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SCIENTIF IC INVESTIGATIONS

An exploratory analysis of the association of circadian rhythm dysregulation
and insomnia with suicidal ideation over the course of treatment in individuals
with depression, insomnia, and suicidal ideation
Meredith E. Rumble, PhD1; William V. McCall, MD, MS2; Daniel A. Dickson, PhD1; Andrew D. Krystal, MD3,4; Peter B. Rosenquist, MD2; Ruth M. Benca, MD, PhD1,5

1University of Wisconsin, Madison, Wisconsin; 2Medical College of Georgia, Augusta, Georgia; 3University of California, San Francisco, California; 4Duke University, Durham, North
Carolina; 5University of California, Irvine, California

Study Objectives: Sleep disturbance is significantly associated with suicidal ideation. However, the majority of past research has examined the relationship
between insomnia and suicidality. The current exploratory study examined the relationship of circadian rhythm dysregulation (eveningness, seasonality, and
rhythmicity) with suicidality.
Methods: We examined the association of insomnia, eveningness, seasonality, and rhythmicity with suicidal ideation in 103 participants with depression,
insomnia, and suicidality within a larger 8-week double-blinded randomized control trial primarily examining whether cautious use of zolpidem extended-release
or placebo reduced suicidal ideation. All participants additionally received an open-label selective serotonin reuptake inhibitor. Methodological strengths of the
current analyses included consideration of multiple sleep-wake constructs, adjustment for relevant covariates, investigation of relationships over the course of
treatment, and use of both self-report measures and objective measurement with actigraphy.
Results: Over the course of treatment, self-reported eveningness and greater insomnia severity were independently correlated with greater suicidal ideation,
whereas actigraphic delayed sleep timing was related to suicidal ideation at a trend level. At the end of treatment, those with greater suicidal ideation demonstrated
lower actigraphic activity levels. There were no significant relationships between self-reported seasonality and actigraphic measures of sleep disturbance
and suicidality.
Conclusions: Self-reported delays in sleep timing, objectively lower activity levels, and self-reported insomnia severity correlated independently with
greater suicidal ideation in those with depression, insomnia, and suicidality. These exploratory findings highlight the need to consider sleep-wake constructs more
broadly in those with suicidality in future research studies in order to improve more definitively both assessment and intervention efforts.
Clinical Trial Registration:Registry: ClinicalTrials.gov; Name: Reducing Suicidal Ideation through Insomnia Treatment; URL: https://clinicaltrials.gov/ct2/show/
NCT01689909; Identifier: NCT01689909
Keywords: eveningness, rhythmicity, circadian rhythm, insomnia, suicidal ideation, depression
Citation:Rumble ME, McCall WV, Dickson DA, Krystal AD, Rosenquist PB, Benca RM. An exploratory analysis of the association of circadian rhythm dysregulation
and insomnia with suicidal ideation over the course of treatment in individuals with depression, insomnia, and suicidal ideation. J Clin Sleep Med. 2020;16(8):
1311–1319.

BRIEF SUMMARY
Current Knowledge/Study Rationale: Insomnia is a well-established correlate of suicidality. Less is known about the relationship between
circadian rhythm dysregulation and suicidality. The current exploratory study examined the relationship of insomnia, eveningness, seasonality,
and rhythmicity to suicidal ideation in individuals with depression, insomnia, and suicidal ideation within an 8-week randomized controlled
trial primarily examining whether cautious use of zolpidem ER or placebo and an open-label selective serotonin reuptake inhibitor reduced
suicidal ideation.
Study Impact: Lower levels of objective activity, self-reported eveningness, and greater insomnia severity were related to increased suicidal
ideation over the course of treatment. The current exploratory study underscores the need to think more broadly in terms of potential sleep-wake
assessment and treatment targets. That is, circadian rhythm dysregulation and insomnia are both likely important considerations in those with
suicidal ideation.

INTRODUCTION

Suicidal ideation is defined as wishes to be dead or thoughts of
killing oneself that can be accompanied by intentions and plans
to kill oneself.1 As a measurement of the continuum of suici-
dality, data from the National Survey on Drug Use and Health

demonstrated that about 4% of those 18 years of age or older
within the United States (an estimated 9.5 million individuals)
reported suicidal ideation within the past 12 months.2 More-
over, even suicidal ideation considered more passive, such as
wishes to be dead, has been shown to be associated with in-
creased risk of suicide death, which has steadily increased
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over the last two decades.3,4 Thus, suicidal ideation is an urgent
public health concern with a need for both better assessment
and treatment.

Sleep disturbance is a well-established correlate of increased
suicidal ideation, attempts, and death and has been considered
an important modifiable risk factor for suicidal ideation and
behavior.5–8 However, the bulk of the research in this area has
examined the relationship between insomnia and suicidality,
with few studies examining important circadian and sea-
sonal rhythm constructs that are commonly linked with mood
disorders, including eveningness (eg, a preference for a later
bedtime and wake-up time), greater seasonality (eg, seasonal
changes in behavior, including sleep, social activity, mood,
weight, appetite, and energy), and decreased rhythmicity (eg,
less daily routine, including less consistent bedtimes, wake-up
times, times for meals, etc.).

Several studies found relationships between higher levels of
suicidality and eveningness, greater seasonality, and lower
rhythmicity.9–12 However, a number of key issues hinder a
better understanding the relationship of sleep disturbance and
circadian rhythm dysregulation to suicidality.13 First, many
studies have focused on only one aspect of sleep disturbance or
circadian rhythm dysregulation in relationship to suicidality.
Given the overlap among insomnia, eveningness, seasonality,
and rhythmicity, it is important to examine all of these variables
within the same sample. Second,many studies have not adjusted
for such broader symptomatology as depressive symptoms,
so examining these relationships and insuring they are inde-
pendent of depression per se is key. Finally, these understudied
constructs have been mostly examined from self-reported
measures that may or may not correlate with objective mea-
surement of these constructs.13

In the current exploratory study, we investigated whether
questionnaire and/or actigraphic indices of insomnia, eve-
ningness, seasonality, and rhythmicity related to suicidal ide-
ation. Our inquiry occurred within a larger study examining
primarily whether cautious use of sleep medication reduced
suicidal ideation in those with depression, insomnia, and sui-
cidality. These relationships were examined over the course of
treatment while adjusting for depression severity and treatment
assignment. We hypothesized that greater suicidality would be
correlated with greater insomnia severity, eveningness, greater
seasonality, and less rhythmicity.

METHODS

Overview
The parent REST-IT (Reducing Suicidal Ideation through In-
somnia Treatment) studywas amultisite randomized controlled
trial (Medical College of Georgia, Duke University, University
of Wisconsin, and Wake Forest University) that examined
whether cautious use of sleep medication reduced suicidal
ideation in those with depression, insomnia, and suicidality
(ClinicalTrials.gov, Identifier: NCT01689909). Given the high
risk of the study sample, all participants received open-label se-
lective serotonin reuptake inhibitors, as randomization to placebo
alone could not be ethically justified. The start of the selective

serotonin reuptake inhibitors and the double-blinded randomiza-
tion (zolpidem extended-release [ER] or placebo) occurred at the
same time. Participants were scheduled at 1, 2, 4, 6, and 8 weeks
for follow-up assessment postrandomization. All participants and
study staff interacting with participants, including study phy-
sicians and assessors, were blinded, so all study measures re-
ported here were completed without knowledge of treatment
condition. A data safety monitoring board provided oversight
and interim analyses and stopping rules were in effect. Please
see the REST-IT study method paper for further details re-
garding study safety procedures.14

The primary outcomemeasures for the parent REST-IT study
were suicidal ideation as measured by the Scale for Suicide
Ideation (SSI) and Columbia Suicide Severity Rating Scale
(C-SSRS), and a secondary outcome measure was insomnia
severity as measured by the Insomnia Severity Index (ISI).
Results from the primary aim of the parent REST-IT study have
been published and demonstrated that the group allocated to
receive zolpidem ER had greater improvement in suicidality as
measured by the C-SSRS and greater improvement in insomnia
as measured by the ISI.15 Actigraphy measurement was also
stipulated as an exploratory aim forREST-IT.The current report
provides a post hoc analysis of the actigraphy data and corre-
sponding questionnaire measures of eveningness and seasonality.
Although this exploratory aimwas identified inClinicalTrials.gov,
the specific variables that are the main focus of this paper were
not listed.

Participants
Participantswere adults (18–65 years old) withMajor Depressive
Disorder, confirmed by the Structured Clinical Interview for
DSM-IV,16 and Insomnia as determined by Research Diag-
nostic Criteria for Insomnia.17 Additional inclusion criteria
included a 24-item Hamilton Rating Scale for Depression
(HRSD-24)≥2018 and a ISI score > 7.19 Participants had to report
suicidal ideation as defined by a Scale for Suicide Ideation
score ≥ 3.20 However, participants were required to be free of
suicidal plans or intentions as measured by a C-SSRS ideation
intensity score ≤ 3.1 At baseline assessment, participants were free
of all psychotropic medications for 1 week or greater (4 weeks or
greater for fluoxetine) and had a Mini-Mental Status Exam score ≥
24.21 Patients were excluded if they had a diagnosis of bipolar
disorder, schizophrenia, or alcohol or substance abuse as con-
firmed by the Structured Clinical Interview for DSM-IV or a di-
agnosis of another sleep disorder other than insomnia. Additional
exclusionswereanapnea-hypopnea index>10on abaseline sleep
study either in the laboratory (Duke University) or at home
(Medical College of Georgia and University of Wisconsin),22

bodymass index > 50, positive urine drug screen, positive urine
pregnancy test, non-English speaking/reading/writing, and
patients who posed imminent danger to others. All participants
provided written, informed consent, and the protocol was ap-
proved by each site’s institutional review board.

Randomization and treatment
At the start of study recruitment (November 2012), all partic-
ipants were randomized to zolpidem ER 12.5 mg or placebo. In
February 2013, the Food and Drug Administration released
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guidance that zolpidem ER should not be initially started at a
dose greater than 6.25 mg for women.23 We then immediately
adjusted our protocol so that all participants were randomized
to either zolpidem ER 6.25 mg or placebo. At the end of first
week of treatment, the zolpidem ER/placebo dose could be in-
creased to 12.5mg if therewas inadequate treatment effects and no
side effects. The dose of zolpidemERcould be reduced to 6.25mg
if the higher dose was intolerable. All participants received open-
label fluoxetine 20 mg, sertraline 50 mg, or citalopram 20 mg
daily at the time of randomization with the option of increasing
the dose at the end of 4 weeks if the HRSD-24 score was > 15.

Measures

Suicidal ideation and behavior

The primary outcome for the current report was suicidal ide-
ation as measured by the SSI. The SSI was administered at each
visit from the baseline assessment to week 8 to assess suicidal
ideation and behavior. The SSI is a self-rated scale consisting of
19 items that evaluate active and passive suicidal desire and
specific plans for suicide.20,24,25 Items are rated on a3-point scale
(0 to 2) with higher scores denoting more severe suicidal ide-
ation. The observer-rated Columbia Suicide Severity Rating
Scale1 was also administered at each visit to measure suicidal
ideation and behavior. For the current analyses, the suicidal
ideation “intensity” score from 0–5 with 1 representing only
wishes to be dead and 5 representing suicidal ideation with plan
and intent was used to further classify the sample.

Self-reported eveningness and seasonality

Given that eveningness and seasonality are more trait-like
measures, these variables were assessed by questionnaire at
baseline and at the end of randomized treatment. Eveningness
was measured with the Reduced Morningness-Eveningness
Questionnaire (rMEQ).26 The rMEQ has 5 items and lower
scores indicate greater eveningness. Seasonality was measured
with the Global Seasonality Scale from the Seasonal Pattern
Assessment Questionnaire.27 The Global Seasonality Scale has
6 areas,mood, sleep length, energy, appetite, social activity, and
weight, that are rated 0 (no change by season) to 4 (extremely
marked change by season).

Actigraphy

Participants wore an actigraphy motion biosensor (Philips
Respironics) on the nondominant wrist throughout the 8-week
treatment period. Baseline data were not collected due to the
acuity of this patient population, which prohibited a prolonged
medication-free baseline. All actigraphic data were collected in
30-second epochs. Settings for the actigraphic sleep-wake
activity threshold and sleep immobility onset and offset were
kept standard (ie, medium and 10 minutes, respectively).
Participants were required to have 5 days of data for any time-
point measurement to be included. All available data were
downloaded into Actiware software (Philips) for initial ana-
lyses, and sleep statistics were computed from 30-second epoch
data. From these computations, the sleep statistics used for the
current analyses were sleep onset latency, sleep efficiency, and
total sleep time, allowing for objective measurement of sleep

disturbance. Variables of sleep timing were also used with the
clock times for the start and end of the sleep interval, allowing
for objective measurement of delayed sleep timing. Finally, all
raw activity data were exported to Excel and then imported into
SAS software (SAS Institute, Cary, NC) for hour-by-hour ac-
tivity analysis using 1-minute epochs, allowing for an exami-
nation of objective rest-activity rhythmicity. For this analysis,
each participant’s 1-minute epoch data were average across
hour bins to provide an averaged rest-activity pattern across the
24-hour day.

Depression and insomnia severity

Depression severitywas assessed at eachvisitwith the observer-
rated HRSD-24.18 The HRSD-24 has three sleep items and one
suicide item.Given the aims of our study, the sleep and suicide
items were excluded from the computation of the total score
to create the HRSD-20. Insomnia severity was measured with
the ISI at each visit.19 The ISI is a 7-item questionnaire, with
each item scored 0–4, for a maximum of 28 points. A higher
score on the ISI represents greater insomnia severity. This
measure has demonstrated excellent reliability and validity in
the general population.28

Statistical analyses
SAS software was used for all study analyses, and the P value
was set to 0.05, given the exploratory aim of the study. For all
multilevel modeling, an autoregressive covariance structure
was chosen.

First, multilevel modeling examined how self-reported
eveningness and seasonality at baseline related to suicidal
ideation over the course of treatment. Similarly, multilevel
modeling examined how the mean (ie, the cross-sectional
effect) and person-centered values (ie, the longitudinal effect)
of self-reported insomnia severity and actigraphic measures
of delayed sleep timing and sleep disturbance related to
suicidality over the course of treatment.29 Third, multilevel
modeling was used to examine the main effects of median-split
SSI group and each hour within the 24-hour day and their inter-
action on actigraphic rest-activity levels during week 1 and then
week 8. All of the above analyses adjusted for depression sever-
ity (ie, the HRSD-20 defined as the HRSD-24 score minus the
sleep and suicide items) and treatment assignment. Analyses not
looking directly at insomnia severity in relation to suicidality also
controlled for insomnia severity (ISI). Finally, we examined
whether there were any treatment effects for any of our inde-
pendent variables that were significantly related to suicidality to
better understand our results in this larger treatment study. Since
we conducted the current analyses in addition to the analyses for
the main REST-IT report,15 there is an increased possibility that
these findings are chance findings or false positives.

RESULTS

Sample characteristics
Characteristics of the sample are summarized in Table 1.
Participants were on average about 41 years old (standard
deviation = 13.2), and the majority of participants were women
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(62%), with racial/ethnic minorities composing about 39% of
the sample. At baseline, the intensity of suicidal ideation, as
measured by the SSI, was moderate.30 To further classify the
sample in terms of suicidal ideation, on the baseline C-SSRS the
average intensity score was 1.64 (standard deviation = 1.02),
which is between a score of 1, indicating passive wishes to be
dead, and a score of 2, indicating nonspecific suicidal thoughts
(eg, “I have thought of killing myself.”). Additionally, at
baseline, about 26% of the sample (n = 27) endorsed active
suicidal ideation with any methods (not plan) without intent to
act, or a score of 3 on the C-SSRS. Average depression and
insomnia symptomatology at baseline were considered severe
(ie, within the range of 27–34) and moderate (ie, within the
range of 15–21), respectively.19,31

The average baseline score for the sample on the eveningness
questionnaire, the Reduced Morningness-Eveningness Ques-
tionnaire, was within the range of neither evening nor morning

type; however, there was variation in the sample in terms of
being classified as evening, neither, and morning types. The
average baseline score on the seasonality measure, the Global
Seasonality Scale, was below the commonly used cut-off of 11,
indicating that the sample was lower on seasonality on average;
however there was variation in the sample, with a little less than
half of the sample being considered more seasonal and scoring
above this cut-off. During the first week of treatment, the av-
erage actigraphic start and end of the sleep interval were ap-
proximately midnight and 7:30 AM, respectively. Estimates of
sleep and wake with actigraphy also demonstrated an average
26-minute sleep onset latency, 81% sleep efficiency, and 6.8
hours of total sleep time.

Data availability
Actigraphy was available for 45–62% of participants at each
assessment point. Please see Table 2 for the specifics of

Table 1—Characteristics of the sample.

Characteristic Zolpidem ER Placebo Overall
N = 51 N = 52 N = 103

Age, M [SD] 39.7 [14.5] 41.2 [12.0] 40.5 [13.2]

Female, n (%) 32 (63) 32 (62) 64 (62)

Race/Ethnicity, n (%)

Caucasian/White 30 (59) 33 (63) 63 (61)

African American 12 (24) 16 (31) 28 (27)

Hispanic 4 (8) 1 (2) 5 (5)

Other 5 (10) 2 (4) 7 (7)

BMI, M [SD] 28.3 [6.4] 28.2 [5.6] 28.2 [6.0]

Lifetime Suicide Attempt(s), n (%) 15 (29) 16 (31) 31 (30)

Baseline SSI Score, M [SD] 12.2 [5.3] 11.8 [5.3] 12.0 [5.3]

Baseline HRSD 24 Score, M [SD] 28.7 [4.7] 29.6 [7.0] 29.1 [5.9]

Baseline ISI, M [SD] 20.7 [4.0] 21.0 [4.3] 20.9 [4.1]

Baseline rMEQ score, M [SD] 12.9 [4.8] 13.5 [4.2] 13.2 [4.5]

Baseline rMEQ class, n (%)

Evening type (< 12) 22 (43%) 14 (27%) 36 (35%)

Neither type (12-17) 19 (37%) 29 (56%) 48 (47%)

Morning type (> 17) 9 (18%) 8 (15%) 17 (16%)

Missing 1 (2%) 1 (2%) 2 (2%)

Baseline GSS score, M [SD] 8.4 [5.4] 10.3 [5.3] 9.3 [5.4]

Baseline GSS class, n (%)

More seasonal (GSS ≥ 11) 18 (35%) 24 (46%) 42 (41%)

Less seasonal (GSS < 11) 33 (65%) 28 (54%) 61 (59%)

Week 1 actigraphic variables, M [SD]***

Start of the sleep interval, clock time 11:48 pm [2.0 hours] 12:00 am [1.9 hours] 11:54pm [1.9 hours]

End of the sleep interval, clock time 7:36 am [2.2 hours] 7:24 am [1.9 hours] 7:30 am [2.0 hours]

SOL, minutes 23.8 [19.1] 29.2 [29.4] 26.3 [24.4]

SE, % 82.2 [7.2] 79.0 [8.5] 80.7 [7.9]

TST, minutes 421.5 [67.1] 389.3 [61.3] 406.5 [65.9]

*** = sample size for actigraphic variables at week 1 was n = 60, overall; n = 32, zolpidem ER; and n = 28, placebo. BMI = body mass index; GSS = Global
Seasonality Score; HRSD = Hamilton Rating Scale for Depression; ISI = Insomnia Severity Index; M = mean; rMEQ = Revised Morningness-Eveningness
Questionnaire; SD = standard deviation; SE = sleep efficiency; SOL = sleep onset latency; SSI = Scale for Suicide Ideation; TST = total sleep time.
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actigraphy availability. Availability of questionnaires measur-
ing eveningness and seasonality at baseline was 98% and 100%,
respectively. Availability of questionnaires of suicidality, de-
pression severity, and insomnia severity ranged from 80–100%
throughout study point assessments, with no significant dif-
ferences in retention between study arms as computed by
Kaplan-Meier estimates of retention (86% for zolpidem ER
versus 73% for placebo at week 8 of treatment; P = 0.09).

Relationship of suicidal ideation to self-reported
eveningness and seasonality
Self-reported eveningness at baseline, as measured by the
continuous Reduced Morningness-Eveningness Questionnaire
score, was significantly and independently associated with
greater suicidal ideation over the course of treatment evenwhen
adjusting for depression severity (HRSD-20), insomnia severity
(ISI), and treatment assignment (F(1,96) = 4.79,P = 0.03). Self-
reported seasonality, as measured by the continuous Global
Seasonality Scale score, was not significantly related to suicidal
ideation over the treatment period (F(1,101) = 0.28, P = 0.60).

Relationship of suicidal ideation to self-reported
insomnia severity, delayed sleep timing,
and sleep disturbance
A significant longitudinal effect was found between greater
self-reported insomnia severity and greater suicidal ideation
(F(1,448) = 9.78, P = 0.002), adjusting for depression severity
(HRSD-20) and treatment assignment. There was a trending
longitudinal effect between a more delayed actigraphic start of
the sleep interval and greater suicidal ideation (F(1,189) = 3.01,
P = 0.08), adjusting for depression severity (HRSD-20), in-
somnia severity (ISI), and treatment assignment. None of the
actigraphic sleep disturbance variables (ie, sleep onset latency,
sleep efficiency, and total sleep time) were found to have a
statistically significant longitudinal relationship to suicidal
ideation (sleep onset latency, F(1,193) = 0.44, P = 0.51; sleep
efficiency, F(1,192) = 0.36, P = 0.55); or total sleep time,
F(1,193) = 2.09, P = 0.15).

Relationship of suicidal ideation to actigraphic
rest-activity rhythmicity
Participants with available actigraphic data were classified
according to a median split on SSI scores at week 1 (SSI ≥ 6 [n =
37] or SSI < 6 [n = 23]) and week 8 (SSI > 0 [n = 24] or SSI = 0
[n = 23]). A median split was chosen to reflect the range of

scoring on the SSI at week 1 and week 8. Results revealed no
significant main effect for SSI score group or significant in-
teraction between SSI score group and hour of the 24-hour day
on activity level (Figure 1; F(1,55) = 1.94, P = 0.17 and
F(23,1334) =0.80,P=0.73, respectively). That is, therewere no
differences in hour-by-hour activity level mappings of those
with higher versus lower suicidal ideation at the start of
treatment. However, at the end of treatment, results revealed
significant differences between SSI score groups, in that those
with higher suicidal ideation had significantly lower activity
levels than those with lower suicidal ideation (Figure 2;
F(1,42) = 4.68, P = 0.04), adjusting for depression severity
(HRSD-20), insomnia severity (ISI), and treatment assignment.
There was no significant interaction between SSI score group
and hour of the 24-hour day (F(23,1035) = 1.04, P = 0.41).

Impact of zolpidem ER on eveningness, insomnia
severity, delayed sleep timing, and
rest-activity rhythmicity
Results revealed a significant time-by-treatment effect for
insomnia severity (F(5,443) = 2.5, P = 0.03). There was no
significant time-by-treatment effect for self-reported evening-
ness or actigraphic start of the sleep interval (F(2,83) = 0.7,
P = 0.5 and F(4,192) = 0.6, P = 0.6, respectively). Similarly,
there were no significant differences between those receiv-
ing zolpidem ER and placebo in terms of hour-by-hour
activity mappings at the end of treatment (F(1,45) = 0.7, p 0.4).
There was also no time effect for self-reported eveningness
(F(5,83) = 0.6, P = 0.7). There was a time effect for acti-
graphic start of the sleep interval (F(4,192) = 3.6, P = 0.01);
however, the time effect was only present for the start of the
sleep interval becoming earlier between week 1 and week 2
(t(192) = 2.6, P = 0.01) and then returned to values not sta-
tistically different from week 1 for the remaining weeks of
treatment (ie, weeks 4–8).

DISCUSSION

Greater self-reported insomnia severity was related to greater
suicidality longitudinally in a well-defined sample of individ-
uals with depression, insomnia, and suicidal ideation who were
being treated for depression and insomnia with an open label
selective serotonin reuptake inhibitor and zolpidem ER or
placebo in a double-blind fashion. Additionally, as reported

Table 2—Actigraphy availability at all assessment points.

Week 1 Week 2 Week 4 Week 6 Week 8

Available, n (%) 60 (58) 64 (62) 60 (58) 51 (49) 47 (45)

< 5 days, n (%) 3 (3) 6 (6) 0 (0) 1 (1) 2 (2)

< 3 days, n (%) 5 (5) 5 (5) 4 (4) 1 (1) 2 (2)

Daylight Savings Time resulted in < 5 days, n (%) 2 (2) 1 (1) 0 (0) 0 (0) 5 (5)

Watch malfunction, n (%) 2 (2) 4 (4) 4 (4) 6 (6) 3 (3)

No actigraphy collected, n (%) 31 (30) 23 (22) 35 (34) 44 (43) 44 (43)
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previously,15 those receiving zolpidem ER were found to have
significantly improved insomnia over the course of the study in
comparison with those receiving placebo. These results were
expected, given the larger body of research examining the re-
lationship between insomnia and suicidality and the aim of the
REST-IT study to target insomnia.5–7,15 We also found that

delayed sleep timing and less overall activity were correlated
with suicidal ideation. More specifically, both self-reported
delayed sleep timing and actigraphically determined lower
activity levels related to greater suicidality, independent of
insomnia symptoms. In support of the finding related to self-
reported delayed sleep timing, actigraphically determined

Figure 2—Actigraphic data by hour during the last week of treatment (week 8) for participants with higher and lower Scale for
Suicide Ideation (SSI) scores, adjusted by depression severity, insomnia severity, and treatment assignment

Figure 1—Actigraphic data by hour during the first week of treatment (week 1) for participants with higher and lower Scale for
Suicide Ideation (SSI) scores, adjusted by depression severity, insomnia severity, and treatment assignment.
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delayed sleep timing was found to be related to greater suici-
dality at a trend level. These exploratory findings are similar to
previous studies that demonstrated a relationship of suicidal
ideation with delayed sleep timing and decreased rhythmicity,
but importantly the current findings considered a variety of
objective and subjective sleep-wake constructs, included ap-
propriate covariates, and investigated these relationships over
time.9–12 Furthermore, delayed sleep timing and reduced ac-
tivity level were not positively impacted by zolpidem ER in
comparison to placebo. Thus, sleep-wake factors related to
suicidal ideation in those with insomnia, depression, and sui-
cidal ideation include more than just insomnia, even within this
very well-defined sample; independent contributions can be
made by sleep timing and rhythmicity as well.

Self-reported seasonality and actigraphic sleep disturbance
variables were not associated with suicidal ideation in the
current study. Regarding seasonality, the lack of association
may be related to the way in which seasonality was measured.
More detailedmeasurement of seasonality, such as longitudinal
measurement of activity with actigraphy over seasons, may be
more appropriate to best understand the relationship of sea-
sonality to suicidality. Similarly, actigraphic measures of sleep
disturbance in thosewith insomnia are known to be imprecise in
terms of correlating with polysomnography,32 since actigraphy
cannot reliably distinguish sleep from quiet wakefulness.
However, a recent study examined the relationship between
actigraphic variables and suicidal ideation using an ecological
momentary assessment methodology over a 1-week period and
found that objectively measured shorter sleep predicted higher
levels of suicidal ideation the next day.33 Thus, further ex-
ploration of the relationships of objective sleep disturbance and
seasonality to suicidality is warranted.

The current exploratory study underscores the need to think
more broadly in terms of potential assessment and intervention
targets in those with insomnia, depression, and suicidality. Of
note, 8 weeks of treatment with a selective serotonin reuptake
inhibitor and randomization to zolpidem ER did not impact
self-reported eveningness, sleep timing, or rhythmicity. More
specifically, this population might additionally benefit from
light therapy and other behavioral strategies for delayed sleep
timing,34 or from social rhythm therapy to improve behavioral
activity rhythms.35 The parent REST-IT study found that ran-
domization to cautious use of sleep medication targeting in-
somnia led to significantly greater improvement in the
Columbia Suicide Severity Rating Scale, but not the Scale for
Suicide Ideation, compared to those randomized to placebo.15

Additionally, a prior nonrandomized and uncontrolled study
found that a clinically meaningful reduction in insomnia se-
verity was associated with a significant reduction in odds of
suicidal ideation in veterans receiving cognitive-behavioral
therapy for insomnia.36 The findings of the current study, en-
couraging a broader look at insomnia and behavioral rhythms
issues, are also in line with the Transdiagnostic Intervention for
Sleep and Circadian Dysfunction (TranS-C).37 The TranS-C is
an approach that offers flexible treatment options for the va-
riety of sleep issues that can be comorbid with psychiatric
disorders. This approach offers both core (ie, establishing
regular sleep-wake times, learning wind-down and wake-up

routines, improving daytime functioning, and correcting un-
helpful sleep-related beliefs), and optional modules (eg, strat-
egies to help with delayed sleep phase, additional insomnia
strategies) and is currently being tested in individuals with
serious mental illness.38 Thus, there are many potential and
promising avenues to explore in considering best ways to
support and improve insomnia and circadian functioning in
those with suicidality.

This study had several strengths. First, the study samplewas a
well-defined group of individuals with depression, insomnia,
and suicidal ideation assessed in 3 separate sites. Second, the
current study offered the opportunity to look at relationships of
interest over multiple assessments during an 8-week treatment
period. Finally, we assessed several key areas that have not been
addressed in previous studies, including examination of both
insomnia and circadian dysregulation in relation to suicidality in
the same group of subjects, with consideration of important
covariates (eg, depression severity) and inclusion of both self-
reported and objective measures.

This study also had several limitations. First, the current
study examined an exploratory aim within a larger randomized
clinical trial, and it is important to keep in mind that these
additional analyses not clearly specified ahead of time may be
chance findings or false positives. The current results need to be
confirmed by future observational and clinical studies specif-
ically designed to examine the relationships found in the current
study before any clear and applicable clinical implications are
formed. Second, actigraphy was only available for about half
of the sample at each assessment. Despite this limitation, the
presence of multiple assessments over the course of treatment
helped reduce concerns about actigraphy sample sizes at any
time point. Third, as already noted, there are some potential
limitations with the self-reported seasonality measures and
actigraphic measures of sleep disturbance. Fourth, addi-
tional potential objective markers of sleep and circadian
functioning, including polysomnography and dim-light mel-
atonin onset, were not included in the study and deserve study.
Fifth, this study focused on the relationship of sleep-wake
variables and suicidal ideation and included many important
covariates; however, we did not fully examine other factors
that are related to suicidal ideation (eg, interpersonal stressors)
in the current study. Finally, the generalizability of our results
is limited to adults with insomnia, depression, and suicidal
ideation, so an understanding of these relationships within the
context of bipolar disorder, in other psychiatric disorders, and
in children and adolescents is still needed.

In summary, the current exploratory study demonstrated that
both self-reported delayed sleep timing and lower objectively
measured activity levels contributed independently of in-
somnia symptoms to heightened suicidal ideation in those
with depression, insomnia, and suicidality. The current study
also confirmed the relationship between increased insomnia
severity and suicidality over the course of multiple assessments.
This study addressed several gaps in previous research, including
analyzing relationships over the course of time, examining
both insomnia and circadian rhythm dysregulation in relation to
suicidality, adjusting for important covariates, and using both
self-reported and objective measures. Altogether, these findings
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highlight the need for future observational and treatment studies
to consider both sleep disturbance and circadian rhythm dysre-
gulation in those with suicidality so that we can continue to
understand how to best address the pressing public health crisis of
suicidal ideation and behavior.

ABBREVIATIONS

C-SSRS, Columbia Suicide Severity Rating Scale
HRSD-24, 24-item Hamilton Rating Scale for Depression
HRSD-20, the HRSD-24 score minus the sleep and

suicide items
ISI, Insomnia Severity Index
REST-IT, Reducing Suicidal Ideation through

Insomnia Treatment
SSI, Scale for Suicide Ideation
zolpidem ER, zolpidem extended-release
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