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Abstract. Exercise-induced changes in creatine kinase: a systematic review. Putro B.N., Wibawa J.C., Ayubi N.
Creatine kinase (CK) is a key enzyme in cdlular energy metabolism, playing a role in the regeneration of adenosine
triphosphate through the phosphocreatine system, particularly in tissues with high energy demands such as skeletal muscle.
Under normal conditions, CK is present within muscle cells, so its blood levels are relatively low. However, strenuous or
unusual physical exerciseespecially with eccentric contractions can cause mechanical and metabolic stressthat disruptsmuscle
fiber integrity and increases cell membrane permeability. Microdamage to the sarcolemma, accompanied by oxidative stress,
inflammatory responses, and disruption of intracellular calcium homeostasis, are thought to cause the release of CK from
muscle cellsinto the bloodstream. Although CK iswidely used as a biomarker of exercise-induced muscle damage, itsincreased
levels do not always correlate directly with the degree of muscle damage or functional impairment, so the exact mechanism of
post-exercise CK release remainsincompletely under stood. The aim of this study wasto determinethe effect of physical exercise
onincreasing CK levels. We reviewed several literature databases, including Scopus, Pubmed, Web of Science, and Science
Direct, for our systematic review investigation. The search was conducted for articles published between 2015-2025 that
discussed physical exerciseand CK. Using the Scopus, Web of Science, Pubmed, and Science Direct databases, 1,450 published
publicationswereidentified. For this systematic review, nine papersthat met theinclusion criteria were selected and reviewed.
This study evaluated the standard operating procedure using the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). Based on 9 reviewed papers it has been proven that physical exercise has been proven to increase CK
levels significantly. Exercise-induced CK elevations serve as a valuable, albeit nonspecific, indicator of muscle damage.
Understanding the variability in CK responsesis critical to designing training and recovery programs for athletesin order to
achieve optimal physical performance.

Pedepar. 3MiHnm KkpeaTHHKiHA3W, BHKJIMKaHi (i3M4yHMMH BrnpaBamu. cucrematnunmii orusig. Ilyrpo B.H.,
Bioasa Ix.K., Awoi H. Kpeamunxinaza (KK) — xumouosuii (hepmenm KiimuHHO20 eHepeemuyHo20 Memabouizmy, wo
sidiepac ponv peeenepayii adenoszunmpugocgamy uepes Gocghokpeamurosy cucmemy, 0COOIUBO 8 MKAHUHAX 3 GUCOKUMU
eHepeemuuHUMU nompebamu, aKk-om ckeiemui M’ A3u. 3a HopmansHux ymos KK npucymmuiil y M’ A306ux Kiimunax, momy iozo
pigenb y Kposi 8I0HOCHO Hu3bKul. OOHAK THMEHCUBHI aD0 He38UYAliHI (I3UUHI HABAHMANCEHHS, OCOONUBO 3 eKCYEHMPUUHUMU
CKOPOYEHHAMU, MOJICYMb BUKTUKAMU MEXAHIUHUL Ma MeMAaDONMHULL cmpec, AKUL NOPYULYE YILICHICMb M’ 1308UX B0JIOKOH MA
36i1bULYE NPOHUKHICMb KITMUHHOI MemOpanu. Beadcaembcs, wjo MiKpoywikoOJICents Capkoiemu, wo Cynpo8oolCYIombCs
OKUCHIOBATIHUM CIPECOM, 3aNAaNbHUMU PeaKyisiMu ma NOPYUWEHHAM GHYMPIUHbOKIIMUHHO20 KAbYIEB020 20Me0Cmasy,
npu3eodams 0o eusinbhenns KK 3 wm' szo06ux wnimun y kposomik. Xoua KK wupoxo euxopucmosyemuvcsi sk Giomapkep
NOWIKOOHCEHHS M A316, SUKTUKAHO20 I3UdHUMU 6Npasamu, il niosueHull pises He 3a6x#cOU NPamMo KOPenioe 3i cmyneHem
HOWIKOOJICEHH S M’ 51316 A60 (YHKYIOHATHUMU NOPYWEHHAMU, MOMY MOYHULL Mexanizm eusinbhennss KK nicis mpenyeanns
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3AIUUAEMbCSE HEOOCMAMHBO BUGUeHUM. Memoto ybo2o docriodiceH s OY10 GUSHAYEHHS GNIUGY (IZUYHUX 6NPAB NIOBULEHHS
piens KK. /[ns npogedentis cucmemMamuynozo o2isdy Mu npoaHanizyeanu Kiibka 6az 0anux HAyKogoi Iimepamypu, 6Kuo4arodu
Scopus, PubMed, Web of Science ma Science Direct. Towyk nposodusca 3a cmammsimu, ony6aikosanumu 6 nepioo 3 2015 0o
2025 poxky, y skux ob2oeopiosanucs gizuuni enpasu ma KK (kpeamunkinasu). 3a donomoeor 6a3z danux Scopus, Web of
Science, PubMed ma Science Direct 6yno susieneno 1450 onyo6nikosanux pobim. /st Y020 cucmemamuyno2o 025y oyno
6i0ibpano ma Npoauanizoearo Oed'samsv cmamell, wjo IONOBI0AOMb KPUMEPIAM GKIIOUeHHs. Y ybomy 00CniodiceHHI
oyintosanacs cmandapmua poboua npoyedypa 3 suxopucmannsin PRISVIA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses). 3 ananizy 9 cmameii 6yno dosederno, wo pizuuni enpasu 3nauno niosuwyioms pieens KK. ITiosuwenis
pisns KK, surknuxane Qisuunumu enpasamu, € YiHHUM, X04 i Hecneyu@iuHum iHOUKAmopom YuKoOdceHHs, M’ s13i6. Pozyminns
sapiabenvrnocmi peaxyii KK mae supiuianvhe 3uauenHs O1sl po3POOKU MPEHYBATbHUX | 8IOHOGTIOBATLHUX NPOSPAM OJis
CHOPMCMEHiB 3 00CASHEHHS ONMUMATLHOT (i3uUHOT npaye30amHocmi.

Physical exercise is known as a non-pharmacolo-
gical therapy in an effort to improve the health and
standard of living of humans. However, physica
exercise, in addition to making you healthy, also trig-
gers certain conditions that result in an imbalance in
the body's homeostasis if not done properly and cor-
rectly according to WHO recommendations. A risein
ROS (reactive oxygen species) isanother indicator that
physical activity causes oxidative stress [1]. Exercise
causes the body's oxygen consumption to rise by 20-
100 times greater than usual, making it impossible for
the oxygen supply to keep up [2]. It iswell recognized
that the body contains a number of ROS, such as
hydrogen peroxide (H2O.), hydroxyl radicals (OH-),
and superoxide anions (Oz-). When physical exercise
causes stress, these ROS are known to be essential for
cellular physiological functions [3]. During exercise,
skeletal muscles aso help produce ROS, which is es-
sential for gene expression, cellular signa transduc-
tion, strength enhancement, and muscle mass main-
tenance. However, excessive ROS levelswill interfere
with muscle contraction and performance continuity
[2]. However, we are all aware that excessve ROS
production during exercise can lead to oxidative stress,
which exacerbates existing medica issues [3]. The
body's overproduction of ROS can potentially damage
cell biomacromolecules, leading to aging, muscle cell
death, and damageto lipids, proteins, and nucleic acids
physiological events that happen during physical
activity [4]. Apart from that, ROS is a normal physio-
logical reaction that happens during exerciseto initiate
additional signal transductions[5].

The main cause of exercise-induced muscle da-
mage (EIMD) isunfamiliar physical activity, particu-
larly if it includes a lot of eccentric contractions [6].
Along with a brief loss of muscle strength, this
breakdown process usually causes delayed onset
muscle soreness (DOMS), which usually starts afew
hours after activity and peaks gradually over a few
days[7]. Inrecent decades, numerousideas have been
proposed to explain the process of deterioration [8],
however, the precise process remains unclear. After a
great deal of fascial research in recent years, it has
been shown that fascia is the main cause of pain
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during eccentric exercise [9]. Additionally, during
DOMS episodes, deep fascid shear dysfunction has
been noted, and this is correlated with later DOMS
recovery [10]. Therefore, thefunction of fascia dliding
may have a significant impact on DOMS; however, a
thorough investigation of this link has not yet been
conducted. Additionally, there are biomarkers, inclu-
ding creatine kinase (CK), that indicate muscle injury.

The enzyme creatine kinase (CK), sometimes
referred to as creatine phosphokinase, is involved in
the synthesis of energy. Tissues that consume alot of
energy, such as the brain and muscles, especialy the
heart, have higher quantities of this enzyme. Serum
CK enzyme levels range from 20-35 to 200-400 U/L
at baseline [11]. When exercise damages the skeletal
muscle cell structure in the sarcolemma and Z-disc
levels, creatine kinase will leak into the circulation
[12]. The proportional amount of CK produced, the
degree of CK enzyme activity released, and the rate
of CK clearance from the blood will all be reflected
in the measured serum CK [13]. Additionally, it has
been proposed that muscle cells "voluntarily" release
adenosine triphosphate (ATP)-consuming enzymes
like CK in order to avoid cell death under crucial
metabolic conditions [14]. Instead of linking CK to
"muscle damage," some studies now associate it with
"membrane damage" or "membrane permeability.”
One qualitative marker of muscleinjury, especiadly in
the context of endurance exercise, has been suggested
to be elevated plasma CK activity [15]. Serious
muscle problems are generally thought to be indicated
by serum CK values greater than 5000 U/L [14]. CK
has also been proposed as an indicator of recovery,
but due to high variability in baseline levels or in
response to exercise, there is no general consensus.
The underlying mechanism by which exercise can
raise CK levels as a sign of muscle injury and the
consequences for day-to-day living are still unknown.
To accurately explain how CK reacts during exercise,
itiscrucia to understand its phases and mechanisms.
Therefore, the aim of this study was to examine in-
depth how physical exercise affects CK levels and to
examine the underlying mechanisms.
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MATERIALSAND METHODS OF RESEARCH

This study was a systematic review, in which the
researchers conducted extensive searches through
journal databases such as PubMed, Science Direct,
Web of Science, and Scopus. These databases are
considered to be the world's largest for collecting
high-impact papers with a strong scientific founda
tion, ensuring their legitimacy and validity are
undeniable. Using this first-come, first-served search
method, duplicate articles were removed. Using
predetermined inclusion and exclusion criteria, the
search results were then further refined.

The inclusion criteria for this study were deve-
loped reviewing publications since 2015 to 2025 that
addressed physical activity and creatine kinase.
Additionaly, journalsthat did not adhere to scientific
validity requirements or were not listed in reliable
search indexeslike Scopus, Web of Science, Pubmed,
or Science Direct were not included in our research.

The full texts, abstracts, and titles of the papers
were added to the Mendeley database after initia eva

[uation and confirmation. In thefirst phase, 1,450 pub-
lications were found using the databases Scopus,
Science Direct, Pubmed, and Web of Science. After
the title appropriateness screening, 734 acceptable
papers were selected for the second screening stage
(Fig.). Following a review of the title, abstract, and
keywords, 166 papers were selected for the third
round. Upon reviewing each publication, we deter-
mined that they matched the inclusion requirements,
which include the following: the study must be origi-
nal, the parameter must be a creatine kinase biomarker,
the intervention must be physical activity of any kind,
and the sample must be human. At this point, we orga-
nized the items based on their overal suitability. Nine
papers that met the inclusion criteria were selected for
analysis after a thorough review and observation
process. The operational requirement for this study
was to comply with the Preferred Reporting Items for
Systematic Reviews and Meta-Anayses (PRISMA).
In addition, all papers have met research ethicsand are
in accordance with the Helsinki Declaration.

[ |dentification of studies via databases and registers J
g Records jdentified from Records removed before
E Databases {n = 1.450) screening:
Scopus (n=B75) Duplicate records remaoved
E Pubmed (n = 218) (n = 2685)
3 Web of Science (n= 73) Records removed for other
- Science Direct (n = 278) reasons (n =451)
E— v
Records screened L | Dealete irelevant literature after
(n=734) reading the title abstract and key
words
(n = 568)
o
4=
o
&
@ L
Reports assessed for eligibility Reports excluded:
(n = 166) Nen-Human Samples {n =45}
Non-Empirical Research Articles (n =41)
Non-Mesure of Creatine Kinase (n =32)
Neon-Physical Exercise |nterventions (n =39)
—
E Studies included in review
3| | m=9)
[%)
=
—

PRISMA flowchart of thearticle selection process
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RESULTSAND DISCUSSION

Summary of the design and intervention of the studies

Participants

Author Age

Design Participants

I ntervention

Outcome

(Chenetal,
2025) [6]

Randomized 24 males
controlled

trials

18-25 years

Exercise Program

Eccentric exercise with

an isokinetic dynamometer
and eccentric kneeflexion
exercises, totrain the
quadriceps and the muscles
of the lower extremities.
Thefollowingisthe
exercise'sintensity:

10 sets of 12 repetitions,

with a 30-second rest period,
for atotal of 120 repetitions.
Activerange of motion is30°
to 90° knee flexion and 60°/s
angular velocity.
Participants only do eccentric
wor kouts while seated on the
dynamometer

Eccentric exercise has been shown
to significantly increase creatine
kinaselevels.

Intervention of tissue flotation after
eccentric exerciseinhibitsthe
increasein creatine kinase

(Santos
Cerqueira et
al., 2021) [16]

Randomized Thirty
controlled healthy
trials young men

18to 35years

Exercise Program
Participants performed

120 eccentric movements as
closely as possible using the
knee extensor muscles.

A total of 10 sets

of 12 repetitions, with 30
secondsrest between sets.
Thevolunteer'skneeswere
passively positioned at a 30°
angle (0°=total extension)
before each contraction.
Subjectswereinstructed

to perform knee extension
briefly for dynamometer

measur ement, and then reduce

gradually to 90° knee flexion
(60° total range) at arate

of 60 degrees/second.
Participants wereinstructed
to measur e the knee movement
flow measured by the
dynamometer assoon as
possible. Each eccentric action
lasted for one day, and was
performed by the extension
patient for one day

Eccentric training has been
shown to significantly
increase creatine kinase levels
after intervention

Randomized Hundred
controlled participants
trials

(Allard et al.,
2023) [17]

62-66 years

Exer cise Program
Participants of the Nijmegen
March walk

at a moder ate intensity.

Each day, participantswalked
30, 40 and 50 kilometers.

For four consecutive days, the
exerciseintervention was
conducted

Therewas a significant
increasein CK levelsat its
peak 2 days after exercise and
on thethird day CK levels
tended to decrease.

26/ Tom XXAI/1
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Continuation of the table

Author Design

Participants

Participants
Age

Intervention

Outcome

Randomized
controlled
trials

(Bray et al.,
2025) [18]

Eleven
senior club
male fast
bowlers

27.3x7.0years

Exercise Program

The CA-AlSfast bowling skills
test isfinished by participants.
Toput it briefly, bowlers

(in pairs) executed four distinct
fast bowling periods. Using line
(off- and leg-stump) and length
(short-, good-, and full-)
variations, one player bowled a
series of standard bowls

(in 4-over sequence)

at match intensity.

Theother playersfinish a
physical exercisethat simulates
fielding in theinterim.

To prolong the bowling spell
and meet the over
reguirements of each
experimental trial, the same
4-over routine wasrepeated

Therewas a significant
increasein CK levels
immediately after the
intervention

(D’Alleva et
al., 2025) [19]

Randomized
controlled
trials

Seventeen
participants

40 years

Exercise Program
Twenty-four weeks

of training were done before
the marathon.

Warming up isdone before
treatment. Following that,
runnersmight choosetorun a
half, thirty, or full marathon.

Therewas a significant
increasein CK levels
immediately after the
marathon running
intervention.

Randomized
controlled
trials

(Bissetal.,
2023) [20]

Twelve
healthy
participants

18-45years

Exercise Program

Stand, squat, bicepscurl, toe
stand with whole body
extension, and other exercises
included in thebook are
examples of
electromyostimulation

exer cises. Plank, deep sguat,
kneetuck walk, push-up, and
other exercisesincluded in the
manuscript contentsare
examples of circuit training

Both types of exercise were
shown to significantly increase
CK levels

Randomized
controlled
trials

(Beiter et al.,
2025) [21]

Eighteen
triathletes

32-33years

Exercise Program

A one-hour running sesson on a
motorized treadmill (Saturn,
h/p/cosmos) was the wor kout
test. After a 10-minute war m-up
at the starting pace needed to
run at 75% of theindividual
anaer obic threshold, the activity
progressed to a 50-minute main
exercise at a steady pacethat
corresponded to 90% of the
individual anaerobic threshold.
Normal ambient temperature
(18-21°C, N) wasused for the
first workout test. After 7-14
days, the second training session
was conducted in a moder ately
hot atmospherewith a
temperatureof 28-30°C

Therewas a significant
increasein CK levelsin both
groups after the exercise
intervention both at normal
and at high temperature
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Continuation of the table

Author Design Participants

Participants
Age

Intervention

Outcome

(Kusmierczyk  Randomized
et al., 2024) controlled
[22] trials

Twenty-
seven
participants

19-25years

Exercise Program
Thetreadmill was used for the
downhill running exercise,
which was started at a speed of
6 km/h on a-10% dlope.
Participants speed was
modified to reach 60% of their
precisely recorded VO2max
after four minutes.
Cardiorespiratory parameters
wer e continuously assessed for
an hour while this speed was
maintained

Therewas a significant increase
in CK levels after the
intervention

(Arriel et al.,
2018) [23]

28 trained
cyclists

Randomized
controlled
trials

25-28 years

Exercise Program

The maximal incremental
cycling test (MICT)

was conducted

on theresearch sample.
Cyclistscarried out one of the
four interventionslisted below
right after theMICT: Two 5-
minute occlusion/5-minute
reperfusion episodes (PEIC or
SHAM, 2 x 5) or five 2-minute
occlusion/2-minute reper fusion

Therewasa significant increase
in CK levels after the
intervention

sessions (PEIC or SHAM, 5x
2) are other options.

Unilateral treatments of
SHAM (20 mmHg) or PEIC
(50 mmHg above systolic blood
pressure) were administered to
alternatethighs.

A second MICT was conducted
24 hoursfollowing
theintervention

This study's goal was to ascertain the impact of
physical exercise in increasing CK levels after
intervention. The results proved that CK levels
increased significantly after doing physical exercise.
The results of previous studies prove that eccentric
workout utilizing an isokinetic dynamometer that
involves eccentric knee flexion movements, exercise
intensity of atotal of 120 repetitionsin 10 sets of 12,
30 seconds rest interval proved significant in increa-
sing CK levels after intervention [6]. The findings of
additiona research also support the notion that the
research sample given the intervention to perform
120 maximal eccentric movements with the knee
extensor musclesin ten sets of twelve repetitions, with
a 30-second break between sets proved significant in
increasing CK levels after the intervention [16]. So
scientifically, eccentric exercise is proven to increase
CK levels. However, we must know how the stages of
increase occur and what underlies the increase.

26/ Tom XXAI/1

Elderly people who had done previous training so
that they participated in the Nijmegen march
activities, namely walking with moderate intensity by
walking 30, 40, 50 km per day carried out for 4 con-
secutive days, proved to be significant in increasing
CK levels after the exercise intervention [17]. Ano-
ther finding from the bowling club study was that
participants finished a fast bowling skills test in
which bowlers (in pairs) executed four distinct fast
bowling spells. While the other participant engaged
in asimulated fielding exercise, one player executed
aseriesof standardized bowls (in four over sequence)
a match intensity, incorporating variations of line
(off- and leg-stump) and length (short-, good-, and
full-). CK levels significantly increased following the
intervention, according to the results [18]. Other data
proved that 24 weeks of marathon race preparation
training, then participants ran a marathon consisting
of running a half, 30 km, and full marathon proved
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that CK levels increased significantly after the
intervention [19].

Supporting this evidence, it is also demonstrated
that the findings of additional research support the
same conclusion, namely that physical activity
intervention raises CK levels [20]. The results of
another study conducted on participants with an
exercisetest intervention for 1 hour on atreadmill and
in addition the researchers also compared the effect
of temperature on increasing CK levels. The results
proved that both the occurrence of temperature dif-
ferences between cold and hot temperatures after
physical exercise interventions proved significant in
increasing CK levels[21]. In a different study, parti-
cipants were given a treadmill with a downhill run-
ning exercise intervention on a -10% slope. The
participants initial speed was set at 6 km/h, and after
4 minutes, it was changed to reach 60% of their
VO;max, which was precisely measured and main-
tained for the duration of the intervention. The
findings demonstrated that following the physical
exercise intervention, CK levels increased [22]. CK
levelsalsoincreased after the study sample performed
the maximal incremental cycling test [23]. So from
the results of the review of several studies that have
been compiled in this systematic review, all data
show the occurrence of CK levels significantly after
performing physical exerciseinterventions. However,
it is known to have increased and we must also know
the mechanism underlying the increase in CK levels
after physical exercise intervention. Therefore, the
following discussion will explore in depth how the
physiological mechanisms underlying the increase in
CK levels after physical exercise.

Physiological mechanisms of physical exercise
in increasing creatine kinase levels

Because it is an enzyme of energy and phosphate
metabolism involved in the rapid supply and storage
of energy, creatine kinase, an intracellular dimeric or
octameric protein, isfound in body tissues with high
energy consumption [24]. One important modulator
of cellular energy homeostasis is creatine kinase
(CK). CK creates a sizable pool of quickly diffusing
phosphocreatine through the reversible intercon-
version of creatine to phosphocreatine, which buffers
ATP levels in the body both geographicaly and
temporally. Therefore, particularly during activity,
CK is essential for tissues like muscle and the brain
that have high and changing energy demands [24].
This enzyme, which belongs to the phosphoryl trans-
ferase family, makes sure that a phosphory! group is
transferred from creatine phosphate to adenosine
diphosphate in a reversible manner, creating ade-
nosine triphosphate [25]. In regular laboratory diag-
nostics, CK has become an essential diagnostic
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marker because of its subcellular location and variety
of functions [26]. In trauma, oxygen deprivation or
muscle exhaustion cell homeostasisis upset cause cell
damage and cell membranes become leaky. Intracel-
lular components like CK seep out when the mem-
brane ruptures. The subsequent increase in total CK
concentration, which can be measured in blood
serum, is caused by the sum of all CK isoenzyme
fractions, which are primarily supplied by the skeletal
muscleisoenzyme fraction. Thismay be several times
higher than typical levels[12].

A substantial intracellular phosphocreatine pool
that prevents a precipitous decline in the global ATP
concentration and acts as an efficient temporal energy
buffer, is formed in part by isoenzymes. The idea of
CK isoenzyme subcellular compartmentation and the
restricted free passage of even smaller molecules
within the cdll, like adenine nucleotides, serve as the
foundation for additional CK functions [27]. Despite
their partial solubility, CK isoenzymesdo exhibit some
degree of subcellular structural interaction. Metabolite
channeling, also referred to as functional coupling, is
the process by which CK is directly or indirectly
associ ated with processesthat supply or consume ATP,
forming microcompartments that often allow direct
ADP and ATP exchange between association partners
without combining with the bulk solution [28].

For maximum ATP, the loca ATP/ADP ratio
around the cellular ATPase should be kept high; for
oxidative phosphorylation the mitochondrial matrix
should have a relatively low ATP/ADP ratio that is
possible by the differential microcompartmentali-
zation of CK isoenzymes. According to some theo-
ries, CK reactions serve as a kind of intracellular
gpatial energy transport that makes it easier for high-
energy phosphate to move from the mitochondria,
which produce ATP, to the cytosol, which usesit, and
for the product to return to the mitochondria for
rephosphorylation [29]. The CK/phosphocreatine
system may theoretically offer the exact localization
of mitochondrial and cytosolic isoenzymes, aswell as
the somewhat quicker diffusion rate of phospho-
creatinein comparisonto ATP, that resultsin aspatial
"energy shuttle” or "energy circuit,” linking the loca-
tions of energy generation and consumption [24]. At
least in polar and large cells, there is growing evi-
dencethat CK and creatine microcompartments and a
CK/phosphocreatine shuttle exist, even though some
of these roles are still up for debate. Excessive
activity in adults raises serum CK levels because it
stresses muscle cells, according to studies [30]. Fol-
lowing an intramuscular injection, surgery, electro-
myography, or biopsy, it may also rise noticeably.
Furthermore, CK levels in hedthy people exhibit
notable physiologic diversity depending on age, sex,

Ha ymosax niyensii CC BY 4.0
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and ethnicity, according to other studies [31]. CK
increases drastically in skeletal muscle tissue expe-
riencing high energy expenditure [25]. When exer-
cising, it is known that CK levels increase signi-
ficantly [17]. In addition, increased CK levelsareaso
asign of muscle damage.

Protein synthesis and degradation interact in a
complicated and protracted way as a result of a series
of events started by damaged muscle cells [32]. The-
refore, muscle atrophy, muscle degeneration, and exer-
cise-induced muscle damage (EIM D) can be caused by
the breakdown of proteins [33]. Exercise-induced
muscle injury results in atered protein structure,
diminished muscular strength, and compromised
muscle function. Increased serum levels of skeleta
muscle enzymes (lactate dehydrogenase (LDH), myo-
globin (Mb), and creatine kinase (CK), as well as
decreased force output and neuromuscular deficien-
cies, arelinked to exercise-induced muscleinjury [34].
Thismuscle injury causes EIMD, which is manifested
as limb edema, diminished neuromuscular function,
and decreased range of motion [34]. These symptoms
impair muscular function and make it difficult for
athletesto engage in high-intensity training in the days
that follow [35]. So maintaining training performance
is very necessary, even additional nutrition is very
important to maintain physical performance, so that it
can be optimal in subsequent training.

Serum creatine kinase and lactate dehydrogenase
are indicators of how well the skeletal muscles have
adapted metabolically to physical exertion [36].
Serum levels of these enzymes that play arolein the
metabolism of muscles, aretypically quitelow. These
enzymesrise dramatically after severe exercise. After
intense exercise, both athletes and healthy people
have been shown to exhibit changes in blood muscle
enzyme activity. Pyruvate is converted to lactic acid
during exercise by the enzyme lactate dehydrogenase
because active muscles utilize up available oxygen
[37]. About 40% of the lactate in the blood is released
by skeletal muscle, and the maority of this is
subsequently taken up by the kidneysand liver, where
it is converted to glucose by oxidation [38]. The
muscle enzyme creatine kinase controls the conver-
sion of creatine to phosphocreatine, which is then
utilized to produce intracellular adenosine triphos-
phate [39]. However, during intense anaerobic
exercise, creatine supplementation may boost ATP
capacity and energy generation, potentially enhan-
cing muscle strength, repetitions, and training
volume. These factors may further enhance perfor-
mance and muscle growth during the training period
[40]. In addition, there is an interesting phenomenon
of the relationship between CK and catalase (CAT),
one of the endogenous antioxidants, during exercise.
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CAT depletion happens first during exercise,
reflecting rapid consumption to neutralize exercise-
induced reactive oxygen species (ROS), whereas CK
increases |ater, peaking after exercise as sarcolemmal
damage from cumul ative oxidative stress, mechanical
tension, and ROS-induced inflammation allows the
enzyme to leak into the bloodstream [41]. This tem-
poral dissociation highlights the direct threat to
membrane integrity posed by CAT's incapacity to
fully counteract oxidative stress. This exacerbates CK
release through mitochondrial dysfunction, lipid
peroxidation, and protease activation, all of which
contribute to the breakdown of muscle structure [42].
Consequently, CK is a delayed signal of permanent
damage, but CAT is an early indicator of oxidative
imbalance. This leads to a feedback loop in which
unresolved oxidative stress (represented by prolon-
ged suppression of CAT) exacerbates mechanical
injury (represented by persistently high CK) [43]. As
of right now, the risein CK levels during exercise is
a physiological reaction that aims to produce more
ATP. To move other organs and perform skeletal
muscl e activity, the body needs to produce more ATP
in order to achieve homeostasis.

Strenght and limitations

This systematic review's advantage is that it just
examines randomized controlled trias, which eimi-
nates the chance of unclear cause-and-effect linkages
and being the most trustworthy form of scientific data.
Furthermore, the samples collected are human-focused,
exhibit consgtent data, and aren't combined with
samples from other categories, like animal samples.

We realize the limitations of this systematic re-
view, we only focus on conducting an in-depth ana-
lysisof how exercise affectsincreased creatine kinase
levels. In discussing physiological responses and
their mechanisms, it may be felt to be less in-depth,
but that is the limitation of researchers because they
are aware of the complexity of physiological mecha-
nisms that occur in the body. To examine it in other
biomarkers such as how the stages of creatine kinase
occur during physical exercise, experimental research
is needed. In addition, a comparison between high
and low intensity exercise also heedsto be studied in
depth, therefore further research is recommended to
solve this problem.

CONCLUSIONS

1. Regular exercise has been shown to dramatically
rase cregtine kinase levels, a biomarker of muscle
injury, according to the associated papers we found.

2. Thisisanormal physiological reaction to exer-
cise. This happens as the body tries to produce more
adenosin triphosphate in order to meet its needs.
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