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Abstract. Background/Aim: This is a report of the 5-year
quality of life (QoL) findings of the BREX-study (n=444).
Patients and Methods: A 12-month exercise intervention was
arranged shortly after adjuvant treatments. Physical activity
(PA) was assessed by PA diary, physical performance by a
2- km walking test, QoL by the EORTC QLQC30 and BR-23
questionnaires, fatigue by the FACIT-Fatigue scale and
depression by the Beck’s 13-item depression scale (BDI).
Results: Participants who improved their PA from baseline
to 5-year follow-up were more likely to improve their global
health score (RRR=1.02, p=0.016), physical (RRR=1.02,
p=0.009), social (RRR=1.03, p=0.013), role functioning
(RRR=1.03, p=0.005), and fatigue (RRR=1.02, p=0.002). An
improved 2-km walking test was associated to improved
global health, physical and role functioning, body image,
future perspectives, and fatigue (p=0.011, p<0.001, p=0.001,
p=0.021, p=0.012 and p=0.003). No significant difference
between the groups was found. Conclusion: Improvement in
PA or physical performance yields a positive change in QoL
of breast cancer patients.
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While breast cancer patients now live longer, the long-term
adverse effects of adjuvant treatments and patients’ QoL
have become a more central issue. Physical activity (PA) is
found to be a feasible, well tolerated and inexpensive way
for addressing breast cancer survivors’ physical and
psychological issues (1-9). Physically active cancer survivors
have significantly higher QoL than those who do not
exercise (10, 11). Furthermore, a low PA correlates with poor
physical health, depression symptoms, more severe fatigue
and lower emotional health-related QoL (12, 13).

Despite the fact that physical exercise seems to have a
positive impact on the physical and psychological well-being
of cancer survivors, PA declines significantly after breast
cancer diagnosis (14, 15) and increases only slowly after the
treatment period (10). Therefore, an exercise intervention
might provide an efficient approach to facilitate return to
normal life. Although many survivors are motivated to make
positive changes in their health behavior, exercise promotion
may be needed to facilitate these changes (16, 17). In previous
exercise studies, various interventions have been reported to
improve QoL in breast cancer patients. However, most of the
studies are small, their methodologies differ considerably, and
the timing of the interventions has been variable — from
interventions administered during adjuvant treatment for those
delivered a few or even several years after the primary
treatment (2, 4-9, 18-24). Among the large number of exercise
intervention studies aiming at permanent changes of breast
cancer patients’ exercise behavior, only a few have reported
results for more than two years’ follow-up time (25-30). If
exercise rehabilitation programs are to become an integral
component of the multidisciplinary management of cancer
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survivors, large-scale randomized controlled trials and long
follow-up periods after intervention would be useful to
optimize their design.

We previously conducted a prospective randomized
controlled BReast cancer and EXercise (BREX) trial where 500
Finnish women were randomized either to 12-month supervised
exercise intervention or to control groups. We managed to
recruit 78% of the eligible patients to BREX. With the
exception of an age limit and musculoskeletal disorders, the
study population represents the general Finnish breast cancer
population (31). At baseline, due to the recently completed
adjuvant treatment, the QoL of patients was impaired and their
physical performance was poor compared with the general
population (32). The previously published 12-month results of
BREX did not indicate any effect of the exercise intervention
on Qol, but showed a significant spontaneous recovery in both
physical and mental condition (33, 34). Moreover, in both
groups, increased PA was associated with improved QoL. In this
paper, we report the QoL results of the BREX study five years
from the baseline. The comparison is made between changes in
QoL at baseline (before starting the intervention) and five years
later. We also investigated the correlation between PA and
physical performance, and Qol, fatigue and depression
irrespective of study groups.

Patients and Methods

Patients. The BREX study was limited to include women aged 35-68
years who had recently (within four months) completed adjuvant
chemotherapy or started the endocrine therapy of breast cancer.
Detailed inclusion and exclusion criteria are presented in our previous
publications (31, 33). The flow diagram is presented in Figure 1.

Ethical approval. All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or comparable
ethical standards. The BREX trial is registered in the Helsinki and
Uusimaa Hospital District Clinical Trials Register (www.hus.fi)
(trial number 210590) and at http://www.clinicaltrials.gov/
(identifier number NCT00639210).

Informed consent. Informed consent was obtained from all
individual participants included in the study.

Methods

Intervention. This has been described in more detail in our previous
publications (33). Shortly: The 1-year exercise intervention
consisted of both supervised and home training. The 60-min
supervised training was organized for the exercise group once a
week with a rotating program of a step aerobics class and a circuit
training class. The level of exercise was aimed at “somewhat hard”
or “hard” (RPE 14-16). The home-based portion consisted of
endurance training that was to be carried out at least twice a week.
The control group was encouraged to maintain their normal level of
physical activity and exercise habits throughout the study.
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Table 1. The background and medical characteristics (mean and
standard deviation or frequency and proportion) at baseline for
participants at a 5-year follow-up.

Exercise Control
group group

n 235 209
Age, mean (SD) 528 (7.2) 53.3(7.7)
Menopausal status (n, %)

Premenopausal 107 (45.5) 94 (45.0)

Postmenopausal 128 (54.5) 115 (55.0)
BMI (n, %)

Normal (< 25) 97 (41.3) 104 (49.8)

Overweight (25-29.9) 93 (39.6) 77 (36.8)

Obese (30+) 45 (19.1) 28 (134)
Any reported disease (n, %) 125 (53.2) 112 (53.6)
Smokers (daily smoking) (n, %) 23 (104) 23 (11.8)
Education in years, mean (SD) 14.1 3.5) 139 (3.3)
The UKK 2-km walk test, mean (SD) 182 (2.1) 179 (1.8)
Leisure-time physical activity
before cancer diagnosis (n, %)

Low 44 (20.2) 29 (15.1)

Moderate 117 (53.7) 118 (61.5)

High 57 (26.1) 45 (234)
Tumor size (mm), mean (SD) 21.6 (12.8) 23.6(15.2)
Number of metastatic lymph nodes, mean (SD) 1.9 (2.8) 1.8 (3.6)
Estrogen receptor-positive, mean (SD) 199 (84.7) 168 (80.4)
Progesterone receptor-positive, mean (SD) 158 (67.2) 141 (67.5)
Breast surgery, final (n, %)

Mastectomy 110 (46.8) 112 (53.6)

Resection 125 (53.2) 97 (46.4)
Axillary operation, final (n, %)

Dissection 167 (71.1) 154 (73.7)

Sentinel node biopsy 68 (28.9) 55 (26.3)

Time since surgery (weeks), mean (SD)
Adjuvant treatments (n, %)

34.0 (10.6) 33.0 (10.0)

Chemotherapy 209 (88.9) 192 (91.9)
Radiotherapy 184 (78.3) 161 (77.0)
Endocrine treatment 199 (84.7) 169 (80.9)

The medical history of the patients was recorded at the BREX
baseline visit after adjuvant treatments. In addition, the patients
filled the questionnaires covering QoL, basic demographics and
lifestyle issues. After the baseline visit and completion of the
questionnaires, patients were randomized either into one-year
supervised exercise training or to a control group. The
questionnaires were repeated every six months for up to three years,
then again five years from the baseline.

Physical activity. Physical activity was assessed by a prospective two-
week physical activity diary just before the start of the study and at
follow-ups every six months until three years and then at the five-
year follow-up. In the diary, activities were categorized as either
being of light intensity, moderate, vigorous or very vigorous intensity
(<3, 3-6, 6-9, >9 on MET-h/wk scale, respectively), cf. (35).

Physical performance was tested immediately prior to the
intervention and at one, three and five-year follow-ups by a 2-km
walk test (UKK walk test, Tampere, Finland) (36).
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Figure 1. Flow chart.

Quality of life. Quality of life was measured by the EORTC
QLQC30 (37) completed in conjunction with the breast cancer
module of 23 questions (BR-23) (38). Symptoms of fatigue were
assessed using the FACIT-Fatigue scale (39). Depressive symptoms
were assessed by using the Finnish modified version of the Beck’s
13-item depression scale (RBDI) (40). Patients answered the
questionnaires at the baseline, at three, 12, 18, 24, 30, 36 and at 60
months respectively.

Statistical analysis. Depending on the particular variable, the
background and medical characteristics of the patients were reported
as means and standard deviations or frequencies and proportions. A
multinomial logistic regression analysis was used to examine the
association between study groups (independent variable) and changes
in physical activity, QoL, fatigue, and depression (outcome variables).
Changes in outcome variables from baseline to the 5-year follow-up
were classified into three groups: physical activity and physical
performance were classified based on tertiles (lowest tertile was used
as a base category), and mental well-being variables were classified
as a “negative change”, “no change”, and “positive change” where
“negative change” was used as a base category. Changes were
adjusted for baseline value of the particular outcome. All participants
who completed two time points (baseline and 5-year follow-up) were
included in these analyses, and therefore the sample size differed for
each group. Statistical significance was set at p<0.05, and all analyses
were performed with IBM SPSS Statistics 24.0.

Results

Patients’ characteristics. The baseline characteristics of the
patients who were included in the 5-year analysis (n=444)
are presented in Table I. The response rate to the QoL
questionnaires in the 5-year follow-up was high, 83%.

Between-group comparison. No significant differences
between the groups in the changes of physical activity (PA)
or physical performance were found during the five-year
follow-up (Table II).

The associations between study groups and changes in
QoL (EORTC-QLQ-C30), depression (RBDI) and fatigue
(FACIT-F) measured from baseline to 5-year follow-up are
shown in Table II. No significant differences between the
groups were found, except in role functioning favoring the
controls.

Association between changes in PA and physical performance
and QoL. All study participants irrespective of their study
group were included in the secondary analyses of changes in
PA and physical performance. Participants with increased
physical activity measured by MET-h/wk were more likely to
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Table II. Multinomial logistic regression models predicting changes in PA, QoL, fatigue, and depression by study group

From baseline to 5-year follow-up

N No change RRR (95%CI) p-Value Positive change RRR (95%CI) p-Value
Physical activity
MetH 372 1.12 (0.65-1.95) 0.69 0.86 (0.51-1.45) 0.56
UKK 2 to km walk test 328 0.98 (0.57-1.70) 0.95 0.65 (0.38-1.13) 0.13
EORTC to QLQ to C30
Global health score 390 0.65 (0.37-1.15) 0.14 0.80 (0.48-1.34) 0.40
Physical functioning 389 0.88 (0.51-1.52) 0.66 0.69 (0.41-1.17) 0.17
Social functioning 389 0.58 (0.28-1.21) 0.15 0.52 (0.21-1.28) 0.16
Role functioning 389 0.53 (0.29-0.98) 0.043 0.46 (0.21-1.00) 0.049
Emotional functioning 391 1.25 (0.75-2.09) 0.40 1.07 (0.63-1.81) 0.81
Cognitive functioning 391 1.05 (0.61-1.82) 0.86 0.86 (0.45-1.65) 0.65
EORTC to QLQ to BR23
Body image 383 0.82 (0.42-1.59) 0.55 1.31 (0.72-2.39) 0.38
Sexual functioning 350 0.94 (0.54-1.65) 0.83 0.73 (0.39-1.36) 0.32
Sexual enjoyment 133 0.69 (0.28-1.69) 0.42 0.73 (0.22-2.41) 0.61
Future perspective 379 0.86 (0.40-1.83) 0.69 0.77 (0.34-1.75) 0.53
Systematic therapy 386 1.06 (0.63-1.79) 0.82 0.89 (0.50-1.59) 0.70
Breast symptoms 390 0.75 (0.43-1.30) 0.30 0.60 (0.28-1.25) 0.17
Arm symptoms 390 0.97 (0.57-1.64) 0.90 0.56 (0.31-1.02) 0.060
FACIT to F 370 2.49 (0.95-6.54) 0.065 1.05 (0.66-1.67) 0.85
RBDI 149 1.17 (0.48-2.85) 0.73 0.61 (0.26-1.43) 0.25

Adjusted for baseline value of the particular outcome. Negative change in depression and QoL as the base category and control group as a reference
group. Relative risk ratios (RRR) with their 95% confidence intervals (CI) and p-values for the study group (RRR>1 in favor of the exercise group;

RRR <1 in favor of the controls).

improve global health score (RRR=1.02, p=0.016), physical
(RRR=1.02, p=0.009), social (RRR=1.03, p=0.013) and role
functioning (RRR=1.03, p=0.005), and symptoms of fatigue
(RRR=1.02, p=0.002) (Table III).

Participants with increased physical performance
measured by the UKK 2-km walking test were more likely
to improve global health score (RRR=1.33, p=0.011),
physical (RRR=2.00, p=<0.001), and role functioning
(RRR=1.79, p=0.001), the body image (RRR=1.33,
p=0.021) and the future perspective (RRR=1.49, p=0.012)
scales of the EORTC-QLQ-BR23, and also symptoms of
fatigue (RRR=1.35, p=0.003) (Table IV).

Discussion

In the present study, for the first time to our knowledge, we
demonstrated a long-term positive association between both
improved PA and QoL and objectively measured improved
physical performance and QoL of breast cancer survivors
after adjuvant treatments. While there were no significant
differences between the study groups, we found clear
associations between changes in both PA and physical
performance, and different dimensions of QoL.

There is accumulating evidence for the potential of
exercise interventions to be an effective and cost-efficient
approach to facilitate breast cancer survivors’ return to
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normal life. In previous exercise studies, various
interventions have been reported improving QoL in breast
cancer patients (2, 4-9, 18-24). Timing health promotion
interventions to the rehabilitation period, i.e., the period after
active adjuvant treatment, as in the present study, is seen as
particularly promising, as it targets the possibly challenging
transition from life-as-patient, with all its medical and social
support related to the treatment, to normal life (41-43).

In addition to the present study, there have been only two
RCT to examine the long-term (5 years or more) effects of
an exercise intervention in breast cancer survivors (29, 30)
and a few studies with 2-year follow-up (25-28), however
not with the same QoL endpoints as in our study.

Sagen et al. tested a 6-month physical activity program to
reduce lymphoedema after breast cancer surgery. They did
not find any difference in arm volume or lymphoedema
between the study groups. Quality of life was not studied.
There was a 27% dropout rate in the two-year follow-up (25).

Hayes et al. evaluated the effects of an 8-month pragmatic
exercise intervention on disease-free survival (DFS) and
overall survival (OS) of participants. The intervention was
delivered face-to-face or by telephone commencing six
weeks after breast surgery. Patients were randomized to
exercise group (n=207) or to usual care (n=130). After a
median follow-up of 8.3 years the hazard ratio (HR) for OS
in the intervention group compared with usual care was 0.45;
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Table III. Multinomial logistic regression models predicting changes in QoL, fatigue, and depression (negative change as the base category) by

change in physical activity (MET-h/wk).

From baseline to 5-year follow-up

N No change RRR (95%CI) p-Value Positive change RRR (95%CI) p-Value
EORTC-QLQ-C30
Global health score 358 1.02 (1.00-1.03) 0.057 1.02 (1.00-1.03) 0.016
Physical functioning 357 1.01 (1.00-1.03) 0.12 1.02 (1.01-1.04) 0.009
Social functioning 358 1.01 (0.99-1.03) 0.38 1.03 (1.01-1.06) 0.013
Role functioning 357 1.03 (1.01-1.05) 0.001 1.03 (1.01-1.06) 0.005
Emotional functioning 359 1.01 (0.99-1.02) 0.33 1.00 (0.99-1.02) 0.76
Cognitive functioning 359 1.01 (0.99-1.02) 0.29 1.01 (1.00-1.03) 0.13
EORTC-QLQ-BR23
Body image 352 1.00 (0.99-1.02) 091 1.00 (0.98-1.01) 0.88
Sexual functioning 322 1.01 (1.00-1.03) 0.086 1.01 (1.00-1.03) 0.098
Sexual enjoyment 122 1.00 (0.98-1.03) 0.74 1.03 (1.00-1.06) 0.060
Future perspective 349 1.01 (0.99-1.03) 0.37 1.01 (0.98-1.03) 0.61
Systematic therapy 355 1.00 (0.98-1.01) 0.75 1.01 (0.99-1.02) 0.28
Breast symptoms 358 1.00 (0.99-1.01) 0.96 1.00 (0.98-1.02) 0.78
Arm symptoms 358 1.00 (0.98-1.01) 0.52 1.01 (1.00-1.03) 0.096
FACIT-F 343 1.01 (0.99-1.04) 0.31 1.02 (1.01-1.04) 0.002
RBDI 141 0.99 (0.97-1.01) 043 1.00 (0.98-1.02) 0.77

Relative risk ratios (RRR) with their 95% confidence intervals (CI) and p-values for a change in MET-H/wk (RRR>1 in favor of improved physical

activity, RRR<1 in favor of decreased physical activity).

there was no difference in DFS between the groups
(HR=0.66). While not establishing causality, Hayes et al.
suggest the potential of physical activity to improve survival.
In the study of Hayes et al. there were only 11 (5.3%) deaths
in the exercise group compared with 15 (11.5%) deaths in
the usual care group during 8.3 years follow-up time. So far,
the study of Hayes is the only randomized controlled
exercise trial that has reported DFS (30).

Within the BREX study, we shall later report DFS and OS
in our ten-year follow-up analysis. Previously, a large cohort
study (n=2,987) showed that physically active breast cancer
patients have half the risk of recurrence and death compared
with sedentary women (44).

In a study by Mutrie et al., 203 women participated in a 12-
week supervised group exercise program during treatment for
early stage breast cancer. The intervention consisted of a variety
of cardiovascular, muscular strength, and flexibility exercises,
also including group discussions on techniques aiming at
change in exercise behavior. The control group received usual
care until the 6-month follow-up, at which point they had
discussions about healthy lifestyle. The results showed a
significant intervention effect at 12 weeks and 6 months follow-
up for meters walked in 12 min, minutes of moderate intensity
activity reported in a week, shoulder mobility, breast cancer
specific subscale of quality of life and for positive mood.
However, no significant effect of the exercise intervention was
found in global Qol. Mutrie et al. later contacted those 148
study patients who had agreed to being contacted again and

invited them to participate in a further follow-up. Attendance
rate to follow-up in 18 months was 114 women and in 60
months only 87 women (out of 203). The women in the original
intervention group reported more physical activity and more
positive mood at the 60 months follow-up than the women in
the original control group (29).

The study of Mutrie et al., however, differed from BREX
as to the study population, the duration of the intervention
and the follow-up program. In BREX, 80-85% of the patients
exercised regularly before their diagnosis, whereas Mutrie et
al. excluded women with regular exercise habits and only
recruited sedentary patients. This might also explain the
difference in dropouts. In BREX, there were only 17%
dropouts in five years, whereas in Mutrie’s study the
proportion of dropouts was 58%. During five years in
BREX, only 31 patients out of 538 (5.8 %) discontinued the
study on their own accord, which reflects a high level of
motivation even in control group patients.

In line with the BREX findings, however, in Mutrie’s
study, irrespective of original group allocation, women who
were more active consistently reported lower levels of
depression and increased quality of life compared with those
who were less active (29). Similarly, in the present study,
physical activity was positively associated with QoL
independently of the intervention group, especially with the
physical, social and role functions and with (lack of)
symptoms of fatigue. Improved physical performance was
also positively associated to QoL, fatigue and body image,
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Table IV. Multinomial logistic regression models predicting changes in QoL, fatigue, and depression (negative change as the base category) by

change in physical performance (the UKK 2-km walk test).

From baseline to 5-year follow-up

N No change RRR (95%CI) p-Value Positive change RRR (95%CI) p-Value
EORTC-QLQ-C30
Global health score 303 1.03 (0.83-1.28) 0.77 1.33 (1.08-1.67) 0.011
Physical functioning 302 1.61 (1.25-2.08) <0.001 2.00 (1.54-2.63) <0.001
Social functioning 303 0.75 (0.54-1.04) 0.090 0.83 (0.54-1.28) 041
Role functioning 302 1.18 (0.93-1.52) 0.18 1.79 (1.27-2.56) 0.001
Emotional functioning 304 1.15 (0.93-1.41) 0.19 1.15 (0.93-1.43) 0.19
Cognitive functioning 304 1.06 (0.85-1.33) 0.57 1.18 (0.89-1.56) 0.24
EORTC-QLQ-BR23
Body image 299 1.45 (1.10-1.92) 0.008 1.33 (1.04-1.69) 0.021
Sexual functioning 272 0.99 (0.78-1.27) 0.93 1.15 (0.88-1.49) 0.31
Sexual enjoyment 103 0.87 (0.58-1.30) 048 1.27 (0.74-2.17) 0.39
Future perspective 297 1.23 (0.95-1.61) 0.11 1.49 (1.09-2.00) 0.012
Systematic therapy 301 1.11 (0.89-1.37) 0.35 1.20 (0.94-1.52) 0.14
Breast symptoms 303 0.92 (0.72-1.18) 0.52 1.20 (0.89-1.62) 0.22
Arm symptoms 303 1.32 (1.06-1.65) 0.013 1.17 (0.91-1.51) 0.22
FACIT-F 291 1.45 (0.98-2.13) 0.066 1.35 (1.10-1.67) 0.003
RBDI 119 1.09 (0.72-1.61) 0.70 0.85 (0.56-1.30) 0.46

Relative risk ratios (RRR) with their 95% confidence intervals (CI) and p-values for a change in the UKK 2-km walk test time (RRR>1 in favor of
improved physical performance, RRR<1 in favor of decreased physical performance).

and, in addition, to future perspective. This last finding
suggests that improved physical performance can be an
empowering factor for women who have survived cancer and
are struggling to return to their normal life.

In this context, it is necessary to critically address the
concept of intervention. In BREX, as in any similar study
testing a behavioral intervention, it is impossible to have a
double-blind design. The patients will, of course, know
whether or not they are included in free regular exercise. In
addition, to get informed consent, they all have learned about
the aims of the study and about the underlying hypothesis that
physical exercise would improve their quality of life. Indeed,
the initial information regarding the supposed beneficial
effects of exercise can be seen as to constitute a motivational
mini-intervention of its own. In addition, the control group
participated in the same controls and tests as the study group.
The tests also covered their exercise behavior and physical
performance. Thereby they were throughout the study period
repeatedly reminded of the importance of exercise.

Follow-up of a specific group is a powerful intervention
per se. In classic psychology literature (albeit mostly applied
in organizational settings) this is known as the Hawthorne
effect. Groups that are subject to special attention tend to
ameliorate their results independently of how beneficial in
fact the interventions they are subjected to are. It is
reasonable to believe that the PA levels of the control group
would have been lower without the initial motivational
intervention and the thematic follow-up.
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In fact, the BREX study can be seen, as a whole, consisting
of three intervention modules: initial information regarding
exercise and QoL, a thematic follow-up program, and a free
weekly 1-year exercise program. Of these three, the control
group was only excluded from the free exercise module.
Therefore, it is no great surprise that there are practically no
differences between the groups. The interesting finding is that,
through whatever means it is achieved, an increase in PA in
breast cancer survivors is, even in a 5-year follow-up,
associated with a higher quality of life.

Conclusion

During the 5-year follow-up there was no significant impact of
the 12-month exercise intervention on QoL, compared to the
control group. Given the strong association between PA and
QoL, however, it seems that supporting a life style with regular
exercise can be a powerful method of helping breast cancer
survivors to achieve better quality of life when returning to their
life-after-illness. Our findings suggest that this might be achieved
by integrating a follow-up of exercise behavior and of physical
performance into the normal clinical follow-up procedure.
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