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Abstract

Suicide is a major threat to adolescent health. Sleep problems increase the risk of adolescent suicidal behavior, but the role
of sleep-disordered breathing (e.g., sleep apnea) is unclear. We investigated whether sleep apnea had an effect on suicidal
ideation that was independent of depression and perceived stress. We examined a series of sleep variables with suicidal
ideation in 746 fifth and seventh graders using self-reported questionnaires to assess time in bed, sleep quality, insomnia,
and sleep apnea while controlling depression and perceived stress. Overall, 8.8% of students aged 10-14 years reported hav-
ing recent suicidal ideation, and 33% or 3.8%, depending on the screening criteria, reported having suspected sleep apnea.
The sleep variables were all associated with an increased risk of suicidal ideation, but the magnitude of effects was largely
attenuated when depression and perceived stress were included in the models. Suspected sleep apnea using daytime sleepi-
ness as a screening criterion was independently associated with suicidal ideation (odds ratio =2.25, p <0.05). Suspected
sleep apnea was associated with suicidal ideation that was partly independent of depression and stress, which reveals the
pertinence of screening for sleep apnea among school students and designing proper prevention strategies for reducing youth
suicidal behavior.
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European and South American countries [1, 26]. Suicide is
particularly a critical issue for adolescents and young adults,
because it is the second leading cause of death worldwide
after road traffic injuries in young people aged 15-29 years
[1]. Therefore, numerous studies have examined the risk and
protective factors for suicidal behaviors among youths.

Several sleep-related traits were associated with suicidal
behavior in adolescents, including sleep duration, insom-
nia, and sleep disturbances. A relatively short or long time
in bed has been associated with suicidality, although the
results have been inconsistent. In Asian adolescents, a short
time in bed was associated with suicidal ideation and plans
[15, 21, 42]. Moreover, a 1-h reduction in weekday sleep
increased the risk of hopelessness, suicide ideation, and sui-
cide attempts [38]. Conversely, a relatively long-sleep dura-
tion has been associated with suicidal ideation and suicide
attempts in adolescents in some studies [10, 15], but not
others [17].

Insomnia and sleep disturbances among adolescents have
also been examined, including specific insomnia symptoms
(e.g., difficulty falling asleep, staying asleep, and waking
early). In a prospective cohort study, having trouble falling
asleep or staying asleep showed direct and indirect effects
on suicidal behaviors [39]. In a study on those who died by
suicide using a psychological autopsy approach, Goldstein
and colleagues found that insomnia preceded suicide and
was a strong predictor for such risky behaviors in adoles-
cents, and the results held after accounting for severity of
depressive symptoms [12]. Parent-reported sleep disturbance
was associated with self-harming in adolescents [35], and
nonrestorative sleep was significantly associated with sui-
cidal ideation in adolescents [29]. Although different sleep
dimensions exhibit various effects on suicidality, few stud-
ies have examined the extreme effects of sleep disorders on
the risk of suicidal behavior. Because sleep disorders [e.g.,
obstructive sleep apnea (OSA)] have substantial effects on
sleep quality and sleep disturbances, we investigated the
influence of sleep disorders on the magnitude of suicidality
risk in Taiwanese youths.

OSA is the most common sleep disorder in children,
with a worldwide prevalence ranging from 1 to 4% [23].
In children, sleep apnea and oxygen desaturation during
sleep was associated with the development of depressive
symptoms, which are well-known predictors of suicidal
behavior [3]. However, whether sleep apnea directly affects
suicidal behavior in youths independent of depression or
indirectly affects it via depression has been less studied.
Clinical observations provide one line of evidence for the
link between sleep disorders and suicidality, because treat-
ing sleep apnea often improves depressive symptoms, and
potentially suicidality. In a meta-analysis incorporating 19
randomized controlled trials, continuous positive airway
pressure (CPAP) therapy reduced depressive symptoms
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and severity, although the heterogeneity among the trials
was high [Q statistic, p <0.001; P=171.3%, 95% confidence
interval (CI): 54-82%] [33]. In one clinical study, depressive
symptoms in 293 patients who were newly diagnosed as hav-
ing OSA improved markedly after receiving CPAP therapy
for 3 months. Conversely, a case report described the rapid
resolution of suicidal ideation in a man without a history of
psychiatric disorder after receiving OSA treatment, which
suggests that the effect of improving sleep apnea on suicide
is independent of depression [18]. Furthermore, findings
from a prospective study showed that patients with OSA
who complied with CPAP therapy had markedly reduced
depressive symptoms. In particular, 18.3% of the patients
had suicidal ideation before treatment, but none of them did
at a 3-month follow-up [8]. Despite the mechanism between
OSA treatment and reduced suicidality being unknown, it is
possible that sleep apnea has an effect on suicidal risk either
through or independent of depression.

Among nonreferred adolescents, screening for sleep
apnea is available through self-reported questionnaires,
which enables the collection of data from a relatively large
sample compared with using medical examinations. In the
current study, we used the modified Epworth’s Sleepiness
Scale (ESS). The ESS has been significantly correlated with
the apnea—hypopnea Index (AHI) in children, with a cut-off
point for screening OSA [4]. Few studies have examined
the influence of sleep apnea on suicidality in adolescents
and children. The present study utilized the ESS to screen
for OSA among school students, and examined the asso-
ciations between sleep duration, sleep quality, insomnia,
suspected OSA, and suicidal ideation in youths in Taiwan.
We also examined whether the effects of sleep variables on
suicidal ideation were independent of perceived stress and
depression.

Hypotheses

We hypothesized that sleep variables are independently
associated with suicidal ideation in children and adolescents,
namely, shorter or longer sleep duration, poor sleep quality,
insomnia, and sleep apnea.

Methods
Participants

This was a cross-sectional study, whereby the data were
collected from the baseline survey of a large prospective
project that investigated the influence of sleep problems
on children’s mental health in Taiwan. The baseline survey
was conducted from 2011 to 2014; more details regarding
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the study design and sampling can be found in Chiu et al.
[7]. Briefly, participants from Northern and Central Taiwan
were recruited in eight administrative areas using a strati-
fied cluster-sampling method. We recruited 3521 students
in elementary or junior high schools at baseline, and 2655
completed the questionnaires designated for each age-group
stratum. Only students in the fifth and seventh grades were
asked suicide-related questions, because students aged less
than 10 years may not have understood the concept of sui-
cidal ideation. Thus, we used a subset of the data in our
analysis, which comprised 746 students.

Measures

The present study used self-reported questionnaires and
school records to collect demographic and behavioral data.
We used suicidal ideation as the outcome variable. Students
were asked whether they had suicidal ideation in the previ-
ous week, and the item was dichotomized with a “Yes/No”
option.

For sleep-related measures, we used the Pittsburgh Sleep
Quality Index (PSQI) to measure overall subjective sleep
quality. The PSQI comprises seven subscales, which are
commonly used to screen insomnia with a defined total score
greater than 5. The Chinese version of the PSQI (CPSQI)
has a reliability coefficient of 0.82-0.83. A CPSQI greater
than 5 yields a sensitivity and specificity of 98% and 55%,
respectively, for primary insomnia [37]. This scale showed
acceptable reliability in our samples (Cronbach’s @ =0.64).

We used the 7-item modified Epworth Sleepiness Scale
(ESS-7) to assess daytime sleepiness and screen for pediatric
OSA, because the last item (about driving) in the Chinese
version of the ESS was deleted. A study that used the same
ESS-7 for a Mexican sample reported that this scale enables
an accurate assessment of daytime sleepiness in individuals
who do not regularly travel in automobiles [14]. Moreover,
the ESS score was significantly correlated with the AHI in
children [4]. In the current study, the Cronbach’s alpha of the
ESS was 0.79, revealing good internal consistency. The cut-
off value for screening OSA in the children using the ESS-7
was obtained using Cohen’s kappa statistic, with a score
greater than 6 indicating a positive response for suspected
pediatric OSA. In addition to excessive daytime sleepiness,
one of the core symptoms in the diagnosis of OSA is breath-
ing cessation during sleep. Therefore, to evaluate the robust-
ness of our findings, we combined data from one item in
the PSQI “During the past month, how often have you had
trouble sleeping because you cannot breathe comfortably?”
with the ESS for a narrower definition of suspected OSA and
reconducted the analysis. To determine the risk of suicidal
ideation, participants who had an ESS score greater than 6
and a positive response to this disordered breathing (once

a week or more) were compared with participants who had
a score less than 6 and a negative response to this question.

For depression- and stress-related measures, students
were asked to complete two questionnaires, the Perceived
Stress Scale (PSS) and the Center for Epidemiologic Studies
Depression Scale (CES-D). The PSS is a 10-item question-
naire with a 5-point rating scale designed to measure indi-
viduals’ perceived stress. Relatively high total scores rep-
resent high levels of perceived stress. The Chinese version
of the PSS showed good reliability (Cronbach’s =0.76) in
our samples. The CES-D is a 20-item questionnaire with a
4-point rating scale that measures students’ depression. It
is a useful screening tool for major depressive disorder in
nonreferred adolescents [41], and a study reported that the
Chinese version of the CES-D has favorable psychometric
properties in Taiwanese adolescents [5]. The Chinese ver-
sion also showed good reliability (Cronbach’s a=0.87) in
our samples. Respondents with a score of > 21 were con-
sidered to have depression, and this scale was utilized to
identify students with a depressive status.

Statistical analyses

Descriptive statistics were used to report demographic vari-
ables such as grade, age, sex, and school location among the
participants. Chi-square and Fisher’s exact tests were used
to determine whether demographic variables, time in bed,
insomnia (defined as a PSQI score > 5), and suspected pedi-
atric OSA (defined as an ESS score > 6) differed between
the students with and without suicidal ideation. Student’s
t test was used to determine whether the PSS and CES-D
scores differed in students with and without suicidal idea-
tion. Logistic regression models were used to evaluate the
effects of the sleep variables on suicidal ideation, namely, a
relatively short or long time in bed, insomnia, sleep quality,
and suspected OSA while controlling demographic vari-
ables, depression, and perceived stress.

Results

Table 1 shows the characteristics among our participants.
Two-thirds of the sample group were elementary students,
and the students’ age ranged from 10 to 14 years. There were
slightly more female than male students. The proportions of
participants who had suicidal ideation did not differ by sex
and school location (Taipei vs. Taichung areas).

The relationships between depression, perceived
stress, and suicidal ideation

Overall, 8.8% of the students reported having recent suicidal
ideation. Table 1 shows that the average CES-D score in
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Table 1 Sample descriptions

. . Variables Total No suicidal ideation Suicidal ideation p value
f(?r students \.Jv1.th or w1tl.10ut a N (%) N (%) N (%)
history of suicidal ideation

Grade 0.2837
5 496 (66.49) 443 (65.73) 47 (72.31)

7 250 (33.51) 231 (34.27) 18 (27.69)

Age 0.4025
10 5 (0.68) 5(0.76) 0 (0.00)

11 321 (43.91) 293 (44.26) 25 (40.32)
12 167 (22.85) 144 (21.75) 20 (32.26)
13 171 (23.39) 158 (23.87) 12 (19.35)
14 67 (9.17) 62 (9.37) 5 (8.06)

Gender 0.8997
Female 396 (53.23) 357 (53.13) 34 (52.31)

Male 348 (46.77) 315 (46.88) 31 (47.69)

Location 0.1739
Taipei 192 (25.74) 166 (24.63) 21 (32.31)

Taichung 554 (74.26) 508 (75.37) 44 (67.69)

Time in bed 0.0007%
<6h 18 (2.49) 11 (1.67) 7(11.11)
7~9h 664 (91.71) 608 (92.26) 54 (85.71)
>10h 42 (5.80) 40 (6.07) 2 (3.17)

PSQI score <0.0001
<5 545 (77.86) 513 (80.53) 30 (49.18)
>5 155 (22.14) 124 (19.47) 31 (50.82)

ESS score <0.0001
<6 482 (66.94) 456 (69.30) 25 (40.98)
>6 238 (33.06) 202 (30.70) 36 (59.02)

ESS + symptom”

ESS > 6 plus symptom 26 (3.81) 18 (2.88) 8 (13.79) 0.0008
Others 657 (96.19) 606 (97.12) 50 (86.21)

CES-D score® 712 644 (10.93+7.43) 61 (23.89+10.13) <0.0001
<21 609 580 (90.06) 22 (36.07) <0.0001
>21 103 64 (9.94) 39 (63.93)

PSS score® 722 655 (14.89+6.09) 65 (22.35+5.92) <0.0001

#Using Fisher Exact Test

b“Symptom” is defined as a positive response (once a week or more) to the question of disordered breath-
ing “During the past month, how often have you had trouble sleeping because you cannot breathe comfort-

ably?” in PSQI
“Mean and standard deviation

the suicidal ideation group was two to three times that in
the nonsuicidal ideation group (23.89 vs. 10.93). Moreover,
the students in the suicidal ideation group had higher per-
ceived stress (p <0.0001). The results of a univariate logistic
regression are displayed in Table 2. Students with a depres-
sive status and with relatively high PSS scores had a signifi-
cantly higher risk of perceiving suicidal ideation (p <0.001).

Sleep problems and suicidal ideation

Overall, 33.1% of the students had suspected pediatric OSA
(Table 1) and were significantly more likely to report recent
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suicidal ideation than those who did not have suspected
pediatric OSA (p <0.0001). The results in Table 2 reveal
that the students with suspected pediatric OSA had an odds
ratio (OR) of 3.25 (95% CI=1.90-5.56, p <0.001) for sui-
cidal ideation, and this association remained significant
(OR=2.25,95% CI=1.23-4.25, p=0.015) after control-
ling for depression and perceived stress (Table 3). When
adding the criterion of a positive response to the question
related to disordered breathing together with excessive day-
time sleepiness, the prevalence of suspected pediatric OSA
decreased to 3.8% (Table 1). When students with suspected
OSA were analyzed according to this additional criterion,
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Table 2 Univariate logistic regression for suicidal ideation

Variables Odds ratio 95% CI
Grade (7 vs. 5) 0.74 0.42-1.29
Age 0.99 0.77-1.27
Gender 1.03 0.62-1.72
Location 1.46 0.84-2.53
PSQI score (>5 vs.<5) 4.28 2.49-7.33*
Time in bed

<6hvs.7~9h 7.17 2.67-19.24*

>10hvs.7~9h 0.56 0.13-2.39
ESS score (>6 vs.<6) 3.25 1.90-5.56*
ESS score > 6 plus symptom® 7.38 2.92-18.62%
CES-D score (>21 vs.<21) 16.07 8.97-28.78*
PSS score 1.22 1.17-1.29*
*p<0.001

2“Symptom” is defined as a positive response (once a week or more)
to the question of disordered breathing “During the past month, how
often have you had trouble sleeping because you cannot breathe com-
fortably?” in PSQI. Comparison was made between students who had
ESS score > 6 plus symptom vs. ESS score <6 without symptom

the risk of suicidal ideation increased (OR=7.38, 95%
CI=2.92-18.62, p<0.001), but this association became
nonsignificant (OR=2.87, 95% CI=0.87-9.46, p=0.084)
after controlling for depression and perceived stress
(Tables 2, 3), possibly due to the insufficient sample size of
students with suspected OSA (n=26).

Suspected insomnia demonstrated a 4.28-fold risk for
suicidal ideation (95% CI1=2.49-7.33, p<0.001), as shown
in Table 2. However, after adjusting for depression and per-
ceived stress, the association became nonsignificant (95%
CI=0.87-3.54, p=0.114 in Table 3). Similarly, the asso-
ciation between poorer sleep quality (measured using the
PSQI score) and suicidal ideation became nonsignificant

after controlling for depression and perceived stress (95%
CI=0.93-1.18, p=0.484 in Table 3). Table 2 shows that
the students who slept fewer than 6 h per night had signifi-
cantly more suicidal ideation than students who slept 7-9 h
at night (OR=7.17,95% CI=2.67-19.24, p <0.001). How-
ever, the association became nonsignificant (OR=3.48, 95%
CI=0.90-13.50, p=0.071) after adjusting for depression
and perceived stress (Table 3).

Discussion

This study examined the associations between sleep prob-
lems and suicidality in a nonreferred sample of fifth and
seventh graders in Taiwan. In particular, we contributed to
the current knowledge on the influence of sleep disorders
on the risk of suicidality in early adolescents. We found that
suspected OSA increased the risk of suicidal ideation, partly
independent of depression and perceived stress. Among the
students (aged 10-14 years), 8.8% reported recent suicidal
ideation, which is similar to that reported in related studies
(range 5.1-7.1% in adolescents) [11, 40]. A high prevalence
of suicidal behaviors and common problems associated with
sleep disturbances in youths pose serious problems to mental
health [28], which reveals the need for effective intervention
and prevention strategies. According to Klonsky’s three-step
theory of suicide, suicidal ideation serves as the main factor
for subsequent suicide attempts. Suicidal ideation can lead
to an individual attempting or completing suicide once the
suicidal ideation is sufficiently severe. [16]. A large cross-
national study of approximately 85,000 participants in 17
countries found that 30% of those with suicidal ideation
attempted suicide [27]. Our study highlights the importance
of identifying modifiable risk factors for suicidal ideation,
especially in the general population.

Table 3 Effects of sleep apnea,

insomnia, time in bed, and sleep

quality on suicidal ideation

Suicidal ideation

Unadjusted OR (95% CI) p value

Adjusted OR? (95% CI) p value

Sleep apnea (ESS only)b 3.25(1.90-5.56) <0.0001 2.25(1.17-4.32) 0.015
Sleep apnea® (ESS +symptom)  7.38 (2.92-18.62) <0.0001 2.87 (0.87-9.46) 0.084
Insomnia® 4.28 (2.49-7.33) <0.0001 1.76 (0.87-3.54) 0.114
Time in bed
<6h° 7.17 (2.67-19.24) <0.0001 3.48 (0.90-13.5) 0.071
>10h 0.56 (0.13-2.39) 0437  0.46 (0.09-2.35) 0.351
Sleep quality’ 1.26 (1.16-1.37) <0.0001 1.04 (0.93-1.18) 0.484

#Adjusted for age, gender, location, depression, and perceived pressure
"Measured by ESS score (>6 vs.<6)

“Measured by ESS score (> 6) plus symptom vs. ESS score (<6) without symptom

dMeasured by PSQI score (>5 vs.<5)
®Compared with students who slept 7~9 h at night
fMeasured by PSQI score (as a continuous variable)
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OSA and suicide risk

Depression is among the most studied risk factors for sui-
cide. Some sleep-related factors may have an effect on
depression and increase the risk of suicidal behaviors,
whereas other sleep factors may have an effect on suicidal
risk independent of depression. One of the main objectives
of the current study was to examine the contribution of sus-
pected OSA to suicide while considering depression. The
results showed that suspected sleep apnea increased the risk
of suicidal ideation among the participants (OR =2.25) inde-
pendent of depression and perceived stress. A recent study
that utilized national survey data in the United States found
that OSA was associated with an increased risk of suicidal
ideation in adults (OR=1.50, 95% CI=1.18-1.92) after
controlling for depressive episodes, substance use disorder,
and other key factors [2]. The adjusted effects of suspected
OSA on suicidality were evident (OR =2.25) in the present
study, even in the relatively young participants.

In terms of screening strategies, although high ESS scores
have been associated with high AHI among children [4], the
prevalence of suspected OSA using self-reported screening
scales is often considerably higher than that from being clin-
ically diagnosed. The prevalence of suspected OSA was also
high in the present study (33.1%) with only daytime exces-
sive sleepiness criterion. However, using narrowly defined
criteria after adding a positive response to the question
related to disordered breathing in the PSQI, the prevalence
decreased to 3.8% for suspected OSA, which was similar to
the estimated prevalence for pediatric OSA. The association
between suspected OSA and suicidal ideation after adding
this item was significant (OR =7.38), although it became
nonsignificant after adjusting for depression and perceived
stress (OR=2.87, p=0.08). This might have been caused
by the considerably smaller sample size of suspected OSA
after using these criteria (n=26), because the magnitude of
the increased risk remained similar when compared with the
results obtained from not adding this item.

The mechanisms for the association between OSA and
suicidal ideation might have different pathways: one might
be linked with depression and one might be independent of
depression. OSA has been associated with an increased risk
of depression. A retrospective study that utilized the data
of 4 million veterans in the Veterans Health Administra-
tion databases reported that the prevalence of depression
was higher in patients with OSA than in patients without
OSA (21.8% vs. 9.4%, p<0.0001) [34]. A review article
that incorporated eight studies from 2000 to 2011 examined
the association between OSA and depression and found a
higher risk of depression in patients with OSA compared
with the general population [9]. Moreover, a study on chil-
dren found that sleep-related breathing disorders (including
OSA) were associated with depressive symptoms [3]. Our
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results revealed that the association between suspected OSA
and suicidality was substantially attenuated when depression
and perceived stress were included in the models, revealing
that at least part of the influence relates to depression and
stress responses.

Conversely, suspected OSA screened using the ESS
independently increased the risk of suicidal ideation, which
suggests a pathway that is not related to depression. We
propose several mechanisms to explain this. First, repeated
arousal during sleep, which is a typical symptom of OSA,
may exacerbate suicidality through the effects of chronic
sleep fragmentation [19]. Second, sleep-disordered breath-
ing may cause attention problems and poorer communica-
tion and adaptive skills in children [30], which might reduce
their resilience and increase the risk of suicide when chal-
lenges or difficulties are encountered. Third, OSA is linked
to several physical comorbidities, such as cardiovascular
diseases, metabolic syndrome, and structural brain changes.
For example, a study found that white matter was exten-
sively affected in patients with OSA, including axons link-
ing structures within the limbic system [24]. Moreover, it is
plausible that frequent suicidal ideation may hinder sleep
quality or cause more severe sleep problems. Future neuro-
imaging studies adopting a prospective design are warranted
to collect information on emotional regulation and suicidal
phenotypes in patients with OSA, which would enable a
better understanding of the mechanistic link between sleep
problems and suicide.

Because sleep apnea may increase the risk of suicide even
in young children, more attention should be given to the
early diagnosis and treatment of sleep disorders as a suicide
prevention strategy. Identifying individuals with potential
pediatric OSA and providing timely and proper treatment
(such as surgery or CPAP therapy) might be a promising
strategy for suicide prevention. Some studies have shown
that treating OSA reduced suicidal ideation in adults [8, 18].
Thus, screening for OSA and arranging referrals for further
assessment and treatment might be beneficial as part of a
suicide prevention campaign, especially given that pediat-
ric OSA is not uncommon worldwide [23]. Without proper
treatment, the problem can persist until adulthood. A recent
review reported that the prevalence of OSA in adults was
28% [20].

Insomnia, sleep quality, and suicide

The results of the present study revealed that the adolescents
with insomnia were more likely to have suicidal ideation
than those without insomnia (p <0.001). Moreover, poor
sleep quality was associated with suicidal ideation (p <
0.0001). Studies have identified insomnia as a modifiable
risk factor for suicide [31, 40]. A meta-analysis reported
that the association between insomnia and suicide was
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significant and independent of psychiatric disorders in both
adults and children [32]. Poor sleep quality was also found
to have an independent effect on nonsuicidal self-injury [22].
The possible physiological mechanisms underlying such a
link include serotonergic dysfunction and hyperarousal [25].
However, neither the effects of insomnia nor poor sleep
quality remained significant after adjusting for depression
and perceived stress in our student samples. It is likely that
insomnia and poor sleep quality are highly correlated with
depression and perceived stress among children and adoles-
cents and that the effect of insomnia or poor sleep quality on
suicide could be masked or mediated through these factors.
Another possible reason is that our sample size was not suf-
ficient to detect the independent but moderate effect size of
insomnia or sleep quality on suicide.

Time in bed and suicide

Short sleep duration has been considered an independent
risk factor of suicide in adolescents [21, 42]. A recent meta-
analysis reported strong curvilinear dose-response asso-
ciations between sleep duration and suicidal ideation, with
the lowest suicidal ideation at a daily sleep duration of 8 h.
Moreover, in another study, depression did not moderate the
association between sleep duration and suicidality in youths
[6]. In the present study, we found that a short time in bed
(<6 h) increased the risk of suicidal ideation (OR=7.17,
p <0.001), but this association weakened after we made
adjustments for depression and perceived stress (adjusted
OR =3.48, p=0.07). An explanation for our results with
borderline significance is that a low number of the student
slept fewer than 6 h daily (n =18, 2.49% of all participants),
which might have considerably reduced the power to detect
an independent association.

Sleep and suicide prevention

Suicide prevention is critical and actionable by identifying
modifiable risk factors, especially in children and adoles-
cents. Sleep-related behaviors and parameters are recognized
as modifiable factors for suicide, including insomnia, sleep
duration, and potential sleep disorders, which were investi-
gated in the present study. Treatment of sleep disturbances
has recently emerged as a practical tool for promoting men-
tal health. A recent interventional study showed that cog-
nitive behavioral therapy for insomnia effectively reduced
suicidal ideation in veterans, even after accounting for the
concurrent improvement of depressive symptoms [36].
Several ongoing clinical trials are examining the efficacy
of behavioral treatment or medication in reducing suicidal
ideation in adults [13]. Although such systematic research
is lacking in children and adolescents, evidence provided in
adult populations might make sleep disturbances a pertinent

target for suicide prevention in younger age groups. In par-
ticular, evidence supports the effectiveness of sleep-oriented
interventions and treatment for reducing suicidal risk. Thus,
we suggest that sleep apnea is screened in addition to other
sleep problems, in the hope of providing timely treatment
for pediatric OSA to prevent youth suicide.

Strengths and limitations

The present study revealed the effects of potential sleep
apnea on the risk of suicidal ideation in children and ado-
lescents, which were partly independent of depression and
perceived stress. In addition to common sleep problems,
screening for sleep apnea among school students is applica-
ble and should be considered in future prevention strategies
for suicidal behavior among youths.

This study has several limitations. First, our participants
are not a nationally representative sample, because we only
included students in Northern and Central Taiwan. There-
fore, the results cannot be generalized for other geographic
areas. Second, the sample size was only moderate, which
makes it difficult to perform further subgroup analyses. For
example, only 18 students spent fewer than 6 h in bed daily,
which limits the statistical power to evaluate the effects of
sleep hours on suicidal ideation in subgroups. Third, all
measures were based on self-reported data rather than objec-
tive data, such as polysomnography, which hinders clinical
diagnoses for sleep apnea. Recall bias has been a long-stand-
ing issue in studies based on subjective measures, which
is also a potential limitation of the present study. Fourth,
suicidal behavior was measured only once using a single
item rather than a comprehensive longitudinal assessment.
Finally, our study had a cross-sectional study design. The
causal relationship between sleep problems and suicide can-
not be established without a follow-up study.
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