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ABSTRACT

Dynapenia is a condition characterized by decreased muscle strength and function in older adults that is not due to a spe-
cific underlying disease or medical condition. Dynapenia is common among older adults and has significant health effects,
including functional impairment, disability, increased risk of falls, hospitalization, and death. Oxidative stress, mitochondrial
dysfunction and chronic inflammation are involved in the etiopathophysiology of dynapenia. Diagnosis of dynapenia is based
on the evaluation of muscle strength and function using methods such as hand grip strength, timed up and go test and short
physical performance battery. Management of dynapenia involves a multifaceted approach that includes exercise, nutrition,
pharmacological interventions, management of underlying medical conditions, and fall prevention strategies. With appropri-
ate interventions, older adults with dynapenia can improve muscle strength and function, reduce the risk of falls and disability,

and maintain their independence and quality of life.
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ynapenia is a medical term used to describe age-re-

lated loss of muscle strength or function that is not
caused by a specific disease or medical condition. It is a
common condition in the geriatric population [1]. Dy-
napenia can occur due to various factors such as decreased
physical activity, hormonal changes, decreased protein
synthesis and inflammation. It can lead to functional de-
cline, decreased mobility, increased risk of falling, and loss
of independence [1]. Treatment of dynapenia includes
exercise and appropriate nutritional interventions [2].
Resistance exercises have been shown to be effective in
improving muscle strength and function. A balanced and
healthy diet, adequate protein intake, complex carbohy-
drates and monounsaturated fatty acids consumption are
important to maintain muscle mass and function [2]. In
this review, we will provide a comprehensive overview of
dynapenia, including its definition, prevalence, etiology,
mechanism, prevention, and treatment methods.
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DEFINITION OF DYNAPENIA

Dynapenia is a progressive medical condition charac-
terized by age-related decline in muscle strength and
function in the absence of underlying neurological or
muscular disease or medical condition [1]. The term
dynapenia was first used by Clark and Manini in 2008
to describe age-related decreases in muscle strength
(2]. This condition, which is common in the geriatric
population, can lead to functional decline, decreased
mobility, increased risk of falls, and loss of indepen-

dence [1].

EPIDEMIOLOGY OF DYNAPENIA

Dynapenia is a gradually developing progressive con-
dition that is common in older adults [2]. Prevalence
estimates vary depending on the definition used and
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the population examined. However, it is generally ac-
cepted that the prevalence of dynapenia increases with
age and is more common in women than in men [1].
It typically begins in the 4" decade of life and accelet-
ates after age 65. It is estimated to affect approximate-
ly 50% of people over the age of 65 and up to 80%
of people over the age of 80 [1, 3, 4]. Dynapenia has
significant health effects, including decreased physical
performance and an increased risk of disability, falls,
hospitalization and death [5]. Additionally, dynapenia
has been associated with several chronic conditions,
including type 2 diabetes mellitus, cardiovascular dis-
ease, and chronic obstructive pulmonary disease [6, 7].
Dynapenia has also been shown to be an independent
predictor of mortality [8]. Studies report that older
adults with low muscle strength or poor muscle func-
tion are at higher risk of death than those with higher
muscle strength or better muscle function [8, 9]. Giv-
en the significant effects of dynapenia on health and
healthcare expenditures, efforts to prevent or treat this
condition are important [5].

DIAGNOSIS OF DYNAPENIA

There is no consensus on specific diagnostic criteria for
dynapenia. Diagnosing dynapenia in general requires a
comprehensive evaluation of muscle strength and func-
tion, considering the many factors that may contribute to
muscle weakness in older adults [1].

The following methods can be used to diagnose dy-
napenia.

Hand Grip Strength

Hand grip strength is a simple and reliable measure of
overall muscle strength that can be easily performed
in clinical settings [10]. Decreased hand grip strength
is the most prominent feature of dynapenia [1]. There
are several different methods that can be used to mea-
sure muscle strength, including hand dynamometer,
isokinetic dynamometer, and hand grip dynamome-
ter [11]. Muscle strength cut-off values used to define
dynapenia vary depending on the population studied
and the measurement method used. However, the gen-
erally accepted cut-off for hand grip strength in men
is <30 kg and in women <20 kg [12]. In addition to
hand grip strength, other measures of muscle strength
and power, such as knee extension strength and power,
can also be used to evaluate dynapenia [1].

Highlight key points

¢ Dynapenia is a condition ignored by physicians.
e Muscle strength and performance must be evaluated in the
diagnosis of dynapenia.

e Management of dynapenia involves a multifaceted approach
that includes exercise, nutritional and pharmacological in-
terventions, as well as management of underlying medical
conditions.

Timed Up and Go Test

The timed up and go test is a measure of functional mo-
bility and balance that evaluates the time it takes for an
individual to get up from a chair, walk a short distance,
turn, walk back, and sit down again [13]. Slower times

on this test are associated with poorer muscle function
and increased risk of falls [14].

Short Physical Performance Battery [SPPB]

The SPPB is a series of tests that evaluate lower extrem-
ity function, including standing balance, walking speed,
and repeated chair postures [15]. Low scores on the
SPPB are associated with poorer muscle function and

increased risk of disability and death [16].

Muscle Biopsy

In rare cases, muscle biopsy may be used to evaluate mus-
cle fiber size and composition and identify underlying
structural or metabolic abnormalities [2].

Dual-Energy X-Ray Absorptiometry [DXA]

DXA can be used to evaluate muscle mass, an important
component of muscle strength and function [17]. How-
ever, DXA alone cannot differentiate between sarcopenia
and dynapenia.

MECHANISMS OF DYNAPENIA

Dynapenia is a multifactorial process affected by both
internal and external factors [18]. Although the exact
pathophysiology underlying dynapenia has not been
clearly elucidated, we can summarize the multiple un-
derlying conditions as follows.

Neuromuscular Changes

Neuromuscular changes are one of the primary mecha-
nisms of dynapenia [19]. With aging, there is a decrease
in the number of skeletal muscle motor units, which leads
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to a decrease in muscle mass and strength. In addition,
aging is associated with a decrease in muscle fiber size,
type II fiber atrophy, and an increase in intermuscular
fat and connective tissue [20]. These changes contribute
to decreased muscle quality, which can lead to decreased
muscle power production. Additionally, changes in the
nervous system, especially the neuromuscular junction,
which is the connection between nerve and muscle, can
also lead to the development of dynapenia [19].

Hormonal Changes

Hormonal changes are also an important mechanism of
dynapenia [21]. During the aging process, a decrease in
anabolic hormones such as testosterone, growth hormone
and insulin-like growth factor-1 occurs [22]. These hor-
mones play a critical role in muscle protein synthesis and
repair, and their decrease can contribute to a decrease in
muscle mass and strength [21].

Inflammation

Low-grade chronic inflammation is common in older
adults and may contribute to the development of dynap-
enia [23].

Oxidative Stress and Mitochondrial Dysfunction

Oxidative stress and mitochondrial dysfunction are two
mechanisms involved in the development of dynapenia
[24]. Oxidative stress occurs when there is an imbalance
between the production of reactive oxygen species [ROS]
and the body’s ability to detoxify and repair the resulting
damage [25]. ROS can damage cellular components such
as proteins, lipids, and DNA, leading to impaired muscle
function and increased risk of muscle atrophy. Oxidative
stress can also contribute to inflammation and activation
of signaling pathways that promote muscle wasting [24].
Mitochondrial dysfunction can lead to decreased ATP
production and increased ROS production, which can
contribute to oxidative stress, leading to impaired muscle
contraction and increased muscle fatigue [24, 25].

Physical Inactivity

Decreasing physical activity with aging is an important
external factor contributing to dynapenia [1]. It is well
known that physical activity plays a critical role in main-
taining muscle mass, strength, and function. Lack of
physical activity can lead to muscle disuse and atrophy,

which can contribute to decreased muscle strength and
power [1, 26].

Medicines

Many medications commonly used in the treatment of
chronic diseases can cause dynapenia [27]. Statins, sul-
fonylureas, glinides, glucocorticoids, myorelaxants, some
antidepressants, antipsychotics and sedatives can cause
dynapenia [27-29]. Additionally, opioid group analge-
sics may also cause this side effect [29].

Nutritional Factors

Nutrition is also an important external factor contribut-
ing to dynapenia [30]. Adequate intake of nutrients such
as protein, vitamin D and omega-3 fatty acids is import-
ant for maintaining muscle mass and function [30-32].
However, with aging, a decrease in appetite and impaired
nutrient absorption can also lead to malnutrition, which
can lead to the development of dynapenia [30].

In general, all these factors lead to muscle atrophy,
disruption of muscle protein synthesis and changes in
muscle metabolism, leading to the development of dy-
napenia. However, more research is needed to clearly un-
derstand the underlying mechanisms.

MANAGEMENT OF DYNAPENIA

Management of dynapenia involves a multifaceted ap-
proach that includes exercise, nutritional and pharma-
cological interventions, as well as management of un-
derlying medical conditions [1]. Clinical research on the
treatment of dynapenia continues. We can summarize
the treatment interventions for dynapenia as follows.

Exercise

Exercise is the most effective way to improve muscle
strength and function in older adults with dynapenia
[2]. Recent studies have investigated the optimal type,
intensity, and duration of exercise interventions for dy-
napenia. High-intensity interval training and aerobic
exercises can be done, but it is suggested that traditional
resistance training alone may be more effective in treat-
ing dynapenia [33]. Resistance exercise has been shown
to increase muscle strength, improve physical function,
and reduce the risk of falls in older adults with dynap-
enia [34]. It is recommended that older adults do re-
sistance exercise that focuses on large muscle groups
at least two to three times a week [34]. As resistance
exercises, patients with dynapenia may be advised to
do squats, lunge movements, chest presses and biceps
curls [35]. In addition to resistance exercises, aerobic
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exercises such as walking, cycling or swimming can also
be done [36]. However, exercise programs should be in-
dividualized according to the person’s fitness level and
functional limitations and should be supervised by a
trained professional.

Nutrition

Nutrition is also important in treatment, as adequate
protein intake is necessary for the maintenance and re-
pair of muscle tissue [1]. Older adults with dynapenia
should be included in a protein-rich diet to support
muscle protein synthesis [2]. A balanced diet that in-
cludes fruits, vegetables, whole grains, and lean protein
sources is important for older adults with dynapenia.
Older adults should aim to consume 1.0 to 1.2 grams
of protein per kilogram of body weight per day. Good
sources of protein include lean meat, fish, poultry, eggs
and dairy products [37]. Research is ongoing on the role
of certain nutrients, such as omega-3 fatty acids, cre-
atine, and leucine, in muscle health and dynapenia [31].
Emerging evidence suggests that these nutrients may
play a role in muscle protein synthesis and muscle func-
tion. In addition, since vitamin D is important for mus-
cle function and calcium is necessary for maintaining
bone health, these patients should be sure to consume
adequate amounts of vitamin D and calcium [38]. Older
adults should aim to consume at least 1,000 to 1,200
milligrams of calcium per day and get adequate sunlight
exposure or take a vitamin D supplement to ensure ade-
quate vitamin D levels [38].

Pharmacological Interventions

Several medications have been studied for their potential
to improve muscle strength and function in older adults
with dynapenia, including anabolic steroids, growth hor-
mone, and testosterone [31,39—41]. However, the use of
these medications is controversial, and their effectiveness
and safety in older adults are still unclear. Some of the
pharmacological interventions being investigated for dy-
napenia include the following.

Anabolic Steroids

Anabolic steroids are synthetic hormones that stimulate
muscle protein synthesis, increasing muscle mass and
strength. However, these drugs can have significant side
effects, such as liver damage, cardiovascular disease, and

mood disorders [39].

Growth Hormone

Growth hormone is a hormone that supports the growth
and renewal of cells and tissues, including muscles. Howev-
er, its use is associated with significant side effects such as in-
sulin resistance, joint pain and increased risk of cancer [40].

Testosterone

Testosterone is a hormone that plays a role in muscle
growth and maintenance of muscle mass. Testosterone
replacement therapy has been shown to increase muscle
mass and strength in older men with low testosterone
levels. However, testosterone use has significant side ef-
fects such as prostate cancer, sleep apnea and cardiovas-
cular disease [41].

Vitamin D

Vitamin D deficiency has been associated with dynape-
nia in older adults. Vitamin D supplementation has been
shown to improve muscle strength and function, but its
effectiveness is still unclear [31].

In general, caution should be exercised in pharmaco-
logical interventions for dynapenia. The risks and bene-
fits of these interventions should be carefully evaluated,
and non-pharmacological interventions such as exercise
and nutrition should be prioritized.

Management of Underlying Medical Conditions

Chronic diseases that contribute to dynapenia, such as
chronic obstructive pulmonary disease, heart failure or os-
teoarthritis, should be treated effectively and the negative
effects of these diseases on muscle strength and function
should be minimized [42]. Additionally, it is important to
consider psychosocial factors that may contribute to dynap-
enia in older adults. Depression, social isolation, and other
mental health problems can contribute to the development
of dynapenia by leading to decreased physical activity and
muscle function. Addressing these factors through coun-
seling or other interventions may be important for improv-
ing muscle function and overall health in older adults [43].

Fall Prevention

Older adults with dynapenia are at increased risk of fall-
ing, which can lead to serious consequences. Therefore,
fall prevention strategies such as changing the home en-
vironment, improving balance and mobility, and reduc-
ing medications that increase the risk of falling should be

implemented [1, 2].
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WHAT AWAITS US IN THE FUTURE
IN THE TREATMENT OF DYNAPENIA?

The future of dynapenia treatment is promising, as on-
going research reveals new insights into the mechanisms
of dynapenia and identifies potential therapeutic targets.
Some of the potential future advances in the treatment of
dynapenia include.

Precision Medicine

Precision medicine involves tailoring treatment to an
individual’s genetic and molecular profile [44]. As our
understanding of the genetic and molecular factors that
contribute to dynapenia improves, precision medicine
may enable more targeted and personalized treatments.

New Therapeutic Targets

Many new drug targets have been investigated for the
treatment of dynapenia in recent years. There are on-
going studies such as activators of the AMPK protein,
which regulates energy metabolism and mitochondrial
function; inhibitors of the ATF4 protein, which plays a
role in the regulation of muscle protein synthesis; and
modulation of the intestinal microbiome [45].

Stem Cell Therapy

Stem cells have the potential to regenerate damaged
or diseased tissues, including muscles. The use of stem
cell therapy in the treatment of dynapenia continues
to be investigated. However, more studies are needed
to determine the safety and effectiveness of this treat-
ment [46].

Gene Therapy

Gene therapy involves delivering therapeutic genes to
target tissues to correct genetic defects or improve cellu-
lar function. Researchers are investigating the use of gene
therapy to treat dynapenia, such as administering myo-
statin inhibitors or muscle-specific transcription factors
to increase muscle growth and function [47].

Biomarkers

Research is still ongoing to develop biomarkers that
can accurately diagnose dynapenia and predict the risk
of adverse outcomes such as falls, hospitalization, and

death [48].

Telemedicine

The COVID-19 pandemic has accelerated the use of
telemedicine and remote monitoring in healthcare, in-
cluding dynapenia management. To improve muscle
strength and function in dynapenic patients the feasibil-
ity and effectiveness of telemedicine-based interventions
are being investigated [49].

Artificial Intelligence

Artificial intelligence has the potential to improve the di-
agnosis and management of dynapenia by analyzing data
from large numbers of patients and identifying pre-dy-
napenia clinical conditions and markers of the disease.
Al-based tools can also help healthcare providers devel-
op personalized exercise and nutrition plans for older

adults with dynapenia [50].

Conclusion

Dynapenia is a common condition among older adults,
characterized by decreased muscle strength without sig-
nificant loss of muscle mass. The undetlying mechanism
of dynapenia is not fully understood but is believed to be
related to changes in neuromuscular junction and mus-
cle fiber composition. It is a rapidly developing field with
research on diagnosing, treating, and improving the out-
comes of dynapenia. The future of dynapenia treatment
is promising as ongoing research reveals new information
regarding this condition and identifies potential ther-
apeutic targets. Advances in precision medicine, stem
cell therapy, gene therapy, new drug targets, and artificial
intelligence may lead to more effective and personalized
treatments for dynapenia in the future.

Although dynapenia is common among older adults,
it is not an inevitable part of aging. With proper man-
agement, older adults can maintain muscle strength and
function into later years and maintain their indepen-
dence and quality of life.
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