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Summary. Objective. This study aims to investigate the
effects of green tea extract (GTE) on athletic performance
and fatigue recovery. The objective is to establish a
theoretical foundation for developing strategies to
enhance athletic performance. Methods. A systematic
literature search was conducted using databases
including PubMed, Web of Science, and CNKI for relevant
research published from 2005 to the present.This article
examines the effects of GTE supplementation on athletic
performance by synthesizing relevant literature. Results.
A total of 36 papers were included in this review. The
results indicate that supplementation with GTE during
regular exercise effectively enhances the activity and
expression of endogenous antioxidant enzymes, thereby
improving the body’s overall antioxidant capacity.
Furthermore, GTE supplementation was found to enhance
athletic performance. It mitigates oxidative stress induced
by high-intensity exercise, which aids in improving
physiological function and preventing muscular oxidative
damage. Concurrently, it enhances lipid metabolism and
fat breakdown during exercise, reduces hepatic glucose
consumption, and delays the onset of fatigue. Conclusions.
Supplementing with GTE during regular exercise effectively
enhances the body’s antioxidant capacity and improves
athletic fitness levels such as endurance. It reduces muscle
damage and delays fatigue by mitigating oxidative stress
and promoting lipid metabolism.

Key words. Green tea, competitive fitness, fatigue, anti-
oxidant, exercise performance, oxidative stress, inflamma-
tory response.

Effetti dell’estratto di té verde sulla prestazione atletica e
sul recupero dalla fatica

Riassunto. Obiettivo. Il presente studio si propone di
indagare gli effetti dell'estratto di te verde (ETV) sulla
prestazione atletica e sul recupero dalla fatica. L'obiettivo &
stabilire una base teorica per lo sviluppo di strategie volte al
miglioramento delle performance sportive. Metodi. E stata
condotta una ricerca sistematica della letteratura utilizzando
banche dati quali PubMed, Web of Science e CNKI,
selezionando ricerche pertinenti pubblicate dal 2005 a oggi.
Questo articolo esamina gli effetti della supplementazione
di ETV sulla prestazione atletica attraverso la sintesi
della letteratura rilevante. Risultati. Sono stati inclusi in
questa review un totale di 36 articoli. | risultati indicano
che l'integrazione con ETV durante |'esercizio regolare
migliora efficacemente I'attivita e I'espressione degli enzimi
antiossidanti endogeni, potenziando cosi la capacita
antiossidante complessiva dell’organismo. Inoltre, € stato
riscontrato che la supplementazione di ETV incrementa
la prestazione atletica. Essa attenua lo stress ossidativo
indotto dall’esercizio ad alta intensita, contribuendo al
miglioramento della funzione fisiologica e alla prevenzione
del danno ossidativo muscolare. Contemporaneamente,
I'ETV incrementa il metabolismo lipidico e la scomposizione
dei grassi durante |'esercizio, riduce il consumo epatico di
glucosio e ritarda l'insorgenza della fatica. Conclusioni.
L'integrazione con ETV durante |'esercizio regolare potenzia
efficacemente la capacita antiossidante dell’organismo e
migliora i livelli di fitness atletica, come la resistenza. Riduce
il danno muscolare e ritarda I'affaticamento attenuando lo
stress ossidativo e promuovendo il metabolismo lipidico.

Parole chiave. Té verde, fitness agonistica, fatica, an-
tiossidante, prestazione fisica, stress ossidativo, risposta
infammatoria.
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Introduction

Competitive physical fitness represents the highest
level of physical conditioning, characterized by adap-
tation to the demands of competitive sports. As the
foundation for athletes to tolerate high-intensity trai-
ning, the fatigue recovery and physical adaptation
processes inherent to competitive physical fitness
are vital for sports performancel. In competitive set-
tings, high-intensity, overload training is essential for
improving performance but can also induce sports
injuries. During strenuous exercise, oxidative stress
increases, prompting a rapid response from endoge-
nous antioxidant enzymes. An imbalance in this antio-
xidant redox state can lead to muscle fatigue, inflam-
matory reactions, and even muscle damage, ultima-
tely impairing athletic performance?3. Muscle fatigue
is a significant factor impairing athletic performance.
Its underlying mechanisms involve ATP consumption,
muscle damage, and an increase in reactive oxygen
species (ROS), leading to oxidative stress*. During
intensive training or competition, athletes’ physio-
logical systems must adapt to substantial physical
demands to maximize muscular power and maintain
optimal competitive capacity®. Consequently, achie-
ving peak performance requires athletes to sustain a
high level of physical fitness.

The extensive application of emerging technolo-
gies in sports training has significantly contributed
to the rapid advancement of competitive sports. Re-
search in this field remains a focus domestically and
internationally, with the aim of identifying scientific
methods to enhance athletic training. Studies indicate
that exogenous supplements, including specific die-
tary components, antioxidants, and pharmaceuticals,
are utilized to facilitate physical adaptation and ac-
celerate fatigue recovery in athletes®°. Among these,
green tea extract (GTE) supplementation has been
shown to effectively manage oxidative stress and mi-
tigate exercise-induced oxidative damage!* 2. Green
tea, which has a long history of consumption as a be-
verage in China, is rich in polyphenolic compounds
such as catechins, flavonols, and flavanols. The prima-
ry catechins include epigallocatechin gallate (EGCG),
epigallocatechin (EGC), epicatechin gallate (ECG),
and epicatechin.Their primary function is to elimina-
te free radicals and other oxidizing agents while also
inhibiting the activity of catalytic enzymes!®. Among
these compounds, EGCG offers the most significant
health benefits, particularly for cardiovascular health
and metabolism. In sports science, research indicates
that green tea and catechins possess strong antioxi-
dant properties that can effectively reduce exercise-
induced oxidative damage to cells'*. Furthermore,
green tea extract has been shown to aid in the repair
of skeletal muscle injuries in basketball players fol-

lowing high-intensity exercise. It effectively inhibits
the breakdown of structural and functional proteins,
enhances antioxidant enzyme activity, maintains ove-
rall antioxidant capacity, and thereby promotes reco-
very from fatigue?®.

Relevant studies have confirmed the effects of gre-
en tea extract on antioxidative stress, lipid metabo-
lism, and related neuroprotection!¢1®, However, the
impact of green tea extract supplementation on athle-
tes’ competitive fitness and the mechanisms involved
remain unclear. As the modern competitive sporting
landscape intensifies, athletes require superior fit-
ness levels to excel in high-intensity competition.
Therefore, by reviewing extant literature on green
tea extract, this review aims to explore its effects on
post-exercise physical adaptation and fatigue recove-
ry, and to evaluate its potential for enhancing com-
petitive fitness. The findings are intended to provide
theoretical guidance and practical value for scientific
sports training.

Data and methods

DESIGN

A scoping review represents a form of knowledge
synthesis that systematically maps the existing li-
terature by searching, selecting, and synthesizing
available evidence. It serves to outline key concepts
within a field, identify research trends, characterize
the diversity of existing knowledge, and inform futu-
re research directions!®.This study strictly adhered to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses extension for Scoping Reviews
(PRISMA-ScR) guidelines as outlined by Tricco et al?.

DATA SOURCES

A systematic search was conducted using the databa-
ses PubMed, Web of Science, China National Knowled-
ge Infrastructure (CNKI), and Dimensions to identify
relevant research articles published between 2005
to present. The search strategy employed keywords
including green tea,competitive fitness,fatigue,antiox
idant,exercise performance, oxidative stress, and in-
flammatory response.

INCLUSION CRITERIA

1. The research focuses on athletes participating in
various sports events supplemented with green
tea extract.

2. The experimental group has a strict exercise pre-
scription design.

3. The supplement for the experimental group must
be green tea extract, while the control group can
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be supplemented with other nutrients or without
intervention

4. The prescription design follows the standards of
the American School of Sports Medicine (ACSM).
The evaluation indexes mainly include competitive
fitness,fatigue,antioxidant,exercise performance,
oxidative stress.

EXCLUSION CRITERIA

1. Excluding non-English or non-Chinese literature.

2. Exclude repetitive and nonexperimental studies.

3. Excluding and supplementing literature unrelated
to green tea extracts and competitive fitness.

DATA INTAKE QUALITY ASSESSMENT

1. The shortlisted literature is read in three stages.
In the first stage, researchers search the database,
browse titles and abstracts, and preliminarily scre-
en the literature they have retrieved; In the second
stage, another researcher sorted out the literatu-
re and excluded duplicate ones; In the third stage,
two researchers read all the literature to determi-
ne whether it meets the inclusion criteria. If there

is no consensus on any literature, it will be decided
whether to include it after discussion.

Results

BIBLIOGRAPHIC OVERVIEW

The system search results are shown in figure 1. A
total of 1231 relevant articles were retrieved from
four databases. Deleted 340 duplicate literature, and
selected 891 kinds of literature According to the title
and abstract, 121 full texts were obtained for further
analysis, of which 85 were excluded because they did
not meet the qualification criteria. Through the full-
text analysis, 36 papers meet the qualification cri-
teria. The number of articles finally included in this
paper is 36.

EXERCISE AND ANTIOXIDANT CAPACITY

High-intensity, heavy-load exercise generates sub-
stantial quantities of ROS and reactive nitrogen radi-
cals. When ROS levels surpass the scavenging capa-
city of the body’s antioxidant system, the condition
progresses from elevated ROS to oxidative stress,
creating an imbalance in the redox state?'22, Although
oxidative stress is a physiological response, chronic

Records deleted prior to screening:

Elimination of duplicate literature (n = 340)

Excluded causes:

Unable to retrieve the full text (n=87)
Non Chinese and English literature(n=91)
Proceedings (n=57)

Non Older Adults (n =50)

Review literature (n=21)

Reasons for exclusion(n=464)

Excluded causes:
The quality of the article is poor (n=24)
Incomplete data(n=23)

Outcome measures: Non Exercise Performance or Fatigue (n=20)
Intervention method: Non Exercise or Green Tea Extract (n=18)

=
e Preliminary search of 4 databases:
= PubMed(n= 432)
= Web of Science(n=456 ) -
'E CNKI(n= 154)
) Wan Fang(n=189)
=
—
4
Literature excluded by reading e
titles and abstracts (n=891) |
on
=
=
E Y
Literature excluded from full-text
review >
(n=121)
z
= Y
= Studies included in
= .
o the meta analysis
= (n=36)

Figure 1. Literature retrieval and screening process.

231



232

- Copyright - Il Pensiero Scientifico Editore downloaded by IP 18.97.14.83 Sat, 14 Mar 2026, 14:25:36

Medicina dello Sport, 78 (3), July-September 2025

oxidative stress is strongly associated with the inci-
dence of various diseases, including diabetes, cardio-
vascular conditions, and nervous system disorders,
as well as accelerated aging?!-**. Consequently, main-
taining redox balance is crucial for human health.
It is important to note that normal skeletal muscle
function requires a basal physiological level of ROS.
Conversely, excessively high ROS levels impair muscle
contraction, leading to weakness and fatigue?. Com-
petitive exercise can elevate ROS production, leading
to oxidative damage of lipids, proteins, and DNA. This
damage contributes to muscle fatigue and impaired
exercise performance. The extent of exercise-induced
oxidative stress is primarily determined by the exer-
cise type, intensity, training status of the individual,
and endogenous antioxidant capacity?®. To mitigate
this damage, the body employs an intrinsic antioxi-
dant defense system comprising enzymatic antioxi-
dants such as superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GSH Px). Additio-
nally, exogenous non-enzymatic antioxidants, inclu-
ding vitamin C, vitamin E, and bilirubin, provide fur-
ther antioxidant support?*%. These antioxidants ef-
fectively inhibit the oxidation of biological molecules,
both inside and outside cells. As the primary defense
against superoxide free radicals, SOD catalyzes their
dismutation into less reactive hydrogen peroxide and
oxygen?’. Subsequently, CAT and GSH-Px further de-
compose hydrogen peroxide into water and oxygen,
completing the detoxification process. The body’s
antioxidant system thus comprises endogenous an-
tioxidants and exogenous antioxidant supplements?®,
and the balance between this antioxidant capacity
and oxidative stress levels is critical. Consequently,
enhancing endogenous antioxidant levels may impro-
ve the body’s ability to tolerate intense exercise and
enhance athletic performance?’. Research indicates
that the endogenous antioxidant system in skeletal
muscle exhibits considerable plasticity. Aerobic exer-
cise enhances the function of this system by upregu-
lating the expression of antioxidant enzymes, the-
reby mitigating exercise-induced oxidative stress?é.
Endurance exercise, in particular, improves skeletal
muscle’s adaptive capacity to training? and induces
the upregulation of various endogenous antioxidant
enzymes?®’, This adaptation is evidenced by increased
activity levels of SOD and glutathione peroxidase in
serum?>3%, Supporting this, animal studies demon-
strate that endurance training significantly elevates
serum SOD activity in mice, which serves to protect
cellular structures from damage caused by high-level
oxidative stress?Z

In conclusion, although regular endurance trai-
ning enhances the body’s antioxidant capacity, the
associated exercise-induced oxidative stress can
overwhelm endogenous antioxidant defenses®.
When the production of ROS and other superoxides

during strenuous exercise exceeds the body’s sca-
venging capacity, oxidative damage to cells becomes
inevitable, leading to muscle cell impairment and re-
duced performance. Therefore, supplementing with
exogenous antioxidants is necessary to maintain oxi-
dative balance and mitigate such damage.

EFFECTS OF ADDING GREEN TEA EXTRACT ON
DIFFERENT EXERCISE MODES

Athletic performance is closely linked to the body’s
capacity for high-intensity exertion and muscular
power. Mitigating oxidative damage during intensive
competition is crucial for maintaining optimal perfor-
mance. Furthermore, different sports and exercise in-
tensities impose distinct physiological demands, ne-
cessitating specific physical adaptations. For instan-
ce, endurance sports require superior stamina and a
sustained energy supply. Therefore, investigating and
leveraging the ergogenic benefits of green tea extract
across various disciplines is essential for comprehen-
sively enhancing athletes’ competitive fitness.

The effect of supplementing green tea on resistance
movement

The administration of GTE before and after resistan-
ce exercise training exerts dose-dependent effects on
vascular function. Research indicates that high-dose
GTE enhances local blood flow following resistan-
ce exercise), thereby improving the delivery of nu-
trients and oxygen to meet increased metabolic de-
mands. This finding is supported by a study involving
elderly subjects, where acute GTE supplementation
significantly increased microvascular perfusion and
promoted muscle perfusion®®. Beyond its vascular
benefits, GTE supplementation may also mitigate
exercise-induced oxidative damage. In a study of 14
healthy men who consumed green tea three times
daily (2 g per serving) alongside four sets of bench
press training, supplementation was found to inhibit
the elevated expression of creatine kinase and xanthi-
ne oxidase3®. Research on the effects of green tea ex-
tract supplementation reveals potential benefits for
mitigating exercise-induced oxidative stress. One
study involving obese men undergoing resistance
exercise found that 14-day supplementation did not
alter lipid peroxidation but significantly improved the
overall oxidative stress state and protected against
exercise-induced DNA oxidative damage *’. Similarly,
a four-week intervention combining green tea intake
with strength and endurance training enhanced re-
sting plasma antioxidant potential, provided muscle
protection, and prevented oxidative damage from
both short-term endurance and long-term strength
training®. In contrast, other evidence indicates that
acute, single-dose epicatechin supplementation has a
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minimal effect on human vasodilation®. Collectively,
these findings suggest that epicatechin possesses the
potential to enhance vascular function and reduce
oxidative stress to improve exercise performance;
however, this effect is likely dependent on specific
dosage strategies and exercise prescriptions.

Supplement green tea extract and aerobic exercise
Aerobic exercise enhances physical adaptation, in
part, by improving the capacity of the antioxidant
defense system. Supporting this, Jowko et al. demon-
strated that a four-week supplementation with 980
mg of catechin increased post-exercise total antio-
xidant activity and superoxide dismutase activity in
runners*’. Although this intervention had a minimal
effect on muscle injury markers, it enhanced overall
antioxidant capacity. Exercise under conditions of
environmental heat stress is known to increase the
risk of heat-related illnesses, as it exacerbates exer-
cise-induced inflammatory responses and oxidative
stress. In such scenarios, green tea supplementa-
tion may be an effective strategy for mitigating high
temperature-related complications!®. Research indi-
cates that consuming green tea 90 minutes prior to
exercise can attenuate the rise in TNF-a. Furthermo-
re, the lipid antioxidant properties of green tea can
improve athletes’ overall antioxidant status, thereby
potentially reducing muscle damage and enhancing
athletic performance *'.Research on elite footballers
suggests that the concurrent intervention of aerobic
exercise and green tea intake can repair and inhibit
skeletal muscle injury, remove excessive free radicals
and metabolites, and accelerate fatigue recovery**43.
Supporting this, a study of 24 rowers randomly assi-
gned to placebo and green tea extract groups found
that levels of GSH Px, SOD, and CAT were significantly
higher in the supplement group, leading to the con-
clusion that green tea extract enhances both overall
antioxidant capacity and aerobic exercise capacity**.
However, contrasting evidence indicates that while
six weeks of green tea supplementation improves an-
tioxidant status and significantly reduces malondial-
dehyde (MDA), it does not affect markers of muscle
injury*®. A recent review further suggests a linear
negative correlation between the dosage of green tea
supplementation and changes in MDA, proposing that
such supplementation boosts antioxidant capacity
and may mitigate the risk of chronic diseases asso-
ciated with oxidative stress*. Finally, a study on gre-
en tea combined with comprehensive fitness training
found that six weeks of green tea extract supplemen-
tation had minimal effect on aerobic capacity or se-
rum BDNF levels in men, but it significantly improved
blood antioxidant capacity and moderately reduced
lipid peroxidation and oxidative damage induced by
training®’.

Supplement green tea extract and endurance exercise
Research indicates that improving fat utilization and
antioxidant capacity can enhance performance in en-
durance sports*’. Supporting this, one study found
that daily green tea intake during endurance training
not only preserved the adaptive benefits of training
but also enhanced overall antioxidant capacity*®. Fur-
thermore, in a study on a cycling endurance group
supplemented with green tea, the combination was
found to reduce acute exercise-induced CK release, al-
leviate delayed onset muscle soreness, and increase
the proportion of fat utilized during exercise, thereby
enhancing endurance performance®. The ergogenic
effect of green tea supplementation is also well-do-
cumented in animal studies. For instance, mice fed
green tea extract exhibited a significant decrease in
plasma lactic acid concentration and an increase in
plasma free fatty acids after endurance exercise, in-
dicating an enhanced rate of fat utilization®°. EGCG,
a primary catechin in green tea, has been shown to
enhance human endurance. This indicates that the
endurance-improving effects of green tea extract are
mediated by its catechins®'. Furthermore, green tea
extract appears to improve endurance not only by
increasing the metabolic capacity of skeletal muscle
but also by promoting the utilization of fatty acids as
an energy source®. Research also suggests that long-
term catechin intake can mitigate exercise-induced
muscle damage; by enhancing antioxidant properties,
it reduces muscle injury from strenuous activities li-
ke downhill running and accelerates recovery in mice
by suppressing inflammatory response and oxidative
stress*. In mouse swimming models, green tea ex-
tract has been demonstrated to enhance endurance
by acting on slow-twitch muscle fibers, increasing
the expression of genes responsible for Ca2+ balance
regulation, and improving the adaptability of these fi-
bers®2. Despite substantial evidence from human and
animal studies supporting the ergogenic benefits of
green tea, some early research presents divergent
results. For instance, low-dose supplementation was
found to have no significant effect on athletes’ endu-
rance training and energy metabolism®3, and acute
supplementation of green tea polyphenols did not
influence oxidative stress or muscle damage*3. These
contrasting findings suggest that the effects of green
tea supplementation on training adaptation are varia-
ble and likely depend on factors such as dosage and
duration of intake.

In summary, interventions involving GTE supple-
mentation to enhance athletic performance have gar-
nered increasing attention. The data reviewed in this
paper indicate that GTE supplementation positively
influences sports performance and improves com-
petitive fitness without apparent side effects, which
is consistent with previous research®*5°, Although
GTE supplementation enhances fitness levels and
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performance markers, it is important to note that its
benefits vary across different exercise modalities. In
resistance exercise, the positive effects may be attri-
butable to improvements in vascular function. In ae-
robic exercise, GTE supplementation appears to redu-
ce oxidative stress, increase maximal oxygen uptake,
and enhance aerobic capacity. The most pronounced
benefits are observed in endurance sports, potential-
ly due to the high energy demands of such activities.
This review has discussed the effects of GTE on re-
sistance, aerobic, and endurance exercise; however,
its impact on other modalities, such as anaerobic
and coordinative exercise, remains unknown due to
a current lack of research. Future studies should in-
vestigate the effects of different dosages and cycles of
GTE intake on performance across a wider range of
exercise modes.

Effect of adding green tea extract on the fatigue

Fatigue induced by competitive sports is a complex
phenomenon encompassing psychological disturban-
ces, central nervous system dysfunction, mechanical
fatigue, and impaired muscle contraction®®*’. When
the body fails to recover adequately during or after
sustained high-intensity exercise, this fatigued state
compromises muscle strength and power, leading
to diminished athletic performance?. Consequently,
effective management of sports-induced fatigue is
essential for maintaining high fitness levels and ena-
bling athletes to achieve optimal performance. From
a physiological perspective, the potential role of gre-
en tea supplementation in alleviating fatigue can be
examined through its influences on oxidative stress,
energy metabolism, and inflammatory pathways, the-
reby improving overall fitness in competitive sports.

Supplement of green tea extract and oxidative stress

Since the discovery of exercise-induced oxidative
stress, evidence has confirmed its role as a signifi-
cant contributor to exercise fatigue, leading to redu-
ced muscle strength and atrophy**8. In athletes, this
state can easily lead to inadvertent overtraining?*. Re-
search indicates that supplementation with GTE can
effectively mitigate oxidative stress. Pre-exercise GTE
administration has been shown to reduce exercise-
induced inflammatory and oxidative stress markers,
while also improving athletes’” maximal oxygen up-
take and enhancing aerobic capacity*?. In a study in-
volving 18 Taekwondo athletes and 22 wrestlers ran-
domly assigned to anaerobic exercise combined with
GTE supplementation, the results demonstrated that
GTE effectively increased serum CK and urea enzyme
activities in wrestlers under high-intensity anaero-
bic conditions. Furthermore, it promoted the activi-
ty of glutathione peroxidase in Taekwondo athletes
%, These findings suggest that GTE supplementation

enhances antioxidant enzyme activity, accelerates the
clearance of oxygen free radicals and metabolites,
reduces the breakdown of functional and structural
proteins induced by anaerobic exercise, and facili-
tates the repair of oxidative stress-mediated muscle
damage®. Supporting this, Zhang Shujun noted that
GTE not only counteracts oxidative stress but also en-
hances serum activity in athletes, thereby alleviating
muscle strain®®. Although green tea supplementation
has been shown to mitigate exercise-induced muscle
damage and oxidative stress, it does not appear to
alleviate the sensation of delayed-onset muscle so-
reness®!, During high-intensity exercise, increased
oxygen consumption can induce oxidative stress,
contributing to muscle fatigue. In a study by Hadi et
al,, 18 football players supplemented with green tea
extract for six weeks exhibited a significant reduction
in MDA levels and a marked increase in total antioxi-
dant capacity*. This indicates that green tea impro-
ved the players’ oxidative stress status; however, the
intervention did not reduce markers of muscle inju-
ry. Similarly, a four-week supplementation with 980
mg of tea catechins daily in sprinters led to increased
activities of erythrocyte SOD and glutathione peroxi-
dase, alongside improved total antioxidant capacity,
MDA, and CK levels. These findings suggest that gre-
en tea effectively prevents oxidative stress from re-
petitive high-intensity exercise. Notably, however, the
outcome indices also concluded that green tea extract
supplementation could not prevent exercise-induced
muscle injury*2.

Research has demonstrated that green tea ex-
tract supplementation can alleviate oxidative stress;
however, its effect on the state of muscle injury re-
mains unclear. A recent study involving 28 amateur
athletes found that green tea supplementation re-
sulted in a lower response degree of muscle injury
and oxidative stress to fatigue. Furthermore, exer-
cise-induced excessive fatigue can lead to a decline
in neuromuscular function and impaired training
adaptation, which may cause impaired performance
during continuous exercise in competition. Notably,
green tea extract supplementation has been shown
to ameliorate neuromuscular function in individuals
with chronic fatigue®. In a separate in vitro study, Cai
et al. observed the neuroprotective effect of green
tea against oxidative stress in PC12 cells, suggesting
that green tea may be an effective strategy for re-
storing muscle function during sustained exercise®*
Regarding dosage, Rojano Ortega suggests that acute
supplementation with green tea extract has a mini-
mal effect on overall antioxidant capacity and oxidati-
ve stress. In contrast, supplementation for more than
one week, both before and after exercise, may effec-
tively enhance antioxidant capacity and protect cells
from oxidative stress!®.
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Supplement green tea extract and energy metabolism
As the primary energy substrates for exercise, car-
bohydrates and fats are oxidized to meet metabolic
demands. The body’s storage of fat is substantially
greater than that of glycogen. During prolonged, low-
intensity exercise, a significant amount of intramu-
scular fat is oxidized, while carbohydrate utilization
remains relatively low. Conversely, as exercise inten-
sity increases, the proportion of energy derived from
carbohydrates rises, whereas the contribution from
fat decreases®®. Although regular training enhances
fat utilization efficiency and optimizes glycogen al-
location during exercise, thereby effectively delaying
the onset of fatigue, excessive exercise can induce
oxidative stress and DNA damage. These effects may
lead to physiological dysfunction and impair athletic
performance®*. Therefore, enhancing lipid metabo-
lism represents a potential strategy for improving
athletes’ fitness levels.

Studies indicate that medium- to long-term en-
durance exercise, when combined with green tea
supplementation, enhances fat oxidation. In the stu-
dy by Venables et al.®>, 12 healthy men consumed a
green tea extract capsule and performed 30 minutes
of cycling at 60% V'02max. This acute intake signifi-
cantly increased the contribution of fat oxidation to
total energy expenditure, suggesting it can improve
fat oxidation during moderate-intensity exercise,
as well as insulin sensitivity and glucose tolerance.
Furthermore, compared to endurance training alo-
ne, green tea supplementation combined with trai-
ning improved interleukin-6 and serum adiponectin
concentrations, indicating anti-inflammatory and fat
metabolism benefits, along with enhanced enduran-
ce performance®®®’. In a related study, twelve women
ingested three green tea extract capsules the day be-
fore an intermittent sprint test and one capsule 90
minutes prior. Analysis via indirect calorimetry sho-
wed that short-term green tea consumption signifi-
cantly increased fat oxidation and plasma glycerol
levels both before and after the sprint. Notably, while
adrenaline levels rose during exercise, norepinephri-
ne levels were elevated after exercise following gre-
en tea intake®®. A four-week intervention combining
green tea supplementation with exercise altered the
subjects’ relative fat content and body composition.
This suggests that EGCG intake may regulate cellu-
lar signaling pathways to enhance fat utilization and
improve energy output during exercise®. In a related
context, recent research indicates that green tea sup-
plementation accelerates local blood flow following
resistance exercise, thereby promoting nutrient tran-
sport and metabolite clearance®. Earlier reviews ha-
ve associated long-term green tea intake with chan-
ges in fat metabolism gene expression, such as the
upregulation of fat-metabolizing enzyme genes in
skeletal muscle and the downregulation of lipogenic

genes in the liver*®. Sugita et al. propose that a sin-
gle dose of green tea can influence oxidative stress
biomarkers via the catechol-O-methyltransferase me-
chanism, which favors oxidative metabolism during
both rest and exercise’’. Supporting evidence from
animal studies includes an experiment where green
tea extract gavaged at low, medium, and high doses to
male rats improved intramuscular fatty acid synthe-
sis and regulated lipid metabolism to supply energy
for exercise’!. Similarly, exercised mice fed catechins
exhibited a significant decrease in plasma lactic acid
concentration and an increase in plasma free fatty
acids, indicating a shift towards greater fat utiliza-
tion as an energy source®. Finally, the combination
of exercise and EGCG intervention in rats effectively
improved blood lipid metabolism and hepatic lipase
activity, thereby promoting fat oxidation’?. Research
indicates that green tea supplementation accelerates
energy consumption to varying degrees, particularly
the oxidation of fat as a primary energy substrate.
Regarding the potential impact on skeletal muscle
glycogen synthesis, Tsai et al.”® found that an 8-week
supplementation of green tea extract increased who-
le-body fat oxidation in cyclists to meet the demands
of endurance exercise but did not appear to affect mu-
scle glycogen synthesis. However, the effect of green
tea on energy metabolism is inconsistent across stu-
dies. For instance, Eichenberger et al.>* reported that
green tea extract supplementation had minimal effect
on fat and energy metabolism during cycling training.
Another study simulating the upper-body exercise of
rowers found that green tea supplementation did not
increase fat oxidation in the upper limbs, suggesting
women performing such exercise are unlikely to be-
nefit from supplementation’*. Similarly, research on
the duration of green tea extract intake concluded
that it did not alter whole-body fat oxidation rates or
blood metabolites related to fat metabolism during
moderate-intensity exercise’”. These discrepancies
are likely attributable to differences in experimental
subjects, leading to varied physiological responses.
Furthermore, the effects of green tea extract on ener-
gy metabolism may differ based on exercise intensity,
type, and duration.

Previous studies have yielded inconsistent fin-
dings regarding the efficacy of green tea supple-
mentation in ameliorating individual inflammatory
responses. Furthermore, the hypothesis that it pro-
motes recovery from fatigue by inhibiting exercise-
induced inflammation lacks consistent support. For
instance, Eichenberger et al. reported that a 3-week
supplementation period did not alter interleukin-6
(IL-6) concentration following submaximal intensi-
ty exercise, nor did it significantly enhance exercise
performance *3. Similar studies indicate that, aside
from a minor effect on C-reactive protein, green tea
extract supplementation has no impact on cyclists’
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time-trial performance or energy metabolism. In a
study by Suzuki K, nine well-trained male cyclists
completed three sessions of eight repeated 100-me-
ter uphill sprints. Although they ingested green tea
with carbohydrates during recovery, the supplemen-
tation did not improve inflammatory marker levels or
cycling performance. However, a recent study found
that consuming green tea extract 90 minutes before
exercising in high temperatures attenuated the rise in
tumor necrosis factor-alpha (TNF-a) and reduced the
inflammatory response’®.

Animal studies have investigated the effects of
green tea extract supplementation on inflammato-
ry factors and oxidative stress in mice subjected to
a 3-week downhill running protocol. The findings
indicate that catechin intake maintained mouse en-
durance and increased oxygenase activity in the ga-
strocnemius muscle by 22%. Notably, levels of TNF-q,
interleukin-1f (IL-1f), and monocyte chemoattrac-
tant protein-1 (MCP-1) in the gastrocnemius muscle
were significantly reduced by 33%, 29%, and 35%,
respectively’’. As downhill running is a form of eccen-
tric exercise known to induce muscle damage, these
results suggest that green tea extract supplementa-
tion can alleviate the associated fatigue and inflam-
matory response. Supporting this, other studies have
confirmed that catechin reduces inflammation and
muscle strength loss induced by eccentric exercise.
For instance, 8-week catechin supplementation signi-
ficantly attenuated the decline in muscle strength and
the increase in inflammatory mediators in plasma and
gastrocnemius muscle following downhill running’®.
In a related study, Liu et al.”’ randomly assigned 24
rats to one of three groups: a sedentary control group,
an exhaustive swimming group, and an exhaustive
swimming group supplemented with green tea. The
researchers observed the effects on fatigue indices
after a single bout of exhaustive swimming. The gre-
en tea intervention group demonstrated significan-
tly improved exercise performance compared to the
other groups. Furthermore, supplementation with
green tea extract reduced serum levels of TNF-q, IL-
1B, IL-6, CK, and lactate dehydrogenase (LDH). Ad-
ditionally, the ratio of IL-10 to TNF-a in serum was
significantly increased.

Substantial evidence supports the efficacy of gre-
en tea extract in alleviating fatigue through distinct
mechanisms: oxidative stress reduction, energy me-
tabolism modulation, and inflammatory response.
First, green tea supplementation enhances the endo-
genous antioxidant system, boosting overall antioxi-
dant levels to facilitate recovery and protect against
exercise-induced muscle damage, as documented?®.
Second, it acts as a metabolic modulator by promo-
ting fat oxidation, which spares glycogen, delays fati-
gue, and extends endurance during prolonged exerci-
se. Finally, limited human trial data suggest that green

tea extract has minimal impact on exercise-induced
inflammatory markers across different exercise mo-
dalities. Future research should specifically investiga-
te its effects under high-intensity exercise conditions.

Conclusions and future perspectives

Supplementing with green tea extract during regular
exercise effectively enhances the body’s antioxidant
capacity and improves athletic fitness levels such as
endurance. It reduces muscle damage and delays fa-
tigue by mitigating oxidative stress and promoting
lipid metabolism.

The performance-enhancing effects of GTE are
influenced by multiple factors including dosage,
supplementation cycles, exercise patterns, and indi-
vidual training status. Future research should inte-
grate sport-specific requirements to optimise sup-
plementation protocols, with a focus on elucidating
its mechanisms of action and key signalling pathways
across diverse physiological conditions.
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