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Both High-Intensity Interval and Moderate-Intensity Continuous Training Decrease Fetuin-A Levels in
High Fat Diet Fed Male Rats
Tanto el entrenamiento en intervalos de alta intensidad como el continuo de intensidad moderada
disminuyen los niveles de fetuina-A en ratas macho alimentadas con dieta rica en grasas
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Abstract. Background: Fetuin-A is a hepatokine that increases in obesity, and a high-fat diet (HFD) contributes to this condition.
Obesity is characterized by increased body mass index (BMI) and is correlated to insulin resistance. This study aims to analyze the
difference between High-Intensity Interval Training (HIIT) and Moderate-Intensity Continuous Training (MICT) on fetuin-A, insulin,
fasting blood glucose (FBG) levels, and BMI in HFD-fed rats. Methods: Twenty-four male Wistar rats were divided into four groups:
CD (standard diet), HFD (HED only), HED-IT (HED and HIIT), and HFD-CT (HFD and MICT). HED consisted of a standard diet
with an additional 2 mL/200-gram body weight of lard oil daily. In the HFD-IT group, swimming was performed with a 9% body
weight load with short duration and intermittent rest periods, while the HFD-CT group was given a 6% body weight load and contin-
uous swimming. Swimming was conducted five days a week for four weeks. Fetuin-A and insulin levels were measured using enzyme-
linked immunosorbent assay (ELISA) method, and FBG levels were measured using a glucometer. Results: Fetuin-A levels were sig-
nificantly lower in the HFD-IT and HFD-CT groups compared to the HFD group (p<<0.05). The HED-CT group had a significant
decrease in FBG levels (p<<0.05), but the HFD-IT group did not. There were no differences in BMI and insulin levels between groups
after four weeks of treatment (p>0.05). Conclusion: HIIT and MICT have similar effectiveness in reducing fetuin-A levels. In addition,
MICT also managed to reduce FBG levels.

Keywords: interval training, continuous training, high-fat diet, fetuin-A, insulin, healthy lifestyle

Resumen. Antecedentes: La fetuina-A es una hepatocina que aumenta en la obesidad, y una dieta rica en grasas (HFD) contribuye a
esta condicion. La obesidad se caracteriza por el aumento en el indice de masa corporal (IMC) y se relaciona directamente con la
resistencia a la insulina. Este estudio tiene como objetivo analizar la diferencia entre la eficacia del entrenamiento de intervalos de alta
intensidad (HIIT) y del entrenamiento continuo de intensidad moderada (MICT) sobre la fetuina-A, la insulina, los niveles de glucosa
en sangre en ayunas (FBG) y el IMC en ratas alimentadas con HFD. Métodos: Veinticuatro ratas Wistar macho se dividieron en cuatro
grupos: CD (dieta estandar), HED (s6lo HFD), HED-IT (HFD y HIIT) y HED-CT (HFD y MICT). La HFD consistia en una dieta
estandar con 2 ml/200 gramos de peso corporal adicionales de aceite de grasa de cerdo al dia. En el grupo HED-IT, se utilizb6 como
ejercicio la natacion con una carga del 9% del peso corporal, con periodos de descanso intermitentes y de corta duracion, mientras que
el grupo HFD-CT recibio una carga del 6% del peso corporal y natacion continua. La natacion se realizo cinco dias a la semana durante
cuatro semanas. Los niveles de fetuina-A e insulina se midieron mediante el método de ensayo inmuno-absorbente ligado a enzimas
(ELISA), y los niveles de FBG se midieron con un glucometro. Resultados: Los niveles de fetuina-A fueron significativamente inferiores
en los grupos HED-IT y HFD-CT en comparacion con el grupo HFD (p<<0,05). El grupo HFD-CT presento un descenso significativo
de los niveles de FBG (p<0,05), pero no asi el grupo HED-IT. No hubo diferencias en los niveles de IMC e insulina entre los grupos
tras cuatro semanas de tratamiento (p>0,05). Conclusiones: EI HIIT y el MICT tienen una eficacia similar en la reduccion de los niveles
de fetuina-A. Ademas, el MICT también consiguio reducir los niveles de FBG.
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Introduction

High-fat diets (HFD) contain excessive calories, con-
tributing to weight gain and obesity through a complex
metabolic process. Obesity is a complex chronic disease
marked by excessive accumulation of body fat caused by the
complex interplay of multiple genetic, metabolic, behav-
ioral, and environmental factors (da Silva et al., 2022; Devi
et al., 2023; Wharton et al., 2020). Based on the World
Health Organization data, the worldwide prevalence of
obesity in adults increased by 138% between 1975 and
2016, with a 21% increase between 2006 and 2016 (World
Health Organization, 2022). Several studies illustrate the
correlation between obesity, metabolic syndrome, and
other chronic diseases such as cardiovascular disease, type 2
diabetes mellitus (DM), and Non-Alcoholic Fatty Liver Dis-
ease (NAFLD) (Boutari & Mantzoros, 2022; Meiliana &

-208-

Wijaya, 2009; Zanetti et al., 2022). Lifestyle changes char-
acterized by decreased physical activity and a high-fat diet
play an important role in causing obesity. One of the ther-
apies for obesity besides calorie restriction and pharmaco-
logical intervention is to increase physical exercise
(Herawati et al., 2019; Vigriawan et al., 2022). Two types
of popular exercise are known: Moderate-Intensity Contin-
uous Training (MICT) and High-Intensity Interval Training
(HIIT) (Ruslan et al., 2022). MICT, better known as en-
durance training, is performed over a longer duration with
moderate exercise intensity. In contrast, HIIT is character-
ized by high exercise intensity with shorter duration and
rest periods or low-intensity exercise in between (Maturana
etal., 2021; Petridou et al., 2019; Syamsudin et al., 2023).

Fetuin-A is a multifunctional hepatokine that plays a role
in several endocrine signaling pathways. Fetuin-A can sup-
press adiponectin production by adipocytes, induce
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pancreatic beta cell toxicity, and have pro-inflammatory ef-
fects that can cause insulin resistance and increased blood
glucose levels (Ahn etal., 2021). Increased levels of fetuin-
A are found in obese children and adolescents, which are
linked to several metabolic diseases such as DM and NAFLD
(Ahn et al., 2021). A study by Etienne et al. (2022) re-
ported hepatic steatosis and increased fetuin-A levels in
male mice fed a high-fat diet for four wecks.

A previous study by Khabiri et al. (2023) reported that
cight weeks of aerobic exercise reduced fetuin-A levels,
body weight, and insulin resistance in male rats fed a high-
fat diet. Saberi et al. (2024) reported that eight weeks of
HIIT training also reduced fetuin-A levels in diabetic male
rats that received two months of a high-fat diet and a single
dose of streptozotocin. Studies in humans have also shown
that aerobic exercise can reduce fetuin-A levels and im-
prove insulin resistance in men and women (Malin et al.,
2014; Ramirez-Vélez et al., 2019). Despite previous stud-
ies, limited research has compared the effectiveness of HIIT
and MICT on fetuin-A, insulin, and other obesity-related
parameters in a short period. Some individuals have differ-
ent preferences for the method of exercise performed, so it
is important to know the difference in effectiveness be-
tween the two exercises to provide maximum results in a
short time, especially for patients with metabolic diseases
such as obesity and type 2 DM (Azhir et al., 2022; J. Liu et
al., 2020). Based on the discussion above, this study aims to
analyze the effects of four weeks of HIIT and MICT on fe-
tuin-A, insulin, fasting blood glucose levels, and BMI in
male rats fed a high-fat diet. We hypothesize that both HIIT
and MICT for four weeks have the same ability to reduce
these parameters in high-fat diet fed rats.

Material & Methods

This study was an experimental study and all research
procedures have been approved by the Health Research
Ethics Committee of the Faculty of Medicine, Airlangga
University, Surabaya (No.181/EC/KEPK/FKUA/2023).

Experimental Animals

Twenty-four healthy Wistar male rats (Rattus norvegicus)
aged 8-12 wecks and weighing 150-200 grams were used in
this study. The rats were randomly divided into four
groups, and each group consisted of six rats. The four
groups consisted of CD (standard diet without treatment),
HFD (HED only without treatment), HFD-IT (combined
HFD and HIIT), and HFD-CT (combined HFD and MICT).

This study was conducted at the animal laboratory of the
Veterinary Medicine Faculty, Airlangga University. All an-
imals were kept in a room with a temperature of 261+2°C
and a 50-60% humidity. The rats were housed in groups of
six, according to their treatment groups. Standard food and
water were provided ad libitum. Lighting was set to resem-
ble a 12-hour light/12-hour dark cycle. Before treatment,
the animals were acclimatized to the food, laboratory con-
ditions, and swimming protocol for one week. Body weight
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and body length measurements were also taken before
treatment to calculate BMI. BMI was calculated using the
Lee index formula (%/body weight (g)/naso-anal length
(cm) X 1000), and a value of more than 310 indicates obe-
sity in rats (Francis et al., 2022). In addition to the BMI
measurement, fasting blood glucose levels were also exam-
ined after 12 hours of fasting before starting treatment by
collecting capillary blood from the rat's tail and measured
using the Easy Touch GCU glucometer (Bioptik Technol-
ogy, Inc., Miaoli County, Taiwan). Fasting blood glucose
levels in rats are normal if less than 200 mg/dL (Fajardo et
al., 2014).

Procedure Intervention

Rats in the control group (CD) received a standard diet
consisting of 12% water, 20% protein, 4% fat and 4% fiber.
In the HFD, HFD-IT, and HFD-CT groups, rats were given
a standard diet with an additional lard oil (Yong’s Deli Pork,
Madiun, Indonesia), which was administered by oral gavage
in a dose of 2 mL/200-gram body weight every morning
for four weeks (Widianingsih et al., 2009). Rats in the CD
and HFD groups were only given diet according to the
group and without swimming treatment. Rats in the HFD-
IT and HFD-CT groups were exercised according to the
swimming protocol of Rahayu et al. (2021) and Riyono et
al. (2022) with modifications, in a 60 cm diameter plastic
tub with 55 cm water depth and 28-32°C water tempera-
ture. In the HFD-IT group, rats swam for 3 minutes with a
9% load of body weight tied to the tail, followed by a rest
period of 1 minute 45 seconds, counted as one set. In the
first week, the set was repeated twice per session, repeated
four times per session during the second week, and re-
peated six times per session during the third and fourth
weeks. In the HFD-CT group, rats swam with a 6% load of
body weight tied to the tail and were conducted without a
rest period for 10 minutes in the first week, 20 minutes in
the second week, and 30 minutes in the third and fourth
weeks. The choice of applying different loads to rats’ tail
during swimming was based on the study done by Gobatto
et al. (2001), which reported that rats given a 6% load
reached the maximal lactate steady state or anaerobic
threshold, while rats given an 8% load illustrate higher ex-
ercise intensity. In addition, Rahayu et al. (2021) used a 6%
load to represent moderate-intensity exercise and a 9% load
to represent high-intensity exercise, which was adapted
into this study. The swimming session was conducted five
days a week at 3 p.m. for four weeks. The body weight of
the rats was weighed at the beginning of each week to adjust
the load. At the same time, although the CD and HFD
groups were not given the swimming treatment, they were
still exposed to water at the level of the rats' feet.

Data Collection

At the end of week four of treatment, after 48 hours
since the last swimming session and the rats were fasted for
12 hours, fasting blood glucose levels were measured along
with body weight and body length measurements for Lee
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Index calculation. Fasting blood glucose levels were meas-
ured using capillary blood from the rat's tail using the Easy
Touch GCU glucometer (Bioptik Technology, Inc., Mi-
aoli County, Taiwan). Body weight was measured using a
digital scale, and body length was measured using measur-
ing tape. The rats were then anesthetized, and 5 mL of
blood was drawn from the heart. Serum was retrieved by
centrifugation at 3000 rpm for 10 minutes and stored at -
20°C for further testing. Fetuin-A levels in serum were
measured using a BT-Lab ELISA kit (Catalog No:
E0580Ra; Zhejiang, China), while insulin levels were
measured using an Elabscience ELISA kit (Catalog No: E-
EL-R2466; Texas, USA), according to the manufacturer-
supplied instructions.

The quantitative measurement of fetuin-A levels in se-
rum was performed using the ELISA kit with the sandwich
ELISA principle. The ELISA plate provided inside the kit
has been pre-coated with an antibody specific to rat fetuin-
A. Fetuin-A present in the sample is added to the ELISA
plate wells and binds with the antibodies. Then, a bioti-
nylated rat fetuin-A antibody followed by Streptavidin-
Horseradish Peroxide (HRP) is added to each well and in-
cubated. After incubation, unbound Streptavidin-HRP is
washed away during the washing step. A substrate solution
is added to each well, and color develops, which describes
the amount of fetuin-A. A stop solution is added to termi-
nate the reaction, and the optical density (OD) is meas-
ured using a microplate reader at a wavelength of 450 nm.
The same principle is used for the quantitative measure-
ment of insulin levels in serum. The OD value is propor-
tional to the concentration of fetuin-A or insulin. The con-
centration of fetuin-A or insulin in the sample is calculated
by comparing the OD of the sample to the standard curve.

Data Analysis

The data analysis was conducted using SPSS software
version 26 (IBM Corporation, Armonk, NY, USA). The
normality test was performed using the Shapiro-Wilk test,
while the homogeneity test was conducted using the
Lavene test. Paired T-test was used to analyze pretest and
post-test results of fasting blood glucose and BMI within
cach group, while One-Way ANOVA was conducted to
analyze fetuin-A and insulin results between groups,
which was examined at post-test only. Statistical tests
were followed by Fisher's Least Significant Difference
(LSD) post hoc test if significant differences were found
between groups. Data were displayed as mean T standard
error of the mean (SEM), and results were defined as sig-
nificant if the p-value was < 0.05.

Results

Based on the Lee index calculation of BMI at the be-
ginning of treatment, none of the rats in this study were
obese. There was no significant difference in BMI in each
group after four weeks of treatment (p>0.05) based on
Paired-T test results displayed in Table 1. All rats had
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normal fasting blood glucose levels before treatment (less
than 200 mg/dL). Paired T-test in Table 1 shows that
there was a significant decrease in blood glucose levels in
the HFD (p<0.05) and HFD-CT (p<0.05) groups after
being treated for four weeks.

Table 1.
Pre and Post Test Results for Body Mass Index and Fasting Blood Glucose
Body Mass Index (g/cm) Fasting Blood Glucose (mg/dL)

Groups Pre Post Pre Post
CD 301.61 £2.39 284.36 +6.82 94+ 543 93.50 +3.51
HFD 291.43 £4.21 280.31 £3.42 96.83 £3.10 67.67 £ 3.49%
HFD-IT 282.28 £1.75 278.01 = 1.45 97.33£4.01 90.17 £3.56
HFD-CT 297.43 £2.40 284.56 £ 5.02 110.50 = 2.18 77.83 + 4.82%

Description: CD: standard diet; HFD: high-fat diet only; HFD-IT: combination
of HFD and HIIT; HFD-CT: combination of HFD and MICT. Data are displayed
asmean + SEM. *: p<0.05 compared to Pre, analyzed by Paired T-test.

The data in Figure 1 shows that the group fed a high-
fat diet alone for four weeks (HFD) had the highest fetuin-
A concentration and was significantly different from the
CD, HFD-IT, and HFD-CT groups (p<0.05). This indi-
cates that HIIT and MICT for four weeks can reduce fe-
tuin-A levels compared to the group that received a high-
fat diet alone without exercise. LSD post hoc test revealed
no significant difference between the HIIT and MICT
groups (p = 0.595). Both had the same effectiveness in

HFD-IT HFD-CT

reducing fetuin-A levels.
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Figure 1. Fetuin-A levels after four weeks of treatment. Description: Data are
displayed as mean * SEM. *: p<0.05 vs. CD, HFD-IT, and HFD-CT were
analyzed by One-Way ANOVA followed by LSD Post Hoc test.
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Based on the data in Figure 2, no significant difference
was found in insulin levels between groups using the One-
Way ANOVA test (p>0.05). The administration of a high-
fat diet and HIIT or MICT for four weeks showed no sig-
nificant difference in insulin levels between groups.
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Figure 2. Insulin levels after four weeks of treatment. Description: Data are dis-
played as mean = SEM and analyzed by One-Way ANOVA.

Discussion

The diet of this study was a standard diet consisting of
12% water, 20% protein, 4% fat, 4% fiber, and HFD con-
sisting of standard diet and additional lard oil (Yong’s Deli
Pork, Madiun, Indonesia) in a dose of 2 mL/200-gram body
weight every morning (Widianingsih et al., 2009). Rats'
calorie intake is approximately 60 calories per day from a
standard diet (Rising & Lifshitz, 2006). The lard oil used in
this study consists of 95% fat, and the total energy value is
4,95 calories/gram, which is equivalent to an additional 8
— 9% calories from rats' standard daily intake. That value is
equivalent to 3 tablespoons of sugar in an adult human.

In this study, there was no significant difference in BMI
in cach group after treatment for four weeks. The absence
of significant changes in BMI in this study may be explained
by the relatively short duration of the intervention, which
was four weeks. D’Amuri et al. (2021) reported a signifi-
cant BMI decrease in the HIIT and MICT groups after 12
weeks of intervention in obese men and women. Results
from this study reported that the HFD-CT group had a
more significant BMI reduction than the HFD-IT group, alt-
hough there was no significant difference. These results are
in line with research conducted by Schjerve et al. (2008),
which states that both MICT and HIIT can reduce BMI after
three times training per week for 12 weeks in obese men
and women, but MICT has a greater reduction in BMI than
HIIT (p<0.007 vs. p<0.04). Tjonna et al. (2008) also re-
ported similar results, both continuous training and interval
training three times per wecek for 16 wecks can reduce body
weight in men and women with metabolic syndrome, but
continuous training has superior results compared to inter-
val training (-3.6 vs. -2.6 kg). Previous studies reported
that slight changes in body mass in the HIIT group of obese
men and women may be influenced by an increase in muscle
mass (Blue et al., 2018; Rohmansyah et al., 2023).
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Although not significant, the decrease in BMIin the high-fat
diet group could be due to the increase in cholecystokinin.
Cholecystokinin works by suppressing appetite, limiting
overeating and weight gain (Miller et al., 2021). Increased
fasting plasma cholecystokinin was observed after high-fat
feeding for 21 days in men (Little et al., 2008). Ahmed et
al. (2020) also reported that weight loss was observed in
overweight and type 2 DM patients who received a low-
carbohydrate, high-fat diet for three months because of li-
polysis and the use of non-esterified fatty acids as an alter-
native energy source. A decrease in body mass index in the
control group, although not significant, was also obtained
in this study. This can be caused by reduced physical activ-
ity, causing muscle atrophy or decreased muscle mass
(Riyono et al., 2022). Zhang et al. (2018) reported that
physical inactivity for two weeks caused skeletal muscle at-
rophy in male rats, and the underlying mechanism was acti-
vation of the AMP-activated kinase-Forkhead box O3
(AMPK/FoxO3) signaling pathway, which plays a role in
the induction of atrophic gene expression, protein degrada-
tion, and final atrophy of skeletal muscle.

The group given a high-fat diet alone without exercise
for four weeks increased fetuin-A levels significantly com-
pared to the other groups in this study. This result is sup-
ported by the study from Etienne et al. (2022), which
showed a significant increase in fetuin-A levels after admin-
istering a high-fat diet for four weeks in male mice. In-
creased levels of free fatty acids in the circulation caused by
a high-fat diet lead to an increase in NF-KB binding to the
fetuin-A promoter, which increases fetuin-A expression
(Bhattacharya et al., 2012). Fetuin-A plays a role in inhibit-
ing autophosphorylation of tyrosine kinase enzymes and in-
sulin receptor substrate proteins (IRS-1), resulting in dis-
turbances in the regulation of insulin signaling pathways and
other cellular functions such as glucose storage and
transport (Singh et al., 2012). In addition, fetuin-A acts as
an endogenous ligand of Toll-like Receptor 4 (TLR4) that
induces insulin resistance, macrophage infiltration, and in-
flammation in adipocytes (Ennequin et al., 2019).

This study found that the HFD-IT and HFD-CT groups
had lower fetuin-A levels and were significantly different
compared to the group that only received a high-fat diet
(HFD). Ramirez-Vélez et al. (2019) reported that aerobic
or anaerobic exercise at high or moderate intensity with a
volume of 60 minutes per session and a frequency of at
least four to seven sessions per week can significantly re-
duce fetuin-A levels in overweight or obese men and
women. Malin et al. (2014) also reported that 12 weeks
of aerobic exercise at 85% VO2max for 60 minutes per
session can reduce fetuin-A levels in obese and insulin-re-
sistant men and women.

There was no significant difference in fetuin-A levels
between HIIT and MICT groups after four weeks of treat-
ment in this study. Studies comparing the effectiveness of
HIIT and MICT, specifically on fetuin-A, are still very lim-
ited. However, a meta-analysis done by J. Liu et al. (2020)
showed that both HIIT and MICT were beneficial in
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lowering cardiometabolic risk factors such as BMI, body
weight, and blood pressure reduction in obese children, and
there were no significant differences between the two
groups. The meta-analysis by Wewege et al. (2017) also re-
ported that HIIT and MICT averaged for ten weeks with a
frequency of three times a week contributed to the reduc-
tion of body fat levels and waist circumference in over-
weight and obese men and women, but there was no signif-
icant difference between the two groups, indicating that
HIIT could be an alternative to the conventional MICT.

Despite no difference between HIIT and MICT results
in some previous studies, the underlying physiological con-
ditions are different. Moderate-intensity exercise, which
generally has a longer duration per session, involves in-
creased fat burning as a substrate, characterized by an in-
crease in free fatty acids released and oxidized for energy
(Hall, 2015; Rejeki etal., 2023). Meanwhile, high-intensity
exercise is correlated with an increased secretion of cate-
cholamines and growth hormone, which can increase the
rate of adipose lipolysis (J. Liu et al., 2020). Fetuin-A se-
cretion is influenced by a high-fat diet and an increase of
free fatty acids that bind NF-KB to the fetuin-A promoter,
so it is suspected that increased oxidation of free fatty acids
due to HIIT and MICT plays arolein reducing fetuin-A lev-
els in circulation.

All groups experienced a decrease in blood glucose lev-
els after four weeks of treatment, but a significant reduction
was only found in the HFD and HFD-CT groups. There was
no significant difference in insulin levels between groups in
this study. A study conducted by Lundsgaard et al. (2019)
reported that high-fat diet administration in healthy and
overweight men for six weeks decreased fasting insulin lev-
els and insulin sensitivity was maintained, which may be the
reason why there was no difference in insulin levels in the
high-fat diet group compared to the control and exercise
group in this study. In addition, the absence of significant
differences in insulin levels between all groups could be due
to the relatively short duration of the high-fat diet admin-
istration. Flanagan et al. (2008) reported that insulin re-
sistance in female rats began to appear after the administra-
tion of a high-fat diet for nine weeks, which is marked by
elevated insulin levels in serum. Another study also re-
ported an increase in body weight, increased fasting blood
glucose levels, and insulin resistance in male mice after 12
wecks of high-fat diet (Z. Liu et al., 2015).

The decrease in fasting blood glucose levels in the high-
fat diet group in this study may be due to several factors,
including the shorter duration of high-fat diet administra-
tion compared to previous studies, so it is suspected that
insulin resistance, which causes an increase in fasting blood
glucose levels has not yet occurred. A study by Lundsgaard
ctal. (2019) also reported that feeding a high-fat diet for six
weeks in male rats showed suppression of phosphoenolpy-
ruvate carboxykinase (PEPCK), which is a key enzyme in
gluconeogenesis and led to decreased glucose production,
which supported the decrease of blood glucose in the high-
fat diet group in this study. In addition to this, Ahmed et al.
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(2020) reported that three months administration of a low-
carbohydrate and high-fat diet can improve glycemic con-
trol, as described by a decrease in HbAlc levels in the type
2 DM population. Yang et al. (2021) also reported a reduc-
tion in blood glucose levels as well as improved glucose tol-
erance and insulin sensitivity in diabetic model male mice
given a ketogenic diet for 12 weeks, but the diet also caused
an increase in hepatic fat levels, which can have adverse ef-
fects if the high-fat diet is continued in the long term. This
isin line with the significant rise in fetuin-A after four wecks
of a high-fat diet in this study, although there were no signs
of insulin resistance and increased fasting blood glucose lev-
els yet.

This study revealed that the HFD-CT group showed a
reduction in fasting blood glucose levels after four weeks of
treatment compared to the HFD-IT group. This result is
consistent with a meta-analysis done by Maturana et al.
(2021), which stated that MICT is superior for improving
long-term glucose metabolism compared to HIIT in men
and women. Robinson et al. (2015) compared the effective-
ness of HIIT and MICT for ten days in overweight and obese
women, and the results also showed that MICT was supe-
rior in reducing fasting blood glucose levels. Despite these
results, other previous studies have shown different find-
ings. Rohmansyah et al. (2023) revealed that 16 weeks of
HIIT significantly reduced fasting blood glucose compared
to the MICT group in elderly women. A study by Kong et
al. (2016) showed that both HIIT and MICT, for five weeks,
reduced fasting blood glucose in overweight and obese
young women, and there was no difference between both
groups. Based on these different findings, further explora-
tion related to different exercise intensities and fasting
blood glucose is needed. During HIIT, there is an increase
in several hormones, such as catecholamines, cortisol, and
growth hormone, which play a role in glycogenolysis and
the rise in blood glucose levels after exercise (Boutcher,
2011; Riddell etal., 2019). Individuals with type 1 DM may
experience hyperglycemia after exercise, usually after high-
intensity exercise (Riddell et al., 2019). HIIT has the po-
tential to cause discomfort for some people because of its
high intensity; thus, an adequate rest period between high-
intensity training sessions is needed to prevent negative ef-
fects and maintain long-term exercise compliance (Atakan
etal., 2021).

This study has several limitations, including the rela-
tively short duration of the study, which limits the ability to
analyze the long-term effects of high-fat diets and exercise
in different intensities. A more in-depth calculation of the
amount of food consumed by each group of rats can be done
in further research to observe intake changes after being fed
ahigh-fat diet. Also, more parameters related to obesity and
insulin resistance should be evaluated to support the current
results of this study.

Conclusion

Four weeks of HIIT and MICT were equally effective in
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reducing fetuin-A levels in high-fat diet-fed rats. In addi-
tion, MICT was also able to reduce fasting blood glucose
levels. HIIT and MICT for four weeks had no significant ef-
fect on rats' BMI and insulin levels. The significant changes
in fetuin-A levels in a short period compared to other pa-
rameters may make this parameter an early indicator of
metabolic diseases. Further research is recommended, with
a more prolonged diet and intervention duration, to obtain
maximal results on obesity-related parameters.
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