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Abstract

Background Obesity results from excessive lipid accumulation in adipose tissue, which causes low-grade

and Study Aim  inflammatory reactions. These reactions are characterized by the production of pro-inflammatory
cytokines. Endurance-resistance combined exercise is believed to inhibit the activation of
inflammatory pathways through several mechanisms. The aim of this study was to investigate the
impact of endurance-resistance combined exercise on decreasing serum TNF-a and IL-6 levels in
young obese women.

Material and A pre—post control group design was used with 16 obese women aged 20-30 years in Malang,

Methods Indonesia. Participants were randomly assigned to a control group (CG, n = 8) or a combined
exercise group (EXG, n = 8). The combined exercise consisted of 20 sessions of treadmill exercise
at 60-70% HRmax and circuit training at 60-70% 1RM intensity, performed over 4 weeks. Pre-
and post-exercise blood samples were analyzed to measure serum TNF-«a and IL-6 levels using the
colorimetric assay method. Statistical analysis included independent and paired t-tests with a 5%
significance threshold. Effect size was evaluated using Cohen’s d, with d > 0.8 defined as large.

Results Baseline characteristics showed no significant differences between groups. The combined exercise
group demonstrated significant reductions in TNF-a (p = 0.010) and IL-6 (p = 0.018) compared to
the control group, with large effect sizes for TNF-a (d = 1.23) and IL-6 (d = 1.00).

Conclusions Moderate-intensity combined exercise significantly reduced pro-inflammatory cytokines, including
TNF-a and IL-6, compared to the control group. The findings suggest that endurance-resistance
combined exercise may serve as an effective therapeutic strategy for inflammatory diseases and can
be recommended for obesity treatment.
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Introduction of adipose tissue promotes the secretion of pro-
. . inflammatory cytokines, leading to systemic
Obesity represents a complex metabolic

inflammation and impaired metabolic homeostasis.
The growing prevalence of obesity underscores the
need to address its physiological consequences and
health implications in different populations.

In this context, the incidence of obesity has
consistently risen worldwide during recent decades.
In 2022, the World Health Organization (WHO)

condition influenced by genetic, behavioral, and
environmental factors. It is closely associated with
chronic low-grade inflammation, which contributes
to the development of various metabolic and
cardiovascular disorders. The excessive accumulation
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stated that about 16% of people aged 18 years
or older were obese, a figure that has doubled
since 1990 [1]. The 2023 Indonesian Basic Health
Research (Riskesdas) reported that the prevalence



2025

22 06

of obesity among individuals aged over 18 years
was 23.4%, an increase from 21.8% in 2018 [2]. The
prevalence of obesity among Indonesian women
(31.2%) is almost twice that of men (15.7%) [2],
which may be attributed to differences in adipose
tissue distribution and hormonal influence [3].
Obesity is defined as excessive lipid accumulation
that impairs health [1]. The increasing prevalence of
obesity is a significant concern for both global and
Indonesian public health because it contributes to
metabolic disorders such as insulin resistance and
cardiovascular disease [4].

The mechanism underlying obesity involves
low-grade chronic inflammatory reactions in white
adipose tissue (WAT). Hyperplasia and hypertrophy
of WAT lead to decreased vascularization
and eventually cause tissue necrosis [5]. The
human body recognizes this injury and initiates
inflammatory reactions. Immune cells involved in
the reaction secrete inflammatory mediators, such
as cytokines, to amplify the response. Examples of
these mediators are tumor necrosis factor-alpha
(TNF-a) and interleukin-6 (IL-6) [6]. Furthermore,
TNF-a impairs insulin signaling and promotes
insulin resistance, contributing to the progression
of metabolic syndrome [7]. While TNF-a shows
only pro-inflammatory effects, IL-6 may act as
both a pro-inflammatory and an anti-inflammatory
cytokine, depending on the cell secreting it [6].

There are several modalities to treat obesity,
targeting each step of its pathogenesis to either
increase energy expenditure or decrease energy
input. Physical exercise is known as an anti-obesity
therapy that is less invasive while providing optimal
results [8]. Exercise is also recognized for its anti-
inflammatory effects [9]. The two types of exercise,
endurance (aerobic) and resistance (anaerobic), have
different mechanisms for reducing inflammation
[10]. The WHO recommends that adults perform
endurance training for at least 150 minutes per week
at moderate intensity or 75 minutes per week at high
intensity [11]. For resistance exercise, the American
College of Sports Medicine (ACSM) suggests
performing 8-10 sets weekly for different muscle
groups, with each set containing 8—12 repetitions
[11]. Among various exercise intensities, moderate
intensity is recommended for reducing inflammation
[12]. Combined exercise, which integrates endurance
and resistance training in a single session, induces
both anti-inflammatory mechanisms and is believed
to produce better results in a shorter period [13].
However, previous studies have also shown that
endurance exercise alone can reduce inflammation
more effectively than combined exercise [9].

Combined exercise has been shown to decrease
inflammation by reducing the secretion of pro-
inflammatory cytokines. Previous studies that
combined endurance exercise with resistance exercise
on separate days, using low endurance frequency and

moderate resistance frequency, showed significant
reductions in TNF-a and IL-6 levels [14]. Meanwhile,
the effect of performing endurance-resistance
exercise on the same day with high frequency has
not been extensively explored, especially regarding
pro-inflammatory cytokines in obese women. Several
studies have demonstrated that long-term exercise,
performed over eight weeks, can significantly
decrease pro-inflammatory cytokines [15]. However,
evidence on the effects of shorter exercise periods
remains limited. One study reported that two weeks
of endurance exercise did not significantly reduce IL-
6, while another study found increased TNF-a after
three weeks of combined exercise [16, 17]. Based
on this finding, the minimum duration of exercise
required to produce an anti-inflammatory effect
remains unclear. A meta-analysis in healthy subjects
reported that a significant reduction in TNF-«
levels was mainly observed in interventions with
high exercise frequency (>3 times per week), while
a significant reduction in IL-6 was more commonly
reported in studies with low exercise frequency (<3
times per week). However, the analysis also showed
a high level of heterogeneity among the studies,
so the effectiveness of high-frequency exercise in
reducing pro-inflammatory cytokines is still not fully
understood and requires further investigation [18].
There is limited comparative evidence regarding
circulating IL-6 concentrations between Southeast
Asian and European women within a single study
cohort. South Asian women have elevated circulating
IL-6 levels, partly due to greater visceral fat and
overall body fat percentages compared with European
women [19]. Malay ethnicity, representing Southeast
and South Asian populations, shows higher total and
visceral adiposity compared to Chinese and Caucasian
groups [20]. Therefore, South Asian women are more
prone to developing type 2 diabetes than European
women, and inflammation plays a central role in
the development and progression of this disease
[21]. These findings indicate that inflammatory-
mediated diseases among Southeast Asian women
should be carefully addressed in terms of their
pathomechanisms and treatment approaches.
Analysis of research findings has shown that
physical exercise, particularly the combination of
endurance and resistance training, exerts measurable
anti-inflammatory effects and contributes to the
regulation of metabolic health in obesity. Researchers
emphasize that exercise parameters such as
frequency, duration, and intensity may differently
influence cytokine responses, yet the physiological
outcomes vary across populations and study designs.
At the same time, variations in inflammatory
markers among women of different ethnic
backgrounds, as well as uncertainties regarding the
optimal exercise duration and frequency, continue
to limit the practical implementation of exercise-
based interventions for inflammation control. These
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considerations define the rationale for further
investigation into how specific exercise modalities
can modulate inflammatory responses in young
obese women.

Although prior research has examined the effects
of combined exercise on serum pro-inflammatory
markers, the effectiveness of the combination
method, exercise duration, and exercise frequency
remains controversial. This study aims to investigate
the impact of high-frequency, moderate-intensity
combined exercise conducted over a four-week
period on serum TNF-a and IL-6 levels in young
healthy women with obesity, particularly within the
Southeast Asian population. We hypothesize that
moderate-intensity combined exercise performed
five times per week for four weeks will decrease both
TNF-a and IL-6 levels compared to the control group.

Materials and Methods

Participants

The sample size was determined using the
Higgins and Kleinbaum formula, taking into account
a confidence level of 95%, a margin of error of 5%,
and an estimated proportion of 0.5. Based on these
parameters, a minimum of sixteen participants was
required. Sixteen women aged 20-30 years were
included in the study. Their body mass index ranged
from 25 to 35 kg/m? according to the Asia-Pacific
criteria, and body fat percentage exceeded 40%, as
measured using the Bioelectrical Impedance Analysis
method. Participants had normal blood pressure
(systolic 121.00 + 10.64 mmHg, diastolic 72.13+9.19
mmHg), fasting blood glucose, hemoglobin levels,
resting heart rate, body temperature, and oxygen
saturation. Each participant was medically certified
as healthy through a clinical examination and a
valid health certificate. None of the participants had
a history of chronic illnesses such as heart disease,
hypertension, diabetes mellitus, stroke, respiratory
problems, cancer, fractures or trauma injuries,
or digestive diseases. All were confirmed to have
abstained from alcohol consumption, smoking, or
any history of alcohol or tobacco use during the past
five years.

Participant recruitment was conducted through
an online registration form in June 2024 for
women in Malang, Indonesia. Participants were
selected using a consecutive sampling method
and subsequently randomized into two groups: CG
(control group; n = 8) and EXG (combined exercise
group; n = 8). Randomization was performed using
a computer-generated random number sequence.
Allocation concealment was ensured through
sequentially numbered, opaque, sealed envelopes
prepared by an independent researcher who was not
involved in participant recruitment or assessment.
Due to the nature of the intervention, blinding of
participants was not feasible; however, outcome

538

assessors were blinded to group assignments. All
study procedures received approval from the Health
Research Ethics Commission, Faculty of Medicine,
Universitas Airlangga (203/EC/KEPK/FKUA/2025).

Research Design

The endurance-resistance combined exercise
program was performed five times weekly (Monday—
Thursday and Saturday) over a four-week period
for a total of 20 sessions. The exercise sessions
were scheduled in the morning (06:00-10:00 a.m.),
and both endurance and resistance exercises were
completed on the same day. Each session followed
a standardized sequence designed to optimize
performance and recovery. It consisted of a warm-
up, endurance exercise, resistance exercise, and
cool-down phase. The warm-up and cool-down
phases involved treadmill jogging using a Richter
Treadmill. Endurance exercise included treadmill
running at a speed of 1.5 mph and 5% inclination,
at 60-70% HRmax for 30-40 minutes, measured
and monitored with a Polar H7 Heart Rate Sensor.
Individual HRmax was estimated using the Haskell
and Fox formula (220 - age) [22, 23].

The resistance component followed circuit
training that targeted both upper and lower body
muscle groups. Exercises for the upper body
included chest presses, overhead presses, and lat
pull-downs. Exercises for the lower body consisted
of hip abductions, leg presses, and leg curls. The
intensity of resistance exercise was maintained at
60-70% of one-repetition maximum (1-RM), with
four sets of 10—12 repetitions. Each set was followed
by 30-60 seconds of active rest, and there was a
3-5 minute active rest between endurance and
resistance components. The 1-RM was determined
as the maximum amount of weight a participant
could lift for one complete repetition of a specific
exercise while maintaining proper form. Before
testing, participants were provided sufficient rest to
ensure optimal condition for the 1-RM test.

All exercise sessions were supervised and
conducted by certified personal trainers from Atlas
Sports Club Malang, maintaining a trainer-to-
participant ratio ranging from 1:1 to 1:3 to ensure
proper guidance and adherence to the protocol.
Details of the specific endurance-resistance
combined exercise program are presented in
Table 1. Confounding variables in both groups
were monitored using self-report questionnaires
requiring participants to report their physical
activity and dietary intake.

Data Collection Procedure

Blood samples (3 mL) were collected from
the cubital vein before exercise (week 0) and
after exercise (week 4). An 8-hour overnight fast
was required before blood collection. Samples
were centrifuged to separate serum, which was
immediately analyzed for serum TNF-a and IL-6
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levels using the Human Colorimetric Assay method
at the laboratory. TNF-a levels were quantified using
a Human TNF-a ELISA Kit (Catalog No. E-EL-H0109;
Elabscience Biotechnology Inc., Houston, TX, USA)
with a sensitivity of 4.69 pg/mL, a detection range
of 7.81-500 pg/mL, and a coefficient of variation
of less than 10%. IL-6 levels were measured using
a Human IL-6 ELISA Kit (Catalog No. E-EL-H6156;
Elabscience Biotechnology Inc., Houston, TX, USA)
with a sensitivity of 0.94 pg/mL, a detection range
of 1.56—100 pg/mL, and a coefficient of variation of
less than 10%. Laboratory personnel who performed
the ELISA analyses were blinded to the participant
group assignments.

Statistical Analysis

Data analysis was performed using SPSS
software version 25. The normality of the dataset

was tested with the Shapiro-Wilk test. A paired-
sample t-test was used to evaluate changes in

cytokine levels (TNF-a and IL-6) within each group,
whereas an independent-sample t-test was used
for comparisons between groups. Alternatively,
the Mann-Whitney U test was used to analyze data
that were not normally distributed. Cohen’s d was
applied to evaluate effect size, with a value of d >
0.8 considered large. Analyses were regarded as
statistically significant if p < 0.05.

Results

The dropout rate in this study was 0%, and the
attendance rate was 100%. Baseline analysis revealed
no significant differences between the control
group (CG) and the exercise group (EXG) (p > 0.05),
except for oxygen saturation. These results indicate
that both groups had comparable baseline profiles,
suggesting that the changes in cytokine levels were
mainly attributed to the intervention. The results of
the characteristics analysis are presented in Table 2.

Table 1. Details of the Combined Endurance-Resistance Training Protocol

Training Combination Training
Session Type Intensity Duration or Sets and Reps Targeted Muscles
1-10 Endurance 60% HRmax 30 minutes -
Resistance 60% 1-RM 4 set x 10 reps Upper and lower extremities
11-20 Endurance 70% HRmax 40 minutes -
Resistance 70% 1-RM 4 set x 12 reps Upper and lower extremities

Table 2. General Characteristics of the Study Subjects (n = 8 per group)

Parameters Group Mean + SD p-value
Age ears) Exc 25,004 193
TS (g Exc 17100+ 1065 0357
TOD (i) Fxc Ta1s2617
DIt o) Fxc 6552645
Sub (0 iS04t
GDP (g Fxc a5 sans
H @ Fxc 15952 127 0537
TS () Fxc Lse +006 0935
15+9.

Note: CG = Control Group; EXG = Combined Exercise Group; SD = Standard Deviation; (a) = Independent
t-test; (b) = Mann-Whitney U test; TDS = Systolic Blood Pressure; TDD = Diastolic Blood Pressure; D]JI =
Resting Heart Rate; GDP = Fasting Blood Glucose; Hb = Hemoglobin; TB = Height; BW = Body Weight; BMI

= Body Mass Index.
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Table 3. Differences in IL-6 and TNF-a levels before and after exercise in each group (n = 8 per group)

Group Parameters Mean + SD p-value
Pre-exercise IL-6 2.52+1.26 0.165
G Post-exercise IL-6 3.19+1.50 )
Control Group Pre-exercise TNF-a 31.25+19.34 0.187
Post-exercise TNF-a 42.91+23.95 )
Pre-exercise IL-6 2.44+0.87 0.018*
Combined Exercise Group Post-exercise IL-6 1.62+0.77
Pre-exercise TNF-a 44.87 +£20.43 0.010*
Post-exercise TNF-a 28.67 +16.49
Note: SD = Standard Deviation; * = statistically significant at p < 0.05 (paired-sample t-test).
Table 4. Effect size results for IL-6 and TNF-a levels (n = 8 per group)
Group Parameters Cohen’s d
Pre-exercise IL-6
1.002
Post-exercise IL-6
Combined Exercise Group
Pre-exercise TNF-a 1230

Post-exercise TNF-a

Note: The effect size is considered large when Cohen’s d > 0.8.

The results of cytokine analysis are summarized
in Table 3, which presents the differences in IL-6
and TNF-a levels before and after the intervention
in both groups.

Following the four-week training program,
participants in the combined exercise group showed
a clear downward trend in pro-inflammatory
cytokine levels, whereas the control group did not
exhibit notable changes. This tendency suggests that
regular moderate-intensity endurance-resistance
exercise contributed to a reduction in systemic
inflammation. The results also demonstrate a
consistent response pattern for both cytokines,
reflecting an overall anti-inflammatory adaptation
to the exercise protocol.

Theresultsof the effect size analysis are presented
in Table 4, which summarizes the magnitude of
changes in IL-6 and TNF-a levels following the four-
week combined exercise program.

The data indicate that both cytokines
demonstrated large effect sizes, confirming
a substantial physiological response to the

intervention. These findings emphasize that the
applied training protocol was not only statistically
effective but also produced a meaningful practical
impact on reducing inflammation among
participants in the exercise group.

Discussion

This study aimed to examine the impact of
moderate-intensity combined exercise on serum
TNF-a and IL-6 levels in young healthy obese
women. The results showed that a four-week
endurance-resistance training program performed
five times per week significantly reduced circulating
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concentrations of both cytokines. This finding
suggests that moderate-intensity combined exercise
may contribute to reducing inflammatory responses
associated with obesity.

These outcomes are consistent with previous
research highlighting the anti-inflammatory effects
of physical activity. Moderate-intensity endurance-
resistance programs have been reported to lower
serum TNF-a and IL-6 levels after several weeks of
training [14]. Other studies have also demonstrated
that physical exercise plays an important role
in suppressing pro-inflammatory cytokines and
improving metabolic function, thereby contributing
to better health outcomes in individuals with
obesity [8, 9, 10, 12]. The observed reductions in
inflammatory markers in this study align with these
findings, reinforcing the evidence that combined
exercise can effectively modulate inflammation
and promote metabolic balance in overweight
populations.

The decrease in serum TNF-a and IL-6 levels
induced by endurance and resistance exercise
involves different physiological mechanisms. The
mechanism of endurance exercise in decreasing
inflammation is related to increased insulin
sensitivity. Hyperglycemic conditions cause
oxidative stress, thereby promoting inflammation.
AMP-activated protein kinase (AMPK), activated
by insulin, translocates GLUT-4 from the cytosol
to the skeletal muscle and adipocyte membranes,
allowing more glucose to be taken up from the
blood. Resistance exercise acts through a different
mechanism, involving the secretion of myokines
such as IL-6 by skeletal muscle, which antagonize
pro-inflammatory cytokines. In addition, resistance
exercise stimulates growth hormone (GH) activity
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and enhances lipolysis. As a result of the lipolysis
process, lipid storage in adipose tissue decreases, as
does the inflammatory reaction. Combined exercise
integrates both effects within a single training
session, achieving more optimal results in a shorter
duration.

Being a biphasic cytokine, the mechanism of
IL-6 in reducing inflammation is determined by
the type and duration of exercise. During acute
moderate-intensity exercise, resistance exercise is
more effective in increasing serum IL-6 myokines
compared with endurance exercise [24]. Myokine
IL-6 binds to the mlIL6-R/gp130 receptor and
activates the  phosphoinositide-3-kinase/Akt
(PI3K-Akt) pathway. PI3K-Akt signaling activates
the mammalian target of rapamycin complex 1
(mTORC1) and enhances glucose uptake. The
mTORC1 protein complex induces ribosome
biogenesis and increases mRNA translational
efficiency, resulting in skeletal muscle hypertrophy
[25]. Skeletal muscle hypertrophy increases resting
metabolic rate (RMR), which enhances energy
expenditure [26]. In turn, chronic moderate-
intensity endurance exercise significantly reduces
serum IL-6 levels more than resistance exercise
[14]. Energy expenditure during moderate-
intensity endurance exercise predominantly relies
on fatty acid oxidation, with a smaller contribution
from glucose oxidation [27]. Fatty acids are
obtained through the lipolysis of triacylglycerol,
which is dominant in white adipose tissue as the
main lipid storage organ [28]. This process reduces
the accumulation of adipocyte-macrophage M1
tissue, leading to decreased IL-6 cytokine secretion
[14, 29].

Our study demonstrated that combined exercise
can significantly reduce inflammation. However,
previous comparative studies have reported
significant  reductions in  pro-inflammatory
cytokines with other types of exercise. Khalafi et al.
conducted a systematic review and meta-analysis
indicating that only endurance exercise reduced
TNF-a levels [30]. The difference in findings is
likely due to variations in participant age, as our
study included young adult women (20-30 years
old), while Khalafi et al. examined subjects aged 65
years and older. The principle of resistance exercise
involves inducing muscle damage to stimulate
an acute inflammatory response. With aging,
muscle cells undergo degeneration and exhibit
inflammatory reactions even without exercise-
induced stimulation [31, 32].

Moderateintensityisconsidered the mostoptimal
level for reducing inflammation. A systematic review
by Cerqueira et al. reported increased TNF-a levels
only in groups exposed to high-intensity exercise
[12]. High-intensity exercise may cause exercise-
induced muscle injury due to excessive mechanical
stress [33]. Sarcomere overstretching leads to the

opening of stretch-activated calcium channels.
The resulting calcium influx promotes degradation
of contractile proteins, which the body recognizes
as tissue injury, thereby initiating inflammatory
responses [34].

In summary, the findings of this study confirm
that moderate-intensity combined exercise
effectively reduces pro-inflammatory cytokines
such as TNF-a and IL-6 in young obese women. The
results align with previous studies demonstrating
that combined endurance-resistance training
produces measurable anti-inflammatory effects
through mechanisms linked to improved insulin
sensitivity, activation of AMPK, and increased
myokine secretion. These physiological adaptations
jointly contribute to reduced systemic inflammation
and enhanced metabolic regulation. Overall, the
present study adds to the growing evidence that
moderate-intensity combined exercise is an efficient
and practical approach to reducing inflammation
associated with obesity. The findings support the
importance of incorporating both endurance and
resistance components into structured training
programs to achieve meaningful metabolic and
anti-inflammatory benefits within a relatively short
intervention period.

Study Limitations

Several limitations in this study should be
considered when interpreting the findings. This
study did not compare combined exercise with
endurance or resistance exercise performed
independently. Within the same age group, different
exercise modalities can produce different outcomes.
Moreover, variations in exercise intensity and
duration may influence physiological responses
and adaptation; however, these factors were not
compared in this research. Future studies should
include more diverse interventions, varying in
type, intensity, frequency, and duration, to develop
comprehensive exercise recommendations for
specific age and sex groups.

In addition, several variables other than obesity
may affect pro-inflammatory cytokine levels,
including dietary intake, stress, smoking habits,
menstrual cycle, and medication use. Although
controlling all such factors in human studies is
challenging, future research should monitor and
account for these variables to minimize potential
bias.

Conclusions

This study confirms that moderate-intensity
combined exercise can be applied as an effective
method for controlling inflammation related to
obesity in young women. The physiological effects
observed during the intervention demonstrate
the practical value of combining endurance and
resistance elements within a single training
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program. The results emphasize the importance
of structured physical exercise as a component of
health management for individuals with obesity.

Acknowledgement

This research was funded by Airlangga University
under the Indonesian Collaborative Research (RKI)
scheme, based on contract numbers 622/UN38/
HK/2025 and 1678/B/UN3.LPPM/PT.01.03/2025,

with the title “Effects of Physical Exercise on
Improvement of Signs of Early Aging, Sarcopenia, and
Inflammation in Obese Women”, led by Dr. Purwo Sri
Rejeki, dr., M.Kes.

Conflict of interests

The authors declare that there is no conflict of
interests.

References

1. World Health Organization (WHO). Obesity and
Overweight [Internet]. Geneva: World Health
Organization; 2025 [updated 2025 May; cited 2025
Jun 20]. Available from: https://www.who.int/news-
room/fact-sheets/detail/obesity-and-overweight

2. Basic Health Research (Riskesdas). National Report
on Basic Health Research. Jakarta: Ministry of Health
Indonesia; 2018.

3. Muscogiuri G, Verde L, Vetrani C, Barrea L, Savastano
S, Colao A. Obesity: a gender-view. Journal of
Endocrinological Investigation, 2023;47(2): 299-306.
https://doi.org/10.1007/s40618-023-02196-z

4. Lam BCC, Lim AYL, Chan SL, Yum MPS,

Koh NSY, Finkelstein EA. The impact of
obesity: a narrative review. Singapore
Medical Journal, 2023;64(3): 163-171.

https://doi.org/10.4103/singaporemed;j.SMJ-2022-232
5. Kawai T, Autieri MV, Scalia R. Adipose tissue

inflammation @ and  metabolic dysfunction
in obesity. American Journal of Physiology-
Cell  Physiology, 2021;320(3): C375-C391.

https://doi.org/10.1152/ajpcell.00379.2020

6. Kern L, Mittenbiihler M, Vesting A, Ostermann
A, Wunderlich C, Wunderlich F. Obesity-Induced
TNFa and IL-6 Signaling: The Missing Link
between Obesity and Inflammation—Driven Liver
and Colorectal Cancers. Cancers, 2018;11(1): 24.
https://doi.org/10.3390/cancers11010024

7. Kim J, Lee J. Role of obesity-induced inflammation
in the development of insulin resistance
and type 2 diabetes: history of the research
and remaining questions. Annals of Pediatric
Endocrinology & Metabolism, 2021;26(1): 1-13.
https://doi.org/10.6065/apem.2040188.094

8. Zhang Y, Wang R, Liu T, Wang R. Exercise as a
Therapeutic Strategy for Obesity: Central and
Peripheral Mechanisms. Metabolites, 2024;14(11):
589. https://doi.org/10.3390/metabo14110589

9. Munir M, Rejeki PS, Pranoto A, Sari DR, Izzatunnisa
N, Alamsyah R, et al. Response of Pro-Inflammatory
Cytokines After A Single Bout of Moderate-Intensity
Endurance Exercise in Obese. Sport Mont,2024;22(1):
123-127. https://doi.org/10.26773/smj.240217

10. Silva FM, Duarte-Mendes P, Teixeira AM, Soares
CM, Ferreira JP. The effects of combined exercise
training on glucose metabolism and inflammatory
markers in sedentary adults: a systematic review
and meta-analysis. Scientific Reports, 2024;14(1):

542

1936. https://doi.org/10.1038/s41598-024-51832-y

11. Liguori G, Feito Y, Fountaine C, Roy BA. ACSM’s
Guidelines for Exercise Testing and Prescription. 11th
ed. Philadelphia (PA): Wolters Kluwer Health; 2021.

12. Cerqueira E, Marinho DA, Neiva HP,
Lourenco O. Inflammatory Effects of High and
Moderate Intensity  Exercise—A  Systematic
Review. Frontiers in Physiology, 2020;10: 1550.
https://doi.org/10.3389/fphys.2019.01550

13. Markov A, Hauser L, Chaabene H. Effects of
Concurrent Strength and Endurance Training on
Measures of Physical Fitness in Healthy Middle-
Aged and Older Adults: A Systematic Review with
Meta-Analysis. Sports Medicine, 2023;53(2): 437-
455, https://doi.org/10.1007/s40279-022-01764-2

14. Pranoto A, Cahyono MBA, Yakobus R, Izzatunnisa
N, Ramadhan RN, Rejeki PS, et al. Long-Term
Resistance—Endurance Combined Training
Reduces Pro-Inflammatory Cytokines in Young
Adult Females with Obesity. Sports, 2023;11(3): 54.
https://doi.org/10.3390/sports11030054

15. Tadayon Zadeh F, Amini H, Habibi S, Shahedi V,
Isanejad A, Akbarpour M. The Effects of 8-Week
Combined Exercise Training on Inflammatory
Markers in Women with Multiple Sclerosis.
Neurodegenerative Diseases, 2020;20(5-6): 212-216.
https://doi.org/10.1159/000518580

16. Hovanloo F, Arefirad T, Ahmadizad S. Effects of
sprint interval and continuous endurance training
on serum levels of inflammatory biomarkers. Journal
of Diabetes & Metabolic Disorders, 2013;12(1): 22.
https://doi.org/10.1186/2251-6581-12-22

17. Lucotti P, Monti LD, Setola E, Galluccio E, Gatti
R, Bosi E, et al. Aerobic and resistance training
effects compared to aerobic training alone in obese
type 2 diabetic patients on diet treatment. Diabetes
Research and Clinical Practice, 2011;94(3): 395-403.
https://doi.org/10.1016/j.diabres.2011.08.002

18. Wang YH, Tan J, Zhou HH, Cao M, Zou Y.
Long-term exercise training and inflammatory

biomarkers in healthy subjects: a meta-
analysis of randomized controlled trials.
Frontiers in  Psychology, 2023;14: 1253329.

https://doi.org/10.3389/fpsyg.2023.1253329

19. Peters MJL, Ghouri N, McKeigue P, Forouhi NG,
Sattar N. Circulating IL-6 concentrations and
associatedanthropometricandmetabolicparameters
in South Asian men and women in comparison
to European whites. Cytokine, 2013;61(1): 29-32.
https://doi.org/10.1016/j.cyt0.2012.09.002



2025

2 06

20. Mina T, The HELIOS Study team, Es L, Lee J, Loh
M, Ngeow J, et al. 88The Role of Visceral Adiposity
in the Metabolic Phenotype of multi-ethnic South-
East Asian population. International Journal of
Epidemiology,2021;50(Supplement_1): dyab168.444.
https://doi.org/10.1093/ije/dyab168.444

21. Straat ME, Martinez-Tellez B, Van Eyk HJ, Bizino
MB, Van Veen S, Vianello E, et al. Differences in
InflammatoryPathways Between Dutch South Asians
vs Dutch Europids With Type 2 Diabetes. The Journal
of Clinical Endocrinology & Metabolism, 2023;108(4):
931-940. https://doi.org/10.1210/clinem/dgac598

22. Fox SM, Naughton JP, Haskell WL. Physical activity
and the prevention of coronary heart disease. Ann
Clin Res.1971;3(6):404-32.

23. Robergs RA, Landwehr R. The surprising history
of the “HRmax = 220 - age” equation. ] Exerc Physiol
Online.2002;5(2):1-10.

24. Adila F, Rejeki PS, Herawati L. Acute Moderate-
Intensity Strength Exercise Increases Anti-
Inflammatory Cytokines in Obese Females. Physical
Education Theory and Methodology, 2023;23(1): 35—
41. https://doi.org/10.17309/tmfv.2023.1.05

25. De Melo Madureira AN, De Oliveira JRS, De
Menezes Lima VL. The Role of IL-6 Released
During  Exercise to Insulin Sensitivity
and Muscle Hypertrophy. Mini-Reviews in
Medicinal Chemistry, 2022;22(18): 2419-2428.
https://doi.org/10.2174/1389557522666220309161245

26. Zampino M, Semba RD, Adelnia F, Spencer RG,
Fishbein KW, Schrack JA, et al. Greater Skeletal
Muscle Oxidative CapacityIs Associated With Higher
Resting Metabolic Rate: Results From the Baltimore
Longitudinal Study of Aging. Le Couteur D (ed.) The
Journals of Gerontology: Series A, 2020;75(12): 2262—
2268. https://doi.org/10.1093/gerona/glaa071

27. Muscella A, Stefano E, Lunetti P, Capobianco L,
Marsigliante S. The Regulation of Fat Metabolism
during Aerobic Exercise. Biomolecules, 2020;10(12):
1699. https://doi.org/10.3390/biom10121699

28. Jin X, Qiu T, Li L, Yu R, Chen X, Li C, et al.

Pathophysiologyofobesityanditsassociateddiseases.
Acta Pharmaceutica Sinica B, 2023;13(6): 2403-2424.
https://doi.org/10.1016/j.apsb.2023.01.012

29. Pranoto A,Ramadhan RN, Rejeki PS, Miftahussurur

M, Yosika GF, Nindya TS, et al. The role of long-term
combination training in reducing and maintaining of
body fat in obese young adult women. Retos, 2024;53:
139-146. https://doi.org/10.47197/retos.v53.102460

30. Khalafi M, Akbari A, Symonds ME, Pourvaghar

31.

MJ, Rosenkranz SK, Tabari E. Influence of
different modes of exercise training on
inflammatory markers in older adults with and
without chronic diseases: A systematic review
and meta-analysis. Cytokine, 2023;169: 156303.
https://doi.org/10.1016/j.cyt0.2023.156303

Kunz HE, Lanza IR. Age-associated inflammation
and implications for skeletal muscle responses
to exercise. Experimental Gerontology, 2023;177:
112177.https://doi.org/10.1016/j.exger.2023.112177

32. Wyczalkowska-Tomasik A, Czarkowska-Paczek

B, Zielenkiewicz M, Paczek L. Inflammatory
Markers Change with Age, but do not Fall Beyond
Reported Normal Ranges. Archivum Immunologiae
et Therapiae Experimentalis, 2016;64(3): 249-254.
https://doi.org/10.1007/s00005-015-0357-7

33. Leite CDFC, Zovico PVC, Rica RL, Barros

BM, Machado AF, Evangelista AL, et al.
Exercise-Induced Muscle Damage after a High-
Intensity Interval Exercise Session: Systematic
Review. International Journal of Environmental
Research and Public Health, 2023;20(22): 7082.
https://doi.org/10.3390/ijerph20227082

34, Peake JM, Neubauer O, Della Gatta PA,

543

Nosaka K. Muscle damage and inflammation
during recovery from exercise. Journal of
Applied  Physiology,  2017;122(3):  559-570.
https://doi.org/10.1152/japplphysiol.00971.2016



PEDAGOGY of Physical Culture

and Sports

Information about the authors:

Purwo Sri Rejeki; (Corresponding author); https://orcid.org/0000-0002-6285-4058; purwo_faal@yahoo.com;
Physiology Division, Department of Medical Physiology and Biochemistry, Faculty of Medicine, Universitas
Airlangga; Surabaya, Indonesia.

Krishna Suryoadi Prabowo; https://orcid.org/0009-0002-1738-2247; krishna.suryoadi.prabowo-2022@
fk.unair.ac.id; Medical Program, Faculty of Medicine, Universitas Airlangga; Surabaya, Indonesia.

Muhammad Abdullah Thsan; https://orcid.org/0009-0002-4307-2146; muhammad.abdullah.ihsan-2022@
fk.unair.ac.id; Medical Program, Faculty of Medicine, Universitas Airlangga; Surabaya, Indonesia.

Faiq Amirul Hakim; https://orcid.org/0009-0002-5656-5185; faiq.amirul.hakim-2023@fk.unair.ac.id;
Medical Program, Faculty of Medicine, Universitas Airlangga; Surabaya, Indonesia.

Dewi Ratna Sari; https://orcid.org/0000-0001-5150-8902; dewi-r-s@fk.unair.ac.id; Department of Anatomy,
Histology, and Pharmacology, Faculty of Medicine, Universitas Airlangga; Surabaya, Indonesia.

Dwi Cahyo Kartiko; https://orcid.org/0000-0002-6727-0879; dwicahyo@unesa.ac.id; Department of
Physical Education, Health and Recreation, Faculty of Sport and Health Science, Universitas Negeri Surabaya;
Surabaya, Indonesia.

Dono Indarto; https://orcid.org/0000-0001-7420-5816; dono@staff.uns.ac.id; Department of Physiology,
Faculty of Medicine, Universitas Sebelas Maret; Surakarta, Indonesia.

Novianti Tysmala Dewi; https://orcid.org/0009-0001-9958-5111; noviantidewi@unesa.ac.id; Department of
Nutrition, Faculty of Sport and Health Science, Universitas Negeri Surabaya; Surabaya, Indonesia.

Eva Nabiha Zamri; https://orcid.org/0000-0002-7774-6949; evazamri@usm.my; Department of Community
Health, Advanced Medical and Dental Institute, Universiti Sains Malaysia; Pulau Pinang, Malaysia.

Adi Pranoto; https://orcid.org/0000-0003-4080-9245; adipranoto@unesa.ac.id; Department of Sport
Coaching Education, Faculty of Sport and Health Sciences, Universitas Negeri Surabaya; Surabaya, Indonesia.

Cite this article as:

Rejeki PS, Prabowo KS, Thsan MA, Hakim FA, Sari DR, Kartiko DC, Indarto D, Dewi NT, Zamri EN, Pranoto
A. The effect of moderate-intensity combined exercise in decreasing inflammation in young obese women.
Pedagogy of Physical Culture and Sports, 2025;29(6):536—544.
https://doi.org/10.15561/26649837.2025.0604

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited
(http://creativecommons.org/licenses/by/4.0/deed.en).

Received: 12.10.2025
Accepted: 23.11.2025; Published: 30.12.2025

544



	The effect of moderate-intensity combined exercise in decreasing inflammation in young obese women. Purwo Sri Rejeki, Krishna Suryoadi Prabowo, Muhammad Abdullah Ihsan, Faiq Amirul Hakim, Dewi Ratna Sari, Dwi Cahyo Kartiko, Dono Indarto, Novianti Tysmala Dewi, Eva Nabiha Zamri, Adi Pranoto
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	Acknowledgement
	Conflict of interests
	References
	Information about the authors
	https://doi.org/10.15561/26649837.2025.0604




