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Evening caffeine did not improve 100 m swimming time-trials performed 60 min post-ingestion,

or the next morning after sleep.
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Abstract

The potential ergogenic benefits of caffeine (CAF) are well known within the athletic community, often
leading to its use in adolescent swimming cohorts to enhance their performance. However, it has
previously been reported that CAF has sleep disturbing effects, which could be detrimental to
performance over consecutive days in multi-day competitions. Moreover, the effects that evening CAF
ingestion has on sleep, side-effects, and next-day performances are yet to be researched in trained
adolescents. In a double-blind, randomised, crossover design, eight national-level swimmers (age:
18+1 years, height: 1.76+0.06 cm, body mass: 69.4+6.4 kg) ingested a capsule containing 3 mg-kg BM-
1 CAF or a placebo (PLA) 60 min before an evening 100 m swimming time-trial. The next morning, sleep
was analysed (Core Consensus Sleep Diary) and 100 m time-trials were repeated. Side-effects were
analysed via visual analogue scales (VAS) throughout the study. No differences were found for
swimming performance (p=0.911) in the evening (CAF: 59.5+7.8 s, PLA: 59.9+£7.9 s, g=0.06) or morning
(CAF: 59.74£7.7 s, PLA: 60.2+7.9 s, g=0.07). In addition, no group differences were found for any
subjective side-effects (e.g., anxiety: p=0.468; tachycardia: p=0.859; alertness: p=0.959) or sleep
parameters (e.g., sleep latency: p=0.395; total sleep time: p=0.574). These results question the use of
a standardised 3 mg-kg BM1 CAF ingestion strategy for 100 m swimming time-trials in trained
adolescents, although objective measures may be needed to confirm that CAF does not affect sleep

within this cohort.

Key words: adolescent athletes, sport nutrition, ergogenic aids, swimming, exercise.



38

39

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

59

60
61
62
63
64
65
66

Introduction

Competitive performances at a young age are critical to the sporting careers of swimmers (Monteiro et
al., 2017), attracting adolescents to the use of nutritional ergogenic aids despite previous
discouragement (Desbrow et al., 2014; Garthe & Maughan, 2018). Of these, caffeine (CAF) is the most
prevalently used by swimmers aged <21 years (Shaw et al., 2016), which is unsurprising considering
its well-established benefits for aerobic endurance (Southward et al., 2018), speed-based tasks
(Christensen et al., 2017), and muscular strength (Grgic et al.,, 2018). Caffeine produces these
performance enhancing effects by blocking adenosine binding sites in the central nervous system
(CNS), subsequently reducing perceptions of pain and fatigue that occur from adenosine binding (Davis
& Green, 2009). In turn, this action also produces secondary benefits on neurotransmitter release, such
that increased levels of adrenaline, dopamine, and serotonin can act to enhance glycolytic flux and
excitation-contraction coupling to offset fatigue during exercise (Fisone et al., 2004; Fredholm et al.,
1999). Indeed, a combination of these factors were suggested to have improved 2 x 100 m (-1.6 s and
-2.5 s, ES=0.74 and 1.41, respectively) time-trial performances when a group of trained adolescent
swimmers (aged 172 years) ingested 250 mg (4.3x0.2 mg-kg BM1) CAF 60 min before exercise
(Collomp et al., 1992). However, in the only other study involving trained adolescent swimmers (aged
14+1 years), no worthwhile improvements were found in a 400 m time-trial (-3.8 s, ES=0.08;
Azizimasouleh et al., 2014). Though the latter study may have lacked ergogenic potential due to its
suboptimal ingestion timing (30 min pre-exercise), there is an overall shortage of evidence to support

the use of CAF by adolescent swimmers.

Caution is warranted when adolescents ingest bolus doses of CAF >3 mg-kg BM-! since adverse side-
effects such as tachycardia, anxiety, stomach upset, and headaches are commonplace (Temple, 2019;
Sokmen et al., 2008). Furthermore, CAF is known to have a disruptive effect on sleep duration and
sleep quality when ingested up to 6 h before going to bed (Drake et al., 2013; Roehrs & Roth, 2008),
which is concerning from a recovery perspective as competitions require adolescents to perform at their
best during the mornings (heats) in order to make it through to swimming finals. It is therefore claimed

that a strategic trade-off between sleep and CAF is required when preparing for an evening swimming
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final, however, to date, no research has directly investigated the impact of CAF on sleep and next-day
performances in adolescents. The purpose of this research was therefore to investigate the effects that
3 mg-kg BM* CAF has on a 100 m swimming time-trial performed in the evening, and whether this

ingestion impacted sleep and recovery for a follow-up 100 m time-trial the next morning.

Materials and Methods

Participants

This research took place within a high-performance, amateur swimming club whereby 12 swimmers
met the research criteria (aged 16-19 years, nationally competitive). Of these, two did not volunteer to
participate and two did not complete all data collection. Based on the available participants and limited
time to alter the training schedule, this research therefore utilised eight participants (male=5, female=3;
age: 18+1 years, body mass: 69.4+6.4 kg, height: 1.76+0.06 m) as a matter of research constraints
(Lakens, 2021). This sample size was deemed appropriate for detecting a medium effect (0.50) in
repeated measures ANOVA tests (power=0.86), as identifying by a priori power analysis (G*Power,
v.3.1.9.4) set to significance criteria of a=0.05 and power=0.80. At the time of the study, all participants
were completing eight pool (swimming volume: 42.7+0.9 km-week?) and four land-based training
sessions-week! (training time: 20.5+1.2 h-week™). The study was granted institutional ethical approval
(Birmingham City University: Newbury/9797/R(B)/2021/Oct/HELSFAEC) in accordance with the
Declaration of Helsinki, and written informed consent was provided by both the participants and their

parents/guardians.

Preliminary Procedures

The study took place during the participants’ normal training regime (evening: 17:30-20:30, morning:
04:45-07:00). Based on available pool allocation and the participants’ education commitments, these

were the closest times that replicated when heats (9:00-12:00) and finals (18:00-20:00) would occur at
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swimming competitions. The participants were asked to eat as they normally would prior to competitive
races, with the exception of ingesting any other caffeine or ergogenic supplements. All participants kept
a photographed dietary record of all food and fluid items consumed 24 hours before the evening
familiarisation, and in the time prior to the next morning’s performance. The exact same dietary patterns
were requested to be followed for all subsequent trials, in which the photographed records facilitated
dietary replication. A trained nutritionist confirmed adherence to such practices by conducted a verbal
dietary recall during baseline measures for each trial. Dietary records shown that low CAF intakes were
consumed (<50 mg-dayt), which was consistent with longer duration observations within this cohort
(0.1£0.2 mg-kg BM-day; Newbury et al., 2022). Despite this, all participants reported ingesting
between 100-450 mg CAF (1.3-5.9 mg-kg BM-day1) 6-10 times per year at competitions. No particpants
had ingested beta-alanine or creatine monohydrate in the six months preceding the study. The
familiarisation trial identified that the participants were performing at 99.4% of their personal best times

for this study.

Experimental Procedures

This study involved two experimental trials in a randomised, double-blind, crossover design. Upon
arrival at the training venue (time: 17:30), each participant engaged in five min seated rest before giving
a 5 pL sample of capillary blood from the fingertip to assess resting blood lactate ([La’]) concentration
(Lactate Pro 2, Arkray, Japan). The participants were then presented with visual analogue scales (VAS)
to quantify baseline perceptions of nine psychological (mood, alertness, tiredness, anxiety, readiness
to exercise) and physiological (tachycardia, jitters, headache, stomach upset) side-effects associated
with CAF ingestion (Sokmen et al., 2008). These required a mark to be made on a 200 mm line that
was labelled to suggest no symptom on the left side and severe symptom on the right side, which was
adapted based on previously used VAS scales to determine gastrointestinal side-effects (Newbury et
al., 2021). The distance from the left side of the VAS scale to the participant’'s mark was measured and
divided by 20 to give an arbitrary score out of 10 (e.g., 120 mm out of 200 mm=6.0/10 arbitrary units
[AU]). Participants were then given a single hydroxypropyl methylcellulose capsule (size 00, Bulk

Powders, Colchester, UK) consisting of either 3 mg-kg BM-1 CAF (anhydrous powder; Bulk Powders,
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Colchester, UK) or a cornflour placebo (PLA; ASDA, Leeds, UK). Capsules were created and
randomised by a sport and exercise technician, and were administered to participants 60 min before

evening time-trials.

The participants prepared for time-trials between 17:45-18:55 by first engaging in 10-20 min of a self-
selected, land-based warm-up. Though individual routines varied, warm-ups typically involved skipping
(3-5 min), full body mobility (5-10 min), and bodyweight strength exercises (3-5 min). Afterwards, the
participants entered a 25 m pool for a 30 min standardised swimming warm-up that was prepared by
the head coach. Their remaining 10-20 min was spent changing into race suits, in passive rest, and in
pre-race activation work (3-5 min before time-trials). Participants were then instructed to swim a 100 m
distance as quickly as possible in their preferred stroke (freestyle=4, backstroke=1, butterfly=1,
breaststroke=2). After evening time-trials were complete, all participants completed 30 min cool-down
consisting of low-intensity, aerobic swimming. To maximise competitiveness, time-trials were performed
in two groups of four based upon their 100 m personal best times (first heat: participants 2, 5, 7, and 8;

second heat: participants 1, 3, 4, and 6).

The exact same routines were followed the next morning in preparation for a follow-up 100 m swimming
time-trial (time: 04:45-06:00). No CAF was supplemented in the morning to assess the possible effects
that evening supplementation has on next-day performances. Each participant competed in the same
races and lanes as the previous night. The exact same experimental process was repeated after two
weeks, albeit with a crossover in supplement ingestion. During both trials, participants were asked to
predict which supplement they had ingested (a) immediately after the evening trial, and (b) in

preparation for the morning time-trial. All warm-ups, heats and lanes were the same for all time-trials.

Performance, Blood, and Perceptual Measures

Swimming was timed by two experienced swimming coaches and the mean of both times was used as

the performance measure. Ratings of perceived exertion (RPE) for the whole body were collected
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immediately after the warm-ups (warm-up AM, warm-up PM) and after the 100 m swimming
performances (100 m AM, 100 m PM) using a 1-10 Borg scale (Borg, 1998). The previously described
methods to collect [La’] and perceptual measures (VAS scales) were conducted at seven time points:
at rest on the evening (baseline PM), immediately after the evening pool warm-up (warm-up PM),
immediately after the evening 100 m time-trial (100 m PM), immediately after the evening cool-down
(cool-down PM), at rest in the morning (baseline AM), immediately after the morning warm-up (warm-

up AM), and immediately after the morning 100 m time-trial (100 m AM).

Subjective Sleep Parameters

All participants were requested to follow their normal sleep routines, environments, and timings
throughout the course of the study. Each morning upon waking, the participants completed the Core
Consensus Sleep Diary (CCSD, Carney et al., 2012), which is a validated tool for assessing self-
reported sleep parameters (Maich et al., 2018). The CCSD was adapted into a virtual questionnaire
(Google Forms, Google, Mountain View, CA, USA) and sent to participants via instant message
(WhatsApp, Menlo Park, CA, USA). The questionnaire featured six short-answer questions (1. What
time did you physically get into bed? 2. What time did you intend to fall asleep? 3. What time did you
actually fall asleep? 4. How long were you awake in the night? 5. What time did you wake up this
morning? 6. What time did you physically get out of bed?) and one 5-point Likert scale (7. Rate your
sleep quality: 1=very poor, 5=very good). Using this information, the following variables were calculated
in accordance with previous research in highly trained adolescents (Ramirez et al., 2019): total sleep
time, total time spent in bed, and sleep efficiency (total time in bed divided by total sleep time).
Questionnaires were completed twice: (a) for the night before the evening 100 m time-trial (night one,
control) and (b) for the night of the evening 100 m time-trial (night two, experimental). Answers to the
guestionnaires were followed up with the participants during baseline measurements to increase

accuracy of reporting.

Statistical Analysis
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All data was normally distributed, which was assessed via a Shapiro-Wilk test. All statistical tests were
completed using SPSS (v.25, IBM, Chicago, IL, USA) with statistical significance set at p<0.05. All data
are reported as mean * standard deviation. A two-way repeated measures ANOVA was used to
determine supplement (CAF vs. PLA) x time interactions in the majority of measured variables.
Sphericity (via Mauchly test) was assessed prior to conducting ANOVA analysis, and if this was violated,
a Huyn-Feldt (epsilon value >0.75) or Greenhouse-Geiser (epsilon value <0.75) correction was applied.
This included the analysis of the 2 x 100 m race performances (100 m PM, 100 m AM), 2 x sleep
parameters (night one, night two), 4 x RPE (warm-up PM, 100 m PM, warm-up AM, 100 m AM), and 7
x physical ([La)] and perceptual (anxiety, alertness, mood, tiredness, readiness to exercise,
tachycardia, jitters, headache, stomach ache) effects of CAF supplementation (baseline PM, warm-up
PM, post-race PM, cool-down PM, baseline AM, warm-up AM, post-race AM). Supplement x time effect
sizes were reported as partial eta squared (Pn?) and were interpreted as small (0.01-0.05), moderate
(0.06-0.13), and large (>0.13) (Cohen, 1998). For statistically significant results, post-hoc comparisons
were conducted using the Bonferroni correction. Between treatment effect sizes were calculated for the
comparison of individual data points using the Hedge’'s g bias correction, which was deemed
appropriate based on the small sample size of the study (n<20, Lakens, 2013). These effect sizes were
interpreted as small (0.20-0.49), moderate (0.50-0.79), and large (>0.79) (Cohen, 1998). For 100 m
performance times, the smallest worthwhile change (SWC) was calculated by multiplying the PLA
standard deviation by 0.2 (Bernards, et al., 2017). Finally, sleep data were quantified for analysis by

dividing min by 60 (i.e., 15 min=0.25, 10:15 PM=22.25).

Results

Participants and Supplement Predictions

Participant 9 was withdrawn from data analysis after oversleeping and missing the morning 100 m time-
trial performance following CAF ingestion (reported sleep time: 03:15-10:30, sleep latency: 195 min).

Participant 10 withdrew after picking up an injury between experimental trials. All eight remaining



209
210

211

212

213

214
215
216
217
218
219

220

221

222

223
224
225
226
227

228

229

230

231
232
233
234

participants predicted their supplement ingestion after racing on the evening, and before racing in the

morning, with correct guesses occurring on 38% of occasions.

Swimming Performance

Over the course of the study, there were no differences identified between 100 m time-trial
performances after ingesting either CAF or PLA (F=0.1, p=0.911, Pn?<0.01; Figure 1). Indeed, trivial
effect sizes were found for both evening (CAF vs. PLA; 100 m PM: 59.5+7.8 vs. 59.9+7.9 s, g=0.07),
and morning time-trial performances (CAF vs. PLA; 100 m AM: 59.7+£7.7 vs. 60.2+7.9 s, g=0.06). Over
the course of the study, only participant 1 improved performance by the SWC (-1.6 s), which was

achieved during the evening trial after CAF ingestion (CAF: 59.0 s vs. PLA: 60.6 s).

Blood Lactate

Over the course of the study, no statistical differences in [La] production were identified between CAF
and PLA groups (F=0.7, p=0.649, Pn?=0.09). However, the identification of small effect sizes suggests
that there was a CAF effect within the 60 min following ingestion (CAF vs. PLA; warm-up PM: 3.1+1.6
vs. 2.5£1.6 mmol-L1, g=0.48; 100 m PM, 14.5+2.7 mmol-L! vs. 13.4£3.1 mmol-L1, g=0.36). Trivial

effect sizes were calculated between CAF and PLA at all other timepoints (g<0.20).

Ratings of Perceived Exertion

Caffeine did not produce any statistically significant effects on RPE throughout the study (F=0.4,
p=0.757, Pn?=0.05), which was evident immediately post-ingestion for both warm-up PM (CAF: 4.5+1.1
AU, PLA: 4.5£1.3 AU, g=0.00) and 100 m PM (CAF: 9.5+0.8 AU, PLA: 9.5+0.8 AU, g=0.00). Despite

reporting similar ratings the next morning, small-to-moderate effect sizes suggest that there may have
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been a benefit of evening CAF ingestion (CAF vs. PLA, warm-up AM: 4.0+0.8 vs. 4.3+1.0 AU, g=0.31;

100 m AM: 9.5+0.8 vs. 9.9+0.4 AU, g=0.60).

Perceptions of Physiological Side-Effects

No supplement effects were identified across the seven sampling time points for the perceived ratings
of tachycardia (F=0.4, p=0.859, Pn?=0.06), jitteriness (F=0.4, p=0.888, Pn?=0.05), stomach upset
(F=1.0, p=0.456, Pn2=0.12), or headaches (F=0.4, p=0.635, Pn?=0.06). Across both supplements, there
were main effects for time for tachycardia (F=57.2, p<0.001, Pn2=0.89) and jitteriness (F=57.2, p<0.001,
Pn2=0.89), in which their severity increased above baseline PM values in response to warm-ups and
time-trials (Figure 2). Though group level stomach upset was not affected by supplement nor time, one
individual (participant 2) reported an incremental increase up to very severe symptoms (>9/10) after
ingesting CAF (CAF vs. PLA; 100 m PM: 5.0 vs. 1.0 AU, cool-down PM: 7.6 vs. 4.4 AU, baseline AM:

9.8 vs. 1.7 AU).

Perceptions of Psychological Side-Effects

No supplement effects occurred within the subjective psychological side-effects of anxiety (F=0.9,
p=0.486, Pn?=0.12), tiredness (F=0.9, p=0.497, Pn2=0.12), alertness (F=0.2, p=0.959, Pn?=0.03),
readiness to exercise (F=1.6, p=0.168, Pn?=0.19), or mood (F=1.0, p=0.451, Pn?=0.12). However,
overall ratings of tiredness (F=7.4, p=<0.001, Pn2=0.51), alertness (F=6.7, p<0.001, Pn?=0.49),
readiness to exercise (F=4.2, p=0.002, Pn?=0.37), and mood (F=4.7, p=0.001, Pn?=0.40) were all

affected by time, specifically at the baseline AM time point (Figure 3).

Subjective Sleep Parameters
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No statistically significant changes were identified between CAF and PLA supplements regarding all
ten subjective sleep variables (Table 1). Large standard deviations were present for most variables due
to the combination of the small sample size and individual sleep behaviours. However, even with such
variable results, effect sizes approaching or exceeding the ‘moderate’ threshold (g=0.50) were observed
in multiple sleep parameters during the experimental (night two) sleep, suggesting that CAF negatively
impacted upon bedtime (+23 min, g=1.11), time intended to fall asleep (+19 min, g=0.61), sleep latency
(+14 min, g=0.49), time spent in bed (-25 min, g=1.12), and total sleep time (-32 min, g=0.71). In
comparison, only the time intended to fall asleep was reached this effect size threshold during the

control (night one) sleep (CAF vs. PLA: +24 min, g=0.87).

An observation of all data showed that the morning time-trials (night two) induced an earlier wake up
time (-3 h 45 min, F=49.8, p<0.001, Pn?=0.88), an earlier time to leave bed (-3 h 58 min, F=55.0,
p<0.001, Pn?=0.89), a longer sleep latency (+16 min, F=9.5, p=0.018, Pn2=0.58), less overall time in
bed (-4 hr 10 min, F=32.3, p=0.001, Pn?=0.82), less time spent asleep (-3 h 36 min, F=35.3, p=0.001,
Pn?=0.84), and reduced sleep quality (-1.0 AU, F=16.0, p=0.005, Pn?=0.67) compared to night one.
Nonetheless, the participants did not alter the time that they went to bed (+13 min, F=0.3, p=0.585,
Pn?=0.05), intended to fall sleep (-15 min, F=3.8, p=0.093, Pn?=0.35), or their wake time during the

night (-9 min, F=1.2, p=0.303, Pn?=0.15).

Discussion

In contrast to previous research, ingesting CAF 60 min before a 100 m swimming time-trial did not
enhance performance in a group of trained male and female adolescent swimmers. Furthermore, CAF
did not produce any differences in physical or psychological side-effects in comparison to the PLA
supplement. However, moderate-to-large effect sizes were identified within subjective sleep
parameters, suggesting that CAF may have negatively impacted sleep latency (+14 min) and total sleep
time (-32 min). This finding was further supported since an excluded participant missed the morning
time-trial performance after failing to sleep following evening CAF ingestion. All other participants

replicated their swimming times with just 4-6 h sleep between evening and morning trials, indicating
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that one poor night of sleep is not critical for short-distance swimming performance. Though 3 mg-kg
BM-1 CAF was well tolerated in this study, the lack of ergogenic benefits questions whether the use of
this supplement should be commonplace amongst competitive adolescent swimmers, or whether

individualised dosing strategies are required.

The current study identified no worthwhile performance benefits (CAF vs. PLA: -0.4 s vs. SWC: -1.6 s)
when CAF was ingested 60 min before 100 m time-trial swimming. This outcome contrasts previous
research by Collomp et al. (1992), whereby CAF improved an initial 100 m swimming time-trial
performance by -1.6 s (g=0.74) in regional-level male and female adolescents. The previous study also
associated CAF ingestion to an increased [La] production (+1.0 mmol-Lt) during exercise, which was
also observed in this study via a small effect size (+0.9 mmol-Lt, g=0.36). Indeed, increased [La]
production is often reported following CAF ingestion, though whether this is a positive (increased
glycolysis) or negative (impaired clearance) side-effect remains unclear (Glaister & Gissane, 2018).
The current study adds to this ambiguity since 100 m time-trial performances and RPE were almost
identical the following morning (11 h post-ingestion), yet with similar rates of [La’] being produced with
both CAF (13.9+£3.1 mmol-Lt) and PLA ingestion (14.1£2.9 mmol-L?). It is therefore speculated that
methodological differences reduced the ergogenic capacity of CAF in this study, including the non-
blinding of performance times, which likely gave the participants a motivational target, which based on
their high training status, was able to be achieved with or without CAF ingestion. This was evidenced
in the current study since the participants were all performing within 1% of their personal best 100 m
swimming times, as such reducing the ‘potential for improvement’ following CAF ingestion (Pickering &
Grgic, 2019). However, both of these issues would be present in practice, which questions whether
ingesting 3 mg-kg BM* CAF 60 min before time-trial swimming is an effective competition strategy for

trained adolescents.

Ingesting CAF at a dose of 3-6 mg-kg BM-! 60 min prior to exercise has long been suggested to be the
most ergogenic dosing strategy (Graham, 2001; Maughan et al., 2018), though this often produces
equivocal performance outcomes (Guest et al., 2021). The reasons that null effects are commonly

observed is typically through differing study methodologies combined with small sample sizes, with
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factors such as diet composition (Abuhelwa et al., 2017), CAF source (Wickham & Spriet, 2018), CAF
habituation (Pickering & Kiely, 2019b), individual CAF metabolism rates (Pickering & Kiely, 2019b), and
sex hormones (Temple & Ziegler, 2011) all having a potential influence on the optimal timing and/or
dosage required to produce an ergogenic effect. Considering that the current study did not control for
genotype, menstrual cycle stage, or diet composition between participants, it is suspected that a
combination of these individual factors could have reduced the ergogenic response in this study,
especially as only a small CAF dose was ingested at a standardised time point. This is concerning for
adolescent swimmers since the current study conditions were designed to mimic a real-world
competition scenario, hence their ingestion of 3 mg-kg BM-1 CAF 60 min before time-trials in practice
could be a flawed strategy. Whether higher CAF doses (i.e., 4-6 mg-kg BM-1) would produce more
consistent ergogenic effects is unclear (Pickering & Kiely, 2019a; Skinner et al., 2010), and not
recommended for all adolescents based on an increased probability of adverse side-effects occurring
(S6kmen et al., 2008). This therefore points towards the importance of identifying personalised CAF
doses, timings, and sources in practice, with future research required to compare the effectiveness of

these individual strategies versus a standard approach.

Caffeine did not produce any statistically significant sleep disturbances when ingested 4.5 h before
attempting to sleep, however, this should be interpreted cautiously based on the subjective
measurements, and the limited time (8.5 h) between evening and morning time-trials. For example, the
analysis of effect size calculations suggest that CAF negatively impacted upon total sleep time (-32 min,
g=0.71) and sleep latency (+14 min, g=0.49). This concurs with previous research by Drake et al.
(2013), who also observed similar effects after ingesting 400 mg CAF 3 h (-63 min total sleep, g=1.31;
+42 min sleep latency, g=0.85) and 6h (-41 min total sleep, g=0.88; +23 min sleep latency, g=0.70)
before a scheduled bedtime. Importantly, the authors compared subjective versus objective
(polysomnography) sleep parameters, identifying that participants achieved less total sleep (3 h: -14
min, g=0.19; 6 h: -38 min, g=0.53) and spent longer awake during the night (3 h: +20 min, g=0.49, 6 h:
+8 min, g=0.43) than what they perceived, whereas no differences were found after ingesting PLA
(objective vs. subjective: -8 min total sleep, g=0.14; +1 min wake time during the night, g=0.11). Based
on these findings, it is suspected that this study may have observed statistically significant CAF versus

PLA effects with objective measures and ad libitum sleeping hours. This is further supported considering
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that data from participant 9 was excluded from the study after they overslept and missed the morning
time-trial after evening CAF ingestion, reporting an exacerbated sleep latency (195 vs. 75 min) as the
reason behind the inability to wake. Whilst these results suggest that CAF negatively impacted the sleep
of adolescent swimmers, the lack of statistical significance requires further research involving a larger

cohort and a comparison to objective measures.

Conducting this research in an applied setting produced limitations that could not be controlled by the
study. Logistical constraints meant that only 8.5 h separated evening and morning time-trials, which
restricted each participant to just 4-6 h sleep. Whilst this is common practice for highly trained swimmers
(Forndran et al.,, 2012), the 3-4 h reduction in total sleep between the control (night one) and
experimental sleeps (night two) made it difficult to examine any CAF-related effects. In addition, the
frequency that time-trials could be implemented into the training programme was at the head coach’s
discretion, which was less flexible as each participant was in preparation for national-level competition.
This meant that menstrual cycle stage could not be controlled for in the female participants, which could
have influenced subjective sleep variables (Baker & Lee, 2018). Finally, participants either went back
to sleep (n=2), had a nap prior to university/sixth form education (n=2), or went straight to school (n=4)
after morning time-trials. Such different actions restricted the ability to compare daytime sleepiness,
mood, and mental performance the day after CAF ingestion, which could all be limiting factors to
performance at multi-day swimming competitions (Fullagar et al., 2015; Roehrs & Roth, 2008). Though
challenging, studies of greater control are therefore necessary, possibly during competitions when

education and training commitments have less impact on sleep.

In summary, highly trained adolescent swimmers received no ergogenic benefits after ingesting 3 mg-kg
BM-1 CAF 60 min before a 100 m swimming time-trial performance. There were also no differences in
the self-reported physical or psychological side-effects or RPE compared to PLA, possibly because
inter-individual differences in dietary intake, genetics, and gender required more personalised CAF
doses and timings to have an effect. The effects on sleep were unclear, such that no sleep parameter
reached statistical significance, yet moderate effect sizes suggest that subjective measures of total

sleep time and sleep latency could have been affected. This was further supported considering that one
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participant’s data was excluded after failing to sleep and missing a morning time-trial following CAF
ingestion. To provide a better understanding of the CAF effects on sleep during swimming competitions,

more controlled studies involving objective measures are required.
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583 Table 1. Sleep parameters for the night before (night one) and night of (night two) evening

584  supplement ingestion and time-trial performance.

585
Night One Night Two )
Sleep Parameter CAF LA CAF LA Interaction
Bedtime (h:min) 21.58+1:39 21:55+0:25 22:20+0:12 21:58+0:24 onﬁ?]lzgg%?ss’
Time intended to 22:55+0:30 | 22:30:0:23 | 22:36+0:20 | 22:17+0:32 F=0.9, p=0.376,
sleep (h:min) Pn?=0.11
Sleep latency (min) 19426 21+19 43+29 29+24 F:Ob?]'zgcz)oifgs’
Wake time during F=1.7, p=0.240,
the night (min) 20241 5+11 244 68 Pr?o0.19
Wake up time . . . . . . . . F=0.7, p=0.426,
(hemin) 08:17+1:22 | 07:35:2:19 | 04:10£0:08 | 04:1320:10 Pr?00.09
Out of bed time 08:41+1.29 | 07:47+2:25 | 04:14+0:07 | 04:17+0:08 F=1.0, p=0.356,
(h:min) Pn?=0.12
Total time spent in . . . . . . . . F=1.8, p=0.218,
bed (h:min) 10:43+2:02 9:52+2:37 5:55+0:17 6:19+0:24 Pr?o0.51
Total sleep time . . . . . . . . F=0.3, p=0.574,
(hmit) 8:44+1:20 8:39+2:10 04:49+0:34 5:20+0:49 Pr?o0.05
Sleep efficiency F=0.1, p=0.781,
) 83.3+14.6 81.448.2 88.146.5 84.410.3 Pr?20.01
Sleep quality (n/5) 4.140.4 4.240.6 3.340.9 3.040.5 on;:};‘__’;%g“
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Figure 1: Individual 100 m swimming performance times following CAF and PLA ingestion in the
evening (100 m PM) and in the following morning (100 m AM). FR=freestyle, BK=backstroke,

BR=Dbreaststroke, FL=butterfly, M=male swimmers, F=female swimmers.

Figure 2: Subjective ratings of A) tachycardia, B) stomach upset, C) headache, and D) jitteriness
following the ingestion of CAF and PLA. * denotes main effects for time compared to baseline PM

(p<0.05).

Figure 3: Subjective ratings of A) anxiety, B) tiredness, C) alertness, D) readiness to exercise,
and E) mood rating following the ingestion of CAF and PLA. * denotes main effects for time

compared to baseline AM (p<0.05).
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