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s u m m a r y

Sleep disturbances and suicidal behaviour are highly prevalent phenomena, representing with a sig-
nificant burden to society. Sleep has been acknowledged as a potential biomarker for suicidal behaviour.
Over the past decade several studies have explored the association between sleep problems and suicidal
behaviour. This area has attracted a growing research interest, hence updated information is needed. We
therefore present a wide-scope review of the literature summarizing the most relevant studies on
epidemiological and theoretical issues underlying this association. Implications of these findings for
clinical practice and future research are discussed.

We performed a systematic search of PubMed and Embase databases up to October 2018 to identify
studies exploring the association between sleep and suicide. Sixty-five articles met the selection criteria,
thus they were included in the review.

There was a significant and independent association between sleep disturbances and suicide risk.
Psychiatric disorders, sleep deprivation-induced neurocognitive deficits, emotional dysregulation, al-
terations in circadian rhythms, and negative feelings, among other factors, contributed to this rela-
tionship. Sleep loss may lead to higher levels of impulsivity, thus increasing unplanned suicidal
behaviour. Sleep disturbances may therefore predict suicidal behaviour, hence becoming a potential
therapeutic target.

© 2018 Elsevier Ltd. All rights reserved.
Introduction

Sleep disturbances are highly prevalent both in psychiatric and
nonepsychiatric populations. Insomnia alone affects between six and
18%of thegeneral population [1]. Reducedqualityorquantityof sleep,
and abnormal sleep phenomena have a significant impact on
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a).
functioning. High rates of comorbidity, poor quality of life and
increased mortality have been associated with sleep disturbances
[2,3]. However, Sleep Medicine has been neglected by research in
comparison to other medical disciplines [4], even though sleep
problems have been linked with an increased risk of suicidal behav-
iour [5].

Up to a million people die from suicide every year worldwide,
making it a leading cause of unnatural death [6]. Unlike other
(preventable) public health issues, suicide prevention has been
largely unsuccessful [7], which may have been due to suicidal
behaviour being a complex multifactorial phenomenon that also
remains poorly understood. .
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Abbreviations

AASM American academy of sleep medicine
BD bipolar disorder
CBT cognitive behavioural therapy
EEG electroencephalography
EMA ecological momentary assessment
MINI mini international neuropsychiatric interview
NREM nonerapid eye movement
PRISMA preferred reporting items for systematic reviews

and meta-analyses
PTSD post-traumatic stress disorder
REM rapid eye movement
SA suicide attempt
SB suicidal behaviour
SI suicidal behaviour
SMS short messaging service
SP suicide plan
SR suicide risk
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One of the longestanding goals of suicide research has been to
identify valid biomarkers of those at risk in order to focus pre-
vention strategies on these higherisk individuals. This approach
has yielded poor results so far [8].

Nevertheless, sleep, which can be easily assessed, may become a
promising biomarker for suicidal behaviour, and has attracted
research interest over the last few decades given its potential role in
prevention as a therapeutics target [9,10]. The relationship between
sleep disturbances and suicidal behaviour has been supported by a
growing body of evidence. However, there are issues around the
conceptualization of both phenomena, since they cannot be easily
separated from other mental disorders, which has hampered
research in this area [11,12].

Several studies over the past few decades have examined the
association between sleep disturbances and suicide risk, some of
which have focused on the epidemiological basis of this association.
Thus, in 2012, Pigeon et al. carried out an extensive metaeanalysis
on this topic [5], while two years later Malik et al. restricted the
search to psychiatric populations [13]. However, only a few risk
factors reviews focused on the mechanisms underlying this asso-
ciation, investigating certain explanatory factors, such as staying
awake at night [14] or psychological factors [15].

The present review aims to explore the epidemiological evidence
of the association between sleep disturbances and suicidality and to
focus on the explanatory putative mechanisms underlying this as-
sociation, including neurocognition, mental disorders, serotonin
dysregulation, circadian rhythms and psychological factors. In
particular, we hypothesised that the potential neurocognitive alter-
ationscausedbydisorderedsleepmayleadto impulsivedecisionsand
increase the risk of a suicide attempt. Finally, we will discuss the
implications of these findings for suicidal behaviour prevention.
Methods

The Preferred Reporting Items for Systematic reviews and
MetaeAnalyses (PRISMA) guidelines were complied with as
applicable [16].
Terminology and definitions

Sleep and sleep disturbances: Sleep is considered as a dimen-
sion of mental health according to the research domain criteria
(RDoC) for mental illnesses classification [17]. The diagnostic and
statistical manual of mental disorders (DSMe5) criteria defined
sleepewake disorders as alterations in the quality, timing, and
amount of sleep, resulting in daytime distress and impairment [18].
In our review any type of sleep disturbance, particularly sleep
disorders, was included. We also used ‘insomnia’ and ‘nightmares’
as search terms, along with the broader terms ‘sleep’ and ‘circa-
dian’, given their high prevalence.

Suicideerelated constructs: The suicide terminology was based
on the standardized definitions given by O'Carroll et al. in 1996 [19]
and redefined by Silverman in 2007 [20]. ‘Suicidal behaviour’
referred to any type of suicidality, including suicidal ideation, sui-
cidal plans, nonefatal suicide attempts and death by suicide. ‘Sui-
cidal ideation’was defined as ‘unelaborated thoughts related to the
wish and/or intention of taking one's life’. ‘Suicidal plan’ was
defined as ‘an elaborated and structured suicidal ideation, with
decisions made as to how to perform the suicide attempt. ‘Suicide
attempt(s)’ included any act of selfeharm performed with the
intention of taking one's life. A suicide attemptwith a fatal outcome
was referred to as ‘death by suicide’. The search terms ‘suicide’ and
‘suicidal’ were used in the search strategy.

Inclusion/exclusion criteria

In order to be included in the review, articles had to fulfil the
following criteria:

1) Only peerereviewed publications were included.
2) There was a search limitation by English or Spanish languages.
3) Information on the association between sleep and suicide had to

be available, that is, either epidemiological data and/or the
mechanisms underlying this association.

4) The studies had to use objective measures, clinical evaluation or
standardized questionnaires for the sleep assessment.

5) The definition of suicidal behaviour was consistent with stan-
dard terminology [19,20].

Those studies included in previous metaeanalyses were
excluded to report on an upetoedate literature review.

Search strategy

We performed a PubMed and EMBASE databases review by
using the text words (“suicide” OR “suicidal”) AND (“sleep” OR
“circadian” OR “insomnia” OR “nightmares”) in the title or abstract.
Last search date was October 2018 and the only limitation was
language: English or Spanish. No specific date restrictions were
used, although most recent studies were given priority. We
included both original research and reviews. The articles were
selected on the basis on relevance to the topic and methodological
quality. Critical appraisal checklists were used to assess the quality
of the studies [21].

Studies selection process

Two researchers (APS and EBG) independently assessed the ar-
ticles for inclusion. Agreement between reviewers, measured by
intraclass correlation coefficient (ICC), was 0.84 (95% CI 0.80e0.88).
After discussion, consensus was reached by the two researchers.

Results

The initial search yielded 2586 results. Following initial
screening of abstracts, fulletext revision and selection process as
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appropriate, 65 articles were finally included in the review (see
Fig. 1).

Epidemiological evidence for the relationship between sleep and
suicide

Outcome assessment methods
Most studies used standardized questionnaires to measure

sleep. The most commonly used questionnaire was the Pittsburgh
sleep quality index [13,27,43,49,50,52]. Two studies relied on clin-
ical diagnosis of sleep disorders, namely sleep apnea and insomnia
[22,23]. Only four selected studies provided an objective measure
of sleep, particularly one study used polysomnography (PSG) [24],
and three papers reported actigraphy data [10,25,26]. A further
study, included in two of the reviewed metaeanalyses [5,13], also
used PSG for sleep assessment [27].

Suicidal behaviour measures varied according to the outcome.
Suicidal ideation and planification were assessed through stan-
dardized questionnaires in all the selected studies that explored
this variable. Suicide attempts were measured by questionnaires in
ten papers [28e37], while two articles relied on clinical data
[23,38]. Death by suicide was only reported by four studies and
recorded through clinical sources [22,39e41].

Metaeanalyses
A metaeanalysis carried out in 2012 concluded that there was a

significant association between sleep disturbances and suicidal
behaviour, with HRs ranging from 1.95 (95% CI, 1.45e2.69) to 2.95
(95% CI, 2.48e3.50). This association remained significant (at
p < 0.05) after adjusting for the presence of psychiatric diagnoses
[5].

A later metaeanalysis of observational studies focused on psy-
chiatric populations found sleep disturbances to be associated with
suicidal behaviour in a range of mental disorders with an overall
Fig. 1. Studies fl
ORs of 2.69 (95% CI, 1.62e4.48) for suicidal ideation, 4.36 (95% CI
2.2e8.33) for suicide attempt, and 1.59 (95% CI 1.17e2.17) for death
by suicide [13].

Sleep duration acted as a doseeresponse protective factor in a
2018 metaeanalysis, which explored the effects of sleep on suicidal
behaviour in adolescents. Suicide plans were linearly and inversely
associated with sleep duration, with an OR of 0.89 (95%CI
0.88e0.90) for every hour of increase in sleep duration. For suicide
ideation and suicide attempts, dose of sleep showed a Ueshaped
curve, in which the smaller risks were linked with a sleep dura-
tion of 8e9 h. Depressive symptoms did not mediate these asso-
ciations [42].

Insomnia and other sleep deficits
Insomnia and other reductions in sleep quantity/quality were

themost frequently explored sleeperelated variables across studies.
Insomnia was consistently associated with suicidal behaviour in all
the reviewed studies, although one of the studies included in the
metaeanalyses by Pigeon et al. [5] did not replicate this association
[43]. In a 21eday followeup study, actigraphyedefined sleep vari-
ability was a significant predictor of suicidal ideation [26], while
suicidal ideation at 24 h was related to insomnia in another inves-
tigation [10]. In a retrospective cohort study of 479,967 patients
under mental healthcare, insomnia tripled the risk for a suicide
attempt over the 13-year followeup [23].

Parasomnias
Nightmares were also strongly associated with suicidal behav-

iour. In a twoeyear followeup study included in the Pigeon et al.'s
metaeanalysis [5], frequent nightmares, but not other sleep dis-
turbances, were associated with higher risk of reeattempting sui-
cide in a sample of past suicide attempters [43]. Nightmares and
suicidal behaviour showed stronger associations than those be-
tween suicidality and other sleep disturbances in two studies
ow chart.
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[35,44]. Nightmares also increased the risk of suicide in PTSD pa-
tients independently of insomnia [32].

Other sleep disturbances
Other sleep disorders, such as hypersomnia, have been hardly

explored in relation to suicidal behaviour. In the metaeanalyses by
Malik et al., hypersomnia was the only sleep disorder that was not
significantly associated with suicidal behaviour (OR ¼ 1.90; 95% CI,
0.60e6.06) [13].

In a prospective study performed with a cohort of 394,000
communityedwelling adults, sleeping over eight hours per night
increased the risk of dying by suicide (HR ¼ 1.5; 95% CI, 1.1e2.0).
However, in this study a reduction of sleep time increased the risk
too [39].

In another study, a longer total sleep time was associated with
greater risk of suicidal behaviour. Sleep time squared was also
directly associated with suicidal behaviour, suggesting a Ueshaped
curve for the relationship between sleep time and suicide [34].

Sleep-related breathing disorders were also associated with
suicidal behaviour [13,22,36]. A 2018 cross-sectional study of
40,149 communityedwelling adults found that sleep apnea was
associated with suicidal ideation (OR ¼ 1.56; 95% CI, 1.08e2.26)
and suicidal plans (OR ¼ 1.50; 95% CI, 1.18e1.91), but not with
suicide attempts. In a case-control study, sleep apnea signifi-
cantly increased the risk of dying by suicide (HR in men ¼ 1.76,
95% CI, 1.19e2.60; HR in women ¼ 4.33, 95% CI, 1.96e9.56) [22].
Another study, included in the meta-analysis by Malik et al.
[13], reported an association between sleep-related breathing
disorder and suicidal behaviour (OR ¼ 2.56; 95% CI, 1.91e3.43)
[45].

Tables 1, 2 and 3 summarize these results.

Mechanisms involved in the relationship between sleep and suicide

Neurobiological factors
Neurocognitive impairments leading to impulsivity and

risketaking have been associated with suicidal behaviour, espe-
cially with unplanned suicide attempts [55e57].

Insufficient sleep has also been associated with impairments in
decisionemaking, as well as emotional dysregulation, including
difficulties in discriminating the importance of different emotional
stimuli [58e60].

Despite this shared association, few studies have specifically
explored the role of neurobiological factors as mediators between
sleep and suicide. In a 2016 systematic review, Perlis et al. sug-
gested that the effect of impaired sleep on suicidal behaviour may
be the result of executive dysfunction caused by being awake at
nightetime [14].

Ballard et al. (2016) also pointed out to the potential role of
executive function and emotional regulation in mediating this
Table 1
Epidemiological association between sleep and suicide: Metaeanalyses.

Study Sleep outcome Suicide outcome N Populati

Pigeon et al., 2012 [5] Any sleep disturbance Any SB 31 samples Mixed sa
SI
SA
Death by suicide

Malik et al., 2014 [13] Any sleep disturbance SI 19 samples Psychiat
SA
Death by suicide

Chiu et al., 2018 [42] Sleep duration SI 12 samples Commun
SP
SA

BD: bipolar disorder; OR: odds ratio; NS: nonesignificant; SA: suicide attempt; SB: suici
relationship, linking sleep loss with risky decisionemaking and
negative affect [24]. Thus, sleep loss was associated with risky
decision-making and negative affect [24].

Another study with 972 communityedwelling adults found that
emotion dysregulation, particularly downregulation of negative
affect, mediated the association between nightmares and suicidal
behaviour [61]. Additionally, increased functional connectivities be-
tween certain brain areas, including the lateral orbitofrontal cortex
and anterior cingulate cortex, were identified as mediators in the
relationship between sleep quality and depressive symptoms [62].

Fig. 2 illustrates the neurocognitive consequences of sleep loss
on suicidal behaviour.

Comorbidity with mental disorders
Although in most of the selected studies the association be-

tween sleep disturbances and suicidal behaviour remained signif-
icant after adjusting for mental disorders, effect sizes were
frequently reduced [5,28,31,32,34,35].

Also, the effect of sleep on suicidal behaviour was increased, as
demonstrated by the metaeanalysis byMalik et al. (2014), inwhich
the strength of the association between sleep disturbances and
suicidal behaviour varied across psychiatric diagnoses. Depression
(OR¼ 3.05; 95%, CI 2.07e4.48), PTSD (OR¼ 2.56; 95% CI, 1.91e3.43),
panic disorder (OR ¼ 3.22; 95% CI, 1.09e9.45), and schizophrenia
(OR ¼ 12.66, 95% CI, 1.40e114.44) showed the highest OR [13].

Sleep disturbances were associated with higher recurrence and
treatment resistance in depression, while antidepressants affected
sleep patterns [63,64]. In a recent study, the relationship between
sleep disturbances and suicide ideation was mediated by depres-
sive symptoms [65]. Another study showed that depressive
symptoms mediated the relationship between insomnia and sui-
cidal ideation, with no effect on the relationship between insomnia
and suicide attempts [66].

Sleep disturbances are also a common feature of PTSD.
Disturbed sleep and recurrent distressing dreams are DSMe5
criteria for the diagnosis of PTSD and it is estimated that 85% of
PTSD patients suffer from insomnia, while over 65% of them report
nightmares [18,67]. A recent study carried out in a large sample of
Korean firefighters showed that insomnia, along with alcohol use,
largely mediated the association between PTSD and suicide risk
[68].

Circadian rhythms
With regard to circadian rhythm abnormalities, a polymorphism

in the clock gene rs1801260, which is one of the genes involved in
the regulation of circadian rhythms, was associated with insomnia,
depressive symptoms and suicidal behaviour in patients with bi-
polar affective disorder in two studies [69,70]. ‘Violent’ suicide at-
tempts were also associated with polymorphisms in the genes
CLOCK rs3805148, CLOCK rs534654, TIMELESS rs11171856, and
on Association (95% CI)

mples RR ¼ 1.91 (1.64e2.23)
RR ¼ 1.86 (1.52e2.28)
RR ¼ 2.01 (1.47e2.74)
RR ¼ 1.96 (1.32e2.91)

ric patients OR ¼ 2.69 (1.62e4.48)
OR ¼ 4.36 (2.2e8.33)
OR ¼ 1.59 (1.17e2.17)

ityedwelling adolescents Ueshaped doseeresponse curve; lowest risk at 9 h
OR ¼ 0.89 (0.88e0.90)
Ueshaped doseeresponse curve; lowest risk at 8e9 h

dal behaviour; SI: suicidal behaviour; SP: suicide plan; SR: suicide risk.



Table 2
Epidemiological association between sleep and suicide: Longitudinal studies.

Study Sleep outcome Suicide outcome Followeup
period

N Population Association (95% CI)

Gunnel et al., 2013 [39] <4 h sleep (vs. 6e8) Death by suicide 7.4 y 393,983 Communityedwelling
adults

OR ¼ 3.5 (2.0e6.1)
4e6 h sleep (vs. 6e8) OR ¼ 1.5 (1.1e1.9)
>8 h sleep (vs. 6e8) OR ¼ 1.5 (1.1e2.0)

Bernert et al., 2014 [40] Poor sleep quality Death by suicide 420 Suicide decedents vs.
communityedwelling adults

OR ¼ 1.39 (1.14e1.69)
Difficulty falling asleep OR ¼ 2.24 (1.27e3.93)
Nonerestorative sleep OR ¼ 2.17 (1.28e3.67)

Kodaka et al., 2014 [41] Any sleep disturbance Death by suicide 49 Suicide decedents OR ¼ 12.7
Koyawala et al., 2015 [28] Increased wakefulness SA 80 Adolescent with a history

of SA and healthy controls
OR ¼ 4.2 (1.55e11.55)

Trouble getting back to
sleep

OR ¼ 3.4 (1.27e9.13)

Ballard et al., 2016 [24] Nocturnal wakefulness SI 24 h 65 MDD and BD patients b ¼ 0.31
Li et al., 2016 [38] Insomnia SA 8 y 388 Schizophrenic patients HR ¼ 4.63 (1.40e15.63)
Bernert et al., 2017 [26] Sleep variability SI 21 d 4847 College students b ¼ 0.27 (0.06e0.66)

Nightmares b ¼ 0.22 (0.03e0.33)
Insomnia b ¼ 0.18 (0.0e0.40)
Other sleep parameters NS

Rod et al., 2017 [22] Sleep apnea Death by suicide 5.1 y 446,135 Sleep apnea cases
and patient controls

Men: HR ¼ 1.76 (1.19e2.60)
Women: HR ¼ 4.33 (1.96e9.56)

Earlier onset of daily
activity

OR ¼ 1.27 (1.05e1.54)

Other sleep parameters NS
R€ossler et al., 2018 [29] Mild sleep problems SB 591 Communityedwelling

adults
OR ¼ 1.9 (1.4e2.5)

Moderate sleep
problems

OR ¼ 3.3 (2.5e4.4)

Severe sleep problems OR ¼ 1.9 (1.3e2.8)
Eikelenboom et al., 2018

[46]
Insomnia SA 6 y 1713 MDD patients 1.51 (1.13e2.02)

Lin et al., 2018 [23] Insomnia SA 13 y 479,967 Insomnia cases and
patient controls

HR ¼ 3.53 (3.06e4.08)

Littlewood et al., 2018 [10] Objective short sleep
duration

SI severity 24 h 51 Patients with a
history of SB

�0.0876e0.1387 to �0.0133

Subjective short sleep
duration

�0.0801e0.0984 to �0.0071

Subjective poor sleep
quality

�0.1093e0.2508 to �0.0532

Sleep efficiency; Sleep
onset latency

NS

BD: bipolar disorder; OR: odds ratio; NS: nonesignificant; SA: suicide attempt; SB: suicidal behaviour; SI: suicidal behaviour; SP: suicide plan; SR: suicide risk.
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TIMELESS rs2291739, which was also linked to multiple suicide
attempts and a family history of suicide attempts along with the
TIMELESS rs11171856 [70].

Another study found that suicidal behaviour was associated with
lifeetime alterations in circadian rhythms in PTSD patients [71].

A 2016 study found a higherethaneexpected rate of suicide
attempts during nightetime, with the maximum rate occurring
between 2 am and 3 am [72]. Another study found that the highest
risk for suicide attempts occurred from 5 pm to 11 pm, while
4 ame7 am was the lowest risk period [73].

The evening chronotype da greater performance in terms of
functioning in the evening and a preference for remaining awake at
nightetimed, may also be related to suicidality. Benard et al.
(2018) found an association between rigidity in the circadian type
inventory and suicidal behaviour, although this association did not
survive the final model multivariable models [25].
Psychological and related factors
In a study with a sample of adolescents, feelings of defeat and

entrapment mediated the relationship between suicidal ideation
and insomnia, while the effects of nightmares on this association
were moderated by these feelings [44]. Defeat, entrapment and
hopelessness were also mediators in the relationship between
nightmares and suicide in a PTSD study [32]. In an another study
exploring the role of thwarted belongingness in the relationship
between insomnia and suicidal ideation, this feeling was found to
moderate this association, although the direct effect of insomnia on
suicidal ideation survived after adjusting for confounders [74].

Three studies explored the subjective views of sleep role in
suicidal behaviour. Feelings of loneliness during sleepless nights
and the detrimental effects of sleep disturbances on daytime
functioning were reported to contribute to this association
[15,75e77]. These studies also commented on the link between
sleep as escape from reality and suicidality, hence reducing the risk
[15,75e77].

Two more studies suggested that disruption in sleep may also
lead to suicidal behaviour through circumstantial factors, such as
being awake at night, which may represent a time window during
which rescue is less likely, although still possible [78,79].

Discussion

We conducted a systematic review aimed to examine the rela-
tionship between sleep disturbances and suicidal behaviour with a
focus on the mechanisms and contributory factors underlying such
as association, from which several findings emerged, which may
have relevant implications on clinical practice and future research,
as detailed below.

Sleep and the motivationalevolitional model of suicide

The motivationalevolitional model of suicide describes three
steps in the pathway leading to a suicide attempt. First,



Table 3
Epidemiological association between sleep and suicide: Crossesectional studies.

Study Sleep outcome Suicide outcome N Population Association (95% CI)

Jang et al., 2013 [30] < 4 h sleep (vs. 6e7) SI 75,066 Communityedwelling adolescents Men: OR¼1.64 (1.29e2.08)
Women: OR¼2.50 (1.69e3.69)

< 4 h sleep (vs. 6e7) SA Men: OR¼2.06 (1.34e2.17)
Women: OR¼3.89 (1.74e8.66)

McCall et al., 2013 [47] Insomnia SI severity 50 Depressed patients b¼0.64 (0.14e1.15)
An et al., 2015 [48] Short sleep duration SI 4,674 Communityedwelling adults OR¼75 (1.17e2.62)
Blank et al., 2015 [31] Insomnia SI/SP/SA 6,483 Communityedwelling adolescents OR¼2.63 (1.34e5.16)
Gelaye et al., 2016 [49] Poor sleep quality SI 1054 Communityedwelling adults OR¼3.46 (2.27e5.26)
Littlewood et al., 2016 [32] Nightmares SB 91 PTSD patients OR¼1.71 (1.05e2.45)
Lopes et al., 2016 [31] Early awakening SB 214 Depressed children and adolescents OR¼2.3 (1.1e4.9)

SI OR¼2.5 (1.3e5.0)
SA OR¼4.4 (1.9e10.4)

Night awakening SB OR¼4.4 (2.4e8.0)
SP OR¼4.9 (2.5e9.5)
SA OR¼4.8 (2.1e10.9)

Initial insomnia SB OR¼4.9 (2.8e8.8)
SI OR¼6.0 (3.2e11.2)
SA OR¼10.8 (4.7e25.2)

Daytime sleepiness SI OR¼9.5 (9.1e10.0)
SA OR¼5.5 (2.2e13.2)

Supartini et al., 2016 [50] Poor sleep quality SI 1,992 Communityedwelling young adults OR¼2.65 (1.81e3.89)
Increased sleepeonset latency;
Short sleep duration; Late
bedtime; Late waketime

NS

Wong et al., 2016 [51] Difficulty falling sleep SI 10,123 Communityedwelling adolescents OR¼3.51 (2.51e4.90)
Difficulty maintaining sleep OR¼4.44 (3.42e5.75)
Early morning awakening OR¼2.47 (1.77e3.43)
Difficulty falling sleep SP OR¼5.56 (3.03e10.20)
Difficulty maintaining sleep OR¼5.44 (3.08e9.60)
Early morning awakening OR¼3.52 (2.07e6.01)
Difficulty falling sleep SA OR¼5.37 2.48e11.64
Difficulty maintaining sleep OR¼5.95 (2.61e13.56)
Early morning awakening OR¼2.64 (1.64e4.26)

Gelaye et al., 2017 [52] Poor subjective sleep quality SI 1298 Pregnant women OR¼1.28 (1.15e1.41)
Michaels et al., 2017 [34] (Total sleep time)2 SB 789 Communityedwelling adults b ¼0.02
Richardson et al., 2017 [53] Insomnia SI 6700 Military personnel OR¼1.34 (1.18e1.52)
Stanley et al., 2017 [35] Nightmares SR 379 Children and adolescents with BD OR¼1.83

Sleep terrors; Sleepwalking NS
Bishop et al., 2018 [36] Sleep apnea SP 40,149 Communityedwelling adults OR¼1.56 (1.08e2.26)

SI OR¼1.50 (1.18e1.91)
SA NS

Russel et al., 2018 [44] Insomnia SI 1,045 Communityedwelling adolescents OR¼3.19 (2.05e4.99)
Nightmares OR¼3.38 (2.35e4.85)

Verkooijen et al., 2018 [37] Any sleep disturbance SI/SP/SA 16,781 Communityedwelling adolescents OR¼3.90e4.14
Whitmore, 2018 [54] Short sleep duration: 4e5 hours SI 12,974 Communityedwelling adolescents OR¼1.81 (1.62e2.02)

Short sleep duration: 6e7 hours OR¼1.17 (1.06e1.29)

BD: bipolar disorder; OR: odds ratio; NS: nonesignificant; SA: suicide attempt; SB: suicidal behaviour; SI: suicidal behaviour; SP: suicide plan; SR: suicide risk.
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predisposing factors can concur at the preemotivational stage,
which is followed by motivational stage, during which suicidal
ideation/plans are developed further. . Finally, at the volitional
stage precipitating factors lead this subject to make a (suicidal) act
[80].

Sleep disturbances may play a crucial role in the last steps to-
wards suicide, hence acting as proximal predictors of a suicide
attempt and distinguishing those will go on to make a suicidal
behaviour from those who will not.
Sleep disturbances as a precipitating factor for suicidal attempt: The
role of neurocognition

The impact of sleep loss on neurocognitive performance may
affect decisionemaking processes. Sleep disturbances, which have
a relevant impact on neurocognition may pave the pathway linking
cognitive impairment with an increased risk of suicide attempts
[55e57]. Thus, disturbed sleepeinduced cognitive impairments
may lead to more impulsive decisions, which tend to more un-
derestimate the potential consequences of actions.
If in addition to such a predisposing mental state the individual
suffers from significant life events and/or there is a genetic vulner-
ability, the risk increases. This may explain the association of sleep
disturbances with an increased suicide risk at nightetime [78,79].
Acute vs. chronic presentations

The course of sleep disturbances over time may increase/
decrease its impact on the association between sleep and suicide.
Thus, acute sleep disturbances may have a stronger impact on
neurocognition since there is no time for adaptation and
compensation, which is linked with decisionemaking issues
potentially leading to suicidal behaviour. One sleepless night tends
to have detrimental effect on the risk/reward discrimination system
and the decisionemaking process. In this acute presentation,
disturbance of sleep is more likely to act as a precipitating factor for
suicidal behaviour. This acute presentation should therefore warn
clinicians (and family members as appropriate) about the need for
caution in management, which has been consistently demon-
strated by previous research [10,24,26].



Fig. 2. Neurocognitive consequences of sleep loss on suicidal behaviour.
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Although subacute and chronic presentations are characterized
by a less abrupt onset of the condition over timewhich also tends to
last for longer, they may increase the risk for other mediating fac-
tors, such as mental disorders, which have an impact on sleep.
Hence, in this chronic presentation sleep disturbances may become
useful markers of suicide risk. In addition, we found evidence of the
longelasting aftereeffects of earlyeonset sleep disturbances on
suicide risk. Thus, sustained sleep problems at young ages were
reported to have a negative impact on the neuropsychological
development, which may result in cognitive and behavioural issues
in the adulthood, which was mainly related to hypoactivity of the
5eHT system in the prefrontal cortex [80].
Implications for prevention and treatment

Sleep disturbances as a predictor for suicide
Based on our systematic review findings, it seems that early

detection of sleep problems in primary care settings may help to
reduce suicide rates. Interestingly, unlike other mental health
issues, sleep disturbances lack the stigma associated with ‘psy-
chiatric’ conditions that comes with other mental health symp-
toms, which may increase engagement rates. In keeping with
this, up to 46% of suicide victims were reported to have contacted
their general practitioner in the month prior to death [81].
Likewise, 90% of young suicide victims had also received primary
care in the year leading to death [82]. However, a specific
comment on suicidal behaviour risk was documented in less than
3% of suicide decedents who had been seen in primary care.
Suicide risk tend to go unnoticed in primary care unless directly
selfereported by patients since risk assessment is not routinely
performed [83,84]. Insomnia, nightmares and other sleep dis-
turbances could be warning signs of suicidal behaviour, espe-
cially when combined with other known risk factors for suicide.
Therefore, a proper screening of sleep disturbances should
become part of routine suicide risk assessment, both in primary
care and mental healthcare. In particular, the use of mobile
phoneebased applications may represent a helpful tool to
objectively monitor symptoms severity, including sleep distur-
bances, thus assessing risk of suicidal behaviour, particularly to
followeup suicide attempters; for instance through short
messaging service (SMS) [85e87].
Sleep as a therapeutic target
Sleep disturbances are therefore modifiable risk factors for

suicide. Specifically, tackling sleep problems is an underutilized
therapeutic strategy to reduce suicidal behaviour risk [88]. The



Practice points

� Sleep disturbances are relevant contributors to suicidal

behaviour, particularly in the final pathways to suicidal

behaviour.

� The relationship between sleep disturbances and suicidal

behaviour is likely to be multifactorial. However, some

mechanisms have received particular attention regarding

their potential role as mediators in this relationship.

Some of the most relevant factors underlying this asso-

ciation are neurobiological alterations, comorbidity with

mental disorders, abnormalities in the circadian rhythms,

and a range of circumstantial and psychological factors.

� The neurocognitive impairment associated with insuffi-

cient sleep and suicidal behaviour, particularly through its

role in affecting decisionemaking and reduced cognitive

inhibition underlies, to some extent, this association.

Insufficient sleepmay lead to rushed decisions, hastening

the progression to action even in the absence of previous

suicidal ideation.

� Sleep disturbances may be specifically associated with

suicide outcomes, which could help to identify subgroups

of atehigherisk patients.

� Sleep problemsmay be a cause of consultation less prone

to stigma, allowing for early detection, thus becoming a

promising therapeutic target to decrease suicide risk.
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management of sleep disturbances is, however, very challenging in
the clinical setting, with a need for more evidenceebased treat-
ments and guidelines.

Insomnia has been reported to be the most frequent sleep dis-
order. The first line treatment for insomnia is
cognitiveebehavioural therapy (CBT) [89], which has also been
shown to reduce suicidal ideation among psychiatric patients
[90,91]. Of note, CBT and other psychotherapeutic interventions,
unlike medications, have not been associated with sideeeffects,
although they may take longer to respond.

Although pharmacological interventions are associated with
faster responses, they are usually recommended only as
shorteterm measures due to the high risk of addiction and po-
tential side effects, including insomnia [92]. Specifically, concerns
have been raised about the use of hypnotics and sedative drugs,
which might increase suicidal risk, particularly when misused
[92,93], including nonebenzodiazepine hypnotic drugs, such as
Zolpidem, which has been associated with a doseeresponse in-
crease in the risk of suicide attempt and death by suicide [94].

Antidepressants are also firsteline treatments of insomnia,
especially when there is comorbid depression. Although
serotonineselective reuptake inhibitors (SSRI) antidepressants
initially increase total sleep time at the expense of NREM sleep,
recent evidence suggests that theymay have a detrimental effect in
the longeterm, thus increasing sleep latency and reducing the
number of REM periods [95,96]. However, SSRI antidepressants
have also been shown to improve subjective sleep quality in the long
term. In a 2016 prospective populationebased study, continued use
of SSRI was associated with better subjective sleep quality (PSQI
questionnaire) even after controlling for depressive symptoms [97].

In addition to insomnia, nightmares are the second sleep
problem more frequently investigated in relation to suicide. Image
rehearsal therapy (IRT) is the firsteline treatment recommended by
the American academy of sleep medicine (AASM) for the manage-
ment of PTSDerelated nightmares and nightmare disorder [98].
The use of IRT for the treatment of nightmares has reduced suicidal
ideation in psychiatric inpatients [99].

Regarding psychopharmacological interventions for night-
mares, prazosin has lost some support over the last few years. A
2015 metaeanalysis of clinical trials comparing prazosin with IRTs
in nightmares showed no differences between both PTSD groups
and its effectiveness was also supported by a previous
metaeanalysis [100,101]. However, two clinical trials in 2018
revealed no reduction in suicidal ideation in PTSD patients on
prazosin [102,103].

New technologies may become a potential valuable tool for the
management of sleep disturbances, such as the mobileebased
application Sleepcare app, which delivers specific CBT techniques
for insomnia, which was trialled in a sample of
communityedwelling adults with promising results [104].

With regard to the management of suicidal behaviour, ketamine
has recently received much research interest. For instance, keta-
mine has been found to have a quick antidepressant effect, which
lasts for up to one week [105]. As a result, ongoing studies are
testing longereacting ketamineerelated drugs and formulations. .
Of relevance, the antiesuicidal and antidepressant properties of
ketamine are thought to be related to its effect on sleep, including
reduction of wakefulness and induction of changes in the circadian
system [106,107].

Challenges for future research

Suicide research faces significant issues around the conceptu-
alization of suicide, particularly regarding the extent to which
suicide is the result of a mental disorder. Specifically, rather than a
symptom of an underlying mental illness, suicide may represent a
crossesectional phenomenon or a separated diagnosis, which was
proposed in an editorial [108]. This proposal may have contributed
to increasing its external validity and specificity, thus facilitating
future research.

Additionally, many authors have voiced that suicide is a het-
erogeneous phenomenon encompassing several types of suicidal
behaviour, with different neurobiological underpinnings and
pathways towards suicide [109,110]. Hence, these mixed groups of
patients under the same umbrella may have contributed to the
relatively unsuccessful suicide research over the past few decades,
particularly suicide neurobiological research [110].

Sleep disturbances sharewith suicidal behaviour this ambiguity,
that is, whether they should be considered a symptom or a disorder.
Despite the high prevalence of sleep disturbances in the general
population and the evidence of their independent pathophysio-
logical mechanisms, they are frequently considered as mere
symptoms of other mental disorders.

Sleep assessment poses an additional challenge. Many aspects of
sleep, such as quality or dream content, are highly subjective con-
structs. Even more straighteforward components, such as total
sleep time, are difficult to be measured in research settings since
there are few objective measurement tools for these variables.
Sleep questionnaires represent themost common sleep assessment
instruments; however, they are subjective and prone to recall bias
[111]. Polysomnography (PSG) provides themost objective measure
of sleep, which should be therefore taken as the gold standard,
although there are some issues around its practicality in
realeworld research/clinical settings [111].

Finally, sleep trackers, which are wearable devices equipped
with an actigraph and synced to a mobile phone application may
represent valid alternatives to assess sleep. They provide an
objective measure of sleep in an ecological setting, but the valida-
tion of these devices is still in progress and their use in clinical
settings has not been recommended yet [111,112].



Research agenda

� One of the most promising directions for future research

is the development and implementation of mobile phone

ebased applications to objectively monitor sleep in at

erisk populations, hence predicting suicidal behaviour.

� In line with this, monitoring of sleep using wearable de-

vices has receivedmuch attention from research recently.

� Finally, ketamineelike agents with longelasting thera-

peutic effects may improve the acute management of

suicidal behaviour since ketamine has both antiesuicidal

and antidepressant properties, which could be due to its

effect on sleep problems.
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