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A B S T R A C T   

Background: Caffeine is commonly used as an ergogenic aid to increase strength and endurance in 
athletes. The results of meta-analyses in this regard are still conflicting. Therefore, the current 
umbrella meta -analysis was conducted to determine the effects of caffeine supplementation on 
muscle strength and endurance as a clear and final conclusion. 
Methods: Relevant studies were searched in international databases including PubMed, Scopus, 
and Web of Science until August 15, 2022. Meta-analysis studies examining the effects of caffeine 
supplementation on muscle strength and endurance were included in this study. Random effects 
model was used to perform meta-analysis. Additional analyses including subgroup and sensitivity 
analyzes were performed. 
Findings: In general, 9 meta-analyses were included in the study. The results showed that caffeine 
supplementation led to a significant increase in muscle strength (SMD = 0.18, 95 % CI: 0.14, 0.21; 
p < 0.001) and muscle endurance (SMD = 0.30, 95 % CI 0.21, 0.38; p < 0.001). 
Conclusion: Meta -analysis showed the significant effects of caffeine consumption on muscle 
strength and muscle endurance. Due to the lack of evidence, further studies are needed in the 
women’s population.   

1. Introduction 

Dietary supplements are widely used by athletes at all levels of sports. Athletes use these supplements for various reasons, including 
improving health and performance, and providing micro- and macronutrients [1]. One of the common sports supplements among 
athletes is caffeine, which is popular due to its ergogenic effects on increasing performance [2]. Caffeine is widely found in drinks such 
as tea, coffee, and sodas, as well as in a wide variety of nutritional supplements known as "pre-workouts" [3–5]. Recently, a study has 
shown that 74 % of competitive athletes use caffeine [6]. Studies show that as a result of caffeine consumption, performance increases 
in both endurance and short-term, high-intensity exercise [7–9]. Some of the benefits attributed to the caffeine include improved 
endurance and muscle strength, increased concentration, mental alertness, and reduced fatigue [3]. Caffeine affects various organs (e. 
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g., central nervous system, Na+/K+, ATPase activity, adenosine receptors, intracellular calcium and/or plasma catecholamine con
centration, maximizing nitric oxide concentration), therefore it may be effective as an ergogenic aid to deal with decreased exercise 
performance and increase power output during the day [10,11]. 

Muscular endurance is “the ability of a muscle or muscle group to perform repeated contractions against a load for an extended 
period” [12]. Muscular strength is “the capacity to exert force under a particular set of biomechanical conditions” [13]. Muscle 
strength is very important for health, low levels of it cause loss of function, cancer and mortality [14–16]. Muscle strength plays an 
important role in sports such as shot put, and weight lifting [7]. The one-repetition maximum (1RM) test is commonly used to measure 
muscular strength [13]. 

In a meta-analysis study conducted by Grgic et al. [17], it was shown that caffeine improves muscle strength and endurance. While 
in the meta-analysis conducted by Polito et al. [18], the results showed that caffeine does not have a significant effect on muscle 
strength. Additionally, another randomized, double-blind, crossover study concluded that caffeine had no effect on muscle strength or 
endurance compared to a placebo in 9 healthy resistance-trained young men. There is disagreement among studies that have evaluated 
the effect of caffeine on exercise performance. A type of study that systematically compiles and evaluates numerous systematic reviews 
and meta-analyses on a particular research topic is called an umbrella review [19]. So far, only one umbrella meta-analysis article has 
examined the effect of caffeine on exercise performance. However, one of the limitations of this study is the small number of 
meta-analyses on muscle strength and endurance (2 articles for muscular endurance and 4 articles for muscular strength). Participants 
in the previous umbrella meta-analysis mostly included men (91.2 % for muscular endurance and 91.1 % for muscular strength), and 
there were no meta-analyses with only female participants. Therefore, the results may not necessarily be generalizable to women. 
Considering that several new meta-analyses have been published recently, including two meta-analyses exclusively in female athletes 
[20,21], this umbrella meta-analysis was carried out with the aim of investigating the effects of caffeine supplementation on muscle 
strength and endurance for clear, definitive and final conclusions to be drawn. 

2. Methods 

2.1. Search strategy 

This study is reported based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [22]. 
A search was conducted in international scientific databases including PubMed, Scopus, and Web of Science to find relevant published 
articles up to August 15, 2022. An additional search was also done on Google Scholar. The following MeSH and keywords were used to 
develop a search strategy (caffeine OR coffee) AND Endurance(OR)Performance(OR)"athletic performance"(OR)"muscle strength"(
OR)"resistance exercise"(OR)"resistance training"(OR)"strength training" (OR)"muscle endurance"(OR)"muscular endurance"(OR)"
Endurance Training"(OR)"Physical Endurance") OR ("Muscle Strength") OR ("Athletic Performance") AND ("meta-analysis") OR 
("meta"). After completing this part of the search process, in order to minimize the loss of articles, we examined the reference list of the 
included studies and added the articles that met the inclusion criteria. In this study, only English-language articles were considered. 
The protocol of the study has been registered on PROSPERO (CRD42023430574), an international database of systematic review 
protocols managed by the Centre for Reviews and Dissemination at the University of York, England [23]. 

2.2. Eligibility criteria 

The inclusion criteria were applied using the Participant-Intervention-Comparison-Outcome (PICO) process as follows: 
(1) Participants: both healthy men and women; (2) Intervention: studies examining the acute effect of caffeine consumption on 

muscle strength or muscle endurance; (3) Comparison: control or placebo group; (4) Outcome: muscular strength and/or muscular 
endurance. 

Studies having abovementioned characteristics and providing effect size (ES) and corresponding confidence interval (CI) for the 
effect of caffeine on strength and endurance were included in the umbrella meta-analysis. Original studies, congress abstracts, 
narrative reviews and systematic reviews without data synthesis were excluded from the study. 

2.3. Study selection 

The articles found from the databases were entered into "Endnote20″ software and were initially evaluated in terms of duplication. 
After removing the duplicates, the titles of all the articles were reviewed, and finally, the remaining articles were included in the study 
by reviewing the abstracts and then the full text of the published articles. Reasons for exclusion were recorded at each stage. Two 
independent reviewers (HT and SKH) performed this process. Any discrepancies in the study selection and exclusion process were 
resolved in consultation with a third reviewer (MZ). 

2.4. Data extraction 

One reviewer (HT) collected data on the studies’ characteristics in excel format using a predesigned checklist, which was then 
double-checked by another reviewer (SKH). 

Data extracted from each study include the first author’s name, publication year, country, gender, number of included studies, 
number of participants, supplementation dosage, type of caffeine, time of caffeine consumption, test of muscular strength or muscular 
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endurance, and effect size (ES) and 95 % confidence intervals (95 % CIs). 
The data for one included study [24] were presented as a figure (ES and CI). Get Data Graph Digitizer software was used to extract 

the data for this study. 

2.5. Methodological quality and assessment of the certainty 

Quality assessment was performed by two reviewers (HT and SKH), independently. Consensus was reached with assist of third 
reviewer (MZ) to resolve disagreements. In order to assess the methodological quality of published meta-analyses, the validated 
Assessing the Methodological Quality of Systematic Reviews 2 (AMSTAR2) checklist was used. 

The AMSTAR2 checklist had 16 items. Response options for each item include “yes” or “partial yes” or “no” or “no meta-analysis”. 
Based on the final score of this checklist, the quality of the articles was classified as “Critically low quality,” “low quality,” “moderate 
quality,” and “high quality” [25]. The AMSTAR 2 checklist requires evaluating each item by responding with ’yes,’ ’no,’ ’cannot 
answer,’ or ’not applicable.’ Out of these possible answers, only the ’yes’ answer counts as a point in the total score for the assessed 
review. Based on the summary point scores, the meta-analyses were categorized as high quality (at least 80 % of the items were 
satisfied), moderate quality (between 40 % and 80 % of the items were satisfied), or low quality (less than 40 % of the items were 
satisfied), as performed previously [26–28]. 

2.6. Data synthesis and statistical analysis 

The overall effect sizes were calculated using effect sizes (ESs) and confidence intervals (CIs). These statistical measures represent 
the magnitude and precision of the observed effect, respectively.To assess heterogeneity, the I2 statistics and Cochrane Q test were 
employed, where p > 0.1 and I2 >50 %, respectively, were considered as high heterogeneity. When significant heterogeneity was 
present (I^2 > 50 % or p < 0.1), a random-effects model was employed to perform the meta-analysis, using the restricted maximum 
likelihood method (REML). Otherwise, a fixed-effects model was used. The caffeine dose, exercise tests, gender and quality of articles 
were used to conduct subgroup analysis to identify possible sources of heterogeneity. 

To determine whether the pooled effect size changes when a single study is removed, a sensitivity analysis was used. This analysis 
involved removing one study at a time from the meta-analysis and recalculating the pooled effect size to assess the impact of each 

Fig. 1. The PRISMA flow chart.  
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individual study on the overall 
result. Egger’s and Begg’s tests were used to assess the small-study effect. Begg’s test is a rank-correlation test that assesses the 

association between the effect estimates and their variances, which can indicate the presence of publication bias [29]. Egger’s test is a 
linear regression approach that regresses the standardized effect estimates against their precision (the inverse of the standard error) to 
detect asymmetry in the funnel plot, which may suggest publication bias [30]. By visual inspection, the funnel plot was evaluated for 
publication bias. An analysis of trim and fill was performed if any publication bias or small-study effect was detected. The tests for 
publication bias assessment were not performed if the number of observations was <8. STATA software (version 16, Stata Corporation, 
College Station, TX, US) was used to conduct the meta-analysis. When P < 0.05, values were considered statistically significant. 

3. Results 

3.1. Study selection and study characteristics 

In the initial search, a total of 2312 results were obtained. To avoid duplication, 172 articles that appeared in more than one 
database were excluded. The remaining 2140 articles underwent screening of titles and abstracts, after which 2098 articles were 
excluded as they did not meet the inclusion criteria (Fig. 1). After reading the full-text of 52 articles, 10 meta-analysis studies were 
found that met the inclusion criteria. One of the articles that reported ES as weighted mean difference (WMD) was excluded from the 
meta-analysis [11]. 

Four studies [18,20,24,31] assessed both muscular strength and muscular endurance. In total, 9 studies evaluated muscular 
strength [13,18,20,21,24,29,31–34], and 4 studies evaluated muscular endurance [18,20,24,31], meeting the inclusion criteria based 
on the PICO framework. Of the 2463 participants who participated in the nine studies, 1628 were in the muscular strength group and 
835 were in the muscular endurance group. The characteristics of these included studies are summarized in Table 1. Nine included 
studies were published between 2010 and 2022. The average dose of caffeine prescribed in the studies was between 1.56 mg/kg and 
5.74 mg/kg and the average duration of caffeine supplementation was 50–60 min before exercise. The location of the studies was as 
follows: five in Australia [13,20,31,32,34], one in Brazil [18], one in Spain [21], one in Tunisia [33], and one in the United States [24]. 

Table 1 
Summary of the studies included in the umbrella meta-analysis.  

Reference Number of 
included studies 
(Strength/ 
endurance) 

Location sample size 
(Strength/ 
endurance) 

Caffeine dose 
(mg/kg)/ 
caffeine form 

Timing of 
caffeine 
ingestion (min 
befor exercise) 

Muscular Strength/ 
endurance test 

Quality 
assessment scale 
and outcome 

Grgic et al. 
(2022) 
[17] 

8 Strength/7 
endurance 

Australia 141 Strength/ 
122 endurance 

1.56 
(Capsules/ 
solution/gel) 

60 Muscular endurance 
(assessed by repetitions to 
fatigue) and strength in the 
1RM test/hand grip 
strength. 

yes (Pedro) 8/ 
10 high 

Grgic et al. 
(2022) 
[35 

16 Strength Australia 353 Strength 4.14 
(Capsules/ 
drink) 

59.06 hand grip strength yes (Rob2) 16/ 
16 some 
concern 

Delleli et al. 
(2022)  
[31]] 

5 Strength Tunisia 62 Strength 4.1 (Capsules) 60 hand grip strength yes (Pedro) 5/5 
high 

Grgic et al. 
(2021) 
[36] 

6 Strength/8 
endurance 

Australia 125 Strength/ 
77 endurance 

5 (NR) 56.25 Muscular endurance 
(assessed by repetitions to 
fatigue) and strength in the 
1RM test. 

yes (Pedro) 6/8 
high 

Gomez et al. 
(2021) 
[21] 

3 Strength Spain 47 Strength 2.56 
(Capsules/ 
energy drink) 

50 hand grip strength yes (Pedro) 3/3 
high 

Grgic et al. 
(2018) 
[37] 

10 Strength Australia 133 Strength 5.5 (NR) 57 knee extensor/knee flexors/ 
elbow flexors/ankle plantar 

yes (Pedro) 9/ 
10 high 

Grgic et al. 
(2018) 
[13] 

11 Strength Australia 145 Strength 4.5 (Capsules/ 
liquid/gel) 

58.5 1RM test yes (Pedro) 11/ 
11 high 

Polito et al. 
(2016) 
[38] 

5 Strength/ 
17endurance 

Brazil 46 Strength/ 
248 endurance 

5 (Capsules/ 
liquid) 

60 Muscular endurance 
(assessed by repetitions to 
fatigue) and strength in the 
1RM test. 

yes (Pedro) 16/ 
17 high 

Warren et al. 
(2010) 
[24] 

27 Strength/ 
23endurance 

usa 576 Strength/ 
388 endurance 

5.74 (NR) NR MVC and muscular 
endurance 

yes (Pedro) 32/ 
34 high 

Abbreviations: NR = Not reported; ROB 2 = Risk of bias assessment for randomized trials; PEDro = Physiotherapy Evidence Database scale for rating 
the quality of randomized controlled trials. 
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3.2. Quality assessment 

Out of the 9 articles reviewed, 5 were classified as high quality and 4 as moderate quality, according to the criteria outlined in the 
AMSTAR2 tool, which evaluates the methodological rigor of systematic reviews and meta-analyses (Table 2). 

3.3. The effects of caffeine on muscular strength 

Overall, 9 studies (1628 participants) reported the effect of caffeine supplementation on muscle strength as standardized mean 
difference (SMD). Considerable variability was observed among studies examining the effect of caffeine consumption on muscle 
strength, with ES ranging from 0.09 to 0.395 (Fig. 2A). Only 1 of the 9 studies did not show a significant effect of caffeine supple
mentation on muscle strength. In contrast, 8 other studies showed positive and beneficial effects of caffeine on muscle strength 
compared to placebo. Combining the findings of these studies using a random effects model, it was found that caffeine supplementation 
significantly increased muscle strength (SMD = 0.18, 95 % CI: 0.14, 0.21; p < 0.001). There was significant heterogeneity between 
studies. (I2 = 0.0 %, p = 0.789), which subgroup analysis showed that gender is the source of it (Table 3). Subgroup analysis also 
showed that caffeine supplementation had a greater effect on increasing muscle strength in studies with a dose of less than 5 g/kg, in 
women, in arm strength training tests, and in high-quality studies (Table 3). There was no evidence that study-specific exclusion 
affected the overall effect size based on sensitivity analysis. The Begg’s and Egger’s tests indicated that there was no evidence of a small 
study effect (respectively P = 0.0935 and P = 0.3013). 

However, the funnel plot showed a diffusion bias. A trim and fill analysis was performed using 11 studies (two imputed studies) and 
as a result no significant difference in results was observed (SMD = 0.171, 95 % CI: 0.136, 0.206; p < 0.05) (Fig. 2B). 

3.4. Effects of caffeine on muscular endurance 

Overall, 4 studies (835 participants) reported the effect of caffeine supplementation on muscle strength as SMD. 
The ES range of the studies varied from 0.21 to 0.275. Overall, caffeine supplementation had a positive effect on muscle endurance 

and the studies showed no significant heterogeneity (SMD = 0.30, 95 % CI 0.21, 0.38; p < 0.001, I2 = 34.6 %, p = 0.205) (Fig. 3). The 
effect size was not affected by the sensitivity analysis. 

4. Discussion 

Multiple factors happen to make our muscular system work properly; muscular strength and endurance could be assessed by hand 
grip and one-repetition maximum (1RM) and hand grip respectively [33,34]. Caffeine causes changes in myocyte activity due to its 
effect on the neural system and its receptors [40]. Caffeine has been shown to increase motor unit recruitment, which may represent an 
increase in activation and attenuate exercise-induced reduction in voluntary activation [41]. Additionally, larger muscles, have a 
greater motor unit recruitment capability with caffeine intake than smaller muscles. Caffeine may also enhance muscular strength by 
altering the capacity of calcium release through the sensitization of calcium channels, inducing calcium discharge [41,42]. 

Caffeine’s inhibition of calcium currents involves mobilization of intracellular calcium, inhibition of phosphodiesterases, and 
antagonism of adenosine receptors [43]. Caffeine affects calcium release by sensitizing calcium channels, triggering the mobilization 
of calcium from intracellular stores, and affecting calcium influx through voltage-operated calcium channels (VOCCs) [43,44]. 
Caffeine affects calcium release and GABAergic transmission. One study found it inhibited calcium current, weakly inhibited sodium 
current, and had no effect on chloride current [45]; while, Kramer et al. found that caffeine stimulates calcium-induced calcium release 
(CICR) in many cell types, including neurons, and that it stimulates CICR presynaptically, leading to fast inhibition of 
glutamate-activated currents [41,42,44]. 

Caffeine induces intracellular calcium release in peripheral and central neurons [46]. The methylxanthine caffeine binds to the 
ryanodine receptors and — when used at a low concentration—enhances slow after hyperpolarization (sIAHP) in CA1 pyramidal 
neurons [47]. Neurons respond to depolarizing stimuli with a rise in the concentration of free cytosolic calcium—which is initiated by 
Ca2+ entry through voltage-gated calcium channels [48]. Caffeine has also been used to show that ryanodine-sensitive Ca2+ stores 
contain releasable Ca2+ at rest [49]. Prolonged exposure of caffeine depleted the caffeine-sensitive stores of releasable Ca2+; the degree 
of this depletion depended on caffeine concentration [50]. In noradrenergic neurons, caffeine’s major effect was to induce CICR [51]. 
In this study, an attempt was made to examine the results of nine other meta-analysis studies that investigated the effect of caffeine on 
myocyte strength and endurance during isometric activity. We analyzed the results of included studies following their qualification. 

The results of this umbrella meta-analysis study following the review of nine studies demonstrate that caffeine effects on isometric 
activities are present, however, the effects are low. Polito et al. reported the lowest overall effect and on the other hand, Gomez et al. 
reported the highest overall effect which was related to the effect of caffeine on hand grip in a female population [38,52]; The reported 
overall caffeine effect range from the remaining studies were close to overall caffeine effect in this study. Throughout the involved 
studies, caffeine was consumed in capsule or liquid form; it was consumed on average 50–60 min before the start of the isometric 
exercise test. Grgic et al. divided 16 studies into two categories of low dose and high dose according to the consumed caffeine—1 to 3 
mg/kg was considered as a low dose and 5–7 mg/kg as a high dose—They concluded that its consumption, both in low and high doses, 
is associated with an increase in muscle strength [35]. In Polito et al. study, the effectiveness of caffeine was greater in those who 
consumed more than 6 mg/kg of caffeine than those who consumed 4 mg/kg or less, and this effectiveness was greater in muscular 
endurance than muscular strength [38]. Our results similarly displayed a significant caffeine efficacy at both low and high doses. 
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Table 2 
Results of assess the methodological quality of meta-analysis.  

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Quality assessment 

Grgic et al, (2022) [17] YES YES YES YES NO NO YES YES YES NO YES YES YES YES NO NO 69 % Moderate quality 
Grgic et al, (2022) [35] NO YES YES YES NO NO YES YES YES YES NO YES YES YES NO YES 69 % Moderate quality 
Delleli et al, (2022) [31] YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES 100 % High quality 
Grgic et al, (2021) [21] YES YES YES YES NO NO YES YES YES YES YES NO YES YES YES YES 81 % High quality 
Gomez et al, (2021) [21] YES YES YES partial yes YES YES YES YES YES YES YES YES YES YES NO YES 88 % High quality 
Grgic et al, (2018) [37] YES NO YES YES YES NO NO YES YES NO YES YES YES YES YES YES 75 % Moderate quality 
Grgic et al, (2018) [13] YES NO YES YES YES YES NO YES YES YES YES YES YES YES YES YES 88 % High quality 
Polito et al, (2016) [38] YES NO YES YES YES YES NO YES YES NO YES YES YES YES YES YES 81 % High quality 
Warren et al, (2010) [39] YES NO YES YES NO NO NO YES YES YES YES YES YES YES YES YES 75 % Moderate quality  
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Fig. 2. The Forest plot (A) and the funnel plot (B) of effect of caffeine supplementation on strength.  

Table 3 
Subgroup analyses for the effects of caffeine on muscular strength and endurance.   

Effect size, n ES (95%CI) P-value I2 (%) P-heterogeneity 

Caffeine on muscular strength 
Overall 9 0.18(0.14–0.22) <0.001 0 0.789 
Dosage(mg/kg) 
<5 5 0.18(0.13–0.24) <0.001 0 0.517 
≥5 4 0.34(0.24–0.44) <0.001 0 0.752 
Gender 
Both 7 0.17(0.13–0.21) <0.001 0 0.909 
Female 2 0.25(0.05–0.44) 0.013 55.9 0.132 
Test type 
1 RM 3 0.17(0.11–023) <0.001 0 0.561 
Hand grip srength 3 0.23(0.11–0.36) <0.001 36.8 0.206 
Other test 3 0.17(0.11–0.24) <0.001 0 0.921 
Quality 
High 5 0.19(0.12–0.26) <0.001 8.6 0.358 
Moderate 4 0.17(0.13–0.22) <0.001 0 0.982 
Caffeine on muscular endurance 
overall 4 0.30(0.21–0.38) <0.001 34.6 0.205 
Dosage(mg/kg) 
<5 2 0.22(0.10–0.34) <0.001 0 0.76 
≥5 2 0.34(0.24–0.44) <0.001 33.1 0.222 
Quality 
High 2 0.35(0.25–0.46) <0.001 14.9 0.278 
Moderate 2 0.24(0.14–0.34) <0.001 0 0.518  

Fig. 3. The Forest plot of effect of caffeine supplementation on endurance.  
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Hand grip and 1RM were used to test the muscular strength and endurance [13,31,35–39,52,53]. The overall caffeine effect of the 
studies that used hand grip was higher than that of the studies that used 1RM, however, after examining the studies in separate 
subgroups based on the isometric test used, the results indicate significance effect for both subgroups. Two out of the nine studies 
reviewed investigated the effect of caffeine on the female population; a moderate overall caffeine effect was reported in those studies, 
which was higher than the overall effect calculated from the full set of studies [52,36]. On the other hand, Dellili et al., reported a 
moderate caffeine effect on muscular power in an isometric exercise test in their study on 58 males and 4 females [31]. Even though 
reviewed meta-analysis studies believed that caffeine affects muscular power during an isometric activity but Astorino et al., following 
investigating the effect of caffeine consumption on 22 trained males claimed an insignificant muscular power enhancement while, 
muscular endurance increases upon consumption; according to Ali et al., caffeine ingestion did not have an effect on countermovement 
jump height [54,55]; this means that caffeine did not improve the height of the jump in this particular test. However, other studies 
have shown that caffeine can be ergogenic for aerobic and muscle endurance, muscle strength, as well as sprint and speed performance 
[56]. Some of the included studies, in addition to examining the performance of upper body muscles, assessed the performance of 
lower body muscles influenced caffeine as well, they claimed that this supplement has a low effect and, in some cases, insignificant on 
muscular power, however, Dellili et al. a high effect following the caffeine consumption before a combat simulator [31]. Only two 
studies considered habitual caffeine intake—considering the possibility of tolerance formation after chronic caffeine consumption [53, 
36]. 

Therefore, it seems that designing more studies to investigate the participants in separate gender-based groups and taking into 
account more factors—specific physical conditions—can form a better understanding of the effect of caffeine on the myocyte’s 
function. We count the dissimilarity of the investigated populations in terms of gender and geographical distribution in the included 
studies as our most important limitation. The lack of similar studies in different races and ages is quite noticeable, so we strongly 
suggest the design of similar multicenter studies that, in addition to examining young individuals, also examines the effect of caffeine 
on middle-aged and elderly individuals. The other limitation that we faced was the lack of attention to the human body’s physiological 
changes—hormonal changes in the menstrual cycle. New Studies can develop our knowledge by observing the effect of caffeine during 
a menstrual period or before and after menopause. 

Suggestions for future research: 
Despite the existing research, there is a need for additional studies specifically analyzing the effects of caffeine in female pop

ulations. These studies should carefully account for factors such as menstrual cycle phase and the use of hormonal contraceptives to 
fully elucidate any potential sex-specific differences or moderating effects on caffeine’s ergogenic properties. 

5. Conclusion 

It seems that muscles are affected by caffeine through an increase in intracellular calcium. Therefore, muscular strength and 
endurance are improved by the consumption of caffeine. The present study shows that athletes’ performance is enhanced by caffeine in 
different doses. However, significant limitations still remain and undoubtedly handling these limitations helps to form a deeper un
derstanding. Paying attention to age and hormonal changes as two determining factors in designing similar studies are recommended. 
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