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Exercise for endurance and strength: always separate?
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Abstract
Physical training can be classified into three main types:
endurance, resistance, and patterned movements. The first
two of them have a significant impact on muscle phenotype
and metabolism while patterned movement exercises concern
changes in a motor program in the central nervous system and
result in only slight changes in muscle tissue. Adaptation to
endurance versus resistance training in most aspects is extremely
different. Due to the mutually opposite nature, in classical
training systems, endurance and resistance exercises are very
often separated. Nowadays, in sport as well as recreation and
rehabilitation it is postulated to combine both types of exercises.
Because of this, the very important question arises as to how
combined workouts including strength and endurance exercises
will affect the body. An even more important question concerns
the proportions of both types of exercises, their intensity and
duration. Therefore, defining safe and effective training systems
can be beneficial not only for athletes but also for the prevention
of civilization-related diseases and aging effect.
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Introduction
ccording to Baar exercise can be classified into three
subclasses: endurance, resistance, and patterned
movements, where resistance and endurance exercises
have a significant influence on muscle phenotype while
patterned movement exercises concern mainly a motor
program in the central nervous system and result in
relatively small or very small biochemical changes in
the muscles [2]. Moreover, as the first, Hickson observed
that resistance exercises were negatively affected by
concurrent endurance exercise [16].
In present, when the mechanisms underlying muscle
adaptation to exercise are better understood, it allowed
Baar to propose a model explaining the concurrent
training effect [2]. The main variables of physical
activity (PA) are intensity and duration of exercise,
and their reciprocal relations (increase/decrease of one
variable) resulting in quite different adaptation within
the myocytes.
The results of high-resistance training relate to RNA
content [40], protein content [40], fast-twitch fibers
cross-sectional area [35, 36], wet mass [3], and the
capacity to generate force [9]. In opposite, increasing the
duration parallel to decreasing the intensity of exercise
results in quite different adaptations within the myocytes
including decreased glycolytic enzymes [30], increased
oxidative enzymes [20], increased slow contractile and
regulatory proteins, increased mitochondrial mass [17],
increased capillarization [23] and decreased fast-twitch
fiber area [34].
Combined training (endurance and resistance in one
single bout of exercise) results in decreased strength
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gains [16] however, as it will be further described, in
certain cases and circumstances such combining seem
adequate and thus recommended, not only as recovery
or rehabilitation.
In adaptation to exercise two serine/threonine protein
kinases play a particularly dominant role.
1. Protein kinase B/Akt (PKB) activates protein
synthesis (and decrease protein breakdown), which
leads to hypertrophy phenotype.
2. AMP-activated protein kinase increases the amount
of mitochondrial protein, glucose transport, as well
as a number of other paths leading to an endurance
phenotype.
3. Moreover, AMPK and PKB block each other’s
downstream signaling and, as the consequence
of this competition between enzymes, is a direct
molecular blockade handicapping the development
of the concurrent exercise phenotype [2].
Endurance exercise
The endurance training generally refers to training
the aerobic metabolic systems to energy production.
Endurance exercises induce many physiological

adaptations causing increased oxygen delivery to the
muscles and ability of the muscles to consume oxygen.
Most of these endurance training-dependent adaptations
affect the cardiovascular system, respiratory system and
skeletal muscle tissue [4, 8, 18, 20, 32].
During the exercise of long duration, two essential
intracellular signals trigger muscle adaptation: (i)
progressive increase in the AMP/ATP ratio and (ii)
increase of free Ca2+ in myocytes [18].
The simplified intracellular algorithm (Figure 1) of
signaling during aerobic exercise is as follows: the rise in
the AMP/ATP ratio → increased AMP bound to AMPK
[14] → a conformational change in AMPK → AMPK
becomes a more desired substrate for upstream kinase
LKB1 → an increase in AMPK activity after aerobic
exercise [39]. After the rise of free Ca2+ appearance
intracellular signaling algorithm is as follows: activating
Ca2+ sensitive signaling molecules just like protein kinase
(CamK) [12] → phosphorylation histone deacetylases
(HDAC) and binding myocyte-enhancing factor (MEF)
2 to the promoter of PGC-1alpha [10] → increased
expression of mitochondrial regulating gene → the
expression of respiratory genes, GLUT4, the fatty acid–
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Figure 1. The molecular pathways activated by endurance exercise
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oxidation enzymes, mitochondrial transcription factor A,
[10] → increased PGC-1alpha mRNA and protein
[1, 22]. In this way, AMPK is involved in mitochondrial
biogenesis causing increased mitochondrial capacity
[5], increased muscle glycogen storage and hexokinase
activity [21], translocation of GLUT4 to the myolemma
for glucose uptake [15] and glycolysis stimulation [25].
The listed mechanisms allow the contracting myocytes to
adapt to the increased energy expenditure during exercise.
Most of these adaptations can be caused by traininginduced ischemia. Not only biochemical adaptations
of skeletal muscles that take place during prolonged
endurance training are mediated by AMPK. Recent
research shows a crucial AMPK role in stimulating both
vasculogenesis and angiogenesis, and though increasing
blood supply to exercising muscles [28]. Increased
muscles aerobic capacity after endurance training allows
performing prolonged exercises with low or moderate
intensity and – what was very often opposed – generating
higher force in short bouts of exercises.
Resistance exercise
Resistance exercise may be described as any form of
exercise that causes the muscles contraction in the
circumstances of external resistance. Its subtypes may

be distinguished as static, dynamic, concentric, eccentric
exercises and others. After resistance training, muscle
hypertrophy and increased bone density are expected.
Yet, these phenotypes may only be expected as the
result of systematic and progressive activity of adequate
frequency, duration, and intensity, causing the body’s
adaptation according to the overload principle.
Whereas in endurance exercise the primary acute
response is increased level of oxidative enzymes [19],
increased mitochondrial mass [17], increased slow
contractile and regulatory proteins [30], decreased
glycolytic enzymes [30], and decreased fast-twitch fiber
area [34], in case of resistance exercise an increased
protein synthesis is the primary acute response. After
a single bout of resistance exercises, a 50% increase
of protein synthesis at 4 h and 115% at 24 h was
observed [2]. Hamosh et al. [13] clarified that the
increased intracellular protein synthesis in myocytes
after resistance exercise is the result of an increase
in the amount of protein synthesized per molecule of
RNA since no changes in the RNA content have been
observed [13].
In enhanced protein synthesis after resistance exercise
mTOR plays a key role (Figure 2). The mTOR pathway
is a specific response of skeletal muscles, to physical,
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Figure 2. The molecular pathways activated by resistance exercise
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nutritional or environmental stimuli. The associated
mTOR kinase is the enzyme responsible for activating
the pathway. An important aspect is also activation
through systematic and adequate intensity of resistance
exercise. It is a key factor stimulating intracellular
muscle protein synthesis and adaptation of the body
to changing environmental conditions. mTOR and/or
3-phosphoinositide-dependent protein kinase-1 (PDK1)
is required for the primary controls of protein synthesis
initiation including eukaryotic initiation factor 2 (eIF2),
4E binding proteins (4E-BP), and the 70-kDa S6 protein
kinase (S6K1). mTOR consist of two structurally
distinct complexes: mTORC1 and mTORC2 [41]
and both subunits localize to different intracellular
compartments [6].
Three different mechanisms have been identified for the
activation of TORC1 and its downstream targets: growth
factor stimulation, nutrient deprivation and refeeding of
amino acids, class III PI 3-kinase Vps34 overexpression
[7]. Moreover, Barr et al. as well as others have shown
that resistance exercise or muscle strain can transiently
activate mTOR, S6K, PKB, increase eIF2B activity and
inactivate GSK3A [3, 11, 24, 26, 29].
Combined exercise
In the light of knowledge and arguments mentioned
above, it seems obvious that exercise applied to highly
specialized elite athletes require highly specific either
endurance or resistance exercise, rather than their
combined version. However, there are numerous
individuals, including people above 50 years old,
who practicing physical activity expect rather health
profits and well-being instead of simple competing
and sports awards [33]. Thus, also a different approach
to the body’s response to exercise could be expected.
Molecular interactions after exercise are complex but
recently it became more clear how we can compare and
possibly combine endurance and resistance training.
Some questions still remain unanswered (especially
those concerning interrelation of volume, intensity, and
frequency) and some answers are still modified over the
years, according to new data appearance and increasing
health condition of modern man. Especially for older
adults, above 65 y. of age, the combined exercise
training should be recommended, since it results in
greater improvements in postural control, balance and
walking performance [33].
Recommendations on physical activity for health
Moderate-intensity physical activity refers to the physical
activity that is performed at 3.0-5.9 times the intensity
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of rest (3-6 MET’s, where 1 MET equal to the oxygen
cost of sitting quietly, equivalent to 3.5 ml/kg/min or
1 kcal/kg/hour [31]. Recommended by WHO levels
of PA for health distinguish (i) at least 60 minutes of
moderate to vigorous-intensity physical activity daily
(5-17 years old), (ii) at least 75 minutes of vigorousintensity aerobic physical activity throughout the week
(18-64 y.), (iii) at least 75 minutes of vigorous-intensity
aerobic physical activity throughout the week, or an
equivalent combination of moderate- and vigorousintensity activity (adults aged 65 years and above) [38].
Given by WHO recommendations seem somewhat
conservative and dictated by the principle primum
non nocere, since most international physical activity
guidelines recommend the incorporation of moderateintensity physical activity on all days of the week.
Moreover, WHO recommendations seem rather to
maintain health than to development/progress health
and fitness performance.
Older adults, above 65 years of age, comprise ca.
13% of the population. By the year 2030 the number
of people considered old is expected to increase up to
20% [27]. Moreover, worldwide the number of people
over 60 years is expected to nearly triple in 2050 (760
million in 2010 to 2 billion in 2050) [37]. Thus, it is
inevitably necessary to face the changing situation of
human demography and its consequences.
There is an absolutely common approach that the aging
process is irrevocably associated with decreasing fitness
performance and fitness functionality. Nonetheless,
there are data showing that it can be slowed down since
individual being above 60 years old is able to improve his
or her fitness performance and even fitness functionality.
Maintaining physical fitness in older age requires much
more intensity, frequency and duration compared to
WHO recommendations. For a narrow group of healthy
individuals above 60 years of age, it seems adequate
to recommend even higher values of intensity, loads,
frequency and duration of exercise allowing progress
in functional fitness and fitness performance. Although
in old age irreversible pathological changes appear
(concerning cardio-metabolic health, muscle-tendon
health, sarcopenia, pathologic changes of joints and
vessels, glands, etc.), the muscles and bone density are
still under influence of individual well-programmed
exercise. Intensive exercise and as a consequence better
functional fitness allows better general quality of life.
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