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ABSTRACT

Aim: The objective of this study was to evaluate the effects of cumulative partial sleep deprivation (i.e. restricted sleep <6 hours
a night for 3-4 consecutive nights) on various aspects of Neurocognitive functions in female nursing students.

Methodology: Pittsburgh Quality of Sleep Index (PQSI) scoring and neurocognitive tests viz. Letter cancellation test (LCT),
Trail making tests A and B and Forward and Backward digit span tests were performed in 30 apparently healthy female nursing
students. The students, who slept for a minimum of 7 hours / day for at least three consecutive nights, were selected for baseline
assessment during their non-sleep deprived phase. Repeat evaluation was performed when the sleep duration was <6 hours /
day for at least three consecutive nights in their sleep-deprived phase.

Result: The study demonstrated a significant increase in PQSI scores (p=0.0.0001***), Letter cancellation test time duration
(p=0.0022**), LCT errors (p=0.0109*), Trail making tests A and B time duration (p=0.0048**, p=0.0001*** respectively) and a sig-
nificant decrease in Backward digit span test score (p=0.0135%) during sleep-deprived phase as compared to non-sleep deprived
phase. No significant change was observed in the Forward digit span test (p=0.3097). No statistically significant association was
obtained between the PSQI score and the various neurocognitive tests.

Conclusion: Chronic Partial sleep deprivation deteriorates neurocognitive function viz; visual scanning, response speed, sus-
tained attention, executive function, and working memory as demonstrated by significant changes in various neurocognitive
tests.
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INTRODUCTION

Good quality of sleep is a must for nursing students learn-
ing and acquiring clinical skills at a professional level. Poor
quality of sleep in students can have an impact on various
areas such as efficacy, mental health, stability, physical
health, and activity*. While total sleep deprivation is a useful
model for studying the neurocognitive effects of sleep dep-
rivation, it is a much less representative form of sleep loss

Sleep is a complex and dynamic physiological process es-
sential for human survival. Although the exact sleep require-
ments may differ for individuals based on age, genetics,
social and environmental factors', it is recommended that
adults should sleep seven or more hours per night on a regu-

lar basis to promote optimal health?. Unfortunately, compro-
mising on one’s sleep to meet one’s daily responsibilities has
become an increasingly common practice amongst people
nowadays, in particular among young adults?.

than chronic partial sleep deprivation®. Chronic partial sleep
deprivation(sleep restriction to <6hr /24 hours for multiple
consecutive days) is much more common nowadays, ow-
ing to a wide range of factors including medical conditions,
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sleep disorders, work demands, and social and domestic re-
sponsibilities®.

The prefrontal cortex of the brain, the area responsible for
complex cognitive processes, is thought to be especially vul-
nerable to the effects of sleep loss when planning, coordinat-
ing, and self-regulating behaviors are required ’. Partial sleep
deprivation has been observed to impair attention, working
memory, executive function, and verbal creativity in some
studies ® °, whereas others have not found any significant
decrement in attention'™!?, executive function'?, or speed of
processing *1°. Though many early studies of chronic par-
tial sleep restriction reported conflicting effects on cognitive
performance *°, few experiments in the past few years have
also reported that chronic sleep restriction results in rapid
cumulative increases in cognitive performance errors and the
effects are in proportion to the dose of sleep and chronicity
of restriction™ & 1313,

Sleep deprivation and irregular sleeping habits have long
been recognized as phenomena prevalent among college
students. Nursing students are among those college students
that face high levels of stress and time restraints right from
the beginning of their course. This makes them especially
vulnerable to sleep deprivation. Further, they are expected
to learn and perform several clinical tasks. Poor quality of
sleep can impact their efficacy. Till date, several studies have
been done to evaluate the impact of total sleep deprivation on
various parameters. Despite chronic sleep restrictions being
more prevalent, not many studies have been done to evaluate
its effects, especially in college students. This study aimed
to determine whether restricted sleep (<6 hours a night for
3-4 consecutive nights), would have a negative impact on
the cognitive performance of nursing students, specifically
focusing on visual scanning, response speed and sustained
attention, executive function and working memory.

OBJECTIVES

1. To study the effect of cumulative partial sleep depri-
vation (i.e. restricted sleep <6 hours a night for 3-4
consecutive nights) on neurocognitive functions and
sleep quality (PSQI score) in nursing students.

2. To find out the relationship between PSQI score and
neurocognitive functions.

MATERIALS AND METHODS

An observational cross-sectional study was carried out in the
Department of Physiology, Lady Hardinge Medical College
and Associated Hospitals, New Delhi. The study was initi-
ated after taking prior approval from the institutional ethics
committee (IEC) for human research. It was conducted ac-
cording to the principles of the Declaration of Helsinki. We
are presenting here only a part of the Short-Term Student

ICMR Project (Reference ID: 2014-01641).

Inclusion criteria: The study group comprised of 30 appar-
ently healthy, female nursing students in the age group of
18- 21years. All the study participants served as their own
controls.

Exclusion criteria: The study participants with a history
of medical illness viz; cardiorespiratory diseases, psychiat-
ric illness, sleep disorders, endocrine disorders, those with
history of any drug intake that may affect CNS, those who
smoke or consume alcohol were excluded from the study.

Selection and Grouping: The study participants were asked
to maintain a daily sleep diary (sleep log book) to record the
details of sleep quality and quantity. Participants who had
slept for a minimum of 7 hours every night for at least three
consecutive days were selected for baseline recordings dur-
ing their non-sleep-deprived phase (NSD). Regular assess-
ment of their sleep diary was done for about a period of one
week to one month, to identify the sleep deprivation period
among them. Repeat recordings of all the tests were done in
students when the sleep duration was <6 hours per night for
at least three consecutive days i.e. in their sleep-deprived
phase (SD), to see the effect of chronic partial sleep depriva-
tion in them.

Methodology

All the subjects were informed about the study and explained
the procedure. A signed written informed consent was ob-
tained from each subject. The study participants were called
in the morning to the Department of Physiology for the re-
cordings. They were instructed to abstain from coffee/nic-
otine for at least 12 hours before the recording. A detailed
history was taken and a general physical examination was
carried out.

All the tests were performed in a quiet room and the tem-
perature was maintained around 23- 25°C. The subjects were
allowed to adapt to the experimental conditions and ample
time was given to relax. On the day of the recording, all the
tests were carried out in each participant in the following
sequence during the NSD phase and SD phase.

Pittsburg quality of sleep index (PQSI)

Subjective sleep quality was measured by using the Pitts-
burgh Sleep Quality Index. This index consists of 19 items
that yield scores on 7 subscales (sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbances,
use of sleep medications, and daytime dysfunction). The
score for each item is from 0 to 3. Additionally, the subscale
scores were used to compute a global score (0 to 21), with
higher scores indicative of poor sleep quality. Computed
global scores > 5 have a diagnostic sensitivity of 89.6% and
a specificity of 86.5% to differentiate between good and poor
sleepers!®- 17,

|~
u Int J Cur Res Rev | Vol 12 « Issue 14 « July 2020



Uppal et al.: Effect of partial sleep deprivation on neurocognitive functions in female nursing students: an observational study in India

Neuro-Cognitive Test Battery: In the Neurocognitive Bat-
tery'®1, the tests were presented to all the subjects in the fol-
lowing order:

1. Letter cancellation test (LCT): This test assesses
visual scanning, response speed, and sustained atten-
tion. The task sheet consists of six 52 characters row
in which the target character is randomly interspersed
approximately 18 times in each row. The subject was
instructed to cancel out all target letters. The score was
the time taken by the subject to actually perform this
task.

2. Trail making tests (TMT): It involves a series of
skills related to attention including complex scanning,
coordination, visuo-motor tracking, speed of informa-
tion processing, and motivation. Both parts of the Trail
Making Test consist of 25 circles distributed over a
sheet of paper.

Part A: Assesses visuo-motor speed and attention.
The circles are numbered 1 — 25. The subject is in-
structed to draw a line to connect the numbers in as-
cending order. The score is the time taken by the sub-
ject to complete the task.

Part B: Apart from testing visuo-motor speed and at-
tention, this test requires the subject to shift strategy
and hence, is a sensitive measure of executive function
as well. In this subject was instructed to connect (1
— 13) numbered and (A — L) lettered circles by alter-
nating between the two sequences (i.e., 1-A-2-B-3-C,
etc.). The total time taken by the subject to complete
the task gives the score.

3. Digit span:

Forward digit span (FDS): Assesses immediate ver-
bal memory span. In the test, subjects were asked to
verbally repeat sequences of digits of increasing length
read out by the examiner. The score was the maximum
number of digits that the subject could repeat in the
correct order.

Backward digit span (BDS): Besides assessing au-
ditory attention and short-term memory capacity, this
test also assesses the ability to manipulate information
in the verbal working memory (and hence is a sensi-
tive measure of executive function). The subject had
to repeat as sequence of numbers of increasing digit
length backward i.e. in the reverse order to what was
said by the examiner. The list begins with a 2-digit se-
quence and the last digit sequence is of 7 numbers.
The score was the maximum number of digits that the
subject was able to correctly repeat in reverse order.

1. Statistical analysis

The data was transferred on an Excel spreadsheet, and de-
scriptive analysis was expressed as mean + standard devia-
tion (SD). The data was tested for normal Gaussian distri-
bution and a comparison of neurocognitive functions was
done using Wilcoxon matched-pairs signed-rank test for

non-parametric data and paired t-test for parametric data
during non-sleep deprived and sleep-deprived phases. The
correlations were performed using Pearson’s correlation
for parametric data and spearman’s correlation method for
non-parametric data. The level of significance was set at
probability value < 0.05, the power of the study was at 80%
and o-error was at 5%. For statistical analysis, software
GraphPad Prism (version 5.03) was used.

2. RESULTS

The mean age of the participants in the present study was
18.5 + 0.14 (SD) years and the mean BMI was 20.5 + 0.18
(SD) Kg/m?.

Comparisons of PQSI score and Neurocognitive tests during
non-sleep deprived and sleep-deprived phase sis given in Ta-
ble 1 and demonstrate the following significant observations
in sleep deprived phase

a. There was a statistically significant increase
(p=0.0001***) in the PQSI scores in the sleep de-
prived phase as compared to the non-sleep-deprived
phase.

b. The time taken to perform the Letter cancellation task
was significantly more in the sleep deprived phase
(p=0.0022*%*) as compared to the non-sleep deprived
phase. Errors in performing LCT were also more for in
the sleep-deprived phase (0.0109%)

c. The mean score for Trail making test-A was signifi-
cantly more (p=0.0048**) during sleep-deprived
phase than during non-sleep-deprived phase. The
Trail making test-B mean shows greater time to com-
plete the trail by the participants in sleep deprived
phase as compared to non-sleep deprived phase score
(p<0.0001***), The ratio of Trail making test B score
to Trail making test A score was also significantly in-
creased during sleep deprived phase (p<0.0001**%*)

d. Significant decrease (p=0.0135*) in the Backward
Digit span test score was seen in sleep deprived phase.

Table 2 Demonstrates the relationship between various neu-
rocognitive functions and PQSI scores during sleep deprived
phases. No significant association was obtained between the
neurocognitive tests (LCT, LCT errors, TMT-AandB, TMT-
B score /TMT-A score Digit span forward and backward)
and PQSI scores.

DISCUSSION

The present study evaluated the effect of partial sleep dep-
rivation on neuro-cognitive functions in nursing students.
The sleep quality was assessed by computing PQSI scores
and the cognitive functions were assessed by neurocognitive
tests.
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1. Subjective sleep quality: PQSI score

Pittsburgh sleep quality index (PQSI) assesses the sleep
quality and quantity in students. There was a statistically
significant increase (p=0.0001***) in the PQSI scores in
the sleep-deprived phase (5.667 + 0.38) as compared to the
non-sleep deprived phase (4.067 = 0.31) in our study. This
increase in PQSI scores indicates that the sleep quality was
poor when the test subjects were partially sleep-deprived.
The PSQI test has internal consistency and reliability coef-
ficient (Cronbach’s alpha) of 0.83!6-17,

2. Cognitive function assessment: Neurocoghni-
tive tests

Neurocognitive tests (NCT) are routinely administered to all
the age groups both during health and disease to assess vari-
ous cognitive domains'®. These tests can be presented to the
subjects using either traditional paper-and-pencil neurocog-
nitive tests or computerized cognitive assessment tests'’. In
the present study, paper-and-pencil NCTs (LCT, TMT- A and
TMT- B, FDS and BDS) were used for assessment of cogni-
tive function and significant differences were found between
tests performed during non-sleep-deprived and sleep-de-
prived phases. For the assessment of cognition, many Indian
studies have used these neurocognitive tests?® 2!

The time taken to perform the Letter cancellation task by
the participants was significantly more in the sleep-deprived
phase (p=0.0022**) as compared to the non-sleep-deprived
phase. Errors in performing Letter cancellation test were also
more in the sleep deprived phase (0.0109%). The participants
took greater time to perform the Letter cancellation task and
made more errors and thus, shown a decline in the capacity
for concentration, speed of visual scanning, selective atten-
tion, and rapid response activation and inhibition.

The participants in sleep-deprived phase also performed
poorly and took more time in Trail making test A and B
which involved a series of skills related to attention, includ-
ing complex scanning, coordination, visuo-motor tracking,
and speed of information processing. The mean time taken
for Trail making test A and B during sleep-deprived phase
was significantly more (p=0.0048**, p<0.0001*** re-
spectively) than during non-sleep-deprived phase showing
greater time taken to complete the trail by the participants
after partial sleep deprivation. The ratio of Trail making test
B score to Trail making test A score was also significantly
increased during sleep-deprived phase (p<0.0001**%*). The
derived scores provide the advantage of removing the indi-
vidual variance in speed of response before set-shifting ca-
pacity is calculated.

Backward Digit span test assesses the ability to manipulate
information in verbal working memory. The score is the
maximum number of digits that the subject can repeat in the
reverse order after they are read out to them. A significant

decrease in the Backward Digit span test score was observed
(p=0.0135%) in sleep-deprived phase. No significant change
was observed on comparing the baseline mean value of the
FDS test during non-sleep deprived phase with its mean val-
ue during the sleep-deprived phase. This decrease in back-
ward digit span test score is suggestive of impairment is not
just auditory attention and short-term memory, but also in
executive function and it appears to be more sensitive test to
sleep deprivation. No statically significant correlation was
obtained between the various neurocognitive tests and PQSI
scores.

There is substantial evidence that the working memory and
executive function both heavily rely on the prefrontal cor-
tex, anterior cingulate cortex, and salience network’. The
prefrontal cortex is particularly sensitive to sleep loss. Elec-
troencephalographic (EEG) studies have demonstrated that
increases in EEG theta activity associated with sleep depri-
vation are most evident in frontal brain regions?. PET neu-
roimaging studies corroborate these findings, with results in-
dicating decreased metabolism in the pre-frontal cortex with
sleep deprivation®.

The vulnerability of the pre-frontal cortex to sleep loss has
led to the hypothesis that tasks such as executive functions
should be highly sensitive to sleep loss?*. Though results
from many studies have supported this notion*?’, many oth-
ers have failed to demonstrate an influence of sleep loss on
executive function®3. The tasks used to measure cognitive
function have been varied and it is likely that elements of
these tasks are sub-served by different neural systems, which
may be differently affected by sleep loss. In the present
study, the decline in neurocognitive function was observed
even with 3-4 consecutive nights of cumulative partial sleep
deprivation, validating our hypothesis and confirming the ef-
fects on sleep physiology and waking functions. The meth-
odology used in the present study was chosen to maximize
feasibility, participant familiarity, and minimize testing time.
Also, the participants in our study served as their own con-
trols, which took care of inter-subject variability as a con-
founding factor.

The results obtained in our study are in concurrence with
the results of previous studies**?” and also in line with the
result of a recent study in which the authors reported that
partial sleep deprivation leads to a statistically significant
decrease in cognitive function®. Another recent study
showed that cumulative mild partial sleep restriction (1
hour less than what the subjects considered optimal) over
6 nights negatively impacted working memory capacity but
had no effect on sustained attention, response inhibition, or
decision making*

Taking more time in performing in Letter cancellation test,
Trail making test A and B and making more errors in Let-
ter cancellation task along with an increase in the ratio of
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Trail making test B score to Trail making test A score and
decrease in Backward digit span test score by the study par-
ticipants during sleep-deprived phase indicates an overall
reduction in cognitive abilities. These results obtained thus
show that chronic partial sleep deprivation affects attention,
visual search and scanning, sequencing and shifting, psycho-
motor speed, abstraction, flexibility, execution, modification
of a plan of action, and additionally, the ability to maintain
two trains of thought simultaneously****. These abilities are
essential for optimum performance in environments that
require sustained multi-tasking, organization, and problem-
solving. Even at the more basic level of every-day quality of
life, executive functions are critical.

Detriments due to sleep loss compromise the health and
well-being of students and negatively impact the outcome of
the patients they serve. Tasks of sustained visual attention
are sensitive to sleepiness®*®. Sustained visual attention is
critical for performing cognitive tasks such as driving, main-
taining security watch, participating in business meetings,
concentrating in lectures, monitoring sophisticated equip-
ment (e.g., medical equipment, air traffic, and space mission
controls), assisting in performing the critical procedure and
surgeries, etc. In occupations such as medicine, such a de-
crease in performance can be detrimental, can lead to un-
desired outcomes, and is a cause of concern with respect to
patient safety.

If the demands of nursing students’ training result in sleep
deprivation among students, this will impair students’
cognitive processing for two independent reasons: detri-
ments and loss of benefits. The detriments resulting from
sleep loss include impaired cognitive and behavioral per-
formance, partly from diminished attention and arousal.
The loss of benefits due to the lack of sleep includes miss-
ing sleep-dependent cognitive processing such as memory
consolidation and insight formation: the building blocks
of learning, creativity, and scientific discovery?’. These
losses are also ethically problematic, incompatible with
our health providing goals, and inconsistent with the edu-
cational aspirations of training

CONCLUSIONS

There was a significant decline in neurocognitive func-
tions during sleep-deprived phase even with 3-4 consecu-
tive nights of cumulative partial sleep deprivation in nursing
students, validating our hypothesis and objectives. This sug-
gests that cumulative partial sleep deprivation indeed affects
visual scanning, response speed and sustained attention (Let-
ter Cancellation Test); visuo-motor speed, attention, execu-
tive function (Trail Making Test A and B), auditory attention,
and short-term memory (Backward Digit Span).

LIMITATIONS

The results of the study may be viewed with caution due to
the small sample size (n=30). Also, our study group consisted
of only female nursing students. The coping mechanisms and
therefore, neurocognitive scores, might differ in their male
counterparts. Participants carried out their nights of sleep
deprivation in an environment of their choice rather than a
supervised environment. Therefore, the study design was re-
liant on self-reported sleep deprivation and form completion.
Objective methods of assessment and a larger test selection
would have given a wider, more holistic perspective on the
impact of sleep deprivation in the students.

RECOMMENDATIONS

Further studies need to be carried out to explore the impor-
tance and impact of a recovery night sleep on the neurocog-
nitive scores after a period of partial sleep deprivation with
a larger and more diverse sample group, in terms of sex and
age.
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Table 1: Comparison of PQSI score and Neurocognitive tests scores during NSD and SD phases (Mean + SEM)

Test Parameters Non Sleep Deprived Phase Sleep Deprived Phase p-value
(NSD) (SD)

PQSI SCORE 4.067 + 0.31 5.667 +0.38 0.0001***

Letter Cancelltion Test (In Sec) 35.67 £ 1.50 39.30 £ 1.95 0.0022**

LCT Errors * 0.4138 £ 0.12 1.034 + 0.19 0.0109"

Trail Maiking Test-A 86.73 £ 5.55 02.10 * 4.21 0.0048**

(In Sec)

Trail Maiking Test-B 91.80 + 4.94 126.4 + 6.64 <0.0001***

(In Sec)

TMT-B/A Ratio 1.097+ 0.044 1.380 + 0.043 <0.0001%**

Forward Digit Span Test Score 5.37 £ 0.22 5.63 = 0.30 0.3097

Backward Digit Span Test Score 4.77 £ 0.26 4.17 £ 0.21 0.0135

*p<o.05-significant, **p<o.o1- highly significant, ***p<o.oo1-very highly significant
Analysis by Paired t- test, *Wilcoxon matched-pairs signed rank t test

Table 2: Shows the Correlation of PQSI score with various neurocognitive functions during sleep deprived
phases

Test Parameters PQSI Score
rvalue p-value

Letter Cancelltion Test 0.290 0.553
Lct Errors * -0.340 0.066
Trail Maiking Test- A 0.292 0.170
Trail Maiking Test -B 0.162 0.391
Tmt B/A Ratio -0.087 0.648
Forward Digit Span Test -0.064 0.737
Backward Digit Span Test -0.130 0.495

Analysis by Pearson’s correlation and? Spearman’s correlation.
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