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Abstract—Muscle strength has important implications for
health and can be used to predict the progression of disease linked
to muscular function. Handgrip strength (HGS) is a measurement
method that can be used to assess muscle strength. The
association between demographic factors, anthropometry,
lifestyle, and ethnicity on HGS is not yet clear. This study aims to
evaluate various demographic determinants of HGS. We
performed a cross-sectional study on 66 employees aged 19 to 50,
who worked in a private institution in West Jakarta, Indonesia.
The chi-square test was used to determine the differences in
HGS based on categorizations of age, sex, body mass index
(BMI), physical exercise, and muscle mass. We enrolled 51.5%
male and 48.5% female subjects. A considerable number of
subjects were obese (45.5%) and had low muscle mass (47.0%)
and perform physical exercises regularly (65.2%). The
distribution of HGS is 39.4% weak, 33.3% normal, and 27.3%
strong. The strongest HGS was observed in the 31 — 40 age group,
in men, and in those who claim to regularly exercise. In
conclusion, HGS had a significant association with age
(p=0.021), sex (p=0.006), physical exercise (p=0.004), and muscle
mass (p=0.042), but not with BMI (p=0.728).

Keywords— handgrip strength, body mass index, muscle
mass, physical exercise.

I. INTRODUCTION

Handgrip strength (HGS) is measured as the maximum
strength of the hand muscle to squeeze an object which is
measured using a hand-grip dynamometer [1]. HGS is a widely
used indicator of health because it is easy to perform at a low
cost [2]. HGS is used to evaluate muscular disorders in patients'
hands in association with diseases, post-traumatic disorders, or
postoperative procedures [1]. HGS is an indicator of several
diseases related to muscular function, such as heart [3,4] and
lung disorders [5], or to assess the progression of sarcopenia
characterized by an overall decrease in muscle mass and
strength [2].

Low grip strength in healthy adults indicates limitations in
functional mobility, causing difficulties in carrying out daily
activities ranging from simple activities such as eating,
drinking, bathing, to more complex ones such as writing,
driving, and exercising [6]. The human hand has a complex
structure and has both motoric and sensory functions. The
motoric function determines the ability to perform movement
and motions. The sensory function delivers information to the
brain regarding the temperature, shape, and texture of objects.
Grip strength is also a predictor of overall health,
cerebrovascular disease, disabling conditions, cognitive
decline, and fracture risk [7,8].

The human body consists of four primary components,
namely total body fat tissue, free-fat mass, bone minerals, and
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body fluids [9]. Each of these components is usually expressed
as a percentage and can be measured using a body composition
scale. The percentage of muscle mass is calculated from the
ratio of muscle mass to body mass in kilograms expressed in
percent (%) [9].

Muscle mass is calculated as the total muscle weight,
including skeletal muscle, smooth muscle, and cardiac muscle.
In addition to performing locomotive functions, muscles store
glycogen and determine the body posture [7]. Research
conducted by Nurfadhilah et al. in a group of young adults in
Indonesia found that 25.78% of the subjects had a low
percentage of muscle mass [10]. The percentage of muscle
mass is associated with gender, protein intake, physical
activity, and age. According to the World Health Organization
(WHO), the normal values for total body muscle mass are
categorized into low, normal, high, and very high. One of the
factors affecting grip strength is muscle mass. The higher the
muscle mass, the more muscle fibers can contract to match the
applied weight [11]. Previous study showed that muscle mass
was not directly related to muscle function as assessed by HGS,
but rather had an indirect relationship [12]. The decrease in
muscle mass has an impact on an individual's overall physical
ability, as in the case of sarcopenia patients which is
characterized by a decrease in HGS.

HGS can be affected by anthropometric factors such as age,
gender, waist circumference, waist circumference ratio, and
hip circumference [13]. Studies have also shown an association
between HGS and BMI [14], vitamin D levels [15], and
nutritional intake [16]. Men generally had higher HGS than
women [17]. HGS peaks on average around the age of 30-40
years and subsequently declines with age regardless of gender,
although the decrease was more rapid in men than women [17].
Research conducted by Lam et al. showed that there is a
significant association between age and HGS [18].

BMI is an indicator to assess a person's nutritional status
based on weight and height. Although it does not accurately
describe the proportion of body fat, BMI can be used to
estimate the ideal body weight associated with height. BMI the
most frequently used diagnostic instrument to assess whether
an individual is underweight, ideal, or obese because it is easy
to measure. There is contradictive evidence regarding the
association between BMI and handgrip strength [13,14].

HGS can also be affected by lifestyle factors, such as
nutritional intake, physical activity, and exercise habits.
Individuals with a sedentary lifestyle (low mobility) such as
office employees generally had lower muscle mass. A
sedentary lifestyle was also associated with health status,
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regardless of the level of physical activity. Longer sitting time
in office workers is associated with higher fat mass and weaker
grip strength [19,20].

This study aims to determine the relationship between HGS
with age, sex, muscle mass, BMI, and exercise habits. VVarious
studies on the association between demographic and
anthropometric factors with HGS have not shown conclusive
results. This study contributes to represent the different
ethnicity which vary in terms of demography and
anthropometry.

I. METHODS

A. Study design and enrollment

This study is an observational analytic study with a cross-
sectional design conducted from November to December 2020.
The selection of research subjects was carried out by
consecutive sampling on all male and female employees
working at a private institution in West Jakarta, Indonesia.
Inclusion criteria are the ability to communicate and give
consent to participate. Exclusion criteria were people with
extreme disability or handicap, history of stroke, or other
motoric disorders such as tremors.

B. Sample size estimation

The sample size is calculated statistically based on
data by Nurfadhilah et al [10], where the proportion of the
population with low muscle mass is 25.78%, at a significance
level of 95%. Using the formula for a difference in 2 groups in
infinite population as in:

n=Za (pxq)/d2 (0]
The recommended sample size (n) is 294 individuals. For
a finite population of 70 individuals, given a drop-out rate of
15%, and the formula as in (2), the required sample size is 66
individuals.

n=Za(pxq)/d2 ()]

C. Demographic and lifestyle data collection

Demographic data were obtained using questionnaires and
interviews. Age and sex were determined at enrollment.
Bodyweight was measured using an Omron Karada Scan Body
Composition Monitor digital scale with an accuracy of
0.1 kg. Height was measured using a stature high meter (GEA
medical-SH-2A) with a maximum measurement of 2 meters
and an accuracy of 0.1 cm. Body mass index (BMI) was
determined by measuring body weight (kg) and height
(m) calculated as the subject's body weight (kg) for every
squared height (m?). We determined obesity based on WHO
’ s recommended cutoff points for the Asian-Pacific region,
which categorized our subjects into lean (BMI <18.5), normal
(18.5 -24.9), and obese (BMI ” 25) [21].

D. Muscle mass measurement

The percentage of muscle mass was measured using an
Omron Karada Scan Body Composition Monitor scale.
Research subjects were asked to stand barefoot on the available
electrode panels, then hold the lever off the main panel with
both hands in a 90 position and hold still until the measurement
was automatically completed. The results of the measurement
of muscle mass were categorized into three groups: low,
normal, and high muscle mass. Men and women

have different cutoff values, as recommended by WHO. For
men, the cutoff points are <33.3% (low), 33.3 - 39.3%
(normal), and ” 39.4% (high). For women, the cutoff points
are <24.3% (low), 24.3 - 30.3% (normal), and ” 30.4%
(high) [22].

E. Handgrip strength measurement

A handgrip dynamometer (JAMAR hydraulic hand
evaluation kit-081028950) was used to measure HGS, which
can measure grip strength in kilogram (kg). Subjects were
asked to stand with feet hip-width apart, looking forward with
the elbow bent at 90° angle. Subjects were asked to squeeze the
dynamometer with maximum strength for 3 seconds, starting
with the dominant hand first and then alternately followed by
the other hand with an interval of 60 seconds. The
measurement results show the maximal grip strength (kg) of
both hands, and the average value was taken to categorize the
subjects as having weak, normal, and strong HGS. The
categorization uses different cutoff values between men and
women. For men, the HGS cutoff points are <35.0 kg (weak),
35.0-55.8 kg (normal), and >55.8 kg (high). For women, the
cutoff points are <21.5 kg (weak), 21.5 — 35.3 kg (normal), and
>35.3 kg (high) [11,23].

F. Statistical analysis

Univariate analysis was used to describe the distribution of
measured variables. The relationship between various
variables on handgrip strength was analyzed using Chi- Square
test with a significance level of p<0.05. All statistical tests were
performed using SPSS v.26.

G. Ethics

This study has received ethical approval from the
Universitas Trisakti Faculty of Medicine Research Ethics
Committee No. 26/KER-FK/10/2020

Il. RESULT AND DISCUSSION

A. Characteristics of studied subjects

TABLE 1. CHARACTERISTICS OF STUDIED SUBJECTS
Variables n %
Age
19-30years 20 30.3%
31-40years 27 40.9%
41-50years 19 29.8%
P 34 51.5%
32 48.5%
Female
BMI (kg/m?)
',:l%"‘r%al 15 22.7%
Obese 21 31.8%
30 45.5%
Physical Exercise
No 0
Yes 23 34.8%
43 65.2%
Muscle mass
Low 31 47.0%
Normal 19 28.8%
High 16 24.2%
Handgrip strength
xlveak | 26 39.4%
Strome. 22 33.3%
g 18 27.3%




n, sample size. %, proportion in percent. BMI, body mass
index.

A total of 66 people met the inclusion criteria to participate
in this study. Subject categorization into demographic groups
was summarized in “Table I”. The age of studied subjects
ranged between 19 years and 50 years old. Subjects were
divided into three groups based on age with an interval of 10
years. The highest number of subjects was between the age of
31 and 40 years old (n=27, 40.9%). There was an equal number
of male (n=34, 51.5%) and female subjects (n=32, 48.5%).
Almost half of the subjects were obese with BMI>25 (n=30,
45.5%). Most of the subjects admitted to exercising regularly
(n=43, 65.2%).

Following measurement of total muscle percentage with
body composition scale, we found 31 individuals (47.0%), 19
individuals (28.8%) and 16 individuals (24.2%) with low,
normal, and high muscle mass, respectively. Measurement of
HGS with dynamometer showed that there were 26 individuals
(39.4%), 22 individuals (33.3%), and 18 individuals (27.3%)
categorized as having a low, normal, and strong HGS.

A. Association with demographic factors and muscle mass

The relationship between various demographic variables
on HGS in “Table Il < showed a significant association to age
(p=0.021), sex (p=0.006), physical activity (p=0.004), and
muscle mass (p=0.042). Meanwhile, the association between
BMI and HGS was not significant (p=0.728).

The highest grip strength in our study was found in
individuals between the age of 31 and 40 years. There are 11
individuals (49.7%) with strong HGS in this group, which was
significantly higher compared to the 19 — 30 years and the 41
— 50 years age group (p=0.021).This data agrees with the study
by Kim et al. [1] in Taiwan, where the highest HGS values for
both men and women were found in the age group of 34-39
years and subsequently decline with age. The decline of HGS
in men after reaching its peak was 0.7-1.1% at the age of 45-
65, and it was 2.6-3.2% over the age of 65. In women, the
decline of HGS was 0-0.07% at the age of 40-54, and it was
0.5-3.0% at the age of 55-59 [1]. The difference in the rate of
decline between men and women has not been explained, but
itis likely related to hormones. Menopausal women are known
to have greater changes in hormonal levels. Ibeneme et al. [24]
found that postmenopausal women showed an increase in body
mass fat (BMF) with a decrease in HGS compared to
premenopausal women. Menopause is accompanied by a
decrease in estrogen levels suggests an increase in BMF along
with a decrease in muscle mass, and thus it lowered muscle
strength and by extension HGS. This study also supports the
finding by Lam et al. [18] that there was a significant
relationship between age and HGS for both right and left hands
in the elderly group in Malaysia, while the younger age group
showed a higher mean of HGS value. The study also showed
the different levels of HGS due to ethnicity and geography. The
mean value of HGS is different in the Malaysian, Indian, and
Chinese populations, while the mean HGS value was higher in
individuals living in rural areas compared to urban areas.

The relationship between sex and HGS was found
significant in this study, in which most female had low HGS
(n=19, 59.4%), while fewer male had low HGS (n=7, 20.6%).
Most men had normal HGS (n=15, 44.1%) or strong HGS
(n=12, 35.3%), despite men having higher cut-off HGS value
than female (p=0.006). Differences in hormones and body
composition between male and female are believed to

be the primary cause of this difference. A study by Liao et al.
[17], conducted in Taiwan, showed similar results to this study,
in which sex showed the strongest significant relationship
compared to the effect of height, weight, and BMI on HGS.
Alahmari et al. [13] reported that HGS was negatively
correlated with age in healthy men aged 20 — 74. This
difference is likely due to the study being conducted on a wide
range of ages, and thus the association was confounded by the
disparity in muscle mass between the young and the elderly

group.

The result of this study did not find a significant association

between BMI and HGS, neither the lean groups and the obese
group showed specific distribution for HGS (p=0.728). A study
by Liao [17] assessed the relationship between HGS and
demographic factors based on low, normal, and high BMI
categorization, and showed that there was a significant
relationship with age, gender, height, and weight. The HGS
showed the strongest correlation to body weight and height in
the group with high BMI. We did not find a significant
relationship between BMI and HGS in this study, which was in
line with the findings by Sirajudeen et al.
[25] and Oseloka et al. [14] that reported a strong positive
correlation between HGS and weight and height, and a weak
correlation with BMI. However, studies by Palacio-Agiiero et
al.[26] found that adolescent individuals with overweight
nutritional status and abdominal obesity had significantly
lower HGS values. A study by Ling et al. [27] which was
performed on the elderly (>85 years old) agreed that HGS was
significantly related to height, weight, and BMI. The
contradiction with our findings might be caused by the
differences in the age of the studied populations. Individuals
who are very late in life generally have a decreased muscular
function as a concomitant factor.

TABLE II. ANTROPOMETRIC AND DEMOGRAPHIC FACTORS ASSOCIATED
WITH HANDGRIP STRENGTH
Handgrip strength (HGS)
Characteristics Weak Normal Strong P
n(%) n(%) n(%)

Age
19-30years 13(68.4%) 5(26.3%) 1(5.3%) 0.021b
31-40years 7(26.0%) 9(33.3%) 11(49.7%) ’
41-50years 6(30.0%) 8(40.0%) 6(30.0%)
Sex
Male 7(20.6%) 15(44.1%) 12(35.3%) 0.006"
Female 19(59.4%) 7(21.9%) 6(18.7%) '
BMI (kg/m?)
Lean 7(46.7%) 6(40.0%) 2(13.3%)
Normal 8(38.1%) 6(28.6%) 7(33.3%) 0,728
Obese 11(36.7%) 10(33.3%) 9(30.0%)
Physical
Exercise 14(60.9%) 8(34.8%) 1(4.3%) 0.004b
No 12(28.0%) 14(32.5%) 17(39.5%) ’
Yes
Muscle Mass
Low 18(58.1%) | 7(22.5% 6(19.4% 0,0420
P, (58.1%) | 7(22.5%) (19.4%) :
High 6(31.6%) 7(36.8%) 6(31.6%)

g 2(12.5%) 8(50.0%) 6(37.5%)

n, sample size. %, proportion in percent. BMI, body mass index. 2, p values obtained with Chi-
square test. °, significant variables (p<0.05)



We found that subjects who claimed to be exercising
regularly were observed with stronger HGS (n=17, 39.5%),
which is higher compared to those who did not regularly
exercise (n=1, 4.3%); (p=0.004). Physical activity is associated
with muscle strength, so it can be used as a predictor for the
ability to perform daily activities. Bann et al. [28] found that
previous strenuous workers and light physical exercises were
significantly related to HGS in the elderly, but the relationship
was not significant in women. There is a negative correlation
between physical activity and BMI, while a sedentary lifestyle
which is characterized by a decrease in physical activity is
associated with an increase in BMI accompanied by changes in
body fat composition that led to obesity.

The results of this study showed a significant relationship
between muscle mass and HGS (p=0.042). We found that the
group with low muscle mass was also categorized as having a
weak HGS (n=18, 58.1%), which is significantly different
compared to those with high muscle mass but weak HGS (n=2,
12.5%). Choe et al. [29] reported similar results, in which HGS
was significantly associated with muscle mass, although it was
carried out in elderly people aged 60 — 90. Mankowsky et al.
[30] reported that body composition was influenced by age.
Older people experience changes in muscle quality and
strength, which was also found associated with an increased
risk of metabolic disorders. Decreased muscle mass in
conjunction with increased fat mass will increased the risk of
developing sarcopenia, which is characterized by low muscle
mass and physical weakness. Meskers et al. [31] reported that
in the elderly group, HGS was associated with subject
dependency in performing daily activities. Old age increases
the risk of sarcopenia which has an impact on dependency in
daily living activities. A decrease in HGS can be used as a
predictor to assess the decrease in muscle mass accompanied
by physical frailty in patients with sarcopenia.

Our data suggest that the relationship between BMI factors,
physical activity, muscle mass, and muscle strength with HGS
showed that these factors are intercorrelated. Increased
physical activity is associated with increased energy
expenditure which can reduce the proportion of body fat and
lower the risk for obesity. Physical activity also plays arole in
increasing muscle mass and can also increasing muscle
strength, and by extension HGS. Our findings also suggest that
age and gender can affect HGS through different, but
interrelated, aspects of hormonal changes. Aging is associated
with hormonal changes that affect muscle strength. Decreased
testosterone levels in older men and decreased estrogen levels
in older women are related to changes in body composition
characterized by an increase in fat mass and a decrease in
muscle mass, which results in a decrease in muscle strength
and HGS.

Factors such as demographic, anthropometric, lifestyle, and
disease can influence HGS. A longitudinal cohort study
conducted in Finland by Stenholm et al. [32], involving
individuals aged 30 — 73 followed for 22 years, showed that the
decrease in muscle strength assessed by HGS is age- related,
but not significantly different by gender. This long- term study
also highlighted the influence of lifestyle changes, the presence
of coexisting chronic diseases, and work history. A more
sedentary lifestyle, having chronic diseases, and subjects with
a history of strenuous works showed a faster decline in HGS.
Vermeluen et al. [6] also reported that the

elderly who maintained light physical activity such as walking
in a slow gait showed a slower decrease in muscle strength than
the group with a sedentary lifestyle.

This study has limitations related to the design and
measurement of HGS. The cross-sectional design could not
validate a causal relationship. HGS is a surrogate indicator of
muscle strength, while the HGS itself is procedurally
performed by assessing the strength of the hand to squeeze
objects, and thus only represents the muscle strength in the
upper limb. The HGS also does not have a standardized
measurement method (either performed while standing or in a
sitting position) and can alter the measurement results. Many
studies that carried out HGS measurements show variable
results, and this brings uncertainties regarding the cutoff values
for the weak, normal, or strong HGS. There are confounding
factors not accounted for in this study, such as ethnic diversity
and locality (urban vs rural), that might alter the associations
between demographic factors and HGS. A further study that
takes into account various confounding factors is needed.

I. CONCLUSION

We found that various demographic factors were associated
with muscle strength measured by handgrip strength. These
factors include age, sex, physical exercise habit, and muscle
mass. The relationship between handgrip strength with BMI
was not significant in our study.
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Abstract—Muscle strength has important implications for
health and can be used io predict the progression of disease
linked to muscular function. Handgrip strength (HGS) is a
measurement method that can be used to assess muscle
strength. The association between demographic factors,
anthropometry, lifestyle, and ethnicity on HGS is not yet clear.
This study aims to evaluate various demographic determinants
of HGS. We performed a cross-sectional study on 66 employees
aged 19 to 50, whe worked in a private institution in West
Jakarta, Indonesia. The chi-square test was used to determine
the differences in HGS based on categorizations of age, gender,
body mass index (BMI), exercise habits, and muscle mass. We
enrolled 51.5% male and 485% female subjects. A
considerable number of subjects were ohese (45.5%) and had
low muscle mass (47.0%) and perform physical exercises
regularly (65.2%). The distribution of HGS is 394% weak,
33.3% normal, and 273% strong. The strongest HGS was
observed in the 31 — 40 age group, in men, and in those who
claim to regularly exercise. Those with weak HGS (58.1%)
were observed with low muscle mass. In conclution, HGS had
a significant association with age, gender, exercising habits,
and muscle mass, but not with BMI.

Keywords— handgrip sirength, body mass index, muscle
mass, physical activity

[. INTRODUCTION

Handgrip strength (HGS) is measured as the maximum
strength of the hand muscle to squeeze an object which 1s
measured using a hand-grip dynamometer [1]. HGS is a
widely used indicator ol health because it is easy to perform
at a low cost [2]. HGS is used to evaluate muscular disorders
in patients’ hands in association with diseases, post-traumatic
disorders, or postoperative procedures [1]. HGS is an
indicator of several diseases related to muscular function,
such as heart [3.4] and lung disorders [5], or to assess the
progression of sarcopenia characterized by an overall
decrease i muscle mass and strength [2].

Low grip strength in healthy adults indicates limitations
in functional mobility, causing difficulties in carrying out
daily activities ranging from simple activities such as eating,
drinking. bathing, to more complex ones such as writing,
driving, and exercising [6]. The human hand has a complex
structure and has both motoric and sensery functions. The
motoric function determines the ability to perform movement
and motions. The sensory function delivers information to
the brain regarding the temperature, shape, and texture of

objects. Grip strength 1s also a predictor of overall health,
cerebrovascular disease, disabling conditions, cognitive
decline. and fracture risk [7,8].

The human body consists of four primary components,
namely total body fat tissue, free-fat mass, bone minerals,
and body fluids [9]. Each of these components is usually
expressed as a percentage and can be measured using a body
composition scale. The percentage of muscle mass is
calculated from the ratio of muscle mass to body mass in
kilograms expressed in percent (%) [9].

Muscle mass is caleulated as the total muscle welght,
including  skeletal muscle, smooth muscle, and cardiac
muscle. In addition to performing locomotive functions,
muscles store glycogen and determine the body posture [7].
Research conducted by Nurfadhilah et al. in a group of
young adults in Indonesia found that 25.78% of the subjects
had a low percentage of muscle mass [10]. The percentage of
muscle mass is associated with gender, protein intake,
physical activity, and age. According to the World Health
Organization (WHQ), the normal values for total body
muscle mass are categorized into low, normal, high. and very
high. One of the factors affecing grip strength is muscle
mass. The higher the muscle mass, the more muscle fibers
can contract to match the applied weight [11]. Previous study
showed that muscle mass was not directly related to muscle
function as assessed by HGS, but rather had an indirect
relationship [12]. The decrease in muscle mass has an impact
on an mdividual's overall physical ability, as in the case of
sarcopenia patients which is characterized by a decrease in
HGS,

HGS can be affected by anthropometric factors such as
age, gender, waist circumference, waist circumference ratio,
and hip circumference [13]. Studies have also shown an
association between HGS and BMI [14], vitamin D levels
[15], and nutritional intake [16]. Men generally had higher
HGS than women [17]. HGS peaks on average around the
age of 30-40 years and subsequently declines with age
regardless of gender, although the decrease was more rapid
in men than women [17]. Research conducted by Lam et al,
showed that there is a significant association between age
and HGS [18].

BMI is an indicator to assess a person's nutritional status
based on weight and height. Although it does not accurately
describe the proportion of body fat, BMI can be used to
estimate the ideal body weight associated with height. BMI
the most frequently used diagnostic instrument to assess




whether an individual is underweight, ideal, or obese because
it 1s easy to measure. There is contradictive evidence
regarding the association between BMI and handgrip
strength [13,14].

HGS can also be affected by lifestyle factors, such as
nutritonal intake, physical activity, and exercise habits.
Individuals with a sedentary lifestyle (low mobility) such as
office employees generally had lower muscle mass. A
sedentary lifestyle was also associated with health status,
regardless of the level of physical activity. Longer sitting
time in office workers is associated with higher fat mass and
weaker grip strength [19.20].

Various studies on the association between demographic
and anthropometric factors with HGS have not shown
conclusive results. Different ethnicity and geography vary in
terms of demography and anthropometry. This study aims to
determine the relationship between HGS with age, gender,
muscle mass, BMI, and exercise habits,

II. METHODS

A. Study design and enrollment

This study is an observational analytic study with a cross-
sectional design conducted from November to December
2020. The selection of research subjects was carried out by
consecutive sampling on all male and female employees
working at the Faculty of Medicine, Trisakti University.
Inclusion criteria are the ability to communicate and give
consent to participate. Exclusion criteria were people with
extreme disability or handicap, history of stroke, or other
motoric disorders such as tremors,
B. Sample size estimation

The sample size is calculated statistically based on

data by Nurfadhilah et al [10], where the proportion of the
population with low muscle mass s 25.78%. at a
significance level of 95%. Using the formula for a difference
in 2 groups in infinite population as in (1)

n=2a(pxq)/d2 (1)

The recommended sample size (n) is 294 individuals. For
a finite population of 70 individuals, given a drop-out rate of
15%, and the formula as in (2), the required sample size is 66
individuals.

n=nl /(14n0/N) (2)

C. Demographic and lifestyle dara collection

Demographic data were obtained using questionnaires
and interviews. Age and gender were determined at
enrollment. Bodyweight was measured using an Omron
Karada Scan Body Composition Monitor digital scale with
an accuracy of 0.1 kg. Height was measured using a stature
high meter (GEA medical-SH-2A) with a
measurement of 2 meters and an accuracy of 0.1 ¢m. Body
mass index (BMI) was determined by measuring body
weight (kg) and height (m) calculated as the subject’s body
weight (kg) for every squared height (m2). We determined
obesity based on WHO' s recommended cutoff points for
the Asian-Pacific region, which categorized our subjects into
lean (BMI <18.5), normal (18.5 -24.9), and obese (BMI =
25) [21].

maximum

D. Muscle mass measurement

The percentage of muscle mass was measured using an
Omron Karada Scan Body Composiion Monitor scale.
Research subjects were asked to stand barefoot on the
available electrode panels, then hold the lever off the main
panel with both hands in a 90 positon and hold still until the
measurement was automatically completed. The results of
the measurement of musele mass were categorized into three
groups: low.normal, and high muscle mass. Men and women
have different cutoff values. as recommended by WHO. For
men, the cutoff points are <333% (low), 33.3 - 393%

(normal), and =39 4% (high). For women, the cutoff points
are <243% (low). 243 - 30.3% (normal), and =304%
(high) [22].

E. Handgrip strength measurement

A handgrip dymamometer (JAMAR hydraulic hand
evaluation kit-081028950) was used to measure HGS, which
can measure grip strength in kilogram (kg). Subjects were
asked to stand with feet hip-width apart, looking forward
with the elbow bent at 90° angle. Subjects were asked to
squeeze the dynamometer with maximum strength for 3
seconds, starting with the dominant hand first and then
alternately Tollowed by the other hand with an interval of 60
seconds. The measurement results show the maximal grip
strength (kg) of both hands, and the average value was taken
to categorize the subjects as having weak, normal, and strong
HGS. The categorization uses different cutoff wvalues
between men and women. For men, the HGS cutoff points
are <350 kg (weak). 350-55.8 kg (normal), and >55.8 kg
(high). For women, the cutoff points are <215 kg (weak).
215 -353 kg (nomal), and >35.3 kg (high) [23].

F. Statistical analysis

Univariate analysis was used to describe the distribution
of measured variables. The relationship between various
variables on handgrip strength was analyzed using Chi-
Square test with a significance level of p<0.035. All statistical
tests were performed using SPSS v 26.

G. Ethics

This study has received ethical approval from the
Universitas Trisakti Faculty of Medicine Research Ethics
Committee No. 26/KER-FK/10/2020

III. RESULT AND DISCUSSION

A. Characteristics of studied subjects

A total of 66 people met the inclusion criteria to
participate  in  this study. Subject categorization into
demographic groups was summarized in Table 1. The age of
studied subjects ranged between 19 years and 50 years old.
Subjects were divided into three groups based on age with an
interval of 10 years. The highest number of subjects was
between the age of 31 and 40 years old (n=27, 40.9%). There
was an equal number of male (n=34. 515%) and female
subjects (n=32, 48.5%). Almost half of the subjects were
obese with BMI=25 (n=30, 45.5%). Most of the subjects
admitted to exercising regularly (n=43, 65.2%).

Following measurement of total muscle percentage with
body composition scale, we found 31 individuals (47.0%),
19 individuals (28.8%) and 16 individuals (24.2%) with low,
normal, and high muscle mass, respectively. Measurement of




HGS with dynamometer showed that there were 26
individuals (394%), 22 individuals (33.3%), and 18
individuals (27.3%) categorized as having a low, normal, and
strong HGS.

TABLE L {'HARACTERISTICS OF STUDIED SUBIECTS
Variables n o
Age
19-30years 20 30.3%
31-d0years 27 40.9%%
41-50years 19 20.8%
Sex i
Male ;‘: . i
Female -
BMI (kg/m’)
Lean 15 22.7%
Normal 21 31.8%
Obese 30 4556
Physical Exercise
N ,
o 23 8%
43 65.2%
Musele miass
Low 3 47.0%
Normal 19 28.8%
High 16 24.2%
Handgrip strength
o 26 30.4%
LS[‘_"]':‘ » 3336
T 18 27.3%

* n_sample size. 5 propartion in porcent. BML hody mass index

B. Association with demographic factors and muscle mass

The relationship between various demographic variables
on HGS showed a significant association to age (p=0.021).
gender (p=0.006), exercising habits (p=0.004), and muscle
mass (p=0.042). Meanwhile, the association between BMI
and HGS was not significant (p=0.728) (Table 2).

The highest grip strength m our study was found in
individuals between the age of 31 and 40 years. There are 11
individuals (49.7%) with strong HGS in this group, which
was significantly higher compared to the 19 — 30 years and
the 41 — 50 years age group (p=0.021).This data agrees with
the study by Ki.ct al. [1] in Taiwan, where the highest HGS
values for both men and women were found in the age group
of 34-39 years and subsequently decline with age. Our data
also confirms that HGS is lower in older subjects. The
decline of HGS in men after reaching its peak was 0.7-1.1%
at the age of 45-65, and 1t was 2.6-3.2% over the age of 65.
In women, the decline of HGS was 0-0.07% at the age of 40-
54, and it was 0.5-30% at the age of 55-39 [1]. The
difference in the rate of decline between men and women has
not been explained. but it is likely related to hormones.
Menopausal women are known to have greater changes in
hormonal  levels. Theneme et al. [24] found that
postmenopausal women showed an increase in body mass fat

(BMF) with a decrease in HGS compared to premenopausal
women. Menopause is accompanied by a decrease in
estrogen levels suggests an increase in BMF along with a
decrease in muscle mass, and thus it lowered muscle strength
and by extension HGS. This study also supports the finding
by Lam et al. [thzlt there was a significant relationship
between age and HGS for both right and left hands in the
elderly group in Malaysia, while the vounger age group
showed a higher mean of HGS value. The study also showed
the different levels of HGS due to ethnicity and geography.
The mean value of HGS is different in the Malaysian, Indian,
and Chinese populations, while the mean HGS value was
higher in individuals living in rural areas compared to urban
areas.

The relationship between sex and HGS was found
significant in this study, in which most women had low HGS
(n=19, 594%), while fewer men had low HGS (n=7,
206%). Most men had normal HGS (n=15, 44.1%) or
strong HGS (n=12, 35.3%), despite men having higher cut-
off HGS value than women (p=0.006). Differences in
hormones and body composition between men and women
are believed to be the primary cause of this difference. A
study by Liao et al. [17], conducted in Tamwan, showed
similar results to this study, in which gender showed the
strongest significant relationship compared to the effect of
height, weight, and BMI on HGS. Alahmar: et al. [13]
reported that HGS was negatively comelated with age in
healthy men aged 20 — 74. This difference is likely due to the
study being conducted on a wide range of ages, and thus the
association was confounded by the disparity in muscle mass
between the young and the elderly group.

The result of this study did not find a significant
association between BMI and HGS, neither the lean groups
and the obese group showed specific distribution for HGS
(p=0.728). A study by Liao [17] assessed the relationship
between HGS and demographic factors based on low,
normal, and high BMI categorization, and showed that there
was a significant relationship with age, gender, height, and
weight. The HGS showed the strongest correlation to body
weight and height in the group with high BMI. We did not
find a significant relationship between BMI and HGS in this
study, which was 1n line with the findings by Sirajudeen et
al. [25] and Oseloka et al. [14] that reported a strong positive
correlation between HGS and weight and height, and a weak
correlation with BMI. However, studies by Palacio-Agiicro
et al.[26] found that adolescent individuals with overweight
nutritional status and abdominal obesity had significantly
lower HGS values. A study by Ling et al. [27] which was
performed on the elderly (>85 years old) agreed that HGS
was significantly related to height, weight, and BMI. The
contradiction with our findings might be caused by the
differences in the age of the studied populations. Individuals
who are very late in life generally have a decreased muscular
function as a concomitant factor.

We found that subjects who claimed to be exercising
regularly were observed with stronger HGS (n=17, 39.5%),
which 1s higher compared to those who did not regularly
exercise (n=1, 4.3%); (p=0004). Physical activity is
assoclated with muscle strength, so it can be used as a
predictor for the ability to perform daily activities. Bann et
al. [28] found that previous strenuous workers and light
physical exercises were significantly related to HGS in the
elderly, but the relationship was not significant in women.




There is a negative comrelation between physical activity and
BMI, while a sedentary lifestyle which is characterized by a
decrease in physical activity 1s associated with an increase in
BMI accompanied by changes in body fat composition that
led to obesity.

The results of this study showed a significant relationship
between muscle mass and HGS (p=0.042). We found that the
group with low muscle mass was also categorized as having
a weak HGS (n=18, 58.1%). which is significantly different
compared to those with high muscle mass but weak HGS
(n=2, 12.5%). Choe et al. [29] reported similar results, in
which HGS was significantly associated with muscle mass,
although 1t was carried out in elderly people aged 60 — 90.
Mankowsky et al. [30] reported that body composition was
influenced by age. Older people experience changes in
muscle quality and strength, which was also found associated
with an increased risk of metabelic disorders. Decreased
muscle mass in conjunction with increased fat mass will
increased the nsk of developing sarcopenia, which is
characterized by low muscle mass and physical weakness.
Meskers et al. [31] reported that in the elderly group. HGS
was associated with subject dependency in performing daily
activities. Old age increases the risk of sarcopenia which has
an impact on dependency in daily living activities. A
decrease n HGS can be used as a predictor Lo assess the
decrease i muscle mass accompanied by physical frailty in
patients with sarcopenia.

TABLEIL ANTROPOMETRIC AND DEMOGRAPHIC FACTORS

ASSOCIATED WITH HANDGRIP STRENGTH

| Handgrip strength (HGS)
Characteristics Weak Normal Sirong P
() n{ Gop (%)

Age

19-30years 13{68.4%]) | 5(26.3%) 1(5.3%) 0021
31-4years T(264005%) B(33.3%) 11(49.7%) o
41-50years 6(3000%%) 8(d0.0%) G(30.0% )
Sex

Male T(20.6%) 15(44.188) 12(35.34%) 0.006"
Female 19(59.46) | 7(21.9%) G(1B.7%)

BMI (kg/m?)

Lean T(46.7%) 6(40.0%) 2(13.3%)

Normal B(38.1%) 6(28.6%) T(33.3%) 0,728
Obese 11(36.7%) | 10{33.3%) 9030.0% )

Physical

Exercise 14H60.9%) | B(34.8%) 114 3%) 0.004°
No 12(28.060) | 1d4(32.5%) 17(39.56) 4

Yes

Muscle Mass

Low 3 3 s % b
Marsial IB(38.1%) | T(22.5%) G19.4%) 0042
Hich 6(31.6%) T(36.8%) (3 1.6%)

& 2(12.5%) 850004 ) 6(37.5%)

o sample size. 56 propartion in percent. BMI body mass index. *

sqpuame test _sigmificant sariskles (pa008)

Our data suggest that the relationship between BMI
factors, physical activity, muscle mass, and muscle strength
with HGS showed that these factors are intercorrelated.
Increased physical activity 1s associated with increased

. p values obtained with Chi-

energy expenditure which can reduce the proportion of body
fat and lower the risk for obesity. Physical activity also plays
a role in increasing muscle mass and can also increasing
muscle strength, and by extension HGS. Our findings also
suggest that age and gender can affect HGS through
different, but interrelated, aspects of hormonal changes.
Aging 15 associated with hormonal changes thal affect
muscle strength. Decreased testosterone levels i older men
and decreased estrogen levels in older women are related to
changes in body composition characterized by an increase in
fat mass and a decrease in muscle mass, which results in a
decrease In musele strength and HGS.

Factors such as demographic, anthropometric, lifestyle,
and disease can influence HGS. A longitudinal cohort study
conducted in Finland by Stenholm et al. [32], involving
individuals aged 30 — 73 followed for 22 years, showed that
the decrease in muscle swength assessed by HGS is age-
related, but not significantly different by gender, This long-
term study also highlighted the influence of lifestyle changes,
the presence of coexisting chrenic diseases, and work
history. A more sedentary lifestyle, having chronic diseases.
and subjects with a history of strenuous works showed a
faster decline in HGS. Vermeluen et al. [6] also reported that
the elderly who maintained light physical activity such as
walking in a slow gail showed a slower decrease in muscle
strength than the group with a sedentary lifestyle.

This study has limitations related to the design and
measurement of HGS. The cross-sectional design could not
validate a causal relationship. HGS is a surrogate indicator of
muscle strength, while the HGS itself is procedurally
performed by assessing the strength of the hand to squeeze
objects, and thus only represents the muscle strength in the
upper limb. The HGS also does not have a standardized
measurement method (either performed while standing or in
a sitting position) and can alter the measurement results.
Many studies that carried out HGS measurements show
variable results, and this brings uncertaintics regarding the
cutofl values for the weak, normal, or strong HGS. There are
confounding factors not accounted for in this study, such as
ethnic diversity and locality (urban vs Tural), that might alter
the associations between demographic factors and HGS. A
further study that takes into account various confounding
factors is needed.

IV. CONCLUSION

We found that various demographic factors were
associated with muscle strength measured by handgrip
strength. These factors include age, gender, physical exercise
habit, and muscle mass. The relationship between handgrip

strength with BMI was not significant in our study,

ACKNOWLEDGMENT

We would like to thank the research subjects who
participated in this study and the Dean of the Faculty of
Medicine for allowing and facilitating the implementation of
this research.

CONFLICT OF INTEREST
All authors declared no conflict of interest.




[4]

[51

[6]

171

[8]

191

[10]

(1]

[12]

REFERENCES
Kim MC. Jeong T, Koo WR. Reference values for hand grip strength
in the South Korean population. PLoS ONE 2018: 13(40):201934583.
Lee SH. Gong HS. Measurement and Interpretation of Handerip
Strength for Research on Sarcopenia and Osteoporosis. 1 Bone Metab
2020:27(2). pp.85-96.
Neidenbach RC. Oberhoffer R. Pieper L. Freilinger S, Ewert P.
Kaemmerer H, et al. The value of hand grip strength (HGS) as a
diagnostic and prognostic biomarker in congenital heart disease.
Cardiovase Diagn Ther 2019:9%(Suppl 2). pp.S187-S197.
Laitinen T, Saner C, Nuotio ], et al. Lower gap strength in youth with
obesity identifies those with inereased cardiometabolic rsk. Obes Res
Clin Pract 2020; 14. pp. 286-289.
Chen L, Liu X, Wang Q. et al. Better pulmonary function is
associated with greater handgrip strength in a healthy Chinese Han
population. BMC Pulmonary Medicine 2020; 20:114.
Bohannon R. Grip Strength: An indispensable biomarker for older
adults, Clin Intery Aging, 2009:14:1681-91.
Omnan M. Kouffman M. Hatsopoulos N. perspectives on classical
controversies about the motor cortex. J Neurophysiol. 2017;1 18(3):
I 828-4%,
Dhananjaya JR., Veena HC. Mamatha BS. et al. Compamtive study of
body mass index, hand grp strength, and handgrip endumnce in
healthy individuals. NatlJ Physiol Pharm Pharmacol 201 7:7:394-598
Lemos T. Gallagher D). Current body composition measurement
techniques. Cum Opin  Endocrinol Digbetes Obes. 2017:24(5).
ppAL0-314.
Nurfadhilah K. Sunalaga S, Ibnusantosa RG. Gambaran Persentase
Total Massa Otot dan Total Massa Lemak Tubuh pada Golongan
Dewasa Muda. Pros Pendidik Dr. 2018:4:613-19 .
Gaikwad R. Handgrip dynamometry: a sumogate marker of
malnutrition 10 predict the prognosis in alcoholic liver disease. Ann
Gastroenterol 20165 29(4). pp.509-514.
Lena G, Margareta N, Anna R et al. Vitamin D is associated with
lower limb muscle strength and grip strength in middle eastern and
African bom immigrants in Sweden. Ntr. 2018:59. pp26-35.

(13] Eabmari K. Silvian S, Reddy R, e al. hand grip strengih

[14]

[15]

[16]

determination for healthy males in Saudi Arabia: a study of the
relationship with age. body mass index. hand length and forearm
circumference using a hand-held dynamometer. JMR. 2017:45(2).
pp340-548.

Oseloka [A. Bello BM. Oliver HW. et al. Association of handgrip
strength with body mass index among Nigerian students. [OSR- JPBS
2014: 9. pp. 1-7

Aksoy MK, Altan L, Karlibel 1A, Associations between handgrip
strength and vitamin 23(0h)D levels in genatric patients. Folia Med
2019:61(3). pp.397403.

Mendes J, Afonso C. Moreira P. et al. (2018). Association of
Anthropometric and Nutrition  Status Indicators with Hand Grip
Strength and Gait Speed in Older Adults, JPEN, 2018: pp. 1-10.
doi:10.1002/jpen 1424,

[17] Liao K-H. Hand grip strength in low, medium, and high body mass

mndex males and females. Middle East J Rehabil Health 2016:
3(1 e 33860,

Lam N, Goh H, Kamarruzzaman, et al. Normative data for hand grip

strength and key pinch strength, stratified by age and gender for a
multiethnue Asian population. SMJ: 20 16;57 . pp.378-584.

Saunders T. Melsaae T, Douillette K. et al. sedentary behaviour and
health in adults: and overview of systemate reviews. Appl Physiol
Nutr Metab. 2020;45:197-217.

Bann D. Hire D, Manini T, et al. Correction: Light Intensity Physical
Activity and Sedentary Behavior in Relation to Body Mass Index and
Gnp Strength in Older Adulis: Cross-sectional Finding from the
Lifestyle Interventions and Independence for Elders (LIFE) study.
PLOS ONE. 2015: 1(4).

Lim J, Lee J, Kim J, et al. Comparison of Word Health Organization
and Asia-Pasific body mass index classifications. Int ] Chron Ohstruet
Pulmon Dis. 2007;12:2445-75.

Manual product of Omron Karada Scan Body Composition Monitor
scale.

Manual product of Jamar hydrolic hand dysamometer.

Ibeneme S, Ezeigwe C. Ibeneme GC. Response of Gait Output and
Handgrip Strength to Changes in Body Fat Mass in Pre- and
Postmenopausal Women, CTR. 2019; 940, pp. Y298,

Sirajudeen M, Shah U, Pillai P, et al. Correlation berween Grp
Strength and Physical Factors in Men. Int J Heal Rehabil Sci.
2012:1:58,

Palacio-Aguero A, Ximena DiazTorreme X, Dourado DOQS.

IRelative handg np strength. nutritional status and abdeminal obesity
in Chilean adolescents. PLOS ONE 2020:15(6.e(234316.

Ling C, Taekema DJ, Craen A, et al. Handgrip strength and mortality
i the oldest old population: the Leiden 85- plus study. CMAJ
2010;182(5). pp 42035,

Bann D, Kuh D, Wills AK, Adams I, Brage S et al. Physical activity
across adultheod m relation to fat and lean mass in eady old age:
findings from the MRC National Survey of Health and Development,
19462010, Am J Epidemiol 2014179, pp. 1197-1207.

Choe, Y., Jeong. )., & Kim. Y. Grip strength mediates the relationship
between muscle mass and frailty, JICSM. 2019;11. pp.dd1-451
doi:10. 1002 jesm. 12510,

Mankowski RT, Anion SD, Auberiin-Leheudre M. The Role of
Muscle Mass, Muscle Quality, and Body Composition in Risk for the
Metabolic Syndrome and Functional Decling in Older Adults. Current
Geriatrics Reports 2015:4(3). pp221-228.

Meskers CGM, Redjnierse EM, Numans ST, et al. Association of
Handgrip Strength and Muscle Mass with Dependency in
(Instrumental) Activities of Daily Living in Hospitalized Older Adults
- The Empower Study, JNHA. 20019 doi:10.1007/s12603-019-1170-
5.

Stenholm S, Tiainen K. Rantanen T et al. Long-term determinants of
muscle strength decline: prospective evidence from the 22-year mini-
Finland follow-up survey. ] Am Genatr Soc 2012; 60: 77-85.




Demographic Factors and Total Muscle Mass are Associated with
Handgrip Strength in Selected Indonesian Adults

ORIGINALITY REPORT

1 1 % 9y 7% 1

SIMILARITY INDEX
INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCHED SOURCE

www.mdpi.com 1
Internet Source %

1%

* www.mdpi.com
Internet Source



http://www.mdpi.com/
http://www.mdpi.com/




	SIMILARITY INDEX
	INTERNET SOURCES
	PUBLICATIONS
	STUDENT PAPERS
	www.mdpi.com
	Internet Source %

	www.mdpi.com
	Internet Source


