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ABSTRACT 
 
 

Introduction: Evidence suggests that disturbed sleep may constitute an important and modifiable 

vulnerability factor for acute suicidal risk and completed suicide. Sleep complaints are closely 

coupled with mood problems, and depression is considered the single best predictor of suicide. A 

paucity of research has investigated how specific indices of sleep may predict suicide risk, beyond 

depressive symptoms, using an objective measurement of sleep and a prospective study design. 

Methods: Data were collected among 49 men and women across three study time points: baseline 

(T1), 1 week (T2), and 3 weeks (T3). Using wrist actigraphy, objective indices of sleep were 

hypothesized to predict increases in suicidal symptoms over time, even after controlling for 

depression. The Beck Depression Inventory (BDI) and Beck Scale for Suicide (BSS) were used as 

primary symptom measures. We furthermore hypothesized that mood lability, versus depressed 

mood per se, would account for the relationship between sleep and suicidality. Results: Hypotheses 

were partially supported. Regression 1 indicated that, as a set, actigraphy sleep variables, significantly 

predicted T2 residual changes scores, controlling for BDI (P < .001). Specifically, Sleep variability (P < 

.05) uniquely predicted T2 BSS residual change scores, whereas sleep efficiency, WASO (Wake After 

Sleep Onset), sleep latency, and sleep duration did not (P > .05). Regression 2 results also indicated that 

actigraphy sleep variables together predicted T3 BSS change scores, controlling for BDI (P < .001). 

Again, higher sleep variability uniquely predicted T3 BSS change scores, though as a nonsignificant 

trend (P = .06). Sleep efficiency, WASO, sleep latency, and sleep duration (P > .05) did not significantly 

contribute to the variance beyond that contributed by sleep variability. A Sobel test revealed that 

depression scores significantly mediated the relationship between sleep variability and BSS T2 change 

scores (Z = 2.03, P = .04); this finding was partially replicated as a nonsignificant trend for BSS T3 

change scores (Z = 1.28, P = .19). In contrast, a mood lability mediation model was not supported 

according to standard tests of mediation (P > .05 for BSS T2 and T3 residual change scores, 

respectively). Conclusions: Actigraphically-assessed sleep variability was uniquely associated with 

greater levels of suicidal ideation, an effect that was independent of depression. Low mood, versus 

increased mood lability, mediated the relationship between sleep and increases in suicide risk. 

Clinical implications are discussed. 

 
 



1 

 

INTRODUCTION 

 

Suicide is a leading cause of death. Approximately 32,000 people die by suicide each year in 

the United States alone (Murphy, 2000). Suicide kills more Americans annually than homicides, and 

although rates vary substantially by age, suicide ranks as the 11th most common cause of death. 

Attempted suicides are believed to far exceed this number. It is estimated that 10 to 25 nonlethal 

suicide attempts occur for every death by suicide (Maris, 2002). Moreover, such attempts are 

responsible for more than 400,000 emergency room visits annually (Doshi, Boudreaux, Wang, 

Pelletier, & Camargo, 2005). Taken together, suicidal behaviors represent a complex, yet potentially 

preventable public health problem with far-reaching personal and societal consequences. 

Improvements in the identification of risk factors for suicidal behaviors thus ultimately enhance our 

ability to intervene and prevent death by suicide.  

In 1999, The Surgeon General’s Call to Action to Prevent Suicide was released, providing a 

preliminary blueprint to increase awareness, enhance intervention efforts, and improve suicide 

research methodology (United States Public Health Service, 1999). To advance the scientific study of 

suicidal behaviors, research designed to elucidate risk and protective factors for suicide was strongly 

emphasized. A number of biological, psychological, and social factors are associated with chronic 

and acute suicidal risk (Mann, Brent, & Arango, 2001; Rowe, Bruce, & Conwell, 2006; Lewinsohn, 

Rohde, & Seeley, 1996). One growing area of research includes the study of sleep in suicidal 

behaviors. Increasing evidence suggests that disturbances in sleep are associated with an elevated risk 

for suicidal behaviors. In fact, sleep problems, or significant changes in sleep, are now listed among 

the top 10 warning signs of suicide from the Substance Abuse and Mental Health Service 

Administration (SAMHSA) (National Mental Health Information Center, 2006). Both sleep 

disorders and general sleep complaints appear to be linked to greater levels of suicidal ideation and 

depression, as well as attempted suicide and death by suicide (Krakow et al., 2000; Agargun, Kara, & 

Solmaz, 1997a; Fawcett, Scheftner, & Fogg, 1990). 

Fawcett and colleagues (1990) conducted one of the first studies to prospectively examine 

sleep, depression, and suicide. In a group of depressed patients, symptoms of global insomnia were 

more severe among those who died by suicide within a 13-month period. This finding suggested that 

insomnia may be considered a clinical indicator of acute suicidal risk, perhaps particularly when it 

appears in the midst of a depressive episode. Agargun, Kara, and Solmaz (1997b) demonstrated a 
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similar link between suicidality, depression, and sleep complaints. Depressed subjects suffering from 

either hypersomnia or insomnia showed significantly higher scores on measures of suicidality. In a 

separate study, these authors also examined self-reported sleep quality among depressed patients 

(Agargun, Kara, & Solmaz, 1997a). Subjective sleep quality was significantly more disturbed among 

suicidal versus nonsuicidal patients. Next, an association between poor sleep quality and suicide has 

been prospectively studied in at least one community sample of men and women. Among a large 

group of elderly participants, poor self-reported sleep quality was linked to suicide within 10 years. 

Although depression showed the strongest link with suicide, poor sleep quality increased the risk for 

suicide by 34% (Turvey et al., 2002). 

Sleep abnormalities in depression and suicide have also been investigated using objective 

measurements of sleep (Sabo, Reynolds, Kupfer, & Berman, 1991). In a retrospective analysis of 

sleep architecture, Sabo et al. compared depressed patients with and without a history of suicide 

attempts. Electroencephalographic (EEG) sleep studies revealed that those with a history of suicide 

attempts showed a lower sleep efficiency, a longer sleep latency, and fewer late-night delta counts. 

More recently, Agargun and Cartwright (2003) investigated the relationship between rapid eye 

movement (REM) sleep, dream variables, and suicidality in depression. Compared with nonsuicidal 

subjects, suicidal patients averaged a shorter sleep latency, a higher REM percentage, and a more 

negative dream-like quality of REM. Important to the current proposal, however, none of these 

studies investigated the link between sleep and suicide after accounting for the variance associated 

with depression. 

Similar to insomnia symptoms and sleep architecture abnormalities, nightmares are more 

common among suicidal versus nonsuicidal individuals with major depression. Research indicates 

that depressed patients with self-reported repetitive and frightening dreams are more likely to be 

classified as suicidal compared to those without frequent nightmares (Agargun et al., 1998). This 

relationship also emerged in a prospective, population-based study conducted in Finland. Tanskanen 

et al. (2001) revealed an association between nightmare frequency at baseline and completed suicides 

at follow-up 14 years later. Compared to subjects reporting no nightmares, those reporting 

occasional nightmares were 57% more likely to die by suicide. Among those with frequent 

nightmares, the risk for suicide increased dramatically; those endorsing frequent nightmares were 

105% more likely to die by suicide compared to those reporting no frightening dreams. 

Taken together, these findings indicate that sleep is a topic deserving of considerable 

attention in suicide research. Despite the connection observed between sleep and suicide, it remains 
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relatively unclear how these two constructs relate to one another after controlling for depression. In 

several reports, the association between sleep and suicide did not appear to be entirely independent 

of depressive symptoms (Krakow et al., 2000), while in other investigations, suicidality and sleep 

were only assessed among depressed individuals (Agargun, Kara, & Solmaz, 1997a; 1997b; Sabo, 

Reynolds, Kupfer, & Berman, 1991). Although sleep disturbances are linked to suicidality, this 

relationship may largely be explained by higher depression ratings. Only a few studies have examined 

the connection between suicide and sleep complaints beyond that explained by depression. First, 

Keshavan and colleagues (1994) examined REM sleep in psychotic patients with and without a 

history of suicide attempts or ideation. Patients with a history of suicidal behavior showed more 

REM activity, and REM sleep parameters were not correlated with depression scores. Also, when 

depression ratings were covaried out, differences in sleep remained. Bernert et al. (2005) recently 

examined self-reported sleep complaints and suicidality among 176 psychiatric outpatients. After 

controlling for depressive symptoms and sex, the association between nightmares and suicidality 

remained significant, whereas the link between other sleep complaints (i.e., insomnia and sleep-

disordered breathing symptoms) and suicidality did not. These findings converge somewhat with 

findings from adolescent investigations. Liu (2004) showed that nightmares were strongly associated 

with suicidal ideation, even after controlling for mood symptoms; insomnia symptoms did not 

remain significantly associated with increased ideation after controlling for depression. In contrast to 

these results, however, a study by Roberts, Roberts, & Chen (2002) showed that insomnia remained 

a significant predictor of elevated suicidal ideation with depression as a covariate. Although these 

data suggest convergence with regard to nightmares as a unique predictor of ideation, the association 

between insomnia and suicidality remains mixed. 

Suicidal behavior ranges in severity from ideation to suicide attempts to death by suicide. 

Very few investigations have examined sleep as a risk factor for severe suicidal behaviors. To date, 

five studies (Fujino, Mizoue, Tokui, & Yoshimura, 2005; Fawcett, Scheftner, & Fogg, 1990; Turvey 

et al., 2002; Tanskanen et al., 2001) have reported on the association between sleep and death by 

suicide. Sleep complaints have included insomnia, hypersomnia, poor sleep quality, and nightmares. 

Several of these investigations have used a population-based, longitudinal design; nevertheless, only 

two studies have examined the association above and beyond mood symptoms. Bernert, Turvey, 

Conwell, and Joiner (2006) examined sleep complaints and death by suicide in a longitudinal cohort 

study of 14,456 community elders. Over a 10-year observation period, 21 individuals died by suicide. 

Using a case-control design, each suicide case was matched to 20 randomly-selected controls from 
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the original sample. Results revealed that self-reported poor sleep quality at baseline significantly 

predicted death by suicide. Remarkably, this relationship remained significant after controlling for 

depressive symptoms. Compared to other specific sleep complaints (i.e., difficulty initiating sleep, 

staying asleep, or awakening too early), nonrestorative sleep independently predicted risk for suicide. 

A similar relationship emerged in a psychological autopsy study conducted by Goldstein , Bridge, 

and Brent (2008). Among 130 adolescent suicide victims and 131 community controls, interviews 

were conducted to retrospectively assess the presence of sleep disturbances retrospectively across 

both groups. Sleep problems were evaluated for two time points: those present during (1) the most 

recent affective (i.e., mood or anxiety disorder) episode, and (2) within the week preceding death. 

Compared to controls, and even after controlling for depression, suicide decedents were 10 times 

more likely to have had sleep disturbances in the most recent affective episode, and five times more 

likely to exhibit insomnia symptoms in the week prior to death.  

In light of these studies, sleep problems—independent of depression—appear to serve as an 

acute and chronic risk factor for death by suicide. A more rigorous evaluation of sleep variables may 

reveal prognostic indicators for suicidal patients, inform clinical decision-making, and guide the 

development of more precise risk models for suicide. Delineating risk parameters related to sleep 

disturbances may additionally enhance assessment procedures, as well as prevention and 

intervention efforts. Importantly, sleep may be particularly amenable to treatment. Disturbed sleep, 

unlike many chronic risk factors, such as a history of suicide attempts (Joiner et al., 2005), has the 

potential to be undone. As a warning sign, sleep may thus be a particularly useful factor, and a 

clinically meaningful leverage point, to assess in the presence of suicidal ideation and depressive 

symptoms.  
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THE PRESENT STUDY 

 

The association between sleep and suicide has seldom been assessed using objective 

measurements of sleep. In total, four studies have used objective assessments of sleep when 

examining suicide (Krakow et al., 2000; Sabo, Reynolds, Kupfer, & Berman, 1991; Agargun  & 

Cartwright, 2003; Keshavan et al., 1994); of these, only one (Keshavan et al., 1994) controlled for 

depression. Although this latter study exclusively examined psychotic patients, the relationship 

between objectively-assessed sleep and suicidality remained after controlling for mood symptoms. A 

study has yet to prospectively examine sleep and suicidality, using objective measurements of sleep, and 

while controlling for mood disturbances. Such a study would reveal whether prospectively-assessed 

poor sleep quality represents a valid and unique indicator of increased suicidal ideation.  

Sleep represents a risk factor for the onset of depression, a diagnostic criterion for 

depression, and among those with recurrent depression, it also appears to be a prodromal feature of 

a major depressive episode (Ford & Kamerow, 1989; American Psychiatric Association, 2000; Perlis, 

Giles, Buysse, Tu, & Kupfer, 1997). Experimental manipulations of sleep, such as sleep restriction, 

are associated with mood decrements, as well as increased mood lability, poorer emotion regulation, 

and more negative affective responses (Leotta, Carskadon, Acebo, Seifer, & Quinn, 1997; Dinges et 

al., 1997). Suicidality is also considered a symptom of depression (American Psychiatric Association, 

2000); however, there is some evidence to suggest that depression may become somewhat 

disconnected from suicidality. Bronisch (1992) administered self-report questionnaires to women 

hospitalized for either a suicide attempt or due to a distressing life event without an attempt. 

Depressive symptoms were not significantly higher among the suicidal compared to the non-suicidal 

women. Similarly, Beck (1996) theorized that repeated exposure to suicidal behavior may cause one 

to become sensitized to suicidal thoughts and behaviors, allowing suicidality itself to take on a more 

independent quality—a process which may become relatively distinct from the influence of 

depression.  

Mood regulation factors may play a central role in the relationship between sleep and 

suicidality. Sleep may fail to provide an emotional refuge for distressed individuals. For example, 

frequent nightmares may exacerbate feelings of ineffectiveness, and poor sleep quality may disrupt 

within-sleep mood regulation processes. This explanation is supported, in part, by research 

conducted among clinical samples. Using polysomnography (EEG sleep monitoring), Cartwright et 
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al. (1998) examined a mood-regulatory hypothesis of dreaming among depressed women over a one-

year period. Women reporting more affectively negative dreams early in the night, yet fewer negative 

dreams at the end of the sleep period, were more likely to achieve remission within one year; in 

contrast, those reporting few negative dreams at the beginning of the night, yet more negative 

dreams at the end of the sleep period, were less likely to achieve remission a year later. Similar 

findings were observed when this group investigated dream content among suicidal versus 

nonsuicidal adults with depression (Agargun & Cartwright, 2003). Those with elevated suicidality 

were more likely to experience fewer negative dreams in the first half of the night, yet more negative 

dreams in the second half of the night; the opposite pattern was observed for non-suicidal 

participants (e.g., fewer negative dreams in the second compared to the first half of the sleep 

period). These findings suggest that the ability to regulate one’s mood during sleep is related to 

suicidality, and this process appears to have a significant and long-term impact on the course of 

psychopathology. 

Preliminary data from our group indicate that the sleep-suicidality connection may exist 

beyond depression (Bernert, Joiner, Cukrowicz, & Krakow, 2005). As reviewed above, sleep 

disturbances may confer risk for elevated suicidality by influencing the ability to regulate emotional 

responses. Additional evidence suggests that, among those experiencing a major depressive episode, 

mood lability is a significant predictor of suicidal ideation (Akiskal & Benazzi, 2005). Research 

furthermore indicates that affectively unstable individuals may use suicidal behaviors to regulate their 

emotions (Zlotnick, Donaldson, Spirito, & Pearlstein, 1997). One plausible explanation may thus be 

that mood lability, versus depressed mood per se, accounts for the association between disturbed 

sleep and suicidal ideation. Consistent with this, Liu and colleagues (2006) proposed that sleep may 

be related to suicidality by lowering the threshold for negative affective responses. Disturbed sleep, 

by increasing mood lability, may make suicide-related cognitions and suicidal responses more readily 

accessible.  

Young adults may be particularly appropriate to study when examining sleep, suicidality, and 

mood disturbances. Suicide is the third leading cause of death among those aged 15-24, and non-

fatal suicide attempts are disproportionately higher in youth compared to other age groups (Minino, 

Arias, Kochanek, Murphy, & Smith, 2002). Sleep complaints among teens and young adults are also 

alarmingly common. Adolescents often receive inadequate sleep and initiate sleep at the wrong 

circadian phase (Carskadon, Acebo, & Jenni, 2004), and this presents considerable risk for elevated 

depressive symptoms and suicidal ideation (Roberts, Roberts, & Chen, 2002). These sleep 
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disturbances appear to furthermore persist into young adulthood. Whereas up to 58% of adults in 

population-based studies experience sleep problems (Groeger, Zijlstra, & Dijk, 2000), 71% of 

college students report dissatisfaction with their sleep (Hicks, Fernandez, & Pelligrini, 2001). The 

present proposal thus intends to investigate sleep, depressive symptoms, and suicidality among this 

young adult population. 

 

2.1 Hypotheses 

Hypothesis1: Poor sleep will uniquely predict increased suicidality. Hypothesis2: Poorer sleep will 

predict increased mood lability. Hypothesis3: Increased mood lability will uniquely predict increased 

suicidality. Hypothesis4: Mood lability is expected to significantly mediate the relationship between 

poor sleep and increased suicidality. Hypothesis5 : This mediation model will outperform a mediation 

model with depressive symptoms entered as a mediating factor. 
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METHODS 

 

3.1 Participants and Procedures 

Data were collected among students enrolled in an undergraduate introductory psychology 

course February 2007 to April 2008 at a large, public university. Study procedures were thoroughly 

described, and written informed consent was obtained consistent with Human Subjects Committee 

approval and American Psychological Association ethical guidelines. Participation was voluntary, 

and course research credit was provided for participation. Based on an initial screening about past 

suicidal behaviors, subjects were invited to participate in the present study. Subjects were considered 

eligible for inclusion if they: (1) endorsed at least one past suicide attempt, as verified by the Pierce 

Suicidal Intent Scale (Pierce, 1977), and recent (< 6 mos) suicidal ideation; or (2) no suicide attempt 

history, but current (< 1 mos) suicidal ideation. In total, 50 subjects met study criteria and were 

enrolled in the experiment; 49 participants (14 men, 35 women) completed the study (one 

participant lost an actiwatch and subsequently dropped out of the experiment). Throughout the 

investigation, standardized suicide risk assessment was conducted using empirically-supported 

decision-tree rules and emergency referral procedures (Joiner, Walker, Rudd, & Jobes, 1999). 

Consistent with university and internal departmental policies, those judged to be at imminent risk 

for suicide were referred to emergency mental health services. 

 

 3.2 Sample Characteristics 

Age and Ethnicity  

The average age in this sample was 19.2 (SD = 1.37), and participants ranged in age from 18 

to 23 years. Women (N = 35) comprised approximately 71.4% of this sample. The ethnic 

composition of the present study was 74% Caucasian, 12% Hispanic, 6% African-American, 2% 

Asian, 4% Mixed Race, and 2% Other.  

Clinical Severity  

Although current suicidal symptoms were the primary focus of the present study, a past 

history of suicidal behaviors provides additional information regarding clinical severity and suicide 

risk (Forman et al., 2004; Joiner et al., 2005). The majority (N = 46) of participants (93.8%) in the 

present study reported a previous suicide attempt; 6% reported having never attempted suicide in 

the past, 61% reported a single suicide attempt history, and 33% reported a multiple attempt history. 
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Attempt history statistics were based on the Pierce Suicidal Intent Scale (Pierce, 1977), which was 

administered by a masters-level clinician during a prescreening interview; each interviewer was a 

doctoral candidate in clinical psychology trained in standardized suicide risk assessment at the FSU 

Psychology Clinic. 

 

3.3 Materials  

Demographic Overview. A demographic overview was administered to assess general 

demographic information and medical history characteristics (e.g., age, sex, ethnicity, history of 

suicidal behaviors, presence of a psychiatric disorder or sleep disorder, medication use, shiftwork 

status).  

Beck Depression Inventory (BDI). The BDI is a 21-item self-report inventory used to assess the 

presence of depressive symptoms. Participants are asked to indicate which statement best describes 

the way they have been feeling over the past 2 weeks. Total scores on the BDI can range from 0 to 

63, with higher scores reflecting greater levels of depressive symptoms. Although the BDI is not 

indicative of the full clinical syndrome of depression, it yields adequate reliability estimates, and is 

well validated as a measure of depressive symptomatology (Beck & Steer, 1987; Beck, Steer, & 

Garbin, 1988).  

Beck Scale for Suicide Ideation (BSS). The BSS is a 21-item self-report instrument that assesses 

the severity of suicidal ideation (Beck & Steer, 1988). Participants circle statements that best describe 

their feelings over the past week, and each item is scored on a 0 to 2 scale. The first 19 times are 

scored; whereas the last two items, which inquire about a history of suicide attempts, are not scored.  

Total scores thus range from 0 to 38, with higher scores indicating greater levels of suicidality. This 

scale shows strong reliability and validity, and has been normed among inpatient and outpatient 

adult samples (Beck, Steer, & Ranieri, 1988; Steer, Rissmiller, Ranieri, & Beck, 1993). 

Affective Lability Scale Short Form (ALS-SF). The ALS-SF is an 18-item scale designed to assess 

mood lability. Participants are asked about the degree to which they experience shifts between 

several affective states, using three correlated conceptual subscales: depression/anxiety (D/A) (5 

items), anger (A) (5 items), and depression/elation (D/E) (8 items). Each item is anchored on a 

four-point rating scale, ranging from "very undescriptive of me" to "very descriptive of me.” Scores 

range from 18 to 72, with higher scores indicating greater lability in mood. The ALS-SF (Oliver & 

Simons, 2004) is an abbreviated version of the 54-item ALS (Harvey, Greenberg, & Serper, 1989), 

which has demonstrated good internal consistency and test-retest reliability among both clinical and 
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nonclinical populations (Koensberg et al, 2002; Harvey, Greenberng, & Serper, 1989; Oliver & 

Simons, 2004). 

Actigraphy. Wrist actigraphy (Actiwatch®; Mini Mitter, Sunriver, OR) was used to provide an 

objective measurement of sleep. This is a small, watch-like device (dimensions 37 x 29 x 9 mm; 

weight 17 g), worn on the non-dominant wrist. An electronic accelerometer sensor interfaces with a 

computer software program, and records movement over a preprogrammed epoch of time. To 

compute sleep statistics, each actigraph was initialized to continuously record movement 

assessments in intervals of 30-second epoch lengths. Actiwatches were worn 24-hours at day for the 

duration of the 7-day initial phase of the study, with instructions for removal restricted only to water 

exposure (e.g., subjects were instructed to remove the watch only when swimming or bathing). 

Event markers were used to demarcate and record, in-real time, attempted sleep onset and sleep 

offset, which define a given sleep interval. Following one week of use, data were downloaded and 

analyzed using sleep-scoring hardware and sleep analysis software (Actiware®, Mini Mitter, Sunriver, 

OR). Using pre-established sleep scoring algorithms, actigraphy reliability discriminates sleep and 

wake (Cole, Kripke, Gruen, Mullaney, & Gillen, 1992; Sadeh, Alster, Urbach, & Lavie, 1989), and 

shows correspondence with EEG sleep measures (Kushida et al., 2001). The following indices of 

sleep were assessed and computed as primary actigraphy variables: sleep latency (time elapsed between 

attempting and achieving sleep onset), sleep duration (total sleep for a given rest interval, minus 

awakenings), WASO (wake after sleep onset), sleep efficiency (ratio of time asleep to time in bed; i.e., 

percentage of time asleep while in bed), sleep variability (summed standard deviation of sleep onsets 

and offsets for sleep bouts > 2 hours). 

Daily Sleep Diary. Actigraphy data were verified using the National Sleep Foundation (NSF) 

sleep diary, which assessed daily sleep/wake patterns over the same time frame (1 week). Sleep 

diaries provide reliable estimates of sleep, and are commonly used to verify sleep schedules and 

actigraphy (Kushida et al., 2001; Rogers, Caruso, & Aldrich, 1993). Sleep diaries were specifically 

used to verify Actigraphy event markers and sleep intervals, particularly in instances where either the 

event marker (i.e., indicating time-stamped attempted sleep and wake times) was not pressed, or at 

times when the watch was briefly removed (i.e., participants were required to record any times in 

which the watch was removed, documenting the reason for removal; the accuracy of this 

information was additionally verified by a research assistant at the time Actigraphy data were 

downloaded). 
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3.4 Sequence of Investigation  

As part of a departmental-wide Psychology Research Pool, participants first completed a 

battery of questionnaires, including a question about a past history of suicide attempts. Given that a 

suicide attempt history is associated with greater levels of psychopathology (Joiner et al., 2005), this 

factor was used as proxy measure for current and future psychological distress. Following an 

invitation to participate in an experiment evaluating sleep and mental health, interested participants 

signed up for the present study using a secure online network. Following informed consent and a 

thorough description of study procedures, participants were assigned an identification number to 

code data and ensure confidentiality. Participants next completed a prescreening interview (Pierce 

Suicidal Intent Scale; Pierce, 1977), conducted by a graduate student therapist in clinical psychology, 

to determine eligibility in the present study. Subjects were considered eligible if they: (1) had at least 

one past suicide attempt, and endorsed recent (< 6 mos) suicidal ideation; or (2) no documented 

suicide attempt history, but current (< 1 mos) suicidal ideation. In accordance with our emergency 

and safety monitoring protocol, and in addition to standardized suicide risk assessment conducted at 

each time point, participants were provided with: 24-hour contact information for the experimenter, 

contact information for the supervising co-investigator (a licensed psychologist), a toll-free crisis 

hotline, as well as local emergency mental health resources. Participants were encouraged to utilize 

these resources if at any point during the study elevated suicidal ideation or plans were experienced. 

Regarding the sequence of investigation, data were collected at three study time (T) points: 

T1 (baseline), T2 (1-week follow-up), and T3 (3-week follow-up). At T1, participants first completed 

the consent form, and study procedures were thoroughly described. Participants were, once again, 

prescreened for a past history of suicide or current symptoms of suicidal ideation. The Pierce 

Suicidal Intent Scale (Pierce, 1977) was administered by a masters-level graduate student trained in 

standardized suicide risk assessment; this scale is designed to document the severity of intent 

associated with past suicidal behaviors, and shows good reliability and internal-consistency (Pierce, 

1977; Rotheram-Borus & Trautman, 1988, 1990; Trautman et al., 1991). Suicide risk assessment was 

completed by an interviewer of the same training, and if and when elevated suicidality was endorsed 

(i.e., anytime a BSS score above 5 was noted). Participants subsequently completed the 

Demographics Overview, and the BSS. Next, both the Sleep Diary and an initialized Actiwatch were 

provided, along with explicit instructions regarding their use. At T2, participants completed the BSS, 

the BDI, and the ALS-SF; and subjects returned the Actiwatch and the (completed) Sleep Diary. At 
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T3, the BSS was re-administered, after which subjects were debriefed, thanked for their time, and 

provided with course credit for their participation.  

 

3.5 Statistical Analyses 

Analyses were conducted to investigate whether a unique association between sleep and 

suicidality exists using an objective assessment of sleep and a prospective study design. Hierarchical 

multiple regression analyses were employed to determine if actigraphically-assessed sleep factors 

(e.g., sleep efficiency, sleep duration, sleep latency, WASO, and sleep variability) would predict increases in 

suicidal symptoms, controlling for depression. This was a particularly stringent requirement 

considering the strong association between depressive and suicidal symptoms. As an additional test, 

these symptom relationships were assessed prospectively, and baseline suicidal symptoms were 

accounted for in each model. Residual change scores were thus created for T2 and T3 analyses.  

Two primary hierarchical regressions were performed to test the above hypothesis. For 

Regression 1, T2 BSS scores constituted the dependent variable (DV). For Regression 2, T3 BSS 

scores constituted the DV. To create the residual change scores, as described above, T1 BSS scores 

were entered as a covariate into Block 1 of each regression equation. To control for depression, T2 

BDI scores were also entered into Block 1. Block 2 consisted of the following independent variables 

(IV): sleep efficiency, duration, latency, WASO, and sleep variability. Controlling for depressive symptoms, 

indices of disturbed sleep (i.e., lower sleep efficiency and duration; higher sleep duration, sleep latency, 

WASO, and sleep variability) were hypothesized to prospectively predict increases in suicidal 

ideation at T2 and T3. 

Analyses were also conducted to evaluate whether mood variability, versus depressed mood, 

mediated the relationship between objectively-assessed sleep variables and increased suicidal 

symptoms. Mood lability, compared to depressive symptoms, was hypothesized to significantly 

mediate the relationship between actigraphically-assessed disturbed sleep and elevated suicidality at 

BSS T2 and T3 assessments. To test this, mediation analyses were proposed, using the steps outlined 

by Baron and Kenny (1986). In this model, mediation is supported if (a) disturbed sleep significantly 

affects the mediator (ALS-SF scores; mood lability); (b) disturbed sleep significantly influences 

suicidality (BSS scores; T1-T2 and T1-T3) in the absence of the mediator; (c) the mediator is 

uniquely associated with BSS scores, controlling for sleep; and (d) the effect of sleep on BSS residual 

scores shrinks when the mediator is added to the analysis. Two mediation models were proposed in 

the present study. Mediation Model 1 (mood lability) was hypothesized to outperform Mediation 
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Model 2 (depressive symptoms) (See Figures 1-2). Again, given that residual change scores were 

available for both T2 and T3 assessments, analyses were conducted to evaluate Mediation Model 1 

(mood lability) and Mediation Model 2 (depressive symptoms) using BSS T2 and BSS T3 change 

scores in separate analyses. 

 

3.6 Statistical Power 

To detect a medium effect-size using three continuous predictor variables, an N of 

approximately 30 subjects is necessary (Cohen, 1988). Using a Type 1 error ( ) < .05, a sample size 

of 49 research participants is considered sufficient to test hypotheses at a power > 80% (  < .20). 
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RESULTS 

 

4.1 Descriptive Statistics 

 Correlations between variables and general descriptive statistics are presented in Tables 1-2. 

Participants in the present study endorsed moderate to severe symptoms of depressive and suicidal 

symptoms across study time points. On average, scores endorsed on the BDI were moderate (M = 

16.6, SD = 9.9), with maximum scores in the severe depression range. On the BSS, participants 

endorsed moderate levels of suicide ideation at each of the three assessments (M = 6.66, 6.20, 5.51; 

SD = 6.22, 5.17, 5.61); participants endorsed maximum scores in the severe symptom range for 

suicide risk. 

Mean actigraphy statistics demonstrated a delayed bedtime (M = 2:08 AM, SD = 1.57 hours) 

and waketime (M = 9:21 AM, SD = 1.62 hours). In general, participants showed restricted sleep 

schedules: average time in bed (TIB) was 7.6 hours (SD = 1.08), with a sleep duration of 6.3 hours (SD 

= 0.88). Regarding other mean sleep statistics, subjects showed an 84.4% sleep efficiency (SD = 6.28), a 

11.5-minute sleep latency (SD = 7.80),  and a WASO of 31.2 minutes (SD = 14.13). On average, sleep 

bouts occurred at highly irregular times across the 24-hour day. For example, sleep onsets and sleep 

offsets varied by 3.1 and 2.8 hours, respectively (SD = 2.1, 2.2); across the 49 participants, this 

produced a mean sleep variability of 5.9 hours (SD = 4.1). 1 These sleep statistics are consistent with 

those observed among adolescents in general (Wolfson & Carskadon, 1998), demonstrating more 

variable sleep patterns (> 2 hr difference between weekday and weekend sleep bouts) among those 

with restricted sleep (< 6.75 hrs) and more delayed bedtimes. 

 

4.2 Regression Analyses 

Regression analyses were employed to determine whether sleep indices uniquely predicted 

suicide ideation residual change scores. In support of the hypotheses, Regression 1 results indicated 

that, as a set, actigraphy sleep variables significantly predicted T2 BSS residual change scores, 

controlling for BDI scores  (R² = .75, F7,41 = 17.81, P < .001). Controlling for the variance 

                                                 
1 Independent of shiftwork status, several participants actigraphically demonstrated periods of extended wakefulness 

(e.g., 24-hour periods in which sleep was not initiated). Similar to the sleep observed in shiftworkers (i.e., in the 

present study, five participants identified themselves as working a shiftwork schedule), extended time awake often 

resulted in dramatically increased sleep variability the following day (i.e., when sleep was subsequently attempted 

earlier, extended, or separated into two distinct sleep bouts).  
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associated with the other sleep variables, sleep variability (ß = .18, t = 2.16, P < .05) uniquely predicted 

higher T2 BSS residual change scores, whereas sleep efficiency (ß = .04, t = .23, P > .05), WASO (ß = 

.03, t = .18, P > .05), sleep latency (ß = .07, t = .79, P > .05), and sleep duration (ß = .08, t = .62, P > .05) 

did not significantly contribute to the variance beyond that contributed by sleep variability. 

Regression 2 results also indicated that, as a set, actigraphy sleep variables significantly 

predicted T3 BSS residual change scores, controlling for BDI scores (R² = .57, F7,41 = 7.87, P < 

.001). Results indicated that higher sleep variability again predicted elevated suicidal symptoms, even 

after controlling for depression; however, this emerged as a nonsignificant trend in the expected 

direction (ß = .21, t = 1.88, P = .06). Sleep efficiency (ß = .35, t = 1.45, P > .05), WASO (ß = .18, t = 

.95, P > .05), sleep latency (ß = .08, t = .66, P > .05), and sleep duration (ß = -.13, t = -.78, P > .05) did 

not significantly contribute to the variance beyond that contributed by sleep variability. 

Post-hoc Analyses were conducted to evaluate whether the presence of shift-work 

systematically influenced the above findings. Results revealed that, even with all shiftworkers 

removed (N = 5), observed effects remained, albeit in a somewhat attenuated fashion. Regarding the 

generalizability of findings, main effects emerged as nonsignificant statistical trends in the expected 

direction. Controlling for the variance associated with other sleep statistics, sleep variability uniquely 

predicted both T2 BSS (ß = .15, t = 1.65, P = .10) and T3 change scores (ß = 17, t = 1.47, P = .15). 

Importantly, attenuated effects could be expected given the reduction of statistical power alone (i.e., 

associated with a 10% smaller sample size).  

 

4.3 Mediation Models 

Two mediation models were assessed in the present study. T2 BSS residual change scores 

and T3 residual changes scores constituted the dependent measures; sleep variability constituted the 

independent measure. First, when sleep variability was evaluated individually in the prediction of 

suicidality, regression analyses revealed a significant association between sleep variability scores and 

T2 BSS change scores (β = .26, t = 3.12, P < .01). Specifically, higher sleep variability predicted 

elevated suicidal symptoms. Sleep variability scores also individually predicted T3 BSS change scores (β 

= .26, t = 2.58, P < .02). 
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4.3.1 Model 1: Mood Lability 

Mediation Path Analyses 

Analyses were performed to evaluate mood lability (ALS-SF scores) as a mediating variable 

for T2 and T3 assessments. First, sleep variability was independently associated with higher scores on 

the ALS-SF; however, this relationship emerged as a nonsignificant effect in the expected direction 

(β = .23, t = 1.61, P = .11). In contrast with expectation, analyses next revealed that, controlling for 

the variance associated with sleep variability, the proposed mediator (ALS-SF scores) was not 

significantly associated with higher T2 BSS change scores (β = .03, t = .35, P = .72). That is, greater 

mood lability, as measured by the ALS-SF, was not uniquely predictive of elevated suicidality T1-T2.  

This analysis was repeated for BSS T1-T3 change scores; this demonstrated that ALS-SF scores 

(controlling for sleep variability) were not uniquely predictive of elevated suicidality T1-T3 (β = .09, t = 

.86, P = .39). Post-hoc analyses were additionally conducted to evaluate whether ALS-SF subscales 

(Anger, Depression/Anxiety, and Depression/Elation) emerged as mediators in this model, 

compared to ALS-SF total scores; these analyses failed to reveal significant pathways (p < .05) for 

BSS T2 and T3 residual change scores. 

 

Sobel Statistics 

Although a Sobel test for mediation traditionally requires statistically significant associations 

between all three pathways, analyses were conducted to test the proposed models. Sobel tests 

revealed that Mood Lability (ALS-SF total scores) was not a statistically significant mediator for BSS 

residual change scores for T2 (Z = .73, P = .33) or T3 (Z = .75, P = .45).  

 

4.3.2 Model 2: Depressive Symptoms 

Mediation Path Analyses 

Analyses were next performed to examine depressive symptoms (BDI scores) as a mediating 

factor for sleep variability and T2 and T3 BSS residual change scores. Results first revealed that sleep 

variability was significantly associated with higher BDI scores (β = .35, t = 2.58, P = .01). Next, BDI 

scores significantly predicted higher suicidal symptoms (BSS residual changes scores T1-T2), even 

after accounting for the variance associated with the sleep variability (β = .29, t = 3.29, P < .01). 

Depressive symptomatology, as assessed by the BDI, was uniquely associated with elevated 

suicidality. The latter analysis was repeated for BSS T1-T3 change scores; BDI scores (controlling 
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for sleep variability) were uniquely predictive of elevated suicidal symptoms at T3, but nonsignificantly 

(β = .17, t = 1.49, P = .14). 

 

Sobel Statistics 

Consistent with guidelines by Kenny, Kashy, & Bolger (1998), Sobel tests were conducted to 

determine whether higher depressive symptoms significantly explained the relationship between sleep 

variability and BSS T2 and T3 residual change scores. The Sobel test revealed that BDI scores 

significantly mediated the relationship between sleep variability and T2 BSS change scores (Z = 2.03, P 

= .04; β = .26 versus β = .16). This finding was partially replicated for T3 BSS change scores, though 

again, not to significance (Z = 1.28, P = .19; β = .26 versus β = .20). 

 

 

 

 

FIGURE 1. Mood Lability Mediation Model 

 

 

 

 

 

FIGURE 2. Depression Mediation Model 
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DISCUSSION 

 

Hypotheses were partially supported. First, results revealed that actigraphically-assessed sleep 

was uniquely predictive of suicidal ideation, evaluated using a prospective study design. Specifically, 

higher sleep variability (i.e., as measured by more variable sleep onsets and offsets across a 1-week 

assessment window) was associated with greater levels of ideation, controlling for depression and 

baseline suicidal symptoms. In contrast, sleep efficiency, sleep latency, sleep duration, and WASO 

were not uniquely predictive of elevated suicidal symptoms. Finally, the relationship between sleep 

variability and elevated suicidal ideation was statistically significant at T2, and emerged as a 

nonsignificant trend at T3.  

Mediation analyses revealed that depressed mood significantly mediated the relationship 

between sleep variability and suicide risk. A competing model, wherein mood variability was 

proposed to best account for the sleep-suicide link, was not supported. The latter finding is 

inconsistent with previous findings, demonstrating an association between mood lability and 

increased suicidality (Akiskal & Benazzi, 2005), as well as disturbed sleep and mood decrements 

(Wolfson & Carskadon, 1998; Dinges et al., 1997). Such findings indicate that low mood, as opposed 

to affective lability, may thus be a pathway through which sleep variability may increase risk for 

suicidal symptomatology. Nevertheless, sleep variability predicted increased affective lability as a 

nonsignificant trend. In addition, our measurement of mood lability (ALS-SF) has not yet been used 

in a study investigating elevated depression and suicidal symptoms, and has received criticism for 

failing to anchor the assessment of symptoms in time. Taken together, these findings indicate that 

mood lability may warrant further study as a causal factor, and benefit from additional assessment 

methods, such as daily mood ratings or observer-reported mood shifts. 

 

5.1 Convergence with Self-Reported Sleep Studies  

To our knowledge, this is the first study to evaluate the unique association between sleep and 

suicide risk using an objective assessment of sleep and a prospective study design. Our primary 

finding converges with past research showing that self-reported sleep problems may uniquely predict 

an increased risk for suicidality, such as suicide ideation (Liu, 2004; Bernert et al., 2006), suicide 

attempt status (Goodwin & Marusic, 2008), and death by suicide (Goldstein, Bridge, & Brent, 2008; 

Bernert, Turvey, Conwell, & Joiner, 2006). Of those controlling for the influence of depression, the 
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following sleep variables have emerged as significant predictors of suicide risk: insomnia (Liu, 2004; 

Goldstein, Bridge, & Brent, 2008), nightmares (Bernert et al., 2005), poor self-reported sleep quality 

(Bernert et al., 2006), hypersomnia (Goldstein, Bridge, & Brent), and short sleep (< 5 hours; 

Goodwin & Marusic, 2008). Only one of these investigations used a prospective design (Bernert et 

al., 2006). Given that our investigation evaluated young adults, aged 19-23, our findings are perhaps 

most consistent with adolescent youth samples demonstrating subjective sleep complaints and 

unique risk for both ideation (Liu, 2004) and death by suicide (Goldstein, Bridge, & Brent, 2006).  

 

5.2 Convergence with Objective Sleep Studies 

In total, only three reports have objectively evaluated sleep disturbances and suicidality, and 

in each case, sleep architecture was evaluated using electroencephalographic (EEG) 

polysomnography (Keshavan et al. 1994; Sabo et al., 1991; Agargun & Cartwright, 2003). The design 

and populations studied, however, varied widely, which challenges the comparability of findings.  

For example, Sabo and colleagues (1991) retrospectively evaluated a group of depressed patients, 

demonstrating more disturbed sleep (i.e., lower sleep efficiency, longer sleep latency, and fewer late-

night delta counts) among those with a past suicide attempt. Agargun & Cartwright (2003) also 

studied sleep parameters among a depressed sample, demonstrating a shorter sleep latency, a higher 

REM percentage, and a more negative quality of REM among suicidal patients. In both of these 

investigations, depression severity was uncontrolled; thus, sleep may have been more disturbed 

among suicidal patients simply due to more severe depressive symptoms. In contrast to these 

reports, Keshavan et al. (1994) showed that REM sleep parameters (e.g., higher REM percentage) 

predicted increased suicide ideation, above and beyond depression; yet this investigation exclusively 

studied psychotic patients, who may arguably present with a different clinical profile compared to 

those without psychotic symptoms.  

Our evaluation used an actigraphic assessment of sleep, which adds to the literature in 

several ways. First, it replicates past self-report findings using objectively-defined indices of 

disturbed sleep, indicating that it serves as a unique and valid risk factor for suicidal behaviors. 

Second, using a prospective design, we were able to assess sleep rhythms in a naturalistic fashion, 

which allowed for an examination of sleep over an extended period of time, and alongside temporal 

changes in suicide risk. This provided a more rigorous evaluation of symptom relationships over 

time, establishing temporal precedence, and providing increased confidence in the direction of 

findings. As such, only sleep variability (versus other sleep variables, such as sleep efficiency) 
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emerged as a unique risk factor for suicidal ideation. Overnight polysomnography has the advantage 

of revealing sleep architecture and other sleep statistics (e.g., WASO, duration, sleep efficiency, 

latency); yet it fails to capture sleep disturbances impossible to measure within a one-night study, 

such as sleep variability which may require a more naturalistic examination of sleep. Also, given its 

invasiveness, PSG may influence the very factor it aims to assess. Past research revealing sleep 

architecture abnormalities and elevated suicide risk, in combination with our results, suggest the 

need for an investigation of sleep variability, and its effect on polysomnographically-examined sleep 

variables. 

 

5.3 Sleep and Mood Regulation Neuroscience Findings 

In the present study, participants showed restricted sleep, and demonstrated both delayed 

and highly variable sleep schedules. Although sleep complaints are a symptom of depression 

(American Psychiatric Association, 2005), and have received considerable attention as a prodromal 

feature and prognostic indicator of a recurrent depressive episode (Perlis  et al., 1997; Cartwright et 

al., 1998; Cho et al., 2008; Buysse et al., 2008), it also appears to underlie the development of mood 

problems at the symptom level. For example, among a large sample of high school students, 

Wolfson and Carskadon (1998) found that a large variation between weekday and weekend sleep (> 

2 hrs), in addition to restricted sleep (< 6 hrs 45 minutes), was predictive of depressive symptoms. 

Tankova and colleagues (1995) also demonstrated a tendency for young adults to show a delayed 

sleep pattern and variability in sleep. Our results are consistent with these findings, revealing a 

restricted sleep duration (6 hrs 18 minutes), a delayed sleep pattern, and a high degree of variability 

in sleep onsets (> 3 hrs, on average).  

Experimental manipulations of sleep impair emotional functioning, suggesting a close if not 

causal relationship between sleep and affect regulation. Given this, some have theorized that sleep 

facilitates emotional processing and a mood regulatory function (Cartwright et al., 1998; Agargun & 

Cartwright, 2003). A number of participants in our study stayed up, voluntarily, for a full 24-hours. 

This finding is consistent with past research showing that sleep deprivation produces increased 

irritability and emotional volatility (Horne, 1985; Leotta et al., 1997). Consistent with such sleep 

deprivation findings, these so-called ‘all nighters,’ and extended time awake, would be expected to 

produce greater sleep variability and emotional distress, in addition to more restricted sleep 

schedules. This process may unfold in the following manner: Despite sleep deprivation and later 

sleep onsets, participants may nonetheless need to awaken early, due to academic and social 
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demands; this restricts the sleep period, causing a subsequently earlier sleep onset the following day. 

In line with this, Wolfson & Carskadon (1998) showed that adolescents with more delayed sleep 

patterns were sleep restricted, and more variable in their weekday to weekend sleep schedules. In 

this way, sleep variability may facilitate sleep restriction and initiate a self-perpetuating cycle—

possibly making young adults more vulnerable to emotional difficulties. 

These findings are in keeping with several investigations of sleep restriction and emotional 

processing. In a study by Dinges and colleagues (1997) among a sample of healthy adults, chronic 

sleep restriction (i.e., 4-5 hours per night, for one week) produced a cumulative increase in emotional 

disturbances as sleep loss accrued. These results were corroborated by Zohar et al. (2005), who 

investigated sleep restriction and sleep fragmentation among medical residents. Sleep loss was 

shown to amplify negative emotions in response to disruptive events, and to blunt positive affect in 

response to goal-enhancing events. This finding furthermore converges with data from imaging 

studies. Yoo et al. (2007) examined 26 young adults who were randomly assigned to a sleep 

deprivation (i.e., 35 consecutive hrs) or normal-sleep condition, and subsequently shown emotionally 

salient pictures during an fMRI scan. Compared to the control condition, sleep-deprivation resulted 

in an amplified amygdala activation response (60% greater magnitude) to negative emotional stimuli. 

Given the well-documented role of the amygdala in emotional processing, the authors speculated 

that sleep and mood disturbances may be causally-related. Another, more recent experiment by this 

group specifically emphasized the importance of REM sleep in this process. Among 36 participants, 

Gujar et al. (2009) compared the ability to interpret photographed facial expressions following a 60-

90 minute scheduled nap. Those able to achieve REM sleep during the nap were better able to 

indentify facial expressions of positive emotions, such as happiness, whereas those without REM 

(and those unable to nap) were more sensitive to facial expressions of negative emotional states.  

Related to suicide risk, sleep loss may thus functionally impair the ability to regulate 

emotions at the most basic biological level, blunting responses to positive emotional information, 

while amplifying sensitivity to negative emotional stimuli. Such effects may cause an at-risk 

individual to differentially attend to, and process, emotionally-salient information—making suicide-

related cognitions more accessible, and perhaps causing the negative affect attached to those thoughts 

to be more intense. This would be one way in which sleep may fail to provide an emotional respite 

to distressed individuals, thereby lowering the threshold for suicidal behaviors in response to life 

stress and an exacerbation of symptoms. Although cognitive research in this area is scarce, at least 

one past study appears to support this theory. Becker, Strohbach, & Rinck (1999) evaluated 
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attentional biases (i.e., using a modified Stroop task) among those with and without a past suicide 

attempt. Attempt status (and higher levels of suicidal ideation) was associated with a longer time to 

name the colors of suicide-related words—but not other neutral, positive, or negative words. This 

relationship was highly specific, and bias was not related to anxiety, depression, or hopelessness.  

Finally, research at the molecular level appears to show convergence with both clinical and 

nonclinical findings in this area. Serotonin (5-HT) is involved in the regulation of sleep and waking 

states (Ursin, 2002; Jouvet, 1999), and plays a significant role in suicide (Asberg, 1997; Maris, 2002). 

Our results on the association between sleep and suicidality, in addition to the nonclinical findings 

reviewed above (i.e., Yoo et al., 2007; Walker et al., 2009), are consistent with molecular 5-HT 

research. A recent animal study among rats (Roman, Walstra, Luiten, & Meerlo, 2005) demonstrated 

that even a relatively brief period of sleep restriction (4 hrs, for 8 days) decreases sensitivity of the 5-

HT 1A receptor system, an effect that persists despite unlimited time for sleep recovery. Using 

similar techniques, the same group (Novati et al., 2008) showed that chronic sleep restriction results 

in depression-like changes in serotonin neurotransmitter receptor sensitivity, as well as 

neuroendocrine stress reactivity (e.g., ACTH blunting). Though speculative, it is reasonable to 

hypothesize that loss of sleep may induce vulnerability, even at the level of serotonergic 

neurotransmission, to impair emotion regulation and arguably increase risk. Future research is 

necessary to: (1) evaluate whether this sleep-dependent desensitization of 5-HT receptors is 

associated with amplified amygdala responses, and (2) examine whether an association between sleep 

and suicide risk is explained by indices of 5-HT dysfunction.  

 

5.4 Type of Sleep Disturbance: Sleep Variability 

Sleep variability was associated with depression and suicidal ideation (See Tables 1-2 for 

intercorrelations and descriptive statistics), and independent of mood, differentially predicted 

increases in suicidality at T2 assessment, and as a nonsignificant trend (p = .06) at T3. Although this 

is the first study to demonstrate an association with suicidality, sleep variability (i.e., measured both 

actigraphically and using self-report measures) has been linked to: depressive symptoms (Ong, 

Huang, Kuo, & Manber, 2007), stressful life events and negative affect (Mezick et al., 2009), and 

poor overall sleep quality (Carney, Edinger, Meyer, Lindman, & Istre, 2006). Sleep variability is likely 

to beget sleep restriction, as well as sleep phase delays, as observed in our data; late bedtimes and 

risetimes have additionally been shown to produce circadian phase delays (Burgess & Eastman, 

2005). A mismatch between the timing of the body clock and the timing of sleep is also correlated 
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with depressive symptoms (Lewy et al., 2006). In one preliminary report, the more delayed the 

circadian phase, the more severe the mood symptoms (Emens et al., 2009). Mood disturbances are 

also highly prevalent in situations where the body clock is chronically misaligned with sleep, such as 

shift work and delayed sleep phase syndrome (Nakata et al., 2004; Kamei et al., 1998; Regestein & 

Monk, 1995). The unstable sleep patterns observed among our study participants are suggestive of 

circadian rhythm sleep disturbances, insofar as participants are likely to be sleep restricted, and 

sleeping at the wrong circadian phase. As a unique predictor of suicidal ideation, our findings 

suggest that stabilizing the sleep/wake schedule may be an important, and relatively straightforward, 

way in which to reduce risk.  
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CONCLUSION 

 

6.1 Treatment and Risk Assessment Implications 

The Substance Abuse and Mental Health Services Administration (SAMHSA) lists sleep 

complaints among the top 10 warning signs of suicide, and our results are consistent with these 

recommendations. In the present study, indices of disturbed sleep predicted acute increases in 

suicidal symptoms, conferring risk even above and beyond the influence of depression. In this way, 

disturbed sleep may be a warning sign for suicide. Alongside other subjective or objective sleep 

complaints that predict risk, such as insomnia and nightmares (e.g., see Goldstein, Bridge, & Brent, 

2008; Goodwin & Marusic, 2008; Bernert et al., 2005), our results specifically suggest that sleep 

variability may be an appropriate risk factor to evaluate and integrate into current suicide risk 

assessment models (e.g., see Joiner et al., 1999). Compared to other suicide risk factors, sleep is 

modifiable and amenable to treatment. It may also be less stigmatized than other symptoms of 

psychological distress. As a risk factor, an assessment tool, and a target for treatment, an evaluation 

of sleep may thus present a unique opportunity for intervention. The application of sleep to current 

suicide intervention frameworks promises to inform clinical decision making and guide suicide 

prevention. 

Regarding future avenues for research, our findings may warrant the development of a sleep-

oriented intervention to reduce suicidal symptoms. Sleep variability emerged as a specific risk factor, 

which supports the general view that a lack of synchrony between internal and external timing 

mechanisms may present risk for depressive and suicidal symptoms. Social Rhythms Therapy (SRT) 

is an evidence-based treatment for bipolar disorder (Frank, 2007). SRT emphasizes a 

chronobiological basis of affective illness, and aims to reduce rates of recurrence and relapse by 

stabilizing sleep and social rhythms. Our findings emphasize the need to evaluate the efficacy of an 

intervention along these lines; specifically, one that decreases sleep variability and demonstrates 

significant reductions in suicide risk.  

 

6.2 Study Limitations 

Regarding study constraints, our investigation was limited in several ways. Although 

prospective in design, the 3-week interval between assessment time points was relatively brief. It 

would thus be useful to examine the temporal relationship between sleep and suicidal symptoms 
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over longer periods of time. Next, our results were suggestive of a relationship between sleep 

variability and increased mood lability, trending in the expected direction (p = .11). Even so, 

affective lability failed to predict suicidality in our study, despite previous findings (Akiskal & 

Benazzi, 2005; Carlson, 2002; Zlotnick, Donaldson, Spirito, & Pearlstein, 1997). To our knowledge, 

this study also represents the first use of the ALS-SF within a sample endorsing elevated depressive 

and suicidal symptoms (Oliver & Simons, 2004). To therefore rule out the possibility of Type II 

error, it will be important to assess mood lability using more reliable and valid techniques, including 

those oriented in real-time, such as ecological momentary assessment. Finally, our sample was 

comprised of young adults aged 18-23, which may limit the generalizability of findings. It will be 

useful to replicate these findings among older adults to determine whether sleep variability serves as 

a unique suicide risk factor across the life span. 

 

6.3 Summary 

In conclusion, we demonstrated that actigraphically-assessed sleep variability was uniquely 

associated with greater levels of suicidal ideation, an effect that was independent of depression. To 

our knowledge, this is the first evaluation to use an objective measurement of sleep and a 

prospective study design among actively suicidal participants. 
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Table 1. Descriptive Statistics    

          

  M  SD Minimum Maximum 

        

Symptom Inventories        

  T1 BSS 6.66  6.2 1 27 

  T2 BSS 6.20  5.1 0 19 

  T3 BSS 5.51  5.6 0 22 

  T2 ALS-SF 42.4  12.12 20 64 

  T2 BDI 16.6  9.9 1 36 

        

Actigraphy Sleep Statistics*        

  Bedtime 2:08 AM  1.5 11:06 PM 5:06 AM 

  Wake Time 9:21 AM 1.6 4:06 AM 12:12 PM 

        

  Total Time in Bed (TIB) 7.67 h  1.0 5.0 11.0 

  Sleep Onset Variability 3.06 h  2.2 0.4 9.6 

  Sleep Offset Variability 2.89 h  2.1 0.3 10.4 

  Sleep Efficiency 84.44 % 6.1 64.4% 93.6% 

  Sleep Latency 11.56 m  7.8 1.2 44.9 

  Sleep Duration 6.38 h  0.8 4.0 8.0 

  WASO 31.23 m  14.1 10.3 73.9 

  Sleep Variability 5.95 h  4.1 1.2 20.0 

  

Note. T1 = Administered at time 1; T2 = Administered at time 2; T3 = Administered at time 3; BSS = Beck Scale for Suicide;  
ALS-SF = Affective Lability Scale - Short Form; BDI = Beck Depression Inventory; Sleep Efficiency (% of time alseep to time in 
bed); Sleep Latency (minutes to sleep onset); Sleep Duration (total time asleep, minus awakenings); WASO (wake after sleep onset);
Sleep Variability (standard deviation of sleep onsets and sleep offsets, summed) 
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Table 2.  Intercorrelations Between Variables              

                                

    1   2 3 4 5 6 7   8   9 10   

                 
1.     T1 BSS  --  .78** .67** .11 .43** -.24 .08   .02   .20 .04   
2.     T2 BSS    -- .78** .18 .63** -.17 .14   .04   .12 .29*   
3.     T3 BSS     -- .21 .50** -.07 .06   .00   .06 .29*   
4.     T2 ALS- SF      -- .47** -.10 .06   - .37**  -.28** .23   
5.     T2 BDI       -- -.10 .09   -.08   -.08 .35*   
6.     Actigraphy Sleep Efficiency         -- - .42**  .50**  -.67** -.14   
7.     Actigraphy Sleep Latency         --  -.05   .25 .06   
8.     Actigraphy Sleep Duration            --  .08 -.26   
9.     Actigraphy WASO             -- -.02   
10.   Actigraphy Sleep Variability               --   
                                

             
Note. T1 = Administered at time 1; T2 = Administered at time 2; T3 = Administered at time 3; BSS = Beck Scale for Suicide; ALS - SF = Affective Lability Scale 

 
  Short Form;  BDI = Beck Depression Inventory; Sleep Efficiency (% of time asleep to time in bed); Sleep Latency (minutes to sleep onset); 

 
Sleep Duration (total sleep time, minus awakenings); WASO (wake after sleep onset); Sleep Variability (standard deviation of sleep onsets and offsets, summed)

 

                 
  

* P 
  < .05 

                 
** P

  < .001
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