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ABSTRACT 
Sleep disturbances are both a primary symptom of and risk factor for major depressive disorder (MDD). Sleep 
alterations in MDD include the presence of insomnia or hypersomnia and aberrations in sleep macro- and micro-
structure, including a reduced latency until and prolonged duration of the first rapid eye movement (REM) episode, 
decreased slow-wave sleep (SWS), disturbed sleep continuity, and decreased steepening of aperiodic neural ac-
tivity. MDD sleep is also characterized by dysfunctional autonomic cardiac activity as reflected by decreased heart 
rate variability. Sedating and novel antidepressants may improve sleep continuity and SWS while activating anti-
depressants tend to suppress REM sleep. Cognitive processing during sleep may contribute to MDD symptom-
atology; however, empirical research in this direction is still inconclusive. The rapid effects of antidepressants on 
sleep structure and of acute sleep deprivation on MDD symptoms suggest an intimate association between sleep 
and MDD neuropathology; however, the underlying mechanisms still need to be elucidated. This narrative review 
aims to provide a comprehensive overview of our current understanding of the physiology of sleep alterations in 
MDD and to discuss how sleep may play a role in current therapeutic approaches while also identifying novel 
strategies for modulating sleep in the context of depression. It seeks to offer a well-rounded foundation of the 
current knowledge on sleep and depression to guide basic and clinical scientists in future investigations related to 
improving existing and developing novel sleep-based therapeutic interventions. 

https://doi.org/10.1016/j.biopsych.2025.07.023 

SLEEP DISTURBANCES 

Major depressive disorder (MDD) is one of the most prevalent 
psychiatric disorders and one of the leading causes of 
disability in developed countries, where approximately 20% of 
people experience MDD at some point during their lifetime, 
with a 12-month prevalence rate of about 5% (1,2). 

Up to 80% to 100% of patients with MDD report insomnia 
symptoms (3–5), and approximately 45% of patients with 
MDD meet DSM-5 criteria for insomnia (6) compared with a 
prevalence of ∼10% in the general population (7). Clinically, 
MDD with insomnia is associated with the melancholic 
(typical) MDD type. Notably, both patients with insomnia and 
patients with MDD show physiological markers of hyper-
arousal, such as an increased sympathetic (norepinephrine) 
and endocrine (cortisol) outflow, alterations in heart rate, 
overactivation of the brainstem arousal system (orexin), and 
an increase in fast (beta) electroencephalogram (EEG) oscil-
lations (8). Hyperarousal may be a common pathophysiolog-
ical mechanism of insomnia and MDD and a neurobiological 
correlate of suicidal ideation, a symptom of MDD (9,10). 

Insomnia is not only a prominent symptom after the onset 
of MDD but also one of the key risk factors for depression; a 
majority of patients with MDD already experienced insomnia 
before the onset of other depressive symptoms (11). Longi-
tudinal epidemiological studies have shown that nonde-
pressed individuals with insomnia have a twofold risk of 

developing depression (12). In a recent large-scale study, 
sleep disturbances emerged as the most influential predictor 
of mental health risk in adolescents, surpassing even adverse 
childhood experiences and family mental health history (13). In 
particular, difficulty initiating and maintaining sleep predicted 
future depression (14). Consistent with longitudinal human 
studies, animal research suggests that chronically restricted 
or disrupted sleep may be a causal factor in the development 
of depression (15). Insomnia treatment may reduce the risk of 
developing MDD (16). Interventions for insomnia such as 
cognitive behavioral therapy also ameliorate depressive 
symptoms (17). 

Symptoms of hypersomnia affect fewer patients with MDD, 
with a reported prevalence of 37% to 57% (5,18), and in some 
studies as low as 11% (19), compared with 19% to 27% in the 
general population (20,21). Characteristics of MDD-related 
hypersomnia include prolonged sleep time; long non-
refreshing naps, occurring almost daily; and sleep inertia. 
MDD patients with hypersomnia show sleep efficiency com-
parable to that seen in healthy individuals with and without 
hypersomnia despite an increased total sleep duration (22). 
Clinically, MDD with hypersomnia is associated with the 
atypical MDD type, but hypersomnia (together with sedation) 
may also be a side effect of benzodiazepines, Z-drugs, and 
antidepressants prescribed for MDD (23). Overall, hyper-
somnia in MDD is understudied and misdiagnosed, possibly 
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because of the confounding effect of MDD symptoms such as 
loss of energy and fatigue (1). 

Interestingly, insomnia and hypersomnia (together with fa-
tigue and poor concentration) are overlapping symptoms of 
depression and obstructive sleep apnea (OSA), a sleep- 
related breathing disorder. In patients with OSA, the preva-
lence of comorbid MDD ranges from 0% to 66%, comparable 
to that of comorbid anxiety disorders or schizophrenia (24). 
Both OSA and MDD show abnormal serotonergic neuro-
transmission and cortisol hyperarousal. Notably, OSA results 
in greater depression severity, and depression results in poor 
OSA treatment adherence (25). Many studies have suggested 
that MDD and OSA have bidirectional associations and should 
be treated concurrently for the best outcome. The comorbid 
prevalence of depression or anxiety in another common sleep 
disorder, restless legs syndrome (RLS), is 13% to 30% (26,27). 
Notably, RLS is sometimes induced by antidepressants (28). 

Finally, MDD has been linked to specific circadian rhythms/ 
chronotypes; the evening chronotype has been associated 
with MDD severity and a higher occurrence of suicidal 
thoughts and mood symptoms in MDD, bipolar, and anxiety 
disorders (29). This is consistent with the fact that bright light 
therapy is effective in treating depressive symptoms and 
highlights the importance of considering individual differences 
in chronotype when treating psychiatric disorders. 

Overall, altered sleep has been linked to an increased risk 
of suicidal ideation and attempts (30); poorer overall func-
tioning, quality of life, and treatment response; prolonged re-
covery time; and higher rates of nonremission (31) and 
relapses (32). The relationships between sleep disturbances 
and depressive symptoms are bidirectional and affect pa-
tients’ everyday lives through a positive feedback loop. For 
example, insomnia may cause, maintain, or worsen symptoms 
such as fatigue, loss of energy, or decreased concentration 
(33). In turn, some symptoms, particularly those associated 
with cognitive hyperarousal and ruminative thoughts, may 
interfere with falling or staying asleep (34), especially if linked 
to hyperarousal. Intriguingly, fatigue has been linked to non-
efficient waste clearance by the glymphatic system (35), which 
in turn has been associated with inflammation, oxidative 
stress, metabolic abnormalities within the brain, and Alz-
heimer’s disease (36,37). All those factors have been linked to 
MDD. Sleep disturbances in depression also relate to adverse 
general health outcomes, including endocrine dysfunctions, a 
higher risk for cardiometabolic diseases (hypertension, 
obesity, diabetes, hypercholesterolemia), and an altered 
microbiota-gut-brain axis (36). 

In the following sections, we will review our current un-
derstanding of sleep alterations in depression, discuss con-
ventional and novel therapeutic approaches that modulate 
both depression symptoms and sleep, and raise open ques-
tions with broad implications for future studies. See Table 1 for 
a glossary of terms. 

SLEEP MACROSTRUCTURE 

Besides behaviorally disordered sleep, many patients with 
MDD also show neurophysiological alterations in sleep 
macrostructure such as sleep cycle duration, time spent in 
each sleep stage, sleep stage latency, or the rate of transitions 

between stages (38). Most previous sleep research in MDD 
has focused on rapid eye movement (REM) sleep, the sleep 
stage most closely associated with affective regulation (39). 
Reported alterations include shortened REM sleep latency or 
sleep onset REM periods and prolonged first REM sleep pe-
riods in patients, especially patients with the melancholic MDD 
subtype, compared with control participants (38,40–44). While 
not all these findings have been replicated (43–46), a recent 
meta-analysis confirmed that a shortened REM latency is a 
relatively robust feature of MDD (47). Generally, dysregulation 
of REM sleep may be considered not only as a symptom of 
MDD but also as a pathway to depression already before its 
onset, due to its role in affective regulation (48). 

Non-REM (NREM) sleep in MDD has been studied less, with 
several reports on reduced amounts of N2 and slow-wave 
sleep (SWS) in patients versus control participants (49,50). A 
meta-analysis showed a further decrease in SWS percentage 
after MDD remission and in individuals at high risk for 
depression (40). It has been suggested that a decrease in 
SWS may be explained by excessive amounts of acetylcho-
line, the neurotransmitter crucially involved in REM sleep 
regulation (38). Overall, whether the primary sleep disturbance 
in MDD is one of REM or SWS regulation is still being debated. 

A recent study developed a rat model of sleep in depres-
sion using social defeat stress. The authors observed that at 
baseline, vulnerable rats exhibited reduced stability of the 
sleep stage homologous to human SWS. During recovery after 
social defeat, instability of the sleep stage homologous to the 
human N1 stage was associated with the onset of micro-
arousals (51). In humans, more time spent in N1 has been 
associated with a higher incidence of MDD symptoms (52). 

Other parameters of sleep macrostructure known to be 
altered in MDD include increased sleep latency and wake after 
sleep onset (WASO), decreased sleep efficiency and total 
sleep time (TST), and early morning awakenings, specifically in 
the melancholic MDD subtype, all of which reflect impaired 
sleep continuity (40,41). Interestingly, a study that stratified 
patients by their MDD subtype (melancholic, atypical, and 
remitted) found that decreased sleep efficiency and increased 
WASO were associated with the melancholic MDD subtype 
only (44). Participants with atypical subtype may show 
increased TST and normal sleep efficiency compared with 
healthy control participants (53). 

Sleep macrostructure also varies with age and sex. For 
example, the sleep findings in adolescents with MDD are 
known for notable inconsistencies in the literature regarding 
the direction of changes in almost all macrostructural sleep 
characteristics (54). Some alterations in sleep macrostructure, 
such as decreased SWS, increased REM sleep time, and 
shorter REM sleep latency, are observed in younger (40,41) 
but not in older (46,55) patients (Table 2). 

However, it should be emphasized that disturbed sleep is 
the leading transdiagnostic symptom in psychiatry, such that 
many disorders show poor sleep continuity. For example, bi-
polar mania is characterized by drastically reduced need for 
sleep (56), and schizophrenia by disrupted NREM sleep and 
reduced spindle density (57). On the other hand, shortened 
REM sleep latency and increased REM density are less 
common in schizophrenia, anxiety, and bipolar disorders, 
suggesting that these may be the hallmarks of MDD (58,59). 
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Table 1. Glossary of Terms 

Term Explanation 

Activating 
Antidepressants 

Antidepressants that stimulate the central nervous system; mostly suppress REM sleep. Examples: imipramine, desipramine, 
fluoxetine, paroxetine, venlafaxine, reboxetine, bupropion. Side effects: anxiety, agitation, irritability, insomnia, and restlessness. 

Agomelatine A novel antidepressant, agonist of melatonergic receptors M 1 and M 2 and antagonist of 5-HT 2C receptors; enhances the brain’s 
sensitivity to existing melatonin, which helps to regulate circadian rhythms. 

Atypical MDD Subtype An MDD subtype with predominant mood reactivity (i.e., mood improves in response to positive events) and at least 2 of the 
following: hypersomnia, increased appetite or weight gain, leaden paralysis (heavy limbs), and interpersonal rejection sensitivity. 

Chronotype Individual variation in the preferred timing of the sleep-wake cycle; an expression of circadian rhythms of body temperature, cortisol 
secretion, cognitive functions, eating and sleeping patterns; is influenced by genetics, light exposure, etc. Types: morning, 
evening, and intermediate. 

CLAS A noninvasive technique that uses soft auditory stimuli (most commonly, brief bursts of pink noise) presented to target the up phase 
of slow waves during SWS. In health, CLAS has the potential to increase SWA, slow oscillation–associated spindles, and HRV 
without disturbing natural sleep. 

Cordance An EEG metric that combines information from absolute and relative EEG spectral power. Prefrontal cordance in the theta range 
reflects the activity of the prefrontal cortex and anterior cingulate cortex and probably differentiates between antidepressant 
responders and nonresponders. 

Fractal Cycles of Sleep A time interval during which the time series of the slopes of fractal (aperiodic) power component of the EEG signal descend from the 
local maximum to the local minimum with amplitudes higher than |0.9| z and then lead back from that local minimum to the next 
local maximum; possibly reflect classical NREM-REM sleep cycles. 

HRV Fluctuations in the time interval between consecutive heartbeats. A measure of autonomic activity; reflects the regulation of 
autonomic balance; blood pressure; gas exchange; and gut, heart, and vascular tone. Its high-frequency component is primarily 
modulated by parasympathetic activity to the heart through the vagus nerve. Its low-frequency component reflects the influence of 
both sympathetic and parasympathetic activity. 

Hyperarousal Increased emotional, cognitive, and physiological/somatic activity that negatively affects the natural disconnection from the 
environment needed to fall asleep. 

Latency (of a Sleep 
Stage) 

The interval between sleep onset and the occurrence of the first period of a given stage. 

Melancholic (Typical) 
MDD Subtype 

An MDD subtype characterized by significant anhedonia (i.e., loss of pleasure in all or almost all activities and absence of reactivity to 
usually pleasurable stimuli) and at least 3 of the following symptoms: distinct quality of depressed mood, regular worsening in the 
morning, early morning awakening, psychomotor agitation or retardation, significant anorexia or weight loss, excessive guilt. 

Melatonin An endogenous hormone produced by the pineal gland at night; regulates the sleep-wake cycle. 

NREM Sleep A sleep state characterized by progressively slowing cortical neural activity, reduced eye movement, and decreased muscle tone 
relative to wakefulness. NREM time: 75%–80% of total sleep. Stages: N1, N2, N3. Typical EEG features: sleep spindles, K- 
complexes, slow waves. Functions: physical tissue restoration, memory consolidation, metabolic regulation, brain clearance. 

OSA Sleep-related breathing disorder that causes sleep fragmentation due to repetitive arousals with or without hypoxemia (oxygen 
desaturations); a risk factor for cardiovascular disease, metabolic disease, neurocognitive disorders, and MDD. Prevalence in the 
general population: 9%–38%. 

(Neural/EEG) 
Oscillations 

Rhythmic patterns of large-scale activity generated by large groups of neurons and measured by EEG; are usually linked to cognitive 
states. The best-known frequency bands (in Hz): alpha (8–12), beta (13–30), gamma (30–70), delta (1–4), theta (4–8), slow-wave 
(,4). 

Remitted MDD Individuals who had a major depressive episode in the past but no longer meet the full diagnostic criteria for MDD. 

REM Sleep A sleep state characterized by activated (wake-like) cortical neural activity, rapid eye movements, and atonia. REM time: 20%–25% 
of total sleep. Stages: phasic, tonic. Functions: emotional (memory) processing/regulation. 

REM Sleep Rebound A compensatory response usually observed after REM sleep deprivation/suppression that is characterized by a shorter REM sleep 
latency and increased REM sleep duration. 

REM Sleep 
Suppression 

Longer REM sleep latency and reduced amount and density of REM sleep. 

rTMS A brain stimulation approach that generates a series of consecutive magnetic field pulses administered with a fixed frequency that 
pass through the cranium and induce a weak electrical current in the cortical region underneath the coil. Depending on the 
frequency of stimulation, reversibly increases or decreases cortical excitability in the targeted region. Its effects can outlast the 
duration of stimulation. 

RLS A sleep-related sensorimotor disorder characterized by an urge to move the legs accompanied by uncomfortable and unpleasant 
sensations in the legs; appears/worsens at rest; occurs exclusively or predominantly in the evening or at night; is relieved by 
movement. Prevalence in the general population: 5%–13%. 

Sedating 
Antidepressants 

Antidepressants that slow/depress the activity of the central nervous system; promote sleep not through a sedative action but 
through resynchronization of the circadian rhythm. Examples: doxepin, mirtazapine, trazodone, trimipramine. Some of them are 
also used in the treatment of primary insomnia. 

Sleep Cycle A period that comprises an episode of NREM sleep followed by an episode of REM sleep; a physiological unit of sleep; lasts for ∼90 
minutes. Night sleep comprises 4–6 cycles. 

Sleep Macrostructure The timing and distribution of sleep cycles and sleep stages across the sleep period. 
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SLEEP MICROSTRUCTURE 

Sleep microstructure parameters reviewed here include REMs 
and aperiodic and oscillatory (e.g., sleep spindles, slow-wave 
activity [SWA], cordance) EEG activity (Table 3). The most 
prominent of them is an increased number of REMs within a 
given REM sleep bout (47,60), particularly during the first REM 
episodes (42). Increased REM density typically normalizes 
when patients remit (50). 

Findings on slow (,4 Hz) oscillatory activity have shown 
some heterogeneity. Several studies showed lower relative 
delta power during SWS and a reduction of SWA and im-
pairments in its regulation in patients with MDD compared 
with control participants (50,61–66). In particular, patients 
showed an abnormal distribution of SWA across a night, 
with inadequate homeostatic dissipation across the night 
(50,61). However, one study reported that women, but not 
men, with MDD experienced increased SWA (67). Another 

study found associations between decreased absolute 
delta power and the melancholic, but not the atypical, MDD 
subtype (44). An additional study reported that reduced all- 
night parieto-occipital SWA is the feature that distinguishes 
patients with MDD with versus without hypersomnia (45). 
Finally, SWA impairments have not been observed in older 
adults with MDD (46,61). However, this may be explained 
by a floor effect because SWA generally decreases with 
aging; therefore, a difference may be undetectable even if it 
exists. 

Reduced oscillations in the theta range (4–8 Hz) have 
been reported in patients with MDD, particularly at the 
beginning of the night (64). Intriguingly, cordance in the 
theta range has been used to predict therapy response: 
During tonic REM sleep, prefrontal theta cordance is higher 
after the first week of antidepressant medication in re-
sponders compared with nonresponders and positively 
correlated with improvement in depression severity (68). 
Another study observed that prefrontal theta cordance 
during REM sleep may identify nonresponders and increase 
response rates owing to therapy decisions informed by such 
sleep measures (69). 

Table 2. Sleep Macrostructural Parameters in MDD 

Sleep Parameter Findings 

Reported Modulations 
by Medication, Age, 
Depression Subtype, 
and Sleep Disorder 

Sleep Cycles, NREM- 
REM/Fractal Duration 

↑ ↑ in medicated, 0 in 
unmedicated 

N2, Time/Proportion ↓ – 

SWS, Time/Proportion ↓ ↓ in younger, 0 in older 

REM Sleep, Density/Time/ 
Proportion 

↑ ↑ in younger, 0 in older 
↑ in melancholic 
0 in MDD with insomnia 

REM Sleep, Latency ↓ ↓ in younger, 0 in older 
0 in MDD with insomnia 

Sleep Latency and Wake 
After Sleep Onset 

↑ ↑ in melancholic 

Total Sleep Time ↓ ↑ in atypical 

Sleep Efficiency ↓ ↓ in melancholic 
0 in atypical 
0 in MDD with 

hypersomnia 

Early Morning Awakenings ↑ ↑ in melancholic 

0 indicates no difference compared with healthy control participants, 
↓ indicates decreased, and ↑ indicates increased. 

MDD, major depressive disorder; NREM, non-REM; REM, rapid eye 
movement; SWS, slow-wave sleep. 

Table 1. Continued 

Term Explanation 

Sleep Microstructure Transient/phasic electrophysiological features/events below the time dimension of the conventional 30-s scoring epoch occurring 
within sleep stages; appears to determine the organization of sleep cycles and regulate the balance and alternation between the 
various stages of sleep. 

Sleep Spindles An EEG metric, 11–15 Hz oscillations typically seen during N2. Function examples: memory processing, maintaining disconnection 
from the external environment during sleep. 

SWA An EEG metric, slow (,4 Hz) oscillations, typically seen during SWS and to a lesser extent in N2; reflects sleep homeostasis. 

Treatment-Resistant 
Depression 

A failure to respond to at least 2 antidepressant treatments, augmentation, or behavioral therapies, often requiring interventions such 
as electroconvulsive therapy, rTMS, or neuromodulation with varying success rates. 

CLAS, closed-loop auditory stimulation; EEG, electroencephalography; HRV, heart rate variability; MDD, major depressive disorder; NREM, non-REM; OSA, 
obstructive sleep apnea; REM, rapid eye movement; RLS, restless legs syndrome; rTMS, repetitive transcranial magnetic stimulation; SWA, slow-wave activity; SWS, 
slow-wave sleep. 

Table 3. Sleep Microstructural Parameters in Major 
Depressive Disorder 

Sleep Parameter Findings 

Reported Modulations 
by Medication, Gender, 

and Depression Subtype 

Slow-Wave Activity/ 
Delta Power 

↓ ↑ in females, 0 in males 
↓ in younger, 0 in older 
↓ in melancholic, 0 in 

atypical 

Theta Cordance – ↑ in responders 

Spindles ↓, 0, ↑ ↑ in females, 0/↓ in males 

Alpha, Beta, Gamma 
Oscillations 

↑ – 

Steepening of 
Aperiodic Neural 
Activity 

↓ ↓ in medicated 
↓ in unmedicated in N2 

only 

Rapid Eye Movement 
Density 

↑ – 

Heart Rate Variability ↓ – 

0 indicates no difference compared with healthy control participants, 
↓ indicates decreased, and ↑ indicates increased. 
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Findings on MDD alterations in sleep spindles remain 
scarce and mixed. Early studies reported decreased spindle 
activity (70), while others observed no changes (46,54,66,71) 
or even increased spindle amplitude (67) and density (72) or 
sigma band power during both NREM and REM sleep (73) in 
patients versus control participants. 

Findings on alpha, beta, and gamma oscillations, the bands 
generally associated with wakefulness, are scarce. Some 
studies have observed increased oscillatory activity in these 
bands during sleep in individuals with MDD (74,75), suggest-
ing that this may reflect increased worry, rumination, and 
arousal (75). Increased gamma oscillations in all sleep stages 
are further associated with clinical symptoms (74). 

The last parameter to be addressed here is the aperiodic 
activity. Steepening the decay of the aperiodic component is 
one of the prominent characteristics of sleep, where SWS 
shows the steepest decay compared with other stages (76). 
Both healthy individuals and individuals with depression show 
such steepening, but in the latter, its magnitude is diminished. 
Specifically, unmedicated patients show decreased aperiodic 
steepening in the low-frequency band (2–20 Hz) during NREM 
sleep compared with control participants (77). Patients who 
are treated with antidepressants show decreased aperiodic 
steepening in both low- and high-frequency bands during 
both NREM and REM sleep compared with their own un-
medicated states and healthy control participants (77). This 
alteration may reflect more activated brain states and noisier 
neural background activity (76) stemming (among other fac-
tors) from the activating effect of antidepressants. Further-
more, altered aperiodic activity in the high-frequency band 
(30–50 Hz) may reflect a shift in the excitation-inhibition ratio 
in favor of excitation (78); however, this hypothesis remains to 
be validated further (79). If confirmed, this theory would be 
consistent with the hyperarousal hypothesis of MDD. 

Importantly, altered sleep parameters seen in MDD may 
interfere with sleep functions (e.g., restorative, metabolic, 
emotional processing), which in turn would cause, maintain, or 
worsen some MDD symptoms. Likewise, it is not entirely clear 
whether sleep structure is more impacted by antidepressant 
treatment or by pathophysiological processes related to 
depression (80,81). 

AUTONOMIC CARDIAC ACTIVITY DURING SLEEP 

Sleep has a marked effect on heart rate and blood pressure, 
and altered sleep has been linked to cardiometabolic risk 
(82,83), which is higher in individuals with depression, 
particularly in older women (84). Given the role of the sym-
pathetic and parasympathetic nervous systems in REM and 
NREM sleep, respectively, and the autonomic dysfunction 
observed during wakefulness in MDD (85,86), several studies 
have sought to measure heart rate variability (HRV) in MDD 
sleep. One study explored HRV during REM sleep and found 
decreased HRV in patients with depression compared with 
control participants at week 4 of medication treatment (68). 
Because HRV and REM density negatively correlated in both 
patients and control participants but were comparable in 
responders and nonresponders, the authors suggested that 
HRV was a biomarker of depression and not of treatment 
response (68). Another study reported reduced HRV 

complexity during REM sleep in patients, which positively 
correlated with depression severity (87). Lower HRV mea-
sures have been observed during all sleep stages in patients 
compared with control participants (88), similar to those re-
ported during wakefulness (85,86). However, sleep-related 
low-frequency components of HRV and ratios between low 
and high components of HRV were higher in the individuals 
with depression than in control individuals (88,89), the 
opposite of the findings reported in wakefulness. Notably, 
autonomic cardiac dysregulation in individuals with depres-
sion is more prominent during sleep, especially during NREM 
sleep, which suggests less parasympathetic modulation and 
is consistent with the hyperarousal theory of MDD (88). 
Furthermore, one study explored associations between HRV 
measured at rest, sleep disturbances, and depressive 
symptoms in the context of chronic stress in mothers of 
adolescents with autism spectrum disorder or intellectual 
disabilities (90). The authors suggest that lower HRV mea-
sures are a physiological biomarker for sleep reactivity (i.e., 
an individual’s predisposition to experience sleep distur-
bances in response to stressful situations), which is also 
associated with an increased risk of developing depressive 
symptoms in the context of chronic stress. These associa-
tions reinforce the need to address sleep health not only for 
mood improvement but also to mitigate cardiometabolic 
complications in MDD. 

ANTIDEPRESSANTS AND SLEEP 

While the mood-enhancing effects of antidepressants often 
take several weeks to emerge, their effects on sleep are 
typically immediate. In general, these effects can be either 
activating or sedating (Table 4), but it should be kept in mind 
that each individual responds uniquely to a given medication. 

Activating antidepressants mainly suppress REM sleep 
through the activation of serotonergic 5-HT 2 receptors and 
increased neurotransmission of norepinephrine and dopamine 
(80). REM sleep suppression tends to peak after a few days of 
treatment but diminishes significantly during long-term treat-
ment (91). The long-term effects of chronic REM sleep sup-
pression remain unclear (92). REM sleep rebound has been 
observed for days or weeks after withdrawal from tricyclic 
antidepressants (TCAs), monoamine oxidase inhibitors, and 
serotonin norepinephrine reuptake inhibitors (42,91,93–95). 
Most of these effects have been observed in both healthy 
individuals and individuals with depression (28). 

Sedating antidepressants include sedating TCAs and tet-
racyclic antidepressants, both of which block histaminergic H 1 

receptors, and serotonin antagonists and reuptake inhibitors, 
which block serotonergic 5-HT 2 receptors (Table 4) (28). They 
are mainly associated with improvements in sleep initiation 
and continuity and increases in SWS (96). For example, 
amitriptyline, doxepin, and trimipramine have been found to 
decrease sleep onset latency and WASO and increase sleep 
efficiency and TST (80,97). Likewise, multiple studies have 
shown that mirtazapine increases TST, sleep efficiency, and 
amounts of N2 and SWS and decreases sleep onset latency 
and WASO in patients with MDD (98,99). The effects of 
sedating antidepressants on REM sleep tend to be inconsis-
tent. For example, while amitriptyline and doxepin suppress 
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REM sleep in patients with MDD, trimipramine does not 
(80,100,101). Zheng et al. (102) found no effect of trazodone 
on REM sleep, but they explored patients with insomnia with 
no comorbid MDD. 

Finally, some novel antidepressants such as agomelatine 
have been found to improve sleep by increasing sleep effi-
ciency, TST, and SWS through the resynchronization of 
circadian rhythms, as it enhances the brain’s sensitivity to 
endogenous melatonin (28,103,104). Other novel antidepres-
sants are neutral or have shown inconsistent findings (e.g., 
vortioxetine). 

SLEEP DEPRIVATION 

Paradoxically, while chronic sleep disturbances are a leading 
MDD symptom, acute sleep deprivation can serve as a rapid 
and effective therapeutic intervention that improves depres-
sive symptoms in about half of patients with MDD (105). 
Proposed mechanisms of therapeutic sleep deprivation 
include changes in circadian-related gene expression (106), 
enhanced amygdala connectivity to the anterior cingulate 
cortex (107), and reduced consolidation of negative emotional 
memories during REM sleep (108). Responses to sleep 
deprivation have been linked to the distribution of SWA across 
successive NREM episodes (109) and shortened REM sleep 
latency (110). 

Notably, the antidepressant effects of acute sleep depri-
vation are transient, with studies showing that a full night of 
recovery sleep leads to a partial or complete relapse of 
symptoms in ∼80% of responders (105). Subjectively un-
recognized episodes of microsleep may considerably inter-
fere with the positive effects of acute sleep deprivation (111), 
further highlighting the close association between sleep 
neurophysiology and depressive symptomatology. However, 
deprivation of single sleep stages such as SWS (112) or 
REM sleep (113) may be an option that requires more 
investigation. 

While it is insufficient as a stand-alone intervention, sleep 
deprivation is often combined with antidepressants or non-
pharmacological treatments such as bright light therapy and 
cognitive behavioral therapy (114). Importantly, a recent meta- 
analysis of 29 articles found no robust evidence for the added 
benefit of sleep deprivation to the whole treatment package 
for eventual clinical outcomes (115). While the acute antide-
pressant effects of sleep deprivation may help elucidate the 
fundamental physiological mechanisms of depressed mood, 
large, well-structured randomized control trials are needed to 
establish whether there is a clinically relevant role for sleep 
deprivation in the treatment of depression as an addition to 
other treatment options (115). 

COGNITIVE PROCESSING DURING SLEEP 

Despite its overt inactivity, sleep is a state of rich mental 
activity. It has been hypothesized that emotional processing 
during sleep may contribute to depressive symptomatology 
(39,116,117); however, empirical research has been some-
what inconclusive so far (108,118). In contrast to intact 
sleep-associated consolidation of neutral declarative mem-
ories, consolidation of newly acquired motor skills during 
sleep was impaired in MDD, which appears to be related to 
hypothalamic-pituitary-adrenal dysfunction rather than dys-
regulation or pharmacological suppression of REM sleep 
(39,66,119,120). 

Intriguingly, awareness of the ongoing sleep state, also 
known as lucid dreaming, has been shown to be facilitated 
by fragmented sleep and hypersomnia, characteristics of 
individuals with depression (121–123). Frequent lucid 
dreaming may in turn exacerbate depressive symptoms 
(120), where increased depressive symptoms together with 
the presence of lucid dreaming are associated with a higher 
frequency of nightmares (124). Nightmares are, in turn, 
associated with insomnia, hypersomnia, depression, and 

Table 4. Effects of Antidepressants on Sleep 

Effect on Sleep Examples 
Examples of Sleep 

Alterations 

Activating, REM 
Sleep 
Suppressing 

Activating TCA 
Imipramine 
Desipramine 

Activating SSRI 
Fluoxetine 

MAOI 
Tranylcypromine 
Moclobemide 

SNRI and NRI 
Venlafaxine 
Duloxetine 
Reboxetine 

↑ REM sleep latency 
↓ REM sleep amount 
↓ REM density 
RLS (e.g., venlafaxine, 

SSRI) 
Sleep bruxism and 

REM sleep without 
atonia 
(e.g., SSRI, SNRI, 
TCA) 

Activating, REM 
Sleep 
Nonsuppressing 

NDRI 
Bupropion 

↓/0 REM sleep latency 
↑/0 REM density 

Sedating Sedating SSRI 
Paroxetine 
Fluvoxamine 

Sedating TCA 
Amitriptyline 
Doxepin 
Nortriptyline 
Trimipramine 
Clomipramine 

TeCA 
Mianserin 
Mirtazapine 

SARI 
Trazodone 
Nefazodone 

↑ Sleep initiation 
↑ Sleep continuity 
↑ SWS 
↓ Sleep onset latency 
↓ WASO 
↑ Sleep efficiency 
↑ TST 
↑/0/↓ REM sleep: 

conflicting/ 
inconclusive findings 

RLS (e.g., mianserin, 
mirtazapine) 

Nightmares (e.g., 
mirtazapine) 

Novel/Atypical Agomelatine 
Ketamine 
Tianeptine 
Vortioxetine 

Agomelatine: ↑ sleep 
efficiency, ↑ TST, 
↑ SWS, 
resynchronization of 
circadian rhythms 

Some novel/atypical 
antidepressants 
(e.g., vortioxetine): 
neutral/inconsistent 
effects on sleep 

↓ indicates decrease, ↑ indicates increase, and 0 indicates no effect. 
MAOI, monoamine oxidase inhibitor; NDRI, norepinephrine-dopamine 

reuptake inhibitor; NRI, norepinephrine reuptake inhibitor; REM, rapid eye 
movement; RLS, restless legs syndrome; SARI, serotonin antagonist and 
reuptake inhibitor; SNRI, serotonin norepinephrine reuptake inhibitor; SSRI, 
selective serotonin reuptake inhibitor; SWS, slow-wave sleep; TCA, tricyclic 
antidepressant; TeCA, tetracyclic antidepressant; TST, total sleep time; WASO, 
wake after sleep onset. 
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higher suicide risk (123,125). Notably, both nightmares and 
lucid dreaming typically occur during REM sleep (123), which 
is altered in MDD. While yet another study found no asso-
ciation between lucid dreaming frequency and depression 
severity (126), an induction of lucid dreaming in patients with 
insomnia reduced their depression parameters and improved 
sleep (127). Notably, most of the therapeutic potential of 
lucid dreaming is probably driven by dream control and not 
dream awareness (123). 

NONINVASIVE BRAIN STIMULATION 

Noninvasive brain stimulation (37) has gained popularity as an 
effective MDD treatment. Two studies observed improve-
ments in self-reported and objective sleep quality following 
repetitive transcranial magnetic stimulation (rTMS) and trans-
cranial direct current stimulation in patients with MDD 
(128,129). A combined therapy of rTMS and agomelatine 
increased the proportion of SWS and reduced the proportion 
of N1 in patients with MDD (130). On a microstructural level, 
rTMS over the left dorsolateral prefrontal cortex decreased 
local alpha band power during REM sleep, which correlated 
with the clinical outcomes (131). It remains unclear whether 
improvements in sleep quality following rTMS are a direct 
result of the intervention itself or are due to the relief of 
depressive symptoms. One study suggests that rTMS treat-
ment independently influences mood and sleep quality in 
patients with MDD (129). 

A more recent experimental technique is closed-loop 
auditory stimulation (CLAS) (132), i.e., the enhancement of 
ongoing sleep slow oscillation with precisely timed acoustic 
stimuli. While preliminary evidence suggests that the CLAS- 
induced SWA increase may benefit morning mood (133), to 
our knowledge, CLAS has not been tested in MDD yet. 

FUTURE DIRECTIONS 

Between-Patient Heterogeneity 

Patients with MDD differ considerably in their symptoms (134), 
which has led to the proposal of different depressive subtypes 
such as melancholic, atypical, psychotic, seasonal, post-
partum depression, or depression dominated by anxiousness. 
More recently, symptom heterogeneity has resulted in 
developments toward more data-driven transdiagnostic 
approaches using imaging data and machine learning strate-
gies or other advanced statistics (134,135), considering 
mental health problems as systems instead of neatly sepa-
rated syndromes (136). Because sleep disturbances are a 
leading transdiagnostic symptom in psychiatric diseases, 
elucidating the specific role of sleep physiology in such 
complex syndrome networks or diagnostic clusters/subtypes 
is an important direction for future research. Such a refined 
description will help capture MDD heterogeneity and enhance 
the clinical utility of symptom networks or MDD subtypes, 
eventually leading to more personalized interventions. 

Within-Patient Heterogeneity 

Beyond between-patient heterogeneity in MDD symptoms, 
the role of within-patient heterogeneity in sleep physiology 
remains understudied. For example, while REM sleep is 

traditionally scored as a single sleep stage, substates with 
frequent versus sparse eye movement activity have been 
differentiated into phasic versus tonic substates, which differ 
in both oscillatory and aperiodic EEG activity (137,138). 
Another REM substate, REM0, has been proposed recently, 
defined by the presence of low-frequency sequences of heart 
rate surges and avalanches of high-amplitude events (139). 
Also, the possibility of mixed/hybrid/local REM sleep phe-
nomena has been discussed, from regional delta waves during 
REM sleep (140) to the phenomenon of lucid dreaming 
(123,141). Given the discussed role of REM sleep in MDD, 
future studies should explore how this REM sleep heteroge-
neity maps onto depressive processes and symptoms. 

Beyond single sleep stages, medicated, but not unmedi-
cated, patients with MDD differ from control participants in the 
duration of sleep cycles, based on both hypnograms and 
fluctuations of aperiodic neural activity (so-called fractal cycles), 
with the largest differences being observed for the first cycles of 
the night (81). Despite representing the most obvious building 
blocks of sleep, the role of sleep cycles in MDD remains rela-
tively underexplored. Zooming further out of within-night het-
erogeneity and the traditional sleep medicine approach of 
polysomnographic snapshots of single nights, night-to-night 
variability of sleep structure has emerged in recent years as 
an important factor for mental and physical health (142,143). 
While simple measures of sleep regularity based on actigraphy 
have been shown to be reduced in MDD (144,145), taking the 
full richness of sleep electrophysiology into account for sleep 
regularity in MDD remains a promising future research direction. 

Wearable Sleep Recordings 

While the repeated measurement of sleep electrophysiology 
is constrained by the costs of laboratory-based poly-
somnography, recent innovations in wearable neurotechnology 
have opened avenues for low-cost sleep EEG measurement of 
larger samples in clinical or home settings (146). Longitudinal 
sleep EEG measurements of longer timeframes will allow not 
only assessment of more complex sleep regularity measures 
but also the use of machine learning to define depression 
subtypes or symptom patterns/networks based on sleep 
characteristics. This will help increase our understanding of the 
heterogeneity of sleep alterations in MDD; improve diagnostics, 
screening and monitoring; and pave the way for a more 
personalized form of health care for patients with MDD. Given 
that 30% to 50% of patients with MDD do not respond to an-
tidepressant treatment, wearable sleep EEG recordings may 
help more broadly apply sensitive predictive sleep biomarkers 
to monitor and modify treatment plans. 

Immunologic Processes 

MDD has been associated with immunological dysregulation 
for many years (147). More recently, a potential inflammatory 
subtype of MDD has been proposed, considering that 
inflammation plays a causal role in the development and 
persistence of depressive symptoms in up to one third of 
patients (148). The immunological model tries to explain some 
MDD symptoms (e.g., anhedonia, fatigue, psychomotor 
slowing, reduced food intake, sleep problems) as a nonspe-
cific reaction of the organism to infection and inflammation 
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(148). Importantly, inflammation and sleep show a close bidi-
rectional relationship (149). Given that patients with the in-
flammatory subtype often show resistance to traditional 
antidepressant treatments such as selective serotonin reup-
take inhibitors, alternative treatments targeting the sleep- 
immune system link, e.g., with CLAS (149), may be an 
intriguing option to test. Furthermore, given that sleep depri-
vation increases the production of proinflammatory cytokines 
(that cause inflammation but also alter neurotransmission), an 
interesting future direction would be to test whether the 
nonresponse to sleep deprivation is somehow related to the 
presence of the inflammatory subtype of depression. 

Glymphatic Brain Clearance 

It has been suggested that one of the causes of neuro-
inflammation could be a dysfunction of the glymphatic system, 
i.e., the sleep-associated waste clearance pathways in the 
brain, which is impaired in some patients with MDD (35,36). 
Markers and mechanisms of glymphatic brain clearance can be 
studied by combining polysomnography with either functional 
magnetic resonance imaging (fMRI) (150) or water-based 
functional near-infrared spectroscopy (fNIRS) (151). Future 
studies should evaluate whether (and how) fluctuations in brain 
fluid dynamics during sleep are affected in patients with MDD, 
while taking into account the effects of different sleep stages, 
time of night, MDD subtypes (with the main focus on the 
inflammatory type of depression) and the general health of 
patients. Also, for the assessment of glymphatic clearance, 
recent innovations in sleep wearables including wearable 
water-sensitive fNIRS (151) now allow investigators to 
conduct studies in naturalistic home environments across 
several nights. 

Rapid Antidepressant Effects 

The discovery of a rapid-acting antidepressant effect of 
ketamine in MDD added a second option for rapid interven-
tion after decades of clinical practice when it was assumed 
that such rapid action was restricted to acute therapeutic 
sleep deprivation (152,153). Whether this resemblance re-
flects more than a coincidence remains to be determined; 
however, emerging evidence from multiple lines of research 
suggests the possibility of shared underlying mechanisms. 
For example, an association between ketamine’s clinical 
antidepressant effects and circadian homeostasis has been 
shown (154), as it has an overlap of 64 genes whose 
expression is common in ketamine and sleep deprivation 
(155). EEG oscillatory activity in the delta range predicts 
ketamine effects on mood (154) and is changed after keta-
mine administration in patients with MDD (156). To test this 
association further, combined EEG-fMRI studies may test the 
acute response of patients with MDD to either ketamine or 
brief periods of microsleep under sleep deprivation, which 
frequently occur in resting-state fMRI scanning and have 
been suggested to counteract the antidepressant effects of 
sleep deprivation (157). A particular region of interest for 
such studies would be the lateral habenula, which has been 
associated with effects of both ketamine and sleep depri-
vation (158,159). 

CONCLUSIONS 

While sleep disturbances are becoming increasingly estab-
lished as a leading symptom of and predictive risk factor for 
MDD, the measurement and modulation of sleep neuro-
physiology has a still underutilized potential for the diag-
nosis, treatment, outcome prediction, and monitoring of the 
disease. Large-scale longitudinal measurements that help 
map the heterogeneity of sleep neurophysiology to different 
biological functions of sleep both between and within pa-
tients have the potential to advance a truly personalized form 
of health care in MDD. 
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