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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-1α), 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-1α expression, until now there 
is still inconsistency in the results of studies related to the impact of physical exercise on HIF-1α expression.In addition, 
the underlying mechanism of increased HIF-1α during physical exercise is not fully understood. The lack of a deep 
understanding of the causal relationship between physical exercise and HIF-1α 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-1α 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-1α). 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-1α. 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-1α expression. Increased HIF-1α causes the hormone erythropoietin to be secreted and an 
increase in erythrocytes count which then affects hemoglobin and VO2max and ultimately increases the athlete's physical 
performance. 

Реферат. Вплив фізичних вправ на збільшення індукованого гіпоксією фактора-1 альфа: систематичний 
огляд. Юлфадіната А., Аюбі Н., Вібава Дж.К., Різкі А.З., Афанді А., Дж П.Б.Д. Під час фізичних вправ в 
організмі людини відбуваються різні молекулярні реакції, однією з яких є активація індукованого гіпоксією 
фактора-1 альфа (HIF-1α), транскрипційного фактора, який відіграє роль у клітинних реакціях на гіпоксичні 
умови. Гіпоксія – це стан, при якому організм відчуває нестачу кисню. Хоча відомо, що фізичні вправи можуть 
збільшити експресію HIF-1α, досі існує суперечливість у результатах досліджень, пов'язаних з впливом фізичних 
вправ на експресію HIF-1α. Крім того, основний механізм підвищення HIF-1α під час фізичних вправ до кінця не 

https://doi.org/10.26641/2307-0404.2025.3.340762
https://orcid.org/0009-0004-1281-0518
https://orcid.org/0000-0002-5196-6636
https://orcid.org/0009-0009-2597-5350
https://orcid.org/0009-0006-7025-7209
https://orcid.org/0009-0009-7161-3852
https://orcid.org/0000-0002-4249-6126


 
МЕДИЧНІ ПЕРСПЕКТИВИ / MEDICNI PERSPEKTIVI 

 183 25/Том XXX/3 

вивчений. Відсутність глибокого розуміння причинно-наслідкового зв'язку між фізичними вправами та 
експресією HIF-1α є перешкодою для спроб щодо розкриття основних механізмів. Тому необхідні більш систе-
матичні дослідження для оцінювання специфічного впливу фізичних вправ на регуляцію HIF-1α та її вплив на 
фізіологічну адаптацію. Метою цього дослідження було дослідити та виміряти механізм впливу фізичних вправ 
на збільшення експресії індукованого гіпоксією фактора-1 альфа (HIF-1α). Для цього дослідження було проведено 
пошук у кількох базах даних журналів, включаючи Embase, Pubmed, Web of Science та Scopus. У дослідженні 
враховувалися кілька критеріїв, зокрема дослідження, опубліковані за останні п'ять років, та ті, що стосуються 
еритропоетину, фізичної активності та HIF-1α. Статтями, виключеними з цього аналізу, були ті, що опубліковані 
в неавторитетних журналах. Використовуючи бази даних Embase, Web of Science, Pubmed та Scopus, було виявлено 
загалом 1578 публікацій. Десять ретельно відібраних та рецензованих статей присвячені необхідним для цього 
системного дослідження питанням. Поточна стандартна операційна процедура для досліджень була розроблена 
з використанням переважних звітних елементів систематичного та метааналізу (PRISMA). Результати цього 
системного аналізу показують, що фізичні вправи, як було показано, збільшують експресію HIF-1α. Підвищення 
рівня HIF-1α приводить до секреції гормону еритропоетину та збільшення кількості еритроцитів, що впливає на 
гемоглобін та VO2max, що зрештою підвищує фізичну працездатність спортсмена. 

 
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-1α [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 α subunit 
(HIF-1α, HIF-2α, and HIF-3α) and a constitutively 
generated β component[8].HIF-1α, one of the three 
HIFα homologs found in higher metazoans, controls 
glycolysis in response to hypoxia [8]. In 1992, HIF-
1α 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-1α in arterial 
endothelial cells [9].  

Transcription factor HIF-1α 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 

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-1α protein levels 
in skeletal muscle, and PGC-1α's effects on HIF-1α 
may extend HIF-1α 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 



 
ТЕРАПІЯ ТА РЕАБІЛІТАЦІЯ 

 184 На умовах ліцензії CC BY 4.0 

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-1α expression. Thus, the physiological 
process of physical activity that increases the expression 
of hypoxia-induced factor-1α (HIF-1α) 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-1α. 

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-1α), 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. 

 

 
Fig. 1. PRISMA flow chart of the article selection process 
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RESULTS AND DISCUSSION 
 

Results of the effect of physical exercise in increasing hypoxia-inducible factor-1α 

Author SampleCharacteristics Study Design Intervention Results 

(Song et al., 
2020) [19] 

Fifty male rats were used in 
this investigation and divided 
into five groups: MIE treated 
with 2-methoxyestradiol 
(2ME2; MIE + 2ME2, n = 9), 
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 
 

Experimental For four weeks, doing 60 
minutes of treadmill 
exercise five days a week 

The Myocardial 
Infarction + Exercise 
group shoved the 
greatest rise in HIF-1α 
expression 

(Baygutalp 
et al., 2021) [20] 

In this study, 23 athletes who 
reside at an elevation of 1850 
meters and have an average 
age of 21 years were included 

Experimental The study sample engaged 
in four training sessions: 
session 1, which involved 
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 
 

At 75% VO2 Max, the 
greatest rise in HIF-1α 
was seen during exercise 

(Soori et al., 
2020) [10] 

Eight male top runners took 
part in the research 

Experimental The athletes train for four 
weeks at altitude 
(TH+2500m) and 
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) 
 

Throughout post-TL, 
HIF-1α expression 
increased 

(Tian et al., 
2020) [21] 

Four groups were formed out 
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 

Experimental For eight weeks, mice 
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 

The ET exercise 
training group showed 
an increase in HIF-1α 
expression 
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Author SampleCharacteristics Study Design Intervention Results 

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

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 
 

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

Ten female mice took part in 
the investigation 

Experimental 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) 
 

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

(Tryfonos et al., 
2021)[23] 

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 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%VO2peak + 
2× (4 minutes at 
80%VO2peak + 3 minutes at 
50%VO2peak) and the HIIT 
group's patients exercised 
for 3 minutes at 
50%VO2peak + 4× (4 
minutes at 80%VO2peak + 3 
minutes at 50%VO2peak). 
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 
 

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

(Torabimehr et 
al., 2019) [9] 

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 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-1α expression was 
higher in the resistance 
training + cadmium 
group 
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Author SampleCharacteristics Study Design Intervention Results 

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

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 
 

(Płoszczyca et 
al., 2022) [24] 

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

Experimental To ascertain VO2max 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-1α after 
exercise, venous blood was 
drawn once again after the 
test 
 

Exercise was followed 
by an increase in HIF-
1α expression 

(Kamada et al., 
2023) [25] 

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 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-1α 
expression 

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

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

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

The LL-BFR group had 
a considerable rise in 
HIF-1α levels 
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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-1α 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-1α 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% VO2max; 
the third included seventy-five minutes of exercise at 
75% VO2max; and the fourth session involved 
training at 100% VO2max until fatigue. The findings 
of the study demonstrate that HIF-1α is most ex-
pressed at 75% VO2max [20]. HIF-1α 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-1α expression [21]. HIF-1α 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-1α expression [23]. Research result 
Płoszczyca et al., 2022. Increased expression of HIF-
1α 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-

vention, increases young people's attentiveness and 
produces higher stimulation of cerebral metabolism 
[30]. SpO2 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-1α 
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 a1. 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]. 



 
МЕДИЧНІ ПЕРСПЕКТИВИ / MEDICNI PERSPEKTIVI 

 189 25/Том XXX/3 

 
 

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-1α 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-
1α, 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 

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 
VO2max 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-1α 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-1α 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 VO2max. 

Acknowledgments 
The authors would like to thank the support from 

Universitas Negeri Surabaya, STKIP PGRI Trenggalek. 
Contributors:  
Yulfadinata A. – conceptualization, validation, 

resources, funding acquisition;  
Ayubi N. – methodology, formal analysis;  
Wibawa J.C. – conceptualization, writing – origi-

nal draft;  
Rizki A.Z. – data curation, visualization;  
Afandi A. – supervision, project administration;  
Jr P.B.D. – writing – review & editing. 

REFERENCES 

1. Li J, Li Y, Atakan MM, Kuang J, Hu Y, Bi-
shop DJ, et al. The Molecular Adaptive Responses of 
Skeletal Muscle to High-Intensity Exercise/Training and 
Hypoxia. Antioxidants (Basel). 2020 Jul 24;9(8):656. 
doi: https://doi.org/10.3390/antiox908065   

2. Soo J, Raman A, Lawler NG, Goods PSR, Deldi-
cque L, Girard O, et al. The role of exercise and hypoxia 
on glucose transport and regulation. Eur J Appl Physiol. 
2023 Jun;123(6):1147-65. 
doi: https://doi.org/10.1007/s00421-023-05135-1  

3. Herrmann SD, Willis EA, Ainsworth BE, Bar-
reira TV, Hastert M, Kracht CL, et al. 2024 Adult Com-
pendium of Physical Activities: A third update of the 
energy costs of human activities. J Sport Health Sci. 
2024 Jan;13(1):6-12. 
doi: https://doi.org/10.1016/j.jshs.2023.10.010  

4. Kammerer T, Faihs V, Hulde N, Stangl M, Bret-
tner F, Rehm M, et al. Hypoxic-inflammatory responses 
under acute hypoxia: In Vitro experiments and prospective 
observational expedition trial. Int J Mol Sci. 2020;21(3):1034. 
doi: https://doi.org/10.3390/ijms21031034 

5. Nell HJ, Castelli LM, Bertani D, et al. The effects 
of hypoxia on muscle deoxygenation and recruitment in the 
flexor digitorum superficialis during submaximal inter-
mittent handgrip exercise. BMC Sports Sci Med Rehabil. 
2020;12:16.  
doi: https://doi.org/10.1186/s13102-020-00163-2  

6. Khalafi M, Symonds ME. The impact of high-
intensity interval training on inflammatory markers in 
metabolic disorders: A meta-analysis. Scand J Med Sci 
Sports. 2020 Nov;30(11):2020-36. 
doi: https://doi.org/10.1111/sms.13754  

7. Khalafi M, Sakhaei MH, Symonds ME, Noori 
Mofrad SR, Liu Y, Korivi M. Impact of Exercise in 
Hypoxia on Inflammatory Cytokines in Adults: A 
Systematic Review and Meta-analysis. Sports Med Open. 
2023 Jun 29;9(1):50.  
doi: https://doi.org/10.1186/s40798-023-00584-6  

8. Kierans SJ, Taylor CT. Regulation of glycolysis 
by the hypoxia-inducible factor (HIF): implications for 
cellular physiology. J Physiol. 2021 Jan;599(1):23-37. 
doi: https://doi.org/10.1113/JP280572  

9. Torabimehr F, Kazemi N, Hosseini SA. Effects of 
Resistance and Endurance Training on HIF-1α and VEGF 

in Heart Tissues of Pregnant Rats with Cadmium Toxicity. 
Gene Cell Tissue. 2019;6(1):e88363. 
doi: https://doi.org/10.5812/gct.88363  

10. Soori R, Zadeh M, Ghram A, Choobineh S, Mir-
zaei MR, Voltarelli AF. Effects of Hypoxic and Normoxic 
Training in Altitude on HIF-1α and PGC-1α Levels in Elite 
Endurance Runners. Sport Sciences and Health Research, 
2020;11(1): 61-70. 
doi: https://doi.org/10.32598/jesm.11.1.6  

11. Flood D, Lee ES, Taylor CT. Intracellular energy 
production and distribution in hypoxia. J Biol Chem. 
2023 Sep;299(9):105103. 
doi: https://doi.org/10.1016/j.jbc.2023.105103  

12.  Burtscher J, Hohenauer E, Burtscher M, Mil-
let GP, Egg M. Environmental and behavioral regulation 
of HIF-mitochondria crosstalk. Free Radic Biol Med. 
2023 Sep;206:63-73. 
doi: https://doi.org/10.1016/j.freeradbiomed.2023.06.015  

13.  Wibawa JC, Arifin MZ, Herawati L. Ascorbic 
Acid Drink after Submaximal Physical Activity can 
Maintain the Superoxide Dismutase Levels in East Java 
Student Regiment. Indian J Forensic Med Toxicol. 
2021 May 17;15(3):3383-92. 
doi: https://doi.org/10.37506/ijfmt.v15i3.15824  

14. Donnelly C, Schmitt S, Cecatto C, Cardoso LHD, 
Komlódi T, Place N, et al. The ABC of hypoxia – what is 
the norm. Bioenerg Commun. 2022;12:v2. 
doi: https://doi.org/10.26124/bec:2022-0012.v2 

15. Burtscher J, Duderstadt Y, Gatterer H, Burt-
scher M, Vozdek R, Millet GP, et al. Hypoxia Sensing and 
Responses in Parkinson's Disease. Int J Mol Sci. 
2024 Feb 1;25(3):1759. 
doi: https://doi.org/10.3390/ijms25031759 

16. Burtscher J, Romani M, Bernardo G, Popa T, Zi-
viani E, Hummel FC, et al. Boosting mitochondrial health 
to counteract neurodegeneration. Prog Neurobiol. 
2022 Aug;215:102289. 
doi: https://doi.org/10.1016/j.pneurobio.2022.102289  

17. Chong MC, Shah AD, Schittenhelm RB, Silva A, 
James PF, Wu SSX, et al. Acute exercise-induced release 
of innate immune proteins via small extracellular vesicles 
changes with aerobic fitness and age. Acta Physiol (Oxf). 
2024 Mar;240(3):e14095. 
doi: https://doi.org/10.1111/apha.14095  



 
МЕДИЧНІ ПЕРСПЕКТИВИ / MEDICNI PERSPEKTIVI 

 191 25/Том XXX/3 

18. Ayubi N, Wibawa JC, Callixte С. The mechanism 
of physical exercises increases heat shock protein 70 
(HSP70) (a systematic review). Medicni perspektivi. 
29(4):14-22.  
doi: https://doi.org/10.26641/2307-0404.2024.4.319168  

19.  Song W, Liang Q, Cai M, Tian Z. HIF-1α-indu-
ced up-regulation of microRNA-126 contributes to the 
effectiveness of exercise training on myocardial angio-
genesis in myocardial infarction rats. J Cell Mol Med. 
2020 Nov;24(22):12970-9. 
doi: https://doi.org/10.1111/jcmm.15892  

20. Baygutalp F, Buzdağlı Y, Ozan M, Koz M, Kılıç 
Baygutalp N, Atasever G. Impacts of different intensities of 
exercise on inflammation and hypoxia markers in low alti-
tude. BMC Sports Sci Med Rehabil. 2021 Nov 22;13(1):145. 
doi: https://doi.org/10.1186/s13102-021-00375-0  

21.  Tian X, Zhou N, Yuan J, et al. Heat shock trans-
cription factor 1 regulates exercise-induced myocardial 
angiogenesis after pressure overload via HIF-1α/VEGF 
pathway. J Cell Mol Med. 2020;24(3):2178-88. 
doi: https://doi.org/10.1111/jcmm.14872  

22. Wu D, Cao W, Xiang D, Hu YP, Luo B, Chen P. 
Exercise induces tissue hypoxia and HIF-1α redistribution 
in the small intestine. J Sport Health Sci. 2020 Jan;9(1):82-
9. doi: https://doi.org/10.1016/j.jshs.2019.05.002  

23. Tryfonos A, Tzanis G, Pitsolis T, Karatzanos E, 
Koutsilieris M, Nanas S, et al. Exercise Training Enhances 
Angiogenesis-Related Gene Responses in Skeletal Muscle 
of Patients with Chronic Heart Failure. Cells. 
2021 Jul 28;10(8):1915. 
doi: https://doi.org/10.3390/cells10081915  

24. Płoszczyca K, Chalimoniuk M, Przybylska I, Czu-
ba M. Effects of Short-Term Phosphate Loading on Aero-
bic Capacity under Acute Hypoxia in Cyclists: A Ran-
domized, Placebo-Controlled, Crossover Study. Nutrients. 
2022 Jan 6;14(2):236. 
doi: https://doi.org/10.3390/nu14020236  

25. Kamada Y, Arai Y, Toyama S, Inoue A, Naka-
gawa S, Fujii Y, et al. Hypoxia with or without Treadmill 
Exercises Affects Slow-Twitch Muscle Atrophy and Joint 
Destruction in a Rat Model of Rheumatoid Arthritis. Int J 
Mol Sci. 2023 Jun 5;24(11):9761. 
doi: https://doi.org/10.3390/ijms24119761  

26. Volga Fernandes R, Tricoli V, Garcia Soares A, 
Haruka Miyabara E, Saldanha Aoki M, Laurentino G. 
Low-Load Resistance Exercise with Blood Flow 
Restriction Increases Hypoxia-Induced Angiogenic Genes 
Expression. J Hum Kinet. 2022 Nov 8;84:82-91. 
doi: https://doi.org/10.2478/hukin-2022-0101  

27. Wibawa JC, Febrianto N, Fudin MS, Ockta Y, 
Festiawan R. El mecanismo del ejercicio físico aumenta la 
glutatión peroxidasa como antioxidante endógeno: una 
revisión sistemática. Retos. 2025;63:610-9. 
doi: https://doi.org/10.47197/retos.v63.108856 

28. Mukund K, Subramaniam S. Skeletal muscle: A 
review of molecular structure and function, in health and 
disease. Wiley Interdiscip Rev Syst Biol Med. 
2020 Jan;12(1):e1462. 
doi: https://doi.org/10.1002/wsbm.1462  

29. Yu Y, Ma L, Zhang H, Sun W, Zheng L, Liu C, 
et al. EPO could be regulated by HIF-1 and promote 

osteogenesis and accelerate bone repair. Artif Cells 
Nanomed Biotechnol. 2020 Dec;48(1):206-17. 
doi: https://doi.org/10.1080/21691401.2019.1699827  

30. Xu Z, Chen Y, Yu D, Mao D, Wang T, Feng D, 
et al. The effects of exercise on COVID-19 therapeutics: A 
protocol for systematic review and meta-analysis. Medi-
cine (Baltimore). 2020 Sep 18;99(38):e22345. 
doi: 10.1097/MD.0000000000022345 

31. Singh RB, Tappia PS, Fedacko J, et al. Repeated 
episodes of physical training induced hypoxia, may be 
associated with improved exercise tolerance in COVID-19. 
MOJ Public Heal. 2022;11(2):50-2. 
doi: https://doi.org/10.15406/mojph.2022.11.00374  

32. Macarlupu JL, Marchant D, Jeton F, Villafuerte F, 
Richalet JP, Voituron N. Effect of exercise training in rats 
exposed to chronic hypoxia: Application for Monge's 
disease. Physiol Rep. 2021 Apr;9(7):e14750. 
doi: https://doi.org/10.14814/phy2.14750  

33. Uzun AB, Iliescu MG, Stanciu LE, Ionescu EV, Un-
gur RA, Ciortea VM, et al. Effectiveness of Intermittent Hy-
poxia-Hyperoxia Therapy in Different Pathologies with Pos-
sible Metabolic Implications. Metabolites. 2023;13(2):181. 
doi: https://doi.org/10.3390/metabo13020181  

34. Zhao Y, Xing C, Deng Y, Ye C, Peng H. HIF-1α 
signaling: Essential roles in tumorigenesis and impli-
cations in targeted therapies. Genes Dis. 2023;11(1):234-
51. doi: https://doi.org/10.1016/j.gendis.2023.02.039  

35. Liu Z, Wu Z, Fan Y, Fang Y. An overview of 
biological research on hypoxia-inducible factors (HIFs). 
Endokrynol Pol. 2020;71(5):432-40. 
doi: https://doi.org/10.5603/EP.A2020.0064  

36. Korbecki J, Simińska D, Gąssowska-Dobrowols-
ka M, Listos J, Gutowska I, Chlubek D, et al. Chronic and 
Cycling Hypoxia: Drivers of Cancer Chronic Inflammation 
through HIF-1 and NF-κB Activation: A Review of the Mo-
lecular Mechanisms. Int J Mol Sci. 2021 Oct 2;22(19):10701. 
doi: https://doi.org/10.3390/ijms221910701  

37. Daniela M, Catalina L, Ilie O, Paula M, Daniel-
Andrei I, Ioana B. Effects of Exercise Training on the 
Autonomic Nervous System with a Focus on Anti-
Inflammatory and Antioxidants Effects. Antioxidants 
(Basel). 2022 Feb 10;11(2):350. 
doi: https://doi.org/10.3390/antiox11020350  

38. McKenna MJ, Renaud JM, Ørtenblad N, Over-
gaard K. A century of exercise physiology: effects of 
muscle contraction and exercise on skeletal muscle 
Na+,K+-ATPase, Na+ and K+ ions, and on plasma K+ 
concentration-historical developments. Eur J Appl Physiol. 
2024 Mar;124(3):681-751. 
doi: https://doi.org/10.1007/s00421-023-05335-9  

39. Liepinsh E, Makarova E, Plakane L, Konrade I, 
Liepins K, Videja M, et al. Low-intensity exercise stimu-
lates bioenergetics and increases fat oxidation in 
mitochondria of blood mononuclear cells from sedentary 
adults. Physiol Rep. 2020 Jun;8(12):e14489. 
doi: https://doi.org/10.14814/phy2.14489  

40. Drouin PJ, Liu T, Lew LA, McGarity-Shipley E, 
Tschakovsky ME. The 'normal' adjustment of oxygen deli-
very to small muscle mass exercise is not optimized for 
muscle contractile function. J Physiol. 2023 Feb;601(4):783-
99. doi: https://doi.org/10.1113/JP283933  



ТЕРАПІЯ ТА РЕАБІЛІТАЦІЯ 

192 На умовах ліцензії CC BY 4.0 

41. Ayubi N, Wibawa JC, Lesmana HS, et al. Physical
exercise induces increased translocation of type 4 glucose 
transporters (GLUT4): a systematic review.  Retos. 
2024;59:1003-8. 
doi: https://doi.org/10.47197/retos.v59.104078  

42. Wu G, Cao B, Zhai H, Liu B, Huang Y, Chen X,
et al. EPO promotes the progression of rheumatoid arthritis 
by inducing desialylation via increasing the expression of 
neuraminidase 3. Ann Rheum Dis. 2024 Apr 11;83(5):564-
75. doi: https://doi.org/10.1136/ard-2023-224852

43. Bhoopalan SV, Huang LJ, Weiss MJ. Erythro-
poietin regulation of red blood cell production: from bench 

to bedside and back. F1000Res. 2020 Sep 18;9:F1000 
Faculty Rev-1153. 
doi: https://doi.org/10.12688/f1000research.26648.1  

44. Wang X, Zhu N, Zeng W, Wang P. Hemoglobin
variability in patients receiving EPO and roxadustat during 
maintenance hemodialysis: a self-control study. Eur Rev 
Med Pharmacol Sci. 2024 Jan;28(1):303-9. 
doi: https://doi.org/10.26355/eurrev_202401_34917  

45. Yunus M. Effect of 6 Weeks of Circuit Training on
Increased Vo2Max. J Heal Sains. 2023;4(7):26-33. 
doi: https://doi.org/10.46799/jhs.v4i7.1001 

Стаття надійшла до редакції 17.03.2025; 
затверджена до публікації 25.08.2025 




