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Abstract

Suicide is the second leading cause of death, worldwide, for those between the ages of 24 and 44 y
old. In 2013, more than 41,000 suicides occurred in the United States. These statistics underscore
the need to 1) understand why people die by suicide and 2) identify risk factors that are potentially
modifiable. While it has been posited that sleep disturbance may represent one such factor,
systematic research in this arena did not begin until the 2000s. Since that time, sleep disturbance
has been reliably identified as a risk factor for suicidal ideation, suicide attempts, and suicide.
While insomnia, nightmares, and other sleep disorders have each been found to contribute to the
risk for suicidal ideation and behavior, it is also possible that these factors share some common
variance. One possibility is that sleep disturbance results in being awake at night, and being awake
at night also confers risk. The hypothesis proffered here is that being awake when one is not
biologically prepared to be so results in “hypofrontality” and diminished executive function, and
that this represents a common pathway to suicidal ideation and behavior. Such a proposition is
highly testable under a variety of possible protocols. The current review summarizes the extant
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literature on suicide rates by time-of-day, and discusses circadian, psychosocial, and neuro-
cognitive explanations of risk. Such a focus promises to enhance our understanding of how sleep
disturbance may confer risk, allows for the identification of future lines of research, and further
justifies the need for interventions that promote good sleep continuity among at-risk individuals.
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Introduction

In recent years, sleep disturbance has been identified as an indicator of risk for suicidal
ideation, suicide attempts, and suicide. To date, more than 40 studies have evaluated this
association. Each has varied in its design, assessment methods (i.e., of sleep and suicidal
behaviors), study suicide outcome measures, samples, and the extent to which other,
important suicide risk factors were covaried. These studies were summarized meta-
analytically in 2012 [1]. The results from this quantitative review were that sleep disturbance
(in general) is associated with increased risk for suicidal ideation, suicide attempts and death
by suicide (RR = 2.79, 95% CI = 2.44-3.19) [1]. Depression was not found to moderate
these associations. These findings were echoed by a more recent systematic review
conducted by Bernert and colleagues (2015) [2] which included 18 well-controlled empirical
investigations. Here again, insomnia, poor sleep quality, and nightmares, were significantly
and independently predictive of increased risk for suicidal ideation, suicide attempts, and
death by suicide.

Interestingly, in at least the meta-analysis, insomnia, nightmares, and “other” sleep disorders
were found to have comparable risk ratios (relative risk ratios are 2.84, 2.61, and 2.72
respectively) with respect to suicidal ideation and behavior, in general. While several studies
have suggested that insomnia and nightmares confer unique risk for suicidality (ideation,
attempt, and death by suicide) [3-5], it remains possible (if not likely) that the various forms
of sleep disturbance also share common variance. One possibility is that sleep disturbance
results in being awake at night, and it is the fact of being awake at night that confers some
proportion of the risk. Given this point of view, the emergent question is, “What about being
awake at night confers risk?”. One possibility is that being awake at night may be associated
with increased utilization of alcohol and other substances, reduced social support, and easier
access to weapons. These factors alone likely confer increased risk for suicide. Another
possibility is that insomnia and/or nightmares contribute to suicidal ideation and behavior by
intensifying the individual's sense of hopelessness, isolation, and distress relative to the
inability to sleep. Still yet another possibility is that being awake at night (when one is not
biologically predisposed to be awake) may result in a decrease in frontal lobe function (i.e.,
hypoactivation of the frontal lobes due to circadian effects, sleep loss/sleep deprivation,
and/or sleep inertia). Hypofrontality, in turn, may result in diminished problem solving
abilities and increased impulsive behavior, both of which may be expected to increase the
risk for suicide. More succinctly, being awake at night, when one is not biologically
prepared to be awake, likely results in “hypofrontalityl” and diminished executive function.
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These factors are likely to interact with other sleep considerations (e.g., sleep loss) and
social factors (e.g., lack of social support at night) and place the individual at greater risk for
suicidal ideation and behavior, especially in those already at risk due to depression and/or
adverse life circumstances. This concept is schematically represented in Fig. 1.

Below we review the evidence that suicide may exhibit a circadian pattern, the possibility
that suicide may occur disproportionately in individuals who are awake at night, and the data
that exist with respect to sleep deprivation and circadian effects on frontal lobe activity,
executive function, and mood. As part of the review on sleep deprivation effects on mood we
address the potential paradox that sleep deprivation is reliably found to exert positive effects
on mood and yet may nonetheless interact with time of night to increase the risk for suicidal
ideation and behavior. We conclude with a summary of the related evidence, with
suggestions for future research, and raise the possibility that the perspective put forward here
may be transdiagnostic with respect to psychiatric disorders.

Existing literature on nocturnal wakefulness & rates of death by suicide

To date, nine studies ([3-10]) have investigated the temporal patterning of death by suicide
across the 24 h day and found that the peak frequency for suicide occurs during the day.
These studies are briefly summarized below.

Vollen & Watson (1975) [6]

An archival chart study was carried out on 42 individuals that had committed suicide while
being cared for at a VA hospital from 1957 to 1971. Data from the in-patient sample showed
that the majority of the suicides occurred between 15:00 and 18:00h (n = 12). The
probability that 75 percent of a set of suicides would occur during one 3-h period of a 16-h
waking day was assessed using a critical ratio test for the difference between two
proportions. The resulting critical ratio was 1.55. Thus, the data suggest that suicides may be
more likely to occur between 15:00 and 18:00h.

Barraclough (1976) [7]

One hundred suicides, as defined by coroner inquests, occurring from 1966 to 1968 in West
Sussex or in Borough of Portsmouth were included in the sample. The data from 52 cases
were classified as occurring in one of four 6 h blocks (00:00 to 05:59h; 06:00 to 11:59h;
12:00 to 17:59h; and 18:00 to 23:59h). The incidence by time of day data were 6, 16, 15,
and 15, respectively. While not specifying the manner of statistical analysis, the authors
concluded that there was not sufficient evidence to suggest that suicide varies by time of day.
Surprisingly, the 50% reduction in the mean incident rate from 00:00 to 06:00h was not
highlighted.

lHypofrontality most often refers to low levels of cerebral blood flow within the frontal cortex (i.e., hypo-perfusion). In the present
proposal the term refers to, more generally, diminished activation within this region.
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Williams & Tansella (1987) [8]

Using national data on suicide collated and published by the Istituto Centrale di Statistica
(ISTAT) in Rome, the temporal patterning of 25,987 suicides was evaluated for suicides
occurring from 1974 to 1983. When assessed in terms of five time bands (01:00-05:59h;
06:00-10:59h; 11:00-15:59h; 16:00-20:59h; 21:00-00:59h) the peak frequencies were at
06:00h and 16:00h.

Maldonado & Kraus (1991) [9]

Time of death data (from coroner's autopsy and investigative reports) from Sacramento
County California were acquired for a time period extending from 1925 to 1983. 4190
suicide deaths were identified during the study period. When assessed in terms of six time
bands (3—4 h intervals) and measured as percent deviations from the mean, the overall peak
frequencies were at 12:00 to 16:00h and the fewest suicide deaths were at 04:00 to 08:00h.
The investigators also suggest that significant differences were observed for sex, age, and
year of the study.

Gallerani et al. (1996) [10]

Data for 223 cases of suicide from 1983 to 1992 in Ferrara Italy were assessed for time of
day effects. The determination of the hour of suicide was precise or “presumptive” in 115
cases. The incidents were profiled by hour and grouped into four 6-h periods (night,
morning, afternoon, and evening). The data were analyzed both by means of chi-square test
for goodness of-fit and by single cosinor analysis. A specific pattern, characterized by a
significant peak in the late morning early afternoon hours was found for the entire sample
and the sex subgroups. A graphical representation of the hourly data provided in tabular
form shows a gradual rise across the morning hours (starting at 05:00 to 06:00), a peak at
noon to 13:00h (although the peak is trimodal), and a steady decline from 17:00 to 18:00h.
The lowest incident rates are clearly at night starting at 19:00 to 20:00h with a trough at
04:00 to 05:00h.

Altamura et al. (1999) [11]

In this study, a broad perspective was taken on the potential temporal distribution of suicide
including the assessment of the relevance of month, seasons, day of the week, and time of
the day. Data on suicides in Cagliari (Italy) from 1990 to 1994 were analyzed by means of
spectral analysis, cosinor and multiple regression analysis. With respect to time of day, three
rhythms were evident, i.e., 24 h (circadian), 8 h and 1 h, explained 63.9% of the variance in
the number of suicides by time of the day. Peak numbers in number of suicides were found
between 08:30h and 12:30h. Age and sex were not found to be related to the observed
circadian patterning.

Preti and Miotto (2001) [12]

Incidence of suicide was assessed in a national cohort of 14,743 suicides occurring from
1994 to 1997 in Italy. Three time periods were evaluated (morning, afternoon, evening/night)
both for main effects and interactions with age and sex. The investigators reported that a
clear diurnal variation in the distribution of suicides over time was observed for both sexes,
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with a peak in the late morning (08:00-11:00h), and a subsequent decrease to a trough in the
night hours. Age and sex interactions were noted.

Houwelingen & Beersma (2001) [13]

In this study the investigators focus on the occurrence of train suicides across the 24 h day
and on the possibility that day length or total hours of sun light may impact suicide rates.
Detailed information on the exact time of suicides was obtained in individuals from the
Netherlands. Exact timing for 2830 suicides was possible given the public manner of the
suicide (train suicides). Data was obtained from the Netherlands Railways archives from
1980 to 1994. Daily patterns in train suicides show systematic variations of two kinds. First,
independently of time of year, suicide rates at night are about 10% of their daytime values.
Second, there are two daily peaks in the patterns, which shift their timing over the year, with
one peak occurring shortly after sunset, and the other one consistently occurring 9-10 h
earlier. Depending on the time of year, these peaks are at 08:00-11:00h and 05:00-08:00h.

Erazo et al. (2004) [14]

The goal of this investigation was to evaluate the effects of gender on the temporal
patterning of suicide by season, day of week, and time of day. Data were drawn from a
German National Central Registry of all accidents on the German railway net (STABAG)
between 1997 and 2002. Circadian data were presented by gender and season. As with prior
studies, the incidence of suicide was lowest at night (00:01-06:00h), as compared to the
remainder of the 24 h day. The circadian effects showed some degree of interaction with
gender and season such that suicides in females peaked in the morning hours (6:00 to
12:00h) and this effect was particularly pronounced in the summer. The winter distribution
of suicide was bimodal with peaks at 06:00-09:00h and 18:00-24:00h.

Summary of Findings and Limitations

In summary, the extant data demonstrate a variation in the rate of suicide across the 24-h
day. Some studies show this pattern to be bimodal, while others show a single diurnal peak.
When considered together, the modal peak rate is from 10:00 to 14:00h. All nine studies
reviewed here suggest (directly or indirectly) that the rate of suicide at night is a faction of
that which occurs during the day. For example, Houwelingen & Beersma (2001) [13]
suggest that 10% of suicides occur at night (22:00 to 06:00h). This particular estimate is
likely to be a conservative one given that train suicides necessarily vary with train schedules
which are likely less frequent at night. Although seminal, and remarkably consistent in their
findings, the above studies have one or more of several limitations. First, very few studies
differentiate between time of death and time of fatal injury. While often difficult to discern,
the two variables may have very different temporal distributions. Second, not all studies
assess for sex and age differences and/or how mode of suicide may assort differently with
respect to the circadian patterning of suicide. Third, the method of binning time (e.g., hour
by hour vs. 2,4, or 6 h blocks) and/or analyzing effects over time (simple frequency plots,
spectral analysis, cosinor and/or multiple regression analysis) may be responsible for the
observed phase, amplitude, and modality differences in the data. Fourth, and perhaps most
important, none of the analyses take into account the proportion of the population awake at
each time interval. Since suicide represents an intentional behavior that can only be
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performed when awake, the population that is at risk of suicide varies by time of day.
Further the probability of the incident events is not equal from 1 h to the next, thus the
simple calculation of frequencies or rates per hour (or time block) has the potential to
provide a skewed estimate how suicide risk varies across the circadian day and night. That
is, it may be true that the absolute frequency of suicide is lower at night but the risk is
nevertheless disproportionately higher at night than would be expected given the proportion
of the population that is awake. In order to address this issue, proportion data by time needs
to be weighted by not only the sum total of suicides but also by the percentage of people
likely to be awake at each given hour.

A recent study by our group [15] evaluated the incidence of suicide by clock time while
accounting for the proportion of the population that is likely awake at each given hour.
Archival analyses were conducted estimating the time of fatal injury using the National
Violent Death Reporting System (NVDRS) [16] and the proportion of the American
population awake per hour across the 24 h day using the American Time Use Survey
(ATUS) [17]. The NVDRS dataset, compiled by the Centers for Disease Control and
Prevention (CDC), includes details on violent deaths from 18 participating US states and
includes time of fatal injury data for a total of n = 35,332 documented suicides. The ATUS is
a database maintained by the US Bureau of Labor Statistics (BLS) and is an annual survey
that assesses a range of activities across the 24-h day in a representative sample of
Americans. The survey is conducted by phone and requires respondents to retrospectively
profile their activities hour by hour for the last 24 h. Responses are coded into standardized
categories. The primary variable of interest was the report of “sleep.” The primary results
from this study were that 1) 20% of suicides occurred at night and 2) when accounting for
the proportion of the population that is awake at each given hour, suicide is much more
likely to occur at night then during the morning, afternoon or evening hours. This finding
was consistent across age groups, sex, race/ethnicity groups, and for depressed and non-
depressed individuals. More specifically, the mean hourly incident rate from 06:00-23:59h
was 2.2% + 0.7%, while the mean incident rate from 24:00-05:59h was 10.3% * 4.9%. The
maximum incident rate was at 2:00-2:59h (16.3%). Hour-by-hour observed values differed
from those that would be expected by chance (p < 0.0001), and when 6-h blocks were
examined, the observed frequency at night was 3.6 times higher than would be expected by
chance (p < 0.0001). In sum, these data suggest that being awake at night confers greater
risk for suicide than being awake at other times of the day. This finding, in turn, highlights
the possibility that sleep loss and/or circadian factors may moderate the observed association
between nocturnal wakefulness and death by suicide [15].

Circadian and homeostatic effects on frontal EEG activity and executive

function

Sleep deprivation & circadian effects on EEG

In the present model (See Fig. 1), it is hypothesized that individuals that are awake during
the typical sleep period exhibit an increased level of hypofrontality that occurs as a result of
the interaction of homeostatic and circadian factors. As measured by
electroencephalography (EEG), it would be expected that individuals awake during the
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nocturnal phase of the 24 h day (as compared to the diurnal phase of the 24 h day) would
exhibit hypofrontality (more frontal cortex theta and delta activity and less beta and gamma
activity). Further, such increases would be more evident in individuals with depression. To
date, several areas of research exist which support the viability of this perspective. Under the
conditions of experimentally induced sleep deprivation, the waking EEG of heathy non-
depressed subjects during the sleep deprivation period has been reliably found to include
higher waking delta, theta, and theta/alpha activity. Such activity has been found to be most
pronounced in frontal areas, increased with the duration of sleep deprivation, and was
associated with increasing self-reported fatigue [18,19]. More recently, it has been shown
that sleep deprivation leads to a loss of functional connectivity in forebrain regions [20].
Under the conditions of a constant routine (total sleep deprivation where light, diet, body
position, etc. are held constant), sleep loss increases frontal delta EEG power density [21].
This suggests that “frontal brain regions are particularly vulnerable to the effects of elevated
sleep pressure (‘prefrontal tiredness’)”. When evaluated in depressed and non-depressed
women, frontal delta EEG was elevated in women with major depressive disorder (MDD)
across the whole of the 24 h day with a peak elevation between 04:00 and 08:00h. This
suggests that women with MDD exhibit an exaggerated form of hypofrontality and that this
phenomenon peaks at time that overlaps with the time frame of interest (the peak in suicide
that occurs from 00:00 to 05:00) [22]. These effects maybe further exaggerated by sleep
inertia thus creating increased vulnerability to hypofrontality in the period extending from
when the nocturnal awakening occurs to up to 25 min following such awakenings [23].
Under the conditions of a 90 min day protocol (wake periods for 60 min and sleep periods
for 30 min alternating over 1-3 d' time), beta activity (C3—-C4 NREM EEG) exhibits a robust
circadian rhythmicity in healthy subjects with a peak during the diurnal phase and trough
during the nocturnal phase of the of the 24 h day. This patterning of activity suggests that
waking frontal beta activity during the nocturnal phase may be similarly suppressed [24].
Taken together, such findings support the possibility that subjects awake at night exhibit a
form of hypofrontality that may be detected with electroencephalography.

Sleep deprivation and circadian effects on executive function

In the present model, it is hypothesized that individuals that are awake during the circadian
night exhibit will impaired cognitive function. These impairments likely occur as a result of
the interaction of homeostatic and circadian factors. That is, as sleep debt accrues and the
individual continues to be awake into the typical sleep period, cognitive performance
declines [18,25,26]. A schematic representation is provided in Fig. 2.

While there is considerable evidence that sleep deprivation leads to slowing of response
speed and increased variability in performance, particularly for simple measures related to
alertness, attention and vigilance e.g., [27-30], the findings with respect to executive
function are less clear [31,32]. Broadly construed, executive functioning refers to a variety
of cognitive processes that are ascribed to the prefrontal cortex, including organization of
information, prioritization, detection of novelty, assessment of risk, divergent thinking,
problem solving and planning, and the inhibition of behavioral responding. As measured
with neuropsychological tests, executive functioning is regularly assessed in terms of
capacities related to response inhibition and task switching, and updating. In forced
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desynchrony (no sleep deprivation) and in constant routine protocols (total sleep
deprivation), inhibitory control as measured with the Stroop has been found to be reliably
compromised during the second half of the biological night with the worst performance at
the end of the biological night [25,33,34]. Similar findings have been observed, although
less reliably, for switching and updating using a variety of tasks including the Stroop task
with shifting criteria [25]. Additional studies have shown that sleep deprivation decreases the
individual's ability to make emotional judgments [31], changes risk preferences [34], and
decreases the ability to incorporate multiple pieces of information into a single decision
[34]. While these findings are not without exception [35], they nonetheless support the
possibility that subjects awake at night experience diminished capacity with respect to
executive function.

Sleep deprivation and circadian effects on mood

It has long been hypothesized that mood varies with time of day, alone or in interaction with
amount of prior sleep. Experimental work on this subject also suggests that where the sleep
period is positioned during the 24 h day and individual factors (person's “Chronotype™) are
also of relevance with respect to the circadian patterning of mood. With these caveats in
mind, it is generally held that the nadir for positive mood or happiness is aligned with
temperature minima which generally occurs in normally entrained individuals at about
04:00h [e.g., 36,37].

Sleep deprivation effects on depression — a potential paradox

It is well established that acute sleep deprivation can have significant antidepressant effects
[38-40]. This effect has been shown for a variety of deprivation manipulations including
total sleep deprivation (TSD), partial sleep deprivation (PSD), and selective REM sleep
deprivation. TSD has been the most exhaustively studied with more than 60 studies being
conducted prior 1990. In a systematic review of the early literature Wu and Bunney [41]
indicate that 59% of patients exhibit treatment responses to TSD. Further, they show that the
effect is linear with time and that mood linearly improves across bi-hourly measures for the
sleep deprivation period and the following day. As with all forms of sleep deprivation, the
mood improvements are usually lost following recovery sleep (50-80% of subjects relapse
following the next sleep bout). There is, however, some evidence that clinical gains can be
maintained with concomitant use of antidepressant medications [40]. PSD has been shown
to have similar antidepressant effects, particularly when conducted in the second half of the
night (PSD-L). Generally, PSD is of approximately 4 h in duration. Whether precisely timed
shorter duration forms of PSD have antidepressant effects is unknown, however 2-h forced
awakenings in the middle of the night, have not been shown to produce appreciable clinical
effects [40]. Finally, selective REM sleep deprivation also appears to have antidepressant
effects but requires weeks, not hours, to produce changes in mood [38].

In the present conceptualization, the biological effects of sleep deprivation are hypothesized,
in combination with time of day, to create a window of vulnerability with respect to suicidal
ideation and behavior. At first glance, this perspective does not seem to be consistent with
the well documented antidepressant effects of sleep deprivation. This potential paradox,
however, can be reconciled in several ways. First, it is possible that those at marked risk for
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suicidal ideation and behavior may be among the individuals who are non-responders to
sleep deprivation. Wu and Bunney's data are consistent with this point of view as they show
worsening mood in treatment non-responders at 01:00h, 03:00h, and 05:00h. Second, even
in treatment responders, the beneficial effects of sleep deprivation on mood sometimes are
not noted until the early morning. Thus, mood may initially worsen across the period of
sustained wakefulness before the emergence of a rebound “euphoria” following the
biological night and/or with exposure to sunlight (i.e., a “it is darkest before the dawn”
effect). Third, it is possible that assessing depression as a global construct has not allowed
for a differentiation between mood/energy and cognitive effects. That is, it is possible that
(even in treatment responders) mood and energy may improve while the individual's
capacity to make reasoned judgments is impaired. This could result in a scenario where the
individual is sufficiently activated as to be able to make a suicide attempt [42].

Summation

The well-replicated finding that sleep disturbance is a significant risk factor for suicidal
ideation and behavior and the more recent finding that individuals are at increased risk for
death by suicide at night, may provide a window on to how people decide to end their own
lives. While several pathways have been suggested regarding how sleep disturbance may
confer risk [43], the present review focuses on circadian fluctuations in frontal lobe/
executive function. Specifically, we are proposing that the 20% of suicides that occur at
night [15] occur in large measure because of a neurobiological/neuropsychological
vulnerability that occurs in all humans. That is, when one is awake when not biologically
prepared to be awake (i.e., not sleep sated and/or in a circadian phase that is associated with
alertness and higher cognitive functioning), the consequence is a kind of brain activity that is
associated with poor executive function. This places the individual in a context where they
lack the resources to make reasoned choices, let alone life-and-death judgments, judgments
that “in the clear light of day” might be very different. This perspective is supported by
several lines of evidence including: 1) there is an relative increase in the number of suicides
that are committed at night; 2) EEG “hypofrontality” occurs in association with sleep
deprivation and as a function of circadian effects; 3) executive function is compromised by
sleep deprivation and time of day effects; and 4) positive mood appears to be at its lowest
during the circadian night and this phenomenon may or may not be exaggerated by sleep
deprivation. In contrast to these supporting lines of evidence, the therapeutic outcomes of
sleep deprivation on mood appear to suggest the opposite; that extended nocturnal
wakefulness is protective with respect to suicide suicidal ideation and behavior. Both
phenomena may be true. One potential resolution may be that the vulnerability conferred by
nocturnal wakefulness occurs in the 20-40% of subjects that do not respond to the
antidepressant effects of partial or total sleep deprivation.

Given that “being awake at night confers increased risk for suicide ideation and behavior for
at least a significant subset of patients with depression, it follows that 1) targeted treatment
for insomnia and nightmares and 2) the increased allocation/utilization of psycho-social
resources at night (e.g., increased availability of peer and professional support) should have
substantial value as preventive strategies for suicide. The former, appears to particularly
viable given the results from a recent study by Manber and colleagues (2015) [44] which
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provides the first evidence that cognitive behavioral therapy for insomnia (CBT-I) can
significantly reduce suicidal ideation.

Concluding remarks

It should be noted that the proposed model is focused on the incidence of suicidal ideation
and behavior that occur at night. This narrow focus does not preclude the possibility that
sleep loss also exerts effects on executive function during the day [45,46] and thus this also
may explain why insomnia is associated with suicide via this particular pathway.

Finally, the proposed model has the potential to be transdiagnostic. That is, being awake at
night (with or without corresponding sleep loss) may confer increased risk for any behavior
that requires the individual to be motivated not to engage in and/or that requires exceptional
levels of impulse control.2 Accordingly, being awake at night may also have implications for
other psychiatric/ behavioral disorders including eating, addictive, paraphilic, and obsessive
compulsive disorders. The present perspective suggests that the incidence of such abnormal
behaviors should be highest during the circadian night and/or symptoms worst during the
day given sleep disturbance. In all cases, the implication being that improved sleep will
improve clinical outcomes within these domains.

Practice points
1) Identification of sleep disturbance may serve as means to identify risk for
suicidality.
2) ldentification of wakefulness during the traditional sleep period may also
serve as means to identify risk for suicidality.

3) Treatment for sleep disturbance may reduce the risk for suicidal ideation
and behavior.

4) Allocating increased mental health resources during the circadian night
may serve to reduce the incidence of suicide attempts and/or death by
suicide.

Research agenda
“Is it a bad thing to be awake when reason sleeps?”

The exploration of the proposed model could proceed along any of several directions.
First, sleep deprivation studies along with repeated measure assessments could be used to
assess the combined effects of sleep loss and time of day on forebrain activity and
executive function. Second, it may be equally informative to assess hypofrontality and
executive function using any one of several chronobiologic paradigms including a
constant routine protocol (CR [sleep deprivation]), alone or in parallel with 90 min day

2The broader conceptualization was formulated in discussion with Jennifer Lundgren (PhD FAED, Associate Professor and Chair,
Department of Psychology, University of MissourieKansas City) regarding how such concepts may be applied to nocturnal eating
syndrome (NES) and sleep-related eating disorder (SRED).
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protocol (NMD [minimal sleep deprivation after 24 h]). This would allow a precise
delineation of how ideation, hypofrontality, and executive function (in depressed subjects
and nondepressed subjects) vary hour-by-hour across the 24 h day, and most importantly,
hour-by-hour across the biological night. Third, evaluating inpatients who have been
hospitalized for suicide attempts (using any of the protocols deemed feasible along with
measures of forebrain activity and executive function) would allow for a strong test of the
hypothesis given its assessment in the most relevant population. This would be especially
illustrative if conducted in a manner similar to Keilp et al. [47], who evaluated executive
function in depressed inpatients with no, low, and high lethality suicide attempts [48].
Fourth, the use of positron emission tomography (PET) or functional magnetic resonance
imaging (fMRI) imaging may more successfully resolve “hypofrontality” as it occurs
with either sleep deprivation or chronobiologic protocols. Finally, the larger issue of
circadian variation in suicidal ideation may be productively assessed epidemiologically
using an ecological momentary assessment approach like that reported by Ben-Zeev and
colleagues [49,50]. Regardless of which next step is taken, all such efforts will serve to
elucidate how suicide ideation and risk varies across the 24 h day and why simply being
awake at night may represent a risk factor (and likely a modifiable one) for suicidal
ideation and behavior.
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Fig. 1.

A conceptual model of the association of sleep disturbance and suicidality.
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