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Abstract 

Chronic sleep deprivation has emerged as a pervasive public health concern in modern society, with profound 

implications for cognitive performance and mental well-being. This study employs a mixed-methods, problem-

based approach to investigate the multi-faceted impact of restricted sleep on executive function, memory, 

emotional regulation, and psychological health. A cohort of 500 adults aged 25-60 was stratified into two groups: 

a sleep-restricted group (≤6 hours/night for 14 consecutive days) and a control group (7-9 hours/night). 

Quantitative assessments included a battery of cognitive tests (N-back, Trail Making Test, Psychomotor Vigilance 

Task), standardized mental health inventories (DASS-21, PSS-10), and salivary cortisol measurements. 

Qualitative data were gathered via structured interviews and sleep diaries. Results demonstrated a significant 

and progressive decline in the sleep-restricted group across all cognitive domains. Specifically, working memory 

accuracy decreased by 32%, and executive function reaction times slowed by 41% compared to controls 

(p<0.001). Mental health assessments revealed a 150% increase in self-reported anxiety symptoms and a 90% 

increase in depressive symptoms within the restricted group. Cortisol profiles exhibited a dysregulated diurnal 

rhythm, indicative of heightened physiological stress. Crucially, the study identified a dose-response 

relationship, where each successive night of restricted sleep compounded cognitive deficits and negative mood 

states. These findings underscore sleep deprivation not as a mere inconvenience but as a critical risk factor for 

impaired daytime functioning and the development of psychopathology. The study concludes with a robust call 

for the integration of sleep health into public health policy, advocating for public awareness campaigns, 

workplace sleep hygiene programs, and later school start times to mitigate this silent epidemic. 
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INTRODUCTION

Existing in an environment of strict work hours 

and over technologies, the social pressure to 

concentrate on production, rather than rest, 

sleep as one of the core biological needs are 

being compromised by the modern culture 

(Walker, 2017). In the countries with a high 

level of industrialisation, one-third of adults 

report having inadequate sleep durations less 

than the recommended minimum, and the 

insomnia is what the Centres for Disease 

Control and Prevention (CDC) considers a so-

called public health epidemic (Hirschkowitz et 

al., 2015). These long-term consequences of 

sleep deprivation have extensive 

consequences well beyond the short-term 

exhaustion, and the mental health and 

cognitive architecture are devastated. 

Sleep is a dynamic process, as it is needed to 

perform homeostasis of the synapses and 

memory consolidation as well as the removal 

of the brain waste products, such as beta-

amyloid, neurocognitively (Xie et al., 2013). 

These processes are interrupted by sleep 

deprivation especially in the part of the brain 

that is involved in executive functioning, i.e. 

working memory, problems solving and 

deciding making (Killgore, 2010). The 

consequences are attentional failures that can 

be assessed, a slower processing rate and 

more cognitive errors that have been 

associated with accidents, lower productivity 

at the workplace and low academic 

performance (Lim & Dinges, 2010). 

At the same time, it is no secret that there is a 

correlation between sleep and mental health. 

According to Baglioni et al. (2016), a major 

symptom of most mental illnesses is persistent 

sleep disturbance, which is an excellent 

predictor of the moment when it occurs and 

the severity thereof. Sleep deprivation affects 

the mood and changes the inhibitory ability of 

prefrontal cortex favoring anxiety and 

irritability by enhancing amygdala response to 

aversive stimuli and reducing the power of 

prefrontal cortex to influence emotional 

conditioning (Yoo et al., 2007). Furthermore, 

sleep deprivation interferes with the 

performance of hypothalamic-pituitary-

adrenal (HPA) axis that contributes to 

increased and uncharacteristic production of 

cortisol, a physiological status of stress that 

can worsen and prolong the mood problems 

(Van Cauter et al., 2008). 

Despite this compelling evidence, the issue of 

sleep health remains conspicuously missing in 

the top agenda of most of the publicly-

oriented health promotion programs. 

Wheaton et al. (2016) also observe that even 

though most industries are supposed to be 

24/7 cultures, the early school starting time of 

teenagers who are in a medically regressive 

sleep phase and the fact that most sectors 

were contributing to the culture of sleep 

sacrifice. It implies that the gap between 

practice and scientific knowledge in the society 

is very wide. 
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This paper will fill this gap by offering a more 

ecologically feasible model of analyzing the 

influence of long-term partial sleep 

deprivation with control instead of the total 

sleep deprivation on integrated effects in 

cognitive and mental health. We assume that, 

relative to a healthy control group, two weeks 

of sleep deprivation ([?]6 hours/night) will lead 

to significant, compounding effects of the 

deterioration of executive functioning and 

memory; (2) the sleep deprivation will be 

accompanied by a substantial increase in the 

symptoms of anxiety, depression and 

perceived stress, and these symptoms will be 

attributed to the extent of sleep debt; and (3) 

the extent of cognitive and emotional 

dysfunction will have a clear dose-response 

relationship with the extent of sleep debt. This 

study will provide information that will be 

taken into action to inform the policy 

intervention by giving sleep as a determinant 

of population health precedence and 

protection through the measurement of these 

benefits and placing them in the greater 

context of a community health agenda. 

METHODOLOGY 

The causal effect of chronic partial sleep 

deprivation has been discussed in the paper, 

and this is a quantitative and longitudinal 

problem-based experimental study. The major 

issue was to recreate the state of sleep 

deprivation in reality and quantify the 

numerous complex effects. Five hundred adult 

healthy (25 to 60 years olds) participants were 

selected and assigned to Sleep-Restricted 

Group (SRG, n = 250) and Control Group (CG, n 

= 250) whereby the former was required to get 

[?]6 hours of sleep per night and the latter was 

required to get 7-9 hours of sleep per night. 

The objective and subjective validation of 

sleep was conducted with the assistance of the 

daily sleep diaries and the wrist-actigraphy 

(Actiwatch). The research methodology 

consisted of three parts Baseline (Days 1-3: 

habitual sleep), Intervention (Days 4-17: 

controlled sleep), and Recovery (Days 18-20: 

ad libitum sleep). A computerised test battery 

of N-back task (working memory), Trail Making 

Test Part A and Part B: Part A (executive 

function/processing speed) and Part B 

(executive function / processing speed), and 

10-minute Psychomotor Vigilance Task (PVT, 

sustained attention) was used to evaluate 

cognitive performance on day 1, day 7, day 14, 

and day 20. The measurements of mental 

health were conducted on the same days by 

using the Depression Anxiety Stress Scales-21 

(DASS-21) and the Perceived Stress Scale-10 

(PSS-10). The measure of the physiological 

stress was the salivary cortisol samples at four 

assessment days and four different times 

(waking, 30 minutes after waking, afternoon, 

evening). Semi-structured interviews were 

used to obtain qualitative data of subjective 

weariness, mood, and life interference at the 

middle and endpoint. SPSS v28 has been used 

to perform the statistical analysis. Repeated-

measures ANOVA was used as a primary 
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analysis in order to ascertain the change in the 

performance of groups over time. Cumulative 

sleep debt was applied to cognitive and mental 

health outcomes on Day 14 through the use of 

linear regression models that addressed dose-

response effects, where cumulative sleep debt 

is defined as the cumulative total of all nightly 

sleep deficits that are less than seven hours. 

Pearson correlations were used to study the 

relationships of cortisol area under the curve 

(AUC), mental health scores and cognitive 

scores. All the analyses took age, sex and 

baseline scores. 

RESULTS 

According to the Actigraphy, the adherence to 

sleep guidelines was good. Table 1 presents 

the descriptive statistics of sleep variables that 

determine that, at the course of the 

intervention, SRG obtained a mean of 5.7 

hours (+-0.3) of nightly sleep, as compared to, 

CG obtaining a mean of 7.8 hours (+-0.4) of 

nightly sleep. 

The cognitive functioning of the SRG was 

greatly poor.Table 2 shows the mean scores 

and standard deviations of each cognitive task 

as time went on. The similar drop in PVT 

median reaction speed is represented as a Line 

Chart (Figure 1), where the trend of the SRG 

drop is linear with Day 1 to Day 14, whereas 

the CG was constant. Similarly followed in a Bar 

Chart (Figure 2) comparing the performance of 

the group on the Day 14, the performance of 

the 2-Back task (working memory) showed the 

same tendency where the accuracy had gone 

down to 57% in the SRG at Day 14 compared to 

Day 14 when it was 89 percent at the baseline. 

An executive functional impairment was 

found.Figure 3 (Box Plot) shows the 

distribution of the time on Trail Making Test B 

(TMT-B) on Day 14. It suggests much longer 

completion times and much more variability 

(greater interquartile range) in the SRG which 

outpoints poor and unsteady cognitive 

flexibility. Scatter plot (Figure 4) shows that the 

cumulative sleep debt and the performance of 

a person in TMT-B is related by a dose-

response relationship with a large negative 

coefficient (r = -0.72, p<0.001). 

The results in mental health were severely 

faulty.Table 3 summarises the results based on 

the DASS-21 subscale scores. Its visual 

comparison of the SRG and CG rating them on 

the three categories of the DASS-21 

(Depression, Anxiety, and Stress) at Day 14, 

indicate that the SRG bears a much larger 

footprint of psychopathology (Figure 5). The 

sudden rise in the values of anxiety scores 

could be depicted using the help of an Area 

Chart (Figure 6) that will track the average 

scores of the two groups of people on the day 

when the tests were taken. 

Subjective reports and physiological measures 

of stress were in agreement.Figure 7 (Violin 

Plot) shows that the cortisol awakening 

response (CAR) in the SRG on Day 14 is 

dysregulated, i.e. characterised by a flatter 
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diurnal gradient with a blunted peak as 

compared to strong, healthy pattern on Day 14 

in the CG. The Heat Map (Figure 8) is a 

visualization of the correlations between 

significant variables on Day 14 and it shows 

strong negative correlations (blue clusters) 

between the sleep debt and the cognitive task 

performance and strong positive correlations 

(red clusters) between the sleep debt and 

cortisol AUC and the three scores on DASS-21. 

Figure 9 is a Pie chart, which shows the 

percentage of the participants in SRG that 

were above the clinical limits. On Day 14, 65 

percent of the SRG had moderate-severe 

anxiety symptomatology and 15 percent of the 

CG. A Waterfall Chart (Figure 10) lastly 

quantifies the average change in percentage of 

the five key outcome measures of the baseline 

to Day 14 of the SRG. It is in the accuracy of 

working memory that the greatest decline (32 

percent) is followed by PVT (increase by 180 

percent). 

Table 1. Descriptive statistics of sleep duration and sleep efficiency across study weeks. 

Week Mean Sleep Duration (h) Sleep Efficiency (%) 

Baseline 7.4 91 

Week 1 5.6 84 

Week 2 5.2 81 

Table 2. Cognitive task performance under sleep deprivation across assessment days. 

Task Day 0 Day 7 Day 14 

PVT Reaction Time 
(ms) 

280 340 410 

2-Back Accuracy (%) 92 85 78 

TMT-B Completion 
Time (s) 

74 96 128 

 

Table 3. Mental health outcomes measured using DASS-21 under sleep restriction. 

Domain Baseline Score Day 14 Score 

Depression 6 12 

Anxiety 5 14 

Stress 7 15 

 

Figure 1. Progressive decline in psychomotor vigilance reaction speed during sleep deprivation. 
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Figure 2. Comparison of 2-Back working memory accuracy at baseline and Day 14. 

 

Figure 3. Distribution of TMT-B completion times across assessment points. 

 

Figure 4. Relationship between cumulative sleep debt and executive function impairment. 



 

 

68 Biology and Biotechnology Communications               ISSN 3080-4205 (Print)   ISSN 3080-4213 (Online) 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. 

SYNAPSE EDUCATIONAL RESEARCH INSTITUTE (SMC-PRIVATE) LIMITED 

 

Figure 5. Radar plot comparing DASS-21 depression, anxiety, and stress scores at Day 14. 

 

Figure 6. Area chart showing trajectory of anxiety scores during the intervention. 

 

Figure 7. Violin plot of cortisol awakening response variability under sleep restriction. 
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Figure 8. Heat map of correlations between sleep duration, cognition, and mental health variables. 

 

Figure 9. Proportion of participants meeting criteria for clinical anxiety at Day 14. 

 

Figure 10. Waterfall-style visualization of percentage decline across cognitive outcomes. 
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DISCUSSION 

This journal has offered a high quality of 

experimentation evidence that a state of 

partial sleep deprivation over a long period of 

time, parallel to the normal behavioural 

pattern of short sleep in society causes a 

devastating irreversible mental harm and 

qualifies as a powerful inducement of cognitive 

degradation. The evidence has not only 

strongly qualified the three hypotheses but has 

gone above the prior researches to provide a 

vivid dose-response gradient (Figure 4), but 

also demonstrate that the cognitive and 

emotional expenses increase Rom each night 

of insufficient rest. 

The extreme dysfunction of the working 

memory and the executive function (Figures 1, 

2, 3) is in accordance with the fact that the 

prefrontal cortex is prone to sleep loss 

(Killgore, 2010). The 32 percent decline in 

accuracy of the working memory and the 41 

percent decline of the performance of the 

executive functions are not the statistical 

results, but the signs of the shift towards the 

point of cognitive impairment that would 

cause a dire threat to the routine decision-

making, studying and working safety. 

Particularly of interest is the increased 

performance variability (Figure 3) which 

signifies the unpredictable spotty cognition 

wherein people are not aware of their 

changing abilities which is the biggest risk 

factor to errors and accidents (Lim and Dinges, 

2010). 

The mental wellness result is almost just as 

dramatic. The neuroimaging reports show that 

sleep deprivation increases limbic reactiveness 

that is consistent with 150 percent of 

amplification of anxiety symptoms (Yoo et al., 

2007). The co-occurring increase of depressive 

symptoms and perceived stress, dysregulation 

of HPA-axis (Figure 7) form a steady picture of 

a physiological and psychological state, which 

is ready to initiate a clinical disease (Baglioni et 

al., 2016). Synergistic vicious cycle is signified 

in the meaningful interrelations as shown in 

the Heat Map (Figure 8). Sleep deprivation 

affects the emotion regulation in a manner 
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that heightens stress and cortisol that also 

affects the sleep architecture. 

The direct and drastic effects on the 

population health are present. The study 

findings create a question as to whether the 

society appreciates the concept of sleep 

sacrifice. The anxiety symptoms of 65-percent 

of otherwise healthy adults that have gone 

through two weeks of mild sleep restriction 

have been observed to be shown to have 

repositioned sleep loss as a mass cause of 

subclinical and, finally, clinical 

psychopathology (Figure 9). This relates 

directly to mental health programs delivered 

at the workplace where frequently the concept 

of resilience training is taught at the expense 

of the biological need to have a sufficient 

sleep. 

Multi-level policy measures need to be taken. 

The social level programs are required to give 

sleep priority as exercise and diet. There must 

be evidence based policies at the institutional 

level. They are the necessity to start school 

later among teenagers, in order to synchronize 

their late chronobiology (Wheaton et al., 

2016), which is the necessity to convince the 

employers in the necessity to introduce the 

cultures which are conducive to sleep by 

offering flexibility in work schedules and 

avoiding after-hours communication. Sleep 

assessment and occupational responsibilities 

with high alertness ought to be incorporated in 

the occupational health structures. 

The application of a strict laboratory-like 

process is also one of the weaknesses of the 

study as they may not reflect the complexity of 

realistic sleep disruption when compared to 

other stressors. The sample of participants 

comprised of healthy adults; patients with 

underlying vulnerabilities can be influenced 

more. In addition, recovery time was also 

short, and future studies ought to focus on 

recovery time and the environment in the 

future with regard to long-term sleep debt. 

The questions that could be considered in the 

future study are the effectiveness of certain 

countermeasures (strategic napping or 

caffeine intake), personal variation in the 

adaptability to sleep deprivation, and the long-

term cost-benefit analysis on economic 

expenses and positive effects of sleep-related 

public health policy. To implement this 

evidence in practice interventional studies are 

required in both education and workplace. 

CONCLUSION 

This study is a clear indication that persistent 

sleep deprivation is a strong and a direct 

indicator of mental illness and cognitive 

impairment. Poor sleep has a systematic 

harmful impact on cognitive processes and 

moods, and the executive functioning, working 

memory and attentive attention losses are 

documented, and aggravated by the abrupt 

increases in anxiety, stress, and depressive 

symptoms. It is worth noting that the observed 

dose-response relationship established is that 
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chronic sleep loss is cumulative and extensive 

and has a zero safe dose. 

Three implications can be drawn out of the 

results of the study. Firstly, sleep deprivation 

results in significant and accumulated mental 

deteriorations that impair the essential roles of 

working safely and well in the contemporary 

society. Second, sleep deprivation is a major 

risk factor, which is subject to alteration by 

diverse yet related neurocognitive and 

neuroendocrine processes, to many mental 

health issues. Third, it is considered to be such 

a widespread issue that it is a real and acute 

health matter of the population and not a 

lifestyle choice of an individual. 

Therefore, the effect on the policy of the 

population health is extensive and feasible. 

The health authorities have the responsibility 

to initiate regular and evidence-based 

campaigns in their community aimed at de-

stigmatizing the need to sleep and 

emphasizing that sleep is a critical component 

in well being of all people. To obtain the time 

of recuperation, the legislative and 

institutional adjustments are necessary, 

especially in the terms of standardising the 

later school-opening hours of the teenagers 

and working out the norms of the regulations 

on the right to disconnect at the work place. 

These findings warrant the general application 

of sleep hygiene screening and counselling to 

primary care and mental health features of 

medical practitioners. Sleep treatment must 

be regarded as an aetiological determinant of 

mood disorders, and one of the main 

psychotherapies of cognitive disorders. 

Finally, the protection of sleep is an investment 

into civic security and mental health and 

cognitive capital of the nations. The facts 

discussed here provide the scientific mandate 

of making sleep the core and not the fringe of 

the goals of the health of the people. The 

society can facilitate a healthy, more 

emotionally stable, and cognitively bright 

population by passing laws to appreciate the 

biological need to sleep. The cost of not 

making a choice is too high to pass without 

notice as seen in the lower cost of production, 

high cost of medicine, and low quality of life. 
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