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The effect of different types of swimming intensity on increasing serum bone specific-alkaline
phosphatase levels of obese male mice (Mus Musculus)
El efecto de diferentes tipos de natacion de intensidad sobre el aumento de los niveles séricos de
fosfatasa alcalina especifica 6sea de ratones machos obesos (Mus Musculus)
Priska Okta Avia Martha, Gadis Meinar Sari, Purwo Sri Rejeki, Silvia Maya Ananta
Universitas Airlangga (Indonesia)

Abstract. Obesity can interfere with the bone remodeling process, training is one solution to protect bone density. However, training
and its intensity on bone remodeling through the biomarker Bone Specific-Alkaline Phosphatase (BALP) with obesity is still not widely
studied so it is still unclear its effectiveness. The experimental study involved 24 mice (Mus musculus) that were induced with 30%
fructose once a day for 60 days. Mice were grouped into 4 groups according to the intensity of training, namely the control group
without training (K1), low intensity with a load of 3% body weight (K2), moderate intensity with a load of 5% body weight (K3),
while high intensity was carried out with a load of 7% body weight for 70% (K4) of the maximum duration. All training sessions with
a frequency of 3 times/week, and then a post-test comparison examination of BALP levels was carried out. The average number of
BALP levels (ng/mL) in each group post-test, the control group had a result of 15.7713.10, for the provision of low-intensity training
with a value of 13.92£2.23, while for the moderate intensity training group of 13.11£1.67, for the highest increase was in high-
intensity training with a value of 21.1023.70. Based on the Tukey honestly significant difference (HSD) test, the post hoc high-intensity
training group was significantly different from other groups (p < 0.05). All types of training intensity analyzed in this study increased
BALP levels, especially in the high-intensity training group which had a very significant increase in BALP levels. Therefore, training
and its intensity affect bone metabolism increase.

Keywords: Aerobic Training, BALP, Obesity, Swimming, Training intensity.

Resumen. La obesidad puede interferir con el proceso de remodelacion 6sea, el entrenamiento es una solucion para proteger la
densidad osea. Sin embargo, el entrenamiento y su intensidad sobre la remodelacion 6sea a través del biomarcador Fosfatasa Alcalina
Especifica del Hueso (BALP) con obesidad atin no esta ampliamente estudiado por lo que atn no esta clara su efectividad. En el estudio
experimental participaron 24 ratones (Mus musculus) que fueron inducidos con 30% de fructosa una vez al dia durante 60 dias. Los
ratones se agruparon en 4 grupos segun la intensidad del entrenamiento, a saber, grupo de control sin entrenamiento (K1), baja
intensidad con una carga del 3% del peso corporal (K2), intensidad moderada con una carga del 5% del peso corporal (K3). , mientras
que la alta intensidad se realiz6 con una carga del 7% del peso corporal durante el 70% (K4) de la duracion maxima. Se realizaron todas
las sesiones de entrenamiento con una frecuencia de 3 veces por semana y luego se realizé un examen de comparacion posterior a la
prueba de los niveles de BALP. El promedio de niveles de BALP (ng/mL) en cada grupo post-test, el grupo control tuvo un resultado
de 15,77%3,10, para la realizacion de entrenamiento de baja intensidad con un valor de 13,92%2,23, mientras que para el de intensidad
moderada grupo de entrenamiento de 13.11£1.67, pues el mayor incremento fue en el entrenamiento de alta intensidad con un valor
de 21.10£3.70. Segln la prueba de diferencias honestamente significativas (HSD) de Tukey, el grupo de entrenamiento post hoc de
alta intensidad fue significativamente diferente de otros grupos (p < 0,05). Todos los tipos de entrenamiento de intensidad analizados
en este estudio aumentaron los niveles de BALP, especialmente en el grupo de entrenamiento de alta intensidad que tuvo un aumento
muy significativo en los niveles de BALP. Por tanto, el entrenamiento y su intensidad inciden en aumentar el metabolismo oseo.
Palabras clave: Entrenamiento aer6bico, BALP, Obesidad, Natacién, Intensidad del entrenamiento.
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Introduction (Ning et al., 2023; Lopez-Gomez et al., 2016; Roy et al.,
2016).

Obesity is a health problem that is often ignored in
Indonesia, from Basic Health Research (Riskesdas) and
Central Bureau of Statistics (BPS) data the prevalence of
overweight and obesity in Indonesia tends to increase as
much as 10.5% in 2007 than 14.8% in 2013 and 21.8% in
2018, while the prevalence rate of obesity in the population
aged 2 18 years from 2013 was 26.25% and in 2018 it was
35.5%. The long-term effects of obesity can result in
increased oxidative stress, inflammation, and changes in
bone metabolism (Balitbangkes RI, 2007, 2018; Riskesdas,
2013; Savvidis et al., 2018; Statistik, 2022). Obesity can
disturb bone metabolism through mechanical, hormonal,
and inflammatory factors, which can lead to various bone
disorders (Welsh et al., 2024). Obesity can also affect the
secretion or activity of Bone Alkaline Phosphatase (BALP),
resulting in disruption of the bone remodeling process
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A 2018 review article on the effectiveness of physical
training on bone density in osteoporosis patients, concluded
that there are several training recommendations to increase
bone density (Benedetti et al., 2018), the most effective
intervention for Bone Mineral Density (BMD) is a
multicomponent training program, one of which is weight-
bearing aerobic training and training with a vibrating
platform can also have an impact on increasing BMD (Stanik
etal., 2019). A systematic review on the effects of physical
training on bone biomarkers Bone-specific alkaline
phosphatase (bone formation biomarker) and Amino-
terminal Cross Linked Telopeptide of type 1 collagen (bone
resorption biomarker) states that there is a possible benefit
of training in increasing bone formation and reducing bone
resorption biomarkers in osteoporotic populations (Ma et
al., 2018), both studies were conducted on humans with

Retos, namero 58, 2024 (septiembre)


mailto:gadis-m-s@fk.unair.ac.id

2024, Retos, 58, 720-726

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index. php / retos/ index)

normal body mass index. Meanwhile, 12 wecks of interval
training were reported increasing BMD in the femur and
serum total alkaline phosphatase (TALP) in animal (Le et
al., 2021).

Research on the effects of training on bone biomarkers
in obese body conditions is still very rare. In this study, we
used BALP because it is more specific for understanding bone
metabolism (Fragala et al., 2017). To see the effectiveness of
various training intensities on bones with obese conditions,
experimental research was conducted on fructose-induced
experimental animals which were then divided into several
groups to be given several kinds of training intensity. This is
because the effect of exercise intensity on BALP levels has not
been clearly explored. For that reason, the purpose of this
study is to analyze the protective potential of training
intensity on BALP levels in mice.

Materials and Methods

Study design

This study is a true experimental research, utilizing a
'randomized posttest-only control group design'. The study
involved 24 male mice (Mus musculus) aged eight weeks and
weighing around 20%5 grams. Sampling was carried out
using a consecutive sampling technique, while the division of
mice into groups was carried out randomly. Group K1 (n=6)
was a control group that received no intervention. Group K2
(n=6) was a group that performed low-intensity swimming.
Group K3 (n=6) was a group that performed moderate-
intensity swimming, and Group K4 (n=6) was a group that
performed high-intensity swimming. All procedures for this
research have received approval from the Health Research
Ethics Commission, Faculty of Medicine, Universitas
Airlangga, with number: 100/EC/KEPK/FKUA/2023.

Animals that met the inclusion criteria were acclimatized
for seven days. This process includes training and
familiarizing the test animals to the intervention to be given.
The test animals were placed in room conditions with a
temperature of 26£2°C, humidity between 50-60%, and
lighting arranged in a 12-hour light and 12-hour dark cycle
(Sari etal., 2024). The mice cages were made of transparent
acrylic material with dimensions of 20 x 20 x 25 cm. Each
cage was filled with 1-3 mice, depending on the size and
condition of the test animal. Feed and drink were provided
every day at 06.00 a.m. Cage cleaning was carried out every
2-3 days to ensure a clean and healthy environment for the
test animals. To make mice obese before intervention all
animals were exposed by high carbohydrates using 30%
fructose solution, per-oral, ad libitum for a period of 1
weeks. Meanwhile, observe weight gain in mice, the mice
were induced with a 30% fructose solution ad-libitum orally

from day-1 to day-60 (Ali et al., 2006).

Study organization

The acclimation process was completed 7 days before
the training program (day-1 to day-60). Light intensity
training was swimming training with a load of 3% body
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weight, moderate intensity was done with a load of 5%
body weight, while heavy intensity was done with a load of
7% body weight. All training were performed for 70% of
the maximum duration/training session with a frequency of
3 times/week for 8 weeks. Swimming was held start from
17.00 p.m (Upadhyay etal., 2015).

Before and after the completion of the entire 8-weeks
training intervention, following the measurement of body
weight, blood glucose, and Lee’s obesity index the test
animals used in the research were measured then sacrificed
in an appropriate manner according to ethical guidelines
and blood samples (post-test) were collected from the left
ventricle of the mice, amounting to 1-1.5 ml, 24 hours after
training (Sari et al., 2024). Mice were fasted overnight
before blood sampling.

The Lee Obesity Index (LOT) was measured by dividing
the cube root of the body weight (g) by the naso-anal length
(mm) and multiplying the whole expression by 10
1968).
considered if their weight was 2 0.3 g/mm.

(Bernandis & Patterson, Obese mice were

Post-test blood samples were centrifuged to separate
red blood cells, plasma, and serum. The centrifugation was
performed for 15 minutes at a speed of 3000 rpm. The
serum was stored at a temperature of -80°C for the analysis
of BALP levels the next day using the Colorimetric Assay
Kit (Cat.No: E0199Mo, Bioassay Technology Laboratory,
Inc., Shanghai, China P.R.).

Statistical analysis

Data analysis in this study was conducted using the
Statistical Package for Social Science (SPSS) software
version 21. The first step was descriptive statistical
calculation to get a general picture of the data. Then, a
normality test was performed using the Shapiro-Wilk test
to check whether the data was normally distributed. The
third step was a homogeneity test using the Levene test to
determine whether the variance from different groups was
homogeneous. Then a Paired t-test was used for pre and
post data of body weight, Lee Obesity Index, and blood
glucose. One-way ANOVA test was used, followed by
Tukey’s honestly significant difference (HSD) post hoc test.
All statistical analyses were performed with a significance
level of 5%.

Results

Based on the research results, the following are the
average of body weight, Lee Obesity Index, and blood
glucose levels of the low, moderate, and high intensity
swimming groups before and after 8-week intervention
(Table 1). The normality and homogeneity of body weight,
Lee Obesity Index, and blood glucose levels data in each
group need to be known by conducting a Shapiro-Wilk test
and a Levene test before the difference test using a paired
sample t-test.

After treatment on experimental animals for 8 weeks,
the results show that the distribution of body weight, Lee
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Obesity Index, and blood glucose levels data was normal (p
2 0.05) and homogenous (p 2 0.05). The difference test
using a Paired t-test was conducted with the result showing
a significant difference in body weight pre and post-training
data (p £0.05) however, there was no significant difference
in Lee Obesity Index and blood glucose data (p 2 0.05) as

depicted in Table 1.
Table 1.
Analysis Results of Body Weight, Lee Obesity Index, and Blood Glucose

Training Intensity

Variable

_val
K1 K2 K3 K4 prvatue
PraBW o 174014 22174117 22.8352.14 22.1741.17
(gram)
Post BW
o 35.3344.18 29.83+3.19 29.67%3.33 29.67+5.57 0.000%
(gram)
Difference
10.1642.14 7.6612.02  8.62%0.38  8.58+0.50
(gram)
Pra LOI
RLOL 0 331000 0.3140.01  0.3340.01  0.32+0.02
(g/mm)
Post LOI
ostLOL ) 3)40.01 0.3340.01  0.3240.01  0.3240.02
(g/mm) 0.927
Difference
20.01£0.01  0.02 -0.01 0.00
(g/mm)
Pra BG
65.17421.91 68.67+41.87 73.67£19.94 76.17+20.77
(mg/dL)
Post B
OStBG e 17418.1571.17536.94 69.83426.14 80.00%13.51
(mg/dL) 0.981
DH:'\ A1 o
HICTENCe 34376 2.50+4.93  -3.84%6.20 3.83%7.26
(mg/dL)

Description: Data are expressed as mean £ SD. K1 — Control group; K2 — Low
intensity swimming training group; K3 — Moderate intensity swimming training
group; K4 — High intensity swimming training group. BW: Body weight; LOI —
Lee Obesity Index; BG — blood glucos. (*) p <0.05 pra vs post. p-value was
obtained by paired sample t-test.

Based on the research results, the following are the
average BALP levels of the low, moderate, and high
intensity swimming groups after 8-week intervention. The
distribution and homogeneity of BALP data in each group
needto be known by conducting a normality test and
homogeneity test before the difference test using one-way
ANOVA.

Based on the results of the normality test using Shapiro-
Wilk, it was shown that the distribution of BALP level data
was normal (p 2 0.05) and the results of the homogeneity
test analysis using the Levene test are homogenous (p 2
0.05), as depicted in Table 2. After obtaining the result of
data analysis being normally distributed and homogeneous,
the difference test using one-way ANOVA was conducted
with the result showing a significant difference in the

obtained BALP levels (p £0.05).

Table 2.

Analysis Results of Differential Test of BALP Levels of Each Group Based on Blood
Sampling Time

Group BALP (ng/mL) Post-training (meantSD) p-value
K1 15.77£3.10¥
K2 + \
13.92%2.23 0.000%
K3 13.11£1.67Y
K4 21.10%3.70"#

Description: Data are expressed as mean 1 SD; K1 — Control group; K2 — Low
intensity swimming training group; K3 — Moderate intensity swimming training
group; K4 — High intensity swimming training group. ” significantly different
from K1; # significantly different from K2; 1 significantly different from K3; y
significantly different from K4. p-value was obtained by one-way ANOVA and
Tukey’s honestly significant difference (HSD) post hoc test.

Meanwhile, to identity the difference in levels of BALP
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in cach group, a Tukey’s Honestly Significant Difference
(HSD) post hoc test was performed, as shown in (Table 3).

Table 3.
Results of Tukey's Honestly Significant Difference (HSD) Post Hoc Test for BALP
Levels

Group K1 K2 K3 K4
K1 0.644 0.373 0.017*
K2 0.957 0.001*
K3 0.000*
K4

Description: K1 — Control Group; K2 — Light intensity swimming training group;

K3 — Moderate intensity swimming training group; K4 — High intensity swimming
training group. (*) p < 0.05 indicates a significant difference.

Based on the analysed data from the Tukey's Honestly
Significant Difference (HSD) post hoc test, it was found that
there were significant differences (p £ 0.05) in BALP levels
between K4 and K1, K4 and K2, K4 and K3, while the
other groups did not have significant differences (p 2 0.05).

Discussion

The results of the study showed that there was an
increase in body weight in all groups, both the control
group and the intervention group (K2, K3, and K4). But in
the control group the increase in body weight occurred the
highest. So it can be seen that the intensity of training has
an effect on slowing down weight gain. Several previous
studies have recommended training for weight control.
Training influences changes in body weight and obesity (De
Lorenzo et al., 2018; Gerosa-Neto et al., 2016; Hunter et
al., 2018; Osinski & Kantanista, 2017; Soh et al., 2020).
Training can increase metabolism (de Matos et al., 2019),
increase oxidation in muscles and cause changes in total fat
in the body (de Matos et al., 2018). Weight loss will result
in a decrease in the Lee Obesity Index (LOI). The
significant decrease in LOI values in the moderate and high
intensity training groups was thought to be caused by a
reduction in the size and number of adiposity cells resulting
in a decrease of fat tissue mass. This is proven by slowing
down in weight gain (Dunn, 2009; Shahram et al., 2011).

The results of this study are in line with research by
Antoni etal. (2022) which reported that moderate intensity
swimming training activity in female mice reduces body
weight and the Lee Obesity Index (LOI). Training carried
out at moderate intensity can increase the production of
free fatty acids as an energy source (Karstoft et al., 2016),
thereby potentially reducing the accumulation of visceral fat
and body weight (Wewege et al., 2017). In addition,
regular physical exercise also plays an important role in
reducing obesity by increasing energy output (Houdebine
et al., 2019) which is mediated by the hormone irisin
(Bostrém et al., 2012). The release of irisin in the blood
circulation induces the browning process in white adipose
tissue. Thus, increases energy output and reduces fat
accumulation, which can be a factor in weight loss (Antoni
et al., 2022). Over weight has a high level of adipocytes,
where these adipocytes secrete adipokines associated with
weight loss associated with the consequent normalization of
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different metabolic parameters, reinforcing the idea that
adipokines are essential for whole body metabolic
homeostasis. In addition, the amount of adipokines secreted
can influence various body organ systems that are important
for energy homeostasis (Uranga & Keller, 2019).

In this study, the results of blood glucose (BG) levels
were also obtained between the training and control mice,
where no significant BG levels were found in all groups.
This could happen because all groups were obese mice,
which condition has a risk of developing hyperglycemia and
if it continuely occur can caused of type 2 diabetes (Schaller
& Mons, 2018). However, it can be seen that BG in the
moderate intensity training group decreased.

Organized and measured physical exercise can improve
blood glucose levels, health, and reduce body weight. The
process of improving glucose control through physical
exercise can occur through three mechanisms, namely
stimulation of glucose transport to muscles, increased
insulin action on organ cells involved in physical exercise,
and positive regulation stimulated by insulin as an effect of
organized physical exercise. Physical exercise has been
indicated as an insulin-like activity. This is due to increase
in muscle capacity to capture plasma glucose due to a
decrease in intramuscular fat reserves (Ratna et al., 2021;
Teixeira-Lemos et al., 2011). Previously it was also stated
that high-intensity swimming training can reduce body
weight and LIO in obese female mice (Antoni etal., 2022).
So it seems that high-intensity training is more suitable for
therapy to reduce LIO and BG in cases of obesity.

This research sought to find the relationship between
bone metabolism and training intensity, which we analysed
from the calculation of the bone biomarker, bone-specific
alkaline phosphatase (BALP). The results of this study
indicate changes in BALP levels post-treatment, with the
highest BALP levels in high intensity training. A cross-
sectional study in geriatrics explained that there is an
increase in serum BALP levels in subjects post-training,
indicating that training can influence calcium and bone
homeostasis (Aly et al., 2017). Another study in
menopausal women showed the same results that sub
maximal traning can increase BALP (Roghani et al., 2013).
This significant increase in BALP indicates that training can
stimulate new bone synthesis (Bakhtiyari et al., 2021).
Alkaline phosphatases (ALPs) are a group of isoenzymes
located on the outer layer of the cell membrane (Sharma et
al., 2014). The enzyme BALP is commonly found in tissue
nonspecific form produced in the liver, bone, and kidney,
involved in the removal of phosphate minerals from
molecules and inflammatory conditions (Hashim, 2024;
Fragala etal., 2017).

BALP levels increase significantly after weight training
(Fragala et al., 2017). Other studies say that the weight
training group and the walking group also increase BALP,
although very minimally (Gombos et al., 2016). The most
significant increase in BALP occurs after long duration of
cycling (Maimoun et al., 2006; Wallace etal., 2000). In the
in vivo studies on experimental animals, it was found that
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BALP levels also increase post-training (Qi et al., 2008; Qi
et al., 2009). In our study, all training intensities (low,
moderate, and high) grup serum BALP levels post-test
measured. However in our study, high-intensity training
was able to significantly increase BALP. Based on this, we
can conclude that type of training and intensity play a role
in increasing bone metabolism.

A systematic review study explained that walking does
not effectively prevent osteoporosis in older patients;
resistance training acts as a strong stimulus to increase and
maintain bone mass during the aging process. A multi-
component training program, which includes strength
training, aerobic, and impact and/or weight-bearing, can
help increase, or at least prevent, the decline in bone mass
that occurs with age, especially in postmenopausal women
(Gbémez-Cabello et al., 2012). Regular and long-term
training can influence bone metabolism indices, prevent
further bone resorption, reduce secretion of parathyroid
hormone, increase calcitonin, and prevent bone tissue
from losing calcium and other minerals (Troy et al.,
2018).

Training also reduces the concentration of leptin and
decreases body fat, thus playing a role in weight loss
(Izquierdo et al., 2019). Leptin has a positive relationship
with adiposity, and reducing body fat will decrease its
concentration. The accumulation of adipocytes in the
microenvironment of bone marrow (BM) promotes
inflammation that leads to increased bone resorption by
enhancing  osteoclastogenesis inhibiting  the
development of osteoblasts (Yu et al., 2021). Adiposity
within the BM is associated with proinflammatory
cytokines such as TNF-a and IL-6 (Cordova et al., 2015).
The TNF-a
through the activation of NFKB by increasing the
expression of RANKL and M-CSF (Marahleh etal., 2019).

The strength of this study is that it examined the direct
effects of swimming training or aerobic training at

and

cytokine stimulates osteoclastogenesis

different intensities on BALP. However, our study also
has several limitations. The research was carried out on
mice that were obese without comparing mice with
normal weight or thin weight. In addition, we also focused
on BALP, rather than measuring other bone metabolism
parameters such as serum osteocalcin. Therefore, it is
recommended that further research add these parameters

to confirm the findings.
Conclusions

Based on the results of this study, we can conclude that
all training intensity analysed in this study resulted in an
increase in BALP levels compared to the control group.
High-intensity training demonstrated a significantly
highest increase in BALP levels compared to the other
treatment groups, further emphasizing the vital role of
training in enhancing bone health and strength,

particularly in individuals classified as obese.

Retos, namero 58, 2024 (septiembre)



2024, Retos, 58, 720-726

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index. php / retos/ index)

Acknowledgment

The authors would like to express their gratitude to the
Faculty of Medicine, Universitas Airlangga, for their
support in conducting the research, from the administrative
process to the provision of research facilities and
infrastructure.

Funding

This study was supported by the Faculty of Medicine,
Universitas Airlangga, Surabaya Indonesia, with Grant
Number: 214/UN3.1.1/PT/2021.

Conflict of interest
The authors declare that there is no conflict of interest.
References

Ali, A. T., Paiker, J. E., & Crowther, N. J. (2006). The

relationship  between anthropometry and serum
concentrations of alkaline phosphatase isoenzymes,
liver-enzymes, albumin, and bilirubin. American Journal
of Clinical Pathology, 126(3), 437442,
https://doi.org/10.1309/9IN346GXX67B6PX5W.

Aly, W., Desouki, R., Abdel-Mottaleb, A., & Sweed, H.
(2017).
metabolism  parameters elderly.  Geriatric
Medicine and Care, I.
https://doi.org/10.15761/GMC.1000104.

Antoni, M.F., Rejeki, P.S., Sulistiawati., Pranoto, A., &

(2022).

Exercises Decrease Body Weight and Lee’s Obesity

Impact of strenuous exercise on bone
among

Sugiharto. Moderate-Intensity ~ Swimming
Index in Female Mice (Mus musculus). International
Journal of Research Publications, 93(1), 228-237.
https://doi.org/10.47119/ijrp100931120222779.

Bakhtiyari, M., Fathi, M., & Hejazi, K. (2021). Effect of
Eight Wecks of Aerobic Interval Training on the Serum
Concentrations of Alkaline Phosphatase, Osteocalcin
and Parathyroid Hormone in Middle—aged Men. Gene,
Cell and Tissue, 8(3).

Balitbangkes RI. (2007). Basic Health Research 2007.
National Report 2007, 1-384.

Balitbangkes RI. (2018). 2018 National Riskesdas
Report.pdf. In Balitbangkes Publishing Institute (pp. 1—
629). Health Research and Development Publishing
Institute (PLB).

Benedetti, M. G., Furlini, G., Zati, A., & Letizia Mauro,
G. (2018). The Effectiveness of Physical Exercise on
Bone Density in Osteoporotic Patients. BioMed research
international, 2018, 4840531.
https://doi.org/10.1155/2018/4840531.

Bostrém, P., Wu, ]., Jedrychowski, M. P., Korde, A., Ye,
L., Lo, J. C., Rasbach, K. A., Bostrom, E. A., Choi, ]J.
H., Long, J. Z., Kajimura, S., Zingaretti, M. C., Vind,
B. F., Tu, H., Cinti, S., Hejlund, K., Gygi, S. P., &

724

Spiegelman, B. M. (2012). A PGCI-a-dependent
myokine that drives brown-fat-like development of
white fat and thermogenesis. Nature, 481(7382), 463—
468. https://doi.org/10.1038 /nature10777.

Cordova, L. A., Trichet, V., Escriou, V., Rosset, P.,
Amiaud, J., Battaglia, S., Charrier, C., Berreur, M.,
Brion, R., & Gouin, F. (2015). Inhibition of osteolysis
and increase of bone formation after local
administration of siRNA-targeting RANK in a
polyethylene particle-induced osteolysis model. Acta
Biomaterialia, 13, 150—158.

De Lorenzo, A., Van Bavel, D., de Moraes, R., & Tibirica,
E. V. (2018). High—intcnsity interval training or
continuous training, combined or not with fasting, in
obese or overweight women with cardiometabolic risk
factors: study protocol for a randomised clinical trial.
BMJ open, 8(4), e019304.
https://doi.org/10.1136/bmjopen-2017-019304.

de Matos, M. A., Garcia, B. C. C., Vieira, D. V., de
Oliveira, M. F. A., Costa, K. B., Aguiar, P. F,
Magalhaes, F. C., Brito-Melo, G. A., Amorim, F. T., &
Rocha-Vieira, E. (2019).
training reduces monocyte activation in obese adults.
Brain,  behavior, ~and  immunity, 80, 818-824.
https://doi.org/10.1016/§.bbi.2019.05.030.

de Matos, M. A., Vieira, D. V., Pinhal, K. C., Lopes, J. F.,
Dias-Peixoto, M. F., Pauli, J. R., de Castro Magalhaes,
F., Little, J. P., Rocha-Vieira, E., & Amorim, F. T.
(2018). High-Intensity Interval Training Improves
Markers of Oxidative Metabolism in Skeletal Muscle of
Individuals With Obesity and Insulin Resistance.
Frontiers in physiology, 9, 1451.
https://doi.org/10.3389/fphys.2018.01451.

Dunn, S. L. (2009). Effects of exercise and dietary intervention
on metabolic syndrome markers of inactive premenopausal
women. UNSW Sydney.

Fragala, M. S., Bi, C., Chaump, M., Kaufman, H. W., &
Kroll, M. H. (2017). Associations of aerobic and
strength exercise with clinical laboratory test values.
PLoS ONE, 12(10).
https://doi.org/10.1371/journal.pone.0180840.

Gerosa-Neto, ]., Antunes, B. M., Campos, E. Z.,
Rodrigues, J., Ferrari, G. D., Rosa Neto, |. C., Bueno,
C. R., Junior, & Lira, F. S. (2016). Impact of long-term
high-intensity

High—intensity interval

interval and  moderate-intensity
continuous training on subclinical inflammation in
adults.  Journal of exercise
rehabilitation, 12(6), 575-580.
https://doi.org/10.12965/jer.1632770.385.
Gombos, G. C., Bajsz, V., Pék, E., Schmidt, B., Sié, E.,
Molics, B., & Betlehem, ]. (2016). Direct effects of
physical training on markers of bone metabolism and

overweight/ obese

serum sclerostin concentrations in older adults with low
bone mass. BMC musculoskeletal disorders, 17, 254.
https://doi.org/10.1186/512891-016-1109-5.
Gomez-Cabello, A., Ara, I., Gonzalez-Agiiero, A.,
Casajtis, J. A., & Vicente-Rodriguez, G. (2012). Effects

Retos, namero 58, 2024 (septiembre)



2024, Retos, 58, 720-726

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index. php / retos/ index)

of training on bone mass in older adults: a systematic
review. Sports medicine (Auckland, N.Z.), 42(4), 301—
325. https://doi.org/10.2165/11597670-
000000000-00000.

Hashim, I.A. (2024). Chapter 5 - Bone metabolism and
associated disorders. Tutorials in Clinical Chemistry, 129-
154, https://doi.org/10.1016/B978-0-12-822949-
1.00019-X.

Houdebine, L., D'Amico, D., Bastin, J., Chali, F.,
Desseille, C., Rumeau, V., Soukkari, J., Oudot, C.,
Rouquet, T., Bariohay, B., Roux, J., Sapaly, D., Weill,
L., Lopes, P., Djouadi, F., Bezier, C., Charbonnier, F.,
& Biondi, O. (2019). Low-Intensity Running and High-
Intensity Swimming Exercises Diffcrcntially Improve
Energy Metabolism in Mice With Mild Spinal Muscular
Atrophy. Frontiers in physiology, 10, 1258.
https://doi.org/10.3389/fphys.2019.01258.

Hunter, G. R., Plaisance, E. P., Carter, S. J., & Fisher, G.
(2018). Why intensity is not a bad word: Optimizing
health status at any age. Clinical nutrition (Edinburgh,
Scotland), 37(1), 56-60.
https://doi.org/10.1016/j.cInu.2017.02.004.

Izquierdo, A. G., Crujeiras, A. B., Casanueva, F. F., &
Carreira, M. C. (2019). Leptin, Obesity, and Leptin
Resistance: Where Are We 25 Years Later?. Nutrients,
11(11), 2704. https:/ /doi.org/10.3390/nul 1112704,

Karstoft, K., Wallis, G. A., Pedersen, B. K., & Solomon,
T. P. (2016). The effects of interval- vs. continuous
exercise on excess post-exercise oxygen consumption
and substrate oxidation rates in subjects with type 2
diabetes. Metabolism: clinical and experimental, 65(9),
1316-1325.
https://doi.org/10.1016/j.metabol.2016.05.017.

Lee, H. S., Kim, J. H., Oh, H. J., & Kim, J. H. (2021).
Effects of Interval Exercise Training on Serum
Biochemistry and Bone Mineral Density in Dogs.
Animals : an open access journal from MDPI, 11(9), 2528.
https://doi.org/10.3390/ani11092528.

Lopez-Goémez, ]. ]J., Pérez Castrillon, J. L., & de Luis
Roman, D. A. (2016). Influencia de la obesidad sobre el
metabolismo 6seo. Endocrinologia y Nutricion, 63(10),
551-559.
https://doi.org/10.1016/j.endonu.2016.08.005.

Ma, C., Tonks, K. T., Center, ]. R., Samocha-Bonet, D.,
& Greenfield, J. R. (2018). Complex interplay among
adiposity, insulin resistance and bone health. Clinical
Obesity, 8(2), 131-139.
https://doi.org/10.1111/cob.12240.

Maimoun, L., Manetta, J., Couret, I., Dupuy, A. M.,
Mariano-Goulart, D., Micallef, ]J. P., Peruchon, E., &
Rossi, M. (2006). The intensity level of physical
exercise and the bone metabolism response.
International Journal of Sports Medicine, 27(2), 105-111.
https://doi.org/10.1055/5-2005-837621.

Marahleh, A., Kitaura, H., Ohori, F., Kishikawa, A.,
Ogawa, S., Shen, W.-R., Qi, J., Noguchi, T., Nara, Y.,
& Mizoguchi, 1. (2019). TNF-a directly enhances

-725-

osteocyte RANKL expression and promotes osteoclast
formation. Frontiers in Immunology, 10, 2925.

Ning, B., Mustafy, T., Londono, I., Laporte, C., &
Villemure, 1. (2023). Impact loading intensifies cortical
bone (re)modeling and alters longitudinal bone growth
of pubertal rats. Biomechanics and modeling in
mechanobiology, 22(4), 1145—-1162.
https://doi.org/10.1007/510237-023-01706-5.

Osinski, W., & Kantanista, A. (2017). Physical activity in
the therapy of overweight and obesity in children and

adolescents. Needs and recommendations for
intervention programs. Developmental period medicine,
21(3), 224-234.

https://doi.org/10.34763/devperiodmed.20172103.
224234,

Qi, M. C., Hu, ]., Zou, S. J., Chen, H. Q., Zhou, H. X.,
& Han, L. C. (2008). Mechanical strain induces
osteogenic differentiation: Cbfal and Ets-1 expression
in stretched rat mesenchymal stem cells. International
journal of oral and maxillofacial surgery, 37(5), 453—458.
https://doi.org/10.1016/j.ijom.2007.12.008.

Qi, M. C., Zou, S. |., Han, L. C., Zhou, H. X., & Hu, J.
(2009). Expression of bone-related genes in bone
marrow MSCs after cyclic mechanical strain:
implications for distraction osteogenesis. International
journal  of  oral  science, 1(3), 143-150.
https://doi.org/10.4248/1JOS.09021.

Ratna, A. P., Hapsari, A., & Andiana, O. (2021). The
Effect of Moderate Intensity Physical Exercise on
Fasting Blood Sugar Levels of Wistar Rats (Rattus
novergicus) that were given high levels of advanced
glycation end product. Proceedings of the National Seminar
on Sports Science, 74—84.

Riskesdas. (2013). Ministry of Health's Pusdatin: Family
Planning Situation and Analysis. In Datin Info (pp. 1—-
6).

Roghani, T., Torkaman, G., Movasseghe, S., Hedayati,
M., Goosheh, B., & Bayat, N. (2013). Effects of short-
term aerobic exercise with and without external loading
on bone metabolism and balance in postmenopausal
women with osteoporosis. Rheumatology international,
33(2), 291-298. https://doi.org/10.1007/300296—
012-2388-2.

Roy, B., Curtis, M. E., Fears, L. S., Nahashon, S. N., &
Fentress, H. M. (2016). Molecular mechanisms of
obesity-induced osteoporosis and muscle atrophy.
Frontiers in Physiology, 7(SEP).
https://doi.org/10.3389/fphys.2016.00439.

Sari, D. R., Ramadhan, R. N., Agustin, D., Munir, M.,
[zzatunnisa, N., Susanto, J., Halim, S., Pranoto, A., &
Rejeki, P. S. (2024). The Effect of Exercise Intensity on
Anthropometric Parameters and Renal Damage in High
Fructose- Induced Mice. Retos, 51, 1194-1209.
https://doi.org/10.47197/retos.v51.101189.

Savvidis, C., Tournis, S., & Dede, A. D. (2018). Obesity
and bone metabolism. Hormones (Athens, Greece), 17(2),
205-217. https://doi.org/l().1007/542000—018—

Retos, namero 58, 2024 (septiembre)



2024, Retos, 58, 720-726

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index. php / retos/ index)

0018-4.

Schaller, K., & Mons, U. (2018). Tax on sugar sweetened
beverages and influence of the industry to prevent
regulation. Ernahrungs Umschau, 65(2), M82-9.

Shahram, S., Masoomeh, K., Reza, I., & Gholamreza, F.
(2011). Adiponectin responses to vontinues and
intermitten training in non athlete obese women.
European Journal of Experimental Biology, 1(4), 216—220.

Sharma, U., Pal, D.,; & Prasad, R. (2014). Alkaline
phosphatase: an overview. Indian journal of clinical
biochemistry IJCB, 29(3), 269-278.
https://doi.org/10.1007/512291-013-0408-y.

Soh, S. H., Joo, M. C., Yun, N. R., & Kim, M. S. (2020).
Randomized Controlled Trial of the Lateral Push-Off
Skater Exercise for High—lntcnsity Interval Training Vs
Conventional Treadmill Training. Archives of physical
medicine and  rehabilitation,  101(2), 187-195.
https://doi.org/10.1016/j.apmr.2019.08.480.

Stanik, J., Kratzsch, J., Landgraf, K., Vogel, M., Thiery,
J., Kiess, W., & Korner, A. (2019). The bone markers
sclerostin, osteoprotegerin, and bone-specific alkaline
phosphatase are related to insulin resistance in children
and adolescents, independent of their association with
growth and obesity. Hormone Research in Paediatrics,
91(1), 1-8. https://doi.org/10.1159/000497113.

Statistics, B. P. (2022). Prevalence of Obesity in Population
Aged > 18 Years According to Gender 2013-2018. Central
Bureau of Statistics. Accessed from Https://Www.
Mr. Go. Id/Indicator/30/1781/1/Prevalence-of-
Obesity-In-18-Year-Old-Population-According-to-
Gender. HTML.

Sun, W., Zhang, X. A., & Wang, Z. (2023). The role and
regulation mechanism of Chinese traditional fitness
exercises on the bone and cartilage tissue in patients
with osteoporosis: A narrative review. Frontiers in
physiology, 14, 1071005.
https://doi.org/10.3389/fphys.2023.1071005.

Teixeira-Lemos, E., Nunes, S., Teixeira, F., & Reis, F.
(2011). Regular physical exercise training assists in
preventing type 2 diabetes development: focus on its

Troy, K. L., Mancuso, M. E., Butler, T. A., & Johnson, J.
E. (2018). Exercise carly and often: Effects of physical
activity and exercise on women’s bone health.
International Journal of Environmental Research and Public
Health, 15(5).
https://doi.org/10.3390/ijerph15050878.

Upadhyay, J., Farr, O. M., & Mantzoros, C. S. (2015). The
role of leptin in regulating bone metabolism. Metabolism:
Clinical ~ and  Experimental, 64(1), 105—-113.
https://doi.org/10.1016/j.metabol.2014.10.021.

Uranga, R. M., & Keller, J. N. (2019). The Complex
Interactions Between Obesity, Metabolism and the
Brain.  Frontiers in  Neuroscience, 13, 513.
https://doi.org/10.3389/fnins.2019.00513.

Wallace, J. D., Cuneo, R. C., Lundberg, P. A., Rosén, T,
Jorgensen, J. O., Longobardi, S., Keay, N., Sacca, L.,
Christiansen, J. S., Bengtsson, B. A., & Sénksen, P. H.
(2000). Responses of markers of bone and collagen

(GH)

administration, and GH withdrawal in trained adult

turnover to exercise, growth hormone

males. The Journal of clinical endocrinology and metabolism,
85(1), 124-133.
https://doi.org/10.1210/jcem.85.1.6262.

Welsh, C., & Prentice-Craver, C. (2024). Hole’s Human
Anatomy and Physiology. New York: McGraw-Hill
Education.

Wewege, M., van den Berg, R., Ward, R. E., & Keech, A.
(2017). The effects of high-intensity interval training vs.
moderate-intensity ~continuous training on body
composition in overweight and obese adults: a
systematic review and meta-analysis. Obesity reviews : an
official journal of the International Association for the Study
of Obesity, 18(6), 635-646.
https://doi.org/10.1111/0br.12532.

Y Yu, W., Zhong, L., Yao, L., Wei, Y., Gui, T, Li, Z.,
Kim, H., Holdreith, N., Jiang, X., Tong, W., Dyment,
N., Liu, X. 8., Yang, S., Choi, Y., Ahn, J., & Qin, L.
(2021). Bone marrow adipogenic lineage precursors
promote osteoclastogenesis in bone remodeling and
pathologic bone loss. The Journal of clinical investigation,

antioxidant ~ and  anti-inflammatory  properties. 131(2), e140214.

Cardiovascular diabetology, 10, 12. https://doi.org/10.1172/]C1140214.

https://doi.org/10.1186/1475-2840-10-12.

Datos de los/as autores/as y traductor/a:

Priska Okta Avia Martha priska.okta.avia-2020@fk.unair.ac.id Autor/a
Gadis Meinar Sari gadis-m-s@fk.unair.ac.id Autor/a
Purwo Sri Rejeki purwo-s-r@fk.unair.ac.id Autor/a

Silvia Maya Ananta silviamayaananta(@gmail.com Autor/a
Rahmatya Ikhwanurrosida lingolinkpro(@gmail.com Traductor/a

-726-

Retos, namero 58, 2024 (septiembre)



