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[bookmark: _Toc551208103]Abstract
Introduction: Caffeinated chewing gum offers a clear advantage with a faster rate of absorption compared to other formats. Although caffeine's ergogenic effects are published on other formats, limited research has been published investigating maximal strength and strength-endurance utilising caffeinated gum. The aim of this study was to investigate if caffeinated gum provides an ergogenic effect on maximal strength for the deadlift and strength endurance for the bench press exercises. Methods: In a cross over, single blind study, eight resistance trained males (Age: 24.75 ± 4.4 years; Stature: 178.125 ± 5 cm; Body Mass: 86.5 ± 10.7kg) took part in one pre-experimental trial to test one repetition maximum, followed by 3 experimental trials (Placebo, 2mg/kg and 4mg/kg) one week apart per trial. After a warmup utilising the RAMP Protocol (Jeffreys, 2007), participants chewed the gum for 15 minutes before performing a one repetition maximal strength test (deadlift) followed by a muscular endurance test utilising the barbell bench press (60% 1RM). The maximal load lifted, and number of reps were assessed. Results: A one-way ANOVA indicated a significant main effect on maximal strength (F (2, X) = 4.692; p = .028) and strength-endurance (F (2, X) = 9.800; p = .002). Post-hoc tests revealed a statistically significant increase in both maximal strength and strength-endurance after an intake of 4mg/kg compared to the placebo trial. No statistically significant outcomes were present between 2mg/kg and placebo and 2mg/kg to 4mg/kg. Conclusion: An acute dose of 4mg/kg of caffeinated chewing gum improves maximal strength for the deadlift and strength-endurance for the bench press in resistance trained males.




[bookmark: _Toc1392008126]Introduction
Caffeine is one of the most popular legal supplements used in athletic performance (Guest et al.,2021), though the World Anti-Doping Agency are continuously monitoring its use with respect to safety and its ergogenic efficacy (WADA, 2025). In particular, Caffeine’s ergogenic effects are well established across a number of disciplines such as strength (Grgic et al., 2021), strength-endurance (Wilk et al., 2019), aerobic endurance (Wang et al., 2022), power (Grgic et al., 2018) and sport specific contexts (Guest et al., 2021) by enhancing cognitive performance, reducing perceived exertion and overall contributing to improved physical performance (Guest et al.,2021).
Both muscular strength and strength-endurance are fundamental components of fitness for athletic performance (Guest et al., 2021). Muscular strength can be defined as “the capacity to exert force under a particular set of biomechanical conditions (Grgic et al., 2018). Muscular endurance is “the ability to perform repeated contractions against a load for an extended period” (Kell et al., 2001). Strength-based exercises, such as the bench press and deadlift, are popular to many individuals' training cycles for athletic performance and are frequently used as a benchmark to assess maximal strength and strength endurance. The deadlift is a lower body, compound movement which is an exercise which places significant demands on the posterior chain. The deadlift is one of the three events in powerlifting and serves as a key indicator of maximal strength (Ferland and Comtois, 2019).The bench press is also a compound exercise which utilises upper body musculature (Pectoralis Major, Triceps Brachii, Anterior Deltoids) and serves as one of the events in powerlifting and is also popular for individuals prioritising muscular hypertrophy. Optimising performance in these lifts has practical implications for individuals of varied athletic ability.
From the time we wake up, our brain begins to accumulate adenosine which produces a perception of fatigue and tiredness (Walker, 2017). However, when caffeine is consumed, it works to block the action of adenosine and thus reduce the feelings of fatigue. Secondly, as a result of the blocking of adenosine, caffeine stimulates the release of catecholamines which results in a ‘fight or flight response’ which subsequently increases feelings of alertness and a reduction in pain perception and RPE which can positively influence performance. Thirdly, caffeine is suggested to have a positive effect on muscular performance through the release/uptake of calcium in the sarcoplasmic reticulum which produces stronger muscular contractions thus creating more force from the muscle. 
Yang et al. (2024) explains that Caffeine has three main mechanisms of action: (i) antagonising adenosine, (ii) stimulating catecholamine release, and (iii) enhancing the ability of the sarcoplasmic reticulum to release calcium (Figure 1). Among the three mechanisms identified, adenosine antagonism in the central nervous system was identified as the primary mechanism. 
[image: ]Figure 1 – Mechanisms of Caffeine (Yang et al., 2024)
An individual's response to caffeine can be influenced through factors such as dose, timing and the format of ingestion. Most commonly, people consume caffeine through sources such as coffee, tea, energy drinks and pre-workout supplementation (Guest et al.,2021). Studies that test caffeine for performance typically follow a standardised ingestion protocol which requires individuals to ingest caffeine 60 minutes prior to exercise (Wickham and Spriet, 2018). Harty et al (2020) concluded that “individuals can maximise ergogenic effects of caffeine by consuming the substance 1h prior to the point when peak muscular performance is desired”. However, this can depend on our variant of the genetic genotype (CYP1A2), which can affect our rate of absorption. Grgic et al (2019) suggested timings can range from 60 to 120 minutes. This can be problematic when looking for time efficient supplementation. However, research has found an alternative format in the form of caffeinated chewing gum which offers an advantage by providing a quicker absorption rate. 
Unlike traditional formats, caffeinated gum differs in its absorption pathway and the speed of its onset. Caffeinated gum absorbs primarily through the buccal mucosa (the lining of the mouth) which means the caffeine will dissolve in the saliva and absorb directly into the bloodstream bypassing the gastrointestinal system (Guest et al.,2021).  Subsequently, this allows for a faster onset of ergogenic effects, with 85% of the supplement being bioavailable within 5 minutes of chewing (Kaszuba et al., 2023). This method is also suggested to minimise common adverse side effects such as fluid overload or gastrointestinal issues (Li et al, 2025). Therefore, the use of caffeinated gum may be warranted for athletes or recreationally active individuals to enhance their performance while minimising the risk of adverse side effects.
Given caffeine's documented ergogenic benefits to strength and strength endurance, caffeinated gum is becoming a growing area for research (Barreto et al., 2023; Yang et al., 2024). While extensive studies traditionally utilise a capsule format, research surrounding caffeinated gum appears to still be limited (Barreto et al., 2023). More specifically, research on the deadlift for any format of caffeine appears to be scarce leaving some ambiguity. The barbell deadlift has been generalised to be a ‘dangerous exercise’. This could be a reason why studies on the deadlift are limited. However, studies have found that deadlift injuries in powerlifting are relatively low (Aasa et al., 2017) and the bench press and squat have a higher injury prevalence (Strömbäck et al., 2018). Alternatively, there is a chance that studies have tested for caffeinated gum on the barbell deadlift but have fallen subject to publication bias because of unsatisfied results of investigators (Nair, 2019).
On the other hand, there is more evidence to suggest that caffeine is ergogenic on the bench press (Filip-Stachnik et al., 2021; Giraldez-Costas et al., 2020; Wilk et al., 2019). However, the research specifically on caffeinated gum on the bench press is also limited and requires further research to solidify its efficacy. 
With caffeinated chewing gum gaining increased attention and research specifically for the context of sports and exercise science performance still being small, further research is warranted to solidify the efficacy caffeinated gum to warrant its practical application to athletes and recreational users across not just strength and muscular endurance but multiple modalities. Therefore, the purpose of this study is to investigate whether there is an ergogenic effect of caffeinated gum on maximal strength and muscular endurance in resistance trained individuals.



[bookmark: _Toc1164566867]Review of Literature
This section provides context to the existing literature around caffeine for strength and strength-endurance performance.
This review will firstly evaluate the formats of caffeine which are commonly used in performance. Alternative formats of caffeine will also be investigated to see their differences or similarities to traditional formats. Following this, research on the recommended timings and dose will be examined, with mention on the influence genetics play on individual response, optimal dose range and the potential adverse side effects as a result of over consumption. Finally. I will review the current research on strength and muscular endurance, particularly related to the exercises that will be utilised in the experimental sessions.
[bookmark: _Toc1032417449]Format
Caffeine is widely consumed and is available in a number of formats. The chosen format is suggested to play a role in determining its effectiveness and how quickly the onset of ergogenic effects occur (Guest et al., 2021).
Caffeine can derive from more natural forms such as coffee, tea and cocoa (Guest et al., 2021). However, caffeine is also commonly added to foods, drinks and even through pharmaceutical products such as tablet form. A popular format among athletes derives from the use of energy drinks and pre workout supplementation. (Tinsley et al., 2017). However, it is common for these formats to utilise other performance-enhancing ingredients such as beta alanine, L-Citrulline and more (Stratton et al., 2024).  Despite many other stimulants being popular, caffeine appears to be the powerhouse of pre-workouts, with Kruszewski et al. (2022) suggesting a multi-ingredient pre workout is less ergogenic and cost effective than caffeine alone. 
Research commonly utilises traditional formats – more commonly, capsules (Guest et al., 2021). However, caffeinated gum offers an advantage compared to other formats with a faster rate of absorption (Guest et al., 2021; Barreto et al., 2023; Yang et al., 2024).
To date, studies indicate that caffeinated gum is as effective as traditional formats (Li et al., 2025; Yang et al., 2024; Yildrim et al., 2023). However, research surrounding caffeinated gum for performance is still not as well researched as traditional formats and further research is warranted to determine its efficacy across different modalities and specific populations to enhance generalisability.

[bookmark: _Toc2101114638]Dose
The recommended dose for caffeine can differ depending on an individual's sensitivity to the supplement (Guest et al., 2021). Determining an appropriate dose is essential to maximise performance outcomes and minimise the risk of adverse side effects.
Research suggests that the optimal dose falls between 3 to 6mg/kg of an individual's bodyweight (Filip-Stachnik, 2021). Guest et al. (2021) also confirmed these findings and even made suggestions that doses lower than 3mg/kg can provide ergogenic effects and doses exceeding 6mg/kg provides benefits yet may provide enhanced risk. A meta-analytic review from Grgic (2022) indicates that doses as low as 1mg/kg and 2mg/kg can still elicit an ergogenic effect, however, doses exceeding lower doses are preferable. 
Studies which have investigated multiple doses have observed a dose response relationship in traditional formats with higher doses yielding superior performance outcomes (Filip-Stachnik et al., 2021; Ferreira et al., 2022; Wilk et al., 2019). However, a meta-analysis from Barreto et al. (2023) investigating caffeinated gum on exercise performance reviewed 14 papers – none of which investigated a dose response effect. Despite no dose response effect being measured, doses ≥3mg/kg were suggested (Barreto et al., 2023) which compliments existing research on traditional formats. Filip-Stachnik et al. (2021) saw a dose response relationship with 3mg/kg performing higher than placebo and 6mg/kg performing higher one rep max strength and strength endurance results than 3mg/kg. In higher doses, the dose-response relationship continues to appear. Ferreira et al. (2022) found 8mg/kg improved one repetition maximum strength more compared to 6mg/kg and placebo. Research has tested doses even higher than the study from Ferreira et al. (2022). Wilk et al. (2019) tested doses as high as 9mg/kg and 11mg/kg for bench press maximal strength. 11mg/kg displayed the highest, however, the changes in performance between 9mg/kg and 11mg/kg displayed no significant improvements. 
When taking higher doses, extra care should be taken. Higher doses of caffeine (6mg/kg>) have been reported to be at higher risk of adverse side effects such as gastrointestinal issues, anxiety, nausea and some have even reported more extreme side effects (Wilk et al., 2019). In Wilk et al. (2019) study, they had participants complete a side effects questionnaire (QUEST) immediately after finishing and after 24hrs. Despite a dose response effect occurring, a higher dose was associated with more severe side effects such as heart palpitations.






[bookmark: _Toc1450727065]Timings 
Caffeine’s ergogenic effects are time dependent. Peak effects will occur when caffeine levels in the bloodstream reach their highest concentration and can vary depending on the method of ingestion.
As previously stated, studies which utilise caffeine in athletic performance are mostly derived in the format of a capsule or tablet (Guest et al.,2021).  It is suggested that individuals ingest the capsule format 60 minutes prior to initiating physical activity to allow for full digestion and reaching peak plasma caffeine concentration (Guest et al., 2021). When looking for a time efficient ergogenic aid, caffeine in a capsule format may be problematic. However, caffeinated chewing gum offers a distinct advantage over other formats. The experimental protocol for caffeinated gum suggests that it should be ingested 15 minutes prior to initiating activity and within 5 to 10 minutes, 85% of the caffeine is bioavailable (Kaszuba et al., 2022). In light of these suggestions, a lot of studies initiate performance sooner than the 15-minute suggestions (Veiner et al., 2019; Russell et al., 2020; Ditreich et al., 2021). Unlike other formats of caffeine, the absorption of caffeinated gum differs, hence the difference in absorption rates. Whereas capsules are absorbed through the gastrointestinal tract, caffeinated gum is primarily absorbed through the buccal mucosa (the lining of the mouth) which means the caffeine will dissolve in the saliva and absorb directly into the bloodstream rather than through the gastrointestinal system.
Although traditional formats recommend consuming caffeine 60-minute pre-exercise, a one-size-fits-all approach may not suit. Grgic et al. (2019) previously emphasised how our genotypes may alter our response, leading to some individuals achieving peak plasma caffeine concentration at 90 to 120 minutes. Humans can display one of three different variations of the CYP1A2 genotype (AA, AC and CC).  Barreto et al. (2023) reported that individuals with AA variants obtain a small effect, AC a very small effect and CC a small negative effect.  Although, being aware of the diversity of humans' response to caffeine has practical implications, genotyping is unlikely to be practical to recreational individuals or athletes due to its invasive testing protocols. Therefore, it is recommended individuals test with and without caffeine to see if caffeine holds an ergogenic effect due to some individuals (CC) displaying ergolytic effects. 
In traditional formats, it is highly possible that many individuals are slower responders. Interestingly, despite the influence of the CYP1A2 genotype on caffeine metabolism, the CYP1A2 genotype affects metabolism in the liver whereas caffeinated gum is partially absorbed via the buccal mucosa (Guest et al., 2021). Therefore, the use of caffeinated gum may offer a solution to individuals who take longer to experience the ergogenic effects. However, caffeine will eventually go through the GI system and affect factors such as clearance and the duration of effects (Morris et al., 2019).

[bookmark: _Toc879425490]Caffeine on strength – Deadlift Strength
Strength is an important aspect of strength and conditioning for improving sporting performance and reducing injury risk. Commonly, strength development is suggested to be best built between 1 and 5RM which utilises heavier loading (Schoenfield et al., 2021). Heavy loading can be associated with increased neuromuscular and central fatigue which may inhibit performance. Mechanistically, caffeine plays a positive role on muscular and cognitive performance in strength by producing stronger muscular contractions, reducing perceptions of fatigue and activating catecholamine levels which activates a flight or fight response (Yang et al., 2024). This subsequently provides a reasonable rationale for it to be utilised when looking to optimise strength performance.
Caffeine has significant research highlighting its effects on strength.  Research by Astornio et al. (2008) had previously reported there were no significant strength effects with caffeine for resistance trained men. However, research has since been published confirming caffeine's ergogenic effects for both males and females (Guest et al., 2021). Research has demonstrated that caffeine may have a more ergogenic effect on lower body strength compared to upper body (Norum et al., 2020). However, studies utilising caffeine for deadlift performance appear to be scarce.
Grgic et al. (2019) previously highlighted that they were unaware of any present research investigating caffeine's ergogenic effects. Although no previous studies had been identified for deadlift maximal strength performance, Grgic et al. (2019) suggested that the same ergogenic effects were to be expected in the deadlift.
Studies have utilised caffeine and deadlift for pre-intervention testing (Duncan et al., 2013; Tallis et al.,2024; Tamilio et al., 2022) and other research has utilised alternative deadlift exercises such as the Romanian Deadlift in studies (Chen et al., 2023). Since Grgic et al. (2019) identified this gap in research, present research has since measured maximal deadlift performance in conjunction with caffeine supplementation. Ferreira et al. (2022) tested twenty-one recreationally active males and tested higher doses of caffeine (6mg/kg and 8mg/kg) on maximal strength across three lifts – Squat, Bench Press and Deadlift. A statistically significant difference was demonstrated between 8mg/kg and Placebo (P = 0.03) and a small difference between 6mg/kg and 8mg/kg were observed (P=0.36). This compliments Grgic et al (2019) suggestions that due to caffeine's ergogenic effects on lower body extremities, deadlift strength should see similar ergogenic effects.
Specifically for caffeinated gum, a systematic review from Yang et al. (2024) suggested caffeinated gum has a strength enhancing effect at lower doses compared to traditional caffeine supplementation with seemingly greater strength increases found in the lower limbs. This was present in Yildrim et al. (2023) study which found a 200mg dose was ergogenic in increasing quadricep strength and Veiner et al. (2019) who found a 300mg dose was ergogenic in increasing knee extensor strength. Despite there being no present research specifically on caffeinated gum on deadlift performance, a sensible assumption is that caffeinated gum should present an ergogenic effect. However, research is needed to solidify the efficacy of these suggestions.

[bookmark: _Toc549360838]Caffeine and muscular endurance (Bench Press)
Muscular endurance is an important component which can contribute to muscular hypertrophy (Schoenfield et al., 2021). Unlike strength training, muscular hypertrophy appears to occur within a wider rep range (5 to 30). However, different repetition ranges may experience different challenges such as increased metabolic stress, mental endurance and even taxing the cardiovascular system (Varela-Olalla et al., 2024; Sanchez-Medina & Gonzalez-Badillo, 2011). Regardless of the chosen repetition range, the prime driver of muscular hypertrophy is ‘mechanical tension’ (Krzysztofik et al., 2019; Schoenfield, 2010). Mechanistically, caffeine is said to enhance neuromuscular activation and RPE, which should see improvements in performance (Yang et al., 2024). 
Likewise, to research on caffeine and muscular strength, there are research which supports caffeine supplementation for muscular endurance for the upper body (Guest et al., 2021; Duncan et al., 2011). Previous research from Duncan et al. (2011) suggested that 5mg/kg saw increased muscular endurance in the upper body for men utilising the bench press with 60% of 1RM. Similar results occurred in resistance trained females during the early follicular phase of the menstrual cycle (Norum et al., 2020). 
However, some uncertainty remains surrounding caffeine and its impact on muscular endurance due to some conflicting research. Despite a 3mg/kg to 6mg/kg being suggested, Wilk et al. (2019) saw no statistically significant results in the number of reps to failure even at higher doses (9mg/kg and 11mg/kg). As previously suggested, this could be because of the adverse side effects associated with higher doses. Filip-Stachnik et al. (2021) also found no significant changes in strength endurance outcomes. Although no significant difference was observed, a dose response relationship was present and small changes occurred. Compared to placebo both 3mg/kg and 6mg/kg achieved more reps to fatigue. 
Regarding specific research on caffeinated gum, research is limited. Li et al. (2025) published a paper examining the effects of caffeinated gum on bench press and barbell back squat on resistance trained males. A significant difference in the number of reps for the bench press completed occurred as a result of a 3mg/kg dose of caffeinated chewing gum. 
[bookmark: _Toc1588068926]Methods
[bookmark: _Toc421571472]Study participants
Eight healthy and resistance trained males (age: 24.75±4.4 years, height: 178.125±5cm, weight: 86.5±10.68kg) were recruited on a voluntary basis to participate in this study after completing a consent form. Participants were screened during recruitment of the study and had to meet the following inclusion criteria: (a) Good health, (b) Minimum of 2 years resistance training experience (to avoid the potential interference of learning technique), (c) Free from neuromuscular and musculoskeletal injuries, (d) Participation in resistance training at least 3 times a week for the 6-months prior to recruitment of this study, (e) age between 18 and 35. All participants trained the bench press and deadlift within their regular training routine. To assess participants health and readiness to exercise a Physical Activity Readiness Questionnaire (PAR-Q) was filled out.  Prior to data collection, ethical approval was first obtained in accordance with University of Wales - Trinity St. Davids policies.
[bookmark: _Toc1951747472]Experimental Design
This study utilised a cross over, single blind experimental design to evaluate the effects of caffeinated chewing gum on muscular strength and strength-endurance.  Participants attended Vitality Health and Fitness and took part in a pre-experimental session without caffeine supplementation followed by three additional experimental trials done exactly one week apart to allow for sufficient recovery. The key difference between each experimental trial were that each session had a participant either ingest a different dose of caffeinated chewing gum (2mg/kg and 4mg/kg), or a placebo gum. 
Prior to each trial, a thorough warm up was conducted utilising the RAMP protocol (Jeffreys, 2007). During each experimental test, one repetitions maximum was assessed using the barbell deadlift whereas strength-endurance was assessed using the barbell bench press.

[bookmark: _Toc2038330698]Pre experimental Trial– One Repetition Maximum Test
Prior to the participants beginning the experimental sessions, one pre-experimental trial session was arranged to allow for data collection of the participants one repetition maximum strength on the Barbell Deadlift and the Barbell Bench Press. Although one repetition maximum strength was no longer being tested on the bench press after pre-trial, the result would allow us to give participants an accurate load to perform reps to failure. Due to the participants already being familiar with the studies selected exercises, a familiarisation session was deemed unessential as suggested in a systematic review from Grgic et al. (2020). 
To allow for sufficient rest between one rep maximum attempts, participants will be required to take adequate rest times. Schoenfield et al. (2016) suggested three-to-five-minute rest periods between attempts to account for the physiological and psychological demands of maximal strength testing. The rest times remained consistent in the experimental trials.

[bookmark: _Toc1054540099]Supplementation protocol
Prior to each of the trials, participants were given chewing gums. Due to each chewing gum being an absolute dose of 100mg, this could lead to some doses not meeting participants required dose. Therefore, chewing gums were cut up into quarters so each piece was a dose of 25mg. Participants were required to begin chewing their gum 15 minutes before initiating exercise. 
[bookmark: _Toc945538940]Barbell Deadlift – One repetition maximum
Participants were ordered to maintain the same deadlift technique as performed in their own exercise program. 
The use of lifting straps and a lifting belt were permitted but not made mandatory. The efficacy of lifting straps and belts were reported by Fong et al. (2022) who highlighted that when used together, it can avoid grip strength becoming a limiting factor, as well as positive effects on RPE, time to complete the rep and the kinematics of the deadlift. Alternatively, the use of chalk was also permitted. 
To standardise form and maintain safety, participants were required to complete the deadlift as per the guidelines set out by the International Powerlifting Federation (2024). 
[bookmark: _Toc1404617946]Barbell Bench Press – Reps to fatigue
Participants were required to maintain the same technique as performed within their own exercise program. 
Participants were allowed to utilise the use of wrist wraps or elbow sleeves, but this was not mandatory. A load of 60% 1RM was used and participants were instructed to perform the maximum number of repetitions possible while maintaining consistent form. Technical or muscular failure would result in the conclusion of the maximal effort.
[bookmark: _Toc229738735]Data analysis
All data were originally recorded in Microsoft Excel Data with each participant receiving an identity number to anonymise results. Upon the collection of all data, data analysis was then conducted using IBM SPSS 22.0 software (IBM Corp., Armonk, New York, United States) and all data were reported as means ± standard deviation (SD). A one-way analysis of variance (ANOVA) with repeated measures was used to assess differences between the experimental trials. Post-hoc comparisons were performed using Bonferroni method. Statistical significance was set at p<0.05.
[bookmark: _Toc426224883]Results
Eight participants completed the 3 assessments for deadlift and bench press using placebo, 2 mg/kg and 4 mg/kg of caffeinated gum (Table 1). Outcomes indicate that significant improvement in measures for maximal strength (deadlift; P= .028; η²ₚ= .401) and strength endurance (bench press; p=.002; η²ₚ = .583) performance resulted after an ingestion of 4 mg/kg but not after 2 mg/kg of caffeine compared to the placebo. No differences were identified between 4mg/kg and 2mg/kg for either deadlift or bench press.
Table 1 Mean ± Standard Deviations for strength and strength-endurance 
	
	Placebo
	2mg/kg
	4mg/kg

	Deadlift (KG)
	193.75 ± 26.86
	195.31 ± 25.68
	196.56 ± 26.25

	Bench Press (Repetitions)
	19.75 ± 0.71
	20.25 ± 1.04 
	21.13 ± 1.04



[bookmark: _Toc151611561]Deadlift
The use of caffeinated gum improved maximal strength using deadlift by 1.5% from 193.75 ± 26.86 kg compared to the placebo (196.56 ± 26.25 kg) trial. A one-way ANOVA represented a significant improvement (F (2, X) = 4.692; p = .028) with a large effect size (d= 0.818). (PES = .401)
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Figure 2: Dose-response effects of caffeinated chewing gum on one-repetition maximum results for the barbell deadlift

The post-hoc tests revealed a statistically significant increase in 1RM strength after the intake of 4mg/kg of caffeine (196.56 ± 26.86 kg; P = 0.045) compared to placebo (193.75 ± 26.86 kg). There were no statistically significant effects between placebo and 2mg/kg (195.31 ± 25.68 kg) and 2mg/kg to 4mg/kg.

[bookmark: _Toc1878656633]Bench Press
The use of caffeinated gum improved strength-endurance using bench press by 6.99% from 19.75 ± 0.71 repetitions compared to the placebo (21.13 ± 1.04) trial. A one-way ANOVA represented a significant improvement (F (2, X) = 9.800; p = .002) with a large effect size (d=1.181).
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Figure 3: Dose-response effects of caffeinated chewing gum on strength-endurance results for the barbell bench press

The post-hoc tests also revealed a statistically significant increase in strength-endurance after the intake of 4mg/kg of caffeine (21.25 ± 1.04 reps; P = 0.008) compared to placebo (19.75 ± 0.71 reps). There were no statistically significant effects between placebo and 2mg/kg (20.25 ± 1.04 reps).





[bookmark: _Toc2005590215]Discussion
The purpose of this study was to determine the effects of a 2mg/kg and 4mg/kg dose of caffeinated gum on muscular strength (1RM) and strength-endurance in resistance trained males.
The main finding of this study was that compared to placebo, chewing 4mg/kg of caffeinated gum presented a statistically significant effect on muscular strength (1RM) and strength-endurance, whereas no statistical difference was found between placebo and 2mg/kg and 2mg/kg to 4mg/kg. These results suggest that caffeinated chewing gum is an effective ergogenic aid for enhancing one repetition maximum strength for the deadlift and the number of repetitions performed for the bench press (60% 1RM) in resistance-trained men. Our study is novel due to our study investigating a dose response effect for caffeinated gum which has previously not been done. Barreto et al. (2023) meta-analysis previously reviewed 14 papers on caffeinated chewing gum on performance – all of which did not investigate a dose response effect. 
[bookmark: _Toc1426810948]Effect of caffeinated chewing gum on one-repetition maximum
Our study tested maximal strength (1RM) utilising the barbell deadlift exercise. Our results revealed that chewing 4mg/kg of caffeinated gum produced a statistically significant effect compared to placebo and 2mg/kg. This is consistent with the international society of sports nutrition position stand by Guest et al. (2021), which suggested that the optimal caffeine dose falls between 3-6 mg/kg in traditional forms (e.g. capsules, liquid format). Our study also compliments previous research which presents caffeine's ergogenic effects on lower body extremities (Grgic et al., 2019; Norum et al., 2020; Guest et al., 2021).
Although many studies have utilised a deadlift for pre-intervention testing or alternative formats (Chen et al., 2023; Duncan et al., 2013), limited studies had previously tested one repetition maximum on the deadlift regardless of the format of caffeine. Ferreira et al. (2022) previously tested recreationally active males on the squat, bench press and deadlift on 6mg/kg and 8mg/kg which represents higher doses of caffeine. A statistically significant difference (P= 0.03) was found between placebo and 8mg/kg whereas 6mg/kg provided a moderate effect size (0.60) compared to placebo. Our study builds on this research showing caffeine's ergogenic effects on the deadlift and provides new insights into the ergogenic effects of caffeine specifically for the deadlift with lower doses and supports the use of caffeinated gum in performance when compared to traditional formats. 
Despite 2mg/kg not showing statistically significant results compared to placebo or between 2mg/kg and 4mg/kg, a dose response effect was still present between interventions (Figure 2) which aligns with Filip-Stachnik et al. (2021); Ferreira et al. (2022) and Wilk et al. (2019) findings. Our findings also compliment Grgic (2022) who suggests that lower doses (<3mg/kg) can be ergogenic in some cases, but doses >3mg/kg are preferable when looking to optimise performance outcomes. In elite scenarios sport scenarios, the marginal increases in performance can affect an athletes’ placing. In powerlifting, the deadlift is one of the three exercises performed whereby athletes must lift a maximal load while adhering to strict lifting guidelines (Nigro and Bartolomei, 2020; IPF, 2024). During the IPF World Men’s Juniors Classic Championships, the u93s weight class 1st Place finish by Nathaniel Messiah was decided by a 0.5kg (0.12%) difference which was decided by the barbell deadlift (IPF, 2024). In the present study, the difference between 2mg/kg and 4mg/kg was considered insignificant, however, it saw a 0.64% difference in the mean lifted and a 1.5% increase in the maximal load was present from placebo to 4mg/kg. Similarly, Guest et al. (2021) also considered small improvements to have the greatest meaningfulness in strength-based sports. Interestingly, our study found a smaller increase in performance (1.5%) than Grgic & Mikulic (2017) who demonstrated a 3% increase in lower body strength utilising a barbell back squat. Our differing results may stem from various variables. For example, our study utilised a lower dose, therefore, future studies utilising gum could investigate the percentage change as a result of a higher dose. Based off the dose response effect experienced in our study and other research (Filip-Stachnik et al., 2021; Ferreira et al., 2022; Wilk et al., 2019), a sensible hypothesis would be to see a larger percentage increase as the dose increases.  Furthermore, despite the deadlift and the barbell back squat working lower body strength, they differ in the muscles worked and their biomechanical movement (Choe et al., 2021), therefore, direct comparisons should not be made to results including squat patterns.
[bookmark: _Toc1021075381]Effect of caffeinated chewing gum on muscular endurance for the bench press
Our study also found that chewing 4mg/kg of caffeinated gum produced a statistically significant difference in the number of repetitions performed for the barbell bench press at 60% 1RM. This aligns with Ferreira et al. (2021) meta-analysis which found caffeine ranging from 3 to 11mg/kg contributes an ergogenic effect in the number of repetitions performed between 30% to 80% 1RM. More recently, Li et al. (2025) findings aligned with Ferreria et al. (2021) meta-analysis and found a 3mg/kg dose of caffeinated gum improved the number of repetitions to fatigue in the bench press exercise at 60% 1RM in resistance trained men. Our study and Li et al. (2025) both utilise resistance trained men as their participant group and utilise the same loading range (60% 1RM). Therefore, direct comparisons can be drawn and builds upon research and supports generalisability and validity. 
Although our study did not observe a statistical difference between placebo and 2mg/kg and 2mg/kg to 4mg/kg, a dose response effect still occurred (Figure 3). This compliments Filip-Stachnik et al. (2021) findings which saw a dose-response effect when testing 3mg/kg and 6mg/kg when testing reps to fatigue on bench press. However, direct comparisons may not be made due to the participant group being women habituated to caffeine. Interestingly, our findings differ from those of Wilk et al. (2019) who found no significant differences in the number of repetitions performed with 9mg/kg and 11mg/kg in men habituated to caffeine. 9mg/kg and 11mg/kg resemble a caffeine dose considerably higher than the recommended optimal dose (3-6mg/kg) and considerably higher than our tested doses. This could stem from the adverse side effects associated with higher doses of caffeine. Wilk et al. (2019) had participants complete a side effects questionnaire immediately after finishing and 24hrs after consumption. An increase in the number of negative side effects were associated with higher doses which is also shown by de salles Panielli et al. (2021). The negative side effects seemingly can have a detrimental effect to performance, thus reducing its ergogenic effect. 
Interestingly, Wilk et al. (2019) participants were also measured for their habitual caffeine intake. Our study did not control habitual caffeine intake. Filip- Stachnik et al. (2021) suggested that males benefit from an acute dose of 3-6mg/kg for resistance exercise performance regardless of habituation to caffeine which aligns with our study. Furthermore, although Wilk et al. (2019) found no effect on the number of repetitions performed in the barbell bench press, only a significant effect on maximal strength utilising a 1RM test was found.
The improvement in the number repetitions observed in the present study may relate to the mechanisms. Pethick et al. (2018) suggested that a decline in strength-endurance performance is because of a decline in neural drive. The primary mechanism of action is the blocking of adenosine which works to blunt feelings of fatigue and also has positive effects on the rate of perceived exertion and pain perception resulting in greater performance output (Pethick et al.,2018; Yang et al., 2024). Despite our study not directly measuring factors such as RPE or performance variables such as concentric power/concentric velocity, our results indicate that caffeinated gum improved performance and thus provides a reasonable rationale to consider these were also positively influenced. Future research is warranted to confirm these suggestions.
Chronically, caffeine may support with the increase in muscular hypertrophy. Schoenfield (2021) presented the ‘repetition continuum’ whereby a wide range of 5 to 30 repetitions can support hypertrophic outcomes provided relative intensity is maintained. To allow for increases in muscle mass, additional stress must be placed over time which primarily stems from mechanical tension (Schoenfield et al, 2021). With the positive effects caffeine has on pain perception, RPE and stronger muscular contractions (Yang et al, 2024), caffeine has the potential to positively influence performance and break plateaus in training. However, in practice, 60% 1RM may not be popular for bench press. Evidence suggests that lower loads can produce greater fatigue when performed to or near failure (Varela-Olalla et al., 2024; Sanchez Medina & Gonzalez-Badillo, 2011). Higher repetitions can result in more metabolic and cardiovascular stress which may result in the termination of a set when neuromuscular fatigue is not yet the limiting factor. Therefore, based off both the present study and Li et al. (2025) findings, caffeinated chewing gums ergogenic properties are present in the lower loading – higher repetition ranges in buffering fatigue, however, further research particularly in higher loading ranges more commonly associated within bench press training is warranted to explore caffeinated gums ergogenic effects across the repetition continuum.

[bookmark: _Toc1392871859] Strengths and Limitations
A key strength for my study was utilising the deadlift exercise in conjunction with caffeinated gum. Despite the use of the deadlift in strength and conditioning and sport specific scenarios, limited studies testing the ergogenic effects of caffeine have utilised the deadlift exercise. Grgic (2019) previously suggested that caffeine has positive ergogenic effects on lower body extremities, therefore it was suggested that the same was to be expected for the deadlift. However, our research builds on the limited research, providing a stronger rationale for utilising any format of caffeine for deadlift performance. 
This study also builds on the research of utilising caffeinated gum and how it compares to traditional formats. Caffeinated gum offers a clear advantage compared to other formats, with a faster rate of absorption (15 minutes v 60 minutes). In experimental design, this offers a time effective solution to experience ergogenic effects and allows for a more efficient way to collect results for experimental research. Furthermore, this study provides practical implications to athletes who may want to experience a faster absorption, while limiting gastrointestinal distress due to the method of absorption. Furthermore, our study is the first to examine a dose response effect specifically on caffeinated gum. Our results align with published recommendations for traditional formats, which suggests caffeinated gum is as useful as traditional formats and may be an appropriate format for athletes.
However, my study comes with limitations. An obvious limitation to the study would be the small sample size (N=8). Atkinson (2012) reported “the greater the sample size, in relation to the population, the more generalisable and representative the results”. My study was underpowered with its sample size. Therefore, a richer data pool could have improved the validity of the results and potentially provided a stronger argument to accept or reject the efficacy of caffeinated gum on muscular strength and muscular endurance.
Another limitation would be my experimental design. Although maximal strength was tested without caffeine in the pre-experimental trial, strength-endurance was not tested without caffeine. My study may have benefitted from testing performance without caffeine. This would have offered a baseline measurement of performance.  Furthermore, although a placebo gum would have no caffeine present, if a placebo seemingly improves performance, then that also offers an ergogenic effect. 
Another limitation to the study would be the doses. The rationale to utilise 2mg/kg and 4mg/kg stems from 2mg/kg of caffeinated gum showing ergogenic effects (Yildrim et al., 2023) and also just below the reported minimal optimal dose (3mg/kg). 4mg/kg represents the dose just above the suggested optimal minimal dose (Guest et al., 2021). Although our study compliments research regarding a dose-response effect (Ferreira et al.,2022; Filip- Stachnik et al.,2021) and provides a valuable insight on caffeinated gum in lower doses, our study may have benefited from examining higher doses of caffeinated gum. Therefore, future studies should test with doses >4mg/kg, to determine caffeinated gums effectiveness at higher doses.
Our study did not include female participants. Our rationale to not test females were that physiological differences may alter results. There are still debates on the effect of the different stages of the menstrual cycle (Kissow et al., 2022) with some reporting no differences in performance outcomes (Ekernos et al, 2024) whereas others have reported improved performance during the follicular phase (Kissow et al., 2022). However, limiting our data pool to just male participants may restrict the generalisability of our findings to the male population. For real world implications, females may want to utilise caffeinated gum to provide ergogenic effects to maximise performance. However, our study does not provide 100% certainty that caffeinated gum may provide an equally ergogenic effect for females. Therefore, future research could include a female participant group and potentially compare the results to a male group to see if gender impacts the effectiveness.  
Finally, despite our results suggesting a positive increase in performance for maximal strength and strength-endurance, the study may have benefitted from controlling habitual caffeine intake. Caffeine has a half-life of 4 to 6 hours (Grgic et al., 2020). By controlling habitual intake, it offers a more accurate measure of results and limits the chance of participants having more caffeine in their system than the dose being tested and influencing outcomes.	Comment by Joseph Anderson (2305572): Intensity of exercise - may not carry over?
[bookmark: _Toc632780018]Conclusion
The findings of this study contribute to limited yet growing research on caffeinated gum and its effect on maximal strength and strength-endurance.
The results indicate that an acute dose of 4mg/kg of caffeinated gum ingested 15 minutes before resistance exercise increased maximal strength (1RM) for the deadlift and strength-endurance for the bench press. In contrast, no statistically significant changes were found between 2mg/kg and placebo and 2mg/kg to 4mg/kg. Our results align with the recommended caffeine dose (3mg/kg to 6mg/kg) in traditional formats for optimal performance outcomes. Although no statistically significant results appearing for 2mg/kg, a clear trend displaying a dose response effect was observed from placebo to 4mg/kg. These findings support caffeinated chewing gum as an alternative format of caffeine which can be used to experience ergogenic effects and contribute to chronic adaptations for performance. This will provide a practical solution to individuals who wish to experience the ergogenic effects in a more time efficient solution while minimising potential adverse side effects due to the difference for the initial absorption pathways.
To further establish the ergogenic effects of caffeinated gum on maximal strength and strength-endurance, additional research is warranted. Future studies should ensure there are more participants to power the study and the use of higher doses of caffeinated gum is needed to explore if a dose-response effect continues would be beneficial to compare with the existing research on traditional formats. Moreover, the present study solely focused on resistance trained males and therefore our results can be generalised to this specific population. However, studies would also benefit from incorporating female participants to identify any sex-based performance differences in response to an acute dose of caffeinated chewing gum. 
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