
https://doi.org/10.1177/15347354221138574

Integrative Cancer Therapies
Volume 21: 1 –11
© The Author(s) 2022 
Article reuse guidelines:
sagepub.com/journals-permissions 
DOI: 10.1177/15347354221138574
journals.sagepub.com/home/ict

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and 

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages  
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Research Article

Introduction

The number of older cancer survivors is continuing to rise 
due to population growth and aging, as well as advances in 
early detection and treatment.1 Cancer survivors may expe-
rience musculoskeletal problems. Breast cancer survivors 
(BCSs) after completing cancer treatment have been 
reported to exhibit lower muscle strength (20%-30% loss) 
in 7 types of upper body muscle strength, compared to 
healthy controls.2 It has also been reported that older cancer 
patients have more muscle weakness, and that this weak-
ness is associated with overall survival.3 Another study 
reported that 75 of 471 BCSs had sarcopenia with muscle 
atrophy.4 They also reported that the percentage of BCSs in 
the sarcopenia group aged over 50 years was significantly 

higher than that of the group under 50 years of age.4 Muscle 
weakness is a common problem in BCSs and is reported to 
be caused by abnormal protein metabolic turnover balance 
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Purpose: The purpose of this study was to investigate the differences in muscle strength, muscle mass, balance function, and 
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in the length of center of pressure compared to middle-aged BCSs (P < .05). Older BCSs showed significantly lower physical 
functioning subscales in QOL compared to middle-aged BCSs (P < .05). The associations among muscle strength, muscle mass 
and QOL were more significantly observed in the older BCSs (P < .05). Furthermore, a significant correlation between QOL 
and balance function was observed in the older BCSs, but not in the middle-aged BCSs (P < .05). Conclusion: There may be 
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and mitochondrial changes after chemotherapy.5 It has also 
been reported to negatively affect quality of life (QOL).5 In 
addition, BCSs may have poorer balance function com-
pared to healthy individuals of the same age. BCSs also per-
formed worse than non-BCSs in difficult balance exercises, 
such as reduced sensory information and altered support 
bases.6

In terms of QOL, BCSs were comparable in general 
health and overall QOL when compared to healthy partici-
pants of the same age. BCSs reported significantly more 
limitations on most functional and symptom measures at 
long-term follow-up.7 Disability on various QOL subscales 
(eg, physical and social functioning, pain, economic hard-
ship) worsened from year 5 to year 10. Moreover, young 
BCSs have more the degree of limitation compared to age-
matched people without a history of cancer.7 BCSs may 
have worse muscle strength, muscle mass, and balance 
function compared to healthy controls. In addition, QOL 
may tend to be lower as well.

Previous studies have examined age-segmented charac-
teristics of BCSs. BCSs diagnosed at older ages (>65) 
reported significantly worse QOL in the physical domain 
than the other age groups, and BCSs diagnosed at younger 
ages (27-44) reported worse QOL in the social domain than 
the middle age (45-65) and older age (>65) groups.8 In 
patients with type 2 diabetes mellitus, older (aged ≥65 years) 
patients reported lower physical component summary 
scores of QOL than younger (aged <65 years).9 As 
described above, older BCSs may have decreased muscle 
strength and muscle mass, and decreased balance function 
compared to middle-aged BCSs. QOL may also be reduced 
in older BCSs. Physical function and QOL are closely 
related in cancer survivors; poor physical function leads to 
poor QOL.10 Therefore, muscle strength, muscle mass, and 
balance function are likely to be related to QOL in BCSs, 
but this is not yet clearly understood.

The purpose of this study was to investigate the differ-
ences in muscle strength, muscle mass, balance function, 
and QOL among middle-aged BCSs and older BCSs.

Methods

Study Design

This study was a prospective, observational investigation of 
muscle strength, body composition, balance function, and 
QOL among middle-aged BCSs aged under 65 years and 
older BCSs aged over 65 years. Conventionally, “elderly” 
has been defined as a chronological age of 65 years old or 
older11; according to a cancer elderly definition, elder was 
more than 65 years of age, and thus have been defined in the 
same way.12 Therefore, the BCSs in the present study were 
divided into middle-aged (<65 years old) and older 
(≥65 years old) groups at age 65.

Participants and Methods

BCSs were recruited in Kita-Fukushima Medical Center 
BCSs meetings in November 2018, June 2019, and November 
2019 using a poster describing the study aim regarding mus-
cle strength, body composition, balance function, and QOL. 
BCSs aged ≥18 years with an Eastern Cooperative Oncology 
Group Performance Status Score of 0 or 1 were enrolled.13 
Finally, 53 middle aged (<65 years old) BCSs and 49 older 
(≥65 years old) BCSs were included in the study (Table 1). 
The BCSs each participated in one assessment session in our 
study. The mean ages were significantly different: 55.6 years 
(±SD 6.8) for the middle-aged BCSs and 71.8 years  
(±SD 4.9) for the older BCSs (P < .05) (Table 1). Similarly, 
height and weight were significantly higher in the middle-
aged BCSs than in the older BCSs. No significant difference 
was observed regarding body mass index (BMI), affected 
side, type of breast cancer, mastectomy, lymph node removal, 
pathologic stage, chemotherapy, hormonal therapy, or time 
from breast cancer surgery (Table 1). Middle-aged BCSs 
were found to have undergone significantly more radiation 
therapy than older BCSs (P < .05) (Table 1).

Ethical Approval Statement

The Kita-Fukushima Medical Center Institutional Committee 
on Human Research approved the study, and written 
informed consent was obtained from each participant 
(Approval No. 72).

Muscle Strength

Handgrip strength. Handgrip strength (kilogram of force 
[kgf]) was measured as an index for upper limb strength 
using a digital dynamometer (TKK5101; TAKEI Scientific 
Instruments Co. Ltd., Niigata, Japan) that measures between 
5.0 and 100.0 kgf with a precision of 0.1 kg. The dynamom-
eter was adjusted to each participant’s hand size. During the 
assessment, the participants were instructed to stand upright 
with their feet shoulder-width apart and to look forward, 
with their elbows fully extended. The dynamometer was 
held in the testing hand with the grip meter indicator facing 
outward and away from any part of the body. The partici-
pants performed 2 trials for each hand alternatively, always 
starting with their dominant hand. The participants were 
instructed to squeeze the grip with full force continuously 
for at least 2 seconds.14,15 The maximum handgrip strength 
for each hand was recorded as “Handgrip strength,” and 
was measured bilaterally.

Knee-extensor muscle strength. Knee-extensor muscle strength 
(kgf) was measured as an index for lower limb strength using 
a hand-held dynamometer (μ-TAS F1; Anima, Tokyo, Japan). 
For all measurements, a stabilizing belt was used to aid the 
tester in applying resistance. Knee extension force was tested 
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Table 1. Clinical and Demographic Characteristics Between Middle-Aged and Older Breast Cancer Survivors.

Characteristics
Middle-aged breast 

cancer survivors (n = 53)
Older breast cancer 

survivors (n = 49) P-value

Age, years 55.6 ± 6.8 71.8 ± 4.9 <.001
Height, cm 158.0 ± 5.3 153.2 ± 7.2 <.001
Body weight, kg 58.4 ± 8.7 53.8 ± 8.3 .008
BMI 23.3 ± 2.9 22.9 ± 3.4 .52
Affected side
 Right 28 (52.8) 26 (53.1) .981
 Left 25 (47.2) 23 (46.9)  
Types of breast cancer
 Invasive 39 (73.6) 43 (87.8) .072
 Non-invasive 14 (26.4) 6 (12.2)  
Surgical procedure
 Mastectomy 12 (22.6) 19 (38.8) .077
 Breast conserving surgery 41 (77.4) 30 (61.2)  
Lymph node removed
 Without removed 1 (1.9) 1 (2.0) .776
 Axillary lymph node dissection 16 (30.2) 18 (36.7)  
 Sentinel lymph node biopsy 36 (67.9) 30 (61.2)  
 Pathologic stage
 0 7 (13.2) 2 (4.1) .317
 Ⅰ 24 (45.3) 19 (38.8)  
 Ⅱ 14 (26.4) 17 (34.7)  
 Ⅲ 8 (15.1) 10 (20.4)  
 Ⅳ 0 (0) 1 (2.0)  
Adjuvant therapy
 Chemotherapy
 Yes 30 (56.6) 28 (57.1) .956
 No 23 (43.4) 21 (42.9)  
Radiation therapy
 Yes 41 (77.4) 26 (53.1) .01
 No 12 (22.6) 23 (46.9)  
Hormonal therapy
 Yes 39 (73.6) 39 (79.6) .475
 No 14 (26.4) 10 (20.4)  
 Time from breast cancer surgery 1507.6 ± 1500.2 2058.1 ± 1812.8 .1

Values are presented as means ± standard deviations or numbers and percentages. Statistical testing at baseline was performed using independent 
Student’s t-tests or Pearson’s χ2 tests.

with participants sitting with their knee flexed at approxi-
mately 60°. The dynamometer was applied to the anterior 
surface of the tibia, proximal to the malleoli. The maximum 
force exerted during 10 seconds of static effort was recorded.

Handgrip strength and knee-extensor muscle strength 
were normalized according to body weight, and these mea-
surements were expressed as a percentage of each patient’s 
body weight.

Body composition. Fat free mass and skeletal muscle mass 
were measured by bioelectrical impedance analysis (BIA) 
using InBody S10 (InBody Co. Ltd, Seoul, Korea). After 
height and weight were measured, 4 electrodes were 
attached, one each to both the upper and lower extremities 

with the participant in the supine position. Skeletal muscle 
index (SMI) was calculated by dividing the appendicular 
muscle mass by squared height in meters.16 Based on the 
resistance and reactance obtained when measuring muscle 
mass with the InBody S10, the phase angle (PhA) was cal-
culated using the following formula: PhA (°) = arctangent 
(Xc/R) * (180/π). Reactance and resistance values measured 
at a current of 50 kHz were used to calculate the PhA.17

Balance function

Timed up and go (TUG) test. The TUG test is a reliable and 
widely-accepted test for quantifying functional mobility.18 
We instructed the participants to “Stand up, walk as quickly 
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and safely as possible.”19 The time taken to complete the 
test was recorded. Participants performed the TUG test 
twice, and the faster of the 2 measurements was used for 
analysis.

Body sway testing. Body sway was measured using a gravi-
corder force platform (GS-10, Anima Inc, Tokyo, Japan) to 
investigate postural stability among the participants. The 
participants stood on both feet in the Romberg stance for 
30 seconds while looking at a 3-cm-diameter round mark, 
placed 2 m away, at eye level. The center of pressure (CoP), 
as the index for postural stability, was measured once using 
the gravicorder at a 20-Hz sampling rate, which was in 
accordance with Japanese Industrial Standards (JIS). The 
data was filtered with 10-Hz low pass filtering by an analog 
amplifier. Tasks were performed with eyes both opened and 
closed. The total CoP length (cm), environmental CoP area 
(cm2), and rectangle CoP area (cm2) were calculated as 
parameters of conventional stationary analysis.

Health-related QOL. General health-related QOL was 
assessed using the Medical Outcome Study 36-item Short-
Form Health Survey (SF-36), which assesses physical and 
mental health components across the following 8 domains: 
physical functioning (PF), physical role function (RP), 
bodily pain (BP), general health (GH), vitality (VT), social 
functioning (SF), emotional role functioning (RE), and 
mental health (MH). The SF-36 measures multidimensional 
properties of health-related QOL on a 0 to 100 scale, with 
higher scores indicating better QOL. This self-administered 
questionnaire is widely used, particularly among cancer 
survivors.20

Statistical Analysis

The results are presented as means ± standard deviations 
(SDs). We compared demographic and clinical characteris-
tics between middle and older BCSs using Student’s t-tests 
for continuous variables and Pearson’s chi-squared tests for 
ordinal variables. Two-tailed unpaired t-tests (continuous) 
were used to compare handgrip and knee extensor muscle 
strength, body composition, balance function, and QOL 
between the 2 BCSs groups. Pearson’s correlation coeffi-
cients were used to evaluate the associations among muscle 
strength, body composition, balance function, and QOL. 
Statistical analysis was performed using SPSS 25 (SPSS 
Japan Inc., Tokyo, Japan). P-values of <.05 were consid-
ered statistically significant.

Results
Table 2 shows the mean values for muscle strength, body 
composition, and balance function for all participants. Right 
hand grip strength and right knee strength were significantly 

decreased in the older BCSs compared with the middle-aged 
BCSs (P < .05). However, left grip strength and left knee 
strength were not significantly different between the 2 
groups. Body composition, fat free mass, skeletal muscle 
mass, PhA, SMI were significantly lower in the older BCSs 
than in the middle-aged BCSs (P < .05). In balance function, 
only the length of COP with eyes open was significantly lon-
ger in the older BCSs compared to the middle-aged BCSs 
(P < .05). However, there were not significant differences 
regarding TUG or other body sway parameters between 
middle-aged and older BCSs.

Table 3 shows the mean SF-36 values for both groups. 
PF was significantly lower in the older BCSs. No signifi-
cant differences were found in other subscales of QOL 
between the 2 groups.

Table 4 presents the correlation coefficients between 
muscle strength, body composition, and QOL in the middle-
aged and older BCSs. In the middle-aged BCSs, a correla-
tion was not found between the muscle strength and QOL 
subscales. The PhA was found to be significantly negatively 
related to SF (P < .05). In the older BCSs, right handgrip 
was significantly positively related to PF, RP, BP, SF, and 
RE (P < .05). Left handgrip was significantly positively 
related to PF, BP, and SF (P < .05). Right knee extension 
was significantly positively related to PF, RP, BP, GH, and 
RE (P < .05). Right knee extension was significantly posi-
tively related to BP (P < .05). The fat free mass was signifi-
cantly positively related to VT (P < .05). Skeletal muscle 
mass was significantly positively related to RP, VT, and RE 
(P < .05), and the PhA was significantly positively related 
to PF, RP, VT, and RE (P < .05).

Table 5 presents the correlation coefficients between bal-
ance function and QOL in the middle-aged BCSs and older 
BCSs. The middle-aged BCSs indicated that TUG was sig-
nificantly positively related to BP (P < .05). There was no 
significant correlation between other balance function tests 
and QOL in middle-aged BCSs. In older BCSs, TUG was 
significantly negatively related to PF, RP, BP, GH, VT, and 
RE (P < .05). The environmental CoP area (cm2) and rect-
angle CoP area (cm2) with eyes open were significantly 
negatively related to VT, and SF (P < .05). The environ-
mental CoP area (cm2) and rectangle CoP area (cm2) with 
eyes closed were significantly negatively related to VT 
(P < .05).

Discussion

The present study showed that older BCSs had significantly 
lower right grip strength, right knee extension strength, fat 
free mass, skeletal muscle mass, PhA, and SMI than mid-
dle-aged BCSs. In addition, the body sway test showed that 
the older BCSs had a significantly increased length of COP 
compared to the middle-aged BCSs, and showed signifi-
cantly lower PF subscales in QOL. The associations among 
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muscle strength, body composition, and QOL were more 
frequently observed in older BCSs than in middle-aged 
BCSs. Furthermore, we examined the relationship between 
the balance function and QOL, and we found a correlation 
between QOL and balance function more frequently in 
older BCSs than in middle-aged BCSs.

A previous study reported that the grip strength of older 
adults with an average age of 69.5 years was significantly 
lower than that of a group of younger adults with an average 
age of 23.3 years.21 Similarly, in a study measuring grip 

strength in Japanese people, the grip strength of older 
women, with an average age of 72.9 years, was 22.7 kg, 
while that of the younger group, with an average age of 
20.9 years, was 32.9 kg.22 In the present study, BCSs were 
divided into older ≥ 65 and middle-aged < 65. Since the 
mean body weight of the 2 groups was different, grip 
strength was adjusted for body weight to enable an accurate 
comparison between the 2 groups. Right grip strength was 
lower in the older BCSs than in the middle-aged BCSs; 
however, left grip strength did not differ between the 2 

Table 2. Differences in Muscle Strength, Body Composition and Balance Function Between Middle-Aged and Older Breast Cancer 
Survivors.

Variables
Middle-aged breast 

cancer survivors (n = 53)
Older breast cancer 

survivors (n = 49) P-value

Muscle strength
 Right hand grip (kgf/BW) 0.42 ± 0.08 0.38 ± 0.08 .022
 Left hand grip (kgf/BW) 0.39 ± 0.08 0.36 ± 0.08 .069
 Right knee extensor (kgf/BW) 0.52 ± 0.13 0.47 ± 0.12 .032
 Left knee extensor (kgf/BW) 0.48 ± 0.13 0.44 ± 0.13 .123
Body composition
 Fat free mass 40.5 ± 4.2 37.2 ± 4.5 <.001
 Skeletal muscle mass 21.6 ± 2.4 19.6 ± 2.7 <.001
 Phase angle 5.0 ± 0.5 4.6 ± 0.5 <.001
 Skeletal muscle mass index 6.5 ± 0.5 6.2 ± 0.8 .021
Balance function
 Timed up and go test (s) 6.6 ± 1.5 7.3 ± 2.3 .064
Eyes open condition
 Length of CoP (cm) 51.0 ± 20.2 60.8 ± 24.8 .029
 Environmental area of CoP (cm2) 2.9 ± 2.9 2.9 ± 2.3 .988
 Rectangle area of CoP (cm2) 10.3 ± 10.8 9.6 ± 8.7 .700
Eyes closed condition
 Length of CoP (cm) 79.2 ± 47.7 86.0 ± 36.1 .422
 Environmental area of CoP (cm2) 6.4 ± 15.8 4.9 ± 4.8 .526
 Rectangle area of CoP (cm2) 21.9 ± 65.5 15.4 ± 14.5 .501

Values are presented as mean ± SD unless. Statistical testing was performed using unpaired t-test.
Abbreviations: BW, body weight; CoP, center of pressure.

Table 3. Differences in Health Related QOL Between Middle-Aged and Older Breast Cancer Survivors.

Variables
Middle-aged breast cancer 

survivors (n = 53)
Older breast cancer 

survivors (n = 49) P-value

Physical functioning 85.2 ± 12.7 74.4 ± 20.4 .002
Role-physical 79.7 ± 21.9 74.5 ± 24.6 .259
Bodily pain 64.9 ± 20.9 70.1 ± 25.6 .263
General health 54.2 ± 13.7 54.7 ± 17.1 .874
Vitality 58.5 ± 18.4 61.1 ± 20.0 .503
Social functioning 85.4 ± 19.6 76.5 ± 27.3 .065
Role-emotional 78.5 ± 23.4 79.3 ± 22.8 .863
Mental health 69.6 ± 17.1 68.0 ± 19.1 .644

Values are presented as mean ± SD unless. Statistical testing was performed using unpaired t-test.
Abbreviations: QOL = quality of life.
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groups. In the present study, the groups were separated by 
the age of 65 years, resulting in an average age of 56 years 
for the middle-aged group and 72 years for the older group. 
The average age of the middle-aged group in this study was 
higher than that of the younger group in the previous study. 
Therefore, we believe that differences between the groups 
were less likely to occur, and did not reach significance in 
terms of left hand grip strength.

A previous study compared knee extension, leg press 
and squat muscle strength in 16 younger women, an aver-
age age of 27.1 years old, and older women, an average age 
of 62.9 years old, and reported that the older women had 
significantly lower values in all categories.23 However, 
another study compared knee extension strength in 12 mid-
dle-aged women (50-58 years) and 13 older women (70-
76 years), and reported no significant differences.24 Other 
studies have reported that the cross-sectional area of the 
quadriceps muscle decreases significantly with age in 
healthy Japanese women.25 The time required to stand up 
for 10 repetitions and maximum knee extension muscle 
strength were measured in 285 young female participants 
(aged 65-74 years) and 89 older female participants (aged 
75-90 years), and the time required was significantly higher 
in the older participants than in the young participants.26 
This study showed that the older BCSs’ right knee exten-
sion muscle strength was lower than that of middle-aged 
BCSs. However, the older BCSs’ left knee extension mus-
cle strength did not significantly differ from that of the mid-
dle-aged BCSs. This study separates age at 65 years of age; 
the average age of the older BCSs was 72 years old, and that 
of the middle-aged BCSs was 56. Hence, we believe that 
because the age difference was small, it was difficult to 
make a difference as with left grip strength.

Muscle mass generally decreases with age, and is also 
significantly associated with cancer.27 The cancer survivors 
reported significantly lower muscle mass compared to the 
healthy controls, along with duration of disease after cancer 
diagnosis.28 In the present study, all values indicating mus-
cle mass were significantly lower in the older BCSs than in 
the middle-aged BCS. Thus, the older BCS may have had 
more muscle atrophy than the middle-aged BCSs. Both 
muscle weakness and muscle atrophy in BCSs are associ-
ated with aging, malnutrition, inactivity, and treatment tox-
icity.29 In addition, older BCSs often have overlapping 
symptoms such as nausea, vomiting, pain, depression, 
fatigue, insomnia, loss of appetite, decreased libido, and 
increased anxiety.30 These factors may also be associated 
with muscle atrophy and muscle weakness in older BCSs.

Although cancer survivors may also have impaired bal-
ance function, there are few reports on balance function in 
BCSs. In our results, only length of COP was higher in the 
older BCSs when compared to the middle-aged BCSs. This 
indicates that the center of gravity sway is increased, and 
the balance function is impaired. Of the 511 cancer 

survivors in the prior study by Medina et al,31 282 (48.3%) 
had balance disorders, primarily due to vestibular dysfunc-
tion. A previous study reported that there were no signifi-
cant differences in the tests of gravimetric sway in older 
cancer survivors compared to age-matched healthy con-
trols. However, TUG test results were significantly higher 
in the cancer survivors.32 In our previous study, cancer sur-
vivors and healthy participants underwent the TUG test 
and body sway testing. The TUG test results were signifi-
cantly higher in the cancer survivors than in the healthy 
participants, and environmental CoP area (cm2) was also 
higher.33 The current study showed that TUG test results 
were also higher in older BCSs than in middle-aged BCSs 
(7.3 vs 6.6 seconds; P = .064). Only 1 item in the current 
study showed a significant difference in the body sway 
test. It is possible that balance function may be getting 
worse with older age in BCSs. Previous studies have 
reported that BCSs aged >50 years had significantly poorer 
physical well-being, social/family well-being, functional 
well-being, and subjective QOL compared to those aged 
<50 years.34 Cancer patients have reported worse HRQOL 
with increasing age in regard to physical and cognitive 
functioning and constipation.35 Another study compared 
the quality of life of 46 breast cancer patients divided into 
younger and older groups at age 65. They reported that 
there were no significant differences in overall QOL and 
physical and pain QOL between the younger and older 
breast cancer groups.36 In our study, the PF subscale and 
muscle strength, muscle mass, and balance function were 
found to be lower in older BCSs than middle-aged BCSs. 
Thus, QOL may also be associated with a tendency to 
decline in items related to physical function in BCSs. On 
the other hand, a previous study reported that social func-
tioning increased significantly with increasing age when 
comparing quality of life in 18 to 49, 50 to 70, and 71 to 
80 years age groups in colorectal cancer patients.35 In the 
present study, of BCSs, social functioning was higher in 
the middle-age group than in the older age group, although 
this difference did not reach statistical significance. Quality 
of life score may vary depending on the type of cancer.

An association between muscle strength, muscle mass, 
and QOL in cancer survivors has also been reported. Male 
cancer survivors’ hand grip strength is significantly associ-
ated with QOL of self-care and QOL of usual activities, 
with lower QOL as grip strength decreases.37 Female cancer 
survivors have reported that QOL in terms of mobility prob-
lems, usual activities, pain/discomfort, and anxiety/depres-
sion were associated with low grip strength. In healthy 
controls, there was no significant relationship between low 
grip strength and QOL.37 In 1037 cancer survivors (60.7% 
female, mean age 62.2 years), those with weak grip strength 
were reported to show statistically significant worsening in 
all 5 EuroQoL-5 dimensions (EQ-5D) compared to cancer 
survivors with normal grip strength.38 Other studies have 
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similarly reported that grip strength correlated with physi-
cal function and physical pain in QOL among cancer survi-
vors.39 As noted in previous studies, grip strength in cancer 
survivors may be more likely to be associated with QOL. 
Although the middle-aged BCSs in this study showed no 
correlations between hand grip strength and all subscales of 
QOL, the older BCSs had more subscales of QOL associ-
ated with grip strength. This indicates that grip strength is 
linked to QOL and may be more reflective of QOL in older 
BCSs than in middle-aged BCSs. There are a few reports on 
the relationship between knee extensor strength and QOL in 
cancer survivors. A previous study reported that knee exten-
sor strength in cancer survivors correlated with PF of 
QOL.39 In the present study, extension strength was signifi-
cantly correlated with QOL in the older BCSs, although no 
correlation was found in the middle age group. In particular, 
knee extension strength was found to be closely related to 
mobility including walking and may be more significantly 
related to QOL in older BCSs.

Weight loss and muscle wasting have a negative impact 
on the QOL of cancer patients.40 Metastatic colorectal can-
cer patients with increased skeletal muscle mass were sig-
nificantly associated with improved global health status 
compared with metastatic colorectal cancer patients who 
lost skeletal muscle mass. Increased skeletal muscle mass 
was found to be significantly and clinically associated with 
improved role function, less fatigue, and less pain in meta-
static colorectal cancer patients.41 Low SMI values are 
associated with low PF and RF of QOL in non-small cell 
lung cancer patients.42 Our results revealed no association 
between muscle mass and QOL in middle-aged BCSs, but 
there were correlations between skeletal muscle mass and 
QOL items in older BCSs. This indicates that muscle mass 
may be closely linked to QOL in older BCSs.

PhA score has been reported to be significantly associ-
ated with muscle strength in breast cancer survivors43; it is 
attracting attention as a prognostic indicator of survival and 
QOL in cancer patients.44 Higher PhA may be found in indi-
viduals with high muscle mass in athletes.45 In the present 
study, PhA was positively correlated with 4 subscales of 
QOL in older BCSs. PhA is independently associated with 
muscle mass, strength, and sarcopenia in patients undergo-
ing peritoneal dialysis.46 Thus, high PhA may be positively 
correlated with QOL in older BCSs.

In terms of balance function, TUG was correlated with 6 
subscales of QOL in older BCSs. Previous studies have also 
reported that QOL worsened significantly with increasing 
TUG values in Parkinson’s disease patients.47 In the present 
study, older BCSs showed a negative correlation with TUG 
and QOL. This result suggests that QOL decreases with 
increasing TUG values, which is consistent with the results 
of previous studies.47 Few studies have investigated the 
association between gravimetric sway testing and QOL in 
cancer survivors. Previous studies have reported a negative 

correlation between body sway test results and QOL in can-
cer survivors.48 Therefore, the older BCSs results in the cur-
rent study are similar to those of previous studies. Physical 
ability has been reported to be strongly associated with 
QOL in older cancer survivors.49 Physical well-being, 
health functional limitations, disability, mobility, physical 
health status, and ability to perform activities of daily living 
have been reported to be important and affect to QOL in 
older survivors.49 In the present study, the older BCSs had 
stronger associations between muscle strength and muscle 
mass and QOL than that of the middle-aged BCSs, indicat-
ing not only physical limitations that have been reported in 
previous studies,49 but also that actual muscle weakness in 
older BCSs may cause a decline in QOL.

The present study has some limitations. First, we com-
pared strength, muscle mass, balance and QOL between the 
2 groups. A multivariate analysis adjusted for age to iden-
tify factors related to QOL may be more appropriate. 
Secondly, the current study was had a relatively small study 
population; we hope to resolve this problem by using a 
larger sample size in future. Thirdly, the 2 BCS age groups 
in our study have significant differences in body weight and 
history of radiation therapy. Body weight tended to be 
related to muscle strength; therefore, we adjusted grip 
strength and knee extension muscle strength for body 
weight. However, we did not adjust for history of radiation 
therapy; this may have affected muscle strength, muscle 
mass, and QOL with radiation therapy in the middle-aged 
group. Finally, we did not compare our data with those of 
cancer patients using age-matched standards values. 
Therefore, it is difficult to determine whether the differ-
ences between the 2 age groups were due to natural aging or 
their cancer and treatment.

Conclusion

In conclusion, older BCSs have significantly lower muscle 
strength, muscle mass, and PF in QOL than middle-aged 
BCSs. Additionally, older BCSs have significantly longer 
length of COP than middle-aged BCSs. Furthermore, mus-
cle strength, muscle mass, TUG, and the body sway test 
were related to QOL in older BCSs more than in middle-
aged BCSs. Breast cancer survivors may differ in strength, 
muscle mass, balance, and QOL characteristics according to 
their age. We believe that the current findings contribute to 
the understanding of muscle strength, muscle mass, balance 
function and QOL in older breast cancer survivors. 
Additionally, we believe that the findings of this study will 
be relevant in the context of planning rehabilitation for 
older breast cancer survivors.
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