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Abstract 
The purpose of the present study was to examine the influence of 
an acute bout of high-intensity resistance exercise on measures of 
cognitive function. Ten men (Mean ± SD: age = 24.4 ± 3.2 yrs; 
body mass = 85.7 ± 11.8 kg; height = 1.78 ± 0.08 m; 1 repetition 
maximum (1RM) = 139.0 ± 24.1 kg) gave informed consent and 
performed a high-intensity 6 sets of 10 repetitions of barbell back 
squat exercise at 80% 1RM with 2 minutes rest between sets. The 
Automated Neuropsychological Assessment Metrics (ANAM) 
was completed to assess various cognitive domains during the fa-
miliarization period, immediately before, and immediately after 
the high-intensity resistance exercise bout. The repeated 
measures ANOVAs for throughput scores (rꞏm-1) demonstrated 
significant mean differences for the Mathematical Processing task 
(MTH; p < 0.001, η2

p = 0.625) where post hoc pairwise compari-
sons demonstrated that the post-fatigue throughput (32.0 ± 8.8 
rꞏm-1) was significantly greater than the pre-fatigue (23.8 ± 7.4 
rꞏm-1, p = 0.003, d = 1.01) and the familiarization throughput 
(26.4 ± 5.3 rꞏm-1, p = 0.024, d = 0.77). The Coded Substitution-
Delay task also demonstrated significant mean differences (CDD; 
p = 0.027, η2

p = 0.394) with post hoc pairwise comparisons 
demonstrating that the post-fatigue throughput (49.3 ± 14.4 rꞏm-

1) was significantly less than the pre-fatigue throughput (63.2 ± 
9.6 rꞏm-1, p = 0.011, d = 1.14). The repeated measures ANOVAs 
for reaction time (ms) demonstrated significant mean differences 
for MTH (p < 0.001, η2

p = 0.624) where post hoc pairwise com-
parisons demonstrated that the post-fatigue reaction time (1885.2 
± 582.8 ms) was significantly less than the pre-fatigue (2518.2 ± 
884.8 ms, p = 0.005, d = 0.85) and familiarization (2253.7 ± 567.6 
ms, p = 0.009, d = 0.64) reaction times. The Go/No-Go task 
demonstrated significant mean differences (GNG; p = 0.031, η2

p 

= 0.320) with post hoc pairwise comparisons demonstrating that 
the post-fatigue (285.9 ± 16.3 ms) was significantly less than the 
pre-fatigue (298.5 ± 12.1 ms, p = 0.006, d = 0.88) reaction times. 
High-intensity resistance exercise may elicit domain-specific in-
fluences on cognitive function, characterized by the facilitation of 
simple cognitive tasks and impairments of complex cognitive 
tasks.  
 
Key words: Muscle fatigue, automated neuropsychological as-
sessment metrics, back squat, exercise stress. 

 
 
Introduction 
 
In general, the physiological  responses  to  acute  exercise  

have been demonstrated to elicit significant changes in 
cognitive function (Tomporowski 2003; Lambourne and 
Tomporowski 2010; Chang et al. 2012; Browne et al. 
2017). Theoretically, the influence of exercise on cognitive 
function has been thought to follow an inverted-U relation-
ship, similar to the arousal theory originally described by 
Yerkes and Dodson (1908), who first theorized that as ex-
ercise intensity increases, the cognitive function would be 
facilitated until a critical intensity is surpassed at which 
point cognitive function will be impaired. We, therefore, 
hypothesized cognitive functions would be negatively af-
fected. However, data had shown that acute bouts of mod-
erate-intensity aerobic exercise had been demonstrated to 
elicit significant improvements on measures of cognitive 
function (Lambourne and Tomporowski 2010; Chang et al. 
2012). However, studies examining the influence of high-
intensity exercise had reported equivocal findings (Browne 
et al. 2017; Moreau and Chou 2019), demonstrating both 
faciliatory (Tsai et al. 2014; Chang et al. 2017) and inhibi-
tory (Mekari et al. 2015; Smith et al. 2016) influences on 
cognitive function. But the type of high-intensity resistance 
exercise examined in this study, from our perspective, 
would appear to impair cognitive functions.   

This hypothesis was based on the many influences 
that such high-intensity exercise stimulates that may medi-
ate dysfunctional mechanisms in the brain related to cog-
nition. It has been shown that high-intensity exercise 
causes dramatic changes in brain metabolism (Dietrich and 
Audiffren 2011; Mekari et al. 2015,) with elevated neuro-
chemical concentrations (Izquierdo et al. 2009; Dietrich 
and Audiffren 2011; Tsai et al. 2014) that have been 
thought to mediate declines in cognitive function. We un-
derstood from our prior work that a significant physical 
stress was associated with the proposed high-intensity re-
sistance exercise protocol (6 sets of 10 RM with 2 minutes 
rest between sets). A dramatic sympatho-adrenergic-corti-
cal stress signaling responses have been demonstrated in 
addition to high levels of glycolytic metabolic stress (Kra-
emer and Ratamess 2005; French et al. 2007; Izquierdo et 
al. 2009). This further supported our a priori hypothesis 
that such stressors would overtly impair cognitive func-
tions, even in trained men.  Thus, the importance of this 
study was supported by the paucity of data examining such 

Research article 



High-intensity exercise and cognition  
 

 

 

392 

high-intensity exercise and the need for more context to 
understand prior work on high-intensity resistance exercise 
(Chang et al. 2012; Browne et al. 2017; French et al. 2007).  

We had an established model for examining cogni-
tive function due to our prior work with the Automated 
Neuropsychological Assessment Metrics (ANAM), a com-
puter-based testing system developed by the United States 
Department of Defense to assess cognitive function (CSRC 
2012). The ANAM has previously been demonstrated to be 
a sensitive and valid measure of cognitive impairments in 
young and athletic populations (Sours et al. 2015; Vincent 
et al. 2018a). Furthermore, the ANAM exhibits excellent 
test-retest reliability (Vincent et al. 2018b) and has been 
demonstrated to achieve stable test results following only 
two test administrations (Kaminski et al. 2009). Thus, we 
had a solid neurophysiological basis for our hypothesis, in-
cluding prior results in the literature (Mekari et al. 2015; 
Smith et al. 2016; Browne et al. 2017) and an effective ex-
perimental tool would allow us to assess cognition conse-
quent to high-intensity resistance exercise stress. There-
fore, the purpose of the present study was to examine the 
influence of a high-intensity back squat protocol on cogni-
tive functions.  
 
Methods 
 
Participants  
Ten resistance-trained men (Mean ± SD: age = 24.4 ± 3.2 
yrs; body mass = 85.7 ± 11.8 kg; height = 1.78 ± 0.08 m; 1 
repetition maximum (1RM) = 139.0 ± 24.1 kg; 1 RM to 
body mass ratio: 1.64 ± 0.35) experienced in training with 
the barbell squat exercise volunteered to participate in this 
study. The participants were required to regularly partici-
pate in resistance training (≥ 3 times/week) for at least one 
year prior to the study. The participants were considered 
healthy and screened for any conditions that would con-
found the experimental findings, including neurological 
disorders, medications, drug use, musculoskeletal injuries, 
high   blood  pressure,   concussions,  epileptic   or   sleep  

disorders, tobacco use, or alcohol consumption >3 
drinks/day or 18 drinks/wk. Additionally, each participant 
met with a registered dietitian and screened for a normal 
diet and was instructed how to abstain from caffeine con-
sumption 24 hours before each test visit. The University’s 
Institutional Review Board approved all experimental pro-
cedures. All participants signed an informed consent docu-
ment prior to the initiation of the study after having the 
benefits and risks of the study explained to them.  
 
Familiarization 
Each participant was thoroughly familiarized with the ex-
perimental back squat testing protocols and the Automated 
Neuropsychological Assessment Metrics (ANAM). Each 
participant then completed a baseline ANAM during the 
familiarization phase. The ANAM core battery is a series 
of tests that were selected due to their sensitivity to subtle 
effects of a mild brain injury. The ANAM measures vari-
ous cognitive domains, including response speed, attention 
and concentration, immediate and delayed memory, spatial 
processing, and decision processing speed and efficiency 
(CSRC 2012). The ANAM is considered a highly sensitive, 
precise, and objective measure of cognitive function appro-
priate for research in healthy individuals and patient popu-
lations (Bleiberg et al. 2000). The tasks comprising the 
ANAM Core test battery are described in Table 1.  
 
Strength testing  
Following the ANAM familiarization, participants were 
evaluated for their 1-repetition maximum (1RM) back 
squat using a free weight barbell (EliteFTS, London, OH) 
and methods previously described by Shimano et al. 
(Shimano et al. 2006).  In brief, after a generalized dynamic 
warm-up, participants performed 5-10 repetitions at ap-
proximately 40-60% of their perceived maximum,            
followed by a second set of 3-5 repetitions at 60-80%,     
followed by one repetition attempts with progressively 
heavier  load  until  a 1RM was established. To perform a 
squat,  the  participant  descended  to a parallel position by

 
Table 1. Descriptions of the ANAM Core test battery tasks in the order presented to participants. 

Task Description  

Simple Reaction Time (SRT) 
Measures visuomotor processing speed, simple motor speed and attention. A series of symbols 
was presented on display; the subject had to respond as quickly as possible by clicking on the 
mouse each time the symbol appeared. 

Coded Substitution-Learning 
(CDS) 

Measures visual scanning, visual perception, attention, associative learning, and information 
processing. The subject compared a displayed digit-symbol pair with a set of defined digit-
symbol pairs (the key) presented at the top of the screen. The subject pressed on the designated 
mouse button to indicate whether the pair in question was correct or incorrect relative to the 
key.  

Procedural Reaction Time 
(PRO) 

Measures information processing speed, visuomotor reaction time, simple decision making, 
and attention. The subject was presented with a number (2-5); the subject pressed one desig-
nated button for a low number (2 or 3) or another designated button for a high number (4 or 5). 

Mathematical Processing 
(MTH) 

Assesses basic computational skills, concentration, and working memory. Arithmetic problems 
involving 3 single-digit numbers and 2 operators were displayed. The subject pressed buttons 
to indicate whether the answer to the problem is less than 5 or greater than 5.   

Coded Substitution-Delay 
(CDD) 

A measure of learning and delayed visual recognition memory. The subject was presented with 
a digit-symbol pair and must decide from memory if the pairing was correct based on the key 
presented during the Code Substitution (learning) test taken earlier.  

Go/No-Go (GNG) 
Measures response inhibition. The subject was presented with two characters, “x” and “o.” The 
subject responded as quickly as possible to the “x” by pressing a button each time it appeared. 
When the “o” appeared, the user was to do nothing. 

Simple Reaction Time 2 (SR2) A repeat of the SRT task (see above).  
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flexing both knees and hips until the greater trochanter of 
the femur reached the horizontal plane of the superior bor-
der of the patella, after which they ascended to the upright 
standing position to complete the movement. After every 
set, the participants rated their perceived exertion using the 
CRQ-10 Rating of Perceived Exertion (RPE) scale with 
magnitude estimation, allowing the subject to give an RPE 
rating higher than 10 (Noble et al. 1983). Following the 
1RM, the participants scheduled their test visit. They were 
asked to abstain from caffeine 24 hours and exercise 72 
hours prior to the visit to reduce the likelihood of delayed 
onset muscle soreness or muscle damage that might impair 
performance for the test day. Additionally, the participants 
were instructed to arrive well hydrated on the morning of 
the visit with a suggestion of consuming ~1,000 mL of wa-
ter the evening before.  
 
Testing protocols 
Following the familiarization visits, the participants were 
scheduled within seven days for the test visit. The partici-
pants reported to the laboratory where hydration status was 
assessed using a high precision TS400 Clinical Refractom-
eter (Reichert Inc., Buffalo, NY) to assure all participants 
were considered euhydrated (urine specific gravity [USG ≤ 
1.020]) for all testing.  Based on this criterion, all partici-
pants in this study were hydrated before testing.  Height 
and body mass measures were then obtained using a Seca 
763 scale/stadiometer (Seca Inc., Chino, CA).  Prior to the 
pre-fatigue ANAM administration, the participants sat for 
10 minutes before having their blood lactate and heart rate 
measured as a baseline for resting values. Blood lactate 
concentrations were measured in duplicate from a single 
fingerpick using a Nova Biomedical Lactate Plus analyzer 
(Waltham, MA).  Heart rate was obtained at rest and during 
the exercise protocol using a Polar Heart Rate Monitor 
(Lake Success, NY).  
 

Back squat test visit 
All test visits were scheduled prior to 11 am. The partici-
pants went through the same procedure leading up to the 
back squat protocol as in the 1RM testing protocol. Addi-
tionally, investigators verbally confirmed that the partici-
pants refrained from exercise 72 hours prior to the visit and 
refrained from consuming caffeine 24 hours prior to the 
visit. Following the pre-fatigue ANAM administration, the 
participants performed a generalized warm-up, then com-
pleted the test protocol of 6 sets of 10 repetitions with 2 
minutes rest between sets of a barbell back squat loaded 
with 80% 1RM.  Participants performed back squats in se-
quence to a parallel position established in the 1 RM test 
protocol. If a participant was unable to complete all 10 rep-
etitions, the participant would drop the load onto the safety 
bars, and 4.5 kg would then be removed from the bar, and 
the participant continued onto the set until all 10 repetitions 
were performed. After each set, the participant rated their 
perceived exertion, and the investigators recorded their 
heart rate. Following sets 3 and 6, the investigators ob-
tained a blood lactate measurement after heart rate and 
RPE were recorded. Investigators ensured the participant 
was using safe and proper form, changed weights if          

necessary, and recorded weights used, RPE, heart rate, and 
blood lactate. Immediately following the last blood lactate 
measurement, the participants completed a post-fatigue 
ANAM. After its completion, recovery heart rate, blood 
lactate, and USG were again recorded.  
 
Statistical analyses 
Performance for the ANAM protocol was assessed using 
reaction time (milliseconds; ms) and throughput when 
available, which was defined as the correct responses per 
minute(rꞏm-1) and has previously been demonstrated to be 
a sensitive and stable measure of task performance (R. 
Thorne 2006; Vincent et al. 2018b).  The results of each 
ANAM task were assessed using one-way repeated 
measures ANOVAs to determine mean differences in per-
formance between the familiarization, pre-fatiguing, and 
post-fatiguing administrations.  The time course of changes 
in load during the back squat protocol, heart rate, and blood 
lactate was examined using one-way repeated measures 
ANOVAs.  Sphericity was assessed using Mauchly’s test, 
and when violated, a Greenhouse-Geisser correction factor 
was applied. Post hoc pairwise comparisons with Bonfer-
roni corrections were utilized when appropriate.  Effects 
sizes for each repeated measures ANOVA (partial eta 
squared; ηp

2) and paired-samples t-test (Cohen’s d) were 
calculated. Significance was defined as p ≤ 0.05 and all sta-
tistical analyses were performed using SPSS Statistics Ver-
sion 27 (IBM Corp., Armonk, NY).  
 
Results 
 

Back squat load, heart rate, and blood lactate  
As expected with this exercise protocol, dramatic fatigue 
took place. By set 4, we observed a significant decrease in 
the percentage of 1RM as loading had to be reduced to per-
form the 10 repetitions. The repeated measures ANOVA 
for back squat load demonstrated significant mean differ-
ences (p < 0.001, η2p = 0.790) with post hoc pairwise com-
parisons demonstrating a significant decline in load com-
pared to Set 1 (80.0 ± 0.0%) beginning at set 4 (72.6 ± 
5.7%, d = 1.84; Table 1).  The repeated measures ANOVA 
for heart rate (p < 0.001, η2p = 0.967) and blood lactate (p 
< 0.001, η2p = 0.900) exhibited mean differences across 
the back squat protocol that were significantly higher than 
resting values (Table 2).  
 

ANAM Performance  
The results of the repeated measures ANOVAs for the 
throughput scores for each ANAM protocol demonstrated 
significant mean differences for MTH (p < 0.001, η2p = 
0.625), CCD (p = 0.027, η2p = 0.394), and SR2 (p = 0.032, 
η2p = 0.324) (Table 3). Post hoc pairwise comparisons for 
MTH demonstrated that the post-fatigue throughput (32.0 
± 8.8 rꞏm-1) was significantly greater than the pre-fatigue 
throughput (23.8 ± 7.4 rꞏm-1, p = 0.003, d =1.01) and the 
familiarization throughput (26.4 ± 5.3 rꞏm-1, p =0.024, d = 
0.77). Post hoc pairwise comparisons for CDD              
demonstrated that the post-fatigue throughput (49.3 ± 14.4 
rꞏm-1) was significantly less than the pre-fatigue through-
put (63.2 ± 9.6 rꞏm-1, p = 0.011, d = 1.14).  There were no 



High-intensity exercise and cognition  
 

 

 

394 

significant (p > 0.05) post hoc pairwise comparisons for 
SR2 throughput.  

The results of the repeated measures ANOVAs for 
the reaction times for each ANAM protocol demonstrated 
significant mean differences for MTH (p < 0.001, η2p = 
0.624), GNG, (p = 0.031, η2p = 0.320), and SR2 (p = 0.042, 
η2p = 0.625) (Table 4).  Post hoc pairwise comparisons for 
MTH demonstrated that the post-fatigue reaction time 
(1885.2 ± 582.8 ms) was significantly lower than the         
familiarization reaction time (2253.7 ± 567.6 ms, p = 

0.009, d = 0.64) and the pre-fatigue reaction time (2518.2 
± 884.8 ms, p = 0.005, d = 0.85).  Post hoc pairwise com-
parisons for GNG demonstrated that the post-fatigue reac-
tion time (285.9 ± 16.3 ms) was significantly lower than 
the pre-fatigue reaction time (298.5 ± 12.1 ms, p = 0.006, 
d = 0.88).  Post hoc pairwise comparisons for SR2 demon-
strated that the familiarization reaction time (235.5 ± 18.7 
ms) was significantly lower than the pre-fatigue reaction 
time (252.0 ± 24.3, p = 0.044, d = 0.76).  

 
Table 2. Mean ± SD of back squat load, heart rate, and blood lactate responses across the fatiguing task. Load significantly (P 
< 0.05) declined after Set 3 and heart and blood lactate were significantly elevated above rest at all time points.  

 Resting Set 1 Set2 Set 3 Set 4 Set 5 Set 6 Recovery 
 Load (% 1RM) 80.0 ± 0.0 78.0 ± 2.8 76.1 ± 3.6 72.7 ± 5.7 68.0 ± 7.1 62.8 ± 7.1 
Heart Rate (beats per minute) 65 ± 9 171 ± 10 174 ± 12 176 ± 6 174 ± 11 174 ± 10 179 ± 7 100 ± 12 
Blood Lactate (mmolꞏL-1) 1.5 ± 0.6 13.8 ± 4.4  13.3 ± 2.1 6.6 ± 2.8 

 
                                     Table 3. Mean ± SD of throughput scores (rꞏm-1) for the ANAM protocol. 

 Familiarization Pre-Fatigue Post-Fatigue p-Value 
SRT 257.2 ± 18.6 251.0 ± 23.1 260.8 ± 24.9 0.231 
CDS 68.2 ± 9.6 65.6 ± 6.4 66.2 ± 6.2 0.274 
PRO 113.7 ± 10.6 118.3 ± 12.0 116.5 ± 14.3 0.554 
MTH 26.4 ± 5.3 23.8 ± 7.4 32.0 ± 8.8* <0.001 
CDD 65.8 ± 11.5 63.2 ± 9.6 49.3 ± 14.4* 0.027 
GNG - - - - 
SR2 256.1 ± 19.5# 240.0 ± 22.3 240.5 ± 21.1 0.032 

SRT = Simple Reaction Time ; CDS = Coded Substitution-Learning; PRO = Procedural Reaction 
Time; MTH = Mathematical Processing; CDD = Coded Substitution-Delay; GNG = Go/No-Go; 
SR2 = Simple Reaction Time 2. P-values were determined from repeated measures ANOVAs, * 
Indicates significant (p < 0.05) difference from pre-fatigue values as determined from post-hoc 
pairwise comparison. # = (p < 0.05) from pre-fatigue and post-fatigue values. 

 
                          Table 4. Mean ± SD reaction times (ms) for the ANAM protocol. 

 Familiarization (ms) Pre-Fatigue (ms) Post-Fatigue (ms) p-Value 
SRT 234.4 ± 17.6 241.1 ± 24.0 232.0 ± 22.3 0.263 
CDS 858.8 ± 146.7 590.6 ± 86.1 859.7 ± 89.9 0.406 
PRO 510.9 ± 58.3 494.6 ± 61.1 500.6 ± 54.6 0.54 
MTH 2253.7 ± 567.6 2518.2 ± 884.8 1885.2 ± 582.8* <0.001 
CDD 881.1 ± 113.8 937.9 ± 139.2 1104.4 ± 294.0 0.078 
GNG 296.0 ± 15.9 298.5 ± 12.1 285.9 ± 16.3* 0.031 
SR2 235.5 ± 18.7# 252.0 ± 24.3 251.3 ± 23.5 0.042 
SRT = Simple Reaction Time ; CDS = Coded Substitution-Learning; PRO = Procedural Reaction Time; MTH 
= Mathematical Processing; CDD = Coded Substitution-Delay; GNG = Go/No-Go; SR2 = Simple Reaction 
Time 2. P-values were determined from repeated measures ANOVAs, * Indicates significant (p < 
0.05) difference from pre-fatigue values as determined from post-hoc pairwise comparisons. # = 
(p< 0.05) from pre-fatigue and post-fatigue values. 

 

Discussion 
 
The primary purpose of this study was to examine changes 
in measures of cognitive function with a high-intensity re-
sistance exercise protocol that has been used many times in 
prior studies to examine different physiological responses 
to exercise stress. We had hypothesized that overall impair-
ments would be observed due to the significant physiolog-
ical stressors. Our results showed that certain aspects of 
cognitive functions were enhanced, and thus, our hypothe-
sis for overt negative effects on cognition functions with 
such exercise stress had to be rejected. Despite the elevated 
perceptual and physiological stressors, improvements in 
the MTH and GNG tasks of the ANAM were exhibited in 
both accuracy and reaction times (Tables 3 and 4, respec-
tively). Our results did reflect some consistency with prior 
work (Tsai et al. 2014; Chang et al. 2017) that also reported 

improved performance in measures of reaction time and in-
formation processing following an acute bout of high-in-
tensity resistance exercise (i.e., 2 sets of 10 repetitions for 
6 exercises at 80% of 1RM) for the reaction time for a 
Go/No-Go test which was significantly improved and im-
proved accuracy. Chang et al. (2017) also compared 
changes in cognitive function utilizing a computer-based 
Stroop test program 15 minutes following either high-in-
tensity resistance exercise (HIR) consisting of 3 sets of 8-
10 repetitions at 80% 1RM for 7 exercises which demon-
strated significant improvements for increases in problems 
completed and significantly greater improvement in reac-
tion times.   

While few studies have examined the influence of a 
high-intensity resistance exercise modality on cognitive 
function (Chang et al. 2012; Browne et al. 2017), literature 
reviews examining the influence of high-intensity aerobic 
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exercise (e.g., cycling and running) on cognitive function 
have a drawn equivocal conclusions. Moreau and Chou 
(2019) included 28 studies utilizing cycling, treadmill run-
ning, or body mass movements with an intensity criterion 
of 77-88.5% heart rate max or 59.5 to 79.9% of maximal 
power output. They reported acute improvements across 
numerous cognitive domains. Browne et al. (2017) exam-
ined 10 studies utilizing either cycling or running with an 
intensity criterion of equal to or greater than 80% of maxi-
mal power output and concluded that simple cognitive 
tasks were not affected by high-intensity exercise. Surpris-
ingly to us, the improvements in the MTH and GNG tasks 
observed in this study following the back squat protocol 
indicated that high-intensity resistance training exercise 
might facilitate cognitive domains associated with basic 
computational skills and response inhibition. 

However, part of our hypothesis of negative effects 
of high-intensity exercise did prove true. In part, we 
demonstrated that the CDD task of the ANAM with a re-
duction in throughput scores but not in reaction time, which 
suggested a reduction in the accuracy of performance but 
not a change in the speed of responsiveness to the task.  The 
CDD task involves the delayed recall of symbol-numeral 
pairings approximately 7-8 minutes following CDS task 
when the participants were first taught the symbol-numeral 
pairings (CSRC 2012). It should be noted that the CDS is 
described as a measure of processing speed: since the pur-
pose of the task is to teach the participants the correct sym-
bol-number pairings, the majority of the symbol-number 
pairings presenting during this task were correct (CSRC 
2012). The present study results demonstrated no signifi-
cant changes in the CDS test, which suggested that the re-
duction in the CDD performance was likely not related to 
learning the number-symbol pairings but rather the correct 
recollection of the correct number-symbol pairings. Previ-
ous studies have also demonstrated a decline in cognitive 
performance following high-intensity exercise (Wang et al. 
2013; Mekari et al. 2015; Smith et al. 2016).  For example, 
Mekari et al. (2015) examined information processing and 
executive function utilizing a modified Stroop test during 
low- (40% of peak power output), moderate- (60%), and 
high-intensity (85%) cycling. They demonstrated a signif-
icant increase in reaction time (i.e., slower performance) 
and a significant reduction in accuracy in the high-intensity 
exercise group when compared to the low-intensity group. 
Wang et al. (2013) reported significant declines in 
measures of executive function as determined by the Wis-
consin Card Sorting Test during cycling at 80% of HRR 
when compared to cycling at 30% HRR, 50% HRR, and at 
rest. Additionally, Smith et al. (2016) demonstrated signif-
icantly slower reaction times and significantly greater 
omission and decision error rates on a Go/No-Go test dur-
ing treadmill running at high intensity (80% HRR) when 
compared to moderate (70% HRR) and resting conditions.  
Our study adds to this understanding showing significant 
declines in this aspect of cognitive function following high-
intensity resistance exercise.  

Data from our study showed a mosaic response pat-
tern in cognitive functions consequent to high-intensity re-
sistance exercise. Meaning there was an impaired                

performance in a cognitive domain associated with 
memory and recall but an improved performance in cogni-
tive domains associated with basic computational skills. 
This response inhibition exhibited indicates that high-in-
tensity resistance exercise may elicit unique differential re-
sponses in various cognitive domains. Browne et al. (2017) 
provided a simplified characterization of the various cog-
nitive domains: they suggested that tests assessing reaction 
time and information processing represent a general, sim-
ple cognitive domain; tests assessing executive function, 
attention, and memory represent a complex cognitive do-
main. A growing body of evidence suggests that exercise-
induced changes in cognitive function may be domain-spe-
cific (Audiffren et al. 2008, 2009; Browne et al. 2017; 
Chang et al. 2017). For example, Audiffren et al. (2008, 
2009) examined the influence of cycle ergometry at 90% 
of the ventilatory threshold for 35 minutes on measures of 
simple and complex cognitive tasks.  In the first study, Au-
diffren et al. (2008) utilized a simple two-choice auditory 
test and reported significant improvements in reaction time 
during the exercise protocol. In the subsequent study, how-
ever, Audiffren et al. (2009) utilized a random number gen-
eration test to assess executive function and reported that 
compared to rest, the participants exhibited a change in 
their random number generation strategy to a “less effortful 
strategy of random number generation.” 

Additionally, Chang et al. (2017) utilized a modi-
fied Stroop test that consisted of a neutral task assessing 
simple reaction time and an incongruent task assessing ex-
ecutive function (response inhibition). They reported sig-
nificant improvements in reaction time compared to the 
resting condition during the neural task, but no differences 
in the reaction time for the incongruent task following 3 
sets of 8-10 repetitions at 80% 1RM for 7 resistance train-
ing exercises. Thus, the improvements in simple cognitive 
tasks, particularly reaction time and information pro-
cessing, with the concomitant impairment of a complex 
cognitive task, in particular memory and recall, exhibited 
in the present study suggested that high-intensity resistance 
training may elicit domain-specific differences in cognitive 
performance. 

The mechanisms underlying the exercise-induced 
changes in cognitive function have yet to be fully eluci-
dated. However, previous studies have utilized metabolic 
(Dietrich and Audiffren 2011) and neurochemical 
(McMorris et al. 2016) hypotheses to describe the exercise-
cognition interaction. Specifically, the transient hypofron-
tality hypothesis suggested that in the context of exercise, 
as exercise intensity increases, metabolic resources are al-
located from areas of the brain less critical in maintaining 
the physical demands of the exercise, such as the prefrontal 
cortex, to areas of the brain associated with maintaining the 
physical demands, such as the motor cortices (Dietrich and 
Audiffren 2011). This theoretically results in the facilita-
tion of sensory and motor tasks, while potentially impair-
ing executive function (Dietrich and Audiffren 2011; Mo-
reau and Chou 2019). The neuroendocrine hypothesis sug-
gests that the exercise-induced changes in the neurochem-
icals within the brain, such as catecholamines, cortisol, and 
serotonin, affect cognitive function characterized as an       



High-intensity exercise and cognition  
 

 

 

396 

inverted-U relationship (McMorris et al. 2016; Moreau and 
Chou 2019). As exercise intensity increases, these neuro-
chemicals function to facilitate cognitive function. How-
ever, at higher intensities, the excessive concentrations of 
these chemicals may inhibit cognitive function (McMorris 
et al. 2016; Moreau and Chou 2019). The methodologies in 
the present study were unable to substantiate either of these 
hypotheses as neither brain metabolism, nor endocrine         
responses were assessed. The efficacy in eliciting exercise-
induced changes in various cognitive domains suggested 
that the high-intensity back squat protocol is an effective 
paradigm. It might be utilized in future studies to examine 
these hypotheses and the relationships between acute, 
high-intensity resistance exercise and cognitive functions 
along with neurological/endocrine signaling.  
 
Conclusion 
 
In conclusion, the present study results demonstrated that 
an acute bout of high-intensity resistance exercise elicited 
domain-specific changes in cognitive function.  Tasks as-
sociated with information processing and response inhibi-
tion exhibited improvements, while tasks associated with 
memory and recall exhibited decrements following the 
high-intensity resistance exercise stress.  
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Key points 
 

 High-intensity squat resistance exercise may elicit do-
main-specific influences on cognitive function. 

 Tasks associated with information processing and re-
sponse inhibition was exhibited improvement for sim-
ple cognitive tasks.  

 Complex cognitive associated with memory and recall 
exhibited decrements and impairments following the 
high-intensity back squat protocol. 

 Understanding changes in cognition under extreme 
physical stress is important for interpretation of phys-
iological influences.  
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