department of Preventive
Medicine, University of Southern California, Los Angeles, California, USA.

Received: 14 November 2012 Accepted: 27 November 2012
Published: 21 December 2012

References
World Cancer Research Fund/American Institute for Cancer Research (2007) Food,

nutrition, physical activity, and the prevention of cancer: a global
perspective., Washington DC

WCRF/AICR Systematic Literature Review Continuous Update Report (2008) The
associations between food, nutrition and physical activity and the risk of
breast. Cancer, London

IARC Working Group (2002) IARC handbooks of cancer prevention; weight
control and physical activity, vol 6. IARC Press, Lyon

Thune I, Brenn T, Lund E, Gaard M (1997) Physical activity and the risk of breast
cancer. N Engl J Med 336(18):1269–1275. doi:10.1056/nejm199705013361801

McTiernan A, Kooperberg C, White E, Wilcox S, Coates R, Adams-Campbell LL,
Woods N, Ockene J (2003) Recreational physical activity and the risk of breast
cancer in postmenopausal women: the Women’s health initiative cohort
study. JAMA 290(10):1331–1336. doi:10.1001/jama.290.10.1331

McTiernan A (2010) Physical activity, weight, diet, and breast cancer risk
reduction; comment on “physical activity and risk of breast cancer among
postmenopausal women”. Arch Intern Med 170(20):1792–1793. doi:10.1001/
archinternmed.2010.416

Carmichael AR, Daley AJ, Rea DW, Bowden SJ (2010) Physical activity and breast
cancer outcome: a brief review of evidence, current practice and future
direction. Eur J Surg Oncol 36(12):1139–1148. doi:10.1016/j.ejso.2010.09.011

Irwin ML, Aiello EJ, McTiernan A, Baumgartner RN, Baumgartner KB, Bernstein L,
Gilliland FD, Ballard-Barbash R (2006) Pre-diagnosis physical activity and
mammographic density in breast cancer survivors. Breast Cancer Res Treat 95
(2):171–178. doi:10.1007/s10549-005-9063-1

Bernstein L, Henderson BE, Hanisch R, Sullivan-Halley J, Ross RK (1994) Physical
exercise and reduced risk of breast cancer in young women [see comments].
J Natl Cancer Inst 86(18):1403–1408

Friedenreich CM (2001) Physical activity and cancer prevention: from
observational to intervention research. Cancer Epidemiol Biomarkers Prev
10(4):287–301

Peters TM, Schatzkin A, Gierach GL, Moore SC, Lacey JV Jr, Wareham NJ,
Ekelund U, Hollenbeck AR, Leitzmann MF (2009) Physical activity
and postmenopausal breast cancer risk in the NIH-AARP diet and
health study. Cancer Epidemiol Biomarkers Prev 18(1):289–296.
doi:10.1158/1055-9965.epi-08-0768

Lahmann PH, Friedenreich C, Schuit AJ, Salvini S, Allen NE, Key TJ, Khaw KT,
Bingham S, Peeters PH, Monninkhof E, Bueno-de-Mesquita HB,
Wirfalt E, Manjer J, Gonzales CA, Ardanaz E, Amiano P, Quiros JR,
Navarro C, Martinez C, Berrino F, Palli D, Tumino R, Panico S, Vineis P,
Trichopoulou A, Bamia C, Trichopoulos D, Boeing H, Schulz M, Linseisen J,
Chang-Claude J, Chapelon FC, Fournier A, Boutron-Ruault MC, Tjonneland A,
Fons Johnson N, Overvad K, Kaaks R, Riboli E (2007) Physical activity and
breast cancer risk: the european prospective investigation into cancer and
nutrition. Cancer Epidemiol Biomarkers Prev 16(1):36–42. doi:10.1158/
1055-9965.epi-06-0582

George SM, Irwin ML, Matthews CE, Mayne ST, Gail MH, Moore SC, Albanes D,
Ballard-Barbash R, Hollenbeck AR, Schatzkin A, Leitzmann MF (2010) Beyond
recreational physical activity: examining occupational and household activity,
transportation activity, and sedentary behavior in relation to postmenopausal
breast cancer risk. Am J Public Health 100(11):2288–2295. doi:10.2105/
ajph.2009.180828

Friedenreich CM (2011) Physical activity and breast cancer: review of the
epidemiologic evidence and biologic mechanisms. Recent Results Cancer
Res 188:125–139. doi:10.1007/978-3-642-10858-7_11

Lynch BM, Neilson HK, Friedenreich CM (2011) Physical activity and breast cancer
prevention. Recent Results Cancer Res 186:13–42. doi:10.1007/978-3-642-
04231-7_2

McCormack V, Dos Santos SI (2006) Breast density and parenchymal patterns as
markers of breast cancer risk: a meta-analysis. Cancer Epidemiol Biomarkers
Prev 15(6):1159–1169

Boyd N, Martin L, Stone J, Little L, Minkin S, Yaffe M (2002a) A longitudinal study
of the effects of menopause on mammographic features. Cancer Epidemiol
Biomarkers Prev 11(10 Pt 1):1048–1053

Gram IT, Funkhouser E, Tabar L (1995) Reproductive and menstrual factors in
relation to mammographic parenchymal patterns among perimenopausal
women. Br J Cancer 71(3):647–650

Greendale GA, Reboussin BA, Slone S, Wasilauskas C, Pike MC, Ursin G (2003)
Postmenopausal hormone therapy and change in mammographic density. J
Natl Cancer Inst 95(1):30–37

McTiernan A, Martin CF, Peck JD, Aragaki AK, Chlebowski RT, Pisano ED, Wang CY,
Brunner RL, Johnson KC, Manson JE, Lewis CE, Kotchen JM, Hulka BS (2005)
Estrogen-plus-progestin use and mammographic density in postmenopausal
women: women’s health initiative randomized trial. J Natl Cancer Inst
97(18):1366–1376

Friedenreich CM, Cust AE (2008) Physical activity and breast cancer risk: impact of
timing, type and dose of activity and population subgroup effects. Br J
Sports Med 42(8):636–647. doi:10.1136/bjsm.2006.029132

van Gils CH, Peeters PH, Schoenmakers MC, Nijmeijer RM, Onland-Moret NC, van
der Schouw YT, Monninkhof EM (2009) Physical activity and endogenous sex
hormone levels in postmenopausal women: a cross-sectional study in the
prospect-EPIC cohort. Cancer Epidemiol Biomarkers Prev 18(2):377–383.
doi:10.1158/1055-9965.epi-08-0823

Stone J, Warren RM, Pinney E, Warwick J, Cuzick J (2009) Determinants of
percentage and area measures of mammographic density. Am J Epidemiol
170(12):1571–1578. doi:kwp313 [pii] 10.1093/aje/kwp313

Lopez P, Van Horn L, Colangelo LA, Wolfman JA, Hendrick RE, Gapstur SM (2003)
Physical inactivity and percent breast density among hispanic women. Int J
Cancer 107(6):1012–1016. doi:10.1002/ijc.11495

Monninkhof EM, Elias SG, Vlems FA, van der Tweel I, Schuit AJ, Voskuil DW,
van Leeuwen FE (2007) Physical activity and breast cancer: a systematic
review. Epidemiology 18(1):137–157. doi:10.1097/01.ede.0000251167.75581.98

Masala G, Assedi M, Ambrogetti D, Sera F, Salvini S, Bendinelli B, Ermini I, Giorgi
D, Rosselli del Turco M, Palli D (2009) Physical activity and mammographic
breast density in a mediterranean population: the EPIC florence longitudinal
study. Int J Cancer 124(7):1654–1661. doi:10.1002/ijc.24099

Qureshi et al. SpringerPlus 2012, 1:75 Page 8 of 9
http://www.springerplus.com/content/1/1/75

http://dx.doi.org/10.1056/nejm199705013361801
http://dx.doi.org/10.1001/jama.290.10.1331
http://dx.doi.org/10.1001/archinternmed.2010.416
http://dx.doi.org/10.1001/archinternmed.2010.416
http://dx.doi.org/10.1016/j.ejso.2010.09.011
http://dx.doi.org/10.1007/s10549-005-9063-1
http://dx.doi.org/10.1158/1055-9965.epi-08-0768
http://dx.doi.org/10.1158/1055-9965.epi-06-0582
http://dx.doi.org/10.1158/1055-9965.epi-06-0582
http://dx.doi.org/10.2105/ajph.2009.180828
http://dx.doi.org/10.2105/ajph.2009.180828
http://dx.doi.org/10.1007/978-3-642-10858-7_11
http://dx.doi.org/10.1007/978-3-642-04231-7_2
http://dx.doi.org/10.1007/978-3-642-04231-7_2
http://dx.doi.org/10.1136/bjsm.2006.029132
http://dx.doi.org/10.1158/1055-9965.epi-08-0823
http://dx.doi.org/kwp313 <pii> 10.1093/aje/kwp313
http://dx.doi.org/10.1002/ijc.11495
http://dx.doi.org/10.1097/01.ede.0000251167.75581.98
http://dx.doi.org/10.1002/ijc.24099


Siozon CC, Ma H, Hilsen M, Bernstein L, Ursin G (2006) The association between
recreational physical activity and mammographic density. Int J Cancer
119(7):1695–1701. doi:10.1002/ijc.22020

Gram IT, Funkhouser E, Tabar L (1999) Moderate physical activity in relation to
mammographic patterns. Cancer Epidemiol Biomarkers Prev 8(2):117–122

Suijkerbuijk KP, Van Duijnhoven FJ, Van Gils CH, Van Noord PA, Peeters PH,
Friedenreich CM, Monninkhof EM (2006) Physical activity in relation to
mammographic density in the dutch prospect-European prospective
investigation into cancer and nutrition cohort. Cancer Epidemiol Biomarkers
Prev 15(3):456–460. doi:10.1158/1055-9965.epi-05-0569

Reeves KW, Gierach GL, Modugno F (2007) Recreational physical activity and
mammographic breast density characteristics. Cancer Epidemiol Biomarkers
Prev 16(5):934–942. doi:10.1158/1055-9965.epi-06-0732

Samimi G, Colditz GA, Baer HJ, Tamimi RM (2008) Measures of energy balance
and mammographic density in the nurses’ health study. Breast Cancer Res
Treat 109(1):113–122. doi:10.1007/s10549-007-9631-7

Conroy SM, Butler LM, Harvey D, Gold EB, Sternfeld B, Oestreicher N, Greendale
GA, Habel LA (2010) Physical activity and change in mammographic density:
the study of Women’s health across the nation. Am J Epidemiol
171(9):960–968. doi:10.1093/aje/kwq025

Peters TM, Ekelund U, Leitzmann M, Easton D, Warren R, Luben R, Bingham S,
Khaw KT, Wareham NJ (2008) Physical activity and mammographic breast
density in the EPIC-Norfolk cohort study. Am J Epidemiol 167(5):579–585.
doi:10.1093/aje/kwm350

Hofvind S (2007) Breast cancer screening–prevalence of disease in women who
only respond after an invitation reminder. J Med Screen 14(1):21–22

Qureshi SA, Couto E, Hilsen M, Hofvind S, Wu AH, Ursin G (2011a)
Mammographic density and intake of selected nutrients and vitamins in
norwegian women. Nutr Cancer 63(7):1011–1020. doi:10.1080/
01635581.2011.605983

Qureshi SA, Couto E, Hofvind S, Wu AH, Ursin G (2011b) Alcohol intake and
mammographic density in postmenopausal Norwegian women. Breast
Cancer Res Treat. doi:10.1007/s10549-011-1812-8

Dallal CM, Sullivan-Halley J, Ross RK, Wang Y, Deapen D, Horn-Ross PL, Reynolds
P, Stram DO, Clarke CA, Anton-Culver H, Ziogas A, Peel D, West DW, Wright
W, Bernstein L (2007) Long-term recreational physical activity and risk of
invasive and in situ breast cancer: the California teachers study. Arch Intern
Med 167(4):408–415. doi:10.1001/archinte.167.4.408

Ursin G, Astrahan MA, Salane M, Parisky YR, Pearce JG, Daniels JR, Pike MC, Spicer
DV (1998) The detection of changes in mammographic densities. Cancer
Epidemiol Biomarkers Prev 7(1):43–47

Altman DG (1991) Practical statistics for medical research. Chapman & Hall,
London

WHO (1995) Physical status: the use and interpretation of anthropometry. Geneva
Woolcott CG, Courneya KS, Boyd NF, Yaffe MJ, Terry T, McTiernan A, Brant R,

Ballard-Barbash R, Irwin ML, Jones CA, Brar S, Campbell KL, McNeely ML,
Karvinen KH, Friedenreich CM (2010) Mammographic density change with
1 year of aerobic exercise among postmenopausal women: a randomized
controlled trial. Cancer Epidemiol Biomarkers Prev 19(4):1112–1121.
doi:10.1158/1055-9965.epi-09-0801

McTiernan A, Tworoger SS, Ulrich CM, Yasui Y, Irwin ML, Rajan KB, Sorensen B,
Rudolph RE, Bowen D, Stanczyk FZ, Potter JD, Schwartz RS (2004) Effect of
exercise on serum estrogens in postmenopausal women: a 12-month
randomized clinical trial. Cancer Res 64(8):2923–2928

Tamimi RM, Hankinson SE, Colditz GA, Byrne C (2005) Endogenous sex hormone
levels and mammographic density among postmenopausal women. Cancer
Epidemiol Biomarkers Prev 14(11 Pt 1):2641–2647

Tamimi RM, Byrne C, Colditz GA, Hankinson SE (2007) Endogenous hormone
levels, mammographic density, and subsequent risk of breast cancer in
postmenopausal women. J Natl Cancer Inst 99(15):1178–1187. doi:djm062
[pii] 10.1093/jnci/djm062

Boyd NF, Stone J, Martin LJ, Jong R, Fishell E, Yaffe M, Hammond G, Minkin S
(2002b) The association of breast mitogens with mammographic densities. Br
J Cancer 87(8):876–882

Greendale GA, Palla SL, Ursin G, Laughlin GA, Crandall C, Pike MC, Reboussin BA
(2005) The association of endogenous sex steroids and sex steroid binding
proteins with mammographic density: results from the postmenopausal
estrogen/progestin interventions mammographic density study. Am J
Epidemiol 162(9):826–834

Bremnes Y, Ursin G, Bjurstam N, Lund E, Gram IT (2007) Different types of
postmenopausal hormone therapy and mammographic density in
Norwegian women. Int J Cancer 120(4):880–884

Hofvind S, Sakshaug S, Ursin G, Graff-Iversen S (2011) Breast cancer incidence
trends in Norway-explained by hormone therapy or mammographic
screening? Int J Cancer. doi:10.1002/ijc.26280

Tretli S, Haldorsen T (1990) A cohort analysis of breast cancer, uterine corpus
cancer, and childbearing pattern in Norwegian women. J Epidemiol
Community Health 44(3):215–219

Bianchini F, Kaaks R, Vainio H (2002) Weight control and physical activity in
cancer prevention. Obes Rev 3(1):5–8

Conroy SM, Woolcott CG, Koga KR, Byrne C, Nagata C, Ursin G, Vachon CM, Yaffe
MJ, Pagano I, Maskarinec G (2012) Mammographic density and risk of breast
cancer by adiposity: an analysis of four case–control studies. Int J Cancer
130(8):1915–1924. doi:10.1002/ijc.26205

doi:10.1186/2193-1801-1-75
Cite this article as: Qureshi et al.: Physical activity and mammographic
density in a cohort of postmenopausal Norwegian women; a cross-
sectional study. SpringerPlus 2012 1:75.

Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

Qureshi et al. SpringerPlus 2012, 1:75 Page 9 of 9
http://www.springerplus.com/content/1/1/75

http://dx.doi.org/10.1002/ijc.22020
http://dx.doi.org/10.1158/1055-9965.epi-05-0569
http://dx.doi.org/10.1158/1055-9965.epi-06-0732
http://dx.doi.org/10.1007/s10549-007-9631-7
http://dx.doi.org/10.1093/aje/kwq025
http://dx.doi.org/10.1093/aje/kwm350
http://dx.doi.org/10.1080/01635581.2011.605983
http://dx.doi.org/10.1080/01635581.2011.605983
http://dx.doi.org/10.1007/s10549-011-1812-8
http://dx.doi.org/10.1001/archinte.167.4.408
http://dx.doi.org/10.1158/1055-9965.epi-09-0801
http://dx.doi.org/djm062 <pii> 10.1093/jnci/djm062
http://dx.doi.org/djm062 <pii> 10.1093/jnci/djm062
http://dx.doi.org/10.1002/ijc.26280
http://dx.doi.org/10.1002/ijc.26205

	Abstract
	Introduction
	Materials and methods
	Study sample
	Physical activity assessment
	Mammographic density assessment
	Statistical analysis

	Results
	Discussion
	Competing interest
	Authors' contributions
	Acknowledgements
	Author details
	References

