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Abstract

Study purpose. The study purpose was to analyze the effect of moderate-intensity endurance exercise on reducing
inflammation in obese women.

Materials and methods. Twenty obese women selected according to the established criteria were used as subjects.
Then the subjects were divided into two groups: the control group (G1) and the endurance exercise group (G2).
Moderate-intensity endurance exercise was performed by running on a treadmill for 40 minutes, with a frequency
of 5 times/week for 2 weeks. Moderate-intensity was performed with 60%-70% HRmax (HRmax formula: 220-age).
Blood sampling for inflammation measurement using the biomarker High-sensitivity C-reactive protein (hs-CRP)
was performed before and after the intervention for 2 weeks. hs-CRP was measured using the enzyme-linked
immunosorbent assay (ELISA) method. A paired sample t-test with a significant level (p < 0.05) was used for data
analysis.

Results. The results showed the mean hs-CRP levels between before and after the intervention in G1 (6.76+4.40 vs.

6.43+4.89 ng/mL, (p=0.641)) and G2 (6.56+3.34 vs. 2.12+1.14 ng/mL, (p=0.004)).

Conclusions. The study indicates that moderate-intensity endurance exercise has been shown to be effective in
reducing inflammation levels in obese women, so individuals with obesity are advised to reduce inflammation levels

through moderate-intensity endurance exercise.
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Introduction

Obesity is a multifactorial disease, that not only has an
impact on the emergence of several diseases (Lin & Li, 2021)
but also has an impact on risk factors for complications
resulting from excess fat mass which can harm health. Obesity
is associated with decreased expression of lipogenic markers
leading to the development of metabolic complications,
such as ectopic lipid deposition in skeletal muscle and liver
(Moreno-Indias & Tinahones, 2015). This reduction has a
broad effect on accelerating risk factors for inflammation
and oxidative stress, as well as reducing overall muscle
function (Straight et al., 2021). Reduced muscle function
resulting from obesity will contribute to insulin resistance
and cardiovascular disease (Van Der Kolk et al., 2019), thus
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worsening morbidity and mortality (Bozzola et al., 2023).
This will harm human resources in the future. Physical
exercise is believed to be a strategic method and therapy
for obese conditions (Sugiharto et al., 2022). Physical
exercise has been widely used to reduce inflammation,
thereby preventing complications in obesity (Calcaterra et
al., 2022). However, the effectiveness of physical exercise
on inflammatory parameters in obesity is still a matter of
debate.

Inflammation was found to be high in obese conditions
(Khanna et al., 2022), which will have an impact on
metabolic disorders, stress, and tissue dysfunction
(Andersen et al., 2016). Metabolic disorders have a greater
risk of metabolic syndrome, and inflammation is associated
with leukocyte activation and dysfunction in metabolic
tissues such as adipose tissue, liver, pancreas, and blood
vessels (Sheridan et al., 2012). Meanwhile, the occurrence of
tissue dysfunction will have an impact on the accumulation
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of fat in primary lymphoid organs, which will damage tissue
integrity associated with a large number of leukocytes and
an inflammatory phenotype (Vucenik & Stains, 2012). This
will increase the risk of developing type 2 diabetes mellitus
and is likely to be the main distributor of complications
(Longo et al., 2019). In addition, high levels of inflammation
in obesity cause neuroinflammation which results in
decreased cognitive function (Salas-Venegas et al., 2022)
and motor abilities through changes in brain function and
the musculoskeletal system (Wang et al., 2016). Therefore,
appropriate strategies are needed to reduce risk factors for
inflammation in obesity.

Preventing increased inflammation in obesity can be done
by limiting calories and physical exercise. According to previ-
ous research, calorie restriction using intermittent fasting is
considered to have a beneficial impact on reducing inflamma-
tion (Hills et al., 2019). However, it requires longer time and
consistency and the results are only temporary (Yeoh et al.,
2015). Previous research has shown that calorie restriction in
humans has not been proven safe and effective for reducing
inflammation in obese conditions (Kokten et al., 2021).

Previous research suggests that physical exercise can
reduce inflammation, which is associated with a decrease
in fat mass and an increase in muscle mass (Mika et al.,
2019). However, appropriate physical exercise is still a matter
of debate. Proven by research conducted by Zheng et al.
(2019) physical exercise in the form of endurance exercise
can reduce inflammation levels in a group of adult women.
However, research conducted by Park & Nickerson (2022)
stated that physical exercise in the form of endurance
exercise could not change inflammation levels in a group
of adult women. Other research also states that women who
are obese tend to experience higher levels of inflammation
than women who have a normal weight (Cohen et al., 2021).
However, other studies show opposite results (Accattato et
al., 2017). Therefore, The study purpose was to analyze the
effect of endurance exercise on reducing inflammation using
the biomarker High-sensitivity C-reactive protein (hs-CRP).

Materials and Methods

Participants

This study was a true-experimental with a pretest-
posttest control group design. The study used 20 obese
women as research subjects selected based on the following
criteria: age 20-30 years, BMI 27-35 kg/m?, blood pressure
(systolic 110/120 mmHg and diastolic 70/80 mmHg), resting
heart rate 60-80 bpm, oxygen saturation 96-100%, inactive
in exercise, non-smoker, and non-alcohol consumer.

Study Design

Then, the subjects were divided into two groups, namely
the control group (G1; n=10), and the endurance exercise
group (G2; n=10). Endurance exercise was performed by
running on a treadmill for 40 minutes, using moderate in-
tensity (60%-70% HRmax) calculated by the formula (220-
age). During endurance exercise, heart rate was monitored
using POLAR H10. The entire research procedure was ap-
proved by the Research Ethics Committee Universitas Neg-
eri Malang with the number 07.12.2/UN32.20.2.9/LT/2023.

Blood samples were taken to measure inflammation
levels before and after endurance exercise intervention,
taken from the cubital vein as much as 4 ml. Inflammation
levels were analyzed using the ELISA method (Cat.No:
E-EL-H0043; Elabsciencer Biotechnology Inc, USA).

Statistical Analysis

Data analysis was performed using the Statistical
Package for the Social Science (SPSS) version 21.0. Data that
were normally distributed and had homogeneous variance
were analyzed using paired samples t-test and independent
samples t-test with a significance level of 5%.

Result

Based on the study results, the data on the characteristics
of the subjects in this study did not significant differences as
presented in Table 1.

Table 1. Characteristics of research subjects

Variable Gl(n=10) G2 (n=10) p-Value
Age, yrs 22.70+1.64  23.50£2.17  0.366
Zﬁﬂg blood pressure, 1305610 115254349 0.344
Ei;fg’ghc blood pressure, ) hei566 72654773 0.407
Heart rate, bpm 76.80+7.87 75.80+3.74  0.723
Height, m 1.5520.04 1.57£0.05  0.202
Weight, kg 71.04+4.55  73.0247.99  0.507
Body mass index (kg/m?)  29.85+1.87 29.52+1.81  0.691

Based on the research results, there was a difference in
the reduction in inflammation levels between the control
group (G1) and the endurance training group (G2), this can
be shown in the average reduction in inflammation levels in
the control group (G1) and the endurance training group
(G2) as in the Figure 1.
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hs-CRP (ng/mL)
hs-CRP (ng/mL)

Pretest Posttest Pretest Posttest

Fig. 1. Pretest and posttest hs-CRP levels (ng/mL) in both groups
Description: (*) The p-value indicates significant results
at pretest (p < 0.05)

The results of the paired sample t-test mean pretest
and posttest hs-CRP levels in the control group showed
(6.76+4.40 vs. 6.4314.89 ng/mL, p=0.641) and the endurance
exercise group showed (6.56+3.34 vs. 2.12+1.14 ng/mL,
p=0.004). These results show that the endurance exercise
group significantly reduced inflammation levels, and the
control group did not show a significant reduction.
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Fig 2. Pretest, posttest, and delta hs-CRP levels in both groups
(G1 vs G2). Description: (ns) Not significant (p > 0.05). (*) Significant
with a control group (G1) (p < 0.05)

Discussion

Obesity is often associated with inflammation which
plays a role in the occurrence of complications (Marseglia et
al., 2014), therefore it is important to reduce inflammation
in conditions of obesity, one of which is endurance exercise.
Based on the results of research that has been conducted,
there is a difference in reducing inflammation levels between
the control group (G1) of 0.33 ng/mL and the endurance
training group (G2) of 4.44 ng/mL. The results showed a
significant decrease occurred in the endurance training
group (G2) compared to the control group (G1) (Table 1).
The decrease in inflammation levels in (G2) was caused by
endurance exercise. The endurance exercise used in this
study reduced levels of circulating inflammation in the blood
2 weeks after exercise. These results are in line with research
conducted by Fedewa et al. (2017) reported that endurance
exercise can reduce inflammation >2 weeks after treatment.
The results of previous research conducted by Gonzalo-
Encabo et al. (2021) reported that endurance exercise can
reduce inflammation levels in obesity cases.

This research involved subjects with obesity. In conditions
of obesity, reducing body fat mass can improve mitochondrial
function in adipocytes and reduce cytokine production which
plays an important role in controlling inflammatory respons-
es, endothelial function, and immunity (Bianchi, 2018). This
can be proven in previous research conducted by Pranoto et
al. (2023) reported that a decrease in inflammation occurred
as a result of endurance exercise. Endurance training in this
study is thought to increase anti-inflammatory activation
which is influenced by increasing IL-10, IL-1RA, and sTNFr,
thereby causing a decrease in inflammation such as IL-6, then
IL-6 will increase the differential uptake of energy released in
myocytes by increasing muscle insulin sensitivity and down-
regulates inflammation (Kistner et al., 2022). These results are
associated with research conducted by Leal et al. (2018) said
endurance exercise can induce myocytes that can modulate
adipose tissue to produce increased gene expression and se-
cretion of IL-6, and there is an increase in IL-10, IL1-ra, and
TNF-a, which is characterized as an anti-inflammatory effect.

The decrease in inflammation is thought to be due
to the effects of endurance exercise. Muscle contractions
caused by endurance exercise cause an increase in energy
requirements using body fat by simulating lipolysis in
adipose tissue, resulting in the release of free fatty acids
(FFA) into the circulation and oxidation in the muscles
(Mika et al., 2019) which can reduce the amount of fat mass
in the body (Wedell-Neergaard et al., 2019). In addition, the
reduction in inflammation is thought to be caused by the

infiltration of immune cells such as macrophages which can
be suppressed, and a phenotypic shift from M1 macrophages
as inflammatory to M2 macrophages as anti-inflammatory
which can be accelerated through endurance exercise
(Saltiel & Olefsky, 2017). Macrophages activated via IL-10
indicate that M2 macrophages promote the early stages
of proliferation myogenesis (Trendelenburg et al., 2012)
which shows a change in macrophage phenotype during
skeletal muscle regeneration with suppression of p38 MAPK
signals followed by an increase in IL-10, so that it can work
on M1 macrophage polarization to inhibit inflammation
(Costamagna et al., 2015).

Endurance training can induce fatty acid metabolism
through oxidation in muscle mitochondria to produce large
amounts of ATP (Muscella et al., 2020) thereby triggering the
activation of the adenosine monophosphate-activated protein
kinase (AMPK) pathway which plays a role in conserving
ATP by inhibiting the biosynthetic pathway and anabolic
(glycogen and protein synthesis), as well as stimulating
catabolic pathways by increasing glucose transport and
fat metabolism (Egan & Zierath, 2013). Apart from that,
endurance training can increase the number of mitochondria,
an increase in mitochondria will cause biogenesis which will
activate muscle cells by releasing myokines so that they can
secrete irisin to increase energy expenditure by encouraging
browning in white adipose tissue (Yano et al., 2021) and acts
as an anti-inflammatory in the long term and helps restore
inflammatory disorders in obesity conditions (Gonzalez-Gil
& Elizondo-Montemayor, 2020).

The endurance training carried out in this study also
paid attention to the intensity used because the subjects of
this study were women with obesity. Endurance training
performed at high intensity will result in major tissue damage
and initiate excessive inflammatory and immunosuppressive
reactions (Cavalcante et al., 2017). Meanwhile, endurance
exercise performed at moderate intensity will reduce
inflammation and increase fibrinolysis (Chen et al., 2014).
Therefore, previous research recommends that moderate-
intensity endurance exercise can reduce fat mass and reduce
inflammation (Geliebter et al., 2015). Exercise intensity
plays a role in determining the main energy source. The
energy source used at high intensity will use the oxidation
of carbohydrates, while at medium intensity the oxidation
of FFA is more dominant. Therefore, this study was given
endurance exercise with moderate intensity which is suitable
for obesity conditions (Rejeki et al., 2023).

The results of this research can be used as a way to reduce
inflammation levels in obesity through endurance exercise.
However, this research has limitations, such as the research
was only carried out on obese women, and endurance
exercise was only carried out for 2 weeks so adaptation had
not occurred. Therefore, it is recommended that further
research be carried out on male subjects who are obese and
in different age groups so that it can be generalized.

Conclusion

Based on research results, it was found that endurance
exercise using moderate intensity (60%-70% HRmax) carried
out for 2 weeks showed a decrease in inflammation levels in
obese women, so this research recommends that individuals
with obesity do endurance training consistently, taking into
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account the intensity used. The results of this research can be
used as a reference for future research by providing different
exercise interventions and adding new parameters.
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3miHM nokKa3sHuKiB C-peaKTUBHOroO 6i1ka BUCOKOI
YYT/IMBOCTI NiCNA ABOX TMXKHIB TPpeHyBaHb Ha BUTpUBanicTb
NOMiPHOI iIHTEHCUMBHOCTI Y XKIHOK 3 OXKUPIHHAM

Apiparix Ken Capi'4®?, Cyrixapto'*"¥, [leciana Mepasari'*"®, Axi [Ipanoro®*“?

'MaaHrCbKMiT lep>KaBHUI YHIBEpCUTET
*YHiBepcureT Ajfpranra

ABTOpCBHKNMIT BKIIAM: A — FU3aiTH JOCTIMKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarrs: 7 c., 1 Tabn., 2 puc., 41 mxeperna.

Mera gocmigpxeHHA. MeTo HOCIiPKeHHA Oy/I0 IpoaHaIi3yBaTy BIVIMB (i3NYHUX BIPaB Ha BUTPUBAJIICTD IIOMIpHOI iHTeH-
CMBHOCTI Ha 3MEHILIEHHS 3alla/leHH:A Y )KiHOK 3 O>KMPiHHAM.

Marepianu Ta Metopu. O6'€KTOM JOCTIPKEHH:A CTa/MN ABAMLATH XKIHOK 3 OKMPIHHAM, BifiOpaHNX 3a BCTAHOBIEHUMI KP1-
tepisivu. IloTim gocmimpkyBani ocobu 6ynmu posmnopineHi Ha ABi rpymu: KoHTponbHY (G1) Ta rpymy, wo 3ariManacs QisuaHnMI
BIpaBaMM Ha BUTpuBaIicTh (G2). BipaBu Ha BUTpMBaicTbh IOMIPHOI iIHTEHCMBHOCTI BUKOHYBA/IUCA HUIAXOM Oiry Ha 6irosiit
Jopixui npotarom 40 XBUINH, 3 YaCTOTOIO 5 pa3iB Ha TYDK/IEHb IPOTATOM 2 TYDKHIB. [loMipHa iHTEeHCHBHICTD BMKOHYBa/Iacs Ipu
nokasHukax 60%-70% MYCC - MakcuMa/lbHOI 4acTOTU cepleBUX cKopodeHb (dpopmyna MUYCC: 220 - Bik). 3abip kposi i1
OLIHKU 3aIaJIeHHs 3a JOIoMoro 6iomapkepa C-peakrusHoro 6inka Bucokoi ayrmBocti (hs-CRP) mpoBoannu o i mics inrtep-
BeHIii nporsrom 2 tyokHiB. [TokasHuk hs-CRP BusHavamu MetopoM iMmyHodepMenTHOro aHanisy (ELISA). [l ananisy maHux
BUKOPUCTOBYBA/N t-KpUTepiit MapHMUX BUOIpOK 3i sHauyIuM pisHeM (p < 0,05).

Pesynpraru. OTprMaHi pesynbraTy MoKasam cepenHi pisHi C-peakTnBHOro 6i7Ka BICOKOI Yy T/IMBOCTI 1O i IMic/st iHTepBeH-
uii B rpynax G1 (6,76+4,40 nporu 6,43+4,89 ur/mn, p=0,641) i G2 (6,56+3,34 nporu 2,12+1,14 ur/mi, p=0,004).

BucHosku. IIpoBefieHe HOCIiKeHHsT CBIYNTD TIPO Te, 110 (isyyHi BIpaBU Ha BUTPUBAIICTD HOMIpHOI iIHTEHCMBHOCTI BII-
ABWINCS ePeKTUBHUMM [I SHVDKEHH: PIBHSA 3aMa/IeHHs y )KiHOK 3 OKMPIiHHAM. TakuM 4nHOM, 0c06aM 3 OXXMPIHHAM PeKOMEH-
IYETBCS 3HIDKYBATH piBeHb 3alla/IeHHs 3a JOIOMOrolo Gi3NuHMX BIPaB Ha BUTPUBAIICTD TOMIPHOI iHTEHCUBHOCTI.

Kinrouosi coBa: disuyHi BIIpaBy Ha BUTPUBAJICTD, PiBHI 3aIa/ieHHs, O>KUPIHHA, 3T0POBUIL CIIOCIO SKUTTAL.
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