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Abstract
There is convincing evidence for a decreased risk of breast
cancer with increased physical activity. Uncertainties remain,
however, about the role of different types of physical activity
on breast cancer risk and the potential effect modification
for these associations. We used data from 218,169 premenopausal and postmenopausal women from nine European
countries, ages 20 to 80 years at study entry into the European
Prospective Investigation into Cancer and Nutrition. Hazard
ratios (HR) from multivariate Cox regression models were
calculated using metabolic equivalent value – based physical
activity variables categorized in quartiles, adjusted for age,
study center, education, body mass index, smoking, alcohol
use, age at menarche, age at first pregnancy, parity, current
oral contraceptive use, and hormone replacement therapy
use. The physical activity assessment included recreational,
household, and occupational activities. A total physical

activity index was estimated based on cross-tabulation of
these separate types of activity. During 6.4 years of followup, 3,423 incident invasive breast cancers were identified.
Overall, increasing total physical activity was associated
with a reduction in breast cancer risk among postmenopausal women (P trend = 0.06). Specifically, household activity was
associated with a significantly reduced risk in postmenopausal (HR, 0.81; 95% confidence interval, 0.70-0.93, highest
versus the lowest quartile; P trend = 0.001) and premenopausal
(HR, 0.71; 95% confidence interval, 0.55-0.90, highest versus
lowest quartile; P trend = 0.003) women. Occupational activity
and recreational activity were not significantly related to
breast cancer risk in both premenopausal and postmenopausal women. This study provides additional evidence for
a protective effect of physical activity on breast cancer
risk. (Cancer Epidemiol Biomarkers Prev 2007;16(1):36 – 42)

Introduction
The majority of epidemiologic studies indicate a reduced risk
of breast cancer in relation to increased physical activity in
postmenopausal women, but the evidence is less consistent in

premenopausal women (1-6). Overall, the evidence of an
inverse association between breast cancer risk and physical
activity was in 2002 classified as ‘‘convincing’’ (7). The
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decrease in breast cancer risk for the most physically active
women compared with the least active women is, on average,
20% to 40%, with some studies observing up to 70% risk
reductions (7). It is hypothesized that physical activity affects
breast cancer through changes in menstrual characteristics,
body size, metabolism of endogenous hormones, including sex
hormones, insulin, and insulin-like growth factors, or immune
function (2, 8).
The reduction in breast cancer risk associated with physical
activity is mainly based on findings from studies on leisure or
recreational physical activity, with stronger associations
found in case-control studies than in cohort studies. There
are fewer reports on occupational physical activity and breast
cancer risk, and only a minority of studies have used a
combined measure of recreational and occupational physical
activity (total activity) with inconclusive results (9-17). The
lack of a clear risk pattern may be due to differences in the
assessment and definitions of physical activities used across
studies; frequency, intensity, and duration of activity have
not been systematically examined in all studies, often because
of measurement errors in the physical activity assessment
methods. A dose-response relation was especially observed
in case-control studies and supported by cohort studies
where metabolic equivalent (MET) hours per week were
applied (18).
In this study, we examine the association of breast cancer
risk in premenopausal and postmenopausal breast cancer with
various physical activity measures using physical activity
variables based on MET values. A secondary aim is to evaluate
whether these associations are modified by other potential risk
factors.

Materials and Methods
The European Prospective Investigation into Cancer and
Nutrition (EPIC) is a multicenter prospective cohort study
designed primarily to investigate the association between
nutrition and cancer. The EPIC cohort consists of 23 subcohorts
in 10 European countries, Denmark, France, Germany, Greece,
Italy, the Netherlands, Norway, Spain, Sweden, and the United
Kingdom, thereby allowing comparisons of lifestyle and food
habits among regions with very different cancer rates. Foodrelated and lifestyle questionnaires were administered and
anthropometric measurements obtained from all participants
at the time of enrollment (1992-2000). The 366,521 eligible
female participants were mostly of ages 25 to 70 years and
recruited from the general population residing in a given
geographic area, such as a town or a province (19). Exceptions
were the French cohort (based on female members of the
health insurance for school employees), the Utrecht cohort in
the Netherlands (based on women attending breast cancer
screening), the Ragusa cohort in Italy (based on blood donors
and their spouses), and part of the Oxford cohort in the United
Kingdom (based on vegetarian volunteers and healthy eaters).
Eligible subjects were invited to participate in the study, and
those who accepted gave informed consent and completed
questionnaires on their diet, lifestyle, and medical history.
Study subjects were then invited to a center to provide a
blood sample and to have anthropometric measurements
taken, methods of which have been reported in full elsewhere
(19, 20).
Study Population. The present study was based on data
from 335,625 female participants after a priori excluding
women with prevalent cancer at any site at baseline
examination, those with missing dietary or nondietary
questionnaire data, and those who were in the top or bottom
1% of the ratio of energy intake to estimated energy
requirement (calculated from age and body weight) to reduce
the effect on the analysis of implausible extreme values (21).

Women from the Norwegian cohort (n = 35,956) and the
cohort from Umeå, Sweden (n = 12,519), were excluded
because of lack of data on physical activity. Women were
classified according to menopausal status at enrollment based
on an algorithm as described elsewhere (22). The study
population was further restricted to women who were
premenopausal (33.3%) and naturally postmenopausal at
recruitment (48.1%), thus excluding perimenopausal women
(15.0%) or those who had undergone surgical menopause
(3.6%). The analytic cohort for this study therefore consisted of
218,169 women from nine countries, of whom 90,060 were
premenopausal and 128,109 were postmenopausal. The
present analysis included some women from the French E3N
study published in 2006 (23). However, in that study, the
findings were based on physical activity data derived from
the baseline questionnaire of the E3N study. These physical
activity questions were different from the EPIC core questions
that were added later in the third questionnaire of the E3N
cohort and used in this analysis.
End Points and Ascertainment of Cases. Incident breast
cancer cases were identified through population cancer
registries (Denmark, Italy, Netherlands, Spain, Sweden, and
United Kingdom) or by active follow-up (France, Germany,
and Greece), depending on the follow-up systems in each of
the participating countries. The active follow-up procedure
used a combination of methods including health insurance
records, cancer and pathology registries, and via contact with
participants and their next-of-kin. Women were followed from
study entry (1992-2000) until first breast cancer diagnosis,
death, emigration, or end of the follow-up period. By January
2005, 5,763 breast cancer cases had been reported to the
common data base at the IARC, Lyon, based on information on
complete follow-up data up until December 2001 or December
2002 in most of the centers. Mortality data were coded
according to the 10th Revision of the International Statistical
Classification of Diseases, Injuries, and Causes of Death
(ICD-10), and cancer incidence data were coded according to
ICD-O-2. This analysis included 3,423 invasive (primary,
malignant) breast cancer cases, of which 869 occurred in
women who were premenopausal at recruitment and 2,554 in
postmenopausal women.
Classification of Physical Activity Measures and Other
Predictor Variables. The physical activity assessment used in
the EPIC study has previously been described (24, 25). An
assessment of the relative validity and reproducibility of the
nonoccupational physical activity questions was undertaken in
a sample of men and women from the Netherlands and the
questionnaire was found to be satisfactory for the ranking of
subjects although it was less suitable for the estimation of
energy expenditure (26).
Physical activity data were obtained using in-person
interviews or via a self-administered standardized questionnaire (24). Data on current occupational activity included
employment status and the level of physical activity done at
work (nonworker, sedentary, standing, manual, heavy manual, and unknown). Information on the frequency and
duration of nonoccupational physical activity during the past
year included housework (such as cleaning, washing,
cooking, child care, etc.), home repair (do-it-yourself activities), gardening, stair climbing, and recreational activities
(walking, cycling, and all other sports combined as done in
winter and summer separately) and vigorous physical
activity. Housework, home repair, gardening, and stair
climbing were combined to obtain an overall estimate of
household activity. Walking (including walking to work,
shopping, and leisure time), cycling (including cycling to
work, shopping, and leisure time), and sports activities were
combined to derive overall recreational activity. Because the
intensity of recreational and household activities was not
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directly recorded, a MET value was assigned to each reported
activity according to the Compendium of Physical Activities (27).
A MET is defined as the ratio of work metabolic rate to a
standard metabolic rate of 1.0 (4.184 kJ)kg1h1. The MET
values assigned to the nonoccupational data were 3.0 for
walking, 6.0 for cycling, 4.0 for gardening, 6.0 for sports,
4.5 for home repair (do-it-yourself work), 3.0 for housework,
and 8.0 for stair climbing. These mean MET values were
obtained by estimating the average of all comparable
activities in the Compendium. The mean numbers of hours
per week of summer and winter household and recreational
activities were estimated and then multiplied by the
appropriate MET values to obtain MET-hours per week of
activity. Vigorous physical activity when reported as practiced (yes/no; ref. 24) was also expressed as MET-hours per
week after assignment of a MET value of 9 to the reported
hours of vigorous physical activity.
To derive an estimate of total physical activity, household
and recreational activities were combined in MET-hours per
week and divided into quartiles (low, medium, high, and
very high) and cross-classified with the categories of
occupational activity. This total activity index was categorized as ‘‘inactive,’’ ‘‘moderately inactive,’’ ‘‘moderately
active,’’ and ‘‘active’’; the cross-classification is presented in
Appendix 1.
Information on reproductive, sociodemographic, and lifestyle characteristics was obtained from the standardized
questionnaire at study entry. Body measures were selfreported or assessed during a physical examination at study
entry (28). Other known risk factors included in this analysis
were age at menarche (V11, 12-15, >15 years), age at first
pregnancy (first birth <20, 20-30, >30 years, nulliparous),
education (none/primary school, technical/professional
school, secondary school, university), smoking status (never,
former, current), alcohol consumption as grams of ethanol per
day (abstainers, 1-14, 15-30, >30 g/d), body mass index (BMI;
continuous), current oral contraceptive use (no/yes), and
current hormone replacement therapy (HRT) use (no/yes).
Current hormone use refers to the use of menopausal
hormones at the time of recruitment as derived from the
country-specific questionnaires or during interviews and
includes estrogen alone and combined estrogen/progestin
preparations (referred to as HRT use).
Statistical Analysis. Cox proportional hazards models were
used to estimate adjusted hazard ratios (HR) and 95%
confidence intervals (95% CI) of breast cancer incidence for
each physical activity measure for premenopausal and
postmenopausal women separately. Age was used as the

underlying (primary dependent) time variable in the counting
process formulation with entry time t 0 defined as the subject’s
age at recruitment, and exit time t 1 defined as the subject’s age
at breast cancer diagnosis or censoring date. All multivariate
models were stratified by age at recruitment and by study
center to be less sensitive against violations of the proportional
hazards assumption, and simultaneously adjusted for the
following established or potential breast cancer risk factors:
BMI, age at menarche, age at first pregnancy, education,
smoking status, alcohol consumption, current oral contraceptive use, and current HRT use. Estimated energy intake was
derived from the food frequency questionnaire data applied in
the EPIC study (19) and used as covariate in subanalyses. An
indicator category for missing responses for each covariate was
created to minimize the loss of observations due to missing
covariate data.
Trend tests were calculated for quartile-based or categorybased scores, assigning a score from 1 to 4 to an individual
according to the interquartile interval of the selected physical
activity measure. For country-specific analyses, physical
activity measures with assigned MET scores were treated
as continuous variables. To estimate the overall effect across
countries, the method of DerSimonian and Laird (29), based
on the random effects model, was used. Heterogeneity
between country-specific risk ratios was assessed by
Cochran’s m2 test (30).
Potential effect modifications of the physical activity-breast
cancer association were examined by (a) BMI (continuous), (b)
alcohol intake (continuous), and (c) current HRT use (yes/no
in postmenopausal women only). A P value for interaction
was estimated for the interaction term of the test variable and
the physical activity trend variable (quartile- or category-based
score) over the entire cohort of premenopausal or postmenopausal women. All tests of statistical significance were two
sided and P < 0.05 was considered statistically significant. The
statistical analyses were done with the use of the PHREG
procedure in the Statistical Analysis System (SAS) software
package, version 9 (SAS Institute, Cary, NC).

Results
The analytic cohort of 218,169 women, ages 20 to 80 years at
baseline, was followed since 1992 for an average period of 6.4
(F1.8) years, yielding a total of 1,400,935 person-years. Table 1
provides the cohort characteristics of the female participants
stratified by menopausal status. The median age at breast
cancer diagnosis was 47.6 years for premenopausal women
and 65.6 years for postmenopausal women.

Table 1. Cohort characteristics by menopausal status, the EPIC study
Country

Premenopausal
Cohort
size (n)

France
Italy
Spain
United Kingdomc
The Netherlands
Greece
Germany
Swedenb
Denmark
Total

12,429
10,879
13,100
25,582
8,603
5,384
12,006
—
2,077
90,060

Age, baseline
median (range)
46
43
42
36
38
40
40

(42-58)
(29-58)
(29-57)
(20-58)
(20-58)
(20-57)
(20-58)
—
52 (50-58)
42 (20-58)

Postmenopausal

Person-years

No.
cases*

Cohort
size (n)

104,968
67,534
86,192
138,865
46,238
20,155
69,182
—
13,670
546,807

266
156
106
135
75
11
69
—
51
869

28,829
12,580
7,888
18,371
12,701
7,656
10,499
9,635
19,950
128,109

Age, baseline
median (range)
58
57
58
61
59
63
58
61
58
59

(43-71)
(39-78)
(40-70)
(39-80)
(39-70)
(40-80)
(39-70)
(45-74)
(50-66)
(39-80)

Person-years

No.
cases*

238,066
75,986
51,708
99,134
92,636
28,424
61,412
73,455
133,304
854,127

773
209
86
289
273
26
163
232
503
2,554

*Invasive (malignant, primary) breast cancer.
cThe United Kingdom cohort consists of participants recruited from both the general population (n = 12,984) and health-conscious individuals (i.e., vegetarians and
healthy eaters; n = 30,969).
bSweden: data presented are based on the Malmö cohort; data on premenopausal women not available.
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Characteristics of the study population stratified by case
status are presented in Table 2. Compared with noncases,
cases were older at study entry and tended to be older at their
first birth. Cases were also less likely to be nulliparous and to
currently use oral contraceptives, but more likely to be current
HRT users and high alcohol consumers. Overall, 16% of all
women were classified as physically inactive. Cases were more
likely to be ‘‘moderately inactive’’ or ‘‘inactive’’ than noncases.
The lower activity level among cases was also reflected in the
mean MET-hours per week for recreational and household
activities. Other characteristics, such as age at menarche,
educational attainment, and smoking status, were similar
between cases and noncases.
Because the magnitude of the associations for physical
activity and breast cancer risk usually observed in previous
studies has differed by menopausal status, the associations by
type of physical activity and risk of breast cancer among
premenopausal and postmenopausal women were examined
separately (Table 3). For total physical activity (i.e., combined
occupational, recreational, and household activities), increasing activity level was associated with an overall decrease in
breast cancer risk in postmenopausal women only, although

Table 2. Sociodemographic and lifestyle characteristics by
case-status; the EPIC study
Characteristic

Cases
(n = 3,423)

Age at enrollment (y)
BMI (kg/m2)
Recreational activity (MET-h/wk)
Household activity (MET-h/wk)

55.6
25.0
30.0
54.3

Age at menarche (y)
<8-11
12-14
15+
Age at first pregnancy (y)
<20
20-30
>30
Nulliparous
Education
Primary school or less
Technical school
Secondary school
University degree
Alcohol consumption (g/d)
Nondrinker
0-15
15-30
>30
Smoking status
Never smokers
Former smokers
Current smokers
c
Current HRT use
Yes
b
Current oral contraceptive use
Yes
Total physical activity
Inactive
Moderately inactive
Moderately active
Active
Occupational activity
Sedentary
Standing
Manual and heavy manual
Nonworker

Noncases
(n = 214,746)

Mean (SD)
(7.7)
51.5
(4.4)
25.1
(24.1)
31.1
(41.1)
62.7
%*

(11.3)
(4.5)
(24.9)
(43.8)

13.6
70.0
15.8

15.2
67.6
16.2

4.4
65.6
13.5
13.5

6.0
62.7
11.7
17.3

25.5
19.7
28.1
21.8

27.6
20.7
24.2
22.8

13.6
63.2
13.9
9.2

16.3
65.8
11.9
6.0

57.5
24.5
16.9

58.6
21.9
18.2

39.0

25.4

3.5

11.6

17.5
42.2
33.2
6.5

15.8
36.5
39.3
7.3

22.4
24.1
8.2
42.0

23.9
23.1
6.9
43.1

*Numbers within each stratum do not add up to 100% due to missing values.
cPostmenopausal women.
bPremenopausal women.

the trend in the multivariate-adjusted analysis did not reach
statistical significance. There was no significant association
between total physical activity and breast cancer risk in
premenopausal women. Occupational activity was unrelated
to risk of breast cancer in all women.
Stronger and significant risk reductions became apparent
for combined recreational and household activities and for
household activity alone. Among postmenopausal women,
compared with women in the lowest quartile of combined
recreational and household activities, women in the top
quartile had a 17% reduced risk of breast cancer after adjusting
for multiple covariates. A similar risk reduction was observed
in premenopausal women, but none of the individual
categorical risk estimates reached statistical significance when
adjusted for other risk factors. Household activity on its own
was significantly inversely related to breast cancer risk in
premenopausal and postmenopausal women; the HRs for the
highest versus the lowest quartile of household activity were
0.71 (95% CI, 0.55-0.90) for premenopausal women and 0.81
(95% CI, 0.70-0.93) for postmenopausal women. Recreational
activity alone was not significantly associated with risk.
In additional analyses, mutual adjustment of recreational,
household, and occupational activities did not materially affect
the risk estimates in the respective physical activity models in
either premenopausal or postmenopausal women (data not
shown). Finally, additional adjustment for energy intake or the
omission of BMI in the different models did not alter any of the
HRs (data not shown).
The individual activities, housework, home repair, gardening, stair climbing, walking, cycling, and sports activities,
in MET-hours per week, were each inversely associated
with breast cancer risk with nonsignificant trends, except for
housework (P trend = 0.002, premenopausal women; P trend =
0.016, postmenopausal women) and sports activities (P trend =
0.01, postmenopausal women). Housework was the predominant component of household activity. On average, premenopausal women spent a mean (SD) of 17.7 (14.3) h and
postmenopausal women 16.1 (13.2) h on housework chores.
Vigorous activity, defined as MET-hours per week, was not
significantly associated with breast cancer risk in either of the
menopausal groups. Overall, <40% of all women engaged in
vigorous activity (data not shown).
Figure 1 shows the multivariate adjusted risk estimates for
breast cancer in relation to continuous household activity by
20 MET-h/wk for all cohorts combined and for individual
countries with at least 50 cases of breast cancer, stratified by
menopausal status. An increase of one increment of household
activity (20 MET-h/wk) was associated with a pooled HR of
0.97 (95% CI, 0.94-0.99; P = 0.008) in postmenopausal women
and 0.96 (95% CI, 0.92-1.00; P = 0.06) in premenopausal
women. No evidence of heterogeneity between countries was
present for this and any other of the presented analyses, except
for recreational activity among postmenopausal women
(P heterogeneity = 0.02).
We assessed the potential effect modification by BMI,
current alcohol consumption, and current HRT use in
postmenopausal women, conducting stratified analyses. Formal testing did not reveal any statistically significant interactions between each of these factors and any of the physical
activity measures, although the inverse association between
total activity level and breast cancer risk in postmenopausal
women tended to be strongest in lean women (BMI <25;
P trend = 0.07) compared with overweight or obese women (data
not shown).

Discussion
In this large cohort of women from nine European countries,
ages 20 to 80 years at study enrollment, increased
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Table 3. Crude and multivariate-adjusted HRs of breast cancer in 218,169 women according to type of physical activity,
stratified by menopausal status; the EPIC study
Type of physical activity

Premenopausal women (n = 90,060)
Cases*

HR

c

(95% CI)

b

HR

(95% CI)

Postmenopausal women (n = 128,109)
Cases*

c

HR

(95% CI)

c

HR

(95% CI)

x

Total activity index
Inactive
171
1.0 (1.0)
Moderately inactive
331
1.02 (0.85-1.23)
Moderately active
245
0.82 (0.66-0.99)
Active
73
0.98 (0.72-1.25)
0.187
P trend
Occupational activityk
Sedentary
274
1.0
Standing
322
1.01 (0.84-1.20)
Manual and heavy manual
63
0.98 (0.74-1.31)
0.954
P trend
{
Combined recreational and household activities (MET-h/wk)
<55
259
1.0
55-85
209
0.91 (0.76-1.10)
86-126
202
0.89 (0.73-1.09)
>126
186
0.80 (0.64-0.99)
0.047
P trend
{
Recreational activity (MET-h/wk)
<14
226
1.0
14-24
226
0.91 (0.76-1.10)
25-42
218
0.96 (0.79-1.15)
>42
186
0.95 (0.77-1.16)
0.666
P trend
Household activity{ (MET-h/wk)
<28
252
1.0
28-52
233
0.92 (0.76-1.10)
53-90
194
0.80 (0.65-0.97)
>90
177
0.68 (0.54-0.86)
0.0007
P trend

1.0
1.02 (0.84-1.24)
0.84 (0.68-1.04)
1.02 (0.77-1.36)
0.267

382
1,058
885
151

1.0
0.87 (0.77-0.98)
0.80 (0.71-0.91)
0.87 (0.71-1.05)
0.007

0.89 (0.79-1.00)
0.84 (0.74-0.96)
0.92 (0.76-1.12)
0.06

1.0
1.02 (0.86-1.22)
1.04 (0.78-1.38)
0.771

495
514
216

1.0
0.91 (0.79-1.03)
1.05 (0.89-1.24)
0.942

1.0
0.92 (0.81-1.05)
1.08 (0.91-1.29)
0.743

1.0
0.92 (0.76-1.10)
0.91 (0.74-1.11)
0.82 (0.66-1.03)
0.107

788
703
566
490

1.0
0.94 (0.84-1.04)
0.84 (0.75-0.94)
0.81 (0.71-0.92)
0.0003

1.0
0.94 (0.85-1.05)
0.86 (0.76-0.96)
0.83 (0.73-0.95)
0.002

1.0
0.91 (0.75-1.10)
0.95 (0.78-1.14)
0.94 (0.76-1.15)
0.580

652
692
624
579

1.0
1.06 (0.95-1.18)
0.93 (0.84-1.04)
0.95 (0.85-1.07)
0.157

1.0
1.05 (0.94-1.17)
0.92 (0.83-1.03)
0.96 (0.85-1.08)
0.176

1.0
0.92 (0.77-1.11)
0.80 (0.65-0.99)
0.71 (0.55-0.90)
0.003

767
709
613
458

1.0
0.92 (0.83-1.02)
0.84 (0.75-0.95)
0.78 (0.68-0.89)
0.0001

1.0
0.94 (0.85-1.04)
0.86 (0.76-0.96)
0.81 (0.70-0.93)
0.001

*Numbers of cases do not always add up to total number of cases across each physical activity variable due to some missing values.
cCrude relative risks: stratified by age at recruitment and study center (Cox model using age as underlying time variable).
bMultivariate relative risks: based on crude model and additionally adjusted for educational attainment, smoking status, alcohol consumption, BMI, age at menarche,
age at first pregnancy, current oral contraceptive use (premenopausal), and current HRT use (postmenopausal).
xCombined total physical activity index that is categorized into four activity levels based on a cross-tabulation of occupational activity by the combined household and
recreational activities.
kCategorical variable based on type of physical activity at work; nonworking category and missing values were excluded; manual and heavy manual categories were
collapsed into one category due to low number of subjects; total premenopausal cases n = 659, postmenopausal cases n = 1,225.
{Quartile cut points were obtained from the combined premenopausal and postmenopausal analytic cohort.

nonoccupational physical activity and, in particular, increased
household activity were significantly associated with reduced breast cancer risk, independent of other potential risk
factors. These results strengthen the consistency of findings
about the protective role of physical activity on breast cancer
risk (2, 7).
Our results, based on a large and heterogeneous cohort
and which used standardized data collection of physical
activity and that could control for all the potential confounding factors, provide additional evidence that moderate forms
of physical activity, such as household activity, may be more
important than less frequent but more intense recreational
physical activity in reducing breast cancer risk in European
women.
This study has some limitations that need to be considered
when reviewing these results. Although the data collection
was standardized across the nine countries included in
this analysis, data were only available on past year physical
activity (24), and thus the effect of physical activity in
different time periods of life on breast cancer risk could not
be examined. In addition, there were no data available on
the frequency, duration, and specific intensities of occupational activity; hence, only categories of occupational activity
were recorded. Furthermore, there were few study participants who were categorized in manual and heavy manual
occupations, thereby limiting the assessment of the effect of
intense occupational activity on breast cancer risk. Finally,

some misclassification of physical activity levels is likely in
this study thereby introducing nondifferential misclassification bias that would have biased the results towards the
null.
Despite these limitations, we were able to show a reduction
in breast cancer risk for household activity, one of the main
sources of physical activity for women in most developed
countries (31). These results are in concordance with some
(23, 32, 33), but not all (16, 17, 34) studies that have assessed
household activity and breast cancer risk. In the Canadian
population – based case-control study by Friedenreich et al.
(32), which assessed lifetime physical activity, the greatest risk
reductions were found for occupational and household
activities, specifically among postmenopausal women. Among
these women, the breast cancer risk (odds ratio) for the highest
quartile of household activity, expressed as MET values,
was 0.57 (95% CI, 0.41, 0.79). In our study, the protective
effect of household activity was found in both premenopausal
and postmenopausal women with risk reductions somewhat
smaller than in the Canadian study (32). The assessment of
lifetime activity might provide a more accurate, complete
assessment of household activity and decrease the amount of
measurement error in the assessment that would result in an
increase in the effect size.
Household activity (MET-hours per week) during the age
period of 12 to 30 years, however, was not related to breast
cancer risk in a case-control study of German premenopausal
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Figure 1. Country-specific and pooled multivariate adjusted HR of
breast cancer by menopausal status for household activity (MET-hours
per week). Country-specific risk estimates are only presented for
countries with z50 cases.

women with cases diagnosed under age 51 years (17). Hours of
household activity included in the lifetime physical assessment
in two case-control studies from the United States (16) and
China (34) were not associated with breast cancer risk when
adjusted for other risk factors. Yet, in the French E3N cohort
study, women who reported z14 weekly hours of light
household activity had a nonsignificant decreased risk (risk
ratio, 0.82; 95% CI, 0.61-1.11) compared with women who had
no such activity (23). Differences in study design and physical
assessment methods may account for these equivocal findings,
as well as for the different magnitude of the observed risk
reductions.
Although there is substantial evidence that physical
activity is associated with a reduction in breast cancer risk,
the associations between occupational and nonoccupational
activities are inconsistent (7). The lack of association with
work-related activity and breast cancer risk in our study
may be, in part, explained by the low number of female
subjects in the active categories. Moreover, the association
seen with total and nonoccupational physical activity was
largely due to household activity and not recreational
activity. A similar finding was reported from a study on
physical activity and mortality (35). To date, few studies that
have assessed total activity and household activity as
important source of total activity have rarely been included
(6, 31, 36).
The lack of association for recreational activity in our
study is corroborated by findings from the Nurses’ Health

Study indicating no reduction in premenopausal breast
cancer risk by recent total recreational activity composed of
eight MET value – based activity variables (37), but contrasts
with results from the CPS-II Nutrition Cohort (38) that found
a significant reduction in risk with increasing recreational
activity (MET-hours per week, seven single activities) in
postmenopausal women. It is possible that the low prevalence of women engaged in frequent more vigorous
recreational activity precluded seeing an effect of recreational
activity on breast cancer risk in this study population.
In contrast, household activity, which is the main type of
physical activity in these women, was associated with a
reduced risk in both premenopausal and postmenopausal
women and may suggest that more moderate forms of
activity are effective in reducing the risk of breast cancer.
Other studies have also found risk reductions at moderate
intensity levels (13, 16, 33, 39), suggesting that benefits of
physical activity may be realized already at these lower
intensity levels.
It has not been fully established whether or not the
physical activity-breast cancer association is modified by
other risk factors, such as body mass, alcohol consumption,
or HRT use. Similar to our observation, a somewhat stronger
effect of physical activity among lean women has been shown
in some (11, 13, 40, 41), but not all, previous studies (16, 17,
34, 42, 43). The biological rationale for a stronger effect of
physical activity among lean women has not been established; however, because obesity is a clear risk factor for
postmenopausal breast cancer, it is plausible that activity may
have a more pronounced effect among lean women (11, 13).
We found no evidence that HRT use by postmenopausal
women modified the association between physical activity
and breast cancer risk, which is in line with several other
studies (23, 32, 41, 43, 44), but is in contrast with another (38),
which found a stronger association between recreational
physical activity and breast cancer risk among non-HRT
users. Subgroup analyses in our study did not reveal any
effect modification of physical activity on breast cancer risk
for alcohol consumption. Findings from the case-control
study by Friedenreich et al. (32) indicate that physical activity
may have a greater effect for women who are alcohol
abstainers, but this effect was not evident in another previous
study (38).
In conclusion, this large European study provides additional epidemiologic evidence that increasing physical activity
reduces breast cancer risk. The finding that increased
household activity reduces the risk warrants further confirmation, but underscores the importance of more moderate
types of activities for the prevention of breast cancer among
middle-aged and older women. Future cohort studies that
have more detailed measures of activity obtained over
lifetime will provide further insights into the nature of this
association.

Appendix 1. Total Physical Activity Index as the cross-classification of occupational and combined recreational and
household activities
Occupational activity

Sedentary
Standing
Manual
Heavy manual
Nonworker

Recreational and household activities (MET-h/wk in quartiles*)
Low

Medium

High

Very high

V55.0

>55.0-V85.0

>85.0-V126.0

>126.0

Moderately inactive
Moderately active
Active
Active
Moderately active

Moderately active
Active
Active
Active
Moderately active

Inactive
Moderately
Moderately
Moderately
Moderately

inactive
active
active
inactive

Inactive
Moderately
Moderately
Moderately
Moderately

inactive
active
active
inactive

*Based on premenopausal and postmenopausal women.

Cancer Epidemiol Biomarkers Prev 2007;16(1). January 2007

Downloaded from cebp.aacrjournals.org on January 24, 2020. © 2007 American Association for Cancer
Research.

42 Physical Activity and Breast Cancer Risk

Acknowledgments
We thank all the participants in EPIC.

24.

References

25.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Friedenreich CM. Physical activity and breast cancer risk: the effect of
menopausal status. Exerc Sport Sci Rev 2004;32:180 – 4.
Friedenreich CM, Orenstein MR. Physical activity and cancer prevention:
etiologic evidence and biological mechanisms. J Nutr 2002;132:3456 – 64S.
Vainio H, Kaaks R, Bianchini F. Weight control and physical activity in
cancer prevention: international evaluation of the evidence. Eur J Cancer
Prev 2002;11 Suppl 2:S94 – 100.
McTiernan A, Ulrich C, Slate S, Potter J. Physical activity and cancer
etiology: associations and mechanisms. Cancer Causes Control 1998;9:
487 – 509.
Gammon MD, John EM, Britton JA. Recreational and occupational physical
activities and risk of breast cancer. J Natl Cancer Inst 1998;90:100 – 17.
Monninkhof E, Elias S, Vlems F, et al. Physical activity and breast cancer: a
systematic review of the current evidence. Epidemiology 2007;18:137 – 57.
IARC Working Group. Weight control and physical activity. Lyon (France):
IARC Press; 2002.
Bianchini F, Kaaks R, Vainio H. Weight control and physical activity in
cancer prevention. Obes Rev 2002;3:5 – 8.
Dorgan JF, Brown C, Barrett M, et al. Physical activity and risk of breast
cancer in the Framingham Heart Study. Am J Epidemiol 1994;139:662 – 9.
D’Avanzo B, Nanni O, La Vecchia C, et al. Physical activity and breast
cancer risk. Cancer Epidemiol Biomarkers Prev 1996;5:155 – 60.
Thune I, Brenn T, Lund E, Gaard M. Physical activity and the risk of breast
cancer. N Engl J Med 1997;336:1269 – 75.
Fraser GE, Shavlik D. Risk factors, lifetime risk, and age at onset of breast
cancer. Ann Epidemiol 1997;7:375 – 82.
Verloop J, Rookus MA, van der Kooy K, van Leeuwen FE. Physical activity
and breast cancer risk in women aged 20-54 years. J Natl Cancer Inst 2000;92:
128 – 35.
Moradi T, Nyren O, Zack M, Magnusson C, Persson I, Adami HO. Breast
cancer risk and lifetime leisure-time and occupational physical activity
(Sweden). Cancer Causes Control 2000;11:523 – 31.
Friedenreich CM, Courneya KS, Bryant HE. Influence of physical activity in
different age and life periods on the risk of breast cancer. Epidemiology
2001;12:604 – 12.
John EM, Horn-Ross PL, Koo J. Lifetime physical activity and breast cancer
risk in a multiethnic population: the San Francisco Bay area breast cancer
study. Cancer Epidemiol Biomarkers Prev 2003;12:1143 – 52.
Steindorf K, Schmidt M, Kropp S, Chang-Claude J. Case-control study of
physical activity and breast cancer risk among premenopausal women in
Germany. Am J Epidemiol 2003;157:121 – 30.
Thune I, Furberg AS. Physical activity and cancer risk: dose-response and
cancer, all sites and site-specific. Med Sci Sports Exerc 2001;33:S530 – 50;
discussion S609 – 10.
Riboli E, Hunt KJ, Slimani N, et al. European Prospective Investigation into
Cancer and Nutrition (EPIC): study populations and data collection. Public
Health Nutr 2002;5:1113 – 24.
Riboli E, Kaaks R. The EPIC Project: rationale and study design. Int J
Epidemiol 1997;26:S6 – 13.
Bingham SA, Gill C, Welch A, et al. Comparison of dietary assessment methods
in nutritional epidemiology: weighed records v. 24 h recalls, food-frequency
questionnaires and estimated-diet records. Br J Nutr 1994;72:619 – 43.
Lahmann PH, Hoffmann K, Allen N, et al. Body size and breast cancer risk:
findings from the European prospective investigation into cancer and
nutrition (EPIC). Int J Cancer 2004;111:762 – 71.
Tehard B, Friedenreich CM, Oppert JM, Clavel-Chapelon F. Effect of
physical activity on women at increased risk of breast cancer: results

26.

27.
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44.

from the E3N cohort study. Cancer Epidemiol Biomarkers Prev 2006;15:
57 – 64.
Haftenberger M, Schuit AJ, Tormo MJ, et al. Physical activity of subjects
aged 50-64 years involved in the European Prospective Investigation into
Cancer and Nutrition (EPIC). Public Health Nutr 2002;5:1163 – 76.
Wareham NJ, Jakes RW, Rennie KL, et al. Validity and repeatability of a
simple index derived from the short physical activity questionnaire used in
the European Prospective Investigation into Cancer and Nutrition (EPIC)
study. Public Health Nutr 2003;6:407 – 13.
Pols MA, Peeters PH, Ocke MC, Slimani N, Bueno-de-Mesquita HB, Collette
HJ. Estimation of reproducibility and relative validity of the questions
included in the EPIC Physical Activity Questionnaire. Int J Epidemiol 1997;
26 Suppl 1:S181 – 9.
Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of physical
activities: an update of activity codes and MET intensities. Med Sci Sports
Exerc 2000;32:S498 – 504.
Haftenberger M, Lahmann PH, Panico S, et al. Overweight, obesity and fat
distribution in 50- to 64-year-old participants in the European Prospective
Investigation into Cancer and Nutrition (EPIC). Public Health Nutr 2002;5:
1147 – 62.
DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
1986;7:177 – 88.
Hardy RJ, Thompson SG. Detecting and describing heterogeneity in metaanalysis. Stat Med 1998;17:841 – 56.
Ainsworth BE. Issues in the assessment of physical activity in women. Res Q
Exerc Sport 2000;71:S37 – 42.
Friedenreich CM, Bryant HE, Courneya KS. Case-control study of lifetime
physical activity and breast cancer risk. Am J Epidemiol 2001;154:336 – 47.
Friedenreich CM, Courneya KS, Bryant HE. Relation between intensity of
physical activity and breast cancer risk reduction. Med Sci Sports Exerc 2001;
33:1538 – 45.
Matthews CE, Shu XO, Jin F, et al. Lifetime physical activity and breast cancer
risk in the Shanghai Breast Cancer Study. Br J Cancer 2001;84:994 – 1001.
Weller I, Corey P. The impact of excluding non-leisure energy expenditure
on the relation between physical activity and mortality in women.
Epidemiology 1998;9:632 – 5.
Gunn SM, Brooks AG, Withers RT, et al. Determining energy expenditure
during some household and garden tasks. Med Sci Sports Exerc 2002;34:
895 – 902.
Colditz GA, Feskanich D, Chen WY, Hunter DJ, Willett WC. Physical
activity and risk of breast cancer in premenopausal women. Br J Cancer
2003;89:847 – 51.
Patel AV, Callel EE, Bernstein L, Wu AH, Thun MJ. Recreational physical
activity and risk of postmenopausal breast cancer in a large cohort of US
women. Cancer Causes Control 2003;14:519 – 29.
Lee IM, Rexrode KM, Cook NR, Hennekens CH, Burin JE. Physical activity
and breast cancer risk: the Women’s Health Study (United States). Cancer
Causes Control 2001;12:137 – 45.
Enger SM, Ross RK, Paganini-Hill A, Carpenter CL, Bernstein L. Body size,
physical activity, and breast cancer hormone receptor status: results from
two case-control studies. Cancer Epidemiol Biomarkers Prev 2000;9:681 – 7.
McTiernan A, Kooperberg C, White E, et al. Recreational physical activity
and the risk of breast cancer in postmenopausal women: The Women’s
Health Initiative Cohort Study. JAMA 2003;290:1331 – 6.
Breslow RA, Ballard-Barbash R, Munoz K, Graubard BI. Long-term
recreational physical activity and breast cancer in the National Health and
Nutrition Examination Survey I epidemiologic follow- up study. Cancer
Epidemiol Biomarkers Prev 2001;10:805 – 8.
Bernstein L, Patel AV, Ursin G, et al. Lifetime recreational exercise activity
and breast cancer risk among black women and white women. J Natl Cancer
Inst 2005;97:1671 – 9.
Moore DB, Folsom AR, Mink PJ, Hong CP, Anderson KE, Kushi LH.
Physical activity and incidence of postmenopausal breast cancer. Epidemiology 2000;11:292 – 6.

Cancer Epidemiol Biomarkers Prev 2007;16(1). January 2007

Downloaded from cebp.aacrjournals.org on January 24, 2020. © 2007 American Association for Cancer
Research.

Physical Activity and Breast Cancer Risk: The European
Prospective Investigation into Cancer and Nutrition
Petra H. Lahmann, Christine Friedenreich, A. Jantine Schuit, et al.
Cancer Epidemiol Biomarkers Prev 2007;16:36-42.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cebp.aacrjournals.org/content/16/1/36

This article cites 38 articles, 5 of which you can access for free at:
http://cebp.aacrjournals.org/content/16/1/36.full#ref-list-1
This article has been cited by 15 HighWire-hosted articles. Access the articles at:
http://cebp.aacrjournals.org/content/16/1/36.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cebp.aacrjournals.org/content/16/1/36.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from cebp.aacrjournals.org on January 24, 2020. © 2007 American Association for Cancer
Research.

