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Abstract

Background: Physical activity (PA) before and after breast cancer diagnosis has been reported to be associated
with lower mortality. However, whether changes in the activity after diagnosis impact prognosis is unclear and has
not received much attention. This study aimed to examine pre- to postdiagnosis leisure-time PA and breast cancer
prognosis.

Methods: We used data from the MARIE study, a prospective population-based patient cohort study of 3813
postmenopausal breast cancer patients, aged 50–74 at diagnosis, recruited from 2002 to 2005, re-interviewed in
2009, and followed up until June 2015. Prediagnosis PA was assessed at recruitment; postdiagnosis PA was assessed
at re-interview in 2009. To examine pre- to postdiagnosis change in PA, women were categorized by pre- and
postdiagnosis PA using a cut-off of 7.5 MET-h/week for meeting PA recommendations and combined into four
groups: insufficiently active, increasingly active, decreasingly active, and sufficiently active. Cox regression models
with delayed entry were used to assess associations between pre- to postdiagnosis patterns of PA and overall
mortality (OM), breast cancer mortality (BCM), and recurrence-free survival (RFS). Additional analyses of pre- and
postdiagnosis PA (no activity (reference), low activity, sufficient activity) with cancer outcomes, such as using a time-
dependent model, were performed. In total, 2042 patients were included in the analyses.

Results: There were 206 deaths (114 from breast cancer) after a median follow-up time of 6.0 years after the 2009
interview. Compared to insufficiently active women, increasingly active women were at lower risk of OM, BCM, and
RFS (HR (95%CI) of 0.50 (0.31–0.82), 0.54 (0.30–1.00), 0.58 (0.40–0.84), respectively). In sufficiently active women,
associations for OM (0.75 (0.48–1.15)), BCM (0.61 (0.33–1.13)), and RFS 0.80 (0.57–1.14)) were similar to increasingly
active women but attenuated, and decreasingly active women were not at lower risk for OM (0.91 (0.61–1.36)), BCM
(0.80 (0.45–1.42)), and RFS (1.04 (0.76–1.43)). In time-dependent analyses, sufficient activity vs. no activity was
associated with better OM (0.73 (0.57–0.93)), BCM (0.64 (0.46–0.89)), and RFS (0.82 (0.68–0.99)). Low activity was not
significantly associated with prognosis.

Conclusion: Our data support benefits for breast cancer prognosis in being physically active pre- and postdiagnosis
particularly for women who were insufficiently active prediagnosis.
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Background
Physical activity before a diagnosis of primary breast
cancer has been shown to be beneficial for survival in
postmenopausal women [1]. Specifically, higher prediag-
nosis physical activity has been reported to be generally
consistently inversely associated with overall [1] and
breast cancer-specific mortality [1]. Postdiagnosis phys-
ical activity in relation to survival has received less atten-
tion, but results also generally consistently suggest that
it may be associated with better overall survival [1]. The
association between higher physical activity and lower
risk of mortality after breast cancer diagnosis might be
explained by body fatness, sex hormones, growth factors,
adipokines, immune function, and inflammation [2, 3].
Despite the recognized benefits of pre- and postdiag-

nosis physical activity, only few studies have examined
whether changing physical activity levels following breast
cancer diagnosis impacts survival, for example, if in-
creasing postdiagnosis physical activity can help improve
survival or if decreasing postdiagnosis physical activity
can worsen survival. Some studies have found physical
activity to decrease after breast cancer diagnosis [4],
while others have not [5].
To date, change in physical activity from before breast

cancer diagnosis to after breast cancer diagnosis and
survival has been examined in three studies—two from
the USA [6, 7] and one from Norway [5]. Total physical
activity change with mortality was investigated in one of
these studies [5], while recreational physical activity was
investigated in the two US studies [6, 7]. An additional
study examined the postdiagnosis physical activity
change (post-treatment to 1-year post-treatment as well
as meeting physical activity guidelines) on breast cancer
prognosis [8]. On balance, findings from these four stud-
ies are mainly consistent with slight discrepancies which
could, in part, be due to the differences in populations,
assessment of physical activity and definitions of change,
and follow-up time. Increasing recreational physical activ-
ity postdiagnosis was associated with lower overall mortal-
ity [7], while decreasing postdiagnosis physical activity on
a quantitative [6] and an ordinal scale [5] was associated
with higher overall mortality. In contrast, another study
found that while neither quantitative changes in total
physical activity nor moderate-vigorous recreational phys-
ical activity were associated with mortality, meeting the
physical activity guidelines at both time points was associ-
ated with decreased overall mortality compared to women
who did not meet the guidelines at both time points [8].
In light of the current evidence, there is still a pressing

need to address changes in physical activity and long-
term breast cancer survivorship, especially in non-US-
based populations that have considerably different phys-
ical activity levels. With this in mind, we have investi-
gated the associations between pre- to postdiagnosis

leisure-time physical activity with prognosis in postmen-
opausal women who were diagnosed with first primary
breast cancer in Germany.

Methods
Study population
We used the data from the Mammary Carcinoma Risk
Factor Investigation (MARIE) study [9]. This is a pro-
spective population-based patient cohort study con-
ducted in two regions of Germany. Between 2002 and
2005, 3813 German-speaking breast cancer patients 50–
74 years of age at diagnosis with an incident histologi-
cally confirmed invasive breast cancer (ICD-10 C50)
(stages I to IV) or in situ tumour (D05) (stage 0) were
recruited from participating clinics and cancer registries.
To be eligible, patients additionally had to reside in one of
the study regions and be physically and mentally capable of
participating in an hour and a half long in-person inter-
view. Patients were identified through frequent monitoring
of hospital admissions, surgery schedules, and pathology
records of all clinics serving these regions and also through
the Hamburg Cancer Registry. Interviews were conducted
by trained interviewers using standard questionnaires per-
son to person at recruitment and by telephone in 2009 at
follow-up for postdiagnosis physical activity and other
lifestyle, personal, and clinical characteristics. Informa-
tion on vital status was collected from population
registries in 2009 [10] and 2015.
These studies were approved by the ethical committees

of the University of Heidelberg, the Medical Board of the
State of Rhineland-Palatinate and the ethical review board
of Hamburg Medical Council, and were conducted in
accordance with the Declaration of Helsinki. All study
participants provided informed written consent.
For the present analysis, we considered women who

completed both the recruitment and follow-up interviews
(n = 2542) and used exposure information relating to
physical activity, lifestyle, demographic, socio-economic,
clinical, and other participant characteristics ascertained
at these two time points. Women were excluded if they
were recruited as a control at recruitment and later devel-
oped breast cancer during follow-up (n = 1), premeno-
pausal (n = 148), had had metastases at diagnosis (n = 22),
previous tumours other than breast cancer before diagno-
sis (n = 160), missing prediagnosis physical activity infor-
mation (n = 24), and missing postdiagnosis physical
activity information (n = 145), leaving 2042 women for the
analyses (Fig. 1).

Assessment of physical activity
At recruitment, physical activity was assessed during in-
person interviews using a questionnaire that was designed
and evaluated for participants in our study based on the
existing validated questionnaires [11] and experiences
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from previous analyses of physical activity questionnaires
[12]. At the follow-up, physical activity was assessed dur-
ing telephone interviews using a questionnaire that was
based on the recruitment questionnaire. Physical activity
assessment included self-reported participation in walking
and cycling for the purposes of commuting/transportation
as well as recreational activities, sports, and fitness. Meta-
bolic equivalent task-hours per week (MET-h/week) were
calculated by multiplying the average hours per week
spent on each activity with an individual intensity score
[13]. Leisure-time physical activity is defined as additional
activities related to recreational physical activities, sports,
and fitness [14]. We have evaluated leisure-time physical
activity and not total physical activity in relation to prog-
nosis in this analysis. Total physical activity would also in-
clude walking and cycling for commuting/transportation
in addition to other domains. In Germany, walking and
cycling are usual methods for transportation. They are
generally not performed with moderate intensity but with
light intensity and so do not produce noticeable increases
in breathing and heart rate [15]. For this reason, we focus
on leisure-time physical activity.

Prediagnosis physical activity
Prediagnosis physical activity was determined from the
information collected at the recruitment interview (me-
dian 3.8 months after diagnosis). Women were asked
about their physical activity from the age of 50 until
diagnosis. They were asked to list up to three leisure-
time activities in which they most frequently partici-
pated. For each activity, they were asked to provide, from

the age of 50 until diagnosis, the number of years, months
per year, either days per week or days per month, and the
number of hours/minutes per day they participated. Add-
itionally, they were asked how much time (hours/minutes)
they spent walking outside the home and cycling as a form
of commuting or everyday cycling.

Postdiagnosis physical activity
Postdiagnosis physical activity was determined from in-
formation collected at the follow-up interview in 2009
(median 5.8 years after diagnosis) and was the physical
activity performed from 3 months after diagnosis of
breast cancer to the follow-up interview. Patients were
asked if they had (re-)started any (other) leisure-time ac-
tivities and to list up to four of these. For each activity,
they were asked when they started (month/year), if they
stopped (month/year) or if they were still participating,
and the number of days per week and hours or minutes
per day that they participated in each activity. They were
additionally asked how much time (hours/minutes) they
spent walking outside the home and cycling as a form of
commuting or everyday cycling.

Primary exposure of interest
Pre- to postdiagnosis change in leisure-time physical activity
A woman was termed insufficiently active if she did not
achieve the minimum physical activity level recom-
mended by the World Health Organization and Germany’s
national guidelines, which are based on recommendations
from the World Health Organization as well as other
countries’ national guidelines—at least 150min/week of

Fig. 1 Flow diagram of the inclusion and exclusion criteria for participants of the MARIE study for analyses relating to the changes in physical
activity levels and overall mortality, breast cancer mortality, and recurrence-free survival
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moderate-intensity physical activity (equivalent to at least
7.5 MET-h/week). Conversely, a woman was classified as
sufficiently active if she did achieve at least 7.5 MET-h/
week [16, 17]. Four activity patterns were created to as-
sess pre- to postdiagnosis physical activity: insufficiently
active, increasingly active, decreasingly active, and suffi-
ciently active. Categorization of these groups was based on
the MET-hours/week values from leisure-time physical
activity.

Outcome assessment
Vital status was retrieved through central population
registry databases of the study regions up to the end of
June 2015, followed by requests for death certificates
from local health offices. Cause of death was coded ac-
cording to the 10th revision of the International Classifi-
cation of Diseases (ICD-10-WHO). Second cancers,
recurrences pertaining to the primary breast cancer, and
metastatic events were ascertained from medical records
or through contact with the treating physicians to verify
information collected at the follow-up interviews. Pri-
mary study outcomes were overall mortality and breast
cancer mortality, and secondary study outcome was
recurrence-free survival. The event of interest in the
overall mortality analyses was death attributed to any
cause. The event of interest in breast cancer mortality
analyses was death attributed to breast cancer (coded as
ICD-10-C50), and deaths from other causes were cen-
sored at the date of occurrence. Events of interest in
recurrence-free survival analyses were ipsilateral, local/
regional invasive breast cancer recurrence, distant recur-
rence and metastases occurring after the primary diag-
nosis, and death [18]. Thus, recurrence-free survival is
equivalent to risk for one of the mentioned events of
interest. Participants without events of interest were cen-
sored at the date of last contact or 30 June 2015, which-
ever came first.

Statistical analysis
The distribution of demographic, lifestyle, clinical, and
tumour characteristics according to the four activity pat-
terns was examined and compared using ANOVA.
The exposure of interest in our analysis was patterns

for pre- to postdiagnosis leisure-time physical activity.
Women who were insufficiently active served as the ref-
erence. Delayed-entry Cox proportional hazard models,
based on the time since the follow-up interview in 2009
until the event of interest/censoring, were used to esti-
mate hazard ratios (HRs) and corresponding 95% confi-
dence intervals (CIs) for the associations between
patterns for pre- to-postdiagnosis physical activity and
overall and breast cancer mortality (primary outcomes)
and recurrence-free survival (secondary outcome). The
proportional hazards assumption was examined by

visualizing the effect of a potential time-dependent co-
variate on the risk of outcome throughout the follow-up
time, using a weighted least-squares line fitted to the re-
sidual plot as proposed by Grambsch et al. [19]. There
was no violation of the proportional hazard assumption
upon visual examination of potential time-dependent co-
variates on the risk of overall mortality, breast cancer
mortality, and recurrence-free survival.
Besides investigating pre- to postdiagnosis leisure-

time physical activity change using the recommenda-
tion as a cut-off, leisure-time physical activity was
modelled as a time-dependent categorical variable
(no activity (MET-h/week = 0) (reference), low activity (> 0
to < 7.5 MET-h/week), sufficient activity (≥ 7.5 MET-h/
week)) using Cox proportional hazards models whereby
the information for the variable at recruitment (prediagno-
sis) was updated at the time of follow-up (postdiagnosis)
[20]. In addition, the associations between prediagnosis
leisure-time physical activity as well as postdiagnosis
leisure-time physical activity and cancer outcomes were in-
vestigated separately. In the time-dependent models as well
when associations between prediagnosis leisure-time phys-
ical activity and prognosis were evaluated, the date of diag-
nosis was used as the starting time.
All models constructed to evaluate the associations be-

tween pre- to postdiagnosis change in leisure-time phys-
ical activity and the cancer outcomes were stratified (to
allow for variation in baseline hazard) by study centre
and age at diagnosis in 5-year categories. The Cox model
included the prognostic factors tumour size (≤ 2 cm, 2–5
cm, > 5 cm, growth into chest wall, neoadjuvant chemo-
therapy, in situ), nodal status (0, 1–3, > 3, neoadjuvant
chemotherapy, in situ), tumour grade (low/moderate, high),
and ER/PR status (ER+/PR+, ER+/PR− or ER−/PR+, ER
−/PR−, neoadjuvant chemotherapy, in situ), as well as mode
of tumour detection (self-detected by palpation/secretion/
pain, routine examination/mammography/ultrasound),
menopausal hormone use at diagnosis (yes/no), recurrences
between recruitment and follow-up (yes/no), time between
recruitment and follow-up (continuous), and age at diagno-
sis (continuous). Other covariates tested and not included
were determined a priori and did not change the risk esti-
mates by at least 10%: BMI at the follow-up, smoking at the
follow-up, education, HER2 status, type of surgery, chemo-
therapy, radiation therapy, tamoxifen/aromatase inhibitor
therapy, and comorbidities (diabetes, cardiovascular disease,
and osteoporosis). The time-dependent Cox models in-
cluded the same covariates mentioned above with the ex-
ception of time between recruitment and follow-up, as the
time-dependent model accounts for this inherently. The as-
sociation analysis of postdiagnosis physical activity with
outcomes was stratified by prediagnosis physical activity
(insufficiently active/sufficiently active). The models con-
structed to investigate the prediagnosis associations with
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cancer outcomes were adjusted for tumour size, nodal sta-
tus, grade, ER/PR status, mode of detection, menopausal
hormone use at diagnosis, age at diagnosis, chemo-
therapy, and hormone therapy, and were stratified by
study centre and age at diagnosis in 5-year categories.
Categories of all variables can be seen in Table 1.
Possible effect modification of the associations be-

tween pre- to postdiagnosis physical activity and overall
mortality by ER status, HER2 status, BMI, chemother-
apy, radiation therapy, and smoking status was examined
by applying the likelihood ratio test to a model with the
interaction term of the main exposure and the potential
modifier and to a model without the interaction term.
In sensitivity analyses, all analyses were repeated for all

three outcomes excluding (1) women who developed a
recurrence (ipsilateral, local/regional, distant and meta-
static recurrence, or a second tumour) by the follow-up
interview, (2) women with in situ tumours, and (3)
women who did not walk for at least 10 min 3 months
after the operation. In situ tumours have been reported
to have a better prognosis than invasive tumours, and
women who did not walk for at least 10 min may not be
well enough to exercise. Complete case analysis was per-
formed, as the proportion of missing was less than 1.7%
for all variables except for HER2 (6.5% missing).
All tests of statistical significance were two-sided, and

the significance level was set to 0.05. Analyses were
conducted using the SAS statistical software package
(version 9.4).

Results
Median age at breast cancer diagnosis was 62.9 years. By
30 June 2015, a median of 6.0 years after the follow-up
interview, 206 (10.1%) women died, 115 (5.6%) of which
were from breast cancer, and 324 women (16.1%) devel-
oped a breast cancer recurrence (n = 132 of which oc-
curred between the initial breast cancer diagnosis and
the follow-up interview in 2009).
In our patient cohort, 1349 women (66.1%) partici-

pated in at least 1 leisure-time physical activity prediag-
nosis, and 1253 women (61.4%) participated in at least 1
leisure-time physical activity postdiagnosis. Callisthenics
and swimming were the most reported activities both
pre- and postdiagnosis. For women included in our ana-
lysis, median energy expenditure from leisure-time phys-
ical activity was 3.4 MET-h/week prediagnosis and 4.5
MET-h/week postdiagnosis. Based on the leisure-time
physical activity at pre- and postdiagnosis, 657 and 720
women, respectively, met the physical activity recom-
mendations of achieving at least 150 min of moderate-
intensity physical activity.
There were differences between the pre- to postdiag-

nosis leisure-time physical activity groups with respect
to age at diagnosis, walking, cycling, and total physical

activity (walking and cycling for transportation in
addition to leisure-time physical activity) at recruit-
ment and follow-up, BMI, education, alcohol consump-
tion, mode of tumour detection, cardiovascular disease,
and diabetes (Table 1). At prediagnosis, walking levels
were highest amongst women who had decreased activ-
ity, and cycling levels were higher amongst women who
were active prediagnosis compared to women who were
insufficiently active prediagnosis. At postdiagnosis, walk-
ing levels were highest amongst women who were suffi-
ciently active, while cycling was highest amongst women
who were active postdiagnosis. Adding walking or cycling
as a covariate to the models estimating the associations
between pre- and postdiagnosis leisure-time physical ac-
tivity change with prognosis did not change the risk esti-
mates, so neither walking nor cycling was included in the
presented models.
In the analyses evaluating the changes in leisure-time

physical activity, compared to women who were insuffi-
ciently active, women who were increasingly active had a
significantly decreased risk for overall mortality (HR
0.50, 95% CI 0.31–0.82) (Table 2). There were sugges-
tions for non-significantly decreased risk for overall
mortality (HR 0.75, 95% CI 0.48–1.15) for women who
were sufficiently active but not for women who were
decreasingly active (HR 0.91, 95% CI 0.61–1.36).
Patterns for breast cancer mortality and recurrence-

free survival were similar to those for overall mortal-
ity, where being increasingly active was associated
with a decreased risk of breast cancer mortality (HR
0.54, 95% CI 0.30–1.00) and recurrence-free survival
(0.58, 95% CI 0.40–0.84). Being sufficiently active also
seemed to be non-significantly associated with de-
creased risk of breast cancer mortality (HR 0.61, 95%
CI 0.33–1.13) and recurrence-free survival (HR 0.80,
95% CI 0.57–1.14). Being decreasingly active was not
associated with mortality from breast cancer (HR 0.80,
95% CI 0.45–1.42) or with recurrence-free survival
(HR 1.04, 95% CI 0.76–1.43).
There was no effect modification by ER status,

HER2 status, BMI, chemotherapy, radiation therapy,
or smoking status in the relationships between pre- to
postdiagnosis leisure-time physical activity and overall
survival (all P > 0.05). Additionally, there was no
meaningful deviation in risk estimates from sensitivity
analyses for all three outcomes when excluding (1)
women who developed a recurrence before follow-up,
(2) women with in situ tumours, and (3) women who
did not sometimes walk for at least 10 min 3 months
after the operation.
In time-dependent Cox models, compared to women

who did no leisure-time physical activity, women who
engaged in sufficient activity had decreased overall mor-
tality (HR 0.73, 95% CI 0.57–0.93), breast cancer
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Table 1 Postdiagnosis characteristics of the population by change in recommended levels of leisure-time physical activity pre- and
postdiagnosis

Total Pre- and postdiagnosis leisure-time physical activity

Insufficiently
activea

Increasingly
active

Decreasingly
active

Sufficiently
active

n (%) 2042 (100.0) 1037 (50.8) 348 (17.0) 285 (14.0) 372 (18.2)

Age at diagnosis, years, median (IQR)b 62.9 (58.6–66.4) 63.4 (59.1–67.1) 61.9 (58.0–65.3) 64.1 (59.5–67.1) 61.1 (57.3–64.4)

Physical activity prediagnosis, median (IQR)

Walking (hours/week)b 6.0 (3.2–9.0) 6.0 (3.0–9.0) 6.0 (3.5–9.0) 7.0 (3.5–10.5) 6.0 (3.3–9.0)

Cycling (hours/week)b 1.2 (0.0–3.5) 1.0 (0.0–3.5) 1.4 (0.0–4.0) 1.8 (0.0–4.0) 2.0 (0.0–4.0)

Total (MET-h/week)b 43.1 (26.5–65.6) 35.0 (20.0–56.0) 38.7 (24.2–57.1) 59.2 (41.1–85.6) 59.5 (41.7–78.7)

Physical activity postdiagnosis, median (IQR)

Walking (hours/week)b 6.0 (3.0–10.0) 6.0 (3.0–8.0) 6.0 (4.0–10.0) 6.0 (3.0–10.0) 7.0 (4.0–10.0)

Cycling (hours/week)b 1.0 (0.0–3.0) 0.0 (0.0–2.3) 2.0 (0.0–4.0) 1.0 (0.0–3.0) 2.0 (0.0–3.5)

Total (MET-h/week)b 40.0 (23.4–66.0) 29.6 (16.0–48.0) 56.6 (37.3–80.1) 33.1 (17.2–56.0) 62.2 (40.3–95.6)

BMI, median (IQR)b 25.3 (22.9–28.4) 25.8 (23.3–29.4) 25.0 (22.8–28.3) 24.8 (22.9–27.7) 24.4 (22.5–27.1)

Smoking status, n (%)

Never 1108 (54.3) 580 (55.9) 179 (51.4) 157 (55.1) 192 (51.6)

Former 748 (36.6) 341 (32.9) 141 (40.5) 105 (36.8) 161 (43.3)

Current 186 (9.1) 116 (11.2) 28 (8.0) 23 (8.1) 19 (5.1)

Alcohol, g/day, median (IQR)b 0.7 (0.0–5.7) 0.6 (0.0–5.4) 0.7 (0.0–5.7) 2.0 (0.0–7.1) 1.4 (0.0–8.3)

Education, n (%)b

Less than high/middle school 1141 (55.9) 659 (63.5) 182 (52.3) 151 (53.0) 149 (40.1)

High/middle school 583 (28.6) 268 (25.8) 108 (31.0) 79 (27.7) 128 (34.4)

College or university 318 (15.6) 110 (10.6) 58 (16.7) 55 (19.3) 95 (25.5)

Menopausal hormone use, n (%) 1000 (49.0) 483 (46.6) 171 (49.1) 150 (52.6) 196 (52.7)

Tumour size, cm, n (%)

< 2 1159 (56.8) 566 (54.6) 199 (57.2) 168 (58.9) 226 (60.8)

2–5 622 (30.5) 336 (32.4) 101 (29.0) 86 (30.2) 99 (26.6)

> 5 and growth into chest wall/skin 73 (3.6) 46 (4.4) 11 (3.2) 8 (2.8) 8 (2.2)

Neoadjuvant chemotherapyc 61 (3.0) 32 (3.1) 11 (3.2) 6 (2.1) 12 (3.2)

In situ3 124 (6.1) 54 (5.2) 26 (7.5) 17 (6.0) 27 (7.3)

Number of positive lymph nodes, n (%)

0 1322 (64.7) 690 (66.5) 209 (60.1) 170 (59.6) 253 (68.0)

1–3 400 (19.6) 183 (17.6) 72 (20.7) 79 (27.7) 66 (17.7)

> 3 135 (6.6) 78 (7.5) 30 (8.6) 13 (4.6) 14 (3.8)

Tumour grade, n (%)

Low/moderate 1422 (69.6) 720 (69.4) 240 (69.0) 197 (69.1) 265 (71.2)

High 426 (20.9) 223 (21.5) 71 (20.4) 64 (22.5) 68 (18.3)

Hormone receptor status, n (%)

ER+/PR+ 1238 (60.6) 628 (60.6) 208 (59.8) 175 (61.4) 227 (61.0)

ER+/PR−, ER−/PR+ 344 (16.8) 174 (16.8) 55 (15.8) 51 (17.9) 64 (17.2)

ER−/PR− 275 (13.5) 149 (14.4) 48 (13.8) 36 (12.6) 42 (11.3)

HER2 status, n (%)

HER2+ 312 (15.3) 159 (15.3) 63 (18.1) 46 (16.1) 44 (11.8)

HER2− 1413 (69.2) 715 (68.9) 228 (65.5) 197 (69.1) 273 (73.4)

Missing, n (%) 132 (6.5) 77 (7.4) 20 (5.7) 19 (6.7) 16 (4.3)
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mortality (HR 0.64, 95% CI 0.46–0.89), and better
recurrence-free survival (HR 0.82, 95% CI 0.68–0.99)
(Table 3). There was no association between low activity
and prognosis in the results from time-dependent Cox
models. Prediagnosis physical activity was also not asso-
ciated with long-term breast cancer prognosis. On the
other hand, in a subgroup of women who were insuffi-
ciently active prediagnosis, those sufficiently active post-
diagnosis compared to no activity postdiagnosis had a
decreased risk of overall mortality (HR 0.43, 95% CI
0.26–0.72), breast cancer mortality (HR 0.48, 95% CI
0.25–0.91), and better recurrence-free survival (HR 0.59,
95% CI 0.40–0.86). In a subgroup of women who were
sufficiently active prediagnosis, low activity postdiagnosis
compared to no activity postdiagnosis was associated
with decreased risk of overall mortality (HR 0.38, 95%
CI 0.16–0.88).

Discussion
In this analysis of 2042 postmenopausal long-term breast
cancer survivors in the MARIE study, we observed that
for women who were insufficiently physically active be-
fore breast cancer diagnosis but increased their physical
activity postdiagnosis to recommended levels, there was
a significant 50% reduction in overall mortality, a 46%
reduction in breast cancer mortality, and a 42% improve-
ment in recurrence-free survival compared to women who
remained insufficiently active. There were also similar sug-
gestions of improvements in prognosis with maintaining
recommended levels of leisure-time physical activity pre-
to postdiagnosis. That we do not see significantly decreased
associations in this group could be attributed to the refer-
ence category, which includes both completely inactive
women and insufficiently active women, thus potentially
making it more difficult to detect associations and bias the

Table 1 Postdiagnosis characteristics of the population by change in recommended levels of leisure-time physical activity pre- and
postdiagnosis (Continued)

Total Pre- and postdiagnosis leisure-time physical activity

Insufficiently
activea

Increasingly
active

Decreasingly
active

Sufficiently
active

Type of surgery, n (%)

Mastectomy 55 (2.7) 24 (2.3) 11 (3.2) 9 (3.2) 11 (3.0)

Mastectomy + axilla 478 (23.4) 266 (25.7) 85 (24.4) 57 (20.0) 70 (18.8)

Breast-conserving therapy 181 (8.9) 86 (8.3) 31 (8.9) 25 (8.8) 39 (10.5)

Breast-conserving therapy + axilla 1326 (64.9) 660 (63.6) 221 (63.5) 193 (67.7) 252 (67.7)

Mode of tumour detection, n (%)b

Self-detected by palpation/secretion/pain 1007 (49.3) 550 (53.0) 151 (43.4) 136 (47.7) 170 (45.7)

Routine examination, mammography, ultrasound 1031 (50.5) 485 (46.8) 195 (56.0) 149 (52.3) 202 (54.3)

Chemotherapy, n (%) 917 (44.9) 481 (46.4) 163 (46.8) 127 (44.6) 146 (39.2)

Radiation therapy, n (%) 1627 (79.7) 828 (79.8) 274 (78.7) 230 (80.7) 295 (79.3)

Hormone therapy, n (%) 1651 (80.9) 842 (81.2) 276 (79.3) 228 (80.0) 305 (82.0)

Diabetes, n (%)b 239 (11.7) 162 (15.6) 21 (6.0) 32 (11.2) 24 (6.5)

Cardiovascular disease, n (%)b 1349 (66.1) 737 (71.1) 227 (65.2) 180 (63.2) 205 (55.1)

Osteoporosis, n (%) 452 (22.1) 241 (23.2) 74 (21.3) 69 (24.2) 68 (18.3)
aInsufficiently active is defined as having between 0 and 7.5 MET-h/week of leisure-time physical activity; sufficiently active is defined as having ≥ 7.5 MET-h/week
of leisure-time physical activity
bStatistically significant differences in patient characteristics between physical activity groups tested by ANOVA (p < 0.05 for statistical significance)
cAlso for number of positive lymph nodes, tumour grade, ER/PR status, and HER2 status

Table 2 Associations between change in pre- and postdiagnosis leisure-time physical activity according to recommendations and
overall mortality, breast cancer mortality, and recurrence-free survival in postmenopausal breast cancer survivors

Pre- to postdiagnosis
leisure-time physical
activity patterns

Number Overall mortality Breast cancer mortality Recurrence-free survival

Events HR (95% CI) Events HR (95% CI) Events HR (95% CI)

Insufficiently active 1021 128 1.00 (ref.) 71 1.00 (ref.) 190 1.00 (ref.)

Increasingly active 345 20 0.50 (0.31–0.82) 14 0.54 (0.30–1.00) 36 0.58 (0.40–0.84)

Decreasingly active 281 32 0.91 (0.61–1.36) 16 0.80 (0.45–1.42) 54 1.04 (0.76–1.43)

Sufficiently active 372 26 0.75 (0.48–1.15) 13 0.61 (0.33–1.13) 44 0.80 (0.57–1.14)

Analyses were adjusted for age at diagnosis, tumour size, nodal status, grade, ER/PR status, mode of detection, menopausal hormone use at diagnosis, recurrences
between diagnosis and follow-up, and time between recruitment and follow-up, and were stratified by study centre and age at diagnosis in 5-year categories
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results of the comparison groups to the null. Indeed, in the
time-dependent analyses, where no activity is the reference
group, sufficient activity is strongly and significantly
associated with all three cancer outcomes. Our results
suggest that achieving at least the recommended levels
of moderate-intensity aerobic physical activity (7.5 MET-
h/week), e.g. the equivalent of walking briskly (~ 5.6 km/h)
for at least 150min per week [13], after a breast cancer
diagnosis, is beneficial to survival.
Our results indicating gains of maintaining or adopting

an active lifestyle after breast cancer diagnosis are in line
with other studies, where there was either a benefit to sur-
vival with increasing pre- to postdiagnosis physical activity
[7], or harm with reducing pre- to postdiagnosis physical
activity [5, 6]. Adherence to physical activity guidelines
was also beneficial if women were able to adhere to
guidelines post-treatment and 1-year post-treatment
[8]. Specifically, our results demonstrate an improve-
ment in prognosis with both adhering to guidelines
(for those sufficiently active pre- and postdiagnosis)
and increasing postdiagnosis leisure-time physical ac-
tivity to recommended levels (for those insufficiently
active prediagnosis). Results taken together than with
those from other studies show that both increasing

physical activity (> 9 MET-h/week before or after diag-
nosis [7]) increases survival and decreasing physical
activity (decreasing > 3 MET-h/week pre- to postdiag-
nosis [6]) decreases survival [5, 6], independent of how
physical activity change was categorized. Numerous mech-
anisms related to body fatness, sex hormones, growth fac-
tors, adipokines, immune function, and inflammation may
be involved in mediating the impact of physical activity on
survival [2, 3]. For example, results from a meta-analysis
of five randomized controlled trials of postmenopausal
breast cancer survivors showed that exercise after cancer
therapy reduced levels of serum insulin growth factors
and binding proteins [21].
In other studies examining pre- to postdiagnosis phys-

ical activity with breast cancer survival, postdiagnosis
physical activity was assessed within 3 years after diagno-
sis [5–7]. Patients in our analysis had already survived a
median of 5.8 years from breast cancer diagnosis, which
restricts our results to long-term survivors of breast can-
cer. Women in our analysis, who had survived until and
completed the follow-up questionnaire, were more likely
to have exercised prediagnosis (median prediagnosis en-
ergy expenditure from leisure-time activities was 3.4
MET-h/week) compared to women who were alive but

Table 3 Time-dependent associations between leisure-time physical activity and overall mortality, breast cancer mortality, and
recurrence-free survival in postmenopausal breast cancer survivors

Physical activity Number Events Overall mortality,
HR (95% CI)

Events Breast cancer
mortality, HR
(95% CI)

Events Recurrence-free
survival, HR
(95% CI)

Pre- and postdiagnosis
physical activitya,b

Predx/postdx Predx/postdx Predx/postdx Predx/postdx

No activity 693/818 76/115 1.00 (ref.) 43/64 1.00 (ref.) 115/157 1.00 (ref.)

Low activity 692/504 73/46 0.94 (0.74–1.19) 43/24 0.94 (0.68–1.29) 115/92 1.18 (0.98–1.43)

Sufficient activity 657/720 58/46 0.73 (0.57–0.93) 29/27 0.64 (0.46–0.89) 99/80 0.82 (0.68–0.99)

Prediagnosis physical activityc

No activity 677 73 1.00 (ref.) 41 1.00 (ref.) 112 1.00 (ref.)

Low activity 676 73 1.07 (0.77–1.49) 43 1.18 (0.76–1.83) 112 1.05 (0.80–1.38)

Sufficient activity 647 58 0.97 (0.68–1.38) 29 0.90 (0.55–1.46) 97 1.04 (0.79–1.37)

Postdiagnosis physical activityd in insufficiently active women prediagnosis

No activity 662 91 1.00 (ref.) 53 1.00 (ref.) 121 1.00 (ref.)

Low activity 359 37 0.71 (0.48–1.06) 18 0.65 (0.37–1.16) 69 1.14 (0.84–1.55)

Sufficient activity 345 20 0.43 (0.26–0.72) 14 0.48 (0.25–0.91) 36 0.59 (0.40–0.86)

Postdiagnosis physical activityd in sufficiently active women prediagnosis

No activity 91 23 1.00 (ref.) 10 1.00 (ref.) 34 1.00 (ref.)

Low activity 37 9 0.38 (0.16–0.88) 6 0.69 (0.18–2.56) 20 0.75 (0.41–1.38)

Sufficient activity 20 26 0.57 (0.30–1.08) 13 0.59 (0.22–1.64) 44 0.65 (0.39–1.09)
aLeisure-time physical activity in MET-h/week was modelled as a time-dependent variable
bAnalyses were adjusted for age at diagnosis, tumour size, nodal status, grade, ER/PR status, mode of detection, and menopausal hormone use at diagnosis, and
were stratified by study centre and age at diagnosis in 5-year categories
cAnalyses were adjusted for age at diagnosis, tumour size, nodal status, grade, ER/PR status, mode of detection, menopausal hormone use at diagnosis,
chemotherapy, and hormone therapy, and were stratified by study centre and age at diagnosis in 5-year categories
dAnalyses were adjusted for age at diagnosis, tumour size, nodal status, grade, ER/PR status, mode of detection, menopausal hormone use at diagnosis, and
recurrences between diagnosis and follow-up, and were stratified by study centre and age at diagnosis in 5-year categories
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elected not to participate in the follow-up (1.0 MET-h/
week) and women who died before the follow-up (me-
dian 0.2 MET-h/week). Therefore, our results may re-
flect a healthier subset of women. Also, pre- and
postdiagnosis leisure-time physical activity was higher in
women enrolled in the US studies [6, 7] compared to
our own. We observe that adherence to the recommen-
dations conferred an advantage to patients for improved
prognosis compared to not adhering to the recommen-
dations. That we see better prognosis for women who
increased their leisure-time physical activity postdiagno-
sis to the World Health Organization’s physical activity
guideline recommendations [17] compared to those who
did not is encouraging for women who failed to adhere
to the guidelines prediagnosis.
Even though a large proportion of women in our study

were able to meet the World Health Organization’s and
Germany’s national recommendations for physical activity,
large randomized controlled trials of different domains of
physical activity conducted at differing intensities and time
points would be required to improve our knowledge about
the complex relationship between pre- and postdiagnosis
physical activity in breast cancer survivors to increase sur-
vival. Our results suggest that following current physical
activity recommendations may be beneficial for prognosis
following breast cancer diagnosis.
There are several strengths to our study including the

large sample size. This is the first study outside the USA
to evaluate the changes in physical activity using MET-
h/week rather than on a 10-point ordinal scale [5] and
evaluate the association between pre- to postdiagnosis
physical activity based on levels that are relevant for
public health and prognosis in postmenopausal breast
cancer patients. Well-known prognostic factors [22, 23]
including tumour size, nodal status, tumour grade, ER/
PR tumour status, mode of detection, menopausal hor-
mone use, tumour recurrences, and cancer therapies in
addition to a wide range of demographic and lifestyle
factors, which could have confounded and modified our
associations of interest, were carefully and comprehen-
sively accounted for in the analyses. We also examined
the effect measure modification by several relevant fac-
tors. Postdiagnosis physical activity was ascertained at
the follow-up and is likely to reflect long-term changes
in behaviour after breast cancer diagnosis, surgery, and
treatment. In addition to the overall and breast cancer
mortality, we have also assessed recurrence-free survival,
which includes non-death events that are predictors of
death and a marker for survival [18]. Our follow-up time
of 11.6 years after breast cancer diagnosis is also the
longest of any study evaluating pre- to postdiagnosis
physical activity and prognosis, allowing us to examine
the long-term impact of physical activity as well as the
changes in physical activity on cancer outcomes.

There are also some limitations to consider when inter-
preting our results. Physical activity was self-reported as in
all other studies on this topic. Prediagnosis physical activ-
ity was assessed retrospectively after diagnosis, and post-
diagnosis physical activity from 3 months after diagnosis
to the follow-up was collected at the follow-up, creating
a potential for recall bias, which could result in under-
and overestimation of physical activity. This type of
misclassification is likely to have been non-differential
and would give attenuated associations with prognosis
[24]. Another point to consider that was extensively de-
scribed earlier is that in our analysis, the insufficiently
active group includes a mix of women who are com-
pletely inactive (no leisure-time physical activities) and
insufficiently active. Previous studies have demon-
strated that as little as one to two sessions of weekly ex-
ercise associate with significant survival advantages in
cancer survivors in comparison with those who do
nothing [25, 26]. Therefore, because these women are
also included in our reference group, risk estimates for
the comparison groups are likely to be attenuated or
less significant than if we had only included women
who were completely inactive. Findings from time-
dependent models help to clarify these associations.
There is also the possibility of reverse causation in

women who could not exercise because they were too sick
(decreasingly active) and women who wanted to change
their behaviours and were able to exercise due to being
less sick (increasingly active). Proportionally, tumour size,
tumour grade, and hormone receptor status were similar
between women with decreased activity and women with
increased activity. However, there were relatively more
women with more than three positive lymph nodes who
had increased activity than those who had decreased activ-
ity, meaning that those who had a more advanced disease
were actually women who we may have expected to be-
come insufficiently active postdiagnosis. Reverse caus-
ation could also stem from comorbidities, which we
had tested. We have accounted for possible confound-
ing by including the prognostic factors tumour size,
nodal status, tumour grade, and hormone receptor sta-
tus in our models. We have also examined physical ac-
tivity based on leisure-time physical activity only and
not total physical activity including commuting, house-
hold, or occupational activities. Previous studies on
physical activity and survival after breast cancer diagno-
sis [6] including one from the MARIE study [14] have
shown the strongest associations between leisure-time
physical activity and survival.

Conclusions
We have observed an improved overall breast cancer
prognosis amongst postmenopausal long-term breast
cancer survivors who engaged in at least 150 min per
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week of moderate-intensity physical activity postdiagno-
sis regardless of physical activity level prediagnosis. Our
results, in combination with other studies, suggest that
physical activity is important in improving survival fol-
lowing breast cancer diagnosis and should be encour-
aged both pre- and postdiagnosis and perhaps more
crucially so in women who were insufficiently active
prediagnosis.
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