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Abstract: There is strong evidence for the positive physical health outcomes of physical conditioning (athletic train-
ing. But there is a dearth of data on the impact of exercise on cognition, particularly in the adolescent age group.
Further, most of the studies done on this topic are mainly acute in nature, and few that have seen long term effect
of exercise have very rarely used objective measures such as event-related potentials. Hence, the present study
was conceived to compare cognition in athletes (individual who have undergone long term physical activity) and
non-athletes. We designed a cross-sectional comparative study involving apparently healthy volunteer boys in the
age group of 10-19 years-non-athletes (n = 30) and athletes (n = 30). Paper pencil tests such as letter cancellation
test, auditory and visual recognition reaction time, trail making test (A and B) were recorded along with auditory
event-related potentials (N100, P200, N200, and P300). Data were analyzed using an unpaired t-test and Mann-
Whitney U test according to the data distribution. Athletes completed letter cancellation task and trail making test
faster than non-athletes. Athletes visual and auditory reaction time were lesser. Athletes had reduced latency and
higher amplitude of auditory event-related potentials (N100, P200, N200, and P300) as compared to non-athletes.
Hence, we conclude that athletic level physical training has a beneficial role in the executive cognitive domain
among adolescents.
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Introduction

About one-fifth of India’s population is in the
adolescent age group (10-19 years) [1]. In re-
cent years, there has been a paramount shift
in the lifestyle of children/adolescence towards
sedentary habits such as watching television or
spending time on computers or mobile [1, 2].
Physical activity is a known lifestyle factor that
increases physical and mental health through-
out life [3], and adolescence is the age when
lifelong behaviors are established. There is st-
rong evidence for the positive physical health
outcomes of physical conditioning (athletic tr-
aining), but there is a dearth of data on the
impact of exercise on mental health or cogni-
tion [4].

A recent systematic review on physical activity
and cogpnition in children has brought out that
the number of studies correlating sports activi-
ties with cognition are few, particularly in ado-
lescent age group and studies lack in defin-
ing which cognitive functions are influenced by
sports activities [2]. Based on executive func-
tion hypothesis, it is proposed that, out of vari-
ous cognitive domains, executive function is in
particular, is influenced by sports activities/
exercise [5]. Executive function comprises sc-
anning, attention, retrieval of stored informa-
tion, mental flexibility, and working memory [6,
7]. These domains could be assessed by pa-
per and pencil tests such as letter cancellation
test, digit span test, and trial making test as
proposed by Lezak et al. [8] or by event-related
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potential (ERP) recordings that have excellent
time resolution. Dichter GS et al., claimed that
for correct interpretation of changes in event
related potential (P300), it has to be accompa-
nied by measures of executive function such as
trail making test [9].

Many studies which have reported the positive
impact of exercise on cognition have studied
only the acute effect of exercise, and docu-
mented general arousal as the reason for the
improved cognition in those subjects [10, 11].
Among long-term studies in students, few stud-
ies have found an association between physi-
cal activity and improved concentration and
executive functions [12-14] while others did
not find any significant association [15, 16].
Conflicting reports on impact of long-term phy-
sical activity on cognition, paucity of the data
on the influence of exercise in adolescents in
Indian scenario and the scarcity of using an
objective measure such as ERP to study cogni-
tion has led us to conceive this cross-sectional
comparative study in adolescent age group to
compare cognition using auditory event-relat-
ed potentials and executive function tests bet-
ween athletes and non-athletes.

Material and methods
Study design

This was a cross-sectional collaborative study
conducted between Department of Physiolo-
gy, JIPMER, Puducherry, India, and CBSE board
residential school in Puducherry. Study was
commenced after obtaining approval from the
Institute ethics committee for human studies
(No. JIP/IEC/2013/3/177).

Participants

Schoolboys aged between 10-19 years study-
ing in a CBSE school in Puducherry were recruit-
ed for the study. Students with a history of car-
diovascular, respiratory, or organic disorder,
which prevents subjects from doing maximal
exercise, or on any drugs that affect cognitive
test were excluded from the study. We obtained
informed written consent from the guardians/
parents, and written assent from the boys who
had met the inclusion criteria. By convenience
sampling, thirty boys representing their school
at state or national or international level aero-
bic sports and have undergone physical condi-

tioning for at least one year, were recruited as
athletes and 30 age-matched non-athlete stu-
dents (not participated in any inter-school ath-
letic events for at least one year and only par-
ticipating in recreational sports activities) were
recruited as controls.

Parameters measured

Boys were asked to report to the Department
of Physiology, JIPMER, and the following par-
ameters were recorded. Anthropometric param-
eters such as height (cm) and weight (kg) were
measured, and body mass index calculated.
Blood pressure (BP) and heart rate (HR) were
measured after 10 minutes of rest in sitting
position [17] using automated blood pressure
monitor (Omron Healthcare Co., Ltd., Kyoto,
Japan).

Investigators recording the parameters were
blinded to the allocation of the participants.
The participants were asked to report to the
school examination room at 9.00 a.m., 2 h after
having a light breakfast, and after emptying the
bladder. Participants were asked to avoid any
caffeinated beverage, and not to undergo any
physical activity training on the day of the trial
and the following cognitive tests were measur-
ed.

Neurocognitive paper and pencil tests: a. Two
Target Letter Cancellation Test (LCT): Boys were
presented with six 52-character rows of letters
of the English alphabet and was instructed to
cancel out randomly placed letters ‘E’ and ‘C’.
The score was the time taken (in seconds) by
the subject to complete the task [18]. b. Trail
Making Test A and B (TTA & TTB): It has two
parts, Part A - The subject is instructed to draw
a straight line to connect randomly placed 25
consecutive numbered circles. The score is the
time taken (in seconds) by the subject to com-
plete the task. Part B: In this test, the subject
was instructed to connect randomly placed 25
numbered and lettered circles by alternating
between the two sequences. The score was the
total time taken (in seconds) to complete the
task [19, 20].

Recognition Reaction time: Recognition reac-
tion time (RRT) to auditory (beep sound) and
visual signals (red light) was recorded using an
apparatus supplied by Anand Agencies (Pune,
India, accuracy - 1 ms) in a quiet room with
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ambient temperature at 24°C (x 2°C). After
three practice sessions, auditory reaction time
(ART) was recorded by presenting auditory
beep stimuli of two different tones (memory
stimulus and distractor stimulus), and by ask-
ing the participant to respond to the higher
tone (memory stimulus) by releasing the switch.
Visual reaction time (VRT) was recorded by pre-
senting red (memory stimulus) and green light
(distractor stimulus), and by asking the partici-
pant to respond to the red light by releasing
the switch. Ten trials were recorded for each
RRT; the two most outlying values were exclu-
ded, and the middle six values were used to
calculate the mean reaction time (ms).

Cognitive event-related evoked potentials: We
followed the recommendations of the Inter-
national federation of Clinical Neurophysiology
[21] and modified the protocol for Indian Sc-
enario [22] for recording Cognitive event-relat-
ed potentials using Neuropack M1 EP/EMG
measuring system MEB-9200 J/K (Nihon Koh-
den Corporation, Shinjuku ku Tokyo, Japan).
Boys were instructed to come with shampoo
cleaned oil-free scalp, and their ear wax was
ruled out. We used Ag-AgCl cup electrodes and
they were placed according to the 10-20 inter-
national system. The scalp was cleaned again
using Nuprep gel, and ten 20 gel was used to
prevent the air interface between electrode,
and scalp. The active electrode was placed at
Cz position; reference electrodes were placed
over both the mastoids and the ground elec-
trode was at Fz near to the hairline in the fore-
head. Electrodes were secured using micro-
pore. The impedance of the electrodes was
kept < 2 k€, and bandpass filter was kept at
0.1 Hz and 50 Hz. Boys were explained about
the procedure to alleviate apprehension. Ten
minutes rest was given before the procedure.
Standard auditory oddball paradigm technique
was used to assess the cognitive evoked po-
tentials. Auditory stimulus was given binaurally
through a headphone (intensity - 40 dB, stimu-
lation rate - 0.5 Hz, number of stimuli - 30) with
the “tone” as the target or rare stimulus (Fre-
quency - 2000 Hz) and “click” as nontarget or
frequent stimulus (Frequency - 1000 Hz, dura-
tion - 0.1 ms). The rare stimuli were applied ran-
domly, and the percentage of rare stimuli was
set at 20% and frequent stimuli at 80% of ran-
dom. The participants were asked to relax
keeping their eyes open and fixed at a point to
avoid alpha waves. Their task was to concen-

trate on the rare stimulus. The signals were
analyzed using Event Related Potentials Soft-
ware (QP-955BK). Negative waves at 100 ms
(N1) and 200 ms (N2) and positive waves at
200 ms (P2) and 300 ms (P3 or P300) and the
amplitude of N1-P2, N2 and P3 were recorded.

Statistical analysis

Data were analyzed using IBM Statistical Pa-
ckage for Social Sciences (IBM Corp. Released
2010. IBM SPSS Statistics for Windows, Ver-
sion 19.0. Armonk, NY: IBM Corp). Time taken
to complete letter cancellation test, Trail mak-
ing test A and B were normally distributed; they
were expressed as Mean + Standard deviation
and comparison between groups were done
using the unpaired t-test. Auditory event-relat-
ed potential’s latency, and amplitude were non-
normally distributed; they were expressed as
Median (Interquartile Range) and comparison
between groups were done using the Mann-
Whitney U test. P value < 0.05 was considered
to be statistically significant.

Results

Both the groups comprise adolescent boys in
the age group of 10 to 19 years. BMI is compa-
rable between the groups (non-athletes (18.51
+ 1.19), athletes (19.05 + 1.83), P = 0.175).
Heart rate (beats per minute) (non-athletes
(72.50 + 3.45), athletes (71.20 + 2.44), P =
0.098), systolic blood (mmHg) (non-athletes
(109.60 + 4.75), athletes (108.83 + 5.12), P =
0.550) and diastolic blood pressure (mmHg)
(non-athletes (87.83 + 5.68), athlete (87.67 +
5.74), P = 0.910) are comparable between the
groups.

Table 1 show the comparison of paper pencil
neurocognitive test indices between athletes
and non-athletes. On analysis of the paper and
pencil neurocognitive test parameters, letter
cancellation time (seconds) and trial making
test part B was significantly reduced among
the athletes. However, there was no significant
difference in trial making test part A.

Figure 1 shows the comparison of auditory and
visual reaction time parameters between the
non-athletes and athletes. Auditory reaction ti-
me (milliseconds): non athletes 176.73 + 6.60,
athletes 165.53 + 6.06, P < 0.001. Visual reac-
tion time (milliseconds) non athletes 191.63 +
12.87, athletes -124.39 + 3.98, P < 0.001.
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Table 1. Comparison of paper and pencil neurocognitive tests between

Non-athlete and athlete boys

assess the effect of
long-term physical ac-

Parameters Mean + SD

Non-athlete (n = 30) Athlete (n = 30)
Mean £ SD

tivity on executive fun-
p value ction. Groups were ma-

Letter cancellation time (second)  179.40 £ 35.07
Trial making test part A (second) 40.40 + 3.33
Trial making test part B (second) 103.33 £ 5.64

159.33 +29.51 0.020
39.33+3.98 0.266
96.23+6.01 <0.001

tched for age [23, 24],
gender [25], BMI [26],
and education level

Comparison was done using Unpaired student t test.

250
@ Auditory reaction time

Visual reaction time

= = ~
o I =1
=3 = =3

Reaction time in milliseconds

w
=]

Non-Athletes Athletes

Figure 1. Comparison of Auditory and visual reaction
time between Non-athletes (n = 30) and athletes (n =
30). Comparison was done using Unpaired Student’s
ttest. ***P < 0.001.

There was significant reduction in auditory and
visual reaction time among the athletes in com-
parison to the non-athletes.

Table 2 shows the comparison of cognitive
evoked potentials between athletes and non-
athletes. All the cognitive evoked potential’s
latencies are less in athletes as compared to
non-athletes. However, it is significant in N1
and P3 only. All the cognitive evoked potential’s
amplitudes are higher in athletes as compared
to non-athletes. However, it is significant only in
N1-P2 and P3.

Figure 2 shows the comparison P300 laten-
cy between the non-athletes (Median (IQR) -
310.90 (41.25)) and athletes (Median (IQR) -
292.69 (68.98)) P = 0.040). There was signifi-
cantly decreased latency period among the
athletes in comparison to the non-athletes.

Discussion

In the present study, we enrolled 60 adoles-
cent boys (30 athletes and 30 non-athletes) to

(CBSE school) [27] as
these factors are kn-
own to influence cog-
nition, and hence could confound our obser-
vation. The term cognition includes various
aspects such as awareness, planning [28],
attention, creating ideas, thinking, reasoning,
having an idea, remembering, analyzing, judg-
ing, paying attention and so on. We have select-
ed trial making test, reaction time (auditory and
visual) and cognitive auditory evoked potentials
which are known to test executive functions for
testing the cognition in our study; executive
functions are shown to be most affected by
sports activities [5].

Recognition reaction time is a type of go/no-
go task where the participants have to decide
whether to respond or not respond depending
upon the stimulus type and hence would take a
longer time to react than routine simple reac-
tion time. Previous studies based on go/no-go
paradigm has found that basketball players
[29] and fencers [30] have better capacity to
inhibit an action as quickly as possible. In our
study, athletes were found to have significant-
ly low recognition reaction time which demon-
strates better perceptual-cognitive processing
ability as a result of athletic level training.
Studies have shown that long term exercise
effects on P300 amplitude is more for visual
stimuli than auditory stimuli. Incoherence, we
observed that the magnitude of reduction in
visual reaction time in athletes was more than
reduction in auditory reaction time.

The trail making tests are frequently used for
evaluating cognition [31]; TMT-B reflects exe-
cutive task and TMT-A reflects psychomotor
speed and the capacity of visual scanning [32].
In our study, athletes took less time to com-
plete TMT-B than non-athletes, whereas, TMT-A
completion time was comparable between the
groups. Lack of difference in TMT-A might be
due to less discriminative power of the test in
healthy individual as these tests are mainly to
identify cognitive impairment rather than cogni-
tive capacity [33]; and it was easy to perform as

277 Int J Physiol Pathophysiol Pharmacol 2019;11(6):274-282



Cognition-athletes vs. non-athletes

Table 2. Comparison of cognitive evoked potentials between

Non-athlete and athlete boys (n = 30)

shown that it also depends on
person attention [36] and arousal

Non-athlete (n = 30) Athlete (n = 30)

[37]. Latham et al., have correlat-

Parameters Median (IQR) Median (IQR) P value ed decreased N1 latency in expert
N1 latency (ms) 129.22(10.38) 116.26 (32.63) 0.035 Video game players to their better
P2 latency (ms) 192.54 (16.25)  185.29 (41.75) 0.277 visuospatial performance [38]. In
N2 latency (ms) 242.26 (27.00) 231.30 (52.00) 0.124 our study, W.e observed decreased
) ) ) ’ ) N1 latency in athletes that could
P3 latency (ms) 310.95 (41.25) 292.69 (68.94) 0.040 be due to increased visuospatial
N1-P2 amplitude (uv) 7.11(4.22) 10.20(8.00) 0.008 performance and attention in ath-
N2 amplitude (uv) 4.00 (3.00) 4.40 (4.81) 0.662 letes.
P3 amplitude (uv) 8.15 (6.81) 10.85 (6.76) 0.026

Comparison was done using Mann-Whitney U test.

Non- Athletes B2 Athletes

380
360
340
320

300
280
260

Latency in milliseconds

240

220

200
P 300 latency

Figure 2. Comparison of P 300 latency between Non-
athletes (n = 30) and athletes (n = 30). Comparison
was done using Mann-Whitney U test. *P = 0.040.

compared to TMT-B as reported by students.
Letter cancellation test measures the capacity
for visual scanning, concentration, sustained
attention and rapid response activation and
inhibition [8] and athletes took less time to
complete the double letter cancellation task.

Event-related potentials not only have better
time resolution, component analysis of event
related potential would help us in distinguish-
ing cognitive processing steps such as stimu-
lus recognition/analysis, retrieval of task ins-
truction, task initiation, and conflict resolution.

N1/N2100 is a negative-going wave that peaks
around 100 and 125 milliseconds post stimu-
lus [34] and is mainly dependent on stimuli
characteristics [35]. Recently, it has been
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P200/P2 is a positive-going poten-
tial that peaks around 150 to 250
milliseconds [39-42]. P2 compo-
nent of ERP denotes functioning of working
memory and P2 latency is shown to be pro-
longed in the mutation of familial Alzheimer’s
disease [43]. We have observed decreased P2
latency in athletes that could denote better
working memory than non-athletes. The vertex
amplitude i.e. the difference between N1 and
P2 is shown to be larger for rapid attention
switching task. In our study the vertex ampli-
tude was higher in athletes indicating that ath-
letic training which often involves rapid atten-
tion switching task has enabled them to per-
form better during the recording. In recent stu-
dies N1 and P2 are studied separately; N1
amplitude is majorly attributed to attention and
P2 amplitudes are associated with auditory
learning (language processing) and higher am-
plitudes are seen in musicians. The limitation in
our study is that we have not measured ampli-
tudes of N1 and P2 separately. Higher vertex
amplitude observed in our study could be due
to higher N1 amplitude or higher P2 amplitude
or increase in both.

N2/N200 is a negative going wave that peaks
around 200-350 ms post stimulus [44]. N2 has
three sub-components N2a, N2b and N2c; out
of which only N2a subcomponent or mismatch
negativity (MMN) with anterior scalp distribu-
tion is generated by auditory odd ball stimulus
[45, 46]. It deals with detection of novelty of
the signal and mismatch of the attending stim-
uli [46] irrespective of attention [47]. Decreas-
ed MMN is associated with verbal memory defi-
cits and poor executive functioning [48] and
MMN derangements are used as non-specific
index of general cognitive deficit in a variety of
neurodevelopmental, neurological and neuro-
psychiatric disorders [49, 50]. Though non-sig-
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nificant, MMN amplitude is higher in athletes
indicating better executive function and/or gen-
eral cognitive function. N2 latency was studied
in various age group and is found to decrease
from 5 to 15 years and increase thereafter [51].
We observed that N2 latency was significantly
less in adolescent athletes. We hypothesize
that physical activity by athletes have helped in
earlier maturation of the developing brain.

P300/P3b, a positive potential that peaks
around 300-600 ms post stimulus in odd ball
paradigm [52] has parietal distribution and is
associated with cognitive process involved in
event categorization, context closure [53] and
context updating [54]. P300 amplitude is pro-
portional to the amount of attentional resourc-
es allotted to a given task [55] and P300 laten-
cy is a measure of stimulus evaluation time
[56]. In our study, P300 latency was signifi-
cantly less in athletes. This goes hand in hand
with previous observations in athletes [57, 58]
and even in sedentary adults after a single bout
of 5 minute moderate intensity exercise [59].
We also observed higher P300 amplitude in
athletes. These findings corroborate with Poli-
ch et al., who found proportional increase in
P300 amplitude depending on exercise inten-
sity [16]. And even after single bout of exercise
(soccer game) [60]. Yagi et al., has reported
decrease in P300 amplitude during exercise
[61]. This is expected, as P300 amplitude is
related to attention resource allocation, during
an exercise the resource allocation to a given
stimulus may be less. However, immediately
after the exercise (single bout) P300 amplitude
increases. This might be because of increase in
arousal and more resource is allocated to a
given stimulus [10, 11]. However, the increase
in P300 amplitude even at rest in an athlete
might be due to neuronal plasticity caused by
practising compound motor skills as a part of
daily routine in athletes [62].

As regards to the relation between cognition
and exercise, cognitive load theory dictates
that complexity of the task performed influenc-
es cognitive workload. Hence, complex exercise
requires more cognitive workload than simple
exercises [63]. Athletic level sports activities
such as football, basketball and volley ball po-
ses a significant cognitive load on players, as
players are in constant attention in an ever
changing environment, anticipating their team-
mates and opponents movements and make

split second decisions on whether to pass or
hit the ball, gather space and time information
and constantly revise the game plan [64]. This
might have led to better neuro-effector com-
munication, attentional set processing, and
executive functions in athletes. Although, Marie
Noele Magnie et al., have proposed that irre-
spective of the level of training of an individual,
a single bout of exercise can increase the P300
amplitude and decrease the P300 latency [65].
This might be due to general arousal mecha-
nism immediately after an exercise bout and
not due to neural plasticity due to long term
exercise which could have brought about a dif-
ference based on exercise intensity in P300
amplitude even at rest. On the other hand, it
has been shown that as improvement in P300
amplitude after single bout of soccer game is
more than treadmill exercise or seated video
gamers. This shifts our attention to cognitive
load of an exercise from exercise intensity and
would require further exploration. Further, pre-
vious study has shown that cognitive improve-
ment in athletes is related to task specific plas-
tic changes and not general improvement in
cognition in all domains [66]. This points us to
the major limitation in our study that we have
included all types of athletes (basketball player,
football player, volley ball player, track runners)
in a single group. Hence, the logical extension
of our study would be to examine the cognitive
domains in various types of athletes and to cor-
relate changes in cognition with the intensity of
exercise.

Conclusion

Adolescent athletes have better cognition (ex-
ecutive function) in terms of reduced latency
and higher amplitude of auditory event related
potentials, and lesser visual and auditory reac-
tion time, and less time taken to complete trail
making test and letter cancellation test.
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