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ABSTRACT

Caffeine is recognized as an effective stimulant for enhancing
physical performance and reducing fatigue. However, its effects may have particular
significance and complexity in girls due to specific physiological differences. The present
study aimed to investigate the effect of caffeine intake on rehabilitation of functional
performance following induced fatigue in young female handball players.

This semi-experimental study involved 16 young female handball
players who participated in a crossover design with a one-week washout period.
Participants received either a caffeine supplement (6 mg/kg body weight, mixed with
maltodextrin) or a placebo (maltodextrin) in a single-blind manner. The variables
measured included peak leg explosive power, handgrip strength, peak anaerobic power,
fatigue index, as well as shooting speed and accuracy in both stationary and jump shots.
Acute caffeine supplementation led to significant improvements in peak explosive
power, handgrip strength, lower limb power, and shooting accuracy following fatigue
induction in young female handball players (P < 0.05).

Acute intake of caffeine at a dose of 6 mg/kg body weight significantly
enhances physical performance and facilitates recovery after fatigue in young female
handball players. These findings suggest that caffeine can serve as an effective
supplement for improving physical and skill-based performance in female athletes.
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Extended Abstract
Introduction

Caffeine (1,3,7-trimethylxanthine) is a widely

recognized central nervous system stimulant.

It is naturally found in coffee beans, tea

leaves, and other plants, and is one of the
commonly consumed psychoactive substances worldwide.
Its primary mechanism involves blocking adenosine
receptors, which play a key role in regulating fatigue and
sleep, thereby enhancing alertness and reducing perceived
fatigue. Additionally, caffeine can inhibit
phosphodiesterase, increase cyclic adenosine
monophosphate (CAMP) levels, stimulate catecholamine
release, and suppress gamma-aminobutyric acid (GABA)
receptors. It also affects ion channels, particularly in
muscle myocytes, by releasing calcium from the
sarcoplasmic reticulum, which can improve muscle speed
and power. However, increased calcium mobilization may
slow muscle relaxation and impair the restoration of
muscular homeostasis. Caffeine’s ability to enhance
adrenaline secretion, calcium release, and reduce pain
perception is directly linked to improved athletic
performance, although optimal dosing and timing remain
debated. Effective doses are typically 3-6 mg/kg body
weight, with factors such as sex, genotype, habitual intake,
and training status influencing its ergogenic effects.
Research has shown that a caffeine intake of 6 mg/kg
significantly improves muscle strength. Specifically, it
increases maximal voluntary isometric contraction by
approximately 9.5% and submaximal contraction by 15%.
Importantly, this effect is similar for both men and women,
and it does not significantly alter fatigue indices. Handball,
a high-intensity team sport, demands physical attributes
such as strength, speed, endurance, and rapid recovery.
Young female handball players may respond differently to
stimulants due to hormonal and physiological differences
as well as training status. Despite caffeine’s known
ergogenic potential, there is limited research on its effects
on young female athletes under induced fatigue conditions
typical of team sports. Therefore, investigating the acute
effects of caffeine supplementation on physical and motor
performance in this population can inform nutritional
strategies and optimize training outcomes. The present
study aimed to examine the influence of acute caffeine
intake on enhancing performance and fatigue among young
female handball players.

Methods

This semi-experimental study employed a
pretest-posttest crossover design to investigate the
acute effects of caffeine supplementation on
physical and motor performance in young female
handball players. Sixteen semi-professional
players from Alborz Province, aged 18-24 years
with 3-5 years of handball experience participated
in this study. They were recruited using convenient
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sampling and randomly assigned to receive either
the caffeine supplement or placebo group.
Participants were instructed to maintain their usual
training routines throughout the study and to
abstain from any caffeine-containing foods or
beverages for 48 hours prior to testing. Baseline
measurements included handgrip strength, lower-
limb explosive power, anaerobic power, and
fatigue index, assessed using standardized tests.
The supplement group ingested caffeine at 6 mg/kg
body weight mixed with a maltodextrin-based
drink, while the placebo group received
maltodextrin only. Subsequently, a fatigue-
inducing training protocol was performed to elicit
central and peripheral fatigue. The protocol
included a 15-minute general and sport-specific
warm-up, followed by four sets of an eight-station
circuit with progressively reduced recovery
intervals between rounds (80 s, 40 s, 20 s, and 10
s), with three minutes of rest between sets. The
exercises included push-ups, dribbling sprints,
passing drills, defensive runs, directional changes,
diagonal running, and shooting drills, executed in a
12x12 m handball court. Fatigue was assessed
using a visual analog scale ranging from 0 (no
fatigue) to 100 (complete fatigue). Shooting speed
was measured using Kinovea software, with the
best of three stationary shots recorded. Shooting
accuracy was evaluated via the Zain handball
shooting test, dividing the goal into nine scoring
zones with a maximum score of 40. Upper- and
lower-limb strength was measured with Takei and
Yagami dynamometers, while anaerobic power
was assessed using the RAST protocol. Rate of
perceived exertion (RPE) was recorded on a 6-20
scale immediately after fatigue protocol
completion. Data normality and homogeneity of
variance were tested using Shapiro-Wilk and
Levene’s tests, respectively. Repeated measures
ANOVA was performed using SPSS v26, with the
significance level set at P < 0.05.

Results

According to the results of the repeated-measures analysis
of variance (Table 2), the effect of time on lower-limb
strength, perceived exertion, shooting accuracy in the
stationary position, and shooting accuracy in the jumping
position was significant (P = 0.001, 0.006, 0.007, and 0.002,
respectively). Additionally, the effect of group on handgrip
strength and shooting accuracy in the stationary position was
significant (P = 0.002 for both). The time x group interaction
effect was also significant for lower-limb strength, dominant
handgrip strength, peak anaerobic power, shooting accuracy
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in the stationary position, and shooting accuracy in the
jumping position (P =0.011, 0.002, 0.011, 0.024, and 0.025,
respectively).

Conclusion

The present study demonstrated that acute caffeine
supplementation  following  fatigue induction can
significantly enhance physical and motor performance in
young female athletes. This improvement includes increased
peak explosive power, upper-limb isometric strength, lower-
limb strength, and accuracy in skill performance. The study
results indicate that caffeine, as an effective stimulant with
multiple  mechanisms—including adenosine  receptor
antagonism, increased calcium release, and enhanced central
nervous system activity—leads to increased alertness,
reduced perceived fatigue, and improved muscle response
and skill performance. Therefore, caffeine supplementation
can be considered an effective complementary strategy to
enhance motor and physical performance in female athletes,
particularly under fatigue conditions. However, attention to
the dosage and individual athlete conditions is essential
when using this supplement.
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