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OBJECTIVE: The study aimed at evaluating the impact of 24 hours of sleep deprivation on temporal processing and frequency resolution in normal
individuals with no history of neurological and psychological deficits.

MATERIALS and METHODS: Sixteen individuals with normal hearing were included in the study. Temporal modulated transfer function, gap detec-
tion test, duration discrimination test, and pitch discrimination test were carried out in all of the individuals with a baseline evaluation, followed by
an intra- test evaluation after 24 hours of sleep deprivation.

RESULTS: The mean gap detection test values were elevated in sleep deprivation conditions as compared to the baseline condition. The temporal
modulation transfer function scores were also increased in the sleep deprivation condition when compared to the baseline condition. Individuals
performed poorly for the duration discrimination test and pitch discrimination test in the sleep-deprived condition. All tests showed statistical
significance between the two conditions, with p<0.005.

DISCUSSION: The reduced scores may be due to the effects of sleep deprivation on working memory, arousal, attention, concentration, and also
reduced metabolism in the frontal lobe.

CONCLUSION: This could indicate that sleep deprivation also affects central auditory processing, since temporal processing and frequency resolu-
tion form the neurobiological basis of central auditory processing. Hence, it can be put forth that an acute period of 24 hours of sleep deprivation
was sufficient to significantly worsen temporal processing and frequency resolution abilities.
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INTRODUCTION

Behaviorally, sleep can be understood as a reduced response to external stimulation, increased reaction time, elevated arousal
threshold, lack of mobility or slight mobility with slow eye movements, and a state of impaired cognitive function and as a reversible
unconscious state. For human survival, sleep is important. Sleep plays a vital role in memory and learning. Modern lifestyle modifi-
cations, like increased stress, may affect the sleep pattern, resulting in poor quality of sleep. Reduction in the duration of sleep has
tremendous effect on bodily functions, including the digestive, endocrine, vascular, immune, and nervous systems. The nature of
sleep behavior is also believed to have an effect on psychiatric functions, like cognition, mood, and behavior. Sleep deprivation thus
affects the overall health status of the individual 2.

Reduction in sleep has negative effects on the immune, metabolic, and endocrine systems &, Sleep deprivation also increases blood
pressure in healthy adults . Mood is reported to be affected in sleep-disordered individuals *.. Cumulative sleepiness, mood distur-
bances, and decrements in psychomotor vigilance performance were said to be present in individuals who were sleep restricted for
a week of at least 4-5 hours per night . Poor sleep quality also impairs cognitive performance in older adults "\, Sleep deprivation of
24 hours significantly reduced the overall level of accuracy in dichotic temporal order judgment and increased the threshold from
57.61 ms to 73.93 ms, a reduction in temporal resolution of 28.3% ®.,

Though the impact of sleep deprivation has been studied extensively in various experimental studies involving animals  to human
imaging f-MRI studies ['%, there has been limited research on the impact of sleep deprivation on temporal processing and frequency
resolution. Therefore, the aim of the current study was to evaluate the impact of 24 hours of sleep deprivation on temporal process-
ing and frequency resolution in clinically normal individuals.
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MATERIALS and METHODS

Participants

As per the inclusion criteria, 16 individuals with normal hearing, good
physical and psychological health, and good sleeping habits were
included in the study. Individuals with sleep disorders, neurological
problems, or any positive medical or family history or on any medi-
cation within 1 day preceding the initial testing or on the day of sleep
deprivation testing were excluded from the study. The study included
8 males (50%) and 8 females (50%) with a mean age (+standard devia-
tion) of 20.06 (+2.43) years. The participants did not smoke or consume
any medications, stimulants, caffeine, or alcohol 24 hours prior to the
sleep deprivation test and the baseline test sessions. Ethics commit-
tee approval was received for this study from the ethics committee of
Institutional ethics committee, Kasturba medical college, Mangalore.
Informed consent was obtained from all subjects in prior.

Procedure

An initial pure tone audiometry, with air conduction (250-8000 Hz)
and bone conduction (250-4000 Hz) testing followed by tympanom-
etry, was done in all of the participants to ensure normal hearing sen-
sitivity (thresholds <15 dBHL) and normal middle ear functioning (‘A’
type tympanogram). A calibrated GSI-61 audiometer and calibrated
GSl-tympstar immittance meter were used for obtaining pure tone
thresholds and middle ear status, respectively.

Temporal processing and frequency resolution abilities were tested
using four tests: temporal modulated transfer function test, gap de-
tection test, duration discrimination test, and pitch discrimination
test. The tests were done on all subjects bilaterally. Initial baseline
evaluation was carried out, followed by an intra-test evaluation 24
hours after the sleep deprivation. The testing was done using matrix
laboratories (MATLAB) software (version 7), while the stimulus was
presented using a calibrated Grason-Stadler (GSI-61) audiometer
through telephonics dynamic headphone (TDH)-39 headphones.
The stimuli for the tests were presented at the subject’s most com-
fortable level using the transformed up-down procedure. Since the
threshold had to be estimated to a point of 70% in the psychometric
function curve, a 2-up 1-down procedure was used. Gap detection
test and temporal modulated transfer function test were carried out
using 2-alternate forced choice method, and duration discrimination
test and pitch discrimination test were carried out using 3-alternate
forced choice method.

Gap Detection Test

For the gap detection test to be carried out, first, the noise bands are
filtered from the output of the broadband (0-5000 Hz) of constant
spectrum level noise generated by means of a digital filter, which
permits extremely sharper filter skirts. A narrow band noise with
2000 Hz center frequency, 250-ms duration, and varying gaps (0, 2,
5,10, 15, 20, 25, 30, and 40) inserted at 125 ms of the noise duration
was presented along with the standard narrow band noise of 2000
Hz center frequency of 250-ms duration without any gap, at 40 dBHL,
in 2-alternate forced choice fashion, and the threshold for gap detec-
tion was obtained.

The gap detection test was scored based on the smallest gap detect-
ed by the participants by indicating the appropriate interval of noise
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that contains the gap. The subject just has to indicate whether it was
the first or the second interval that contained the gap.

Temporal Modulated Transfer Function

The temporal modulated transfer function addresses the ability to
detect the presence of amplitude modulation in a sound. A narrow
band noise of 2000 Hz center frequency amplitude modulated at 8
Hz with varying modulation depth (0%-100%) and 250-ms duration
was presented along with standard narrow band noise of 2000 Hz
center frequency of 250-ms duration without any modulation, at
40 dBHL, using 2-alternate forced choice method. The subject was
instructed to indicate which noise interval was modulated, and the
threshold of modulation was detected.

The temporal modulated transfer function was scored based on the
smallest level or depth of modulation that the participants were able
to identify. The participants had to indicate if the modulation was
present in the first or the second interval.

Duration Discrimination Test

Duration discrimination test is the ability to detect a change in the
duration of auditory stimuli. As per the 3-alternate forced choice
method employed for this task, 3 successive narrow band noises of
250 ms were presented, which had the same power spectrum but
differed only in duration. One of them had a longer duration, and
rest of the two had the standard duration of 250 ms; the subjects
were asked to indicate which sound had a longer duration. The min-
imum difference in duration that the subjects were able to perceive
was calculated.

The task was scored based on the smallest change in the duration
that was identified by the participants. The subjects had to indicate
whether the first, second, or third interval was longer than the other
two, which were of standard interval.

Pitch Discrimination Test

Pitch discrimination test as described as the ability to detect change
in pitch of the auditory stimuli. As per the 3-alternate forced-choice
method employed for this task, 3 successive 3000 Hz pure tones of
250 ms were presented, which had same power spectrum but dif-
fered only in pitch. One of them had a higher frequency, and rest of
the two had the standard center frequency of 3000 Hz. The minimum
difference in the pitch that the subjects were able to identify due to
the change in frequency of the variable tone was calculated.

The task was scored based on the smallest change in the pitch that
was identified by the participants. The subjects had to indicate
whether the first, second, or third interval had the higher pitch than
the other two, which were of standard frequency.

Statistical Analysis
The effect of 24 hours of sleep deprivation on temporal processing
and frequency resolution was studied using Student’s paired-t test.

RESULTS

The effect of 24 hours of sleep deprivation on temporal processing
and frequency resolution was studied using student’s paired t-test.
The statistical analysis showed a significant difference in gap detec-
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Table 1. Mean and standard deviation of gap detection test

Mean Std. Deviation
Pair 1 Gap Detection Test. Deprived 4.5184 0.65288
Gap Detection Test. Baseline 3.6226 0.50426

Table 2. Mean and standard deviation of pitch discrimination test

Mean Std. Deviation
Pair 1 Pitch Discrimination Test. Deprived  10.463E2 3.93028
Pitch Discrimination Test. Baseline 55.3925 7.68611

Table 3. Mean and standard deviation of temporal modulated transfer
function

Mean Std. Deviation
Pair 1 Temporal Modulated Transfer -34.5625 10.36641
Function. Deprived
Temporal Modulated Transfer -42.0625 9.49715

Function. Baseline

Table 4. Mean and standard deviation of pitch discrimination test

Mean Std. Deviation
Pair 1 Pitch Discrimination Test. Deprived ~ 33.0199 9.71819
Pitch Discrimination Test. Baseline 84.5338 14.45456

tion test, temporal modulated transfer function, duration discrimi-
nation test, and the pitch discrimination test between the baseline
conditions and the sleep deprivation conditions. The mean gap
detection test values were elevated in the sleep deprivation condi-
tion (4.51+0.652) compared to the baseline condition (3.62+0.504),
with t=5.002 and p=0.001. The temporal modulated transfer func-
tion scores were also increased in the sleep deprivation condition
(-34.5625+10.366) relative to the baseline condition (-42.06+9.50),
with t=2.388 and p=0.031. The sleep deprivation reduced the scores
of the duration discrimination test (55.39+0.686) and pitch discrim-
ination test (84.53+14.455) compared to the baseline condition
scores of duration discrimination test and pitch discrimination test
(104.63+23.930), with t=3.084 and p=0.008 and (109.96+21.718) with
t=4.450 and p=0.001, respectively. All tests employed showed statis-
tical significance, with p<0.005. The mean and standard deviation of
the gap detection test, duration discrimination test, temporal mod-
ulated transfer function, and pitch discrimination test are provided
in Tables 1-4.

DISCUSSION

The results of the present study revealed poor performances of nor-
mal hearing participants for the temporal processing and frequency
resolution tests. The reduced scores may be the result of the effects
of sleep deprivation on working memory, arousal, learning, atten-
tion, and concentration and reduced metabolism in the frontal lobe.
This could indicate that sleep deprivation also affects central audito-
ry processing, since temporal processing and frequency resolution
form the neurobiological basis of central auditory processing '
Impairment of neurobiological functions affects memory, attention,
concentration, reaction time, stimulus perception, and behavioral
regulation, which are critical for the processing of auditory informa-

tion. There are also the negative effects of extended wakefulness on
central auditory processing following sleep deprivation. Metabolic
activation studies "2 using attention and working memory tasks in
humans suggest that a network between posterior association corti-
ces and the prefrontal cortex are linked to these behaviors. Though,
subcortical structures, such as the thalamus and the tectum, play an
important role, cortical structures are thought to support attention.
It was suggested that nocturnal sleep periods that are reduced by as
little as 1.3 to 1.5 hours for 1 night results in a reduction of daytime
alertness by as much as 32%".

Reduced scores in the gap detection test due to sleep deprivation
were also reported '3, Sleep deprivation thus impacts several func-
tions associated with prefrontal cortex activity ', which is import-
ant for the perception of auditory temporal resolution ©. Hence, it
is reasonable to postulate that sleep deprivation may impair central
auditory processing through circuits involving the prefrontal cortex.
Working memory, learning, attention, and arousal were reported to
be affected in sleep-deprived individuals "> '®. Sleep deprivation in
humans was also found to influence different components of atten-
tion non-selectively, through mechanisms that might either affect
the centrencephalic structures maintaining vigilance or ubiquitously
perturb neuronal function”. The results of a study showed that acute
sleep deprivation alters the neurophysiology of the frontal and the
temporal lobes "¥. The metabolism in the frontal lobe was reduced
in findings reported in 2006 "\ The findings in various studies indi-
cate that the effect of sleep deprivation on the frontal lobe primarily
involves reduced speech and language expression and perception,
and reduced ability of creative processes, paying attention, and con-
centration. On the other hand, the effect on the temporal lobe was
reported to be manifested as changes in the auditory abilities both
affecting the perception and processing of auditory information as
well as altering mood and behavior and impairing auditory memory.

Central auditory processing involves attention and concentration,
which form the neurological basis of central auditory processing. In
the views of a neuropsychological perspective, language tasks in-
volving attention and higher level processing, such as reading com-
prehension, were affected by sleep deprivation 2%,

In conclusion, an acute period of 24 hours of sleep deprivation was
sufficient to significantly worsen temporal processing and frequen-
cy resolution in neurologically and psychologically healthy adults.
Clinicians should take proper care in diagnosing a patient if sleep
deprivation is a factor that lies overshadowed by other associated
problems, like vertigo and weakness, which are usually missed in the
case history.

Ethics Committee Approval: Ethics committee approval was re-
ceived for this study from the Institutional Ethics Committee of Kas-

turba medical college, Mangalore.

Informed Consent: Written informed consent was obtained from the
patients who participated in this study.

Peer-review: Externally peer-reviewed.



Author Contributions: Concept - KK., A.A,; Design - KK., A.A.; Super-
vision - J.5.B., K.K,; Data Collection and/or Processing - D.R., AK.; Anal-
ysis and/or Interpretation - KK., A.A; Literature Review - DR, AK;
Writing - D.R,, AK,, A.A; Critical Review - J.S.B., KK.

Conflict of Interest: No conflict of interest was declared by the au-
thors.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

REFERENCES

1.

Bonnet MH, Arand DL. We are chronically sleep deprived. J Sleep Res
1995; 18:908-11.

Levine B, Lumley M, Roehrs T, Zorick F, Roth T. The effects of acute sleep
restriction and extension on sleep efficiency. Int J Neurosci 1998; 43: 139-
43, [CrossRef]

Imeri L, Opp MR. How (and why) the immune system makes us sleep. Nat
Rev Neurosci 2009; 10: 199-210. [CrossRef]

Robillard R, Lanfranchi PA, Prince F. Filipini D, Carrier J. Sleep deprivation
increases blood pressure in healthy normotensive elderly and attenu-
ates the blood pressure response to orthostatic challenge. J Sleep Res
2011; 34:335-9.

Silva JA, Costa E. Sleep disorders in psychiatry. Metab 2006; 55: 40-4. [CrossRef]
Dinges DF1, Pack F, Williams K, Gillen KA, Powell JW, Ott GE, et al. Cumu-
lative sleepiness, mood disturbance, and psychomotor vigilance perfor-
mance decrements during a week of sleep restricted to 4-5 hours per
night. J Sleep Res 1997; 20: 267-77.

Miyata S, Noda, A, Iwamoto K, Kawano N, Okuda M, Ozaki N. Poor sleep
quality impairs cognitive performance in older adults. J Sleep Res 2013;
22:535-41. [CrossRef]

19.

20.

Eza-Nufie et al. Caloric Test and vHIT

Babkoff H, Zukerman G, Fostick L, Ben-Artzi E. Effect of the diurnal
rhythm and 24 h of sleep deprivation on dichotic temporal order judg-
ment. J Sleep Res 2005; 14: 7-15. [CrossRef]

Mirescu C, Peters JD, Noiman L, Gould E. Sleep deprivation inhibits adult
neurogenesis in the hippocampus by elevating glucocorticoids. Proc
Natl Acad Sci USA 2006; 103: 19170-5. [CrossRef]

Volkow ND, Wang GJ, Telang F. Sleep deprivation decreases binding of
[11 C] raclopride to dopamine D2/D3 receptors in the human brain. J
Neurosci 2008; 28: 8454-61. [CrossRef]

Friederici AD. Towards a neural basis of auditory sentence processing.
Trends Cogn Sci 2002; 6: 78-84. [CrossRef]

D’Esposito M, Postle B, Ballard D, Lease J. Maintenance versus manipulation of
information held in working memory. Brain Cogn 1999; 41: 66-86. [CrossRef]
Samelli AG, Schochat E. The Gap-in-noise test: gap detection thresholds
in normal hearing young adults. Int J Audiol 2008; 47: 238-45. [CrossRef]
Harrison Y, Horne JA, Rothwell A. Prefrontal neuropsychological effects
of sleep deprivation in young adults-a model for healthy aging? J Sleep
Res 2000; 23: 1067-73.

Beebe DW, Rose D, Amin R. Attention, learning, and arousal of experi-
mentally sleep-restricted adolescents in a simulated classroom. J Ado-
lesc Health 2010; 47: 523-5. [CrossRef]

Chee, MW, Choo WC. Functional imaging of working memory after 24 hr
of total sleep deprivation. J Neurosci 2004; 24: 4560-7. [CrossRef]

Muto V, Shaffii-le Bourdiec A, Matarazzo L, Foret A, Mascetti L, Jaspar M. In-
fluence of acute sleep loss on the neural correlates of alerting, orienting and
executive attention components. J Sleep Res 2012; 21: 648-58. [CrossRef]
Paavonen EJ1, Raikkonen K, Pesonen AK, Lahti J, Komsi N, Heinonen K, et
al. Sleep quality and cognitive performance in 8-year-old children. Sleep
Med 2010; 11: 386-92. [CrossRef]

Wu JC, Gillin JC, Buchsbaum MS, Chen P, Keator DB, KhoslaWu N, et al. Frontal
lobe metabolic decreases with sleep deprivation not totally reversed by re-
covery sleep. Neuropsychopharmacol 2006; 31: 2783-92. [CrossRef]
Harrison Y, Horne J A. Sleep loss and temporal memory. J Exp Psychol
Appl 2000; 53: 271-9.


http://dx.doi.org/10.3109/00207458808986162
http://dx.doi.org/10.1038/nrn2576
http://dx.doi.org/10.1016/j.metabol.2006.07.012
http://dx.doi.org/10.1111/jsr.12054
http://dx.doi.org/10.1111/j.1365-2869.2004.00423.x
http://dx.doi.org/10.1073/pnas.0608644103
http://dx.doi.org/10.1523/JNEUROSCI.1443-08.2008
http://dx.doi.org/10.1016/S1364-6613%2800%2901839-8
http://dx.doi.org/10.1006/brcg.1999.1096
http://dx.doi.org/10.1080/14992020801908244
http://dx.doi.org/10.1016/j.jadohealth.2010.03.005
http://dx.doi.org/10.1523/JNEUROSCI.0007-04.2004
http://dx.doi.org/10.1111/j.1365-2869.2012.01020.x
http://dx.doi.org/10.1016/j.sleep.2009.09.009
http://dx.doi.org/10.1038/sj.npp.1301166

