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Abstract  4 

Intensified periods of competition are common in many team sports, potentially leading to 5 

increased fatigue and reduced performance. The purpose of this study was to investigate the 6 

effect of repeated high-intensity sprint interval exercise on cognitive function, mood and 7 

perceptions of energy and fatigue. Twenty-four trained rugby players completed multiple bouts 8 

of repeated sprints across two consecutive days. Prior to and following each set of maximal 9 

effort sprints or equivalent control duration, a battery of cognitive tasks assessing simple and 10 

choice reaction time, visuo-spatial working memory and inhibition were completed as well as 11 

visual analogue scales that assessed mood, energy, and fatigue. Accuracy of incongruent Stroop 12 

responses was significantly lower across day 2 compared to day 1 and the control condition. 13 

Four-choice reaction time was slower across day 2 whilst feelings of alertness, contentedness, 14 

and physical and mental energy were reduced while ratings of physical and mental fatigue 15 

increased. These findings suggest that intensified periods of high-intensity sprint interval 16 

exercise have detrimental effects on executive function, mood and perceptions of physical and 17 

mental energy, and fatigue. These deleterious effects have the potential to impact performance 18 

and may increase the propensity for injury/accidents in certain sporting and non-sporting 19 

contexts. 20 

Keywords: Cognition, Congested Fixtures, Fatigue, Recovery, Performance 21 

Introduction  22 

Successful sporting performance is dependent on an athlete’s ability to produce and sustain high 23 

levels of physical, technical, cognitive, and psychological skills throughout a competition. These 24 

skills often decline during the final stages of a match or game (McMorris, Hale, Corbett, 25 



 
 

Robertson, & Hodgson, 2015), with deterioration being attributed to exercise-induced fatigue 26 

(Rampinini, Impellizzeri, Castagna, Coutts, & Wisløff, 2009), defined as a disabling symptom in 27 

which physical and cognitive function is limited by interactions between performance fatigability 28 

and perceived fatigability (Enoka & Duchateau, 2016). Residual fatigue accumulated over 29 

successive matches can adversely affect team-sport performance (Ronglan, Raastad, & 30 

Børgesen, 2006) and has been associated with rises in injury rates (Carling, McCall, Le Gall, & 31 

Dupont, 2016) and reductions in player well-being (Gescheit, Cormack, Reid, & Duffield, 2015).  32 

Despite the need for recovery after a match, team sports players are required to frequently 33 

compete and train within intensified competition periods held over consecutive days, multiple 34 

times per week (Ronglan et al., 2006). Rugby sevens epitomises congested fixtures, with most 35 

competitions consisting of multiple fixtures across a two-day tournament. Excessive volumes of 36 

strenuous competition impose significant challenges for the musculoskeletal, nervous, immune 37 

and metabolic systems (Gescheit et al., 2015), which can lead to overtraining syndrome if not 38 

properly managed.  39 

High-intensity interval exercise (HIIE) is defined as either repeated short (<45 s) to long (2–40 

4 min) bouts of high-intensity aerobic exercise, or short (≤10 s) to long (20–30 s) all-out sprints, 41 

interspersed with recovery periods (Biddle & Batterham, 2015). The physiological effects of 42 

HIIE, and its effects on physical performance, has received considerable attention (Freitas et al., 43 

2021; Gescheit et al., 2015; Gibala, Little, MacDonald, & Hawley, 2012), while less is currently 44 

known about the effect of fatiguing cumulative HIIE on cognitive performance. Previous studies 45 

have investigated short duration high intensity aerobic exercise (Tsukamoto et al., 2016), and 46 

long duration endurance exercise (Grego et al., 2005), but little investigation has been 47 

undertaken on congested, repeated bouts of maximal intensity exercise and cognition. It is 48 



 
 

plausible, due to the excessive loads placed on the body during congested HIIE, that cumulative 49 

fatigue, coupled with limited recovery between successive exercise sessions, could compromise 50 

cognitive processes in the same manner that physiological and performance outcomes are 51 

affected.  52 

It is well-accepted that the type and intensity of exercise moderates cognitive and mood 53 

outcomes (Basso & Suzuki, 2017; Browne et al., 2017; Chang, Labban, Gapin, & Etnier, 2012). 54 

At present there is no clear consensus regarding the effect of high-intensity and/or exhausting 55 

exercise on cognitive function and mood, though experimental and theoretical literature appear 56 

to converge towards an impairment in higher-order cognitive processes such as executive 57 

function (Browne et al., 2017; Chang et al., 2012). Several theories have been proposed to 58 

explain this, including a shift in metabolic resource away from brain areas responsible for 59 

higher-order cognitive thinking in favour of structures that support exercise (Audiffren, 2016; 60 

Fontes et al., 2020), as well as a neurochemical perspective, theorising that excessive 61 

concentrations of catecholamines, cortisol and brain derived neurotrophic factor (BDNF), may 62 

cause the inhibition of certain cognitive functions (McMorris, Turner, Hale, & Sproule, 2016).  63 

Alongside the intensity of exercise, individual characteristics including physical fitness and skill 64 

level moderate the exercise-cognition relationship (Chang et al., 2012; Voss, Kramer, Basak, 65 

Prakash, & Roberts, 2010). Fit individuals with a history of training, who are accustomed to 66 

high-intensity exercise, may compensate for the negative effects of fatigue on cognitive function 67 

via a reduced allocation of attentional resources (Wang, Chu, Chu, Chan, & Chang, 2013), with 68 

more favourable cognitive responses reported following intense exercise in trained vs. untrained 69 

individuals (Delignières, Brisswalter, & Legros, 1994). Together with the “cognitive component 70 

skills” theory (Voss et al., 2010), which suggests that athletes show enhanced cognitive 71 



 
 

performance in perceptual-cognitive measures outside of the sport context, trained individuals 72 

may be more resistant to the negative effects associated with intense exercise on cognitive 73 

performance.  74 

Several studies designed to assess the effects of high-intensity exercise on cognitive function 75 

have focussed specifically on the acute effects either during or immediately post-exercise (Chang 76 

et al., 2012). Whilst this sheds light on the acute exercise-induced modulation of cognition, it 77 

fails to provide an insight into the impact of cumulative or residual effects of exercise on 78 

cognitive function during subsequent sports performance. As the last game within a tournament 79 

fixture is often the pinnacle and most defining match, it is important to consider the impact of 80 

repeated, multi-day exercise bouts on cognitive performance and mood in trained sports players. 81 

Thus, the purpose of the present study was to investigate the effect of repeated high-intensity 82 

sprint interval exercise on cognitive function, specifically reaction time, executive functions 83 

including visuo-spatial working memory and inhibition, mood and perceptions of energy and 84 

fatigue in trained team-sports players that are familiar with the type and mode of exercise 85 

imposed. We first hypothesised that a cumulative effect of multiple exercise bouts would have a 86 

negative effect on cognitive performance and mood on day 2 compared to day 1. Secondly, we 87 

hypothesised that there would be a compounding effect of exercise-induced fatigue on cognitive 88 

function post-exercise compared to pre-exercise, with the effect increasing across sessions on 89 

day 1 and into day 2.  90 

Methods 91 

Participants 92 



 
 

Following institutional ethical approval in accordance with the Declaration of Helsinki (1964), 93 

twenty-four well-trained male rugby players were recruited to participate in the study. Mean ± 94 

SD age, height and body mass were 21 ± 2 years, 181.7 ± 5.2 cm, and 88.2 ± 9.0 kg respectively. 95 

Volunteers had at least six years’ competitive rugby experience, were playing within the top five 96 

divisions in the English Rugby Union system and had experience playing competitive Rugby 97 

sevens. This was assessed through the completion of a training history questionnaire. Participants 98 

had not experienced concussion in the preceding 3 months and were not taking any medication 99 

that might have interfered with cognitive function.  The volunteers were informed of the 100 

purposes of the study and completed written informed consent before the study commenced and 101 

completed a health-screening questionnaire to assess for contraindications to participation. All 102 

study procedures were conducted in a laboratory accredited by the British Association of Sport 103 

and Exercise Sciences.   104 

Study design  105 

The study was structured using a randomised, counter-balanced, crossover design that consisted 106 

of five laboratory visits. The first visit was an initial screening that included the collection of 107 

demographic information and familiarisation with the cognitive tasks, mood scales, physical and 108 

mental energy and fatigue questionnaire and experimental procedures. During this session, the 109 

battery of cognitive tasks was performed three times to minimise learning effects. Following this, 110 

four experimental visits were conducted which were grouped into two consecutive days for each 111 

condition (exercise vs. rested control). The study was carried out in a randomised, counter-112 

balanced manner, with seven days between conditions. Participants completed three sessions of 113 

HIIE or rested control (each separated by 3 hours) with the cognitive battery, mood scale and 114 

questionnaire completed immediately pre and post each session to determine the immediate and 115 



 
 

cumulative effect of repeated physical exertion across two consecutive days. This was followed 116 

the next day by an identical protocol.  Testing was conducted at the same time of day on each 117 

occasion. On each experimental day after each exercise or control session, standardised food was 118 

provided. To standardise food consumption in the morning and evenings prior to visits, 119 

participants were provided with a food diary and asked to replicate food consumption. 120 

Participants were required to refrain from alcohol consumption, caffeine ingestion and exercise 121 

24-hours prior to the start of each trial and to attain a minimum of 7-hours sleep on nights prior 122 

to each testing day. All participants reported compliance to the requirements. 123 

Experimental Procedure  124 

Upon arrival for each experimental day, participants confirmed that they had not suffered any 125 

head collisions since their previous visit and had complied with the study requirements. 126 

Following this, baseline completion of the cognitive tasks, mood, fatigue and energy scales was 127 

undertaken. Participants assigned to complete the exercise condition were fitted with a heart rate 128 

(HR) monitor (Polar RS800CX, Polar Electro, Finland) and completed a standardised 15-minute 129 

warm-up. This consisted of 5-minutes on a cycle ergometer (Watt bike Pro, Nottingham, UK) 130 

maintaining between 150-200 Watts, followed by a series of dynamic stretches and shuttle runs 131 

at 60 %, 70 % and 80 % of maximal effort. Timing gates (SmartSpeed, Fusion Sport, Australia) 132 

were positioned at 0 and 20 m to record sprint times; participants were instructed to start with 133 

their foot approximately 30 cm from the start line to avoid premature triggering of the timing 134 

system. After a 5-second count down, participants completed 20 x 20-metre sprints with a 20 s 135 

active recovery period. Participants were instructed to give maximal effort for each sprint and 136 

stop within a 10 m deceleration zone. This idea was conceived by the need to induce repeated 137 

maximal efforts that were metabolically and mechanically challenging. Congruent to the habitual 138 



 
 

sport of the participants, this protocol was adapted from a previous study in rugby players and is 139 

in line with global positioning system data in rugby (Austin, Gabbett, & Jenkins, 2013; Suarez-140 

Arrones, Nuñez, Portillo, & Mendez-Villanueva, 2012). Standardised strong verbal 141 

encouragement was given throughout. Participants provided their rate of perceived exertion 142 

(RPE) using a 15-point RPE scale (Borg, 1998) upon the immediate completion of the final 143 

sprint and a capillary blood sample was taken for determination of peak blood lactate 144 

concentration. Participants were then seated in a quiet testing booth to repeat the cognitive 145 

performance tests, mood measures and fatigue and energy scales. A three-hour gap was then 146 

provided prior to the next session; during this time participants were asked to relax, remain 147 

seated and instructed not to do anything mentally demanding (e.g., video games, sudoku). The 148 

control condition was identical to the exercise condition with the exception that no exercise was 149 

undertaken and no blood samples, HR or RPE measures were provided. In place of exercise, 150 

subjects remained seated in a quiet area for 20 minutes to mimic the same time required for the 151 

exercise protocol (Figure 1). 152 



 
 

 153 

Figure 1 Schematic of testing protocol across one day in the a. experimental and b. control 154 

condition. The same protocol was replicated on day two in each respective condition. 155 

Cognitive assessment 156 

Cognitive assessment was undertaken using COMPASS (Computerised Mental Performance 157 

Assessment System, Northumbria University, Newcastle upon Tyne, UK), a purpose-designed 158 

software application for the flexible delivery of randomly generated parallel versions of standard 159 

and novel cognitive assessment tasks that has previously been shown to be sensitive to exercise 160 

intervention (Asamoah et al., 2013). At each of the aforementioned time points, a cognitive 161 

battery of tasks, mood scale and an energy and fatigue questionnaire were completed which took 162 

approximately 15 minutes to complete. Each cognitive assessment was identical, with the 163 

exception that unique, randomly organised stimuli were used on each occasion; all responses 164 



 
 

were performed via a Cedrus RB-540 response pad or computer mouse where appropriate. The 165 

battery of cognitive tasks consisted of: 166 

Simple reaction time (SRT) 167 

An arrow pointing upwards appeared in the centre of the computer screen at irregular intervals 168 

(interstimulus (ISI) interval = 1 to 2.5 seconds). Participants were instructed to press the centre 169 

button on the response pad as quickly as possible as soon as the arrow appeared. This task 170 

assessed simple reaction time to one stimulus and was scored for overall RT (ms) to 35 stimuli. 171 

Incorrect responses were not recorded. 172 

Four-choice reaction time (FCRT) 173 

Four arrows pointing left, right, up and down individually appeared on the computer screen at 174 

irregular intervals (ISI = 1 to 3.5) seconds. Participants were instructed to use the index finger of 175 

their dominant hand to press the corresponding button on the response pad, as quickly as 176 

possible, when an arrow appeared. This task assessed multiple choice reaction time to four 177 

stimuli and was scored for correct RT (ms) and accuracy of responses (%) to 32 stimuli.  178 

Computerised Corsi blocks 179 

Nine blue squares on a black background were displayed on the computer screen. In a random 180 

order, some of the blue squares changed to red and back to blue again. Participants were 181 

instructed to remember the sequence and once it had finished, to use the mouse to click the 182 

blocks in the exact sequence in which they were presented. The task was repeated five times at 183 

an increasing level of difficulty (addition of 1 block) with the sequence span beginning at 4 and 184 

increasing upwards until the participant could no longer correctly recall the sequences. This task 185 



 
 

assessed visuo-spatial working memory and was scored for span score, calculated by averaging 186 

the level of the longest three correctly completed trials. 187 

Stroop task  188 

Words describing one of four colours (‘RED’, ‘YELLOW’, ‘GREEN’, ‘BLUE’) were presented 189 

in different coloured fonts in the centre of the computer screen. Participants were instructed to 190 

press one of four coloured response buttons in order to identify the font colour (e.g. if the word 191 

‘YELLOW’ was presented in a red font, the correct response would be to respond with the red 192 

button). The presented words were either ‘congruent’ (word and font were the same colour) or 193 

‘incongruent’ (word and font were different colours) and were presented in a random order. This 194 

task assessed inhibition and was scored for overall, congruent and incongruent correct response 195 

RT (ms) and accuracy (%) to 30 stimuli. 196 

Mood assessment 197 

The Bond-Lader mood scale was used to provide a self-evaluation of mood and was 198 

administered via COMPASS. A series of sixteen 100 mm visual analogue scales (VAS) anchored 199 

at either end by antonyms (e.g. “alert-drowsy”, “calm-excited”) were presented. Participants 200 

were instructed to indicate on the scale as to how they felt at that current moment in time. 201 

Individual responses were combined to calculate three composite scores of alertness (nine items, 202 

Cronbach`s α = 0.88), contentment (nine items, Cronbach`s α = 0.81), and calmness (two items, 203 

Cronbach`s α = 0.846) where higher scores reflect greater state feelings related to each mood 204 

state (Bond & Lader, 1974).  205 

The 12-item state component of the Mental and Physical State and Trait Energy and Fatigue 206 

Scale (Cronbach`s α = 0.89-0.91) (O'Connor, 2006), delivered via paper-and-pen, was used to 207 



 
 

assess four energy and fatigue mood states: Physical Energy State, Physical Fatigue State, 208 

Mental Energy State, and Mental Fatigue State. Participants were asked to indicate, “How do 209 

you feel right now with regard to your capacity to perform your typical physical activities” for 210 

the physical energy and fatigue questions. The instructions were identical for the mental energy 211 

and fatigue questions except that the focus was changed to “typical mental activities”. The scales 212 

ranged from ‘I feel I have no’ to ‘strongest feelings of…ever felt’ with the adjectives at the end 213 

of each scale being energy/ fatigue/ vigour/ exhaustion/ pep/ feelings of being worn out. 214 

Participants rated the intensity of their current feelings by marking a point on each of the twelve 215 

presented 100 mm VAS. Each VAS item was scored 0-100 in mm from left to right along the 216 

horizontal line with 0 representing the lowest possible score and 100 being the highest. 217 

Participants total fatigue and energy scores were derived by summing the three items constituting 218 

each of the four state scales, and thus, the scale scores could range from 0 to 300. 219 

Statistical analysis 220 

Statistical power was calculated using a freely available online program (PANGEA v0.2) 221 

specifically designed for general ANOVAs with multiple factors. A sample size of 20 was found 222 

to provide a 95% chance of detecting a medium effect size (defined as 0.5 by Cohen, 1992) with 223 

significance at an α-level of 0.05. With the inclusion of a 20 % drop-out rate, a total of 24 224 

participants was deemed suitable.  All data were analysed using statistical software (IBM SPSS 225 

22 for Windows, New York, USA). Prior to analysis, box plots were used to screen and assess 226 

outliers, defined as a data point that is located 1.5 times outside the interquartile range. This 227 

resulted in the removal of less than 2% of total data points; the relevant n for each cognitive task 228 

is shown in figure legends and supplementary table. To test the hypotheses, a four-way condition 229 

x day x session x pre-post repeated measures ANOVA was conducted on cognitive performance, 230 



 
 

mood, energy, and fatigue measures, with a specific focus on a two-way condition x day 231 

interaction to test the first hypothesis and the four-way interaction to test the second. Exploratory 232 

analysis was conducted on three-way interactions revealed in the ANOVA to determine potential 233 

within day interactions. Blood lactate concentration, RPE, sprint time and HR were assessed via 234 

a two-way (day x session) ANOVA. A p value of <0.05 was considered significant and pairwise 235 

comparisons with Bonferroni correction were used to follow-up on any significant interaction 236 

effects revealed by the ANOVAs. Sphericity was assumed if Mauchly’s test score returned p 237 

≥0.05; if sphericity was violated, the degrees of freedom were corrected using Greenhouse-238 

Geisser procedure.  239 

Results 240 

Physical performance measures  241 

Due to technical issues, only HR data for 18 of the 24 participants was available for analysis. A 242 

session main effect for RPE (F(2,46)=15.90, p<0.001, ηp2=0.41) and blood lactate concentration 243 

(F(2,46)=15.81, p< 0.001, ηp2=0.41) was observed highlighting an increase in RPE across sessions 244 

(p<0.001, ηp2=0.41) and a reduction in post-exercise blood lactate concentration (p<0.001, 245 

ηp2=0.41). A day main effect was found for blood lactate (F(1,23)=46.601, p<0.001, ηp2=0.67) and 246 

HR (F(1,17)=28.69, p<0.001, ηp2=0.63), showing both to be lower on day 2 compared to day 1 247 

(p<0.05) as well as revealing sprint time to be slower on day 2 (F(1,23)=6.12, p=0.021, ηp2=0.21). 248 

Physical performance data are presented in Table 1. 249 

Table 1 Average sprint time, HR, RPE and post-exercise blood lactate concentration following 250 

each session of repeated sprints on day 1 and 2 251 



 
 

 Day Session 1 Session 2 Session 3 

Average sprint 
time (s) ‡ 

1 3.43 ± 0.2 3.47 ± 0.1 3.46 ± 0.1 

2 3.51 ± 0.1 3.51 ± 0.1 3.52 ± 0.1 

HRav (bpm) ‡ 
1 178 ± 8 180 ± 6 179 ± 6 

2 175 ± 8 175 ± 8 176 ± 7 

BLa (mmol/L) #‡ 
1 12.4 ± 2.6 11.4 ± 2.5 10.4 ± 2.1 

2 9.9 ± 2.0 9.6 ± 1.8 9.1 ± 1.6 

RPE# 
1 18 ± 1.1 18.4 ± 1.1 18.7 ± 1.5 

2 18.0 ± 1.9 18.4 ± 1.3 18.8 ± 1.1 
Data presented as mean ± SD. #Significant difference between sessions (p<0.05). ‡Significant 252 

difference between days (p<0.05). HRav = average heart rate; BLa = blood lactate concentration; 253 

RPE = rate of perceived exertion. 254 

Cognitive Performance 255 

Simple reaction time 256 

No interaction or main effects were observed for simple reaction time (all p>0.05) (Figure 2). 257 

Four-choice reaction time 258 

A condition x day interaction effect (F(1,20)=6.24, p=0.02, ηp2=0.21) revealed FCRT to be slower 259 

across day 2 in the exercise condition when compared to day 1 (p<0.05) with no such effect in 260 

the control condition (Figure 2a). Additionally, a three-way condition x session x pre-post 261 

interaction (F(2,40)=3.41, p=0.04, ηp2=0.15) showed reaction time following the third session was 262 

slower than following the second (p=0.001), irrespective of day.  263 



 
 

 264 



 
 

Figure 2 a. Simple reaction time (n=23); b. Four-choice reaction time (n=21); c. Corsi blocks 265 

span score (n=20); d. Stroop incongruent accuracy (n=19). *significantly different to day 1 266 

(p<0.05); †significantly different to control condition on day 2 (p<0.05). 267 

Corsi blocks task 268 

Pairwise comparisons following a condition x session x pre/post interaction (F(1,19)=3.40, 269 

p=0.044, ηp2=0.15) revealed a decline in performance post-exercise during session 2 (p=0.001) 270 

and 3 (p=0.003) irrespective of day, that was not observed in the control condition. Compared to 271 

the control, performance was lower post-session 2 and post-session 3 (both p<0.05; Figure 2b). 272 

Stroop task 273 

A condition x day interaction was observed for overall Stroop accuracy (F(1,18)=4.79, p=0.04, 274 

ηp2=0.21). A secondary analysis was carried out on Stroop data to explore the effects on 275 

congruent and incongruent data separately. This analysis revealed a significant effect on 276 

responses to incongruent stimuli (F(1,18)=6.77, p=0.02, ηp2=0.27; Figure 2c) that was not observed 277 

for congruent stimuli. In the exercise condition, performance on day 2 was worse compared to 278 

day 1 (p=0.03) and to the control condition (p=0.008).  279 

Mood 280 

Alertness 281 

A condition x day interaction (F(1,23)=18.06, p<0.001, ηp2=0.44) found alertness to be lower 282 

across day 2 in the exercise condition compared to day 1 (p=0.001) and the control (p<0.001; 283 

Figure 3a). Pairwise comparisons following a condition x session interaction (F(1,23)=6.52 , 284 

p<0.005, ηp2=0.22) showed an increase in alertness from the first to the second session in the 285 



 
 

control condition (p<0.005), but a decrease in the exercise condition from the first to the third 286 

session (p<0.005) and from the second to the third session (p<0.001).  287 

 288 



 
 

Figure 3 a. Alertness b. contentedness c. calmness (all n=24) pre and post each session of high-289 

intensity interval exercise/rest over two-consecutive days. Data presented as mean ± SEM. 290 

*Significantly different to day 1 (p=0.001); †significantly different to control condition on day 2 291 

(p<0.001). ¥Significantly different to day 1, session 1, pre-exercise (p<0.001). 292 

Contentedness  293 

A condition x day interaction (F(1,23)=10.14, p=0.004, ηp2=0.31) found feelings of contentedness 294 

were lower on day 2 compared to day 1 in the exercise condition (p<0.05) and the control 295 

condition (p<0.001; Figure 3b). Furthermore, a condition x session x pre-post interaction 296 

(F(2,46)=6.28, p=0.004, ηp2=0.21) showed that, irrespective of day, ratings were lower following 297 

the third session compared to the first (p=0.036) and second (p=0.019). Ratings were lower post-298 

exercise, compared to pre, in the third session (p<0.05), whilst they increased in the control 299 

condition (p<0.05).  300 

Calmness 301 

A condition x day x session interaction (F(2,46)=7.69, p=0.001, ηp2=0.25) revealed calmness to be 302 

higher during the final session compared to the first (p<0.001) in the exercise condition,  and 303 

higher, overall, at the first session on day 2 compared to the first session on day 1 (p<0.001). 304 

Compared to the control, calmness following the final session on day 2 is lower (p<0.05). A 305 

condition x pre-post interaction (F(1,23)=6.80, p=0.015, ηp2=0.23) shows calmness declines 306 

immediately following exercise (p=0.01), with no change observed in the control condition 307 

(p>0.05; Figure 3c).  308 

Physical energy 309 



 
 

A condition x day interaction (F(1,23)=22.25, p<0.001, ηp2=0.49) found physical energy to be 310 

significantly lower in the exercise condition on day 2 compared to day 1 (p=0.001) and 311 

compared to the control condition (p<0.001; Figure 4a). A condition x session interaction 312 

indicated lower energy ratings at the second (p<0.05) and third (p<0.001) session compared to 313 

first, whilst all sessions were significantly lower compared to the control (p<0.001). A condition 314 

x pe-post interaction (F(1,23)=16.81, p<0.001, ηp2=0.42) showed participants had less physical 315 

energy following each session than before (p<0.001). 316 



 
 

 317 



 
 

Figure 4 a. Physical energy b. physical fatigue, c. Mental energy and d. mental fatigue (all n=24) 318 

pre and post each session of high-intensity interval exercise/rest over two-consecutive days. Data 319 

presented as mean ± SEM. *Exercise condition significantly different to day 1 (p<0.05). 320 

†Significantly different to control condition (p<0.05). ǂSignficantly different to third session of 321 

the day (p<0.001). 322 

Physical fatigue 323 

A condition x day interaction (F(1,23)= 43.37, p<0.001, ηp2=0.65) found physical fatigue in the 324 

exercise condition to be higher on day 2 compared to day 1 (p<0.001; Figure 4c) and compared 325 

to the control on both days (p<0.001). A three-way condition x day x session interaction 326 

(F(2,46)=6.06, p=0.005, ηp2=0.21) was found with pairwise comparisons revealing higher physical 327 

fatigue during each session on day 2 compared to day 1 (session 1: p=0.001; session 2: 328 

p<0.0001; session 3: p=0.014), and between the first and third, and second and third session on 329 

each day (all p<0.0001). Conversely, in the control condition, physical fatigue decreased from 330 

the first to the second session on day 1 (p=0.006) and was significantly lower at the first 331 

(p=0.002) and third (p=0.033) session on day 2 compared to day 1. Physical fatigue was 332 

significantly higher in the exercise condition, when compared to control, at each session on both 333 

days (all p<0.005). A significant condition x day x pre/post interaction (F(1, 23)=9.99, p=0.004 334 

ηp2=0.30) indicated that ratings were higher pre- and post-exercise on day 2 compared to day 1 335 

and higher compared to the control on both days (p<0.001; Figure 4b), while these ratings 336 

decreased in the control condition (all p<0.001). Ratings also increased pre- to post-exercise on 337 

day 1 (p<0.001) and day 2 (p=0.001), with no such effects in the control condition.  338 

Mental energy 339 



 
 

A condition x day interaction (F(1,23)= 4.74, p=0.001, ηp2=0.39) found mental energy to be lower 340 

on day 2 compared to day 1 (p=0.001; Figure 4c) and compared to control (p<0.001). Follow up 341 

on a condition x session interaction (F(2,46)=6.32, p=0.004, ηp2= 0.22) showed a reduction in 342 

mental energy at each consecutive session compared to the previous session and to the control 343 

(both p≤0.05). A condition x pre-post interaction (F(1,23)=5.79, p=0.025, ηp2=0.20) indicates 344 

lower mental energy post-exercise compared to pre-exercise (p=0.009) and control (p=0.002), 345 

irrespective of day or session (figure 4c).  346 

Mental fatigue 347 

A condition x day interaction (F(1,23)=11.16, p=0.003, ηp2=0.33) found mental fatigue to be 348 

higher on day 2 in the exercise condition compared to day 1 (p=0.003) and the control on both 349 

days (p≤0.02). A condition x session interaction (F(2,46)= 5.99, p=0.005, ηp2=0.21) revealed 350 

higher mental fatigue at session 3 compared to 1 and 2 (both p<0.001) with mental fatigue at 351 

session 2 and 3 also being higher compared to control (both p<0.001). A condition x pre-post 352 

interaction (F(1,23)= 14.11, p=0.001, ηp2=0.38) found post-exercise ratings to be greater than pre-353 

exercise (p<0.001) in the exercise condition, while ratings in the control condition were lower at 354 

both pre and post (both p<0.005) each session (See figure 4d).   355 

Discussion 356 

The aim of this study was to investigate the effect of repeated high-intensity sprint interval 357 

exercise on cognitive function, specifically reaction time and executive function as well as mood 358 

and perceptions of energy and fatigue. In support of the first hypothesis, we observed worse 359 

cognitive performance and mood on day 2, compared to day 1, attributed to a cumulative effect 360 

of fatigue from multiple HIIE bouts. More specifically, detrimental effects on inhibition and four 361 



 
 

choice rection time were observed, with an increase in errors (assessed by response accuracy on 362 

the Stroop task) and a slowing of RT (assessed on the FCRT) found on day 2. Within the mood 363 

measures, both alertness and contentedness were lower on day 2, alongside lower mental and 364 

physical energy and greater mental and physical fatigue. The second hypothesis stating that there 365 

would be a compounding effect of exercise-induced fatigue on cognitive function post-exercise, 366 

compared to pre-exercise, with the effect increasing across day 1 into day 2 was rejected, though 367 

detrimental effects on FCRT and visuo-spatial working memory were observed post-exercise 368 

following the later sessions in the day.  369 

The results observed in the current study support within-match observations of reductions in 370 

technical skill and performance (Rampinini et al., 2009), in addition to reductions in performance 371 

across congested matches and tournaments (Ronglan et al., 2006). In contrast, Tsukamoto and 372 

colleagues (2016) found improved performance on the incongruent condition of the Stroop task 373 

following repeated HIIE. A possible explanation for the conflicting results when compared to 374 

those of Tsukamoto et al. (2016) is that whilst high-intensity exercise was implemented in their 375 

study (90 % V̇O2max), the exercise was not at maximal effort and was on a cycle ergometer which 376 

has been shown to be a less cognitively demanding activity as compared to running, potentially 377 

due to requiring less metabolic energy (Lambourne & Tomporowski, 2010). Furthermore, the 378 

detrimental effects observed in the current study were driven by effects on day 2, which were not 379 

assessed by Tsukamoto et al. (2016). Higham and colleagues (2012)  also observed different 380 

findings to the current study. When assessing movement patterns in rugby sevens, there was little 381 

indication of cumulative fatigue in players when comparing first and last games during 382 

tournaments that were held across two-days and consisted of five to six matches. This study, 383 

however, only reported movement patterns without skill, perceptual responses or any markers 384 



 
 

indicative of cognitive performance such as decision-making or missed passes and thus, the true 385 

impact of successive matches and residual fatigue was not fully assessed. What’s more, these 386 

results might have been representative of effective between-match physiological recovery 387 

strategies rather than the effect of exercise-induced fatigue on consecutive performance.  388 

Though the relationship between cognitive processes and sport-specific cognitive processes is 389 

unclear, it is interesting that the data from the current study supports previous findings of a 390 

reduction in sport-specific decision-making and accuracy, as assessed by the Loughborough 391 

Soccer Passing Test, across a 4-day soccer tournament (Sinclair & Artis, 2013). Our results 392 

found a reduction in accuracy on a more challenging cognitive task, with no effect on a simple 393 

task. This supports previous studies that have used intermittent protocols and found reductions in 394 

accuracy on both cognitive (Casanova et al., 2013) and performance-specific (Stone & Oliver, 395 

2009) tasks. This might suggest that the effects of cumulative HIIE bouts have a greater impact 396 

on complex cognitive tasks that require the integration of different types of knowledge and skills 397 

to be applied in cognitively demanding circumstance. This is particularly pertinent to sport as 398 

complex cognitive skills, such as executive function, form the basis of sporting performance, 399 

being responsible for player decision making, response inhibition and cognitive flexibility. The 400 

importance of executive function in sport, and particularly that of strategic sports, like rugby, 401 

where athletes must adapt to highly varying situations including teammates, opponents, field 402 

position, and the environment, was highlighted recently by Krenn, Finkenzeller, Würth, and 403 

Amesberger (2018), and previously by Vestberg, Gustafson, Maurex, Ingvar, and Petrovic 404 

(2012) who found executive function was able to predict the success of top soccer players.  405 

The ramifications of residual fatigue and impaired decision-making processes combined, both of 406 

which are synonymous with sports participation, extend beyond reductions in performance and 407 



 
 

can increase acute and long-term injury rates (Bengtsson, Ekstrand, & Hägglund, 2013; 408 

Borotikar, Newcomer, Koppes, & McLean, 2008). For example, fatigue and decision-making 409 

have been found to contribute to anterior cruciate ligament injury risk via the promotion of high-410 

risk joint neuromechanical movement strategies during dynamic sports landings (Borotikar et al., 411 

2008). As fatigue and decision-making rarely exist independent of one another in a real match 412 

environment, it may be that their combined manifestation presents as a worst-case scenario for 413 

injury risk, highlighting a need to monitor fatigue levels and cognitive processes, such as 414 

decision-making, to support player well-being.  415 

Several theories may explain the results observed. Perhaps one of the most recent is the RAH 416 

model (Audiffren, 2016) which posits that acute exercise forces the brain to shift metabolic 417 

resources away from specific regions, such as the prefrontal cortex (PFC) responsible for high-418 

order cognitive thinking, to instead favour structures that support exercise, such as the reticular 419 

formation and motor cortices. This process would consequently favour sensory and motor tasks 420 

whilst temporarily impairing executive function (Fontes et al., 2020; Moreau & Chou, 2019). 421 

Following this theory, it could be suggested that greater resource was required in the motor 422 

cortex on day 2 due to increased fatigue, consequently reducing resource availability in the PFC 423 

and inhibiting cognitive performance. A neurochemical approach has also been suggested. 424 

Initially proposed by (Cooper, 1973) and extended by (McMorris et al., 2016), this theory 425 

acknowledges the cascading effect exercise has on many neurochemicals in the brain, including 426 

catecholamines noradrenaline and dopamine, as well as cortisol, BDNF, and possibly serotonin. 427 

Excessive concentrations of these neurochemicals, as a result of high-intensity or prolonged 428 

exercise, can inhibit cognitive function (McMorris et al., 2016) and may contribute to the effects 429 

observed. The application of both these theories to post-exercise cognitive effects, as opposed to 430 



 
 

during exercise, however, is still not clear and thus further investigation using brain imaging 431 

techniques such as electroencephalography or near-infrared spectroscopy is required.  432 

Previous studies investigating repeated HIIE and executive function have associated reduced 433 

lactate levels with reduced executive functioning. As lactate is a main energy source for the brain 434 

during high-intensity activity, lower lactate levels may not adequately support neuronal activity 435 

and metabolism (Tsukamoto et al., 2016). Despite lower lactate levels reported here across HIIE 436 

sessions however, blood lactate levels remained relatively high on day 2 suggesting this is not a 437 

causal factor on its own. Indeed, reduced lactate levels suggest reduced glycolysis, which is a 438 

consequence of fatigue. A study found multiple short sprints, similar to that in the current study, 439 

resulted in neuromuscular fatigue (Fiorenza et al., 2019), which may reduce parasympathetic 440 

tone and attenuate executive functioning (Dupuy et al., 2018). Together with the slowing of 441 

sprint performance and self-rated increases in fatigue, the decline in cognitive and physical 442 

performance observed on day 2 of the current protocol might be attributed to both mental and 443 

physical fatigue, which is understood to be due to both peripheral and central mechanisms 444 

(Thomas et al., 2015). This is further supported by Barnes and Van Dyne (2009) who suggest 445 

physical and emotional fatigue may impair cognitive performance at high exercise intensities. 446 

The increase in self-reported mental fatigue following cumulative high-intensity sprint sessions 447 

is particularly interesting. Over the last decade there has been a surge in research showing 448 

negative effects of mental fatigue on physical and sport-specific performance (Habay et al., 449 

2021; Russell, Jenkins, Smith, Halson, & Kelly, 2019; Van Cutsem et al., 2017). Furthermore, 450 

mental fatigue has been found to affect underlying neural mechanisms, that being the activation 451 

and suppression of neural activity, of both physical (Tanaka, Ishii, & Watanabe, 2014) and 452 

cognitive (Tanaka, Ishii, & Watanabe, 2015) performance. Taking this into consideration, it is 453 



 
 

plausible that the increase in mental fatigue observed on day 2 might have contributed to the 454 

reductions in day 2 physical and cognitive performance. Interestingly, unlike all other studies, 455 

the current investigation did not purposefully impose an arduous mentally fatiguing task but 456 

despite this, perhaps unexpectedly, increases in mental fatigue appeared to be elicited by the 457 

cumulative high-intensity physical exercise sessions. This is supported by the finding that mental 458 

fatigue was not only greater on day 2 but increased following each individual sprint session and 459 

became increasingly greater session-to-session, illustrating a cumulative negative effect. This 460 

unique finding has important implications for sports involving congested fixture periods and 461 

warrants further examination, particularly in the absence of sufficient recovery. Indeed, the need 462 

for investigation into the potential cumulative effect of mental fatigue on performance over a 463 

competitive season has been recently highlighted (Russell et al., 2019). This study offers a first 464 

insight into this and posits that strenuous physical exercise itself may contribute to increases in 465 

mental fatigue, which might have effects cognitive as well as physical performance. Further 466 

studies are required in ecologically valid setting to extend this area of research and determine if 467 

similar results are observed in a real-world scenario.  468 

Physical fitness and athletic experience have been reported to moderate cognitive performance 469 

following exercise (Chang et al., 2012; Voss et al., 2010). Highly trained sports players are able 470 

to sustain performance and recover more quickly from high-intensity intermittent exercise 471 

(Edwards, Macfadyen, & Clark, 2003); however, it is known that even well-trained games 472 

players become fatigued with increasing game time (Rampinini et al., 2009). As such, the fatigue 473 

induced via cumulative exercise bouts in the current study might have exceeded a functional 474 

threshold, even for trained players, resulting in the reported detrimental effects on cognitive 475 

performance and mood. As most research investigates the effects of exercise during or 476 



 
 

immediately following one acute exercise session, the present study highlights important 477 

implications for individuals involved in repeated exercise bouts within an intensified period.  478 

A significant increase in sprint time alongside reductions in HR and blood lactate values were 479 

observed on day 2 despite no change in effort, as shown by RPE, indicating the presence of 480 

exercise-induced fatigue. Reductions in mood, particularly alertness, and increases in mental 481 

fatigue were also observed on day 2. Research examining the effect of high-intensity exercise on 482 

mood is limited, particularly in trained populations. It has been suggested that trained individuals 483 

who are accustomed to strenuous exercise will find high-intensity exercise less aversive than 484 

their untrained counterparts and are more positive during exercise at higher intensities than less 485 

active individuals (Browne et al., 2017). The present study, however, is in support of others that 486 

have reported detrimental effects of multiday consecutive performance on mood, perceptions of 487 

fatigue and well-being (Gescheit et al., 2015).  488 

Unlike alertness and contentedness in which progressively negative effects of HIIE were 489 

observed, exercise had positive effects on calmness initially, but following one day of HIIE, 490 

negative effects were observed on day 2. Self-report measures of well-being and physical status 491 

are often overlooked in favour of objective physiological and biochemical markers; recent 492 

evidence however, demonstrates subjective measures are often more responsive to training and 493 

provide superior sensitivity and consistency compared to objective counterparts (Saw, Main, & 494 

Gastin, 2015). As self-report measures are easy to employ, quick to determine and physically 495 

non-invasive, they can provide a good indication of immediate player performance and well-496 

being; something that could be of great use during congested periods of competition.  497 

Limitations 498 



 
 

The present study has several limitations. Firstly, only self-report was used to assess concussion 499 

history within the preceding 3 months prior to participation as well as prior to each testing 500 

session. Rugby players are at a higher risk for cognitive decline due to concussion history; to 501 

better qualify that participants had not experienced concussion close to testing, a validated 502 

questionnaire, such as the sport concussion assessment tool, would provide greater certainty over 503 

this variable that could influence the effect of exercise on cognitive function. 504 

Secondly, the present study did not assess post-prandial glucose; pharmacological studies 505 

indicate that a low blood glucose level is associated with the release of counter-regulatory 506 

hormones such as cortisol, and an impairment in cerebral function. Though the influence of this 507 

mediator on cognitive performance has not been fully established, the assessment of blood 508 

glucose levels following each exercise bout may have provided greater insight into the potential 509 

reasoning behind the reductions observed across day 2.  510 

It is also acknowledged that laboratory-based exercise does not replicate the demands of match 511 

performance and thus the present results have low ecological validity. Laboratory-based 512 

protocols do, however, enable greater control over confounding variables. The current protocol 513 

was selected based upon a sport-specific intermittent paradigm and was adapted from studies that 514 

have used sprint-based protocols (Howatson & Milak, 2009) in sporting populations (Austin et 515 

al., 2013). The task specificity was an important part of the protocol because meta-analytic 516 

assessment has demonstrated that the cognitive response may not be similar between exercise 517 

modes (Lambourne & Tomporowski, 2010). Furthermore, it has been shown that familiarity of 518 

exercise mode and exercise modality preference influence mood (Daley & Maynard, 2003) and 519 

brain cortical activity which may contribute to altered psychophysiological response (Brümmer, 520 

Schneider, Abel, Vogt, & Strueder, 2011). Thus, the use of a high-intensity sprint interval 521 



 
 

protocol in the present study could better reflect cognitive performance in intermittent team 522 

sports players, but further studies are needed to understand the effect of congested exercise on 523 

cognitive performance in a true sporting scenario.  524 

Practical Applications & Conclusion 525 

The present study found no effect of one days congested high-intensity sprint interval exercise on 526 

cognitive or physical performance. Compared to the first day however, reductions in inhibition, 527 

as assessed via the Stroop Task, energy and alertness alongside increases physical and mental 528 

fatigue were observed across a second day of congested exercise, in addition to reduced sprint 529 

performance and increases in perceived exertion. The results of this study therefore suggest that 530 

during congested exercise, such as congested tournament fixtures, increased consideration should 531 

be given for both performance outcomes and player well-being, though more research in this 532 

area is required to support these results and better understand the underlying mechanisms. 533 

These results highlight several practical applications that may serve to help with performance 534 

success and player well-being. Perhaps most importantly is the need for cognitive recovery 535 

strategies in-between games and tournament days to ensure players have cognitively recovered. 536 

Furthermore, the importance of nutritional and physiological recovery strategies to minimise 537 

fatigue and increase alertness are of great importance.  538 

The current work can be applied to many sports that involve congested tournaments, particularly 539 

those that encompass high-intensity sprint intervals, as well as applied professional occupations. 540 

For example, military and emergency response personnel are frequently required to perform 541 

operations over several days that require the maintenance of cognitive performance under 542 

stressful conditions and high physical demands. Further understanding of the impact of these 543 



 
 

situations on both fundamental and task-specific cognitive processes is crucial for improving 544 

sports performance over prolonged periods of time and under strenuous exertion. Understanding 545 

the behavioural responses to congested HIIE and the behind them will work towards 546 

identification and development of intervention strategies to attenuate negative responses and 547 

prepare both the body and mind for each exercise session, thus enabling optimum performance 548 

during training and competition. This could, for example, involve player rotation, cognitive 549 

screening and priming, nutrition and recovery strategies. 550 
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