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Abstract

Using a large sample of college students, objectives were to examine (1) the overlap between poor
sleep and suicide risk status, (2) whether poor sleep was associated with suicide behaviors above
and beyond depression, (3) whether sleep problems and depression interacted to predict increased
suicidal behaviors or risk, and (4) which specific components of sleep were uniquely associated
with suicidal behaviors. Participants were 1,700 college students (ages 18-29 years; 65% female)
from two universities who completed measures assessing sleep, depressive symptoms, and suicidal
behaviors (Suicidal Behaviors Questionnaire—Revised [SBQ-R], a composite measure including
ideation, past attempt, disclosure to others, and future likelihood of suicide that includes a cutoff
for determining participants with suicide risk). Approximately one-quarter (24%) of participants
were classified with suicide risk. Four-fifths (82.7%) of participants classified with suicide risk
also met cutoff criteria for sleep problems; conversely, almost one-third (31.3%) of the participants
classified with sleep problems were also classified with suicide risk. Total sleep problems
remained significantly associated with suicidal behaviors above and beyond depressive symptoms,
though sleep and depression did not interact to predict suicidal behaviors or risk. When considered
together and controlling for sex, the odds of being classified with suicide risk were 6.54 times
greater for participants with elevated depressive symptoms and 2.70 times greater for participants
with sleep problems. Analyses examining specific sleep domains found shorter sleep duration,
having bad dreams, feeling too cold while sleeping, and sleep medication use to each be
independently associated with suicidal behaviors. Findings add to a growing body of literature
linking sleep and suicide in college students.
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1. Introduction

Evidence from cross-sectional, longitudinal, case control, and psychological autopsy studies
support a link between sleep problems and suicidal behaviors (Bernert et al., 2015, Pigeon et
al., 2012, Woznica et al., 2015). However, even though sleep problems are common in
college students (Lund et al., 2010, Orzech et al., 2011) and suicide is a leading cause of
death in young adults (Centers for Disease Control and Prevention, 2015, Schwartz, 2006),
few studies have examined sleep in relation to suicidal behaviors in college student samples.
In fact, a systematic review published in 2015 (Bernert et al., 2015) found only three studies
examining sleep and suicide risk in college students (Cukrowicz et al., 2006, Nadorff et al.,
2011, 2013), with four additional studies published after the systematic review was
conducted (Bernert et al., 2017, Bozzay et al., 2016, Nadorff et al., 2014, Supartini et al.,
2016) and one additional study not included in the systematic review (Vail-Smith et al.,
2009). As described next, these studies have made important contributions to our
understanding of sleep in relation to suicidal behaviors in college students, yet also point to
the need for additional research in this area.

Five of the studies to date examined insomnia symptoms (Bozzay et al., 2016) or both
insomnia symptoms and nightmares in relation to suicide ideation/behaviors (Cukrowicz et
al., 2006, Nadorff et al., 2014, Nadorff et al., 2011, 2013). In a sample of 438 female college
students from a single university, Bozzay and colleagues (2016) found insomnia symptoms
were significantly associated with suicidal ideation after controlling for depression. In a
sample of 222 college students, Cukrowicz and colleagues (2006) found nightmares, but not
insomnia symptoms, to be significantly associated with suicidal ideation when depressive
symptoms were controlled. This differential finding was replicated by Nadorff et al. (2011)
in a larger study of 583 students. However, in a separate sample of 673 college students,
Nadorff and colleagues (2013) found both insomnia symptoms and nightmare duration to be
independently associated with suicide behaviors, above and beyond internalizing symptoms.
A third study by Nadorff and colleagues reported mixed evidence for whether nightmares
alone or both insomnia symptoms and nightmares were associated with increased suicide
risk/attempts in two samples of college students (As = 747 and 604) (Nadorff et al., 2014).
Studies to date have largely focused on whether sleep problems are independently associated
with suicidal behaviors, with most studies examining whether sleep problems are
incrementally associated with suicidal behaviors above and beyond depression Extant
studies in non-college student samples have not found support for this sleep interacting with
depression in predicting suicidal behaviors (Ferentinos et al., 2016, Gelaye et al., 2016),
though we are not aware of any studies that have tested this possibility in college students.
Considered together, the handful of existing studies have laid the groundwork for examining
sleep and suicide in college students, yet these studies were unable to examine other sleep
domains outside of insomnia symptoms and nightmares that may also be associated with
suicidal behaviors. This is consistent with the broader literature examining the link between
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sleep and suicide, which has primarily focused on insomnia symptoms (broadly defined) and
nightmares (McCall and Black, 2013, Woznica et al., 2015). Even among these studies, “few
studies [have] attempted to identify associations between specific insomnia symptoms and
suicide risk” (Woznica et al., 2015, p. 41), making this a clear research priority.

Two studies have examined sleep in relation to suicidal ideation among college students
beyond insomnia symptoms and nightmares. One study of 859 college students found that
students who reported suicidal ideation reported significantly worse overall sleep quality
than students who did not report suicidal ideation (Vail-Smith et al., 2009). More recently,
Supartini et al. (2016) used the Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989)
in a sample of 1,992 Japanese college students and found that students with suicidal ideation
were more likely to be classified with poor sleep than students without suicidal ideation.
Poor overall sleep quality remained associated with suicidal ideation when accounting for
depressive symptoms and other covariates (e.g., age, sex). Although important, this study did
not examine specific sleep domains on the PSQI (e.g., sleep duration, sleep quality) and used
a single yes/no item to assess suicidal ideation. Our study aims to build on these findings by
using the PSQI in a sample of United States college students.

The present study adds to the limited empirical evidence examining the link between sleep
and suicide risk in college students. Using validated measures of both sleep and suicidal
behaviors in a large sample of college students, we examined (1) the proportion of students
meeting cutoff criteria for suicide risk who also met cutoff criteria for poor sleep, (2)
whether poor sleep was associated with suicide behaviors above and beyond depression
(with all variables examined both continuously and categorically), and (3) whether the
association between sleep problems and suicidal behaviors was moderated by depression.
We hypothesized that the majority of students meeting the cutoff for suicide risk would also
be classified with poor sleep and that poor sleep would remain associated with suicidal
behaviors/risk after controlling for depression, though we did not expect sleep and
depression to interact in predicting suicidal behaviors/risk. Finally, since most studies have
examined insomnia specifically as opposed to more specific sleep domains, we explored (4)
whether specific aspects of sleep and/or daytime sleepiness were uniquely associated with
suicidal behaviors.

2. Material and methods

2.1. Participants

Participants were 1,700 college students enrolled in two public universities in the
Midwestern United States. Participants ranged in age from 18 to 29 years (M= 18.97, SD =
1.26). As summarized in Table 1, the majority of participants self-identified as female
(65%), White (82%), and non-Hispanic (96%). Most participants (63%) were in their first
year of college.

lAlthough there were some differences between participants at the two universities on our primary variables of interest (see Table S1),
all participants were included together in analyses in order to increase generalizability. However, to be conservative, site was included
as a covariate in all analyses. In addition, when models were conducted separately for the two sites, primary findings were unchanged
and consistent across both sites.
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2.2. Procedures

This study was approved by the local Institutional Review Board (IRB) at each institution
and was conducted in accordance with the ethical standards of the 1964 Declaration of
Helsinki and its later amendments. Participants at each institution were provided with
information regarding the study and informed that participation was optional. Participants
then completed the survey in Qualtrics anonymously and received course credit for
participation. All participants received the contact information of the local investigator, IRB,
and student counseling center.

2.3. Measures

2.3.1. Sleep—The Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989) was used to
assess sleep. The PSQI has 9 items (including one multi-part item with 10 subitems) that
assess seven well-validated components of sleep: subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbance, use of sleep medication, and
daytime dysfunction. Scoring for all components is based on a four-point scale with higher
scores reflecting poorer sleep over the past month. Four items (e.g., assessing sleep duration;
sleep latency) are open-ended responses that, based on participants’ answers, are converted
to the four-point scale. A global PSQI score is also calculated, with scores >5 used to
classify participants as “poor sleepers” (i.e., clinically significant sleep problems) and scores
=5 used to classify participants as “good sleepers” (Buysse et al., 1989). The PSQI is
internally consistent (Buysse et al., 1989, Carpenter and Andrykowski, 1998), is reliable
across four weeks (Lund et al., 2010), correlates with other measures of sleep disturbance
and daily diaries of sleep activity (Carpenter and Andrykowski, 1998), and has been
frequently used with college students (Lund et al., 2010, Orzech et al., 2011). The PSQI total
score is strongly correlated with scores on the /nsomnia Severity Index (1S1) in college
students (r=0.63) (Dietch et al., 2016). In the present study, a = 0.69. In addition, for
analyses examining specific sleep domains, we only used the “trouble staying awake” item
of the daytime dysfunction component since the other daytime dysfunction item assesses
energy and likely overlaps significantly with depressive symptoms; the individual items of
the night disturbance component (e.g., bad dreams, night/early morning wakings) were also
entered individually to evaluate whether specific nighttime disturbances were uniquely
associated with suicidal behaviors.

2.3.2. Depression—Depressive symptoms were assessed using the depression subscale of
the Depression Anxiety Stress Scales-21 (DASS-21) (Antony et al., 1998, Lovibond and
Lovibond, 1995a). The depression subscale (e.g., “I felt down-hearted and blue) consists of
seven items, none of which focus on suicide or sleep problems. Each item is rated using a
four-point scale (0 = did not apply to me at all, 3 = applied to me very much or most of the
time) in reference to the past week. In the present study, a=.90. Scores on the DASS-21 can
be multiplied by two to calculate a total score with cutoff recommendations (Lovibond and
Lovibond, 1995b). In the present sample, 162 participants (9.5%) were classified with severe
depressive symptoms (total score = 21) (Lovibond and Lovibond, 1995b).

2.3.3. Suicidal behaviors—The Suicidal Behaviors Questionnaire—Revised (SBQ-R)
(Osman et al., 2001) is a four-item self-report measure assessing aspects of suicidal
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behavior. The SBQ-R is a validated and reliable measure that can be used to identify suicide
risk and behaviors (Osman et al., 2001). The four items assess lifetime ideation/attempt,
frequency of ideation over the past 12 months, telling someone else about ideation, and
likelihood of attempting suicide in the future. Osman et al. (2001) found a cutoff score of 7
to maximize sensitivity and specificity in identifying suicidal college students. In the present
study, a=.82.

2.4. Analytic Approach

2.4.1. Survey validity checks—In order to improve the quality of participant responses,
we utilized an instructional manipulation check (IMC) (Oppenheimer et al., 2009), “trap
questions” (e.g., “If you are paying attention, please click on the response ‘sometimes’”),
and a question at the end of the full survey that asked participants the following: “How much
effort did you put into this study from 0 to 10 (0 = not much effort at all, 5 = moderate effort,
10 = my best effor))?”. The IMC consists of a set of instructions and a question similar to
other survey questions, but the instructions indicate that the respondent should ignore the
question and click on a specific answer. Respondents were required to answer the question
correctly to proceed with the survey. To ensure the validity of responding, we set a threshold
of 50% accuracy or higher for the “trap questions” and a self-reported effort rating of 5 or
higher to ensure that participants were putting forth sufficient effort while also not excluding
participants who might have responded inaccurately due to attention lapses or impulsive
responding (e.g., those with elevated ADHD symptoms). This threshold was met by 1,708 of
the 1,812 participants (94%) who completed the survey, and 1,700 of these 1,708
participants (99.5%) completed the items necessary for scoring both the PSQI and the SBQ-
R; these 1,700 participants were used in analyses.

2.4.2. Statistical analyses—First, participants were classified as meeting cutoff criteria
for sleep problems (total PSQI score >5) or suicide risk (total SBQ-R score =7), with a
particular interest in how many participants classified with suicide risk were also classified
with sleep problems. Second, zero-order Pearson correlation analyses were conducted to
examine the correlations among the study variables. An absolute correlation of < 0.10 is
considered trivial, r=0.10-0.29 is considered a small effect, 7= 0.30-0.49 is considered a
medium effect, and 7= 0.50 is considered a large effect (Cohen et al., 2003). Third,
hierarchical regression analyses were conducted to examine the unique effects of total sleep
problems in relation to suicide behaviors. A hierarchical multiple regression analysis was
used to examine participant sex, depressive symptoms, and PSQI total score in relation to
the continuous SBQ-R total score variable, and a hierarchical logistic regression analysis
was used to examine sex, depression status, and sleep problem status in relation to the
dichotomous suicide risk classification variable. Site was also included as a covariate. Site,
sex, and depression were entered at Step 1, and sleep was entered at Step 2. The logistic
regression allows for a test of whether participants with and without sleep problems differ in
their likelihood of being classified with suicide risk; odds ratio was used as a measure of
effect size, with 1.5-3.49 considered a small effect, 3.5-8.9 a medium effect, and 29.0 a
large effect (Cohen et al., 2003). These models were re-run to examine whether sleep
problems and depressive symptoms interacted to increase suicidal behaviors and/or suicide
risk. Finally, a hierarchical multiple regression analysis was conducted to examine daytime
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sleepiness and specific sleep domains of the PSQI, above and beyond sex and depressive
symptoms, in relation to suicidal behaviors.

3. Results

3.1. Overlap between Sleep Problem and Suicide Risk Status

Approximately two-thirds of participants (64%; n = 1,088) were classified with sleep
problems (total PSQI score >5), and approximately one-quarter (24%, n= 411) were
classified with suicide risk (total SBQ-R score =7). The overlap between participants
classified with sleep problems and/or suicide risk is shown in Figure 1. Of the 411
participants classified with suicide risk, 82.7% (7= 340) were also classified with sleep
problems. Conversely, of the 1,088 participants classified with sleep problems, 31.3% were
also classified with suicide risk.

3.2. Correlation Analyses

Table 2 provides the intercorrelations and descriptive statistics of the study variables (see
Table S2 for correlations of the specific sleep disturbance items in relation to the depression
and suicide variables). All seven sleep domains were significantly correlated with suicidal
behaviors, defined continuously or categorically (all ps < .001; see Table 2). Most
correlations were of small effect size. Depressive symptoms were strongly correlated with
suicidal behaviors. To facilitate comparisons with future research using the PSQI, Table S3
provides the descriptive statistics of the sleep variables separately for participants with and
without suicide risk classification.

3.3. Regression Analyses with Total Sleep

Results of the hierarchical multiple regression analysis of total sleep in relation to suicidal
behaviors are summarized in Table 3. As expected, depressive symptoms were strongly
associated with suicidal behaviors (Step 1). Total sleep problems were significantly
associated with increased suicidal behaviors above and beyond sex and depression (Step 2),
though the amount of additional variance explained was small (1%). The sleep x depression
interaction term added to the model was nonsignificant (p > .05).

Results of the hierarchical logistic regression analysis examining depression status and sleep
problem status in relation to suicide risk status are summarized in Table 4. As shown, female
sex, depression status, and sleep problem status were each uniquely associated with a higher
likelihood of suicide risk status in Block 2. Specifically, the odds of being classified with
suicide risk were 6.54 times greater for participants with depression (medium effect size)
and 2.70 times greater for participants with sleep problems (small effect size). The sleep
status x depression status interaction term added to the model was nonsignificant (p > .05).

3.4. Regression Analysis with Specific Sleep Domains

Results of the hierarchical multiple regression analysis of the specific sleep domains/items in
relation to suicidal behaviors are summarized in Table 5. Above and beyond sex and
depressive symptoms, shorter sleep duration, having bad dreams, feeling too cold while
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sleeping, and sleep medication use were each uniquely associated with increased suicidal
behaviors (s < .05).

4. Discussion

This study makes an important contribution to the limited research examining sleep in
relation to suicidal behaviors in college students. Using a large sample of students recruited
from two universities, poorer overall sleep functioning was not only associated with
increased suicidal behaviors but remained associated with suicidal behaviors when
controlling for depression. Furthermore, findings suggest that some specific sleep
components — shorter sleep duration, more frequent bad dreams, and feeling too cold while
sleeping — are particularly associated with increased suicidal behaviors in college students.

To our knowledge, this is the first study to directly examine the overlap between poor sleep
and suicide risk status in college students. We found that the four-fifths of college students
who were classified with suicide risk were also classified with poor sleep (conversely,
almost one-third of the participants classified with sleep problems were also classified with
suicide risk). Furthermore, poor sleep remained significantly associated with increased
suicide risk after controlling for sex and depression. Consistent with previous research
(Ferentinos et al., 2016, Gelaye et al., 2016), sleep problems and depression were both
independently associated with increased suicidal behaviors/suicide risk but did not together
interact in predicting suicidal behaviors/risk. It is important to note that the incremental
contribution of sleep problems was small after accounting for the very strong association
between depression and suicidal behaviors, though even small effects are important to
identify and may be clinically meaningful when examining correlates of suicidal behaviors.
Furthermore, being classified with poor sleep status was associated with an almost three-fold
increased likelihood of being classified with suicide risk, above and beyond sex and
depression status. As such, our findings add to a growing body of literature pointing to sleep
as an important component to include in screening and intervention efforts to prevent
suicidal ideation and attempts on college campuses. For instance, there is preliminary
evidence for an online suicide risk screening and intervention for college students (King et
al., 2015), but as part of the screening procedures only students who initially screened
positive for possible depression were administered the full Patient Health Quetionnaire-9
(PHQ-9) (Spitzer et al., 1999) screening measure that also includes items assessing both
poor sleep (“Trouble falling or staying asleep, or sleeping too much”) and daytime
dysfunction (“Feeling tired or having little energy”). It may be important to include sleep as
part of the initial screening process, in part because of the clear association between sleep
and suicide in our sample (as well as other studies), and in part because not all college
students with suicidal ideation are also depressed (Cukrowicz et al., 2011). Sleep is
modifiable, and some students may be more willing to seek help for sleep problems than for
depression or suicidal behaviors specifically (McCall and Black, 2013, Woznica et al.,
2015). Further, there is evidence that cognitive behavioral therapy for insomnia (CBT-I) not
only improves sleep functioning, but also reduces suicidal ideation among adults with both
low or high levels of depression (Manber et al., 2011; see also McCall et al., 2015).
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Most previous studies have focused on insomnia and nightmares specifically (Bozzay et al.,
2016, Cukrowicz et al., 2006, Nadorff et al., 2014, Nadorff et al., 2011, 2013) whereas we
used a broader measure of sleep and also examined specific sleep domains. Our findings
replicate previous studies in finding bad dreams to be uniquely associated with suicidal
behaviors in college students (Cukrowicz et al., 2006, Nadorff et al., 2014, Nadorff et al.,
2011, 2013). We also found shorter sleep duration, sleep medication use, and feeling too
cold while sleeping to each be uniquely related to increased suicidal behaviors. Although
Supartini and colleagues (2016) did not find sleep duration to be associated with suicidal
ideation in college students, it is important to note that a single yes/no suicidal ideation item
was used in that study and the sample consisted of Japanese college students. Our study used
a well-validated measure of suicidal behaviors and included college students in the United
States, and these two methodological differences may be why our findings differed from the
Supartini et al. study. Our finding regarding sleep medication use is consistent with prior
findings in clinical and non-clinical samples that found use of sleep medications to be
associated with increased risk for suicide (see Pae et al., 2011 for a review). Brower and
colleagues (2011) demonstrated that in a large national survey of adults, sleep medicine use
was a stronger predictor of suicidal ideation and suicide attempts than insomnia and
significantly increased the explanatory value of these models. Sleep medication may act as a
confounder or mediator of comorbid mental health problems in predicting suicide risk
(Brower et al., 2011), particularly in younger adults (Gunnell et al., 2013). The finding that
feeling too cold while sleeping was associated with increased suicidal behaviors was
unexpected. Sleep deprivation is associated with thermoregulation difficulties, including
lower body temperature (Vaara et al., 2009), and hypothalamus/hypothalamic-pituitary-
adrenal (HPA) axis dysregulation has been linked to thermoregulation difficulties as well as
depression and suicide risk (Bao et al., 2008, Buckley and Schatzberg, 2005, Kirkcaldy et
al., 2004). Although interesting to consider these interrelations and mechanisms that may
contribute to our finding, replication is clearly needed before conclusions can be drawn. In
any event, an important direction for future research will be to determine whether
incorporating global sleep problems or more specific sleep functioning domains is optimal in
screening/intervention efforts, with a particular need to balance thoroughness and efficiency.
This is especially important because although most college students at risk for suicide in our
study had sleep problems, the reverse was not true — there were many college students who
had sleep problems who did not have elevated suicide risk. One worthwhile approach would
be to examine what cutoff on a validated sleep measure would provide excellent sensitivity
and specificity in identifying college students at elevated suicide risk, as well as whether
considering specific sleep domains increases sensitivity/specificity.

Study findings should be considered in light of several limitations. Perhaps most
importantly, the cross-sectional design of our study precludes making causal inferences,
though evidence from longitudinal studies indicates that sleep difficulties predict subsequent
suicidal ideation rather than the reverse (Ribeiro et al., 2012). Nevertheless, studies in
college students specifically are needed, and longitudinal studies will also be well-positioned
to examine mechanisms of the association between sleep and suicide in college students.
This is especially important since the association between depression and suicidal behaviors/
risk was reduced when sleep was added to our models, and recent research suggests that
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sleep may mediate the association between depression and suicide (Ferentinos et al., 2016).
Longitudinal studies with temporally-ordered variables are needed to further test this
mediational pathway. In addition, our study only included self-report rating scale measures,
which may have contributed to mono-informant biases. It would be informative for future
studies to also incorporate objective measures of sleep functioning (e.g., actigraphy).
However, the search for biological markers of suicide behaviors remains insufficient to
replace self-report (Melhem et al., 2017, Shakeri et al., 2015), and self-reported sleep
behavior has been shown to have good concordance with objectively-measured sleep
(Wolfson et al., 2003). Further, our methods have ecological validity in that college
screening and intervention initiatives are likely to rely on self-report measures given their
efficiency and low cost. Still, including objective sleep measures is an important direction
for future work, particularly given recent interest in intraindividual variability of sleep as a
predictor of functional outcomes (Becker et al., 2017, Bei et al., 2016), and a recent study
found actigraphy-measured sleep variability to outperform depression in a short-term
longitudinal study of suicidal ideation in college students (Bernert et al., 2017). Finally,
although our study included college students from two universities, the sample was
disproportionately female and White; future studies would benefit from greater diversity.
Despite these limitations, findings from this study indicate that the majority of college
students with suicide risk also experience sleep problems, that the association between sleep
problems and suicide risk exists above and beyond depression, and certain sleep domains as
well as daytime dysfunction are most clearly associated with suicidal behaviors in this
population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Demographic Characteristics of Study Participants

Variable % (N)
Sex4
Male 35.2% (597)
Female 64.5% (1,095)
Other 0.4% (6)
Year of Study
Freshman 63.5% (1,080)
Sophomore 23.6% (401)
Junior 8.7% (148)
Senior 3.9% (67)
Other 0.2% (4)
Raced
White 81.8% (1,386)
Asian 7.7% (131)
Black 6.0% (101)
Native American 0.4% (6)
Native Hawaiian/Pacific Islander ~ 0.1% (2)
Biracial/Multiracial 4.0% (68)
Ethnicity?
Non-Hispanic 95.6% (1,625)
Hispanic 4.3% (73)
Family Income in USD?
Up to $39,999 5.9% (101)
$40,000 — $79,999 12.1% (205)
$80,000 — $119,999 19.2% (326)
$120,000 — $159,999 14.1% (239)
$160,000 or greater 27.5% (467)
Don’t know 21.2% (361)

Note. N =1,700. USD = U.S. dollar.

Page 13

a - . . . . . - . .
Two participants did not complete the sex question, 6 did not complete the race question, 2 did not complete the ethnicity question, and 1 did not
complete the family income question.
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