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Abstract  

Background: Sleep deprivation is a common issue in modern society, with 

significant impacts on cognitive function, mood, and physiological health. 

Understanding the neurophysiological responses to sleep deprivation is crucial 

for developing strategies to mitigate its adverse effects. This cross-sectional 

observational study aimed to assess the effects of sleep deprivation on 

cognitive function, mood, biological markers, and physiological responses in a 

sample of 100 healthy adults. Material & Methods: Participants underwent 

24 hours of sleep deprivation, with assessments conducted pre- and post-

deprivation. Cognitive function was evaluated through attention, working 

memory, executive function tasks, and reaction time tests. Mood was assessed 

using Likert scales for stress and anxiety, and mood stability. Biological 

markers were measured by cortisol levels and EEG activity. Additional 

physiological responses included heart rate variability (HRV) and blood 

pressure. Inter-individual variability was also analyzed. Results: Sleep 

deprivation resulted in significant reductions in cognitive performance, with 

decreases in attention and working memory accuracy, increased executive 

function task completion time, and slower reaction times. Mood disturbances 

were evident through increased stress and anxiety levels, and decreased 

positive mood scores. Biological markers indicated elevated stress, with 

increased cortisol levels and changes in EEG activity. Significant inter-

individual variability was observed in all measured responses. Additional 

physiological measures showed increased blood pressure and subjective 

sleepiness, with decreased HRV. Conclusion: The study highlights the 

profound impact of sleep deprivation on cognitive, mood, and physiological 

parameters, with notable variability among individuals. These findings 

underscore the importance of addressing sleep deprivation to safeguard 

cognitive and physiological well-being. 

 
 

 

INTRODUCTION 
 

Sleep deprivation, defined as insufficient sleep to 

support optimal cognitive, emotional, and physical 

functioning, has emerged as a significant public 

health concern in the 21st century.[1] Its prevalence 

in modern society is attributed to various factors, 

including occupational demands, lifestyle choices, 

and the pervasive influence of technology.[2] The 

consequences of sleep deprivation extend beyond 

mere tiredness, affecting a wide range of 

neurophysiological processes that underpin 

cognitive performance, emotional regulation, and 

general health.[3,4] 

The cognitive effects of sleep deprivation are well-

documented, with research demonstrating 

impairments in attention, working memory, 

executive function, and decision-making 

abilities.[5,6] These cognitive deficits not only 

compromise individual performance in everyday 

activities but also increase the risk of accidents and 

errors in professional settings. Furthermore, sleep 

deprivation is associated with adverse mood 

outcomes, such as increased irritability, anxiety, and 
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susceptibility to stress, which can exacerbate mental 

health disorders and diminish quality of life.[7] 

Physiologically, sleep deprivation triggers a cascade 

of biological responses, including alterations in 

hormonal levels, such as increased cortisol, which 

signifies stress. Neuroimaging studies have shown 

changes in brain activity patterns during sleep 

deprivation, particularly in areas related to cognitive 

and emotional processing8. Additionally, sleep 

deprivation has been linked to negative health 

outcomes, including cardiovascular diseases, 

obesity, and impaired immune function, highlighting 

the importance of sleep in maintaining physiological 

homeostasis. 

Given the multifaceted impact of sleep deprivation, 

this study aims to provide a comprehensive 

examination of its neurophysiological consequences. 

By assessing cognitive function, mood, biological 

markers, and additional physiological responses in a 

controlled sample, the research seeks to elucidate 

the complex interplay between sleep deprivation and 

its wide-ranging effects. Understanding these 

dynamics is crucial for developing targeted 

interventions to mitigate the adverse outcomes 

associated with sleep deprivation. 

 

MATERIALS AND METHODS 
 

Study Design 

This cross-sectional observational study was 

conducted to assess the neurophysiological 

responses to sleep deprivation in healthy adults. The 

research focused on evaluating cognitive functions, 

mood changes, biological markers, and additional 

physiological responses associated with acute sleep 

deprivation. 

Study Setting 

The study was carried out at the Government 

Medical College Srikakulam, providing a controlled 

environment conducive to rigorous data collection 

and analysis. 

Study Period 

The research spanned from January 2023 to 

December 2023, allowing for a comprehensive 

assessment over a one-year period to accommodate 

participant scheduling and ensure thorough data 

analysis. 

Participants 

A total of 100 healthy adult volunteers, aged 18 to 

50 years, were recruited through advertisements in 

the college and local community. Inclusion criteria 

included good physical and mental health, as 

confirmed by a medical history review and 

preliminary health screening. Exclusion criteria 

encompassed individuals with a history of 

neurological or psychiatric disorders, those taking 

medication affecting sleep or cognitive functions, 

shift workers, and pregnant or lactating women. 

Procedure 

Participants underwent a baseline assessment to 

record their normal sleep patterns, cognitive 

baseline, mood state, and physiological parameters. 

Following this, they were subjected to 24 hours of 

continuous wakefulness under supervision. 

Cognitive tests, mood questionnaires, and 

physiological measurements were administered both 

before and after the sleep deprivation period. 

Cognitive function was assessed using standardized 

neuropsychological tests, mood was evaluated with 

validated psychological scales, and biological 

markers were measured through blood samples and 

EEG. Physiological responses, including heart rate 

variability (HRV) and blood pressure, were 

monitored using non-invasive methods. 

Data Analysis 

Data were analyzed using SPSS software. 

Differences between pre- and post-deprivation 

scores were evaluated using paired t-tests or 

Wilcoxon signed-rank tests for non-parametric data. 

The level of statistical significance was set at 

p<0.05. Inter-individual variability in responses to 

sleep deprivation was also examined to identify 

potential predictors of resilience or vulnerability to 

sleep loss. 

Ethical Considerations 

The study was conducted in accordance with ethical 

guidelines and standards. Informed consent was 

obtained from all participants. The study protocol 

was reviewed and necessary prior permissions taken 

from concerned authorities. 

 

RESULTS 

 

The study assessed cognitive function, mood 

changes, biological marker alterations, inter-

individual variability in responses, and additional 

physiological responses to sleep deprivation. The 

results are presented in five tables below. 

Cognitive Function Response to Sleep 

Deprivation 

Our findings revealed significant impairments in 

cognitive function following sleep deprivation. 

Attention and working memory accuracy decreased 

from a pre-deprivation average of 95% to 75% post-

deprivation. Executive function, measured by task 

completion time, increased from an average of 60 

seconds pre-deprivation to 78 seconds post-

deprivation. Reaction times were notably slower, 

increasing by an average of 200 ms, from 250 ms 

pre-deprivation to 450 ms post-deprivation. 

Furthermore, error rates increased from an average 

of 5% pre-deprivation to 20% post-deprivation. 

[Table 1] 

Mood Changes in Response to Sleep Deprivation 

Mood assessments indicated a significant increase in 

stress and anxiety levels, with stress levels rising 

from an average of 3 on a Likert scale of 1-10 pre-

deprivation to 8 post-deprivation. Anxiety scores 

also increased from an average of 2 on a 10-point 

scale pre-deprivation to 7 post-deprivation. Positive 

mood scores decreased from an average of 7 pre-
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deprivation to 3 post-deprivation, indicating a 

notable decline in mood stability. [Table 2] 

Biological Marker Alterations Due to Sleep 

Deprivation 

Biological markers of stress showed significant 

changes post-deprivation. Cortisol levels increased 

by an average of 50%, from a baseline level of 10 

µg/dL to 15 µg/dL. EEG activity analysis revealed a 

40% increase in theta wave activity, indicative of 

drowsiness, and a 25% decrease in alpha wave 

activity, associated with alertness. [Table 3] 

Inter-individual Variability in Responses to Sleep 

Deprivation 

The study also highlighted considerable inter-

individual variability in responses to sleep 

deprivation. Approximately 20% of participants 

showed less than a 10% deterioration in cognitive 

performance, demonstrating cognitive resilience. 

Around 15% of participants reported a mood score 

decrease of less than 2 points, indicating mood 

stability. Furthermore, 25% of the sample exhibited 

less than a 30% increase in cortisol levels, 

suggesting variability in biological stress response. 

[Table 4] 

Additional Physiological Responses to Sleep 

Deprivation 

Additional physiological measures further 

underscored the impact of sleep deprivation. Heart 

rate variability (HRV) decreased from an average of 

60 ms pre-deprivation to 45 ms post-deprivation, 

reflecting increased stress and reduced 

parasympathetic activity. Blood pressure readings 

showed an increase from an average of 120/80 

mmHg pre-deprivation to 130/85 mmHg post-

deprivation. Subjective sleepiness, assessed using 

the Stanford Sleepiness Scale, increased from an 

average of 2 pre-deprivations to 7 post-deprivation. 

[Table 5] 

 

 

Figure 1: Cognitive Function Response to sleep 

Deprivation 

 

 
Figure 2:  Mood Changes in Response to sleep 

Deprivation 

 

 
Figure 3: Biological Marker Alterations due to sleep 

Deprivation 

 

 
Figure 4: Inter-individual Variability in Responses to 

sleep Deprivation 

 

Table 1: Cognitive Function Response to Sleep Deprivation 

Parameter Pre-Deprivation Post-Deprivation 

Attention and Working Memory 95% accuracy 75% accuracy 

Executive Function 60 seconds 78 seconds 

Reaction Times 250 ms 450 ms 

Error Rates 5% 20% 

 

Table 2: Mood Changes in Response to Sleep Deprivation 

Parameter Pre-Deprivation Post-Deprivation 

Stress Levels 3 (Likert scale 1-10) 8 (Likert scale 1-10) 

Anxiety Scores 2 (on a 10-point scale) 7 (on a 10-point scale) 

Mood Stability 7 (Positive mood scores) 3 (Positive mood scores) 
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Table 3: Biological Marker Alterations Due to Sleep Deprivation 

Parameter Baseline Post-Deprivation 

Cortisol Levels 10 µg/dL 15 µg/dL (+50%) 

Theta Wave Activity Normal Increased by 40% 

Alpha Wave Activity Normal Decreased by 25% 

 

Table 4: Inter-individual Variability in Responses to Sleep Deprivation 
Parameter Details 

Cognitive Resilience 20% showed <10% deterioration in cognitive performance 

Mood Stability 15% reported a mood score decrease of <2 points 

Biological Stress Response 25% showed <30% increase in cortisol levels 

 

Table 5: Additional Physiological Responses to Sleep Deprivation 

Parameter Pre-Deprivation Post-Deprivation 

Heart Rate Variability (HRV) 60 ms 45 ms 

Blood Pressure 120/80 mmHg 130/85 mmHg 

Subjective Sleepiness 2 (Stanford Sleepiness Scale) 7 (Stanford Sleepiness Scale) 

 

DISCUSSION 
 

The findings from our cross-sectional observational 

study conducted at Government Medical College 

Srikakulam provide significant insights into the 

neurophysiological effects of sleep deprivation on 

healthy adults. The results revealed substantial 

impairments in cognitive functions, mood stability, 

alterations in biological markers, and physiological 

responses following a 24-hour period of sleep 

deprivation. These outcomes align with existing 

literature, underscoring the critical role of adequate 

sleep in maintaining cognitive efficiency, emotional 

well-being, and physiological health. 

Cognitive Function 

The observed deterioration in attention, working 

memory, executive function, and increased reaction 

times post-sleep deprivation corroborates previous 

research indicating that sleep is fundamental for 

cognitive processing and memory consolidation. 

The decrease in cognitive performance may be 

attributed to reduced prefrontal cortex functionality, 

which is essential for higher-order cognitive 

processes. This aligns with studies demonstrating 

that sleep deprivation affects areas of the brain 

involved in attention and executive functions, 

thereby compromising decision-making abilities and 

problem-solving skills.[9,10] 

Mood Changes 

Our study also highlighted significant mood 

disturbances, with increased reports of stress, 

anxiety, and a decrease in positive mood scores 

following sleep deprivation. These findings are 

consistent with research suggesting that sleep loss 

disrupts emotional regulation, possibly due to 

heightened amygdala activity.[11] The emotional 

dysregulation observed could exacerbate the 

psychological impacts of chronic sleep deprivation, 

potentially contributing to the development or 

worsening of mood disorders.[12] 

Biological Markers and Physiological Responses 

The significant increase in cortisol levels and 

changes in EEG activity patterns provide biological 

evidence of the stress response and altered brain 

function resulting from sleep deprivation. These 

alterations suggest a physiological state of 

heightened stress and reduced alertness, further 

emphasizing the body's need for sleep to restore 

homeostatic balance.[13] Additionally, the changes in 

heart rate variability and blood pressure underscore 

the cardiovascular strain imposed by prolonged 

wakefulness, aligning with studies that link chronic 

sleep deprivation to increased risk of cardiovascular 

diseases.[14] 

Inter-individual Variability 

Notably, our study revealed considerable inter-

individual variability in responses to sleep 

deprivation, suggesting that genetic, environmental, 

and lifestyle factors may influence resilience to 

sleep loss. This variability highlights the importance 

of personalized approaches in managing the effects 

of sleep deprivation,[15] emphasizing the need for 

further research to identify predictive markers of 

susceptibility or resilience. 

Future Directions 

Understanding the adaptive mechanisms to sleep 

loss, identifying vulnerable populations, and 

developing interventions to mitigate the negative 

impacts of sleep deprivation remain critical areas for 

future research. Additionally, longitudinal studies 

could provide deeper insights into the long-term 

consequences of recurrent sleep deprivation and its 

cumulative effect on health and well-being. 
 

CONCLUSION 
 

 

The comprehensive analysis of neurophysiological 

responses to sleep deprivation presented in this 

study reinforces the indispensability of sleep for 

cognitive performance, emotional regulation, and 

physiological health. The findings advocate for the 

prioritization of sleep hygiene in public health 

policies and individual lifestyle choices to mitigate 

the adverse effects of sleep deprivation. Future 

research should explore the mechanisms underlying 

inter-individual differences in sleep deprivation 

responses and investigate effective strategies for 

enhancing sleep quality and resilience to sleep loss. 
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