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Abstract
Purpose Although physical activity has been demonstrated to
increase cancer survival in epidemiological studies, breast
cancer patients tend toward inactivity after treatment.
Methods Breast cancer patients were quasi-randomly allocated to two different groups, intervention (IG) and control (CG)
groups. The intervention group (n = 111) received an individual 3-week exercise program with two additional 1-week inpatient stays after 4 and 8 months. At the end of the rehabilitation, a home-based exercise program was designed. The
control group (n = 83) received a 3-week rehabilitation program and did not obtain any follow-up care. Patients from
both groups were measured using questionnaires on physical
activity, fatigue, and quality of life (QoL) at five time points,
4 months (t1), 8 months (t2), 12 months (t3), 18 months (t4),
and 24 months (t5) after the beginning of the rehabilitation.
Results After 2 years, the level of physical activity (total metabolic rate) increased significantly from 2733.16 ± 2547.95
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(t0) to 4169.71 ± 3492.27 (t5) metabolic equivalent (MET)min/week in the intervention group, but just slightly changed
from 2858.38 ± 2393.79 (t0) to 2875.74 ± 2590.15 (t5) METmin/week in the control group (means ± standard deviation).
Furthermore, the internal group comparison showed significant differences after 2 years as well. These results came along
with a significantly reduced fatigue syndrome and an increased health-related quality of life.
Conclusions The data indicate that an individual, according to
their preferences, and physical-resource-adapted exercise program has a more sustainable impact on the physical activity
level in breast cancer patients than the usual care. It is suggested that the rehabilitation program should be personalized
for all breast cancer patients.
Keywords Exercise . Cancer . Rehabilitation . Sustain .
Physical activity

Purpose
Breast cancer is the most commonly diagnosed type of cancer
in women both in the developed and less-developed world. It is
estimated that in 2013, over 1.8 million women worldwide
were diagnosed with breast cancer [1]. One in eight women is
confronted with breast cancer diagnosis during her lifetime,
which is in Germany alone 69.550 women each year [2].
Breast cancer survival rates in low- and middle-income countries vary between 40 and 60%. Due to early screening, detection, better awareness, and treatment options, which keep
getting better constantly, the curing prospects in high-income
countries are over 80% [1]. Despite continuously improving
treatment options, the medical treatment for breast cancer has
a lot of side effects on the physical [3, 4], mental [5, 6], and
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social levels [7], which have a negative influence on the quality
of life [8, 9]. Over the past few years, a number of studies have
shown that physical activity and exercise programs have
significantly positive influence over those very common side
effects such as lymphedema and fatigue [10, 11]. Several
epidemiological studies suggest that physical activity can even
significantly decrease the mortality risk in patients with breast
cancer [12, 13]. However, studies indicate that a lot of patients
lose their activity level after completing the rehabilitation phase
and exercise programs and fall back to their base level [14, 15].
This of course involves the risk that diseases due to physical
inactivity and medical treatment-related side effects may
reappear. To change their physical activity and exercise habits,
it is assumed that patients seem to prefer an individual and
according to their preferences and physical resource-adapted
exercise program, instructed by specialized staff [16].
Therefore, we initiated a quasi-randomized, interventioncontrolled trial with breast cancer patients in the rehabilitation
phase in two different rehabilitation clinics over 3 weeks. We
hypothesized that an individual-supervised exercise program
shows a more positive and more sustainable impact on physical
activity level, fatigue syndrome, and health-related quality of
life than usual care.

Methods
Study design and measure points
The Kissinger Individualization in Rehabilitation and Activity
(KIRA) study is a quasi-randomized, controlled intervention
trial that analyzes the sustainable impact of an individualized
exercise program on physical activity level (primary endpoint)
and fatigue syndrome on breast cancer patients in a rehabilitation center, and it took place between 2010 and 2011 with a
follow-up examination in 2013. A randomization of patients
into two different groups in one rehabilitation clinic was not
possible, which is why we conducted a two-center study with
an intervention group located in the “Klinik Am Kurpark” in
Bad Kissingen (Germany) and a control group located in the
“Klinik Ob der Tauber” in Bad Mergentheim (Germany). The
patients from the first clinic received an individualized exercise program; the patients from the second clinic received
usual care. The control group received a 3-week rehabilitation
program according to the German rehabilitation guidelines
and did not obtain any follow-up care. They were measured
at the time points of 4 months (t1), 8 months (t2), 12 months
(t3), 18 months (t4), and 24 months (t5) after the beginning of
the rehabilitation using postal questionnaires on physical activity, fatigue syndrome, and health-related quality of life. An
exact sample size calculation was not conducted, but we calculated the number of 200 recruited breast cancer patients
considering the inpatient number in the hospital per year.

Inclusion and exclusion criteria
In order for the patients to participate in the study, they had
to be between 18 and 75 years old and diagnosed with nonmetastatic, histologically proven breast cancer not longer
than 5 years. In addition, fluent German language skills
were required for the complete comprehension of the questionnaires. Exclusion criteria were second malignancies,
metastatic diseases, major medical or psychiatric comorbidities, or other chronic diseases excluding regular physical
activity, further alcohol and drug abuse, and noncompliance with therapy.
Exercise intervention
The intervention group received a 3-week rehabilitation
program with an individual and according to their preferences and physical resource-adapted exercise program.
Therefore, face-to-face meetings and a detailed diagnosis
of a patient’s movement and exercise habits, circumstances
of life, and exercise possibilities in their home place were
conducted. In addition, a physical performance test (IPN
test) by physiotherapists was performed. The individualized exercise program of 15 metabolic equivalents
(METs) and the focus of the therapy units were based on
the results of the previous tests and diagnostics. If one patient could not name any preferred sport activity, the first
week of the rehabilitation was used to find their most suitable type of movement (walking, treadmill, ergometer, bicycle, machine training, etc.) for the following exercise
focus. Furthermore, the patients from the intervention
group received an individual, home-based exercise program. The aftercare involved a 1-week inpatient stay at
the clinic, 4 and 8 months after the first 3-week stay. An
additional personal phone call took place 1 month after the
first discharge, and the patients were questioned again at the
time points of 12, 18, and 24 months after the beginning of
the rehabilitation with postal questionnaires on physical
activity, fatigue syndrome, and health-related quality of
life.
The main purpose of the individual and detailed history
of physical activity (habits, preference, possibilities at
home), the telephone aftercare, and the home-based training schedule was to generate a best possible individual and
precise therapy and exercise program in order to sustainably improve the physical activity level and achieve the
recommended activity level (sport metabolic rate) of
15 MET-h/week [12, 13].
Assessment
Patients of both groups filled in an anthropometric questionnaire, which comprised clinical and sociodemographic
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data. Information about tumor stage, chemotherapy, and
radiation were used from the patient records.
The registration of the primary endpoint (level of physical
activity) was measured with the validated “Freiburger
Fragebogen zur körperlichen Aktivität” (Freiburg questionnaire
on physical activity; FFkA, German version) involving 12 questions for physical activity in daily life, leisure time, and exercise
activity in hours per week [17]. Activity is divided into the following subgroups: basic activity (e.g., shopping), leisure activity
(e.g., taking a walk), and sports activity.
The health-related quality of life (QoL) was determined with
the European Organization for Research and Treatment of
Cancer (EORTC) “Quality-of-Life questionnaire (QLQ-C30)”
[18].
To survey fatigue syndrome, the “Multidimensional Fatigue
Inventory” (MFI) was used. The 20-itemself-report questionnaire is subdivided in the dimensions general, physical, and
mental fatigue; reduced activity; and reduced motivation, with
four questions in each dimension and scoring from 1 to 5 points
with higher results indicating higher grades of fatigue syndrome
[19, 20].
Statistical analysis
Following the intention-to-treat (ITT) approach, data from all
participants that completed t0 assessment were included in the
following analyses (N = 194). Missing values due to dropouts
from the study were replaced using the last-observation-carriedforward (LOCF) method.
Potential baseline differences between treatment groups in
age, height, weight, BMI, time since diagnosis, duration of
radiotherapy, duration of chemotherapy, EORTC-QLQ-C30,
MFI-20, and FKKA subscales were investigated using separate
independent t tests. Due to the central limit theorem, we assumed the approximate normality of sampling distribution
[21, 22]. Independent t test assumption of homogenous variances between groups was tested using Levene’s test. Potential
baseline differences between treatment groups regarding distribution of radiotherapy, chemotherapy, and postmenopausal patients were investigated using separate Fisher’s exact tests.
Effects of time point (t0 vs. t1 vs. t2 vs. t3 vs. t4 vs. t5), group
(CG vs. IG), and time point × group interaction on the FFKA,
EORTC, and MFI subscales were assessed using separate 2 × 6
mixed analyses of variance (mixed ANOVA). Again, the normality of sampling distribution was assumed due to the central
limit theorem. ANOVA assumption of sphericity for variances
of differences between categories of within-subject factor time
point was tested using Mauchly’s test. If Mauchly’s test had
reached significance, the Greenhouse-Geisser rectification
method was applied. ANOVA assumption of homogeneous
variances in between factor categories was tested using
Levene’s test. Interaction effects were further investigated
through simple effect analyses. Alpha error accumulation at

simple effect analyses was controlled using Bonferroni adjustment. For significant effects, partial eta-squared ( 2p) values
were reported as effect size estimates.
For all inferential statistical analyses, significance was defined as the p value less than 0.05. All descriptive and inferential statistical analyses were conducted using SPSS 22®
(IBM®, Armonk, NY, USA). Two-tailed probability tests were
used throughout all inferential statistical testing.

Results
A total of 194 patients were recruited between May 15, 2010,
and April 15, 2011, of which 111 patients were assigned to the
intervention group and 83 patients to the control group.
Both groups were comparable with respect to the most relevant clinical and sociodemographic data. However, patients in
the intervention group were significantly younger (p = 0.001).
All patients had finished medical treatment at the beginning of
the study. For the intervention group, the mean durations after
the end of the medical treatment were 1.7 ± 1.9 months (after
chemotherapy) and 1.4 ± 0.7 months (after radiation), and for
the control group, 1.8 ± 2.0 months (after chemotherapy) and
1.3 ± 0.8 months (after radiation). The beginning of the rehabilitation took place 11.4 ± 7.6 and 12.8 ± 8.5 months after
breast cancer diagnosis in the intervention and the control
groups, respectively (Table 1). During the study, some patients
from both intervention and control groups ended their participation due to personal and medical reasons. Detailed information concerning the dropouts is enclosed as an attachment.
Level of physical activity
We have observed that 74.1% of the patients in the intervention
group achieved the recommended activity level (sport metabolic rate) of 15 MET-h/week after 2 years (t5). In the control
group, 48.7% reached that level. The internal group comparison
showed significant differences after 2 years. There were differences at t1 (p = 0.002), t2 (p = 0.020), t3 (p = 0.005), and t5
(p = 0.005) in the intervention group in the internal group comparison with respect to the total metabolic rate (Fig. 1). After
2 years, the level of physical activity (total metabolic rate) significantly increased from 2733.16 ± 2547.95 (t0) to
4169.71 ± 3492.27 (t5) MET-min/week in the intervention
group, but just slightly from 2858.38 ± 2393.79 (t0) to
2875.74 ± 2590.15 (t5) MET-min/week in the control group
(means ± standard deviation) (Table 2). Baseline (p = 0.813)
and t4 (p = 0.196) showed no significant differences.
Additionally, the intragroup comparison revealed six significant
differences in the intervention group at eight parameters related
to an increase in the physical activity level. There were no
significant differences regarding the control group. The intervention group increased in respect to all parameters from t0 to
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Table 1 Baseline characteristics
of the intervention group and the
control group

Intervention group (n = 111)

Control group (n = 83)

Age (years)
Body weight (kg)
Height (cm)
Body mass index (kg/m2)
Time since diagnosis (months)

53.8 ± 8.6
73.4 ± 13.9
163.5 ± 7.0
27.5 ± 4.9
11.4 ± 7.6

58.2
74.5
163.
27.9
12.8

Chemotherapy (%)
Duration of chemotherapy (months)
Radiotherapy (%)
Duration of radiotherapy (months)
Postmenopausal patients (%)
Antihormonal treatment (%)

55.5
1.7 ± 1.9 (n = 107)
87.4
1.4 ± 0.7 (n = 110)
71.4 (n = 98)
77.5

47.0
1.8 ± 2.0
86.7
1.3 ± 0.8
95.5 (n = 68)
65.1

±
±
±
±
±

9.4
14.2
5.6
4.9
8.5

n sample size

t5, while the control group decreased in respect to basic metabolic rate, total activity, and basic activity.
In relation to the parameter “activity,” we observed a significant increase in the total activity (p = 0.001), sports activity
(p = 0.001), and leisure activity (p = 0.003) between t0 and t5
in the intervention group. No significant changes in basic activity
were observed (p = 0.265). Within this context, no significant
changes were noted in the control group. The total activity of the
intervention group increased from 10.02 ± 8.1 h/week (t0) to
15.36 ± 11.17 h/week (t3), decreased to 12.36 ± 9.36 h/week
(t4), and increased to 14.15 ± 11.47 h/week (t5). In the CG, an
increase was observed in the total activity of 10.52 ± 9.54 h/week
(t0) to 11.68 ± 9.56 h/week (t3) with a subsequent decrease to
10.43 ± 9.08 h/week, which was below the baseline value.
The leisure activity and the leisure metabolic rate principally
remained unchanged in all measure points (t0 to t5) and tended to

control group
intervention group

*

*

*

*

Total metabolic rate

8000

6000

4000

be higher in the control group. Basic activity and basic metabolic
rate increased between t0 and t3 in the intervention group, while
they decreased between t3 and t4. At the last time point (between
t4 and t5), both parameters increased. There was no change
observed in the control group between t0 and t3, but there was
a decrease regarding the basic activity between t3 and t5 lower
than the t0 baseline level (Table 2).
Fatigue
Comparing both groups in respect to the general fatigue score,
we have observed significantly lower fatigue scores in the intervention group at t1 (p = 0.034), t2 (p = 0.011), and t4
(p = 0.025) (Fig. 2). In the intervention group, fatigue syndrome
remained in all scales and at all measure points (t1 to t5) on a
lower level compared to the control group. In the intervention
group, a decrease was observed regarding fatigue syndrome in
all dimensions from t0 to t2, while the control group showed an
increase in four dimensions (mental fatigue, reduced motivation, reduced activity, and physical fatigue) and a decrease in
general fatigue. Between t2 and t5, the control group showed
hardly any differences while the intervention group showed
slightly reduced effects on fatigue syndrome. The intervention
group demonstrated, from baseline to t5 fatigue, reductions in
four dimensions (general fatigue, mental fatigue, reduced activity, and physical fatigue) while the control group revealed fatigue reductions only in two dimensions (general fatigue and
physical fatigue).

2000

Health-related quality of life
0

t0

t1

t2

t3

t4

t5

Time-point of assessment

Fig. 1 Total metabolic rate (MET-min/week) score from t0 to t5
(*p ≤ 0.05)

Both groups slightly proved an increase in the general healthrelated quality of life from t0 to t5. The data of the intervention
group were higher at all time points between t1 and t5 compared
to the control group but not significant (Fig. 3).

n

M

3.52
4.48

n

M

SD

n

N

5.30 111
3.79 83

3.98
4.71

5.04 111
5.23 83

4.79
4.73

5.64
4.70

5.50 111
4.34 83

6.05 111
5.11 83

4.34
4.88

4.09
4.46

3.83
2.08

4.92 111
4.58 83

5.05 111
4.92 83

4.51 111
3.58 83

4.91
4.84

5.36
3.46

3.92
2.14

14.15
10.43

−.24
.09

4.30
4.44

5.94 111
5.78 83

5.59 111
3.60 83

9.36 111
10.01 83

6.28 111 t(110) −3.01 0.003
4.88 83 t(82) −0.53 0.576

4.92 111
5.46 83

5.02
4.78

4.93
2.24

12.26
11.29

−.14
.22

5.56 111
5.12 83

3.52 111
2.72 83

11.17 111
9.56 83

5.99 111 t(110) −1.12 0.265
3.89 83 t(82)
1.44 0.154

4.28
4.47

111
83

4.84
1.94

15.36
11.68

−.46
−.19

4.35 111
3.57 83

9.25 111
9.14 83

4.80 111 t(110) −3.84 0.001
3.71 83 t(82) −1.66 0.101

5.05
1.98

111
83

13.83
11.43

−.41
.01

8.60 111
8.64 83

11.47 111 t(110) −3.93 0.001
9.08 83 t(82) −0.07 0.945

13.59
10.90

111
83

−.28
−.09

111 1100.04 1310.22 111 1048.58 1281.63 111 1238.89 1312.67 111 1117.91 1183.87 111 1287.68 1570.40 111 t(110) −3.53 0.001
83 1089.35 885.00 83 1233.99 1641.42 83 1212.58 1089.21 83 1231.01 1122.99 83 1209.81 1250.86 83 t(82) −0.58 0.562

39.49
8.04

17.03
−26.07

105.24
57.36

41.22
−0.86

46.08
8.24

25.76
−25.49

103.96
38.19

50.36
0.61

t value p value Effect size %

CG control group, IG intervention group, M mean, SD standard deviation, n sample size

Total metabolic rate in MET-min/week, sport metabolic rate in MET-min/week, basic metabolic rate in MET-min/week, leisure metabolic rate in MET-min/week, total activity in hours/week, sport activity
in hours/week, basic activity in hours/week, and leisure activity in hours/week

IG
CG

Leisure metabolic rate
IG 881.47 1220.10
CG 1117.75 1332.73
Total activity
IG
10.02
8.10
CG
10.52
9.54
Sport activity
IG
1.91
3.89
CG
1.36
2.38
Basic activity
IG
4.58
5.13
CG
4.68
6.92
Leisure activity

SD

−.2
.1

M

1499.56 111 1444.52 1539.79 111 1088.87 1333.06 111 1425.83 1604.57 111 t(110) −1.59 0.116
1452.76 83 1199.16 1317.01 83 1054.32 1184.68 83 865.28 972.75 83 t(82)
1.47 0.145

n

Baseline vs. 24 months

−.4
−.14

SD

24 months (t5)

1524.08 111 2036.57 2565.73 111 1509.48 2100.99 111 1545.93 2007.26 111 t(110) −3.58 0.001
1149.72 83 886.66 1475.72 83 842.90 1589.40 83 800.65 1448.43 83 t(82) −1.17 0.245

M

18 months (t4)

−.45
−.01

n

12 months (t3)

2808.42 111 4719.97 3786.26 111 3716.26 3233.01 111 4169.71 3492.27 111 t(110) −4.64 0.001
2866.10 83 3298.41 2854.49 83 3120.99 3071.28 83 2875.74 2590.15 83 t(82) −0.05 0.316

SD

8 months (t2)

Total metabolic rate
IG 2773.16 2547.95 111 4145.62 2723.22 111 4171.79
CG 2858.38 2393.79 83 2980.12 2429.99 83 3211.09
Sport metabolic rate
IG 757.94 1934.90 111 1929.69 1885.92 111 1847.12
CG 579.40 1071.54 83 773.27 1359.73 83 762.82
Basic metabolic rate
IG 1133.75 1314.10 111 1115.89 1405.35 111 1276.08
CG 1161.23 1575.76 83 1117.51 1263.66 83 1214.29

SD

M

n

M

SD

4 months (t1)

Development of level of physical activity from baseline (t0) to 2 years (t5) after rehabilitation clinic

Baseline (t0)

Table 2
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Fig. 2 General fatigue score (MFI 20) from t0 to t5 (*p ≤ 0.05)

Discussion
This quasi-randomized, controlled study hypothesized that
a personalized, supervised exercise program, including an
additional 1-week inpatient stay after 4 and 8 months, has a
more positive and more sustainable impact on physical
activity level in breast cancer patients compared to the
usual care in the rehabilitation clinic. In addition, we expected a reduction regarding the fatigue syndrome and an
improvement on the health-related quality of life.
After 2 years, the patients in the intervention group
showed a sustainable and significant increase in the level
of physical activity (total metabolic rate) (t0 vs. t5) by
50.36% while the control group increased just by 0.61%.
The intervention group showed an increase in all parameters from t0 to t5 by up to 105.24% (sport activity) while
the control group showed a decrease in respect to basic
metabolic rate (−25.49%), total activity (−0.86%), and basic activity (−26.07%). The fatigue syndrome revealed a
significant decrease as well, but had no effects on the
health-related quality of life. To our knowledge, no studies
have investigated the sustainable impact of an individual
intervention group
control group

EORTC-QL

80

60

40

0

t0

t1

t2

t3

t4

t5

Time-point of assessment
Fig. 3 Health-related quality-of-life score from t0 to t5 (*p ≤ 0.05)

exercise program on the physical activity level in breast
cancer patients proving significant effects after 2 years.
The results revealed a significant and sustainable improvement of the physical activity level in the intervention group
between t0 and t5. This is mainly observed due to the individual exercise control, regarding the preferred method of exercise, and the professional instruction of skilled therapists.
Furthermore, two additional 1-week inpatient stays took place
after 4 and 8 months, which provided a high motivation and
supported a change of lifestyle. The patients have experienced
positive effects of physical activity as fatigue syndrome
showed a decrease after physical exercise [10]. To obtain a
sustainable improvement, it is also important to include the
conditions of life in the particular home setting in the individual exercise program.
The unexpected decrease in both total activity level and
total metabolic rate between t3 and t4 in the intervention
group and the following increase between t4 and t5 are possibly explained due to the season of the year as the decrease in
these parameters took place during the winter, when people
tend to be less active [23].
Several studies already proved that physical activity is
safe and effective in both medical treatment and follow-up
care of breast cancer therapy [24, 25]. Furthermore, the
increase in physical activity in the intervention group was
accompanied by a substantial improvement in fatigue and a
significantly higher health-related quality of life. This is
already documented in other studies [10, 26–33], but was
not observed in our study. The parameter of QoL is a very
complex concept, dependent upon multiple variables. In
the rehabilitation clinic, the patients received various other
therapies, such as psycho-oncology, and we assume that
this fact is a possible reason that in this study, no significant effects between the groups regarding QoL were
observed.
One possible limitation in this study can be the fact that
this study is not a typical randomized, controlled (RCT)
study. There were also differences at baseline between both
groups in the physical activity level. Additionally, some
patients ended their participation in the study due to personal and medical reasons. Nevertheless, the dropouts
were higher in the control group (t0 vs. t5) with a mean
of 33.73–35.28% compared to the dropouts in the intervention group (30.63–31.53%).
In conclusion, due to the fact that diseases and therapy
can vary from case to case, every patient needs to get an
individualized and suitable treatment and professional
therapeutic support. To achieve the best possible therapy
effects, physical exercise and rehabilitation programs
should be individual and holistic and include all side effects of the medical treatment.
Further studies are required to confirm these results, and
based on the present study, there are a lot of new
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challenges and complications that have to be approached.
The obtained data need a translation into the patientcentered care. Furthermore, we recommend new rehabilitation concepts. The usual 3-week rehabilitation is not personalized enough to obtain sustainable improvements,
which is why patients need further follow-up inpatient
stays with individual support. Therefore, a specialized education of physiotherapists and sport therapists according
to the state of the art is required. To ensure this progress,
the government, the health insurance funds, and the medical care system need to place higher financial investments
in the cancer aftercare and rehabilitation programs.
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