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Background: Adequate amount of sleep is the basic need for survival. It is a well-known
fact that disturbed sleep, acute or chronic, deteriorates the homeostasis. Sleep deprivation
(SD) produces many adverse health consequences by affecting almost all the organ systems
and their functions. However, sufficient literature was lacking on the effect of SD on central
auditory processing (CAP), especially the temporal resolution component in young individuals.
Aims and Objective: Therefore, this study aimed to investigate the impact of 24-hrs of
sleep deprivation on the temporal resolution ability of young healthy night-shift employees.
Materials and Methods: It was a Pretest-posttest study design (Quasi-Experimental study)
comprising sixty (N=60) healthy security staff. After the initial survey, Tuning fork tests
and Pure Tone Audiometry were performed to rule out hearing loss. Temporal resolution was
assessed twice (before and after SD) by Random Gap Detection test (RGDT) where a pair
of pure tone was presented at different frequencies with ‘intervals of silence’ between each
pair of tones and average time interval (in milliseconds) was taken. Data analysis was done
by SPSS 24 software. Results: There was an increase in RGDT values after sleep deprivation
10.70 £ 0.46 (Mean = SD), but the difference was not significant (p-value = 0.5172) when
compared with baseline values 10.65 = 0.48 (Mean £ SD). Conclusion: Based on the research
findings, we conclude that 24-hours of acute sleep deprivation didn’t show any negative
impact on the temporal resolution component of CAP mechanism in young, healthy individuals.
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INTRODUCTION

Sleep is a vital biologic process necessary for the survival
of all living creatures. In human beings, an adequate
amount of sleep is a fundamental requirement in everyday
life for maintaining optimal health state i.e. Homeostasis.
Existing literature on sleep provides us variety of
definitions. In simple terms, sleep is defined as the state
of unconsciousness from which a person can be aroused
by sensory or other stimuli.' Being essential for life, sleep
plays an important role in optimal functioning of various
physiological processes of nervous, immune, hormonal,
cardiovascular, and other systems.

Inadequate sleep or sleep deprivation (SD) is a common
problem in modern society affecting almost all humans
irrespective of their professions. Numerous factors affect
sleep that range from lifestyle factors to various medical
conditions. Condensed sleep-time has been associated
with many adverse health consequences, which include
reduced quality of life, emotional distress, autonomic
nervous system imbalance, somatic problems, behavior
problems, performance reductions in physical and
mental tasks, obesity, hypertension, diabetes mellitus,
etc.” However, there is a paucity of information on the
effect of SD on auditory processing of sound stimuli in
young, sleep-deprived adults. Interestingly, by online and
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literature search, we noticed that very few studies have
explored this field.**

The normal hearing process requires accurate functioning
of all parts of the ear and their associated neural networks
from the cochlea to cortex. Auditory processing or Central
Auditory Processing (CAP) is a term used to describe those
neurophysiological mechanisms that occur in the auditory
system in response to sound stimuli. CAP includes all
those mechanisms that underlie the auditory proficiencies
like sound localization and lateralization; auditory
discrimination; auditory pattern recognition; temporal
integration, temporal discrimination (e.g., temporal gap
detection), etc.?

Temporal resolution is the ability of the auditory system to
detect rapid and sudden changes in the sound stimulus or
the shortest time interval necessary to discriminate between
two acoustic stimuli.”” Therefore, temporal resolution
testing is very essential when assessing auditory processing
mechanism. There are several tests available for assessing
temporal resolution.’

Various factors influence one’s ability to comprehend,
localize, and discriminate auditory information. Age,®
gendet,’ profession, and systemic diseases’ are few amongst
them. Based on the available literature and our knowledge,
we hypothesized that acute SD would negatively affect
temporal resolution ability of CAP mechanism. Therefore,
this study aimed to investigate the impact of 24-hrs of
sleep deprivation on temporal resolution ability of young
healthy night-shift employees.

MATERIALS AND METHODS

This study was conducted in Sri Manakula Vinayagar
Medical College and Hospital, Pondicherry after taking
Research and Ethics Committee approval. It was a
Pretest-posttest study design (Quasi-Experimental study)
involving sixty (N=060) apparently healthy security staff.
The institute is having a ‘special security department’
with 110 staff members working for the safety of
hospital, college, and the entire campus. The reason for
selection of this population in the study was that their
work timings is mainly 12-hrs duty shift basis; an entire
week day-time duty (from morning 8am to evening 8pm)
and the following week night-time duty (evening 8pm
to morning 8am). On the day of duty-shift, cach staff
works for 24 hours.

At the beginning, principal investigator interacted with
the security staff (N=50) at a common place and their
convenient time and explained the study procedure and
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purpose. Similarly, another interactive session was arranged
with the remaining staff (N=52) after a week gap. Few
didn’t attend the sessions. Participation in the study was
entirely voluntary and written consent was taken from all.
Information regarding their age, gender, height, weight,
years of service, duty timings, health status (presence
of DM, Hypertension, psychiatric problems etc), sleep
habits, medication history, and substance abuse were
collected by using semi-structured questionnaire. Their
contact numbers were also collected for communication.
Individuals with the history of diabetes mellitus,
hypertension, mental illness, sleep disorders, hearing
loss, drug abuse, head injury, and ototoxic medications in
the past 3 months (e.g., aminoglycosides) were excluded
from the study.

Finally, sixty healthy security staff (F=9, M=51) were
included in the study who regularly worked on weekly duty-
shift basis. We also prepared a list of all the participants
and their duty-timings so that they can be invited easily
for investigation. We chose duty-shift day for research
purpose as study subjects were awake for 24 hrs without
sleep. There will be two ‘patrolling security staff’ in the
hospital campus who make two rounds every night at 12
am and 4 am to ensure all the concerned security staff are
alert during their night shift duty. All investigations were
done in the Department of Otorhinolaryngology in the
presence of principal investigator who clearly explained
the procedures to all participants beforehand.

Tests for hearing, like Tuning fork tests (Rinne’s and
Weber’s test) and Pure Tone Audiometry (PTA) were
performed to rule out any hearing loss. Tuning fork tests
were done as per standard guidelines. PTA was done using
instrument - ALPS AD 2100 (advanced digital audiometer).

A pure tone was presented to each test-ear separately
(non-test ear masked) through an earphone and the lowest
intensity in decibels (dB) at which this tone was perceived
50% of the time was measured. The procedure was
repeated at specific frequencies from 250 to 8000 hertz
(Hz, or cycles per second) for each ear, and the thresholds
were recorded on an audiogram.”!"

Central auditory processing, particularly temporal
resolution, can be assessed by two methods; Random Gap
Detection test (RGDT) and the Gaps-In-Noise (GIN),
both are reliable in terms of sensitivity and specificity.” """
We selected RGDT (MATLAB software) as it was available
and feasible to our set-up. RGDT is the shortest time
interval that an individual identifies when a pair of pure
tone was presented at the frequencies 500, 1000, 2000 and
4000 Hz with intervals of silence between each pair of
tones. The participants were instructed to respond with
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a hand movement if they heard one or two tones. The
time interval included was 2, 5, 10, 15, 20, 25, 30, and
40 milliseconds.”"""All participants were given a ‘practice
session’ initially at different frequencies and the final ‘test
session” was recorded afterwards.

Both, PTA and RGDT were done twice with 24 hrs gap
between two measurements; first recording was done at
8am in the morning on duty-shift day and the second
recording was done next day morning at 8am.

Statistical analysis

Data were analyzed using SPSS 24 software and two-tailed
paired student “t” test was applied for comparison before
and after sleep deprivation. ‘P’ Value < 0.05 was taken as
significant.

RESULTS

Out of 110 staff, 102 (92.72%) participated in the initial
interactive session and survey. After considering inclusion
and exclusion criteria and their willingness, 60 individuals
voluntarily agreed to take part in the study (response rate
58.82%). The mean age of participants was 23.1+ 1.33
(Mean®£SD). M: F ratio was 85% (N=51) and 15% (N=09)
respectively.

Results of Tuning fork tests were normal in all individuals
without any hearing abnormalities. Participants’ average
hearing threshold levels in decibels (dB) before and after
sleep deprivation are given in Table 1. There was no
significant difference in the hearing threshold after 24 hrs
of sleep deprivation.

Results of auditory processing testing are given in Table 2.
Though, there was an increase in RGDT values (in

Ear BSD* ASD** P
(MeantSD) (MeantSD) value***

Right ear 15.56+2.39 15.49+2.35 0.2153

Left ear 14.58+2.20 14.72+2.23 0.0532

*BSD=before sleep deprivation, **ASD=after 24hrs sleep deprivation, *** P<o.05
significant

BSD* ASD** P
(MeantSD) (MeantSD) value***
10.65+0.48 10.7040.46 0.5172

*BSD=before sleep deprivation, **ASD=after 24hrs sleep deprivation, *** P<o.05
significant
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milliseconds) after sleep deprivation (10.70 = 0.46), but
the difference was not significant when compared with
baseline values (10.65 *+ 0.48).

DISCUSSION

The purpose of this study was to investigate the impact of
acute sleep deprivation on central auditory processing i.c.
temporal resolution ability in young healthy sleep-deprived
individuals. The findings of our study indicate that a
short duration (24 hrs) of sleep disturbance will have a
negative impact on an individual’s ability to differentiate the
auditory stimuli. More particularly, it affected the temporal
resolution of CAP as evidenced by the differences in
RGDT recordings before and after sleep disruption. The
average time interval required to discriminate between
two acoustic stimuli was increased after sleep deprivation.
Our study findings are similar to other researchers who
had also noticed significant changes in RGDT with sleep
deprivation.”* However, the RGDT values in our study
were not statistically significant.

It is a well-known fact that disturbed sleep, whether acute
or chronic, deteriorates the homeostasis. Barely, there is any
physiologic process or an organ system in the body which
is left untouched by disturbed sleep. In the nervous system,
SD affects various cortical and subcortical structures of
the brain and alters the way they function under normal
conditions. It particularly influences the functioning of
frontal lobe (attention, concentration, language expression,
and perception) and temporal lobe (memory, mood,
behavior, sound perception and the processing of auditory
information).’Previous studies have also mentioned that
SD affects temporal processing by principally disturbing
the circuits involving prefrontal cortex (PFC), particularly
left side."*"Aforementioned neurophysiological alterations
in the brain might be the reasons for changes observed in
auditory temporal resolution testing in our study and also
by other researchers.”*

Itis also important to notice that, we could not observe any
significant changes in temporal processing after SD. We
consider it could be due to differences in the age of study
participants and sample size. With increasing age, listening
skills get affected due to changes in both peripheral and
central auditory systems. It can be attributed to age-related
changes in the organ of Corti (loss of hair cells and stria
vascularis) and neural cells of the auditory pathway. As
a result, older individuals experience listening difficulties
because of slow neural processing and reduced coding of
incoming temporal information.*'" This might be one of
the reasons, we believe, for not getting significant change
in our study. Another reason is we had a comparatively
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bigger sample size. A higher sample size always increases
the significance level of the results. Moreover, the
discrepancies observed across different populations may
be due to several endogenous and exogenous factors,
such as the period without sleep, circadian rhythms, and
personal motivation, as well as behavioral and personality
characteristics.’

Limitations of the study

Firstly, we could not check the participants’ sleep habits
during their duty hours. It was practically impossible for
the investigators to supervise every single participant for
24-hrs. On the day of duty shift, each staff reported that
they worked 24-hrs without sleep. We believe that what
participants and Patrolling staff reported to us was true.

Secondly, we couldn’t monitor participants’ personal
habits like drinking coffee during their duty hours. It is a
common practice among the shift workers to sip coffee
at regular intervals to keep them alert and energized,
especially during nighttime. Coffee contains caffeine
which is a known neuro-stimulant to enhance mood and
performance.

Caffeine has been shown to improve neural transmission
in both peripheral and central brain auditory pathways
and produce a significant alerting and mood enhancing
effects in sleep-deprived individuals.'*'®It seems that
caffeine exerts its beneficial effect on wakefulness and task
performance mainly by activating cholinergic neurons in
the forebrain and inhibiting sleep-promoting neurons in
the hypothalamus."

Lastly, we did not conduct any cognitive or attention
assessment in our study. It is also possible that the
changes seen in RGDT in our study might have occurred
due to cognitive and/or attention deficits in sleep-
deprived individuals rather than impairement of CAP
mechanism itself.

Implications of the study

The results of this study revealed that short period of
sleep deprivation would negatively affect the temporal
resolution and thereby, CAP mechanism of young people.
Although, such changes were not statistically significant,
it is hard to explain how young people’s brain adapts to
sleep deprivation. Nevertheless, this study paves the way
for future investigations on central auditory processing in
young population.

CONCLUSION

Based on the research findings, we conclude that 24 hours
of sleep deprivation didn’t produce any impact on the
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temporal resolution ability of CAP mechanism in young
healthy individuals.
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