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Table 2

Sleep disturbance prevalence among suicide cases and controls, and estimated associations (odds ratios) with suicide: the nation-wide case-control psychological autopsy study

in Japan, 2007-2009.

Sleep disturbances Suicide cases (N=49) Controls (N=145) Crude

Multivariate Multivariate™

n (%) n (%) Odds ratio (95%CI) p Odds ratio (95%CI) p Odds ratio (95%Cl) p
Experienced disturbance 37 (75.5) 16 (11.0) 21.6 (7.6-61.5) <0.001 9.7 (3.2-29.5) <0.001 12.7 (4.0-40.3) <0.001
Types
Difficulty falling asleep 18 (36.7) 2(1.4) 51.7 (6.9-390.1) <0.001 16.3 (2.0-136.3) 0.010  31.6 (2.9-342.5) 0.005
Interrupted sleep 15 (30.6) 3(2.1) 14.7 (4.2-51.3) <0.001 7.6 (1.7-34.8) 0.009 11.4(2.3-57.0) 0.003
Early-morning awakening 14 (28.6) 4(2.8) 10.7 (3.5-33.0) <0.001 3.5(0.8-14.6) 0.093 6.0 (1.4-26.5) 0.017
Lack of deep sleep 20 (40.8) 5(3.4) 19.5 (5.7-66.5) <0.001 9.9 (2.3-42.8) 0.002  14.0(3.1-63.2) 0.001
Day-night reversal 3(6.1) 2(14) 4.4 (0.7-27.6) 0.113 5.1 (0.5-51.6) 0.168 7.4 (0.6-82.4) 0.102
Others 9(184) 5(3.4) 5.0(1.5-16.7) 0.009 14.0 (1.2-160.9) 0034 7.5(1.3-44.2) 0.026
Frequency (per week)
None 12 (24.5) 129 (89.0) 1.00 REF 1.00 REF 1.00 REF
1-2 days 2 (4.1) 5(34) 2.6 (0.4-16.5) 0.31 1.6 (0.2-13.4) 0.66 1.6 (0.2-13.7) 0.66
3-6 days 4(8.2) 2(14) 20.9 (2.3-187.3) 0.007 7.7 (0.5-130.2) 0.16 6.0 (0.2-235.0) 0.34
Everyday 25 (51.0) 7 (4.8) 47.1 (9.5-232.8) <0.001 15.2 (2.9-79.0) 0.001  20.2 (3.8-105.9) <0.001
Unknown 6(12.2) 2(1.4) - - -
Continuity
1 year or longer” 17 (34.7) 9(6.2) 11.8 (3.9-35.6) <0.001 3.0 (0.8-11.5) 0.114 0.041

40 (1.1-14.58)

Conditional logistic regression analysis; CI: confidence interval; REF: a reference group.

“ Adjusted for depressive disorders.
" Adjusted for any mental disorders.
~ “Unknown” cases were not included in analyses.
* Prior to suicide for suicide cases and prior to interview survey for controls.

Table 3

Usefulness of sleep disturbance assessment as the marker of suicide: prior and posterior probabilities of suicide in simulated cases of screening programs in three different target

populations.

Target population Prior probability of suicide

Posterior probability of suicide when sleep
before the screening (% per year) disturbances are present (% per year)

Posterior probability of suicide when sleep
. disturbances are absent (% per year)

People at the greatest risk of suicide 10 433
(e.g., severely depressed patients)

People at high risk of suicide (e.g., 1 6.5
divorced, unemployed)

General population” 0.025 0.2

3.0

03

0.01

“ Based on an average annual suicide rate in Japan, 1998~2012.

risk and high risk of suicide, respectively, while it was only 0.2% for
the general population.

4. Discussion

The analysis of data from the Japanese case-control psycholog-
ical autopsy study confirmed that there is a significant association
between sleep disturbances and suicide in the Japanese popula-
tion. Suicide risk in people with sleep disturbances was estimated
to be 21.6 times higher compared to those without sleep distur-
bances, and remained high even after adjustment for depressive
or any mental disorders (9.7 times higher when adjusted for
depressive disorders; 12.7 times higher for any mental disorders).
The observed odds ratio of this study was higher than those re-
ported in previous psychological autopsy studies showing that
adolescent suicide completers had a sleep difficulty rate 7.0 times
higher, when adjusted for affective disorders, compared to living
controls {34}, and that suicide risk was 2.4 times higher in de-
pressed community residents with sleep disturbances than in de-
pressed controls {21]. In the present study, the odds ratios for
suicide associated with sleep disturbances adjusted for major
depression or any mental disorder had large 95% Cls. Thus, caution
is required in drawing any conclusions based on these odds ratios.

The PARP estimated in this study indicated that 56.4% of sui-
cides could be explained by sleep disturbances and 35.3% by men-
tal disorders. This is likely due to the fact that the relative risks of
suicide among people with sleep disturbances and those with any
mental disorder was very similar (21.6 versus 21.1), while the

prevalence of sleep disturbances in the general population
(controls) was higher (11.0%) compared to those with mental dis-
orders (4.8%). These findings suggest that treatment of sleep dis-
turbances, which had almost the same relative risk as mental
disorders and a higher PARP, is more beneficial to suicide preven-
tion and necessitates more strategies that effectively target the
prevention or treatment of sleep disturbances.

We examined the usefulness of sleep disturbance assessment as
a marker of suicide in three simulated scenarios with different
prior probabilities of suicide. An estimated posterior probability
of suicide was 43.3% per year among screening positives who
had sleep disturbances, when the screening was applied to people
at 10% risk of suicide per year or equivalent, such as severely de-
pressed patients. On the other hand, the estimated posterior prob-
ability was 6.5% per year when the screening of suicide based on
sleep disturbances was applied to people at 1% risk of suicide per
year, such as those recently divorced or those with long-term
unemployment. Thus, assessing sleep disturbances as a suicide risk
index would be effective in both clinical scenarios, and may help
identify a target population for intensive continuous care,
especially among people already at high risk. Moreover, sleep dis-
turbance assessment can be used as a suicide marker for vulnera-
ble individuals who are in medical/psychological/social services.
However, given that the estimated posterior probability of suicide
was only 0.2% per year in the general population, suicide risk
assessment based on sleep disturbances may not be effective in
general screening. Yet, this does not eliminate the possibility that
screening of depressive disorders based on sleep disturbances
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can be used effectively {44}, since the prevalence of depressive dis-
orders is much greater than suicide mortality.

5. Limitations

There were several limitations to the present study. First, the
sample size was relatively small, and differences among subgroups
such as gender and age could not be explored. Second, the non-ran-
domized sampling of suicide cases was possibly biased. Cases were
selected using relatives who sought help from prefectural Mental
Health and Welfare Centers or participated in survivor support
programs. Suicide completers who had lived alone were thus not
included. In addition, the response rate for controls was relatively
low (20%). Third, information bias could be a critical issue; infor-
mants of the suicide group may have exaggerated the degree or
causal relation of sleep disturbances in deceased individuals, and
interviewers may have been inclined to record information they
associated with suicide. At the same time, only sleep disturbances
clearly recalled by family members were included in the data anal-
ysis. More sleep disturbances might have occurred among the de-
ceased individuals. It should be also noted that the quality of the
assessment of some of these sleep problem items may be limited.
For instance, a family member would be unaware of a respondent’s
lack of deep sleep if his/her self-report or a family member’s obser-
vation of his/her behaviors during sleep was not available. Fourth,
some cases had a period of a few years from incidence of suicide to
administration of the survey; informants in these cases may have
forgotten that sleep disturbances had occurred in deceased indi-
viduals over time. Moreover, we did not use a standardized tool
to evaluate the sleep disturbances of suicide cases and controls,
so the information obtained through informants may not have
been accurate. Finally, given that prevalence rates of psychopathol-
ogy and average sleep durations differ by country (i.e., shorter
sleep time in Japan [38] and lower prevalence of mental disorders
in Asian countries [39}), generalization of the study results requires
caution.

Future studies need to explore associations between sleep dis-
turbances and suicide among different sub-groups (e.g., sex, age),
use a standardized measurement for sleep disturbances, and add
other variables to identify additional sleep-related factors associ-
ated with suicide (e.g., wake time, nightmares). We would also rec-
ommend that future studies explore cultural differences in the
association between sleep disturbances and suicide, and to exam-
ine the effectiveness of treatment for sleep disturbances to reduce
suicide relevant risks (e.g., suicidal ideation).

In conclusion, sleep disturbances were significantly associated
with suicide, even after adjustment for depressive or any mental
disorders. Our findings indicate that identifying sleep disturbances
would be more efficient in suicide prevention than focusing on
mental illnesses, and screening for sleep disturbances has high
usability potential in preventing suicide among high-risk individu-
als in Japan.
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Appendix I

The following is the list of questions regarding sleep
disturbances.

o Had she/he had any sleep disturbances during the last
month? -Yes/No/Unknown.
(If ‘yes,” please proceed to the following questions.)

e What kind of sleep disturbances had shefhe suffered from?
(multiple answers allowed)
- Difficulty falling asleep at night; taking many hours to

fall asleep

- Sleep interrupted very often during the night
- Waking up too early in the morning
- Unrestful sleep (lack of deep sleep)
- Day-night reversal
- Other

e On average, how many days per week had she/he had such
sleep disturbances during the last month? - None/1-
2 days/ 3-4 days/5-6 days/Every day/Unknown

o Had she/he been suffering from such sleep disturbances for
more than a year prior to death?—Yes/No/Unknown

Appendix II

We calculated posterior probabilities of suicide among screen-
ing positives with sleep disturbances by suicide risk (i.e., people
at the greatest risk of suicide, people at high risk of suicide, and
general population having 10% (0.1), 1% (0.01), and 0.025%
(0.00025) risk per year) as follows:

Prior probability

Prior odds = T Prior probability

Likelihood ratio(LR) = 1—_5_%5-(%%’@

Sensitivity = Proportion of sleep disturbances in the suicide case group

_ the number of suicide cases with sleep disturbances
B the number of suicide cases in total

1-Specificity = Proportion of sleep disturbances in the control group

_ the number of controls with sleep disturbances
- the number of controls in total
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