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HIGHLIGHTS

® A meta-analysis was conducted of longitudinal studies of sleep and suicide outcomes.

® Sleep disruption, including insomnia, prospectively predicted suicide outcomes.

® Studies of sleep disturbance as a short-term risk factor are needed.

® Future research is needed clearly differentiating acute from chronic sleep disturbance.

® A mediational model was presented of sleep, inflammation, executive control, and suicide.

ARTICLE INFO ABSTRACT

Keywords: The current review provides a quantitative synthesis of the empirical literature on sleep disturbance as a risk

Insomnia factor for suicidal thoughts and behaviors (STBs). A systematic search of PsycINFO, MEDLINE, and the references

Meta-analysis of prior reviews resulted in 41 eligible studies included in this meta-analysis. Sleep disturbance, including in-

Sle‘ep-) o somnia, prospectively predicted STBs, yielding small-to-medium to medium effect sizes for these associations.

:Eizgzl ideation Complicating interpretation of these findings however, is that few studies of suicidal ideation and suicide at-
tempts, as well as none of suicide deaths, assessed short-term risk (i.e., employed follow-up assessments of under
a month). Such studies are needed to evaluate current conceptualizations of sleep dysregulation as being in-
volved in acute risk for suicidal behavior. This want of short-term risk studies also suggests that current clinical
recommendations to monitor sleep as a potential warning sign of suicide risk has a relatively modest empirical
basis, being largely driven by cross-sectional or retrospective research. The current review ends with re-
commendations for generating future research on short-term risk and greater differentiation between acute and
chronic aspects of sleep disturbance, and by providing a model of how sleep disturbance may confer risk for STBs
through neuroinflammatory and stress processes and associated impairments in executive control.

1. Introduction Th’ indifferent judge between the high and low.
With shield of proof shield me from out the prease
Come Sleep! O Sleep, the certain knot of peace, Of those fierce darts despair at me doth throw.
The baiting-place of wit, the balm of woe, — from Sir Philip Sidney, Astrophil and Stella Sonnet XXXIX
The poor man's wealth, the prisoner's release,
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Suicide is one of the leading causes of death worldwide and is
therefore a major public health concern (World Health Organization,
2019). Imperative to the development of prevention and intervention
tools for suicidal thoughts and behaviors (STBs; i.e., suicidal ideation,
attempts, and death) is the identification of mutable risk factors. Sleep
disturbance has received growing attention as a potentially salient risk
factor for suicide. Indeed, a decrease of even just one hour of sleep may
be associated with significantly greater likelihood of these outcomes
(Winsler, Deutsch, Vorona, Payne, & Szklo-Coxe, 2014). Furthermore,
sleep disturbance is prominently featured as a warning sign (i.e., pre-
cipitating risk factor) for STBs by the American Association of Suici-
dology (American Association of Suicidology, 2019), the American
Foundation for Suicide Prevention (American Foundation for Suicide
Prevention, 2019), the National Institute of Mental Health (National
Institute of Mental Health, 2019), and the Substance Abuse and Mental
Health Services Administration (Substance Abuse and Mental Health
Services Administration, 2019). Consistent with this position, several
current theoretical perspectives hold that acute suicide risk occurs
during relatively short-lived periods of heightened arousal or agitation
(Deisenhammer et al., 2009; Miller & Prinstein, 2019; Tucker, Michaels,
Rogers, Wingate, & Joiner, 2016; Wolfe-Clark & Bryan, 2017), and sleep
disruption has been conceptualized as a manifestation of the over-
arousal characteristic of this period of acute suicide risk (Ribeiro, Yen,
Joiner, & Siegler, 2015; Rogers et al., 2016; Tucker et al., 2016).

When evaluating existing evidence for the role of sleep disturbances
in suicide risk, it is important to observe the distinction between risk
factors and correlates. A longitudinal design is necessary to assess the
extent to which a variable may be considered a risk factor, temporally
preceding the outcome of interest (Kraemer et al., 1997). In contrast to
risk factors, correlates are determined with cross-sectional designs and
therefore lack evidence of temporal precedence; correlates cannot es-
tablish prospective prediction and cannot be ruled out as concomitants
or epiphenomena of the mental health outcome of interest. Correlates
are thus limited in the degree to which they may inform treatment
development.

To date, there have been six systematic reviews (Bernert, Kim,
Iwata, & Perlis, 2015; Chiu, Lee, Chen, Lai, & Tu, 2018; Kearns et al.,
2020; Liu, Tu, et al., 2019; Malik et al., 2014; Pigeon, Pinquart, &
Conner, 2012), all providing evidence suggesting that a range of sleep
disturbances are indeed correlates of STBs. Although four of these prior
systematic reviews were meta-analyses (Chiu et al., 2018; Liu et al.,
2019; Malik et al., 2014; Pigeon et al., 2012), which offer a unique
advantage over narrative reviews in that they allow for quantitative
estimates of the magnitude of the association between sleep disturbance
and STBs, most of the studies included in these meta-analyses employed
cross-sectional designs or analyses. Significantly less empirical research
has focused on the relationship between sleep indices and suicide
outcomes utilizing longitudinal designs, leaving unclear the strength of
sleep disturbance as a true risk factor for STBs. Moreover, it is possible
that the greater representation of cross-sectional studies in these prior
meta-analyses may have led to an overestimate of the strength of the
relation between sleep disturbance indices and suicide risk, especially
given evidence that one of these prior meta-analyses has found that
cross-sectional designs may produce larger effect sizes (RR = 3.14)
than longitudinal designs (RR = 1.94) in this relation (Pigeon et al.,
2012). Finally, there has been only one systematic review focusing
specifically on longitudinal associations between sleep and suicide, a
narrative review of adolescent studies. The majority of the studies in
this review provided evidence of a prospective relation between sleep
problems and suicidal thoughts and behaviors (Kearns et al., 2020).

The present review aimed to accomplish several goals. The current
study aimed to provide the first systematic review and meta-analysis of
studies examining the prospective relationships between sleep dis-
turbance and STBs. It also intended to identify potential moderators of
the strength of these associations. Additionally, an earlier meta-analysis
(Pigeon et al., 2012) that evaluated whether the strength of association
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between sleep disturbance and suicidality was moderated by the
adoption of a cross-sectional versus longitudinal design featured only
seven studies that were eligible for the current review.' The body of
literature has expanded considerably since then such that the small
number of available longitudinal studies at the time necessitated col-
lapsing across STBs in evaluating the association between sleep dis-
turbance and suicide, whereas there are now a sufficient number of
longitudinal studies to observe the important distinction between each
form of STB in separate meta-analyses. A more recent meta-analysis,
focusing exclusively on psychiatric patient samples (Malik et al., 2014)
categorized 11 studies as employing a longitudinal design, and just six
of these featured longitudinal analyses. The two remaining meta-ana-
lyses focused exclusively on sleep behavior in adolescents, with one
featuring only two studies with longitudinal analyses included in the
current review (Liu, Tu, et al., 2019), and the other none (Chiu et al.,
2018). The current quantitative synthesis of the literature therefore
builds substantially upon prior meta-analytic work in this area with the
intention of clarifying the temporal nature of the association between
sleep disturbance and STBs. This review then follows with a discussion
of methodological and conceptual issues relevant to the study of sleep
disturbance as a risk factor for STBs, and ends by outlining a mechan-
istic model wherein disturbed sleep may lead to heightened risk for
suicide, thereby to provide a guide for future research in this area.

2. Method
2.1. Search strategy and eligibility criteria

A systematic search of the literature was conducted in PsycINFO and
MEDLINE to identify studies of potential relevance to the current re-
view published from inception to August 1, 2019. The following search
string was applied: (suicid* OR “self-harm” OR parasuicid* OR self-
injur*) AND (sleep* OR insomnia* OR hypersomnia* OR nightmare*
OR polysomnogra* OR “REM” OR actigraph*) AND (“longitudinal* OR
future OR later OR “follow-up” OR “follow up” OR predict* OR pro-
spective* OR risk OR “multi-wave” OR “multiwave”). The search results
were limited to: (i) English-language publications and (ii) peer-re-
viewed journals. This search was supplemented by screening the re-
ferences of prior systematic reviews of studies of sleep and suicide
(Bernert et al., 2015; Chiu et al., 2018; Kearns et al., 2020; Liu, Tu,
etal., 2019; Malik et al., 2014; Pigeon et al., 2012), which yielded three
new publications. This search strategy yielded a total of 2521 articles,
of which 1720 were unique reports. First, the eligibility of an article
was determined based on the title and abstract. If the eligibly could not
be determined solely from the title and abstract, the full text was also
examined. Each search result was independently reviewed for eligibility
by two authors. In the event of a discrepancy between authors, it was
resolved independently by a third author.

The study inclusion criteria were: (i) sleep disturbance was assessed
distinctly from other constructs (e.g., not as a compound variable of
health conditions or behaviors); (ii) STBs were analyzed separately
from other constructs (e.g., non-suicidal self-injury or suicide risk
composites); (iii) each STB was distinguished from other aspects of
suicidality (i.e., suicidal ideation, suicide attempts, and suicide deaths,
were analyzed separately); (iv) sleep disturbance and STBs were as-
sessed systematically; (v) quantitative data were presented on the as-
sociation between sleep disturbance and STB(s); and (vi) studies in-
cluded a longitudinal component, with sleep disturbance analyzed in

! An eighth study appears in both the earlier meta-analysis and the current
one, but only cross-sectional data from the study were included in the prior
review. In addition, although several other studies in this prior meta-analysis
featured a longitudinal design, they nonetheless employed cross-sectional
analyses of sleep in relation to STBs and thus were not eligible for inclusion in
the present meta-analysis.
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relation to a future STB (i.e., longitudinal studies that conducted ana-
lyses with temporal overlap between sleep disturbance and STBs were
not eligible). In some cases, it was not possible to determine study
eligibility based on the information provided in the study. When this
occurred, the research team made every effort to obtain additional
needed information by contacting the corresponding author or ob-
taining details from other publications that used the same dataset and/
or provided a description of the relevant measure(s).

2.2. Data extraction

We extracted data for nine study characteristics. These included
four sample characteristics: (i) sample age group (adolescent or adult);
(ii) mean age of sample; (iii) sample type (i.e., epidemiological, com-
munity, at-risk/mixed, and clinical); and (iv) percentage of female
participants in the study sample. Data for five study design character-
istics were also extracted: (i) method of measuring sleep disturbance
(i.e., self-report versus interview); (ii) method of measuring STB(s) (i.e.,
self-report versus interview); (iii) time-frame of sleep disturbance
measure; (iv) time-frame of STB(s) measure; and (v) length of study
assessment follow-up period.

2.3. Data analysis

Analyses were conducted using Comprehensive Meta-Analysis,
Version 3.3.070 (Biostat, 2014). The standardized mean difference
(SMD; Cohen's d) was used to calculate effect sizes for analyses of po-
tential associations with STBs. Standard guidelines for Cohen's d were
used to determine the size of the effect (i.e., 0.20 = small effect size,
0.50 = medium, and 0.80 = large; Kraemer et al., 2003). Pooled effects
were calculated so that values greater than zero reflected a positive
association between the sleep disturbance index of interest and STB
(i.e., sleep disturbance is associated with greater likelihood of the STB).
Weighted effect sizes were calculated by pooling effects across all re-
levant studies. In studies that presented data on associations between
sleep disturbance and STBs for multiple time-points, data for the asso-
ciation for the shortest available time-point was selected for analysis,
given the growing recognition of the need for identifying short-term
risk for these outcomes (Glenn & Nock, 2014).

Random-effects models were generated for all analyses to account
for the expected high heterogeneity across studies due to differences in
design, measures, and samples. Random-effects models are more fitting
than fixed-effects models in this case because they are able to account
for this high heterogeneity by including sampling and study-level er-
rors; the pooled effect size represents the mean of a distribution of true
effect sizes instead of one true effect size. Fixed-effects models estimate
within-study variance only, assuming that a single true effect size exists
across studies. In fixed-effects models, variance is attributed to sam-
pling error.

The P statistic was used to examine heterogeneity across studies. I?
represents the percentage of the variance in an effect estimate that is
due to heterogeneity across studies rather than sampling error (i.e.,
chance). Low heterogeneity is indicated by P values of approximately
25%, and moderate heterogeneity by I° values of 50%. Substantial
heterogeneity attributed to real differences in study samples and
methodology is indicated by an P value of 75%, suggesting that the
observed heterogeneity is more than would be expected with random
error (Higgins, Thompson, Deeks, & Altman, 2003). Significant het-
erogeneity suggests the need to conduct moderator analyses to identify
potential sources of this heterogeneity. In the current study, each po-
tential moderator was assessed individually, with an estimated effect
size at each level of the moderator.

Publication bias is an important consideration when conducting
meta-analyses. As studies with small effect sizes or non-significant
findings are less likely to be published, these studies may be more likely
to be excluded from meta-analyses, resulting in a potentially inflated
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estimate of the overall effect size. To account for the presence of po-
tential publication bias, Duval and Tweedie's trim-and-fill analysis
(Duval & Tweedie, 2000) and Egger's regression intercept (Egger, Davey
Smith, Schneider, & Minder, 1997) were used. Duval and Tweedie's
trim-and-fill analysis generates an estimate of the number of missing
studies based on asymmetry in a funnel plot of the standard error of
each study in a meta-analysis (based on the study's sample size) against
the study's effect size. This analysis also calculates an effect size esti-
mate and confidence interval, adjusting for missing studies. Of note,
this procedure assumes homogeneity of effect sizes, so the results must
be interpreted with caution in the context of significant heterogeneity.
Egger's regression intercept also provides an estimate of potential
publication bias through use of a linear regression approach to assess
study effect sizes relative to their standard error.

3. Results

Out of the 1720 unique publications identified with our search
parameters, we excluded 1106 based on their titles and abstracts. We
excluded an additional 614 publications based on full-text review, re-
sulting in 44 articles meeting the eligibility criteria. In cases where an
article did not provide sufficient data for meta-analysis, every effort was
made to contact the study authors (i.e., the first author, corresponding
author, and senior author) to obtain the necessary data. This resulted in
additional data required for meta-analysis being obtained from the
authors of three studies (Kiveld et al., 2019; Littlewood et al., 2019;
Wang et al., 2019). In the cases of studies meeting eligibility criteria but
featuring overlapping samples, determination of which study to include
in the meta-analysis was based, in descending order, on: (i) briefer
follow-up period, given the aforementioned growing focus in the field
on determining predictors of short-term risk for STBs (Glenn & Nock,
2014); and (ii) more recent date of publication. In cases where two
studies featured overlapping samples but examined sleep disturbance in
relation to different STBs, however, both studies were retained for the
relevant analyses. Whenever it remained unclear after full-text inspec-
tion whether two studies reported on overlapping samples, the study
authors were contacted to seek clarity on this issue. Nine eligible arti-
cles featured overlapping samples, three of which were excluded at this
stage. This resulted in a final set of 41 articles included in the current
review (see Fig. 1 and Table 1). These studies included samples drawn
from 11 countries (China, Finland, France, Japan, the Netherlands,
Norway, South Korea, Sweden, Taiwan, United Kingdom, and United
States). Among the studies with samples from the United States
(n = 20), 70% reported data on race and 50% on ethnicity. Among
these studies, more recent publications were more likely to report
sample ethnicity (r = 0.52, p = .02), with a large effect for this asso-
ciation, but not sample race (r = 0.42, p = .06), although a medium-to-
large effect was found in this case.

3.1. Overall sleep disturbance

A total of 26 unique effects were obtained for the association be-
tween sleep disturbance and prospective suicidal ideation, 13 for future
suicide attempts, and 14 for associations with suicide deaths (see
Table 2). The pooled effect size for sleep disturbances in
relation to suicidal ideation was small-to-medium (d = 0.41, 95%
CI = 0.30-0.51), with follow-ups ranging from three days to seven
years (median follow-up length = 10.5 months). In the case of sleep
disturbance prospectively predicting suicide attempts, the pooled effect
size was small-to-medium (d = 0.39, 95% CI = 0.16-0.63), and follow-
ups ranged from three days to 36 years (median follow-up length = two
years). As for the relation between sleep disturbance and suicide deaths,
a medium pooled effect size was obtained (d = 0.50, 95%
CI = 0.14-0.85), follow-ups ranging from one to 36 years (median
follow-up length = 10 years).

Significant heterogeneity was present for suicidal ideation, suicide
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2,521 Records identified through
database searching and records identified in
references of prior systematic reviews
(Bernert et al., 2015; Chiu et al., 2018; Kearns
et al., 2020; Liu et al., 2019; Malik et al.,
2014; Pigeon et al., 2012)
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573 Full-text articles excluded, with reasons
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n 1,720 Records screened
—
'
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= 614 Full-text articles
-'bgn assessed for eligibility >
w suicidal thoughts and behaviors
260 Was a cross-sectional study
—
8 Insufficient data available for meta-analysis
? 41 Articles included in 6 Was not a quantitative study
° o )
3 quantitative synthesis
e (meta-analysis) from other constructs
and provided no new relevant data

270 Did not assess sleep disturbance in relation to

21 Did not adequately distinguish suicidal thoughts
and behaviors from each other and other constructs
4 Did not adequately distinguish sleep disturbance
3 Samples overlapped with those of other studies

1 Did not systematically assess sleep disturbance

Fig. 1. PRISMA flow chart of literature search.

attempt, and suicide death, and thus moderator analyses were in-
dicated. Age as a categorical and continuous variable, respectively,
percentage of female participants in each sample, sample type (clinical/
at-risk versus community), sleep measure type (interview versus self-
report), time-frame covered by the sleep measure (< one month
versus > one month), suicide measure type (interview versus self-re-
port), time-frame covered by the suicide measure (< one year versus =
one year), and length of follow-up assessment (< one year versus =
one year)2 were evaluated as candidate moderators (see Table 3). In the
case of suicide deaths, it was not possible to conduct moderator ana-
lyses for age as a categorical variable (i.e., all but one sample was with
adults), time-frame covered by the sleep measure (i.e., all studies either
had time-frames of less than a month or provided no information on
this design feature), suicide measure type (i.e., all studies used death
records), time-frame covered by the suicide measure (all but one study
had a time-frame of at least a year), and length of follow-up assessment
(i.e., all studies featured follow-ups of at least one year).

In univariate moderator analyses, sleep measure type and length of
study follow-up assessment moderated the association between sleep
disturbance and prospective suicidal ideation. Specifically, a larger
weighted effect was found for questionnaire measures of sleep

2 One-year follow-ups were chosen because there was an insufficient number
of studies to conduct moderator analyses with briefer follow-up lengths in the
case of suicide attempts and suicide deaths. Given the clinical and conceptual
importance of understanding the role of sleep disturbance in short-term risk for
suicide, however, we have conducted additional moderator analyses with
shorter follow-up periods where feasible (i.e., in the case of suicidal ideation).

disturbance (d = 0.43, 95% CI = 0.33-0.52) than for interview-based
measures (d = 0.10, 95% CI —0.11-0.32), as well as for study
follow-up assessments of under a year (d = 0.54, 95% CI = 0.39-0.68)
than for follow-up assessments of at least a year (d = 0.27, 95%
CI = 0.15-0.39). As only two studies evaluated sleep disturbance in
relation to suicide attempts over a follow-up period of one month or
briefer, and none in the case of sleep disturbance predicting suicide
deaths, moderator analysis of was only conducted for this follow-up
length in the case of suicidal ideation. A larger pooled effect was ob-
tained for study follow-up assessments of a month or briefer (d = 0.61,
95% CI = —0.49-0.73) than for follow-up lengths of over a month
(d = 0.34, 95% CI = —0.23-0.44). In a meta-regression analysis in-
cluding sleep measure type and length of follow-up assessment, only the
latter variable remained a significant moderator of the strength of the
association between sleep disturbance and subsequent suicidal ideation
(b = 0.20, p =. 03) when follow-up lengths of under a year versus a
year or longer were considered. This multivariate model accounted for
45% of the variance in the effect sizes for sleep disturbance in relation
to future suicidal ideation. When follow-up lengths of a month or
briefer versus over a month were considered, both length of follow-
assessment (b = 0.26, p < .01) and sleep measure type (b = 0.26,
p = .02) remained significant moderators, with this multivariate model
account for 67% of the variance in effect sizes for the association be-
tween sleep disturbance and suicidal ideation. In the case of sleep
disturbance in relation to later suicide attempts, only suicide measure
type emerged as a significant moderator, with a larger pooled effect
observed for questionnaire measures (d = 0.53, 95% CI = 0.27-0.79)
than for interview-based ones (d = 0.12, 95% CI = —0.08-0.32).
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Table 2

Clinical Psychology Review 81 (2020) 101895

Sleep disturbance and insomnia as prospective predictors of suicidal ideation and behaviors.

Effect size analyses

Heterogeneity analyses Publication bias analyses

k N d 95% CI p P P Egger's regression test p Trim-and-fill
d 95% CI

Overall Sleep Disturbance

Suicidal Ideation 26 30,862 0.41 0.30-0.51 <.001 84.75% <.001 < 0.001 0.35 0.25-0.45

Suicide Attempts 13 33,288 0.39 0.16-0.63 <.001 94.64% <.001 0.04 0.39 0.16-0.63

Suicide Deaths 14 664,141 0.50 0.14-0.85 <.01 97.44% <.001 0.07 0.58 0.31-0.86
Insomnia

Suicidal Ideation 22 25,784 0.45 0.32-0.58 <.001 86.96% <.001 <0.01 0.37 0.25-0.49

Suicide Attempts 13 33,286 0.38 0.15-0.61 <.01 94.61% <.001 < 0.05 0.44 0.15-0.73

Suicide Deaths 8 539,301 0.30 0.20-0.41 <.001 32.83% 17 0.28 0.30 0.20-0.41
Hypersomnia

Suicidal Ideation 3 4917 0.09 —-0.07-0.25 .28 56.83% .10 - - -

Suicide Attempts 2 2373 0.31 -0.56-1.17 .49 87.17% <.01 - - -

Suicide Deaths 1 247 0.84 0.25-1.42 <.01 - - - - -
Nightmares

Suicidal Ideation 3 3526 0.40 0.06-0.74 .02 81.00% <.01 - - -

Suicide Attempts 3 4168 0.64 0.43-0.84 <.001 0% .96 - - -

Suicide Deaths 1 22,732 0.50 0.18-0.83 <.01 - - - - -

Note: k = number of unique effects; CI = confidence interval.

Effect size estimates where k < 3 should be considered unstable and interpreted with a degree of caution.

Finally, the strength of the association between sleep disturbance and
suicide deaths varied as a function of the sleep measure used, with
larger effects evident for questionnaire measures (d = 0.36, 95%
CI = 0.28-0.44) than interview-based ones (d = 0.18, 95%
CI = 0.05-0.30).

Evidence of publication bias was found for the association between
sleep disturbance and future suicidal ideation (see Table 2), based on
Egger's regression test, Trim-and-fill analysis, and an asymmetrical
funnel plot (Fig. 2a). After adjusting for publication bias in the trim-
and-fill analysis, the weighted effect remained small-to-medium
(d = 0.35, 95% CI = 0.25-0.45). For the relation between sleep dis-
turbance and prospective suicide attempts, only Egger's regression test
indicated the presence of publication bias. As for sleep disturbance in
relation to prospective suicide deaths, Egger's regression test yielded no
evidence of publication bias whereas both the trim-and-fill analysis and
the corresponding funnel plot (Fig. 2¢) suggested that the existing lit-
erature may underestimate the strength of this association (adjusted
d = 0.58, 95% CI = 0.31-0.86).

3.2. Insomnia

In total, 22 unique effects were obtained for the association between
insomnia and subsequent suicidal ideation, 13 for later suicide at-
tempts, and 8 for suicide deaths (see Table 2). A small-to-medium
pooled effect was observed for insomnia in relation to suicidal ideation
(d = 0.45, 95% CI = 0.32-0.58), with follow-ups ranging from three
days to seven years (median follow-up length = 10.5 months). With
regards to the association between insomnia and subsequent suicide
attempts, a small-to-medium weighted effect was also found (d = 0.38,
95% CI = 0.15-0.61), with follow-ups ranging from three days to
36 years (median follow-up length = two years). As for insomnia as a
predictor of suicide deaths, a small-to-medium pooled effect was found
(d = 0.30, 95% CI = 0.20-0.41), with follow-ups ranging from one to
36 years (median follow-up length = 8.7 years).

Evidence of publication bias was found for insomnia in relation to
prospective suicidal ideation and suicide attempts, respectively. In both
cases, Egger's regression test indicated the existence of significant
publication bias. Trim-and-fill analyses and corresponding funnel plots
(Fig. 2d and e), however, indicated whereas correcting for publication
bias would yield a smaller pooled effect for suicidal ideation (adjusted
d = 0.37,95% CI = 0.25-0.49), it would produce a larger pooled effect

in the case of suicide attempts (adjusted d = 0.44, 95%
CI = 0.15-0.73). No evidence of publication bias was found for in-
somnia as a prospective predictor of suicide deaths.

3.3. Hypersomnia and nightmares

There were relatively few studies of hypersomnia and nightmares,
respectively, predicting later STBs, and thus the associated meta-ana-
lytic findings should be regarded as preliminary (see Table 2). Overall,
evidence for an association between hypersomnia and STBs appeared
modest, with non-significant pooled effects that were trivial for suicidal
ideation (d = 0.09, 95% CI = —0.07-0.25) and small-to-medium for
suicide attempts (d = 0.31, 95% CI = —0.56-1.17). There was only
one effect for hypersomnia and suicide deaths (d = 0.84, 95%
CI = 0.25-1.42). In the case of nightmares, the current evidence, al-
though preliminary, was stronger for an association with STBs, with a
small-to-medium weighted effect for prospective suicidal ideation
(d = 0.40, 95% CI = 0.06-0.74) and medium weighted effect for
prospective suicide attempts (d = 0.64, 95% CI = 0.43-0.84). Only one
effect was available for the relation between nightmares and suicide
deaths (d = 0.50, 95% CI = 0.18-0.83).

4. Discussion

The current study provided the first systematic review and meta-
analysis of prospective associations between sleep disturbance and
STBs. With the exception of a preliminary finding of a non-significant
relation between hypersomnia and subsequent suicidal ideation, the
results of analyses across several manifestations of sleep disturbance
(i.e., overall disturbance, insomnia, hypersomnia, and nightmares)
were consistent in yielding positive associations with all subsequent
STBs (i.e., suicidal ideation, suicide attempts, and suicide deaths). For
overall sleep disturbance and insomnia, both having a sizeable number
of unique effects for quantitative analyses, the pooled effect sizes were
all within the small-to-medium to medium range (ds = 0.30 to 0.50),
which remained largely unchanged after adjusting for potential pub-
lication bias.

At first glance, these findings may appear to suggest that sleep
disturbance and insomnia are generally significant but not necessarily
potent longitudinal predictors of STBs. Important contextual informa-
tion for interpreting the size of their weighted effects, however, is the
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Table 3

Univariate and multivariate moderator analyses for overall sleep disturbance predicting suicide-related outcomes.

Clinical Psychology Review 81 (2020) 101895

Univariate moderator analyses

Multivariate meta-regression analyses

k b SE d 95% CI P b SE p R?
Suicidal Ideation .45¢
67"
Age (Categorical) 26 .83
Age (Continuous) 19 < 0.01 < 0.01 .68
Percentage Female 22 < 0.01 < 0.01 .49
Sample Type 25 .08
Sleep Measure Type 25 <.01
Interview” 3 0.10 —0.11-0.32 .36
Questionnaire 22 0.43 0.33-0.52 <.001 .20° .14% .15%
.26" 11" 02"
Sleep Measure Time Frame 26 .64
Suicide Measure Type 24 .35
Suicide Measure Time Frame 26 .13
Follow-Up Time Frame 26 <.01
<1 Year 13 0.54 0.39-0.68 <.001 .20° .09°¢ .03°%
=1 Year" 13 0.27 0.15-0.39 <.001
=1 Month 6 0.61 0.49-0.73 <.001 .26" .09" <.01"
> 1 Month® 20 0.34 0.23-0.44 <.001
Suicide Attempts
Age (Categorical) 13 .44
Age (Continuous) 12 0.01 0.01 .34
Percentage Female 12 < 0.01 < 0.01 .36
Sample Type 12 .81
Sleep Measure Type 13 .98
Sleep Measure Time Frame 13 .70
Suicide Measure Type 8 .02
Interview 3 0.12 —0.08-0.32 .25
Questionnaire 5 0.53 0.27-0.79 <.001
Suicide Measure Time Frame 13 .66
Follow-Up Time Frame 13 .66
Suicide Deaths
Age (Categorical)” - -
Age (Continuous) 7 < 0.01 < 0.01 .86
Percentage Female 11 < 0.01 < 0.01 .88
Sample Type .09
Sleep Measure Type 13 .01
Interview 2 0.18 0.05-0.30 <.01
Questionnaire 11 0.36 0.28-0.44 <.001

Sleep Measure Time Frame* -
Suicide Measure Type' -

Suicide Measure Time Frame® -
Follow-Up Time Frame' -

Note: k = number of unique effects; CI = confidence interval.

In analyses of sample type, at-risk and clinical samples were combined and compared to community samples.
2 The category with the smallest effect size in univariate moderator analysis served as the reference group in the corresponding meta-regression analysis.

b
c

d

Moderator analysis was not conducted, as all but one study featured adult samples.
Moderator analysis was not conducted, as all studies had time frames of under one month or provided no information on the time frame used.
Moderator analysis was not conducted, as all data were drawn from death records.

¢ Moderator analysis was not conducted, as all studies featured time frames of at least one year, with the exception of one study featuring a variable time frame.

-

Moderator analysis was not conducted, as only one study featured a follow-up of under one year.

& Values reflect meta-regression analysis with follow-up time frames of under one year versus a year or over included as a moderator.

length of follow-up employed by the individual studies. For overall
sleep disturbance, median follow-ups were quite substantial, increasing
in duration with increasing severity of STB, from 10.5 months for sui-
cidal ideation to two years for suicide attempts to 10 years for suicide
deaths. A nearly identical pattern was observed for insomnia, with
median follow-ups increasing from 10.5 months for suicidal ideation to
two years for suicide attempts to 8.7 years for suicide deaths. That sleep
disturbance and insomnia have sufficient predictive power to produce
pooled effect sizes of ds = 0.39 and 0.30, respectively, for these out-
comes over such lengthy stretches of time speaks to their value in un-
derstanding suicide risk. As additional context for interpreting these
pooled effects, it may be noted that they are generally comparable in
size to those found in meta-analyses of psychological and psycho-
pharmacology therapies for a variety of mental health conditions, often

Values reflect meta-regression analysis with follow-up time frames of a month or briefer versus over a month included as a moderator.

over much briefer periods of time (e.g., Cuijpers et al., 2010; Cuijpers
et al., 2014; Weisz et al., 2017).

Moreover, one could make the case that the data are suggestive of
the possibility that the relation between sleep disturbance and STBs
may increase in strength with severity of outcome. That is, given that
the absolute value of the weighted effects for overall sleep disturbance
as a prospective predictor increases from suicidal ideation to suicide
deaths, even as length of follow-up significantly increases, it is rea-
sonable to suspect that the weighted effect sizes for suicide attempts
and suicide deaths may increase substantially if evaluated on the same
temporal scale as featured in studies of suicidal ideation. A similar
pattern of increases in pooled effect sizes from suicidal ideation, to
suicide attempts, to suicide deaths may also reasonably be hypothesized
for insomnia as a risk factor if studies for these outcomes were restricted
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Standard Error
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Funnel Plot of Standard Error by Std diff in means
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Fig. 2. Funnel plots for effect sizes in the meta-analyses. The vertical line indicates the weighted mean effect. Open circles indicate observed effects for actual studies,
and closed circles indicate imputed effects for studies believed to be missing due to publication bias. The clear diamond reflects the unadjusted weighted mean effect
size, whereas the black diamond reflects the weighted mean effect size after adjusting for publication bias.

2a. Overall sleep disturbance and suicidal ideation.
2b. Overall sleep disturbance and suicide attempts.
2c. Overall sleep disturbance and suicide deaths.
2d. General insomnia and suicidal ideation.

2e. General insomnia and suicide attempts.

2f. General insomnia and suicide deaths.

to the same length of follow-up. It was not possible, however, directly to
test this possibility in the current meta-analysis, and it thus awaits
evaluation in future research.

Supportive of an influence of length of follow-up on weighted effect
sizes, studies of overall sleep disturbance prospectively predicting sui-
cidal ideation over a period of under a year yielded significantly larger
effects than did those with follow-ups of a year or more, and the
moderator effect of follow-up length remained significant in a meta-
regression analysis. This finding held when follow-ups of a month or
briefer were compared to longer follow-ups, with a medium-to-large
pooled effect observed for follow-ups of up to one month compared to a
small-to-medium pooled effect in the case of longer follow-ups.
Although follow-up length did not also significantly moderate the
strength of the association between overall sleep disturbance and sui-
cide attempts, only four of the included studies featured follow-ups of
under a year, in contrast to 13 in the case of suicidal ideation.
Furthermore, it may be that differences in the results of these mod-
erator analyses are due to even shorter temporal intervals than a year
being required to detect significantly larger effects. Six studies of
overall sleep disturbance and suicidal ideation included follow-ups of
one month or briefer, whereas only two studies with suicide attempts as
the outcome featured follow-up intervals of comparable length. Of note,
the study with the briefest follow-up period for suicide attempts (i.e.,
three days; Ribeiro, Huang, Fox, Walsh, & Linthicum, 2019) yielded the
largest effect (d = 0.85) among studies with this outcome. Incidentally,
none of the studies with suicide deaths included follow-ups briefer than
a year. Future research evaluating sleep disturbance as a short-term risk
factor (e.g., within a month) for suicidal behaviors is required to pro-
vide clarity to this issue.

This dearth of studies on sleep disturbance as a short-term risk
factor for STBs is also a concern from a clinical standpoint; although the
studies to date are of undoubted importance for establishing a long-
itudinal association between sleep irregularity and STBs, their generally
long-term follow-ups limit their translational impact in clinical con-
texts, where the challenge for frontline clinicians is to determine short-
term risk and to respond accordingly (e.g., determining severity of risk
and appropriate handling of a suicidal patient, from increased mon-
itoring to inpatient hospitalization and potential psychiatric residential
placement). The want of short-term risk studies is all the more con-
cerning when considered together with the fact that sleep disturbance,
as mentioned above, is highlighted by several prominent suicide pre-
vention organizations as a warning sign (i.e., precipitant) for suicidal
behavior. This means that the evidence base for this conceptualization
of sleep disturbance as a warning sign is relatively modest, being based
essentially on cross-sectional or retrospective studies.

A question that naturally follows, given the perceived importance of
sleep disturbance in triggering risk for STBs, is why such a marked
paucity of studies exists of sleep and short-term risk for these outcomes.
The reason for the want of research on short-term risk is that, although
suicide is a leading cause of death (Centers for Disease Control and
Prevention, 2019; World Health Organization, 2019), it is nevertheless
a low-base-rate event; suicide attempts occur with relatively low fre-
quency in the general population, and suicide deaths are considerably
rarer still. This introduces the not insignificant methodological chal-
lenge in the study of suicide of achieving sufficient statistical power for
meaningful analysis (American Psychiatric Association, 2004; Borges

10

et al., 2006; Klonsky, May, & Saffer, 2016; Nock et al., 2008; Prinstein,
2008; Prinstein et al., 2008), an obstacle most often addressed by in-
cluding longer follow-up periods so as to maximize the number of STBs
available for analysis (Bredemeier & Miller, 2015; Franklin et al., 2017;
Wenzel et al., 2011), thus the pattern found in the current review of
median follow-up lengths increasing substantially with severity of STB.

This strategy is inherently impossible, however, in the case of
studying short-term risk, necessitating the adoption of other methods in
future studies to overcome the challenge of studying low-base-rate
clinical phenomena over relatively brief periods of time. In particular,
one approach for increasing the number of observations of events oc-
curring at a low base rate is to include very large samples, although this
strategy has feasibility challenges of its own (Klonsky et al., 2016;
Prinstein, 2008). Another approach that may offer some promise is to
recruit from high-risk or treatment-seeking populations, in which the
base rate of prospective events would naturally be higher. This strategy
has added clinical value in that individuals within such populations are
much more representative of the ones clinicians encounter when con-
ducting risk assessments and determining the appropriate course of
action. This is an important consideration because even among tradi-
tionally high-risk populations, the majority of individuals do not engage
in suicidal behavior (American Psychiatric Association, 2004; Lau,
Segal, & Williams, 2004; Liu, Vassileva, Gonzalez, & Martin, 2012; Nock
et al., 2008; Sokero et al., 2006). It therefore remains a significant
challenge for clinicians to assess suicide risk in high-risk individuals
(Yen et al., 2013), and a better understanding of the determinants of
short-term risk in such individuals is needed. Furthermore, risk factors
identified in non-clinical or community samples may be of limited
generalizability to the clinical or high-risk individuals more often en-
countered by mental health care providers (for examples, see King,
Berona, Czyz, Horwitz, & Gipson, 2015; Yen et al., 2013; for a related
discussion, see Millman, Gold, Mittal, & Schiffman, 2019).

We also found that interview-based measures of sleep disturbance
produced smaller effects than did self-report measures of this construct.
It is possible that this finding emerged given that the majority of the
interview measures used were not specifically designed to measure
sleep, and instead used items pulled from diagnostic interview de-
pression modules (e.g., Hamilton Depression Rating Scale, the Schedule
for Affective Disorders and Schizophrenia). Future research may con-
sider employing both questionnaire and interview measures specifically
designed to assess sleep when assessing the relationship between sleep
and STBs to better understand the impact of method of assessment.

In addition to these clinical and methodological considerations,
several critical conceptual issues remain to be addressed by future re-
search in this area. First, a notable proportion of studies did not report
data on the race of their samples, and even fewer on ethnicity, although
there appears to be improvement in reporting practices in more recent
years. These findings are generally consistent with those in a recent
systematic review of reporting practices of sample characteristics in the
suicide literature (Cha et al., 2018). Thorough reporting of sample so-
ciodemographic characteristics is important for evaluating the gen-
eralizability of findings to traditionally underrepresented racial and
ethnic groups, especially as risk for suicide has been found to be ele-
vated or increasing in several of these populations (Sheftall et al.,
2016).

Second, the studies included in the current review, with few
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exceptions (e.g., Littlewood et al., 2019), focused on evaluating whe-
ther sleep assessed at one time-point in isolation predicts STBs at a
subsequent time-point. Meaningful contextual data in the measurement
of sleep are therefore missing. Specifically, without the reference point
of repeated assessments taken before or after, it is unclear to what
degree such measures of sleep index irregularities that are chronic
versus acute (i.e., deviations from the individual's baseline). This is an
important consideration because chronic or relatively stable processes
and characteristics are likely more relevant to understanding long-term
or general risk (Glenn, Cha, Kleiman, & Nock, 2017), and their rela-
tively low temporal variance means they lack the temporal sensitivity
required to be robust predictors of short-term risk. Contrastingly, state-
sensitive phenomena are more promising candidates for short-term risk
(Glenn & Nock, 2014) and likely poor indicators of long-term risk.
Clarifying which aspect of sleep disturbance, chronic or acute, is being
assessed (e.g., through actigraphy and ecological momentary assess-
ment, along with statistical techniques leveraging the resulting data) is
important for accurately interpreting the strength of its prospective
association with proximally and distally occurring STBs. It may be
reasonably expected, for example, that chronic sleep irregularity may
have a weaker association than acute sleep disturbance with proximal
suicide attempts but a stronger relation with this outcome over the long
term.

As a next step beyond establishing a temporal relation between
sleep disturbance and STBs, there is a need for a conceptual model
outlining the mechanistic pathways underlying this association, so as to
serve as a roadmap for future research in this area and ultimately to
inform efforts to intervene with individuals for whom disordered sleep
may prove to be relevant to suicide risk. Implicit in mechanistic models
connecting sleep disturbance to STBs is the view that this relation is a
causal one. It is therefore noteworthy that in addition to demonstrating
temporal precedence in the relation between sleep disturbance and
STBs, a few studies have found evidence that this association is uni-
directional; not only does sleep temporally predict STBs, at least in the
case of suicidal ideation, but suicidal ideation, in turn, does not predict
subsequent sleep behavior (Littlewood et al., 2019; Ribeiro et al.,
2012). Even more implicative of a possible causal role for sleep dis-
turbance in suicide risk, again in terms of suicidal ideation, there is
some experimental evidence that ketamine may exert an anti-suicidal
effect through its effect on normalizing sleep (Vande Voort et al., 2017).

As for precisely how sleep disturbance may increase suicide risk,
this is currently unclear. One potential mechanistic pathway in the case
of acute sleep disruption and short-term suicide risk, however, could
involve inflammation and compromised executive functioning. That
disrupted sleep may lead to activation of inflammatory processes (e.g.,
elevations in interleukin-6 [IL-6] and C-reactive protein [CRP]) has
received substantial support from observational and experimental stu-
dies (Irwin, Olmstead, & Carroll, 2016; Irwin & Piber, 2018). Ad-
ditionally, therapeutic interventions for insomnia (i.e., cognitive be-
havioral therapy for insomnia [CBT-I]) have been found to produce
reductions in some markers of inflammation (Irwin & Piber, 2018).
Several markers of inflammation (e.g., IL-6), in turn, have been im-
plicated in suicide risk (Black & Miller, 2015). Importantly, these
findings were not limited to peripheral biomarkers of inflammation.
Indeed, peripheral cytokines may produce neuroinflammatory re-
sponses through several pathways and processes, including commu-
nicating through the vagus nerve and microglial activation (Debnath
et al., 2011), and abnormal elevations in these pro-inflammatory cy-
tokines have been identified in the cerebrospinal fluid and post-mortem
brain samples of suicidal individuals (Black & Miller, 2015).

These aberrations in neuroinflammation are consistent with the
possibility that the inflammatory response produced by sleep disruption
may increase suicide risk through impairing executive control. More
directly supportive of this hypothesis, heightened expression of several
pro-inflammatory cytokines (e.g., IL-6) has been found in the prefrontal
cortex of suicide decedents (Pandey et al, 2012; also see Lutz,
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Mechawar, & Turecki, 2017). Also relevant are findings that executive
functions are the cognitive systems to be first, and most severely, im-
paired by sleep deprivation (Diamond, 2013). Finally, different facets of
executive control have, in turn, been associated with suicide risk (Liu,
Trout, Hernandez, Cheek, & Gerlus, 2017; Miranda, Gallagher,
Bauchner, Vaysman, & Marroquin, 2012).

Also promising as a focus for future study is whether sleep dis-
turbance may serve as an observable mediating mechanism between
other potential proximal risk factors and STBs. There is accumulating
evidence that life stress, particularly interpersonal stressors, may play a
prominent role in risk for STB (Liu & Miller, 2014), especially short-
term risk (Bagge, Glenn, & Lee, 2013). Interestingly, theoretical support
for interpersonal stress leading to sleep dysregulation relevant to sui-
cide risk may be found in the social zeitgeber theory (Ehlers, Frank, &
Kupfer, 1988). This theory holds that psychosocial stress may increase
risk for depression by disrupting an individual's social routines, and
thereby their biological circadian rhythms. Although it has been pro-
posed that this theory may apply to suicide (Bernert & Joiner, 2007)
and psychosocial stress does indeed impair sleep (Kim & Dimsdale,
2007), this possibility remains untested. Furthermore, sleep dysregu-
lation, in turn, may also contribute to interpersonal stress. In line with
this possibility, a study using a sleep-deprivation paradigm found it to
lead adolescents to behave in ways characterized by negative affect,
conflict, withdrawal, and dominance during a social conflict task
(McMakin et al., 2016).

In summary, sleep disturbance, including insomnia, appears to be
prospectively predictive of STBs, with small-to-medium to medium ef-
fect sizes for these associations. The vast majority of studies to date,
however, have evaluated sleep disturbance as a long-term risk factor for
STBs, leaving unclear the degree to which disrupted sleep predicts
short-term risk, a question of considerable clinical relevance, given that
clinical risk assessments are more focused on determining whether an
individual will engage in suicidal behavior in the near future. Similarly
awaiting future investigation is greater precision in the aspect of sleep
disturbance measured in association with risk for STBs over several
time scales. In particular, there is a need for studies employing multi-
wave measures of sleep to disambiguate acute from chronic sleep dis-
turbance in assessing short-term suicide risk. Finally, as a potential
framework for future work in this area, a conceptual model is outlined,
wherein sleep disturbance is involved in stress processes to confer
suicide risk through neuroinflammation-induced impairments in ex-
ecutive control.
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