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ABSTRACT

The aging process is associated with changes in hormone levels. There
is a noticeable change in estrogen levels in women, while in men, there
is a change in testosterone levels. In the elderly, as a result of the aging
process, changes in these hormone levels affect handgrip strength, and
cognitive function. In both women and men, the function of several
organs is influenced by sex steroid hormones, namely Oestrogen and
androgens. There are two theories of steroid action mechanism on
target cells, namely steroid hormone action mechanism genomically
and non-genomically. The function and action mechanism of steroid
hormone is important because it is the basis of the hormonal aspect for
muscle mass, handgrip strength, and cognitive function. Due to the
aging process, hormonal changes in the elderly are different compared
to the previous period. This has consequences for changes in metabolic
processes that affect the body’s condition, including changes in the
composition of bones, muscles, and other tissues, such as the brain. In
the aging process, it is important to pay attention to nutritional factors
because they contribute to hormone levels that help maintain muscle
mass, body mass index, hand grip strength, and cognitive function. In
the brain, the sex steroid hormone has activating and organizational
effects mediated by intracellular or transmembrane G-protein-coupled
receptors. Articles published in English in the last 9 years (from 2014
to 2023) were retrieved from Science Direct, PubMed, Springer link,
Oxford and Nature using relevant searching terms. The fact that
testosterone bioavailability is predominated in the brain in relation to
its activity and significant positive association with processing speed,
sustained attention, and working memory in older men. To obtain a
better quality of life for the elderly, nutritional factors must be
considered to maintain optimal sex steroid hormone levels, hand grip
strength, and cognitive function.
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INTRODUCTION

In women and men, the function of some
organs is influenced by sex steroid hormones,
namely estrogens and androgens.’ Estrogen
(female sex hormone) is the main hormone in the
female body produced by the ovaries. Estrogen
is responsible for developing female sexual
characteristics. Estradiol and estrone are included
in the estrogen hormone. Although estrogen is
known as the main hormone in women, it is also
produced in the male body, but its quantity is
small.® Androgens (male sex hormones) are the
main hormones in the male body that are produced
in the testes. Testosterone and
dihydrotestosterone are included in the androgen
hormone. Androgens are known to be the main
hormones in men. However, in the female body,
androgens are also produced, but their amounts
are few.®

Estrogen, produced by the female
reproductive organs, plays a role in biological
systems in the body.” Systems in the body that
involves estrogen include neuroendocrine,
vascular, skeletal, and immune systems.®
Estrogen in a woman’s body plays a role in
reproductive maturation and
characteristics; however, androgens are also
necessary for sexual health.© In the female body,
estrogen levels are much higher than in men. In
addition to estrogen, in the female body, there
are also androgen hormones. Biologically active
androgens in women are dehydroepiandrosterone
sulfate (DHEA-S), dehydroepiandrosterone
(DHEA), androstenedione, testosterone, and
dihydrotestosterone.” In women, about 25% of
androgen production occurs in the adrenal glands,
25% occurs in the ovaries, and the rest occurs in
the periphery.® In women, testosterone and
dehydroepiandrosterone (DHEA) play a role,
among others, in the reproductive organs, breasts,
muscles, bones, mood, cognition, and blood
vessels. Given the complex physiological effects
of testosterone in women, its use for therapy
needs to be considered so that its safety aspects
are guaranteed.”

sexual

330

Role of sex steroid fiormone

It has been stated that testosterone is a sex
steroid hormone mainly produced by Leydig cells
in the testes. Testosterone is responsible for
regulating sex differentiation, resulting in male sex
characteristics, spermatogenesis, and fertility.*'?
Testosterone inside the testes is called
intratesticular testosterone. A portion of
intratesticular testosterone is used for
spermatogenesis, and the rest is secreted into the
circulatory system. Testosterone in the circulatory
system is called circular testosterone. There are
two types of circular testosterone, namely total
testosterone, and free testosterone. Only free
testosterone in the circulation system can be used
by target cells.(!"12)

In this review paper, a total of 4,120 articles
published in English in the last nine years (from
2014 to 2023) were retrieved from Science Direct,
PubMed, Springer link, Oxford Academic and
Nature databases using the following keywords:
sex steroid hormone, handgrip strength, cognitive
function, cognitive impairment, Alzheimer’s
disease, dementia, geriatrics. Initially, 4,120 articles
were found to match the inclusion criteria, but in
the end 437 articles were removed due to
duplication, failure of access, and irrelevant topics
(shown in Figure 1). Finally, this review was
written using the 12 articles that met the inclusion
criteria to be written into a full paper.  Along
with the aging process, there are changes in
hormone levels in both men and women. Changes
in hormone levels affect muscle strength and
cognitive function. Therefore, this narrative
review presents the current knowledge on
association of sex steroid hormones with hand
grip strength an cognitive decline in elderly.

Functions and action mechanism of steroid
sex hormones

In both women and men, the function of
several body organs is influenced by sex steroid
hormones, namely estrogen and androgens.
Estrogens and androgens are steroids. Estrogen
is generally derived from androgens via the
aromatase enzyme.® Estradiol and estrone
include estrogen hormones, while testosterone
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Full text article for this review
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Figure 1. Flowchart of literature study in journals using relevant keywords

and dihydrotestosterone include androgen
hormones. Although estrogen is known as the
main hormone in women, the male body also
produces estrogen but in small amounts. The
ovaries mainly produce estrogen in the female
body. Estrogen plays a role in reproductive
maturation and sexual characteristics. Androgens
are known as the main hormones in men, but in
women’s bodies, androgens are also produced in
small amounts. In addition to estrogen, androgens
are also required for sexual health in both women
and men."® Androgens in men are, among others,
responsible for the development of reproductive
organs, bones and muscles. In women, androgens,
such as testosterone and dehydroepiandrosterone,
play a role, among others, in the reproductive

organs, the breast, muscle, bone, mood, cognition,
and vasculature.”)

Keep in mind that only free steroids, in this
case, free testosterone (bioavailable testosterone)
in the circulatory system, can act against target
cells. In the steroid action mechanism, free
testosterone inside the testes is mediated by a
testosterone-binding protein called androgen
binding protein (ABP), while the action
mechanism of free testosterone on target cells
(somatic cells) is mediated by a sex hormone-
binding protein called sex hormone binding
globulin (SHBG).(-12)

There are two theories of the free
testosterone action mechanism on target cells.
The long-held theory is that free testosterone
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diffuses to target cells, then binds by intracellular
receptors until it acts at the gene level.'¥ The
action of these steroids is called the genomic
steroid action mechanism. In addition to these old
theories, free testosterone in the circulation is
bound by the SHBG-SHBG receptor complex
(SHBG-Rg,,,), thus forming a bond
testosterone-SHBG-R .. on the target cell
membrane. The action of the steroid is called the
non-genomic steroid action mechanism.>'? The
function and action mechanism of steroid hormone
is important because it is the basis of the hormonal
aspect for handgrip strength and cognitive
function. The action mechanism of genomic and
non-genomic androgens is presented in Figure 2.

Sex steroid hormone and handgrip strength

The aging process of being elderly is
associated with changes in hormone levels,!®!)
a decrease in some body functions, including
musculoskeletal function.?%2V It has been shown
that estrogens and androgens regulate critical
biological and pathological processes in both
women and men.® Estrogen has an effect on
musculoskeletal function, including on muscles,
tendons, and ligaments.®? Recent research results
demonstrate that decreasing estrogen levels have
the potential to affect skeletal muscle strength in
the elderly.®® Administration of the estrogen
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Figure 2. Action mechanism of genomic and non-
genomic androgens. a. Genomic steroid action
mechanism. b. Non-genomic steroid action
mechanismo 517
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group (17B-estradiol) has the effect of preventing
the decrease in skeletal muscle activity.?¥ With
regard to aging, it has been shown that
postmenopausal women experience a rapid
decline in muscle mass and strength. The rapid
decrease in muscle mass in postmenopausal
women is caused by the speed of muscle protein
breakdown is greater than the rate of muscle
protein synthesis.?® Moreover, it was also
demonstrated that the rate of muscle protein
breakdown in postmenopausal women was
higher than that of premenopausal women and
men of their age.®® Furthermore, estrogen was
used for therapy for persons with insulin
resistance.” In addition to its effect on skeletal
muscle, estrogen replacement therapy in
postmenopausal women increased tendon
collagen synthesis.®® Based on these results,
there is hope that estrogen can be used to reduce
the rate of muscle protein breakdown and increase
the rate of muscle protein synthesis and tendon
collagen synthesis. If the benefits of estrogen can
be realized in postmenopausal women,? it is
hoped that estrogen can also be used to maintain
the handgrip strength of the hand muscles. In
addition to estrogen, androgens regulate important
biological and pathological processes in both
women and men.* Therefore, it is necessary to
conduct human studies to confirm the pathway
for the action of non-genomic testosterone on
skeletal muscle. The research in question is
devoted to proving the relationship between
testosterone fluctuations to physiological changes
in skeletal muscle cells and overall performance
in muscle exercise.®?

The results of other studies also show that
decreasing estrogen weakens the response to
anabolic stimuli.®> In postmenopausal women,
the response to anabolic stimulation to estrogen
is decreased. Based on this fact, postmenopausal
women who follow an estrogen replacement
therapy program so that estrogen levels in the
body resemble those of premenopause, show a
normalized response to anabolic stimuli.?*?” In
addition, the estrogen replacement therapy
program is also beneficial in maintaining skeletal
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muscles during aging.®¥ In addition, it has been
shown that in postmenopausal women, female sex
hormones play an important role in skeletal muscle
mass. Therefore, female sex hormone therapy is
considered in elderly women for the maintenance
of skeletal muscle mass.®" The results of other
studies show that estrogen is beneficial for
muscle mass and strength.®? In addition to
estrogen, which can be used as an option for
replacement therapy for elderly women, there are
several other hormones that can be used,
including testosterone and progesterone. It has
been proven that testosterone and progesterone
can be used to stimulate muscle protein synthesis
in postmenopausal women.

A study involving women and men, aged 6-
80 years in the United States showed that average
hand grip strength decreased with age.®> The
results of another study involving men aged 60-
75 years showed that there was a tendency for a
positive relationship between testosterone levels
and hand grip strength. However, the relationship
between testosterone levels and right handgrip
strength was not significant (p=0.245), as was
the case with left handgrip strength (p=0.354).G%
Therefore, both hormones affect handgrip
strength. 26 39

Sex steroid hormone and cognitive function
in the elderly

Sex steroid hormones play an important role
in the formation of brain structures, including
areas of the limbic system and prefrontal cortex
during perinatal development. In the brain, the
sex steroid hormone has activating and
organizational effects mediated by intracellular
or transmembrane G-protein-coupled
receptors.®® It is important to study the
relationship between steroid hormones with aging
and cognitive function. Previously it was
mentioned that the aging process is associated
with changes in hormone levels (%19); as a result,
these hormone levels reduce several body
functions, including cognitive function.®V It has
been demonstrated that androgen deficiency is
an important cause of cognitive impairment in

Yol 42 No. 3

older men and deserves attention.®® The results
of recent research also demonstrate that there is
a relationship between serum bioavailable
testosterone and cognitive function in men.®” The
results of different studies show that testosterone
supplementation has no effect on cognitive
function in men with normal testosterone levels,
and are not sufficient to be of clinical relevance.
Therefore, it still needs to be proven whether
testosterone supplementation has a clinical effect
on cognitive function in hypogonadal men.®®
Based on the results of this research, research is
still needed on increasing the bioavailability of sex
steroid hormones in cerebrospinal fluid, and not
just increasing sex steroid hormone levels.

To understand the relationship between sex
steroid hormone levels and decreased cognitive
function in the elderly, it is necessary to first
understand the action of sex steroid hormones
on target cells in the brain. The action of sex
steroid hormones on target cells involves
receptors that mediate their action. Estrogen
receptors, and androgen receptors are widely
distributed throughout the brain. This is related to
the presence of dehydroepiandrosterone which
is synthesized de novo in the brain.®” We know
that the presence of dehydroepiandrosterone is
related to estrogen and testosterone. It was also
shown that steroid levels in the brain were not
associated with cognitive performance in elderly
women.*40 It further stated that low SHBG
levels still need to be proven to be associated with
good processing speed in the brain.®” We agree
with the above, but bioavailable steroids take
precedence. The fact that testosterone
bioavailability is predominated in the brain in
relation to its activity, is consistent with the results
of research showing that bioavailable testosterone
presented a significant positive association with
processing speed, sustained attention, and
working memory in older men over 60 years of
age.C” In relation to brain cognitive function,
therefore, based on the results of research on
steroid hormones in cerebrospinal fluid, the focus
on bioavailable steroids is more important than
steroid levels.
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The results of other studies demonstrated that
there was no significant difference in plasma
SHBG levels in the group of mild Alzheimer’s
sufferers who had dementia with normal healthy
people. Furthermore, it was found that plasma
SHBG can contribute to accelerated decline in
cerebrospinal fluid Aa42 (p<0.0005), decreased
brain metabolism (p<0.05), and hippocampal
atrophy (p<0.01), cognitive decline (p<0.01), as
well as a higher risk of dementia in Alzheimer’s
disease (p<0.05). These findings suggest that
plasma SHBG could be a biomarker for
predicting the development of Alzheimer’s
disease.“V

Although, previous studies have shown that
testosterone supplementation in men who have
normal testosterone levels does not show a strong
association with cognitive function and is not
clinically relevant.®® The results of this study are
reasonable because testosterone levels are still
within the range of normal values. Supposedly,
focus testosterone supplementation to increase
bioavailable testosterone, not just increase
testosterone levels. Whereas estrogen therapy
has been shown to have an age-dimorphic effect,
which is neuroprotective in young females, but
non-neuroprotective, even neurotoxic in acyclic
females.“?

There is no denying that many elderly people
have cognitive dysfunction. The results of a
recent study showed that 20% of USA adults
aged 65 years had mild cognitive impairment. It
was also shown that one in seven USA adults
aged 65 years has dementia.*® Impaired
cognitive function often occurs in individuals with
dementia and individuals with Alzheimer’s
disease. We need to refresh our understanding
of dementia and Alzheimer’s disease. In general,
dementia is defined as a collection of symptoms
(syndromes) of decreased cognitive function due
to biological aging. Dementia is characterized by
an overall decline in memory, thinking skills, and
activities.“Y Alzheimer’s disease is a progressive
neurological disease that causes brain cells to die
so that the brain shrinks (atrophy). Dementia
occurs due to various diseases and injuries that
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affect the brain, such as stroke or Alzheimer’s
disease.*

Many people are not detected with dementia,
even though dementia can cause sufferers to
become senile and change their way of thinking.
The results showed that the prevalence of people
with undetected dementia was 61.7%. Such a
large percentage is due to the fact that there has
never been a cognitive examination in the
population. It should be noted that cognitive
examinations in primary health facilities are rarely
performed.® One of the reasons is that the mini-
mental state examination and the Montreal
cognitive assessment require special skills. In
addition, it takes a long time to examine a patient,
which is about 15 minutes.“”

Anatomically there are differences in brain
morphology of healthy individuals compared to
individuals with Alzheimer’s. The brain of people
with Alzheimer’s atrophy causes the frontal and
temporal horns of the lateral ventricles to enlarge.
The results of observations of most people with
Alzheimer’s showed that their brain weight
decreased.“® A comparison of brain anatomy in
healthy individuals with the brains of Alzheimer’s
patients is presented in Figure 3.

> Alzheimer

Normal

(A) (B)

Figure 3. Brain anatomy schematic of healthy
people compared to people with Alzheimer's. A.
Brain lateral section of a healthy person showed no
widening of the sulcus space and no narrowing of
the gyrus. B. Brain lateral section of an Alzheimer's
patient showed widening of the sulcus spaces
(arrows) and narrowing of the gyrus.“®
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It is very popular in the community that
cognitive decline is an early symptom of
Alzheimer’s disease and other dementias.*® The
results of a recent study showed that physical
and cognitive function were significant predictors
of quality of life in older adults with cognitive
impairment.®? Identification of variables related
to cognitive decline in the elderly needs to be done
in-depth research. The hope is that the elderly
who experience a decline in cognitive function
whose cause is known can be cured with
appropriate medical care.®" The results of
previous studies demonstrated that Alzheimer’s
sufferers experience a loss of motor function.®?
Research results have also demonstrated that
neurodegenerative disorders occur in people with
Alzheimer’s, resulting in a progressive decline in
cognitive function and often a decrease in non-
cognitive functions, for example, a decrease in
muscle strength.®?

Even though there are technical
shortcomings, the results of measuring handgrip
strength can be used as a marker of decreased
cognitive function in the elderly. To determine
muscle strength, handgrip strength can be
measured using a handgrip dynamometer or
handgrip  dynamometer.®®  Handgrip
dynamometers are relatively inexpensive, easy
to carry, non-invasive, have a short measurement
time, are reliable, and do not require extensive
training to use them. Several studies have also
shown handgrip dynamometers have low
variability and high reliability in patients with mild
cognitive impairment and dementia.®>>% It has
been stated that low-handgrip strength is
associated with decreased cognitive function in
the elderly. Moreover, handgrip strength can be
used as an indicator for early detection of
cognitive impairment in the elderly. Although until
now, the exact mechanism between decreased
motor power that underlies a decrease in handgrip
strength and decreased cognitive function in the
elderly is still unclear.*®

Handgrip strength and cognitive function
The handgrip strength of a person’s hand
muscles is the gripping force exerted by the hand
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muscles. The handgrip strength can be measured
using a handgrip dynamometer.®’*® A person’s
cognitive function can be assessed using the mini-
mental state examination and the Montreal
cognitive assessment. In Indonesia, the Montreal
cognitive assessment has been modified into the
Indonesian version of the Montreal cognitive
assessment (MoCA-Ina), which can be used to
assess the cognitive function of Indonesians.®¥
Examination of handgrip strength is relatively
casier to do compared to assessing a person’s
cognitive function either by mini-mental state
examination or Montreal cognitive assessment.®

In older adults, of course, handgrip strength
and cognitive function should be maintained by
implementing a physical activity training program.
The baseline of handgrip strength is an important
factor in determining the effectiveness of a
physical exercise program and cognitive
function.® These cognitive functions include
attention, memory, language, visuospatial and
executive functions.” In this regard, it is
important to state that physical exercise is
important to maintain nerve function so that
cognitive function and motor activity are
balanced.?

Handgrip strength is associated with
decreased cognitive function in the elderly.
Therefore, handgrip strength can be used as an
indicator of changes in cognitive function in the
elderly.©**Y Several studies have shown a positive
relationship between handgrip strength and
cognitive function.®%% The results of the latest
research show how to calculate handgrip strength
using a handgrip dynamometer and measuring
cognitive function.®”® The results of another
study showed that every 5 kg decrease in
handgrip strength was associated with 1.10 times
the probability of a decrease in cognitive function.
In addition, it was also shown that weak handgrip
strength had a higher odds ratio of 1.14 for
cognitive decline. The addition of age was also
shown to have a 1.01 higher odds ratio for
cognitive decline, as well as low physical activity,
which had a 1.24 higher odds ratio for cognitive
decline. It should be noted in this study that low
handgrip strength initiates cognitive decline. In
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addition, it was also demonstrated that a high
prevalence of mild cognitive impairment was found
in a group of subjects who had low handgrip
strength.® The results of other studies also
strengthen the statement that low handgrip
strength is associated with decreased cognitive
function.®® In addition, a clinical syndrome caused
by the accumulation of the aging process in the
elderly is characterized by, among other things, a
decline in physical function as a trigger for
cognitive decline. In detail, it is stated that the
handgrip strength can be used as an indicator of
cognitive decline in dementia and Alzheimer’s
disease.®”

The study’s results in Brazil showed that
men had a handgrip strength of 43.4 kg, while
women had 27.6 kg. Handgrip strength in
Brazilian men is 57% higher than in women.
Brazilian men aged 30-39 years had a handgrip
strength of 46.9 kg, whereas in women, 29.4 kg.
These data indicate that handgrip strength is
negatively correlated with age in both men and
women in Brazil.®® Previous research involved
2729 participants aged 60 years or more. The
results show that lower cognitive performance in
the elderly is associated with handgrip strength.
©) The results of this study are in accordance
with research in Russia which demonstrated that
handgrip strength is associated with a high risk
of malnutrition, low autonomy, decreased physical
and mental function, and risk of death over the
next five years."?

It has been demonstrated that skilled hand
movements and control of handgrip strength
involve not only cortical motor areas but also
higher cognitive performance. This occurs
because there is more activity in the frontal lobe
area in healthy elderly people. It is more clearly
stated that physical activity in the elderly is needed
to increase the influence on cognitive and motor
functions.”Y In addition, the results of other
studies also show that people with fronto-
temporal dementia experience frontal lobe
atrophy, so their motor and cognitive functions
decline. It should also be noted that the level of
atrophic damage can be assessed based on visual
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atrophy scales, which can then be used to estimate
the patient’s level of long-term deterioration
(longitudinal clinical deterioration).’® Research
results at the molecular genetic level show that
genetic fronto-temporal dementia sufferers are
influenced by genetic groups, namely the
progranulin gene, microtubule-associated protein
tau, and chromosome 9 open reading frame 72
(C90rf72 or C90rf72-SMCRS8 complex subunit).
For the treatment of genetic frontotemporal
dementia patients, it is necessary to know about
the presence or absence of mutations in the
microtubule-associated protein tau gene. In
addition, it is also necessary to pay attention to
environmental factors that trigger the emergence
ofthese three types of genes in families suffering
from genetic frontotemporal dementia.®
Compared with the general population, people
with fronto-temporal dementia have an 8x
increased risk of death. Women have double the
standard mortality ratio compared to men.7¥

Several study results that demonstrated the
association of sex steroid hormone with handgrip
strength and cognitive function are presented in
Table 1.

Consequences of hormonal changes in the
elderly on hand grip strength and cognitive
function

Previous research has shown that estrogen
has a neuroprotective effect on the brain. It is
evident that the risk of memory problems
increases after ovariectomy in pre-menopausal
women.” It has also been demonstrated that
decreased estrogen levels in postmenopausal
women can have an impact on organ function
and have secondary effects on cognition, such
as memory loss through vasomotor symptoms.?”
The results of a study on Korean menopausal
women with a mean age of 54.93 + 6.20 years
showed that 54.2% of 164 subjects showed
vasomotor symptoms. Sarcopenia in subjects
without vasomotor symptoms was 18.5%, while
sarcopenia in subjects with vasomotor symptoms
was 6.9%. The prevalence of sarcopenia was
inversely related to the prevalence of vasomotor
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Table 1. Summary of the evidence on the association of sex steroid hormone with handgrip
strength and cognitive function in the elderly

Title Research design Results References
The relationship between The analytical In elderly women, the average Kim et al.5”)
handgrip trength and observational maximum handgrip strength

cognitive function in elderly =~ method with a was 19.2 kg, and the average

Koreans over 8 years: a longitudinal Mini-Mental Status Evaluation

prospective population-based  approach. score was 25.1.

study using Korean
Longitudinal Study of
Ageing.

In elderly men the average
maximum handgrip strength is
30.7 kg, and the average Mini-
Mental Status Evaluation score
is 26.2.

Handgrip strength at the
beginning of the measurement
is positively correlated with the
Mini-Mental Status Evaluation
score.

Handgrip strength Is

The analytical

Each 5 kg decrease in handgrip

McGrath et al.©®?

associated with poorer observational strength showed an Odd Ratio
cognitive functioning in aging method with a of 1.10 times to cognitive
Americans. longitudinal decline (95% Confidence
approach. Interval: 1.05-1.14).
Association between handgrip  The analytical Handgrip strength is associated Jang et al.®?
strength and cognitive observational with the risk of mild cognitive

impairment in elderly
Koreans: a population-based
cross-sectional study.

method with a cross-
sectional design

impairment in the elderly.
Greater handgrip strength is

associated with higher cognitive

function in cognitively normal
elderly individuals.

Associations between
handgrip strength and mild
cognitive impairment in
middle-aged and older adults
in six low and middle income
countries.

Analytical
observational
method with cross-
sectional design

Low handgrip strength shows
an Odd Ratio of 1.41 to the
occurrence of mild cognitive
impairment (95% Confidence
Interval: 1.23-1.61).

Vancampfort, et
al.®

Physical frailty predicts future
cognitive decline - A four-
year prospective study in
2737 cognitively normal older
adults.

The observational
analytical method
with a prospective
cohort approach.

Low body weight, low handgrip

strength, slower chair-stand test
results, shorter step length in
men, and weaker handgrip
strength in women are
associated with decreased
cognitive function.

Choi et al.®

Estrogen replacement, muscle
composition, and physical
function: the Health ABC
Study

The analytical
observational
method with cross-
sectional design

Two hundred fifty-nine
postmenopausal women who
took the estrogen replacement
therapy program showed that
muscle cross-sectional area
(CSA) and handgrip strength
were greater than 581
postmenopausal women who
did not take the estrogen
replacement therapy program.

Juppi, et al.C!
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Association between
vasomotor symptoms and
sarcopenia assessed by L3
skeletal muscle index among
Korean menopausal women

The analytical
observational
method with a cross-
sectional design

Elderly women with a mean age
of 54.93+6.20 years showed
that 54.2% of 164 subjects
showed vasomotor symptoms.
Sarcopenia in subjects without
vasomotor symptoms was
18.5%, while sarcopenia in
subjects with vasomotor
symptoms was 6.9%.

The prevalence of sarcopenia
was inversely related to the
prevalence of vasomotor
symptoms (Odds Ratio, 0.32;
95% Confidence Interval, 0.15-
0.67).

In addition, the paraspinal
muscle index was positively
associated with the prevalence
of vasomotor symptoms (Odds
Ratio 1.06; 95% Confidence
Interval: 1.01-1.11).

Ki-Jin, et al.7®

The role of oestrogen in
female skeletal muscle
ageing: a systematic review

A systematic review

Sex hormone deficiency is
associated with poorer muscle
mass. Exogenous estrogen
supplementation has the
potential to correct this
hormone deficiency.

Critchlow et al.
(23)

Handgrip strength and muscle  Cross-sectional Handgrip strength change with Wen et al.
quality: results from the study age. Handgrip strength 33
National Health and Nutrition increases with age, then

Examination Survey Database stabilizes, and decline

Relationship between Cross sectional The relationship between Datau et al.

testosterone levels with hand  studies testosterone levels and right 39

grip strength, calf diameter, handgrip strength was not

lung function, body mass significant (p=0.245), as was

index and blood pressure in the case with left handgrip

elderly men strength (p=0.354).

Associations of bioavailable Survey Subject of this studies including Giannos et al.
serum testosterone with 208 participants with aged > 60 @7
cognitive function in older years. Bioavailable testosterone

men: results from the was significantly associated

National Health and Nutrition with cognitive function.

Examination Survey.

Testosterone supplementation ~ Systematic Testosterone supplementation Buskbjerg et al.

and cognitive functioning in
men—a systematic
review and meta-analysis

review and meta-
analysis

has no effect on cognitive
function in men with normal
testosterone levels, and are not
sufficient to be of clinical
relevance.

38
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symptoms (Odds Ratio, 0.32; 95% Confidence
Interval 0.15-0.67). In addition, the paraspinal
muscle index was positively associated with the
prevalence of vasomotor symptoms (odds ratio
1.06; 95% confidence interval 1.01-1.11).79 The
results of another study also demonstrated a
relationship between vasomotor symptoms and
skeletal muscle index in Korean menopausal
women.’® Based on the research results
described above, estrogen, testosterone, and
progesterone can be used as options to improve
the quality of life of elderly women. However, it
should also be noted that estrogen significantly
affects the central nervous system. Therefore, it
is necessary to consider the extent to which the
decrease in blood estrogen levels that occurs with
age (especially during menopause and beyond)
has an impact on cognitive function and individual
health in general.”” However, it should be noted
that the use of hormone replacement therapy in
elderly women must be carried out carefully so
as not to cause adverse side effects. Our
statement is consistent with the results of studies
showing that low serum testosterone levels in
women should be interpreted with caution. In the
context of therapy, the use of testosterone to
increase serum testosterone levels needs to be
considered so that the safety aspect is
guaranteed.?”

It has been explained that in both women
and men, after the peak of reproduction then, with
age, the production of sex hormones decreases.
The results showed that after puberty peaks, the
production of testosterone by Leydig cells
decreases with age. The statement is based on
research results that demonstrate that aging is
associated with stress and decreased testosterone
in Leydig cells.™ The results of a previous study
involving 250 healthy men aged 31-60 years
showed that total testosterone levels were
negatively correlated with increasing age.”” The
results of another study showed that the rate of
decline in testosterone production by Leydig cells
was about 1% per year.®” It has been
demonstrated that testosterone is important for
muscle growth in youth, but testosterone is not
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essential for maintaining muscle mass in adult
male rats.®D another study showed a positive
correlation between serum testosterone levels and
appendicular lean mass index but a negative
correlation with appendicular fat mass index in
men aged 20-59 years.® In addition, it was also
demonstrated that testosterone was positively
correlated with fat-free mass and handgrip
strength in the early-mid puberty group. The
positive correlation between free testosterone and
fat-free mass was stronger in the late-post-
pubertal group than in the early-mid-pubertal
group.®?

The results of other studies show that the
aging process causes a decrease in muscle mass
and strength.®¥ Several studies have
demonstrated that hypogonadal men (men who
experience testosterone production below normal
values) directly experience muscle atrophy.®>-$7
The results of this study are in line with the results
of other studies which have demonstrated that
sex hormone deficiency in the synthesis or action
of sex hormones on target cells affects organ
function.® The use of testosterone therapy is
important for individuals who experience muscle
atrophy because of the clinical impact of
decreased testosterone production. Under these
conditions, testosterone plays a significant role in
increasing muscle mass by shifting the protein
balance, resulting in an increase in muscle protein.
Therefore, testosterone is required for the
maintenance or restoration of muscle mass.®%39

Based on the fact that normal organ function
can occur if the tissue function is normal. Tissue
function can be normal if the function of its
constituent cells is normal. With regard to normal
cell function, certain cells (target cells) can
perform their functions normally when sex
hormones are present. Sex hormones can act on
target cells, for example, the action of testosterone
(as a sex hormone) on skeletal muscles. The
effects of these sex hormones on body tissues
are very complex.? It should be remembered that
only free steroids, in this case, free testosterone
(bioavailable testosterone) in the circulatory
system, can act on target cells (e.g. skeletal

339



Parwanto, Tjahyadi, Amalia, et al

muscle) if mediated by sex hormone-binding
proteins called sex hormone-binding globulins
(SHBG). The availability of free testosterone and
the constellation between free testosterone and
SHBG in circulation determines the action of free
testosterone on target cells.'"'> Based on the
description of the results of the study, testosterone
production is highest at the peak of the
reproductive period, and its levels decrease with
age. Testosterone functions, among other things,
to maintain optimal muscle activity. We argue that
muscle strength is influenced by the bioavailability
and action of free testosterone. Our statement
corresponds to the results of research showing
that SHBG and testosterone have an effect on
body mass index. SHBG levels are negatively
correlated with body weight, namely increasing
body weight lowers SHBG levels. Moreover,
SHBG showed a negative correlation with body
mass index and waist circumference.”

The level of SHBG in the elderly needs to
be considered because the level of sex hormone-
binding globulin in the cerebrospinal fluid
correlates with decreased cognitive function.®V
The results of our study showed that
supplementation of isoflavones for the
postmenopausal elderly for six months reduced
SHBG levels by 31.1%.? In addition, it was also
shown that age, gender, and genetic factors had
an effect on body mass index.®?

In an effort to obtain a better quality of life
for the elderly, nutritional factors must also be
considered to maintain the ideal body mass index,
muscle mass, hand grip strength, and cognitive
function. It has been proven that nutritional factors
affect body mass index. The results showed that
subjects with BMI <18.5 kg/m2 actually had a
low intake of macronutrients (protein, fat, and
carbohydrates), resulting in chronic energy
deficiency with low status.®® Based on the results
of this study, the intake of macronutrients must
be met so that the elderly do not experience
chronic energy deficiency and their quality of life
becomes better.
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CONCLUSION

In women and men, the function of several
organs of the body is influenced by sex steroid
hormones, namely estrogen and androgens. Along
with the aging process, both women and men
experience changes in sex hormone levels that
affect the function of several organs, including
muscles. In addition to estrogen, which can be
used as an option for replacement therapy for
elderly women, there are several other hormones
that can be used, including testosterone and
progesterone. Of course, the use of these
hormones considers the side effects. It has been
proven that testosterone and progesterone can
be used to stimulate muscle protein synthesis.
Based on the results of this review, it can be
focused that there is a relationship between
testosterone levels, muscle mass, hand grip
strength, and cognitive function in the elderly. In
connection with efforts to obtain a better quality
of life for the elderly, nutrient factors must also
be considered to maintain an ideal body mass
index, muscle mass, handgrip strength, and
cognitive function.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

Not applicable.

CONSENT FOR PUBLICATION
Not applicable.

CONFLICT OF INTEREST

The author declares that they have no
competing interests.

FUNDING

The author did not get funding from
anywhere in the writing of this manuscript.



Univ Med

AUTHOR’S CONTRIBUTION

Conceptualization: EP. Data acquisition: DT,

EP, HA, and NH. Data analysis or interpretation:
EP, HA, NH, HJE. Drafting of the manuscript:
EP and NH. Critical revision of the manuscript:
EP, HA, HIE, RAD, AVO, and ND. Approval of
the final version of the manuscript: all authors.

DATA AVAILABLITY STATEMENT

i

Not applicable.

REFERENCES

10.

Gharahdaghi N, Phillips BE, Szewczyk NI, et
al. Links between testosterone, oestrogen, and
the growth hormone/insulin-like growth factor
axis and resistance exercise muscle adaptations.
Front Physiol 2021;11: 621226. doi: 10.3389/
fphys.2020.621226.

Sharma G, Prossnitz ER. Assessment of metabolic
regulation by estrogen receptors. Methods Mol
Bi012022;2418:383-404. doi: 10.1007/978-1-0716-
1920-9 21.

Hammes SR, Levin ER. Impact of estrogens in
males and androgens in females. J Clin Invest
2019;129:1818-1826. https://doi.org/10.1172/
JCI125755.

Delgado BJ, Lopez-Ojeda W. Estrogen. Treasure
Island (FL) : StatPearls Publishing;2022.
Hamilton KJ, Hewitt SC, Arao Y, et al. Estrogen
hormone biology. Curr Top Dev Biol
2017;125:109-46. doi: 10.1016/bs.ctdb.2016.12.005.
Cappelletti M, Wallen K. Increasing women’s
sexual desire: the comparative effectiveness of
estrogens and androgens. Horm Behav
2016;78:178-93. doi: 10.1016/j.yhbeh.2015.11.003.
Smith T, Batur P. Prescribing testosterone and
DHEA: The role of androgens in women. Cleve
Clin J Med 2021;88:35-43. doi: 10.3949/
ccjm.88a.20030.

Yesiladali M, Yazici MGK, Attar E, et al.
Differentiating polycystic ovary syndrome from
adrenal disorders. Diagnostics (Basel)
2022;12:2045. doi: 10.3390/diagnostics12092045.
Leinonen JT, Mars N, Lehtonen LE, et al. Genetic
analyses implicate complex links between adult
testosterone levels and health and disease. Comm
Med 2023;3:4. doi: 10.1038/s43856-022-00226-0
Gu X, DeFalco T. In vitro differentiation of Leydig
cells from hiPSCs: a first step towards a cellular

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Yol 42 No. 3

therapy for hypogonadism?. Endocrinol
2022;163:1-3. https://doi.org/10.1210/endocr/
bgab221.

Guyansyah A, Parwanto MLE. Protein pengikat
hormon seks: sex hormone binding globulin
(SHBG) dan aksi steroid seks. J Biomed Kes
2019;2:45-50. DOI: https://doi.org/10.18051/
JBiomedKes.2019.v2.45-50.

Keevil BG, Adaway J. Assessment of free
testosterone concentration. J Steroid Biochem
Mol Biol 2019;190: 207-11. https://doi.org/10.1016/
JJsbmb.2019.04.008.

Worsley R, Santoro N, Miller KK, et al. Hormones
and female sexual dysfunction: beyond estrogens
and androgens—findings from the Fourth
International Consultation on Sexual Medicine. J
Sex Med 2016;13:283-90. doi: 10.1016/
jJsxm.2015.12.014.

Venkatesh VS, Grossmann M, Zajac JD, et al. The
role of the androgen receptor in the pathogenesis
of obesity and its utility as a target for obesity
treatments. Obesity Rev 2022;23:¢13429:1-21. doi:
10.1111/0br.13429.

Thiebaut C, Vlaeminck-Guillem V, Tr’edan O, et
al. Non-genomic signaling of steroid receptors in
cancer. Mol Cell Endocrinol 2021;538:111453. doi:
10.1016/j.mce.2021.111453

Wilkenfeld SR, Lin C, Frigo DE. Communication
between genomic and non-genomic signaling
events coordinate steroid hormone actions.
Steroids 2018;133:2-7. doi: 10.1016/
j-steroids.2017.11.005.

Lucas-Herald AK, Alves-Lopes R, Montezano
AC, et al. Genomic and non-genomic effects of
androgens in the cardiovascular system: clinical
implications. Clin Science 2017;131:1405-18. DOI:
10.1042/CS20170090.

Pataky MW, Young WF, Nair KS. Hormonal and
Metabolic Changes of aging and the influence of
lifestyle modifications. Mayo Clin Proc
2021;96:788-814. doi: 10.1016/
j-mayocp.2020.07.033.

van den Beld AW, Kaufman JM, Zillikens MC, et
al. The physiology of endocrine systems with
ageing. Lancet Diabetes Endocrinol 2018;6:647-
58.doi: 10.1016/52213-8587(18)30026-3.
Chidi-Ogbolu N, Baar K. Effect of estrogen on
musculoskeletal performance and injury risk. Front
Physiol 2019; 9:1834. doi: 10.3389/
fphys.2018.01834.

Murman DL. The impact of age on cognition.
Semin Hear 2015;36:111-21. doi: 10.1055/s-0035-
1555115.

Hansen, M. Female hormones: do they influence
muscle and tendon protein metabolism? Proc Nutr

341



Parwanto, Tjahyadi, Amalia, et al

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

342

Soc 2018;77:32-41.
S0029665117001951.
Critchlow AJ, Hiam D, Williams R, et al. The role
of oestrogen in female skeletal muscle ageing: a
systematic review. medRxiv preprint 2023. doi:
https://doi.org/10.1101/2023.05.18.23290199.
Counts BR, Fix DK, Hetzler KL, et al. The effect of
Estradiol Administration on Muscle Mass Loss
and Cachexia Progression in Female Apc™™* Mice.
Front Endocrinol 2019;10:1-16. https://doi.org/
10.3389/fendo.2019.00720.

Hansen M, Kjaer M. Influence of sex and estrogen
on musculotendinous protein turnover at rest and
after exercise. Exerc Sport Sci Rev 2014;42:183-
92. doi: 10.1249/JES.0000000000000026.

Smith GI, Yoshino J, Reeds DN, et al. Testosterone
and progesterone, but not estradiol, stimulate
muscle protein synthesis in postmenopausal
women. J Clin Endocrinol Metab 2014;99:256-65.
https://doi.org/10.1210/jc.2013-2835.

De Paoli M, Zakharia A, Werstuck GH. The role
of estrogen in insulin resistance a review of
clinical and preclinical data. American J Pathol
2021;191:1490-8. https://doi.org/10.1016/
j-ajpath.2021.05.011

Leblanc DR, Schneider M, Angele P, et al. The
effect of estrogen on tendon and ligament
metabolism and function. J Steroid Biochem Mol
Biol 2017;172:106-16. https://doi.org/10.1016/
J.jsbmb.2017.06.008.

Khapre S, Deshmukh U, Jain S. The impact of soy
isoflavone supplementation on the menopausal
symptoms in  perimenopausal and
postmenopausal women. J Mid-life Health
2022;13:175-84. DOI: 10.4103/jmh,jmh 190 21.
Vechin FC, Vingren JL, Telles GD, et al. Acute
changes in serum and skeletal muscle steroids in
resistance-trained men. Front Endocrinol
(Lausanne) 2023;14:1081056. doi: 10.3389/
fendo.2023.1081056.

Juppi HK, Sipild S, Cronin NJ, et al. Role of
menopausal transition and physical activity in
loss of lean and muscle mass: a follow-up study
in middle-aged Finnish women. J Clin Med
2020;9:1588. https://doi.org/10.3390/jcm9051588.
Kitajima Y, Ono Y. Estrogens maintain skeletal
muscle and satellite cell functions. J Endocrinol
2016;229:267-75. doi: 10.1530/JOE-15-0476.

Wen Z, Gu J, Chen R, et al. Handgrip strength
and muscle quality: results from the National
Health and Nutrition Examination Survey
Database. J Clin Med 2023;12:3184. https:/
doi.org/10.3390/jcm12093184.

Datau EA, Kenly K, Jim E, et al. Relationship
between testosterone levels with hand grip
strength, calf diameter, lung function, body mass

doi:10.1017/

35.

36.

37.

38.

39.

41.

42.

43.

45.

Role of sex_ steroid hormone

index and blood pressure in elderly men. Int J
Socl Serv Resh 2023;3:1279-84. DOL: https://
doi.org/10.46799/ijssr.v3i5.392.

Pillerova M, Borbélyova V, Pastorek M, et al.
Molecular actions of sex hormones in the brain
and their potential treatment use in anxiety
disorders. Front. Psychiatry 2022; 13 :972158. doi:
10.3389/fpsyt.2022.972158.

Cai Z, Li H. An updated review: androgens and
cognitive impairment in older men. Front
Endocrinol 2020; 11:586909. doi: 10.3389/
fendo.2020.586909.

Giannos P, Prokopidis K, Church DD, et al.
Associations of bioavailable serum testosterone
with cognitive function in older men: results from
the National Health and Nutrition Examination
Survey. J Gerontol ABiol Sci Med Sci 2023;78:151-
7. doi: 10.1093/gerona/glac162.

Buskbjerg CR, Gravholt CH, Dalby HR, et al.
Testosterone supplementation and cognitive
functioning in men—a systematic review and
meta-analysis. J Endocrin Soc 2019;3:1465-84.
https://doi.org/10.1210/js.2019-00119.

Sultana F, Davis SR, Murray AM, et al. Sex
hormones, SHBG and cognitive performance
among older Australian women: an observational
study. Climacteric 2023;26:121-8. https://doi.org/
10.1080/13697137.2023.2166824.

Wrigglesworth J, Harding IH, Islam RM, et al. The
association between sex hormones and the
change in brain-predicted age difference in older
women. Clin Endocrinol 2023;98:692- 9.
doi:10.1111/cen.14898.

XuW, SuBJ, Shen XN, et al. Plasma sex hormone-
binding globulin predicts neurodegeneration and
clinical progression in prodromal Alzheimer’s
disease. Aging 2020;12:14528-41. https://doi.org/
10.18632/aging.103497.

Wang L, Wang J, Shan Q, et al. Involvement of
baroreflex deficiency in the age-related loss of
estrogen efficacy against cerebral ischemia. Front
Aging Neurosci 2023;15:1167170. doi: 10.3389/
fnagi2023.1167170.

Lazar RM, Howard VJ, Kernan WN, et al. A
primary care agenda for brain health: a scientific
statement from the American Heart Association.
Stroke 2021;52:¢295-¢308. https://doi.org/10.1161/
STR.0000000000000367.

Duong S, Patel T, Chang F. Dementia: what
pharmacists need to know. Can Pharm J (Ott)
2017;150:118-29.doi: 10.1177/1715163517690745.
World Health Organization. Dementia. Geneva :
World Health Organization;2022.

Lang L, Clifford A, Wei L, et al. Prevalence and
determinants of undetected dementia in the
community: a systematic literature review and a



Univ Med

47.

48.

49.

50.

51

52.

53.

5.

56.

meta-analysis. BMJ Open 2017;7e011146. DOI:
10.1136/bmjopen-2016-011146.

Luthfiana A, Harliansyah H. Pemeriksaan indeks
memori, MMSE (Mini Mental State Examination)
dan MoCA-Ina (Montreal Cognitive Assestment
Versi Indonesia) pada karyawan Universitas Yarsi.
JKed YARSI2019;27:62-8. DOI: https://doi.org/
10.33476/jky.v27i2.1116.

DeTure MA, Dickson DW. The neuropathological
diagnosis of Alzheimer’s disease. Mol Neurodeg
2019;14:1-18. https://doi.org/10.1186/s13024-019-
0333-5.

Soria Lopez JA, Gonzalez HM, Léger GC.
Alzheimer’s disease. Handb Clin Neurol
2019;67:231-55. doi: 10.1016/B978-0-12-804766-
8.00013-3.

Song R, Fan X, Seo J. Physical and cognitive
function to explain the quality of life among older
adults with cognitive impairment: exploring
cognitive function as a mediator. BMC Psychol
2023;11:51. doi: 10.1186/s40359-023-01087-5.
Erratum in: BMC Psychol 2023 ;11:63.
Johansson MM, Marcusson J, Wressle E.
Cognitive impairment and its consequences in
everyday life: experiences of people with mild
cognitive impairment or mild dementia and their
relatives. Int Psychogeriatr 2015;27:949-58. doi:
10.1017/S1041610215000058.

Ehsani H, Mohler MJ, O’Connor K, et al. The
association between cognition and dual-tasking
among older adults: the effect of motor function
type and cognition task difficulty. Clin Intervent
Aging 2019;14:659-669. DOI https://doi.org/
10.2147/CIA.S198697.

Filardi M, Barone R, Bramato G, et al. The
relationship between muscle strength and
cognitive performance across Alzheimer’s disease
clinical continuum. Front Neurol 2022;13:833087.
doi: 10.3389/fheur.2022.833087.

Saputra DG, Dewi NR, Ayubana S. Penerapan
terapi menggenggam bola karet terhadap
perubahan kekuatan otot pada pasien stroke
dengan hemiparase di kota Metro. J Cendikia
Muda2022,2:308-12.

Bodilsen AC, Juul-Larsen HG, Petersen J, et al.
Feasibility, and inter-rater reliability of physical
performance measures in acutely admitted older
medical patients. PLoS One 2015;10:e0118248. doi:
10.1371/journal.pone.0118248.

Alyssa NI, Parwanto E. Handgrip strength as an
indicator of decreased cognitive function in the
elderly. IntJ Res Med Sci 2022; 10: 2978-83. https:/
/doi.org/10.18203/2320-6012.1jrms20223109.

57.

8.

59.

61.

62.

63.

65.

66.

Vol. 42 No. 3

Kim KH, Park SK, Lee DR, et al. The relationship
between handgrip strength and cognitive
function in elderly Koreans over 8 Years: a
prospective population-based study using
Korean Longitudinal Study of Ageing. Korean J
FamMed2019;40:9-15. doi: 10.4082/kjfm.17.0074.
Lee S, OhJW, Son NH, et al. Association between
handgrip strength and cognitive function in older
adults: Korean Longitudinal Study of Aging
(2006-2018). Int J Environ Res Public Health
2022;9:1048. doi: 10.3390/ijerph19031048.

Chang M, Geirsdottir OG, Eymundsdottir H, et al.
Association between baseline handgrip strength
and cognitive function assessed before and after
a 12-week resistance exercise intervention among
community-living older adults. J Aging Health
2022;2:100092. https://doi.org/10.1016/
j-ahr.2022.100092.

Fritz NE, McCarthy CJ, Adamo DE. Handgrip
strength as a means of monitoring progression
of cognitive decline — a scoping review. Ageing
ResRev2017;35:112-13. https://doi.org/10.1016/
j-arr2017.01.004.

Wreksoatmodjo BR. Pengaruh aktivitas fisik
terhadap fungsi kognitif lanjut usia di Jakarta
Barat. CDK 2016; 43:7-12. doi: 10.55175/
cdk.v43i1.40.

McGrath R, Robinson-Lane SG, Cook S, et al.
Handgrip strength is associated with poorer
cognitive functioning in aging americans. J
Alzheimer’s Dis 2019;70:1187-96. DOI: 10.3233/jad-
190042.

Jang JY, Kim J. Association between handgrip
strength and cognitive impairment in elderly
Koreans: a population-based cross-sectional
study. J Phys Ther Sci 2015;27:3911-5. DOI:
10.1589/jpts.27.3911.

Vancampfort D, Stubbs B, Firth J, et al.
Associations between handgrip strength and
mild cognitive impairment in middle-aged and older
adults in six low- and middle-income countries.
Int J Geriatr Psychiatry 2019;34:609-16. doi:
10.1002/gps.5061.

Kim H, Kim SH, Jeong W, et al. Association
between change in handgrip strength and
cognitive function in Korean adults: a
longitudinal panel study. BMC Geriatr
2021;21:671. doi: 10.1186/s12877-021-02610-2.

Su H, Sun X, Li F, Guo Q. Association between
handgrip strength and cognition in a Chinese
population with Alzheimer’s disease and mild
cognitive impairment. BMC Geriatr 2021;21:459.
doi: 10.1186/s12877-021-02383-8.

343



Parwanto, Tjahyadi, Amalia, et al

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

344

Miyamura K, Fhon JRS, Bueno AA, et al. Frailty
syndrome and cognitive impairment in older
adults: systematic review of the literature. Rev
Lat Am Enfermagem 2019;27:€3202. doi: 10.1590/
1518-8345.3189.3202.

Amaral CA, Amaral TLM, Monteiro GTR, et al.
Hand grip strength: reference values for adults
and elderly people of Rio Branco, Acre, Brazil.
PLoS One 2019;14:¢0211452. doi: 10.1371/
journal.pone.0211452.

Choi JY, Lee S, Min JY, et al. Asymmetrical
handgrip strength is associated with lower
cognitive performance in the elderly. J Clin Med
2022;11:2904.  https://doi.org/10.3390/
jem11102904.

Turusheva A, Frolova E, Degryse JM. Age-
related normative values for handgrip strength
and grip strength’s usefulness as a predictor of
mortality and both cognitive and physical decline
in older adults in northwest Russia. J
Musculoskelet Neuronal Interact 2017;17:417-32.

Oliveira AS, Reiche MS, Vinescu CI, et al. The
cognitive complexity of concurrent cognitive-
motor tasks reveals age-related deficits in motor
performance. Sci Rep 2018;8:6094. doi: 10.1038/
s41598-018-24346-7.

Illan-Gala I, Falgas N, Friedberg A, et al.
Diagnostic utility of measuring cerebral atrophy
in the behavioral variant of frontotemporal
dementia and association with clinical
deterioration. JAMA Network Open 2021; 4:
€211290. doi:10.1001/jamanetworkopen.2021.1290.
Moore KM, Nicholas J, Grossman M, et al. Age
at symptom onset and death and disease duration
in genetic frontotemporal dementia: an
international retrospective cohort study. Lancet
Neurol 2020;19:145-56. doi: 10.1016/S1474-
4422(19)30394-1.

Loi SM, Tsoukra P, Chen Z, et al. Risk factors to
mortality and causes of death in frontotemporal
dementia: An Australian perspective. Int J Geriatr
Psych 2022; 37:1-10. https://doi.org/10.1002/
gps.5668.

Ryan J, Scali J, Carriére I, et al. Impact of a
premature menopause on cognitive function in
later life. BIOG 2014; 121:1729-39. doi: 10.1111/
1471-0528.12828.

Ryu KJ, Kim HK, Lee YJ, et al. Association
between vasomotor symptoms and sarcopenia
assessed by L3 skeletal muscle index among
Korean menopausal women. Menopause
2021;29:48-53. doi: 10.1097/
GME.0000000000001879.

Navarro-Pardo E, Holland CA, Cano A. Sex
hormones and healthy psychological aging in

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

Role of sex steroid hormone

women. Front Aging Neurosci 2018;9:1-10. doi:
10.3389/fnagi.2017.004309.

Gao L, Gao D, Zhang J, et al. Age-related
endoplasmic reticulum stress represses
testosterone synthesis via attenuation of the
circadian clock in Leydig cells. Theriogenol
2022;189:137-149. doi: 10.1016/
j-theriogenology.2022.06.010.

Parwanto MLE. The negative correlation between
testosterone levels and age in healthy Indonesian
men residing in the special capital province of
Jakarta, Indonesia. Int J Resc Med Sci2017;5:3431-
7. DOI: http://dx.doi.org/10.18203/2320-
6012.ijrms20173535.

Basque A, Nguyen HT, Touaibia M, et al. Gigantol
improves cholesterol metabolism and
progesterone biosynthesis in MA-10 Leydig
cells. Curr Issues Mol Biol 2021; 44:73-93. doi:
10.3390/cimb44010006.

Davidyan A, Pathak S, Baar K, et al. Maintenance
of muscle mass in adult male mice is independent
of'testosterone. PLoS ONE 2021;16:¢0240278. doi:
10.1371/journal.pone.0240278.

Ye J, Zhai X, Yang J, et al. Association between
serum testosterone levels and body composition
among Men 20-59 Years of Age. Int J Endocrinol
2021;2021:7523996. doi: 10.1155/2021/7523996.
XuY, Wen Z, Deng K, et al. Relationships of sex
hormones with muscle mass and muscle strength
in male adolescents at different stages of puberty.
PLoS ONE 2021;16:¢0260521. doi: 10.1371/
journal.pone.0260521.

Larsson L, Degens H, Li M, et al. Sarcopenia:
aging-related loss of muscle mass and function.
Physiol Rev 2019; 99:427-511. doi: 10.1152/
physrev.00061.2017.

Cobo G, Gallar P, Di Gioia C, et al. Hypogonadism
associated with muscle atrophy, physical
inactivity and ESA hyporesponsiveness in men
undergoing haemodialysis. Nefrologia
2017;37:54-60. doi: 10.1016/j.nefro.2016.04.009.
Ferlin A, De Toni L, Agoulnik Al et al. Protective
role of testicular hormone INSL3 from atrophy
and weakness in skeletal muscle. Front Endocrinol
(Lausanne) 2018;9:1-15. doi: 10.3389/
fendo.2018.00562.

Bhasin S, Brito JP, Cunningham GR, et al.
Testosterone therapy in men with hypogonadism:
an endocrine society clinical practice guideline. J
Clin Endocrinol Metab 2018; 103:1715-44. doi:
10.1210/jc.2018-00229.

Rossetti ML, Steiner JL., Gordon BS. Androgen-
mediated regulation of skeletal muscle protein
balance. Mol Cell Endocrinol 2017;447:35-44. Doi:
10.1016/j.mce.2017.02.031.



Univ Med

89.

91.

Pasiakos SM, Berryman CE, Karl JP, et al. Effects
of testosterone supplementation on body
composition and lower-body muscle function
during severe exercise- and diet-induced energy
deficit: A proof-of-concept, single centre,
randomised, double-blind, controlled trial. Ebio
Medicine 2019;46:411-22. doi: 10.1016/
j-ebiom.2019.07.059.

Urbano F, Chiarito M, Lattanzio C, et al. Sex
hormone-binding globulin (SHBG) reduction: the
alarm bell for the risk of non-alcoholic fatty liver
disease in adolescents with polycystic ovary
syndrome. Children (Basel) 2022; 9:1748. https://
doi.org/ 10.3390/children9111748.

del Campo M, Pijnenburg YAL, Chen-Plotkin A,
et al. Sex hormone-binding globulin (SHBG) in
cerebrospinal fluid does not discriminate between
the main FTLD pathological subtypes but
correlates with cognitive decline in FTLD
tauopathies. Biomolecules 2021;11:1484. https://
doi.org/10.3390/biom11101484.

92.

93.

Vol. 42 No. 3

Parwanto MLE, Suweino S, Tjahjadi D, etal. The
effect of sex hormone binding globulin (SHBG)
protein polymorphism on the levels of SHBG,
testosterone, and insulin in healthy Indonesian
men. Int ] Med Sci Public Health 2016;5:799-806.
DOI: 10.5455/ijmsph.2016.1712201529333.
Parwanto MLE, Senjaya H. Dietary intake of
mother in childbearing age with BMI <18.5 kg/m2
and has heterozygous variant D327N SHBG
genotype (w/v). Int ] Comm Med Public Health
2017;4:409-17. DOL: http://dx.doi.org/10.18203/
2394-6040.1jcmph20170264.

345



