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Background: This study aimed to propose functional magnetic resonance imaging (fMRI) imaging biomarkers for the diagnosis of insomnia
by examining the brain maps of young and old people during sleep deprivation (SD).

Materials and Methods: A total of 50 healthy individuals were selected in two groups, including the young group: 17 people (20 to 30 years)
and the elderly group: 23 people (65 to 75 years), who were involved in a 1-month period of SD, so that during the experiment they woke up
3 hours earlier than usual. Insomnia and sleepiness questionnaires were collected from these individuals (OpenfMRI website). Independent
component analysis (ICA) processing was performed using the Generalized Intelligent Framework for Tutoring (GIFT) toolbox on old and
young people’s data. Correlations between clinical variables and imaging were performed to extract insomnia biomarkers with a significance
level of P=10.05.

Results: In the dynamic range variable, the difference in the effect of insomnia between the two groups was significant in areas such as the
inferior occipital gyrus (I0OG), superior temporal gyrus (STG), and posterior cingulate (PC). The fractional amplitude of low-frequency fluctuation
(fALFF) variable in the anterior cingulate and precuneus areas, as well as the spatial map variable in areas such as the inferior semilunar
lobule, anterior cingulate, subcallosal gyrus, and middle temporal gyrus (MTG) between the two groups, was significantly different (P = 0.05).

Conclusion: Based on the results of this study, brain activity map in sleep-deprived people has a significant change in some brain areas and
this effect is different in old and young adults.

Keywords: Biomarkers, computer-assisted, image processing, magnetic resonance imaging, sleep deprivation

Address for correspondence: Dr. Hamid Sharini, Faculty of Medicine, University Street, Shahid Shiroudi Blvd., Kermanshah, Postal Code: 6714869914, Iran.
E-mail: hamidsharini@gmail.com
Submitted: 19-Nov-2023;  Revised: 17-Feb-2024;  Accepted: 17-Feb-2024;  Published: 28-Dec-2024

INTRODUCTlON quantity or quality and is usually not associated with daytime
sleepiness. This issue has led to various health problems
in modern societies, as it is necessary for maintaining and
preserving energy, physical appearance, and well-being.
During sleep, hormones such as epinephrine, serotonin, and
growth hormone are released, leading to cellular nourishment

Today, health experts emphasize the importance of getting
7 to 9 hours of sleep at night.l'" However, people in modern
societies suffer from insufficient sleep.” Sleep deprivation
(SD) is the most common and recognized sleep disorder. SD
refers to the feeling of not getting enough sleep in terms of
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and chemical changes that allow the body to recover for the
next day’s activities.!

SD can have a significant impact on the central nervous system
and may be associated with various psychiatric disorders, such
as depression.*> However, the mechanisms of sleep are not
yet well understood and continue to be a challenging subject
for researchers in this field.'! Functional magnetic resonance
imaging (fMRI) studies have shown changes in the activity
levels of brain regions as a result of SD.I'! Other findings, such
as those obtained from positron emission tomography (PET)
imaging, have indicated increased activity in the thalamus
and insula during SD."#] With advances in research, credible
studies have been conducted to evaluate the brain function of
individuals who have experienced sleeplessness or SD.[ 1%
For example, increased activity in the default mode network
(DMN) and reduced connectivity between different brain
regions have been reported in resting-state fMRI studies during
periods of SD.[!!

Resting-state fMRI is a highly regarded method in neuroimaging
that can provide new insights into the pathophysiology of
diseases. It benefits from high spatial localization accuracy
(due to the ease of combining functional imaging with
structural imaging) and has the additional advantage of not
requiring the patient to be exposed to radioactive tracers.!' The
fractional amplitude of low-frequency fluctuations (fALFF) is
an index that can identify which brain regions have intrinsic
neural activity in the abnormal range of blood oxygen-level-
dependent (BOLD) signals and has been shown to have
excellent reliability in this regard.l'*'*] Previous studies
conducted in this field have demonstrated that the fALFF
method exhibits high sensitivity and specificity, making it
a potentially useful noninvasive imaging tool and an initial
biomarker for detecting brain changes in patients with sleep
disorders.!'!

In general, the wide range of influential factors such as
imaging techniques, statistical methods, cognitive tasks, and
heterogeneous small sample sizes in previous studies has
presented an ambiguous picture of brain abnormalities during
periods of SD. None of the previous studies have specifically
investigated the pattern of brain activity in individuals with
insomnia during resting states. Therefore, further studies and
research are needed to shed more light on this topic.!'®

In a previous study,!'”! the investigation focused on brain
region interactions during periods of SD. This study not only
depends on the selected region of interest but is also model
based, and it is essential to have knowledge of how the brain
regions function to obtain additional information. To address
these challenges, this study employed the use of independent
component analysis (ICA) to examine brain activity and
functional connectivity (unlike model-based approaches,
which do not require a priori determination of regions of
interest). Ultimately, this study aimed to provide a cognitive
science perspective on examining brain regions and extracting
brain maps in normal sleep-deprived individuals, as well
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as the impact of SD on brain regions in young and elderly
individuals during periods of SD, with the goal of proposing
imaging biomarkers.

MaTteriALs AND METHODS

Participants

In this study, 25 young individuals (aged 20 to 30) and 25
elderly individuals (aged 65 to 75) underwent 1 month of SD,
with a nightly reduction of 3 hours of sleep. Data analysis was
conducted on information from 17 young participants and 23
elderly participants due to motion artifacts and noise. Resting-
state fMRI images were obtained at two time points, 1 month
apart, with permission from the OpenNeuro website. Exclusion
criteria included psychiatric disorders, tobacco use, excessive
nicotine consumption, and low image quality. The study
utilized the Epworth Sleepiness Scale (ESS) questionnaire
and the Insomnia Severity Index (ISI) to assess sleepiness and
insomnia severity, respectively.

fMRI protocol

MRI Data Acquisition: In this study, a General Electric
Discovery 3 Tesla MRI scanner was utilized, and echo-
planar imaging (EPI) was employed to obtain the following
settings: flip angle of 75 degrees, echo time (TE) of 30 ms,
repetition time (TR) of 2.5 ms, a field of view of 28 cm?,
and a slice thickness of 3 mm. Additionally, anatomical
or structural scans with T1-weighted images using the
BRAVO(Brain Volume imaging) sequence were acquired.
The three-dimensional T1-weighted gradient-echo sequences
(e.g., BRAVO) are widely utilized because they produce
T1-weighted images with high-resolution differentiation
between gray matter and white matter. The parameters for
the anatomical scans included a field of view of 24 cm? and
a slice thickness of 1 mm.

Analysis of fMRI images

After collecting fMRI data, determining activated brain regions
and revealing the resulting connections in the brain regions
following a specific task require analyzing the acquired data.
In this analysis, the images are processed using the Generalized
Intelligent Framework for Tutoring (GIFT) toolbox to generate
a parametric image. For this purpose, the SPM12 software
was utilized.

Preprocessing of fMRI images

In the initial stage of preprocessing, the first five scans from
each imaging session were discarded to establish magnetic
field equilibrium. Then, a series of necessary preprocessing
steps were applied to the fMRI data for analysis. These
steps included image realignment to correct motion artifacts,
temporal slice correction, head motion correction, image
segmentation, registration of structural and functional images,
normalization, and smoothing using a 6-millimeter Gaussian
filter. It is important to note that all preprocessing steps were
performed using the SPM 12 toolbox integrated with MATrix
LABoratory (MATLAB) software.
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Processing using ICA

In this study, the ICA method was employed to analyze the
fMRI data. This method allows for the extraction of both
sustained activities and temporally transient experimental
activities related to physiologically unrelated signals in fMRI
experiments without requiring specific knowledge about the
experimental design. Using the GIFT toolbox, which utilizes
the ICA method for data processing, the signals present in the
fMRI data were extracted, and the number of components was
estimated. The regions associated with each component are
presented in Table 1. It is important to note that the optimal
number of components was determined by the GIFT software
using the maximum variance and discriminability between
different categories to calculate the optimal number of essential
components. After selecting the essential components, brain
activity maps and corresponding time series were extracted,
and dynamic range values, fALFF, and spatial maps were
obtained for each component.

Statistical analysis

The obtained results were subjected to statistical analysis using
the Statistical Package for Social Sciences (SPSS) statistical
software. To examine the effects of insomnia on the two groups
(elderly and young) for variables with a normal distribution, a
repeated-measures analysis was conducted. For variables with
anonnormal distribution, the Friedman test was utilized. In the
next stage, to identify the differences in the effects of insomnia
between the elderly and young groups, output parameters of
neuroimaging such as dynamic range, spatial map, and fALFF

Table 1: Brain regions associated with each component
Component

Brain regions

1 Inferior occipital gyrus (I0G), superior temporal gyrus
(STG), tuber, posterior cingulate (PC)

2 Superior frontal gyrus (SFG), inferior frontal gyrus (IFG),
fusiform gyrus (FG), lingual gyrus (LING)

3 Supramarginal gyrus (SMG), third ventricle, transverse
temporal gyrus (transverse TG), postcentral gyrus (PoCG)

4 Middle occipital gyrus (MOG), cerebellar tonsil (CR
tonsil), inferior temporal gyrus (ITG), thalamus (THL)

5 Extranuclear, culmen, medial frontal gyrus (MFG),
pyramis

6 Angular gyrus

7 Claustrum, insula, cingulate gyrus (CG)

8 Superior parietal lobule (SPL)

9 Precentral gyrus (PrCG)

10 Orbital gyrus, superior occipital gyrus (SOG)

11 Inferior semilunar lobule

12 Anterior cingulate

13 Uncus, declive of vermis

14 Subcallosal Gyrus

15 Middle temporal gyrus (MTG), lateral ventricle

16 Sub-gyral

17 Precuneus, declive, culmen of vermis

18 Inferior parietal lobule

19 Paracentral lobule (PCL)

20 Parahippocampal gyrus (PHG), uvula, fourth ventricle
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obtained from the second session of the experiment were
analyzed. Independent-samples t-tests were performed for
variables with a normal distribution, while the Mann-Whitney
U-test was used for variables with a nonnormal distribution.
Furthermore, the correlation between clinical parameters such
as ISI and ESS with dynamic range, spatial map, and fALFF
was calculated using the Pearson correlation coefficient.

ResuLts

In this study, after preprocessing using the Statistical
Parametric Mapping (SPM) toolbox, the final analysis was
conducted using the GIFT toolbox, and the data were analyzed
in a group-wise manner. In Figure 1, the red color spectrum
indicates an increase in activity compared with the basic state
and the blue color spectrum indicates a decrease in activity
compared with the basic state in the young group: a) before the
period of insomnia and b) after the period of insomnia, and in
the elder group: c) before the period of insomnia and d) after
the period of insomnia.

The effects of insomnia on elderly and young individuals
Quantitative results examining the differences in the effects
of insomnia on each group of elderly and young individuals
(with a significance threshold of P = 0.05) are presented in
Tables 2 and 3 (significantly meaningful results are indicated
by the green color in the tables).

Investigating the effect of insomnia on elderly and young
individuals

In this stage of data analysis, the difference in the effect of
insomnia between the elderly and young groups was examined
based on the parameters obtained from the second session
of the experiment. Significant changes were observed in the
dynamic range variable of component 1, fALFF variables
of components 12 and 17, and the spatial map variables of
components 18,17, 16,14, 13,12, 11,9, and 2 at a significance
level of P =0.05 in these tests.

The results of the independent-samples #-test showed that
there were significant changes in the dynamic range variable
of component 18, which includes the inferior parietal lobule
region. The Mann-Whitney U-test results indicated significant
changes in the dynamic range variable of component 1,
which includes the posterior cingulate (PC), inferior occipital
gyrus (IOG), and superior temporal gyrus (STG) regions.
Furthermore, the results of this test revealed significant changes
in the fALFF variable of component 12, which includes the
anterior cingulate cortex (ACC), and component 17, which
includes the precuneus, vermis culmen, and declive regions
(P <0.05) [see complete results in Tables 2 and 3].

Calculation of the correlation between clinical parameters
and imaging parameters

The relationship between the ISI and ESS peripheral
parameters and all imaging parameters was examined by
calculating the Pearson correlation coefficient. The Pearson
correlation coefficient test showed a significant correlation
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Figure 1: Red color spectrum indicates an increase in activity compared with the basic state, and the blue color spectrum indicates a decrease in
activity compared with the basic state in the young group: (a) before the period of insomnia and (b) after the period of insomnia, and in the elder group:
(c) before the period of insomnia and (d) after the period of insomnia

between ISI and spatial maps in components 19, 18, 17, 15,
14,6, 5,4, 3, and 2 [see complete results in Table 4].

Discussion

Previous studies have indicated that SD has a negative impact
on the brain and health.!'¥!°! Therefore, investigating the
physiological and psychophysiological factors that contribute to
SD and aid in disease treatment has received significant attention
in recent years.?*2!] Understanding the central mechanisms
related to SD and its effects on the brain is crucial for the
recognition and improvement of therapeutic approaches.?”!

In a study conducted by Benedict ef al.,/**! investigating the
effect of SD on the brain’s response to food stimuli, it was
found that the activity of the ACC region increases. Similarly,
in the present study, a similar result regarding this region was
obtained.

In a study conducted by Gao et al.,*¥ they investigated the
effect of SD on the brain’s activity in response to acupuncture.
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Based on their findings, SD has a significant impact on the
activity of brain regions, and in young individuals (similar to the
young group in this study), the results indicated increased brain
activity in regions including the ACC, thalamus, middle frontal
gyrus (MFG), middle temporal gyrus (MTG), STG, postcentral
gyrus (PoCG), and fusiform gyrus under SD conditions. As
mentioned in the Results section, these regions showed increased
activity in the sleep-deprived state compared with the well-rested
state in the young group, which is consistent with the study by
Gao et al.*1 In a study conducted by Tamm et al.,!**! titled “The
Effect of Sleep Restriction on Pain Perception in Elderly and
Young Individuals,” the fusiform gyrus region showed increased
activity in the elderly group compared with the young group,
which is contrary to the results obtained in the present study.
This difference in the direction of activity in this region is likely
related to the intensity of pain, as Rathleff e al.?%! found in their
study on knee pain intensity in elderly and young individuals that
older individuals experience greater pain intensity. The results
of a study titled “The Impact of Sleep Deprivation on Delayed
Brain Function” conducted by Habec et al.*” revealed that brain
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regions that are simultaneously activated in most individuals
as a result of SD are primarily located in the posterior regions
of the brain, especially areas related to vision and attention. In
their study, they reported regions such as the anterior cingulate
gyrus, thalamus, and basal ganglia, as well as the prefrontal
cortex. The Habec study confirms the findings of the present
research in most cases. However, regarding the basal ganglia
region, no significant change in activity was observed in the
present study. It is likely that the role of the basal ganglia in
sleep-wake control mechanisms contributes to this difference in
activity levels.?®?" In a meta-analysis study titled “Functional
Brain Changes in Chronic Sleep Deprivation” conducted by
Javaheri Pour et al.,”” they reported the disruption of brain
function in visual perception, memory, and reasoning in cases
of SD, based on the analysis of previous studies. Additionally,
the results indicated functional connectivity between regions
such as the superior parietal lobule, insula, inferior frontal
gyrus, occipital cortex, and cerebellum during the resting state
of sleep-deprived individuals. These findings align with the
results of the present study.

The variable fALFF was statistically analyzed in this study to
examine the differential effects of SD on young and elderly
individuals across all components. A significant difference
was observed in components 12 and 17, which include
the anterior cingulate gyrus, precuneus regions, prominent
piece, and sloping piece of the cerebellum. In the study by

Table 2: Results of the Friedman test on dynamic range
parameters in all components

Dynamic range  Areas Young  Old

Co7 Claustrum, insula, cingulate gyrus .025 180
Col9 Paracentral lobule .045 1.000
Co20 Parahippocampal gyrus, uvula, .045 1.000

fourth ventricle

Nechifor et al.B®'" titled “Altered Activity in Reward-Related
Brain Regions with Sleep Deprivation,” the precuneus region
exhibited significantly higher activity in the sleep-deprived

group.

Luber et al.,”? in a study titled “Sleep Deprivation-Induced
Memory Enhancement Using fMRI,” reported increased
activity in the inferior parietal, STG, hippocampus, thalamus,
and PoCG regions as a result of SD. The results of this
study are consistent with the present study in this regard. In
this study, the Pearson correlation coefficient test showed a
correlation between ISI and the spatial map in components 19,
18,17,14,6,6,5,4, 3, and 2, except for component 19, which
exhibited a positive correlation. As the spatial map variable
reflects the volume of active regions in the components, the
significant positive correlation between the ISI parameter
and this variable is likely due to increased activity in these
regions. According to the results, the spatial map variable
in component 19, which includes the paracentral lobule,
exhibited a negative correlation with the ISI parameter. This
region likely has lower activity during sleepiness compared
with the non-sleepy state. This finding is consistent with a
study conducted by Wu et al., titled “Activation of Alpha
Band in Resting State and Functional Connectivity after Sleep
Deprivation.”*?!

ConcLusIoN

The results of this study demonstrated that the impact of SD
differs between elderly and young individuals, and there are
significant changes in brain activity maps in sleep-deprived
individuals in certain brain regions. The effects of SD also
differ between elderly and young individuals. Considering that
fMRI during the resting state was utilized in this study, future
research can focus on fMRI imaging with task performance
and analyze and interpret its results accordingly.

Table 3: Results of the Friedman test on spatial map parameters

Spatial maps Areas Young Old
Col Inferior occipital gyrus (I0G), superior temporal gyrus (STG), tuber, posterior cingulate (PC) .000 .007
Co2 Superior frontal gyrus (SFG), inferior frontal gyrus (IFG), fusiform gyrus, lingual gyrus .000 .002
Co3 Supramarginal gyrus, third ventricle, transverse temporal gyrus, postcentral gyrus .007 .002
Co5 Extranuclear, culmen, medial frontal gyrus, pyramis .074 .025
Co7 Claustrum, insula, cingulate gyrus .655 .025
Co8 Superior parietal lobule .025 .074
Co9 Precentral gyrus .007 .025
Col0 Orbital gyrus, superior occipital gyrus .002 371
Coll Inferior semilunar lobule 025 .002
Col2 Anterior cingulate .025 371
Col3 Uncus, declive of vermis 180 025
Col4 Subcallosal gyrus 371 .007
Col5 Middle temporal gyrus, lateral ventricle .007 .007
Col6 Sub-gyral .002 .025
Col7 Precuneus, declive, culmen of vermis .007 .000
Col8 Inferior parietal lobule .000 .000
Col9 Paracentral lobule .015 .009
Advanced Biomedical Research| 2024 5
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Table 4: Results of the Pearson correlation test on
variable spatial map components

Spatial  Areas ISI

maps

Co2 Superior frontal gyrus (SFG), inferior frontal gyrus .025
(IFG), fusiform gyrus, lingual gyrus

Co3 Supramarginal gyrus, third ventricle, transverse .045
temporal gyrus, postcentral gyrus

Co4 Middle occipital gyrus, cerebellar tonsil, inferior .045
temporal gyrus, thalamus

CoSs Extranuclear, culmen, medial frontal gyrus, pyramis .022

Co6 Angular gyrus .032

Col4 Subcallosal gyrus .012

Col5 Middle temporal gyrus, lateral ventricle .043

Col7 Precuneus, declive, culmen of vermis .045

Col8 Inferior parietal lobule .003

Col9 Paracentral lobule .032

Acknowledgments

The authors wish to thank Kermanshah University of Medical
Sciences for the instrumental aid of this study and for providing
the data acquisition.

Declarations
All authors hereby declare that all the above information is
correct and accurate.

Ethics approval and consent to participate

This study has been approved by the ethics committee of
Kermanshah University of Medical Science with a reference
number of IR KUMS.MED.REC.1400.003.

Consent for publication
There are no personal data for publication.

Availability of data and materials
The data presented in this study are available on request from
the corresponding authors.

Authors’ contributions

Meysam SiyahMansoory and Hamid Sharini conceptualized
the study, designed the methodology, and provided software.
Yazdan Choghazardi, Korosh Saber, and Fatemeh Sabzevarian
curated the data, wrote the original manuscript, and prepared
the draft. Mehdi Khodamoradi visualized the data and
investigated the study.

Financial support and sponsorship
This research was supported by the Department of Biomedical
Engineering at Kermanshah University of Medical Sciences.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. S4 Gomes E Farias AV, de Lima Cavalcanti MP, de Passos Junior MA,
Vechio Koike BD. The association between sleep deprivation and
arterial pressure variations: A systematic literature review. Sleep Med X
2022;4:100042.

2.

20.

21.

. Ilhan-Bayrakct M,

Guzman V, Lissner L, Arvidsson L, Hebestreit A, Solea A, Lauria F,
et al. Associations of sleep duration and screen time with incidence of
overweight in European children: The IDEFICS/i. family cohort. Obes
Facts 2022;15:55-61.

White B, Snyder HS, Patel MV. Evaluation of medications used for
hospitalized patients with sleep disturbances: A frequency analysis and
literature review. J Pharm Pract 2023;36:126-38.

Emamian F, Mahdipour M, Noori K, Rostampour M, Mousavi SB,
Khazaie H, et al. Alterations of subcortical brain structures in paradoxical
and psychophysiological insomnia disorder. Front Psychiatry
2021;12:661286.

Salehinejad MA, Ghanavati E, Reinders J, Hengstler JG,
Kuo MF, Nitsche MA. Sleep-dependent upscaled excitability, saturated
neuroplasticity, and modulated cognition in the human brain. Elife
2022;11:69308.

Craven J, McCartney D, Desbrow B, Sabapathy S,
Bellinger P, Roberts L, et al. Effects of acute sleep loss on physical
performance: A systematic and meta-analytical review. Sports Med
2022;52:2669-90.

Ekin S, Withrow D, Kuppa A, Sprecher K, Fleshner M, Gonzalez A,
et al. 0201 Prebiotic diet impact on cognitive performance, sleepiness,
and mood during combined sleep restriction and circadian misalignment.
Sleep 2023;46(Suppl 1):A89.

Agrawal S, Kumar V, Singh V, Singh C, Singh A. A review on
pathophysiological aspects of sleep deprivation. CNS Neurol Disord
Drug Targets 2023;22:1194-208.

Honn KA, Van Dongen HP. Paradoxical effects from stimulus density
manipulation provide new insight into the impact of sleep deprivation
on PVT performance. Sleep Adv 2023;4:zpac045.

. Yin'Y, Chen S, Song T, Zhou Q, Shao Y. Cognitive load moderates the

effects of total sleep deprivation on working memory: Evidence from
event-related potentials. Brain Sci 2023;13:898.

. LianJ, XuL, Song T, Peng Z, Gong X, Chen J, et al. Decreased functional

connectivity of brain networks in the alpha band after sleep deprivation
is associated with decreased inhibitory control in young male adults. Int
J Environ Res Public Health 2023;20:4663.

Cabral-Calderin Y, Bergmann  TO,
Tiischer O, Stroh A. Individual slow wave events give rise to
macroscopic fMRI signatures and drive the strength of the BOLD
signal in human resting-state EEG-fMRI recordings. Cereb Cortex
2022;32:4782-96.

. Binder JR, Desai RH, Graves WW, Conant LL. Where is the semantic

system? A critical review and meta-analysis of 120 functional
neuroimaging studies. Cereb Cortex 2009;19:2767-96.

. Eyler LT, Elman JA, Hatton SN, Gough S, Mischel AK, Hagler DJ,

et al. Resting state abnormalities of the default mode network in
mild cognitive impairment: A systematic review and meta-analysis.
J Alzheimer’s Dis 2019;70:107-20.

. Li HJ, Dai XJ, Gong HH, Nie X, Zhang W, Peng DC. Aberrant

spontaneous low-frequency brain activity in male patients with severe
obstructive sleep apnea revealed by resting-state functional MRIL
Neuropsychiatr Dis Treat 2015;11:207-14.

. Medic G, Wille M, Hemels ME. Short-and long-term health

consequences of sleep disruption. Nat Sci Sleep 2017;9:151-61.

. Son YD, Kang JM, Cho SJ, Lee JS, Hwang HY, Kang SG. fMRI brain

activation in patients with insomnia disorder during a working memory
task. Sleep Breathing 2018;22:487-93.

. Pesoli M, Rucco R, Liparoti M, Lardone A, D’aurizio G, Minino R,

et al. A night of sleep deprivation alters brain connectivity and affects
specific executive functions. Neurol Sci 2022;43:1025-34.

. Niu L, Zhang F, Xu X, Yang Y, Li S, Liu H, et al. Chronic sleep

deprivation altered the expression of circadian clock genes and
aggravated Alzheimer’s disease neuropathology. Brain Pathol
2022;32:¢13028.

Irfan M, Sathvik S, Krishnaraj L, Li H, Awuzie B, Ma J. Prioritizing
causal factors of sleep deprivation among construction workers:
An interpretive structural modeling approach. Int J Ind Ergon
2022;92:103377.

Wang HT, Chen YS, Rekik G, Yang CC, Lai MS, Tai HL. The effect
of listening to preferred music after a stressful task on performance

Advanced Biomedical Research | 2024



22.

23.

24.

25.

26.

27.

Choghazardi, et al.: Effects of insomnia on brain function

and psychophysiological responses in collegiate golfers. Peer J
2022;10:¢13557.

Magnuson JR, Kang HJ, Dalton BH, McNeil CJ. Neural effects of sleep
deprivation on inhibitory control and emotion processing. Behav Brain
Res 2022;426:113845.

Benedict C, Brooks SJ, O’Daly OG, Almen MS, Morell A,
Aberg K, et al. Acute sleep deprivation enhances the brain’s response
to hedonic food stimuli: An fMRI study. J Clin Endocrinol Metab
2012;97:E443-7.

Gao L, Zhang M, Gong H, Bai L, Dai XJ, Min Y, et al. Differential
activation patterns of FMRI in sleep-deprived brain: Restoring
effects of acupuncture. Evid Based Complement Alternat Med
2014;2014:465760.

Tamm S, Schwarz J, Thuné H, Kecklund G, Petrovic P, Akerstedt T, et al.
A combined fMRI and EMG study of emotional contagion following
partial sleep deprivation in young and older humans. Sci Rep
2020;10:17944.

Rathleff MS, Petersen KK, Arendt-Nielsen L, Thorborg K,
Graven-Nielsen T. Impaired conditioned pain modulation in young
female adults with long-standing patellofemoral pain: A single blinded
cross-sectional study. Pain Med 2016;17:980-8.

Habeck C, Rakitin BC, Moeller J, Scarmeas N, Zarahn E, Brown T,
et al. An event-related fMRI study of the neurobehavioral impact of

Advanced Biomedical Research| 2024

28.

29.

30.

31.

32.

33.

sleep deprivation on performance of a delayed-match-to-sample task.
Cogn Brain Res 2004;18:306-21.

Vetrivelan R, Qiu MH, Chang C, Lu J. Role of basal ganglia in sleep—
wake regulation: Neural circuitry and clinical significance. Front
Neuroanat 2010;4:145.

Qiu MH, Yao QL, Vetrivelan R, Chen MC, Lu J. Nigrostriatal
dopamine acting on globus pallidus regulates sleep. Cereb Cortex
2016;26:1430-9.

Javaheripour N, Shahdipour N, Noori K, Zarei M, Camilleri JA, Laird
AR, et al. Functional brain alterations in acute sleep deprivation:
An activation likelihood estimation meta-analysis. Sleep Med Rev
2019;46:64-73.

Nechifor RE, Ciobanu D, Vonica CL, Popita C, Roman G, Bala C, et al.
Social jetlag and sleep deprivation are associated with altered activity in
the reward-related brain areas: An exploratory resting-state fMRI study.
Sleep Med 2020;72:12-9.

Luber B, Steffener J, Tucker A, Habeck C, Peterchev AV, Deng ZD,
et al. Extended remediation of sleep deprived-induced working memory
deficits using fMRI-guided transcranial magnetic stimulation. Sleep
2013;36:857-71.

Wu J, Zhou Q, Li J, Chen Y, Shao S, Xiao Y. Decreased resting-
state alpha-band activation and functional connectivity after sleep
deprivation. Sci Rep 2021;11:484.



