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1

Chronic sleep deprivation has emerged as a significant and modifiable 
risk factor for cognitive decline and mood disorders, with neurobiological 
consequences that extend far beyond transient impairment of alertness. 
Modern societies are characterised by widespread, voluntary curtailment 
of sleep, with surveys consistently indicating that large proportions of 
adults in industrialised nations sleep fewer than the recommended seven 
to nine hours per night (Watson et al., 2015). The consequences of this 
pervasive sleep deficit include measurable impairments in sustained 
attention, working memory, executive function, and decision-making, as 
well as substantially elevated risks of developing major depressive disorder, 
anxiety disorders, and bipolar spectrum conditions (Lim and Dinges, 
2010; Baglioni et al., 2011). At the neurobiological level, sleep deprivation 
disrupts adenosine homeostasis, impairs prefrontal cortical function, 
dysregulates hypothalamic-pituitary-adrenal axis activity, elevates systemic 
inflammation, and suppresses hippocampal neurogenesis-mechanisms that 
collectively explain the breadth and severity of observed clinical effects (Xie 
et al., 2013; Irwin, 2015). This review synthesises current evidence on sleep 
physiology, the neurobiological basis of sleep deprivation effects, specific 
cognitive and mood consequences, vulnerable populations, diagnostic 
approaches, therapeutic strategies, and public health implications, with the 
goal of providing a comprehensive foundation for clinical recognition and 
intervention.

KEYWORDS

sleep deprivation; cognitive decline; mood disorders; depression; 
anxiety;prefrontal cortex; adenosine; HPA axis; neuroinflammation; 
cognitive behavioural therapy for insomnia 

ABSTRAKT

Corresponding  author: Hanna Rzepka

e-mail: haniarzepka2000@gmail.com

Chronic Sleep Deprivation as a Risk Factor 
for Cognitive Decline and Mood Disorders 
Neurobiological Mechanisms and Therapeutic 
Implications



JEHS

2 DOI: 10.12775/JEHS.2026.95.73644

Chronic Sleep Deprivation as a Risk Factor for Cognitive Decline 

Aim of the Work

This paper aims to provide a comprehensive, evidence-
-based review of the neurobiological mechanisms thro-
ugh which chronic sleep deprivation contributes to co-
gnitive decline and mood disorders. Specific objectives 
include examining the physiology of normal sleep and 
circadian regulation, characterising the molecular and 
neural mechanisms disrupted by sleep loss, reviewing 
clinical evidence on cognitive and psychiatric consequ-
ences, identifying populations at heightened risk, and 
evaluating current diagnostic and therapeutic appro-
aches. The paper also addresses the prevention of sle-
ep-related cognitive and mood impairment from a pu-
blic health perspective and identifies key gaps requiring 
further research.

Methods and Materials

This narrative review was conducted following PRISMA 
guidelines for non-systematicreviews. A comprehensi-
ve search of PubMed, Scopus, and Web of Science was 
performed forthe years 2000 to 2024, supplemented by 
landmark foundational studies from earlier decades.Se-
arch terms included sleep deprivation, sleep restriction, 
cognitive function, working memory,executive function, 
depression, anxiety, mood disorders, HPA axis, neuro-
inflammation,glymphatic system, adenosine, circadian 
rhythm, CBT-I, and insomnia. Peer-reviewed origina-
larticles, systematic reviews, meta-analyses, randomi-
sed controlled trials, and official clinicalguidelines were 
included. Sources were selected based on methodolo-
gical quality, sample size,and relevance to the central 
questions of the review. Data were organised thema-
tically acrossneurobiological, clinical, diagnostic, and 
therapeutic domains. Ethical approval was notrequired 
as no primary data were collected.

Introduction

Sleep is a fundamental biological necessity, as univer-
sal across the animal kingdom aseating and repro-
duction, yet uniquely vulnerable to voluntary curta-
ilment in the human species(Walker, 2017). Over the 
past century, average sleep duration in industrialised 
nations hasdeclined by one to two hours, driven by 
artificial lighting, digital technology, shift work, and-
cultural attitudes that equate reduced sleep with pro-
ductivity (Cappuccio et al., 2010). Theconsequences 
of this shift are now the subject of urgent scientific 
inquiry. Emerging evidencepositions chronic sleep 

deprivation not merely as an inconvenience but as a 
potent risk factorfor conditions that impose substan-
tial individual and societal burden, including cogniti-
vedecline, major depressive disorder, anxiety disor-
ders, and neurodegenerative disease (Buysse,2014).

Sleep deprivation is not a uniform state. It encom-
passes total sleep deprivation-thecomplete absence 
of sleep over one or more nights-and the far more 
common chronic partialsleep restriction, defined as 
habitually sleeping fewer hours than an individual 
requires foroptimal functioning (Goel et al., 2009). 
The latter is particularly insidious because sleep-re-
stricted individuals frequently underestimate their 
degree of impairment, believing subjectiveadapta-
tion has occurred when objective cognitive perfor-
mance continues to deteriorate (VanDongen et al., 
2003). This metacognitive blindspot renders partial 
sleep restriction especiallydangerous in occupational 
settings where cognitive demands are high.The neu-
robiological consequences of sleep deprivation are 
broad and mechanisticallyinterconnected. Adenosine 
accumulation during wakefulness, disruption of the 
glymphatic waste clearance system, dysregulation of 
the hypothalamic-pituitary-adrenal (HPA) axis,eleva-
tion of pro-inflammatory cytokines, and suppression 
of hippocampal neurogenesis form anetwork of over-
lapping pathways through which sleep loss produces 
both cognitive impairmentand psychiatric vulnerabi-
lity (Xie et al., 2013; Irwin, 2015). Understanding the-
se mechanismsis essential for appreciating why sleep 
deprivation produces consequences that range fro-
mimpaired arithmetic to frank psychopathology, and 
for developing interventions that addressroot causes 
rather than symptoms.

This review integrates findings from experimental 
sleep deprivation studies, epidemiologicalcohorts, and 
clinical trials to provide a mechanistic and clinically 
actionable account of sleepdeprivation as a risk factor 
for cognitive decline and mood disorders. It addres-
ses the fullspectrum from normal sleep physiology to 
diagnostic and therapeutic approaches, withparticular 
attention to the neurobiological mechanisms that link 
insufficient sleep to adversecognitive and psychiatric 
outcomes.

Chapter 1 – Physiology of Sleep and Cir-
cadian Regulation

Sleep is not a passive state of reduced activity but an 
active, highly organised processgoverned by two in-
teracting biological systems: the circadian clock and 
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the sleep-wakehomeostatic drive (Borbély, 1982). The 
circadian system, seated in the suprachiasmatic nuc-
leus (SCN) of the anterior hypothalamus, generates 
approximately 24-hour rhythms in physiologyand 
behaviour through interlocking transcription-trans-
lation feedback loops involving coreclock genes inc-
luding CLOCK, BMAL1, PER, and CRY. This system 
synchronises internaltiming to the external light-
-dark cycle via retinal phototransduction and drives 
rhythmic releaseof melatonin from the pineal gland 
during darkness, signalling biological night (Czeisler 
and Gooley, 2007). The homeostatic drive, in contrast, 
reflects the progressive accumulation ofsleep pressure 
during wakefulness, operationalised through the rise 
of adenosine-a byproductof ATP catabolism during 
sustained neural activity-which binds to A1 and A2A 
receptors andpromotes sleepiness (Porkka-Heiskanen 
et al., 1997).

Sleep architecture is organised into recurring 
90-minute cycles, each comprising non-rapid eyemo-
vement (NREM) and rapid eye movement (REM) 
stages. NREM sleep is subdivided intothree stages, of 
which stage N3-characterised by high-amplitude del-
ta oscillations-isreferred to as slow-wave sleep (SWS) 
and is considered the most restorative phase. SWSpre-
dominates in the first half of the night and is associa-
ted with memory consolidation, synapticdownsca-
ling, growth hormone release, and immune regulation 
(Diekelmann and Born, 2010).REM sleep, characteri-
sed by desynchronised electroencephalographic acti-
vity, vivid dreaming, and atonia, predominates in the 
second half of the night and is critically involved in 
emotionalmemory processing, affective regulation, 
and complex cognitive integration (Walker and van-
der Helm, 2009).

The functional importance of each sleep stage be-
comes apparent when specific stages areselectively 
deprived. Suppression of SWS impairs declarative me-

mory consolidation andmetabolic restoration, while 
REM deprivation disrupts emotional regulation and 
procedurallearning (Diekelmann and Born, 2010). 
In practice, chronic partial sleep restriction compres-
sesall sleep stages proportionally, with disproportio-
nate loss of the later, REM-rich cycles.Additionally, 
both circadian misalignment-the disconnection be-
tween internal biologicaltiming and social schedules, 
common in shift workers and adolescents-and sleep-
fragmentation independently impair cognitive and 
emotional function even when total sleepduration 
appears adequate (Buysse, 2014).

Chapter 2 – Neurobiological Mechanisms 
of Sleep Deprivation

The neurobiological consequences of sleep depriva-
tion are initiated by the uncheckedaccumulation of 
adenosine in the basal forebrain and other wake-pro-
moting centres. Undernormal conditions, sleep cle-
ars accumulated adenosine, restoring alertness upon 
waking. Whensleep is curtailed, residual adenosine 
load compounds across days, progressively impairing 
theneural circuits that sustain attention and executi-
ve control (Porkka-Heiskanen et al., 1997).Caffeine 
exerts its alerting effect by competitively antagonising 
adenosine receptors, but cannotsubstitute for the re-
storative processes of sleep itself, as it blocks the sub-
jective experience ofsleepiness without preventing 
the accumulation of underlying neural debt (Walker, 
2017).One of the most significant neurobiological 
discoveries of the past decade concems theglympha-
tic system-a paravascular network of astrocyte-lined 
channels that facilitates the bulkflow of cerebrospinal 
fluid through brain parenchyma, clearing metabolic 
waste productsincluding amyloid-beta and tau pro-

Sleep Stage EEG Characteristics Predominance 
in Night Primary Functions Consequences of 

Deprivation
N1 (Light 
NREM) Theta waves (4–8 Hz) Early cycles Sleep onset transition Increased daytime sleepiness

N2 
(Intermediate 
NREM)

Sleep spindles, 
K-complexes

Throughout 
night

Memory consolidation; sensory 
gating

Impaired learning and motor 
memory

N3 (Slow-
Wave Sleep) Delta waves (<2 Hz) First half of night

Declarative memory; metabolic 
restoration; immune regulation; 
GH release

Impaired hippocampal 
memory; metabolic 
dysfunction

REM Sleep Desynchronised, low-
amplitude

Second half of 
night

Emotional memory processing; 
complex cognition; affective 
regulation

Emotional dysregulation; 
impaired associative thinking; 
mood disorders

Table 1 . Key Features of Sleep Architecture and Their Functional Significance
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teins that accumulate during wakefulness (Xie et al., 
2013).Glymphatic activity increases approximately 
tenfold during sleep compared with wakefulness,dri-
ven by the expansion of the interstitial space that oc-
curs as noradrenergic tone falls duringNREM sleep. 
Chronic sleep deprivation suppresses this clearance 
system, allowing theprogressive accumulation of neu-
rotoxic proteins implicated in Alzheimer’s disease and 
otherneurodegenerative conditions (Xie et al., 2013). 
This mechanism provides a compellingneurobiolo-
gical link between sleep insufficiency and long-term 
cognitive decline that extendswell beyond acute im-
pairment.

The prefrontal cortex (PFC) is disproportionately 
sensitive to sleep loss, a findingconsistently replica-
ted across neuroimaging modalities. Functional MRI 
and PET studiesdemonstrate reduced metabolic acti-
vity in the PFC and thalamus after 24 hours of total 
sleepdeprivation, with the magnitude of deactivation 
correlating with performance decrements on tasks of 
sustained attention and executive function (Krause 
et al., 2017). The PFC’svulnerability reflects its high 
metabolic demands and its dependence on adenosi-
ne-sensitivecholinergic innervation from the basal 
forebrain. Sleep-deprived individuals therefore exhi-
bitnot merely fatigue-induced slowing but a func-
tional disconnection of the neural circuitsmediating 
cognitive control, impulse regulation, and emotional 
modulation (Goel et al., 2009).

Sleep deprivation profoundly dysregulates the hy-
pothalamic-pituitary-adrenal (HPA)axis, the princi-
pal mediator of the stress response. Acute sleep loss 
elevates evening cortisolconcentrations, blunts the 
normal nocturnal cortisol nadir, and amplifies cor-
tisol reactivity tostressors (Spiegel, Leproult and Van 
Cauter, 1999). Chronically elevated cortisol exert-
sneurotoxic effects on the hippocampus, a structure 
central to both episodic memory andemotional regu-
lation: sustained glucocorticoid exposure suppresses 
hippocampal neurogenesis,reduces dendritic com-
plexity, and impairs long-term potentiation-the cel-
lular substrate ofmemory formation (McEwen, 2006). 
These HPA-mediated effects on hippocampal integri-
typrovide a mechanistic pathway linking sleep depri-
vation to both memory impairment andvulnerability 
to depressive illness.

Sleep loss also triggers a systemic pro-inflamma-
tory state. Experimental sleeprestriction increases 
circulating concentrations of interleukin-6, tumour 
necrosis factor-alpha,and C-reactive protein within 
days of onset (Irwin, 2015). These cytokines cross 
the blood-brain barrier and modulate monoaminer-
gic neurotransmission, reducing synaptic serotonin 

anddopamine availability and contributing to the an-
hedonia, fatigue, and cognitive slowingcharacteristic 
of both sleep-deprived and depressed states (Irwin, 
2015; Mullington et al., 2010).The bidirectionality of 
this relationship is clinically important: depression it-
self disrupts sleeparchitecture, and the resulting sleep 
impairment amplifies inflammatory activity, poten-
tiallyestablishing a self-perpetuating cycle of worse-
ning mood and sleep quality.

Chapter 3 – Effects on Cognitive 
Function

The cognitive consequences of sleep deprivation are 
broad in scope but not uniform inseverity across do-
mains. A landmark meta-analysis by Lim and Dinges 
(2010), synthesisingresults from 70 experimental stu-
dies, demonstrated that even short-term total sleep 
deprivationproduces large effect sizes on measures of 
sustained attention and vigilance, moderate effectson 
working memory and complex attention, and smal-
ler but significant effects on processingspeed and re-
asoning. Critically, performance on the Psychomotor 
Vigilance Task-a validatedmeasure of sustained atten-
tion sensitivity to sleep loss-declines in a dose-depen-
dent mannerwith increasing sleep restriction, with 
individuals sleeping six hours per night for two weeks
reaching impairment equivalent to one to two nights 
of total sleep deprivation while reportingonly mild 
subjective sleepiness (Van Dongen et al., 2003).

Working memory-the capacity to hold and mani-
pulate information over short intervals-isparticularly 
impaired by sleep loss, with functional MRI studies 
demonstrating reducedactivation of the dorsolateral 
PFC during working memory tasks in sleep-deprived 
individuals(Krause et al., 2017). This impairment has 
real-world consequences: reduced capacity to upda-
temental representations, increased susceptibility to 
distraction, and diminished ability to followcomplex 
instructions or manage multi-step tasks. Memory 
consolidation, which dependscritically on NREM 
slow-wave sleep for hippocampus-dependent dec-
larative memories and onREM sleep for procedural 
and emotional memories, is substantially impaired by 
sleepdeprivation both before and after learning (Diek-
elmann and Bom, 2010). Sleep-deprivedstudents and 
workers therefore not only attend less effectively but 
encode and retain newinformation less efficiently.

Executive functions-encompassing planning, deci-
sion-making, cognitive flexibility,risk assessment, and 
impulse control-depend on prefrontal circuitry that 
is exquisitelysensitive to sleep loss (Goel et al., 2009). 
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Sleep-deprived individuals consistently demonstrate-
increased risk-taking behaviour, reduced inhibitory 
control, impaired moral reasoning, and atendency to-
ward perseverative responding-continuing with inef-
fective strategies rather thanadapting to changing task 
demands. Harrison and Home (2000) demonstrated 
that sleep-deprived subjects performing novel executi-
ve function tasks showed marked impairment thatwas 
not attributable simply to reduced alertness, implica-
ting specific prefrontal vulnerabilitybeyond general 
cognitive slowing. These executive impairments have 
documentedconsequences in clinical, aviation, trans-
port, and military settings, where high-stakes deci-
sionsunder conditions of sleep deprivation have been 
linked to serious adverse events (Walker,2017).

The phenomenon of microsleeps-brief, involunta-
ry episodes of sleep lasting two tofifteen seconds that 
occur during wakefulness in severely sleep-deprived 
individuals-represents one of the most dangerous 
cognitive consequences of sleep loss (Krause et al., 
2017). During microsleeps, environmental monito-
ring ceases entirely, rendering the individual unable-
to respond to stimuli that emerge during the episode. 
Microsleeps are particularly hazardous intransport 
contexts: drowsy driving produces impairment com-
parable to legal intoxication, witha blood-alcohol 
equivalent of 0.05 to 0.08 percent after seventeen to 
nineteen hours ofwakefulness (Williamson and Fey-
er, 2000). Despite this, subjective underestimation 
of impairment remains a consistent finding, as sle-
ep-deprived individuals believe themselves more 
capable than objective measures confirm (Van Don-
gen et al., 2003).

Chapter 4 – Sleep Deprivation and Mood 
Disorders

The relationship between sleep deprivation and mood 
disorders is bidirectional,dynamic, and supported by 
convergent evidence from epidemiology, experimental 
psychology,and clinical psychiatry. Insomnia-the most 
prevalent manifestation of chronic sleepinsufficiency-
-is now recognised as both a symptom and an indepen-
dent risk factor fordepressive illness. A meta-analysis 
of 21 longitudinal epidemiological studies by Baglioni 
etal. (2011) demonstrated that non-depressed indivi-
duals with insomnia had approximately twicethe risk 
of developing depression compared with those witho-
ut sleep difficulties, independentof other known risk 
factors. This finding has been replicated and extended 
in subsequent meta-analyses, with pooled relative risks 
for incident depression in the range of 2.1 to 2.3 (Ba-
glioniet al., 2011).

Experimental sleep deprivation provides mechani-
stic insight into this relationship. Theamygdala-a lim-
bic structure central to threat detection and emotio-
nal reactivity-showsmarkedly increased responsivity 
to negative emotional stimuli in sleep-deprived indi-
viduals,with functional MRI studies demonstrating 
sixty percent greater amygdala activation compared-
with well-rested controls (Yoo et al., 2007). Simulta-
neously, functional connectivity betweenthe amygda-
la and the medial PFC, the circuit that normally 
provides top-down regulation ofemotional responses, 
is substantially attenuated by sleep loss (Krause et al., 
2017). Thiscombined pattern-amplified limbic reac-
tivity with weakened prefrontal control-mirrors the-

Cognitive Domain Degree of 
Impairment

Primary Neural 
Substrate Key Mechanism

Sustained attention / 
vigilance

Severe (large 
effect)

Thalamus, prefrontal 
cortex

Adenosine accumulation; PFC 
deactivation

Working memory Moderate to 
severe

Dorsolateral prefrontal 
cortex

Reduced PFC activation; 
dopamine dysregulation

Executive function / 
decision-making

Moderate to 
severe

Prefrontal cortex, 
anterior cingulate

Prefrontal vulnerability; 
impaired inhibitory control

Declarative memory 
consolidation Moderate Hippocampus, 

neocortex
Loss of SWS; reduced 
hippocampal replay

Emotional memory 
processing Moderate Amygdala, prefrontal 

cortex
REM deprivation; amygdala 
hyperreactivity

Processing speed Mild to 
moderate

Widespread cortical 
networks

General metabolic 
suppression

Creative and 
associative thinking Moderate Default mode network, 

PFC
REM deprivation; disrupted 
network connectivity

Table 2. Cognitive Domains Affected by Chronic Sleep Deprivation and Mechanisms of Impairment
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neuroimaging signature of major depressive disorder 
and provides a mechanistic explanationfor the irrita-
bility, emotional lability, and negativity bias consisten-
tly observed in sleep-deprived individuals.

The relationship between sleep and anxiety di-
sorders follows similar patterns. Sleepdeprivation 
heightens anticipatory anxiety, reduces emotional 
habituation to repeated aversivestimuli, and impairs 
extinction learning-the process by which conditio-
ned fear responses aregradually attenuated through 
repeated unreinforced exposure (Harvey et al., 2011). 
Theseeffects are particularly relevant to post-trauma-
tic stress disorder, in which REM sleepdisturbance is a 
cardinal feature and may perpetuate the failure of fear 
extinction that maintainstrauma-related psychopa-
thology. Longitudinal data indicate that sleep distur-
bance in theimmediate aftermath of trauma is among 
the strongest predictors of subsequent PTSDdevelop-
ment, suggesting that targeting sleep early in the post-
-traumatic period may offerpreventive as well as thera-
peutic benefits (Harvey et al., 2011).

Bipolar disorder exhibits one of the most complex 
relationships with sleep. Disruptionsto the circadian 
system-including delayed sleep phase, reduced total 
sleep time, and irregular sleep-wake schedules-are pre-
sent during all phases of the illness, not merely during 
acuteepisodes (Harvey et al., 2011). Sleep deprivation 
can precipitate manic episodes in vulnerableindividu-
als, a phenomenon exploited therapeutically in wake 
therapy but also reflecting theprofound sensitivity of 
mood regulation circuitry to homeostatic sleep pressu-
re. Conversely,hypersomnia characterises depressi-
ve episodes in a substantial minority of patients with 
bipolardepression, illustrating that both quantitative 
excess and deficiency of sleep can disruptaffective sta-
bility. Understanding the bidirectionality of these rela-
tionships is essential forclinical management: treating 
sleep disturbance is not merely a symptomatic ad-
junct but apotentially disease-modifying intervention 
(Harvey et al., 2011; Baglioni et al., 2011).

The neurochemical basis of sleep deprivation-in-
duced mood disturbance centres onmonoaminergic 
and inflammatory pathways. Serotonin synthesis and 
release are sleep-statedependent, with SWS promoting 
serotonergic activity and sleep deprivation reducing 
serotoninturnover in limbic circuits-an effect that pa-
rallels the neurochemical signature of depressiveillness 
(Irwin, 2015). Dopaminergic reward signalling is simi-
larly disrupted, producing bluntedresponses to ple-
asurable stimuli that manifest clinically as anhedonia. 
The inflammatorycytokines elevated by sleep loss-par-
ticularly interleukin-6 and tumour necrosis factor-al-
pha-further suppress monoamine availability through 

induction of the enzyme indoleamine 2,3-dioxygena-
se, which diverts tryptophan away from serotonin syn-
thesis toward the kynureninepathway, generating neu-
roactive metabolites associated with depression and 
cognitivedysfunction (Mullington et al., 2010; Irwin, 
2015).

Chapter 5 – Special Populations and Risk 
Groups

While sleep deprivation produces cognitive and mood 
effects across all demographicgroups, specific popu-
lations face disproportionate risk owing to biological, 
occupational, orsocial vulnerabilities. Adolescents re-
present a particularly important group: puberty isas-
sociated with a biological delay in circadian phase, 
causing a genuine shift toward later sleepand wake ti-
mes that conflicts with early school start times in most 
educational systems(Carskadon, 2011). The resulting 
chronic sleep restriction during a critical period of pre-
frontalcortical maturation has documented consequ-
ences for academic performance, emotionalregulation, 
risk-taking behaviour, and mental health, with large 
epidemiological studies linkingshort sleep duration in 
adolescents to increased rates of depression, anxiety, 
and suicidalideation (Carskadon, 2011).

Shift workers constitute a large and systematical-
ly sleep-deprived occupational group.Rotation thro-
ugh night, evening, and day shifts disrupts circadian 
entrainment, fragments sleep, and reduces total sleep 
time. Chronic circadian misalignment is associated 
not only with acutecognitive impairment and elevated 
accident risk but with long-term increased incidence 
ofdepressive disorders, metabolic syndrome, cardio-
vascular disease, and certain cancers(Cappuccio et al., 
2010). Medical personnel, a group particularly prone 
to extended wakefulnessthrough on-call duties, show 
marked impairment in clinical decision-making, pro-
ceduralaccuracy, and empathic communication follo-
wing sleep deprivation, with consequences forpatient 
safety that have driven regulatory reforms in resident 
working hours in many countries(Walker, 2017).

Older adults experience significant changes in sle-
ep architecture with ageing, includingreduced SWS, 
increased sleep fragmentation, earlier circadian phase, 
and diminished sleepefficiency (Buysse, 2014). These 
age-related changes amplify vulnerability to the co-
gnitiveconsequences of additional sleep disruption. 
Importantly, impaired glymphatic clearance ofamy-
loid-beta and tau proteins-which depends on the 
interstitial space expansion that occursduring SWS-
-may partially explain the association between sleep 
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disturbance and acceleratedcognitive decline in older 
adults (Xie et al., 2013). Longitudinal cohort studies 
consistentlydemonstrate that self-reported short sleep 
duration and poor sleep quality in midlife predicthi-
gher rates of cognitive impairment and dementia in 
later decades (Yaffe et al., 2014).

Individuals with pre-existing psychiatric con-
ditions are at compounded risk. Insomnia ispresent 
in approximately eighty percent of patients with ma-
jor depressive disorder, seventypercent of those with 
anxiety disorders, and nearly all patients with bipolar 
disorder duringacute episodes (Harvey et al., 2011). In 
these individuals, sleep disturbance both reflects an-
damplifies the underlying psychopathology, reducing 
treatment responsiveness and increasingrelapse risk. 
Pregnant women face elevated rates of sleep disruption 
due to physical discomfort,nocturnal awakening, and 
hormonal changes, with gestational sleep disturbance 
associated withhigher rates of perinatal depression and 
impaired cognitive performance (Baglioni et al., 2011).
Children with neurodevelopmental conditions inclu-
ding ADHD and autism spectrum disorderalso exhibit 
substantially higher rates of sleep problems, with bi-
directional relationshipsbetween sleep quality and the 
core features of these conditions.

Chapter 6 – Assessment and Diagnosis

Accurate assessment of sleep deprivation and its co-
gnitive and mood consequencesrequires integration of 

subjective and objective measures, as self-report alone 
is systematicallyunreliable in sleep-deprived popula-
tions (Van Dongen et al., 2003). The clinical intervie-
wremains fundamental and should routinely address 
habitual sleep duration, sleep quality, sleep onset la-
tency, nocturnal awakenings, daytime sleepiness, and 
functional impairment.Standardised questionnaires 
provide validated and reproducible estimates of sleep 
quantity andquality: the Pittsburgh Sleep Quality In-
dex (PSQI) assesses seven components of sleep over 
thepreceding month and has excellent psychometric 
properties in both clinical and researchsettings (Buy-
sse et al., 1989). The Epworth Sleepiness Scale quan-
tifies the tendency to fallasleep in everyday situations 
and provides a sensitive measure of pathological day-
timesleepiness (Johns, 1991).

For insomnia specifically, the Insomnia Severity 
Index offers a brief seven-itemmeasure that is sensitive 
to treatment change and widely used in clinical trials. 
Mood screeninginstruments are equally essential gi-
ven the high comorbidity between sleep disorders an-
dpsychiatric conditions: the Patient Health Question-
naire-9 (PHQ-9) for depression and theGeneralized 
Anxiety Disorder-7 (GAD-7) for anxiety provide va-
lidated clinical cut-offs thatguide further evaluation. 
When sleep-disordered breathing is suspected as a 
contributing orprimary cause-particularly in patients 
who report non-restorative sleep, witnessed apnoeas, 
orexcessive daytime sleepiness despite adequate time 
in bed-polysomnography or home sleepapnoea te-
sting is indicated (Sateia, 2014).

Tool Domain Assessed Format Clinical Use

Pittsburgh Sleep 
Quality Index (PSQI)

Sleep quality, latency, 
duration, efficiency, 
disturbances

Self-report, 19 
items

Screening and monitoring 
across clinical populations

Epworth Sleepiness 
Scale (ESS) Daytime sleepiness Self-report, 8 items

Screening for pathological 
sleepiness; sleep apnea 
triage

Insomnia Severity 
Index (ISI)

Insomnia symptoms and 
impact Self-report, 7 items

Insomnia screening; 
treatment response 
monitoring

Polysomnography 
(PSG)

Sleep architecture, 
respiratory events, limb 
movements

Objective, 
laboratory-based

Definitive diagnosis of 
sleep disorders

Actigraphy Sleep-wake patterns over 
days to weeks

Objective, 
ambulatory

Real-world sleep 
assessment; circadian 
pattern evaluation

Psychomotor Vigilance 
Task (PVT)

Sustained attention, 
reaction time

Computerised 
performance test

Objective cognitive 
assessment; drowsiness 
quantification

PHQ-9 / GAD-7 Depression / anxiety 
severity

Self-report, 9 / 7 
items

Psychiatric comorbidity 
screening and monitoring

Table 3. Principal Assessment Tools  for Sleep, Cognitive Function, and Moodin Clinical Practice
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Actigraphy, which uses wrist-worn accelerometry 
to estimate sleep-wake patterns overdays to weeks, 
provides objective data on sleep timing, duration, 
and regularity thatcomplements polysomnographic 
assessment and captures variability across real-world-
conditions (Buysse, 2014). Cognitive assessment 
should accompany sleep evaluation whenclinically 
indicated, as the pattern of impairment-particularly 
deficits in sustained attentionand working memory 
disproportionate to general intellectual function-can 
help attributecognitive symptoms to sleep deprivation 
versus primary neurodegenerative or psychiatriccau-
ses. Neuropsychological batteries including the Psy-
chomotor Vigilance Task, the TrailMaking Test, and 
digit span tasks provide sensitive and reproducible 
measures of the cognitivedomains most affected by 
sleep loss (Goel et al., 2009).

Chapter 7 – Management  
and Therapeutic Strategies

The treatment of sleep deprivation-related cognitive 
and mood impairment requires astratified approach 
that begins with addressing the underlying sleep di-
sorder or behaviouralsleep restriction, and extends 
to managing the cognitive and psychiatric sequelae 
where theyhave become clinically established. Across 
all treatment settings, adequate sleep is itself athera-
peutic target: no pharmacological or psychological 
intervention for cognitive impairmentor mood disor-
ders is likely to achieve its full efficacy in the presence 
of ongoing significantsleep loss (Walker, 2017; Harvey 
et al., 2011).

Cognitive Behavioural Therapy for Insomnia (CB-
T-I) is the first-line treatment forchronic insomnia ac-
cording to guidelines from the American Academy of 
Sleep Medicine, theEuropean Sleep Research Society, 
and the National Institute for Health and Care Excel-
lence(Riemann et al., 2017). CBT-I combines several 
evidence-based components: sleep restrictionthera-
py, which consolidates sleep by initially limiting time 
in bed to match actual sleep time;stimulus control, 
which re-establishes the bed as a cue for sleep rather 
than wakefulness; sleephygiene education; relaxation 
techniques; and cognitive restructuring to address 
maladaptivebeliefs about sleep. Meta-analyses of ran-
domised controlled trials consistently demonstrate 
thatCBT-I produces durable improvements in sleep 
onset latency, wake after sleep onset, and sleepeffi-
ciency superior to pharmacological treatments, with 
benefits that are maintained at long-term follow-up 
and extend to comorbid depression and anxiety (Rie-

mann et al., 2017; Morin etal., 2006).
The effect of successfully treating insomnia on 

comorbid depression is clinicallysignificant and has 
been established in randomised controlled trials. Tre-
ating insomnia withCBT-I in patients with comorbid 
depression produces greater antidepressant response 
andhigher remission rates than treating depression 
alone, and reduces depressive relapse ratesduring fol-
low-up (Manber et al., 2008). This finding shifts the 
clinical paradigm from viewinginsomnia as a mere 
symptom of depression to treating it as an indepen-
dent therapeutic targetwith disease-modifying poten-
tial. Similarly, CBT-I has demonstrated reductions in 
anxietysymptoms, improvements in quality of life, and 
modest reductions in PTSD symptom severitywhen 
delivered as an adjunct to trauma-focused therapies 
(Harvey et al., 2011).

Pharmacological sleep aids are indicated in specific 
circumstances but carry importantlimitations. Ben-
zodiazepine receptor agonists-including the Z-drugs 
zopiclone, zolpidem, andzaleplon-reduce sleep onset 
latency and nocturnal awakenings through GABA-A 
receptorpotentiation, but do not reliably enhance the 
restorative slow-wave and REM sleep stages mostcriti-
cal for cognitive and emotional restoration, and car-
ry risks of tolerance, dependence,rebound insomnia, 
and cognitive side effects particularly in older adults 
(Sateia, 2014).Melatonin receptor agonists, including 
melatonin itself and ramelteon, are better suited for-
circadian-related insomnia and sleep phase disorders. 
Low-dose doxepin, a histamine H1antagonist, has de-
monstrated efficacy for sleep maintenance insomnia 
with a favourable safetyprofile. Orexin receptor anta-
gonists-including suvorexant and lemborexant-repre-
sent amechanistically novel class that selectively sup-
presses wakefulness-promoting orexinsignalling and 
preserves natural sleep architecture more closely than 
GABA-A agonists (Sateia,2014). 

Light therapy is an evidence-based intervention for 
circadian sleep disorders, seasonalaffective disorder, 
and non-seasonal depression, particularly in contexts 
where circadianmisalignment contributes to mood 
disturbance. Morning bright light exposure (2,500-
10,000lux for 20-30 minutes) advances circadian 
phase, suppresses melatonin, and exertsantidepres-
sant effects through serotonergic pathways, making 
it particularly useful for delayedsleep phase syndro-
me and winter depression (Golden et al., 2005). For 
shift workers andtravellers with circadian disruption, 
structured light exposure protocols combined with 
strategicmelatonin administration can accelerate cir-
cadian re-entrainment and partially mitigatecognitive 
impairment.
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Physical activity deserves recognition as a non-
-pharmacological adjunct withbidirectional benefits 
for sleep and mood. Regular aerobic exercise increases 
SWS duration,reduces sleep onset latency, and impro-
ves subjective sleep quality through multiplemecha-
nisms including core body temperature regulation, 
adenosine metabolism, and HPA axismodulation 
(Kredlow et al., 2015). The antidepressant effect of 
regular exercise, comparable tothat of antidepressant 
medication in mild to moderate depression, synergi-
ses with sleepimprovement to produce comprehen-
sive mood benefits. Mindfulness-based stress reduc-
tionprogrammes have similarly demonstrated efficacy 
in reducing insomnia severity and depressivesymp-
toms, operating through attentional and emotional 
regulation pathways that overlapsubstantially with the 
mechanisms disrupted by sleep loss.

Chapter 8 – Prevention and Public Health 
Implications

The scale of sleep deprivation as a public health chal-
lenge is substantial. Populationsurveys across Europe 
and North America indicate that between thirty and 
forty percent ofadults habitually sleep fewer than se-
ven hours per night, below the minimum recommen-
ded bya joint consensus statement of the American 
Academy of Sleep Medicine and Sleep ResearchSo-
ciety (Watson et al., 2015). The Centers for Disease 
Control and Prevention in the UnitedStates has dec-
lared insufficient sleep a public health epidemic, and 
comparable concerns havebeen articulated by health 
authorities in the United Kingdom and across the Eu-
ropean Union(Cappuccio et al., 2010). The economic 
burden attributable to sleep disorders and inadequ-
atesleep-through reduced productivity, workplace er-
rors, traffic accidents, healthcare utilisation,and pre-
mature mortality-has been estimated in the hundreds 
of billions of dollars annually inmajor economies.

Primary prevention of sleep deprivation requires 
addressing its structural andbehavioural determi-
nants. School start time policies represent a high-
-impact, evidence-based public health intervention: 
delaying high school start times by 30 to 60 minutes 
producesmeasurable improvements in sleep duration, 
academic performance, mental health indicators,and 
road traffic accident rates among adolescents, with 
modelling studies suggesting highlyfavourable cost-
-benefit ratios (Carskadon, 2011). Workplace policies 

that limit shift workduration, mandate adequate rest 
periods between shifts, and restrict overnight working 
hoursreduce both occupational accident risk and the 
long-term health burden of circadian disruption(-
Cappuccio et al., 2010). Regulatory reform of medical 
training hours, while controversial inits effects on cli-
nical experience, has demonstrably reduced the frequ-
ency of serious medicalerrors attributable to sleep-de-
prived physicians.

Digital technology use in the hours preceding sle-
ep is a modifiable contributor to sleepdelay and curta-
ilment across age groups. Blue-spectrum light emitted 
by screens suppressesmelatonin secretion and delays 
circadian phase, while the cognitively and emotio-
nallystimulating content of social media, news, and 
entertainment platforms maintains arousalincompa-
tible with sleep onset (Buysse, 2014). Public health 
messaging that addresses screenhygiene-including 
device-free bedrooms, night mode settings, and de-
fined screen-free periodsbefore bed-represents a co-
st-effective population-level intervention that can be 
deliveredthrough schools, workplaces, and healthcare 
settings.

Within healthcare systems, routine enquiry about 
sleep duration and quality duringprimary care con-
sultations remains uncommon despite the well-esta-
blished associationsbetween sleep insufficiency and 
major chronic disease (Buysse, 2014). Integrating 
validatedbrief sleep screening-such as the PSQI or 
single-item sleep duration questions-into standardhe-
alth assessments would enable earlier identification 
of at-risk individuals and timely referralto sleep me-
dicine or psychological services. Given that effective 
treatments for insomnia-particularly CBT-I-are unde-
rutilised relative to their evidence base, expansion of 
digital CBT-I platforms represents a scalable approach 
to extending access to first-line care beyond thecapa-
city of specialist sleep services (Riemann et al., 2017).

Future public health approaches to sleep depri-
vation must grapple with the social andoccupational 
determinants that render adequate sleep difficult for 
many individuals regardlessof individual intention. 
These include unsociable working hours, long com-
muting times,caregiving responsibilities, financial 
stress, and neighbourhood factors such as noise and 
lightpollution that impair sleep in lower socioeco-
nomic communities. A comprehensive publichealth 
framework therefore requires not only individual be-
haviour change strategies butstructural policies that 
create conditions in which adequate sleep is socially 
and economicallyfeasible for all population groups 
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(Cappuccio et al., 2010; Buysse, 2014).

Conclusion

Chronic sleep deprivation constitutes a pervasive and 
largely preventable risk factor forcognitive decline 
and mood disorders, acting through neurobiological 
mechanisms ofconsiderable depth and clinical con-
sequence. The progressive accumulation of adenosi-
ne, thesuppression of glymphatic waste clearance, the 
dysregulation of the HPA axis, the elevation ofneuro-
inflammatory cytokines, and the functional deactiva-
tion of the prefrontal cortexcollectively explain how 
insufficient sleep produces impairments spanning at-
tention, memory,executive function, emotional regu-
lation, and psychiatric vulnerability (Xie et al., 2013; 
Limand Dinges, 2010; Irwin, 2015).

The epidemiological evidence linking sleep depri-
vation to major depressive disorderand anxiety di-
sorders is robust and consistent, with meta-analytic 
data establishing thatinsomnia approximately doubles 
the risk of incident depression independent of other 
riskfactors (Baglioni et al., 2011). These associations 
are not merely correlational: experimentaland clinical 
evidence demonstrates that improving sleep quality 
through CBT-I producesclinically meaningful reduc-
tions in depressive and anxiety symptoms, repositio-
ning sleep as amodifiable treatment target rather than 
a passive symptom of psychiatric illness (Riemann 
etal., 2017; Manber et al., 2008).

Certain populations-adolescents, shift workers, 
older adults, pregnant women, andindividuals with 
pre-existing psychiatric conditions-bear a dispropor-
tionate burden of sleepdeprivation and its consequen-
ces, warranting targeted screening and intervention 
strategies.The diagnostic toolkit available to clinicians 
is comprehensive, spanning validatedquestionnaires, 
polysomnography, actigraphy, and cognitive assess-
ment, and its routineintegration into primary care 
could substantially reduce the time between sleep di-
sorder onsetand effective intervention (Sateia, 2014; 
Buysse et al., 1989).

At the public health level, the challenge is substan-
tial but not intractable. Evidence-based structural 
interventions including delayed school start times, 
regulated shift workpractices, and expanded access to 
digital CBT-I have demonstrated measurable benefits 
in real-world settings and offer favourable cost-bene-
fit profiles (Carskadon, 2011; Riemann et al.,2017). 
Future research priorities include elucidating the pre-
cise threshold of sleep deprivationat which irreversi-
ble neurobiological change occurs, characterising the 

genetic determinants ofinter-individual variability in 
sleep deprivation susceptibility, and developing bio-
markers ofglymphatic dysfunction that might enable 
early identification of those at highest risk for sleepde-
privation-related neurodegeneration. Recognising 
adequate sleep not as a luxury but as a foundational 
pillar of cognitive and mental health is the essential 
first step toward addressingone of the most consequ-
ential and under-recognised public health challenges 
of contemporarysociety.
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