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Abstract

Background Sleep problems may lead to, or be symp-
tomatic of, depression and other mental illnesses yet few
studies have investigated their association with suicide risk.
Design  Prospective cohort study.

Setting Taiwan.

Participants 393,983 men and women aged 20 or above
participating in the MJ health check-up programme.
Results  There were 335 suicides over a mean of 7.4 years
follow-up. There was areverse J-shaped association between
sleep duration and suicide risk. When compared with those
sleeping 6—8 h per night the adjusted hazard ratios (95 %
confidence intervals) for suicide associated with 04, 4—6 and
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>8 h sleep were 3.5 (2.0-6.1), 1.5 (1.1-1.9) and 1.5
(1.1-2.0), respectively. People requiring sleeping pills to get
to sleep (1.2 % participants) were at over 11-fold increased
risk; difficulty falling asleep (11.5 % participants), frequent
dreaming (16.7 %) and being easily awoken (30.6 %) were
associated with a 2.0-, 1.6- and 1.3-fold increased risk of
suicide, respectively.

Conclusions Less than 6 h sleep duration, sleep distur-
bances and reported use of sleep medicines are markers of
suicide risk. Sleep problems should be assessed when
evaluating suicide risk.
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Introduction

Disturbed or excessive sleep is a common feature of many
psychiatric disorders as well as being a relatively frequent
experience in the general population with a prevalence of
10-30 % [18]. There is evidence that sleep disturbance may
also be important in the aetiology of depression. In a 4-year
follow-up of people without depression and not taking
antidepressants at baseline, insomnia symptoms were
associated with a two- to fivefold increased risk of depres-
sion [24]. In another study, both trouble falling asleep and
sleeping too much at baseline were found to be associated
with increased risk of depression 1 year later [21].

There has been growing interest in the usefulness of
symptoms of sleep disturbance in suicide risk assessment.
Studies dating back over 30 years have found that amongst
people with psychiatric illness, sleep disturbance distin-
guishes those who go on to kill themselves from non-
suicides [1]. However, relatively few studies have
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investigated the association of sleep disturbance with suicide
in general population samples. In a general population
cohort from Finland, there was a graded association
between the frequency of nightmares and suicide risk;
other aspects of sleep disturbance were not investigated
[26]. In a US study of older people living in the commu-
nity, poor sleep quality was shown to be associated with
increased risk of suicide [27]. A Japanese prospective study
found a twofold increased risk of suicide in people
reporting difficulties maintaining sleep, but no associations
with difficulties with sleep initiation or early morning
waking [11]. A recent prospective study of a French
occupational cohort showed a fivefold increase in suicide
risk amongst men with three or more sleep disturbances;
the risk remained highly elevated even after adjusting for
depression [22]. Another recent study based on a Norwe-
gian population cohort reported a twofold increased risk of
suicide amongst people experiencing sleep problems
almost every night, when baseline anxiety and depression
symptoms were controlled for [2]. However, none of these
prospective studies have investigated the association of
sleep duration with risk of suicide [2, 11, 22, 26, 27].

To clarify the importance of sleep and sleep patterns in
the aetiology of suicide, we have investigated the associ-
ation of self-reported sleep duration and sleep problems
with suicide in a large cohort of Taiwanese men and
women.

Methods
Participants

The study cohort is based on the records of approximately
540,000 Taiwanese adults aged 20 years or above who
underwent health check-ups using a standard protocol
between 1994 and 2008 (Fig. 1) [7, 29]. The check-up
programme is run by a private company, the MJ Health
Management Institution, Taiwan (https://www.mjclinic.
com.tw). Since 1996 these check-ups have included ques-
tions about sleep; this analysis is based on the 393,983
(73 %) participants who attended check-ups between
1996-2008 and who have full information on sleep dura-
tion, sleep problems and potential confounding variables
including sociodemographic and life style factors. A subset
of participants (39 %) has attended the clinics more than
once, but our analysis is restricted to data recorded at the
first attendance. From 1998, the baseline questionnaire
started to include questions about the use of medicines and
293,673 (75 % of 393,983) participants had full informa-
tion (Fig. 1). The study participants had given written
consent for the use of their data from the health check-up
for research. The study was approved by the National
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Total cohort
(1994-2008),
N=542,088 (100%)

!

Complete data available
on sleep and
potential confounders
(1996-2008),
N=393,983 (73%)2

!

Complete data available
on psychotropic drug and
sedatives/hypnotics use
(1998-2008),
N=293,673 (54%)®

Fig. 1 Flow chart of participants of the MJ health check-up program,
Taiwan, 1994-2008. *Data for participants with complete information
on sleep and potential confounding variables, used in the main
multivariable analyses. From 1996 the program included a self-
completed questionnaire to collect information on socio-demographic
and health-related factors, including sleep variables. "Data used in
sensitivity analyses additionally controlling for psychotropic drug and
use of sedatives/hypnotics. From 1998 the questionnaire contained
questions on the use of medicines, including psychotropic drugs and
sedatives/hypnotics

Health Research Institutes, Taiwan, and the MJ Health
Management Institution.

Sleep assessment

Participants completed two questions concerning their
sleep: (1) “How long do you sleep for?”—there were four
response categories: (a) <4 h; (b) 4-6 h; (c) 6-8 h and
(d) >8h and (2) “How have you slept in the past
month?”—there were five response categories: (a) I had
difficulties falling asleep, (b) I had no problem falling
asleep, but was easily awoken, (c) I dreamt a lot, (d) I
needed sleeping pills and (e) I slept well.

Possible confounding factors

Data on the following possible confounding factors were
also recorded at baseline: education (middle school or
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below, high school, junior college, college or higher),
marital status (single, married, divorced or separated,
widowed), smoking (never, former, current), alcohol con-
sumption (no or occasional use, former drinking, regular
drinking), physical activity (inactive, low, moderate or
high), and the use of psychotropic drugs and sedatives/
hypnotics (daily use or not). Participants’ weight (to the
nearest 0.1 kg) and height (to the nearest mm) were mea-
sured using an auto-anthropometer, Nakamura KN-5000A
(Nakamura, Tokyo, Japan); their body mass index (BMI)
were calculated (kg/m?), and its sex-specific z score was
calculated as the number of standard deviations above
(positive values) or below (negative values) the mean.

Ascertainment of suicide mortality

The vital status of all study participants was obtained through
linkage of the cohort national identification numbers with
Taiwan’s national cause-of-death register, which records the
date of death and the underlying cause of death, coded using
the International Classification of Diseases, Ninth Revision
(ICD-9). ICD-9 codes used to identify suicides were E950—
E959. Previous research has shown that, in keeping with
patterns seen in the West, many deaths coded as undeter-
mined whether deliberately or purposely inflicted (E980-
E989), accidental pesticide poisoning (E863) and accidental
suffocation (E913) are likely to be misclassified suicides [6].
We therefore included these latter deaths within our defini-
tion of suicide. In a sensitivity analysis, we included certified
suicides coded as E950-E959 only.

Statistical analysis

We used Cox proportional hazards models to investigate
the association of sleep with suicide mortality. Time at
entry was the date of recruitment; time of exit was
December 31, 2008 or the date of death if earlier. All
analyses in this study were conducted using SAS software,
version 9.1 (SAS Institute).

We carried out analyses in three steps. In our initial
models, we estimated the association of sleep with suicide
controlling for age (in 5 year groups) and sex only. We
then examined the impact on the associations of controlling
for the potential confounding factors listed above, except
medicine use. Both BMI (z (standard deviation) score) and
its quadratic term were modelled as a previous study
showed a quadratic relationship of BMI with suicide (i.e.
suicide risk increased in both underweight and very obese
individuals) [7]. Third, we additionally included use of
medicines (sedatives/hypnotics and psychotropic drugs) in
the models; these variables may act as confounders or
mediators because their use could influence the effect of

sleep problems and, possibly, reduce the risk of suicide if
they are effective in overcoming sleeping problems. This
analysis was based on a subsample of the MJ participants
with complete information on medicine use.

We investigated whether associations differed in men
and women by fitting appropriate interaction terms and
conducting likelihood ratio tests in which models with and
without interaction terms were compared. Likewise, as
poor sleep is more frequent in older individuals (and may
be considered an accompaniment of aging), we investi-
gated whether associations differed in those above or
below 45 years of age. We also investigated whether there
was a linear association of sleep duration with suicide by
carrying out likelihood ratio tests in which models with the
sleep duration variable as a linear term and a categorical
term were compared. To examine any quadratic relation-
ship, we also included a quadratic term for this variable in
separate models. The proportional hazards assumption was
examined by plotting Schoenfeld residuals with time and
examining their correlation. We found no strong evidence
for the violation of the assumption.

Psychiatric disorders could confound the association of
sleep with suicide as they may cause both sleep problems
and suicide. To assess their possible impact on the asso-
ciations of our exposures with suicide, we conducted a
sensitivity analysis by excluding all suicides occurring in
the first 2 years of follow-up as these participants’ sleep
patterns were more likely to be influenced by any psychi-
atric disorders at baseline.

Results
Participant characteristics

Altogether there were 190 male and 145 female suicides
over a mean of 7.4 years follow-up amongst the 393,983
participants. The average time period between sleep data
collection and suicide death was 5.6 years. The crude male
suicide rate was 13.3 per 100,000 per year and the female
rate was 9.8 per 100,000 per year. Table 1 shows the
characteristics of the participants. In the subsample with
complete data on medicine use (n = 293,673), there was
94 male and 76 female suicides over a mean of 5.9 years
follow-up; the crude suicide rates were 11.2 per 100,000
for males and 8.6 per 100,000 for females. In this sub-
sample, female participants were more likely than males to
report daily use of sedatives/hypnotics (1.8 vs. 1.0 %) and
psychotropic drugs (0.8 vs. 0.6 %). When compared with
the total sample, participants of this subsample were
slightly younger (39.4 vs. 40.2 years) but had similar sex
composition (males 49.3 vs. 49.5 %).
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Table 1 Characteristics of the MJ health check-up programme participants

Characteristic Males Females
Suicide Non-suicide Suicide Non-suicide
n % n %o n %o n %
Cohort with complete sleep information®
Sleep duration (h)
0-4 7 3.7 1,589 0.8 7 4.8 2,409 1.2
4-6 55 28.9 37,216 19.1 26 17.9 38,351 19.3
6-8 103 54.2 138,935 71.4 83 57.2 136,836 68.8
>8 25 132 16,958 8.7 29 20.0 21,354 10.7
Sleep problems
None 64 337 93,771 48.2 22 15.2 61,162 30.7
Difficult getting into sleep 37 19.5 20,657 10.6 27 18.6 24,979 12.6
Easily awakened 42 22.1 53,259 27.4 50 34.5 68,703 34.5
Dreamed a lot 32 16.8 25,297 13.0 24 16.6 41,087 20.7
Need sleeping pills 15 7.9 1,714 0.9 22 15.2 3,019 1.5
College or higher education 25 13.2 70,820 36.4 23 15.9 52,551 26.4
Married 127 66.8 135,052 69.4 85 58.6 125,835 63.2
Current smoker 108 56.8 78,524 40.3 25 17.2 13,110 6.6
Regular alcohol use 49 25.8 23,197 11.9 13 9.0 4,477 23
Physically inactive 92 48.4 88,312 454 77 53.1 115,197 57.9
History of cancer 2 1.1 1,082 0.6 5 3.4 3,238 1.6
Age (years)® 46.6 (16.1) 40.4 (13.4) 43.2 (14.7) 40.0 (13.6)
Body mass index (kg/m?)° 23.8 (3.6) 239 (3.4) 22.3 (3.9) 22.1 (3.6)
Subsample with complete medicine use information®
Use of sedatives/hypnotics 7 7.4 1,454 1.0 18 23.7 2,664 1.8
Use of psychotropic drugs 8 8.5 920 0.6 9 11.8 1,226 0.8

* n = 393,983 (males: 190 suicides, 194,698 non-suicides; females: 145 suicides, 198,950 non-suicides)
b= 293,673 (males: 94 suicides, 144,772 non-suicides; females: 76 suicides, 148,731 non-suicides)

¢ Values are expressed as mean (SD)

Sleep duration and suicide

Around 20 % of participants slept for <6 h a day and
around 10 % for more than 8 h; these figures were similar
for both males and females (Table 1). There was a reverse
J-shaped association of sleep duration with suicide risk—
there was strong evidence for a non-linear or quadratic
association (Table 2). In the total sample with sleep
information both short (<6 h) and long (>8 h) sleep
durations were associated with an increased risk of suicide.
When compared with those sleeping 6—8 h per night age-
and sex-adjusted hazard ratios (HRs) for suicide associated
with 04, 4-6 and >8 h sleep were 4.1 [95 % confidence
intervals (CI) 2.4-7.1], 1.5 (95 % CI 1.2-2.0) and 1.8
(95 % CI 1.3-2.4), respectively. The association was
somewhat attenuated in models controlling for social class
and behavioural risk factors. In the subsample with infor-
mation on medicine use, when additionally controlling for
the use of psychotropic drugs and sedatives/hypnotics the
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increased risk associated with 0—4 h sleep was attenuated
by about one-third, but there was little impact on the
increased risk associated with 4-6 h sleep; prolonged sleep
was not associated with suicide risk in this sub-sample
(Table 3).

There was weak evidence that associations of sleep
duration with suicide differed in males and females
(p(interaction) = 0.061, fully adjusted model in the total
sample), but no evidence was found for differences
between the younger and older participants (p(interac-
tion) = 0.88). The main sex difference was in relation to
the increased risk of suicide amongst those sleeping
4-6 h—an increase in risk was seen in males, but not
females (Table 4).

Sleep problems and suicide

The most frequently reported sleep problems were being
easily awoken (30.6 %) and frequent dreaming (16.7 %),
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Table 2 Hazard ratios (HR) for the association of sleep duration and sleep problems with suicide in the MJ health check-up programme, Taiwan

(n = 393,983)

Number of suicides

Age- and sex-adjustment

Multivariable adjustment®

HR 95 % CI HR 95 % CI
Sleep duration (h)
0-4 14 4.1 24,7.1 35 2.0, 6.1
4-6 81 1.5 1.2,2.0 1.5 1.1, 1.9
6-8 186 1.0 1.0
>8 54 1.8 13,24 1.5 1.1, 2.0
p for non-linearity® <0.001 <0.001
p for quadratic term® <0.001 <0.001
Sleep problems
None 86 1.0 1.0
Difficulty falling asleep 64 24 1.7,3.3 2.0 14,28
Easily awoken 92 14 1.0, 1.9 1.3 1.0, 1.8
Dreamt a lot 56 1.7 12,23 1.6 1.1,2.3
Need sleeping pills 37 14.2 9.5, 21.1 11.1 7.4, 16.6

* Adjusted for age, sex, education, marital status, smoking, drinking, physical activity, body mass index and its quadratic term

° Smaller p values indicate stronger evidence for non-linearity

¢ Smaller p values indicate stronger evidence for a quadratic relationship

followed by difficulty falling asleep (11.5 %) and the need
for sleeping pills (1.2 %). These measures of sleep prob-
lems were associated with increased suicide risk, in par-
ticular the need for sleeping pills (age- and sex-adjusted
HR 14.2, 95 % CI 9.5-21.1) (Table 2). These associations
weakened to some extent after controlling for potential
confounders.

There was no strong evidence for sex differences in the
association of suicide with sleep problems (p(interac-
tion) = 0.30, fully adjusted model in the total sample),
whilst there was some weak evidence that the associations
differed in young versus older participants (p(interac-
tion) = 0.10). Amongst participants aged <45 years, in
the fully adjusted models based on the data for the total
sample with information on sleep, difficulty falling asleep
(HR 1.8, 95 % CI 1.1-2.9), frequent dreaming (HR 1.6,
95 % CI 1.0-2.5) and the need for sleeping pills (HR 17.9,
95 % CI 9.9-32.4) were all strongly associated with
increased suicide risk (Table 4). In older participants aged
>45 years, risks associated with difficulty falling asleep
and frequent dreaming were similar to those seen in young
participants, whilst the need for sleeping pills was asso-
ciated with less increased risk (HR 8.0, 95 % CI
4.6-13.8).

Overall, the results were similar when restricting anal-
yses to certified suicides only (i.e. excluding deaths of
undetermined intent) or excluding all suicides occurring in
the first 2 years after baseline measurements (data not
shown).

Sleep and all-cause mortality

Altogether 9,873 cohort participants died from all causes,
including suicide, over the follow-up period. Associations
of sleep patterns with all-cause mortality were considerably
lower than those for suicide. When compared with those
sleeping 68 h per night the fully adjusted hazard ratios for
all cause mortality associated with 0—4, 4-6 and >8 h sleep
were 1.4 (95 % CI 1.2-1.6), 1.0 (95 % CI 1.0-1.1) and 1.4
(95 % CI 1.3-1.4), respectively. When compared with
those reporting no sleeping problems risk of death from all-
causes in relation to difficulty falling asleep, being easily
awoken, dreaming a lot and the need for sleeping pills were
1.3 (1.2-1.3), 1.1 (1.0-1.1), 1.0 (0.9-1.1) and 1.5 (1.4-1.7),
respectively.

Discussion

This is the largest study to investigate the association of
sleep with suicide risk. We found a strong, revere J-shaped
association between sleep duration and suicide. Risks were
generally similar in men and women and in those aged <45
and >45 years. The greatest risks were seen amongst the
small number of participants (1.0 % of cohort members)
who slept less than 4 h (HR 3.5). Nineteen percent of
participants slept between 4-6 h and they too had an
increased risk of suicide, although this increase was seen in
males only (HR 1.8). The lowest risks were seen amongst
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Table 3 Hazard ratios (HR) for the association of sleep duration and sleep problems with suicide in the subsample of MJ cohort members with

complete confounder information (n = 293,673)

Number of Age- and sex-adjustment Multivariable adjustment Multivariable adjustment
suicides (Model 1)* (Model 2)°
HR 95 % CI HR 95 % CI HR 95 % CI
Sleep duration (h)
04 9 5.6 28,112 4.7 23,94 32 1.6, 6.5
4-6 47 1.7 12,24 1.6 1.1,23 1.5 1.0, 2.1
6-8 96 1.0 1.0 1.0
>8 18 1.3 038,22 1.1 0.7, 1.9 1.0 0.6, 1.7
p for non-linearity® 0.006 0.037 0.20
p for quadratic term” 0.001 0.006 0.063
Sleep problems
None 49 1.0 1.0 1.0
Difficulty falling asleep 25 1.9 1.2,3.1 1.5 09,25 1.4 09,23
Easily awoken 43 1.2 0.8, 1.8 1.1 0.7, 1.7 1.1 0.7, 1.7
Dreamt a lot 29 1.5 09,24 1.4 09,23 1.4 09,22
Need sleeping pills 24 15.5 9.3, 259 10.9 6.5, 18.3 =

% Adjusted for age, sex, education, marital status, smoking, drinking, physical activity, body mass index and its quadratic term

b Controlling for the same factors as Model 1 and additionally controlling for use of psychotropic drugs and sedative/hypnotics

¢ Smaller p values indicate stronger evidence for non-linearity

4 Smaller p values indicate stronger evidence for a quadratic relationship

¢ NA as the psychotropic drugs and sedatives/hypnotics include sleeping pills

the 70 % of participants, who slept 6—8 h per night. Similar
patterns were seen for all-cause mortality, but risks were
much lower.

Approximately 1 % of participants reported requiring
sleeping pills to help them sleep—these participants were
at over tenfold increased risk of suicide, these risks were
higher in younger than older cohort members. Approxi-
mately 10 % of participants reported difficulties getting to
sleep—such difficulties were also associated with an
approximately twofold increase in suicide risk.

Strengths and limitations

The main strengths of this study are its large size
(>390,000 participants), the record of sleep duration as
well as an indication of participants’ specific sleep prob-
lems. Furthermore, the detailed information collected at
baseline enabled us to assess the impact on the observed
associations of a range of possible confounding factors.
However, the lack of a formal psychiatric assessment
meant we were unable to determine the extent to which the
sleep—suicide associations resulted from pre-existing psy-
chiatric illness. We used information on whether partici-
pants were taking psychotropic medication at baseline
(0.7 % of participants) as a crude indicator of psychiatric
illness and the strengths of most associations weakened,
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but remained considerable in relation to short sleep dura-
tion, after controlling for this proxy indicator.

Further limitations of the study were the absence of a
measure of early morning wakening and difficulty getting
back to sleep, both of which are common features of
depression [21]. Furthermore, the questions concerning
sleep problems allowed only one response; thus subjects
with more than one difficulty (e.g. both having difficulty
getting to sleep and being easily awoken) were unable to
record the range of their problems. Information on sleep
was recorded as a one-off measure at baseline only and it
is likely that participant’s sleep patterns changed over the
follow-up period; however, our checks of the propor-
tional hazards assumption found no evidence that the
hazard ratios associated with sleep disturbance differed
over the follow-up period. Although the study cohort
came from a slightly more advantaged socioeconomic
background compared to Taiwan’s general population,
other characteristics such as smoking in this cohort was
similar to that shown in a national survey [28] and sui-
cide rate in this cohort was only slightly lower than that
for Taiwan’s population (11.7 vs. 12.5 per 100,000) [25].
Selection bias is not generally a problem in cohort
studies unless associations between exposure and out-
come differ in cohort members as compared to the
general population.
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Table 4 Hazard ratios (HR) for the associations of (a) sleep duration with suicide stratified by sex and (b) sleep problems with suicide stratified
by age (<45 or >45), MJ health check-up programme, Taiwan (n = 393,983)

Number of suicides

Sex- or age-adjusted

Multivariable adjustment®

HR 95 % CI HR 95 % CI
Sleep duration (h)
Males
04 7 4.5 2.1,9.7 3.6 1.7,79
4-6 55 1.9 1.4,2.7 1.8 13,25
6-8 103 1.0 1.0
>8 25 1.5 1.0, 2.4 1.3 0.8, 2.0
p for non-linearity” 0.001 0.016
p for quadratic term® <0.001 0.005
Females
04 7 3.8 1.7, 84 34 15,75
4-6 26 1.1 0.7, 1.7 1.0 0.7, 1.6
6-8 83 1.0 1.0
>8 29 1.9 1.3, 3.0 1.6 1.1, 2.5
p for non-linearity” 0.001 0.004
p for quadratic term® <0.001 0.001
Sleep problems
Aged <45 years
None 45 1.0 1.0
Difficulty falling asleep 29 24 1.5,39 1.8 1.1, 29
Easily awoken 47 1.5 1.0,2.3 1.4 0.9, 2.1
Dreamt a lot 36 1.7 1.1, 2.7 1.6 1.0, 2.5
Need sleeping pills 17 333 18.9, 58.6 17.9 9.9, 324
Aged >45 years
None 41 1.0 1.0
Difficulty falling asleep 35 24 15,38 22 1.4,3.5
Easily awoken 45 1.2 08,19 1.2 0.8, 19
Dreamt a lot 20 1.5 0.9, 2.6 1.5 0.9, 2.6
Need sleeping pills 20 8.8 5.1, 15.2 8.0 4.6, 13.8

* Adjusted for age/sex, education, marital status, smoking, drinking, physical activity, body mass index and its quadratic term

° Smaller p values indicate stronger evidence for non-linearity

¢ Smaller p values indicate stronger evidence for a quadratic relationship

Findings in the context of previous research

Suicide is a major cause of potentially preventable mor-
tality accounting for approximately 1 million deaths
worldwide every year. In many industrialized countries
suicide is the most frequent cause of death in young men.
Despite this high burden, our understanding of its aetiology
is limited. Although serious psychiatric disorders; partic-
ularly depression, psychosis and substance misuse—
underlie many suicides, most people with these conditions
do not take their lives. Key factors in the clinical assess-
ment of psychiatric disorder are a past history of self-harm
and serious suicidal thoughts. Other factors are less well
characterized. Emerging data indicate that sleep distur-
bances may not only be associated with an increased risk of

suicide, but also that amongst individuals with psychiatric
disorder sleep disturbance may be an additional indicator
of suicide risk: recent studies have reported associations of
sleep problems with suicidal thoughts [3, 20], suicide
attempts [3, 5, 20] and suicide [2, 22] that are independent
of measures of psychiatric symptoms.

Our findings of an increased risk of suicide in relation to
frequent dreaming are consistent with those from a cohort
of Finnish men and women, amongst whom those who
experienced frequent nightmares had a twofold increased
suicide risk as compared to those who did not [26]. We are
not aware of previous investigations of the association
between sleep duration and suicide—although in the long-
term follow-up of the American Cancer Society cohort
associations with suicide mortality were reported as being
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similar to those seen for all-cause mortality—an increased
risk was seen amongst those with both short <7 and long
>8 h sleep as compared to individuals who slept 7-8 h
[14]. A recent meta-analysis also reported increased risks
of all-cause mortality amongst those who both sleep little
(odds ratio 1.12) and those with excessive sleep (odds ratio
1.30) [4]. In keeping with this several recent cross-
sectional studies showed that short [10, 13, 15, 17] or long
[10] sleep durations were associated with increased sui-
cidal thoughts or acts.

Possible explanations for associations

Several possible explanations have been suggested for the
association of sleep disturbance with suicide risk. First, it could
be due to uncontrolled confounding by co-existing psychiatric
disorders. However, as described above, studies that have
controlled for measures of psychiatric illness and substance
misuse in multivariable models find relatively strong inde-
pendent associations of sleep with suicidal thoughts and
behaviours. As the associations have been reported in a
number of well-conducted studies using prospective designs
with measures of sleep patterns recorded well before suicide, it
seems unlikely that the findings are due to biases inherent in
the study design/exposure or outcome measurement.

If the associations of sleep with suicide are real, a
number of possible biological pathways may contribute to
the observed patterns of risk. Sleep deprivation is thought
to increase the risk of impulsive and aggressive behaviour
in adolescence, both of which are risk factors for suicide
[8]. Second, rather than simply being a symptom of psy-
chiatric disorder, sleep disturbance may also be a risk
factor for the development of mental illness, which in
turn is strongly associated with suicide risk and such a
bi-directional relationship between sleep disturbance and
psychiatric disorder has been suggested in several recent
studies [21, 23, 24]. In keeping with a possible causal effect
of disturbed sleep on mood, a recent study carried out
amongst school age adolescents found that those whose
parents set earlier bed times had lower levels of depression
[12]. Lastly, sleep disturbances affect a number of endo-
crine and metabolic pathways, including those involving
cortisol, leptin and ghrelin and it is possible that pertur-
bations in these pathways impact on suicide risk [9].

There is no clear explanation for the heightened risk of
suicide amongst those who sleep for >8 h. Hypersomnia is
a feature of depression in some people and this may con-
tribute to the observed patterns.

Implications

Further research is required before the implications for
these findings can be translated into clinical advice and

@ Springer

such research could usefully include follow-up studies with
more detailed measures of incident psychiatric illness, to
allow the relative impact of sleep on their incidence and
vice versa to be distinguished. Furthermore, studies are
required to better understand the mechanisms underlying
the associations of prolonged sleep with suicide. It is
uncertain from the present analysis whether pharmacolog-
ical treatment of sleep disorders reduces the risk of
depression and suicide although such an impact has been
suggested in previous studies [2]. Further research in this
area is required [19]. Recent work showing the beneficial
impact on mental health of parental regulation of adoles-
cents’ bed time may provide useful information for par-
enting classes and the prevalence of mental disorder in
childhood [12]. Lastly, it is possible that disturbed sleep
may help distinguish psychiatric patients at high from those
at low risk of suicide [16], although more research is
required to test this possibility.
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