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Objective: Carbohydrates are a key energy source for the intermittent and high-intensity
demands of football, helping maintain muscle glycogen, stabilize blood glucose, and delay
fatigue. However, the effectiveness of different carbohydrate strategies—including pre-
exercise intake, in-game supplementation, post-exercise recovery, and carbohydrate mouth
rinsing—remains debated. This review aimed to synthesize evidence from the past decade on
how carbohydrate ingestion influences physical capacity, anaerobic output, technical
performance, and recovery in football players.

Methods: Twenty-five studies (2015-2025) involving any carbohydrate intervention and
reporting football-related performance outcomes were analyzed. Data were systematically
extracted and qualitatively synthesized to identify common patterns, methodological
differences, and plausible physiological mechanisms.

Results: Most carbohydrate strategies were linked with performance benefits. Pre-exercise
intake improved repeated high-intensity running and reduced late-match decline. In-exercise
carbohydrate beverages supported anaerobic output and intermittent running. Carbohydrate
mouth rinsing, even without ingestion, appeared to modulate central pathways, reduce
perceived exertion, and help maintain technical skills under fatigue. Post-exercise intake
enhanced glycogen resynthesis and readiness for subsequent sessions. Nonetheless,
heterogeneity across protocols, small samples, limited female and youth representation, and
few long-term field studies remain major limitations.

Conclusion: Timely and targeted carbohydrate intake is an effective nutritional approach to
enhance performance and recovery in football, supporting high-intensity work capacity,
technical precision, and cognitive function. More large-scale and comparative studies are
required to refine guidelines across genders and performance levels.
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Extended Abstract

Introduction

Soccer is a team sport characterized by an
intermittent and variable-intensity activity
pattern, demanding that players repeatedly
execute short-term, high-intensity explosive
movements over ninety minutes, imposing a
significant physiological load on energy
production systems. The repetition of these
bursts not only creates high metabolic
demand but also increases the likelihood of
technical errors and diminished skill
accuracy under fatigue conditions. From a
metabolic perspective, soccer is considered a
"hybrid" activity, combining rapid ATP
production  via  phosphocreatine  and
anaerobic glycolysis for intense actions with
reliance on aerobic pathways for recovery
periods, a pattern leading to substantial
muscle glycogen depletion. This energy
consumption pattern highlights players' high
dependence on glycogen stores and, in many
cases, the need for continuous or periodic
glucose  supply  through  nutritional
interventions during matches. Glycogen
depletion is associated with reduced force
production capacity, decreased frequency of
high-intensity movements in the second half,
and impaired calcium regulation in muscle
fibers, which are among the most important
components of peripheral fatigue. These
changes can affect muscle functional
flexibility and the ability to perform precise
technical-motor tasks accurately.
Maintaining  plasma glucose through
carbohydrate intake can delay central fatigue
and preserve cognitive functions critical to
match  performance—including reaction
speed, decision-making, and concentration—
in the final stages, which is essential for

proper execution of technical skills. Evidence
suggests these cognitive effects may occur
even without complete muscle glycogen
resynthesis, highlighting the importance of
carbohydrate timing and type.
Biochemically, carbohydrates—particularly
in the form of muscle glycogen and blood
glucose—are the primary fuel for high-
intensity activities; by preserving glycogen
stores and providing immediate glucose, they
facilitate ATP production and reduce the
onset of fatigue. Therefore, the choice of
carbohydrate source and form (rapid
absorption or sustained release) can have
different implications for match
performance. Intervention studies have
reported improvements in physical, technical,
and cognitive indices following carbohydrate
consumption before, during, or after matches;
however, the extent and consistency of these
effects vary depending on the carbohydrate
source and form, dosage, and timing of the
intervention. The use of different sources
such as maltodextrin, isomaltulose, fruits,
and various forms like drinks, gels, or whole
foods makes direct comparison of findings
challenging. Furthermore, heterogeneity in
sample characteristics (skill level, gender,
age), measurement methods, and study
design complicates result interpretation.
Differences in metabolic and functional
responses between professional and amateur
players or between men and women indicate
that subgroup analyses are essential to
identify more precise response patterns and
develop more practical recommendations.
The lack of a coherent quantitative synthesis
that includes cumulative effect estimates,
between-group analyses, and dose—response



s «»
> = ey QAL
el @le o (30 AADT 3y sy IS cla, o5 SR

models represents a significant gap in the
existing literature, necessitating  a
comprehensive study. Particularly, the
absence of dose-response modeling and
simultaneous investigation of physiological
and performance indices hinders the
development of practical and precise
recommendations for match conditions. The
present study aims to estimate the cumulative
effect size of carbohydrate interventions on
three categories of outcomes—physical,
technical, and cognitive performance—and
to examine the role of athlete level,
intervention type, and consumption timing in
moderating these effects; it is an effort to
provide an evidence-based framework for
nutritional recommendations. This synthesis
is expected to contribute to standardizing
measurement and reporting methods while
laying the groundwork for developing
practical nutritional protocols for teams and
sports performance specialists. The scope of
this review includes controlled intervention
studies on adolescent to professional soccer
players and a range of biomarker,
physiological, performance, and cognitive
outcomes, providing an organized basis for
team guidelines and prioritizing future
research directions. Overall, this research
seeks to fill existing theoretical gaps while
providing a practical framework for
designing and implementing evidence-based
carbohydrate interventions in the competitive
environment.

Methods

In this synthesis study, a systematic process
in accordance with the principles of standard
analytical reviews was employed to integrate
scientific evidence related to the effects of
carbohydrate supplements on soccer players'
performance. The stages of search, selection,
data extraction, and quality assessment of
studies were designed and implemented
according to accepted frameworks for
evidence-based reviews. A comprehensive

and systematic search was conducted in
reputable scientific databases including ISI
Web of Science, Scopus, PubMed, and
Cochrane Library from 2020 to 2025. The
study selection process was modeled as
follows: Inclusion criteria comprised studies
conducted on humans, specifically soccer
players (adolescent to  professional),
investigating the effects of any carbohydrate
intervention, including pre-match high-
carbohydrate meals (HCHO), consumption
of carbohydrate gels or drinks during
matches, carbohydrate mouth rinsing (CHO
mouth-rinse), carbohydrate periodization, or
selection of carbohydrate sources with
different glycemic indices (Low-GI / Pulse-
based). Studies had to measure at least one
physiological, performance, or cognitive
index relevant to soccer match-play and
employ one of the following designs:
randomized controlled trials (Parallel /
Crossover),  experimental  intervention
studies, or observational studies with
quantitative data related to CHO intake
patterns in soccer players. Theses and field
studies with valid quantitative data were also
included to strengthen the body of evidence.
Exclusions comprised non-human studies,
purely theoretical articles, or those describing
protocols without performance data. Theses
and field studies with suitable quantitative
data were included as supplementary
evidence. The selection process involved
evaluating each study based on design level
and reporting quality (particularly pre-test
nutritional control, blinding, biochemical
sampling) and applying  descriptive
weighting in thematic analyses (stronger
evidence = several convergent RCTs with
similar results; weaker evidence = case
studies or studies with very small samples or
non-randomized designs). Methodological
and practical limitations of the reviewed
studies, which could affect interpretation and
generalization of results, included significant
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heterogeneity in protocols (wide differences
in dosage, carbohydrate type/form, timing,
and nutritional state), variable study quality
(many RCTs with very small sample sizes or
use of laboratory-simulated protocols
reducing external validity), frequent lack of
direct biochemical measurements or muscle
biopsies (making proposed mechanisms
largely inferential), gender and age bias
(focus on adult males with a paucity of
research on women and adolescents limiting
generalizability), and risk of reporting errors
in observational studies (use of FFQs or
dietary records susceptible to recall and
misreporting bias).

Results

The synthesis of findings is presented across
three key thematic areas derived from the
analyzed  studies. The first theme
encompasses the physiological and central
neural  mechanisms  through  which
carbohydrate exerts its effects. Carbohydrate
interventions  primarily  function by
maintaining blood glucose availability and
preventing  hypoglycemia,  which s
particularly crucial during prolonged or high-
intensity  intermittent  exercise.  This
mechanism is moderated by the athlete's
nutritional state (fed vs. fasted) and match
intensity. A second critical mechanism is the
preservation of muscle glycogen stores,
thereby delaying depletion and sustaining
power output during high-intensity efforts,
with the magnitude of this effect influenced
by training level and exercise load.
Carbohydrate intake can also modulate fuel
oxidation,  potentially  reducing  the
respiratory exchange ratio (RER) and
promoting  glycogen sparing through
increased fat utilization, an effect sensitive to
the type and timing of carbohydrate
consumed. Furthermore, a  distinct
mechanism is identified for carbohydrate
mouth rinsing (CHO-MR), which involves
the stimulation of oral receptors leading to

activation of reward/motor pathways in the
brain, thereby reducing perceived exertion
without systemic absorption; this effect
appears most pronounced in fasted states or
specific match structures.

The second thematic area details the
functional, metabolic, and demographic
effects observed. Performance outcomes
consistently  indicate  that  targeted
carbohydrate consumption helps mitigate the
performance decline typically seen in the
second half of matches. Strategies combining
a high-carbohydrate pre-match meal with 30—
60 grams of carbohydrate at halftime are
frequently associated with improved power
output in the final minutes and reduced
decrements in sprint speed. Regarding
technical skills, interventions such as CHO-
MR or gel consumption prior to extra-time
periods have been shown to help maintain
passing accuracy and dribbling quality,
though these effects are often attenuated in
already well-fueled athletes. From a
metabolic and health perspective, diets
incorporating low-glycemic index foods and
pulses have demonstrated benefits in
improving lipid profiles, especially among

female  players, without necessarily
translating to direct performance
enhancements in  short-term  studies.

Recovery and fatigue management are
positively influenced by carbohydrate
periodization strategies, such as a sequence
of low intake followed by loading phases,
which are linked to reduced metabolic cost
and increased output in subsequent sessions.
Effects on cardiorespiratory indices like
VO:max are heterogeneous, showing limited
improvements primarily in short-term studies
or small samples. Demographic analyses
reveal that response to carbohydrate
intervention is dependent on athlete level and
baseline nutritional status, with non-elite
players or those with habitually low
carbohydrate intake typically showing
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greater responsiveness, whereas elite athletes
often require more personalized approaches.
Preliminary evidence also points to potential
gender- and  age-specific  metabolic
differences, underscoring the need for more
targeted research in women and adolescent
populations.

The third area provides a practical synthesis
of carbohydrate intake protocols, detailing
dosage, timing, and practical considerations.
For pre-match nutrition, consuming 1-1.5
grams of carbohydrate per kilogram of body
weight (or approximately 200 grams of CHO
in a ~1000 kcal meal) 2-4 hours before a
match is widely supported as an effective
strategy to optimize glycogen availability.
During match play, intake of 30-60 grams of
carbohydrate at halftime, either as a single
dose or split (e.g., 30 grams pre-match and 30
grams at halftime), is consistently linked with
better second-half performance. For high
intake rates during play, consumption of up
to 82 grams per hour using formulations like
a 2:1 maltodextrin-to-fructose ratio can
enhance total absorption and minimize
gastrointestinal discomfort, though
performance benefits in already well-fueled
elite players may be marginal. Carbohydrate
mouth rinsing protocols typically involve
swishing 25-50 ml of a 6-10% carbohydrate
solution for 5-10 seconds, repeated at the
start of halves or before high-intensity
periods; this strategy is most effective in
fasted states and shows diminished returns in
fed conditions. Carbohydrate periodization,
involving cycles of low intake followed by
loading phases leading into competition (e.g.,
1-1.5 g/kg on low days, 4.5-6.5 g/kg during
loading, and up to 7.5 g/kg on match day), is
highlighted as a method to enhance metabolic
adaptation and readiness. A key practical
consideration across all protocols is dose-
dependent gastrointestinal tolerance, with
higher single doses potentially causing
distress, necessitating individualized practice

and acclimatization.

Discussion

The consolidated evidence indicates that
carbohydrate-based interventions can serve
as a multifaceted nutritional strategy to
enhance resilience, technical performance,
and the ability to sustain match output in
soccer. Pre-match high-carbohydrate meals,
targeted in-game carbohydrate intake,
carbohydrate mouth rinsing, and
periodization approaches can yield beneficial
effects under appropriate  conditions.
However, the magnitude and likelihood of
these effects are significantly dependent on
the type of intervention, baseline nutritional
status, the structure of activity (full match vs.
small-sided games), and the player's fed or
fasted state. Studies with more rigorous
designs—particularly those standardizing
pre-test  nutrition  or  implementing
carbohydrate periodization in professional
players—provide the most reliable evidence,
reporting improvements in endurance and
maintenance of certain performance indices.
In contrast, the efficacy of CHO-MR is
heterogeneous; positive effects are primarily
observed in semi-fasted states or during full-
pitch protocols, whereas in fed states or
within complex, intermittent soccer-specific
drills, clear effects are less consistently
reported.

From a mechanistic perspective, three
primary pathways for carbohydrate effects
are proposed: (1) preservation of muscle
glycogen and provision of rapid glucose
during prolonged or repeated high-intensity
activity; (2) optimization of fuel oxidation
patterns with optimal timing; and (3) central
ergogenic effects arising from oral receptor
stimulation. However, due to limitations in
direct metabolic measurements in a
significant  portion of the research,
mechanistic certainty remains constrained.
Demographic analysis of the evidence
reveals that players with insufficient baseline
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carbohydrate intake, as well as non-elite
players, derive the greatest benefit from these
interventions. Conversely, well-nourished
elite players often show a more attenuated
response to high-dose in-game carbohydrate
and may benefit more from periodized and
individualized intake strategies. Preliminary
evidence also suggests potential gender
differences in metabolic responses to certain
low-glycemic carbohydrate sources,
although larger trials are needed for
conclusive findings.

The findings point to several practical,
evidence-supported approaches for
carbohydrate application in soccer. A pre-
match meal providing 1-15 g/kg of
carbohydrate 2—4 hours before competition is
consistently advocated to ensure adequate
fuel availability. Targeted intake of 30-60
grams of carbohydrate at halftime is
repeatedly associated with reduced second-
half performance decline. While higher in-
game intake rates (up to ~82 g/h) are
generally well-tolerated, they may not yield
significant performance gains in athletes who
are already optimally fueled pre-match.
Carbohydrate mouth rinsing can offer
ergogenic benefits in specific contexts—
particularly when fluid ingestion is difficult
or the athlete is in a semi-fasted state—
though its impact is typically less pronounced
than actual carbohydrate ingestion and
negligible in fed conditions. For elite athletes,
carbohydrate periodization strategies appear
most effective when implemented under the
supervision of sports nutrition professionals.
Despite the existence of several well-designed
randomized controlled trials, a substantial
portion of the literature is based on small
samples, simulated conditions, or incomplete
reporting. Consequently, the overall quality
of evidence across many domains is rated as
"moderate” to "low." A more consistent and
relatively stronger convergence of evidence
exists for specific practical questions, such as

the efficacy of carbohydrate periodization in
professional players and the impact of
halftime carbohydrate gel intake on reducing
performance decrements. Nevertheless, the
need for larger field-based studies, stringent
pre-test nutritional control, and the
incorporation of precise biochemical markers
remains evident to increase certainty in these
areas. Significant heterogeneity in protocols,
forms of delivery, and participants'
nutritional state persists. Many studies also
suffer from small sample sizes, limited
statistical power, and a lack of biochemical
assessments, leading to the overall
"moderate” confidence rating in the evidence.
Conclusion

In summary, carbohydrate-based nutritional
strategies—including pre-match loading,
targeted in-game intake, and nutritional
periodization—can serve as beneficial tools
for enhancing endurance and certain
performance components in soccer players,
particularly under conditions of inadequate
habitual carbohydrate intake or during
prolonged/sequential match play. The most
robust practical recommendations supported
by the current synthesis include the
consumption of a pre-match meal (1-1.5 g/kg
CHO) 2-4 hours before competition and the
intake of 30-60 grams of carbohydrate at
halftime to mitigate second-half performance
decline. Carbohydrate mouth rinsing may
provide a practical alternative in situations
where fluid ingestion is challenging, though
its effects are generally subordinate to actual
carbohydrate consumption. For elite athletes,
individualized and periodized approaches
overseen by sports nutrition experts are likely
to yield the greatest benefit. Ultimately, due
to methodological limitations and persistent
protocol heterogeneity, the formulation of
precise recommendations must be grounded
in personalization and implemented under the
guidance of team nutrition and medical staff.
Future research should prioritize large-scale,
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longitudinal field studies with diverse
populations (including women and youth),
standardized protocols, and integrated
physiological and performance
measurements to refine evidence-based
guidelines and optimize the application of
carbohydrate nutrition in soccer.

Keywords: Evidence synthesis;
Carbohydrate; Sports nutrition;  Soccer
performance;  Repeated  high-intensity
running.
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