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The Effects of Caffeine Supplementation on Countermovement Jump Performance and Reaction Time in Recreational Athletes
[bookmark: _Toc1490226031][bookmark: _Toc226117930]Abstract
[bookmark: _Int_SBnND9xO][bookmark: _Int_okaQHvoQ]Introduction and aims: Caffeine is widely recognised as an ergogenic aid and has been shown to improve several aspects of athletic performance. However, findings across the literature remain inconsistent, particularly when examining power-based and cognitive performance outcomes in recreationally active populations. Therefore, the aim of this study was to investigate the effects of acute caffeine supplementation on countermovement jump (CMJ) performance and reaction time in recreationally active individuals. Method: A randomised, double blinded, placebo-controlled crossover design was used. Ten recreationally active male participants completed both caffeine and placebo conditions. Caffeine was administered in gum form at a fixed dose of 300mg, with an identical placebo gum used for comparison. CMJ performance was assessed using a force platform, and reactive performance was measured using a 30-second BlazePod test. Paired samples t-test were used to compare caffeine and placebo conditions, and a Pearson's correlation was conducted to examine the relationship between changes in CMJ performance and reactive performance. Results: The results showed that CMJ performance was significantly higher in the caffeine condition (34.36 ± 7.88 cm) compared to placebo (32.17 ± 6.42 cm), representing a 6.37% increase (t(9) = 2.501, p = 0.034, d = 0.791). In contrast, reactive performance showed only a minimal increase in the caffeine condition (62.6 ± 5.58) compared to placebo (62 ± 5.31), with no significant difference between conditions (t(9) = 0.563, p = 0.588, d = 0.178). Correlation analysis revealed no significant relationship between changes in CMJ performance and reactive performance (r = 0.101, p = 0.780). Discussion and conclusion: In conclusion, caffeine supplementation improved lower-body explosive power but did not meaningfully affect reaction time. These findings suggest that the ergogenic effects of caffeine may be task-specific, with more consistent benefits observed in explosive physical tasks than in more complex reactive tasks. 
[bookmark: _Toc659214240][bookmark: _Toc226117931]Introduction
[bookmark: _Int_N4wMTgHp][bookmark: _Int_oMh9h3h4]Caffeine is one of the most widely used psychoactive substances among the general population and is commonly ingested through beverages such as coffee, tea, and energy drinks, as well as through dietary supplements. In sport and exercise settings, caffeine is commonly used for its potential performance enhancing effects and is recognised as a legal ergogenic aid (Tallis et al., 2021). It’s widespread availability, low cost and legal use in competitive sport have contributed to its popularity with elite and recreational athletes. Unlike banned substances, caffeine use reflects real world practice, making it a relevant focus for sports science research. From a physiological standpoint, caffeine mainly applies its effects through the central nervous system by blocking adenosine receptors, which can increase alertness, reduce perceptions of fatigue, and enhance neural drive (Fiani et al., 2021). These characteristics provide a valid mechanistic basis for the research of caffeine's influence on both physical and cognitive aspects of athletic performance. 
[bookmark: _Int_1P1Ef715][bookmark: _Int_vrQYla7p]Caffeine supplementation has been heavily researched for its effects on exercise performance, with consistent evidence demonstrating ergogenic benefits across a range of physical activities (Antonio et al., 2024). Research has shown that caffeine can improve endurance performance by delaying fatigue and improving time-to-exhaustion; These effects are largely accredited to central nervous system stimulation and reduced perception of effort (McLellan, Caldwell and Lieberman, 2016). In addition to endurance-based activities, caffeine has also been shown to improve aspects of anaerobic and high intensity exercise, including strength, power output, and repeated sprinting (Guest et al., 2021). These effects are thought to be facilitated through increased motor unit recruitment, enhanced neuromuscular function, and improved alertness (Guest et al., 2021). However, despite a large amount of evidence, findings across studies are not entirely consistent, with some reporting minimal or no performance effects (Nana et al., 2025; Weippert et al., 2025). This variability suggests that the ergogenic effects of caffeine may be influenced by factors such as exercise modality, testing protocols, participant characteristics, and habitual caffeine consumption, indicating that caffeine's performance effects are task and population dependant (Martins et al., 2020). 
[bookmark: _Int_H0fgINmx]The countermovement jump (CMJ) is a widely used and reliable measure of lower body explosive power and neuromuscular function (Anicic et al., 2023). It is commonly used in sports science research due to its high reliability, sensitivity to acute performance changes, and strong relevance to athletic performance such as sprinting, jumping and rapid changes of direction (Claudino et al., 2017). CMJ performance is considered a meaningful indicator of power-based performance in both sport and laboratory settings (Knihs et al., 2021). Given caffeine's suggested effects on central nervous system, activation and motor unit recruitment, many studies have looked at its influence on CMJ performance, with some finding improvements in jump height, peak force, or power output following acute caffeine consumption (Lago-Rodriguez et al., 2021). However, findings across the literature can be inconsistent, with other studies reporting minimal or non-significant effects (Gawel et al., 2022). These inconsistencies may be a result of differences in dosage, supplementation form, participant training status, and testing protocols, highlighting the need for further research (Filip et al., 2020). 
[bookmark: _Int_ffz4wS9z][bookmark: _Int_2KYVE5RV][bookmark: _Int_QQnrSYCu][bookmark: _Int_YceZPyGr][bookmark: _Int_EVQ9bKnB]Reaction time is an important component of athletic performance, particularly in sports that require rapid decision making, and responses to external stimuli (Pojskic et al., 2019). Faster reaction times have been associated with improved performance outcomes in activities such as sprint starts, ball sports and change of direction tasks, as well as reduced risk of injury (Sun et al., 2025; Rentz et al., 2021). Given that reaction time is highly influenced by central nervous system function, it becomes relevant when looking at the ergogenic effects of caffeine (Pojskic et al., 2019). Caffeine's action in blocking adenosine receptors has been shown to improve alertness, vigilance and neural processing speed, providing a reasonable tool for improvements in cognitive performance (McLellan, Caldwell and Lieberman, 2016). Previous research has reported improvements in reaction time following caffeine consumption; however, other studies have observed no significant effects (Hayat, Sharma and Minhaj, 2022; Oliver et al., 2022). These inconsistent findings may reflect differences in test protocol, task complexity, participant characteristics and habitual caffeine intake, suggesting that caffeine's effects on reaction time may be dependent on certain variables (Mor et al., 2024). 
[bookmark: _Int_K5MD3DOD][bookmark: _Int_H8Bf25I8]A lot of the existing research examining the effects of caffeine has focused on elite or highly trained athletes, whose physiological characteristics, training history, and supplement use may differ considerably from the wider general population of exercisers. While findings from elite groups are valuable, they may not be transferrable to recreational athletes, who represent the largest group of caffeine consumers in a real-world setting (Jodra et al., 2020). Recreationally active people may differ in factors such as training status, neuromuscular efficiency, and habitual caffeine intake, which can all influence the response to caffeine consumption (Davar Khodadadi et al., 2025). Despite this, recreational athletes are underrepresented in the research, particularly in studies that examine power based and cognitive performance outcomes (Jodra et al., 2020). In many recreational sport settings, such as football, rugby, and sprint-based activities, performance is heavily dependent on both rapid reactions to external stimuli and the ability to produce explosive lower-body force (Suchomel, Nimphius and Stone, 2016; Albaladejo-García, García-Aguilar and Moreno, 2023). Improvements in reaction time and muscular power may therefore provide meaningful performance benefits in these contexts. Addressing this gap is important to improve the validity of caffeine research and to better understand its practical implications for the broader population. 
Therefore, the purpose of this study was to investigate the effects of acute caffeine supplementation on CMJ performance and reaction time in recreational athletes. A randomized, double blinded, placebo-controlled crossover design was used to allow direct comparison between caffeine and placebo conditions while minimizing individual variability and potential bias. It was hypothesized that caffeine supplementation would result in significantly greater CMJ performance compared to placebo. It was also hypothesized that reaction time performance would be improved following caffeine ingestion compared to placebo. 
[bookmark: _Toc1014600207][bookmark: _Toc226117932]Literature Review
[bookmark: _Toc448162419][bookmark: _Toc226117933]Physiological Mechanisms of Caffeine as an Ergogenic Aid
[bookmark: _Int_Ofcr8qqo][bookmark: _Int_9wC9bNXS][bookmark: _Int_EthStFV2]Caffeine is widely recognised as an ergogenic aid and has been shown to influence several physiological processes related to exercise performance. One of the main ways caffeine works is by blocking adenosine receptors in the central nervous system (Bhardwaj et al., 2024). Adenosine is a neuromodulator that accumulates in the brain during long periods of being awake and metabolic activity, and is associated with the development of fatigue. As energy is utilised during exercise, adenosine levels increase, which contributes to reduced neural activity and feelings of tiredness (Silva, Del Coso and Pickering, 2025). Adenosine normally acts to slow down neural activity and promote feelings of tiredness. By blocking these receptors, caffeine increases neural activity and can leader to greater alertness and focus (Fiani et al., 2021; McLellan, Caldwell and Lieberman, 2016). This occurs because caffeine prevents adenosine from binding to its receptors, therefore reducing its inhibitory effects on the central nervous system (Ricupero and Ritter, 2024). This increased stimulation of the central nervous system may help improve cognitive processes such as reaction time and attentional performance during tasks that require rapid responses (Reichert, Deboer and Landolt, 2022).
[bookmark: _Int_J0A708SH]Caffeine has also been associated with increased levels of neurotransmitters such as dopamine and norepinephrine. These changes can improve mood, motivation, and arousal, which may positively influence both mental and physical aspects of performance (Fiani et al., 2021). The production of movement and reaction to a stimulus relies on the rapid transmission of signals from the brain to the muscles via the nervous system (Enoka and Duchateau, 2016). In addition, caffeine may enhance neuromuscular function by increasing motor unit recruitment and improving the ability of muscles to produce greater contractile force (Davis and Green, 2009). A motor unit is made up of a motor neuron and the muscle fibres it activates, and a greater recruitment and firing frequency of these motor units allows for increased force production (Enoka and Duchateau, 2016). This is particularly relevant for explosive movements such as countermovement jump, where rapid force production plays an important role in performance.
Another commonly reported effect of caffeine is a reduction in the perception of effort during exercise (Wu et al., 2025). This means individuals may feel that exercise is less physically demanding, which would allow them to perform better at a higher intensity. However, while several mechanisms have been proposed to explain the ergogenic effects of caffeine, many of these are inferred from performance outcomes rather than directly measured in studies (Bowtell et al., 2018). In addition, responses to caffeine can vary between individuals due to factors such as habitual caffeine intake, genetics, and training status, which may partly explain some of the inconsistent findings reported in the literature (Antonio et al., 2024). 
Caffeine and Lower-Limb Power Performance
Lower-limb power is a key physical attribute in many sports, as it reflects the ability to produce force rapidly during explosive movements; Actions such as sprinting, jumping, and rapid changes of direction rely heavily on lower-body power and are important determinants of athletic performance across a wide range of sports (Xu, Su and Xu, 2026). Because these movements require rapid neuromuscular activation and high rates of force production, researchers have investigated whether caffeine supplementation may enhance explosive performance (Grgic et al., 2018). As caffeine is known to stimulate the central nervous system and potentially increase motor unit recruitment, it may influence the ability of the muscles to generate force quickly (Davis and Green, 2009). Several studies have therefore examined whether acute caffeine supplementation can improve lower-body explosive power. 
Several studies have reported improvements in lower-body explosive performance following acute caffeine supplementation. These improvements have commonly been observed in jump performance tests. A study conducted by Santos-Mariano et al., (2022) examined the effects of 5mg/kg of body mass of caffeine on CMJ performance in well trained high-jumpers and reported a significant effect on CMJ height (p = 0.040, d = 0.45), peak power (p = 0.012, d = 0.41), and peak velocity (p = 0.038, d = 0.45). Similarly, a study by Bloms et al., (2016) found that ingestion of 5mg/kg of body mass in collegiate athletes resulted in increased CMJ height (p = 0.001, d = 0.42), peak force (p = 0.032, d = 0.18), and average rate of force development (p = 0.037, d = 0.17) compared with the control group. In addition, Grgic, (2022) examined the effect of 3mg/kg of body mass in recreationally trained men and reported a significant effect on jump height (p = 0.010, d = 0.14), peak power (p = 0.020, d = 0.16), peak force (p = 0.046, d = 0.11), and peak velocity (p = 0.005, d = 0.32), with many more CMJ measures analysed. Together, these findings suggest that caffeine may enhance lower-limb explosive performance through increased central nervous system stimulation and motor unit recruitment (Davis and Green, 2009). 
However, not all research has reported improved outcomes in explosive performance following caffeine supplementation. For example, Papadakis et al., (2025) examined the effects of 5mg/kg of body mass on CMJ performance in collegiate athletes and reported no significant differences in jump height between caffeine and placebo conditions (p = 0.183, d = 0.29). Similarly, Gawel et al., (2022) found that ingestion of 3mg/kg of body mass of caffeine did not significantly improve CMJ height (p = 0.417, d = 0.15), peak velocity (p = 0.533, d = 0.13), and peak power (p = 0.871, d = 0.07). In addition, another study by Ulaş Can Yildirim et al., (2023) reported that 100mg or 200mg of caffeinated gum did not significantly improve CMJ height in male soccer players (p = 0.678, d = 0.029). The results of these studies indicate that the ergogenic effects of caffeine may vary between individuals. These inconsistent findings may be influenced by several factors, including differences in participant training status, habitual caffeine consumption, supplementation timing, and variations in testing protocols used across studies (Goldstein et al., 2010). 
[bookmark: _Int_8KhZTKi5]The CMJ is commonly used in sport science research to measure lower-body explosive power. The test is widely used because it is reliable and can detect small changes in neuromuscular performance, making it useful for examining the effects of interventions such as caffeine supplementation (Anicic et al., 2023). However, research investigating caffeine and CMJ performance has produced some mixed results. While some studies have reported improvements in jump performance following caffeine ingestion, others have found no significant effect. These mixed findings suggest that further research is needed to better understand how caffeine may influence explosive power performance in different athletic populations (Grgic et al., 2018). 920
[bookmark: _Toc122871471][bookmark: _Toc226117934]Caffeine and Reaction Time Performance
[bookmark: _Int_hk3yF2LL]Reaction time is an important part of cognitive-motor performance and refers to how quickly a person can respond to a stimulus (Kan, 2024, pp.1259–1260). In many sports, faster reaction times help athletes respond more quickly to things such as a starting signal in sprinting, an opponent's movement, or a moving ball (Williams et al., 2011). Because reaction time is largely controlled by the central nervous system, it is often studied when looking at cognitive effects of caffeine supplementation. As caffeine is known to increase alertness and stimulate the central nervous system, several studies have investigated whether caffeine ingestion can improve reaction time performance (Einöther and Giesbrecht, 2012). 
[bookmark: _Int_RLaHVPdp][bookmark: _Int_UOMId1H1][bookmark: _Int_0g6uNxOg]Some studies have reported improvements in reaction time following caffeine supplementation. For example, Sainz, Collado-Mateo and Coso (2020), studied the effects of caffeine on cognitive performance in professional e-sports players and found that an ingestion of 3mg/kg of body mass had a significant decrease in simple reaction time (p < 0.01, d = 1.0). Similarly, a study by Balko et al. (2020), looked at the effect of 100mg and 3mg/kg of body mass of caffeine on visual, audial and choice reaction time performance in active sports students. Results for all tests showed that each caffeine dose showed a significant decrease in audial, visual and choice reaction time (p < 0.05). Comparably, another study by María Ramírez-delaCruz et al. (2024), investigated the effects of 3mg/kg and 6mg/kg of body mass on cognitive performance in physically active young adults. It was found that reaction time had only improved following the 6mg/kg of body mass dosage in physical reaction time (p = 0.036, d = 0.5) and motor reaction time (p = 0.008, d = 0.6). All of these findings suggest that caffeine may enhance reaction time by increasing central nervous system stimulation, which can improve alertness, attention, and the speed at which individuals respond to stimuli. 
[bookmark: _Int_vNhKlTqx]However, the findings regarding caffeine and reaction time are not entirely consistent. For example, de Almeida et al. (2023) did a protocol of caffeine's effect on Stroop task performance in professional soccer players. Before a protocol of small sided games, the players ingested 5mg/kg of body mass of caffeine or placebo and completed the Stroop task before and after. It was found that the caffeine dose had a detrimental effect on reaction time in the Stroop task in the neutral condition (neutral word, p = 0.009), and the congruent condition (correspondent colour, p = 0.045). Similarly, Surratt et al. (2021) reported that ingestion of 125mg of caffeine did not significantly influence reaction time compared to placebo in college students (p = 0.687). 
Many studies examining caffeine and reaction time have used computer based cognitive tests. While these tests can provide useful information about cognitive processing, they may not fully reflect the reaction demands seen in sport (Sainz, Collado-Mateo and Coso, 2020; Balko et al., 2020; de Almeida et al., 2023). In sporting situations, reaction time often involves responding to visual stimuli while performing physical movements. Therefore, investigating reaction time using more applied testing methods in athletic populations may help provide a better understanding of the practical effects of caffeine supplementation on performance. 
[bookmark: _Toc11882462][bookmark: _Toc226117935]Individual Variability in Caffeine Response
The ergogenic effects of caffeine are not the same for everyone, with responses varying between individuals (Nehlig, 2018). One factor that may influence this is habitual caffeine intake. Individuals who regularly consume caffeine may develop a tolerance, which could reduce its performance enhancing effects. However, findings in this area are mixed, with some studies suggesting reduced responses in habitual users, while others report no significant impact of regular caffeine consumption on performance (Pickering and Kiely, 2018; Grgic et al., 2019). Genetic differences may also play a role, as variation in caffeine metabolism can affect how individuals respond to supplementation, meaning some people may experience greater benefits than others (Guest et al., 2018). In addition, training status can influence caffeine's effects, as trained athletes' response to caffeine may differ from recreationally active individuals (Davar Khodadadi et al., 2025). Therefore, research conducted on highly trained athletes may not directly apply to reactional populations, highlighting the importance of researching caffeine's effects in recreationally active individuals (Pickering and Kiely, 2017). 
[bookmark: _Toc2049741498][bookmark: _Toc226117936]Summary and Research Rationale
[bookmark: _Int_au1VbVcz]Overall, previous research suggests that caffeine supplementation may improve both physical and cognitive aspects of performance, including muscular power and reaction time (Grgic et al., 2018; Sainz, Collado-Mateo and Coso, 2020). However, findings across the literature remain inconsistent, with some studies reporting significant improvements and others reporting little to no effect (Papadakis et al., 2025; de Almeida et al., 2023). These inconsistencies may be due to differences in study design, participant characteristics, and testing protocols (Pickering and Kiely, 2017). In addition, much of the existing research has focused on highly trained athletes or elite athletes, with less attention given to recreationally active individuals. These findings can be useful for recreational sport settings to improve performance outcomes. Most studies that have examined the effects of caffeine on reaction time have used computer-based tests (e.g. Stroop task), which may not fully reflect the demands of sport performance (Einöther and Giesbrecht, 2012). More applied testing methods have received limited attention (e.g. Blazepods), highlighting a need for research using sport specific reaction time assessments. Furthermore, little of the research has examined both explosive performance and reaction time within the same study (McLellan, Caldwell and Lieberman, 2016). Therefore, further research is needed to better understand the effects of caffeine consumption on both countermovement jump performance and reaction time in recreational athletes. 
[bookmark: _Toc1917121095][bookmark: _Toc226117937]Aims
The purpose of this study is to investigate whether acute caffeine supplementation can improve lower-body power and reaction time, both of which are important components of athletic performance. While caffeine has been widely studied as an ergogenic aid, its effects on both physical and cognitive performance outcomes, particularly in recreational athletes, remain unclear.
Therefore, this study aims to examine the effects of caffeine supplementation on countermovement jump (CMJ) performance and reaction time in recreationally active individuals, through comparison of caffeine and placebo conditions.
[bookmark: _Toc736572652][bookmark: _Toc226117938]Objectives
· To compare CMJ height and peak power between caffeine and placebo conditions.
· To assess differences in reaction time performance following caffeine and placebo conditions.
· To examine the relationship between changes in CMJ performance and reaction time under caffeine conditions.
[bookmark: _Toc450086334][bookmark: _Toc226117939]Hypotheses
· H1: Caffeine ingestion will significantly increase CMJ height and peak power compared to placebo.
· H2: Caffeine ingestion will significantly improve number of taps in the Blazepod reaction time test compared to placebo.
· H3: There will be a positive association between improvements in CMJ performance and reaction time following caffeine ingestion. 

[bookmark: _Toc444119264][bookmark: _Toc226117940]Method
[bookmark: _Toc868292688][bookmark: _Toc226117941]Study Design
[bookmark: _Int_B1qQi33Y]This study used a randomised, double-blinded, placebo-controlled crossover design. A crossover design was used, whereby all participants completed both caffeine and placebo conditions, allowing each participant to act as their own control. This approach reduces variability caused by individual differences such as fitness level, caffeine tolerance, and motivation, thereby improving the reliability of the results (Lim and In, 2021). The order of conditions was randomised using a computer-generated randomiser to minimise potential order effects. A double-blinded approach was implemented, meaning that neither the participants nor the researcher was aware of the condition being administered. This helped to reduce the influence of placebo effects and researcher bias, thereby increasing the internal validity of the study (Hrobjartsson et al., 2012). Overall, this design was chosen to ensure a high level of control, reliability, and validity when examining the effects of caffeine supplementation on performance outcomes.
[bookmark: _Toc1718833619][bookmark: _Toc226117942]Participants
A total of 10 recreationally active individuals aged between 20 and 50 years participated in this study. Participants were classified as recreationally active if they engaged in exercise training at least three times per week. This population was selected to reflect a realistic group of caffeine users in sport and exercise settings. Participants were recruited from the University of Wales Trinity Saint David (UWTSD) Carmarthen campus through word of mouth and online recruitment methods.
Participants were not excluded based on habitual caffeine consumption, allowing for the inclusion of both habituated and non-habituated caffeine users to improve the ecological validity of the study. All participants completed a Physical Activity Readiness Questionnaire (PAR-Q) and provided written informed consent prior to participation. Ethical approval for the study was obtained from the UWTSD ethics committee, and all procedures were conducted in accordance with the CASES code of conduct. Participants were informed of their right to withdraw from the study at any time without consequence.
A power analysis was conducted using G*Power to determine the required sample size (Faul et al., 2020). Based on an alpha level of 0.05, a statistical power of 0.80, and an estimated moderate effect size of 0.6 gathered from previous literature, an optimal sample size of 24 participants was required (Tangen et al., 2020; Tallis et al., 2024). 
[bookmark: _Toc1436922391][bookmark: _Toc226117943]Supplementation Protocol
[bookmark: _Int_0EhgDflU]Caffeine was administered at a moderate dose of 300mg, which is equivalent to common doses used in previous research (3-6mg/kg), depending on individual body mass (Grgic, 2022). This dosage was selected based on previous literature demonstrating improvements in both physical and cognitive performance within this dose range (Hayat, Sharma and Minhaj, 2022). Caffeine was provided in gum form, allowing for rapid absorption through the buccal mucosa; Compared to traditional capsule forms, caffeine gum has been shown to produce faster increases in plasma caffeine concentration, making it more suitable for studies requiring shorter time between ingestion and testing (Wickham and Spriet, 2018).
A placebo condition was also included, using a gum that did not contain caffeine. To maintain the double-blinded design, both caffeine and placebo gums were administered identical cups and were not visible to participants prior to ingestion and were administered by a technician to ensure the researcher was also blinded. This helped reduce the likelihood of participants identifying the condition and minimised potential expectancy effects.
Participants consumed the assigned gum approximately 15 minutes prior to testing. This timing was selected to align with the rapid absorption characteristics of caffeine gum, which allows caffeine to enter the bloodstream more quickly than capsule-based supplementation (Wickham and Spriet, 2018). All supplementation procedures were standardised across both conditions to ensure consistency and reduce variability between trials. 
[bookmark: _Toc1276933646][bookmark: _Toc226117944]Testing Procedures
[bookmark: _Int_xr2QxyXM]Participants completed all testing procedures under both caffeine and placebo conditions. Prior to each testing session, participants were instructed to refrain from caffeine, alcohol, and strenuous exercise for 24 hours to ensure consistent testing conditions and reduce external influences on performance (McLellan, Caldwell and Lieberman, 2016).
Each session began with a standardised warm-up consisting of five minutes of cycling on a wattbike at a self-selected moderate intensity (RPE 11), followed by dynamic stretching and 10 bodyweight squats (Wattbike, Nottingham, Uk; Ritchie, 2012). This warm-up was used to prepare participants for maximal effort tasks and reduce the risk of injury (Kapnia et al., 2022).
Countermovement jump (CMJ) performance was assessed using a force platform (Hur, Kokkola, Finland). Participants were instructed to perform maximal vertical jumps with hands placed on their hips to minimise the contribution of arm swing (McInnis and Donahue, 2024). A total of three jumps were performed, with 30 second rest periods provided between each attempt to minimise fatigue. The highest value from the trials was recorded for analysis, as this is commonly used to represent maximal performance (Markovic et al., 2004).
Reaction time was assessed using BlazePods, a light-based reaction system designed to measure responses to visual stimuli (BlazePod, 2024). The BlazePods were arranged in front of the participant, and participants were instructed to tap each light using either hand as quickly as possible as it illuminated. Each participant performed the test once with the test conducted for a duration of 30 seconds, and the total number of successful taps was recorded as the measure of reactive performance. A brief pilot study was conducted prior to data collection to determine whether participants should use one or both hands during the BlazePod test. Based on the findings, a two-handed protocol was selected, as it provided increased and more consistent performance across trials. This approach was therefore used for all participants during the main testing sessions.
All testing procedures were standardised across both conditions to ensure consistency and reliability of the results. 
[bookmark: _Toc652834710][bookmark: _Toc226117945]Data Analysis
All data was presented as mean ± standard deviation (SD). Statistical analysis was performed using IBM SPSS Statistics. A paired samples t-test was used to compare performance outcomes between the caffeine and placebo conditions. This test was selected as it is appropriate for analysing differences between two related conditions, where the same participants were tested under both conditions within a crossover design (Ross and Willson, 2017).
Separate paired samples t-tests were conducted for CMJ performance and reaction time performance. CMJ performance was assessed using the highest recorded jump height, while reaction time performance was measured by the total number of successful taps recorded during the BlazePod test. A Pearson’s correlation was also conducted to examine the relationship between changes in CMJ performance and reaction time between the caffeine and placebo conditions, using change scores calculated for each variable.
Statistical significance was set at p < 0.05 for all analyses. In addition to p-values, effect sizes were calculated using Cohen’s d to determine the magnitude of differences between conditions. Effect sizes were interpreted as small (0.2), medium (0.5), and large (0.8), in accordance with established guidelines (Lakens, 2013). 
[bookmark: _Toc1375208204][bookmark: _Toc226117946]Results
[bookmark: _Toc637147536][bookmark: _Toc226117947]Participant Characteristics
A total of 12 participants were recruited for the study; however, two participants withdrew prior to completion, resulting in a final sample of 10 participants included in the analysis. Participant characteristics are presented in Table 1. Participants had a mean age of 27.6 ± 11.9 years and a mean body mass of 76.55 ± 8.51 kg. Participants were classified as recreationally active, engaging in exercise at least three times per week. 
Table 1. Participant Characteristics
	Variable
	Mean ± SD

	Age (years)
	27.6 ± 11.9

	Body Mass (kg)
	76.55 ± 8.51


 
[bookmark: _Toc18898143][bookmark: _Toc226117948]Countermovement Jump
CMJ performance data are presented in Table 2 and Figure 1. Mean CMJ height was higher in the caffeine condition (34.36 ± 7.88 cm) compared to the placebo condition (32.17 ± 6.42 cm). The variability in performance was slightly greater in the caffeine condition, as indicated by the higher standard deviation. This represented a 6.37% increase in CMJ height following caffeine ingestion. Overall, the descriptive data suggests a general trend towards improved CMJ performance in the caffeine condition. Inspection of Figure 1 indicates that most participants demonstrated an increase in CMJ performance following caffeine ingestion, although the magnitude of change varied between individuals. These findings are illustrated in Figure 1, which shows the difference in mean performance between conditions alongside individual data points.
Table 2. Mean (± SD) CMJ performance in caffeine and placebo conditions.
	Condition
	Mean ± SD (cm)
	% Change

	Placebo
	32.17 ± 6.42
	-

	Caffeine
	34.36 ± 7.88
	+ 6.37%
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Figure 1. Mean (± SD) CMJ performance in caffeine and placebo conditions. Individual data points and paired responses are shown.
[bookmark: _Int_J5A7oV68]A paired samples t-test was conducted to examine the effects of caffeine supplementation on CMJ performance. The results indicated that CMJ height was significantly higher in the caffeine condition compared to placebo (t(9) = 2.501, p = 0.034, d = 0.791). The effect size indicated a moderate to large magnitude of difference between conditions. These results indicate an increase in CMJ performance following caffeine ingestion.
[bookmark: _Int_0SiJ542H][bookmark: _Int_emcKcqmw]Inspection of individual data showed that responses to caffeine varied between participants. Most participants improved their CMJ performance in the caffeine condition compared to placebo, as shown by the general upward trend in Figure 1. However, the size of the improvement was not the same for all participants. Some showed larger increases in jump height, while others only showed small changes. A small number of participants showed little to no difference between conditions, highlighting some variation in response. Overall, while CMJ performance generally improved with caffeine, the level of improvement differed between individuals. 
[bookmark: _Toc1112912470][bookmark: _Toc226117949]Reaction Time
Reactive performance data are presented in Table 3 and Figure 2. Mean reactive performance was slightly higher in the caffeine condition (62.6 ± 5.58) compared to the placebo condition (62 ± 5.31). However, the difference between the conditions was miniscule, and the variability in performance was similar across both conditions. Overall, the descriptive data suggest only a minimal difference in reactive performance following caffeine ingestion. These findings are illustrated in Figure 2, which shows similar distributions between conditions alongside individual data points. 
Table 3. Mean (± SD) reactive performance (BlazePod) in caffeine and placebo conditions.
	Condition
	Mean ± SD
	% Change

	Placebo
	62 ± 5.31
	-

	Caffeine
	62.6 ± 5.58
	+ 0.97%



[image: ]
Figure 2. Mean (± SD) BlazePod performance (successful taps in 30 seconds) in caffeine and placebo conditions. Individual data points and paired responses are shown.
[bookmark: _Int_DWG13VtI]A paired samples t-test was conducted to examine the effect of caffeine supplementation on reactive performance. The results indicated that there was no significant difference between the caffeine and placebo conditions (t(9) = 0.563, p = 0.588, d = 0.178). The effect size indicated a small magnitude of difference between conditions. These results indicate that caffeine ingestion did not meaningfully affect reactive performance following caffeine supplementation.
Inspection of individual data showed that responses to caffeine varied between participants. Some participants demonstrated small improvements in reactive performance in the caffeine condition, while others showed little to no change or slight decrease. There was no clear overall trend, with individual responses appearing mixed across conditions. The spread of data points in Figure 2 highlights the similarity between the caffeine and placebo conditions, with a large overlap in performance values. Overall, these findings suggest that caffeine did not produce a consistent effect on reactive performance across participants. 
[bookmark: _Toc458684430][bookmark: _Toc226117950]Relationship Between Changes in CMJ Performance and Reaction Time
A Pearson’s correlation was conducted to examine the relationship between changes in CMJ performance and reactive performance between conditions. The results indicated that there was no significant relationship between the two variables (r = 0.101, p = 0.780). The strength of the correlation was very weak, suggesting that changes in CMJ performance were not associated with changes in reactive performance. These findings indicate that participants who showed improvements in CMJ performance did not necessarily demonstrate similar changes in reactive performance. Overall, this suggests that the effects of caffeine on lower-body power and reaction time may occur independently of one another. 
[bookmark: _Toc589674543][bookmark: _Toc226117951]Discussion
The aim of this study was to examine the effects of caffeine supplementation on CMJ performance and reaction time in recreationally active individuals. The results showed that CMJ performance was significantly higher in the caffeine condition compared to placebo, indicating an improvement in lower-body power following caffeine ingestion. In contrast, no significant difference was found in reactive performance between conditions, with only a small effect size reported. Additionally, correlation analysis revealed no significant relationship between changes in CMJ performance and reaction time, suggesting that improvements in one variable were not associated with changes in the other. Overall, these findings indicate that caffeine had a positive effect on CMJ performance but did not meaningfully influence reaction time in this study. 
[bookmark: _Toc909472737][bookmark: _Toc226117952]Countermovement Jump Performance
The results of this study found that CMJ performance was significantly improved following caffeine ingestion, indicating a positive effect on lower-body explosive power in recreationally active individuals. These findings are consistent with previous research that has reported improvements in explosive performance following caffeine supplementation, suggesting that caffeine can enhance neuromuscular function (Santos-Mariano et al., 2022; Bloms et al., 2016; Grgic, 2022; Guest et al., 2021). However, the magnitude of improvement observed in this study appears to be slightly greater than what is reported in some previous studies, which have often found smaller effect sizes (Grgic et al., 2019). For example, Santos-Mariano et al., (2022) reported a relatively moderate effect size in CMJ performance following caffeine ingestion, which may be due to the population being well trained high jumpers rather than recreational athletes. In contrast, this study utilised recreationally active participants, who may show a greater response to caffeine due to lower baseline neuromuscular efficiency (Pickering and Kiely, 2017). 
[bookmark: _Int_yg3F26dQ][bookmark: _Int_uNhznLee][bookmark: _Int_RbUxpU4E][bookmark: _Int_8hyWt71N]One possible explanation for the improvement observed in this study is the effect of caffeine on the central nervous system, particularly its role in increasing neural drive. Increased motor unit recruitment may have allowed participants to produce greater force during the concentric phase of the CMJ, resulting in higher jump height performance (Guest et al., 2021; Enoka and Duchateau, 2016). Additionally, the moderate to large effect size reported in this study suggests that the improvement was not only statistically significant but also practically meaningful. This is particularly relevant in applied settings, where even small improvements in explosive performance can have a meaningful impact on performance outcomes (Borg et al., 2023). The relatively large effect size observed may suggest that caffeine had a consistent effect across participants, despite some individual variation. It is also important to consider the characteristics of the participants used in this study. Participants were recreationally active rather than highly trained or elite athletes, which may have influenced the magnitude of the response to caffeine; recreational individuals might have had a better response for performance improvements compared to trained athletes, who are often closer to their physiological capabilities (Pickering and Kiely, 2017). As a results, the effects of caffeine may be more noticeable in this population. This may explain why a significant improvement and relatively large effect sizes were observed in this study compared to some previous research involving highly trained or elite athletes.
[bookmark: _Int_p7GSLgj5]Despite these findings, it is important to acknowledge that not all of the research has reported improvements in CMJ performance following caffeine ingestion. Some studies have shown no significant effects, which may be explained by differences in caffeine dosage, timing of ingestion, or testing protocols (Papadakis et al., 2025; Guest et al., 2021). In this study, the controlled experimental design may have helped to reduce variability, allowing the effects of caffeine to be more clearly observed (Lim and In, 2021).
Overall, the findings of this study support the use of caffeine as an ergogenic aid for improving explosive lower-body performance. However, the variability in responses highlights the importance of considering individual differences when interpreting the effects of caffeine on performance (Pickering and Kiely, 2017). 
[bookmark: _Toc1961040875][bookmark: _Toc226117953]Reactive Performance
This study found that caffeine supplementation did not result in a significant improvement in reaction time, with only a small effect size observed. This suggests that caffeine had a minimal influence on participants’ ability to respond to visual stimuli within the context of this study. Although some individuals demonstrated slight improvements in performance, these changes were not consistent across the study and did not translate into a meaningful overall effect. This indicates that, unlike CMJ performance, reaction time may not be as responsive to caffeine ingestion in recreationally active individuals.
These findings are consistent with some of the previous research that has reported limited or no effect of caffeine on reactive performance, particularly in tasks that involve more than simple stimulus response actions (de Almeida et al., 2023; Surratt et al., 2021). However, other studies have demonstrated improvements in reaction time following caffeine ingestion, especially when using controlled computerized tests like the Stroop task (Sainz, Collado-Mateo and Coso, 2020; María Ramírez-delaCruz et al., 2024). In these studies, participants were required to respond to visual stimuli using simple, isolated cognitive tasks that minimised physical movement and coordination demands; whereas this study utilised the BlazePod test, which required participants to pair visual perception with rapid physical response. This methodological difference suggests that the ergogenic effects of caffeine on reaction time may be influenced by the specific nature of the task, with simpler tasks being more sensitive to changes in cognitive processing speed (Einöther and Giesbrecht, 2012; Lorist and Tops, 2003). In comparison, tests like the BlazePod test that require a combination of perception, decision making, and movement may not show the same level of responsiveness.
A key factor that might explain the findings of this study is the complexity of the reaction time test used. The BlazePod protocol required participants to not only detect a visual stimulus but also physically respond to it, incorporating elements of coordination and movement execution. This added complexity may have influenced how any stimulatory effects of caffeine were expressed in performance. While caffeine is known to increase alertness and reduce feelings of fatigue, these effects might be more relevant to tasks that isolate cognitive processing rather than those that involve multiple interacting components (Guest et al., 2021). As a result, any improvements in neural processing speed may not have been sufficient to produce a measurable change in the participants performance during the test.
[bookmark: _Int_QvsTYufv]The pattern of individual responses further supports this interpretation. The data showed considerable variability, with some participants improving slightly and others showing little to no changes or even small decreases in performance. This lack of a clear trend suggests that the effects of caffeine on reaction time may not be consistent across individuals, particularly when the task includes coordination as well as speed (McLellan, Caldwell and Lieberman, 2016). It is possible that the individual differences in responsiveness to caffeine, as well as well as familiarity with the BlazePod test, contributed to this variability.
[bookmark: _Int_CqOqc2v8]In addition, the small effect size observed in this study indicates that even where changes did occur, they were minimal in magnitude. This suggests that caffeine may have limited practical relevance for improving reaction time in applied settings like the test used in this study. To conclude, these findings suggest that while caffeine is often effective for enhancing physical performance (Guest et al., 2021), its effects on reaction time are less clear and may depend on the specific demands of the task being performed (McLellan, Caldwell and Lieberman, 2016). 
[bookmark: _Toc1004117325][bookmark: _Toc226117954]Comparison of Performance Outcomes
When comparing the findings of this study, a clear difference is evident between the effects of caffeine on CMJ performance and reaction time. While CMJ performance was significantly improved following caffeine ingestion, reaction time showed no meaningful effects. This suggests that caffeine had a more consistent effect on tasks involving lower body explosive power than those requiring rapid response to visual stimulus.
One explanation for this difference lies in the underlying demands of each task. CMJ performance is highly dependent on neuromuscular factors such as force production, rate of force development, and motor unit recruitment, all of which are influenced by central nervous system stimulation (Grgic et al., 2018). As a result, increases in neural drive following caffeine ingestion may translate into improve performance in explosive movements such as the CMJ (Guest et al., 2021).
[bookmark: _Int_cUz2y1ET]In contrast, the reaction time test used in this study required the participants to respond to randomly illuminated pods positioned in front of them, with each response triggering the next stimulus. This meant that performance was not limited to simple reaction time, but also involved visual scanning, decision making, and repeated upper body movement. The inclusion of these additional components may have influenced how any stimulatory effects of caffeine were expressed, as improvements in neural activation alone may not have been sufficient to enhance overall performance in a task requiring multiple processes to be coordinated (McLellan, Caldwell and Lieberman, 2016). 
[bookmark: _Int_xOv5wZ3H]The difference in outcomes is further supported by the lack of a significant relationship between changes in CMJ performance and reaction time. This suggests that improvements in lower body power did not correlate with improvements in reaction time, reinforcing the idea that these performance outcomes are influenced by different underlying mechanisms.
Overall, these findings indicate that the ergogenic effects of caffeine are task specific, with more consistent benefits observed in activities that rely on rapid force production compared to those that involve more complex, multi component responses (Einöther and Giesbrecht, 2012). 
[bookmark: _Toc51615755][bookmark: _Toc226117955]Practical Implications
[bookmark: _Int_UmbvYXpR]The findings of this study have several practical implications for recreationally active individuals. The significant improvement in CMJ performance following caffeine ingestion suggests that caffeine may be an effective strategy for enhancing lower body power in activities that require explosive movements (Guest et al., 2021). This may be beneficial in sports such as sprinting, jumping, or resistance training, where ability to produce force quickly is important for performance (Suchomel, Nimphius and Stone, 2016).
For individuals that do gym-based training, caffeine supplementation may help improve performance during exercises that involve maximal or near maximal efforts, such as plyometrics or lower body strength exercises. Even small improvements in explosive performance may contribute to greater training adaptations over time (Egan and Zierath, 2013).
[bookmark: _Int_eEqiHxeQ]However, the lack of significant effect on reaction time suggests that caffeine may not provide the same benefits for tasks that require quick responses to external stimuli. This may be relevant for activities where decision making and coordination are important, as improvements in these areas may not be achieved through caffeine supplementation alone (McLellan, Caldwell and Lieberman, 2016). Overall, caffeine may be most beneficial when used to enhance physical performance, particularly in tasks that rely on rapid force production. 
[bookmark: _Toc1794342763][bookmark: _Toc226117956]Strengths and Limitations
[bookmark: _Int_8tKNBEc5]This study had a number of strengths, alongside some limitations that should be considered when interpreting the findings. A key strength was the use of a randomized crossover design, which allowed each participant to act as their own control. This helps reduce the impact of individual differences and makes comparison between conditions more reliable (Lim and In, 2021). In addition, the use of a placebo condition and double blinding helped reduce potential bias and expectancy effects (Hrobjartsson et al., 2012).
The method used to measure CMJ performance was also a strength. A force platform was used, which provides accurate and reliable data (Hur, Kokkola, Finland). Participants completed three jumps, with the best score recorded, helping to reduce variability and ensure that peak performance was used. A familiarization session was also included before testing, which helped participants get used to the tests that was going to be conducted in the study (Bright et al., 2025). The warm-up was standardised for everyone, and the order of the testing was randomised, which helped to keep conditions consistent. The use of practical performance tests also makes the findings more relevant to real world sport and training settings.
[bookmark: _Int_itLYcf3O]However, there are several limitations that should be acknowledged. The sample size was relatively small (n = 10), which was lower than the number suggested by the power calculation. This may have reduced the ability to detect smaller effects, particularly for reaction time (Button et al., 2013). The use of a fixed caffeine dose, rather than adjusting it based on body weight, is another limitation. This means that participants may have received different relevant doses, which could have influenced how they responded to the supplementation. Testing was also not carried out at the same time of day for all participants, which may have affected performance due to natural fluctuations throughout the day. In addition, food intake before testing was not controlled. As well as that, habitual caffeine intake was not recorded or controlled, which may have influenced individual responses to caffeine supplementation. Participants with higher regular caffeine consumption may have had a reduced sensitivity to its effects, potentially contributing to the variability observed in the results (Pickering and Kiely, 2017). Finally, the study only included male participants, which may limit how well the findings apply to females. As a result, the findings should be considered within the context of the participants used. 
[bookmark: _Toc556681151][bookmark: _Toc226117957]Future Research
Future research should aim to build on the findings of this study by addressing some of its limitations. Increasing the sample size would improve statistical power and allow for a more accurate assessment of the effects of caffeine on both CMJ performance and reaction time (Button et al., 2013). Given the lack of a significant effect on reaction time in this study, future studies may benefit from using alternative reaction time assessments, including simpler computer-based tests, to determine whether task complexity influences the effectiveness of caffeine. This may help to identify whether caffeine has a greater impact on isolated cognitive process compared to more applied tasks (Einöther and Giesbrecht, 2012). In addition, future research could examine the influence of habitual caffeine intake on performance outcomes, as individual tolerance may affect responsiveness to supplementation (Pickering and Kiely, 2017). Finally, further research into the relationship between different performance outcome measures, such as strength, power, and reaction time, may help to better understand whether improvements in one area translate to others. 
[bookmark: _Toc1056974443][bookmark: _Toc226117958]Conclusion
[bookmark: _Int_nmiZ5nBk]The aim of this study was to examine the effects of caffeine supplementation on CMJ performance and reaction time in recreationally active individuals. The findings demonstrated that caffeine ingestion resulted in a significant improvement in CMJ performance, indicating a positive effect on lower body power. In contrast, no significant effect was observed for reaction time, with only a small and inconsistent change between conditions. These results suggest that caffeine may be more effective for enhancing physical performance, especially in tasks that require rapid force production, than improving reaction time in more complex, applied tasks. The lack of a relationship between changes in CMJ performance and reaction time further supports the idea that these aspects of performance are influenced by different underlying mechanisms. The findings of this study are broadly consistent with previous research, which has shown that caffeine can improve explosive performance; although effects on reaction time were not observed, possibly due to variation in task complexity compared to other reactive performance tests used at in previous studies. From a practical perspective, the results of this study suggest that caffeine supplementation may be beneficial for recreationally active individuals aiming to improve performance in activities that rely on explosive power. However, its use may be less effective for enhancing tasks that require quick responses to external stimuli.
[bookmark: _Int_1uO4q9U5]In conclusion, caffeine appears to be an effective ergogenic aid for improving lower body power, but its effects on reaction time are less consistent. These findings contribute to the existing body of research by highlighting the task specific nature of caffeine's effects on performance. 
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