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A B S TRACT   
BACKGROUND: The aim of this study was to investigate the influence of the aerobic power test on myostatin, PGC-1, 
and Klotho levels in athletes who had acclimatized to the altitude.
METHODS: A total of twenty athletes consisting of nine women and eleven men with an age average of 19.80±2.587 
who were engaged in cross-country skiing at elite level participated in the study. The study was carried out at a ski center 
(altitude: 2000 m). The participants were measured for age, height, body mass (by standard methods), aerobic power test, 
blood lactate level after rest and aerobic power test. Blood was obtained from the (basal) antecubital vein in the fasting 
condition before to the aerobic power test. Two hours and 48 hours after the test, blood taking was repeated. Klotho, 
myostatin and PGC-1α levels were examined in the serum samples by the ELISA device and MicroELISA method.
RESULTS: As a result, the aerobic power test which lasted 15 minutes significantly increased the PGC-1α (31.2%) and 
Klotho (332.8%) levels (P<0.016). The serum, on the other hand, had no effect on the level of myostatin (7.2%) cheval 
(P>0.016).
CONCLUSIONS: Acute exercise (single repetition) was found to be effective even on elite athletes who had adapted to 
the altitude. Myostatin level did not change with the aerobic power test performed at low-mid altitude, but PGC-1α and 
Klotho levels increased.
(Cite this article as: Tetik Dündar S, Kuzucu M. Varol SR. Effect of the aerobic power test performed at low-medium altitude 
on the myostatin, pgc-1 alpha and klotho levels. Gazz Med Ital - Arch Sci Med 2023;182:000-000. DOI: 10.23736/S0393-
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General opinion in the sports community is
that altitude exercises may enhance endur-

ance performance. Traditional altitude exercise 
approaches, in which athletes live and train at 
middle elevations, are encouraged. Furthermore, 
it is believed that they may bring benefits in 
terms of performance enhancement for activities 
taking place at the sea level.1 It is quite important 
at altitude camps to pay attention to particular 

parameters in a physiological manner in terms 
of acclimatization and erythrocytes; to spare suf-
ficient time not to be less than two weeks; and to 
usually prefer low-medium (1000-2500 m) alti-
tudes so that exposure to the relevant environ-
ment will be a pertinent state. Nevertheless, it 
has been stated that the altitude camps made 2-4 
times a year will be quite beneficial for the com-
petitive performance of the endurance athletes at 
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is found on the fourth chromosome in humans 
and the fifth chromosome in mice. It generates 
a protein-coding consisting of 798 amino acids 
(797 in mice). It is readily accessible in tissues 
where oxidative metabolism is occurring (brown 
fatty tissue, heart, skeletal muscle in which mi-
tochondrion is intensive). This level is also high 
in brain and kidneys. However, it is expressed 
at a low level in the liver and at a much lower 
level in the white fatty tissue.14 It is known that 
PGC-1α leads to reformation of the composition 
of the skeletal muscle. PGC-1α may be easily 
stimulated in the skeletal muscle both during the 
short-term and endurance-containing exercises 
on rodents and human beings.15-18 The existence 
of the Klotho gene (KL) was first expressed in 
mice in 1997. Those mice that are deficient in 
terms of KL gene continue their normal develop-
ment for a short time (3 weeks) and after which 
their development rate reduces. Immediately af-
terwards, they display signs of aging (8-9 weeks) 
and die. This state has been explained as a con-
sequence of the fact that the KL gene displays 
some kind of aging phenotypes while it fails to 
display its normal function in the analyses car-
ried out.19 Klotho is an enzyme encoded by the 
KL gene in human beings (a protein composed 
of 1014 amino acids). The mutations in this 
property have also been associated with aging, 
bone loss and alcohol consumption. That is to 
say, the osteoporosis problem experienced at the 
old age phase and alcohol drinking mutates this 
protein and changes and alleviates its effect.20, 21 
S-Klotho (in soluble form) is considered to be
a strong biomarker to be longevous. It has been
observed that elevations in plasma Klotho con-
centrations caused by aerobic exercise improve
vascular protection and may be responsible for
the rehabilitation of arterial stiffness caused by
endothelin.22 The aim of this study was to see
how the aerobic power test affected blood myo-
statin, PGC-1, and Klotho levels in athletes who
had acclimatized to high altitude.

Materials and methods

Research ethics

This study has been upheld and unanimously 
accepted and approved in terms of the provi-

the sea level.2 Altitude levels are categorized as 
close to sea level (0-500 m), low (500-2000 m), 
medium (2000-3000 m), high (3000-5000 m) 
and excessively high (>5000 m).2, 3 The high-al-
titude environment is defined as locations where 
the proportion of oxygen (O2) in the air begins 
to decrease as height rises, potentially limiting 
human survival. Myostatin, PDC-1α (gamma 
co-activator 1 alpha activated by peroxisome 
proliferator) and Klotho which particularly have 
significant effects on oxidative metabolism and 
mitochondrial density are rather new and even 
less known/unknown in the sports community. A 
member of the transforming growth factor beta 
(TGF-β) family, signal molecules of myostatin 
control the muscular growth in mammals.4, 5 
Myostatin is one of the molecules regulating the 
balance between the protein synthesis and state 
of deterioration in the skeletal muscle.6, 7 Myo-
statin is synthesized as a proprotein composed of 
376 amino acids (aa). Of this, 24 are aa’s which 
are signal peptides; 243 are propeptide aa’s and 
109 are those aa’s composed of a mature pro-
tein.4 Myostatin strengthens the skeletal muscle 
with its highly oxidative capacity and lower fa-
tigue effect. Therefore, it is the regulator of the 
sensitive balance between the muscular mass, 
muscular force, energy metabolism and endur-
ance as well.8 Myostatin (mouse myostatin) may 
cause excessive growth in the skeletal muscle 
in case of gene deletion or loss of function and 
lead to an enhancement of the muscular mass. 
Otherwise, i.e., in case of excessive expres-
sion, it causes muscular atrophy (wasting, de-
crease).4, 9, 10 As examining the study on myo-
statin at high altitude, it is discovered that there 
are no studies on the effects of physical activity 
on myostatin levels in hypobaric and hypoxic 
situations when compared to the known ones.11 
PGC-1α has been identified as a key regulator of 
energy metabolism.12 Mitochondrial biogenesis 
including adaptable thermogenesis (process in 
which the body produces heat/keeping the body 
temperature constant) is a transcription coactiva-
tor which is involved in a variety of reactions 
such as glucose/fatty acid metabolism, coding of 
ligament type in the skeletal muscle, heart de-
velopment, etc. and which interacts with a va-
riety of transcription factors.13 The PGC-1 gene 
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to measure the average lactate (fatigue marker) 
in the blood. Blood drop taken from the fingertip 
for measurement (0.7 μL) was dripped on strips 
and instantly analyzed in the blood lactate ana-
lyzer by using the lactate oxide technique. Mea-
surements were taken in the following sequence: 
prior to the aerobic power test (5 minutes ago), 
during the test (4, 5 minutes), 2 minutes after the 
test and 5 minutes after the test.25

Taking blood samples and biochemical analyses

Blood was taken from the antecubital vein in 
the seated position by the medical personnel to 
determine the basal values of the subjects prior 
to the aerobic power test (in the fasted state be-
tween 08:00 and 09:00 AM) and then the test 
was performed (at 11:00 AM). Blood was taken 
from the subjects again to determine the early 
(2 hours afterward) and possible (48 hours af-
terwards) effects of the test. Serum and plasma 
were centrifugally segregated from the blood 
samples so taken and preserved (at +4°C). 
All samples were analyzed in one go. Klotho, 
myostatin and PGC-1α levels were studied on 
the serum samples by the enzyme-linked im-
munosorbent assay (ELISA) device and by the 
MicroELISA method in compliance with the 
manufacturer’s instructions.23, 24, 26-29 As far 
as hemogram test was concerned, the fluores-
cence flow cytometry method was used by an 
XN1000 Sysmex analyzer (SYSMEX, Norder-
stedt, Germany). Regarding PGC-1α by Elab-
science (Elabscience, Houston, TX, USA) hu-
man peroxisome proliferator activated receptor 
gamma coactivator 1 alpha (PPARγC1α) ELISA 
kit (E-EL-H1359 96-Test) was used, and analy-
ses was performed by the MicroELISA method. 
The myostatin used was by Elabscience (Elab-
science) human myostatin (MSTN) ELISA Kit 
(E-EL-H1437 96-Test) was used, and analyses 
was performed by the MicroELISA method. 
Klotho was analyzed using Elabscience brand 
(Elabscience) Human KL (Klotho) ELISA Kit 
(E-EL-H5451 96-Test); furthermore, analyses 
was performed using the MicroELISA method. 
The Elisa device by Epoch Biotek Elisa Reader 
and Biotek (EL×50TM) automated strip washer 
(Agilent Technologies, Santa Clara, CA, USA) 
were used.

sions of the regulations concerning the “Scien-
tific Research and Publication Ethics” by the 
“Ethical Committee for Clinical Research” of 
the Binali Yildirim University at Erzincan (pro-
tocol no. 33216249-903.99-E.14479, approval 
date: 20.03.2020). As the participants were pro-
fessional (national) athletes, the necessary per-
mission was obtained from the Turkish Skiing 
Federation as to the fact that there was not any 
obstacle for the athletes to participate in the re-
search and that it was appropriate to carry out the 
research on athletes. At the same time, the “Vol-
untary Consent Forms” were caused to be signed 
by the athletes.

Group of participants

Research was carried out on a total of twenty ath-
letes consisting of nine women and eleven men 
with an age average of 19.80±2.587 who were 
engaged in cross-country skiing at elite level par-
ticipated in the study. Participants were selected 
by the cluster sampling method.

Place and time of research

Research was carried out at the ski center (al-
titude: 2000 m) as it was included in the low-
medium altitude and was a place where athletes 
continuously camped.

Physical measurements

A Konscales-branded digital scale was used for 
the height (cm) and weight (kg) measurements 
of the athletes.

Information-notice

Participants were requested not to take any stim-
ulants (caffeine, alcohol, drugs, etc.) and to avoid 
any severe physical activities prior to the test 
(24-48 hours).23 It was confirmed that the partici-
pants did not have any diseases, that they did not 
use regular medicine nor smoke cigarettes, that 
they did not have any cardiovascular disorders 
and hormonal treatment in their medical histo-
ries, etc.24

Blood lactate concentration level measurement

A portable hand-held lactate measuring analyzer 
(THE EDGE-Lactate Analyzer) was used in order 
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body mass average as 61.80±10.84 (kg), height 
average as 170.60±9.88 (cm), VO2max average 
as 67.47±7.73 (mL.dk-1.kg-1), HRmax average as 
75.26±3.26 (%). It was determined that an in-
crease occurred in the WBC, RBC, HGB, HCT 
and PLT values prior to and after the aerobic 
power test (Table II). When looking at Figure 1, 
the following average values were discovered: 
serum Klotho (ng/mL) level was 1.25±0.35 prior 
to the test, 2.61±2.02 2 hours after the test and 
5.41±5.67 48 hours after the test (increased by 
% 332.8), serum myostatin (ng/mL) level was 
14.28±9.11 prior to the test, 13.85±5.42 2 hours 
after the test and 15.31±6.54 48 hours after the 
test (increased by % 7.2; serum PGC-1α (ng/mL) 
level was 4.70±0.99 prior to the test, 5.51±1.08 
2 hours after the test and 6.17±1.03 48 hours af-
ter the test (increased by % 31.2). It was deter-
mined that the average of the blood lactate lev-
els was 3.26±2.28mmol/L, 4.10±2.87mmol/L, 

Aerobic power test

Åstrand-Ryhming (Å-R) bicycle ergometer test 
is an application serving to indirectly determine 
the O2 consumption level of a person as a result 
of a submaximal test. The test started at 100W on 
women. 150W and 200W were applied after the 
3rd and 6th minutes respectively. At the end of the 
9th minute, the load was reset, and the subjects 
were requested to pedal idly (pedal speed: 50 
rpm) for the purpose of regenerating/resting for 6 
minutes. The test started at 150W on men. 200W 
and 250W were applied after the 3rd and 6th min-
utes respectively. At the end of the 9th minute, the 
load was reset, and the subjects were requested to 
pedal idly (pedal speed: 50 rpm) for the purpose 
of regenerating/resting for 6 minutes. HR mea-
surements were taken during the last 15 seconds 
of each minute by the help of the polar watch 
available in the bicycle ergometer system.30

Statistical analysis

Data obtained from the research were analyzed 
by the IBM Statistical Package for the Social Sci-
ences (SPSS Inc., Chicago, IL, USA) 24.0 pack-
age program. Shapiro-Wilk Test was performed 
in the determination of the distribution of data; 
descriptive and frequency analysis in the deter-
mination of the averages; and one-way analysis 
of variance (ANOVA) in repeated measurements 
in the determination of the variances between 
measurements. Bonferroni adjustment was made 
to control the type I error. Results were provid-
ed as arithmetic average and standard deviation 
(X±SS), mean difference (MD), minimum obser-
vation value (minimum) and maximum observa-
tion value (maximum). Level of significance was 
considered to be P<0.016 in 3-repeat tests (for 
hemogram and markers) and P<0.012 in 4-repeat 
tests (for blood lactate).

Results

The findings of the study in which twenty athletes 
consisting of nine women (45%) and eleven men 
(55%) participated were presented and explained 
in the form of tables. In Table I, the age average 
of the participants was determined as 19.80±2.58 
(years), sports age average as 8.20±2.82 (years), 

Table I.—��Distribution of some physical and physi-
ological parameters.
Variables Min. Max. X±SS
Age (years) 16 25 19.80±2.58
Sports age (years) 3 13 8.20±2.82
Body mass (kg) 49 87 61.80±10.84
Height (cm) 156 187 170.60±9.88
VO2max (mL.dk-1.kg-1) 56.56 83.11 67.47±7.73
HRmax (%) 68.80 81.00 75.26±3.26
HRmax (%): what percentage an individual uses of his maximum 
heart rate and at what rate during the test.

Table II.—��Pretest and post-test average values in se-
lected hemogram results.
Variables Test Min. Max. X±SS
WBC 

(×10^3/
μl)

Pretest 2.81 7.72 5.35±1.18
After 2 hours 3.21 8.48 6.80±1.30
After 48 hours 4.06 7.77 5.86±1.10

RBC 
(×10^3/
μl)

Pretest 4.41 5.70 4.98±0.42
After 2 hours 4.40 5.43 4.90±0.34
After 48 hours 4.53 5.84 5.15±0.41

HGB 
(g/dL)

Pretest 12.60 17.00 14.94±1.17
After 2 hours 12.10 16.10 14.70±1.06
After 48 hours 12.40 17.40 15.38±1.17

HCT  
(%)

Pretest 46.70 60.00 52.48±3.67
After 2 hours 46.00 56.40 51.20±2.74
After 48 hours 47.70 60.40 53.69±3.25

PLT (×10^3/
μl)

Pretest 108.00 287.00 189.60±62.11
After 2 hours 100.00 283.00 193.05±61.14
After 48 hours 131.00 285.00 205.63±55.51

Assessment of the samples taken prior to the aerobic power test and 
2 hours and 48 hours after the test respectively.
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ference in the serum myostatin level (P>0.016) 
prior to and after the test. As shown Table IV, 
it was determined that there was not any statis-
tically significant difference (P>0.012) between 
the pretest and post-test blood lactate level mea-
surements. As seen in Table V, it was determined 
that there was a significant difference (P<0.016) 
in the WBC, RBC, HGB and HCT parameters 
between the pretest and post-test values.

Discussion

It has been reported that while the workouts per-
formed in hypoxic conditions improved perfor-
mance, they also exhibited signs of a larger rise 
in capacity after the activities.31 The lack of a 
change in myostatin levels was due to the test 
failing to promote protein synthesis since it was 
not resistance exercise-oriented, and the oxida-
tive metabolism not being particularly active in-

5.45±2.39mmol/L and 5.79±3.81 mmol/L prior 
to the test, during the test 2 minutes after the test 
and 5 minutes after the test, respectively (Figure 
2). In Table III, it was determined that there was 
a highly significant difference (P<0.016) in the 
serum Klotho and PGC-1α levels prior to the 
test, 2 hours after the test and 48 hours after the 
test but that there was not any significant dif-

Figure 1.—Pretest and post-test average values in serum 
klotho, myostatin and pgc-1α levels.
Determination of serum klotho, myostatin and PGC-1α lev-
els from the sample taken prior to the aerobic power test and 
2 hours and 48 hours after the test respectively.

Figure 2.—Pretest and post-test average values in blood lac-
tate levels.
Blood lactate levels measured prior to the aerobic power 
test, 2 minutes after the test and 5 minutes after the test.

Table III.—��Intertest comparison of serum klotho, myostatin and pgc-1α levels.

Test
PGC-1α (ng/mL) Myostatin (ng/mL) Klotho (ng/mL)

MD ±SS P MD ±SS P MD ±SS P
Prior to Test After 2 hours -0.83* 0.20 0.00* -0.02 2.57 1.00 -1.47* 0.44 0.01*

After 48 hours -1.50* 0.23 0.00* -1.51 2.42 1.00 -4.20* 1.26 0.01*
After 2 hours Prior to Test 0.83* 0.20 0.00* 0.02 2.57 1.00 1.47* 0.44 0.01*

After 48 hours -0.67 0.28 0.09 -1.49 1.72 1.00 -2.73 1.19 0.10
After 48 hours Prior to Test 1.50* 0.23 0.00* 1.51 2.42 1.00 4.20* 1.26 0.01*

After 2 hours 0.67 0.28 0.09 1.49 1.72 1.00 2.73 1.19 0.10
Comparison of the klotho, myostatin and PGC-1α levels from the samples taken prior to the aerobic power test, 2 hours after the test and 48 
hours after the test.
*Statistically significant.

Table IV.—��Inter-test comparison of blood lactate lev-
els.

Test
Blood lactate concentration 

(mmol/L)
MD ±SS P

Prior to test During test -0.84 0.70 1.00
After 2 min. -2.19* 0.67 0.02
After 5 min. -2.53 1.03 0.14

During test Prior to test 0.84 0.70 1.00
After 2 min. -1.34 0.77 0.60
After 5 min. -1.69 0.91 0.47

After 2 min. Prior to test 2.19* 0.67 0.02
During test 1.34 0.77 0.60
After 5 min. -0.34 0.99 1.00

After 5 min. Prior to test 2.53 1.03 0.14
During test 1.69 0.91 0.47
After 2 min. 0.34 0.99 1.00

Comparison of the blood lactate levels measured prior to and 
during the aerobic power test, 2 minutes after the test and 5 minutes 
after the test.
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tized is likely to have caused the increases in 
erythrocyte, leucocyte, and HGB levels. It is be-
lieved that there are no deceptive aspects in the 
blood values of participants who are known not 
to have dehydration problems and who do not 
have any modifications in their food habits as a 
result of their camps at high elevations. In re-
search conducted at an altitude of 2350m, twen-
ty-four top athletes (six women and eighteen 
men) with an average age of 21.5±3.3 who en-
gaged in endurance workouts were tested at vari-
ous times during the day to allow the athletes to 
become used to the environment and exercise 
program. During the test, a treadmill was used, 
and physical and physiological measurements 
were obtained through incremental exercises. As 
a result of the exercise, HRmax average was de-

hibiting protein synthesis. As a result, it is as-
sumed that myostatin did not show any diminu-
tion. It is believed that their PGC-1 expression 
did not decrease and that there was no decrease in 
mitochondrial intensity because the participants 
who had acclimatized to the hypoxic environ-
ment were not exposed to excessive and long-
term hypoxia because they continued their train-
ing, living, and competing processes at low-me-
dium altitudes. It is thought that the increase in 
the Klotho level stemmed from the cell prolifera-
tion and inflammatory effect. The high blood lac-
tate level is assumed to have stemmed from the 
fact that the participants were elite athletes, that 
they were in competition, and that their resting 
periods were insufficient owing to strenuous ac-
tivities. The fact that the subjects were acclima-

Table V.—��Inter-test comparison of selected hemogram values.
WBC (×10^3/μl)

1st test 2nd test 3rd test
2nd test 3rd test 1st test 3rd test 1st test 2nd test

MD -1.41* -0.49 1.41* 0.91* 0.49 -0.91*
±SS 0.25 0.29 0.25 0.23 0.29 0.23
P 0.00* 0.32 0.00* 0.00* 0.32 0.00*

RBC (×10^3/μl)
1st test 2nd test 3rd test

2nd test 3rd test 1st test 3rd test 1st test 2nd test
MD 0.08 -0.14* -0.08 -0.22* 0.14* 0.22*
±SS 0.04 0.03 0.04 0.03 0.03 0.03
P 0.14 0.00* 0.14 0.00* 0.00* 0.00*

HGB (g/dL)
1st test 2nd test 3rd test

2nd test 3rd test 1st test 3rd test 1st test 2nd test
MD 0.23 -0.35* -0.23 -0.58* 0.35* 0.58*
±SS 0.10 0.10 0.10 0.10 0.10 0.10
P 0.11 0.01* 0.11 0.00* 0.01* 0.00*

HCT (%)
1st test 2nd test 3rd test

2nd test 3rd test 1st test 3rd test 1st test 2nd test
MD 1.31* -0.96* -1.31* -2.27* 0.96* 2.27*
±SS 0.39 0.31 0.39 0.29 0.31 0.29
P 0.01* 0.02 0.01* 0.00* 0.02 0.00*

PLT (×10^3/μl)
1st test 2nd test 3rd test

2nd test 3rd test 1st test 3rd test 1st test 2nd test
MD -3.00 -15.42 3.00 -12.42 15.42 12.42
±SS 7.74 8.78 7.74 7.84 8.78 7.84
P 1.00 0.29 1.00 0.39 0.29 0.39
Comparison of the results of the samples taken prior to the aerobic power test (1st test) 2 hours after the test (2nd test) and 48 hours after the 
test (3rd test).
*Statistically significant.
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who did not was explored in a research. S-Klotho 
levels were found to be greater in women who 
exercised than in those who did not in measures 
made prior to the exercise test. In consideration 
of this fact, it was stated that regular exercise 
might regularly keep the Klotho level at high lev-
els. According to the study’s results, acute exer-
cise generated a significant increase in plasma 
Klotho levels in both women who exercised and 
those who did not, however chronic exercise only 
had a stimulating impact on Klotho in women 
who exercised on a regular basis.36 Bai et al. 
aimed to investigate the influence of 4-week hy-
poxic resistance workouts on myostatin and fol-
listatin gene expression in rat skeletal muscles in 
their study. The study utilized 24 8-week-old 
male rats separated into random groups. The 
groups were established as normoxic control 
group (N. 6 rats), normoxic exercise group (N. 6 
rats), hypoxic control group n:6 rats) and hypoxic 
exercise group (N. 6 rats). After 4-week hypoxic 
intervention and hypoxic resistance exercise, the 
relation of Myostatin mRNA showed changes in 
a different manner in the muscles of each group. 
Myostatin mRNA expression in the soleus mus-
cle of the hypoxic control group was found to be 
37.2% higher than that of the normoxic control 
group. In the soleus and biceps brachii muscles 
of the hypoxic exercise group, the myostatin 
mRNA expression (591.1%) was found to be 
lower than that of the hypoxic exercise group 
(478.4%).37 In the results, when the myostatin 
mRNA expression was reviewed, it was observed 
that it was found to be higher in hypoxic condi-
tions than in normoxic conditions, but that in the 
case where any exercise was not taken in hypoxic 
conditions, it was higher. The importance of 
maintaining a balance between muscle mass, 
muscular force, energy metabolism, and endur-
ance capacity to adapt to the hypoxic environ-
ment is assumed to be the cause of this rise. In the 
study of Śliwicka et al., eight male participants 
between the ages of 23-31 made the 4000 m sum-
mit climb. The participants had not exposed to 
high altitude during the past 6 months prior to the 
climb. In a period 14 days, starting from 1000 m, 
they reached an altitude of 3000 m within the ini-
tial 24 hours and set the base camp at which they 
would acclimatize for 24 hours. The next day, 

termined as 191.5±8.3 (bpm) and VO2max average 
as 60.0±5.8 (mL·kg-1·dk-1).32 When these results 
are compared with those of this study, it is ob-
served that the VO2max level (67.47±7.73 mL·kg-

1·dk-1) is lower and the HR average is higher. The 
disparity is assumed to be due to the varied test 
protocols utilized and the lack of acclimatization. 
Studies carried out on lactate threshold have re-
ported that the lactate threshold as %VO2max does 
not change. However, it has further been deter-
mined that the lactate level is higher at submaxi-
mal exercise intensities. As significant reductions 
will be observed in the VO2max level as the alti-
tude level increases, a reduction is also observed 
in the existing lactate threshold value. Therefore, 
the intensity in the maximal exercise reduces as 
well.33 In a research, the effect of acute exercise 
on the S-Klotho levels in sedentary youth and 
sedentary adults were examined. A one-hour 
walk of a treadmill in which VO2max was 55% 
was preferred for the young group (16 weeks). 
And a one-hour bicycle ergometer workout in 
which VO2max was 45% was preferred for the 
adult group (14 weeks). While any significant 
change was not observed in the S-Klotho levels 
of the young individuals prior to and after the ini-
tial program, significant increase was achieved in 
the S-Klotho levels of both young individuals 
(more effect) and adult individuals (less effect) at 
the end of the 16-weeks’ program.34, 35 In a study 
that looked at serum Klotho levels in well-trained 
athletes, the experimental group included thirty 
well-trained male soccer players (18-22 years 
old), whereas the control group included twenty-
eight healthy individuals (18-27 years of age). 
The control group consisted of people who went 
about their daily lives and exercised but were not 
athletes, and no physical activity level measure-
ments were recorded. And the experimental 
group proceeded with their regular workout rou-
tines. It was found in the measurement results 
that the plasma Klotho level was 3.375±1.48 ng/
mL in the experimental group and 1.39±0.43 ng/
mL in the control group. As a result, it was re-
ported that the exercises taken at an aerobic level 
led to an increase in the plasma Klotho levels and 
that the acute effects should be neglected.24 The 
effect of acute and chronic exercise on the S-
Klotho level in women who exercised and those 
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sessions that targeted 73 percent, 100 percent, 
and 133 percent of their maximal aerobic capac-
ity to explore the acute effects of varied intensity 
workouts on the mRNA expression of PGC-1α 
and its regulators. PGC-1α mRNA expression 
rose after all HIITs, according to the findings of 
the study. Surprisingly, it was discovered that 
when HIITs were performed at 100% effort, an 
increase of 790% was attained, which was sig-
nificantly larger than the gains seen at other in-
tensities (+432% in 73% intensity; +424% in 
133% intensity).40

Conclusions

Acute exercise (single repetition) was found to 
be effective even on elite athletes who had adapt-
ed to the altitude. Myostatin level did not change 
with the aerobic power test performed at low-
mid altitude, but PGC-1α and Klotho levels in-
creased. According to the results, myostatin can 
be supportive and stabilizer of oxidative metabo-
lism in aerobic exercises. With exercise, PGC-
1α can be rapidly stimulated in skeletal muscle. 
It may have important effects on mitochondrial 
biogenesis and rapid adaptation to exercise. 
Klotho can be rapidly stimulated by exercise, 
resulting in cell proliferation and inflammatory 
effects. With both acute and chronic exercises, it 
can delay senescence phenotypes with their anti-
aging effect, thus prolonging the lifespan. Klotho 
is a real justification for getting people to exer-
cise. Klotho is the unknown, hidden, the truest 
reason for the phrase “exercise is beneficial.”
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