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Abstract

Background: Obesity is associated with decreased levels of protein sirtuin 1 (SIRT1). This decrease can disrupt SIRT1 activity,
leading to reduced antioxidant defenses, increased oxidative stress, impaired fatty acid oxidation, and reduced energy expenditure.
These changes can contribute to a positive energy balance and long-term weight gain. Exercise is an alternative way to prevent
decreased sirtuin 1 level. Sirtuin 1 plays a role in cell maintenance, stress markers, determining cell fate, maintaining energy
balance, preventing DNA damage, and maintaining the stability and continuity of cell function. Objective: This study aims to
determine and measure how the mechanism of physical exercise can increase the expression of SIRT1. Methods: Several journal
databases, such as Embase, PubMed, Web of Science, ScienceDirect, and Scopus, were searched for this study. The criteria for
this study included papers on oxidative stress, physical exercise, and SIRT1 published during the previous five years. The only
publications rejected for inclusion in this analysis were those published in non-reputable journals. Using Embase, Web of Science,
PubMed, ScienceDirect, and Scopus databases, a total of 1,891 publications were found. These systemic breakthrough criteria
have been examined and discussed in about 9 studies. Results: Physical exercise can increase the expression of SIRTI.
Conclusions: Physical exercise is proven to increase the expression of SIRT1 to influence the increase of biogenesis in
mitochondria, which will have a favorable and beneficial impact on the degree of human health.
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INTRODUCTION body experience extraordinary  physiological
o . . mechanisms, especially the increase in skeletal muscle
Sirtuin has a very important role as a cell guardian and contraction, which will trigger an increase in ATP

stress marker; it determines cell fate, maintains energy

LS demand. This response has an impact on cellular
balance, prevents DNA damage, and maintains the

glucose uptake and fatty acid oxidation to produce

stability and continuity of cellular work [1]. The more ATP and NAD", which serves as a fuel supply
repeated induction that occurs in skeletal muscles for sirtuin 1 (SIRT1) [3]. Among the seven types of
during physical performance is the most important sirtuin, sirtuin 1 is known to play an important role in
part (_)f the muscle remodeling mechan%sm that has a the cell signal transduction process, which is involved
positive effect on the body [2]. Exercise makes the in metabolic processes in mitochondria, DNA repair,
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regulation of inflammation, and cellular aging [4].
One of the deadly non-communicable diseases is
metabolic syndrome, which is characterized by
overweight patients, high blood glucose levels, high
blood pressure, and abnormalities in fat tissue, which
has a high risk of mortality worldwide [5]. In patients
with type 2 diabetes mellitus (T2DM), metabolic
syndrome has an adverse effect on increasing the risk
of degenerative diseases such as cardiovascular
disease [6]. Chronic hyperglycemia triggered by
abnormalities in insulin hormone secretion caused by
obesity is a characteristic of people with diabetes
mellitus [7]. Statistical results from the International
Diabetes Federation in 2021 show that 537 million
people have diabetes mellitus in 2021 worldwide, and
this number will continue to increase to around 783
million sufferers in 2045 [7]. The beneficial effects of
sirtuin make it an interesting gene to study, especially
as a therapy in preventing metabolic syndrome and
neurodegenerative diseases [8]. Overweight and
overeating factors that are not accompanied by
increased physical activity are the main causes
contributing to T2DM worldwide [9]. In this case,
both developed and developing countries are not an
exception; insulin resistance, type 2 diabetes mellitus,
and obesity are public health problems that should be
watched out for [10]. Exercise is a very effective
medicine in preventing or reducing these diseases
[11]. The activity and expression of sirtuin positively
affects the function of mitochondrial organelles in
biogenesis but also affects the effectiveness of
metabolism and increases the secretion of antioxidant
enzymes [12]. Based on the results of the study, it is
proven that physical exercise can increase the
formation of ROS by increasing the metabolic rate in
mitochondria, which has an impact on increasing
oxidative stress [13]. Exercise intensity strongly
influences exercise-induced oxidative stress [14].
Sport is a strategy in efforts to improve human health
status [15]. Tissue damage caused by oxidative stress
triggered by exercise will result in an inflammatory
process [16]. ROS generated during exercise will
affect and induce various signal transductions as a
physiological adaptation of skeletal muscle [17]. A
temporary inflammation response characterized by
changes in various proinflammatory cytokines such as
IL-1B, IL-6, IL-10, and TNF-a also occurs as a result
of acute physical exercise [18]. Excess ROS will also
have an adverse effect on skeletal muscle contractile
disorders so that it will also weaken muscle function
[13]. Although regular physical exercise increases the
production of ROS (reactive oxygen species), the
presence of sirtuin also has a beneficial effect on the
repair and increase of antioxidants as a body defense
system that will protect tissues from damage caused
by ROS [19]. Results from studies have highlighted
the key role of sirtuin 1 in adipogenesis, and its targets
include transcription factors such as peroxisome
proliferator-activated receptor gamma (PPARY) and
peroxisome proliferator-activated receptor gamma
coactivator 1-alpha (PGC-1a) [20]. Previous research
has partially discussed the impact of physical exercise
on increasing SIRT 1, but the information provided
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still discusses little about the physiological
mechanisms that occur during physical exercise in
increasing SIRT1 [20]. The important effects of
SIRT1 have been discussed, but there is still limited
research on the relationship between SIRT1
expression during exercise and how its mechanisms
may improve public health. Therefore, in this
scientific review, we will discuss and explore in depth
how physical exercise influences increased SIRT 1
expression and how its molecular mechanisms
promote public health.

METHODS
Study design

To determine how physical exercise impacts SIRT1
levels, this study was conducted by evaluating
academic literature. PubMed, Scopus, ScienceDirect,
Web of Science, and Embase were search engines used
to locate scientific papers. The search terms used were
"physical exercise" and "SIRTL." Article selection
was based on the following inclusion criteria: English
language proficiency, experimental research and
studies, and year of publication. Furthermore, articles
that did not meet the inclusion criteria, including non-
exercise interventions, non-experimental studies, and
parameters other than SIRT1, were excluded from our
analysis and were subject to exclusion criteria.

Eligibility criteria

The inclusion criteria for this study were met by
studies on oxidative stress, physical exercise, and
SIRT1 published within the last five years in reputable
journals. The only studies excluded from this
systematic review were articles published in non-
reputable journals. Furthermore, the study did not
directly use animal or human samples for
experimental testing.

Procedure

Full text, abstracts, and titles of verified and approved
articles were archived to the Mendeley database using
Embase, PubMed, Scopus, ScienceDirect, and Web of
Science databases. 1,891 publications were found
during the first part of the study. In the second step,
1,150 entries were evaluated based on how well the
abstract and title met the researcher's requirements.
The third stage consisted of verifying 364 items for
further processing. We now filtered based on whether
the issue was acceptable for the overall discussion or
not. After careful consideration, 9 papers that met the
inclusion criteria were selected for this systematic
review. This study supports the assessment of standard
operating procedures using the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) (Figure 1).

RESULTS AND DISCUSSION

Table 1 shows the studies related to the effect of
physical exercise in increasing SIRT1 expression.
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Identification of studies via databases and registers.
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Figure 1: PRISMA flowchart of the article selection process.

Physical exercise regulates oxidation reactions by
increasing the levels of free radicals in the body, such
as ROS (reactive oxygen species), and regulates the
defense system of the body by increasing endogenous
antioxidant levels [29]. In addition, oxidative stress
that increases during exercise is also caused by the
levels of free radicals in the body being higher than
the levels of antioxidants [30]. Acute aerobic physical
exercise is a fundamental aspect of exercise that can
improve people's health by increasing the work system
of the cardiovascular system and increasing cardiac
output so as to increase the metabolic system to meet
the performance of the musculoskeletal system [31].
Aerobic physical exercise can affect maximal oxygen
uptake in an effort to increase ATP production in
mitochondria, which can benefit the increase in
oxidative capacity and have an impact on reducing
muscle fatigue after physical exercise [32]. Regular
exercise is known to prevent skeletal muscle aging as
well as prevent sarcopenia, which is age-related loss
of muscle mass [33]. Physical exercise has also been
shown to increase skeletal muscle contraction and
improve muscular endurance [34]. Malondialdehyde
(MDA) is one of the biomarkers of oxidative stress
caused by physical exercise [35]. Research results
from Souissi et al. (2020) proved that there was an
increase in MDA levels after physical exercise. Key
enzymes that assist the body's defense system in
counteracting free radicals are glutathione peroxidase
(GPX), superoxide dismutase (SOD), and catalase
(CAT) [35]. SOD is an endogenous antioxidant that
functions in converting H202 into H2O and is also
assisted by glutathione peroxidase and catalase [21].
Increased oxidative stress during exercise also has a
positive effect on increasing SIRT expression. Besides
that, SIRT is also involved in the process of
biogenesis, improving mitochondrial function, and
increasing body antioxidants [12]. The results of a
study in 20 healthy men who performed running
training on a treadmill with moderate and high
intensity were shown to increase SIRT1 expression
after the intervention [29]. A report from Souissi et
al., 2020, proved that intermittent physical exercise at
75% VOzmax can significantly increase MDA levels
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[36]. Regular aerobic physical exercise can reduce
oxidative stress by increasing antioxidant levels in the
body, making the body healthier [37]. Previous
research findings suggest that 8§ weeks of physical
therapy and HIIT positively impacted the metabolic
profile of participants with metabolic syndrome
(MetS) compared to a control group. This short-term
period of physical therapy and HIIT, combined with a
reduction in cardiometabolic risk factors, increased
SIRT1 levels in women with MetS [38]. Studies of
metabolic disorders have sparked interest in the role
of the mammalian SIRT1 protein (encoded by the
SIRT1 gene), as this protein plays a role in important
physiological functions such as glucose metabolism
and lipid breakdown [39]. Only a few studies have
investigated the effects of different types of physical
activity on serum SIRT1 levels. For example, Ferrara
et al. reported that six weeks of HIIT training
increased SIRTI1 activity levels [40]. Studies have
revealed that exercise causes an increase in SIRT1
activity and protein levels [41]. Another study
conducted by Jia et al. reported that sustained,
moderate-intensity exercise can increase SIRT1 levels
in people with heart disease [42]. Contrary to the
findings of this study, Ma et al. showed that four
weeks of high-intensity exercise training did not affect
SIRT1 levels in healthy men [43], and Marton et al.
showed that physical exercise did not significantly
affect serum SIRTI1 levels [44]. Therefore, further
exploration through experimental studies is
warranted, and we are interested in pursuing this in the
future. However, this systematic review provides a
snapshot of the literature showing that physical
exercise supports SIRT1 upregulation. SIRT is an
NAD"-dependent deacetylase that has important roles
in regulating oxidative stress, transcription,
metabolism, DNA repair, and cell cycle progression
[29]. Another report is that 30 overweight women
participated and contributed to the training protocol,
namely the 20 m shuttle run with a maximum speed of
30 seconds carried out 3x a week for 10 weeks of
treatment. The results of the study prove that there is
an increase in SIRT1 levels after physical exercise
[30]. As we age, we experience a decline in body
function, which, if not matched with regular physical
exercise, will trigger an increase in inflammation that
will adversely affect the development of various
diseases [45]. In people with obesity, SIRT1 levels in
the blood are decreased [46]. Existing evidence
reports that high-intensity interval training has
favorable benefits on increasing the expression of
SIRTI1, PGC-1a, and CAT, which also makes it a low-
cost treatment for overweight and obesity [47]. A
study on recreational runners (18-35 years) practicing
given an aerobic physical exercise using an ergometer
until fatigue and reached their maximum performance
proved that there was an increase in SIRT1 expression
after undergoing physical exercise [31]. Measurement
of SIRT1 in blood samples in the future can be a
special method to be studied further, especially with
regard to obese patients who are undergoing
pharmacological and non-pharmacological treatment
[48].
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Table 1: Results of the effect of physical exercise in increasing SIRT1 expression

Author

Sample Characteristics

Study Design

Intervention

Results

(Cho et al., 2022)
(21]

(Ghasemi et al.,
2020) [22]

(Potthast et al.,
2020) [23]

(Amirsasan et al.,
2019) [24]

(Wasserfurth et
al., 2021) [25]

(Sadek MD et al.,
2019) [26]

(Shi et al., 2023)
[27]

(Baskaran et al.,
2022) [28]

(Aird et al., 2021)
(2]

20 healthy men participated in
were divided into two treatment
groups: a moderate-intensity
exercise group and a high-
intensity exercise group.

30 overweight young women
aged 20-30 years were divided
into 3 treatment groups. These
were green tea + HIIT, HIIT +
placebo, and without treatment
groups.

63-75 recreational runners aged
18-35 years were divided into 3
groups. The 1st was omnivore
consumptiont exercise, lacto-
ovo  vegetariant  exercise,
vegantexercise.

44 overweight and sedentary
women were divided into 4
groups. The 1st was Pilates
training, the 2nd was turmeric
supplementation, the 3rd was
Pilates  training+  turmeric
supplementation, the 4th was
control without intervention.
134 participants aged between
50 and 70 were divided into 4
groups: control group, exercise
only group, exercise and diet
counseling group, exercise and
Calanus  finmarchicus  oil
supplementation group.

40 male Wistar rats were
divided into 4 groups: control
group  without  treatment,
diabetic group without
exercise, post-diabetic exercise
group, and pre-diabetic
exercise group.

75 rats aged 6 months were
divided into 5 groups: normal
control, control with
Alzheimer, chlorogenic acid+
Alzheimer, aerobic exercise+
Alzheimer, aerobic exercise+
Alzheimer+chlorogenic acid.

40 Kyoto Wistar and SHR rats
aged 12 weeks were divided
into 5 groups: Kyoto Wistar rat
control group, SHR rat control
group, SHR+exercise group,
SHR+VH-4  protein  use,
SHR+VH-4  protein  uset+
exercise.

28 healthy male subjects were
divided into 3 groups: fasting
group  (FAST), WPC-fed
(WPC), or WPH-fed (WPH).

Experimental

Experimental

Cross-sectional

Experimental

Experimental

Experimental

Experimental

Experimental

Experimental

Performed running training on
a treadmill. The moderate
intensity group ran with 65%
VO2Max, the high intensity
group ran with 85% VO2Max.
The training protocol was a
20m shuttle run with a max
speed of 30 sec. The training
protocol was 3x a week for 10
weeks.

The test protocol used a
bicycle  ergometer  until
exhaustion. The sample was
also given verbal motivation
to reach their max
performance.

Pilates training with 40% -
70% intensity for 60 minutes
per session, 3 x a week for 12
weeks of treatment.

Exercise training was
conducted for 12 weeks at the
fitness center; the intensity
gradually increased.

Swim training in individual
tanks filled with water for 1
hour per day, 5x a week for 4
weeks.

Treadmill training with warm-
up 6m/min for 5 minutes,
exercise 9 m/min and 13
m/min for 28 min, cool down
6m/min for 4 min, total
training 5 times a week. The
total duration of
acclimatization+formal
training is 9 weeks.

Rats were allowed to swim in
a plastic tank with a height of
50 cm. Animals were trained
to swim for 20 min in the 1st
week, 40 min in the 2nd week,
60 min in the 3rd week, during
weeks 4, 5, 6, 7, and 8 were
trained for 60 min.

3 weeks of 3 times a week
physical training. SIT training
included 4 to 6 "all-out"
Wingate cycle sprints each
session (4 sprints in sessions
1-3, 5 in sessions 4-6, and 6 in
sessions  7-9), with the
identical ~warm-up, cool-
down, and recovery intervals
for each session.

There was an increase in
SIRT-1 expression in all
groups after the physical
exercise intervention.

There was an increase in the
highest SIRT-1 levels in the
HIIT + green tea group after
10 weeks of treatment.

There was the highest
increase in SIRT-1
expression in the omnivore
group.

There was an increase in
SIRT-1 expression in the
treatment groups. However,
the highest increase
occurred in the pilates
training-+turmeric group.

There was a significant
increase in SIRT-1
expression in the 3 exercise
intervention groups.The
highest increase occurred in
the exercisetCalanus
finmarchicus oil group.
SIRT-1 expression activity
increased in the group with
exercise intervention.

There was the highest
increase in SIRT-1
expression in the group with
exercise + chlorogenic acid
intervention.

There was the highest
increase in SIRT-1
expression in the SHR +
exercise group.

There was the highest
increase in SIRT-1
expression in the WPC
group.

Exercise has been shown to increase MDA levels as a
biomarker of oxidative stress triggered by increased
ROS during physical exercise [49]. In addition,
exercise also increases the expression of SIRTI,
which affects the increase of biogenesis in
mitochondria 12. During physical exercise the
mitochondrial organelles also go through a phase of
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adaptation to exercise [43]. Many studies have
reported that SIRT1 expression plays an important
role in oxidative stress responses triggered by physical
exercise [31]. The results of a study on 44 overweight
women who did Pilates training with an intensity of
40% - 70% for 60 minutes per session 3x a week for
12 weeks proved that there was an increase in SIRT1
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expression [32]. Endurance physical training has been
shown to increase skeletal muscle contraction activity
and AMPK and induce SIRT1 expression [32]. The
results of another study in 134 research participants
aged 50-70 years participating in a 12-week exercise
study at a fitness center proved that there was an
increase in SIRT1 expression after physical exercise
[33]. Of the many types of sirtuins, SIRT1 and SIRT3
are often studied and are the subject of discussion
because of their beneficial impact on many metabolic
energy processes, especially those caused by physical
exercise, in addition to regulating systemic adaptation
caused by exercise [18]. SIRT3 and SIRT1 contribute
to the regulation of mitochondrial biogenesis and fatty
acid oxidation, while SIRT1 is also involved in the
regulation of glucose homeostasis [33]. Another
research report on 40 Wistar albino rats participating
in a study with a swimming training intervention in
individual tanks filled with water for 1 hour per day,
5x a week for 4 weeks, proved that there was an
increase in SIRT1 expression after being given a
physical training intervention [34]. The results of the
next study on mice given swimming physical exercise
intervention also proved to be able to increase SIRT1
expression [21]. Over the last decade physical
exercise has become an important part of experimental
clinical studies in order to improve health and
longevity due to its positive effects [S0]. There are two
types of sports activities, namely sports with aerobic
endurance and sports with anaerobic endurance [47].
Acrobic exercise is defined as any activity that uses
major muscle groups and relies on aerobic metabolism
to form adenosine triphosphate (ATP) as the main
energy supply for the body [51]. The following is a
picture of the mechanism by which physical exercise
increases SIRT1 expression (Figure 2).

(ros |l ~s i
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PGCla  PPARa
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N Gene

expression

Neurogenesis

Mitochondrial
PGCAa  ERRa  » biogenesis
YL L L NN W

Nucleus Myogenesis

Figure 2: Mechanism of physical exercise increases SIRT1
expression.

Physical exercise has been shown to increase ATP
production and also increase energy-forming activity
in the mitochondria [51]. One of the modulators of
increased exercise signaling associated with
physiological adaptation is AMP-activated protein
kinase (AMPK), which is widely expressed in all
cells, tissues, and organs, including skeletal muscle,
heart, liver, and adipose tissue [52]. AMPK is an
enzyme that has an important role in the regulation of
energy balance that exerts effects in increasing
glucose uptake, fatty acid oxidation, and
mitochondrial biogenesis [53]. AMPK during
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physical exercise exerts beneficial effects, including
increasing fatty acid oxidation and lipolysis in adipose
tissue [53]. Sirtuin is involved in various biological
cellular activities such as DNA repair, inflammatory
response, and metabolism. In addition, sirtuin is also
involved in apoptosis and cell secretion and is thus
directly involved in influencing the cellular aging
process [54]. The results of research on mice that
regulate energy restriction have provided evidence
that it can delay cellular aging. The mice that were
given the calorie restriction intervention lived longer
than the normal group [55]. By exercising, the body
will increase total energy expenditure, which has the
benefit of reducing energy in the body [56]. In
addition to regulating various biological signals,
SIRT1 can also treat and prevent age-related diseases
such as diabetes mellitus, cardiovascular system
disorders, and neurodegenerative diseases [54].
Therefore, recent research on AMPK and SIRT1 is
needed to provide therapy related to aging [54]. A
report from Bayond in 2012 proved that there was an
increase in SIRT1 and PGC-la in rat muscle after
being given a 36-week treadmill training intervention,
and not only that but also an increase in antioxidant
levels [12]. An increase in SIRT1 activity, triggered
by an increase in NAD" levels, which in turn affects
the upregulation of PGC-1la transcriptional activity
[53]. On the other side of the response to exercise,
SIRT1 also contributes to increased mitochondrial
biogenesis  through  PGC-la-dependent [12].
Mitochondrial biogenesis function is also very closely
influenced by peroxisome proliferator-activated
receptor y coactivator la PGC-1a [57]. Thus, the
expression of PGC-la can improve the biogenesis
mechanism in mitochondria, which will provide
physiological benefits during physical exercise [58].
Of course, in this review, it has been widely described
how physical exercise can increase biogenesis in
mitochondria and the role of other proteins or genes
that are affected by physical exercise. In this review,
the author still has limitations on the research that has
been done. The discussion that has been written by
researchers still discusses only how SIRT1 can be
expressed during physical exercise, what the
mechanism is, and the stages that affect it. In data,
further scientific study is still needed related to the
effects of physical exercise on various types of SIRT
ranging from SIRT1 to SIRT7. Hopefully, the next
discussion can examine physical exercise on gene
expression and various other types of genes that are
affected so that it can provide broad insight into the
repertoire of knowledge and scientific development in
the field of physiology.

Strengths and limitations

The advantage of this systematic review is that it only
reviewed randomized controlled trials, which are the
most reliable type of scientific data, eliminating the
possibility of  ambiguous cause-and-effect
relationships. Furthermore, we also address the
limitations of our study, including the small number
of studies reviewed, the lack of protocol
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heterogeneity, and the limited review of physiological

responses.

These are indeed limitations of our

research. Therefore, we are interested in conducting
experimental studies on this topic in the future to
further substantiate this. Furthermore, the limited
discussion and debate surrounding physiological

research demonstrating

that physical exercise

increases SIRT1 and the underlying mechanisms is a
challenge we faced. To improve our understanding
and knowledge of the impact of physical exercise on
increasing SIRT1 and the theoretical and scientific
explanation of the underlying mechanisms, this study
is considered crucial.

Conclusion

This review supports that physical exercise can
increase SIRT1 expression in an effort to influence
increased biogenesis in mitochondria, which will have
a positive and beneficial impact on human health.
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