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Abstract 
 

High-intensity interval training is a form of exercise that 
involves strenuous activity over a short period of time followed 
by a recovery period with rest or low-intensity exercise before 
starting the next workout. AMPK can increase GLUT4 
expression through response elements in the bp895 promoter 
and transcription factors such as guanine nucleotide exchange 
factor (GEF) and myocyte enhancer factor. This study used the 
literature review method. Getting 102 journals into 45 journals 
because through the selection process. The conclusion of this 
study says that HIIT training can increase muscle oxidation, 
increase Interleukin-6 (IL-6) levels, and when compared to 
moderate intensity training, High intensity training is better for 
weight loss. 
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INTRODUCTION  
Given the enormous health 

benefits of exercise, there have been 
many studies aimed at identifying the 
optimal type and dose of exercise to 
maximize physiological adaptations and 
performance (Batacan et al., 2017). 
Among various exercise modalities, 
high-intensity interval training (HIIT) is 
recognized as a time-efficient exercise 
strategy to induce similar or even 
superior adaptations compared to 
moderate-intensity continuous exercise. 
Interval training typically involves 
repeated bouts of relatively intense 
exercise punctuated by short recovery 
periods (Khammassi et al., 2018). 

High-intensity interval training is 
a form of exercise that involves 
strenuous activity for a short period of 
time followed by a recovery period with 
rest or low-intensity exercise before 
starting the next exercise (de Oliveira 
Teles et al., 2022). Many studies use 
specific exercise and recovery ratios to 
improve various energy systems in the 
body. For example, a 1:1 ratio could be 3 
minutes of hard (or high-intensity) 
exercise followed by 3 minutes of 
recovery (or low-intensity) exercise. 
These 1:1 interval workouts usually last 
about 3, 4, or 5 minutes followed by the 
same recovery time (Gallo-Villegas et 
al., 2018). Another popular HIIT training 
protocol is called the "spring interval 
training method". With this type of 
program, exercisers perform about 30 
seconds of 'sprinting or near- maximal 
effort', followed by 4 to 4.5 minutes of 
recovery. This combination of exercises 
can be repeated 3 to 5 times. This higher 
intensity work effort is usually a shorter 
workout (30 seconds with sprint interval 
training) (Hadiono & Wara Kushartanti, 
2019).  

A meta-analysis comparing HIIT 
and continuous training in patients with 
cardiometabolic disease found an almost 
two-fold improvement in 
cardiorespiratory fitness (measured by 
vO2peak) after HIIT compared to 
training (Astorino et al., 2017). Other 
health-related adaptations occurred 
significantly more in HIIT compared to 
continuous training, such as lower blood 
pressure, improved insulin sensitivity, 
increased nitric oxide availability, 
improved lipid metabolism and 
increased PGC-1α (Granata et al., 2016). 
Interestingly, despite the sprint nature of 
Wingate-based HIIT, endurance-like 
adaptations were documented after 
several weeks (2-6) of training with this 
HIIT format. These include increased 
muscle oxidative capacity and glucose 
transport capacity and hence improved 
insulin sensitivity and glycemic control, 
along with cardiovascular adaptations 
(Liu et al., 2019). 
With the many benefits of the 
physiological response to HIIT, we 
gathered references from previous 
research studies to get a flow of how 
HIIT can benefit the body. By flow we 
mean physiologically. The update to this 
article is to find the pathway of the 
body's physiological response with HIIT 
Training. 

 
METHODS  

The research method used in this 
article is review. Collecting articles from 
previous research within a maximum span 
of 10 years. the articles in question are 
articles that discuss high intensity 
training, moderate intensity training, 
exercise adaptation, and body physiology. 
In this study there were 102 journals to 45 
journals due to the selection process. 
Furthermore, the selected journals will be 
described according to several chapters, 
including HIIT and muscle oxidation, 
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HIIT and glucose, HIIT and interleukin-6 
(IL-6), HIIT and lipids. 
 
RESULT  

1. Hiit and Muscle Oxidation 
Mitochondria and substrate 

transporters play an important role in the 
oxidative metabolism of muscle substrates 
(Stephens et al., 2018). Mitochondria are 
central organelles for oxidation of 
substrates (glucose, fatty acids, and 
lactate) for ATP production through the 
tricarboxylic acid cycle (TCA cycle) and 
electron transport chain to maintain 
homeostatic ATP levels. Transporters are 
proteins in the membrane or collected in 
the cytosol that have an important role in 
the regulation of specific substrate 
transport in both plasmalemma and 
mitochondrial membranes. (Smith-Ryan 
et al., 2020) Here we focus on glucose, 
lactate and fatty acid transporters. Figure 
1 shows a simple scheme of oxidative 
metabolism of substrates in skeletal 
muscle, involving mitochondria and 
associated transporters. The large energy 
demand of HIIT results in a significant 
increase in cellular ADP/ATP and 
AMP/ATP ratios that can activate AMPK, 
one of the cell's most important energy 
sensors. AMPK consists of α, β, and γ 
subunits (Shahouzehi et al., 2023). If ATP 
concentration decreases and AMP levels 
increase as a result of muscle contraction 
or lack of energy influx, then AMP is 
bound to the Bateman domain (CBS 
domain) of the γ subunit as the first event 
in mammalian AMPK activation (Antunes 
et al., 2020). Several studies have shown 
that AMPK phosphorylation in skeletal 
muscle is positively correlated with 
exercise intensity and duration (Ouerghi 
et al., 2017). AMPK phosphorylates 
several important enzymes involved in the 
regulation of lipid and protein metabolism 
and glucose transport. The combination of 
heterotrimers may provide an important 

way to adapt to different exercise stimuli. 
Therefore, different associations of α, β, 
and γ isoforms (α1, α2, β1, β2, γ1, γ2, γ3) 
may differ in fiber type isoform-specific 
AMPK activity measured by sequential 
immunoprecipitation after a single HIIT 
or MICT session. Increased α2β2γ3 
structure/construct activity by 27-fold in 
HIIT vastus lateralis samples (Torma et 
al., 2019). 

Many studies have examined the 
maximal activity and protein levels of 
mitochondrial enzymes as indicators of 
mitochondrial content and volume, such 
as citrate synthase (CS), COX, and SDH 
measured by biochemical tests. HIIT 
increased the maximal activity of CS and 
COX, reflecting increased skeletal muscle 
mitochondrial content, in rats, mice, 
horses and humans (Hadiono & Wara 
Kushartanti, 2019). As mitochondrial 
volume is related to insulin sensitivity, 
muscle atrophy and exercise performance, 
HIIT is a useful method for the 
enhancement of oxidative capacity that 
prevents muscle impairment and improves 
exercise performance (Smith-Ryan et al., 
2020). 
 
2. HIIT and Glucose 

HIIT has been shown to improve 
peripheral insulin sensitivity in those 
with impaired metabolic control (Gallo-
Villegas et al., 2018). Molecular 
adaptations to HIIT include increased 
GLUT- 4 content, increased aerobic 
enzyme capacity and mitochondrial 
biogenesis, all of which have been 
associated with improved peripheral 
insulin sensitivity (RezkAllah & Takla, 
2019). In skeletal muscle, GLUT4 is the 
most important glucose transporter. The 
protein content regulates glucose uptake 
into muscle cells HIIT increased GLUT4 
protein content in human and rat muscle 
(Hidayat & Suroto, 2016) Moreover, 
HIIT-induced increase in GLUT4 levels 
simultaneously improved glucose 
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tolerance capacity in metabolic disorder 
patients (RezkAllah & Takla, 2019). 

Physical exercise increases 
FGF21 secretion from muscle as a 
myokine (Jandova et al., 2021). 
Therefore, physical exercise can induce 
the sympathetic nervous system to 
release norepinephrine, which stimulates 
FGF21 secretion by skeletal muscle 
(Holland et al., 2014). However, the 
sympathetic response during exercise 
depends on the intensity of the exercise. 
High intensity during exercise in healthy 
subjects may increase FGF21 secretion. 
In line with previous studies, FGF21 
levels were increased by HIIT in skeletal 
muscle, to a greater extent than 
continuous moderate exercise in obese 
rats. However, there has been no 
evidence of the results of HIIT on 
glucose uptake in DM, specifically 
through FGF21 signaling (Hughes & 
Higgins, 2019). Therefore, the aim of this 
study was to determine the impact of 
physical activity such as high-intensity 
interval training (HIIT) on glucose 
uptake via AMPK activation by FGF21 
under diabetic conditions. AMPK can 
increase GLUT4 expression through 
response elements in the bp895 promoter 
and transcription factors such as guanine 
nucleotide exchange factor (GEF) and 
myocyte enhancer factor (MEF) (Ahmad, 
2019). Meanwhile, GLUT4 translocation 
is mediated by the GTPase-activating 
protein Rab. Physical exercise can 
activate AMPK, thereby increasing 
insulin-independent glucose uptake 
(Recinella et al., 2020). Previous studies 
have shown that rodents fed a high-fat 
diet and given regular physical exercise 
exhibit physiological changes by 
involving AMPK FGF21 signaling in 
skeletal muscle. However, previous 
studies did not explain AMPK activation 
by physical exercise through FGF21 
signaling in increasing glucose uptake 
(Cassidy et al., 2017). 

 
3. Interleukin-6 and Glucose 

Low grade cytokines 
characterized by a slight increase in pro-
inflammatory cytokines such as 
interleukin-6 (IL-6), tumor necrosis 
factor alpha (TNF-a) and C-reactive 
protein (CRP) may show an association 
with the development of insulin 
resistance, metabolic syndrome and 
cardiovascular disease. These markers 
are prognostic indicators of increased risk 
of several chronic diseases (Ellulu et al., 
2016). As calorie and fat intake increases, 
activation of inflammatory pathways in 
cells is initiated through nutrient 
perception and cytokine delivery, and the 
process of nutrient perception is carried 
out through molecular patterns. In 
addition, cytokines are produced in 
various organs in response to 
inflammatory stimuli and can act through 
endocrine, paracrine and autocrine 
pathways (Recinella et al., 2020). 
  Interleukin 6 (IL-6) also works as 
a pro-inflammatory cytokine and anti-
inflammatory myokine expressed by the 
IL6 gene in humans (Sarkar et al., 2021). 
IL-6 has both anti-inflammatory and anti-
inflammatory effects. Given the role of 
Il-6 in the inhibition of pro-inflammatory 
cytokines (IL-1b and TNF-a) as well as 
metabolic activation, several mechanisms 
are responsible for increasing serum 
levels of Il-6 during and after activity. 
Insulin and leptin primarily act through 
hypothalamic neurons to regulate 
feeding, energy homeostasis, and 
systemic insulin sensitivity and central 
IL-6Ra expression was shown to be very 
tightly localized in the hypothalamus 
(Timper et al., 2017). 

HIIT significantly increased in the 
one-hour and 24-hour phases after HIIT 
training. The increase in IL-6 in the one 
hour after training compared to the pre-
test phase was nearly 32%. Insulin and 
leptin mainly act through hypothalamic 



Copyright © 2024 Prasetyo.Y.B, et al  / Kinestetik : Jurnal Ilmiah Pendidikan Jasmani  
8 (4) (2024) 

 

 981 

neurons to regulate feeding, energy 
homeostasis, and systemic insulin 
sensitivity and central IL-6Ra expression 
was shown to be very close to that in the 
hypothalamus, especially considered as a 
pro-inflammatory cytokine involved in 
many pathophysiological conditions 
(Sarkar et al., 2021). However, IL-6 
release through skeletal muscle 
contraction appears to have beneficial 
effects on insulin-stimulated glucose 
disposal and fatty acid oxidation. 
Therefore, IL-6 may be important for 
muscle metabolism during contraction 
(RezkAllah & Takla, 2019). depending 
on the duration, intensity and mode of 
exercise. Although there is some 
evidence that HIIT significantly affects 
the post-exercise IL-6 response (Siddiqui, 
2018). 

Interleukin-6 (IL-6) has been 
shown to play a role in the control of 
body weight and body fat. For example, 
in animal studies, IL-6 overexpression 
has been reported to reduce fat 
accumulation and weight gain, whereas 
IL-6-deficient mice are obese in 
adulthood (Kaspar et al., 2016). Previous 
studies have shown a complex 
relationship between IL-6 and body 
weight and fat. It is generally accepted 
that high levels of inflammatory 
mediators such as IL-6 and TNF-ÿ are 
cachectogenic and possibly anorexigenic, 
that is, associated with weight loss and 
decreased food intake (Recinella et al., 
2020). Previous studies show strong 
evidence for the role of il-6 in the 
prevention of obesity and insulin 
resistance. For example, found that IL-6 
improved glucose disposal in healthy 
humans. In addition, IL-6-deficient mice 
are obese in adulthood, which is partly 
due to reduced energy expenditure, and 
conversely, overexpression of IL-6 leads 
to increased thermogenesis  of energy 
expenditure (Siddiqui, 2018) .  
 

4. HIIT and Lipid 
Reported the impact of HIIT on 

fat and weight loss and concluded that 
HIIT can increase fat oxidation (even up 
to 18%), especially on post-exercise 
days. In addition, reported that low 
lactate accumulation and reduced 
glycogen utilization with improved 
muscle buffering capacity efficiency 
resulted from high-intensity sprint 
interval training (HISIT) compared to 
resistance training. Lipid profile is an 
indicator to predict the development of 
cardiovascular disease (CVD) in adults, 
with increased low-density lipoprotein 
cholesterol (LDL-C) and decreased 
serum high-density lipoprotein 
cholesterol (HDL-C) levels also 
indicating the onset of coronary heart 
disease (CHD) in adults (Recinella et al., 
2020).  

During physical activity, 30-80% 
of energy comes from fat and muscle 
utilizes free fatty acids and triglycerides 
(TG), either circulating or stored, for 
energy production. Previously, reported 
that an 8-week HIIT protocol 
significantly increased HDL-C and 
reduced total cholesterol (TC) in healthy 
adults (Akhoundnia et al., 2019). 
Exercise has a clear physiological impact 
on hematologic variables depending on 
the type, intensity, and duration of 
exercise. During HIIT, an increase in 
erythrocyte count is reported, which may 
compensate for the increased oxygen 
demand (Hughes & Higgins, 2019). 
Previous studies reported that resistance 
training likely impacts blood volume 
changes mainly due to exercise-induced 
plasma volume (PV) expansion, which 
results in lower hemoglobin (Hb) and 
hematocrit (HCT) levels in athletes. 
Leukocytes and circulating platelet count 
(PLT) were found to increase during the 
post- exercise phase in healthy adults 
(Ahmad, 2019). Intense exercise can 
increase plasma viscosity and erythrocyte 
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stiffness, but may decrease sedimentation 
rate. Studies confirmed acute HIIT-
induced changes in hematological 
variables from immediate post- exercise 
conditions, but 12-24 hours recovery 
conditions were only reported (Hammond 
et al., 2019). Other results stated that 
HIIT and MIT training can be used as an 
alternative to overcome obesity (Hadiono 
et al., 2023). 
 
CONCLUSION  
The review above states that when 
compared to moderate intensity training, 
high intensity interval training has a 
positive impact on the body. these include 
an increase in il-6 as a myokine, 
maximized muscle ossification, decreased 
levels of low density lipoprotein, and 
decreased glucose levels. however, the 
question is whether all hiit methods can 
cover all the impacts mentioned. that 
question will certainly be the subject of 
further research. 
 

ACKNOWLEDGEMENT 

Thanks are given to the academic 
community of PGRI Madiun University 
who have supported the success of this 
research. 

 

REFERENCES 

Ahmad, A. M. (2019). Moderate-

intensity continuous training: Is it as 

good as high-intensity interval 

training for glycemic control in type 

2 diabetes? Journal of Exercise 

Rehabilitation, 15(2), 327–333. 

https://doi.org/10.12965/jer.1836648

.324 

Akhoundnia, K., Lamir, A. R., Khajeie, 

R., & Arazi, H. (2019). The effect of 

sport-specific High Intensity 

Interval Training on Ghrelin levels 

and body composition in youth 

wrestlers. Annals of Applied Sport 

Science, 7(1), 11–17. 

https://doi.org/10.29252/aassjournal.

7.1.11 

Antunes, B. M., Rossi, F. E., Oyama, L. 

M., Rosa-Neto, J. C., & Lira, F. S. 

(2020). Exercise intensity and 

physical fitness modulate 

lipoproteins profile during acute 

aerobic exercise session. Scientific 

Reports, 10(1), 1–8. 

https://doi.org/10.1038/s41598-020-

61039-6 

Astorino, T. A., Edmunds, R. M., Clark, 

A., King, L., Gallant, R. A., Namm, 

S., Fischer, A., & Wood, K. M. 

(2017). High-Intensity Interval 

Training Increases Cardiac Output 

and V-O2max. Medicine and 

Science in Sports and Exercise, 

49(2), 265–273. 

https://doi.org/10.1249/MSS.000000

0000001099 

Batacan, R. B., Duncan, M. J., Dalbo, V. 

J., Tucker, P. S., & Fenning, A. S. 

(2017). Effects of high-intensity 



Copyright © 2024 Prasetyo.Y.B, et al  / Kinestetik : Jurnal Ilmiah Pendidikan Jasmani  
8 (4) (2024) 

 

 983 

interval training on cardiometabolic 

health: A systematic review and 

meta-analysis of intervention 

studies. British Journal of Sports 

Medicine, 51(6), 494–503. 

https://doi.org/10.1136/bjsports-

2015-095841 

Cassidy, S., Thoma, C., Houghton, D., & 

Trenell, M. I. (2017). High-intensity 

interval training: a review of its 

impact on glucose control and 

cardiometabolic health. 

Diabetologia, 60(1), 7–23. 

https://doi.org/10.1007/s00125-016-

4106-1 

de Oliveira Teles, G., da Silva, C. S., 

Rezende, V. R., & Rebelo, A. C. S. 

(2022). Acute Effects of High-

Intensity Interval Training on 

Diabetes Mellitus: A Systematic 

Review. International Journal of 

Environmental Research and Public 

Health, 19(12). 

https://doi.org/10.3390/ijerph19127

049 

Ellulu, M. S., Patimah, I., Khaza, H., 

Rahmat, A., Abed, Y., & Sci, A. M. 

(2016). Obesity and Inflammation : 

The Linking Mechanism and the 

Complications. Archives of Medical 

Science, 851–863. 

Gallo-Villegas, J., Aristizabal, J. C., 

Estrada, M., Valbuena, L. H., 

Narvaez-Sanchez, R., Osorio, J., 

Aguirre-Acevedo, D. C., & 

Calderón, J. C. (2018). Efficacy of 

high-intensity, low-volume interval 

training compared to continuous 

aerobic training on insulin 

resistance, skeletal muscle structure 

and function in adults with 

metabolic syndrome: Study protocol 

for a randomized controlled clinical 

trial (In. Trials, 19(1), 1–10. 

https://doi.org/10.1186/s13063-018-

2541-7 

Granata, C., Oliveira, R. S. F., Little, J. 

P., Renner, K., & Bishop, D. J. 

(2016). Mitochondrial adaptations to 

high-volume exercise training are 

rapidly reversed after a reduction in 

training volume in human skeletal 

muscle. FASEB Journal, 30(10), 

3413–3423. 

https://doi.org/10.1096/fj.20150010

0R 

Hadiono, M., & Wara Kushartanti, B. M. 

(2019). High Intensity Interval 

Training (HIIT) and Moderate 

Intensity Training (MIT) Against 

TNF-α and IL-6 levels In Rats. 

7(Icssh 2018), 87–90. 

https://doi.org/10.2991/icssh-

18.2019.21 



Copyright © 2024 Prasetyo.Y.B, et al  / Kinestetik : Jurnal Ilmiah Pendidikan Jasmani  
8 (4) (2024) 

 

 984 

Hadiono, Andri Arif Kustiawan, Bimo 

Alexander, Ajeng Nur Khoirunnisa. 

(2023). Effect of HIIT and MIT on 

TNF-α levels and blood profile for 

obesity therapy. Fizjoterapia Polska,  

23(2), 158-161. 

DOI: https://doi.org/10.56984/8ZG0

DF1BA 

Hammond, K. M., Sale, C., Fraser, W., 

Tang, J., Shepherd, S. O., Strauss, J. 

A., Close, G. L., Cocks, M., Louis, 

J., Pugh, J., Stewart, C., Sharples, A. 

P., & Morton, J. P. (2019). Post-

exercise carbohydrate and energy 

availability induce independent 

effects on skeletal muscle cell 

signalling and bone turnover: 

implications for training adaptation. 

Journal of Physiology, 597(18), 

4779–4796. 

https://doi.org/10.1113/JP278209 

Hidayat, A., & Suroto. (2016). Hubungan 

antara Status Gizi dan Aktivitas 

Fisik dengan Tingkat Kebugaran 

Jasmani Siswa. Jurnal Pendidikan 

Olahraga Dan Kesehatan, 04(02), 

516–521. 

Holland, W. L., Adams, A. C., Brozinick, 

J. T., Bui, H. H., Kusminski, C. M., 

Bauer, S. M., Wade, M., Singhal, E., 

Cheng, C. C., Volk, K., Kuo, M., & 

Gordillo, R. (2014). Expenditure 

and Insulin Action in Mice. Elsevier 

Inc, 17(5), 790–797. 

https://doi.org/10.1016/j.cmet.2013.

03.019.An 

Hughes, I. L., & Higgins, T. (2019). Six 

Weeks High Intensity Interval 

Training (HIIT) Improves a Variety 

of Different Diabetes Mellitus Type 

2 Risk Markers. International 

Journal of Physical Medicine & 

Rehabilitation, 7(1), 1–10. 

https://doi.org/10.4172/2329-

9096.1000503 

Jandova, T., Buendía-Romero, A., 

Polanska, H., Hola, V., Rihova, M., 

Vetrovsky, T., Courel-Ibáñez, J., & 

Steffl, M. (2021). Long-term effect 

of exercise on Irisin blood levels—

systematic review and meta-

analysis. Healthcare (Switzerland), 

9(11), 1–19. 

https://doi.org/10.3390/healthcare91

11438 

Kaspar, F., Jelinek, H. F., Perkins, S., Al-

Aubaidy, H. A., Dejong, B., & 

Butkowski, E. (2016). Acute-Phase 

Inflammatory Response to Single-

Bout HIIT and Endurance Training: 

A Comparative Study. Mediators of 

Inflammation, 2016. 

https://doi.org/10.1155/2016/547483

7 



Copyright © 2024 Prasetyo.Y.B, et al  / Kinestetik : Jurnal Ilmiah Pendidikan Jasmani  
8 (4) (2024) 

 

 985 

Khammassi, M., Ouerghi, N., Hadj-

Taieb, S., Feki, M., Thivel, D., & 

Bouassida, A. (2018). Impact of a 

12-week high-intensity interval 

training without caloric restriction 

on body composition and lipid 

profile in sedentary healthy 

overweight/obese youth. Journal of 

Exercise Rehabilitation, 14(1), 118–

125. 

https://doi.org/10.12965/jer.1835124

.562 

Liu, J. xin, Zhu, L., Li, P. jun, Li, N., & 

Xu, Y. bing. (2019). Effectiveness 

of high-intensity interval training on 

glycemic control and 

cardiorespiratory fitness in patients 

with type 2 diabetes: a systematic 

review and meta-analysis. Aging 

Clinical and Experimental 

Research, 31(5), 575–593. 

https://doi.org/10.1007/s40520-018-

1012-z 

Ouerghi, N., Ben Fradj, M. K., Bezrati, 

I., Khammassi, M., Feki, M., 

Kaabachi, N., & Bouassida, A. 

(2017). Effects of high-intensity 

interval training on body 

composition, aerobic and anaerobic 

performance and plasma lipids in 

overweight/obese and normal-

weight young men. Biology of Sport, 

34(4), 385–392. 

https://doi.org/10.5114/biolsport.201

7.69827 

Recinella, L., Orlando, G., Ferrante, C., 

Chiavaroli, A., Brunetti, L., & 

Leone, S. (2020). Adipokines: New 

Potential Therapeutic Target for 

Obesity and Metabolic, Rheumatic, 

and Cardiovascular Diseases. 

Frontiers in Physiology, 

11(October), 1–32. 

https://doi.org/10.3389/fphys.2020.5

78966 

RezkAllah, S. S., & Takla, M. K. (2019). 

Effects of different dosages of 

interval training on glycemic control 

in people with prediabetes: A 

randomized controlled trial. 

Diabetes Spectrum, 32(2), 125–131. 

https://doi.org/10.2337/ds18-0024 

Sarkar, S., Debnath, M., Das, M., 

Bandyopadhyay, A., Dey, S. K., & 

Datta, G. (2021). Effect of high 

intensity interval training on 

antioxidant status, inflammatory 

response and muscle damage indices 

in endurance team male players. 

Apunts Sports Medicine, 56(210). 

https://doi.org/10.1016/j.apunsm.20

21.100352 

Shahouzehi, B., Masoumi-Ardakani, Y., 

Nazari-Robati, M., & Aminizadeh, 



Copyright © 2024 Prasetyo.Y.B, et al  / Kinestetik : Jurnal Ilmiah Pendidikan Jasmani  
8 (4) (2024) 

 

 986 

S. (2023). The Effect of High-

intensity Interval Training and L-

carnitine on the Expression of Genes 

Involved in Lipid and Glucose 

Metabolism in the Liver of Wistar 

Rats. Brazilian Archives of Biology 

and Technology, 66, 1–11. 

https://doi.org/10.1590/1678-4324-

2023220100 

Siddiqui, S. (2018). Obesity and diabetes: 

interrelationship. Advances in 

Obesity, Weight Management & 

Control, 8(2), 155–158. 

https://doi.org/10.15406/aowmc.201

8.08.00233 

Smith-Ryan, A. E., Blue, M. N. M., 

Anderson, K. C., Hirsch, K. R., 

Allen, K. D., Huebner, J. L., 

Muehlbauer, M. J., Ilkayeva, O. R., 

Kraus, V. B., Kraus, W. E., 

Golightly, Y. M., & Huffman, K. M. 

(2020). Metabolic and physiological 

effects of high intensity interval 

training in patients with knee 

osteoarthritis: A pilot and feasibility 

study. Osteoarthritis and Cartilage 

Open, 2(4), 100083. 

https://doi.org/10.1016/j.ocarto.2020

.100083 

Stephens, N. A., Brouwers, B., Eroshkin, 

A. M., Yi, F., Cornnell, H. H., 

Meyer, C., Goodpaster, B. H., 

Pratley, R. E., Smith, S. R., & 

Sparks, L. M. (2018). Exercise 

response variations in skeletal 

muscle PCR recovery rate and 

insulin sensitivity relate to muscle 

epigenomic profiles in individuals 

with type 2 diabetes. Diabetes Care, 

41(10), 2245–2254. 

https://doi.org/10.2337/dc18-0296 

Timper, K., Denson, J. L., Steculorum, S. 

M., Heilinger, C., Engström-Ruud, 

L., Wunderlich, C. M., Rose-John, 

S., Wunderlich, F. T., & Brüning, J. 

C. (2017). IL-6 Improves Energy 

and Glucose Homeostasis in Obesity 

via Enhanced Central IL-6 trans-

Signaling. Cell Reports, 19(2), 267–

280. 

https://doi.org/10.1016/j.celrep.2017

.03.043 

Torma, F., Gombos, Z., Jokai, M., 

Takeda, M., Mimura, T., & Radak, 

Z. (2019). High intensity interval 

training and molecular adaptive 

response of skeletal muscle. Sports 

Medicine and Health Science, 1(1), 

24–32. 

https://doi.org/10.1016/j.smhs.2019.

08.003 

 

 
 


