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INTRODUCTION

Every year, more than 1 million women are diagnosed with 
breast cancer worldwide. According to the results of research 
conducted by the Ministry of Health and Welfare, the inci-
dence of breast cancer in South Korea is 15.1%. This percent-
age makes breast cancer the second-most frequent cancer in 
South Korea [1]. As opposed to the United States, where al-
most all patients with breast cancer are over the age of 65 years, 
60% of Korean breast cancer patients are < 50 years old [2]. 
The 5-year life expectancy of patients with breast cancer in 
South Korea is high at 89.5% [1]. 

Patients with breast cancer commonly experience symptoms 
of fatigue, pain, anxiety, and depression. For those who have 
undergone mastectomy, common sequelae of the procedure 

include shoulder joint limitations, weakness in the arms and 
hands, lymphedema, pain, and sensory problems. Adjuvant 
therapies, such as hormone therapy, radiation, and chemother-
apy also decrease recurrence of breast cancer and mortality, 
but cause considerable side effects and negatively impact quali-
ty of life (QoL) [3]. Short-term side effects of radiation include 
fatigue and skin rash. In the long-term, radiation can cause 
lymphedema, cardiopulmonary toxicity, and brachial nerve 
palsy. Chemotherapy has toxic effects on healthy cells and tis-
sues; its short-term negative side effects include nausea, diar-
rhea, headache, thrombosis, muscle pain, neuropathic prob-
lems, and fatigue. The long-term effects of chemotherapy in-
clude premature menopause, weight gain, decreased cardiac 
function, cognitive problems, anxiety, and depression [4]. 

Breast cancer and its treatment cause a general reduction in 
physical activity that varies in degree depending on the severity 
of the disease and treatment. Fatigue is the most common 
symptom of breast cancer and its treatment, and it tends to be 
the most difficult and prolonged of all symptoms [4]. To sum-
marize, breast cancer and its treatment pose many challenges 
to the patient’s physical, emotional, mental, and social well-be-
ing and negatively impact the patient’s QoL. 
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Purpose: This study examines the effects of a rehabilitation pro-
gram on quality of life (QoL), cardiopulmonary function, and fa-
tigue in breast cancer patients. The program included aerobic ex-
ercises as well as stretching and strengthening exercises. Meth-
ods: Breast cancer patients (n=62) who had completed chemo-
therapy were randomly assigned to an early exercise group (EEG; 
n=32) or a delayed exercise group (DEG; n=30). The EEG under-
went 4 weeks of a multimodal rehabilitation program for 80 min/
day, 5 times/wk for 4 weeks. The DEG completed the same pro-
gram during the next 4 weeks. The European Organization for 
Research and Treatment of Cancer-Core Quality of Life Question-
naire (EORTC QLQ-C30), EORTC Breast Cancer-Specific Quality 
of Life Questionnaire (EORTC QLQ-BR23), predicted maximal 
volume of oxygen consumption (VO2max), and fatigue severity 

scale (FSS) were used for assessment at baseline, and at 2, 4, 6, 
and 8 weeks. Results: After 8 weeks, statistically significant differ-
ences were apparent in global health, physical, role, and emo-
tional functions, and cancer-related symptoms such as fatigue 
and pain, nausea, and dyspnea on the EORTC QLQ-C30; cancer-
related symptoms involving the arm and breast on the EORTC 
QLQ-BR23; the predicted VO2max; muscular strength; and FSS 
(p<0.050), according to time, between the two groups. Conclu-
sion: The results of our study suggest that a supervised multi-
modal rehabilitation program may improve the physical symp-
toms, QoL, and fatigue in patients with breast cancer.
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Recently, it has become clear that rehabilitation involving 
physical activity is an important part of cancer treatment. Pa-
tients with cancer initially experience a decrease in daily activi-
ty with chemotherapy and a potential increase in weight. Car-
diopulmonary function is often adversely affected, and bone 
mineral density often decreases with diagnosis and treatment. 
Exercise has been shown to be an effective intervention for im-
proving QoL and also helps improve cardiopulmonary and 
physical functioning while reducing fatigue [5]. Many recom-
mend rehabilitation that can help address both the physical 
and emotional contingencies of cancer, as these can cause diffi-
culties in working; the idea is to restore function, help patients 
return to their occupations, and improve their QoL. Rehabili-
tation that specifically addresses physical and emotional func-
tioning has been shown to be the most effective approach [6]. 

Aerobic and resistive exercises are effective in improving 
QoL and reducing the level of pain. Additionally, it can help 
improve the shoulder range of motion in patients with breast 
cancer and help alleviate fatigue. In many different studies, it 
has been shown that a rehabilitation program can contribute 
to decreasing the side effects of breast cancer [7-9]. Additional-
ly, core stability exercise and massage therapy were shown to 
improve both physical functioning and emotional function/
mood compared with a control group [7]. 

While the incidence rates of cancer are increasing in Korea, 
and rehabilitation is therefore of greater interest to these pa-
tients, most hospitals do not have specific rehabilitation pro-
grams for patients with cancer. Few studies have performed 
evaluations of the maximal volume of oxygen consumption 
(VO2max) in this patient population and applied it to core sta-

bility exercises during intervention. Given the status of current 
research, this study aimed to determine the effects of a 4-week 
stretching, aerobic, and strengthening exercise program on 
QoL, fatigue, and physical fitness in survivors of breast cancer. 
We hypothesized that a multimodal rehabilitation program 
would result in meaningful improvements in QoL, fatigue, and 
physical fitness. To test this hypothesis, we implemented a sys-
tematic multimodal rehabilitation program that would allow 
measurement of these parameters. 

METHODS

Participants
This prospective, randomized, controlled trial with a cross-

over design was conducted at the Rehabilitation Center at 
Asan Medical Center. Ethics approval was granted by the 
Health Institutional Review Board at Seoul National University 
(19-2013-04-24), and written informed consent was obtained 
from all participants. A total of 212 participants signed in-
formed consent forms and were randomized to the study 
groups. After enrollment and randomization, 150 participants 
discontinued, leaving 62 participants who completed the study. 
All participants were evaluated at baseline and at 2, 4, 6, and 8 
weeks. Overall, 150 participants failed to return for evaluation 
visits when the rehabilitation program was not performed in 
the hospital (Figure 1). The study had two arms: the early exer-
cise group (EEG; n= 32) completed the exercise program from 
baseline to 4 weeks, whereas the delayed exercise group (DEG; 
n= 30) completed the exercise program from 4 to 8 weeks.

The recruited participants were patients with stage 0–3 

342 Assessed for eligibility

212 Randomized

106 Allocated to early exercise
group

32 Analyzed

106 Allocated to delayed exercise
group

30 Analyzed

130 Excluded 
25 Declined to paricipants 
11 Stage 4 breast cancer 
18 Chronic disease (LBP, disk, 
     arthritis, rheumatoid arthritis) 
76 Shoulder problem (rotator cuff  
     disease adhsive capsulitis)

74 Discontinued
Intervention

Patients did not complete
the evaluation

76 Discontinued
Intervention

Patients did not complete
the evaluation

Figure 1. Flow of participants throughout trial.
LBP= low back pain.
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breast cancer who had been prescribed multimodal rehabilita-
tion after being evaluated by a physiatrist. All the patients un-
derwent radiation therapy. Some of the participants had 
lymphedema, but they were able to maintain the status after 
complex decongestive physical therapy. Before testing, the pa-
tients were randomized by investigators into either the EEG or 
the DEG at a 1:1 ratio using a computer-generated allocation 
sequence. Women were excluded if they had evidence of re-
current disease or had other musculoskeletal involvement such 
as low back pain, disc problems, osteoarthritis, rheumatoid ar-
thritis, or shoulder problems.

Instruments
Quality of life

QoL was evaluated based on the European Organization for 
Research and Treatment of Cancer-Core Quality of Life Ques-
tionnaire (EORTC QLQ-C30) (version 3) and the Breast Can-
cer-Specific Quality of Life Questionnaire (EORTC QLQ-BR23). 
The EORTC QLQ-C30 is a self-administered questionnaire con-
sisting of 30 items that incorporates five functional scales (physi-
cal, functional, cognitive, emotional, and social performance); 
three symptom scales (fatigue, pain, and nausea and vomiting), 
and the scales of QoL and overall health status. In conjunction 
with the EORTC QLQ-C30, the Breast Specific Module, BR23, 
was applied. The BR23 assesses specific aspects of breast cancer 
and comprises 23 items with two scales: functional and symp-
tomatic. These questionnaires have been validated and cross-
culturally tested in various cancer populations [10].

Cardiorespiratory function 
Cardiorespiratory function was measured using the cycle 

test (Ergoline 200k; Ergoline GmbH, Bitz, Germany). Patients 
commenced cycling at 20 W; this workload was increased by 
25 W every minute. The test was completed when patients 
reached 85% of their estimated maximal heart rate. The car-
diorespiratory test score was assessed as the power output that 
coincided with the 85% maximal heart rate [11]. 

Fatigue measurement
The Fatigue Severity Scale (FSS) consists of nine questions 

that are responded to using a Likert scale ranging from 1 to 7, 
with lower scores meaning “disagreement” (greater disagree-
ment with lower scores), and higher scores meaning “agree-
ment” in the same fashion. A score ≥ 36 is regarded as severe 
chronic fatigue, and a score < 36 indicates mild fatigue. The re-
liability and validity of this questionnaire has been determined 
before; interreliability has been shown to be at a high level [12].

Muscle strength measurement
Maximal isometric strength was assessed in four muscle 

groups bilaterally using a hand-held digital dynamometer (Pow-
er Track II Commander; JTech Medical, Salt Lake City, USA). 
The muscles assessed included the elbow flexors, hip flexors, hip 
abductors, hip extensors, knee extensors, and knee flexors. Mus-
cular groups were tested in the middle of the joint range [13]. 
The system was regulated so that it recorded the maximum con-
traction. For every group of muscles, a duration of 5 seconds 
was used to measure the maximal isometric contraction. The 
average of three contraction trials was recorded as the final 
number, and 2 minutes of rest was given after every contraction 
to avoid a decline in strength across trials due to fatigue. 

Rehabilitation intervention 
Rehabilitation program

Participants were asked to attend the rehabilitation center 5 
times a week for 4 weeks. The sessions were supervised by one 
physical therapist. The warm-up period was conducted for 10 
minutes and consisted of six different upper stretching exercis-
es and five different lower stretching exercises. For strengthen-
ing exercises of the extremities, participants performed two 
sets of 8–12 repetitions using the TheraBand (Hygenic Corp., 
Akron, USA) at 60%–80% of 1 repetition maximum and pro-
gressed to a heavier intensity. For strengthening exercises of 
the axial muscles, the core stability exercises were performed 
using a ball and consisted of nine different exercises, and the 

Table 1. Physical therapy program

Program component Program detail

Warm up (10 min) Upper extremity stretching exercise: shoulder flexion, extension, abduction, adduction, external rotation, 
   internal rotation, pectoral muscle stretching
Lower extremity stretching exercise: low back, hip flexion, extension, abduction, knee extension, 
   knee flexion

Aerobic exercise (40 min) Treadmill, bicycle, stepper machine
Strengthening exercise (10 min) Strengthening exercise by using TheraBand: elbow flexor, hip flexor, hip abductor, hip extensor, 

   knee extensor, knee flexor
Core stability exercise (10 min) Core stability exercise by using ball: abdominal muscle, spinal muscle
Cool down (10 min) Lower extremity stretching exercise: low back, hip flexion, extension, abduction, knee extension, 

   knee flexion
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participants performed 5–10 repetitions. Aerobic exercise was 
performed for 40 minutes at 40%–75% of VO2max (Table 1) 
[14]. The intensity of the aerobic and strengthening exercises 
was set based on the guidelines or older adults, provided by the 
American College of Sports Medicine (ACSM). All lymphede-
ma patients wore compression stockings during the exercises.

Rehabilitation components
The multimodal rehabilitation program consisted of 

strengthening exercises using the TheraBand and stretching 
exercises using the T-bar; these exercises were particularly fo-
cused on the pectoralis muscle. Core stability exercises were 
also used, with a medicine ball used for improving the abdom-
inal and lumbo-pelvic muscle strength (Supplementary Table 
1). Finally, an aerobic exercise program component that used 
cycle and arm ergometers and a stepper machine was included. 

Assessments
During weeks 1–4, the EEG participated in the rehabilitation 

program, and the DEG was asked not to attend the program 
during this period. During weeks 4–8, the DEG was provided 
with the same rehabilitation program. The EEG was not given 
any rehabilitation program to follow during weeks 4–8. How-
ever, we encouraged both groups to exercise at home. All par-
ticipants were evaluated for lymphedema, cardiorespiratory 
function, muscle strength of elbow flexors, hip flexors, hip ex-
tensors, and knee extensors, and responded to the fatigue and 
QoL questionnaires at baseline. A physical therapist assessed 
the active flexion, abduction, internal rotation, and external 
rotation range of motion of the shoulder at baseline and 
postexercise. Additionally, at weeks 2, 4, 6, and 8, the partici-
pants answered the questions on the FSS and EORTC survey, 
and were again evaluated for cardiorespiratory function. Mus-
cle strength was assessed preintervention and postintervention. 

Statistical analyses 
Statistical analysis was performed using SPSS version 12.0 

software (SPSS Inc., Chicago, USA). Baseline descriptive statis-
tics were compared using independent t-tests for continuous 
data and chi-square analysis for categorical data. The primary 
analysis employed a 2 (group) by 5 (time) repeated measures 
analysis of variance (RM-ANOVA) to test for interactions be-
tween “time” and “group” with respect to QoL, fatigue, and 
cardiorespiratory fitness. Paired sample t-tests were used to as-
sess changes in fitness over the 4-week intervention period in 
both the EEG and the DEG, while an independent sample t-
test was used to compare the fitness value between the groups 
at 4 weeks. All tests were two-tailed with statistical significance 
set at an α level of 0.05.

RESULTS

Characteristics of the study population
The average age of the participants was 47.1± 8.5 years in 

the EEG, and 48.3± 8.2 years in the DEG; the percentage of 
patients with a body mass index > 25 kg/m2 was 46.8% in the 
EEG and 33.3% in the DEG. No significant differences existed 
between the EEG and the DEG with respect to occupational 
status, average exercise frequency, education status, marriage, 
economic status, lymphedema, chemotherapy, hormone ther-
apy, cancer stage, and surgery method (Table 2).

Table 2. Baseline demographic and medical history variables of study 
participants

Variable
EEG (n=32)

No. (%)
DEG (n=30)

No. (%)
p-value

Age (yr)* 47.1±8.5 48.3±8.2 0.563
Occupation 0.505
   No employed 24 (75.0) 24 (80.0)
   Part-time employed 5 (15.6 ) 2 (6.6)
   Full-time employed 3 (9.3) 4 (13.3)
BMI (kg/m2) 0.505
   ≥25 17 (53.1) 20 (66.6)
   <25 15 (46.8) 10 (33.3)
Exercise frequency 0.686
   ≥3 times a week for 30 min 12 (37.5) 18 (60.0)
   <3 times a week for 30 min 20 (62.5) 12 (40.0)
Education level 0.126
   High school education 13 (40.6) 15 (50.0)
   University education 19 (59.3) 15 (50.0)
Marriage 0.153
   Married 23 (71.8) 26 (86.6)
   Single 9 (28.1) 4 (13.3)
Economic status/income 0.870
   High 4 (12.5) 3 (10.0)
   Midium 25 (78.1) 25 (83.3)
   Low 3 (9.3) 2 (6.6)
Lymphedema 0.870
   Yes 7 (21.8) 6 (20.0)
   No 25 (78.1) 24 (80.0)
Chemotherapy 0.514
   Yes 13 (40.6) 16 (53.3)
   No 19 (59.3) 14 (46.6)
Hormone therapy 0.585
   Yes 17 (53.1) 18 (60.0)
   No 15 (46.8) 12 (40.0)
Stage of cancer 0.585
   I 3 (9.3) 2 (6.6)
   IIa 13 (40.6) 15 (50.0)
   IIb 12 (37.5) 10 (33.3)
   III 4 (12.5) 3 (10.0)
Type of surgery 0.610
   Mastectomy 6 (18.7) 8 (26.6)
   Lumpectomy 21 (65.6) 16 (53.3)
   Breast reconstruction 5 (15.6) 6 (20.0)

EEG=early exercise group; DEG=delayed exercise group; BMI=body mass 
index.
*Mean±SD.
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Comparison of the dimensions of QoL, cardiorespiratory 
fitness, and fatigue at baseline mean difference

In the baseline evaluation, there were no differences in the 
QoL, functional aspects such as physical and emotional per-
formance, and symptomatic aspects such as vomiting, fatigue, 
pain, and dyspnea between the EEG and the DEG groups. 
Furthermore, statistical differences were not seen in the arm 
and affected breast symptoms on the EORTC QLQ BR23, in 
the FSS, or in cardiorespiratory function and muscle strength 
(Tables 3, 4).

Preintervention and postintervention changes in muscle 
strength

The elbow flexor, hip flexor, hip extensor, and knee extensor 

Table 3. Comparison of the mean values for the dimensions of quality 
of life and cardiorespiratory fitness and fatigue in baseline between the 
EEG and DEG groups

EEG (n=32) DEG (n=30) p-value

EORTC QLQ-C30*
   Global health status/QoL 58.0±18.6 61.7±16.2 0.413
   Functional scales
      Physical functioning 74.1±17.3 79.0±14.3 0.557
      Role functioning 76.7±19.3 78.4±20.0 0.886
      Emotional functioning 71.6±16.9 68.8±20.5 0.391
   Symptom scales
      Fatigue 30.0±15.7 28.2±16.4 0.200
      Nausea  and  vomiting 8.5±13.8 14.2±11.6 0.122
      Pain 40.9±28.1 50.5±29.3 0.229
      Dyspnea 11.8±17.8 13.9±18.3 0.557
EORTC QLQ-BR23†

   Functional scales
      Body image 36.8±18.7 37.0±18.7 0.760
      Breast symptoms 46.2±26.4 49.7±26.3 0.622
      Arm symptoms 24.2±15.2 27.1±15.2 0.325
Fatigue severity scales 29.0±14.1 35.3±15.0 0.110
Cardiorespiratory fitness 
   (mL/min/kg)

27.4±11.3 25.4±7.3 0.437

Data are presented as mean±SD.
EEG=early exercise group; DEG=delayed exercise group; EORTC=The Eu-
ropean Organization for Research and Treatment of Cancer; QoL=quality of 
life.
*Quality of Life Questionnaire-Cancer; †Quality of Life Questionnaire-Breast.

Table 4. Changes of muscular strength in preintervention and postintervention

MS*
Before

p-value
After

p-value
Difference

p-value
EEG (Rt/Lt) DEG (Rt/Lt) EEG (Rt/Lt) DEG (Rt/Lt) EEG (Rt/Lt) DEG (Rt/Lt)

EF   9.3±1.4/9.3±1.9   9.5±1.2/9.5±1.7 0.621/0.713   9.6±1.3/9.7±2.0   9.9±1.3/10.2±2.0 0.496/0.328 0.3±0.5/0.3±0.5 0.4±0.8/0.7±1.5 0.002/0.001
HF 12.0±1.8/12.7±2.4 12.3±1.7/13.1±2.5 0.525/0.481 12.8±1.8/13.3±2.3 13.2±1.8/14.6±2.3 0.468/0.414 0.7±0.7/0.6±0.7 0.8±0.7/0.6±0.7 <0.001/0.001
HE 13.3±2.1/13.6±2.4 14.0±2.0/14.3±2.5 0.242/0.274 14.1±2.3/14.3±2.5 14.6±2.3/14.8±2.7 0.376/0.395 0.7±0.7/0.6±0.8 0.6±0.6/0.5±0.7 <0.001/<0.001
KE 12.0±1.8/11.7±1.7 12.3±1.7/12.0±6.4 0.586/0.563 13.3±1.5/12.7±1.7 13.3±1.5/13.0±1.6 0.464/0.499 0.9±0.6/0.9±0.8 0.9±0.5/1.0±0.7 <0.001/<0.001

MS=muscular strength; EEG=early exercise group; Rt= right; Lt= left; DEG=delayed exercise group; EF=elbow flexor; HF=hip flexor; HE=hip extensor; 
KE=knee extensor. 
*kg·m·s-2.

muscle strength displayed statistically significant improve-
ments after the rehabilitation program in the EEG and DEG 
(Table 4).

Changes in patient-rated outcomes over the 8-week study
After 8 weeks, statistically significant differences were appar-

ent in global health, physical functioning, role functioning, 
emotional functioning, and cancer-related symptoms such as 
fatigue and pain, nausea and dyspnea on the EORTC QLQ-
C30, and arm and breast symptoms on the EORTC QLQ-
BR23. Other significant differences included VO2max, and FSS 
(p< 0.05) according to time between the two groups (Table 5). 
In Figure 2, RM-ANOVA revealed a significant time-by-group 
interaction for QoL. Follow-up paired t-tests revealed that the 
EEG demonstrated a significant improvement in QoL from 
baseline to week 4, and the DEG demonstrated a significant 
QoL improvement from week 4 to week 8 (Figure 2). RM-
ANOVA revealed a significant time-by-group interaction for 
cardiorespiratory function. Follow-up paired t-tests on the in-
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Figure 2. Quality of life score from baseline to week 8 by group assign-
ment (n=62). 
EEG=early exercise group; DEG=delayed exercise group; CI=confidence 
interval.
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Figure 3. Cardiorespiratory function from baseline to week 8 by group 
assignment (n=62). 
EEG=early exercise group; DEG=delayed exercise group; CI=confidence 
interval.
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Table 5. Change in patient-rated outcomes over the 8-week study

Baseline 2 Weeks 4 Weeks 6 Weeks 8 Weeks 
Time×group 

p-value*

EORTC QLQ-C30†

   Global health status/QoL EEG 58.0±18.6 77.5±11.5 80.2±15.5 85.5±13.7 87.3±13.7 <0.001
DEG 61.7±16.2 65.3±14.0 58.0±18.5 75.8±19.3 82.4±19.9

   Functional scales
      Physical functioning EEG 74.1±17.3 78.8±14.1 84.6±8.1 89.2±7.6 89.4±8.4 <0.001

DEG 79.0±14.3 74.7±16.4 74.7±19.9 88.3±8.6 89.0±8.7
      Role functioning EEG 76.7±19.3 69.3±22.3 73.2±23.3 75.3±19.1 78.1±19.5 0.042

DEG 78.4±20.0 74.3±17.8 73.1±18.0 74.8±16.6 79.2±14.6
      Emotional functioning EEG 71.6±16.9 84.8±11.0 86.9±9.6 85.5±10.2 87.4±8.8 0.040

DEG 68.8±20.5 63.3±22.8 67.0±20.7 85.0±8.7 70.4±21.5
   Symptom scales
      Fatigue EEG 30.0±15.7 27.8±16.0 18.9±12.8 17.1±12.1 16.8±13.3 <0.001

DEG 28.2±16.4 29.1±18.9 33.3±19.8 23.0±14.3 22.3±15.1
      Nausea and vomiting EEG 8.5±13.8 6.5±11.0 2.4±7.2 3.0±8.9 5.6±10.1 0.003

DEG 14.2±11.6 14.6±12.2 12.2±11.8 11.5±11.4 9.4±11.6
      Pain EEG 40.9±28.1 41.1±25.5 19.4±13.6 19.9±13.1 21.1±24.6 <0.001

DEG 50.5±29.3 49.5±29.7 53.0±27.8 20.0±11.9 16.5±26.7
      Dyspnea EEG 11.8±17.8 9.5±17.4 9.2±15.0 8.5±14.6 8.2±14.5 0.020

DEG 13.9±18.3 13.8±17.6 11.3±17.9 12.0±17.4 11.3±19.9
EORC QLQ-BR23‡

   Functional scales
      Body image EEG 36.8±18.7 37.1±17.8 36.8±18.7 36.3±18.2 37.9±18.9 0.198

DEG 37.0±18.7 40.9±22.0 37.0±18.7 39.9±22.7 36.1±18.3
      Breast symptoms EEG 46.2±26.4 43.1±27.6 14.0±10.0 12.7±6.0 13.7±4.4 <0.001

DEG 49.7±26.3 47.6±26.7 49.0±25.6 14.0±3.9 10.1±7.5
      Arm symptoms EEG 24.2±15.2 13.1±4.8 12.4±6.6 10.6±4.7 10.1±5.2 <0.001

DEG 27.1±15.2 27.9±14.0 25.3±15.8 15.0±9.4 11.9±6.5
   Fatigue severity scales EEG 29.0±14.1 20.5±8.9 17.8±9.6 16.5±9.4 16.5±9.2 <0.001

DEG 35.3±15.0 38.8±17.5 37.1±15.0 22.4±10.8 17.8±9.8
   Cardiorespiratory fitness EEG 27.4±11.3 27.0±11.1 31.7±12.4 32.4±12.3 32.6±12.4 <0.001
      (mL/min/kg) DEG 25.4±7.3 24.6±6.7 24.5±6.6 25.7±5.9 27.2±5.7

Data are presented as mean±SD.
EEG=early exercise group; DEG=delayed exercise group; EORTC=The European Organization for Research and Treatment of Cancer; QoL=quality of life.
*Time×group p-value=time by group interaction; †Quality of Life Questionnaire-Cancer; ‡Quality of Life Questionnaire-Breast.
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Figure 4. Fatigue severity scores from baseline to week 8 by group as-
signment (n=62). 
EEG=early exercise group; DEG=delayed exercise group; CI=confidence 
interval.
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teraction effects revealed that the EEG demonstrated a signifi-
cant increase from baseline to week 4; conversely, scores for the 
DEG decreased from baseline to week 4 but demonstrated a 
borderline significant increase from week 4 to week 8 (Figure 
3). RM-ANOVA also revealed a significant time by group in-
teraction for FSS (Figure 4). Follow-up paired t-tests on the in-
teraction effects revealed that the EEG demonstrated a signifi-
cant decrease from baseline to week 4. Conversely, scores for 
the DEG increased fatigue from baseline to week 4 but demon-
strated a significant decrease from week 4 to week 8 (Figure 4).

Comparison of the mean values for the dimensions of QoL, 
cardiorespiratory fitness, and fatigue after 4 weeks

At 4 weeks, as previously noted in the introduction to this 
section, statistically significant differences were seen in global 
health score (p = 0.001), physical functioning (p = 0.013), 
emotional functioning (p= 0.001), and cancer-related symp-
toms such as fatigue (p= 0.001) and pain (p= 0.001); nausea 
(p= 0.001) on the EORTC QLQ-C30; cancer-related symp-
toms such as arm and breast symptoms (p = 0.001) on the 
EORTC QLQ-BR23; and in the predicted VO2max (p= 0.005) 
and FSS (p= 0.001).

Changes in QoL, cardiorespiratory fitness, and fatigue from 
baseline to 4 weeks 

The results isolate the differences from baseline to 4 weeks 
for the statistically significant differences in the EEG (com-
pared to the nonsignificant differences in the DEG) in global 
health, physical function, cancer-related symptoms enumerat-
ed earlier, and FSS. Cardiorespiratory function actually 
showed a significant decrease in DEG (p< 0.050). 

Changes in QoL, cardiorespiratory fitness, and fatigue from 4 
weeks to 8 weeks

The findings for week 4 to week 8 revealed that the statisti-
cally significant improvements in global health, physical func-
tion (in the EORTC QLQ C30), fatigue, and cancer-related 
symptoms (such as symptoms in the arm and in the breast) 
showed durable improvement, signifying that the effects of re-
habilitation are prolonged. 

DISCUSSION

The purpose of the present study was to examine the effect 
of a 4-week exercise program consisting of various types of ex-
ercise (stretching, aerobic, and strengthening) on QoL, fatigue, 
and physical fitness in breast cancer survivors. We also imple-
mented a systematic rehabilitation program in this study. 

Based on the scientific data, participation in rehabilitation 

programs, including aerobic and strength training, should be 
recommended for breast cancer patients [15]. Aerobic, stretch-
ing, and strengthening exercises have already been proven to 
be effective exercises in breast cancer patients; however, in this 
study, we modified the equipment for easier use, and com-
bined these exercises with other types. Thus, we included aero-
bic and strengthening exercises with a cycle and arm ergome-
ter and a stepper machine, and other strengthening exercises, 
which included TheraBand and core stability exercises. Al-
though none of the participants had shoulder involvement at 
baseline, it is possible that the shoulder and arm problems 
could emerge during radiotherapy. Thus, our program was 
more focused on the prevention of shoulder problems with the 
use of T-bar shoulder exercises. In our results, full shoulder 
range of motion was maintained at baseline and postinterven-
tion. On the other hand, core stability exercises are generally 
used to improve lumbo-pelvic control. These exercises improve 
the individual’s ability to activate proximal muscles, providing 
interactive moments that would allow efficient distal muscle 
function. Additionally, gym ball exercises also improve the pa-
tient’s motivation for exercise and have a positive effect on dy-
namic postural control, appropriate muscle balance, and joint 
function [16]. Exercise has been investigated as a means to re-
duce cancer treatment-induced bone loss at the spine and hip 
in breast cancer patients [17]. The purposes of core stability ex-
ercises in this study were to prevent misalignment and main-
tain axial muscle strength. We chose the multimodal rehabili-
tation programs in this study for prevention of physical deteri-
oration and improvement of QoL. These exercise materials 
have been made simple for the participants to use, not only in 
the hospital and gym, but in their own homes as well.

The rehabilitation program resulted in increased physical and 
emotional functioning in the study population. Additionally, 
the EEG showed significant improvement in physical function-
ing (QoL measurement) from week 4 to week 8. Some of the 
parameters that did not show statistically significant effects with 
this rehabilitation program were cognition, social functioning, 
insomnia, appetite loss, constipation, and diarrhea.

This study will become part of the current literature that 
covers the parameters of functioning and well-being that are 
impacted (or not impacted) by a planned physical therapy pro-
gram in patients with cancer and other chronic diseases. A 
previous study showed that supervised exercise improves 
physical and psychological functioning more efficiently than 
self-exercise [18]. Another study demonstrated that exercise 
programs with physical therapy clinic are more effective than 
home exercise programs [19]. In the absence of exercise, pa-
tients with chronic disease including cancer have greater de-
creases in energy from lethargy and fatigue, compromised 
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physical functioning, weakness of muscles, and many social 
and cognitive challenges (depression, cognitive deficiency, and 
loneliness). This study may facilitate prescription of our pro-
gram by physicians for hospitalized patients.

Ultimately, improving QoL is the main purpose of imple-
menting physical rehabilitation programs in patients with can-
cer. A previous study reported that most studies conducted on 
exercise intervention for cancer have aimed at improving the 
patient’s QoL [20]. Exercise and physical activity create a sense 
of control and self-confidence in patients by reducing stress 
and anxiety, increasing acceptance of the illness, and improv-
ing the ability to concentrate [9,21]. Similar to our results, in-
creasing QoL and positive emotions/feelings, decreasing stress, 
and improving physical function have been the advantages of 
certain other physical rehabilitation programs [20]. According 
to a previous study, 12 weeks of resistive and aerobic exercise 
had a positive effect on QoL in patients with breast cancer, as 
seen by the use of Fact-B, a tool to measure QoL [9]. However, 
the findings have not been uniform with respect to the correla-
tion between physical exercise and improvement in patient 
functioning with chronic disease. One study showed that aero-
bic exercise did not have an effect on self-confidence or QoL in 
patients with breast cancer. Another previous study, which re-
ported that patients have a decreasing QoL with decreases in 
physical functioning, sexual functioning, and role functioning 
with chemotherapy, did not examine the potential benefits of 
rehabilitation [22,23].

Rehabilitation also reduced pain and fatigue and improved 
symptoms especially in the breast and arms in patients recov-
ering from cancer. The interventions in this study were more 
focused on upper-arm exercises with the T-bar and gym ball, 
which is different from other similar studies. Therefore, our re-
sults were significantly different for arm and breast symptoms, 
which separates this study from previous studies. Some of the 
participants had lymphedema. These patients showed im-
proved breast symptoms after exercise based on the EORTC 
BR-23 (EEG, 43.5 ± 32.2 to 22.1 ± 16.5, p = 0.060; DEG, 
48.3± 24.2 to 6.6± 7.8, p= 0.001). Patients with arm symptoms 
also showed a tendency for improvement after the intervention 
(EEG, 26.8± 19.6 to 16.2± 7.7, p= 0.133; DEG, 38.5± 30.1 to 
10.5 ± 12.1, p= 0.023). A previous study showed that upper 
body resistance exercise with either high or low loads does not 
increase the extent of swelling or severity of symptoms in 
breast cancer-related lymphedema patients [24]. Indeed, mod-
erate-to-high intensity resistance exercise significantly im-
proved muscle strength, muscle endurance, and QoL in wom-
en with breast cancer-related lymphedema. Another study has 
also demonstrated that a 6-month exercise program that in-
cludes weight training improves strength without increasing 

lymphedema in women after breast cancer treatment that in-
cluded axillary clearance [25]. Most lymphedema patients do 
not use their affected arm freely because they believe that using 
that arm too much is one of the causes of the lymphedema. 
Our findings showed that exercise had a positive effect on 
breast-specific symptoms. Other studies with similar results 
exist. One study revealed that patients showed decreased fa-
tigue after a 12-week exercise program [9]. Other studies re-
ported that pain is decreased after an exercise program in pa-
tients with breast cancer [8,26]. This study finally showed the 
correlation between QoL and fatigue, which is that fatigue is 
the most reliable predictor of QoL. Conversely, improving 
physical function through exercise can reduce fatigue, thereby 
improving QoL [26]. 

In our study, the patients showed improved cardiorespira-
tory fitness, which is in agreement with the findings of a pre-
vious study [27]; here, patients with breast cancer (diagnosed 
through mastectomy) participated in a therapy program that 
involved dancing and aerobic movement for a period of 6 
weeks, and a significant difference was found in cardiorespira-
tory fitness following this program.

Measuring improvement in VO2max using a cycle has been 
validated [28]. The cycle test is a very comfortable and safe 
method, and therefore is appropriate for measuring cardiore-
spiratory function in patients with cancer. In our study, after 8 
weeks, the participants in the EEG showed significant im-
provement in VO2max. It is also important to note that aero-
bic exercise over 8 weeks is recommended by the ACSM [29]. 

With regard to the symptom of fatigue, a significant im-
provement was noted, as measured by the FSS. We evaluated 
fatigue not only using the EORTC scales but also the FSS. The 
National Comprehensive Cancer Network defines cancer-re-
lated fatigue as a distressing, persistent, subjective sense of 
physical, emotional, and cognitive tiredness or exhaustion re-
lated to cancer or cancer treatment that is not proportional to 
recent activity and interferes with regular functioning. Par-
tridge et al. [4] reported that fatigue is the most distressing 
symptom of cancer and effect of treatment, and is especially 
prolonged in patients with after chemotherapy. Generally, 
cancer-related fatigue lasts 1 year after cancer treatment, and 
greater degrees of fatigue has a more deleterious effect on the 
QoL. Similar to our study, in a previous study, it was found 
that patients receiving radiotherapy experience less fatigue, 
particularly after engaging in aerobic exercises [30]. Exercise 
in the form of walking at a comfortable level of speed and ex-
ertion also has a positive effect on fatigue. Additionally, a re-
cent systematic review showed that exercise, including aero-
bics, stretching, and strengthening, has a positive effect on 
physical function and interferes less with daily activities [5]. 
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However, the reason for this is unclear. One study suggests 
that improvement in physical functioning with the help of ex-
ercise and increasing muscle power might improve patients’ 
efforts to overcome fatigue following radiotherapy [30]. Pa-
tients suffer from muscular deconditioning and a loss of per-
formance if they are inactive for prolonged periods due to the 
fatigue. Consequently, they are more eager to engage only in 
normal daily activities. Throughout the exercise routines per-
formed in the course of this study, muscular strength showed 
the most improvement. We think that this was one of the fac-
tors that contributed to the reduction in fatigue. Regarding 
the core stability exercises in our program, previously, studies 
have been conducted to determine the effect of these types of 
exercises (specifically, core stability exercises, and massage 
therapy) on fatigue and mood. A significant difference was 
found in the experimental cohort in a previous study [7].

This study was conducted with a small sample size. Al-
though a total of 212 patients completed the rehabilitation pro-
gram, 150 of them failed to complete the evaluation process. 
The cause of the high dropout rate was that we excluded even 
the results with only one incomplete evaluation. Many partici-
pants lived at long distances from the hospital and found it dif-
ficult to return just for the evaluation. Moreover, the partici-
pants were not provided monetary assistance for transporta-
tion, which may have been another reason for not reporting to 
the hospital for evaluation. We also did not measure the 
changes in circumference in lymphedema patients: This study 
did not consider psychological or physical changes such as 
pectoral muscle length and shoulder function during radio-
therapy. In addition, we do not know the effect of each exercise 
program because our program included various exercises, and 
the exercise period was short. However, the 4-week program 
may be feasible for implementation in clinical settings.

This study had a multimodal, high-volume approach. It pro-
vides evidence for the effectiveness of a multimodal exercise 
program in improving QoL, reducing fatigue, and improving 
cardiorespiratory fitness in patients with breast cancer.
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