
 1 

Title page 

Title 

DOES PARTICIPATION IN THERAPEUTIC EXERCISE PROGRAMS AFTER FINISHING 

ONCOLOGY TREATMENT STILL ENSURE AN ADEQUATE HEALTH STATUS FOR LONG-

TERM BREAST CANCER SURVIVORS? A ≥ 5 YEARS FOLLOW-UP STUDY 

 

Short running title 

HEALTH STATUS AMONG LONG-TERM BREAST CANCER SURVIVORS ≥ 5 YEARS LATER AFTER 

COMPLETION OF THERAPEUTIC EXERCISE PROGRAMS 

 
Authors 

Francisco ÁLVAREZ-SALVAGOa,b, José Daniel JIMÉNEZ-GARCÍAb,*, Clara PUJOL-FUENTESa, 

Sandra ATIENZAR-AROCAc, Cristina MOLINA-GARCÍAd, Agustín AIBAR-ALMAZÁNb 

 
Affiliations 

aDepartment of Physiotherapy, Faculty of Health Sciences, European University of Valencia, Valencia, 

Spain 

bDepartment of Health Sciences, Faculty of Health Sciences, University of Jaén, Jaén, Spain 

cDepartment of Dentistry, Faculty of Health Sciences, European University of Valencia, Valencia, Spain 

dHealth Sciences PhD Program, Catholic University of Murcia, Murcia, Spain 

 
Corresponding Author 

José Daniel Jiménez-García, PhD 

E-mail address 

Josedanieljimenezgarcia@gmail.com 

Full postal address 

Faculty of Health Sciences, Department of Physiotherapy, University of Jaén, Jaén, Spain 

Campus Las Lagunillas s/n, 23071, Jaén (Spain) 

 

 

 

 



 2 

Acknowledgements 

We gratefully acknowledge the contribution of long-term breast cancer survivors who wanted to 

participate in this project. This work was supported by the Spanish Ministry of Economy and 

Competitiveness [Plan Estatal de I+D+I 2013-2016]; Fondo de Investigación Sanitaria del Instituto de 

Salud Carlos III [PI14/01627]; Fondos Estructurales de la Unión Europea (FEDER). This study took place 

thanks to the additional funding from the University of Granada, Plan Propio de Investigación 2016. 

Excellence actions: Units of Excellence; Scientific Excellence Unit on Exercise and Health (UCEES).   

 
Declaration of interest statement 

The authors report no conflict of interest. 

 
Availability of data and material: All authors certify that they have no affiliations or involvement with 

any organization or entity with financial or nonfinancial interests in the subject matter or materials 

discussed in this manuscript. 

 
Code availability: (N/A) 

 
Ethics approval: “This study was performed in the line with the principles of The Declaration of Helsinki. 

Approval was granted by the Biomedical Research Ethical Committee of Granada (CEIm) (1038-N-16 

I.P).” 

 
Consent to participate: “Originally, participants were welcomed for assessments by a physiotherapist, 

who gave detailed information about the study. Once they signed written informed consent, a blinded 

researcher carried out the first assessment (baseline data), the reassessment at the end of the 8-week 

program and a new reassessment 6 months after completion of the program, all between September 2009 

and September 2012”. 

 
Consent for publication: (N/A) 

 

 

 

 

 
 

 

 

 

 



 3 

Orcids 

Francisco ÁLVAREZ-SALVAGOa,b  https://orcid.org/0000-0002-1108-2174 

José Daniel JIMÉNEZ-GARCÍAb,* https://orcid.org/0000-0002-4219-3993 

Clara PUJOL-FUENTESa d https://orcid.org/0000-0002-1736-3209 

Sandra ATIENZAR-AROCAc https://orcid.org/0000-0002-8164-3846 

Cristina MOLINA-GARCÍAd https://orcid.org/0000-0003-4965-5721 

Agustín AIBAR-ALMAZÁNb  https://orcid.org/0000-0002-9386-9199  

 
 

Abstract 

Purpose: The aims of this study were to evaluate whether the effects of two therapeutic exercise 

programs are sustained over time (≥ 5 years) in long-term breast cancer survivors (LTBCS). Second, to 

determine the influence of the current level of physical activity (PA) performed on cancer-related fatigue 

(CRF) that these patients may present ≥5 years later. 

Methods: A prospective observational study was conducted with a cohort of 80 LTBCS in Granada 

during 2018. Firstly, considering their participation in one of the programs, they were allocated into two 

groups: usual care and therapeutic exercise program, to assess CRF, pain and pressure pain sensitivity, 

muscle strength, functional capacity, and quality of life. Secondly, they were also classified into 3 groups 

according to current level of weekly PA performed: ≤ 3, 3.1-7.4, and ≥ 7.5 (MET-hour/week) 

respectively, to assess its impact over CRF. 

Results: Although the positive effects of the programs are not sustained over time, a trend toward 

significance can be observed for a greater reduction in overall CRF levels, lower intensity of pain in the 

affected arm and cervical region, and greater functional capacity and quality of life in the group that 

underwent therapeutic exercise. Additionally, 66.25% of LTBCS are inactive ≥ 5 years after completion 

of the program and furthermore, such inactivity is accompanied by higher CRF levels (P .013 to .046). 

Conclusion: The positive effects of therapeutic exercise programs are not maintained over time for 

LTBCS. Additionally, more than half of these women (66.25%) are inactive ≥ 5 years after completion of 

the program, this inactivity being accompanied by higher levels of CRF. 
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Main text 

 
Introduction 

 

The most common malignancy among women worldwide is breast cancer. The likelihood of surviving the 

disease has significantly increased thanks to advancements in diagnosis, treatment, accessibility to health 

care systems, and screening programs [1]. According to recent research, breast cancer survivorship rates 

for women range from 85.5% at 5 years to 70% at 10 years [2, 3] after diagnosis. As a result, the number 

of long-term breast cancer survivors (LTBCS), or women who have survived the disease for at least 5 

years, is rising [4].  Although the risks of recurrence and adverse effects are higher in the first few years 

after diagnosis [5], LTBCS continue to have uncovered new health issues and interruptions to their social 

lives decades after diagnosis. The main concerns include cancer-related fatigue (CRF), which is the most 

frequent and disabling symptom across the breast cancer continuum, apart from skin disorders, 

lymphedema, cardiotoxicity, cognitive impairment, bone and musculoskeletal health, pain and 

neuropathy, sexual health, depression, and anxiety, return to work, and daily activities [6, 7], which 

translates into a highly considerable impact on the quality of life at this stage of long survival [8]. 

 

In this sense, although different therapeutic modalities have been studied to date for the treatment and 

management of the sequelae of not only breast cancer patients but also LTBCS [9-11], the effects of 

physical activity (PA) and exercise regarded as the best non-pharmacological treatment option for several 

side-effect cancer-related therapies [12]. Furthermore, emerging observational data suggest that regular 

PA can reduce cancer recurrence and increase overall survival [13]. Despite the aforementioned evidence, 

most of the studies on exercise in breast cancer survivors are almost always focused on the initial stage of 

cancer treatment or on brief post-cancer follow-ups covering relatively short periods of time (ranged from 

8 weeks to 2 years) [14-16]. Thus, not only there is little scientific evidence on whether the effects of 

therapeutic exercise programs last in the long term (when it comes to LTBCS), but also, among the few 

studies carried out, there is still controversy because these studies differ in their duration, in the type of 

intervention (some not only carried out therapeutic exercise, but also incorporated other therapies or even 

mix different types of cancers such as breast and colon), in the variables analyzed and, in the results 

achieved among different variables after follow-up [17-24]. Given this lack of consensus, one of the main 

reasons that has become more important as a justification for the fact that the benefits of the programs do 
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not last over time and that the patients even show physical and emotional deterioration is the lack of 

adherence on the part of the patients to continue being active once their participation in the exercise 

programs has ended [25].  

 

This lack of adherence would translate into lower levels of PA performed, which is known to eventually 

lead to the appearance or persistence of symptoms such as CRF and pain [26], and hence, to a 

deterioration in the general health and quality of life of these patients [27]. Thus, assessing not only the 

long-term effectiveness of such interventions, but also the role of adherence rate over time, remains 

imperative because of the amount of relevant information we could extract to properly plan the long-term 

ongoing approach these patients need.  

 

Therefore, the aims of this study were to evaluate whether the effects of the therapeutic exercise programs 

are sustained over time (≥ 5 years) in LTBCS, and furthermore, to determine the influence of the current 

level of PA performed on CRF that these patients may present ≥5 years later. 

 

 
Materials and methods 

Design and participants 

 

A prospective observational study was conducted with a cohort of 80 LTBCS. Participants were recruited 

from therapeutic exercise programs conducted in Granada at the both Clinical laboratory of Faculty of 

Health Sciences and the Oncology Patient Support Unit (UAPO). LTBCS survivors had to meet the 

following inclusion criteria: (1) being above the age of 18; (2) being diagnosed with stage I-IIIa BC; (3) 

having finished oncology treatment; (4) having participating in previous studies of therapeutic exercise 

[28, 29] either in the control group (usual care recommendations by an oncologist in relation to a healthy 

lifestyle) or in the intervention group (therapeutic exercise program under the recommendation of the 

American College of Sports Medicine for cancer survivors) [30]; (5) having completed regardless of the 

type of participation, the two reassessments at the end of the program (week 8) and also in the long term 

(month 6); and (6) not having participated in any other therapeutic exercise program during the entire 

follow-up period. The participants who presented any medical condition or other reasons that did not 

allow them to understand the ≥ 5 years reassessment were excluded from the study. 
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Originally, participants were welcomed for assessments by a physiotherapist, who gave detailed 

information about the study. In both studies, participants were randomly assigned to the exercise group or 

the control group using computer-generated random numbers. These numbers were provided in 

numbered, opaque envelopes by an external member to ensure that research member responsible for 

outcome assessments was blind to treatment group assignment. The envelopes were opened after the 

baseline assessment. Once they signed written informed consent, a blinded researcher carried out the first 

assessment (baseline data), the reassessment at the end of the 8-week program and a new reassessment 6 

months after completion of the program, all between September 2009 and September 2012 as previously 

mentioned and described in the Aquatic exercise study [28] and the Telerehabilitation exercise study [29] 

with its secondary analysis [31]. In this regard, the required sample size for the Aquatic exercise study 

was based on detecting between-group differences of 11 mm at a 100 mm in the Visual Analogue Scale 

(VAS), assuming a standard deviation of 9 (i.e., minimum clinically important difference) [28], whereas 

in the telerehabilitation exercise study, the calculation was based on detecting differences of at least 5% 

in health-related quality of life (i.e., global health status) using the European Organization for Research 

and Treatment of Cancer Core 30 Quality of Life Questionnaire (EORTC QLQ-C30) [29]. 

 

In relation to both exercise programs and although these are described in detail in their respective 

publications [28, 29], the Aquatic exercise program consisted of 1-hour session that included a 10-minute 

warm-up involving slow aerobic, mobility, and stretching exercise; 35 minutes of aerobic, low-intensity 

endurance, and core stability training; and a 15-minute cool-down period including stretching and 

relaxation exercises focusing on the neck/shoulder region. Progression in the aerobic training was 

individualized and performed throughout the 8 weeks by gradually increasing the intensity and the duration. 

The program was supervised by two physical therapists with clinical experience in the management of 

patients with different cancer conditions, and there were 10–12 participants per group [28]. As for the 

Telerehabilitation exercise program, it was implemented using the e-CUIDATE system, an online system 

that facilities the development of remote rehabilitation. The e-CUIDATE system consists of a public 

interface and a separate private interface. The public area is the home page, which has updated information 

about breast cancer. After completing the baseline assessment, the participants received in person 

instructions on how to access and use the private area on their own (usernames and passwords were 

provided). The CUIDATE research staff designed the most adequate tailored exercise program for each 
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participant. Each session was delivered online and contained a battery of specific exercises that were 

divided into 3 sections: 1) warm-up, 2) resistance and aerobic exercise training, and 3) cool-down. 

Participants had a space available to write questions or suggestions regarding their performance [29]. In 

both studies, the intensity and volume of the physical exercise training were established following the 

recommendations of the American College of Sports Medicine for cancer survivors [30]. 

 

Between January and April 2018, participants from both studies were again contacted for a reassessment 

(at least ≥ 5 years after completion of the therapeutic exercise program). Firstly, and considering their 

participation in one of the programs, were allocated into two groups: usual care and therapeutic exercise 

program under the recommendation of the American College of Sports Medicine for cancer survivors 

[30]. Subsequently, and also considering previously published cut-off points [32, 33], they were also 

classified into 3 groups according to the level of weekly PA performed ≥ 5 years after completion of the 

therapeutic exercise program: ≤ 3 (MET-hour/week), 3.1-7.4 (MET-hour/week) and ≥ 7.5 (MET-

hour/week). This last reassessment was also blinded to the participant allocation and lasted approximately 

1 hour. The flow diagram for study participants is presented in Figure 1.  

 
[Figure 1 near here] 

 

This study was performed in the line with the principles of The Declaration of Helsinki. Approval was 

granted by the Biomedical Research Ethical Committee of Granada (CEIm) (1038-N-16 I.P).  

 

Variables 

 
Cancer related-fatigue and its domains 

 
The Spanish version of the Piper Fatigue Scale (PFS), which has shown high reliability in breast cancer 

survivors (Cronbach’s α .86), is a validated self-reported scale to assess CRF [34]. It contains 22 items, 

and the scores range from 0 to 10 (0 = none, 1–3 = mild, 4–6 = moderate, 7–10 = severe) including four 

dimensions of subjective fatigue: “behavioral/severity”, “affective”, “sensory”, and “cognitive/mood” 

[35]. A total fatigue score is also calculated and higher scores indicate greater fatigue. A minimally 

important difference (i.e., a change of 2 points) on the PFS total score represents a clinically significant 

improvement in fatigue [35].  
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Pain 

 
The VAS is a linear scale with a length of 10 cm for subjective pain estimation. It ranges from 0 at one 

end (no pain) to 10 at the other end of the scale (the worst possible pain imaginable). Participants marked 

the level of pain that they felt on the arm homolateral to the affected breast. With an intraclass correlation 

coefficient (ICC) of 0.97, the VAS has previously demonstrated that it is a valid and reliable tool for 

assessing pain [36]. 

 
Pressure pain sensitivity 

 
The pressure pain threshold (PPT) is the lowest level of pressure at which a pressure sensation initially 

transforms into pain [37]. It was assessed with an electronic algometer (Somedic AB, Farsta, Sweden). 

The pressure was applied at approximately a rate of 30 kPa/seconds by a 1-cm2 probe. Participants were 

told to press the button as soon as the pressure turned into discomfort. For each point, the analysis was 

conducted using the mean of three trials (intraexaminer reliability). Each trial was followed by a 30-

second rest interval. The reliability of pressure algometry has been found to be high ICC 0.91 [38]. As 

previously mentioned [39], PPT was evaluated bilaterally over the C5-C6 zygapophyseal joints, deltoid 

muscles, and tibialis anterior muscles. 

 

Upper limb muscular strength 

 
Measurement of upper body muscular strength (handgrip strength) was determined using digital 

dynamometer (TKK 5101 Grip-D; Takey, Tokyo, Japan). The precision was 0.1 kg. For dynamometry 

measurement, patients had to maintain the standard bipedal position during the entire test with the arm in 

complete extension. The determination of optimal grip span according to hand size was obtained through 

a simple algorithm which allowing the grip span to adapt to the hand size in women before the test [40]. 

Each subject had to do three tests for each hand (alternating both hands) with 1 min of delay between 

measures. The final result will be the mean score for each hand. This test has shown to be valid and 

reliable [41]. 

 

Functional capacity 
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The 6-min walk test (6MWT) using a treadmill is a valid and reliable test [42] in breast cancer patients 

[43], which determines the maximum distance (meters) that a person can walk in 6 minutes. All 

participants were familiarized with the treadmill exercise protocol. They were instructed to set their own 

pace, to “walk as far as you can in 6 minutes”, and to volitionally increase or decrease the speed of the 

treadmill. During the task standardized phrases of encouragement were given. 

 

Quality of life 

 
The European Organization for Research and Treatment of Cancer Breast Cancer-Specific Quality of Life 

Questionnaire (EORTC QLQ-BR23) is a breast cancer module of EORTC QLQ-C30, and it contains 23 

items assessing functional and symptom scales. All of the items are rated on a four-point scale from 1 

(not at all) to 4 (very much). The scores are transformed linearly to obtain a range of score from 0 to 100, 

with higher scores meaning a great response level. The test has shown to be reliable [44].  

 
Physical activity level 

 
The validated Spanish version of the Minnesota Leisure Time Physical Activity Questionnaire  

(MLTPAQ) [45] was administered by a trained interviewer who had detailed instructions and a list of 

clearly defined physical activities. The assessor asked the participants about what type of leisure-time 

physical activities they had been doing during last year. Then, the participants estimated the duration of 

the activities performed in min/week for each season. To be able to calculate energy expenditure for 

leisure-time PA, the time reported for each activity was multiplied by a Metabolic Equivalent of Task 

(MET) value [46]. For the main analysis, the duration of the activities performed in min/week were 

transformed into hour/week. 

Statistical analyses 

 
A statistical analysis was performed to examine differences in sociodemographic, medical, and clinical 

features using t student tests for continuous variables and Chi-square for categorical variables. The 

Kolmogorov-Smirnov test was used to check the hypothesis of normality for all variables (P > .05). 

Intergroup differences were compared using ANOVA, with usual care group or therapeutic exercise 

group under the recommendation of the American College of Sports Medicine for cancer survivors as the 
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independent variable and CRF, pain and pressure pain sensitivity, upper and lower body muscular 

strength, functional capacity, and quality of life at ≥ 5 years after completion of the therapeutic exercise 

program as dependent variables. The sexual functioning, sexual enjoyment, future perspective, and hair 

loss scales from the quality of life EORTC QLQ-BR23 questionnaire were excluded from the analysis 

because of a high proportion of missing data in both groups. The proportion of missing data for sexual 

functioning was 40% and 30% and for sexual enjoyment was 60% and 30% in both the usual care and 

exercise groups respectively. Likewise, the proportion of missing data for future perspective was 35% and 

18%, and the proportion of missing data for upset by hair loss scale was 47% and 25% in both the usual 

care and exercise groups respectively.	

 
Furthermore, intergroup differences were also analyzed using ANOVA, with the group performing ≤ 3 

(MET-hour/week), 3.1-7.4 (MET-hour/week) and ≥ 7.5 (MET-hour/week) at ≥ 5 years after completion 

of the therapeutic exercise program as the independent variable and CRF level at ≥ 5 years as the 

dependent variable. Subsequently, a post-hoc multiple comparison of means was performed with 

Bonferroni adjustment. 

 
The Statistical Package for the Social Sciences (IBM SPSS Statistic for Windows, Armonk, NY, USA 

version 27.0) was used for data analysis, and the significance level set at (P ˂ .05) 95% confidence 

interval (CI). 

 

Results 

 
Characteristics measure scores  

No significant differences were found for sociodemographic and clinical data between participants who 

received usual care (n = 38) and those who underwent therapeutic exercise (n = 42), who completed 

follow-up at ≥ 5 years. In the usual care group, the mean age was 49.74 ± 8.73 years, while in the 

therapeutic exercise group it was 48.81 ± 7.68 years. Regarding the usual care group, 31.58% were 

smokers, 52.63% had stage II breast cancer and 92.11% had received radiotherapy and chemotherapy. In 

contrast, in the therapeutic exercise group, 21.43% were smokers, 54.76% had stage II breast cancer and 

85.71% had received radiotherapy and chemotherapy. The characteristics of the groups can be observed 

in Table 1. 
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[Table 1 near here] 

 
Cancer related-fatigue 

 
The ANOVA found no significant differences between groups for any of the domains of CRF in the PFS: 

"severity" (F = 0.15; P = 0.698), "affective" (F = 0.79; P = 0.377), "sensory" (F = 0.01; P = 0.938), 

"cognitive" (F = 0.89; P = 0.347) and "global" (F = 0.01; P = 0.920). Although there were no significant 

differences, LTBCS who performed therapeutic exercise presented a greater reduction in "affective" 

(mean difference for therapeutic exercise: -2.37 ± 3.26 vs. usual care: -2.73 ± 3.20) and "global" fatigue (-

1.77 ± 2.73 vs. -1.71 ± 2.57, respectively) after ≥ 5 years follow-up, compared to the group that only 

received usual care Table 2. 

 

[Table 2 near here] 

 

Pain and pressure pain sensitivity 

 
Regarding pain, the ANOVA results showed no significant differences between groups for pain intensity 

of the affected arm (F = 1.25; P = 0.267) nor for PPTs in: C5-C6 zygapophyseal joint on the affected (F = 

3.42; P = 0.068) and unaffected side (F = 0.84; P = 0.362), the Deltoid muscle on the affected side (F = 

0.31; P = 0.579) and nonaffected (F = 1.14; P = 0.289), and the Anterior Tibialis muscle on the affected 

(F = 1.33; P = 0.251) and nonaffected (F = 1.82; P = 0.182) sides. Although no significant differences 

were found between the groups, it could be observed on the one hand, how those LTBCS who performed 

therapeutic exercise presented lower pain intensity of the affected arm in the VAS (-1.60 ± 3.19 vs -0.82 

± 3.02, respectively) and higher PPT in the C5-C6 zygapophyseal joint on both the affected side (46, 67 ± 

80.76 vs 12.29 ± 84.41, respectively) (trending toward significance P = 0.068) and unaffected side (13.88 

± 87.66 vs -2.21 ± 64.61, respectively) at ≥ 5 years follow-up, compared to those who only received usual 

care Table 3. On the other hand, the results also showed how those who received usual care were the ones 

who presented higher PPTs for the Deltoid muscle on both the affected and unaffected side, and for the 

Anterior Tibial muscle on the affected and unaffected side in the long term, compared to those who 

performed therapeutic exercise Table 3. 

 
[Table 3 near here] 
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Upper limb muscular strength, functional capacity and quality of life 

 

In relation to upper limb muscular strength, the ANOVA revealed no significant differences between 

groups for handgrip isometric strength on the affected (F = 0.03; P = 0.861) and unaffected (F = 0.12; P = 

0.735) sides. Although there were no significant differences, it was the LTBCS who received usual care 

who showed the greatest improvement of strength assessed after ≥ 5 years follow-up compared to those 

who underwent therapeutic exercise Table 4. 

 

[Table 4 near here] 

 

With respect to functional capacity, the ANOVA did not reveal significant differences between the 

groups (F = 0.10; P = 0.751). However, and in a non-significant manner, we were able to contemplate 

how the LTBCS who performed therapeutic exercise were those who showed greater functional capacity 

after ≥ 5 years follow-up (mean difference for therapeutic exercise: 162.97 ± 167.69 vs usual care: 150.12 

± 180.47), compared to those who only received usual care Table 4. 

 

Regarding quality of life, the ANOVA results showed no significant differences between groups for the 

following subscales of the QLQ-BR23: "body image" (F = 2.07, P = 0.154), "systemic therapy side 

effects" (F = 0.08, P = 0.773), "breast symptoms" (F = 0.56, P = 0.458) and "arm symptoms" (F = 2.31, P 

= 0.133). Although there were no significant differences, we could observe not only how the "systemic 

therapy side effects", "breast symptoms", and "arm symptoms" were more reduced after ≥ 5 years in the 

LTBCS who performed therapeutic exercise, compared to those who only received usual care, but also, 

how LTBCS from usual care exhibited, not significantly, a more impaired view of their body image along 

with higher levels of pain in the arm of the affected breast. 
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Physical activity level and its impact over cancer-related fatigue 

 

Considering PA level, the ANOVA revealed significant differences between groups for all CRF domains: 

"severity" (F = 6.27; P = 0.003), "affective" (F = 3.51; P = 0.035), "sensory" (F = 4.46; P = 0.015), 

"cognitive" (F = 3.11; P = 0.050) and "global" (F = 4.91; P = 0.010) Table 5. 

 

[Table 5 near here] 

 

However, it was necessary to perform multiple comparisons using the Bonferroni test for adjustment, in 

order to determine between which groups there were significant differences. 

 

Behavioral/Severity 

 
The two groups performing less PA had significantly greater severity of CRF than those LTBCS 

performing more PA at ≥ 5 years of follow-up (≤ 3 MET-hour/week vs ≥ 7.5 MET-hour/week; P = 0.005) 

and (3.1-7.4 MET-hour/week vs ≥ 7.5 MET-hour/week P = 0.017) Table 6. 

 

[Table 6 near here] 

Affective 

 
Only the group performing less PA showed significantly more affective CRF than those LTBCS 

performing more PA after ≥ 5 years follow-up (≤ 3 MET-hour/week vs ≥ 7.5 MET-hour/week; P = 0.046) 

Table 6. 

 
Sensory 

 
Only the group performing less PA significantly exhibited more sensory CRF than those LTBCS 

performing more PA at ≥ 5 years follow-up (≤ 3 MET-hour/week vs ≥ 7.5 MET-hour/week; P = 0.018) 

Table 6. 
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Cognitive/Mood 

 
Despite there being no significant differences, we could observe a trend towards significance on how 

those LTBCS who performed less PA after ≥ 5 follow-up, still presented higher levels of cognitive CRF 

with respect to those LTBCS who performed more PA (≤ 3 MET-hour/week vs ≥ 7.5 MET-hour/week; P 

= 0.051) Table 6. 

 
Global 

 
Only the group performing less PA presented significantly more total CRF than those LTBCS performing 

more PA at ≥ 5 years follow-up (≤ 3 MET-hour/week vs ≥ 7.5 MET-hour/week; P = 0.013). Furthermore, 

a trend towards significance could be observed on how those LTBCS performing between (3.1-7.4 MET-

hour/week), still presented higher levels of total CRF with respect to those LTBCS performing more PA 

in the long term (3.1-7.4 MET-hour/week vs ≥ 7.5 MET-hour/week; P = 0.060) Table 6. 

 

Discussion 

 

The purpose of this study was to evaluate whether the effects of two therapeutic exercise programs are 

sustained over time (≥ 5 years after completion of the program) in LTBCS, and furthermore, to determine 

the influence of the current level of PA performed on CRF that these patients may present ≥5 years later. 

The main findings of this study showed on the first hand, only a trend toward significance in all the 

variables (except for some algometry points and upper limb strength) in the group that underwent 

therapeutic exercise, so that it should be noted that the effects of therapeutic exercise programs are not 

maintained over time after follow-up, and additionally, how more than half of these women (66.25%) are 

inactive ≥ 5 years after completion of the program, this inactivity being accompanied by higher levels of 

CRF. 

 

Although the therapeutic exercise programs in which our LTBCS participated showed both physical and 

psychological improvements that lasted even up to 24 weeks [28, 29, 31], the benefits obtained were not 

significantly maintained after our long follow-up period in none of the variables assessed, which seems to 

be in line not only with the results obtained by other studies of a similar nature [8, 24, 47], but also with 

other studies with shorter follow-up periods ranged between 1 to 4 years [18, 48-51]. 
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In this regard, Witlox et al. carried out an 18-week program with colon and breast cancer survivors with 

positive effects on fatigue after finishing the program. However, and despite cancer patients in the 

intervention group tended to experience less physical fatigue at 4 years post-baseline compared to the 

usual care group (fact also observed in our LTBCS), the result was not statistically significant [48]. These 

authors justify that, as in our study (43.24%), their high number of losses (41.7%) could have influenced 

the results obtained [48].  

 

In the same line, we found the results proposed by Roine et al. (BREX-study) in their 1-year exercise 

intervention with 573 breast cancer survivors. Thus, these authors observed how pain and quality of life 

improved with respect to the baseline data in the experimental group at 5 years although not significantly 

(fact also observed in our results) [24]. Interestingly, when these authors decided to continue their follow-

up up to 10 years, it could be observed that the trend towards significance that could be observed at 5 

years had been almost completely lost at 10 years of follow-up [8]. In view of these results, we also 

believe that a possible reason for the absence of long-term benefits could also be the same one as 

proposed by these authors, highlighting that although it is known that quality of life appears to improve in 

the first few years after the end of exercise programs, a delayed decline in quality of life might reflect late 

effects resulting from cancer and its treatment, such as cardiac, respiratory, or musculoskeletal problems 

that may appear more than five years after treatment [7, 52]. Unfortunately, the fact that many patients 

did not want to answer questions regarding hair loss, future perspective or both sexual function and 

enjoyment has meant that these data could not be analyzed in the long term in our LTBCS. This fact has 

been reflected in previous research as questionnaires concerning sexual health issues have a special risk 

of reporting bias [53, 54], making patients tend not to answer these types of questions because they are 

more sensitive for oncology patients [19]. Therefore, future research is still needed to provide more data 

on the long-term impact of exercise programs on these sensitive aspects for LTBCS. 

 

In the case of functional capacity and upper limb muscle strength, the only ones who seem to have shed 

light on this issue are Penttinen et al. and Bolam et al. One the one hand, Penttinen et al. also failed to 

find significant differences in functional capacity (using the 2-km walk test) and quality of life after 5 

years of follow-up in LTBCS [47], although in contrast to their results, in our experimental group their 

functional capacity does increase, although not significantly. As for upper limb muscle strength, no study 



 16 

to date has directly assessed this variable using dynamometry in the same sample of LSCM more than 

five years after treatment, since the only significantly positive evidence that provides data using this 

instrument has only been evaluated till 2 years of follow-up [55]. At this point, it is necessary to mention 

how our LTBCS in the control group are the ones who showed greater upper limb muscle strength after 

follow-up. We believe that a possible explanation could be due to the fact that 73.3% of the controls 

claim to have attended physiotherapy sessions, from the time they finished the therapeutic exercise 

program until they were re-evaluated, to treat some of their sequels, which could have influenced the 

results not only in this respect but also in relation to some goniometry points such as the deltoid or tibialis 

anterior in our LTBCS. Therefore, future research evaluating the effectiveness of therapeutic exercise 

programs should consider longer intervention periods and the use of more specific instruments adapted to 

the needs of these patients during the long survival phase in order to establish more solid conclusions. 

 

In contrast to the aforementioned findings, several programs carried out by Mutrie et al. and Schmidt et 

al. (this last one including patients also from two different exercise programs) demonstrated after 5 years 

of follow-up, physical and psychological benefits (including CRF and pain) [17, 19] and a level of quality 

of life comparable to that of age-matched healthy subjects, with the exception of cognitive function and 

sleep which were still significantly affected in LSCM [19]. Thus, we believe that the difference between 

these findings and our results after follow-up may be due to different reasons. 

 

On the one hand, the sample size and loss rate described in our flow chart, since both studies evaluate 

almost twice as many participants [17, 19], which could have influenced the results obtained. On the 

other hand, the fact that the significantly better rating of global quality of life, physical function, and pain 

at follow-up might be a consequence of a response shift, i.e., survivors score better because there may 

have been a “recalibration” of their internal standards with respect to good or bad quality of life aspects 

due to poor functioning or worse pain during cancer treatment [56]. Likewise, another possible 

explanation is that the participants of Mutrie et al. followed a behavioral change model to promote an 

independent exercise habit after the end of the intervention [57], which is known to improve patients' 

adherence to remain active over time [58]. Something similar occurs in the Schmidt et al. trial, as at the 

end of the program patients were offered psycho-oncological support and access to different resources 

that could promote adherence to remain active during this period of time [19]. In contrast, when our 



 17 

LTBCS completed the programs, they were only encouraged to continue performing the exercises carried 

out during the program once they had completed their participation, no specific intervention having been 

used to promote higher levels of adherence after the experimental phase [28, 29], which could explain not 

only the absence of benefits, but also the high rate of inactivity (66.25%) recorded in our participants in 

the long term. 

 

Today, the strong evidence [15, 59] that exists on how PA is related to a shorter life expectancy and may 

cause or exacerbate symptoms such as CRF leading to a worse quality of life, seems not to be sufficient 

compelling reason to maintain an exercise habit in line with current recommendations, as the vast 

majority of our LTBCS can still be considered as inactive after 5 years of follow-up. This situation has 

also been reflected by Mason et al. and by Tollosa et al. between 10 to 15 years after diagnosis [60, 61].  

Even, Hartman et al. a considerable tendency to inactivity monitored with a a Fitbit tracker for up to 2 

years after the end of a randomized controlled trial to examine patterns of Fitbit use and activity over time 

[62], highlighting the challenges faced by cancer survivors to continue practicing PA on their own 

following a supervised therapeutic exercise program [60-62]. Furthermore, it is known that the benefits of 

exercise may cease if exercise is practiced discontinuously [63]. 

 

Likewise, recent research with breast cancer patients has shown that women who increased their level of 

PA after diagnosis or remained active after completing an exercise program (regardless of their 

experimental or control participation) had better physical fitness and mood, less CRF, and better quality 

of life 3 to 13 years later [17, 64, 65]. Suggesting that being active and maintaining a long-term PA habit 

was associated with greater health benefits [17, 64, 65]. All these results reinforce our findings, as 

33.75% of our LTBCS can be considered physically active (≥ 7.5 (MET-hour/week), presenting in turn 

significantly lower CRF levels after 5 years of follow-up. 

 

Thus, and taking into account the chronic nature of this disease and its long-lasting side effects, health 

care personnel should change their own paradigm when designing therapeutic exercise programs and take 

into account that, if the long-term health status of these patients is to be safeguarded, other tools should 

also be included, such as seminars, support plans and individualized monitoring of the level of PA 

beyond the end of the exercise programs. This could help not only to incorporate exercise in everyday 
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routine in the long term, but also to encourage adherence to a healthier lifestyle and prevent the benefits 

of exercise programs from disappearing over time and diminishing quality of life as a result of inactivity 

in LTBCS. 

 

This study has several limitations that must be considered. Firstly, the PA cut-off points used in our study 

are accepted criteria [32, 33], but the inclusion of other cut-off points could modify our results. Likewise, 

PA measures in this study were self-reported and future studies should attempt objective monitoring of 

PA patterns including sedentary time. Therefore, future studies are needed to support our findings. 

Secondly, having used more objective variables (although all the tests have been previously validated) 

could have strengthened our results. In this sense, despite the fact the QLQ-BR23 questionnaire is a 

reliable tool for assessing quality of life in breast cancer patients [44], some research has pointed out that 

it may present certain difficulties in long-term assessments since most of the questions are focused on 

shorter follow-up periods [66]. Thirdly, the fact that many patients did not want to answer questions 

regarding hair loss, future perspective or both sexual function and enjoyment has meant that these data 

could not be analyzed in the long term in our LTBCS. Finally, and considering this is a long follow-up 

study, it is practically inevitable that participants go to physiotherapy treatments to address some of their 

sequelae meanwhile, so our results proposed here should be interpreted with caution. 

 

Despite the aforementioned weaknesses, this is one of the few studies that follows up, in the same sample, 

the effects of therapeutic exercise programs on several variables that are determinant in the health status 

of LTBCS, since most of the studies performed do not usually provide such a broad approach (generally 

focusing on quality of life) or if they assess other variables such as pain or CRF, they usually do so even 

through questionnaires on quality of life and not with other instruments independently such as algometry 

or dynamometry as in our case. Moreover, an added value is that it provides the level of PA performed 5 

years after completion of the exercise intervention and its relationship with the most disabling symptom 

in these patients such as CRF [6, 7], which makes it possible to observe the level of adherence to exercise 

of these patients over time and thus, be a point of reference so that future research does not forget that the 

health status of these patients should not be neglected despite the end of the exercise programs. 
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Conclusions 

 

The results of this study, despite a trend toward significance in some variables, showed that the positive 

effects of therapeutic exercise programs are not maintained over time for LTBCS. Additionally, more 

than half of these women (66.25%) are inactive ≥ 5 years after completion of the program, this inactivity 

being accompanied by higher levels of CRF. Therefore, future researchers should take into account that 

simply participating in therapeutic exercise programs does not appear to be a guarantee of long-term 

health unless adherence and motivational strategies are encouraged in LTBCS between reassessment 

periods and/or consistently in their day-to-day lives. 
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Table 1. Demographic, clinical, and medical characteristics of the groups ≥ 5 years after completion of the 

therapeutic exercise program 

 
CHARACTERISTICS TYPE OF PARTICIPATION 

 
P 

USUAL CARE 
(n=38) 

THERAPEUTIC 
EXERCISE UNDER 

THE 
RECOMMENDATIONS 

OF THE ACSM 
(n=42) 

 

 

 
Mean age ± SD, years 

 
49.74 ± 8.73 

 
48.81 ± 7.68 

 
.560 

Mean time since diagnosis ± SD, 
months       

85.50 ± 34.73 94.20 ± 17.73 .857 

Marital Status, n (%)  
     Unmarried 4 (10.5) 8 (19.0)  
     Married 27 (71.1) 29 (69.0)  
     Divorced 4 (10.5) 4 (9.5)  
     Widowed 3 (7.9) 1 (2.4) .735 
Educational level, n (%)  
     Primary school 16 (42.1) 18 (42.9)  
     Secondary school 11 (28.9) 7 (16.7)  
     University 11 (28.9) 17 (40.5) .605 
Employment Status, n (%)  
     Housewife 15 (39.5) 10 (23.8)  
     Currently working 8 (21.1) 9 (21.4)  
     Work leave 13 (34.2) 17 (40.5)  
     Cannot work because of disability 2 (5.3) 6 (14.3)  
     Retired 0 (0) 0 (0)  
     Unemployed 0 (0) 0 (0) .672 
Tumor stage, n (%)  
     I 13 (34.2) 9 (21.4)  
     II 20 (52.6) 23 (54.8)  
     IIIa 5 (13.2) 10 (23.8) .347 
Tobacco consumption, n (%)  
     Non-consumption 18 (47.4) 20 (47.6)  
     Smoker 12 (31.6) 9 (21.4)  
     Ex-smoker 8 (21.1) 13 (31.0) .384 
Alcohol consumption, n (%)  
     Non-consumption 16 (42.1) 13 (31.0)  
     Monthly 7 (18.4) 13 (31.0)  
     Weekly 11 (28.9) 16 (38.1)  
     Daily 4 (10.5) 0 (0) .250 
Family history of breast cancer, n (%)  
     No 19 (50) 21 (50.0)  
     Yes 19 (50) 21 (50.0) .769 
Type of treatment, n (%)  
     None 0 (0) 0 (0)  
     Radiotherapy 1 (2.6) 1 (2.4)  
     Chemotherapy 2 (5.3) 5 (11.9)  
     Radiotherapy and Chemotherapy 35 (92.1) 36 (85.7) .378 
Surgery, n (%)    
     Lumpectomy 7 (18.4) 10 (23.8)  
     Quadrantectomy 18 (47.4) 17 (40.5)  
     Unilateral mastectomy 10 (26.3) 14 (33.3)  
     Bilateral mastectomy 3 (7.9) 1 (2.4) .348 
Type of medication, n (%)  
     None 6 (15.8) 9 (21.4)  
     Tamoxifen 17 (44.7) 21 (50.0)  
     Other types 15 (39.5) 12 (28.6) .861 
Physiotherapy treatment for possible  
sequelae between the 6 months assessment 
and the ≥ 5 years reassessment, n (%) 

 

     No 10 (26.3) 30 (71.4)  
     Yes 28 (73.7) 16 (28.6) .354 
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Psychological support between the 6 
months assessment and the ≥ 5 years 
reassessment, n (%) 

   

     No 25 22  
     Yes 13 20 .345 

 
P˂.05* 
NOTE. P values for between-groups differences were calculated using the t test for continuous variables and X² for 
categorical variables. 
Abbreviations: n: Sample size; SD: Standard deviation; ACSM: American College of Sports Medicine. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 29 

Table 2. Inter-subject effects for mean cancer-related fatigue difference at baseline and follow-up at ≥ 5 

years 

 
OUTCOME  

≥ 5 YEARS AFTER COMPLETION OF 

THE THERAPEUTIC EXERCISE 

PROGRAM 

 

TYPE OF PARTICIPATION 
 

P 

USUAL CARE 
(n=38) 

THERAPEUTIC 
EXERCISE UNDER THE 
RECOMMENDATIONS 

OF THE ACSM 
(n=42) 

 
 
PFS, mean ± SD (95% CI) 

    

 
 Behavioral/Severity 

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 
 

 
5.36 ± 2.82 

(95% CI 4.43 – 6.29) 
3.68 ± 3.32 

(95% CI 2.59 – 4.78) 
-1.67 ± 2.78 

(95% CI -2.59 – -.76) 
 

 
4.31 ± 2.57 

(95% CI 3.51 – 5.11) 
2.37 ± 2.24 

(95% CI 1.67 – 3.06) 
-1.94 ± 3.36 

(95% CI -2.99 – -.90) 
  

 

 
.698 

 
     Affective 

 
Baseline 

 
≥5 years 

 
Difference 
 ≥5 years – 
Baseline 

 

 
5.64 ± 2.81 

(95% CI 4.71 – 6.56) 
3.91 ± 3.59 

(95% CI 2.73 – 5.09) 
-1.73 ± 3.20 

(95% CI -2.78 – -.68) 
 

 
5.17 ± 2.79 

(95% CI 4.29 – 6.03) 
2.79 ± 2.67 

(95% CI 1.96 – 3.62) 
-2.37 ± 3.26 

(95% CI -3.39 – -1.35) 
 

 
 
 
 
 
 

.377 

 
     Sensory 

 
 
 

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 
 

 
5.42 ± 2.39 

(95% CI 4.63 – 6.20) 
3.75 ± 3.41 

(95% CI 2.63 – 4.88) 
-1.67 ± 2.79 

(95% CI -2.59 – -.75) 
 

 
4.84 ± 2.47 

(95% CI 4.07 – 5.61) 
3.22 ± 2.76 

(95% CI 2.36 – 4.08) 
-1.62 ± 3.12 

(95% CI -2.59 – -.65) 
 

 
 
 
 
 
 

.938 

 
     Cognitive/Mood 

 
 

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 
 

 
5.20 ± 2.61 

(95% CI 4.34 – 6.06) 
3.30 ± 3.33 

(95% CI 2.21 – 4.40) 
-1.90 ± 2.92 

(95% CI -2.86 – -.94) 
 

 
4.37 ± 2.54 

(95% CI 3.58 – 5.16) 
3.12 ± 2.60 

(95% CI 2.31 – 3.92) 
-1.26 ± 3.14 

(95% CI -2.24 – -.28) 

 
 
 
 
 
 

.347 

 
     Global 

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 
 

 
5.39 ± 2.41 

(95% CI 4.59 – 6.18) 
3.68 ± 3.23 

(95% CI 2.62 – 4.74) 
-1.71 ± 2.57 

(95% CI -2.55 – -.86) 
 

 
4.63 ± 2.20 

(95% CI 3.94 – 5.32) 
2.86 ± 2.37 

(95% CI 2.13 – 3.60) 
-1.77 ± 2.73 

(95% CI -2.62 – -.92) 
 

 
 
 
 
 
 

.920 

 
P˂.05* / P<.001** 
Data are shown as mean ± SD (95%CI) for baseline and ≥5 years and for time difference. 
Analysis of variance (ANOVA). 
Abbreviations: n: Sample size; SD: Standard deviation; CI: Confidence interval; PFS: Piper Fatigue Scale; ACSM: 
American College of Sports Medicine. 
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Table 3. Inter-subject effects for mean pain and pressure pain sensitivity difference at baseline and 

follow-up at ≥ 5 years 

 
OUTCOME  

≥ 5 YEARS AFTER COMPLETION OF 

THE THERAPEUTIC EXERCISE 

PROGRAM 

 

TYPE OF PARTICIPATION 
 

P 

USUAL CARE 
(n=38) 

THERAPEUTIC 
EXERCISE UNDER THE 
RECOMMENDATIONS 

OF THE ACSM 
(n=42) 

 
 
VAS (Cm), mean ± SD (95% CI) 

   

 
     Pain intensity of the 
     affected arm 
      

 
Baseline 

 
≥5 years 

 
Difference 

 ≥5 years – Baseline 

 
3.13 ± 3.22 

(95% CI 2.07 – 4.19) 
2.32 ± 2.51 

(95% CI 1.49 – 3.14) 
-.82 ± 3.02 

(95% CI -1.81 – .18) 

 
3.86 ± 3.57 

(95% CI 2.74 – 4.97) 
2.26 ± 2.62 

(95% CI 1.44 – 3.08) 
-1.60 ± 3.19 

(95% CI -2.59 – -.60) 

 
 
 
 
 
 

.267 

Algometry (kPa/s), mean ± SD (95% CI)    
 

     PPT C5-C6 
     Zygapohyseal joint 
     affected 
      

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 
 

 
166.92 ± 70.45 

(95% CI 143.43 – 190.41) 
179.21 ± 68.71 

(95% CI 156.30 – 202.12) 
12.29 ± 84.31 

(95% CI -15.82 – 40.40) 
 

 
160.10 ± 69.24 

(95% CI 138.52 – 181.68) 
206.77 ± 88.53 

(95% CI 179.18 – 234.36) 
46.67 ± 80.76 

(95% CI 21.51 – 71.84) 
 

 
 
 
 
 
 

.068 

 
     PPT C5-C6 
     Zygapohyseal joint 
     unaffected 

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 

 
161.54 ± 55.47 

(95% CI 143.04 – 180.03) 
159.33 ± 39.27 

(95% CI 146.24 – 172.43) 
-2.21 ± 64.61 

(95% CI -23.75 – 19.33) 

 
165.00 ± 70.19 

(95% CI 143.13 – 186.87) 
178.88 ± 68.33 

(95% CI 157.59 – 200.17) 
13.88 ± 87.66 

(95% CI -13.44 – 41.20) 

 
 
 
 
 
 

.362 

     PPT Deltoid 
     muscle affected 
      

Baseline 
 

≥5 years 
 

Difference  
≥5 years – Baseline 

181.09 ± 82.78 
(95% CI 153.49 – 208.69) 

258.84 ± 115.09 
(95% CI 220.47 – 297.21) 

77.75 ± 151.84 
(95% CI 27.12 – 128.38) 

 

186.95 ± 78.02 
(95% CI 162.64 – 211.26) 

247.36 ± 108.00 
(95% CI 213.70 – 281.01) 

60.40 ± 124.38 
(95% CI 21.65 – 99.16) 

 

 
 
 
 
 

.579 

      
     PPT Deltoid 
     muscle unaffected 

 
 

 
 

 
Baseline 

 
≥5 years 

 
Difference 

 ≥5 years – Baseline 
 
 

 
181.91 ± 63.03 

(95% CI 160.89 – 202.92) 
289.15 ± 92.42 

(95% CI 258.34 – 319.96) 
107.24 ± 96.74 

(95% CI 74.99 – 139.49) 
 

 
199.59 ± 74.73 

(95% CI 176.31 – 222.88) 
280.34 ± 106.45 

(95% CI 247.17 – 313.51) 
80.75 ± 120.46 

(95% CI 43.21 – 118.28) 
 

 
 
 
 
 
 

.289 

     PPT Tibialis Anterior  
     muscle affected 
      

Baseline 
 

259.67 ± 111.73 
(95% CI 222.42 – 296.93) 

380.28 ± 111.00 
(95% CI 343.27 – 417.29) 

120.60 ± 159.39 
(95% CI 67.46 – 173.75) 

 

297.08 ± 102.24 
(95% CI 265.22 – 328.94) 

379.59 ± 117.58 
(95% CI 342.96 – 416.23) 

82.51 ± 133.16 
(95% CI 41.02 – 124.01) 

 

 

≥5 years 
 

Difference  
≥5 years – Baseline 

 

 
.251 
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     PPT Tibialis Anterior  
     muscle affected 

Baseline 
 

≥5 years 
 

Difference  
≥5 years – Baseline 

 

254.60 ± 97.10 
(95% CI 222.23 – 286.98) 

386.52 ± 147.47 
(95% CI 337.35 – 435.69) 

131.92 ± 131.15 
(95% CI 88.19 – 175.64) 

297.61 ± 125.59 
(95% CI 258.48 – 336.75) 

382.51 ± 131.90 
(95% CI 341.40 – 423.61) 

84.89 ± 172.85 
(95% CI 31.03 – 138.76) 

 

 
 
 
 
 

.182 

 
P˂.05* / P<.001** 
Data are shown as mean ± SD (95%CI) for baseline and ≥5 years and for time difference. 
Analysis of variance (ANOVA). 
Abbreviations: n: Sample size; SD: Standard deviation; CI: Confidence interval; VAS: Visual Analogue Scale; ACSM: 
American College of Sports Medicine; PPT: Pressure Pain Threshold. 
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Table 4. Inter-subject effects for mean upper and lower body muscular strength, functional capacity, and 

quality of life difference at baseline and follow-up at ≥ 5 years 

OUTCOME  

≥ 5 YEARS AFTER COMPLETION OF 

THE THERAPEUTIC EXERCISE 

PROGRAM 
 

TYPE OF PARTICIPATION 
 

P 

USUAL CARE 
(n=38) 

THERAPEUTIC 
EXERCISE UNDER 

THE 
RECOMMENDATIONS 

OF THE ACSM 
(n=42) 

 
Upper body muscular strength, mean ± SD (95% CI)   
      
     Isometric handgrip 
     strength affected  
     side (kg) 

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 
 

 
17.34 ± 7.61 

(95% CI 14.84 – 19.84) 
22.10 ± 6.62 

(95% CI 19.93 – 24.28) 
4.76 ± 9.08 

(95% CI 1.78 – 7.75) 
 

 
20.41 ± 6.59 

(95% CI 18.36 - 22.46) 
24.84 ± 6.07 

(95% CI 22.96 - 26.74) 
4.43 ± 7.55 

(95% CI 2.09 - 6.79) 
 

 
 
 
 
 
 

.861 

    
     Isometric handgrip 
     strength unaffected 
     side (kg) 

 

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 
 

 
18.52 ± 6.13 

(95% CI 16.48 – 20.56) 
23.24 ± 6.25 

(95% CI 21.16 – 25.33) 
4.72 ± 7.16 

(95% CI 2.34 – 7.11) 
 

 
20.52 ± 5.90 

(95% CI 18.68 - 22.36) 
24.78 ± 5.04 

(95% CI 23.20 - 26.35) 
4.26 ± 4.98 

(95% CI 2.71 - 5.81) 
 

 
 
 
 
 
 

.735 

Functional capacity, mean ± SD (95% CI)   
 
     6-min walk test  
     (m) 

 

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 

 
309.89 ± 156.62 

(95% CI 254.35 – 365.42) 
460.00 ± 106.95 

(95% CI 422.08 – 497.92) 
150.12 ± 180.47 

(95% CI 86.13 – 214.11) 
 

 
330.42 ± 165.32 

(95% CI 278.90 – 381.93) 
493.39 ± 47.00 

(95% CI 478.74 – 508.04) 
162.97 ± 167.69 

(95% CI 110.72 – 215.23) 
 

 
 
 
 
 
 

.751 

Quality of life - EORTC QLQ-BR23, mean ± SD (95% CI)   

 
     Body image 

 

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 

 
55.70 ± 34.77 

(95% CI 44.27 – 67.13) 
54.12 ± 31.41 

(95% CI 63.80 – 84.45) 
-1.58 ± 29.31 

(95% CI 7.80 – 29.04) 
 

 
71.43 ± 26.55 

(95% CI 63.15 – 79.70) 
79.96 ± 24.63 

(95% CI 72.29 – 87.64) 
8.53 ± 29.19 

(95% CI -.56 – 17.63) 

 
 
 
 
 
 

.154 

      
     Systemic therapy 
     side effects 
      

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 

 
37.73 ± 24.06 

(95% CI 29.82 – 45.63) 
31.83 ± 24.51 

(95% CI 23.77 – 39.89) 
-5.90 ± 21.97 

(95% CI -13.12 – 1.32) 
 

 
32.94 ± 17.57 

(95% CI 27.46 – 38.41) 
25.71 ± 20.29 

(95% CI 19.38 – 32.03) 
-7.23 ± 19.20 

(95% CI -13.21 – -1.24) 

 
 
 
 
 
 

.773 

 
     Breast symptoms 

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 

 
35.75 ± 28.00 

(95% CI 26.54 – 44.95) 
30.92 ± 32.18 

(95% CI 20.34 – 41.50) 
-4.82 ± 38.44 

(95% CI -17.46 – 7.81) 
 

 
32.34 ± 20.84  

(95% CI 25.85 – 38.84) 
21.83 ± 21.70 

(95% CI 15.06 – 28.59) 
-10.52 ± 29.57 

(95% CI -19.73 – -1.30) 

 
 
 
 
 
 

.458 
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     Arm symptoms 

 
Baseline 

 
≥5 years 

 
Difference  

≥5 years – Baseline 

 
28.07 ± 24.47 

(95% CI 20.03 – 36.11) 
35.38 ± 32.97 

(95% CI 24.54 – 46.22) 
7.31 ± 29.93 

(95% CI -2.53 – 17.15) 
 

 
30.69 ± 21.51 

(95% CI 23.99 – 37.39) 
28.57 ± 28.84 

(95% CI 19.58 – 37.56) 
-2.12 ± 25.53  

(95% CI -10.07 – 5.84) 

 
 
 
 
 
 

.133 

 
P˂.05* / P<.001** 
Data are shown as mean ± SD (95%CI) for baseline and ≥5 years and for time difference. 
Analysis of variance (ANOVA). 
Abbreviations: n: Sample size; SD: Standard deviation; CI: Confidence interval; ACSM: American College of Sports 
Medicine; kg: Kilograms; s: seconds; m: meters; EORTC QLQ-BR23: The European Organization for Research and 
Treatment of Cancer Breast Cancer-Specific Quality of Life Questionnaire (EORTC QLQ-BR23). 
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Table 5. Inter-subject effects for mean cancer-related fatigue and subscales according to physical activity 

level 

 
CANCER RELATED-FATIGUE 

≥ 5 YEARS AFTER 

COMPLETION OF THE 

THERAPEUTIC EXERCISE 

PROGRAM 

 

PHYSICAL ACTIVITY LEVEL 
≥ 5 YEARS AFTER COMPLETION OF THE THERAPEUTIC 

EXERCISE PROGRAM 
 

P 

≤3  
(MET-hour/week) 

(n=21) 

3.1 – 7.4 
 (MET-hour/week) 

 (n=32) 

≥7.5  
(MET-hour/week) 

(n=27) 
 

 
Cancer-related fatigue domains PFS, mean ± SD (95% CI) 

   

 
     Behavioral/Severity 

 
4.06 ± 3.49 

(95% CI 2.47 – 5.65) 
 

 
3.53 ± 2.66 

(95% CI 2.57 – 4.49) 

 
1.53 ± 1.90 

(95% CI 1.78 – 2.28) 

 
 

.003* 

 
     Affective 

 
4.31 ± 3.52 

(95% CI 2.71 – 5.91) 
 

 
3.71 ± 3.19 

(95% CI 2.56 – 4.86) 

 
2.09 ± 2.52 

(95% CI 1.09 – 3.09) 

 
 

.035* 

 
     Sensory 

 
4.57 ± 3.26 

(95% CI 3.09 – 6.06) 
 

 
3.88 ± 3.11 

(95% CI 2.75 – 4.50) 

 
2.15 ± 2.47 

(95% CI 1.17 – 3.13) 

 
 

.015* 

 
    Cognitive/mood 
 

 
4.21 ± 3.19 

(95% CI 2.76 – 5.67) 
 

 
3.41 ± 3.07 

(95% CI 2.31 – 4.52) 

 
2.17 ± 2.34 

(95% CI 1.25 – 3.10) 

 
 

.050* 

 
     Global 

 
4.28 ± 3.04 

(95% CI 2.90 – 5.66) 
 

 
3.65 ± 2.88 

(95% CI 2.61 – 4.69) 

 
1.98 ± 2.12 

(95% CI 1.14 – 2.81) 

 
 

.010* 

 
P˂.05* / P<.001** 
Analysis of variance (ANOVA). 
Abbreviations: n: Sample size; SD: Standard deviation; CI: Confidence interval; PFS: Piper Fatigue Scale; MET: Metabolic 
equivalent of task. 
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Table 6. Inter-subject effects for the difference in means of cancer related-fatigue subscales according to 

physical activity level with Bonferroni adjustment 

 
 

DEPENDENT OUTCOME 
≥ 5 YEARS AFTER 

COMPLETION OF THE 
THERAPEUTIC EXERCISE 

PROGRAM 
 

 
PHYSICAL ACTIVITY 

LEVEL 
≥ 5 YEARS AFTER 

COMPLETION OF THE 
THERAPEUTIC EXERCISE 

PROGRAM 
 

 
MEAN DIFFERENCE ± SD 

(95%CI) 

 
P 
 

 
Cancer-related fatigue domains, 
PFS 

 
(MET-

hour/week) 

 
(MET-

hour/week) 

  

 
     Behavioral/Severity 
 
 

 
3.1 – 7.4 

 
≤3 

 
-.53 ± .76 

(95% CI -2.38 – 1.32) 

 
 

1.00 
≥7.5  

 
≥7.5  

 

≤3 -2.53 ± .78 
(95% CI -4.45 – -.61) 

 
.005* 

3.1 – 7.4 -1.20 ± .70 
(95% CI -3.72 – -.28) 

 
.017* 

 
     Affective 

 
3.1 – 7.4 

 
≤3 

 
-.60 ± .86 

(95% CI -2.71 – 1.52) 

 
 

1.00 
≥7.5  

 
≥7.5  

 

≤3 -2.22 ± .89 
(95% CI -4.41 – -.03) 

 
.046* 

3.1 – 7.4 -1.62 ± .80 
(95% CI -3.59 – .34) 

 
.140 

 
     Sensory 

 
3.1 – 7.4 

 
≤3 

 
-.70 ± .83 

(95% CI -2.73 – 1.33) 

 
 

1.00 
≥7.5 

 
≥7.5  

 

≤3 -2.42 ± .86 
(95% CI -4.53 – -.32) 

 
.018* 

3.1 – 7.4 -1.73 ± .77 
(95% CI -3.62 – .16) 

 
.085 

 
    Cognitive/Mood 
 

 
3.1 – 7.4 

 
≤3 

 
-.80 ± .81 

(95% CI -2.78 – 1.18) 

 
 

.973 
≥7.5 

 
≥7.5  

 

≤3 -2.04 ± .84 
(95% CI -4.09 – .01) 

 
.051 

3.1 – 7.4 -1.24 ± .75 
(95% CI -3.08 – .60) 

 
.311 

 
     Global 

 
3.1 – 7.4 

 
≤3 

 
-.63 ± .76 

(95% CI -2.48 – 1.22) 

 
 

1.00 
≥7.5 

 
≥7.5  

 

≤3 -2.31 ± .78 
(95% CI -4.22 – -.39) 

 
.013* 

3.1 – 7.4 -1.67 ± .70 
(95% CI -3.40 – .05) 

 
.060 

 
 
P˂.05* / P<.001** 
Analysis of variance (ANOVA), multiple comparisons by Bonferroni adjustment. 
Abbreviations: n: Sample size; SD: Standard deviation; CI: Confidence interval; PFS: Piper Fatigue Scale; MET: Metabolic 
equivalent of task.  
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Figure 1. Flow diagram for study participants. 
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Abbreviations: N/n: simple size; LTBCS: Long-term breast cancer survivors; ACSM: American College of Sports 
Medicine. 
 

 

 

 


