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1  | INTRODUC TION

Currently, the problem of sleep disturbance has plagued nearly a 
quarter of the world's population. People who suffer from sleep 
problems throughout the year are more likely to have mental dis‐
orders such as bipolar disorder, generalized anxiety disorder, sui‐
cidal ideation and especially depression. Depressive disorders are 

one of the most commonly diagnosed psychiatric disorders, with a 
lifetime prevalence of approximately 16%.1,2 Changes in sleep neu‐
rophysiology are often observed in depressive patients, and im‐
paired sleep is, in many cases, the chief complaint of depression.3,4 
In the past, sleep disturbances were always regarded as a concom‐
itant of depression, and sleep problems were seldom a treatment 
target given the general assumption that sleep disturbances would 
resolve as an associated symptom with the treatment of depres‐
sion. Recently, there has been a great deal of evidence suggesting 
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Abstract
Sleep disturbance is the most prominent symptom in depressive patients and was 
formerly regarded as a main secondary manifestation of depression. However, many 
longitudinal studies have identified insomnia as an independent risk factor for the 
development of emerging or recurrent depression among young, middle‐aged and 
older adults. This bidirectional association between sleep disturbance and depres‐
sion has created a new perspective that sleep problems are no longer an epiphenom‐
enon of depression but a predictive prodromal symptom. In this review, we highlight 
the treatment of sleep disturbance before, during and after depression, which prob‐
ably plays an important role in improving outcomes and preventing the recurrence of 
depression. In clinical practice, pharmacological therapies, including hypnotics and 
antidepressants, and non‐pharmacological therapies are typically applied. A better 
understanding of the pathophysiological mechanisms between sleep disturbance 
and depression can help psychiatrists better manage this comorbidity.
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that sleep disturbances precede depression.5,6 Depressed patients 
with sleep disturbance are likely to present more severe symp‐
toms and difficulties in treatment.7 In addition, persistent insom‐
nia is the most common residual symptom in depressed patients 
and is considered a vital predictor of depression relapse and may 
contribute to unpleasant clinical outcomes.7,8 We now consider 
sleep disturbance as an independent diagnostic entity that may 
precipitate the onset of depressive disorder. Improving sleep is to 
improve outcomes of depression.9,10 However, in clinical practice, 
only approximately half of depressive patients will seek treatment 
and nearly three quarters of people with depression will relapse at 
some point in their life.11,12 These findings underscore the strin‐
gent need to prioritize prevention, rather than treatment, which 
means the proper handling of sleep disturbance before depression 
occurs. Antidepressant drugs and hypnotics are widely used for 
the treatment of patients with coincident depression and sleep 
complaints. However, some kinds of antidepressants may cause 
or even worsen sleep disturbances, and hypnotics always require 
consideration of drug dependence and resistance. Some non‐
pharmacological treatments (eg cognitive behavioural therapy 
[CBT] and deep brain stimulation [DBS]) will be discussed below 
and have proven useful in such patients. Moreover, a good under‐
standing of potential mechanisms between depression and sleep 
disturbance will be quite helpful in the treatment and prevention 
of these conditions. Here, we review and focus on the bidirec‐
tional connections, potential interactive mechanisms and thera‐
peutic strategy for depression in sleep disturbance.

2  | BIDIREC TIONAL REL ATIONSHIP 
BET WEEN SLEEP DISORDERS AND 
DEPRESSION

Sleep disorders are a major health issue consisting of difficulties in 
various patterns and aspects of sleep that are often comorbid with 
mental disorders, for example, major depression disorder (MDD), 
bipolar disorder, post‐traumatic stress disorder and generalized 
anxiety disorder.13 Depression is one of the most prevalent mental 
health conditions and is estimated to be the leading cause of dis‐
ease burden in the world by 2030.14-16 In depressive patients, sleep 
complaints (eg insomnia, narcolepsy, sleep disordered breathing and 
restless legs syndrome [RLS]) are universal in approximately 90% of 
patients.17 It is well known that sleep disturbances have been con‐
sidered the core secondary symptom of depression in the past dec‐
ades. Depression was usually regarded as a risk factor for developing 
insomnia.18 However, many longitudinal studies have demonstrated 
that insomnia is not only a prodromal manifestation of depression 
but also an independent risk factor for subsequent depression. The 
Johns Hopkins Precursors Study focused on the relationship be‐
tween sleep disturbance and subsequent depression.19 In this study, 
insomnia in young men was considered a significant risk factor for 
subsequent depression and persisted for at least 30 years. The same 
conclusion was observed in other studies in which insomnia was 

highly related to subsequent depression among both young adults 
and old adults.5,20 Patients with depression have abnormalities in 
sleep parameters across all phases of sleep architecture. The altera‐
tions in REM sleep are the most evident sleep characteristic in pa‐
tients with depression, and those changes are typically regarded as 
a distinctive biological marker of depression.21 Thus, the relation‐
ship between depression and insomnia is conflicting according to all 
these studies. Theoretically, this would indicate that the association 
between depression and insomnia is not simply a cause–effect rela‐
tionship, but instead a complex bidirectional one.

3  | POTENTIAL MECHANISMS BET WEEN 
SLEEP DISTURBANCES AND DEPRESSION

3.1 | Inflammation hypothesis

It has been found that sleep deficiency contributes to increased levels 
of inflammatory cytokines (eg IL‐6 and TNF) throughout the day.22 
In addition, evidence has shown that elevated levels of CRP and IL‐6 
were associated with sleep impairment.23-28 In general, sleep loss 
may cause the elevation of cellular inflammation, and these effects 
are more obvious in women.29,30 By activating nuclear factor‐kappaB 
(NF‐κB), a key transcriptional control pathway in the inflammatory 
signalling cascade, sleep loss increases the transcription of IL‐6 and 
TNF.31 Meanwhile, a strong relationship between inflammation and 
depression has also been observed.32 In depressed patients, markers 
of inflammation have been shown to be higher than in non‐depressed 
individuals, and in patients with an inflammatory disorder, comorbid 
depression has been shown to be high.33 In addition, antagonism of 
endogenous inflammation has been effective in reducing depressive 
symptoms.34 In sum, sleep loss may increase markers of inflamma‐
tion (eg IL‐6 and CRP) by activating the sympathetic nervous system 
and β‐adrenergic signalling, which can increase NF‐κB and activate in‐
flammatory gene expression.35 Although the strong relation between 
sleep disturbance, inflammation and depression is obvious, the pre‐
cise interaction between them remains unclear (Figure 1).

3.2 | Biochemical pathways

Major depressive disorder has been associated with the disruption of 
REMS.36,37 The transition into REM sleep is accompanied by a rapid 
decrease in monoamines (eg serotonin [5‐HT], norepinephrine [NE] and 
dopamine) and a concomitant increase in cholinergic tone.38 Thus, the 
mutual effect of cholinergic and monoaminergic neurons regulates the 
onset of REM sleep.39 Regarding the pathophysiology of depression, the 
monoamine hypothesis is the most known hypothesis, which assumes 
that alterations in the levels of monoamines are the cause of depres‐
sion. In patients diagnosed with MDD, levels of serotonin metabolites 
and NE have been shown to be decreased, and abnormal genetic regu‐
lation of serotonergic transmission has been observed.40,41 These mon‐
oamine neurotransmitters do not operate in isolation but are integrally 
interconnected.42 In fact, some kinds of antidepressant drugs, such as 
tricyclic antidepressants (TCA), selective serotonin reuptake inhibitors 
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(SSRI), norepinephrine reuptake inhibitors (NRI) and serotonin‐norepi‐
nephrine reuptake inhibitors (SNRI), can improve depressive symptoms 
in a way that validates this hypothesis.43 Notably, the dysregulation of 
these same monoamine neurotransmitters that are responsible for the 
REM sleep abnormalities, is also related to the presentation of depres‐
sion. However, some studies have found that there is no causal rela‐
tion between REM sleep abnormalities and depression, which indicates 
that there may be two or more parallel pathways for the regulation of 
REM sleep and depression.44 The role of monoamines and other related 
neurotransmitters should be better elucidated for understanding the 
association between sleep and depression.

3.3 | Genetic correlations

It was thought that insomnia was induced by environmental fac‐
tors, stress or other mental diseases, but recent evidence has 
shown that genetic factors may also be involved. Twin studies 
have indicated that insomnia is heritable in adults.45 A recent 
large longitudinal study confirmed genetic influences on insom‐
nia symptoms.46 In addition, twin studies demonstrated that MDD 
is also heritable, with moderate to high levels of heritability.47,48 
Moreover, insomnia and depression are not only clinically related 
but also genetically related. Complete genetic overlap between 

insomnia and MDD was reported in several studies.49,50 Another 
study focused on children found that the genetic correlation be‐
tween sleep and depression was 0.64.51 However, some stud‐
ies have demonstrated only low or non‐significant correlations 
between depression and sleep.52-54 A subsequent well‐designed 
study concluded that the latent additional genetic influences on 
insomnia overlapped significantly (56% for females, 74% for males) 
with MDD.55 In other words, those papers have suggested that the 
genes influencing insomnia also influence depression. However, 
at the moment, we know only that insomnia and depression are 
partly related by genetics. Further studies focused on particular 
genes that are involved in the specific gene regulations in insomnia 
and depression and exactly how these genes function is required.

3.4 | Circadian rhythm

Circadian rhythm is a 24‐hour rhythm in physiology and behaviour 
controlled by molecular clocks in suprachiasmatic nuclei (SCN). The cir‐
cadian system plays an important role in sleep/wake cycle regulation, 
including sleep duration, continuity and architecture.56 The mecha‐
nisms underlying circadian regulation are cell self‐sustained transcrip‐
tion‐translation feedback loops regulating expression of a wide array of 
clock genes.57,58 These intrinsically rhythmic cells are mostly concen‐
trated in SCN. The pineal gland is an important downstream projection 
of the SCN by secreting melatonin, which is a crucial factor in the ini‐
tiation of sleep. By interacting with circadian rhythm, the duration and 
architecture of sleep is at meanwhile regulated by process homeostatic 
which is based on the history of sleep/wake cycles.59 A marked disrup‐
tion in the circadian rhythm was also observed in patients with major 
depressive disorder.60 Genes known to be crucial in the generation and 
regulation of circadian rhythm was found to be involved in depression.61 
Clock genes dysregulation was assumed as an important factor associ‐
ated with the development of both insomnia and depression.62 The 
probable regulatory mechanism is sleep disturbance and environmental 
factors cause the abnormal expression of clock genes, which in turn in‐
fluence the mood symptoms and finally contribute to the happening of 
depressive episodes. A lot of studies were conducted to find significant 
correlation between SNPs (single nucleotide polymorphisms) of clock 
genes and depression; however, some of these experiments drew the 
exact opposite results, and most of them were failed.63,64 One excep‐
tion is SNP rs2287161 of Cryptochrome which might indicate a higher 
susceptibility to circadian dysregulation and MDD.65 The interruption 
of circadian rhythm may contribute to the development of sleep distur‐
bance and depression, but many of the mechanisms by which the cir‐
cadian system and sleep/wake cycles interact, or the precise molecular 
mechanisms between clock genes and depression remain elusive.

4  | THE TRE ATMENT OF INSOMNIA 
DISORDER WITHOUT DEPRESSION

As discussed before, sleep disturbances are an important risk factor 
for subsequent depression, and the treatment of sleep disturbance 

F I G U R E  1   The inflammation mechanism between sleep 
disturbance and depression. Sleep disturbance may activate the 
sympathetic nervous system and β‐adrenergic signalling, which 
can release neuromediators and activate nuclear factor (NF)‐κB 
mediated inflammatory programs. Then NF‐κB will increase 
inflammatory cytokines, such as IL‐6 and TNF, by activating the 
expression of inflammatory genes. These inflammatory cytokines 
are highly correlated with the occurring of depression disorders, 
meanwhile, inflammatory activity in turn can influence sleep, but 
the specific interacting mechanisms remain unknown
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before depression is crucially meaningful. Cognitive‐behavioural 
therapy for insomnia (CBT‐i) has been recommended as the initial 
treatment for chronic insomnia disorder.66 CBT‐i therapy consists of 
a combination of treatments that include the following: (a) stimu‐
lus control, which aims to strictly limit the role of the bed (sleep‐
ing and sex) and restrict its association with stimulating behaviours; 
(b) sleep hygiene, which aims to develop a favourable sleep habit 
and create a comfortable environment that precedes sleep; (c) sleep 
restriction, which involves controlling the time spent in bed to im‐
prove sleep efficiency and thereby reinforce the ‘bed‐sleep con‐
nection’; (d) relaxation training, which is a series of practices that 
can help people to relax both mind and body before bedtime and 
(e) cognitive therapy, which offers education to change incorrect 
conceptions about sleep. In a high‐quality meta‐analysis, the au‐
thors explored the efficacy of CBT in patients with chronic insom‐
nia symptoms. They concluded that CBT therapy was effective for 
sleep onset latency, wake after sleep onset and sleep efficiency at 
the post‐treatment time point and remained effective through late 
follow‐up.67 Another meta‐analysis focused on the effectiveness 
of CBT‐i in children and adolescents found that CBT‐i was instru‐
mental in helping teenagers who were suffering from sleep com‐
plaints.68 In addition, sleep improvements following CBT‐i can last 
for 12‐36 months after treatment is finished.13,69,70 Furthermore, 
a blinded placebo‐controlled trial indicated that CBT was superior 
to zopiclone in the treatment of insomnia in old adults.71 In recent 
years, to generalize this idea, some alterations of traditional CBT‐i 
have been studied. Among them, group CBT‐i has been suggested 
as a mid‐level treatment in stepped care models, which showed sig‐
nificant improvements in sleep complaints and the effects remained 
persistent into follow‐up.72,73 However, in clinical situations, phar‐
macotherapy for insomnia is widely used. In America, hypnotics 
were used to treat insomnia in approximately 6%–10% of adults in 
2010.74 Approximately 90% of primary insomniac patients receive 
hypnotic prescriptions in Australia.75 The pharmacologic treatment 
of insomnia mainly includes hypnotic drugs (benzodiazepines [BZDs] 
and nonbenzodiazepines) and antidepressants. BZDs are a class of 

classic hypnotic drugs that includes lorazepam, triazolam, fluraz‐
epam, nitrazepam, diazepam and oxazepam. These drugs have been 
extensively used because of their satisfactory sedative and hyp‐
notic effects. However, there has been a trend where these drugs 
are gradually being replaced by newer non‐benzodiazepines such 
as zaleplon, eszopiclone and zolpidem (the ‘Z‐drugs’), which may be 
due to the fatal drug poisoning of BZDs.76,77 Zolpidem is a non‐ben‐
zodiazepine that is commonly used worldwide because of its good 
effect and low negative consequences compared with traditional 
BZDs.78,79 However, a recent nationwide population‐based study 
found that there was a significant relationship between zolpidem use 
and suicide in people with or without comorbid mental disorders.80 
This sounded an alarm for us, suggesting that non‐benzodiazepines 
may be not as good as we thought and that we should restrict the 
indications and avoid the abuse of this class of drug, even though the 
‘Z‐drugs’ had been FDA approved hypnotics and recommended for 
the treatment of insomnia.81 Suvorexant is a new hypnotic that has 
been reported to be useful in the treatment of insomnia, but the rel‐
evant data are insufficient, and further well‐organized randomized 
controlled trials (RCT) are required to verify its usability and side 
effects (Figure 2).82,83

Sedative‐hypnotic drugs are commonly used for the treatment of 
insomnia, but long‐term use of such drugs may lead to tolerance and 
even exacerbate sleep disturbances.84,85 Sedating antidepressants 
at low dosages are often prescribed to insomnia patients. The TCA 
amitriptyline, trimipramine and doxepin, the serotonin antagonist 
and reuptake inhibitor trazodone and the tetracyclic antidepres‐
sant mirtazapine have been found to improve total sleep time and 
sleep efficiency and reduce wake after sleep onset and latency to 
persistent sleep.76,86 However, due to the lack of randomized clin‐
ical trials, only doxepin is approved by FDA and recommended for 
the treatment of insomnia.81 Moreover, different antidepressants 
may in turn cause different sleep disturbances, such as RLS, sleep 
bruxism, REM behaviour disorder and nightmares, as well as weight 
gain, which is contraindicated in patients with obstructive sleep 
apnea.66,87-89 In our opinion, sedative antidepressants are safe in 

F I G U R E  2   Summary of the treatments 
of insomnia with or without depression 
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low doses, for example, for doxepin as low as 3‐6 mg, which can be 
applied in patients when hypnotics are contraindicated, for example, 
elderly patients, patients with sleep apnea and patients with a his‐
tory of alcohol and substance abuse.

Melatonin is a physiological hormone broadly used ‘off label’ to 
improve sleep complaints. A recent meta‐analysis showed that ex‐
ogenous melatonin was useful in reducing sleep onset latency in 
primary insomnia.90 However, evidence for the therapeutic use of 
melatonin is still lacking. Therefore, the clinical practice guidelines 
do not suggest the use of melatonin as a treatment for insomnia.81 
Further studies on the precise effect and mechanism of melatonin 
are warranted.

5  | THE TRE ATMENT OF INSOMNIA 
DISORDER COMORBID WITH DEPRESSION

5.1 | Pharmaceutical therapy

Patients with comorbid insomnia and depression tend to suffer more 
severe depressive symptoms, longer durations of treatment and 
lower rates of remission compared with depressed patients without 
sleep disturbance. Antidepressant drugs are generally prescribed to 
depressed patients, but some classes of antidepressants may exac‐
erbate sleep quality, such as the SNRIs, monoamine oxidase inhibi‐
tors (MAOIs), NRIs, SSRIs and activating TCAs. According to studies 
with polysomnography, SSRIs, SNRIs and activating TCAs increase 
rapid eye movement sleep (REM sleep, REMS) latency, suppress 
REM sleep and impair sleep continuity. Sedating antidepressants de‐
crease sleep latency, ameliorate sleep efficiency and increase slow 
wave sleep (SWS), with little effect on REMS.91 In this regard, se‐
dating antidepressants is more favourable in patients with comorbid 
depression and sleep disturbance. Furthermore, sedating antide‐
pressant treatment can significantly reduce the use of BZDs in pa‐
tients with major depressed disorder,92 thereby greatly reducing the 
addiction to hypnotics. Antidepressant medications are typically the 
first‐line treatment for depression, but emerging drug resistance is 
of increasing concern. Agomelatine is a non‐sedative antidepressant 
drug with agonistic action at melatonergic MT1 and MT2 receptors 
and antagonistic action at serotonergic 5‐HT2c receptors, which can 
be a good choice for depressed patients with comorbid insomnia 
symptoms.93,94 When compared to escitalopram, agomelatine can 
reduce sleep latency after both short‐term (after 2 weeks) and long‐
term (after 24 weeks) treatment. And, in the next week, agomela‐
tine slightly improved sleep continuity while escitalopram worsened 
sleep continuity.95 Furthermore, agomelatine increases the amount 
of SWS and improves daytime alertness without suppressing REM 
sleep.96 Thus, agomelatine may be a promising antidepressant drug 
that can solve both mood and sleep complaints.94,97

5.2 | CBT therapy

CBT is the most remarkable non‐pharmacologic treatment for in‐
somnia disorders and is also useful for insomnia comorbid with 

depression. A recent meta‐analysis suggested that CBT‐i can im‐
prove sleep efficiency and achieve remission from insomnia when 
insomnia is comorbid with depressed disorders.98 In a 3‐year fol‐
low‐up study, it was indicated that treating insomnia was more 
helpful than treating depression; therefore, CBT therapy should 
also be performed in patients with cooccurring depression and in‐
somnia.99 Another RCT targeting the effectiveness of CBT‐i in older 
adults with comorbid insomnia and depression demonstrated that 
CBT was effective at reducing both insomnia and depression sever‐
ity in a 20‐week follow‐up.100 Although CBT is a promising thera‐
peutic method for cooccurring insomnia and depression symptoms, 
there exist some limitations mainly because of a lack of professional 
psychiatrists, geographic distance to providers and the requirement 
of 6‐8 weeks of direct patient contact. These shortcomings can be 
solved by an advanced form of CBT‐i called internet‐delivered CBT 
or Digital CBT (DCBT). In this way, the idea of CBT can be dissemi‐
nated more widely across a broader spectrum of the population. 
DCBT was proven to be effective in both insomnia and depression 
severity across diverse demographic groups, and the rates of re‐
mission following treatment were significantly high.101 Blom et al 
found that internet‐delivered CBT for insomnia was, in summary, 
more effective than internet‐delivered CBT for depression for 
adults comorbid with insomnia and depression.102 Moreover, pa‐
tients receiving treatment for insomnia had a lower need for further 
insomnia treatment or medical prescriptions after treatment.102 In 
general, CBT treatment has had a definite effect on patients with 
depression and insomnia.

5.3 | Combination therapy

For patients with depression and insomnia, people are more likely 
to focus the treatment on depressive symptoms and neglect the 
treatment of insomnia. However, several studies have shown that 
this approach is insufficient because residual insomnia is related to 
the relapse of depression. In clinical practice, adjunct measures are 
often used. Low‐dose trazodone or mirtazapine can be added to an 
SSRI, and MAOI for patients with coincident depression and sleep 
complaints.103 These sedative antidepressants can also be replaced 
by zaleplon, zolpidem or eszopiclone. Some studies have shown that 
eszopiclone coadministered with fluoxetine was associated with 
favourable sleep improvement and antidepressant response.104,105 
However, as clinical practitioners, we should pay close attention to 
the addiction and dependency of these sedative hypnotics because 
there is a relation between a history of high dosages of hypnotics 
and worse depression outcomes.106

Many studies have indicated that antidepressants plus CBT ther‐
apy were favourable in patients with comorbid insomnia and depres‐
sion, although some of them did not reach a statistical difference. 
The combination of escitalopram and CBT showed better remission 
from both depression and sleep symptoms compared with escitalo‐
pram alone.10 A recent study compared the efficacy of CBT com‐
bined with antidepressants with standard antidepressant treatment 
in patients comorbid with insomnia and MDD reached the same 
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conclusion.107 The favourable results in these studies are consistent 
with the perspective that the treatment of insomnia is as important 
as the treatment of depressive symptoms.

5.4 | Sleep deprivation

Sleep deprivation (SD) is another kind of psychotherapy that typically 
involves depriving a patient of sleep for 36 consecutive hours (total 
sleep deprivation, TSD), and even a nap is not allowed. In this way, pa‐
tients can reach a rapid improvement in an episode of depression, al‐
though the efficacy will disappear after the recovery sleep on the next 
day.108 To maintain the antidepressant effect, repeated sleep depri‐
vation was implemented, but after restoring the usual sleep rhythm, 
the effect gradually diminished within a few weeks.109 When SD was 
combined with bright light therapy (BLT), a prolonged antidepressant 
effect was observed.110 Subsequent studies integrated pharmacology, 
TSD, sleep phase advance (SPA) and BLT, and they found that depres‐
sive symptoms were more reduced compared to pharmacological 
monotherapy and that the effect lasted longer, even in patients with 
drug‐resistant depression.111-113 Overall, due to the efficiency, simplic‐
ity and safety of SD, this can be a considerable treatment in clinical 
practice. Moreover, when combined TSD with SPA, pharmacology and 
BLT, it can be an effective way to treat drug‐resistant depression.

5.5 | Deep brain stimulation

Deep brain stimulation is an emerging technology frequently used 
for movement disorders.114 Many studies have indicated that DBS 
is equally effective and safe in the treatment of treatment‐resistant 
depression (TRD).115-118

However, a large heterogeneity in the clinical response to stim‐
ulation parameters was reported, and the samples in these studies 
were rather small. Despite this, DBS can be a new promising strategy 
for the treatment of patients with TRD.

6  | CONCLUSION AND PROSPEC TS

Sleep disturbance is not only a comorbidity of depression, but also a 
prodromal symptom, which can predict the occurrence and outcome 
of depression. It is important to highlight the treatment of sleep 
disturbance before, during and after depression. Hypnotics and 
antidepressants are generally applied for the treatment of patients 
comorbid with depression and sleep problems. However, hypnotics 
can cause depression, and the use of antidepressant can aggravate 
sleep disturbance. Alternative therapies such as CBT, SD and DBS 
were found to be effective in these patients. But the cure rate is 
low and the recurrence rate is rather high. A better understanding 
on the exact molecular mechanisms between sleep disturbances and 
depression is warranted, which can facilitate the management of co‐
incident depression and sleep complaints quite a lot. More well‐or‐
ganized RCTs are needed to verify the effectiveness of new drugs 
and non‐pharmacological therapies.

It is worth to mention that, in clinical context, sleep disturbance 
and depression are often comorbid with other mental health condi‐
tions, such as behaviour disorders, substance disorder and especially 
anxiety disorder.119 There is an intriguing interrelationship between 
anxiety and depression, and insomnia. Both depression and anxiety 
are related to future insomnia, and insomnia can lead to depression 
and anxiety in the future.120 Of note, the research on such relation‐
ships is crucial not only because it may help to prevent future con‐
ditions but also because comorbid problems are usually much more 
difficult to treat and indicate poorer prognosis.

ACKNOWLEDG EMENTS

This work was funded by China Postdoctoral Science foundation 
(2017M612010) and National Natural Science foundation of China 
(81701144, 81670567).

CONFLIC T OF INTERE S T

The authors declare that the research was conducted in the absence 
of any commercial or financial relationships that could be construed 
as a potential conflict of interest.

ORCID

Anwen Shao   https://orcid.org/0000-0001-5616-0394 

R E FE R E N C E S

	 1.	 Morin CM, LeBlanc M, Daley M, Gregoire JP, Merette C. 
Epidemiology of insomnia: prevalence, self‐help treatments, con‐
sultations, and determinants of help‐seeking behaviors. Sleep Med. 
2006;7(2):123‐130.

	 2.	 Ohayon MM. Epidemiology of insomnia: what we know and what 
we still need to learn. Sleep Med Rev. 2002;6(2):97‐111.

	 3.	 Armitage R. Sleep and circadian rhythms in mood disorders. Acta 
Psychiatr Scand Suppl. 2007;115(433):104–115.

	 4.	 Hawkins DR, Taub JM, Van de Castle RL. Extended sleep (hy‐
persomnia) in young depressed patients. Am J Psychiatry. 
1985;142(8):905–910.

	 5.	 Jaussent I, Bouyer J, Ancelin M, et al. Insomnia and daytime sleep‐
iness are risk factors for depressive symptoms in the elderly. Sleep. 
2011;34(8):1103–1110.

	 6.	 Lauer CJ, Schreiber W, Holsboer F, Krieg JC. In quest of identi‐
fying vulnerability markers for psychiatric disorders by all‐night 
polysomnography. Arch Gen Psychiatry. 1995;52(2):145–153.

	 7.	 Hinkelmann K, Moritz S, Botzenhardt J, et al. Changes in corti‐
sol secretion during antidepressive treatment and cognitive im‐
provement in patients with major depression: a longitudinal study. 
Psychoneuroendocrinology. 2012;37(5):685–692.

	 8.	 Benca RM, Peterson MJ. Insomnia and depression. Sleep Med. 
2008;9(suppl 1):S3–S9.

	 9.	 McCall WV, Blocker JN, D'Agostino RJ, et al. Treatment of insom‐
nia in depressed insomniacs: effects on health‐related quality of 
life, objective and self‐reported sleep, and depression. J Clin Sleep 
Med. 2010;6(4):322–329.

	 10.	 Manber R, Edinger JD, Gress JL, San PM, Kuo TF, Kalista T. 
Cognitive behavioral therapy for insomnia enhances depression 

https://orcid.org/0000-0001-5616-0394
https://orcid.org/0000-0001-5616-0394


2330  |     FANG et al.

outcome in patients with comorbid major depressive disorder and 
insomnia. Sleep. 2008;31(4):489–495.

	 11.	 Kessler RC, Berglund P, Demler O, et al. The epidemiology of major 
depressive disorder: results from the National Comorbidity Survey 
Replication (NCS‐R). JAMA. 2003;289(23):3095–3105.

	 12.	 Kessler RC, Zhao S, Blazer DG, Swartz M. Prevalence, cor‐
relates, and course of minor depression and major depression in 
the National Comorbidity Survey. J Affect Disord. 1997;45(1–2): 
19–30.

	 13.	 Smith MT, Huang MI, Manber R. Cognitive behavior therapy for 
chronic insomnia occurring within the context of medical and psy‐
chiatric disorders. Clin Psychol Rev. 2005;25(5):559–592.

	 14.	 Kodaka M, Matsumoto T, Katsumata Y, et al. Suicide risk among 
individuals with sleep disturbances in Japan: a case–control psy‐
chological autopsy study. Sleep Med. 2014;15(4):430–435.

	 15.	 Ferrari AJ, Charlson FJ, Norman RE, et al. The epidemiological 
modelling of major depressive disorder: application for the Global 
Burden of Disease Study 2010. PLoS ONE. 2013;8(7):e69637.

	 16.	 Whiteford HA, Degenhardt L, Rehm J, et al. Global burden of 
disease attributable to mental and substance use disorders: 
findings from the Global Burden of Disease Study 2010. Lancet. 
2013;382(9904):1575–1586.

	 17.	 Tsuno N, Besset A, Ritchie K. Sleep and depression. J Clin 
Psychiatry. 2005;66(10):1254–1269.

	 18.	 Morphy H, Dunn KM, Lewis M, Boardman HF, Croft PR. 
Epidemiology of insomnia: a longitudinal study in a UK population. 
Sleep. 2007;30(3):274–280.

	 19.	 Chang PP, Ford DE, Mead LA, Cooper‐Patrick L, Klag MJ. Insomnia 
in young men and subsequent depression. The Johns Hopkins 
Precursors Study. Am J Epidemiol. 1997;146(2):105–114.

	 20.	 Buysse DJ, Angst J, Gamma A, Ajdacic V, Eich D, Rossler W. 
Prevalence, course, and comorbidity of insomnia and depression 
in young adults. Sleep. 2008;31(4):473–480.

	 21.	 Wichniak A, Wierzbicka A, Jernajczyk W. Sleep as a biomarker for 
depression. Int Rev Psychiatry. 2013;25(5):632–645.

	 22.	 Irwin MR, Wang M, Campomayor CO, Collado‐Hidalgo A, Cole 
S. Sleep deprivation and activation of morning levels of cel‐
lular and genomic markers of inflammation. Arch Intern Med. 
2006;166(16):1756–1762.

	 23.	 Friedman EM, Hayney MS, Love GD, et al. Social relationships, 
sleep quality, and interleukin‐6 in aging women. Proc Natl Acad Sci 
USA. 2005;102(51):18757–18762.

	 24.	 Okun ML, Coussons‐Read ME. Sleep disruption during preg‐
nancy: how does it influence serum cytokines? J Reprod Immunol. 
2007;73(2):158–165.

	 25.	 Erten Y, Kokturk O, Yuksel A, et al. Relationship between sleep 
complaints and proinflammatory cytokines in haemodialysis pa‐
tients. Nephrology. 2005;10(4):330–335.

	 26.	 Chiu YL, Chuang YF, Fang KC, et al. Higher systemic inflammation 
is associated with poorer sleep quality in stable haemodialysis pa‐
tients. Nephrol Dial Transplant. 2009;24(1):247–251.

	 27.	 Okun ML, Coussons‐Read M, Hall M. Disturbed sleep is associated 
with increased C‐reactive protein in young women. Brain Behav 
Immun. 2009;23(3):351–354.

	 28.	 Razeghi E, Sahraian MA, Heidari R, Bagherzadeh M. Association 
of inflammatory biomarkers with sleep disorders in hemodialysis 
patients. Acta Neurol Belg. 2012;112(1):45–49.

	 29.	 Irwin MR, Carrillo C, Olmstead R. Sleep loss activates cellular 
markers of inflammation: sex differences. Brain Behav Immun. 
2010;24(1):54–57.

	 30.	 Miller MA, Kandala NB, Kivimaki M, et al. Gender differences in the 
cross‐sectional relationships between sleep duration and markers 
of inflammation: Whitehall II study. Sleep. 2009;32(7):857–864.

	 31.	 Irwin MR, Wang M, Ribeiro D, et al. Sleep loss activates cellular 
inflammatory signaling. Biol Psychiatry. 2008;64(6):538–540.

	 32.	 Slavich GM, Irwin MR. From stress to inflammation and major de‐
pressive disorder: a social signal transduction theory of depres‐
sion. Psychol Bull. 2014;140(3):774–815.

	 33.	 Gimeno D, Kivimaki M, Brunner EJ, et al. Associations of C‐re‐
active protein and interleukin‐6 with cognitive symptoms of de‐
pression: 12‐year follow‐up of the Whitehall II study. Psychol Med. 
2009;39(3):413–423.

	 34.	 Raison CL, Rutherford RE, Woolwine BJ, et al. A randomized con‐
trolled trial of the tumor necrosis factor antagonist infliximab for 
treatment‐resistant depression: the role of baseline inflammatory 
biomarkers. JAMA Psychiatry. 2013;70(1):31–41.

	 35.	 Irwin MR, Cole SW. Reciprocal regulation of the neural and innate 
immune systems. Nat Rev Immunol. 2011;11(9):625–632.

	 36.	 Lustberg L, Reynolds CF. Depression and insomnia: questions of 
cause and effect. Sleep Med Rev. 2000;4(3):253–262.

	 37.	 Adrien J. Neurobiological bases for the relation between sleep and 
depression. Sleep Med Rev. 2002;6(5):341–351.

	 38.	 Pace‐Schott EF, Hobson JA. The neurobiology of sleep: genetics, 
cellular physiology and subcortical networks. Nat Rev Neurosci. 
2002;3(8):591–605.

	 39.	 Wang YQ, Li R, Zhang MQ, Zhang Z, Qu WM, Huang ZL. The 
neurobiological mechanisms and treatments of REM sleep distur‐
bances in depression. Curr Neuropharmacol. 2015;13(4):543–553.

	 40.	 Caspi A, Hariri AR, Holmes A, Uher R, Moffitt TE. Genetic sensitiv‐
ity to the environment: the case of the serotonin transporter gene 
and its implications for studying complex diseases and traits. Am J 
Psychiatry. 2010;167(5):509–527.

	 41.	 Krishnan V, Nestler EJ. The molecular neurobiology of depression. 
Nature. 2008;455(7215):894–902.

	 42.	 El Mansari M, Guiard BP, Chernoloz O, Ghanbari R, Katz N, 
Blier P. Relevance of norepinephrine‐dopamine interactions in 
the treatment of major depressive disorder. CNS Neurosci Ther. 
2010;16(3):e1–e17.

	 43.	 Wilson S, Argyropoulos S. Antidepressants and sleep: a qualitative 
review of the literature. Drugs. 2005;65(7):927–947.

	 44.	 Wang YQ, Tu ZC, Xu XY, et al. Acute administration of fluoxetine 
normalizes rapid eye movement sleep abnormality, but not de‐
pressive behaviors in olfactory bulbectomized rats. J. Neurochem. 
2012;120(2):314–324.

	 45.	 Barclay NL, Gregory AM. Quantitative genetic research on sleep: 
a review of normal sleep, sleep disturbances and associated emo‐
tional, behavioural, and health‐related difficulties. Sleep Med Rev. 
2013;17(1):29–40.

	 46.	 Lind MJ, Aggen SH, Kirkpatrick RM, Kendler KS, Amstadter AB. 
A longitudinal twin study of insomnia symptoms in adults. Sleep. 
2015;38(9):1423–1430.

	 47.	 Dunn EC, Brown RC, Dai Y, et al. Genetic determinants of depres‐
sion: recent findings and future directions. Harv Rev Psychiatry. 
2015;23(1):1–18.

	 48.	 Ye YL, Wang PG, Qu GC, Yuan S, Phongsavan P, He QQ. 
Associations between multiple health risk behaviors and men‐
tal health among Chinese college students. Psychol Health Med. 
2016;21(3):377–385.

	 49.	 Gehrman PR, Meltzer LJ, Moore M, et al. Heritability of insomnia 
symptoms in youth and their relationship to depression and anxi‐
ety. Sleep. 2011;34(12):1641–1646.

	 50.	 Stein MB, McCarthy MJ, Chen CY, et al. Genome‐wide analysis of 
insomnia disorder. Mol Psychiatry. 2018;23(11):2238‐2250.

	 51.	 Gregory AM, Rijsdijk FV, Dahl RE, McGuffin P, Eley TC. 
Associations between sleep problems, anxiety, and depression in 
twins at 8 years of age. Pediatrics. 2006;118(3):1124–1132.

	 52.	 Gregory AM, Rijsdijk FV, Lau JY, Dahl RE, Eley TC. The direction 
of longitudinal associations between sleep problems and de‐
pression symptoms: a study of twins aged 8 and 10 years. Sleep. 
2009;32(2):189–199.



     |  2331FANG et al.

	 53.	 Van den Oord E, Boomsma DI, Verhulst FC. A study of genetic and 
environmental effects on the co‐occurrence of problem behaviors 
in three‐year‐old twins. J Abnorm Psychol. 2000;109(3):360–372.

	 54.	 Gregory AM, Eley TC, O'Connor TG, Plomin R. Etiologies of 
associations between childhood sleep and behavioral prob‐
lems in a large twin sample. J Am Acad Child Adolesc Psychiatry. 
2004;43(6):744–751.

	 55.	 Lind MJ, Hawn SE, Sheerin CM, et al. An examination of the etio‐
logic overlap between the genetic and environmental influences 
on insomnia and common psychopathology. Depress Anxiety. 
2017;34(5):453–462.

	 56.	 Dijk DJ, Czeisler CA. Contribution of the circadian pacemaker and 
the sleep homeostat to sleep propensity, sleep structure, electro‐
encephalographic slow waves, and sleep spindle activity in hu‐
mans. J Neurosci. 1995;15(5 Pt 1):3526–3538.

	 57.	 Reppert SM, Weaver DR. Coordination of circadian timing in mam‐
mals. Nature. 2002;418(6901):935–941.

	 58.	 Dardente H, Cermakian N. Molecular circadian rhythms in 
central and peripheral clocks in mammals. Chronobiol Int. 
2007;24(2):195–213.

	 59.	 Borbely AA. A two process model of sleep regulation. Hum 
Neurobiol. 1982;1(3):195–204.

	 60.	 Li JZ, Bunney BG, Meng F, et al. Circadian patterns of gene expres‐
sion in the human brain and disruption in major depressive disor‐
der. Proc Natl Acad Sci USA. 2013;110(24):9950–9955.

	 61.	 Lamont EW, Legault‐Coutu D, Cermakian N, Boivin DB. The role of 
circadian clock genes in mental disorders. Dialogues Clin Neurosci. 
2007;9(3):333.

	 62.	 Monteleone P, Martiadis V, Maj M. Circadian rhythms and treat‐
ment implications in depression. Prog Neuropsychopharmacol Biol 
Psychiatry. 2011;35(7):1569–1574.

	 63.	 Li SX, Liu LJ, Xu LZ, et al. Diurnal alterations in circadian genes and 
peptides in major depressive disorder before and after escitalopram 
treatment. Psychoneuroendocrinology. 2013;38(11):2789–2799.

	 64.	 Harvey AG, Murray G, Chandler RA, Soehner A. Sleep disturbance 
as transdiagnostic: Consideration of neurobiological mechanisms. 
Clin Psychol Rev. 2011;31(2):225–235.

	 65.	 Patke A, Murphy PJ, Onat OE, et al. Mutation of the human circa‐
dian clock gene CRY1 in familial delayed sleep phase disorder. Cell. 
2017;169(2):203–215.e13.

	 66.	 Qaseem A, Kansagara D, Forciea MA, Cooke M, Denberg TD. 
Management of chronic insomnia disorder in adults: a clinical prac‐
tice guideline from the American College of Physicians. Ann Intern 
Med. 2016;165(2):125–133.

	 67.	 Trauer JM, Qian MY, Doyle JS, Rajaratnam SM, Cunnington D. 
Cognitive behavioral therapy for chronic insomnia: a systematic 
review and meta‐analysis. Ann Intern Med. 2015;163(3):191–204.

	 68.	 Ma ZR, Shi LJ, Deng MH. Efficacy of cognitive behavioral therapy 
in children and adolescents with insomnia: a systematic review and 
meta‐analysis. Braz J Med Biol Res. 2018;51(6):e7070.

	 69.	 Blom K, Jernelov S, Lindefors N, Kaldo V. Facilitating and hindering 
factors in Internet‐delivered treatment for insomnia and depres‐
sion. Internet Interv. 2016;4:51–60.

	 70.	 Dzierzewski JM, O'Brien EM, Kay D, McCrae CS. Tackling sleep‐
lessness: psychological treatment options for insomnia in older 
adults. Nat Sci Sleep. 2010;2:47–61.

	 71.	 Sivertsen BR, Omvik S, Pallesen SL, et al. Cognitive behav‐
ioral therapy vs zopiclone for treatment of chronic primary in‐
somnia in older adults: a randomized controlled trial. JAMA. 
2006;295(24):2851–2858.

	 72.	 Koffel EA, Koffel JB, Gehrman PR. A meta‐analysis of group cogni‐
tive behavioral therapy for insomnia. Sleep Med Rev. 2015;19:6–16.

	 73.	 Espie CA. "Stepped care": a health technology solution for deliver‐
ing cognitive behavioral therapy as a first line insomnia treatment. 
Sleep. 2009;32(12):1549–1558.

	 74.	 Kripke DF, Langer RD, Kline LE. Hypnotics' association with 
mortality or cancer: a matched cohort study. BMJ Open. 
2012;2(1):e000850.

	 75.	 Charles J, Harrison C, Britt H. Insomnia. Aust Fam Physician. 
2009;38(5):283.

	 76.	 Schutte‐Rodin S, Broch L, Buysse D, Dorsey C, Sateia M. Clinical 
guideline for the evaluation and management of chronic insomnia 
in adults. J Clin Sleep Med. 2008;4(5):487–504.

	 77.	 Coleridge J, Cameron PA, Drummer OH, McNeil JJ. Survey of 
drug‐related deaths in Victoria. Med J Aust. 1992;157(7):459–462.

	 78.	 Hsiao F, Hsieh P, Gau C. Ten‐year trend in prescriptions of z‐hyp‐
notics among the elderly: a nationwide, cross‐sectional study in 
Taiwan. J Clin Gerontol Geriatr. 2013;4(2):37–41.

	 79.	 Hajak G, Muller WE, Wittchen HU, Pittrow D, Kirch W. Abuse and 
dependence potential for the non‐benzodiazepine hypnotics zolp‐
idem and zopiclone: a review of case reports and epidemiological 
data. Addiction. 2003;98(10):1371–1378.

	 80.	 Sun Y, Lin C, Lu C, Hsu C, Kao C. Association between zolpidem 
and suicide: a nationwide population‐based case‐control study. 
Mayo Clin Proc. 2016;91(3):308–315.

	 81.	 Sateia MJ, Buysse DJ, Krystal AD, Neubauer DN, Heald JL. Clinical 
practice guideline for the pharmacologic treatment of chronic in‐
somnia in adults: an American Academy of Sleep Medicine clinical 
practice guideline. J Clin Sleep Med. 2017;13(02):307–349.

	 82.	 Herring WJ, Connor KM, Ivgy‐May N, et al. Suvorexant in patients 
with insomnia: results from two 3‐month randomized controlled 
clinical trials. Biol Psychiatry. 2016;79(2):136–148.

	 83.	 Herring WJ, Snyder E, Budd K, et al. Orexin receptor antagonism 
for treatment of insomnia: a randomized clinical trial of suvorex‐
ant. Neurology. 2012;79(23):2265–2274.

	 84.	 Chung KH, Li CY, Kuo SY, Sithole T, Liu WW, Chung MH. Risk of 
psychiatric disorders in patients with chronic insomnia and seda‐
tive‐hypnotic prescription: a nationwide population‐based follow‐
up study. J Clin Sleep Med. 2015;11(5):543–551.

	 85.	 Richardson GS. Managing insomnia in the primary care setting: 
raising the issues. Sleep. 2000;23 suppl 1:S9–S12; discussion 
S13–5.

	 86.	 Liu Y, Xu X, Dong M, Jia S, Wei Y. Treatment of insomnia with tri‐
cyclic antidepressants: a meta‐analysis of polysomnographic ran‐
domized controlled trials. Sleep Med. 2017;34:126–133.

	 87.	 Serretti A, Mandelli L. Antidepressants and body weight: a 
comprehensive review and meta‐analysis. J Clin Psychiatry. 
2010;71(10):1259–1272.

	 88.	 Szaulinska K, Plywaczewski R, Sikorska O, et al. Obstructive 
sleep apnea in severe mental disorders. Psychiatr Pol. 
2015;49(5):883–895.

	 89.	 Narowska D, Bozek M, Krysiak K, et al. Frequent difficulties in the 
treatment of restless legs syndrome ‐ case report and literature 
review. Psychiatr Pol. 2015;49(5):921–930.

	 90.	 Auld F, Maschauer EL, Morrison I, Skene DJ, Riha RL. Evidence for 
the efficacy of melatonin in the treatment of primary adult sleep 
disorders. Sleep Med Rev. 2017;34:10–22.

	 91.	 Doghramji K, Jangro WC. Adverse effects of psychotropic medica‐
tions on sleep. Psychiatr Clin North Am. 2016;39(3):487–502.

	 92.	 Hashimoto T, Shiina A, Hasegawa T, et al. Effect of mirtazapine 
versus selective serotonin reuptake inhibitors on benzodiazepine 
use in patients with major depressive disorder: a pragmatic, mul‐
ticenter, open‐label, randomized, active‐controlled, 24‐week trial. 
Ann Gen Psychiatry. 2016;15:27.

	 93.	 Hickie IB, Rogers NL. Novel melatonin‐based therapies: po‐
tential advances in the treatment of major depression. Lancet. 
2011;378(9791):621–631.

	 94.	 Kamal M, Gbahou F, Guillaume JL, et al. Convergence of melatonin 
and serotonin (5‐HT) signaling at MT2/5‐HT2C receptor het‐
eromers. J Biol Chem. 2015;290(18):11537–11546.



2332  |     FANG et al.

	 95.	 Quera‐Salva MA, Hajak G, Philip P, et al. Comparison of agome‐
latine and escitalopram on nighttime sleep and daytime condi‐
tion and efficacy in major depressive disorder patients. Int Clin 
Psychopharmacol. 2011;26(5):252–262.

	 96.	 Quera‐Salva MA, Lemoine P, Guilleminault C. Impact of the novel 
antidepressant agomelatine on disturbed sleep‐wake cycles in de‐
pressed patients. Hum Psychopharmacol. 2010;25(3):222–229.

	 97.	 Schmelting B, Corbach‐Sohle S, Kohlhause S, Schlumbohm C, 
Flugge G, Fuchs E. Agomelatine in the tree shrew model of de‐
pression: effects on stress‐induced nocturnal hyperthermia and 
hormonal status. Eur Neuropsychopharmacol. 2014;24(3):437–447.

	 98.	 Wu JQ, Appleman ER, Salazar RD, Ong JC. Cognitive behavioral 
therapy for insomnia comorbid with psychiatric and medical con‐
ditions a meta‐analysis. JAMA Intern Med. 2015;175(9):1461.

	 99.	 Blom K, Jernelöv S, Rück C, Lindefors N, Kaldo V. Three‐year fol‐
low‐up comparing cognitive behavioral therapy for depression to 
cognitive behavioral therapy for insomnia, for patients with both 
diagnoses. Sleep. 2017;40(8):1-14.

	100.	 Sadler P, McLaren S, Klein B, Harvey J, Jenkins M. Cognitive be‐
havior therapy for older adults with insomnia and depression: a 
randomized controlled trial in community mental health services. 
Sleep. 2018;41(8):1-41.

	101.	 Cheng P, Luik AI, Fellman‐Couture C, et al. Efficacy of digital CBT 
for insomnia to reduce depression across demographic groups: a 
randomized trial. Psychol Med. 2018;49:1–10.

	102.	 Blom K, Jernelöv S, Kraepelien M, et al. Internet treatment ad‐
dressing either insomnia or depression, for patients with both di‐
agnoses: a randomized trial. Sleep. 2015;38(2):267–277.

	103.	 Jindal RD, Thase ME. Treatment of insomnia associated with clini‐
cal depression. Sleep Med Rev. 2004;8(1):19–30.

	104.	 Fava M, McCall WV, Krystal A, et al. Eszopiclone co‐administered 
with fluoxetine in patients with insomnia coexisting with major de‐
pressive disorder. Biol Psychiatry. 2006;59(11):1052–1060.

	105.	 Krystal A, Fava M, Rubens R, et al. Evaluation of eszopiclone dis‐
continuation after cotherapy with fluoxetine for insomnia with co‐
existing depression. J Clin Sleep Med. 2007;3(1):48–55.

	106.	 Li C, Bai Y, Lee Y, et al. High dosage of hypnotics predicts sub‐
sequent sleep‐related breathing disorders and is associated with 
worse outcomes for depression. Sleep. 2014;37(4):803–809.

	107.	 Manber R, Buysse DJ, Edinger J, et al. Efficacy of cognitive‐be‐
havioral therapy for insomnia combined with antidepressant phar‐
macotherapy in patients with comorbid depression and insomnia: 
a randomized controlled trial. J Clin Psychiatry. 2016;77(10):e1316
–e1323.

	108.	 Wu JC, Bunney WE. The biological basis of an antidepressant re‐
sponse to sleep deprivation and relapse: review and hypothesis. 
Am J Psychiatry. 1990;147(1):14–21.

	109.	 Benedetti F, Colombo C, Barbini B, Campori E, Smeraldi E. Ongoing 
lithium treatment prevents relapse after total sleep deprivation. J 
Clin Psychopharmacol. 1999;19(3):240–245.

	110.	 Neumeister A, Goessler R, Lucht M, Kapitany T, Bamas C, Kasper 
S. Bright light therapy stabilizes the antidepressant effect of par‐
tial sleep deprivation. Biol Psychiatry. 1996;39(1):16–21.

	111.	 Benedetti F, Barbini B, Fulgosi MC, et al. Combined total sleep 
deprivation and light therapy in the treatment of drug‐resistant 
bipolar depression: acute response and long‐term remission rates. 
J Clin Psychiatry. 2005;66(12):1535–1540.

	112.	 Wu JC, Kelsoe JR, Schachat C, et al. Rapid and sustained antide‐
pressant response with sleep deprivation and chronotherapy in 
bipolar disorder. Biol Psychiatry. 2009;66(3):298–301.

	113.	 Echizenya M, Suda H, Takeshima M, Inomata Y, Shimizu T. Total 
sleep deprivation followed by sleep phase advance and bright 
light therapy in drug‐resistant mood disorders. J Affect Disord. 
2013;144(1–2):28–33.

	114.	 Kuncel AM, Grill WM. Selection of stimulus parameters for deep 
brain stimulation. Clin Neurophysiol. 2004;115(11):2431–2441.

	115.	 Mayberg HS, Lozano AM, Voon V, et al. Deep brain stimulation for 
treatment‐resistant depression. Neuron. 2005;45(5):651–660.

	116.	 Lozano AM, Mayberg HS, Giacobbe P, Hamani C, Craddock 
RC, Kennedy SH. Subcallosal cingulate gyrus deep brain stim‐
ulation for treatment‐resistant depression. Biol Psychiatry. 
2008;64(6):461–467.

	117.	 Schlaepfer TE, Bewernick BH, Kayser S, Madler B, Coenen VA. 
Rapid effects of deep brain stimulation for treatment‐resistant 
major depression. Biol Psychiatry. 2013;73(12):1204–1212.

	118.	 Fenoy AJ, Schulz P, Selvaraj S, et al. Deep brain stimulation of the 
medial forebrain bundle: Distinctive responses in resistant depres‐
sion. J Affect Disord. 2016;203:143–151.

	119.	 Blank M, Zhang J, Lamers F, Taylor AD, Hickie IB, Merikangas KR. 
Health correlates of insomnia symptoms and comorbid mental 
disorders in a nationally representative sample of US adolescents. 
Sleep. 2015;38(2):197–204.

	120.	 Jansson‐Frojmark M, Lindblom K. A bidirectional relationship be‐
tween anxiety and depression, and insomnia? A prospective study 
in the general population. J Psychosom Res. 2008;64(4):443–449.

How to cite this article: Fang H, Tu S, Sheng J, Shao A. 
Depression in sleep disturbance: A review on a bidirectional 
relationship, mechanisms and treatment. J Cell Mol Med. 
2019;23:2324–2332. https://doi.org/10.1111/jcmm.14170

https://doi.org/10.1111/jcmm.14170

