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INTRODUCTION:

Sleep is a multifaceted physiological and behavioral process that plays
acrucial role in determining quality of life, influencing both longevity
and overall well-being. It is a state of rest for the otherwise active
nervous system. It is defined as a state of unconsciousness from which
a person can be aroused by appropriate sensory or any other stimulus
(1). Sleep duration varies with gender, age and also according to one's
daily routine. A lack of sleep, or sleep deprivation (SD), is a
widespread phenomenon that can induce adverse changes in cognitive
performance. Sleep duration is very important but sleep quality is often
ignored factor. Sleep is very essential for learning, memory, attention,
alertness, judgement, and overall health of an individual.

Two processes that affect the amount of sleep obtained are the
circadian and homeostatic processes. The circadian process theory
suggests that an internal circadian clock regulates sleep by controlling
the timing of its onset and offset. This facilitates the wake and sleep
cycles as well as the secretion of different hormones (2). The
homeostatic process is influenced by periods of wakefulness and sleep,
with sleep demands increasing when sleep duration is insufficient.

In today's fast age getting one nights restful sleep has become a
challenge. Due to lack of sleep there occurs excessive daytime
sleepiness. Sleep deprivation (SD) is a major health concern not just
physically but mentally as well. The impact of sleep disorders on
cognitive performance has become a major concern as it affects the
quality of life. Sleep deprivation not only involves physiological
changes throughout the entire body but is also considered to be
critically related to the decline of a range of cognitive functions(3,4,5).
Hence,in this study we will assess the effect of sleep quality and
duration on cognitive function.

MATERIALS & METHODS:

A cross sectional study was conducted on 40 young adults. A written
informed consent was taken prior and participation was purely
voluntary. There were no potential risk to the subjects in this study as
there were no interventions involved.

Exclusion Criteria:

1. Agelessthan 18 years.

2. Those who are taking any medication.

3. Any history of Major physical illness.

4. Any history of Neuro-muscular /neurological disorder

5. Any history of Psychological disorder.

6. Any history of Substance abuse, smoking, alcohol abuse.
7. Any history of Head trauma.

Methodology:

Participants were given prior information regarding the nature of the
study and those who were willing to participate were asked to come for
a single contact session. On the study day, written informed consent
was taken from each participant. Study was conducted in a quiet
isolated room with adequate light. Subjects were asked to fill a case
record form. Detailed history regarding sleep duration and quality
were obtained by Pittsburgh sleep quality index (PSQI - ANNEXURE
A), a questionnaire, that assesses sleep quality and quantity over a 1-
month period (6). History of day time sleep was obtained by Epworth

sleepiness scale (ANNEXURE B) (7). The following
functions were performed on the study participants.

cognitive

Cognitive Function Tests:

1. Stroop Test:

The Stroop colour word test is a neurophysiological test extensively
used to assess the ability to inhibit cognitive interference that occurs
when the processing of a specific stimulus feature impedes the
simultaneous processing of a second stimulus attribute, well known as
the Stroop effect (8). We performed the stroop test using Psychopy
Demo Software version 1.83.01(9).

A colour word stimulus is a compound stimulus consisting of colour of
ink of the word and text of the word. In this test subject was instructed
to press the laptop keys assigned for particular colour. Subject was
asked to ignore the word appearing on the screen and give the response
according to the colour of the letters. Instructions were as follows:

Keys to press Colours of the letters
Left Red

Down Green

Right Blue

At the end of the test, the Reaction time for the given responses and
number of errors made were recorded.

Data Recording And Analysis: Reaction Times and any errors in the
responses were measured. Increased in Reaction times and errors rates
are suggestive of cognitive interference.

2. Trail-making test ANNEXURE C):

It was conducted in two parts, both parts of the Trail Making Test
consist of 25 circles distributed over a sheet of paper. In Part A, the
circles are numbered 1 — 25, and the participant had to draw lines to
connect the numbers in ascending order. In Part B, the circles include
both numbers (1 — 13) and letters (A —L); as in Part A, the participant
had to draw lines to connect the circles in an ascending pattern, but
with the added task of alternating between the numbers and letters (i.e.,
1-A-2-B-3-C, etc.). The subject was instructed to connect the circles as
quickly as possible, without lifting the pen or pencil from the paper.
Time taken by the participant was recorded as he/she connected the
"trail." If the patient made an error, it was immediately pointed out and
the patient was allowed to correct it. Errors affect the patient's score
only in that the correction of errors gets included in the completion
time for the task. The test was not counted if the participant did not
complete both parts after five minutes had elapsed(10).

Scoring:

Results for both TMT A and B are reported as the number of seconds
required to complete the task; therefore, higher scores reveal greater
impairment.

Average Deficient Rule of Thumb
Trail A 29 seconds >78 seconds Most in 90 seconds
Trail B 75 seconds >273 seconds Most in 3 minutes

Trailmaking test (ANNEXURE C) (11)

Stastical Analysis: Data was analysed by using SPSS 16 statistical
software. Chi-square test was used to find out the association between
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the variables.

To Assess The Sleep Quality And Excess Daytime Sleepiness
Following Scales Were Used:

1. The Pittsburgh Sleep Quality Index (PSQI):

It is an effective instrument used to measure the quality and patterns of
sleep in the older adult. It differentiates “poor” from “good” sleep by
measuring seven domains: subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances, use of sleep
medication, and daytime dysfunction over the last month. The client
self rates each of these seven areas of sleep. Scoring of the answers is
based on a 0 to 3 scale, whereby 3 reflects the negative extreme on the
Likert Scale. A global sum of “5”or greater indicates a “poor” sleeper.
Although there are several questions that request the evaluation of the
client's bed-mate or roommate, these were not scored, nor reflected in
the attached instrument.(6)

2. Epworth Sleepiness Scale (ESS):

Daytime sleepiness was assessed using the ESS, which is a well-
validated questionnaire consisting of eight items that quantify the
likelihood of dozing in eight different situations. The total ESS score
ranges from 0 to 24, and daytime sleepiness was considered excessive
in this study if the score was>10 (12).

Observations:

Descriptive Statistics :

Sleep quality measured by PSQI(>5) was good among 12 (30%) study
participants. Among the participants 4 (10%) slept less than 5 hours; 14
(35%) slept for 5 hours; 11(27.5%) slept for 6 hours and the rest 11
(27.5%) participants slept for 7 hours or more.

TablelI:
Table 1:CROSS TABULATION (done using Chi square test)
GEN |category of EPROSCORE Total |P
DER Average [Mild |Moder |Exces value
day time|sleepy|ate sive
sleepine sleepy |sleepy
ss
F Count 5 9 2 8 24 0.927
% within  [20.8% |37.5%|8.3% |33.3%]|100% |Two
GENDER variables
M Count 2 6 2 6 15 are
% within [13.3% [40.0%]| 13.3% [40.0%)|100% [not
GENDER significan
Total [Count |7 5|3 14 [39 |y
%% within_[17.9% |38.5%|7.7% |35.0%]|100.0 |2ssociated
GENDER %

In the above table according to EPROSCORE, it has been observed
that 33.3% of females & 40% of males are experience excessive
sleepiness, whereas 37.5% of females & 40% of males exhibit mild
sleepiness.

TableII:
AT HSD{Hs]  ETROOPTH VEET -CONGLE] STINCONGURJTROOPERR0 R TMTTIVEA] MTALRROR] TMITIMES  JTMTBERR0)
PSQ Pazzn Corgiaton| 0034 -03 -00% 05 00 e 01E 0285 QL [15Y
Sz (Zaled 0837 008 068 006 0908 015 038 0.0 0% 03m
EPROSCORE. Pezson Corglation| 0019 0 028 151 0158 020 Q08 017 0174 -008
Sz (Zaled 0908 [ 016 0. 0337 [ 08 047 08 0935

Using Pearson correlation the following results were obtained.
Correlation between PSQ Index with HSD (r=-0.3), Stroop Time (r=-
0.076) and ST- CONGUR (r = -0.25) are negatively correlated which
indicates that as PSQ Index increases then HSD, Stroop Time and ST -
CONGUR decreases followed by correlation between PSQ Index with
ST INCONGUR (r = 0.02), STROOP ERRORS (r = 0.219), TMT
TIME A (r=0.108), TMT A ERRORS (r=0.285), TMT TIME B (r =
0.011) and TMT B ERROR (r=0.041) are positively correlated which
indicates that as PSQ Index increases then STINCONGUR, STROOP
ERRORS, TMT TIME A, TMT A ERRORS, TMT TIME B and TMT
B ERROR increases. However, these factors are not significantly
correlated.

Correlation between EPROSCORE with Stroop Time (r =-0.249) and
ST-CONGUR (r = -0.151) , ST INCONGUR (r = - 0.158),
TMTTIMEA (r = -0.064) , TMT TIME B (r = -0.274) and TMT B
ERROR (r =-0.014) are negatively correlated which indicates that as
EPRO SCORE increases then Stroop Time and ST - CONGUR, ST
INCONGUR, TMT TIME A, TMT TIME B and TMT B ERROR
decreases followed by Correlation between EPRO SCORE with HSD

(r=0.017) , STROOP ERRORS (r = 0.204), TMT A ERRORS (r =
0.117), are positively correlated which indicates that as EPRO SCORE
increases then HSD, STROOP ERRORS, TMT A ERRORS increases.
However, these factors are not significantly correlated.

DISCUSSION:

Sleep deprivation and lack of good quality sleep, is very common in
today's modern society and many studies are being conducted to prove
its effect on cognitive performance. While there is broad consensus
that insufficient sleep leads to increase in reaction time, variability in
performance, decreased alertness, attention and vigilance, but there is
less agreement about the effects of sleep deprivation as well as bad
quality sleep on many higher level cognitive capacities, including
perception, memory and complex problem solving. The effect of sleep
deprivation affects all domains of cognition central to this debate has
been the question of whether sleep deprivation affects nearly all
cognitive capacities in a global manner through degraded alertness and
attention, or whether sleep loss and bad quality sleep specifically
impairs some aspects of cognition more than others.

As per our findings ( Table 1), shows 33.3% of females & 40% of
males experience excessive sleepiness whereas 37.5% of females &
40% of males exhibit mild sleepiness. A research study by Angelone et
al (13) and Lund et al (14), showed results contrary to our findings, that
female students have higher prevalence of daytime sleepiness than
male students. Another study by, El Hangouche et al (15 ) also found
that, female students are having more daytime sleepiness than males
and which was statistically significant.

In our study, we correlated PSQI with habitual sleep duration, stroop
test ( Congurent and incongurent ), stroop test errors, Trail mainking
test A and B time, Trail making A & B errors. PSQI scale measure the
quality and patterns of sleep. We also evaluated all the above cognitive
tests with Epworth sleepiness score. Epworth sleepiness score assess
daytime sleepiness. We found that, the Correlation between PSQ Index
with Habitual Sleep Duration (r = -0.3), Stroop Time (r =-0.076) and
ST-CONGUR. (r = -0.25) are negatively correlated, meaning that as
PSQ Index increases then Habitual Sleep Duration, Stroop Time and
ST-CONGUR score decreases. An increased PSQI score indicates
poor sleep quality, so as per our findings, habitual sleep duration and
reaction time decreases with poor sleep quality. Study conducted by
Anderson etal ( 16) , showed that people with less sleep perform better
with lesser reaction time and answered more accuretly in stroop test. In
a study done by Sen B, Kurtaran NE, Ozturk L (17), the Stroop test
showed improvement in cognitive flexibility after sleep deprivation.
Both the above studies are in accordance with our findings.

We also found,Correlation between PSQ Index with ST INCONGUR
(r=0.02), STROOP ERRORS (r=0.219), TMT TIME A (r=0.108),
TMTAERRORS (r = 0.285), TMTTIMEB (r = 0.011) and TMT B
ERROR (r = 0.041) are positively correlated which indicates that as
PSQ Index increases then STINCONGUR, STROOP ERRORS, TMT
TIME A, TMT A ERRORS, TMT TIME B and TMT B ERROR
increases. However, these factors are not significantly correlated. So
with poor sleep quality, reaction time and attention span, visual search
and scanning, sequencing and shifting, psychomotor speed,
abstraction, flexibility, ability to execute and modify a plan of action,
and ability to maintain two trains of thought simultaneously ,
increases. Our study proves, Poor sleep quality affects cognition. As
per study done by Virta JJ et al (18), poor sleep quality is major risk
factor for the poorer cognitive functions. Koutsonida et al (19)
concluded that, increased PSQI scores, implying low sleep quality,
predicted higher scores in TMT A, indicating slower processing speed
and increased response time. Another study done by K.M. Mullins &
A.M Reynold (20) done on undergraduate students showed
participants made fewer errors with increased sleep, but, unexpectedly,
reaction times also increased with more sleep. They quoted fatigue
may have played a role in this relationship. Contrary to this, a study
done by Holding et al (21) proved that there is no effect of sleep
deprivation on the Stroop test. There were variations in attention and
arithmetic test performance across different times of day. The effect of
sleep deprivation on all cognitive tests was also found to vary at
different times of day.

When Epworth sleep score correlated with various cognitive function
test, we found that Correlation between EPRO SCORE with Stroop
Time (r=-0.249) and ST- CONGUR (r=-0.151), STINCONGUR (r
=-0.158), TMT TIME A (r=-0.064) , TMT TIME B (r=-0.274) and
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TMT B ERROR (r=-0.014) are negatively correlated which indicates
that as EPRO SCORE increases then Stroop Time and ST-CONGUR,
ST INCONGUR, TMT TIME A, TMT TIME B and TMT B ERROR
decreases. Increase epworth sleepiness score indicates excess daytime
sleepiness. So as per our findings, as daytime sleepiness increases
reaction times for both congurent and incongurent, trail making time as
well as trail making test B errors are getting better. Our study showed
positive correlation between epworth score and HSD (r =0.017) ,
STROOP ERRORS (r=0.204), TMT A ERRORS (r=0.117) meaning
that, as daytime sleepiness increases habitual sleep duration as well as
errors of stroop test and trail making test A increases. However, these
factors are not significantly correlated. Shilpa Khullar et al (22), in her
study observed no significant association between Epworth sleepiness
score and parameters of the stroop test, they further found that reaction
time of the incongruent trial was significantly higher as compared to
the congruent trial in the Stroop Task. A study done by El Hangouche et
al (15), revealed that poor sleep quality and excessive daytime
sleepiness as accessed by PSQI and Epworth sleepiness score are
significantly associated with low academic performance in medical
students.

As sleep is one of the most dependant and important factor for
memory, any changes in sleep time , sleep deprivation will affect the
academic performance in medical students. A study done by Samoel O
Adeoson et al. (23), showed that habitual night reading may affect
academic performance, possibly due to the reduced sleep and poor
sleep quality of habitual night readers. Similar results are seen by Dixit
and Mittal study on medical undergraduate students, in which they
quoted that, high demanding professsions like medical and armed
forces etc. where people work more than 24 hrs at a stretch showed
decline in cognitive functions (24).

Conclusion:

Our study conclude that, not only sleep duration but sleep quality is
also very important factor to be considered. We found that, poor sleep
quality affects different components of cognition. Sleep hygiene
education and techniques to implement it would be beneficial to the
population.
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