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Sleep disturbance is prevalent in and strongly
associated with a variety of psychiatric and
medical conditions.1,2 Several reviews3---5 and
commentaries6---8 have highlighted associations
of sleep disturbance and suicidal thoughts and
behaviors. Insomnia (difficulty initiating or main-
taining sleep) and nightmares are the sleep dis-
turbances most commonly associated with sui-
cidal thoughts and behaviors, although some
work suggests that sleep disordered breathing
and periodic limb movement disorder may also
pose risks.9

Until recent years, empirical data were al-
most entirely based on studies of suicidal ide-
ation and nonlethal suicide attempts, with un-
clear generalization to suicide deaths (hereafter
referred to as “suicide”). There is, however,
small but growing empirical literature linking
sleep disturbance and suicide from cohort
studies and investigations using postmortem
case---control designs. A Finnish national cohort
study of 21 to 64 year-old adults was linked
with Finland’s National Death Registry to ana-
lyze the association of nightmares and suicide
over a mean follow-up of approximately 14
years.10 In adjusted models, the relative risk (RR)
for suicide was 1.57 (95% confidence interval
[CI] =1.12, 2.19) for occasional nightmares and
2.05 (95% CI =1.06, 3.97) for frequent night-
mares compared with the no nightmares referent
group. Adjusted analyses were not conducted.
In Japan, a community cohort of adults aged 30
to 79 years were surveyed, with a mean follow-
up of approximately 7 years.11 Difficulty main-
taining sleep was associated with suicide with an
age-adjusted RR of 2.4 (95% CI =1.3, 4.3) and
a fully adjusted RR of 2.1 (95% CI =1.1, 3.9). A
10-year, multisite, observational cohort of older
adults (age ‡ 65 years) in the United States was
used to compare suicides to control participants
drawn from the larger sample.12 Higher sleep
quality scores were found to be protective from
suicide with an odds ratio (OR) of 0.72 (95%
CI = 0.58, 0.87). A Canadian postmortem case---
control investigation compared adults who killed
themselves during an episode of major depres-
sive disorder to living patients of comparable age

and gender with major depressive disorders.13

In unadjusted models, insomnia symptoms were
associated with suicide (OR 2.37; 95% CI=1.21,
4.66), and this remained a significant finding
after adjusting for the presence of other psy-
chopathologies (OR 1.78; 95% CI =1.22,
2.58). In a US case---control study of adolescent
suicide,14 hypersomnia and insomnia distin-
guished suicides from control participants in
unadjusted analyses. In adjusted analyses, in-
somnia in the past week was associated with
suicide at a statistically significant level (OR 5.3;
95%CI =1.4, 20.4). Although samples, methods,
and types of sleep disturbance varied across
these studies, the findings consistently indicated
an association of sleep disturbances to suicide.

We are aware of no other published em-
pirical studies of sleep disturbance and suicide
in a veteran population. VHA is the largest
integrated health care system in the United
States. Veterans who receive VHA care are
at increased risk for suicide compared with
the US general population.15 More than 1800
VHA users die by suicide each year, representing
at least 5% of suicides in the United States an-
nually. Accordingly, suicide prevention among
veterans is both a national and VHA priority.16

Sleep disturbances are prevalent in military

returnees from Iraq and Afghanistan with post-
traumatic stress disorder17 or with mild trauma-
tic brain injury.18 Moreover, VHA users have
high rates of sleep disturbance overall,19 com-
pelling the study of sleep disturbance and suicide
in this population.

The purpose of our study was to examine
sleep disturbance and suicide in a sample of
veterans who used Veterans Health Adminis-
tration (VHA) services and died by suicide.
More specifically, we focused on the impact
of sleep disturbance on time to death among
veteran suicide decedents by comparing a sub-
group of suicide decedents with sleep distur-
bance to a subgroup without sleep problems.
Another analysis of this sample showed that
mental disorders predicted time to suicide,20

informing our approach to examine sleep dis-
turbance in time to death in the present study.

METHODS

We collected data from all 423 veterans
who died by suicide between fiscal years 2000
and 2006 and who received VHA services in
Veterans Integrated Service Network 2 (VISN 2),
which is located in upstate New York and north
central Pennsylvania (n = 130), or from VISN
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11 (n = 293), which is located in central Illi-
nois, Indiana, Michigan, and northwest Ohio.
Of these 423 veteran suicide decedents,
381 (90.8%) received VHA services during
their last year of life. All had complete data
on the variables included in the final analysis,
although 2 participants were missing data for
race/ethnicity.

Procedure

Data for the study were obtained in a 2-step
process. First, identification of veterans was
carried out by the VISN 11 Serious Mental
Illness Training, Research, and Education
Center, which created a National Suicide Reg-
istry by linking data from the VHA National
Patient Care Database and the National Center
for Health Statistic’s (NCHS) National Death
Index (NDI). The NDI is considered the “gold
standard” for mortality assessment information
because data are derived from death certifi-
cates filed in state vital statistics offices and
checked for accuracy by NCHS.21 The registry
contains information on all patients identified
from the NPCD who used VHA services in fiscal
years 2000 to 2007, did not have any record
of VHA service use in fiscal year 2008 or 2009,
and were subsequently identified to have died
by suicide by cross-matching to the NDI using
social security number, last name, first name,
middle initial, date of birth, race/ethnicity, gen-
der, and state of residence. Previously estab-
lished procedures were used to identify “true”
matches.22 Data for the present study were
drawn from this registry for veterans receiving
care fromVHA in VISN 2 or VSIN11from 2000
to 2006.

The second step in obtaining data used the
VHA Computerized Patient Record System
(CPRS), which contains demographic informa-
tion and all clinical notes about care provided
within the VHA system. Notes can be written
in free form or using templates and typically
include information about the patient’s pre-
senting problem and the type of care provided.
CPRS data provide information about symp-
toms, stressors, and disorders that may or may
not be tied to specific visit encounters or treat-
ment plans.

Chart reviews of CPRS records of each of the
identified suicide decedents were conducted
at the Center of Excellence for Suicide Pre-
vention located at the VA Medical Center in

Canandaigua, New York. When demographic
data were not available in the expected CPRS
data fields (e.g., race/ethnicity), the record
was searched for references to such data. A
chart review tool developed for a previous
study of veterans treated for depression23 was
used to systematically assess and extract data
on documented symptoms of depression, anxi-
ety, alcohol use disorders, illicit drug use, pre-
scription drug misuse, mania, schizophrenia, and
sleep disturbance symptoms in the year before
suicide. Symptoms were recorded whether they
reached a diagnostic threshold or not, necessitat-
ing the use of chart reviews (as opposed to re-
lying merely on aggregate electronic data). Inter-
rater agreement on reported variables ranged
from substantial to outstanding and are provided
in the following; readers may reference Britton
et al.20 on this issue for agreement on additional
variables not reported here.

For each patient record, we used 2 or more
independent coders who, after initial coding,
met to compare results and resolve discrep-
ancies to create a consensus record for use in
analyses. When a clear consensus could not
be reached, the coding decisions were staffed
at a weekly consensus conference. Percentage
agreement was calculated to assess the inter-
rater reliability between independent raters.

Measures

Number of days between last visit and death.
The primary outcome for the study was date of
the last visit in CPRS, and date of death from
the NDI was used to calculate days between last
visit and death, which served as the primary
outcome variable.
Sleep disturbance. Chart reviews identified

information on documented sleep complaints.
The sleep item assessed the presence of sleep
problems in patients’ charts. Coders were in-
structed to code sleep symptoms if any of a
wide variety of sleep problems was noted, in-
cluding trouble falling asleep, staying asleep,
sleeping too much, as well as waking up too
early. Patients were also identified as having
sleep problems if sleep aids were prescribed
or if a sleep diagnosis was documented. In
assessments based on sleep medications alone,
an inclusive approach was used for the “last
year,” whereby sleep symptoms were docu-
mented if sleep aids were prescribed at any
time during the year. For the last visit codes,

a more conservative approach was taken.
Namely, when use of prescription sleep medi-
cations was accompanied by a notation that the
patient was sleeping well or sleep was im-
proved, these were coded as having no sleep
symptoms at the last visit. Average percentage
agreement between raters for sleep distur-
bance was 89.3% for last year codes and
86.2% for last visit codes.
Psychiatric symptoms. Chart reviews assessed

documented symptoms whether they reached
a diagnostic threshold (e.g., depressive symp-
toms) as well as diagnoses (e.g., depressive dis-
order), referred to from here forward simply
as symptoms. Average percentage agreement
between pairs of raters on symptoms was as
follows: depression (95.0% last year, 84.7%
last visit), mania (93.7% last year, 96.4% last
visit), anxiety (90.5% last year, 89.9% last visit),
psychotic symptoms (94.3% last year, 93.4%
last visit), alcohol use disorder (87.2% last year,
85.3% last visit), illicit drug use (91.0% last year,
91.6% last visit), and misuse of prescription
drugs (85.8% last year, 92.4% last visit). Re-
sults of the chart review were dichotomized
to create 2 categories, individuals with and
without symptoms of mental disorders, which
included substance use.

Data Analysis

The comparison of interest was between
suicide decedents with sleep disturbance in the
year preceding death and those without sleep
disturbance. Unadjusted comparisons between
these groups were made using the v2 test. For
comparisons with sample sizes less than 5, we
used the Fisher exact 2-sided test.

To identify variables that would be entered
into the multivariate analysis, we conducted
univariate Cox proportional hazard regression
models. Variables that were statistically asso-
ciated with time to death (P< .05) were en-
tered into the multivariate model. Backward
elimination was used to trim the model because
it avoided the potential biases of forward
selection procedures.24,25

Variables that were statistically associated
with time to death (P< .05) were kept in the
model. Diagnostics revealed that sleep problems
violated the proportional hazards assumption
of the Cox model. Although treating sleep as a
time-varying covariate was an option, we de-
cided to use an accelerated failure time (AFT)
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model because such models make no proportion-
ality assumption and they model the survival
time rather than hazard rate, allowing estima-
tion of the actual time after contact to suicide
rather than the chance of instantaneous fail-
ure over the follow-up.26 In a cohort where
all persons died and the probability of death
was 1, the time to event might provide a more
informative outcome than would the instanta-
neous probability of death. To fit the AFT data
with a survival distribution most appropriate to
the data, we compared several different distri-
butions with the Akaike Information Criterion
statistic,27 which identified the log-normal AFT
model to be a better fit than the log-logistic,
Weibull, and Gompertz models.28 We reran all
univariate and multivariate analyses using the
log-normal AFT model and only reported these
results. As is the practice in reporting results
from AFT models, we reported survival time
as time ratios with 95% CIs, where values less
than 1 represented a decrease in survival time
(and values greater than 1 represented a pro-
longed survival time).26 Median time to event for
the referent group (those without sleep distur-
bance) was calculated from the reverse log of the
model intercept coefficient (i.e., exp[coefficient]);
median time to event for the sleep disturbance
group was exp(intercept coefficient minus abso-
lute value of sleep coefficient). All analyses were
conducted with STATA 10 (Stata Corporation:
College Station, Texas).

RESULTS

Of the 381 suicide decedents analyzed, 173
(45.4%) had clinician-documented sleep dis-
turbance, and 208 (54.6%) had no recorded
sleep problems. Age, gender, minority status,
and the presence of psychiatric or substance
abuse symptoms were associated with sleep
problems (Table 1), whereas no such associa-
tions were present for VISN or region.

In univariate log-normal AFT analyses, sleep
problems, psychiatric or substance abuse symp-
toms, gender, and VISN or region had significant
associations with time to death. Accordingly,
these 5 variables were entered into the multi-
variate analysis (Table 2). Following backward
elimination, gender and age did not contrib-
ute to the model and were removed. The
final model for time to death included sleep
disturbance, psychiatric or substance abuse

symptoms, and VISN or region. Sleep distur-
bance predicted a 57% loss in survival time
after control for the presence of psychiatric or
substance abuse symptoms and region (Table
2). Specifically, the average veteran without
sleep problems died 174 days after their last

contact with VHA (exp[5.16]), whereas the
average veteran with sleep problems died 75
days after their last contact (exp[5.16---0.84]).
A survival curve was plotted to illustrate the
survival rates for both groups over the follow-
up period (Figure 1).

TABLE 1—Demographics of Veterans Health Administration Suicide Decedents With

and Without Sleep Disturbance: VISN 2 and VISN 11, Fiscal Year 2000–2006

Variables With Sleep Disturbance, No. (%) Without Sleep Disturbance, No. (%) v2 P

Gender 6.06 .03a

Male 164 (94.8) 206 (99.0)

Female 9 (5.2) 2 (1.0)

Race/ethnicity 5.66 .02

White 150 (86.7) 159 (76.4)

Minority 23 (13.3) 47 (22.6)

Age, y 25.87 < .001a

18–34 3 (1.7) 8 (3.8)

35–54 45 (26.0) 26 (12.5)

55–74 88 (50.9) 85 (40.9)

‡75 37 (21.4) 89 (42.8)

Region 0.45 .5

VISN 2 51 (29.5) 68 (32.7)

VISN 11 122 (70.5) 140 (67.3)

Diagnosisb 72.69 < .001

Yes 157 (90.8) 104 (50.0)

No 16 (9.2) 104 (50.0)

Note. VISN= Veterans Integrated Service Network. For veterans with a sleep disturbance, the sample size was n = 173
(45.4%); for veterans without sleep disturbance, the sample size was n =208 (54.6%).
aCalculated via the Fisher exact test.
bDiagnosis was the presence of psychiatric or substance abuse symptoms or diagnosis.

TABLE 2—Survival Time Ratios for the Log-normal Accelerate Failure Time (AFT)

Model for Veteran Suicides With and Without Sleep Disturbance: VISN 2 and VISN 11,

Fiscal Year 2000–2006

Univariate Analyses Multivariate Analysis

Variable Coefficient Survival Time Ratio (95% CI) Coefficient Survival Time Ratio (95% CI)

Sleep –1.01 0.36 (0.28, 0.47) –0.84 0.43 (0.33, 0.56)

Diagnosis –0.92 0.40 (0.30, 0.52) –0.62 0.54 (0.40, 0.71)

Age Group –0.05 0.95 (0.80, 1.13) . . . . . .

Gender 0.89 2.45 (1.10, 5.42) . . . . . .

White –0.30 0.74 (0.52, 1.04) . . . . . .

VISN 2 –0.44 0.64 (0.48, 0.86) –0.45 0.64 (0.49, 0.82)

Constant . . .a . . . 5.16 . . .

Note. CI = confidence interval; VISN= Veterans Integrated Service Network.
aThe intercept varied depending on the univariate model.
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DISCUSSION

In this article, we examined the contribution
of sleep disturbance to time to death after the
last visit in a sample of veterans in VHA care
that died by suicide. The group with recorded
sleep disturbance died more quickly after their
last visit, after control for the presence of age,
region, and symptoms of several mental disor-
ders that conferred risk for suicide, including
substance use disorders. The central finding
that sleep disturbance predicted shorter time
to suicide among suicide decedents provided
important information on clinician-observed
risk factors for imminent suicide risk and had
implications for suicide prevention and treat-
ment efforts.

Although numerous studies examined the
heterogeneity among suicide decedents by com-
paring subgroups of suicides,29---31 this might be
the first such undertaking to compare suicide
decedents on the basis of sleep disturbance.
Given the considerable heterogeneity among
individuals who died by suicide,29,30 including
among veterans,31 it was suggested that preven-
tion and treatment efforts be tailored to distinct

subgroups of vulnerable patients who might
require different prevention and intervention
strategies.32 Veterans receiving VHA services
who present with sleep disturbance, particularly
in the face of other suicide risk factors, might
represent one such subgroup.

Limitations of the study included data de-
rived from chart reviews, and although coding
between raters was done reliably, information
about the reliability, validity, or completeness
of the information contained in the charts was
not available, and it was not possible in this
study to control for charting practices of pro-
viders. Although a strength of the study was the
ability to control for a number of factors, some
conditions such as traumatic brain injury and
a number of specific mental disorders were not
available for analyses. In addition, generaliz-
ability to VHA patients in other regions of the
country who were not sampled was unclear, as
was generalizability to non-VHA samples. The
study also did not distinguish among types of
sleep disturbance. Finally, unlike studies that
assessed sleep disturbance as a risk factor for
suicide using a nonsuicide comparison group,
in our study, all veterans died by suicide, ruling

out inferences about sleep disturbance as a
causal risk factor for suicide.

To our knowledge, the present analysis was
the first to examine the heterogeneity among
suicide decedents using sleep disturbance as
the probe and adds to the small but growing
literature on sleep disturbance and suicide.
Looking forward, there are several reasons to
accelerate research on sleep disturbance and
suicide. First, because sleep disturbances may
also precede depression,33 such disturbances
provide an opportunity to begin monitoring
early in the development of a recognized risk
for suicide. Second, we believe that veterans
generally may be more ready to acknowledge
sleep disturbances before reporting psychiat-
ric symptoms such as depression or anxiety,
although this idea requires empirical study.
Third, the strong association between sleep
disturbance and time to suicide also indicates
a potential entrée for novel preventive inter-
ventions. Efficacious and evidence-based ap-
proaches for major sleep disorders are avail-
able34 and appear to have an impact on reducing
psychiatric symptoms that are associated with
suicide (e.g., depression and anxiety)35---38;
therefore, the mechanisms of action may work
through multiple pathways. Research is therefore
needed to test the potential of sleep interventions
as viable standalone or adjuvant suicide pre-
vention interventions. j
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Note. VISN= Veterans Integrated Service Network. The dashed line is sleep disturbance in the year preceding death; the solid

line represents no sleep disturbance in the year preceding death.

FIGURE 1—Survival time preceding suicide among veterans with and without sleep

disturbance: VISN 2 and VISN 11, Fiscal Year 2000–2006.
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