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Abstract. The effect of physical exercise in increasing hypoxia-inducible factor-1 alpha: a systematic review.
Yulfadinata A., Ayubi N., Wibawa J.C., Rizki A.Z., Afandi A., Jr P.B.D. The human body during physical exercise
triggers various molecular reactions, one of which is the activation of hypoxia-inducible factor-1 alpha (HIF-1a), a
transcription factor that plays a role in cellular responses to hypoxic conditions. Hypoxia is a condition in which the body
experiences a lack of oxygen. Although it is known that physical exercise can increase HIF-1o. expression, until now there
is still inconsistency in the results of studies related to the impact of physical exercise on HIF-1a expression.In addition,
the underlying mechanism of increased HIF-1o during physical exercise is not fully understood. The lack of a deep
understanding of the causal relationship between physical exercise and HIF-1a expression is a challenge in efforts to
unravel the underlying mechanisms. Therefore, more systematic studies are needed to evaluate the specific effects of
physical exercise on HIF-la regulation and its impact on physiological adaptation. The aim of this study was to
investigate and measure the mechanism of physical exercise on increasing the expression of hypoxia-inducible factor 1-
alpha (HIF-1a). Several journal databases, including Embase, Pubmed, Web of Science, and Scopus, were searched for
this study. The study considered several criteria, including studies published in the last five years and those related to
erythropoietin, physical activity, and HIF-1a. The only papers excluded from inclusion in this analysis were those
published in non-reputable journals.Using databases from Embase, Web of Science, Pubmed, and Scopus, a total of
1578 publications were identified. Ten carefully screened and peer-reviewed papers addressed what is needed for this
systemic change. The current standard operating procedure for investigations was established using Systematic and
Meta-Analysis Preferred Reporting Items (PRISMA). The results of this systemic analysis show that physical exercise has
been shown to increase HIF-1a expression. Increased HIF-1o causes the hormone erythropoietin to be secreted and an
increase in erythrocytes count which then affects hemoglobin and VO,max and ultimately increases the athlete's physical
performance.

Pedepar. BuinB ¢izuunnx BnpaB Ha 30i1blIeHHs iHIyKOBaHOTO rimokcieio ¢gakropa-1 anpga: cucremaTnynuii
orusia. FOadaninara A., Awo6i H., Bioasa [x.K., Pizki A.3., Adanni A., Ik ILB.A. I1i0 uac ¢hizuunux eénpas 6
OpeaHizmi I0OUHU 8i00Y8AIOMbCA Pi3HI MONEKVIAPHI pearyii, 0OHICI0 3 AKUX € aKkmueayis iHOYKOBAHO20 2iNOKCI€
gaxmopa-1 anvgpa (HIF-10), mpanckpunyiiino2o gaxmopa, Axuil 8idiepac poasb y KIIMUHHUX PeaKyisx Ha 2iNOKCUYHI
ymosu. I'inoxcis — ye cman, npu KoMy op2anizm 8i0uysae Hecmawy KucHio. Xoua 6ioomo, wo Qizuyni enpasu mMoxicymo
s36inbuumu excnpecio HIF-1a, doci ichye cynepeunusicms y pe3yibmamax 00Ci0NCeHb, N0 I3AHUX 3 BNAUSOM QI3UUHUX
enpas na excnpecio HIF-1a. Kpim mozo, ocnosnuili mexanizm niosuwenns HIF-1o nio uac ¢izuunux enpas 00 Kinys ne
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susueHull. Biocymuicmo 21ubok020 pO3YMIHHA RPUHUHHO-HACTIOKOB020 38'A3KY MIdC (DI3UYHUMU 6npaeamu ma
excnpecieto HIF-1o € nepewrxo0oro 0 cnpod wo0o po3kpumms 0CHOGHUX Mexarnizmie. Tomy neobxioni oOinou cucme-
MAMUYHI OOCHIONCEHHS Ol OYIHIOBAHHSA Cneyuiunoeo enausy Qisuunux enpae na peeyiayio HIF-1o ma ii éniue na
Qizionoeiuny adanmayiro. Memoio yb020 00cioxicenHst 6Y10 00CTIOUMU MA BUMIPAINU MEXAHIZM 6NIUGY QIZUUHUX 6NPAG
Ha 30inblenHs excnpecii IHOyKosanozo einokciero gaxmopa-1 anvgpa (HIF-1a). [{ns yboeo docniddicents 6yi0 nposedeHo
nowyK y Kinekox 6azax Oauux scypHanis, exmouarouu Embase, Pubmed, Web of Science ma Scopus. V docnioocenni
8pAX08YBANUCS KIIbKA Kpumepiis, 30Kpema 00CAI0NCeHHs, OnyONiKOBAHT 3a OCMAHHI N'iMb pOKi6, ma mi, Wo CMocyiomscs
epumponoemuny, Qizuunoi akmusnocmi ma HIF-1o. Cmammsamu, UKTIOYEHUMU 3 Yb020 AHANI3Y, Oy Mi, Wo onyoniKo8aHi
6 Heagmopumemnux sHcypHaiax. Buxopucmosyrouu 6azu danux Embase, Web of Science, Pubmed ma Scopus, 6yno useneno
3aeanom 1578 nybnikayiu. /lecams pemenvHo 6i0iopaHux ma peyeH308aHux cmameti NPUCEAYEHi HeOOXIOHUM 0N YbO2O
cucmemuo2o 0ocniodxcenus numanuam. [lomouna cmandoapmua onepayitina npoyedypa 015 00CHiOxdceHb 0yna po3podieHa
3 BUKOPUCMAHHAM NEPEeSadCHUX 36imHUX enemenmis cucmemamuunozo ma memaananisy (PRISMA). Pe3ynsmamu yvo20
CUCMEMHO20 aHANIZy NOKA3YIOMb, Wo (I3uuHi enpasu, K Oy10 nokazamo, 30itvuyioms excnpeciio HIF-1a. ITiosuwenns
piens HIF-1a npusodums 00 cexpeyii 2opmomny epumponoemuny ma 30i1buienHs KEbKOCmi epumpoyumie, uwo 6niueac Ha

2emoenodin ma VO:max, wo 3pewmoro niosuwye Qizuuny npaye30amuicms cnopmcmena.

The body goes through a phase of hypoxia, or
reduced oxygen levels when exercising, which has a
variety of effects on cells, including alterations to
mitochondrial biogenesis and angiogenesis both during
and after exercise [1]. Another novel therapy approach
to improve general health in overweight and obese
people is the combination of physical exercise with
exposure to hypoxia [2]. Exercise on a regular basis has
been shown to benefit human health [3]. Factor that
induces hypoxia in transcription of 100 different
enzymes and proteins involved in physiological res-
ponses to hypoxia are transcriptionally regulated by
HIF-1a [4]. Living above sea level causes people to
have greater heart rates, increased peripheral oxygen
saturation, lower pulmonary hypertension, and a
decreased ventilatory response to hypoxia [5].

Regular exercise, regardless of the kind, reduces
inflammation in both healthy people and those with
metabolic diseases [6]. Furthermore, it has been sug-
gested that hypoxic exercise training is a useful
method for enhancing body composition, insulin sen-
sitivity, and other functions linked to better health [7].
Hypoxia inducible factor (HIF) is a heterodimeric
protein consisting of an oxygen-sensitive o subunit
(HIF-1a, HIF-2a, and HIF-3a) and a constitutively
generated B component[8].HIF-1a, one of the three
HIFa homologs found in higher metazoans, controls
glycolysis in response to hypoxia [8]. In 1992, HIF-
la was identified as a transcription factor for the
human erythropoietin (EPO) protein gene [9]. Vas-
cular endothelial growth factor (VEGF) is the most
potent endothelial mitogen, and over two percent of
human genes are now involved either directly or
indirectly in the manufacture of HIF-1a in arterial
endothelial cells [9].

Transcription factor HIF-1a is a key player in the
hypoxia response, controlling target gene expression
linked to angiogenesis, erythropoiesis, energy meta-
bolism, and cell survival [10]. Low oxygen availa-
bility prevents mitochondrial respiration and ATP
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synthesis, which results in a lack of energy [11].
Therefore, in order to adapt to low oxygen levels and
to shield themselves from related risks, cells, tissues,
and organisms need efficient systems [12]. A single
exercise session causes a rise in HIF-1a protein levels
in skeletal muscle, and PGC-1a's effects on HIF-1a
may extend HIF-la activity, enabling a persistent
adaptive response to exercise [10]. Hypoxia-indu-
cible factors (HIF), transcription factors, chemosen-
sors, and signaling molecules all play a role in the
regulation of gene expression and the activity of their
enzymatic products [12].

Conversely, toxic byproducts of oxygen con-
sumption impair tissue and cellular function and are
implicated in the etiology of several illnesses as well
as the natural aging process [13].Because mitochon-
dria need oxygen, they are also important producers
of harmful byproducts, especially reactive oxygen
species (ROS) within the mitochondria [13]. This
happens in both physiological and normoxic settings,
but it gets worse in some pathological situations
and/or hypoxia because of biological compartment-
specific hypoxia, hypoxia "caused by critical func-
tions," or decreased oxygen delivery because of dec-
reased oxygen availability in the surrounding envi-
ronment [14]. Effective mechanisms are therefore
needed by cells, tissues, and organisms to enable
adaptation in situations where oxygen is in short
supply and to offer defense against related risks.

Nontranscriptional mechanisms, such as cardio-
respiratory reactions for the control of gene expression
and enzyme activity, are used in this tactic [15].
Numerous activities alter mitochondrial function, and
they also have the reverse consequence of regulating
mitochondrial HIF. Comprehending the regulation of
mitochondrial HIF interactions in both health and
sickness is crucial for mitigating risks and optimizing
hypoxia-based therapies for use in clinical settings or
boosting performance, as adaptation to hypoxia may
induce resistance or pathological changes [16]. There is
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growing evidence that physical activity improves
overall health outcomes, such as immune system
function, general metabolism, cardiovascular fitness,
and the avoidance of chronic illnesses including cancer
and cardiovascular disease [17]. We still don't fully
understand how the integrative response to exercise is
linked to health advantages, despite the identification of
several signaling pathways as part of this response[17].
And there is still much confusion about how exercise
responds to HIF-1a expression. Thus, the physiological
process of physical activity that increases the expression
of hypoxia-induced factor-1a (HIF-1a) will be discus-
sed in this comprehensive investigation. Therefore, the
purpose of this systematic observation is to discuss and
examine in depth how physical exercise affects and how
its mechanism increases the gene expression of HIF-1a.

MATERIALS AND METHODS OF RESEARCH

This study uses a systematic literature review
method. As part of the systematic review process, this
study examines many journal databases, such as
Pubmed, Embase, Web of Science, and Scopus [18].

Research on hypoxia-inducible factor-1 alpha
(HIF-1a), exercise, and erythropoietin were pub-
lished from 2019-2024 that met the inclusion criteria

for this study. Among the papers excluded from this
study were those published in non-reputable journals
and not published in predetermined databases
according to the inclusion criteria.

Verified and approved, complete texts, abstracts,
and article titles were added to the Mendeley data-
base. In the first phase, 1578 publications were found
using the databases Embase, Web of Science, Pub-
med, Scopus, and Web of Science. 485 items were
assessed in the second stage according on how well
the abstract and title complied with the guidelines.
The verification of 45 articles for additional proces-
sing constituted the third phase. We now filter
according on whether the topic is appropriate
throughout. Ten publications that satisfied the in-
clusion criteria were chosen in the end and carefully
examined for this systematic review. For this syste-
matic review, ten papers in total that met the inclusion
criteria were selected and thoroughly scrutinized. The
evaluation of standard operating procedures accor-
ding to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) is supported
by this study. Figure 1. PRISMA flow chart of the
article selection process.
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Fig. 1. PRISMA flow chart of the article selection process
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Results of the effect of physical exercise in increasing hypoxia-inducible factor-1a

Author SampleCharacteristics Study Design Intervention Results
(Song et al., Fifty male rats were used in Experimental For four weeks, doing 60 The Myocardial
2020) [19] this investigation and divided minutes of treadmill Infarction + Exercise

into five groups: MIE treated exercise five days a week group shoved the
with 2-methoxyestradiol greatest rise in HIF-1a
(2ME2; MIE + 2ME2, n =9), expression
MIE treated with PBS (MIE
+ PBS, n =9), the myocardial
infarction group (n =9), the
MI-with-ET group (n =9),
and the sham-operated group
(n = 8). The rats in each
group were given the same
care
(Baygutalp In this study, 23 athletes who  Experimental The study sample engaged At 75% VO; Max, the
et al,, 2021) [20]  reside at an elevation of 1850 in four training sessions: greatest rise in HIF-1a
meters and have an average session 1, which involved was seen during exercise
age of 21 years were included rest; session 2, which
involved exercising for
thirty minutes at 50%
VO2max; session 3, which
involved exercising for
seventy-five minutes at 75%
VO2max; and session 4,
which involved exercising at
100% VO2max until
tiredness
(Soori et al., Eight male top runners took Experimental The athletes train for four Throughout post-TL,
2020) [10] part in the research weeks at altitude HIF-1a expression
(TH+2500m) and increased
subsequently for four weeks
as residents in normoxia
circumstances (LL+1200m).
After that, they trained
under normoxia
circumstances (LL+1200m)
for four weeks. Following
that, they trained at see level
(TH+0) for three weeks. The
program consists of interval,
plyometric, endurance,
speed, and strength training
with different volume and
intensity levels. Over four
weeks at altitude and three
weeks at sea level, the
runners completed sixteen
training sessions each week
(two or three sessions per
day at 06.00, 10.00, and
16.00)
(Tian et al., Four groups were formed out  Experimental For eight weeks, mice The ET exercise

2020) [21]

of the 140 jantan, namely the
palsu type of liar (WT-sham),
the ET type of liar (WT-ET),
the ET type of liar (WT-ET),
and the ET type of liar (WT-
ET). In the first group, we
have the type group TAC
(WT-TAC) and the group
latihan TAC + type liar (WT-
TAC + E). In the second
group, we have three groups:
the group knockout sham

undertook a moderate
intensity exercise training
routine (about 60% of their
maximum aerobic speed) on
a treadmill. The training
program was set up for 30
minutes a day at a speed of
11 m/min during the first
two weeks of the program,
with a 0% rate. Each day,
the intensity and length
were raised to achieve 60

training group showed
an increase in HIF-1a
expression

25/Tom XXX/3
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Author

SampleCharacteristics Study Design

Intervention

Results

(D. Wu et al.,
2020) [22]

(Tryfonos et al.,
2021)[23]

(Torabimehr et
al., 2019) [9]

HSF1 (HSF1KO-sham), the
group knockout TAC HSF1
(HSF1KO-TAC), and the
group latihan KO HSF1 TAC
+ (HSF1KO-TAC + ET)

Ten female mice took part in
the investigation

Experimental

Thirteen male patients with
chronic heart failure (age: 51
+ 13 years; BMI: 27 + 4
kg/m2) were randomly
assigned to receive one of two
3-month exercise programs:
HIIT (N = 6) or COM (N=7)

Experimental

The study involved the
selection of 48 female rats,
divided into six groups of
eight rats each: (1) cadmium;
(2) endurance training; (3)
endurance training combined
with cadmium consumption;

Experimental

minutes of training at a
speed of 13 m/min, a 0%
rate. Each training phase
consists of five days of
moderately intense
additional training. In order
to avoid the acute effects of
exercise, all post-exercise
sessions were held two days
following the previous
exercise session. Over the
training period, the mice in
the other four groups did
not move

Mice were put in aquariums
with 15-20 ¢cm of warm,
sterile water in them. Three
forms of exercises were
utilized: (1) Heavy Intensity
Exercise (HE): rats swam
for 1.5 hours with a load
equal to 5% of their body
weight attached; (2)
Moderate Exercise (ME,
SWIM): rats swam for 30
minutes willingly; and (3)
Prolonged Exercise (LE):
mice swim voluntarily for
three hours or until
exhausted. When the mice
took five seconds to get to
the top of the water to
breathe, it was decided that
they were exhausted. Rats
that were sedentary (SED)
served as the controls
(CON)

Every participant received
three months of weekly
sessions of athletic
instruction. Before engaging
in 14 minutes of strength
training, patients in the
COM group exercised for 3
minutes at 50% VO:peak +
2x (4 minutes at
80%VO:peak + 3 minutes at
50%VO:peak) and the HIIT
group's patients exercised
for 3 minutes at
50%VOzpeak + 4% (4
minutes at 80%VO:peak + 3
minutes at 50% YV O:peak).
Leg curls and leg extensions
were the two exercises used
in strength training, and
each limb was worked
independently for two to
four sets of 10 to 12
repetitions with a 30-second
break in between at 60 to
70% of 1-RM

For three weeks, five
sessions a week of resistance
training were conducted by
groups 2, 3,4, and 5.
Furthermore, drinking
water containing 400 mg of
dissolved cadmium chloride

HIF-1a was upregulated
in mice that received
exercise training

Following training,
there was an increase in
HIF-1a expression

HIF-1a expression was
higher in the resistance
training + cadmium

group
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Author

SampleCharacteristics Study Design

Intervention Results

(Ploszczyca et
al., 2022) [24]

(Kamada et al.,
2023) [25]

(Volga
Fernandes et al.,
2022) [26]

(4) endurance training; (5)
endurance training combined
with cadmium consumption;
and (6) restraint/control

Twenty-four men cyclists
with training were split into
two groups, G1 and G2

Experimental

Male eight-week-old rats
were split into three groups
at random (N = 6 per group):
the hypoxic sedentary group
(Hypo-no), the normoxia
sedentary group (Normo-no),
and the hypoxic treadmill
running group (Hypo-ex)

Experimental

Three groups of twenty-four
men were assigned to
different activities: high-load
exercise (HL), low-load
exercise (LL), and low-load

Experimental

per liter was given to groups
1, 3, and 5. Resistance
training lasted 30 minutes
on the first day, and 60
minutes on the third week
after a progressive increase
in training time.
Additionally, by increasing
speed to 20 m/min in the
first week and 30 m/min in
the last week, excessive
training loads that increase
training volume are
controlled. Furthermore,
during three weeks, five
times a week, groups 2 and 3
engaged in resistance
training with a load of 30 to
50% body weight

To ascertain VO:max and
lactate threshold (LT)
values, subjects underwent
an incremental exercise test
in a normobaric hypoxic
environment (FiO2 = 16%;
about 2500 m). Further tests
were conducted in a
normobaric hypoxia
chamber (AirZone 25, Air
Sport, Warsaw, Poland) and
with an Excalibur Sport
cycle ergometer (Lode,
Groningen, The
Netherlands). To improve
the investigation's
dependability, a number of
atmospheric parameters
were maintained throughout
the test series, including
temperature (19 °C),
humidity (50%), carbon
dioxide (700-800 ppm), and
oxygen (FiO2 =16%)
concentrations. To measure
the levels of HIF-1a after
exercise, venous blood was
drawn once again after the
test

1o expression

From day 28 to day 42, only
the Hypo Exercise group
was required to run on a
treadmill for five times a
week, twelve meters per
minute, and thirty minutes
each day. To examine the
short-term effects of
treadmill running in a
hypoxic environment, CIA
rats were split into three
groups and given a single
treadmill workout on day 2.
Day 44: last workout on the
treadmill

The Hypo Exercise
group had elevated
levels of HIF-1a
expression

For the LL-BFR group, the
pneumatic cuff was inflated
to 80% of the arterial
occlusion pressure. Every
participant performed
bilateral knee extension

a considerable rise in
HIF-1a levels

Exercise was followed
by an increase in HIF-

The LL-BFR group had

25/Tom XXX/3
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Author SampleCharacteristics

Study Design

Intervention Results

exercise with blood flow
restriction (LL-BFR)

exercises twice a week for
eight weeks. The LL and
LL-BFR groups performed
three to four sets of fifteen
repetitions at 20% 1RM,
whereas the HL group
performed three to four sets
of eight to ten repetitions at
80% 1RM with a 60-second
rest interval in between sets

The aim of this study was to determine the
mechanism of HIF-la increase during physical
exercise. We know that physical exercise increases
the occurrence of oxidative stress as a physiological
response to exercise [27]. When mice had daily
treadmill exercise for 60 minutes, five times a week
for four weeks, their levels of HIF-1a increased [19].
Four training sessions were conducted with the
research sample, according to another research result.
The first session consisted of rest; the second
included thirty minutes of exercise at 50% VO,max;
the third included seventy-five minutes of exercise at
75% VO,max; and the fourth session involved
training at 100% VO;max until fatigue. The findings
of the study demonstrate that HIF-1a is most ex-
pressed at 75% VO,max [20]. HIF-1a levels increa-
sed in runners who trained for four weeks at altitude
and three weeks at sea level, according to another
study finding. Every week, the runners trained for
sixteen hours (two or three sessions each day at 06.00,
10.00, and 16.00) [10]. Strength training, in particu-
lar, has been found to be beneficial for enhancing
insulin sensitivity, heart health, bone density, muscle
mass, and metabolic health [28]. Exercise causes the
body to go into a hypoxic phase, which triggers the
activation of hypoxia-induced factor (HIF-1), a trans-
cription factor that controls metabolism and helps the
body adjust to hypoxic conditions [29].

Other research' findings indicated that mice
receiving regular physical exercise intervention for
eight weeks at a moderate intensity (about 60% of
their maximal aerobic speed) on a treadmill had an
increase in HIF-1a expression [21]. HIF-1la levels
were found to be increased in mice used in another
study that trained them to swim at a moderate
intensity and kept them in an aquarium with 15-20 cm
of sterile warm water [22]. After receiving strength
training and HIIT therapies, males showed an
increase in HIF-1o expression [23]. Research result
Ploszczyca et al., 2022. Increased expression of HIF-
la was also seen in twenty-four male cyclists who
trained under normobaric hypoxic conditions and
used ergometers. It has been demonstrated that
physical exercise, when used as a therapeutic inter-

188

vention, increases young people's attentiveness and
produces higher stimulation of cerebral metabolism
[30]. SpO; saturation can range from 90% to 94%,
which can exacerbate and cause hypoxia when en-
gaging in daily physical activity like walking, taking
a shower, or using the restroom [31]. Hematological
adaptation to prolonged hypoxia and ventilation are
important factors in this response. The increased
production of erythropoietin (Epo) by the kidneys
causes an increase in red blood cells and hemoglobin
(Hb) content, which is known as the hematological
response [32]. Below we present the molecular
mechanism of physical exercise increasing HIF-1a
gene expression as shown in Figure 2 below.

Thus, sports medicine was the first to identify
intermittent hypoxic training (IHT) as a potentially
helpful tactic for enhancing athletes' exercise perfor-
mance. It enhances IHT's physical performance and
has preclinical protective effects as well[33]. Accor-
ding to other research, exercising under hypobaric or
normobaric hypoxia increases the vasodilatory
response in lung tissue, which can help avoid pulmo-
nary arterial hypertension brought on by hypoxia
[32]. In a recent research, Semenza et al. disclosed the
molecular mechanisms underlying the "discovery of
how cells sense and adapt to changes in oxygen".
Furthermore, they were awarded the 2019 Nobel
Prize in Physiology or Medicine for their contri-
butions to a better understanding of how oxygen
levels affect cell metabolism and physiological
function [34]. Additionally, it has been demonstrated
that pertinent studies on molecular pathways have an
impact on the management of a number of human
illnesses, such as cancer and anemia [34]. In this
regard, during the hypoxia induction of hepatocellular
carcinoma (HCC) cell lines, Semenza et al. identified
HIF-1, a transcription factor associated with the
regulation of cellular adaptation to ambient hypoxia.
HIFs are a family of transcription factors that are
critical for regulating how cells respond to hypoxic
stress [35]. Of these, it is now known that three HIFs
HIF-1, HIF-2, and HIF-3 are the most significant
proteins active in hypoxia [36].

Ha ymoeax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBU / MEDICNI PERSPEKTIVI

&

LA |

HYPOXIA

147 PHYSICAL EXERCISE

Mitochondrial
Biogenesis

L J
Bone Marrow @ g - ErvthropoiesisT‘ HB Tq VO2Max T
@

Fig. 2. Mechanisms of Physical Exercise in Increasing Hypoxia-Inducible Factor-1 Alpha

The HPA axis and the sympathetic nervous system
will both be activated by physical activity [37]. In
addition, the body will contract its muscles 100 times
faster than usual [38]. Following this increase in
constriction, the need for energy rises significantly
and quickly [39]. Because the body is hypoxic that is,
lacking oxygen during physical activity, it searches
for ways to get oxygen and distribute it throughout
the body more quickly and thoroughly through
physiological processes [40]. The hypoxic phase that
the body goes through will trigger HIF-1a genetic
expression [32]. Furthermore, activating downstream
target genes involved in several biological processes,
such as angiogenesis, glucose metabolism, cell pro-
liferation, and survival, is largely dependent on the
stable HIF-1a component. It accomplishes this by
attaching itself to the HRE and moving to the nucleus
to combine with HIF-1b to create a heterodimer [8].

Particularly, experimental data indicate that HIF-
la, an essential transcription factor for hypoxia
adaptation, may regulate the expression of more than
100 downstream genes, including four target gene
categories that are inextricably connected to the
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development of tumors and the synthesis of proteins:
Vascular endothelial growth factor (VEGF), gly-
colytic enzymes and glucose transporter (GLUT)
[41], tumor invasion and metastasis-related factors,
and proteins connected to tumor development and
death [34]. Hypoxia, or low oxygen levels, trigger this
gene transcription factor, which in turn causes the
body to generate the hormone erythropoietin [42].
Therefore, the erythropoiesis process in the bone
marrow will be activated by the presence of Epo [43].
Thus, this process will result in a rise in red blood
cells [43]. An increase in red blood cells will also
result in an increase in hemoglobin levels, which will
bind more oxygen [44]. Additionally, this will affect
VO.max capacity, which will assist and enhance
physical capacities [45]. Nevertheless, the analysis of
this study has limitations because it only looks at how
the body's condition in the hypoxic phase during
physical exercise can cause HIF-1a expression, and it
only looks at how this can increase the erythropies
mechanism by increasing the hormone erythropietin.
The next analysis, according to researchers, should
provide a clearer picture of how HIF-2 or HIF-3 is
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expressed during physical activity. It may also shed
light on how exercise might improve one's health or
perhaps be a justification for suggesting it as a
treatment for a sickness. There might have a signi-
ficant effect on public knowledge.
CONCLUSIONS

1. Physical exercise has been shown to increase
HIF-1a expression.

2. The increase in this gene will trigger the secre-
tion of the hormone erythropoietin.

3. So that there is an increase in the formation of
erythrocytes. Hb also increases and has a positive im-
pact on increasing VO,max.
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