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Abstract  Objective: To determine the correlations between muscle mass, muscle 
strength, physical performance, and muscle fatigue resistance in community-
dwelling elderly people in order to elucidate factors which contribute to 
elderly’s performance of daily activities.

  Methods: A cross-sectional study was conducted on community-dwelling 
elderly in Bandung from September to December 2014. One hundred and 
thirty elderly, 60 years old or above, were evaluated using bioelectrical 
impedance analysis to measure muscle mass; grip strength to measure 
muscle strength and muscle fatigue resistance; habitual gait speed to measure 
physical performance; and Global Physical Activity Questionnaire (GPAQ) to 
assess physical activity.

 
 Results: There were significant positive correlations between muscle 

mass (r=0,27, p=0,0019), muscle strength (r=0,26, p=0,0024), and physical 
performance (r=0,32, p=0,0002) with muscle fatigue resistance. Physical 
performance has the highest correlation based on multiple regression test 
(p=0,0025).  In association with muscle mass, the physical activity showed a 
significant positive correlation (r=0,42, p=0,0000). Sarcopenia was identified 
in 19 (14.61%) of 130 subjects.  

 
 Conclusions: It is suggested that muscle mass, muscle strength, and physical 

performance influence muscle fatigue resistance.
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Introduction 

One of the most serious consequences of ageing 
is its effects on skeletal muscle; particularly in 
the form of progressive loss of muscle mass and 
function which impacts the quality of life, and, 
ultimately, survival.1 In 1989, Irwin Rosenberg 
proposed the term ‘sarcopenia’ (Greek ‘sarx’ 
or flesh and ‘penia’ or loss) to describe age-
related decrease of muscle mass.2 European 
Working Group on Sarcopenia in Older People 
(EWGSOP) defines sarcopenia as a syndrome 
characterized by progressive and generalized 

loss of skeletal muscle mass and strength with 
a risk of adverse outcomes, such as physical 
disability, poor quality of life, and death. The 
operational definition recommends using the 
presence of both low muscle mass and low 
muscle function (strength or performance) for 
the diagnosis of sarcopenia.3

Some of the mechanisms and determinants 
involved in muscle wasting during ageing 
involve hormonal changes.1 Several studies 
have indicated age-related endocrine defects 
such as decreases in anabolic hormones such 
as testosterone, estrogen, growth hormone 
(GH), and insulin-like growth factor-I (IGF-I).4 
Contributors to the aging-related loss of muscle 
mass are also explained by oxidative stress 
that may lead to an alteration in the balance 
between mitochondrial fission and fusion as 
well as the activation of the apoptotic pathway.  
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Skeletal muscles will undergo an age-related 
atrophy due to the decrease of the nuclear 
domain. This explains the more remarkable 
reduction in the size of type II muscle fibers 
than that of the type I muscle fibers.5

Aging reduces the force-generating capacity 
or the strength of the skeletal muscles. As a 
result, many older people experience some 
difficulties in performing their daily activities. 
Recent research indicates that the observed 
loss of force production in older people is 
primarily due to the result of muscle atrophy 
and alterations in the percentage of contractile 
tissue within muscle.6

Muscle size, strength, body composition, 
and maximum aerobic capacity (VO2 peak) 
are the components of walking that may be 
associated with mobility in elderly people. 
These components change with age and are 
likely to be predictors of slow gait speed. 
Specifically, maximum aerobic capacity has 
been demonstrated to be a strong predictor of 
mobility.7

Fatigue resistance, or the ability to produce 

sustained skeletal muscle force output, may be 
crucial for high-level sports performance, and 
becomes essential for proper daily functioning 
later in life. With advancing age, both muscle 
volume and muscle strength decrease. 
Consequently, sustained daily activities at 
older ages need muscle activities closer to 
one’s individual maximum.8

Weakness may occur due to the sustained 
atrophy of muscles experienced during the 
ageing process. It is interesting, however, that 
the observed relative maximum force or power 
of atrophied muscle shows a greater resistance 
to fatigue. The study of whether and how older 
skeletal muscle resists fatigue has become an 
important and active area of research.9

The correlations between muscle mass, 
muscle strength, and physical performance 
with muscle fatigue resistance are interesting 
topics for researchers. Hence, this study has 
the objective to study those correlations, 
especially among community-dwelling elderly 
subjects in Bandung.

Study PatternFig. 1
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Methods 

This study was a cross-sectional study with 
simple random sampling that analyzed 130 
60-year-old or above community-dwelling 
subjects in Bandung during the period of 
September–December 2014. Subjects were 
included if they were able to walk inside and 
outside of the house independently without 
assistive device, cooperative and were willing 
to participate the study, sign the informed 
consent form, and did not live in nursing 
home. Subjects were excluded when they 
have dementia (Mental State Examination 
<27/30); disorders of cardiorespiratory and 
cardiovascular systems (hypertension stage II 
according to JNC 7 criterion); musculoskeletal 
or neuromuscular disorders that cause 
inability to walk independently based on 
history and physical examination; artificial 
metal implants which would interfere with the 
accuracy of the results of the Body Impedance 
Analyzer (BIA) such as pacemakers; hormone 
therapy; long term steroid therapy; diseases 
that can cause loss of muscle mass such as 
malignancy, chronic infection, congestive 
cardiomyopathy, and renal impairment; and 
lesion on the lower limb which causes pain or 
movement disorders.

Each subjects underwent height and body 
weight measurement as well as GPAQ for 
physical activity assessment. The muscle mass 
was evaluated by bio impedance analysis 
using a segmental multiple frequency analyser 
(BC-601 Bio Impedance Analyzer Tanita®) 
to measure upper and lower limb muscle 

mass (kg). Appendicular muscle mass (AMM) 
was derived as the sum of the muscle mass 
of the arms and the legs. The result of AMM 
was converted to appendicular muscle mass 
index (AMI) by dividing with height in meters 
squared (kg/m2).10

Muscle strength was assessed by hand grip 
strength, which was measured using a Jamar® 
hydraulic hand dynamometer in which subject 
was standing with the shoulder adducted and 
neutrally rotated, the elbow flexed at 900, the 
forearm in neutral position and the wrist in 
light extension (0 to 300). The subject was 
then instructed to squeeze the rubber bulb 
of Jamar® hydraulic hand dynamometer as 
hard as possible. The score was recorded for 
dominant hand, as it corresponds to the real 
potential maximum strength of a subject.8

To assess muscle fatigue resistance, the 
subject was asked to squeeze the rubber bulb 
of Jamar hydraulic hand dynamometer as 
hard as possible and instructed to maintain 
this pressure as long as possible. The 
observer verified that the starting strength 
corresponded to the maximum grip strength 
tested before. The time (in seconds) until the 
pressure diminished to 50% of the maximum 
grip strength was recorded for dominant 
hand. The same position of the subject’s arm 
was adopted as for the grip strength test. 
Subject was instructed to maintain the elbow 
in 90° flexion and was not allowed to see the 
readings on the dynamometer at any time 
during the procedure.8

The physical performance was assessed 
by habitual gait speed. Subject was asked to 

Table 1 Subject Characteristics 

n (%) Age 
(years)

Body Mass 
Index 

(kg/m2)

Appendicular 
Muscle Mass 

Index 
(kg/m2)

Muscle 
Strength 

(kg)

Habitual 
Gait Speed 

(m/s)

Total 130(100) 68.7±6.6 25.2±3.8 7.2±1.2 16.0±5.1 0.8±0.2
Male
     Total 22(16.9) 71.1±7.4 25.6±3.6 9.2±1.2 19.7±6.4 0.9±0.2
     Sarcopenia 3(2.3) 69.7±7.6 22.6±0.5 8.1±0.4 19.3±3.0 0.8±0.1
     Normal 19(14.6) 71.4±7.6 26.1±3.7 9.3±1.2 19.7±6.8 0.9±0.2
Female
     Total 108(83.1) 67.6±6.3 25.2±3.8 6.8±0.7 15.3±4.4 0.8±0.2
     Sarcopenia 16(12.3) 69.2±7.4 21.2±2.6 6.1±0.2 15.4±4.4 0.8±0.1
     Normal 92(70.8) 67.3±6.1 25.9±3.6 7.0±0.6 15.3±4.5 0.8±0.2

Values are mean±SD
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Table 2 Correlations of Muscle Mass, Muscle Strength, and Physical Performance with 
Muscle Fatigue Resistance  

Correlation rs* p Value
Muscle fatigue resistance >< Appendicular muscle mass index (AMI) 0,27 0,0019**
Muscle fatigue resistance >< Muscle strength 0,26 0,0024**
Muscle fatigue resistance >< Physical performance 0,32 0,0002**

Note: *) Spearman correlation test
**) Significant, p≤0,05

walk straight ahead for 15 m at his/her usual 
speed. Habitual gait speed was derived over 6 
m course.2

This study uses descriptive analysis for 
subject characteristics as well as the Spearman 
correlation analysis and the multiple linear 
regression for the analysis on the correlation 
between muscle mass, muscle strength, 
and physical performance with the muscle 
fatigue resistance in elderly. The significance 
statistical test results was determined based 
on a p value ≤0.05.

The study has been authorized in ethical 
committee of Hasan Sadikin General Hospital 
to be conducted in allocated subjects.

Results 

Subjects’ characteristics demonstrated 130 
subjects of age 60-85 years old, mostly females, 
and have overweight body mass index which 
were described (Table 1). In this study, 2.3% 
of men and 12.3% of women were classified 
as having sarcopenia according to the cutoff 
values recommended by Asian Working 
Group for Sarcopenia (AWGSOP). Overall, the 
subjects of this study used their right hand as 
the dominant hand.

Correlations between muscle mass, muscle 
strength, and physical performance with 
muscle fatigue resistance were analyzed using 
Spearman Corelation test and the results were 
shown as significant with a p value of ≤0.05 
(Table 2).

Results of the multiple regression test for 
assessing the correlations of muscle mass, 
muscle strength, and physical performance 
with muscle fatigue resistance are shown in 
table 3. Muscle strength could not be entered 
to the test because it has a p value that was less 
significant compared with AMI and physical 
performance. The last two factors were able 
to represent the muscle strength. Physical 
performance was shown to have the highest 

correlation with muscle fatigue resistance.
Correlation between muscle mass and 

physical activity was also analyzed using the 
Spearman Corelation test and was shown as 
significant with a p value of ≤0.05 (Table 4).

Discussion

This study involved 130 community-dwelling 
elderly subjects in Bandung who met the 
inclusion criteria. The study was conducted 
from September to December 2014. The 
AWGSOP guideline was used to define 
sarcopenia in this study.

The mean age of the subjects was 68.7 
years with the youngest subject was 60 years 
old and the oldest was 85 years old. More 
female subjects participated in the study with 
108 females (83.1%) compared to 22 males 
(16.9%). This gender distribution is consistent 
with the Indonesia Population Projection 
2010–2035, which most elderly above 60 
years old are females and that women’s life 
expectancy are higher than men.11

The body mass index of the subjects with 
sarcopenia was lower compared to the normal 
subjects. These may result in low nutrient 
intake, which is an important risk factor in 
the development of sarcopenia. In particular, 
protein intake has a major influence on skeletal 
muscle metabolism. Inadequate protein intake 
is one of the major mechanisms underlying 
sarcopenia.12

Muscle mass was measured by BIA and 
the range of appendicular muscle mass 
index of both community-dwelling male and 
female elderly in Bandung was above the 
cutt-off values recommended by AWGSOP. 
The AWGSOP recommends cut-off values of 
sarcopenia for muscle mass measurement by 
BIA of AMI <8.87 kg/m2 for males and AMI 
<6.42 kg/m2 for females.

The grip strength was used to measure 
muscle strength. The sarcopenia cut-off 
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values for handgrip strength recommended by 
AWGSOP are <22.4 kg for males and <14.3 kg 
for female.s The range of grip strength of male 
in this study was below the cut-off value, while 
the  grip strength of female was above the cut-
off value.

The algorithm that is based on gait speed 
measurement suggested by the EWGSOP was 
used in this study for screening sarcopenia 
and physical performance evaluation. A cut-
off point of >0.8 m/s identifies the risk for 
sarcopenia. Most of the subjects in this study 
have a habitual gait speed on the border of cut-
off values.2

A previous study in Asia reported that 
the prevalence of sarcopenia is higher in 
female subjects (19.9% in female and 17.2% 
in male), which was relevant to the finding of 
this study of  about 12.3% in female and 2.3% 
in male.14 Setiati, et al. also reported 8% low 
grip strength and 2.8% limited mobility in 251 
geriatric outpatients in Cipto Mangunkusumo 
Hospital, Jakarta, Indonesia.15

Spearman correlation test analysis results 
with a degree of confidence of 95% indicates 
that there are positive correlations between 
muscle mass, muscle strength, and physical 
performance with muscle fatigue resistance 
statistically. They might be due to more motor 
units that must be recruited and at higher 
frequency of excitation for atrophied muscles 
to perform a given motor task.16 As aerobic 

capacity declines with age, the exertion 
associated with habitual gait speed increases. 
A slowing of walking speed may be a response 
to increased perception of exertion.7

This study also showed that physical 
activity correlates with muscle mass. A study 
has also reported a disruption in the balance 
between protein synthesis and breakdown in 
which muscle protein anabolism is reduced 
and catabolism is increased.17

This study did not classify and correlate the 
parameters between gender and age range. 
There is also no cut-off point for the assessment 
of muscle mass, muscle strength, and physical 
performance in Indonesia, in general, and 
in Bandung, in particular. In addition, the 
biomolecular mechanisms of sarcopenia 
and muscle fatigue resistance relationship in 
details are still unknown and more in-depth 
studies, both in vivo and in vitro, are needed.

In summary, this study shows that 
sarcopenia, which is defined by muscle mass, 
muscle strength, and physical performance, 
had a significant correlation with muscle 
fatigue resistance in community-dwelling 
elderly subjects in Bandung, Indonesia. 
Evidently, physical performance has the 
highest correlation with muscle fatigue 
resistance compared with others. The study 
also revealed the significantly correlation 
between muscle mass with physical activity.
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