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Introduction

The effect of physical activity on brain and cognition has 
attracted the interest of many researchers in recent years, 
with an increasing number of reports indicating that both 
regular exercise as well as isolated acute bouts of exercise may 
benefi t human cognitive processes.[1] But there are confl icting 
reports regarding the type of cognitive processing that is most 
affected by aerobic exercise.[2,3]

Measurement of event-related potentials (ERP) is a noninvasive 
technique to assess the function of the central nervous system 
(CNS).[4] ERPs are patterns of neuroelectric activation that 
occur in response to a stimulus. The amplitude of the P300 is 
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Background: There are confl icting reports regarding the effect of exercise on cognition. We therefore planned to assess the 
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directly related to the allocation of attentional resources 
during stimulus engagement.[5] The latency of the P300 is 
used for stimulus classifi cation and for evaluation of speed, 
with increased latency indicating longer processing time. [6] 

Earlier studies have observed increased amplitude and 
shorter latency, relative to a basal state, following single acute 
bouts of moderately intense exercise.[7] However, other 
researchers, examining a different aspect of cognition (other 
than cognitive P300), failed to demonstrate a benefi cial effect 
of acute aerobic exercise.[8] Therefore, the present study was 
designed to study the effect of acute moderate exercise of 
short duration on the cognitive (P300) functions of young 
males and females with sedentary lifestyles.

Materials And Methods

Sixty right-handed healthy volunteers (40 males, 20 females) 
in the age-group of 18–30 years with sedentary lifestyles were 
recruited from among the undergraduate and postgraduate 
students and staff members of a medical college. Sedentary 
lifestyle was determined as physical activity less than 30 
minutes per day for last 6 months. None of the participants 
reported any adverse health conditions such as previous 
history of stroke, diabetes, depression, hypertension, 
osteoarthritis, chronic obstructive lung disease, visual or 
auditory impairment, or smoking habits. Before taking part 
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in the experiment, all participants signed consent forms and 
were fully informed about the protocol. The ethical guidelines 
were followed as per Harriss et al.[9]

All subjects were asked to arrive at the lab at the same time 
of the day, i.e., between 9 AM and 11 AM. Basal recording 
of ERP was done using the RMS EMG EP Mark-II (RMS, 
Chandigarh, India). After this, the subjects were divided into 
two equal age- and sex-matched groups: the control and test 
groups. The test group was asked to perform exercise for 5 
minutes on a bicycle ergometer (Mag Cycle™). The severity 
of exercise was maintained at a moderate level as indicated 
by the heart rate (that is, we sought to achieve 60%–80% of 
maximum heart rate during exercise, where 100%= 200−age). 
Immediately after the 5 minutes of exercise, when the heart 
rate monitored by a pulse oximeter had returned to normal, 
the ERP was recorded again. In the control group no exercise 
was done and the second recording of ERP was done 15 
minutes after the fi rst.

ERP recordings
Silver chloride electrodes were placed at Pz and Cz actively, 
according to the international 10–20 system,[10] referenced to 
a linked earlobe electrode and a forehead electrode as ground. 
Impedances were maintained below 5 kΩ and were measured 
from each lead at the beginning and the end of each session. 
P300 potentials were recorded with a bandpass of 0.1–50 
Hz. Recordings were made for 300 seconds, excluding the 
rejection errors, at a sweep speed of 50 msec/division. P300 
potentials were obtained from an auditory oddball paradigm. 
The target tones (2000 Hz) were presented randomly with 
a probability of 20%, whereas the non-target tones (1000 
Hz) were presented randomly with a probability of 80%; the 
tones were presented binaurally over headphones at a sound 

intensity of 80 dB and a post-stimulus delay of 1 second.  At 
the end of each session, each participant’s count was compared 
with the actual number of target tones given to assess the 
accuracy of the task performance. All participants performed 
the tasks with an error rate <5% in all trials. Principal peaks 
and their identifi cation were made according to the standard 
recommendations for long-latency auditory ERPs of the 
International Federation of Clinical Neurophysiology and the 
principal component analysis technique.[10] The amplitude of 
the P300 wave was measured as an absolute value between 
the peak points of N200 and P300 (N2P3).

Statistical analysis
The paired Student’s ‘t’ test and ANOVA with post hoc Tukey’s 
test was applied to compare the values between the groups.  
SPSS® version 10 and Microsoft® Excel® 2007 were used for 
statistical analysis. Level of signifi cance was taken at P≤.05.

Results

Age, weight, and body mass index (BMI) were comparable 
between the control and test groups. The height of subjects 
showed a signifi cant difference between the groups, but on 
individual comparison with the post hoc Tukey’s test there was 
no signifi cant difference [Table 1]. 

There was no signifi cant difference between the baseline values 
of the control and test groups. While there was no signifi cant 
difference between the two recordings of P300 latency and 
amplitude values in the control group, there was a signifi cant 
improvement in cognitive P300 latency after exercise in the 
test group, in males and females separately as well as in the 
total values (P=.000, P=.019, and P=.000, respectively) [Table 2].

Table 1: Comparison of anthropometric data and basal P300 values between control and test groups

Control group Test group
Male (n=20) Female (n=10) Total (n=30) Male (n=20) Female (n=10) Total (n=30)

Age 23.73 ± 3.57 23.2 ± 3.49 23.63 ± 3.77 23.75 ± 4.98 22 ± 3.89 23.17 ± 4.65
Height 165.95 ± 3.99 160 ± 7.02 163.97 ± 5.82 166.25 ± 8.4 159.5 ± 4.99 164 ± 8.03
Weight 62.05 ± 6.2 61.4 ± 7.28 61.83 ± 6.46 61.1 ± 10.42 54.2 ± 8.16 58.8 ± 10.14

BMI 22.51 ± 1.93 24.1 ± 3.32 23.04 ± 2.54 22.02 ± 2.64 21.29 ± 2.9 21.78 ± 2.7

Table 2: Comparison of P300 latency and amplitude in control and test groups using post hoc Tukey’s test

Control group Baseline After 15 minute of quiet sitting
Male (n=20) Female (n=10) Total (n=30) Male (n=20) Female (n=10) Total (n=30)

P300 latency (msec) 282.04 ± 8.46 279.14 ± 9.38 281.07 ± 8.72 280.28 ± 7.91 276.7 ± 8.16 279.09 ± 8.04

P300 amplitude (mV) 6.01 ± 3.4 5.43 ± 3.09 5.82 ± 3.26 6.57 ± 2.76 5.63 ± 2.65 6.25 ± 2.72

Test group Baseline After exercise
P300 latency (msec) 288.36 ± 31.62 291.2 ± 33.18 289.31 ± 31.6 253.57 ± 33.28* 255.48 ± 27.19# 254.21 ± 30.92*

P300 amplitude (mV) 6.32 ± 4.88 5.93 ± 3.7 6.19 ± 4.46 7.73 ± 7.29 4.95 ± 1.95 6.8 ± 6.15
*P<.001, #P<.05 (P values after exercise in comparison to pre-exercise values)
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Discussion

In our study there was signifi cant decrease in the P300 
latencies, which is consistent with the other studies.[11–13] A 
short bout of exercise was found to decrease the latency 
of ERP P300 in the study by Hillman et al.[14] It has been 
shown that aerobic exercise promotes cerebral blood fl ow. 
In animal models it has been proved that exercise improves 
neurotransmitter function and cerebral vascularization, 
besides inducing other neurobiological changes.[15] Isaacs et 
al. observed signifi cantly shorter diffusion-distances from 
blood vessels in the cerebellum of rats that were on exercise 
training.[16] Our study showed no signifi cant improvement 
in P300 amplitude, probably because of the relatively short 
duration of exercise in our study. Some theories of P300 
suggest that the amplitude refl ects allocation of attention 
and context updating of working memory resources.[17] It 
has also been shown to be proportional to the amount of 
resources allocated to a particular task or stimulus, implying 
that acute bouts of cardiovascular exercise may facilitate the 
allocation of attentional and memory resources and hence 
benefi t executive control function.[18] Magnie et al. interpreted 
the observed increases in P300 amplitude as suggesting that 
acute exercise facilitates cognitive processing via a general 
arousal effect.[11] Similarly, Polich et al. have suggested that 
P300- exercise effects occur in a global fashion related to 
increases in general arousal in the body.[19] Although it is known 
that exercise contributes to increased P300 amplitude,[13] no 
change in P300 amplitude to signifi cant levels was observed in 
an endurance-training group in another study.[3] The absence 
of signifi cant improvement in P300 amplitude in our study may 
be because of difference in the exercise protocol as compared 
to the other studies.

There has not been much investigation of the role of brisk 
exercise in different situations and further research on this 
topic is necessary. 

The present study had some limitations. The low proportion of 
female volunteers meant that we could not make comparisons 
between males and females. Awareness of the intention to 
do exercise may also lead to CNS arousal, and this was an 
unavoidable limitation of our study.

We conclude that acute moderate exercise of short duration 
may enhance the cognitive functions of brain of persons having 
sedentary lifestyles as evidenced by the reduction in latencies 
of ERP P300 in this study.
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