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Abstract
This editorial note scrutinizes an important clinical opinion regarding the role of mitochondria in generating
differing strength and endurance capabilities in elderly vs. young people. The submaximal effort against resistance,
as well as endurance effort differs between young vs. elderly people. This is usually explained by neurophysiological
differences, but this editorial note presents a hypothesis regarding the aging mitochondria. Mitochondria in
young people obtain all the necessary physical and metabolic properties that are needed and acquired throughout
adulthood; yet, mitochondria in elderly people undergo many changes.
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Introduction
Young adults’ response to resistance and endurance exercise differs
from that of elderly people in four aspects. [1] 1) Neurophysiological,
based on maximal and submaximal isometric or isotonic voluntary
force, motor unit thresholds, force kinetics and endurance. [2] 2)
Biochemical, for example, young people have a more glycolytic
metabolism and produce higher blood lactate after maximal isometric/
isotonic contraction, and demonstrate slower utilization of muscle
glycogen and blood glucose. [3] 3) Biological, in terms of expression
and activation of adult stem or satellite cells during normal growth,
and 4) Morphological, muscle fiber composition differs between young
and elderly people.
This editorial note introduces the theory that aging mitochondria
affect the ability to generate submaximal strength and to produce
endurance capabilities, and suggests potential explanations.

The Mitochondria
Mitochondria are the cell’s powerhouse, producing energy necessary
for basic and advanced myofiber functions, such as contraction,
myogenesis, apoptosis and hypertrophic changes. Consequently,
mitochondria are responsible for most of the oxygen consumption and
most of the adenosine triphosphate (ATP) production within the
myofibers.
Two different populations of mitochondria exist in skeletal muscle:
A small population (approximately 20% of total mitochondria) are
subsarcolemmal mitochondria, located below the plasma membrane. A
larger population (80% of mitochondrial) are intermyofibrillar
mitochondria, organized between the myofibrils. These two
populations have specific biochemical and functional properties. They
perform differently during aging and are differentially involved in the
process of primary sarcopenia. [4], the subsarcolemmal mitochondria
generate higher levels of reactive oxygen species [5]; therefore, peak
VO2 differs between young and elderly people. [6], about 2% to 3% of
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the electrons that flow through the electron transport chain of
complexes I-IV are not completely reduced to water and form oxygen
free radicals like superoxide (O2-) and hydroxyl radical (OH-). In
elderly mitochondria, these percentages are higher. [7,8], moreover,
mitochondria are considered the most important cellular sources and
targets of free radicals [9].
Although mitochondria can be found nestled between muscle
myofibrils, they are not “sedentary” organelles, but rather, vibrant ones.
In young people, mitochondria are always in transit and regularly
undergo fission and fusion. During aging, the fission and fusion cycles
of mitochondria are regulated by complex molecular machinery.
Evidence [10] demonstrates mitochondrial hyperfusion, which could
represent an attempt to cope with increased levels of mtDNA
mutations. Instabilities and variability in the fusion and fission of
mitochondria may be responsible for the formation of aberrant, i.e.
giant or elongated mitochondria in senescence [11], which could lead
to increased oxidant production. In young people, mitochondria
frequently move toward specific subcellular locations such as the Zbands and are thus, more available for immediate contraction. In
addition, in young people mitochondria appear more frequently in
type I muscle fibers and are typically located next to the Z-band,
whereas in elderly people, the mitochondria appear less frequently in
types I and II muscle fibers, and are mostly located peripherally.
The theory that mitochondrial function becomes impaired and
often mutates with aging, is well-established. [12], mitochondrial
malfunction, as well as decreased mass and number is associated with
aging muscle (i.e., primary sarcopenia).
Another possible explanation for the difference in young as
compared to elderly people in their ability to produce energy for
muscle contraction is a phenomenon known as ‘mitochondrial
respiratory chain disorder’ (MRCD). [13] MRCD is probably one of
the most common, yet often under-diagnosed disorders, resulting in
nonspecific symptoms of metabolic abnormality.
The process by which an organism adapts to a specific mechanical
stress is known as mitochondrial hormesis theory. This theory based
on a J-shaped curve representing the concept that very low or very
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high exposure to physical exercises is harmful or useless, while
moderate exposure is advantageous or even necessary. The same
concept applies to either short or long duration of muscle contraction.
The differing behavior and nature of mitochondria in young people as
compared to old people might be explained by the mitohormesis/
mitochondrial hormesis phenomenon [14].
In addition, mitochondrial dysfunction may result in changes in the
myonuclei and directly diminish ATP, which would negatively impact
protein synthesis within myofibers and probably decrease whole-body
bioenergetics. [15], there is evidence that mitochondrial turnover is
altered during muscle aging [16], and reduced mitochondrial functions
(e.g., efficiency and aerobic capacity) are associated with slower gait
speed [17].
Young people perform better and are more adaptable to endurance/
aerobic exercises than elderly people are, because their energy
expenditure relies more on oxidative and glycolytic metabolism.
Moreover, the efficacy of both anaerobic/glycolytic activity and
oxidative/aerobic activity is age-dependent. [18], utilizing various
energy mechanisms can significantly facilitate muscle metabolic status.
However, glycolysis in skeletal muscle in elderly people is much more
difficult to achieve than is using oxidative, energetic system muscle. In
other words, it is more difficult for elderly people to optimally use the
glycolytic metabolism essential to produce submaximal muscle
contraction, than it is for them to optimally use the oxidative energy
system.
Quantitative genetic epidemiology studies have provided
information related to mtDNA and mtRNA and exercise. Exerciseinduced changes demonstrate different gene expression as people grow
and age [19].
Other findings demonstrated that satellite cells (i.e. adult stem cells)
have an indirect role in the quality of the metabolic and energetic
systems. The satellite cells retain certain myogenic gene expression for
distinct metabolisms that help illustrate the differences in functional
parameters for mitochondrial biology. [20], mitochondrial
organization and function are linked to differentiation and/or
proliferation of adult stem cells and decline during aging.
Mitochondrial activity has a critical role in the differentiation and
proliferation of satellite cells; thus, the activation of endogenous adult
stem cells is strongly related to mitochondrial motility.
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The effects of malfunction and dysfunction of mitochondria during
aging can support the theory that these phenomena could translate
into a progressive decrease in muscular performance, influence
submaximal muscle contraction and aerobic capabilities, and
eventually, lead to the development of primary sarcopenia.
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