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ABSTRACT

This study aimed 1o investigate the acute effects of aerobic-exercise (AE) on neurophysiological-functions
and newropsychological-functions in sleep-disturbed collegiates. 32 eligible students were included in study.
They completed 30 minutes of single bout of moderate AE (at 60~70% of maximal heart rate reserve).
Pre and post training measures were tested for both, newrophysiological-functions by recording event-
related-potential-P300 [P300-amplitude and P300-latency], and for neuropsychological-functions by
administering neuropsychological-test-battery [Attention, Working-memory, Sensorimotor-speed and
Executivefunction (EF)]. In experimental group, statistically significant improvements were observed
when analyzed for all 3 (group-by-time interaction, main-time, and main-group) effects in
neurgphysiological-functions. However, results were not significant for all newropsychological-functions
measures except for EF. Correlation-analysis demonstrated no association between neurophysiological-
Jfunctions and newropsychological-functions except for post-intervention (p300-latency and attention). It is
therefore can be concluded that acute bout of AE may be a promising approach to improve cognitive-
functions in sleep-disturbed collegiates, however long-lasting effects are still unclear.

Keywords: sleep disturbance; cognitive impairment; ERP: newropsychological test; aerobic exercise
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1. INTRODUCTION

In today’s world, insomnia is fairly frequent. Numerous sleep issues affect students
in particular, with a reported prevalence of 19.2 to 57.5 percent among university
students (Manzar et al., 2015). Consequences of sleep issues may be severe and
protracted. Decreases in cognitive performance are among the worst effects of sleep
disruptions, which damage an individual’s overall physiology (Sweileh et al., 2011).
Gray and white matter atrophy in the brain is linked to issues with sleep. According
to Harrison and colleagues, the lateral prefrontal cortex and the medial temporal
lobe system, which includes the hippocampus, are significantly damaged (Harrison
et al., 2000). The “sleep-based neuropsychological viewpoint”, which contends that
sleep disturbances interfere with the functioning of specific cortical areas and hence
impair cognitive function, is relevant here (Babkof et al., 2005). Prefrontal
vulnerability ideas, put forth by Horne, are the most widely held theory in this
category (Horne et al, 1993). Given that the prefrontal cortex and the
hippocampus are responsible for controlling cognition, this exhibits complex
presentation of cognitive abnormalities. Sleep disorders are linked to declines in
performance across a range of cognitive domains, including speed of information
processing, speed of perception, executive function, concentration and attention,
inhibitory function, and memory (Haimov et al., 2013). It has been observed that
sleep disturbances change the shape of event-related potentials (ERPs). Those who
experience sleep disturbances see a slight delay in the P300 wave’s beginning and a
decrease in its amplitude (Lee et al., 2004). Additionally, it has been observed that
sleep disturbances impact how well people do on neuropsychological test batteries
(NBT) (Aseem et al., 2018). The body of research implies that in order to improve
the diminished cognitive functioning in sleep-disrupted adolescents and young
adults, a study should investigate certain non-pharmacological and non-invasive
therapies.

There is support in the literature for the beneficial effects of acute exercise on
cognitive performance (Chang et al., 2012). Aerobic exercise (AE) is a type of
physical activity (PA) that is structured to achieve specific fitness goals (Caspersen et
al., 1985). AE have been associated both with the betterment of the psychological
health (De-yan et al., 2007) and improvements in cognitive performance both in
college students (Li et al., 2014) and young adults (Tomporowski, 2003). Ample of
previous evidences shows, that a beneficial effect of chronic AE exists, but it still
remains unclear the acute effect of AE particularly in sleep disturbed collegiates. In
reality, there have only been a few studies that have looked at how acute AE affects
college students who have sleep problems in terms of their cognitive performance.
The primary aim of the present study was to determine whether acute aerobic
exercise training can help university students with their neurocognitive and
neuropsychological performance and reduce cognitive changes linked to sleep
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disturbance. The secondary aim was to check if there exists a correlation between
neurophysiological and neuropsychological functions. We hypothesized that there
will be a significant association between neurophysiological and neuropsychological
correlates and both functions will improve following an acute bout of AE training
in sleep disturbed collegiates.

2. METHODS
2.1 Sample size

The number of subjects (n=28) were determined with Software G. Power 3.1.9.4
(Franz F, Universitat Kiel, Kiel, Germany), using the changes in the
neurophysiological functions (measured by ERP-P300 amplitude) after physical
activity training, in which post hoc analyses revealed a significant main effect for the
test (P3 amplitude) and indicated that group differences were observed at the Fz site,
E(3, 28) = 5.5, p < .01, partial > = 0.37, with Bonferroni corrected t tests revealing
significantly greater P300-amplitude for moderate and high active individuals.
(Hillman et al., 2004). Total of 28 subjects (14 in each group) were shown to be
necessary based on the effect size of 0.37, alpha level of 0.05 and power (1-beta) of
0.80. Total sample size was 32 patients (16 per group) considering for 20% of
dropouts.

2.2 Participants

Total of 50 students (26 females and 24 males) with age ranging from 18 to 28 were
checked for eligibility on PSQI (bad sleepers > PSQI) (Manzar et al., 2015) from
Jamia Millia Islamia. Out of 50, 38 participants fulfill the criteria. Six participants
refused to participate in the study. 32 participants (17 females and 15 males) were
included in the study. The means (age, height, weight, BMI) are 20.93+1.52 years,
161.84+6.64 cm, 65.45+4.02 kg, 26.90+1.06kg/m?, respectively (Table 1). All the
included participants reported normal hearing, regular or modified to normal vision,
and all understood the basic English language. Participants were excluded if they had
a history of neurological, psychological and mental problem, physical impairment
likely to impair regular exercise output, alcohol consumption, any substance misuse,
centrally active drugs (that might affect ERP), or if they took sleeping pills and/or
undergoing any form of physical training for the last 6 months, which could
introduce the risk of biases in the result of the study. The study was approved by the
Institutional Ethics Committee (IEC), Jamia Millia Islamia (Central university), New
Delhi India, with reference no 19/2/213/JMI/IEC/2019. The study was conducted
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in Neurophysiology Lab, Centre for Physiotherapy and Rehabilitation Sciences,
Jamia Millia Islamia. All the participants gave their written informed consent before
the start of the study. Allocation of the participants was done by computer
randomization method, and the participants were blinded and allocated to either of
the two equal groups: AE group (AEG; n=16) or control group (CG; n=16) (Figure
1). Intervention was given to experimental group (AEG). After intervention, data
from both the groups were analyzed.

Enrclment

Assessed for Eligibility
(n=50)

Excluded (n=18):
Not meeting inclusion

criteria (n=12)
Other reasons (n=6)

Randomized (n=32)
Computer randomization

}

1

Allocation

Aerobic exercise group
(AEG) (n=16) ‘

Lost to follow up (n=0)
Discontinued the study
(n=0)

A

Analyzed (n=16)
Excluded from analysis
(n=0)

Follow-up

>
‘ Control group (CG)
(n=16)

Lost to follow up (n=0)

Disc the study
(n=0)

Analyzed (n=16)
Excluded from analysis
(n=0)

Figl

Figure 1. Flowchart of the study design

2.3 Outcome measures
2.3.1 Neuropsychological measures

This was carried out in calm and quiet environment. Under the supervision, the
PennCNP, neuropsychological battery established by University of Pennsylvania was
administered on desktop (Gur et al., 2010; 2012). There was a practice module
before each test. Tests were done both before and after acute bout of AE for the
following domains:
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Attention

Continuous Performance Test (CPT) is a well-recognized paradigm for the
measurement of attention and vigilance. It has been linked to fronto-parietal network
activation. A typical CPT paradigm is applied by the Penn CPT. When the lines are
set up as complete numbers (first half of task) or entire letters, the participant must
press the spacebar. Vertical and horizontal lines in 7-segment displays emerge on the
screen (at a rate of one second apiece) (second half of task). Fach half lasts for 1.5
minutes, and the stimulus is only visible for 300 ms of each 1-s response window
(leaving 700 ms of blank screen) (Gur et al., 2010; 2012).

Working memory

Penn letter n-back test (LNB2) measures the working memory and executive control.
Participants followed three different rules while pressing the spacebar as a continuous
stream of letters flashed on the screen (one at a time) (called the 0-back, 1-back, and
2-back). In the 0-back condition, the participant just needs to react to an active target.
When the letter on the screen matches the preceding letter during the 1-back
condition, the user must press the spacebar. When the letter on the screen is the same
as the letter before the previous letter during the 2-back condition, they must press
the spacebar (i.e., 2 letters back) (Gur et al., 2010; 2012).

Sensorimotor speed

The Finger Tapping Test measures the motor speed by assessing the number of dmes
subjects depress a keyboard key using the index finger of their dominant and
nondominant hands (Reitan & Davidson, 1985). Participants are instructed to use
their index finger to push the space bar as frequently as they can. Their dominant and
non-dominant hands are used alternately in six trials of 10 seconds each. A practise
session for each hand is conducted before to the test. The total number of taps on the
6 trials is used to calculate speed (Gur et al., 2010; 2012).

Executive function

TMT-B is used to measure the executive function (Gaudino et al., 1995). On TMT-
B, participants are asked to connect randomly spread numbers (from 1 to 13) and
letters (from A to L) in alternating numeric and alphabetical order (1-A-2-B-3-C-... .-
13-L). In case of an error the examiner draws the attention of the participant to the
error, so that the participant completes the task without errors (at the expense of
additional time). TMT-B performance was calculated taking the time needed to
petform TMT-B (Lezak, 1976). Normally, the TMT-B is valid and reliable measures
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for both adults and the elderly (Rabin et al., 2005).
2.3.2 Neurophysiological measures

ERP components during wakefulness are related to attenton and information
processing. P300 is the most well-known of these components and is regarded as the
electrophysiological correlate of cognition (Hull et al., 2001). Both, ERP-P300 wave’s
latency and amplitude were measured.

P300 latency and P300 amplitude

The participant was made to sit comfortably. N-PrepTM skin preparing gel (Weaver
and Company, USA) was used to gendy clean the scalp before EEG paste
(Ten20TM conductive) was applied to various areas of the scalp to prepare it for the
implantation of electrodes. Electrodes made of Ag-AgCl discs were utilized for
recording, The ground electrode was attached on the forehead (Fpz), active electrode
on the vertex (Cz) and reference electrodes on mastoid (Al). This electrode
implantation followed the procedures used in earlier research to measure the auditory
event-related potential (Lee et al, 2004). The AERPs were captured while
participants completed a task using the common auditory oddball paradigm. The
respondents were told to count the number of (rare, target stimulus) presentations of
a high-pitch tone (S1) rather than the number of (common, non-target stimuli)
presentations of a low-pitch tone while they heard two different types of sounds
through headphones (52). The target: nontarget rato for the S1 and S2 sounds was
chosen at random in accordance with the previous studies (Aseem et al., 2018; Lee et
al., 2003). The time between each stimulation was 1 s. Each tone lasted for 50 ms.
Subjects were instructed to refrain from making excessive facial, eye, and neck
movements while the AERPs were being recorded (Chatterjee et al., 2012). P300
recordings were made both before and after the study’s length.

2.4 Intervention

For the purposes of this study, acute exercise was defined as a single session of exercise
lasting up to 30 minutes. The AE protocols was based on previous work by (Chang et
al., 2017). The AE session consisted of cycle ergometry for 30 minutes, with a warm-
up of 5 minutes, 20 minutes of moderate exercise (i.e., 60~70% of maximal heart rate
(HR) reserve), and a cool-down of 5 minutes (Chang et al., 2017). The index finger
was placed with the probe of a pulse oximeter (Nihon Kohden’s OLV-1100/1200
series, heart rate monitor) in order to measure the heart rate (HR) and oxygen
saturation during the exercise regimen. Additional evaluation of exercise intensity was
done using Borg’s original (6-20) Rating of Perceived Exertion (RPE) scale (Borg,
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1970). In an effort to match exercise intensity and reduce confounding factors across
experimental interventions, the use of two distinct measures of exercise intensity was
implemented (Harveson et al., 2016). The control group met twice with the
researchers in the lab but did not get any training. Members of the study team talked
with the subjects about broad matters pertaining to their interests for 15 minutes
during these meetings. They were asked not to take part in any PA (Aseem et al.,
2018).

2.5 Statistical Analysis

Data were analysed with SPSS version 28.0. Normality distribution of all outcome
measures was verified using the Shapiro-Wilk-test, skewness and histogram. Outcome
variables which showed non-normal disuibution were analysed using a non-
parametric-test or log-transformed. Using an independent sample t-test, baseline
measurements and demographic characteristics were examined and found to be
comparable between the two groups. All variables were assessed using a 2x2 mixed
model ANOVA [group and time effect (pre and post)] for each participant in each
group. All comparisons were considered significant at p < 0.05, and confidence
interval was set at 95%. The correlation between neurophysiological and
neuropsychological functions was computed using the Pearson’s correlation analysis.

3. RESULTS

All the demographic characteristics including age, weight, height, BMI, and
Kuppuswamy socio-economic status were found to be comparable as assessed by
independent t test (Table 1). While there was no significant difference between all the
outcome variables values in the CG, there was a significant improvement in most of
the outcome variables values in the AEG following single bout of AE.
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Table 1. Comparison of demographic data between Aerobic-exercise-group and Control-group
using independent sample-t-test

Outcome CG(n=16), AEG(n=16), F- P- -test
measures mean+SD Mean+SD values  values
Age (year) 20.93+1.52 20.93+1.52 0.000 1.000 0.000
Height(cm) 161.84+6.64 161.84+6.64 0.000 1.000 0.000
Weight(kg) 65.85£3.96 65.06+4.09 0.004 0.949 0.557
BMI(kg/m?)  27.22:0.94  26.59+1.18  0.700  0.409 1.667
KSSS 24.06+1.23 25.31+1.19 0.244 0.625 -2.907
P300
4.06+0.46 4.10+0.48 0.175 0.678 -0.223
Amp1(pV)
P300
308.55+13.56  304.64+13.41 0.016 0.901 0.820
Lat1(ms)
CPT1 58.95+3.43 59.71+3.41 0.005 0.942 -0.625
LNB1 33.56+ 6.08 32.1245.93 0.062 0.804 0.680
TAP1 90.36+3.97 90.20+4.43 0.245 0.624 0.113
TMTBI1 174.37+5.73 176.56+6.97 0.718 0.403 -0.969

Legend: CG: Control-group; AEG: Aecrobic-exercise-group; BMI: Body mass index; KSSS:
Kuppuswamy socio-economic score; P300 Amp1: P300 amplitude waves before training; P300 Lat1:
P300 latency waves before training; CPT1: Continous performance test before training; LNBI:
Letter-n-back test before training; TAP1: Finger tapping test before training; TMTB1: Trail making
test part-B before training; cm: centimetre; kg: kilogram; kg/m2: kilogram/metre2; WV micro-volt
ms: millisecond; SD: Standard deviation. Data are presented as mean and SD (M+SD), significant
difference p<0.05
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3.1 P300 Amplitude

Significant improvements were observed between the groups (F[1, 30]=5.80,
p=0.022, 1=0.162), as clinically there was increment in wave P300-amplitude in an
AE group compare to CG following acute bout of AE training. Further significant
improvement were observed in main effect of time (F[1, 30]=18.210, p<0.001, 1=
0.378) and in interaction effect (time x group) (F[1, 30]=87.180, p<0.001, 1=
0.744), showing the restoration of sleep disturbance-associated decreased P300
amplitude wave characteristics following acute bout of AE training (Figure 2a, Table 2).

3.2 P300 Latency

Significant improvements were observed between the groups (F[1, 30]=4.707.80,
p=0.038, 1= 0.130), as clinically there was a reduction in latencies of P300 wave in
an AEG compare to CG following acute bout of AE training. Further significant
improvement were observed in main effect of time (F[1, 30]=112.908, p< 0.001,
1=0.790) and in interaction effect (time x group) (F[1, 30]=131.682, p <0.001, 1=
0.814), indicating an improvement in cognitive function following acute bout of
AE training in sleep disturbed collegiates (Figure 2b; Table 2).

3.3 Attention

No significant improvements were observed between the groups (F[1, 30]=1.537,
p=0.225, 1= 0.049) and in the main effect of time (F[1, 30]=1.707, p= 0.201, 1=
0.054), as there was no reduction in time taken to complete CPT test by the
subjects in an AEG compare to CG following acute bout of AE training. However,
significant improvement were observed in interaction effect (time x group) (F[1,
30]=17.818, p< 0.001,1= 0.373), indicating an improvement in executive function
of cognition, following acute bout of AE training (Figure 2¢; Table 2).
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Figure 2A-C. (A) Graph showing the effect of acute bout of Aerobic-exercise training on
P300 Amplitude, with green line (Label 2) depicting results for Aerobic-exercise group
(4.59+0.48) and blue line (Label 1) depicting results for Control group (3.87+0.39). (B):
Graph showing the effect of acute bour of Aerobic-exercise training on P300 Latency, with
green line (Label 2) depicting results for Aerobic-exercise group (292.82+12.85) and blue
line (Label 1) depicting results for Control group (309.01+12.89). (C): Graph showing the
effect of acute bout of Aerobic-exercise training on Attention, with green line (Label 2)
depicting results for Aerobic-exercise group (60.74+3.39) and blue line (Label 1) depicting
results for Control group (58.41+3.96). Data are presented as Mean and Standard
deviation, Significant difference p<0.05

Neuropsychological Trends — 32/2022
https://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

38


https://www.ledonline.it/neuropsychologicaltrends

Aerobic exercise training in sleep disturbed collegiates

3.4 Working memory

No significant improvements were observed between the groups (F[1, 30]=0.392,
p= 0.536, 1= 0.013) and in interaction effect (time x group) (F[1, 30]=0.556, p=
0.461, 1= 0.018), as there was no reduction in time taken to complete LNB test by
the subjects in an AEG compare to CG following acute bout of AE training.
However, significant improvement were observed in main effect of time (F[1,
30]=14.640, p= 0.001,1= 0.328), indicating an improvement in working memory
component of cognition, following acute bout of AE training (Figure 2d; Table 2).

3.5 Sensorimotor speed

No significant improvements were observed between the groups (F[1, 30]= 0.698,
p=0.410, 1= 0.023), as clinically there was no reduction in time taken to complete
TAP test by the subjects in an AEG compare to CG following acute bout of AE
training . Though, significant improvement were observed in main effect of time
(F[1, 30]= 28.594, p< 0.001, 1= 0.488) and in interaction effect (time x group)
(F[1, 30]= 113.375, p< 0.001, 1= 0.791) indicating an improvement in cognition
function, following acute bout of AE training (Figure 2¢; Table 2).

3.6 Executive Function

Significant improvements were observed between the groups (F[1, 30]= 6.150, p=
0.019, 1= 0.170), as clinically there was a reduction in time taken to complete
TMTB test by the subjects in an AEG compare to CG following acute bout of AE
training. Further significant improvement were observed in main effect of time
(F[1, 30]= 132.554, p< 0.001, 1= 0.815) and in interaction effect (time x group)
(F[1, 30]= 165.111, p< 0.001, 1= 0.846), indicating an improvement in executive
function of cognition, following acute bout of AE training (Figure 2f; Table 2).

Neuropsychological Trends — 32/2022
hteps://www.ledonline.it/neuropsychologicaltrends/ - ISSN 1970-3201

39


https://www.ledonline.it/neuropsychologicaltrends

Z. Khan - M. Azharuddin - M.E. Hussain - A. Aseem - A. Saif

Estimated Marginal Means of MEASURE _1
WorkingMeme

Estimated Marginal Means

Fig2 (D)

Estimated Marginal Means of MEASURE_1

op

Fig2 (E)
Estimated Marginal Means of MEASURE_1

xecutieF unction
18000 Ly

Estimated Marginal Means
8

Fig2 (F)

Figure 2D-F.(D) Graph showing the effect of acute bout of Aerobic-exercise training on
Working memory, with green line (Label 2) depicting results for Aerobic-exercise group
(32.71+£5.78) and blue line (Label 1) depicting results for Control group (33.96+6.56). (E):
Graph showing the effect of acute bout of Aerobic-exercise training on Sensorimotor speed,
with green line (Label 2) depicting results for Aerobic-exercise group (92.33+4.68) and blue
line (Label 1) depicting results for Control group (89.66+3.84). (F) Graph showing the
effect of acute bour of Aerobic-exercise training on Executive function, with green line (Label
2) depicting results for Aerobic-exercise group (161.75+7.62) and blue line (Label 1)
depicting results for Control group (175.18+6.05). Data are presented as Mean and
Standard deviation, Significant difference p<0.05
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Table 2. Comparison of pre and post outcome variables between the groups along-with
summary of 2x2 mixed model ANOVA

Outcome  CG(n=16), AEG(n=16), Total Source f-value p- n’
Variables Mean+SD Mean+SD value
P300 3.8775¢+ 45988+ 42381x  TGTxG 18210  <0.001  0.378
Amp2 0.39125 0.48267 0.56661 5801  0.022* 0162
(%) 87.180  <0.001  0.744

P300 309.0138+ 292.8269 300.9203+ TGTxG 112908  <0.001  0.790

Lac2 12.89522 +12.85750 15.10196 4707 0.038*  0.136

(ms) 131.682  <0.001  0.814

CPT2 58.4125 60.7438 59.5781x  TGTxG 1.707 0.201 0.054
+3.96919 +3.39470 3.82123 1.537 0.225 0.049

17.818 <0.001 0373

LNB2 33.9688 327188 33.3438 TGTxG 14.640 0.001 0.328

+6.56554 +5.78783 +6.12130 0.392 0536 0.013

0.556 0.461 0.018

TAP2 89.6625 92.3313 90.9969 TGTxG  28.594 <0.001  0.488

+3.84584 +4.68682 +4.42985 0.698 0.410 0.023

113.375  <0.001  0.791

TMTB2 175.1875 161.7500 168.4688  TGTxG 132554  <0.001  0.815

+6.05771 +7.62889 +9.61848 6.150 0.019*  0.170

165.111  <0.001  0.846

Legend: CG: Control-group; AEG: Aerobic-exercise-group; P300 Amp2: P300 amplitude waves post training;
P300 Lat2: P300 latency waves post training; CPT2: Continous performance post training; LNB2: Letter-n-
back test post training; TAP2: Finger tapping test post training; TMTB2: Trail making test part-B post training;
cm: centimetre; kg kilogram; kg/m2:kilogram/metre2; pV: micro-vol; ms: millisecond; M:Mean; SD:
Standard deviation; T:Time; G:Group; TxG: Time x Group; 1’= Partial eta squared; *: significant difference
between the groups. Data are presented as mean and SD (M+SD), significant difference p<0.05.
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3.7 Correlations  between  neuropsychological and  neurophysiological ~ functions
parameters

Few researchers have also concentrated on figuring out the relationship between
ERPs and NBT because both (neuropsychological and neurophysiological)
measurements evaluate cognition (Boller et al., 2002). Though few research have
been published on the issue, there is a dearth of evidence defining the relationship
between P300-wave features and NBT performance. As a result, in the current
study, we exclusively examined the characteristics of the ERP-P300 in sleep-
deprived college students in the acrobic exercise group, as opposed to the outcomes
of typical NBT. Additionally, one of the two measures (neuropsychological and
neurophysiological) can be used in a clinical or research setting if there is a
relationship between them.

To address this, we correlated the post intervention neurophysiological
correlates values (post p300 amplicude - P300Amp2 and post p300 latency-
P300Lat-2) with the post intervention neuropsychological correlates values (post
intervention attention-CPT2, post intervention working memory-LNB2, post
intervention sensorimotor speed-TAP2, post intervention executive function-
TMTB2) in an AE training group using Pearson’s correlation. The relationship
between P300 Amp2 and CPT2 [r= 0.059, p= 0.749; Table 3], between P300
Amp2 and LNB2[r= -0.189, p= 0.301; Table 3], between the P300 Amp2 and
TAP2 [r= 0.156, p= 0.395; Table 3] and between P300 Amp2 and TMT2 [r=-
0.299, p= 0.097; Table 3] was computed but it did not show any association.
Therefore, the results point that neurophysiological functions cannot be replaced
by neuropsychological functions tests or vice versa; rather, higher brain functions
should be evaluated by both methods.

Similarly, a correlation analysis was also done for P300 Lat 2 and LNB2 [r=
0.073, p= 0.691; Tab.3], for P300 Lat 2 and TAP2 [r= -0.281, p= 0.119; Table 3]
for P300 Lat 2 and TMT2 [r= 0.291, p= 0.106; Table 3] but no association was
found in any of this analysis. However significant moderate negative linear
correlation was found between P300 Lat 2 and CPT2 [r= -0.366%, p= 0.039;
Figure 3; Table 3], demonstrating that participants who performed poor on P300
Lat 2, performed better on CPT2 task of neuropsychological functions.
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Table 3. Correlations between neurophysiological correlates post intervention values (P300
amplitude and P300 latency) and neuropsychological correlates post intervention values
(Continuous performance test, Letter-n-back test, Finger tapping test, Trail making test Part B)
of an Aerobic-exercise-group. The r and p values are presented in the table

Neuropsychological Neurophysiological variables
variables P300-Amp2 P300-Lac2
r » r p
CPT2 0.059 0.749 -0.366* 0.039
LNB2 -0.189 0.301 0.073 0.691
TAP2 0.156 0.395 -0.281 0.119
TMTB2 -0.299 0.097 0.291 0.106

Legend: P300 Amp2: P300 amplitude waves post training; P300 Lat2: P300 latency waves post
training; CPT?2: Continuous performance post training; LNB2: Letter-n-back test post training;

TAP2: Finger tapping test post training; TMTB2: Trail making test part-B post training
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Figure 3. Pearson correlation coefficients showing association between post intervention

value of P300 Latency (P300 Latency 2 - P300 Lar2) and post intervention value of

Attention (Continuous Performance Test - CPT2) (r = -0.366% p = 0.039). (Data are
presented as r and p values)

4. DISCUSSION

University students’ sleep patterns have been shown to affect their cognition in a
number of different ways. Sleep deprivation lengthens the P300 latency and shortens
the P300 amplitude, as demonstrated by Lee and colleagues (Lee et al.,, 2003).
Moreover, the group with sleep issues performed worse on a variety of cognitive tests
(Haimov et al., 2013). The present study was undertaken to find out the effect of
acute bout of acrobic exercise training on neuropsychological and neurophysiological
correlates of cognition in sleep-disturbed university students. Our results indicate that
neurophysiological and neuropsychological functions improved as a result of acute
bout of aerobic exercise training for the aerobic exercise training group. However, few
components of neuropsychological functions did not show any improvement in both
the groups in our study.
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4.1 Neurophysiological functions

Our study depicts increased in P300 amplitude following acute bout of AE training.
Our results are in line with the previous studies which shows improvement in P300
amplitude following acute bout of acrobic exercise training. (Magnie et al.,2000; Tsai
et al., 2016). Magnie and colleagues concluded that acute exercise promotes cognitive
processing via a general arousal effect from the observed increases in P300 amplitude
(Magnie et al., 2000). Similar to this, Polich and colleagues contend that the effects of
P300- workout are systemic and linked to rises in overall body arousal (Polich et al.,
1995). Additionally, in line with earlier studies, our study shows a decrease in P300
latency after an acute bout of AE training, indicating an improvement in the
cognitive function domain of response speed (Magnie et al., 2000; McDowell et al.,
2003; Polich et al., 1997; Hillman et al., 2003). Eventrelated potentials (ERPs),
which are observed in human scalp recordings, are indications of the
neurophysiological activity elicited by internal or external events. These potentials
might offer crucial details about the cognitive processes that take place from stimulus
initiation to motor response. Most notably, the P300 wave is frequently employed to
examine the connection between physical activity, cardiovascular fitness, and
cognitive performance (Magnie et al., 2000; Themanson and Hillman et al., 2006).

This could be explained in a number of different ways. First, increased serum
BDNF concentrations in the AEG could be explained by the fact that BDNF is a
biochemical modulator of brain functioning (McAllister et al. 1999). Second, the
catecholamine arousal system’s cholinergic-catecholaminergic interactions have
constituted the foundation of a broad theory of P300 physiology (Grossberg 1984).
Third, there is proof that AE increases arousal in order to have its exercise-induced
activation (EIA) effects on the auditory P300. It is clear that physical arousal brought
on by exercise can change P300 amplitude and latency, providing a unified
mechanism for EIA (Chmura et al., 1994).

4.2 Neuropsychological functions

Other finding from our results indicate that executive functions improved as a result
of acute bout of AE training, as participants in the AEG performed faster on the part-
B of TMT (TMTB) following acute bout of AE training. Our result is in consistent
with other study where significant improvement with acute bout of AE training have
been seen in relation to executive functions (Harveson et al., 2016). This finding
suggests that acute exercise boosts certain cognitive functions, such as problem
solving, goal-oriented action, response speed and accuracy, and stages of information
processing. This hypothesis also outlines an allocation of attentional resources that
serves to block irrelevant information and concentrate on information pertinent to
the job (Tomporowski, 2003). Task switching and working memory are more
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heavily emphasised in Part B of the TMT than interference/inhibition or visuo-
perceptual skills (Sanchez-Cubillo et al., 2009). In contrast, another study
demonstrates no appreciable gain in the TMTB task (Piepmeier, et al., 2015).

Results from our other findings, however, show that an acute session of AE
training in the AEG did not significantly increase sensorimotor speed (as evaluated by
TAP). Similar findings that show no significant interaction effect on the TAP task
following an acute bout of AE training in individuals with chronic obstructive lung
disease have been reported in earlier research (Emery et al., 2001). Further our results
also demonstrated no significant effect in attention (measured by CPT) and working
memory (measured by LNB) following acute bout of AE training, which is
contradicted by other study as this study demonstrated improved attention following
single bout of acrobic exercise (Tine et al., 2012; Budde et al., 2008). Contrary to our
other prediction, one study that looked at how acute acrobic exercise affected the
working memory domain found that the LNB task significandy improved after
exercise (Soga et al., 2015). These discrepancies may be explained by the use of a
different sample size, different research populations, and a different exercise protocol
in the current investigation compared to the earlier studies.

5. CONCLUSIONS

Nevertheless, future studies should be performed to reproduce and extend these
findings, results from this study exemplify that a single bout of acute acrobic exercise
of moderate intensity could enhance neurophysiological (i.e. P300 amplicude-V and
P300 latency-ms) and neuropsychological (i.e. executive functions measured by
TMTB task) performance in young collegiates. These results confirm past findings
that acute bout of aerobic exercise improves some aspects of cognition, most
prominently for memory, reasoning and planning (Nanda et al., 2013), thereby
improving both student academic performance and mental health at the same time
(Lietal., 2017). To further understand how acute AE affect academic achievement or
the mechanism underlying the same, researchers would be advised to directly apply
these findings to academic performance.

However, present study had some limitations. Considering the relatively small
number of patients, the question arises for the conclusion about effectiveness of acute
AE training, Additionally, we did not continue to monitor the long-term advantages
of acute AE training. Lastly, we have only seen the main effect of time, group and
group with interaction effect and did not analyze the contrast or simple effect, as we
were only evaluating the acute effect of AE on neurophysiological and
neuropsychological measures. These are the crucial problems that should be taken
into account in upcoming research. Another unavoidable drawback of our
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investigation was the possibility that central nervous system arousal could result from
awareness of the purpose to exercise. Despite these shortcomings, our study has a lot
of potential benefits because it has used a unique way to assess cognitive
neurophysiological and neuropsychological capabilities and included testing methods
using gold-standard equipment in accordance with regulations. The fact that every
training session was scrupulously observed may be the reason there were no dropouts.
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