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Abstract  

Background: The benefits of exercise training are well documented among breast cancer (BC) 

survivors. Patients decrease their physical activity during treatment, and many fail to regain their 

previous exercise levels. There is therefore a need to define factors supporting long-term physical 

activity behavior in this patient group, to target supporting interventions aimed at preventing the 

decline in physical activity (PA).  

Aim: The aim of this study was to determine physical and psychosocial factors explaining long-

term physical activity after the adjuvant treatments in BC survivors.   

Methods: Four hundred forty-six BC survivors followed for 5-years within a randomized exercise 

trial participated. Factors explaining 1) physical activity after the adjuvant treatments and 2) 

changes in physical activity in long-term were analyzed using linear regression models and general 

estimating equation models. Pretreatment leisure-time physical activity (LTPA), demographic, and 

treatment factors, physical fitness, and quality of life (Qol) at baseline were independent factors.  

Results: 

Exercise levels increased during the first year, and thereafter remained mostly stable.  Higher 

LTPA, higher fitness level, better Qol and older age at baseline were associated with higher 

physical activity level after adjuvant treatments (p<0.001) in multivariate analysis. Higher levels of 
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fatigue (p<0.008) and better emotional functioning (p=0.017) at baseline were the main factors 

associated with increased physical activity during the follow-up.  

Conclusion: Previous exercise habits and Qol after adjuvant chemo-, and radiotherapy were the 

strongest determinants of long-term physical activity levels in breast cancer survivors. Patients with 

better emotional functioning increased their exercise activity most as did those patients with higher 

fatigue levels at baseline. Patients suffering from fatigue after treatments managed to increase their 

exercise levels, in contrast to patients with low levels of emotional function after adjuvant treatment 

and may benefit from interventions aimed at encouraging physical exercise. Emotionally deprived 

patients may benefit from psychosocial support to regain their previous exercise levels.  

 

Introduction  

The prognosis of breast cancer (BC) has improved steadily during several decades due to advances 

in diagnostics as well as improved adjuvant treatments. Presently, the European 5-year survival of 

BC is over 80 % and 91 % in Finland (www.cancerregistery.fi). Previous studies have shown that 

breast cancer patients´ health-related quality of life (HRQol) often decreases during adjuvant 

treatments (1,2). Effective, but burdensome adjuvant treatments, can also cause long-term adverse 

effects, such as early menopause, declined bone mineral density, increased risk of cardiovascular 

diseases (CVD) and fatigue, which may contribute to the reduction of general QoL.  

Exercise may prevent osteoporosis (3–5), help in weight control, and reduce the risk for CVD and 

depression among cancer survivors (6–9). Exercise interventions have shown to improve patients’ 

self-confidence and to lower their threshold to enhance physical activity level after cancer (10–15). 

Exercise improves self-reported physical activity (16–18), reduces pain and fatigue disorders (18–

21) and increases the patients’ overall HRQol (2,18,20,22–24). High physical activity both before 
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and after cancer diagnosis is associated with a lower risk of cancer recurrence and all-cause 

mortality (25–29). 

 

There is an urgent need for more holistic approaches and interdisciplinary treatments to improve the  

HRQol among the rapidly increasing number of BC survivors (25,30,31). Despite the willingness of 

cancer survivors to change their lifestyle (10,14,32), physical activity is known to decrease after the 

cancer diagnosis due to treatments (9,11,20,33). Many cancer survivors do not fulfill the general 

physical activity recommendations (11,24). Factors motivating cancer survivors to retain their 

physical activity behavior have been studied in both single studies (34–42) and overviews or meta-

analyses (24,40,43,44). Many studies have been small, and the number of prospective studies 

conducted in breast patients after adjuvant is still limited treatment (34–39). Multiple physical, 

psychological and psychosocial factors have been perceived as limiting physical activity after 

cancer, such as previous exercise history, self-efficacy, fatigue, kinesiophobia and low motivation 

(24,44). Large prospective studies in BC patients are still few, and only previous study has included 

systematic longitudinal assessment of physical activity (11,24,41,42,45). Thus, there is still a need 

to clarify factors affecting long-term physical activity. 

 

BREX (BReast cancer and EXercise) study is one of the largest exercise intervention trials in breast 

cancer survivors. The exercise intervention prevented femoral neck bone loss in premenopausal 

patients (46,47). There were no differences in QoL or exercise habits between the two randomized 

groups in follow-up (18,21). The aim of the present study was to investigate factors associated with 

physical activity after adjuvant treatments and during 5 years of follow-up.  

Methods  
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Patients 

The BREX study was a national, multicentered, randomized controlled exercise trial conducted in 

Helsinki, Tampere, and Turku University Hospitals between 2005 and 2017. Pre- and 

postmenopausal women aged 35-68 years with newly diagnosed BC and with recently completed 

adjuvant chemotherapy or at start of endocrine therapy could enter the study (48). Adjuvant therapy 

was given according to national clinical guidelines. The patients were randomized into either a 12-

month physical exercise intervention or control after adjuvant chemotherapy and radiotherapy and 

were followed with regular clinical, laboratory investigations as well as testing their life-style factors, 

exercise habits, physical fitness and HRQoL. The primary objectives of original BREX were to study 

the effect of exercise on bone health and HRQoL (48).The results have been previously reported 

elsewhere (6,20,21,23,48). 

 

The total number of participants filling the study inclusion criteria was 537.   LTPA information 

was missing from 13 patients. They were excluded from the present study. The baseline metabolic 

equivalent per hour (METh) was missing from 33 patients. Baseline METh-values were imputated 

for 14 of these but data was insufficient for imputation in 19 patients, who were excluded. During 

the 5-year follow-up, 93 patients discontinued the study (11 because of new malignancy, 51 had BC 

recurrence and 31 discontinued on their own request). These 93 patients were included until 

discontinuation.  However, 59 of them had less than three METh measures before termination of the 

study and were excluded. Thus, 446 patients were included in the final analyses. A flow chart of 

patient inclusion is shown in figure 1.  

 

Figure 1. The flow chart.  

 



 6 

 

 

 

 

The local Ethical Committee of the Helsinki University Hospital approved the study protocol. 

Informed consent was obtained from all individual participants before entering the study. The trial 

was registered in the Helsinki and Uusimaa Hospital District Clinical Trials Register (www.hus.fi; 

trial number 210590) and in the clinical trial website (http://www.clinicaltrials.gov/; identifer number 

NCT00639210).  

 

As we have previously reported, there were no significant differences in physical activity (METh) 

between the exercise and control groups during the 5-year follow-up (18). Therefore, we combined 

the exercise and control groups in the present study.  The main results of the primary BREX 

intervention are represented more detailed elsewhere (18,20,21,23,48).  

 

Exercise intervention  

505 patients started the intervention 
and follow-up

446 patients were analyzed 

The total number of participants 
fulfilling the inclusion criteria was 537

Exluded:32 
because of:
• METh values were missing (19)
• LTPA values were missing (13)

Exluded:36 
because of:
• osteoporosis (33 participants)
• metastatic breast cancer (1)
• extended time since starting endocrine 

treatment (2)

Excluded: 59
93 patients discontinued the study before 5 
years follow-up
• Secondary malignancy (11)
• Breast cancer recurrence (51)
• Own request (31)
34 patients had at least three measurements 
and were included until the discontinuation

The total number of participants 
after randomization was 573

http://www.clinicaltrials.gov/;%20identifer%20number%20NCT00639210
http://www.clinicaltrials.gov/;%20identifer%20number%20NCT00639210
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After the baseline visit, the patients were randomized either into 12-month supervised exercise 

training group or control group. The exercise intervention consisted of both supervised and home 

training protocol. The supervised training was organized once a week as a 60-min endurance program 

and rotating between step-aerobics and a circuit-training with switch every fortnight.  The intensity 

of exercise was assessed by a Rating of Perceived Exertion (RPE) scale, which relies on self-

estimation of stress level. After the first six weeks of less intensive training, the stress level was raised 

towards 14–16 RPE’s (49). This equals to exercise that feels “somewhat hard” or “hard” and 

corresponds to 5–7 metabolic equivalents (METs). A metabolic equivalent (MET) unit is the amount 

of oxygen consumed at rest in supine position and matches 3.5 ml oxygen consumption per kilogram 

each minute (50).The home training sessions included endurance training twice-a-week. The non-

supervised endurance training consisted of walking, Nordic walking, or aerobic training. The control 

group was recommended to maintain their usual level of physical activity and exercise habits during 

the follow-up.  

  

The medical history was recorded at baseline visit after the adjuvant treatments. The patients filled 

questionnaires for Qol, basic demographics, lifestyle issues, work-life, and leisure-time exercise 

history. The questionnaires were repeated every six months, up to 36 months and then at 5-year 

follow-up.  Self-reported leisure-time physical activity (LTPA) before the diagnosis was assessed by 

a questionnaire. Three levels of physical activity were determined by the amount and intensity 

defined: I Low intensity (e.g., watching tv or reading), II moderate intensity (e.g., walking, slow 

cycling at least 4 hours per week) and III vigorous intensity (e.g., swimming, ball games, jogging or 

gym at least 3 hours per week). The physical activity intensity was assessed with a prospective, two-

week exercising diary and during the follow-up every six-months until 36-months and then again at 

the cut-point of 60-months (5-years). In this diary, the physical activity intensity was categorized 

from light to very vigorous on a metabolic equivalence (MET) scale using intensity categories of 3, 
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3-6, 6-9 and >9 METh/week (51). The physical fitness was tested at baseline and after the 

intervention, then at three and five-year follow-ups by a 2-km walk test (UKK walk test, Tampere, 

Finland) (52). 

 

The QoL and symptoms were measured with the EORTC QLQ-C30 (53) and the BC specific BR-23 

(54) questionnaires. The questionnaires were filled at the baseline, and then after 6, 12, 24, 30, 36 

and 60-months respectively.  

 

Statistical analysis  

 

The descriptive statistics were presented as means with SD’s or as counts with percentages. 

Statistical comparisons between groups were done using analysis of variance (ANOVA), and a chi-

square test. Variables characterizing demographics, tumor characteristics, treatment, QoL, physical 

fitness and activity were studied as predictive factors.  

Univariate and multivariate regression models with forward stepwise selection (probability for entry 

≤0.05, probability for removal ≥0.10) were used to investigate factors related to physical activity 

(METh) with standardized regression coefficient Beta (β). The Beta value is a measure of how 

strongly the predictor variable influences the criterion variable. The Beta is measured in units of 

SD. Cohen’s standard for Beta values above 0.10, 0.30 and 0.50 represents small, moderate, and 

large relationships, respectively. Repeated measures were analyzed using generalizing estimating 

equations (GEE) models with unstructured correlation structure. Fixed effects were group, time, and 

group-time interactions. Generalized estimating equations were developed as an extension of the 

general linear model (eg. OLS regression analysis) to analyze longitudinal and other correlated data. 

GEE models allowed the analyses of unbalanced datasets without imputation; therefore, we 

analyzed all available data with the full analysis set. In the case of violation of the assumptions 
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(e.g., non-normality) for continuous variables, a bootstrap-type method was used. Area under the 

curve (AUC) was calculated using trapezoidal method from all time points during follow-up after 

baseline; baseline value was subtracted to get the average change in time (AUC minus baseline). 

The AUC method estimates physical activity as the average METh/week during the whole 5-year 

follow-up. The normality of variables was evaluated graphically and by using the Shapiro–Wilk W 

test. Stata 17.0, StataCorp LP (College Station, TX, USA) statistical package was used for statistical 

analyses. 

 

 

Results  

 

The total number of patients included in this study was 446. Patient characteristics according to 

self-reported leisure-time physical activity (LTPA) before the BC diagnosis are shown in Table 1. 

 

Table 1. Patient characteristics. 

 

 

 Leisure-time physical activity groups 

(LTPA) 

P-value* 

  

All 

N=446 

I Low 

N=81 

II Moderate 

N=259 

III Vigorous 

N=106 

 

Age, mean (SD) 53 (8) 52(7) 54(8) 52(7) 0.038 

BMI, mean (SD) 25.9 (4.1) 27.5(4.8) 26.0(4.0) 24.6(3.5) <0.001 

Cohabiting, n (%) 291 (66) 51 (65) 171 (66) 69 (66) 0.99 

Postmenopausal, n (%) 240 (554) 42 (52) 146 (56) 52 (49) 0.41 

Education (years), mean (SD) 14.0 (14.0) 14.3 (3.8) 13.7 (3.3) 14.6 (3.4) 0.055 

Comorbidity, n (%) 234 (52) 43 (53) 144 (56) 47 (44) 0.15 
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Tumor size, cm, mean (SD) 23.5 (15.8) 24.3 (14.5) 24.2 (17.2) 21.2 (12.8) 0.24 

Node positivity, n (%) 277 (62) 51 (63) 162 (63) 64 (60) 0.91 

Treatment, n (%)      

   Total mastectomy 230 (52) 39 (48) 148 (57) 43 (41) 0.013 

   Axillary evacuation 330 (74) 66 (81) 187 (72) 77 (73) 0.24 

   Adjuvant chemotherapy 404 (91) 73 (90) 233 (90) 98 (92) 0.75 

   Trastuzumab, n (%) 70 (16) 13 (16) 36 (14) 21 (20) 0.37 

Endocrine therapy, n (%)     0.24 

    No 77 (17) 15 (19) 44 (17) 18 (17)  

   Tamoxifen 231 (52) 43 (53) 126 (49) 62 (58)  

   Aromatase inhibitor 134 (30) 22 (27) 88 (34) 24 (23)  

   Other endocrine treatment 4 (1) 1 (1) 1 (0) 2 (2)  

Radiotherapy, n (%) 348 (78) 64 (79) 200 (77) 84 (79) 0.89 

EORTC QLQ-C30**, mean (SD)      

   Quality of Life 71 (19) 66 (20) 71 (18) 74 (19) 0.007 

   Physical Functioning 83 (15) 76 (19) 83 (14) 88 (12) <0.001 

   Role Functioning 87 (19) 82 (22) 89 (16) 86 (22) 0.008 

   Emotional Functioning 83 (17) 79 (18) 84 (17) 83 (15) 0.069 

   Cognitive Functioning 85 (19) 81 (21) 86 (17) 87 (19) 0.034 

   Social Functioning 88 (19) 84 (24) 89 (17) 86 (21) 0.057 

   Fatigue** 27 (18) 35 (23) 25 (15) 24 (18) <0.001 

METh/week, mean (SD) 26.6 (16.1) 17.7 (11.2) 26.8 (15.4) 33.1 (17.9) <0.001 

2-km walk-test, min., mean (SD) 18.5 (1.9) 19.6 (2.1) 18.6 (1.8) 17.5 (1.3) <0.001 

* P-value between LTPA groups. The information of LTPA was missing from 13 patients.  
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** EORTC QLQ-C30 functional scales show better functioning with higher scores, while a high 

score in the fatigue scale means more fatigue.  

 

Factors associated with physical activity at baseline 

 

A higher physical activity (METh/week) was significantly associated with a higher previous LTPA 

level before BC diagnosis.  Higher global QoL, older age and a better scoring in the 2-km walk-test 

at baseline were associated with a higher physical activity in a multivariate analysis but not in 

univariate analysis. A high fatigue score was significantly associated with a low physical activity in 

univariate, but not in a multivariate analysis. (Table 2). The most important factor for identifying 

patients with low physical activity at baseline, according to the strength of the standardized beta 

coefficient, was the previous LTPA followed by physical fitness and age.  

 

Table 2. Univariate and multivariate linear regressions models of physical activity (METh/week) at 

baseline. 
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The number of patients in this analysis was 426, as 20 patients had missing values for at least one 

covariate.  

 

* Forward selection. Only variables, which entered the model are shown. The Beta value is a 

measure of how strongly each predictor variable influences physical activity at baseline. The Beta 

value is measured in units of SD. A positive value indicates that the factor is associated with higher 

physical activity and negative to lower. 

 Univariate Forward stepwise* 

 Beta (β) (95 % CI) P-value Beta (β) (95 % CI) P-value 

Age 0.08 (-0.01 to 0.17) 0.081 0.13 (0.03 to 0.22) 0.009 

BMI -0.11 (-0.20 to -0.02) 0.020   

Comorbidity -0.02 (-0.11 to 0.07) 0.67   

Cohabiting  0.07 (-0.02 to 0.16) 0.14   

Education years 0.01 (-0.08 to 0.11) 0.81   

Nodal positivity -0.05 (-0.14 to 0.04) 0.27   

LTPA Group I Reference p<0.001**  Reference p<0.001** 

LTPA Group II 0.28 (0.16 to 0.39)  0.37 (0.12 to 0.62)  

LTPA Group III 0.41 (0.30 to 0.51)  0.67 (0.37 to 0.97)  

Quality of Life 0.22 (0.13 to 0.30) <0.001 0.15 (0.06 to 0.24) <0.001 

Physical Functioning 0.11 (0.02 to 0.20) 0.017   

Role Functioning 0.08 (-0.02 to 0.17) 0.11   

Emotional Functioning 0.04 (-0.05 to 0.13) 0.39   

Cognitive Functioning 0.11 (0.01 to 0.20) 0.023   

Social Functioning 0.03 (-0.06 to 0.12) 0.52   

Fatigue -0.15 (-0.24 to -0.06) <0.001   

2-km walk-test -0.24 (-0.33 to -0.14) <0.001 -0.18 (-0.28 to -0.08) <0.001 

Tumor diameter -0.05 (-0.15 to 0.04) 0.25   

Mastectomy  -0.01 (-0.10 to 0.08) 0.80   

Axillary dissection -0.02 (-0.12 to 0.07) 0.59   

Radiotherapy  -0.01 (-0.11 to 0.08) 0.76   

Endocrine therapy  -0.11 (-0.20 to -0.02) 0.020   

Tratuzumab 0.09 (-0.00 to 0.18) 0.056   

Chemotherapy*** -0.05 (-0.14 to 0.05) 0.32   
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** P for linearity 

 

 

 

 

Physical activity during the 5-year follow-up period 

 

A high LTPA level (LTPA III) before BC diagnosis was statistically significantly associated with 

higher physical activity (METh/week) during the whole 5-year follow-up period (p<0.001) (Figure 

2). 

 

Figure 2. Physical activity (METh /week, mean ± 95% confidence intervals) during the 5-year 

follow-up according to pretreatment LTPA level  
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The significance of LTPA, follow-up time and their interaction were tested in a generalizing 

estimating equations model with unstructured correlation structure. 

 

 

Factors associated with change in physical activity  

The factors associated with change in METh/week from baseline to the average between 6 and 60 

months of follow-up are presented in Table 3. Multivariate forward stepwise analyses showed that a 

high emotional functioning (EF) level was significantly associated with an increase in the physical 

activity after baseline (p=0.017) as was a lack of significant comorbidities at borderline significance 

(p=0.05). The most important factors predicting those patients being able to increase their physical 

activity most, according to the strength of the standardized beta coefficient, were high level of 

fatigue followed by good emotional functioning and low score of comorbidities at baseline.   
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A high level of fatigue at baseline was significantly associated with increased physical activity 

during follow-up (p=0.008). Physical activity during the whole five-year follow-up period 

according to baseline fatigue score tertiles is shown in supplemental Figure 3. A high baseline 

fatigue score was associated with low physical activity at baseline but the differences in activity 

levels between the tertiles diminished during follow-up. At five year the moderate fatigue tertile 

group had reached the level of the lowest tertile, while the activity level of the high fatigue group 

remained lower throughout follow-up. 

 

Supplemental Figure 1. Physical activity (METh/week, mean ± 95% confidence intervals) during 

the 5-year follow-up according to the baseline fatigue levels. 

 

Table 3. Univariate and multivariate linear regression models for change in physical activity during 

5-year follow-up (MET AUC6-60 minus baseline). 

 



 16 

 

The number of patients in this analysis was 426, as 20 patients had missing values for at least one 

covariate.  

 

* Forward selection. Only variables, which entered the model are shown. The Beta value is a 

measure of how strongly each predictor variable influences physical activity at baseline. The Beta 

 Univariate Forward stepwise* 

 Beta (β) (95 % CI) P-value Beta (β) (95 % CI) P-value 

Age  -0.05 (-0.14 to 0.04) 0.28   

BMI -0.08 (-0.17 to 0.01) 0.09   

Comorbidity -0.10 (-0.19 to 0.00) 0.039 -0.08 (-0.17 to -0.00) 0.050 

Cohabiting 0.08 (-0.02 to 0.17) 0.11   

Education years -0.03 (-0.12 to 0.07) 0.56   

Nodal positivity 0.08 (-0.01 to 0.18) 0.075   

LTPA Group I Reference 0.38**    

LTPA Group II 0.05 (-0.08 to 0.17)    

LTPA Group III 0.09 (-0.04 to 0.21)    

Quality of Life -0.05 (-0.15 to 0.04) 0.26   

Physical Functioning 0.00 (-0.10 to 0.09) 0.94   

Role Functioning -0.03 (-0.12 to 0.06) 0.54   

Emotional Functioning 0.07 (-0.02 to 0.16) 0.14 0.12 (0.02 to 0.23) 0.017 

Cognitive Functioning -0.06 (-0.15 to 0.03) 0.20   

Social Functioning -0.06 (-0.16 to 0.03) 0.18   

Fatigue 0.08 (-0.01 to 0.17) 0.097 0.14 (0.04 to 0.24) 0.008 

2km walk-test -0.05 (-0.14 to 0.05) 0.35   

Tumor diameter -0.03 (-0.12 to 0.06) 0.56   

Mastectomy   -0.05 (-0.14 to 0.04) 0.30   

Axillary dissection  -0.00 (-0.10 to 0.09) 0.92   

Radiotherapy   0.01 (-0.08 to 0.10) 0.79   

Endocrine therapy   0.09 (-0.00 to 0.18) 0.063   

Tratuzumab  -0.02 (-0.11 to 0.07) 0.62   

Chemotherapy  0.01 (-0.08 to 0.10) 0.85   
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value is measured in units of SD. A positive value indicates that the factor is associated with higher 

physical activity and negative to lower. 

 

** P for linearity 

 

Discussion  

 

Our study revealed that the physical activity after BC treatment was strongly associated with the 

level of leisure time physical activity before the BC diagnosis. Other factors affecting post-

treatment exercise levels were QoL, baseline fitness level as measured with a 2-km walk-test and 

age. Exercise levels increased during the first year of the study, especially among those with a high 

pretreatment LTPA (18,21,55). Thereafter, during the 5-year follow-up period, the physical activity 

level remained mostly stable. Our results indicate that posttreatment exercise habits in BC survivors 

are determined by pretreatment lifestyles and routines to a high degree. This has been shown also 

previously in several studies, although with a limited follow-up time compared to our study 

(12,44,56,57).  Also in healthy individuals, learned exercising behavior has been shown to remain 

largely stable across the lifespan as shown in the large twin-cohort study by van der Zee et al., the 

(56).  

 

Cancer survivors are willing to adopt life-style changes (10,58,59) and most of them are interested 

in better lifestyle and exercise counseling (32,60). Cancer survivors are highly motivated for 

behavioral changes during the first 3-5 months after the oncologic treatment (58) and regaining 

physical activity after the treatments is an incentive to return to normal physical condition (43). 

Previously published results from the BREX study support this (18,20,21). Motivators, such as 

weight management, body image and health improvements have been identified to be drivers for 

physical activity maintenance (24,40,43). Although patients randomized to supervised exercise 

were assumed to participate in a highly demanding and time-consuming exercise intervention for a 
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full year, 78% of eligible patients were willing to participate (21,48). All participants increased their 

amount of exercise significantly during the intervention (the first trial year) (21,55) and this 

increase was similar in the exercise and control groups. Our interpretation was, that participation in 

the trial, with regular questionnaires of exercise habits as well as testing the physical fitness, 

encouraged and motivated patients in the control group as much as those in the supervised training 

group (18,48).  A randomized trial of Pinto et al., reported that telephone counselling to support 

physical activity by health-care providers at 3 and 6 months was sufficient to motivate exercising 

(61,62) which supports our interpretation. A previous qualitative investigation emphasized the need 

for a safe, goal setting and monitoring element from the health professionals as guidance for 

exercise training (41). Thus, for many regularly exercising patients, returning to previous activity 

levels before the cancer, seems to be possible. For physically active patients it seems, that simply 

encouraging to retain active lifestyle would be enough for gaining physical activity levels after BC 

(44,59,63). 

 

The long-term physical activity levels of most patients with low previous levels of regular physical 

exercise remained low in the present study. Our results support results from previous studies and a 

recently updated Cochrane review (2018) and a qualitative study from Monteiro-Guerra et al  and 

emphasizes the challenges  of achieving lifestyle changes in cancer survivors (11,41). 

Recommended physical exercise levels may be sustained via interventions and by affecting the 

behavioral habits, but only for a limited period (follow-up from 3-6 months) (11). This might at 

least partly explain the lack of long-lasting improvement in physical activity levels in most patients 

with low levels of previous LTPA. More targeted and instructed rehabilitation containing physical 

education guidance and individual support for this group of patients should be studied in the future. 
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Although the physical activity remained mostly stable during the 5-year follow-up, a proportion of 

participants managed to increase their exercise levels. Patients with impaired emotional functioning 

and comorbidities seem to lack the necessary resources for changing their exercise habits after 

treatment (24). Such patients are easily  excluded from exercise trials, and may not be motivated for 

volunteering to participate in physical exercise studies (24). Not unexpectedly, patients with 

comorbidities also had a reduced capacity to increase their exercise level. On the other hand, 

patients suffering from fatigue at baseline, while having low physical activity levels at outset, 

managed to improve their exercise levels and scoring high on the EORTC QLQ-C30 fatigue scale. 

Baseline fatigue level was the factor which most significantly associated with increased exercise 

levels during follow-up.  In the present study, most patients reported some level of fatigue and 40 % 

of them moderate or severe fatigue (data not shown). The association of high-level baseline fatigue 

to improved physical activity during the trial follow-up may seem counterintuitive at first. This may 

naturally be due to chance in this analysis including many potential explaining factors. The 

phenomenon should therefore be verified in an independent study. On the other hand, this finding 

may imply that fatigue after treatment is not a permanent obstacle for overcoming treatment related 

decline in physical activity.  

Emotional well-being and vitality as an important part of good QoL are needed for lifestyle 

transitions, since the emotional symptom burden decreases motivation and initiative (12,56,64). 

Kampschoff et al. stressed the importance of psychological factors, such as self-efficacy and 

distress for adherence to vigorous exercise training interventions (44,65,66), in line with our 

findings.  

Fatigue is a more complex phenomenon. Fatigue is defined as a distressing, persistent, subjective 

sense of physical, emotional, and/or cognitive tiredness, which is not proportional to recent physical 

activity and interferes with usual functioning (67). Previous studies with our patient cohort have 

revealed significant associations between physical inactivity, depression, fatigue and impaired QoL 
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(20,21). A recent GLASSO network analysis describing a significant interplay between depression, 

symptoms, and level of physical functioning during the first year of the BREX study revealed that 

two symptom clusters, were most closely associated with lower QoL; fatigue and impaired physical 

function on one hand and depression and decreased emotional function on the other hand (68). 

Thus, in the present patient cohort it seemed that fatigue was more related to physical functioning 

than to depression. Fatigue reduces physical activity and further impairs functional capacity and 

QoL (21,69). Fatigue restricts the adherence for exercise programs (24). Yet, exercising reduces 

fatigue, also after cancer treatments (21,63,70).   

 

Patients with high emotional distress and lower total Qol are at risk for discontinuing their exercise 

activities. These survivors could benefit from targeted, psychosocial emphasized interventions 

integrated as a part of individual rehabilitation programs in the early follow-up phase after BC 

while motivation for behavioral changes may be highest (58), followed by encouraging counseling 

by healthcare professionals, as shown in previous investigations (41,61,62). Patients with high 

levels of symptomatic fatigue might benefit from more simple interventions like encouraging a 

physically active lifestyle or individual physical rehabilitation counseling.  

 

The main strengths of this study were the large, homogenous study population, the length of the 

intervention (12 months) and follow-up (5-years). To our knowledge, this is the largest exercise 

study in any cancer population, with the longest follow-up time. Moreover, compliance was high as 

the participant rate remained over 80 % after five-years of follow-up.  The intervention was well-

monitored with regular assessment of physical activity (METh/week). The main limitation of this 

study, as of exercise intervention studies in general, is the selection of mainly physically active 

persons, which contributes to a ceiling effect in the ability to improve physical activity during the 

intervention and thereafter.  Another limitation is a lack of prospectively collected data of physical 
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exercise and quality of life before the anticancer treatments. As always, randomized intervention 

studies without blinding facilitates also controls, like in the present trial. It did not utilize qualitative 

study methodology. 

 

Conclusions 

Our study demonstrated the importance of previous exercise habits for retaining long-term physical 

activity after adjuvant treatments in BC survivors. The individual level of physical activity remains 

mostly constant after exercise intervention signifying the exercise habits adopted earlier in life. We 

found the impaired emotional well-being as part of general Qol being an important obstacle for 

transition in exercising habits. A high baseline fatigue level did not prevent increasing long-term 

physical activity levels; on the contrary, fatigue at baseline was the factor mist strongly associated 

with increased PA during follow-up. These findings might help to identify the patients in need of 

early support and individual rehabilitation planning during the survivorship-care to restore their 

Qol, physical fitness and further functional capacity.  
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