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Abstract

Introduction and purpose:

Sleep deprivation (SD), paradoxically, has been shown to induce rapid antidepressant effects in
patients with depressive disorders. This review explores the neurobiological underpinnings,
clinical efficacy, and therapeutic strategies involving SD, aiming to clarify the mechanisms
responsible for its mood-elevating effects and to assess its role in modern treatment of
depression.

Description of the state of knowledge:

Clinical evidence consistently shows that a single night of total or partial SD can lead to a rapid
reduction in depressive symptoms in approximately 40-60% of patients. However, these effects
are short-lived, with relapse typically occurring after recovery sleep. Combination therapies,
such as SD with phase advance and bright light exposure, have been developed to prolong
therapeutic benefits. On the neurobiological level, SD appears to act through multiple pathways:
resetting dysregulated circadian rhythms, enhancing monoaminergic neurotransmission
(particularly serotonin and dopamine), upregulating brain-derived neurotrophic factor (BDNF),
and inducing synaptic plasticity. Acute activation of the hypothalamic—pituitary—adrenal axis
and transient increases in inflammatory markers have also been observed, suggesting a complex
physiological adaptation that accompanies mood improvement. Additionally, glial mechanisms
involving adenosine signaling may contribute to the antidepressant response.

Summary:

Sleep deprivation represents a unique, non-pharmacological intervention capable of rapidly
alleviating depressive symptoms. Although transient on its own, its combination with
chronotherapeutic or pharmacological strategies offers promising avenues for sustained
therapeutic effect. Insights from SD research deepen our understanding of depression’s
neurobiology and support the development of fast-acting antidepressant treatments that target
circadian and neuroplastic mechanisms.
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Introduction and purpose

Depressive disorders are frequently accompanied by disturbances of sleep and circadian
rhythms. Patients with major depression often suffer from insomnia, early-morning awakening,
or disrupted sleep continuity, and these sleep abnormalities correlate with more severe mood
symptoms 13, Counterintuitively, however, depriving a depressed patient of sleep for a night
can lead to a dramatic improvement in mood by the next day. This paradoxical antidepressant
effect of sleep deprivation (often termed “wake therapy”) was first observed over 50 years ago
4 and remains one of the most rapid interventions known to reduce depressive symptoms. The
mood lift from staying awake all night stands in stark contrast to the effects of sleep loss in
healthy individuals, who typically experience fatigue, cognitive impairment, and worsened
mood or irritability with sleep deprivation. In depressed patients, by contrast, a night of
wakefulness can abruptly switch a patient from a severely depressed state to a significantly
improved state by the following afternoon °. This striking clinical phenomenon — sometimes
described as “paradoxical” because sleep is normally restorative, not therapeutic when lost —
has important implications for understanding depression and developing novel treatments.
The purpose of this review is to provide a comprehensive, up-to-date overview of the
antidepressant effects of sleep deprivation in depression. We will first summarize the clinical
findings on total and partial sleep deprivation as therapeutic interventions, including their
efficacy, time course of antidepressant effects, and limitations (notably the high relapse rate
after recovery sleep). We then delve into the neurobiological mechanisms proposed to underlie
these effects, examining evidence for involvement of circadian rhythm realignment,
monoamine neurotransmitters (especially serotonin and dopamine), neurotrophic factors like
BDNF and synaptic plasticity, the stress hormone (HPA) axis, and inflammatory/immune
changes. Throughout, we highlight how these mechanistic insights inform the clinical use of
sleep deprivation and related chronotherapeutic strategies (such as controlled light exposure
and sleep phase shifts) to maximize therapeutic benefits. The overall aim is to elucidate how a
physiological stressor like sleep deprivation can temporarily reverse depressive pathology, what
this reveals about depression biology, and how it can be harnessed in treatment. By reviewing
both the state of knowledge and current hypotheses, we hope to provide clarity on this intriguing
antidepressant phenomenon and guide future research and clinical applications.



Description of the state of knowledge

Clinical antidepressant effects of total and partial sleep deprivation

Acute sleep deprivation (SD) is a uniquely rapid antidepressant intervention. Numerous studies
have confirmed that staying awake for an extended period (typically around 36 hours of
continuous wakefulness for total sleep deprivation, or selectively depriving the patient of the
second half of the night for partial sleep deprivation) can induce a marked improvement in
depressive symptoms by the next day 7. On average, approximately 40-60% of patients with
major depressive episodes show a clinically significant response to a single night of SD 6. This
response rate has been consistent across decades of research: for example, a 2004 study of
unmedicated depressed inpatients found about 60% showed transient improvement after one
night of SD 8, and a meta-analysis in 2017 covering 66 studies reported that roughly half of
patients achieved at least 50% reduction in symptoms following SD 8. Intriguingly, partial sleep
deprivation (in which patients sleep only 3—4 hours, usually in the first part of the night, and
remain awake the rest) appears to be nearly as effective as total sleep deprivation. Response
rates of ~50% have been reported for both modalities (e.g. ~50.4% for total SD vs ~53.1% for
partial SD in one large meta-analysis) °, indicating that it is the loss of the latter part of the
night’s sleep (when REM density is highest and circadian factors come into play) that may be
critical for the antidepressant effect. Indeed, late-night/early-morning partial sleep deprivation
(waking the patient at ~1-2 AM and preventing further sleep) is often used in clinical settings
because it is somewhat more tolerable and can be repeated intermittently. Regardless of method,
a key feature of the SD antidepressant response is its speed: patients frequently report mood lift
within hours, often by the following afternoon, dramatically faster than conventional
antidepressants which require weeks °. In some cases, one sleepless night can even alleviate
suicidal ideation by the next day 1°, illustrating the potential utility of SD in psychiatric
emergencies. Patients describe feeling unexpectedly “better,” with reduced sadness, increased
mental clarity, and sometimes even transient euphoria or “wired” energy °. Notably, these
improvements occur without any immediate pharmacological change, underlining the profound
impact that manipulations of the sleep—wake cycle can have on brain mood circuits.

Clinical observation also reveals that the antidepressant effect of SD is more likely in certain
patients. Those with a characteristic diurnal mood variation, whose depression is worse in the
early morning and lifts somewhat by evening, have long been noted to respond well to SD *°.
By staying awake through the early morning hours (when their mood would typically be at its

lowest), these patients seemingly avoid the usual dawn trough of mood and maintain the



improvement that develops over the day %2, Bipolar depression (depressive episodes in bipolar
disorder) is another context where SD can be effective — often even more consistently than in
unipolar depression 3. In fact, the antidepressant response to SD was first systematically
studied in bipolar patients in the 1970s and 80s, and it remains an important option for treating
bipolar depressive episodes *. Clinicians must monitor such patients closely, however, because
sleep deprivation can also precipitate manic symptoms in bipolar individuals. Case reports
indicate that while a bipolar patient’s depression may lift with SD, there is a risk of switching
into hypomania or mania, presumably because sleep loss is a known trigger for mania °.
Therefore, SD therapy in bipolar disorder is usually combined with mood stabilizers (e.g.
lithium) to mitigate this risk 1. By contrast, in patients without any mood disorder, sleep loss
generally does not improve mood — if anything, healthy individuals become more irritable or
emotionally reactive when sleep-deprived 6. This underscores that the SD antidepressant effect
is tied to the pathophysiology of depression; it is not simply a generic consequence of arousal
or positive thinking from being awake.

The major limitation of therapeutic sleep deprivation is that its antidepressant effect is
remarkably short-lived. In most responders, the depressive symptoms return after the patient
obtains even a single night of recovery sleep. As many as 80% or more of patients relapse into
depression by the following day after they finally sleep "*”. One meta-analysis of over 1,700
depressed patients found that 83% of those who improved with SD relapsed after one night’s
sleep 18, In fact, sometimes even a brief nap or unintended “microsleep” can abolish the mood
improvement. Researchers have documented cases in which patients maintained their
antidepressant response through the day after SD, only to have a few seconds of dozing off
cause a sudden resurgence of depression *°. This fragility suggests that continuous wakefulness
is required to sustain the antidepressant state — once normal sleep/wake neurobiology resumes,
the brain often reverts to the depressive baseline. The transient nature of the SD response has
been a central puzzle and has spurred efforts to find ways to “lock in” or extend the gains from
sleep deprivation.

To address the relapse problem, various chronotherapeutic strategies have been developed. One
straightforward approach is to perform repeated sleep deprivation sessions, for example, two or
three non-consecutive nights in a week. Early studies found that many patients who relapsed
after the first night could again be lifted by a second SD, but the pattern of remission and relapse
would simply repeat unless further measures were taken 2°. Repeated SD alone is generally not
practical beyond a few sessions, as chronic sleep loss leads to accumulating sleep pressure and
cognitive side effects. Thus, combination treatments have become the preferred approach.



One of the most effective combinations is sleep deprivation followed by a phase advance of
sleep and concomitant bright light therapy. In this protocol, sometimes called the “triple
chronotherapy,” the patient stays awake for one entire night (SD), then for the next few days
their sleep schedule is advanced (e.g. they go to bed in the early evening and wake in the early
morning, effectively shifting the circadian phase earlier), and each morning they are exposed
to high-intensity bright light 2?2, This regimen, pioneered by researchers such as Wirz-Justice
and colleagues, has been shown to stabilize and prolong the antidepressant effects of the initial
sleep deprivation !, The phase advance and morning light are believed to reinforce the
circadian clock adjustment that the SD triggers, thus preventing the relapse that would normally
occur after returning to a regular sleep schedule. Studies in drug-resistant depression have
reported rapid and sustained improvement using this combined chronotherapy approach, with
some patients maintaining remission for weeks when followed by daily light therapy and
structured sleep schedules 212,

Another important strategy is combining SD with pharmacotherapy. Notably, concurrent use
of standard antidepressant medications can reduce relapse rates. In clinical trials, depressed
patients who underwent sleep deprivation while continuing an antidepressant showed a
significantly lower relapse rate after recovery sleep (~59% relapsed) compared to patients who
had SD without medication (~83% relapsed). Certain antidepressants may even synergize with
SD. For example, early reports indicated that the beta-blocker and 5-HT:A antagonist pindolol
could prolong the mood benefit of SD, presumably by modulating serotonin receptors 424,
More robust evidence exists for lithium: lithium augmentation has been found to sustain the SD
response especially in bipolar depression *°. In one controlled study, bipolar depressed patients
receiving lithium who underwent early-morning partial sleep deprivation (awake from 2 AM
onward) maintained their antidepressant response over at least 30 days, whereas those not on
lithium relapsed quickly *°. Lithium’s stabilizing effect on circadian rhythms (it lengthens the
circadian period and is thought to enhance clock gene amplitude) may underlie its ability to
“lock in” the gains from SD 124,

In practice, combination approaches yield the best results. For instance, one protocol might be:
keep the patient awake for 36 hours (Day 1 into Day 2); on Day 2 evening, allow only a short
4-hour sleep; thereafter, institute daily morning bright light and gradually increase nightly sleep
by 15-30 minutes each day. Concurrently, maintain the patient on an antidepressant or mood
stabilizer. Using such methods, studies have achieved sustained remission in about 50% of
patients who initially responded to SD — a dramatic improvement over the ~5-10% who sustain

remission with SD alone. While these chronotherapeutic interventions require intensive



scheduling, they capitalize on the unique rapid effect of SD and then prevent the typical relapse
by actively manipulating the patient’s circadian and sleep pattern in the ensuing days. This area
of research, often termed antidepressant chronotherapy, has reinvigorated interest in non-
pharmacological treatments for depression. It also exemplifies a core principle: depression can
be powerfully influenced by behavioral and environmental manipulations (sleep—wake timing,
light exposure), highlighting the role of fundamental biological rhythms in mood regulation
25,26.

Neurobiological mechanisms of the antidepressant effect

The rapid yet temporary improvement of depression with sleep deprivation suggests that
fundamental regulatory systems in the brain are being perturbed. Unlike typical antidepressants
that gradually induce molecular changes (over weeks) to relieve depression, sleep deprivation
acts acutely, likely through neurobiological pathways that can be turned on (and off) quickly.
Extensive research has converged on several key mechanisms.

Depression has been strongly linked to circadian rhythm disturbances — abnormalities in the 24-
hour cycles of hormone secretion, sleep—wake timing, body temperature, and mood °. Many
depressed patients (approximately 20-30%) show phase-shifted or blunted circadian rhythms,
such as flattened cortisol rhythms, delayed melatonin onset, or the classic symptom of mood
being worst in the early morning (dawn) and relatively better by evening. Importantly, when
depression remits, these rhythms often normalize. The fact that one night of sleep deprivation
can rapidly improve mood points to the circadian system as a likely mediator. Indeed, a leading
hypothesis is that therapeutic wakefulness operates as a sort of circadian “reset” for the
depressed brain . By staying awake across the usual sleep period, the patient’s internal clock
may be shifted or synchronized in a way that alleviates depressive symptoms. Research by
Bunney et al. has suggested that sleep deprivation might restart or re-phase the molecular clock
in critical brain regions . According to this model, depressed patients have an improperly
phased or dampened expression of core clock genes (such as BMAL1, CLOCK and the PERIOD
genes) in the suprachiasmatic nucleus and other tissues !, contributing to their abnormal
circadian rhythms and mood regulation. Sleep deprivation, especially when combined with
subsequent phase advance and light, can acutely restore more normal timing to these gene
expression cycles. Supporting this, animal studies and human fibroblast models show that sleep
loss or shifting sleep timing can influence clock gene RNA levels and oscillation phases °. A
recent genome-wide study of patients undergoing SD found acute changes in expression of
several clock-controlled genes (including PER2, PER3, BMAL1 and NR1D1) in blood cells °,

consistent with a systemic circadian adjustment. Moreover, specific genetic variants in clock



genes have been linked to differential responses to sleep deprivation. For example, a length

polymorphism in the PER3 gene (which affects an individual’s intrinsic circadian period and
sleep homeostasis) was found to influence how robustly patients respond to SD - PER3 long-

repeat carriers tended to have better mood outcomes. These findings reinforce the notion that
correcting circadian dysregulation is central to SD’s antidepressant action.

Interestingly, the rapid relapse upon resumption of sleep may also be circadian in nature: after
recovery sleep, the abnormal circadian machinery could reassert itself, “reactivating” the

depressive rhythms. This is why preventing a normal immediate sleep (via phase advance or

continuing wake therapy) can sustain the benefit — it stops the clock from slipping back. Some

authors have gone so far as to propose that circadian rhythm disturbance is a core feature of
depressive pathophysiology, and that chronotherapeutic interventions (like SD and light therapy)
directly target this core, unlike medications that act more indirectly “®*!. The dramatic efficacy
of sleep deprivation plus phase advance in some patients lends credence to this idea. In

summary, aligning the circadian system — essentially shifting the brain’s internal time — appears
to be a fundamental mechanism by which sleep deprivation lifts mood. This aligns with the

clinical observation that patients who improve often report a normalization of their daily mood

variation (no more morning trough) after SD. It also dovetails with the strong interaction

between sleep and depression: insomnia is both a symptom and a precipitant of depression 2,

and therapies that improve sleep timing (like CBT for insomnia or light therapy) can have

antidepressant effects in their own right. Sleep deprivation is the most extreme manipulation of
the sleep—wake cycle, essentially forcing an immediate circadian readjustment, which in turn

can abruptly reset mood regulation in the brain.

Another key mechanism involves serotonergic neurotransmission. The monoamine hypothesis

of depression has long focused on serotonin (5-HT) deficiency in synapses. Conventional

antidepressants such as SSRIs work by gradually enhancing serotoninergic neurotransmission,

often through downstream changes like desensitization of inhibitory autoreceptors over weeks

of treatment 2’. Sleep deprivation appears to converge on a similar endpoint more rapidly.

During normal sleep, serotonin neuron firing in the dorsal raphe nucleus slows down (especially
during REM sleep, when 5-HT activity is minimal) ?’. Prolonged wakefulness, conversely,

keeps the raphe neurons active for an extended period, increasing serotonin release during the

usual sleeping hours. Electrophysiological studies confirm that serotonin neurons maintain

higher firing rates during enforced wakefulness. This sustained activation could flood certain

brain regions with serotonin, acutely compensating for the functional 5-HT deficit associated

with depression ?’. Joélle Adrien and others have argued that the antidepressant effect of SD



can be explained by this activation of the serotonin system, analogous to what happens with
SSRIs but on a faster timescale 2’. In support of a serotonergic role, a landmark study by
Benedetti et al. found that a common genetic polymorphism affecting the serotonin transporter
(5-HTTLPR) influences the outcome of total sleep deprivation *. Patients with the “long”
variant of 5-HTTLPR (associated with more efficient serotonin reuptake and better SSRI
response) had a significantly higher rate of improvement with sleep deprivation than those with
the “short” variant. The authors concluded that the influence of 5S-HTTLPR on SD response
mirrors its influence on pharmacologic antidepressant response, reinforcing the idea that
serotonin signaling is a major mediator of SD’s mood effects. Another piece of evidence is that
adding serotonergic agents can potentiate SD: for instance, combining SD with the 5-HT.:A
autoreceptor antagonist pindolol (which boosts serotonin release) yielded greater antidepressant
effects. Conversely, if the serotonin system is artificially suppressed, the antidepressant effect
of SD might be blunted — although ethically such experiments in humans are difficult. (In
animal models, there are mixed results: one microdialysis study in rats surprisingly found
extracellular serotonin levels in hippocampus and frontal cortex declined over 8 hours of sleep
deprivation 2, suggesting complex feedback mechanisms. The net effect in humans, however,
is likely an increase in serotonin transmission, considering the clinical and genetic evidence.)
Thus, enhanced serotonergic neurotransmission — via prolonged firing and adaptive receptor
changes — is a plausible mechanism for why patients feel better after staying awake all night. It
ties in elegantly with the pharmacology of depression and may explain the overlap in which
patients benefit from SSRIs and from SD (e.g. those with certain genotypes or insomnia-related
depression).

Beyond serotonin, dopamine has emerged as a crucial player in sleep deprivation’s
antidepressant action. Dopamine is central to the brain’s reward and motivation pathways,
which are often blunted in depression (manifesting as anhedonia). Sleep deprivation induces a
distinctive “stimulant” effect that can leave patients feeling not only less depressed but also
somewhat euphoric or energetic (“tired but wired”). This observation led researchers to
examine dopamine activity under sleep loss conditions. Recent studies using positron emission
tomography and optogenetics in animals have shown that acute sleep deprivation causes a surge
in dopamine release in brain regions implicated in mood and reward, such as the striatum
(nucleus accumbens) and prefrontal cortex °. A groundbreaking 2023 study by Wu and
colleagues demonstrated in mice that one night of sleep loss resulted in increased firing of
dopamine neurons and higher dopamine levels in the medial prefrontal cortex, nucleus

accumbens, and hypothalamus °. Behaviorally, these mice showed reduced “depressive-like”



behavior (e.g. they were more willing to escape an unpleasant situation, indicating less
hopelessness) and exhibited signs of hyperactivity and increased reward-seeking. Crucially,
when researchers experimentally blocked dopamine signaling in the prefrontal cortex, the
antidepressant-like effects of sleep deprivation in the mice disappeared. This implies that
dopamine release in frontal brain regions is necessary for the mood improvement seen with
sleep loss. In human studies, functional MRI has similarly found that sleep deprivation
amplifies reactivity in mesolimbic reward circuits, including heightened striatal (ventral
striatum) responses to positive stimuli or rewards 2°%. This heightened dopaminergic
responsiveness may temporarily counteract the anhedonia of depression, making ordinary
activities or positive cues feel more rewarding and motivating %. In essence, by boosting
dopamine-driven reward pathways, sleep deprivation can briefly reverse the deficit in positive
affect that characterizes depression. This dopaminergic hypothesis aligns with the observation
that some SD responders report a mood lift that borders on hypomania, with increased goal-
directed energy, talkativeness, and optimism — all signs of dopamine-fueled neural activity. It
also resonates with parallels to psychostimulant drugs (like amphetamines), which increase
synaptic dopamine and can acutely improve mood and alertness. Of course, unlike sustained
stimulant use, one night of SD doesn’t cause addiction or a pathological dopamine overload,
but the analogy highlights a shared mechanism. Notably, molecular studies indicate that sleep
deprivation and fast-acting antidepressants (like ketamine) both converge on enhancing
dopamine signaling and related gene expression. For example, both SD and ketamine were
found to increase expression of certain plasticity-related genes and downregulate inhibitors of
the MAP kinase pathway in prefrontal neurons °, changes that promote synaptic potentiation
and are often downstream of dopamine and glutamate receptor activation. Thus, elevated
dopamine neurotransmission and reward circuit engagement is a key component of how sleep
deprivation rapidly improves mood.

Further important contributors are neuroplasticity and BDNF. A striking aspect of sleep
deprivation’s action is its ability to induce rapid changes in synaptic plasticity — essentially
“rewiring” certain neural circuits in ways that resemble the effects of other rapid antidepressants
like ketamine. One measure of neuroplasticity is the level of brain-derived neurotrophic factor
(BDNF), a growth factor that supports synaptic formation and neural resilience. Low BDNF
levels have been consistently found in depressed patients, and successful antidepressant
treatments (from SSRIs to electroconvulsive therapy) tend to raise BDNF levels over time 3.
Notably, sleep deprivation can also elevate BDNF on a much shorter timescale. Gorgulu and
Caliyurt (2009) showed that depressed patients who underwent a series of total sleep
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deprivation sessions had significant increases in serum BDNF concentration coinciding with
their mood improvements 3L. Patients treated with sleep deprivation plus an SSRI had a faster
rise in BDNF and quicker drop in depression ratings than those on the SSRI alone 3. By the
end of one week (with three SD nights), BDNF levels in responders had approached levels seen
in healthy controls, paralleling a marked reduction in their depressive symptoms. This rapid
neurotrophic response suggests that sleep loss triggers molecular cascades promoting synaptic
plasticity and neuronal connectivity. In healthy volunteers, even a single night of partial sleep
deprivation has been found to acutely increase BDNF the next day 2, which is consistent with
the idea that wakefulness stimulates certain stress and plasticity mechanisms. Beyond BDNF
protein levels, there is evidence from animal research that sleep deprivation causes actual
structural synaptic changes. In mice, for example, one study found that acute sleep loss led to
an increased density of dendritic spines (postsynaptic connections) on neurons in the medial
prefrontal cortex °. Moreover, the ability to induce new spine formation by glutamate (via an
LTP-like mechanism) was enhanced after sleep deprivation. These changes indicate a burst of
synaptic remodeling and strengthening in frontal cortical circuits during the period of extended
wakefulness. Interestingly, when researchers in that study used an optical technique to
selectively eliminate the newly formed spines in the prefrontal cortex, the antidepressant
behavioral effect of sleep deprivation in the mice was lost.

This provides direct evidence that synaptic plasticity is causally linked to the antidepressant
outcome. Essentially, sleep deprivation seems to push the depressed brain into a more plastic,
change-permitting state — it “shakes up” rigid neural networks that may be perpetuating
depressive thought and behavior patterns, allowing a temporary normalization of network
dynamics. In analogy, ketamine’s rapid antidepressant effect is also attributed to a pulse of
synaptogenesis and BDNF release in prefrontal circuits. Sleep deprivation might be achieving
a similar feat through naturalistic means (via altered neuromodulators and excitatory/inhibitory
balance during prolonged wakefulness). Additionally, other neurotrophic and growth factors
could be involved (e.g. some studies hint at vascular endothelial growth factor or VEGF
changes with SD, though BDNF is the most studied). In sum, promoting neuroplasticity —
reflected by increased BDNF and new synaptic growth — is a critical mechanism by which sleep
deprivation reverses depressive neurobiology. This plasticity likely underpins the mood
improvements, as a more plastic brain can escape pathological network states associated with
depression. It also explains why the effect can be so rapid: unlike slow genomic changes
required for conventional antidepressants, sleep deprivation taps into fast-acting plasticity
pathways (BDNF release, spine formation) that can occur within hours.
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Sleep and the hypothalamic—pituitary—adrenal (HPA) axis interact in complex ways.
Depression is often characterized by HPA axis hyperactivity — many patients have elevated
cortisol levels, flattened diurnal cortisol variation, and impaired negative feedback of cortisol
(as evidenced by abnormal dexamethasone suppression tests) ©. Interestingly, a night of sleep
deprivation appears to acutely activate the HPA axis in depressed patients in a distinct manner.
During the SD night, plasma cortisol tends to run higher than on a normal night. One clinical
study that sampled depressed patients’ blood every 30 minutes found that cortisol levels were
significantly higher during the SD night compared to baseline sleep night. Then, during the
following day (after SD), responders showed an elevated cortisol in the morning hours (whereas
non-responders did not). By the next recovery night, cortisol secretion returned to the patient’s
typical pattern. These results demonstrate that sleep deprivation triggers a transient stimulatory
effect on the HPA axis in depression. At first glance, this is counterintuitive because one might
expect raising cortisol (a stress hormone) to worsen depression. However, some researchers
hypothesize that the cortisol surge from SD might actually contribute to the antidepressant
effect via feedback mechanisms. One idea is that the high cortisol during SD temporarily
restores more normal circadian amplitude or re-sensitizes glucocorticoid receptors, thereby
improving the impaired negative feedback in depression. When cortisol levels spike and then
decline, it could signal the hypothalamus to dampen further CRH release, leading to a kind of
"reset” of an overactive stress system. Consistent with this, the same study noted that the cortisol
elevation was most pronounced in patients who improved in mood (and not in those who failed
to respond). This suggests a correlation where the magnitude of the cortisol shift predicted
clinical response. Another possibility is that cortisol interacts with neurotransmitter systems —
for example, cortisol can acutely increase dopamine synthesis and release or alter 5-HT receptor
sensitivity — thus facilitating some of the monoamine changes described above. It is also
conceivable that cortisol’s metabolic and arousal effects help overcome the depressive inertia.
Importantly, though, this “boost” is short-term: by the time the patient has recovery sleep,
cortisol rhythms normalize and any beneficial effect is lost, paralleling the relapse of depression.
This timeline fits the idea that the short-term HPA axis response is part of the mechanism,
whereas long-term HPA overactivity is deleterious. In essence, sleep deprivation may acutely
mobilize the body’s stress response in a way that, for a brief window, actually has
antidepressant consequences (perhaps by jolting dysfunctional systems into a different
equilibrium). This aligns with the broader concept of “hormetic” effects — a little physiological
stress can sometimes produce a favorable adaptive response. It also dovetails with the known
link between HPA normalization and depression recovery: successful antidepressant treatments
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tend to gradually normalize cortisol levels and feedback sensitivity over weeks. Sleep
deprivation compresses some of that dynamic into hours (albeit not sustainably). Clinically,
these findings caution that SD is physiologically taxing — the cortisol and sympathetic nervous
system activation mean it’s not a benign intervention, which is why repeated or chronic sleep
loss is harmful. But understanding the HPA involvement provides a more integrated picture of
the mind-body interplay during SD. It shows that SD doesn’t simply act on the brain in isolation;
it triggers a whole-body response (endocrine, autonomic, immune) that is entwined with the
brain’s mood circuits. Researchers continue to explore if manipulating the HPA axis could
extend SD’s effects — for instance, using corticosteroid receptor agonists or antagonists around
the time of SD, though no clear application has emerged yet °.

The next major contributor is inflammation and immune modulation. Depression has an
inflammatory component in many patients (the so-called “cytokine hypothesis” of depression).
Elevated pro-inflammatory cytokines like interleukin-6 (IL-6), TNF-a, and C-reactive protein
(CRP) are found in a subset of people with depression and are thought to contribute to
depressive symptoms such as fatigue, anhedonia, and anxiety. Acute sleep deprivation has a
well-documented impact on immune markers. In general, sleep loss induces a pro-inflammatory
state — even one night of partial sleep deprivation can raise daytime levels of IL-6 and TNF-a
in otherwise healthy individuals 3334 Studies have shown that nocturnal cytokine
concentrations (e.g. IL-6) increase during sleep deprivation nights, and this mirrors the elevated
IL-6 observed in depressed patients 34%°. On the surface, this seems counterproductive: if
inflammation exacerbates depression, why would an effective antidepressant intervention
acutely increase inflammatory signals? One possible interpretation is that the immune
activation is a byproduct of the stress of sleep loss, not the cause of mood improvement, and
might actually limit the duration of the antidepressant effect. In other words, while the circadian
and neurotransmitter changes push mood upward, the mounting inflammatory response may
gradually push it back down, contributing to relapse once sleep is resumed and the acute
neurochemical “high” wears off. This might explain why the antidepressant effect cannot be
maintained indefinitely — the body’s immune system and stress reactions eventually counter-
regulate. Some researchers have speculated that patients with high baseline inflammation might
respond differently to sleep deprivation. There is evidence that depressed individuals with
elevated inflammatory markers tend to have more persistent sleep problems and a blunted
response to standard treatments *>%. It would be insightful to see if such patients respond less
robustly to SD or relapse faster, but data are limited. One small study suggested that higher
baseline IL-6 was associated with non-response to SD, possibly because the inflammatory state
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interfered with the necessary neurobiological changes . Conversely, it might be that SD works
better in patients without a heavy inflammatory burden. These considerations are still
speculative. What is clear is that sleep deprivation reliably triggers immune activation,
including increased circulating monocytes producing pro-inflammatory cytokines *#*. It also
transiently suppresses some aspects of cellular immunity (like NK cell activity) as part of the
stress response. From a mechanistic perspective, some inflammation might actually signal the
brain to induce neuroplastic changes (since inflammatory pathways can cross-talk with growth
factor pathways in the brain). For instance, mild activation of TNF-a has been shown to promote
sleep pressure and possibly synaptic strengthening in certain contexts — a “two-edged sword”
effect where inflammation has both detrimental and adaptive roles. That said, the net role of
inflammation in SD’s antidepressant effect remains unclear. It could be more of a side-effect
than a mechanism. Clinically, it reminds us that sleep deprivation is not a risk-free procedure,
especially for those with medical conditions; the transient rise in inflammatory and stress
markers could pose risks (e.g. for cardiovascular patients). Some researchers are looking at anti-
inflammatory agents (like NSAIDs or cytokine inhibitors) given during SD to see if they extend
the mood benefit or mitigate relapse, but results are not yet conclusive.

A fascinating line of research has shifted focus from neurons to glial cells, particularly
astrocytes, in mediating the effects of sleep deprivation. Astrocytes are integral to sleep
regulation — they control extracellular levels of adenosine, a neuromodulator that accumulates
during prolonged wakefulness and induces sleep pressure. During sleep deprivation, astrocytes
release more adenosine, which binds to Al adenosine receptors on neurons and typically
inhibits excitatory neurotransmission, contributing to the sleepiness feeling. One might expect
this to simply induce sleep, but it turns out adenosine Al receptor signaling might also have an
antidepressant role. Hines et al. (2013) demonstrated in mice that the antidepressant-like
behavioral effects of 12-hour sleep deprivation required astrocyte-derived adenosine acting on
Al receptors 3. Mice genetically engineered to block gliotransmission (release of transmitters
from astrocytes) did not show the usual reduction in depressive-like behavior after SD.
Furthermore, simply activating A1 receptors pharmacologically (with an agonist) mimicked the
antidepressant effect of sleep deprivation in those animals. These findings point to an intriguing
mechanism: adenosine acting on Al receptors is necessary and sufficient for the antidepressant
response in that model. Normally, adenosine via Al receptors promotes slow-wave sleep and
inhibits arousal; however, in the depressed-brain context, that same signal might interrupt
pathological activity patterns (for example, by inhibiting hyperactive neurons in circuits of
rumination or stress). It is as if the brain, when sleep-deprived, uses the astrocyte—adenosine
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system to enforce a calming, anti-depressant effect at the network level, even as it drives the
person towards eventual sleep. This is a rapidly developing area, and more work is needed to
translate it to human depression. Indirect support in humans comes from observations that
caffeine (an adenosine receptor antagonist) can negate some cognitive effects of sleep
deprivation, and one might wonder if caffeine would also block mood improvements — some
case reports suggest patients should avoid caffeine during SD therapy to maximize benefit,
possibly because it interferes with adenosine’s action. It is also notable that lithium — which
prolongs SD’s effect — has interactions with adenosine signaling (lithium can increase
adenosine tone by inhibiting its reuptake). This provides a potential molecular clue as to why
lithium helps: it might amplify the astrocytic adenosine mechanism that maintains the
antidepressant state 24,

In summary, the neurobiological mechanisms underlying sleep deprivation’s antidepressant
effects are multifaceted and interconnected. Circadian realignment, monoamine surge
(serotonin, dopamine), neurotrophic and synaptic plasticity enhancement, stress-hormone
modulation, immune activation, and glial signaling all appear to contribute to varying degrees.
We can conceptualize that sleep deprivation temporarily “reboots” the depressed brain: it
acutely shifts the timing of internal clocks, releases a flood of neurotransmitters, and induces a
cascade of molecular changes that together push the brain out of a depressive state — but only
as long as the unusual condition of sustained wakefulness is maintained. Once normal sleep
resumes, homeostatic forces return the system to its prior depressive equilibrium (unless
additional interventions keep it on the new track). This paints depression as at least partly a
disorder of dysregulated rhythms and inadequate neuroplastic adaptation, which can be
momentarily corrected by a drastic intervention like sleep loss. Such insights are driving new
therapeutic ideas, from chronobiology-based treatments to fast-acting antidepressant drugs that
target the same pathways (for example, drugs that boost dopamine or simulate aspects of sleep
deprivation’s neurochemical profile). Sleep deprivation research has thereby not only provided
an emergency tool for managing depression, but also a valuable window into the biological
underpinnings of mood.

Summary

The paradoxical antidepressant effects of sleep deprivation in depression illustrate the profound
influence of the sleep—wake cycle on mood regulation. One night of total or partial sleep
deprivation can produce a rapid and robust improvement in depressive symptoms in roughly

half of patients with major depression. This unique intervention reliably demonstrates that
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depressive states are not immutable — they can be abruptly reversed by modulating fundamental
brain—body rhythms. The clinical utility of sleep deprivation lies in its speed; it offers almost
immediate relief (within 12-48 hours), which is invaluable in severe cases such as suicidal
depression. However, its limitations — notably the transient nature of the response and near-
inevitable relapse after resuming sleep — mean that sleep deprivation is not a stand-alone long-
term treatment. Instead, it serves as a potent initial “kick-start” to be followed by other therapies.
Combining sleep deprivation with sleep phase advancement, bright light therapy, and
pharmacotherapy has shown success in transforming the short-lived gains into more enduring
remission. These combination approaches underscore that depression can be effectively treated
by holistic chronotherapeutic strategies that tackle the dysregulated biological rhythms and
sleep patterns inherent in the illness.

On the neurobiological level, sleep deprivation’s antidepressant effect appears to result from a
convergence of multiple mechanism: a resetting of aberrant circadian clocks, a surge of
monoaminergic transmission (serotonin and dopamine release) that acutely improves mood and
motivation, a promotion of synaptic plasticity and neurotrophic factor expression (e.g. BDNF)
that helps remold neural networks, and modulatory effects on stress and immune pathways
(transiently boosting cortisol and inflammatory markers) that may interact with brain signaling.
The evidence suggests that depression involves a complex interplay of circadian,
neurotransmitter, and synaptic abnormalities — and that sleep deprivation temporarily
normalizes this interplay in a significant subset of patients. The fact that such relief can be
attained without any medication, by simply altering sleep, highlights how central sleep and
circadian processes are to mood disorders. It also validates the exploration of novel treatments
targeting these processes. For instance, drugs that mimic aspects of sleep deprivation (such as
enhancing dopamine or blocking certain serotonin receptors to replicate autoreceptor
desensitization) or devices that stimulate similar brain network changes are being investigated
as rapid antidepressants. Furthermore, the role of astrocytic adenosine signaling discovered in
animal models opens up potential avenues for glia-targeted therapies.

In conclusion, the paradox of sleep deprivation in depression — that losing sleep can lift mood
— has taught psychiatry several important lessons. First, it provides proof-of-concept that rapid
reversal of depression is biologically possible, shattering the old notion that antidepressant
effects must take weeks. This has in part paved the way for acceptance of other rapid treatments
like ketamine. Second, it emphasizes the primacy of circadian and sleep mechanisms in
affective illness; fixing the timing of sleep or the light exposure can be as efficacious as
medications for some patients. Third, it has driven home the idea that depression is a systems-
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level disorder of brain-body integration (involving sleep, neuroendocrine, immune, and
neurotransmitter systems), and effective interventions can likewise be system-level (behavioral
or environmental) modifications, not just receptor-specific drugs. Finally, the clinical use of
sleep deprivation (in controlled settings) offers a rapid rescue therapy and can serve as a
predictor of treatment response — patients who benefit from SD may respond well to certain
antidepressants or chronotherapy, whereas non-responders might need different approaches.
While not a cure on its own, therapeutic sleep deprivation remains a valuable tool in the
psychiatric armamentarium and a fascinating example of how altering one of our most basic
physiological drives — sleep — can so strikingly alter the state of mind. Continued research into
this phenomenon is likely to yield deeper insights into depression and new approaches to
achieve sustained remission by harnessing the mechanisms that sleep deprivation transiently
engages.
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