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The Effects of 6 mg.kg⁻¹ Body Mass Caffeine vs. Placebo Consumption on Repeated Sprint Swimming Performance in Male and Female Competitive Swimmers










































SUMMARY:

This project will investigate the effects of caffeine supplementation on repeated sprint swimming performance in trained swimmers, using an ecologically valid protocol. The aim is to address inconsistent evidence in swimming-specific literature and improve understanding of caffeine’s influence on performance and perceived exertion during repeated high-intensity efforts.

SWIMMING DEMANDS: 

The aim of competitive swimming is to cover a specified distance in the shortest possible time, requiring a combination of physiological capacity, technical precision and tactical pacing (Ruiz-Navarro et al., 2025). Events range from 50-1500m and are contested across four strokes: butterfly, backstroke, breaststroke and front-crawl (Pyne and Sharp, 2014). Consequently, swimming programmes involve high-volumes of pool and gym-based training to meet the sport’s physiological and biomechanical demands (Pollock et al., 2019). 

Competitions span over multiple days, with swimmers frequently racing heats, semi-finals and finals within a single day or across successive days (Santos et al., 2023). This places substantial physical demand on athletes, particularly those competing multiple events, as demonstrated by elite swimmers such as Summer McIntosh racing 14 events over 8 days at the 2025 World Championships (World Aquatics, 2025). 

REPEATED SPRINTS:

Repeated sprint swimming is characterised by progressive physiological and perceptual fatigue, leading to performance decrements across successive maximal efforts (Girard, Mendez-Villanueva and Bishop, 2011). Peripheral factors, such as metabolite accumulation, and central factors, including increased perceived exertion and discomfort, both mediate fatigue (Tornero-Aguilera et al., 2022; Monks et al., 2017). Given that swimmers frequently perform multiple high-intensity efforts with short recovery periods during competition, repeated sprint protocols may offer greater ecological validity than isolated maximal efforts (Stewart and Hopkins, 2000). 

Front-crawl is the fastest and most energy-efficient stroke, making it the most commonly used in swimming training (Capelli et al., 1998). Events of 200m or less rely heavily on anaerobic metabolism, leading to widespread use of repeated sprint training to develop anaerobic capacity and fatigue resistance (Marinho et al., 2011). Sprint interval training has been shown to improve short-distance swimming performance, with meaningful gains reported after as few as 6 sessions (Dalamitros et al., 2024; Bielec et al., 2017). Collectively, the prevalence of front-crawl and repeated high-intensity efforts supports the use of a front-crawl-based repeated sprint protocol to reflect swimming training and competition.

CAFFEINE:

Caffeine is a psychoactive stimulant and one the most widely consumed substances globally (Heckman et al., 2010). Caffeine’s primary mechanism of action is adenosine receptor antagonism, which increases central nervous system activation and reduces perceived exertion (Silva et al., 2025; Tallis et al., 2015; Maridakis et al., 2007; Barcelos et al., 2020). Ingestion is also associated with increased β‑endorphin secretion, contributing to to analgesic effects and improved exercise tolerance (Pilozzi, Carro and Huang, 2020). Peripherally, caffeine enhances excitation-contraction coupling by increasing calcium availability, improving muscle contractibility (Herrmann-Frank, Lüttgau and George Stephenson, 1999). 

Given the fine margins that characterise competitive swimming, particularly in sprint events, dietary strategies to optimise performance have received increasing attention (Christensen et al., 2017; Huang et al., 2025). Caffeine is a widely recognised ergogenic aid, with performance improvements of ~2-3% reported across athletic populations (Maughan et al., 2018; Yohanes, 2024). The relevance of this supplement in swimming is reflected by reported use in over half of competitive swimmers (53.5%) (Moreno et al., 2022). 

Current research suggests that caffeine dosages of 3-6 mg·kg⁻¹ body mass (BM), consumed ~60-minutes pre-exercise, are most effective for enhancing performance, although responses vary depending on individual characteristics (Guest et al., 2021; Goldstein et al., 2010). Higher doses (>6 mg·kg⁻¹ BM) may increase risk of adverse side effects and negate ergogenic benefits (Guest et al., 2021). 

Evidence for caffeine’s ergogenic effects on swimming performance is mixed. Acar et al., (2024) reported improvements in short-distance swimming performance following ingestion of 6mg·kg⁻¹ BM in trained swimmers (CAF vs. PLA: 25m, 21.7 ± 2.8 vs. 22.8 ± 3.2 s; 50 m, 48.4 ± 5.8 vs. 50.7 ± 6.4 s). However, null effects are observed with lower (3 mg·kg⁻¹) or non-individualised (~250mg) doses, particularly in non-trained populations. (Alkatan, 2020; Newbury, Saunders and Gough, 2022)  Training status may influence responsiveness as metabolic and neuromuscular adaptations associated with regular training appear necessary for caffeine to elicit performance-enhancing effects (Collomp et al., 1992). Individualised, body-mass-adjusted dosing may be more effective than standardised dosing as differing body fat levels can affect how caffeine is processed (Domaszewski et al., 2025). 

Caffeine’s ergogenic effects on endurance swimming appear more consistent, with improvements reported during repeated 400m efforts and 1500m time trials at doses of 6mg·kg⁻¹ BM (Salgueiro et al., 2022; MacIntosh and Wright, 1995). However, these findings have limited relevance to repeated sprint swimming.

Responses to caffeine are highly individual and influenced by multiple factors including habitual caffeine intake, training status and biological sex. Sex-based differences in caffeine metabolism and hormonal fluctuations may alter ergogenic responses, with some evidence suggesting greater anaerobic performance benefits in males (Mielgo-Ayuso et al., 2019; Paton, Costa and Guglielmo, 2015; Temple and Ziegler, 2011). For example, variations in oestrogen levels may alter caffeine clearance rates (Patwardhan et al., 1980; Lane et al., 1992). Despite this, females remain underrepresented in caffeine supplementation research, accounting for ~13% of participants (Norum et al., 2020). Within swimming-specific research, only five known studies currently include females (Huang et al., 2025). 


REPEATED SPRINTS AND CAFFEINE:

Caffeine’s ability to reduce perceived exertion, modulate pain perception and enhance muscle contractibility suggests it may be particularly effective during repeated high-intensity swimming efforts, where fatigue accumulates across bouts (Guest et al., 2021; Wang et al., 2025a). Repeated sprint front-crawl sets are commonly used within swimming programmes, supporting the ecological validity of a front-crawl-based repeated sprint protocol to examine caffeine’s ergogenic potential (Toubekis, Douda and Tokmakidis, 2005). 

Despite growing research into caffeine supplementation in swimming, evidence specific to repeated sprint performance remains extremely limited. A recent meta-analysis identified only one study employing a repeated sprint swimming protocol, involving nine elite male swimmers and a relatively low caffeine dose (3mg·kg⁻¹ BM) (Huang et al., 2025; Goods, Landers and Fulton, 2017). This dosage may have limited the extent of ergogenic effects as evidence suggests greater benefits for repeated sprint performance at higher doses within the recommended 3-6mg·kg⁻¹ BM range (Bougrine et al., 2024; Wang et al., 2025b). Furthermore, the protocol (6x75m) may limit generalisability due to increased aerobic system contribution and the potential for pacing strategies compared with shorter maximal distances (25-50m) (Pyne, D. B. and Sharp, 2014; Papadimitriou et al., 2025; Affonso, Silva and Fernandes, 2019). The exclusion of female participants further limits applicability (Huang et al., 2025). Collectively, these methodological limitations emphasise the need for further research using ecologically valid repeated sprint protocols, representative samples and appropriate caffeine dosages. 

JUSTIFICATION / AIM / RATIONALE:

The justification for this study was based on inconsistent evidence regarding caffeine’s ergogenic effects on swimming performance, particularly during sprint efforts. While caffeine has been widely studied, much of the swimming literature focusses on endurance-based protocols or isolated time-trial performance, with limited investigation into repeated sprint swimming that reflects training and competition demands. Variability in study design including differences in caffeine dosage, training status, method of consumption and timing has contributed to ambiguous findings. Methodological variability and underrepresentation of female swimmers further limits current understanding.
 
Repeated sprint swimming is a fundamental component both training and competition. Given caffeine’s influence on central and peripheral fatigue mechanisms, it’s ergogenic effects may be particularly relevant in repeated sprint contexts where fatigue accumulates across successive efforts.

Therefore, this study aims to examine the effects of caffeine supplementation on front-crawl-based repeated sprint swimming performance in trained swimmers. By incorporating both objective performance outcomes and perceptual responses, this study seeks to provide an ecologically valid assessment of caffeine’s ergogenic potential.


METHODOLOGY:

STUDY DESIGN:

A randomised, double-blind, crossover design will be used. Participants will complete both caffeine (6 mg∙kg⁻¹ BM) and placebo conditions in a counterbalanced order, separated by a 48-hour washout period to minimise potential carryover effects. Trials will be conducted under standardised conditions, including pre-trial dietary control and restrictions on strenuous exercise and caffeine consumption, to reduce inter-individual variability. Performance outcomes will be assessed using repeated 25m sprint times, supported by physiological (Heart-rate) and perceptual measures (RPE), alongside measuring caffeine-related symptoms. A quantitative experimental design was selected to allow objective measurement of performance and perceptual outcomes, enabling direct comparisons between both conditions while minimising bias (Smith, 2020).

PARTICIPANTS:

Trained competitive swimmers meeting tier 2 athlete criteria will be recruited (McKay et al., 2022). Competitive standard will be further documented using World Aquatics Points for the 50m freestyle.

Inclusion criteria includes:

· Aged ≥18 years
· Regular training (≥3 sessions a week) 
· Injury-free for ≥ 6 months

Exclusion criteria includes:

· Current use of ergogenic supplements
· Known medical conditions
· Caffeine intolerance

Participants will continue with their normal training routine during the study period to preserve ecological validity. 

PRELIMINARY PROCEDURE:

Body Mass (kg), height (cm) and age (years) will be recorded. Strenuous exercise outside of participants usual training in the 48 hours preceding each trial will be avoided to minimise residual fatigue (Howatson and van Someren, 2008).

Participants will consume a standardised meal 2-3 hours pre-trial to ensure comparable energy availability. Meals will be recorded using the snap and send method (Costello et al., 2017). Participants will abstain from caffeine for 24 hours pre-trial to minimise confounding effects of caffeine tolerance or withdrawal (Pickering and Kiely, 2019). 

Female participants will report the start and end dates of their most recent menstrual cycle to estimate menstrual phase (Temple and Ziegler, 2011). 

EXPERIMENTAL PROCEDURE:

Participants will engage in a 5-minute seated rest, after which resting heart rate will be measured using Polar heart rate monitors. Heart rate will be subsequently recorded post-warm-up, post-trial and post-cool-down as a supplementary physiological measure. 

Participants will ingest a capsule containing 6mg∙kg⁻¹ BM caffeine or a visually identical placebo. Capsules will be administered 60-minutes prior to the trial to coincide with peak plasma caffeine concentration. 

Participants will complete a standardised 15-minute land-based warm-up, followed by a 30-minute standardised in-water warmup. A 15-minute period will be allocated for final preparations and pre-trial measurements.

REPEATED SPRINT SWIMMING PROTOCOL:

10x25m front-crawl will be performed at maximal effort on 1-minute intervals. All trials will take place in the same 25m pool.

Each 25m time will be recorded using the same coach, stopwatch and position on poolside. Trial times will not be provided to participants until all testing is completed to avoid pacing influences. A standardised swimming cool-down will be completed. Treatments will be crossed over to counterbalance order effects when the entire experimental procedure is repeated. 

PERCEPTUAL AND SIDE EFFECT MEASURES:

Ratings of perceived exertion (RPE) will be collected post-trial using the Borg scale to identify changes between caffeine and placebo (Borg, 1998). Caffeine-related side effects will be assessed pre-trial and post-trial using a 5-point likert scale, selected for convenient use in time constrained settings (de Souza et al., 2022; Joshi et al., 2015).

DATA ANALYSIS:

All statistical tests will be completed using Statistical Package for Social Sciences (SPSS v.25, IBM Statistics, USA), and the statistical significance will be set at p = ≤ 0.05 for each test. Data will be reported as mean ± standard deviation (SD), alongside 95% confidence intervals where appropriate. 

Normality of the data will be carried out using a Shapiro-wilks test, with p >0.05 indicating a normal distribution. If data is normal, a two-way repeated measures analysis of variance (ANOVA) or a paired t-test will be carried out to examine the effects of condition (sprint vs placebo) and sprint repetition on swimming performance and physiological outcomes. Where relevant, sex will be included as a between-subject factor to explore any potential sex-specific responses to caffeine ingestion.

Before these tests can be carried out, sphericity (Mauchly's test) will be assessed and if violated, Greenhouse-Geiser (epsilon-value < 0.75) or Huyn-Feldt corrections (epsilon-value ≥ 0.75) will be used. For all statistically significant results a post-hoc test will be conducted using Tukey HSD. 

Effect sizes will be reported to quantify the magnitude of observed effects. Partial eta squared (η²p) will be reported for ANOVA outcomes and interpreted as small (0.01), medium (0.06), and large (0.14) (Cohen, 1973). For pairwise comparisons, Hedge’s g will be used if the sample size is <20, otherwise Cohen's d will be used. This will be interpreted as small (<0.41), moderate (0.41-0.70) and large (>0.70) (Cohen, 1988). 


ETHICS:

Ethical approval will be obtained prior to study commencement. Participants will receive a participant information sheet, provide written informed consent and be informed of their right to withdraw at any time. Recruitment permission will be obtained from a local swimming club, subject to approval from the head coach and committee. 
 
Safeguarding procedures will be followed, with all researchers holding valid DBS clearance and adhering to the UWTSD code of practice and Swim England safeguarding policies (UWTSD, 2022; Swim England, 2025).

Participant anonymity will be maintained and data will be stored securely on password protected systems and handled in accordance with university data protection and UKRI policies (UWTSD, 2022; UKRI, 2025).

Participant safety will be prioritised throughout the study. Health screening (PAR-Q) and risk assessments will be completed prior to participation, qualified lifeguards will be present and a warm-up will be completed. Caffeine will be administered at 6 mg·kg⁻¹, a dose widely supported as safe and effective, with potential side effects monitored throughout testing (Yohanes, 2024; Guest et al., 2021).



TIMELINE:

	Process:
	Estimated completion:

	Ethical Approval
	End of January- Start of February 
· Allowing time to submit and edit corrections

	Participant Recruitment 
	Start of February 
· Liaise with swimming club for potential participants

	Ethics Continuation (Consent forms etc.)
	Start of February
· Once ethics has been approved

	Data Collection
	End of February- Start of March
· Approximately over the span of 2-weeks

	Data Analysis
	March
· Analysing and interpreting results

	Research Study Write-Up 
	April
· Discussion and conclusion

	Assignment 2
	8th May
· Presenting research 
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