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OBJECTIVE    To investigate the rehabilitation eff ect of systematic 
exercise on breast cancer patients aĞ er adjuvant chemotherapy.
METHODS    One hundred and ten subjects were randomly di-
vided into 2 groups. The patients in the control group received 
original exercise. The others in the intervention group received 
systematic exercise including aerobics and 24 postures of Taichi 
for 4 months besides the original exercise.  
RESULTS    After the systematic exercise, the limb muscle 
strength, maximal oxygen uptake and lung capacity of the patients 
in intervention group were increased compared with those before 
the systematic exercise (P < 0.05). The lung capacity of patients in 
the intervention group was signifi cantly increased than the control 
group after the exercise (P < 0.05).  The body mass index (BMI), 
the ratio of waist and hip (WHR) of the patients in intervention 
group were decreased compared with those before the systematic 
exercise (P < 0.05). The bone mineral density of control group was 
decreased comparing with pre-exercise (P < 0.05), but there was 
no signifi cant diff erence in the intervention group between pre-ex-
ercise and pro-exercise (P > 0.05).  There was no signifi cant diff er-
ence in the quality of life between the 2 groups aĞ er the systematic 
exercise (P > 0.05).
CONCLUSION    Systematic exercise can not only promote the 
restoration of limb function in patients with breast cancer after 
treatments, but also improve pulmonary function of the patients 
and lower the BMI and WHR of the patients. Systematic exercise 
can improve the outcomes of overall rehabilitation.
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Introduction

Breast cancer is one of the common malignant tumors of women. 
The present treatment model for breast cancer is the surgery com-
bined with radiotherapy, chemotherapy and with or without endocrine 
therapy. The majority of the patients have received the procedure of 
breast-conserving with or without lymph node dissection. When the 
procedure is performed, it may decrease the mobility and strength of 
the operated shoulder and arm[1].These symptoms may lead to per-
manent dysfunction of the arm[2]. During 4 months of chemotherapy 
after surgery, the patients are guided by a nurse to do the original 
rehabilitation exercise. Accumulated evidence has shown that the 
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early rehabilitation exercise can improve the function 
recovery of the surgery-affected limb[3,4]. When the pa-
tients get home from  hospital and return to family life, 
their physical condition gets better compared with that 
when they were in the hospital receiving chemotherapy. 
But the amount of original rehabilitation exercise can 
not well meet the patients’ physical need for recovery. 
Meanwhile, some factors including side effects of the 
drugs, fatigue, lack of the nurse’s guide in rehabilitation 
exercise at home, lack of related knowledge about reha-
bilitation exercise, and lack of confidence in exercise, 
often stop the patients from keeping  the rehabilitation 
exercise. Therefore, some patients have appeared some 
problems, such as limb movement disorder, osteoporo-
sis, weight gain, physical condition running down, and 
so on. For example, comparison patients’ fl exion, abduc-
tion, internal rotation and external rotation movements 
before and after the surgery, 12% of women did not 
regain full shoulder function 12 months after the opera-
tion of breast cancer[5]. A number of uncontrolled trials 
have suggested that signifi cant increase in weight occurs 
in 50%-96% of all early stage breast cancer patients 
during treatment. Weight gain usually ranges from 1.0 
to 6.0 kg during the fi rst year after diagnosis in western 
countries [6,7]. Some studied have shown that the exercise 
supervised by rehabilitation experts could promote the 
long-term effect for recovery including the function of 
surgery-affected limb, heart and pulmonary function, 
bone mineral density, body shape, and quality of life, 
etc[8-11]. It has been proved that aerobic exercise is one of 
the effective ways to improve the physical condition of 
the patients[12]. Taichi, the Chinese traditional sport, has 
been popularized in helping the patients recover because 
it is easy doing and can improve respiration and reduce 
stress[13].
    In order to decrease the long-term problems disturb-
ing breast cancer patients after adjuvant chemotherapy, 
we want to establish an exercise program according to 
the physical status of the patients in family life. In our 
study, aerobic exercise and 24 postures of Taichi as a 
systematic exercise were applied in the patients 1 year 
after the breast surgery with the guidance of the nurse 
from April 2009 to April 2010, and the effects of the 
systematic exercise on limb muscle strength, pulmonary 
function, bone mineral density, body mass index (BMI), 
the ratio of waist and hip (WHR), and other indicators 
of quality of life were comprehensively evaluated. The 
results of our study are presented in this paper.

Patients and Methods

Patients
Patients who diagnosed as breast cancer in our hospital 
and received modifi ed radical mastectomy followed by 
adjuvant chemotherapy for 4 months were selected in 
the study. The criteria for enrollment included: 
    i) nearby one year after received modified radical 

mastectomy; ii) aged ranging from 35 to 65 years; iii) 
received CAF (cyclophosphamide, doxorubicin, fl uoro-
uracil) or CMF (cyclophosphamide, methotrexate, fl uo-
rouracil) regimen of chemotherapy and endocrine ther-
apy after the surgery; iv) presented no cardiopulmonary 
disease or other diseases of nerve, muscle or joint that 
involve movement; v) agreed to participate in the study. 
Exclusion criteria were: i) cardiac function above grade 
II; ii) had bone or joint disease that kept the patients 
from doing exercise. Patients with exercise participation 
rate less than 80% would be excluded at the end of the 
study.

Methods

Grouping
One hundred and ten patients met the above criteria 
and were randomly divided into intervention group and 
control group, with 55 patients in each group. Patients in 
intervention group received systematic exercise program 
based on their original exercise, and conventional reha-
bilitation exercise equipment and limb activities were 
given to patients in the control group

Exercise program
Systematic exercise program included exercise items, 
exercise intensity and exercise frequency. 

Exercise items
In addition to the conventional limb rehabilitation ex-
ercise with equipment established in our hospital, the 
subjects also do aerobics and 24 postures Taichi. Before 
starting the exercise each time, the conventional limb 
rehabilitation exercise was performed for the first 10 
min, which included movements of upper limb and ma-
jor joins. The details of the upper limb movements were 
as follows: clenching fi st, turning wrist, bending elbow, 
turning shoulder, raising arms, touching ears, climbing 
wall with involved arm, etc. After this set of exercise, 
the aerobic exercise was followed. Aerobics included 
head movement, head rotation, interlaced shoulder rais-
ing, double shoulders raising, arm pulling forward, arms 
raising and lateral bending, body rotation left and right, 
arms raising and forward bending, hip lateral moving, 
hip forward moving, stepping around, arm squaring. The 
entire exercise included 12 items of movements, and, the 
whole set of the movements was repeated 2 to 3 times. 
The effective time for the aerobic exercise was 20 to 25 
min. For following 10 min for relaxation activities, such 
as marking time, swing arms, etc. After the relaxation 
activities, 24 postures of Taichi was practiced consecu-
tively for 2 times, with each time lasting for 20-25 min. 

Exercise intensity
The intensity of each type of exercise was based on the 
target heart rate of the patients. The formula of the target 
heart rate = (220-age-resting heart rate) × 45%-60% + 
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resting heart rate[14]. 

Exercise frequency
The resting heart rate was measured before exercise, and 
the heart rate during the exercises was measured using 
a Polar monitor. The heart rate during the exercises was 
supposed within the range of target heart rate. The total 
exercises lasted for 40-50 min. Subjects in the interven-
tion group were guided by a nurse specialized in breast 
cancer rehabilitation to do the exercises 3 times per 
week lasting for 4 months.

Evaluation methods and indicators
Limb muscle strength, maximal oxygen uptake, pulmo-
nary capacity, bone density, BMI, WHR and Quality of 
life scale (FACT-B) for breast cancer patients were mea-
sured in both groups right before and 4 months after the 
systematic exercises. The measurements included:

Limb muscle strength
Limb muscle strength was measured using self-made 
pulling-and pushing pressure sensor when turning wrist 
and bending elbow.

Maximum oxygen uptake
Subjects wearing the Polar monitor did bicycle riding 
with a frequency of 50 rev/min and the 25 W initial load 
at uniform speed for 3 min, and then adjusted to 50 W 
or 75 W for at least 3 min until heart rate reached steady 
state which was around 120-150 BPM. The maximal 
oxygen uptake was calculated using Astrand-Rhyming 
monograms based on the last load and heart rate,.

Pulmonary capacity
Electronic spirometer with accuracy of 1 mL was 
used to detect patients’ pulmonary capacity. The 
patients were required to take a deep breath till 
the end of inspiration, and then blowed strongly 
through the open of the electronic spirometer. The 
test was done twice and the maximum was used.

Bone mineral density
Bone mineral density in the 2nd to 4th lumbar spines 
and neck of femur were detected using the American 
Lunar Prodigy dual-energy X-ray absorptiometry.

Quality of life of breast cancer patients
The Chinese version of FACT-B was used to measure 
the quality of life in breast cancer patients, which was 
developed by the U.S. research and education center and 
translated by Wan CH. The measurement for the quality 
of life of cancer patients consisted of by common mod-
ules (including physical conditions, social/family status, 
emotional status, functional status) and specifi c module 
for patients with breast cancer (that is additional con-
cern), has good reliability and validity[15].

Statistical analysis
SPSS13.0 software was used to calculate the mean and 
standard deviation. Differences between the 2 groups 
were compared using Student’s t-test.

Results

The general information of subjects and their 
participation rate for the exercises
In all enrolled 110 subjects, 97 (88%) completed the ex-
ercises, and 13 participants were excluded because the 
frequency of participation was less than 80%. Interven-
tion group consisted of 51 subjects and control group 
consisted of 46 subjects. The average age was 52.99 
± 6.15 years in the intervention group, in which 29 
subjects received CAF regimen and 22 received CMF 
regimen. The average age was 52.20 ± 6.31 years in the 
control group, in which 26 subjects received CAF and 
26 subjects received CMF. There were no significant 
differences in general information and the participation 
rates were found between the 2 groups (P > 0.05).

Comparison of physiological index of the patients 
before and after exercises
After the systematic exercise, the strength of the wrist 
flexor muscles and elbow flexor of the patients was 
stronger than that before the exercise in the intervention 
group (P < 0.05); maximum oxygen uptake and pulmo-
nary capacity of the patients were significantly higher 
than those before exercise in the intervention group (P 
< 0.05); also the vital capacity in the intervention group 
was significantly higher than that in the control group 
after exercise (P < 0.05); bone density of the patients 
was lower than those before exercise in the control 
group (P < 0.05), and the difference in bone density in 
the intervention group before and after exercise was not 
signifi cant (P > 0.05); BMI and WHR of the patients in 
the intervention group were decreased after exercise (P 
< 0.05), however, the differences in BMI and WHR in 
the control group before and after exercise were not sig-
nifi cant (P > 0.05, Table 1).

Comparison of quality of life before and after exercise 
in the 2 groups 
The differences in the general module and additional 
attention module of FACT-B between the 2 groups and 
within each group before and after exercise were not 
signifi cant (P > 0.05, Table 2).

Discussion

Systematic exercise helps to promote functional recov-
ery of limbs in patients with breast cancer
After breast surgery, because the operated limb was 
immobilized for long time, it may develop adhesions 
or contracture, leading to decreased shoulder range of 
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motion. The limb may become disuse atrophy and de-
creased muscle strength and a series of complications. 
Thus these may affect the activities of their daily lives. 
It is essential for the patients to do limb exercise so as 
to promote rehabilitation early[16,17]. Effective muscle 
strength exercise can increase the number of capillary 
endothelial cells, and as a result, more nutrients can be 
absorbed in muscle tissue, thereby increasing the muscle 
strength. In addition, muscle strength exercise can im-
prove muscle contraction and coordination, leading to 
an increased muscle strength[18].
    In this study, patients in the intervention group prac-
ticed systematic exercise which included the aerobics 
and tai chi 1 to 2 years after breast cancer treatments, 
besides the original upper limb exercise. In this study, 
the aerobic training is considered to increase upper limb 
extremity movement, and tai chi exercise emphasis on 
the coordination of arm movements. The results showed 
that the ipsilateral elbow flexor strength after exercise 
was greater than that before exercise in the 2 groups, 
therefore, exercise with equipment and systematic exer-
cise can improve the limb strength to some extent. The 
results is in accordance with the fi ndings in the study led 
by Xu et al.[19] The wrist fl exor strength of the patients in 
the intervention group was also stronger after exercise 
than that before exercise, indicating that the systematic 
exercise for the recovery of wrist fl exor strength is better 
than the original exercise which included exercise with 
equipment and limb movements.

Systematic exercise can improve pulmonary function 
in patients with breast cancer after the treatments 
Because chemotherapy drugs (such as cyclophospha-
mide, methotrexate) can cause different levels of lung 
parenchyma damage, and in breast cancer patients after 
receiving postoperative chemotherapy, the respiratory 
muscle relaxation, the elasticity and expansion of the 
lung may be decreased accordingly, thereby reducing 
ventilation function of the lung. Many studies have 
shown that appropriate aerobic exercise can reduce the 
adverse effects induced by chemotherapy on the cardio-
pulmonary function[20]. 
    The results showed that the pulmonary function of 
the patients in the intervention group was signifi cantly 
improved after the exercise, and the maximal oxygen 
uptake and lung capacity of the patients in the interven-
tion group after exercise were higher than those of the 
patients in the control group, which suggest that system-
atic exercise can improve pulmonary function in patients 
with breast cancer after the treatments. The outcomes of 
the study are consistent with the fi ndings in the research 
overseas[21].

The effects of systematic exercise on bone mineral 
density
Chemotherapy and endocrine treatment for breast cancer 
can cause ovarian failure, leading to decreased level of 
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estrogen. Reduced estrogen can reduce bone remodel-
ing, leading to bone thinning and osteoporosis and even 
fracture. Relative studies have postulated that regular 
exercise can reduce bone loss and fracture rates caused 
by surgery, radiotherapy or chemotherapy in cancer 
treatment[22].
    The mechanism of delayed bone loss by exercises 
may be related to the followings: Exercise could alter 
certain hormones or hormone-like substances related to 
bone metabolism toward a positive effect. Exercise can 
influence regulator factors of local bone metabolism, 
which affect the reconstruction of bone, so to increase 
or maintain bone. Exercise can promote blood circula-
tion and increase blood fl ow of cortical bone, therefore, 
the calcium absorption is increased. The results in this 
study showed that the difference in bone mineral density 
of the patients in the intervention group before and after 
exercise was not significant. Bone mineral density of 
the patients in the control group was decreased after the 
exercise compared with that before exercise, but there 
was no significant difference in the intervention group 
between pre-exercise and pro-exercise, which suggests 
that exercises may delay bone mineral running off.
    Some studies have shown that, as the time for bone 
reconstruction lasts for at least 4-6 months, and the ex-
ercise which lasts for 8-12 months can lightly increase 
bone mineral density. It takes more than 1 year for ex-
ercise intervention to increase physical bone mass[23]. In 
this study, the period of practicing the exercises in both 
groups was only 4 months, a relatively short period, 
therefore, the intervention exercises couldn’t increase 
bone mineral density. However, the systematic exercise 
did slow down the decrease of bone mineral density. It 
is proposed that prolonged period of exercise is need. 
Relative studies are needed to further understand the im-
pact of exercise on bone mineral density.

Systematic exercise can effectively reduce the patients’ 
weight index and waist-to-hip ratio 
Obesity is a common complication induced by breast 
cancer treatments, which is one obviously causative fac-
tors of breast cancer. It has been reported from many do-
mestic researches that BMI (> 23.00) and WHR (> 0.82) 
are the risk factors for the women developing breast 
cancer[24-26]. After a 14.6-year tracing investigation, 
Whiteman[27] has found that breast cancer patients devel-
oping obesity (BMI ≥ 30.00) have a higher rate of the 
recurrence and death rate than those patients who have 
proper weights (BMI ≤ 22.99).  As breast cancer patients 
are usually supplied with plentiful nutrition during the 
therapy, intake more than they need, furthermore, che-
motherapy the patients received usually causes patients 
tired. Once the patient has developed the habit of lying 
or sitting, with less energy consumption, the superflu-
ous energy changes to fat and gradually causes obesity. 
What is more, the female hormone can irritate the secre-
tion of leptin which uses up the superfluous fat in the 

body[28]; however, the effect of female hormone for the 
post-operative breast cancer patients is obviously weak. 
And the female hormone secretion is inhibited because 
the patients usually receive endocrine therapy. The BMI 
and WHR of the breast cancer patients are easy to rise.
    Taking exercise is a effective way to control body 
weight, the systematic exercise we are studying is a 
scientifi c exercise involving the whole body besides the 
involved limb functional exercise and consequently re-
duce the BMI and WHR for the breast cancer patients to 
some extend. And it is benefi t for maintaining the body 
shape as well as reducing the risk of recurrence of can-
cer. It has been reported in the literature overseas that 
exercise intervention for a short time (8 to 12 weeks) 
has no obviously effect to improve the BMI of the breast 
cancer patients[29,30], and prolonging the exercise inter-
vention suitably (12 month) can improve the body shape 
and ingredient of the breast cancer patients obviously[31].   
    In our study, both BMI and WHR of the patients in 
the intervention group are lower after 4 months’ system-
atic exercise than those before the exercise, therefore, 
we can see one effect of the systematic exercise is to 
improve the body shape in a short time exercise for the 
breast cancer patients. 

The effects of the exercises on patients’ quality of life 
Because of the change of body shape after operation, the 
side effects of the chemotherapy, as well as the fi nancial 
burden, breast cancer patients may have negative feel-
ings, such as tension, anxiety, depression, fear, and so 
on. What is more, for the reason that the function of the 
involved arm is limited, the quality of life of the patients 
can be infl uenced to some extend. It has been found[32] 
that taking exercise can transfer the attention, which can 
reduce the negative feeling of the patients; during the 
exercise, the component of endogenous opioid peptide 
in human body maintains a high level, which causes the 
feeling of happiness, therefore, exercise can reduce the 
extend of anxiety, depression and other kinds of nega-
tive feeling.
    Thus, taking exercise can promote the health of the 
breast cancer patients in both physical and psychologi-
cal aspects, resulting in an improved quality of life. It 
has been reported in some literature overseas that the re-
habilitation exercise lasting for 2-6 month can improve 
the quality of life[11]. Our study showed that patients’ 
quality of life in the 2 groups was improved, however, 
the difference in patients’ quality of life was not statisti-
cally signifi cant before and after the exercises, which is 
not consistent with the fi ndings reported in the literature. 
Some studies have shown that breast cancer patients’ 
quality of life can be infl uenced by many factors[33], so 
there may be no obvious improvements in quality of life 
by simply exercise.
    In this study, we have set up a systematic exercise 
training program for one-year postoperative breast 
cancer patients. We have proved that this program is 
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better than original rehabilitation exercise in enhancing 
the muscle force of surgery-affected limb, increasing 
pulmonary capacity, reducing bone mineral loss, and in 
decreasing BMI and WHR. Therefore, we suggest popu-
larizing this program in the breast cancer patients after 
adjuvant chemotherapy to restore their physical condi-
tion. On the basis of this study, we have learned that fur-
ther research is needed to fi nd how to well instruct the 
breast cancer patients with adjuvant chemotherapy to do 
scientific general movements to decrease their postop-
erative complications and improve their quality of life. 
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