
https://doi.org/10.1177/0972753121990280

Annals of Neurosciences
27(3-4) 257–265, 2020
© The Author(s) 2021

Reprints and permissions:
in.sagepub.com/journals-permissions-india

DOI: 10.1177/0972753121990280
journals.sagepub.com/home/aon

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-Commercial use, reproduction and 

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://
us.sagepub.com/en-us/nam/open-access-at-sage). 

Original Article

Neuro-Cognitive Profile of Morning and  
Evening Chronotypes at Different Times  
of Day
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Jayshri Ghate2 and Babita Pande2

Abstract
Background: Chronotype is the circadian time preference for sleep–wake timings. However, its impact on cognitive 
performance is least explored.
Objective: The present study investigated the effect of chronotype (morning “M” vs. evening “E”) on cognitive measures 
as a function of time of the day. In addition, the correlation between electroencephalogram (EEG) waves and subjective/
objective cognitive measures were investigated.
Method: Cognitive status of 28 adult male subjects (15 “M” and 13 “E”) was assessed objectively through event-related 
potential (ERP) by administering visual odd ball paradigm test and subjectively through Montreal Cognitive Assessment 
questionnaire. In addition, 20 to 30 min of resting EEG was recorded. Recordings were done from 8 to 10 am and from 4 
to 6 pm on a single day. Power spectral analysis of EEG for alpha and beta waves at PZ and FZ cortical sites was done after 
subjecting selected epochs to fast Fourier transformation. Also, latency and amplitude of P300 potential from event-related 
potential record were measured. Appropriate statistical tests were applied for analysis.
Results: Higher alpha and beta power was observed in “E” at PZ in the evening. “M” showed increased P300 latency and 
amplitude during evening session for frequent and rare stimuli and vice versa in “E.”’ Significant negative correlation was seen 
between latency of rare stimuli and alpha and beta power at FZ site during evening in “E” chronotype only.
Conclusion: Result indicates better attention and alertness during evening hours in evening chronotypes and vice versa in 
morning chronotypes. The findings could be implemented to schedule the mental performance/cognitive load according to 
individual chronotype.
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Introduction

The ubiquitous and endogenous circadian rhythm (about 24 h 
rhythm) is visible in almost all biological functions. Based on 
circadian time preference for sleep-wake or rest-activity 
behavior, physical or mental performance, the human 
population has been classified into three categories known as 
chronotypes or circadian typology.1 These are (a) “lark or 
morning type” showing morning time preferences, (b) “owls 
or night type,” preferred late night hours, and (c) intermediate 
type who neither have early morning nor extreme evening 
behavior, but prefer in between. Inventory, e.g. Horne and 
Östberg Morningness-Eveningness Questionnaire (MEQ),1 is 
one of the most accepted psychometric screening tool for 
ascertaining chronotype of an individual. It is generally 

reported that pure morning or evening people are rare, i.e., 
only about 10% to 15%, with majority falling in the 
intermediate group.2 Age and gender also influence the 
morning–evening preferences.3 The clock genes expression 
also differ among different chronotypes.4
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Modern era has influenced our lifestyle such that 
eveningness amongst the population is becoming a choice. 
Several studies have indicated the impact of eveningness on 
the cognitive ability and daytime sleepiness when compared 
with morning people. Studies indicate adverse impact of 
eveningness on cognitive ability and mental performance.2 A 
strong association was reported between conscientiousness 
and morningness, whereas extraversion showed a strong 
correlation with eveningness.2 Also, a possible relationship 
has emerged between eveningness and certain type of mental 
health disorders such as schizophrenia, attention deficit 
hyperactivity disorder, sleep disorders, mood disorders, 
depression, etc.5 The morning chronotype university students 
have been found to perform better in academics than their 
evening counterparts, irrespective of the time of class or 
examination time and correlates with poor sleep quality in 
evening type.6

In this context, the use of electroencephalography (EEG) 
for objective measurement of neuro-cognitive or neuro-
physiological cortical activity in terms of perception, memory, 
attention, is well known.7 Event-related potentials (ERP; time 
locked EEG changes to sensory, motor, or cognitive events in 
response to specific events or stimuli), another robust tool of 
monitoring cognitive status by measuring P300 wave,8 
described according to latency (ms, the time from the onset of 
the stimulus to the occurrence of the positive peak) and 
amplitude (µV, the distance from the baseline to the highest 
point of the positive peak) is widely accepted.9,10 Besides, 
circadian variation in EEG activity and P300 are also clearly 
indicated.10,11

Although the effect of chronotype and circadian variation 
in many cognitive tasks related to vigilance, executive 
functions, attention has been reported,12,13 the effect of 
chronotypes, specifically morning and evening types, during 
their odd hours of performances (morning and evening 
hours) on a single day, has not been explored much. 
Therefore, the present study was conducted to address the 
change in neuro-cognitive status objectively through EEG 
and cognitive component of P300 by Visual-ERP and 
subjectively through Montreal Cognitive Assessment 
(MoCA) Questionnaire14 in morning and evening chronotype 
young healthy male cohort. Additionally, we investigated the 
correlation if any, between the EEG profile and cognitive 
parameters in these individuals.

Methods

This was a case-controlled prospective observational study. In 
this noninvasive study, total 28 normal adult male subjects 
(age group: 18 to 25 years) comprising of 15 morning 
chronotype and 13 evening chronotype, voluntarily 
participated. The study was initiated after obtaining approval 
from the Institute Ethics Committee. An informed written 

consent was obtained from each subject after explaining the 
details of the study and recording methods. A detailed history 
of all the subjects was taken to meet the inclusion and 
exclusion criteria. The subjects with body mass index (BMI) 
between 19.0 and 24.9 were included and the subjects with 
hypertension or diabetes mellitus or respiratory diseases or 
any history of other disease including any neurological or 
psychological disorders, history of habits of smoking, alcohol, 
caffeine consumption, drug intake, etc. were excluded.

The chronotype or circadian typology was assessed using 
English or Hindi version of MEQ1 as per the preference of the 
volunteers, which consisted of 19 items pertaining to habitual 
rising and bedtimes, preferred times of physical and mental 
performance, and subjective alertness after rising and before 
going to bed. The individuals having overall MEQ scores 
from 69 to 86 and 16 to 40 were categorized as the definite 
morning (M) and evening chronotype (E), respectively.1

Following this, the subjective cognitive status of the 
participant was assessed using the MoCA Questionnaire14 
comprising of a 30-point test administered over approximately 
10 min for detecting different cognitive domains, i.e.: 
attention and concentration, executive functions, memory, 
language, visuo-constructional skills, conceptual thinking, 
calculations, and orientation.

Each subject then underwent EEG and ERP recordings 
two times on the same day: one at 8 to 10 am (morning, 
session 1) and another at 4 to 6 pm (evening, session 2).15 
This was done to help draw parallels and assess diurnal 
variation between the morning and evening chronotypes with 
respect to their neuro-cognitive parameters. All the recordings 
were carried out in a well-ventilated room at thermoneutral 
ambient temperature (26 ± 2°C).

EEG recording was done with the help of a digital EEG 
machine B.E.S.S. WF-64 (64 channel-Brain Electro Scan 
System from Axxonet System Technologies Private Limited, 
India) following International 10 to 20 system of electrode 
placement.16 This was done using saline electrode cap with 
impedance <20kΩ and sampling rate of 1,000 Hz, where CZ 
was used as reference and AFZ as ground. After 15 min of 
supine rest, EEG was recorded for 20 to 30 min with the eyes 
closed under awake and relaxed conditions till alpha waves 
were observed for greater than 50% time in the occipital 
region.16 Thereafter, in the analysis mode of the B.E.S.S. 
software, EEG data were first re-referenced offline and then 
visually inspected for gross movement and eye-blink artifacts 
using a rejection criterion of ±75 μV. The high-pass, low-
pass, and notch filter frequencies were 1 Hz, 35 Hz, and 50 
Hz, respectively. Then, 15 min of artifact-free epochs (i.e., at 
least 450 epochs of two sec/subject) were subjected to fast 
Fourier transformation (FFT) to decompose EEG waveform 
into sine wave components of respective frequencies. These 
were used to compute absolute power (in uv2) for the alpha 
(8–13 Hz) and beta (14–30 Hz) waves at FZ and PZ sites with 
the help of inbuilt power spectral analysis software.7
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In addition, cognitive status was assessed objectively 
through event related potential (ERP) with the help of 
B.E.S.S. EEG/ERP system (Axxonet System Technologies 
Private Limited, India). This was done by administering 
oddball paradigm task for the visual ERP (VERP) 
recording. In this task, two different visual stimuli, i.e., 
picture of one circle and one square, were presented in a 
series on the computer screen such that one of them 
occurs relatively infrequently. The subject was instructed 
to respond by pressing a designated key after the 
presentation of the infrequent or the rare (R) target 
stimulus and not to the frequently presented or standard 
stimulus (F). In each recording setup, a total of 240 
stimuli were presented, comprising of 80% frequent (F) 
and 20% rare (R) stimuli,9 while the subject sat in a 
darkened room on a chair approximately 1 m from a 
computer screen. Then, after offline re-referencing, ERP 
waveforms were reduced and analyzed using “B.E.S.S.” 
software (version 6.9_1). The EEG was converted into 
epochs, time-locked to the frequent and rare image. A 
prestimulus interval of 200 ms along with a poststimulus 
presentation of 1,000 ms was used to extract the epoch. 
Then, the amplitude (µV) and latency (ms) of averaged 
P300 of ERP waveform at Cz, as indicators of cognition 
and perception, was calculated and expressed as mean ± 
SE at the designated electrode sites.

Data of M and E chronotypes were segregated and 
entered in MS Excel. All the resting EEG and ERP data 
were expressed in standard units and statistical analysis 
was done using StatistiXL Version 1.11 (2018). Within 
groups comparison of sessions 1 vs. 2 for each chronotype 
was done using Wilcoxon paired test, whereas between 
groups (M vs. E) comparison was carried out using Mann–
Whitney “U” test for statistical significance (minimum P < 
0.05). Pearson’s correlation test was applied to assess 
correlation between alpha and beta power of EEG at FZ and 
PZ sites and amplitude and latency of VERP as well as with 
MoCA scores.

Table 1. Alpha and Beta Power (µV2) at FZ and PZ Cortical 
Sites in Adult Male Subjects of Morning and Evening Chronotype 
Recorded in Session 1 and Session 2

Mean ± SE  at FZ site

Session EEG 
Wave Chronotype

Mann–Whitney 
U Test

Morning Evening U P

Session 1 Alpha 4.68 ± 0.55 5.25 ± 0.82 85.0 .65

Beta 2.63 ± 0.51 3.30 ± 0.81 89.0 .98

Session 2 Alpha 5.07 ± 0.39 5.04 ± 0.93 77.0 .93

Beta 2.67 ± 0.13 2.56 ± 0.35 108.0 .31

Mean ± SE  at PZ site

Morning Evening U P

Session 1 Alpha 4.81 ± 0.79 4.93 ± 1.02 77.0 .93

Beta 2.23 ± 0.44 2.97 ± 0.81 98.0 .64

Session 2 Alpha 5.17 ± 0.53 5.75 ± 1.00 121.0 .05*

Beta 2.37 ± 0.16 3.13 ± 0.72 133.5   .02**

Note: Morning vs. evening chronotype *P < .05;**P < .01; all the values 
are expressed as mean ± SE.

 

Figure 1.  Alpha and beta power, respectively, of morning chronotype subjects at FZ and PZ in sessions 1 and 2. Higher alpha power 
at PZ in session 2 was evident, though statistically not significant (a), while beta power of morning chronotype subjects at FZ and PZ in 
session 1 and 2 showed higher power in both sessions, which was statistically significant at PZ (b). *P < .05 (session 1 vs. 2); all values are 
expressed as mean ± SE.

Results

The mean BMI of M type was 23.25 ± 1.65 and that of E type 
was 22.9 ± 2.9. There was no significant difference in BMI 
between the groups.

No statistical difference in MoCA scores was observed 
between M (28.5 ± 1.4) and E type (28.9 ± 0.9) individuals.

The M group subjects showed higher alpha and beta 
power at FZ and PZ during session 2 as compared to session 
1 with a statistically significant higher beta at PZ only (P = 
.05; Figures 1a and b). A statistically significant higher alpha 
(P < .05) and beta power (P < .05) at PZ was also recorded in 
E type subjects in session 2 (Figures 2a and b).  Comparison 
between M vs. E chronotypes showed significantly high 
power for both alpha and beta in E-type subjects at PZ site 
during session 2 as compared to M-type (Table 1).
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Figure 2. Alpha and beta power of evening chronotype subjects at FZ and PZ in sessions 1 and 2. Statistically significant higher alpha 
power was recorded in session 2 at PZ (a), whereas session 2 at PZ showed significantly more beta power (b). *P < .05 (session 1 vs. 2); 
all values are expressed as mean ± SE.

With regard to ERP, a statistically significant higher P300 
latency of VERP for R stimuli compared to F stimuli (P < .05) 
was observed in session 1 only in M chronotype (Figure 3a), 
whereas P300 latency was significantly more for F than R 
stimuli in session 2 compared to session 1 (P < .05; Figure 
3a).  Also, significantly higher amplitude for R stimuli 
compared to F stimuli was recorded in both sessions 1 (P < 
.01) and 2 (P < .001) in M chronotype subjects (Figure 3b). 
However, between sessions comparison was not significant 
for both the stimuli in morning type. Whereas, in evening 

chronotype, though significantly higher P300 latency was 
recorded for R stimuli compared to F stimuli in session 1 (P 
< .05; Figure 4a), reduced latency was noted for R stimuli as 
compared to F stimuli in session 2, though not significant 
(Figure 4a). Besides, evening chronotypes also displayed 
significantly increased P300 amplitude for R stimuli than F 
stimuli at both session 1 (P < .01) and session 2 (P <.05; 
Figure 4b). But between sessions comparison showed a 
significant decrease in VERP P300 amplitude for R stimuli, 
only in session 2 (P < .05; Figure 4b).

 

Figure 3. P300 latency and amplitude of morning chronotype subjects for frequent and rare stimuli in session 1 and 2. Session 1 showed 
significant higher latency for rare stimuli. Also, latency increased significantly for frequent stimuli and markedly for rare stimuli in session 
2 (a). Significantly higher amplitude for rare stimuli was observed in both sessions 1 and 2 which was also markedly increased between 
sessions 1 and 2 (b). *P < .05, **P < .01, and ***P < .001 (frequent vs. rare); #P < .05 (session 1 vs. 2); all values are expressed as mean ± SE.
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Figure 4. P300 latency and amplitude of evening type subjects for frequent and rare stimuli in sessions 1 and 2. Significantly increased 
latency during session 1 and reduced latency in session 2 for rare stimuli was recorded. Also, significant reduction in latency for rare 
stimuli was seen in session 2 (a). Amplitude for rare stimuli showed significant increase during both sessions 1 and 2. Also, amplitude 
in session 2 was markedly low for rare stimuli (b). *P < .05 and **P < .01 (frequent vs. rare); #P < .05 (session 1 vs. 2); all values are 
expressed as mean ± SE.

Table 2. P300 Latency (ms) and Amplitude (µV) in Adult Male Subjects of Morning and Evening Chronotype Recorded in Session 1 and 
Session 2

VERP Latency (ms)

Session	  Stimuli Chronotype Mann–Whitney U Test

Morning Evening U P

Session 1 Frequent 351.06 ± 24.54 410.81 ± 35.83 126.5 .05*

Rare 410.18 ± 30.28 478.72 ± 20.27 120.12 .12

Session 2 Frequent 429.37 ± 33.17 420.45 ± 33.17 97.0 .68

Rare 448.43 ± 23.72 323.18 ± 20.29 148.0 .002**

VERP Amplitude (µV)

Morning Evening U P

Session 1 Frequent 1.98 ± 0.31 1.14 ± 0.22 127.5 .05*

Rare 3.32 ± 0.50 3.21 ± 0.44 92.5 .82

Session 2 Frequent 1.99 ± 0.38 2.01 ± 0.39 90.0 .94

Rare 4.19 ± 0.65 2.37 ± 0.42 128.5 .04*

Note: Morning vs. evening chronotype *P < .05; all the values are expressed as mean ± SE.

The difference in P300 VERP latency and amplitude as a 
function of chronotype and sessions (1 vs. 2, i.e., morning vs. 
evening hours) was observed, while a comparison between M 
and E chronotypes revealed higher P300 latency for both F 
and R stimuli in evening type during session 1; it was 
statistically significant for F stimuli only (Table 2). On the 
contrary, the same evening chronotype group exhibited 
shorter P300 latency for both F and R stimuli than morning 
chronotype in session 2/evening hours (Table 2); however, 
this reduction was statistically significant for R event only in 
evening type (Table 2). Also, the P300 amplitude for both the 

F and R stimuli was found to be shorter in evening chronotype 
compared to morning chronotype in session 1 (morning 
hours) and higher for F stimuli in session 2 (evening hours), 
though it was statistically not significant (Table 2). The P300 
amplitude for R stimuli was significantly reduced in evening 
type compared to morning type in session 2 (Table 2).

A significant negative correlation was observed between 
latency of R stimuli with alpha (r = –0.85; P = .03) and beta 
(r = –0.89; P < .01) power at FZ site in session 2 in E type 
subjects only. No other significant correlation was found at 
any other point of analysis.
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Discussion

The present study has examined the cognitive performance in 
terms of EEG recording and visual ERP test as well as 
subjective assessment by MoCA questionnaire, of healthy 
young morning and evening chronotype male subjects at 
morning (8–10 am) and evening hours (4–6 pm). Substantial 
number of studies have demonstrated the presence of estrogen 
and progesterone receptors in the cognitively-relevant brain 
regions, e.g., hypothalamus, amygdala, hippocampus, and 
prefrontal cortex, depicting thereby direct neurological 
influence of sex hormones on cognitive processes.17,18 
Associations between emotion-dependent cognitive processes 
and menstrual cycle phases have been shown,19 with the 
luteal phase associated with poorer cognitive performance.20 
In light of the above facts, we did not include female subjects 
for the study as it would have required repeated recording 
(that too, twice during each session) during different phases 
of menstrual cycle.

EEG and Cognition

We measured alpha and beta activity as measures of EEG 
which along with ERP have been shown to provide significant 
information with respect to mental performance. It has been 
reported that negative emotional interference increases the 
load of cognitive processing in terms of electrophysiological 
and behavioral reactions.21 However, higher activity of the 
brain is shown to be associated with high-frequency low-
amplitude waves, wherein alpha and beta waves, the most 
prominent waves in awake individuals, qualify.22 Earlier 
reports have associated alpha wave activity of EEG with 
cognitive performance showing positive correlation with 
memory and attention at all ages.23 Also, alpha-band 
oscillations have been documented to be one of the most 
basic cognitive processes playing major function in the 
coalescence of brain activity. Close link of alpha-band 
oscillations with fundamental functions of attention, i.e., 
suppression/inhibition and selection/timing, have been 
strongly exhibited which enables the conscious orientation to 
time, space, and context.24 Frontal beta activity, however, has 
been shown to influence stimulus assessment and decision-
making during cognitive tasks.25 In line with these above 
reports, we analyzed alpha and beta activity to assess and 
correlate them with the outcome of cognitive assessment 
done by VERP.

We observed significantly higher level of alpha and beta 
power during evening session in E type individuals at PZ. 
Spatial attentional shift of different sensory stimuli has been 
found to be related with the alpha band in the posterior 
parietal cortex,26 whereas the alpha and beta bands in the 
occipital region are documented to be linked to preparatory 
attention.27 Therefore, increased EEG waves’ activity may be 
indicative of better attention and alertness of E type in the 
evening hours as compared to morning chronotype.

In the present study, we used midline channels only, i.e., 
FZ and PZ,  to record and analyze alpha and beta rhythms of 
the EEG signals as per studies done earlier,28,29 with CZ being 
a reference site. These studies have documented for the most 
pronounced appearance of various components on the midline 
electrodes FZ, CZ, and PZ after examining for their scalp 
distributions. These midline channels denoting different brain 
regions are known to be associated with different functions, 
i.e., FZ, as near intentional and motivational centers and PZ 
contributing to the activity of perception and differentiation.30

It has been reported earlier that the posterior alpha power 
is positively correlated to the subjects’ global cognitive status: 
lower the alpha power, lower is the cognitive status.31 As the 
PZ activity is known to contribute to perception and 
differentiation,30 it could be the basis of better cognitive 
response of evening chronotype subjects in terms of better 
performance to oddball paradigm for ERP test during evening 
hours in our study. The result is also in concordance to the 
validated circadian variation in EEG waves.32

ERP and Cognition

Both P300 latency and amplitude recorded during visual 
oddball paradigm test were found to be higher for rare stimuli 
as compared to a frequent one in both chronotype individuals 
in our study. P300 is known to be associated with cognitive 
demands and, therefore, stimulus attended with full attention 
is remembered better, and depicts larger P300 amplitude.33 As 
the rare stimuli during oddball paradigm also demand higher 
level of attention eliciting more complex neural processing 
and cognitive assessment, they gave rise to larger amplitude 
of P300. However, the interesting observation was that 
morning-type subjects showed delayed response in terms of 
increased latency and amplitude during the evening session 
for both frequent and rare stimuli, whereas E-type subjects 
showed similar delayed response during the morning session. 
This finding points toward the impact of chronotypes on the 
diurnal variation of cognitive processing in terms of P300.10,34 
Increased latency of P300 is indicative of relatively slow 
neuronal processing, thereby leading to more synchronized 
spread of neural activity which was reflected as increased 
amplitude in somatosensory cortical areas.

We found significant reduction in latency as well as 
amplitude for the rare stimuli during evening session of 
E-type subjects. This reduced latency and amplitude in the 
evening session may be indicative of a faster neuronal 
processing spreading in an asynchronous manner, thereby 
reducing the averaged amplitude. This again suggests a better 
cognitive processing ability during evening time for E 
chronotype subjects. In this context, it may also be mentioned 
here that latency for rare stimuli in E-type subjects during 
evening hours was significantly and negatively correlated 
with both alpha and beta power at FZ. This is in concordance 
to the better spatial attentional shift to the rare visual stimuli 
given during oddball paradigm test.26,27 It is pertinent to 
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mention here that clear circadian rhythm has been reported in 
cognitive abilities (measuring attentional capacities, executive 
functioning, and memory) in individuals with strong circadian 
preferences, i.e., morning, evening, or neither types. Evening-
type individuals exhibit poor psychomotor vigilance task or 
executive functions in morning hours compared to morning 
type in a young age group of males and females.13 Therefore, 
inter-individual difference in circadian preference which is 
reflected as their peak periods of circadian arousal is bound to 
affect the cognitive performance at the time of the day at 
which testing occurs, this interaction being known as 
synchrony effect.35 An earlier study had also reported similar 
diurnal change of cognitive function in M and E chronotype 
individuals; however, they used auditory oddball paradigm 
for eliciting P30036 in contrast to visual oddball paradigm 
administered by us. Besides, all the subjects in that study 
were moderately M and moderately E type, while subjects 
included in our study were definitely M and E type with MEQ 
scores of ≤70 and ≥30, respectively.1

Therefore, clinicians and researchers should take this fact 
into consideration while interpreting a person’s cognitive 
performance with respect to the time of day and their 
chronotypes.12 A very recent study has also documented for 
compromised cognitive and physical ability at the earlier 
hours of day in the evening-type personnel.13 Our results 
provide evidence in support of these findings clearly. The 
observed reduced P300 latency during session 1 (morning 
session), both for frequent and rare stimuli, pointing toward a 
better cognitive ability for the morning chronotype people as 
compared to evening chronotypes, may also be explained by 
the concept of early rising, i.e., at Brahma-muhurtha, the last 
quarter of night, described in ancient Indian tradition.  Early 
morning riser (Brahma–muhurtha) students have been 
believed to have best concentration in the morning hours.37 
Therefore, this period has been associated with hormonal 
changes conducive to spiritual blossoming of mind. The 
scientific basis of this claim has been proposed to be because 
of lowest body temperature and concomitant minimum level 
of melatonin in the early hours of morning which coincides 
with increasing level of cortisol, thereby influencing the 
process of attention and improved ability to recall.38

Chronotyping could also be helpful for the clinicians to 
track the progression and/or pathophysiology of certain 
diseases. One such disease, amyotrophic lateral sclerosis 
(ALS), a neuro-muscular/neuro-cognitive disorder, displays 
significant relation to the rhythm disturbances in the patients 
as manifested by circadian sleep–wake rhythm disorders in 
them.39 Approximately 35% of patients with ALS experience 
cognitive and behavioral impairment, while majority of 
patients suffer from neuro-psychological impairment by end-
stage disease.40 Other pathological conditions affecting the 
retina, i.e., age-related macular degeneration (AMD), show 
similar circadian misalignment like the one seen in 
Alzheimer's disease, a neuro-degenerative disease. This is 

proposed to be caused because of defect in the melanopsin-
containing retinal ganglion cells, responsible for mediating 
circadian entrainment of daily light-dark cycle.41 Along with 
this, cognitive impairment has been a persistent outcome in 
advanced AMD as well as in glaucoma patients.42,43 However, 
the cause for the observed cognitive impairment in these 
diseases has not yet been answered. The chronotype (morning 
or evening) determines the persons’ amount of light exposure 
and are linked to the cognitive performance, as shown in our 
present study also. Thus, looking at the chronotypes of these 
patients could open a new avenue for the therapeutic 
treatment of them.

Overall Cognition Status

No significant deficit in the overall cognitive processing 
(objective assessment done by ERP analysis) of E chronotype 
as compared to M type was observed in our study. At this 
point, it is worth mentioning that studies documenting 
psychophysiological alterations in evening-type people have 
been quite recent and that too, most of these studies have 
been conducted on subjects with the presence of certain 
symptoms or in-patient population on the basis of their 
circadian preference, i.e., morning and evening types.2,5,44 
We ensured that the subjects recruited for the present study 
did not have presence/manifestation of any cognitive, 
functional, or psychological deficits. However, our study 
consisted of only male volunteers. Therefore, we are unable 
to comment on the gender difference in the cognitive profile 
with different chronotypes. 

As far as subjective cognitive status is concerned, both 
groups scored >28 in 30 points MoCA questionnaire. This 
signifies no cognitive impairment in terms of subjective 
assessment in both groups of subjects (M and E type) in our 
study, as an average score of less than 26 is taken as mild 
cognitive impairment.14

As most reported studies on cognitive aspects have been 
carried out in patient groups with altered chronotypes and 
rhythmicity, the extent of the effect of circadian rhythmicity 
on healthy adults is lesser known. Besides, the objective 
assessment of cognition by means of EEG and ERP recordings 
has been very rarely attempted before on different chronotypes, 
with most studies assessing cognition by subjective tools, 
e.g., questionnaire or performance measurement during 
various tasks. Therefore, the study clearly provides evidence 
of diurnal variations in the cognitive processing of normal 
adults with morning and evening chronotypes.

Conclusion

In nutshell, we conclude that this study has investigated the 
impact of chronotype and the diurnal variation (at two 
different times of the day: morning and evening hours) on the 



264	 Annals of Neurosciences 27(3-4)

neuro-cognitive functions (EEG and P300) of young age, 
healthy adult males. The study corroborates that morning 
chronotype’s cognitive ability is better manifested in the 
morning hours and evening chronotype’s in the evening 
hours. The current study is of immense importance in 
predicting the development of neuro-cognitive changes 
based on an individual chronotype/chrono-preference. This 
study may help individuals to take circadian benefits and 
schedule their activities/cognitive load as per their chronotype 
and the time of the day for the best cognitive, academic, or 
overall achievements. Such studies are important in view of 
the fact that circadian preference may be an important 
predictor of success in jobs and workplace which requires 
mental alertness or energy, especially at specific times of the 
day. However, the measurement of reaction time, correct/
incorrect trials and their correlation to the P300 latency and 
amplitude could also add more ramifications to the findings 
which would be taken up in future. Besides, our study was 
conducted on a small cohort of male subjects, which is a 
limitation for conclusions made using extreme chronotypes. 
Further studies are recommended to explore gender 
differences on chronotypes in large gender-balanced samples 
and different age groups.
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