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A B S T R A C T

Background: Physical activity (PA) is increasingly discussed as concomitant therapy after

breast cancer diagnosis and can add to the alleviation of therapy- and disease-related

symptoms. The objectives of this study were to describe PA behaviour in the course of

breast cancer and to identify factors associated with change in PA.

Methods: 1,067 German postmenopausal breast cancer patients were asked about their PA

behaviour before breast cancer diagnosis, during therapy and 1 year after surgery. MET-

hours per week (MET = metabolic equivalent) were calculated based on quantitative infor-

mation about walking, bicycling for transportation purposes and sports by multiplying the

average hours per week spent at each activity with an individual intensity score. Factors

associated with change in METÆh/week in the course of breast cancer were identified using

multiple linear regression.

Results: Median PA decreased significantly during therapy from 36 to 14 METÆh/week

(p < .001). Patients treated with chemo- and/or radiotherapy had a stronger decline in PA

compared to patients without adjuvant therapy or those treated only with hormones

(adjusted b = )9.73 to )13.54). The presence of medical risk factors (b = )5.56) was also asso-

ciated with a decrease of PA during therapy. In contrast, participation in rehabilitation

(b = 7.62) was associated with an increase of PA after therapy.

Conclusion: In the light of the drastic decline in PA during therapy, programs promoting PA

seem obligatory for all breast cancer patients. Patients treated with chemo- and/or radio-

therapy and those with medical risk factors should particularly be assisted in reaching rec-

ommended activity levels by targeted interventions during and after therapy.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Breast cancer is the most frequent type of cancer in women

with about 1.2 million new cases in the world per year. In
er Ltd. All rights reserved
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erg.de (K. Steindorf).
Germany, 58,000 women were diagnosed with breast cancer

in 2006 which corresponds to 29.3% of all female cancer

cases.1 Despite increasing incidence – in particular in

postmenopausal women – mortality has declined since the
.
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1990s. This has led to an increasing number of women who

are living with a history of breast cancer.

A lack of physical activity (PA) is one of several modifiable

risk factors for breast cancer.2 PA is also increasingly dis-

cussed as a supporting factor during adjuvant therapy. It

may add to the alleviation of therapy- and disease-related

symptoms and health problems that occur after breast cancer

diagnosis and that often last for years. Thus, PA can help to

reduce physical decline, to improve cardiorespiratory and

muscular fitness, to reduce the frequently appearing fatigue

symptom and to increase physical performance and quality

of life in cancer patients.3–7 Furthermore, PA plays an impor-

tant role in the prevention of other health problems in post-

menopausal women in general, like cardiovascular diseases,

hypertension, obesity and osteoporosis.8 First observational

studies also suggest improved overall survival and reduced

rates of breast cancer relapse in association with PA.9,10 Even

cancer patients undergoing burdening treatments are advised

to avoid inactivity.11

Thus far, there is only a paucity of studies on PA behaviour

in breast cancer patients during the course of the disease.

These studies were mainly conducted in the United States

of America, Canada and Australia,12–24 some of them were

cross-sectional only, and measurement of PA was very

heterogeneous. However, particularly due to the increasing

number of breast cancer patients and survivors, such studies

have great potential, e.g. for investigating the need for

interventions. The present study aims to describe PA behav-

iour during the first year after diagnosis in German breast

cancer patients, and to identify factors associated with

change in PA.

2. Patients and methods

2.1. Study setting

The MARIE/MARIEplus study is a multicentre population-

based patient cohort study which was carried out in two re-

gions in Germany. Patients aged 50–75 years and diagnosed

between 2001 and 2005 with primary invasive breast cancer

or carcinoma in situ were included in the study. All patients

had undergone mastectomy or lumpectomy. Out of 5,969 eli-

gible subjects who were invited to participate, 3,919 (65.7%)

completed baseline assessment (MARIE study: 2002–2005).

Out of these, 2,542 (64.9%) also participated in the telephone

interview at follow-up (MARIEplus study: 2009–2010). Data

presented here are from postmenopausal patients in the

Rhine–Neckar–Karlsruhe region who completed both assess-

ments (n = 1,067).

The MARIE/MARIEplus study has been approved by the

ethics committee of the University of Heidelberg. All subjects

gave informed consent prior to participation in the study.

Baseline data was assessed in standardised personal inter-

views with a median time lag of 2.2 months after breast can-

cer surgery (interquartile range, IQR = 7 months). Follow-up

assessment was done with computer-assisted telephone

interviews 5.4 years (IQR = 1.5 years) after surgery. Further de-

tails about the MARIE study have been published previously25

and are available at the study website (http://www.marie-

studie.de).
2.2. Measures

2.2.1. Physical activity
PAwas retrospectively assessed at baseline for the prediagnos-

tic periods 30–49 years and 50+ years (until diagnosis) with an

interviewer-administered questionnaire.26 Retrospective PA

assessments at follow-up referred to the periods during breast

cancer therapy and 1 year after surgery. The period during

breast cancer therapy corresponds to the acute therapy phase

for patients treated with chemo and/or radiotherapy, or to the

first 3 months after surgery for patients treated only with hor-

mones. For all periods, patients were asked to provide infor-

mation about their average amount of different physical

activities during a typical week. Splitting this typical week into

weekdays and weekend, the total number of hours spent

walking and bicycling for transportation purposes was as-

sessed. Patients were further asked to list their sports activi-

ties performed during the selected periods including average

duration and frequency. MET-hours per week (MET h/week;

MET = metabolic equivalent) were calculated by multiplying

the average hours per week spent at each activity with an indi-

vidual intensity score (e.g. walking: 4.0 MET; bicycling:

6.0 MET; jogging and swimming: each 7.0 MET).27 Total lei-

sure-time PA was then calculated individually for each period

by summing up METÆh/week for walking, bicycling and sports.

We also evaluated adherence to PA guidelines using the fol-

lowing cut points: (a) 30 min moderate activities (3–6 MET) on

5 days/week or 20 min vigorous activities (>6 MET) on 3 days/

week according to the guideline of the American College of

Sports Medicine/American Heart Association (ACSM/AHA)28;

(b) 60 min moderate or 30 min vigorous activities per day

according to the guideline of the World Cancer Research

Fund/American Institute for Cancer Research (WCRF/AICR).29

Changes in total leisure time PA were determined by calcu-

lating (a) the difference between PA level during therapy and

at age 50+ (change during therapy: therapy – prediagnosis), (b)

the difference between PA level 1 year after surgery and dur-

ing therapy (change after therapy: 1 year after surgery – ther-

apy), and (c) the difference between PA level 1 year after

surgery and at age 50+ (overall change during the whole

course of the disease: 1 year after surgery – prediagnosis).

2.2.2. Breast cancer-related variables
Several breast cancer-related variables were assessed through

patient records, e.g. tumour stage, type of surgery, axilla

lymph node dissection and type of therapy. Furthermore, par-

ticipation in rehabilitation after surgery was assessed within

the interviews.

2.2.3. Other patient-related variables
We also assessed a broad range of other patient-related vari-

ables for the period before breast cancer diagnosis. Body mass

index (BMI) was calculated based on self-reported height and

weight. Additionally, waist–hip ratio (WHR) was calculated

based on waist and hip circumference measured by the inter-

viewer. Date of birth and existence of a partnership were self-

reported, and educational level was determined based on an

additive index on highest graduation and vocational training.

Patients were asked if they had ever been told by a doctor

to have any cardiovascular diseases (angina pectoris,

http://www.marie-studie.de
http://www.marie-studie.de
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myocardial infarction, stroke, peripheral arterial occlusive

disease), orthopaedic diseases (inflammatory joint or spine

disease, arthritis, osteoarthritis, rheumatism, osteoporosis),

other chronic diseases (lung, thyroid, liver, bowel, bladder/

kidney), or medical risk factors (hypertension, diabetes melli-

tus). We also assessed the smoking status and classified the

patients as smokers (regular or occasional smokers) or non-

smokers. Patients were further asked to report the amount

of different alcoholic beverages they consumed during the

time before breast cancer diagnosis and we derived the total

amount of absolute alcohol (g) per day from this information.

To classify patients according to their drinking behaviour, we

used a cut point of 10 g alcohol per day which is the upper

limit for safe alcohol consumption for women.30

2.3. Statistical analysis

We evaluated the temporal course of PA in METÆh/week dur-

ing the course of breast cancer using descriptive methods.

Statistical significance of change was assessed with Friedman

test, considering the dependence of the data. To assess the

associations between change in total leisure-time PA and

clinical, social and behavioural characteristics, analyses were

performed using the Wilcoxon–Mann–Whitney and Kruskal–

Wallis test, respectively. Subsequently, multiple linear regres-

sions were performed. All independent variables were en-

tered into the regression models simultaneously; thus, the

effect of a predictor was statistically adjusted for all the other

potential predictors. The impact of missing observations was

investigated by applying multiple imputation techniques for

the regression analyses (n = 10 imputations).

Data analysis was done with SAS 9.1 [SAS Institute Inc.,

Cary, USA]. A two-sided alpha level of p < .05 was used for

all statistical tests. Although we performed multiple testing

we did not correct for multiple comparisons given the explor-

atory nature of our analysis.

3. Results

3.1. Sample characteristics

Most patients were diagnosed with breast cancer stage I

(46.3%) or IIa (28.0%). Of all cases, 62.0% were invasive ductal

carcinomas. 75.5% and 24.5% of patients had undergone

lumpectomy and mastectomy, respectively. In the majority

of patients (84.7%) axillary lymph nodes had been dissected.

Patients were mainly treated with radiotherapy (45.5%) or a

combination of chemo- and radiotherapy (38.3%), indepen-

dent from treatment with hormones, and 70.7% participated

in rehabilitation. Patients had a mean age of 63.5 years

(SD = 5.5) at baseline and were mainly German citizens

(98.2%). Mean BMI and WHR were 26.3 kg/m2 (SD = 4.5) and

0.84 (SD = .06), respectively. Patients were mainly living to-

gether with a partner (75.2%) and had a basic educational le-

vel (61.2% with low education). Patients had a median of two

other chronic diseases besides breast cancer at baseline, the

most frequent of which were orthopaedic diseases (56.4%).

44.8% of patients had medical risk factors such as hyperten-

sion or diabetes, 12.7% had cardiovascular diseases and

47.9% had other chronic internal diseases. 23.8% consumed
>10 g alcohol per day, and 14.5% of patients smoked at base-

line (Table 1).

3.2. Physical activity in the course of breast cancer

As presented in Fig. 1, there was a slight decline in total

leisure-time METÆh/week from age 30–49 to age 50+ until

breast cancer diagnosis. During the time between

prediagnosis and 1 year after surgery, the course of total

leisure-time PA was V-shaped. The course of PA was similar

for almost all subgroups of PA by clinical, social and behav-

ioural characteristics (data not shown). Overall, median

leisure-time PA level decreased from 36.2 METÆh/week

before diagnosis to 14.0 METÆh/week during therapy and in-

creased up to 34.0 METÆh/week 1 year after surgery (p < .001).

During therapy, METÆh/week for walking, bicycling and

sports, separately, all decreased significantly (all p < .001).

While level of walking increased from 12 METÆh/week

during therapy to 20 METÆh/week 1 year after surgery, levels

for bicycling and sports remained at a median of

0 METÆh/week during therapy and 1 year after surgery.

Adherence to PA guidelines differed significantly in the

course of breast cancer. Proportions for adherence to the

ACSM/AHA guideline before diagnosis, during therapy and

1 year after surgery were: 86.2%, 61.0% and 85.1% (p < .001).

Fewer patients reached the cut point of the WCRF/AICR guide-

line during these points of time: 56.2%, 27.4% and 56.8%

(p < .001). For all periods, mainly moderate activities contrib-

uted to reaching the cut points. Vigorous activities accounted

for only 4.9% of all activities during therapy and for about 10%

before diagnosis and 1 year after surgery.

3.3. Changes in physical activity and determinants of
change in the course of breast cancer

3.3.1. Changes in physical activity
Median change in total leisure-time PA during therapy was

)17.8 (IQR = 34.7), increase after therapy was 14.0

(IQR = 31.3), and overall change from prediagnostic period to

1 year after surgery was 0.0 METÆh/week (IQR = 42.6). Table 1

presents the changes in PA in the course of breast cancer by

baseline characteristics.

On a univariate basis, we observed several differences in

the change in PA for patient-related variables, participation

in rehabilitation, medical risk factors, and PA level before

diagnosis. We observed no differences by other breast cancer-

or therapy-related variables, or other clinical or behavioural

characteristics (Table 1). Multiple linear regression models

were then used to investigate to what extent these variables

are relevant predictors for changes in PA or if single correlates

disappear after inclusion of other covariates. The results of

the adjusted analyses are provided in Table 2.

3.3.2. Associations with breast cancer-related variables
Regression analysis showed that patients treated with che-

motherapy, radiotherapy, or both had a stronger decline in

PA during therapy and the first 3 months after surgery,

respectively, compared to patients without therapy or those

treated only with hormones (adjusted b and 95% confidence

intervals: b = )9.73 ()18.55; )0.91) to )13.54 ()21.93; )5.15);



Table 1 – Baseline characteristics and change of leisure-time physical activity (METÆh/week) in the course of breast cancer.
Percentage (n), median and interquartile range (IQR).

Change during therapy
(therapy – prediagnosis)

Change after therapy
(1 year after

surgery – therapy)

Overall change
(1 year after

surgery – prediagnosis)

% (n) Median
change (IQR)

p Median
change (IQR)

p Median
change (IQR)

p

Breast cancer-related variables
Breast cancer stage .715 .290 .929

In situ/I 52.8% (536) )18.3 (37.1) 14.0 (34.1) )0.1 (42.7)
IIa to IV 47.2% (480) )17.5 (33.3) 14.0 (29.0) )0.2 (40.0)

Type of surgery .191 .192 .810
Mastectomy 24.5% (259) )16.0 (34.1) 12.0 (28.0) 0.0 (39.7)
Lumpectomy 75.5% (797) )18.3 (37.4) 14.5 (34.2) 0.0 (42.8)

Axillary lymph node dissection .679 .552 .867
Yes 84.7% (894) )17.6 (34.7) 14.0 (32.0) 0.0 (42.7)
No 15.3% (162) )20.0 (37.0) 17.3 (29.3) )1.7 (41.5)

Type of adjuvant therapy .593 .488 .856
No/hormone therapya 10.4% (95) )18.0 (39.2) 14.0 (32.0) )0.1 (44.3)
Chemotherapya 5.8% (53) )12.0 (33.1) 18.0 (23.0) 0.0 (39.7)
Radiotherapya 45.5% (414) )17.9 (38.0) 14.8 (34.3) 0.5 (43.1)
Chemo- and radiotherapya 38.3% (349) )17.2 (32.7) 14.0 (28.5) 0.0 (39.0)

Participation in rehabilitation .014 <.001 .416
Yes 70.7% (750) )19.7 (37.7) 16.0 (33.5) 0.0 (44.1)
No 29.3% (311) )15.6 (31.7) 10.3 (28.0) )2.0 (38.3)

Patient-related variables
Age at breast cancer surgery .358 .003 .002

<65 years 62.3% (662) )17.0 (36.6) 16.0 (32.3) 2.2 (43.8)
P65 years 37.7% (400) )19.3 (33.6) 12.0 (28.0) )4.0 (38.1)

Body mass index .083 .002 .369
<18.5 kg/m2 1.2% (13) )15.9 (31.9) 27.5 (53.0) 11.2 (58.5)
18.5–<25.0 kg/m2 42.9% (457) )18.2 (37.4) 16.0 (33.0) 0.0 (45.1)
25.0–<30.0 kg/m2 38.0% (405) )19.0 (36.8) 15.4 (32.3) )1.0 (42.2)
30.0–<35.0 kg/m2 13.0% (138) )13.3 (31.6) 12.0 (24.0) 0.0 (37.4)
35.0–<40.0 kg/m2 4.2% (45) )14.0 (35.4) 4.0 (17.3) )1.6 (22.0)
P40.0 kg/m2 0.7% (7) )34.1 (67.4) 8.0 (20.0) )14.1 (72.0)

Waist–hip ratio .002 .014 .149
60.85 58.3% (593) )20.0 (39.7) 16.0 (30.0) )1.3 (42.8)
>0.85 41.7% (424) )15.5 (32.9) 12.5 (30.0) 0.2 (42.5)

Living together with a partner .796 .736 .731
Yes 75.2% (800) )17.9 (33.8) 14.0 (32.8) 0.0 (41.8)
No 24.8% (264) )17.6 (41.5) 14.0 (29.0) )0.8 (46.2)

Educational level .090 .286 .076
Low 61.2% (653) )18.0 (37.3) 12.0 (31.5) )1.3 (42.7)
Middle 23.0% (245) )19.9 (34.0) 16.0 (31.0) )2.0 (42.6)
High 15.8% (169) )15.8 (34.0) 15.0 (33.8) 7.0 (44.0)

Other clinical characteristics
Cardiovascular diseasesb .334 .687 .117

Yes 12.7% (134) )19.2 (34.9) 16.0 (28.0) )3.7 (42.2)
No 87.3% (923) )17.5 (35.6) 14.0 (32.8) 0.0 (42.9)

Orthopaedic diseasesc .161 .129 .544
Yes 56.4% (593) )16.1 (35.1) 14.0 (32.0) 0.0 (40.9)
No 43.6% (458) )19.9 (35.6) 15.7 (30.0) )1.2 (43.6)

Medical risk factorsd .980 .004 .014
Yes 44.8% (478) )17.4 (32.7) 12.0 (29.9) )2.2 (37.5)
No 55.2% (588) )18.6 (38.9) 16.0 (32.3) 2.0 (50.0)

Other diseasese .580 .918 .868
Yes 47.9% (508) )17.9 (37.3) 14.0 (31.7) )0.5 (40.3)
No 52.1% (552) )17.6 (35.1) 14.0 (32.1) 0.0 (44.0)

Health behaviour
Smoking .158 .322 .588

Yes 14.5% (155) )16.0 (36.0) 12.0 (30.0) 2.0 (45.7)
No 85.5% (912) )18.0(36.5) 14.5 (31.6) )0.5 (42.3)
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Table 1 – (continued)

Change during
therapy

(therapy – prediagnosis)

Change after
therapy

(1 year after
surgery – therapy)

Overall change
(1 year after

surgery – prediagnosis)

% (n) Median
change (IQR)

p Median
change (IQR)

p Median
change (IQR)

p

Alcohol consumption .750 .784 .748
610 g/day 76.2% (813) )17.4 (37.0) 14.0 (33.0) )0.4 (42.5)
>10 g/day 23.8% (254) )18.5 (34.5) 14.9 (31.5) 0.0 (41.8)

PA level before diagnosis <.001 <.001 <.001
636.2 METÆh/week 50.1% (535) )6.7 (20.4) 10.5 (25.8) 8.0 (32.5)
>36.2 METÆh/week 49.9% (532) )36.7 (25.8) 19.0 (38.8) )15.0 (54.7)

a With or without hormone therapy at the same time.
b Angina pectoris, myocardial infarction, stroke or peripheral arterial occlusive disease.
c Inflammatory joint or spine disease, arthritis, osteoarthritis, rheumatism or osteoporosis.
d Hypertension or diabetes mellitus.
e Chronic disease of lung, thyroid, liver, bowel or bladder/kidney.

Fig. 1 – Walking, bicycling, sports and total leisure-time

physical activity in the course of breast cancer. Median

METÆh/week. METÆh/week for walking, bicycling and sports

do not add up exactly to total leisure-time PA because

median values were used for the presentation of single

activities.

E U R O P E A N J O U R N A L O F C A N C E R 4 8 ( 2 0 1 2 ) 2 9 7 – 3 0 4 301
all p < .05). Overall decline in PA was also greater in patients

treated with chemo- (b = )15.41 ()30.28; )0.55); p = .042) or

radiotherapy (b = )12.56 ()24.97; )0.15); p = .047). Participation

in rehabilitation was positively associated with an increase in

PA after breast cancer therapy (b = 7.62 (2.63; 12.61); p = .003;

Table 2).

3.3.3. Associations with patient-related variables
There was a negative association for age considering overall

change in PA after controlling for other covariates (b = )0.66

()1.22; )0.10) per year; p = .020). We found no significant asso-

ciations with BMI, WHR, or other patient-related variables in

the multiple regression models (Table 2).

3.3.4. Associations with other clinical characteristics
Patients with medical risk factors had a stronger decline in PA

during therapy compared to those without these conditions
(b = )5.56 ()9.59; )1.53); p = .007). The presence of medical risk

factors was also a negative predictor for overall change in to-

tal leisure-time PA (b = )8.25 ()14.26; )2.24); p = .007). We ob-

served no further significant results for other clinical

characteristics (Table 2).

3.3.5. Associations with health behaviour
Patients with a higher prediagnostic PA level had a greater de-

cline in PA during therapy (b = )0.77 ()0.83; )0.72) per METÆh/

week; p < .001). We also found significant associations for

change after therapy and overall change in total leisure-time

PA. Smoking and alcohol consumption were not significantly

associated with change in PA in adjusted analyses (Table 2).

4. Discussion

4.1. Principle findings

This study describes for the first time the course of PA behav-

iour before diagnosis, during treatment and 1 year after sur-

gery in a large cohort of German breast cancer patients. We

observed a significant decrease in total leisure-time PA during

breast cancer therapy. Treatment with chemo- and/or radio-

therapy, age, presence of medical risk factors and prediagnos-

tic PA level were associated with a decrease in PA in the

course of breast cancer. However, participation in rehabilita-

tion was associated with an increase of PA after therapy.

These results highlight the need for interventions, especially

for vigorous leisure-time activities, and assistance in particu-

lar for patients treated with chemo- and/or radiotherapy and

those with medical risk factors.

4.2. Relation to other studies

In accordance with previous studies, we observed a signifi-

cant decline of PA during breast cancer therapy.12,20,23 How-

ever, direct comparison with results from other studies is

difficult due to differences in the assessment and operation-

alisation of PA, such as variations in PA domains, assignment



Table 2 – Multiple linear regression models for determinants of change in physical activity (METÆh/week) in the course of
breast cancer. Regression coefficients (b) with 95% confidence intervals (CI).

Change during therapy
(therapy – prediagnosis)

Change after therapy
(1 year after

surgery – therapy)

Overall change
(1 year after

surgery – prediagnosis)

b (95% CI) p b (95% CI) p b (95% CI) p

Breast cancer-related variables
Breast cancer stage (per TNM class) )0.28 ()2.13; 1.57) .764 0.03 ()2.21; 2.16) .982 )0.31 ()3.07; 2.45) .827
Type of surgery

Mastectomy 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Lumpectomy 4.40 ()1.73; 10.52) .159 2.28 ()4.73; 9.29) .524 6.68 ()2.36; 15.71) .147

Axillary lymph node dissection
Yes )2.68 ()8.00; 2.63) .323 0.48 ()5.89; 6.85) .882 )2.20 ()10.12; 5.72) .586
No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Type of adjuvant therapy
No/hormone therapy 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Chemotherapy )13.14 ()23.14; )3.14) .010 )2.27 ()13.96; 9.41) .703 )15.41 ()30.28; )0.55) .042
Radiotherapy )13.54 ()21.93; )5.15) .002 0.98 ()8.43; 10.39) .838 )12.56 ()24.97; )0.15) .047
Chemo- and radiotherapy )9.73 ()18.55; )0.91) .031 )2.32 ()12.14; 7.51) .643 )12.05 ()24.93; 0.84) .067

Participation in rehabilitation
Yes )1.42 ()5.57; 2.73) .503 7.62 (2.63; 12.61) .003 6.20 (0.01; 12.39) .050
No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Patient-related variables
Age at breast cancer surgery (per year) )0.23 ()0.60; 0.15) .232 )0.44 ()0.89; 0.01) .058 )0.66 ()1.22; )0.10) .020
Body mass index (per BMI unit) )0.21 ()0.66; 0.25) .375 )0.27 ()0.82; 0.28) .335 )0.48 ()1.16; 0.21) .171
Waist–hip ratio
60.85 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
>0.85 3.61 ()0.47; 7.69) .083 )0.20 ()4.69; 5.09) .936 3.41 ()2.76; 9.58) .279

Living together with a partner
Yes )0.64 ()5.09; 3.82) .780 0.03 ()5.38; 5.32) .991 )0.67 ()7.33; 6.00) .845
No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Educational level
Low 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Middle 2.05 ()2.60; 6.70) .388 2.37 ()3.22; 7.95) .406 4.42 ()2.52; 11.36) .212
High 2.13 ()3.27; 7.53) .440 2.14 ()4.36; 8.63) .519 4.27 ()3.79; 12.33) .300

Other clinical characteristics
Cardiovascular diseases

Yes )5.30 ()10.97; 0.38) .067 )0.91 ()7.70; 5.89) .794 )6.20 ()14.67; 2.27) .151
No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Orthopaedic diseases
Yes 0.36 ()3.52; 4.25) .855 )1.79 ()6.46; 2.87) .452 )1.43 ()7.24; 4.38) .629
No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Medical risk factors
Yes )5.56 ()9.59; )1.53) .007 )2.69 ()7.53; 2.15) .276 )8.25 ()14.26; )2.24) .007
No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Other diseases
Yes )3.34 ()7.11; 0.42) .082 3.34 ()1.20; 7.88) .149 0.00 ()5.63; 5.63) .999
No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Health behaviour
Smoking

Yes )0.48 ()6.11; 5.15) .867 )2.81 ()9.57; 3.94) .415 )3.30 ()11.69; 5.10) .442
No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Alcohol consumption
610 g/day 1.00 (Ref.) .803 1.00 (Ref.) .898 1.00 (Ref.) .787
>10 g/day )0.56 ()4.97; 3.84) )0.35 ()5.64; 4.95) )0.91 ()7.48; 5.67)

PA level before diagnosis (METÆh/week) )0.77 ()0.83; )0.72) <.001 0.24 (0.17; 0.31) <.001 )0.53 ()0.62; )0.45) <.001
Intercept 47.71 (18.42; 77.00) .001 42.05 (6.87; 77.23) .019 89.77 (46.03; 133.50) <.0001

Cases were completed with multiple imputation before analysis. All independent variables were entered into the regression models

simultaneously.
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of MET-values, cut points used for definition of adequate PA

level, and adjustment for different variables. Although abso-

lute PA values between the MARIE/MARIEplus study and other
studies differ due to methodological considerations, there is

concordance for relative change in PA level. A study from

the US showed a relative decline of 50% in PA during therapy
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(from 18.8 to 9.2 METÆh/week),23 which is a bit lower than that

in the MARIE/MARIEplus study (61%). In both studies, decline

was mainly related to decline in vigorous activities, and

prediagnostic levels could not be fully reached during

follow-up in the overall study population. In contrast, other

studies showed that PA reached prediagnostic levels

6 months and 1 year after end of therapy, respectively.12,16

In the MARIE/MARIEplus study, adherence rates for PA

guidelines were relatively high compared to other studies

(ACSM/AHA: 61% during therapy and 85% 1 year after sur-

gery). Other international studies found rates of 15% and

20% during therapy, 25% 6 months after end of therapy, 37%

1 year after diagnosis (only sports),12,16 as well as 32%

(sports/leisure-time PA) and 73% (including housework)

3 years after diagnosis.21 There were no studies using the

WCRF/AICR cut point to compare with. Besides differences

in methods, instruments and cut points, one reason for these

differing findings might be that day-to-day walking, which

mainly contributed to reaching the cut points, was included

in our analyses. The detailed PA assessment in the MARIE/

MARIEplus study might have resulted in a better estimation

of PA compared to other studies. Another explanation could

be that cut points of the PA guidelines have been developed

in the US. Therefore, they may reflect PA behaviour in the

US (where inactivity is more prevalent) and nations with com-

parable infrastructure, but might be less appropriate for Ger-

man samples due to different infrastructures and habits.

Results from previous work on the association between PA

and type of breast cancer therapy were inconclusive. Studies

showed both negative and lacking associations in particular

with chemotherapy.12,19,20 The MARIE/MARIEplus study sup-

ports a negative association between PA and chemo- and/or

radiotherapy, showing a larger decline of PA in patients treated

with these therapies compared to those with hormone ther-

apy alone or no systemic therapy at all. Our finding of a nega-

tive association between prediagnostic PA level and change in

PA during therapy points towards a regression-to-the-mean

effect which was also observed in previous studies.20,23

4.3. Strengths and limitations of the study

This is the first study on PA in German breast cancer patients

and it contributes to a better understanding of the determi-

nants of change in PA in the course of the disease. Strengths

of the study are in particular its large sample size, which en-

abled adjustment for numerous covariates, the detailed

assessment of PA including walking, bicycling and sports

activities and the inclusion of multiple points of time before

and after breast cancer diagnosis. Furthermore, the MARIE/

MARIEplus study is one of the few population-based cohort

studies which followed up breast cancer patients to investi-

gate the change of health behaviour during the course of

the disease.

However, the PA assessment for the different points of

time was not carried out in a prospective longitudinal design

but done retrospectively. Our data are also liable to other lim-

itations inherent in self-reported data, which might result in

over- or underestimation of PA and other variables like BMI or

diseases other than breast cancer. Furthermore, there might

be a bias due to systematic loss-to-follow-up, which means
that patients with bad health status (or those who died during

follow-up) were not included in the follow-up assessment.

Hence, the sample might consist of those patients who are

sufficiently fit to participate in such a study. However, in case

of such a healthy survivor bias real PA in the overall popula-

tion of breast cancer patients would be even lower than

shown in our study. Thus, our data describe a ‘‘best case sce-

nario’’, emphasising the need for interventions. Although our

results may not be fully generalisable to other international

settings, they nonetheless warrant careful consideration gi-

ven the absence of other European work examining PA trends

in breast cancer patients during the course of disease.

5. Conclusion

In the light of the increasing evidence for positive health ef-

fects of PA during the breast cancer experience and the dras-

tic decline of PA during breast cancer therapy, there is a need

for programs promoting exercise and PA for the entire breast

cancer patient population. Patients treated with chemo- and/

or radiotherapy and those with medical risk factors should re-

ceive particular support in maximising their activity level by

targeted interventions during and after therapy. Increase of

participation in rehabilitation might also help to increase PA

level. In the long run, increase of PA in breast cancer patients

and survivors could result in positive physical and psycholog-

ical effects for this group.
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