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Abstract. The purpose of this study is to highlight the impact of exercise on increasing GLUT4 translocation in cell membranes. This 
study searches many journal databases, including Embase, Pubmed, Web of Science, and Scopus, as part of a systematic review meth-
odology. Publications released during the last five years and publications mentioning were the inclusion criteria for this study physical 
exercise, GLUT4 and glucose uptake. The study's exclusion criteria were publications that were published in not reputable journals. 
508 papers in all were found using the databases Scopus, Web of Science Pubmed, and Embase. For this systematic review, a total of 
10 papers that satisfied the inclusion criteria were chosen and examined. This study adhered to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) evaluation guidelines for standard operations. The outcome of this comprehensive 
analysis study report that there is an increase and acceleration of GLUT4 translocation during physical exercise. This has the effect of 
increasing glucose uptake in the blood so that there is an increase in the need for glucose in the blood. We recommend that physical 
exercise be a preventive measure for each individual in terms of increasing blood glucose uptake which is useful for maintaining balanced 
glucose levels in the blood and maintain general body health.  
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Resumen. El propósito de este estudio es resaltar el impacto del ejercicio en el aumento de la translocación de GLUT4 en las mem-
branas celulares. Este estudio busca en muchas bases de datos de revistas, incluidas Embase, Pubmed, Web of Science y Scopus, como 
parte de una metodología de revisión sistemática. Como criterios de inclusión para este estudio fueron las publicaciones publicadas 
durante los últimos cinco años y las publicaciones que mencionan el ejercicio físico, el GLUT4 y la captación de glucosa. Los criterios 
de exclusión del estudio fueron publicaciones publicadas en revistas no acreditadas. Se encontraron 508 artículos en total utilizando las 
bases de datos Scopus, Web of Science Pubmed y Embase. Para esta revisión sistemática, se eligieron y examinaron un total de 10 
artículos que cumplieron con los criterios de inclusión. Este estudio cumplió con las pautas de evaluación de elementos de informes 
preferidos para revisiones sistemáticas y metanálisis (PRISMA) para operaciones estándar. El resultado de este estudio de análisis inte-
gral informa que existe un aumento y una aceleración de la translocación de GLUT4 durante el ejercicio físico. Esto tiene el efecto de 
aumentar la absorción de glucosa en la sangre, de modo que aumenta la necesidad de glucosa en la sangre. Recomendamos que el 
ejercicio físico sea una medida preventiva para cada individuo en términos de aumentar la captación de glucosa en sangre, lo que es útil 
para mantener equilibrados los niveles de glucosa en sangre y mantener la salud general del cuerpo. 
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Introduction 
 
According to data from the World Health Organization 

(WHO), 422 million people worldwide had diabetes melli-
tus in 2014, an increase of almost 400 percent from 109 
million people in 1980. The number of diabetes patients 
worldwide increased 27.2% from 2014 to 2021. The actual 
number that occurred reached 537 million people in 2021. 
115 million new cases of diabetes were diagnosed in the 
seven years between 2014 - 2021. Imagine how many peo-
ple may not realize that they have diabetes melitus.  

Based on information provided by the World Health 
Organization (WHO) in 2016 more than a quarter of adults 
worldwide were physically inactive (Qiu et al., 2023). The 
impact of inactivity in the body can increase insulin re-
sistance, which is a pathologic situation wherein peripheral 
tissues do not respond appropriately to the physiological 

levels of insulin (Klimczak & Śliwińska, 2024). Many neu-
rological disorders, nephropathy, cardiovascular disorders, 
or retinopathy can be caused by insulin resistance and hy-
perglycemia, which are very serious disease conditions 

(Klimczak & Śliwińska, 2024).  
Exercise is the best preventive measure to prevent insu-

lin resistance (Lin et al., 2022). Insulin resistance affects the 
uptake of insulin and GLUT4 to surface membranes and the 
distribution of GLUT4 between intracellular compart-
ments (Knudsen et al., 2023). The primary action of insulin 
is the insulin-dependent transport of glucose to peripheral 
tissues, such as muscle and adipose (Saltiel, 2021). Thus, 
during exercise, the percentage glucose gradient from the 
interstitial space to the muscle cytoplasm is probably not 
much different from that at rest, because the concentration 
of cytoplasmic glucose levels is close to zero both at rest and 
during exercise except in the early minutes of exercise or 
during very intense exercise where cytoplasmic glucose 
concentration may actually increase (Richter, 2021). When 
the body does physical exercise, there will be an increase in 
glucose absorption in the muscles, thereby helping to lower 
blood glucose levels (Asfaw & Dagne, 2022). The mecha-
nism of glucose distribution in muscles triggered by exer-
cise occurs in several ways, namely through facilitated dif-
fusion, membrane permeability to glucose, and 
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intracellular glucose metabolism (Flores-Opazo et al., 
2020). GLUT is a component of the transporter of glucose 
and is the main facility accountable for the massive transloca-
tion of tiny molecules through cell membranes, including 
metabolites, poisons, and nutrients (T. Wang et al., 2020). 
Different glucose transporters, which generate 14 different 
glucose isoforms in different tissues and animals, mediate dif-
fusion (Parker Evans et al., 2019). Over the past thirty years, 
several researchers have identified a glucose transporter that 
is triggered by muscle contractions during exercise and 
GLUT4. This research has increased our understanding of 
how glucose can be transported and absorbed in muscle and 
fat in response to insulin and physical exercise (Klip et al., 
2019). An interesting question is how does the mechanism 
for glucose uptake become that high during physical exercise? 
Of course, increased blood flow and the preservation of 
plasma glucose levels through hepatic glucose synthesis is es-
sential to ensure that glucose is continuously delivered to the 
muscles. However, glucose will not reach the muscles unless 
the muscular membrane's increased permeability to glucose 
(Richter, 2021).  

The results of research on people who do athletic training 
have proven that they can increase GLUT4 in skeletal mus-
cles (Barrett & Davis, 2023). In large quantities, skeletal 
muscle serves as the location of greatest glucose absorption. 
This occurs due to the presence of insulin and is facilitated by 
the GLUT4 or glucose transporter 4 translocation mecha-
nism to the muscle fiber membrane's surface (Klip et al., 
2019). It's commonly acknowledged that exercise can help 
prevent and cure metabolic illnesses (Espelage et al., 2020). 
It is unclear exactly which processes underlie exercise's posi-
tive impacts on metabolic health. Nonetheless, it is evident 
that consistent exercise has a significant impact on the indi-
vidual overall energy metabolism and, in particular, on skel-
etal muscle's consumption of substrates (Lao et al., 2019). In 
fact, if glucose uptake in the legs could rise 100 times, the 
amount of glucose transported across the muscular mem-
brane would likewise multiply 100 times. This is because 
otherwise the interstitial glucose concentration would in-
crease, and this did not occur in the study (Richter, 2021).  

It is known that physical exercise can increase glucose 
transporter type 4, but it is still unclear what the mechanism 
of the GLUT4 translocation process is during physical exer-
cise. Therefore, this study aims to discuss in depth the mech-
anisms underlying the GLUT4 translocation process during 
physical exercise through a systematic review.  

 
Materials and Methods  
 
Study Design 
This research is a type of systematic review research us-

ing searches from various journal databases such as Scopus, 
Web of Science Pubmed, and Embase.It is considered a key 
platform throughout the world as it brings together publi-
cations of scientific impact and relevance. 

 
Eligibility Criteria 
The inclusion criteria for this study include studies dis-

cussing glucose transporters, GLUT4, skeletal muscle, 
physical activity, and exercise published during the last five 
years (2019-2024). The study's exclusion criteria included 
publications published in journals with a non-reputable.  

 
Procedure 
 
Article titles, abstracts, and complete texts were vetted, 

confirmed, and entered into Mendeley software. During 
the first phase, 508 papers in all were found using the data-
bases Scopus, Web of Science Pubmed, and Embase. Sub-
sequently, 270 articles were filtered in the second step ac-
cording to how well the title and abstract fit the criteria. 
Forty-three pieces were confirmed for additional pro-
cessing in the third step. We now filter depending on 
whether the entire content is appropriate. Ten publications 
that satisfied the inclusion criteria were then chosen and ex-
amined for this systematic review in the last phase. A total 
of 10 papers that met the inclusion criteria were selected 
and scrutinized for this systematic review. The Preferred 
Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA) assessment protocol is followed by this study for 
standard operating procedures. 

 

 
 

Figure 1. Process flowchart for selecting articles using PRISMA
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Results 
 
Table 1.  
Results of a Review of The Effects of Physical Exercise Increase GLUT4 Translocation 

Author Sample Characteristics Study Design Intervention Results 

(Kido et al., 2023) 
20 mice underwent research prepara-
tion and were divided into 2 groups, 
namely knockout mice and wild mice 

Experimental 
Rats ran for 30 minutes with an in-

tensity of 75% of VO2 Max 

The GLUT4 content increased 
significantly in the group of 

wild mice. 

(Kartinah et al., 
2024) 

24 Male rats were divided into four 
groups, namely control group, diabe-
tes mellitus intervention group, diabe-
tes mellitus group undergoing continu-

ous training, diabetes mellitus group 
undergoing HIIT 

Experimental 
Training in the training group was 
carried out six days a week for six 

weeks 

There was a significant increase 
in GLUT4 levels in the HIIT 

group 

(Knudsen et al., 
2020) 

Healthy young male undergoing exer-
cise 

Experimental Training to kick 1 leg for 1 hour 

Following exercise, there was 
an increase in GLUT4 follow-

ing the biopsy technique exami-

nation. 

(Carrillo et al., 
2023) 

Wistar rats aged 7 weeks participated 
in this research 

Experimental 
Five days of swimming training. 
Every day swim for 17 minutes. 

There was an increase in 
GLUT4 levels in the training 

group 

(Vidal Moreno de 
Vega et al., 2023) 

16 untrained standardbred horses par-
ticipated in this study 

Experimental 
Aerobic training 30 minutes per 

training session, 3 days a week for 8 
weeks 

Levels of GLUT4 increased in 
the training group. 

(H. Wang et al., 

2023) 

28 Wistar rats aged 8 – 10 weeks con-

tributed to this research 
Experimental 

Physical training for swimming for 4 
x 30 minutes with 5 minute rest in-

tervals for 3 - 4 weeks 

There was an increase in 
GLUT4 levels in the training 

group 

(Saki Kondo, et al, 
2021) 

Male Sprague–dawley rats participated 
in this study 

 
Experimental 

Swimming training for 6 hours di-
vided into 2 sessions, namely 3 

hours and rest then continued for 3 

hours for 4 weeks 

Levels of GLUT4 increased in 
the training group. 

(Zhang et al., 
2021) 

A total of 61 male mice participated in 
this research 

Experimental 
Treadmill training for 60 minutes 5 

x a week for 8 weeks 

There was an increase in 
GLUT4 levels in the training 

group 

(Rahmati-
Ahmadabad et al., 

2021) 

In this study, a total of 72 male Wistar 
rats were split up into 6 groups: 

healthy control, healthy high intensity 
interval training (HIIT), healthy mod-

erate intensity continuous training 

(MICT), and diabetic control, diabetes 
MICT, and diabetic HIIT. 

Experimental 
Treadmill training 60 minutes per 

session 5x a week for 6 weeks 

There was a significant increase 
in GLUT4 in the healthy mod-

erate intensity continuous train-
ing group 

(Gorgey et al., 
2020) 

22 The research had 11 men with spi-
nal cord injuries who were split into 
two groups: the first group received 

testosterone replacement treatment 
(TRT) together with resistance train-

ing (RT), while the second group 
(n=11) received TRT without any ex-

ercise. resistance exercise 

Experimental 
Resistance training, weight training 
on the ankles twice a week for 16 

weeks 

There was a significant increase 
in GLUT4 protein in the (TRT 

+ RT) group compared to 
(TRT) alone 

 
 

 
Discussions 
 
Physical exercise has a beneficial effect on the body 

(Mariano et al., 2023). Research results from Caminiti et 
al., 2021 proves that a combination of aerobic exercise and 
resistance training can reduce blood pressure in the body. 
According to Pires et al., 2020 presented results that acute 
aerobic exercise sessions, resistance training, and combined 
training were able to lower blood pressure dramatically, 
both diastolic and systolic. During exercise, the permeabil-
ity of muscle membranes to blood glucose increases 17 
times compared to rest (Richter, 2021). Meanwhile, in 
skeletal muscle that showed increased insulin sensitivity, 
there was a 35-fold increase in membrane permeability to 
glucose (Richter, 2021).  

For those with type 2 diabetes, a combination of 
strength training and aerobic exercise is strongly advised 
(Ambelu & Teferi, 2023). Both those with and without type 
2 diabetes can benefit from exercise in terms of blood lipid 
profiles and glycemic management (Ambelu & Teferi, 

2023). The results of research on people who did high in-
tensity interval training (HIIT) showed that their blood glu-
cose levels decreased (Al-Rawaf et al., 2023). A drop in 
blood glucose levels signifies a rise in muscle absorption of 
blood glucose caused by physical exercise (Kartinah et al., 
2024). Glucose transporters (GLUT) are a group of mem-
brane proteins that help glucose move across cell mem-
branes (Cho & Shaw, 2024). The specific and main glucose 
transporter that promotes absorption of glucose in skeletal 
muscle is GLUT4 (Kartinah et al., 2024). GLUT4 is espe-
cially found in sensitive tissues such as insulin, adipose, skel-
etal muscle, and heart (Holman, 2020). GLUT4 has a sig-
nificant impact in reducing blood glucose levels and insulin 
resistance (Yuan et al., 2022). In terms of human insulin-
stimulated muscle glucose uptake, the majority of research 
show that submaximal exercise causes a 10-to 20-fold in-
crease in glucose uptake in young people (Richter, 2021).    

The biggest location in the body for quantitative absorp-
tion of glucose is found in skeletal muscle (Dlamini & 
Khathi, 2023). Glucose transporter 4 translocation is a 
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process facilitated by GLUT4 or glucose transporter 4 
which moves entering the muscle fibers' surface membrane 
to facilitate more glucose to enter the cell (Knudsen et al., 
2023). One essential process that promotes muscle glucose 
absorption during exercise is the translocation of GLUT4 
from the intracellular to the sarcolemma and tubules 
(Richter, 2021). Exercise has a well-established ability to 
enhance skeletal muscle GLUT4 material (Kartinah et al., 
2024). Increased glucose transporter expression provides 
an important step in supporting glucose utilization by skel-
etal muscle as the substrate of choice for exercise (Barrett 
& Davis, 2023). Regarding GLUT4, it is proven that vari-
ous forms of sports training have a good influence on these 
elements. Increasing GLUT4 levels furthermore helps 
those with diabetic mellitus (Rahmati-Ahmadabad et al., 
2021). 40% of total body mass is made up of skeletal mus-
cle, thus controlling skeletal muscle glucose metabolism has 
a major impact on the body's blood glucose balance (T. 
Wang et al., 2020). Physical exercise can very effectively 
increase glucose uptake in skeletal muscles (H. Wang et al., 
2023). GLUT4 provides cellular signaling mechanisms trig-
gered by insulin to lower blood glucose levels by increasing 
blood glucose uptake (Cho & Shaw, 2024).  

 The mechanism by which physical exercise can in-
crease GLUT4 is as follows. That when we exercise physi-
cally, the body will increase ROS (reactive oxygen species) 
as a form of physiological response (Shamsnia et al., 2023). 
After the muscle contracts and ROS increases, the sarco-
plasmic reticulum Ca2+ release channels open in response 
to the activation of muscle contraction through the propa-
gation of action potentials throughout the t tubule. Pas-
sively, Ca2+ ions permeate the cytoplasm, thereby increas-
ing cytosolic Ca2+ between ten- and twenty-fold (Gejl et 
al., 2020). An increase in intracellular Ca2+ concentration 
triggers CaMKK activation (Tokumitsu & Sakagami, 2022). 
Activation of CaMKK will increase AMPK activity which is 
also very important and necessary for physical fitness, and 
research results show that exercise can increase these bene-
fits by improving muscle function through AMPK regula-
tion (Chen et al., 2023). Physical exercise also increases 
ATP requirements (Sorriento et al., 2021). Then, raising 
phosphorylated AMPK will raise the production of GLUT4, 
a protein involved in the transport of glucose (Kartinah et 
al., 2024). A number of lines of evidence point to AS160 
phosphorylation alterations as a likely mediator of the insu-
lin-stimulated increases in skeletal muscle glucose uptake 
after acute exercise (Pataky et al., 2020). The glucose trans-
porter type 4 (GLUT4) facilitates glucose entry into skele-
tal muscle cells by providing a gradient in glucose concen-
tration from the interstitial space (the area outside the mus-
cle cell) to the cytoplasm (the inside of the muscle) 
(Richter, 2021). In order to enhance therapeutic ap-
proaches for metabolic conditions like type 2 diabetes, it is 
critical that we comprehend the molecular processes that 
control skeletal muscle metabolism (Dunn & Munger, 
2020). In this systematic review, researchers have a limita-
tion in discussing it, namely only looking at and analyzing 

the mechanism of GLUT4 translocation during physical ex-
ercise. For future research, we can discuss other glucose 
transporters that are associated with physical exercise. 
 

 
 

Figure 2. Mechanisms of physical exercise increase GLUT4 translocation 

 
Conclusions 
 
Physical exercise has a beneficial impact, especially on 

diabetes mellitus sufferers. When doing physical exercise, 
the muscles will contract more than when resting. This will 
have an impact on more glucose uptake through increasing 
GLUT4 translocation as a pathway for glucose to enter in-
tracellularly. Physical exercise is highly recommended to 
maintain body health, especially for people with diabetes 
mellitus to keep blood glucose levels within normal limits.  

 
Funding 
 
This research received no external funding 
 
Acknowledgments 
 
The authors would like to thank the support from Uni-

versitas Negeri Surabaya, STKIP PGRI Trenggalek, Univer-
sität Innsbruck, University of Rwanda, and Mariano Marcos 
State University. 

 
Conflicts of Interest 
 
The authors declare no conflict of interest 
 
References 

 
Al-Rawaf, H. A., Gabr, S. A., Iqbal, A., & Alghadir, A. H. 

(2023). High-Intensity Interval Training Improves Glycemic 
Control, Cellular Apoptosis, and Oxidative Stress of Type 2 
Diabetic Patients. Medicina (Lithuania), 59(7). 
https://doi.org/10.3390/medicina59071320 

Ambelu, T., & Teferi, G. (2023). The impact of exercise 
modalities on blood glucose, blood pressure and body 
composition in patients with type 2 diabetes mellitus. BMC 
Sports Science, Medicine and Rehabilitation, 15(1), 1–11. 
https://doi.org/10.1186/s13102-023-00762-9 

Asfaw, M. S., & Dagne, W. K. (2022). Physical activity can 
improve diabetes patients’ glucose control; A systematic 
review and meta-analysis. Heliyon, 8(12), e12267. 
https://doi.org/10.1016/j.heliyon.2022.e12267 



2024, Retos, 59, 1003-1008 

© Copyright: Federación Española de Asociaciones de Docentes de Educación Física (FEADEF) ISSN: Edición impresa: 1579-1726. Edición Web: 1988-2041 (https://recyt.fecyt.es/index.php/retos/index) 

-1007-                                                                                                                                                                                                        Retos, número 59, 2024 (octubre)     

Barrett, M. R., & Davis, M. S. (2023). Conditioning-induced 
expression of novel glucose transporters in canine skeletal 
muscle homogenate. PLoS ONE, 18(5 MAY), 1–11. 
https://doi.org/10.1371/journal.pone.0285424 

Caminiti, G., Iellamo, F., Mancuso, A., Cerrito, A., Montano, 
M., Manzi, V., & Volterrani, M. (2021). Effects of 12 weeks 
of aerobic versus combined aerobic plus resistance exercise 
training on short-term blood pressure variability in patients 
with hypertension. Journal of Applied Physiology, 130(4), 
1085–1092. 
https://doi.org/10.1152/japplphysiol.00910.2020 

Carrillo, E. D., Hernández, D. I., Clara, M. V., Lezama, I., 
García, M. C., & Sánchez, J. A. (2023). Exercise increases 
MEF2A abundance in rat cardiac muscle by downregulating 
microRNA-223-5p. Scientific Reports, 13(1), 1–9. 
https://doi.org/10.1038/s41598-023-41696-z 

Chen, M., Zhu, J. Y., Mu, W. J., Luo, H. Y., Li, Y., Li, S., Yan, 
L. J., Li, R. Y., & Guo, L. (2023). Cdo1-Camkk2-AMPK axis 
confers the protective effects of exercise against NAFLD in 
mice. Nature Communications, 14(1), 1–19. 
https://doi.org/10.1038/s41467-023-44242-7 

Cho, S. C., & Shaw, S. Y. (2024). Tea seed saponin‑reduced 

extract ameliorates palmitic acid‑induced insulin resistance in 
HepG2 cells. Molecular Medicine Reports, 29(2), 1–11. 
https://doi.org/10.3892/mmr.2023.13149 

Dlamini, M., & Khathi, A. (2023). Prediabetes-Associated 
Changes in Skeletal Muscle Function and Their Possible Links 
with Diabetes: A Literature Review. International Journal of 
Molecular Sciences, 25(1), 469. 
https://doi.org/10.3390/ijms25010469 

Dunn, D. M., & Munger, J. (2020). Interplay Between Calcium 
and AMPK Signaling in Human Cytomegalovirus Infection. 
Frontiers in Cellular and Infection Microbiology, 10(July), 1–14. 
https://doi.org/10.3389/fcimb.2020.00384 

Espelage, L., Al-Hasani, H., & Chadt, A. (2020). RabGAPs in 
skeletal muscle function and exercise. Journal of Molecular 
Endocrinology, 64(1), R1–R19. 
https://doi.org/10.1530/JME-19-0143 

Flores-Opazo, M., McGee, S. L., & Hargreaves, M. (2020). 
Exercise and GLUT4. Exercise and Sport Sciences Reviews, 48(3), 
110–118. 
https://doi.org/10.1249/JES.0000000000000224 

Gejl, K. D., Andersson, E. P., Nielsen, J., Holmberg, H. C., & 
Ørtenblad, N. (2020). Effects of Acute Exercise and Training 
on the Sarcoplasmic Reticulum Ca2+ Release and Uptake 
Rates in Highly Trained Endurance Athletes. Frontiers in 
Physiology, 11(July), 1–11. 
https://doi.org/10.3389/fphys.2020.00810 

Gorgey, A. S., Graham, Z. A., Chen, Q., Rivers, J., Adler, R. 
A., Lesnefsky, E. J., & Cardozo, C. P. (2020). Sixteen weeks 
of testosterone with or without evoked resistance training on 
protein expression, fiber hypertrophy and mitochondrial 
health after spinal cord injury. Journal of Applied Physiology, 
128(6), 1487–1496. 
https://doi.org/10.1152/JAPPLPHYSIOL.00865.2019 

Holman, G. D. (2020). Structure, function and regulation of 
mammalian glucose transporters of the SLC2 family. Pflugers 
Archiv European Journal of Physiology, 472(9), 1155–1175. 
https://doi.org/10.1007/s00424-020-02411-3 

Kartinah, N. T., Rusli, H., Ilyas, E. I. I., Andraini, T., & 
Paramita, N. (2024). High-intensity interval training increases 
AMPK and GLUT4 expressions via FGF21 in skeletal muscles of 
diabetic rats. 7(1), 136–146. 

Kido, K., Eskesen, N. O., Henriksen, N. S., Onslev, J., 
Kristensen, J. M., Larsen, M. R., Hingst, J. R., Knudsen, J. 
R., Birk, J. B., Andersen, N. R., Jensen, T. E., Pehmoller, 

C., Wojtaszewski, J. F. P., & Kjøbsted, R. (2023). AMPKγ3 
Controls Muscle Glucose Uptake in Recovery From Exercise 
to Recapture Energy Stores. Diabetes, 72(10), 1397–1408. 
https://doi.org/10.2337/db23-0358 

Klimczak, S., & Śliwińska, A. (2024). Epigenetic regulation of 
inflammation in insulin resistance. Seminars in Cell and 
Developmental Biology, 154(September 2022), 185–192. 
https://doi.org/10.1016/j.semcdb.2022.09.004 

Klip, A., McGraw, T. E., & James, D. E. (2019). Thirty sweet 
years of GLUT4. Journal of Biological Chemistry, 294(30), 
11369–11381. 
https://doi.org/10.1074/jbc.REV119.008351 

Knudsen, J. R., Persson, K. W., Henriquez-Olguin, C., Li, Z., 
Di Leo, N., Hesselager, S. A., Raun, S. H., Hingst, J. R., 
Trouillon, R., Wohlwend, M., Wojtaszewski, J. F. P., Gijs, 
M. A. M., & Jensen, T. E. (2023). Microtubule-mediated 
GLUT4 trafficking is disrupted in insulin resistant skeletal 
muscle. ELife, 12, 1–24. 
https://doi.org/10.7554/eLife.83338 

Knudsen, J. R., Steenberg, D. E., Hingst, J. R., Hodgson, L. R., 
Henriquez-Olguin, C., Li, Z., Kiens, B., Richter, E. A., 
Wojtaszewski, J. F. P., Verkade, P., & Jensen, T. E. (2020). 
Prior exercise in humans redistributes intramuscular GLUT4 
and enhances insulin-stimulated sarcolemmal and endosomal 
GLUT4 translocation. Molecular Metabolism, 39(April), 
100998. https://doi.org/10.1016/j.molmet.2020.100998 

Lao, X. Q., Deng, H. B., Liu, X., Chan, T. C., Zhang, Z., 
Chang, L. Y., Yeoh, E. K., Tam, T., Wong, M. C. S., & 
Thomas, G. N. (2019). Increased leisure-time physical 
activity associated with lower onset of diabetes in 44 828 
adults with impaired fasting glucose: A population-based 
prospective cohort study. British Journal of Sports Medicine, 
53(14), 895–900. https://doi.org/10.1136/bjsports-2017-
098199 

Lin, Y., Fan, R., Hao, Z., Li, J., Yang, X., Zhang, Y., & Xia, Y. 
(2022). The Association Between Physical Activity and 
Insulin Level Under Different Levels of Lipid Indices and 
Serum Uric Acid. Frontiers in Physiology, 13(February). 
https://doi.org/10.3389/fphys.2022.809669 

Mariano, I. M., Amaral, A. L., Ribeiro, P. A. B., & Puga, G. M. 
(2023). Exercise training improves blood pressure reactivity 
to stress: a systematic review and meta-analysis. Scientific 
Reports, 13(1), 1–14. https://doi.org/10.1038/s41598-
023-38041-9 

Parker Evans, McMillin Shawna, Weyrauch Luke, & Witczak 
Carol. (2019). Regulacion del transporte de glucosa en el 
musculo esqueletico y el metabolismo de la glucosa mediante 
entrenamiento fisico. Nutrients, 11(10), 1–24. 
https://www.mdpi.com/2072-6643/11/10/2432/htm 

Pataky, M. W., Arias, E. B., Wang, H., Zheng, X., & Cartee, G. 

D. (2020). Exercise effects on γ3-AMPK activity, 
phosphorylation of Akt2 and AS160, and insulin-stimulated 
glucose uptake in insulin-resistant rat skeletal muscle. Journal 
of Applied Physiology, 128(2), 410–421. 
https://doi.org/10.1152/japplphysiol.00428.2019 

Pires, N. F., Coelho-Júnior, H. J., Gambassi, B. B., De Faria, A. 
P. C., Ritter, A. M. V., De Andrade Barboza, C., Ferreira-
Melo, S. E., Rodrigues, B., & Júnior, H. M. (2020). 
Combined Aerobic and Resistance Exercises Evokes Longer 
Reductions on Ambulatory Blood Pressure in Resistant 



2024, Retos, 59, 1003-1008 

© Copyright: Federación Española de Asociaciones de Docentes de Educación Física (FEADEF) ISSN: Edición impresa: 1579-1726. Edición Web: 1988-2041 (https://recyt.fecyt.es/index.php/retos/index) 

-1008-                                                                                                                                                                                                        Retos, número 59, 2024 (octubre)     

Hypertension: A Randomized Crossover Trial. Cardiovascular 
Therapeutics, 2020. 
https://doi.org/10.1155/2020/8157858 

Qiu, Y., Fernández-García, B., Lehmann, H. I., Li, G., 
Kroemer, G., López-Otín, C., & Xiao, J. (2023). Exercise 
sustains the hallmarks of health. Journal of Sport and Health 
Science, 12(1), 8–35. 
https://doi.org/10.1016/j.jshs.2022.10.003 

Rahmati-Ahmadabad, S., Rostamkhani, F., Meftahi, G. H., & 
Shirvani, H. (2021). Comparative effects of high-intensity 
interval training and moderate-intensity continuous training 
on soleus muscle fibronectin type III domain-containing 
protein 5, myonectin and glucose transporter type 4 gene 
expressions: a study on the diabetic rat mo. Molecular Biology 
Reports, 48(8), 6123–6129. 
https://doi.org/10.1007/s11033-021-06633-1 

Richter, E. A. (2021). Is GLUT4 translocation the answer to 
exercise-stimulated muscle glucose uptake? American Journal 
of Physiology - Endocrinology and Metabolism, 320(2), E240–
E243. https://doi.org/10.1152/AJPENDO.00503.2020 

Saki Kondo1, 2, 3, Takuya Karasawa1, Ayumi Fukazawa1, 
Atsuko Koike1, M. T. and S. T. (2021). Effects of a Very 
High-Carbohydrate Diet and Endurance Exercise Training on 
Pancreatic Amylase Activity and Intestinal Glucose 
Transporter Content in Rats. J Nutr Sci Vitaminol, 68, 97–103, 
2022, 68, 97–103. 

Saltiel, A. R. (2021). Insulin signaling in health and disease. The 
Journal of Clinical Investigation, 17, 1–12. 
https://doi.org/10.1172/JCI142241. 

Shamsnia, E., Matinhomaee, H., Azarbayjani, M. A., & Peeri, M. 
(2023). The Effect of Aerobic Exercise on Oxidative Stress in 
skeletal Muscle Tissue: A Narrative Review. Gene, Cell and 
Tissue, 10(4). https://doi.org/10.5812/gct-131964 

Sorriento, D., Di Vaia, E., & Iaccarino, G. (2021). Physical 
Exercise: A Novel Tool to Protect Mitochondrial Health. 
Frontiers in Physiology, 12(April), 1–14. 
https://doi.org/10.3389/fphys.2021.660068 

Tokumitsu, H., & Sakagami, H. (2022). Molecular Mechanisms 
Underlying Ca2+/Calmodulin-Dependent Protein Kinase 
Kinase Signal Transduction. International Journal of Molecular 
Sciences, 23(19). https://doi.org/10.3390/ijms231911025 

Vidal Moreno de Vega, C., Lemmens, D., de Meeûs 
d’Argenteuil, C., Boshuizen, B., de Maré, L., Leybaert, L., 
Goethals, K., de Oliveira, J. E., Hosotani, G., Deforce, D., 
Van Nieuwerburgh, F., Devisscher, L., & Delesalle, C. 
(2023). Dynamics of training and acute exercise-induced 
shifts in muscular glucose transporter (GLUT) 4, 8, and 12 
expression in locomotion versus posture muscles in healthy 
horses. Frontiers in Physiology, 14(August), 1–13. 
https://doi.org/10.3389/fphys.2023.1256217 

Wang, H., Zheng, A., Arias, E. B., Kwak, S. E., Pan, X., Duan, 
D., & Cartee, G. D. (2023). AS160 expression, but not 
AS160 Serine-588, Threonine-642, and Serine-704 
phosphorylation, is essential for elevated insulin-stimulated 
glucose uptake by skeletal muscle from female rats after acute 

exercise. FASEB Journal : Official Publication of the Federation of 
American Societies for Experimental Biology, 37(7), e23021. 
https://doi.org/10.1096/fj.202300282RR 

Wang, T., Wang, J., Hu, X., Huang, X., & Chen, G.-X. (2020). 
Current understanding of glucose transporter 4 expression 
and functional mechanisms. World Journal of Biological 
Chemistry, 11(3), 76–98. 
https://doi.org/10.4331/wjbc.v11.i3.76 

Yuan, Y., Kong, F., Xu, H., Zhu, A., Yan, N., & Yan, C. (2022). 
Cryo-EM structure of human glucose transporter GLUT4. 
Nature Communications, 13(1), 1–8. 
https://doi.org/10.1038/s41467-022-30235-5 

Zhang, D., Lee, J. H., Shin, H. E., Kwak, S. E., Bae, J. H., Tang, 
L., & Song, W. (2021). The effects of exercise and restriction 
of sugar-sweetened beverages on muscle function and 
autophagy regulation in high-fat high-sucrose-fed obesity 
mice. Diabetes and Metabolism Journal, 45(5), 773–786. 
https://doi.org/10.4093/DMJ.2020.0157 

 
 
Datos de los/as autores/as: 
 

Novadri Ayubi novadriayubi@unesa.ac.id Autor/a 
  

Junian Cahyanto Wibawa juniancahyanto96@gmail.com Autor/a 
  

Heru Syarli Lesmana Heru.Lesmana@student.uibk.ac.id Autor/a 
  

Cyuzuzo Callixte c.cyuzuzo@ur.ac.rw Autor/a – Traductor/a 
  

Procopio B. Dafun Jr. pbdafun@mmsu.edu.ph Autor/a   

     
 

 
 


