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Abstract: Background/Objectives: Given the existence of higher suicidality in apneic individuals, this
study aimed to determine the potential role played by subtypes of the comorbid insomnia disorder
(CID) in the occurrence of suicidal ideation for this specific subpopulation. Methods: To perform
our analyses, 1488 apneic individuals were retrospectively extracted from the Sleep Laboratory
hospitalization register. Only apneic individuals with suicidal ideation highlighted during the
psychiatric interview and/or with a score ≥1 on item G of the Beck Depression Inventory confirmed
during the clinical interview were included in the group with suicidal ideation. The likelihood of
suicidal ideation associated with CID subtypes was investigated using logistic regression analyses.
Results: The prevalence of suicidal ideation was 9.3% in our sample of apneic individuals. After
hierarchically introducing the significant confounders for adjustment, multivariate logistic regression
analyses demonstrated that unlike short sleep duration alone and CID without short sleep duration,
the likelihood of suicidal ideation was only higher for CID with short sleep duration in apneic
individuals. Conclusions: Thus, we highlighted in this study that CID with short sleep duration
could play a major role in higher suicidality for apneic individuals, which seems to require systematic
screening and appropriate treatment of this comorbid sleep disorder to enable better management of
suicidal risk in this specific subpopulation.
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1. Introduction

Suicide is a significant challenge to public health policies in many countries. Indeed,
around 800,000 suicides occur annually across the world and suicide mortality is one
of the leading causes of death in young adults with an age <30 years [1]. Moreover, in
the majority of these individuals committing suicide, the occurrence of suicidal acting is
generally preceded by different steps, the first of which is the development of suicidal
ideation (SI) [2]. However, the annual and lifetime prevalence of these SIs is, respectively,
2.0% and 9.2% in the general population, which indicates that the occurrence of this first
step of the suicidal plan is not a problem to be neglected [3,4]. In addition, some specific
features of these SIs (degree of chronicity and planning) may have a major impact on the
evolution of the suicidal plan with higher risk of suicidal acting [5,6]. However, given
the data available in the literature, one of the subpopulations at high risk of SI could be
apneic individuals since the prevalence of SI is higher in this particular subpopulation
(9.7–20.1%) than the general population [7,8]. In addition, it has been demonstrated that the
SI severity was correlated with the severity of obstructive sleep apnea syndrome (OSAS) [9].
Thus, following these different elements, the realization of additional studies is essential to
better identify the potential cofactors involved in this particular relationship between SI
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and OSAS in order to enable a better understanding of higher suicidality in this specific
subgroup of patients.

Based on available studies, insomnia disorder appears to be associated with higher risk
of SI both for the general population and for some subpopulations [10,11]. Furthermore,
the prevalence of SI seems to be higher (25–32%) among insomniac individuals than in the
general population [12]. Additionally, the SI severity has been shown to increase with the
severity of insomnia symptoms [13]. However, although insomnia disorder is a frequent
comorbidity in apneic individuals [14,15], a limited number of studies have investigated the
role played by this comorbid sleep disorder in the occurrence of SI for this specific subgroup
of patients [16]. In addition, in these few available studies [16], insomnia complaints and
SI were only assessed in apneic individuals by self-questionnaires without confirmation
during clinical interviews with healthcare professionals, which may significantly limit
the interpretation of their results. Furthermore, despite evidence supporting a different
impact of insomnia subtypes (categorized according to sleep duration) on suicidality [17],
no study has investigated the potential role played by short sleep duration (SSD) associated
with insomnia disorder in the risk of SI in apneic individuals. Indeed, despite a non-
negligible prevalence of SSD associated with insomnia disorder in apneic individuals [14],
available studies have only focused on other subpopulations [17], which may prevent
the generalization of their results to the specific subpopulation of apneic individuals. In
this context, after taking into account the limitations of these previous studies (absence of
clinical interviews for diagnosis of insomnia disorder and assessment of SI), there seems to
be a major interest in investigating the likelihood of SI associated with insomnia subtypes
based on sleep duration in apneic individuals to allow better management of suicidal risk
for this specific subgroup of patients.

This study aimed to demonstrate that after adjustment for classic risk factors associated
with suicidality, there is a different impact of insomnia subtypes categorized according to
sleep duration on the likelihood of SI in apneic individuals. In addition, alongside this
main objective, this study had the additional objective of investigating the prevalence of SI
in apneic individuals. Our hypothesis was that unlike comorbid insomnia disorder (CID)
without SSD, only CID with SSD promotes a more frequent occurrence of SI for apneic
individuals. Furthermore, in order to allow the best possible scientific rigor in the testing
of this hypothesis, the limitations of other previous studies available in the literature were
taken into account thanks to the presence of clinical interviews for the diagnosis of CID
and the assessment of SI in apneic individuals included for this study. The goal of this
study was therefore to provide reliable data to health professionals on the likelihood of SI
associated with insomnia subtypes based on sleep duration in apneic individuals to enable
the development of new suicide risk prevention strategies for this specific subgroup of
patients.

2. Materials and Methods
2.1. Selection of Apneic Individuals

From the register of hospitalizations for polysomnography at the Sleep Laboratory of
the Brussels University Hospital between 1 January 2002 and 31 December 2020, 1488 apneic
individuals were retrospectively selected for this study. The inclusion criteria applied were
the presence of OSAS according to the diagnostic criteria of the American Academy of
Sleep Medicine (obstructive apnea–hypopnea index [OAHI] ≥ 5/h) [18], absence of severe
psychiatric disorders (including active suicidal ideations with high risk of suicidal acting),
absence of substance use disorders, and absence of pregnancy, whereas the exclusion criteria
applied were the presence of acute and/or uncontrolled medical pathologies, presence
of some sleep disorders (parasomnia, narcolepsy, primary hypersomnia, predominantly
central sleep apnea syndrome), presence of OSAS treatment already initiated, presence of
malformations of the thoracic cage or the orofacial sphere, and presence of acquired or
congenital brain lesions. For this study, given the existence of data already validated in
the literature in favor of higher suicidality associated with OSAS [7,19–25], we decided
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to focus our recruitment only on apneic individuals since our aim was to investigate the
potential involvement of insomnia subtypes categorized according to sleep duration in
higher suicidality for this specific subgroup of patients. Indeed, after being based on other
studies using this similar approach [8,16], this choice of recruitment focused solely on
apneic individuals for the design of our study aimed to determine whether some insomnia
subtypes categorized according to sleep duration were specific risk factors for higher
suicidality within this particular subpopulation. Finally, the description of the outpatient
care pathway for these apneic individuals before their admission to the Sleep Laboratory of
the Brussels University Hospital is available in the Supplementary Data—Annex S1.

2.2. Method

The organizational diagram of this study is available in Figure 1.
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Figure 1. Organizational diagram of study. OSAS = obstructive sleep apnea syndrome, ESS = Epworth
Sleepiness Scale, BDI = Beck Depression Inventory, ISI = Insomnia Severity Index, CID = comorbid
insomnia disorder.

2.2.1. Medical and Psychiatric Assessment of Apneic Individuals

During their stay in the specialized unit for polysomnographic recordings, all these
apneic individuals underwent a complete clinical evaluation subdivided into three parts:
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(1) A systematic diagnosis of their potential somatic comorbidities by a physician assigned
to the Sleep Laboratory thanks to a medical check-up including a review of the medical
record, a structured medical interview, a physical examination, and additional tests (urine
analyses, blood test, electrocardiogram, and daytime electroencephalogram).

(2) A comprehensive diagnosis of their possible psychiatric comorbidities (including
assessment of suicidality [thoughts of death, passive or active SI, history of suicide
attempts, non-suicidal self-injury, and suicide equivalents]) by a physician specialized
in psychiatry attached to the Sleep Laboratory using a standardized psychiatric
interview structured according to diagnostic criteria of the DSM-IV-TR (before 2013)
and DSM 5 (after 2013) [26,27].

(3) A systematic assessment of the severity of their self-reported symptoms of insomnia,
depression, and daytime sleepiness using self-questionnaires (Insomnia Severity
Index, 13-item Beck Depression Inventory, and Epworth Sleepiness Scale) described
in the Supplementary Data—Annex S2 [28–30].

Based on this complete clinical assessment, SIs were considered to be present in
apneic individuals recruited for this study when they had been identified during the semi-
structured psychiatric interview and/or when the score on item G of the Beck Depression
Inventory (reduced to 13 items) was ≥1 with confirmation by the clinical interview [31–33].

2.2.2. Sleep Assessment of Apneic Individuals

After this clinical evaluation, all these apneic individuals benefited from a complete
sleep assessment subdivided into two parts:

(1) A systematic screening of their potential symptoms suggestive of the main sleep
disorders by a physician specialized in sleep medicine thanks to a specific sleep
interview investigating sleep habits and complaints related to sleep.

(2) A polysomnographic recording with a montage meeting international recommenda-
tions (Supplementary Data—Annex S3) that was carried out under the usual stay
conditions of the Sleep Laboratory of the Brussels University Hospital (Supplementary
Data—Annex S4) and was scored visually by specialized technicians according to the
scoring criteria of the American Academy of Sleep Medicine under the supervision of
certified somnologists (Supplementary Data—Annex S5) [34–37].

Based on this complete sleep assessment, a confirmation of the OSAS diagnosis, a
determination of OSAS severity (mild [OAHI 5–14/h], moderate [OAHI 15–29/h], and
severe [OAHI ≥ 30/h]), and a systematic screening for potential comorbid sleep disorders
according to the diagnostic criteria validated in the literature (insomnia disorder, SSD,
restless legs syndrome, and moderate to severe periodic limb movement disorder [peri-
odic limb movement index ≥ 15/h]) were performed by a physician specialized in sleep
medicine in all apneic individuals recruited for this study [38–42].

Finally, a physician specialized in sleep medicine has carried out a classification of
insomnia subtypes based on sleep duration in all apneic individuals selected for this study
using the following criteria [41,42]:

(1) SSD alone was defined as sleep duration <6 h in the absence of CID;
(2) CID without SSD was defined as the presence of an insomnia disorder according

to the diagnostic criteria of the American Academy of Sleep Medicine Work Group
(Table 1) comorbid with OSAS characterized by sleep duration ≥6 h;

(3) CID with SSD was defined as the presence of an insomnia disorder according to the
diagnostic criteria of the American Academy of Sleep Medicine Work Group (Table 1)
comorbid with OSAS characterized by sleep duration <6 h.
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Table 1. Research Diagnostic Criteria for insomnia disorder [41].

Criteria

A

The individual reports one or more of the following
sleep-related complaints:
1. difficulty initiating sleep
2. difficulty maintaining sleep
3. waking up too early
4. sleep that is chronically nonrestorative or poor in quality

B The above sleep difficulty occurs despite adequate opportunity
and circumstances for sleep

C

At least one of the following forms of daytime impairment related
to the nighttime sleep difficulty is reported by the individual:
1. fatigue/malaise
2. attention, concentration, or memory impairment
3. social/vocational dysfunction or poor school performance
4. mood disturbance/irritability
5. daytime sleepiness
6. motivation/energy/initiative reduction
7. proneness for errors/accidents at work or while driving
8. tension headaches and/or gastrointestinal symptoms in
response to sleep loss
9. concerns or worries about sleep

Minimum duration of
insomnia complaints At least one month

2.3. Statistical Analyses

Statistical analyses were carried out using version 14 of the Stata software. In order
to perform our analyses, the sample of apneic individuals of this study was subdivided
into two groups: a group without suicidality and a group with suicidality. Only apneic
individuals with SI highlighted during the semi-structured psychiatric interview and/or
with a score ≥1 on item G of the Beck Depression Inventory (reduced to 13 items) confirmed
during the clinical interview were included in the group with suicidality [31–33].

After checking the data distribution and the equality of variances, the application
of parametric tests was not possible for most of the continuous data in this study, which
required the use of non-parametric tests. In this context, for continuous data, descriptive
analyses were carried out using medians with their P25-P75 and comparison analyses
were performed using Wilcoxon tests. Furthermore, categorical data were described by
percentages and compared between groups of apneic individuals by Chi2 tests.

Univariate logistic regression analyses were carried out to investigate the likelihood of
SI associated with CID (categorized: no, SSD alone, CID without SSD, CID with SSD) and
potential confounders (Supplementary Data—Annex S6). Afterwards, multivariate logistic
regression analyses were used to adjust the likelihood of SI associated with CID through
a hierarchical introduction of significant confounders identified during the univariate
analyses. The specificity and adequacy of the final multivariate logistic regression model
were checked, respectively, by the Link test and by the Hosmer and Lemeshow test.

The statistical significance cut-off was set at a p-value < 0.05 for this study.

3. Results
3.1. Polysomnographic Data (Table 2)

Sleep latency (42.0 [20.0–80.0] vs. 24.5 [13.0–48.5], p-value < 0.001), percentage of stage
3 (5.2 [0.3–14.5] vs. 2.8 [0.2–8.6], p-value = 0.011), and REM latency (98.5 [64.0–174.0] vs.
81.5 [59.0–123.3], p-value < 0.001) were higher in apneic individuals with SI than in those
without SI. Furthermore, apneic individuals with SI had a shorter sleep period time than
those without SI (433.5 [404.3–479.5] vs. 453.5 [413.3–485.5], p-value = 0.033). Finally, the
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other polysomnographic variables did not present significant differences between the two
groups of apneic individuals.

Table 2. Polysomnographic data (n = 1488).

Whole Sample
(n = 1488)

Subjects without SI
(n = 1349)

Subjects with SI
(n = 139) p-Value

Sleep latency (min) 25.2 (13.0–51.5) 24.5 (13.0–48.5) 42.0 (20.0–80.0) <0.001
Sleep efficiency (%) 77.9 (67.8–85.1) 78.2 (68.0–85.3) 75.8 (65.7–83.8) 0.062

Sleep period time (min) 452.3 (412.0–485.5) 453.5 (413.3–485.5) 433.5 (404.3–479.5) 0.033
Total sleep time (min) 381.0 (334.0–426.3) 381.5 (334.0–427.5) 374.5 (331.5–415.0) 0.399

% stage 1 8.7 (6.0–12.4) 8.7 (6.0–12.4) 8.6 (5.4–12.0) 0.465
% stage 2 53.8 (47.0–59.8) 53.8 (47.2–59.7) 53.5 (45.6–61.2) 0.854
% stage 3 2.9 (0.2–9.2) 2.8 (0.2–8.6) 5.2 (0.3–14.5) 0.011

% REM sleep 15.7 (11.4–20.1) 15.8 (11.6–20.2) 14.5 (8.9–20.0) 0.056
REM latency (min) 83.0 (59.5–126.7) 81.5 (59.0–123.3) 98.5 (64.0–174.0) <0.001

% WASO 13.2 (7.6–21.4) 13.3 (7.7–21.4) 12.5 (5.7–20.3) 0.114
Number of awakenings 32 (22–48) 33 (22–48) 30 (20–47) 0.287

Micro-arousal index 14 (8–23) 14 (8–23) 12 (8–19) 0.067
Apnea–hypopnea index 14 (8–29) 14 (8–30) 13 (7–23) 0.259

Oxygen desaturation index 6 (2–15) 6 (2–16) 7 (3–15) 0.300
Total time under 90% of SaO2

(min) 11.5 (1.0–60.5) 11.7 (1.0–61.7) 9.0 (1.0–48.0) 0.439

PLMS index 1 (0–10) 2 (0–10) 1 (0–10) 0.644

Median (P25–P75) Median (P25–P75) Median (P25–P75) Wilcoxon
test

SI = suicidal ideation, REM = rapid eye movement sleep, WASO = wake after sleep onset, SaO2 = oxygen
saturation, PLMS = periodic limb movements during sleep.

3.2. Univariate Analyses (Table 3)

The prevalence of SI was 9.3% in our sample of apneic individuals. Gender (p-
value < 0.001), age (p-value = 0.007), use of antidepressants (p-value < 0.001), taking
benzodiazepine receptor agonists (p-value < 0.001), use of other psychotropic drugs (p-
value = 0.001), cardiometabolic comorbidities (p-value = 0.035), excessive daytime sleepiness
(p-value = 0.015), Beck Depression Inventory scoring without item G > 10 (p-
value < 0.001), and CID (p-value < 0.001) were significantly associated with the occur-
rence of SI in apneic individuals. Furthermore, apneic individuals with SI had higher scores
on the Insomnia Severity Index (16 [13–20] vs. 12 [8–17], p-value < 0.001), the Epworth
Sleepiness Scale (11 [7–14] vs. 9 [6–13], p-value = 0.001), the 13-item Beck Depression In-
ventory (13 [9–18] vs. 3 [1–6], p-value < 0.001), and the 13-item Beck Depression Inventory
without item G (12 [8–17] vs. 3 [1–6], p-value < 0.001) than those without SI. Furthermore,
other demographic variables did not show significant differences between the two groups
of apneic individuals. Finally, the prevalence of SSD alone, CID without SSD, and CID with
SSD was, respectively, 20.7%, 24.3%, and 16.6% in our sample of apneic individuals.
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Table 3. Univariate analyses (n = 1488).

Variables Categories % Subjects
without SI

Subjects
with SI

p-Value
Chi2

OR
(CI 95%) p-Value

Gender
Female (n = 343) 23.0% 21.5% 38.1%

<0.001
1

<0.001Male (n = 1145) 77.0% 78.5% 61.9% 0.44 (0.31 to 0.64)

Age (years) <65 (n = 1314) 88.3% 87.6% 95.7%
0.004

1
0.007≥65 (n = 174) 11.7% 12.4% 4.3% 0.32 (0.14 to 0.73)

BMI (kg/m2)
<25 (n = 289) 19.4% 18.9% 24.5%

0.177
1

0.180≥25 and <30 (n = 559) 37.6% 38.2% 31.7% 0.64 (0.40 to 1.03)
≥30 (n = 640) 43.0% 42.9% 43.8% 0.79 (0.51 to 1.23)

Antidepressant
therapy

No (n = 1231) 82.7% 85.8% 53.2%
<0.001

1
<0.001Yes (n = 257) 17.3% 14.2% 46.8% 5.29 (3.67 to 7.64)

Benzodiazepine
receptor agonists

No (n = 1346) 90.5% 91.8% 77.7%
<0.001

1
<0.001Yes (n = 142) 9.5% 8.2% 22.3% 3.20 (2.05 to 4.99)

Other psychotropic
drugs

No (n = 1423) 95.6% 96.2% 89.9%
0.001

1
0.001Yes (n = 65) 4.4% 3.8% 10.1% 2.85 (1.53 to 5.29)

Substance
consumption

No (n = 743) 49.9% 50.3% 46.8%

0.719

1

0.721
Smoking alone (n = 190) 12.8% 12.6% 14.4% 1.23 (0.72 to 2.08)
Alcohol alone (n = 434) 29.2% 29.2% 28.8% 1.06 (0.70 to 1.60)

Smoking + alcohol (n = 121) 8.1% 7.9% 10.0% 1.36 (0.74 to 2.52)

Cardiometabolic
comorbidities

0 (n = 305) 20.5% 20.0% 25.2%
0.032

1
0.0351–2 (n = 744) 50.0% 49.5% 54.7% 0.88 (0.57 to 1.34)

≥3 (n = 439) 29.5% 30.5% 20.1% 0.53 (0.31 to 0.88)

OSAS severity
Mild (n = 772) 51.9% 51.5% 55.4%

0.305
1

0.308Moderate (n = 347) 23.3% 23.1% 25.2% 1.01 (0.66 to 1.54)
Severe (n = 369) 24.8% 25.4% 19.4% 0.71 (0.45 to 1.13)

Insomnia disorder

No (n = 572) 38.4% 40.2% 21.6%

<0.001

1

<0.001
Short sleep duration alone (n = 308) 20.7% 21.7% 11.5% 0.99 (0.53 to 1.85)

Insomnia without short sleep duration
(n = 362) 24.3% 23.0% 36.7% 2.96 (1.85 to 4.75)

Insomnia with short sleep duration
(n = 246) 16.6% 15.1% 30.2% 3.72 (2.27 to 6.10)

Sleep movement
disorders

No (n = 1178) 79.2% 79.1% 79.9%
0.977

1
0.977Moderate to severe PLMs alone

(n = 90) 6.0% 6.1% 5.8% 0.94 (0.44 to 1.99)

RLS alone or combined with PLMs
(n = 220) 14.8% 14.8% 14.4% 0.96 (0.58 to 1.58)

EDS
No (n = 873) 58.7% 59.7% 48.9%

0.014
1

0.015Yes (n = 615) 41.3% 40.3% 51.1% 1.55 (1.09 to 2.19)

BDI without
item G

≤10 (n = 1274) 85.6% 90.3% 40.3%
<0.001

1
<0.001

>10 (n = 214) 14.4% 9.7% 59.7% 13.78 (9.39 to
20.23)

SI
No (n = 1349) 90.7%
Yes (n = 139) 9.3%

Median Wilcoxon
test(P25–P75)

Age (years) 51 (43–59) 51 (43–59) 51 (41–57) 0.173

BMI (kg/m2) 29.0 (25.8–33.1) 29.0 (25.9–33.0) 29.0 (25.0–33.5) 0.882

ESS 9 (6–13) 9 (6–13) 11 (7–14) 0.001

ISI 13 (8–17) 12 (8–17) 16 (13–20) <0.001

BDI 3 (1–7) 3 (1–6) 13 (9–18) <0.001

BDI without
item G 3 (1–7) 3 (1–6) 12 (8–17) <0.001

SI = suicidal ideation, BMI = body mass index, OSAS = obstructive sleep apnea syndrome, PLMs = periodic
limb movements during sleep, RLS = restless legs syndrome, EDS = excessive daytime sleepiness, BDI = Beck
Depression Inventory, ESS = Epworth Sleepiness Scale, ISI = Insomnia Severity Index.

3.3. Multivariate Analyses (Table 4)

After hierarchically introducing the significant confounding factors highlighted during
the univariate analyses for adjustment, multivariate logistic regression analyses demon-
strated that unlike SSD alone (OR 1.24 [95% CI 0.63–2.43]) and CID without SSD (OR 1.45
[95% CI 0.84–2.50]), only CID with SSD (OR 2.24 [95% CI 1.26–3.96]) was associated with a
higher likelihood of SI in apneic individuals (p-value = 0.047).
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Table 4. Multivariate analyses (n = 1488).

Variables
Model 1

OR Adjusted
(CI 95%)

p-Value
Model 2

OR Adjusted
(CI 95%)

p-Value
Model 3

OR Adjusted
(CI 95%)

p-Value
Model 4

OR Adjusted
(CI 95%)

p-Value

Insomnia disorder

<0.001 <0.001 <0.001 0.047
No 1 1 1 1

Short sleep
duration alone 1.09 (0.58 to 2.04) 1.15 (0.61 to 2.18) 1.22 (0.64 to 2.32) 1.24 (0.63 to 2.43)

Insomnia without
short sleep
duration

2.68 (1.66 to 4.32) 2.19 (1.33 to 3.61) 2.12 (1.28 to 3.50) 1.45 (0.84 to 2.50)

Insomnia with
short sleep
duration

4.04 (2.44 to 6.68) 3.14 (1.86 to 5.31) 3.17 (1.87 to 5.36) 2.24 (1.26 to 3.96)

Model 1 = Model adjusted for gender and age. Model 2 = Model adjusted for gender, age, antidepressant
therapy, benzodiazepine receptor agonists, and other psychotropic drugs. Model 3 = Model adjusted for gender,
age, antidepressant therapy, benzodiazepine receptor agonists, other psychotropic drugs, and cardiometabolic
comorbidities. Model 4 = Model adjusted for gender, age, antidepressant therapy, benzodiazepine receptor
agonists, other psychotropic drugs, cardiometabolic comorbidities, excessive daytime sleepiness, and BDI without
item G.

4. Discussion

In this study, we demonstrated that SIs were a frequent problem (9.3%) in apneic indi-
viduals, which seems to confirm that this specific subpopulation presents a higher suicidal
risk than the general population [43,44]. However, this prevalence of SI demonstrated
in our study seems to be lower than that of the studies by Choi et al. (2015) (20.5%) and
Timkova et al. (2018) (20.1%), which could be explained by the application of different
selection criteria for apneic individuals in these two studies [8,16]. Indeed, unlike our study,
the studies by Choi et al. (2015) and Timkova et al. (2020) excluded apneic individuals
treated with psychotropic drugs [8,16]. However, the application of this exclusion criterion
in these two studies may have favored an overestimation of SI in their samples of apneic
individuals through a selection bias following recruitment only authorized for patients
without psychotropic treatment in cases of comorbid psychiatric disorders. Indeed, in the
literature, it has been demonstrated that untreated psychiatric disorders remain one of the
main risk factors involved in the occurrence of suicidality both for the general population
and for some subpopulations [45–48]. Furthermore, the prevalence of SI highlighted in
our study seems to be equivalent to that of the study by Bishop et al. (2018) (9.7%) [7].
However, similar to our study, apneic individuals with psychotropic treatment were not
excluded from this study [7], which may have allowed a better estimate of the prevalence
of SI by avoiding recruitment only of patients without psychotropic treatment in cases of
comorbid psychiatric disorders characterized by higher suicidal risk. Concerning the other
aspects of suicidality, given that our study focused only on SI, it is important to report
that some studies have also confirmed the existence of evidence in favor of higher risk
of self-harm, suicide attempts, and suicide in apneic individuals [20–22]. Thus, despite
these potential methodological differences for the recruitment criteria used and the type
of suicidal behavior studied, apneic individuals seem to have higher suicidality, which
justifies a better identification of the factors involved to allow the development of better
management strategies for this suicidal risk in this specific subpopulation.

Consistent with available studies [14,15,49–52], we confirmed that CID and its subtype
with SSD are frequent problems in apneic individuals. Indeed, CID was present in 40.9% of
apneic individuals in our sample. In addition, among these apneic individuals with CID,
40.5% presented the insomnia subtype with SSD. Moreover, we have demonstrated that
unlike SSD alone and CID without SSD, only CID with SSD was associated with a higher
likelihood of SI in apneic individuals. However, in order to better understand this high
prevalence of CID with SSD and its potential role in the occurrence of SI in apneic individu-
als, several pathophysiological hypotheses may be proposed. Firstly, in apneic individuals,
the development of dysfunctional sleep behaviors involved in the pathophysiology of
insomnia disorder may be favored by the occurrence of psychophysiological conditioning
induced by repeated nocturnal awakenings related to obstructive respiratory events [53,54].
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However, the presence of these dysfunctional sleep behaviors involved in the occurrence of
insomnia disorder may be associated with the development and maintenance of chronic
sleep deprivation, leading to a reduction in sleep duration [55,56], which could explain the
high prevalence of the insomnia subtype with SSD in apneic individuals from our sample.
Secondly, based on the data available, there are many elements in favor of a major impact of
insomnia disorder in the development of SI [57,58]. Indeed, in insomniac individuals, the
occurrence of SI seems to be favored by the presence of some specific pathophysiological
mechanisms affecting psychological functioning (mood dysregulation, cognitive inflexibil-
ity, feelings of entrapment, cognitive deficits, and impulsivity), some biological systems
(serotonergic system dysfunction and hyperactivation of hypothalamic–pituitary–adrenal
axis), and the chronotype (alterations of circadian rhythms) [57,58]. Furthermore, sleep
duration related to insomnia disorder seems to play a fundamental role in the severity
degree of these specific pathophysiological mechanisms favoring the occurrence of SI since
compared to insomniac individuals without SSD, those with SSD present a more severe
clinical phenotype characterized by more marked psychological, biological, and circadian
alterations [59–61]. However, the existence in insomniac individuals of these specific patho-
physiological mechanisms worsened in cases of SSD could provide a better understanding
of the higher likelihood of SI only associated with CID with SSD highlighted in our sample
of apneic individuals. Thus, given these different elements, systematic research and ade-
quate treatment of CID with SSD could be an interesting perspective in apneic individuals
in order to enable the establishment of better care pathways for individuals at high risk of
SI in this specific subpopulation.

The highlighting of this potential role played by CID with SSD in the occurrence of IS
for apneic individuals could open up new therapeutic perspectives for the management of
suicidality in this specific subpopulation. Indeed, in the literature, there are elements in
favor of a positive impact of both pharmacological and non-pharmacological treatments of
insomnia disorder on SI [62]. Concerning pharmacological treatments, some studies seem
to indicate that in majorly depressed individuals with CID, the association of hypnotic
medication with antidepressant treatment or the use of a sedative antidepressant was
associated with a reduction in the severity of depressive symptoms and an improvement
in SI [63–66]. Furthermore, regarding non-pharmacological treatments for insomnia dis-
order, cognitive–behavioral therapy for insomnia currently remains the recommended
first-line therapeutic strategy for the management of insomniac individuals [67–70]. Indeed,
cognitive–behavioral therapy for insomnia has demonstrated major effectiveness in improv-
ing insomnia complaints but also seems to allow a reduction in depressive symptoms and
SI in insomniac individuals [71,72]. However, regarding the choice of the best first-line ther-
apeutic approach for CID with SSD in apneic individuals, cognitive–behavioral therapy for
insomnia should be preferred since most pharmacological medications for insomnia disor-
der may induce a negative impact on nocturnal respiratory dynamics favoring a worsening
of OSAS [73–75]. Furthermore, alongside this treatment of CID with SSD, it is necessary to
adequately treat OSAS in order to avoid the maintenance of residual pathophysiological
mechanisms specific to OSAS inducing the persistence of SI in apneic individuals [20].
Regarding these specific aspects related to OSAS, we have highlighted that contrary to the
symptomatic severity of OSAS (poor sleep quality and excessive daytime sleepiness), the
OSAS severity based on OAHI (mild, moderate, and severe) was not associated with the
occurrence of SI in apneic patients from our sample, which seems to be consistent with the
limited data available. Indeed, in the study by Timkova et al. (2018) [8], the OSAS severity
based on OAHI was not associated with the occurrence of SI, unlike poor sleep quality and
fatigue. These elements could indicate that the symptomatic severity of OSAS rather than
the OSAS severity based on the OAHI would play a central role in the development of
suicidality in apneic patients, which confirms the need to establish an effective treatment
for OSAS in order to allow adequate management of its clinical symptoms. Among the
currently available treatments for OSAS, continuous positive airway pressure therapy used
with adequate adherence seems to be an interesting option given its potential positive im-
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pact on the reduction in depressive symptoms and SI in apneic individuals [76,77]. Finally,
in addition to these potential new therapeutic strategies for the prevention of suicidality
in apneic individuals, it remains important to identify and treat psychiatric comorbidities
in this specific subpopulation since the development of SI and the occurrence of suicidal
acting remain mainly associated with the presence of psychiatric disorders [78–81].

A summary of the potential clinical implications of this study for better management
of suicidality in apneic individuals is available in Table 5 [62,76,77,82–86].

Table 5. Summary of the potential clinical implications of this study for better management of
suicidality in apneic individuals.

Proposed Measures

High prevalence of suicidal ideation in
apneic individuals

Systematic screening of suicidality in apneic individuals by the referring
healthcare professional

Systematic assessment of protective or risk factors for suicidal acting
Systematic research for warning signs of suicide (verbal, behavioral,

and psychological)
Suicide inquiry to determine the level of urgency of the suicidal crisis

Referral of individuals with suicidality to mental health professionals for
additional assessment

Conventional management of suicidal
ideation in apneic individuals

Non-pharmacological measures: safety plan intervention, no-suicide contract,
activating psychosocial support and psychotherapy

Pharmacological treatment adapted to the medical and psychiatric clinical picture
of individuals

Psychiatric hospitalization if necessary

Specific management of suicidal ideation in
apneic individuals

Adequate treatment of obstructive sleep apnea syndrome (continuous positive
airway pressure therapy used with adequate adherence)

Adequate treatment of comorbid insomnia disorder with short sleep duration
First-line: cognitive–behavioral therapy for insomnia

Second-line: pharmacological treatment (hypnotic or sedative antidepressant) if
failure or contraindication of cognitive–behavioral therapy for insomnia

4.1. Limitations

Since the data used were retrospectively extracted from the polysomnographic record-
ings database of the Brussels University Hospital without direct checks from apneic individ-
uals selected for this study, the realization of prospective complementary studies is essential
in order to confirm the results obtained during the analyses performed. In addition, al-
though the cross-sectional design of our study may potentially limit the establishment
of a causality between CID with SSD and the occurrence of SI in apneic individuals, it is
important to note that our study is the first to address this specific issue in this particular
subpopulation, which opens up new perspectives for carrying out additional longitudinal
studies that could confirm the preliminary results obtained in our study. Indeed, following
this demonstration of a higher likelihood of SI associated with CID with SSD in apneic
individuals using logistic regression analyses, this study must therefore be considered as a
first step before future research is to be carried out on this problem. On the other hand, in
this study, sleep-disordered breathing other than OSAS was an exclusion criterion, which
means that our results may only be applied to individuals with OSAS. Furthermore, since
we focused only on SI in this study, our results cannot be generalized to other markers
of suicidality (suicide attempt and suicide). Finally, the database of the Sleep Laboratory
of the Brussels University Hospital only contains apneic individuals who have agreed to
undergo a polysomnographic test, which may have favored the occurrence of recruitment
bias for this study.
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4.2. Future Prospects

The development of artificial intelligence is booming both for research and clinical
use in psychiatry and sleep medicine [87–90]. Indeed, machine or deep learning analysis
models are increasingly used to develop diagnostic tools for sleep disorders and prediction
models to better identify individuals at high risk of suicide [91–94]. However, despite
recent advances in artificial intelligence, available guidelines do not currently include
its use in the clinical routine for both the diagnosis of sleep disorders and the screening
of suicidality [95–98]. Although models based on artificial intelligence seem to present
promising results [91–94], the diagnosis of sleep disorders and screening for suicidality
always require assessment and confirmation by a healthcare professional to meet clinical
recommendations [95–98]. In this context, it seems essential to continue research associated
with artificial intelligence in order to enable the development of diagnostic tools for sleep
disorders and the detection of individuals at high risk of suicide that may be implemented
in the clinical routine. Indeed, although artificial intelligence cannot currently replace
healthcare professionals, its implementation may be complementary to classic clinical
practice in order to improve the quality of care for patients [99]. Finally, since there appear
to be artificial intelligence-based tools that may diagnose insomnia disorder and predict
its involvement in the occurrence of SI in the general population [100–102], it might be
interesting to develop tools specific to apneic individuals in order to be able to compare
the results obtained with these tools to those of our study. This approach could allow a
confirmation of our results with a different method and would confirm the complementarity
of conventional clinical approaches and artificial intelligence-based tools.

5. Conclusions

In this study, we confirmed that apneic individuals are a specific subpopulation charac-
terized by higher suicidality. Indeed, 9.3% of apneic individuals from our sample presented
SI, which is higher than for the general population. Furthermore, we demonstrated that
unlike SSD alone and CID without SSD, only CID with SSD was associated with a higher
likelihood of SI in apneic individuals. The highlighting of this higher likelihood of SI
associated with CID with SSD seems to indicate that it could be interesting to systematically
research and adequately treat this comorbid sleep disorder in apneic individuals in order
to enable better management of suicidality in this specific subpopulation. Finally, future
prospective longitudinal studies must be conducted to confirm the preliminary results of
our study and to allow the development of new care pathways more specific to apneic
individuals.
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//www.mdpi.com/article/10.3390/jcm13195907/s1, Annex S1: The description of the outpatient
care pathway for the apneic individuals included in this study before their admission to the Sleep
Laboratory; Annex S2: The description of self-questionnaires used; Annex S3: The description of
the applied polysomnography montage; Annex S4: The description of the stay conditions at the
Sleep Laboratory; Annex S5: The description of polysomnographic scoring criteria; Annex S6: The
description of the confounding factors included in the univariate analyses. References [103,104] are
cited in the Supplementary Materials.

Author Contributions: Conceptualization: M.H. and C.P.; Methodology: M.H., B.W., M.C., J.-P.L. and
C.P.; Formal Analysis: M.H., M.C. and C.P.; Investigation: M.H. and C.P.; Software: B.W. and J.-P.L.;
Data Curation: M.H., B.W., M.C., J.-P.L. and C.P.; Writing—Original Draft Preparation: M.H., B.W.,
M.C., J.-P.L. and C.P.; Supervision: C.P. The final manuscript was read and approved by all authors.
All authors have read and agreed to the published version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Institutional Review Board Statement: This study was approved by the Hospital and Medical School
Ethics Committee of the Erasme Hospital (Brussels University Hospital) (reference: P2023/612—

https://www.mdpi.com/article/10.3390/jcm13195907/s1
https://www.mdpi.com/article/10.3390/jcm13195907/s1


J. Clin. Med. 2024, 13, 5907 12 of 16

approval date: 27 February 2024) in compliance with the recommendations of the Declaration
of Helsinki.

Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Acknowledgments: I thank Christelle Bouchart for their support as well as the Sleep Laboratory
team from the Erasme Hospital for technical support.

Conflicts of Interest: The authors have no conflicts of interest with the work carried out in this study.

References
1. Turecki, G.; Brent, D.A. Suicide and suicidal behaviour. Lancet 2016, 387, 1227–1239. [CrossRef] [PubMed]
2. Bachmann, S. Epidemiology of Suicide and the Psychiatric Perspective. Int. J. Environ. Res. Public Health 2018, 15, 1425. [CrossRef]

[PubMed]
3. Borges, G.; Nock, M.K.; Haro Abad, J.M.; Hwang, I.; Sampson, N.A.; Alonso, J.; Andrade, L.H.; Angermeyer, M.C.; Beautrais,

A.; Bromet, E.; et al. Twelve-month prevalence of and risk factors for suicide attempts in the World Health Organization World
Mental Health Surveys. J. Clin. Psychiatry 2010, 71, 1617–1628. [CrossRef] [PubMed]

4. Nock, M.K.; Borges, G.; Bromet, E.J.; Alonso, J.; Angermeyer, M.; Beautrais, A.; Bruffaerts, R.; Chiu, W.T.; de Girolamo, G.;
Gluzman, S.; et al. Cross-national prevalence and risk factors for suicidal ideation, plans and attempts. Br. J. Psychiatry 2008, 192,
98–105. [CrossRef] [PubMed]

5. Nock, M.K.; Green, J.G.; Hwang, I.; McLaughlin, K.A.; Sampson, N.A.; Zaslavsky, A.M.; Kessler, R.C. Prevalence, correlates, and
treatment of lifetime suicidal behavior among adolescents: Results from the National Comorbidity Survey Replication Adolescent
Supplement. JAMA Psychiatry 2013, 70, 300–310. [CrossRef]

6. Carroll, R.; Metcalfe, C.; Gunnell, D. Hospital presenting self-harm and risk of fatal and non-fatal repetition: Systematic review
and meta-analysis. PLoS ONE 2014, 9, e89944. [CrossRef]

7. Bishop, T.M.; Ashrafioun, L.; Pigeon, W.R. The Association Between Sleep Apnea and Suicidal Thought and Behavior: An
Analysis of National Survey Data. J. Clin. Psychiatry 2018, 79, 17m11480. [CrossRef]

8. Timkova, V.; Nagyova, I.; Reijneveld, S.A.; Tkacova, R.; Stewart, R.E.; van Dijk, J.P.; Bültmann, U. Suicidal ideation in patients
with obstructive sleep apnoea and its relationship with disease severity, sleep-related problems and social support. J. Health
Psychol. 2020, 25, 1450–1461. [CrossRef]

9. Gupta, M.A.; Jarosz, P. Obstructive Sleep Apnea Severity is Directly Related to Suicidal Ideation in Posttraumatic Stress Disorder.
J. Clin. Sleep Med. 2018, 14, 427–435. [CrossRef]

10. Pigeon, W.R.; Pinquart, M.; Conner, K. Meta-analysis of sleep disturbance and suicidal thoughts and behaviors. J. Clin. Psychiatry
2012, 73, e1160–e1167. [CrossRef]

11. Wang, X.; Cheng, S.; Xu, H. Systematic review and meta-analysis of the relationship between sleep disorders and suicidal
behaviour in patients with depression. BMC Psychiatry 2019, 19, 303. [CrossRef] [PubMed]

12. Drapeau, C.W.; Nadorff, M.R. Suicidality in sleep disorders: Prevalence, impact, and management strategies. Nat. Sci. Sleep 2017,
9, 213–226. [CrossRef] [PubMed]

13. McCall, W.V.; Blocker, J.N.; D’Agostino, R.; Kimball, J.; Boggs, N.; Lasater, B.; Rosenquist, P.B. Insomnia severity is an indicator of
suicidal ideation during a depression clinical trial. Sleep Med. 2010, 11, 822–827. [CrossRef] [PubMed]

14. Hein, M.; Wacquier, B.; Lanquart, J.P.; Loas, G. Risk of Cardiovascular Disease in Apnoeic Individuals: Role of Comorbid Insomnia
Disorder. Life 2022, 12, 944. [CrossRef]

15. Hein, M.; Wacquier, B.; Conenna, M.; Lanquart, J.P.; Point, C. Risk of Comorbid Insomnia Disorder Associated with Major
Depression in Apneic Patients: A Cross-Sectional Study. Clocks Sleep 2024, 6, 389–401. [CrossRef]

16. Choi, S.J.; Joo, E.Y.; Lee, Y.J.; Hong, S.B. Suicidal ideation and insomnia symptoms in subjects with obstructive sleep apnea
syndrome. Sleep Med. 2015, 16, 1146–1150. [CrossRef]

17. Hedström, A.K.; Hössjer, O.; Bellocco, R.; Ye, W.; Trolle, L.Y.; Åkerstedt, T. Insomnia in the context of short sleep increases suicide
risk. Sleep 2021, 44, zsaa245.

18. Abdessater, L.; Hein, M.; Rasquin, F. Analysis of Macular Vascularization Using Optical Coherence Tomography Angiography in
Patients with Obstructive Sleep Apnea Syndrome: A Prospective Clinical Study. Medicina 2024, 60, 757. [CrossRef]

19. Tseng, W.C.; Liang, Y.C.; Su, M.H.; Chen, Y.L.; Yang, H.J.; Kuo, P.H. Sleep apnea may be associated with suicidal ideation in
adolescents. Eur. Child. Adolesc. Psychiatry 2019, 28, 635–643. [CrossRef]

20. Chu, C.S.; Huang, K.L.; Bai, Y.M.; Su, T.P.; Tsai, S.J.; Chen, T.J.; Hsu, J.W.; Liang, C.S.; Chen, M.H. Risk of suicide after a diagnosis
of sleep apnea: A nationwide longitudinal study. J. Psychiatr. Res. 2023, 161, 419–425. [CrossRef]

21. Reddy, A.; Mansuri, Z.; Vadukapuram, R.; Trivedi, C. Increased Suicidality and Worse Outcomes in MDD Patients with OSA:
A Nationwide Inpatient Analysis of 11 Years from 2006 to 2017. J. Acad. Consult.-Liaison Psychiatry 2022, 63, 46–52. [CrossRef]
[PubMed]

https://doi.org/10.1016/S0140-6736(15)00234-2
https://www.ncbi.nlm.nih.gov/pubmed/26385066
https://doi.org/10.3390/ijerph15071425
https://www.ncbi.nlm.nih.gov/pubmed/29986446
https://doi.org/10.4088/JCP.08m04967blu
https://www.ncbi.nlm.nih.gov/pubmed/20816034
https://doi.org/10.1192/bjp.bp.107.040113
https://www.ncbi.nlm.nih.gov/pubmed/18245022
https://doi.org/10.1001/2013.jamapsychiatry.55
https://doi.org/10.1371/journal.pone.0089944
https://doi.org/10.4088/JCP.17m11480
https://doi.org/10.1177/1359105318758859
https://doi.org/10.5664/jcsm.6992
https://doi.org/10.4088/JCP.11r07586
https://doi.org/10.1186/s12888-019-2302-5
https://www.ncbi.nlm.nih.gov/pubmed/31623600
https://doi.org/10.2147/NSS.S125597
https://www.ncbi.nlm.nih.gov/pubmed/29075143
https://doi.org/10.1016/j.sleep.2010.04.004
https://www.ncbi.nlm.nih.gov/pubmed/20478741
https://doi.org/10.3390/life12070944
https://doi.org/10.3390/clockssleep6030026
https://doi.org/10.1016/j.sleep.2015.04.026
https://doi.org/10.3390/medicina60050757
https://doi.org/10.1007/s00787-018-1227-8
https://doi.org/10.1016/j.jpsychires.2023.03.028
https://doi.org/10.1016/j.jaclp.2021.05.008
https://www.ncbi.nlm.nih.gov/pubmed/34111622


J. Clin. Med. 2024, 13, 5907 13 of 16

22. Udholm, N.; Fuglsang, M.; Lundbye-Christensen, S.; Bille, J.; Udholm, S. Obstructive sleep apnea and risk of suicide and
self-harm: A Danish Nationwide Cohort Study. Sleep 2022, 45, zsab286. [CrossRef] [PubMed]

23. Cheng, A.C.; Wu, G.J.; Chung, C.H.; Wu, K.H.; Sun, C.A.; Wang, I.D.; Chien, W.C. Effect of Obstructive Sleep Apnea on the Risk
of Injuries-A Nationwide Population-Based Cohort Study. Int. J. Environ. Res. Public Health 2021, 18, 13416. [CrossRef] [PubMed]

24. Rod, N.H.; Kjeldgård, L.; Åkerstedt, T.; Ferrie, J.E.; Salo, P.; Vahtera, J.; Alexanderson, K. Sleep Apnea, Disability Pensions, and
Cause-Specific Mortality: A Swedish Nationwide Register Linkage Study. Am. J. Epidemiol. 2017, 186, 709–718. [CrossRef]

25. Høier, N.K.; Madsen, T.; Spira, A.P.; Hawton, K.; Benros, M.E.; Nordentoft, M.; Erlangsen, A. Association between hospital-
diagnosed sleep disorders and suicide: A nationwide cohort study. Sleep 2022, 45, zsac069. [CrossRef]

26. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 4th ed.; text rev; American Psychiatric
Publishing: Arlington, VA, USA, 2000.

27. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Publishing:
Washington, DC, USA, 2013.

28. Beck, A.T.; Steer, R.A.; Ball, R.; Ranieri, W. Comparison of Beck Depression Inventories-IA and -II in psychiatric outpatients. J.
Pers. Assess. 1996, 67, 588–597. [CrossRef]

29. Morin, C.M. Insomnia: Psychological Assessment and Management; Guilford Press: New York, NY, USA, 1993.
30. Johns, M.W. A new method for measuring daytime sleepiness: The Epworth sleepiness scale. Sleep 1991, 14, 540–545. [CrossRef]
31. Zeoli, I.; Lanquart, J.P.; Wacquier, B.; Mungo, A.; Loas, G.; Hein, M. Polysomnographic markers of suicidal ideation in untreated

unipolar major depressed individuals. Int. J. Psychophysiol. 2021, 166, 19–24. [CrossRef]
32. Laoufi, M.A.; Wacquier, B.; Lartigolle, T.; Loas, G.; Hein, M. Suicidal Ideation in Major Depressed Individuals: Role of Type D

Personality. J. Clin. Med. 2022, 11, 6611. [CrossRef]
33. Darquennes, G.; Wacquier, B.; Loas, G.; Hein, M. Suicidal Ideations in Major Depressed Subjects: Role of the Temporal Dynamics

of Anhedonia. Brain Sci. 2023, 13, 1065. [CrossRef]
34. Kushida, C.A.; Littner, M.R.; Morgenthaler, T.; Alessi, C.A.; Bailey, D.; Coleman, J.; Friedman, L.; Hirshkowitz, M.; Kapen, S.;

Kramer, M.; et al. Practice Parameters for the Indications for Polysomnography and Related Procedures: An Update for 2005.
Sleep 2005, 28, 499–521. [CrossRef] [PubMed]

35. Iber, C.; Ancoli-Israel, S.; Chesson, A.; Quan, S.F. for the American Academy of Sleep Medicine; The AASM Manual for the
Scoring of Sleep and Associated Events: Rules, Terminology and Technical Specifications, 1st ed.; American Academy of Sleep Medicine:
Westchester, IL, USA, 2007.

36. Berry, R.B.; Budhiraja, R.; Gottlieb, D.J.; Gozal, D.; Iber, C.; Kapur, V.K.; Marcus, C.L.; Mehra, R.; Parthasarathy, S.; Quan, S.F.; et al.
Rules for scoring respiratory events in sleep: Update of the 2007 AASM Manual for the Scoring of Sleep and Associated Events.
Deliberations of the Sleep Apnea Definitions Task Force of the American Academy of Sleep Medicine. J. Clin. Sleep Med. 2012, 8,
597–619. [CrossRef] [PubMed]

37. Ferri, R.; Koo, B.B.; Picchietti, D.L.; Fulda, S. Periodic leg movements during sleep: Phenotype, neurophysiology, and clinical
significance. Sleep Med. 2017, 31, 29–38. [CrossRef] [PubMed]

38. Fleetham, J.; Ayas, N.; Bradley, D.; Ferguson, K.; Fitzpatrick, M.; George, C.; Hanly, P.; Hill, F.; Kimoff, J.; Kryger, M.; et al.
Canadian Thoracic Society guidelines: Diagnosis and treatment of sleep disordered breathing in adults. Can. Respir. J. 2006, 13,
387–392. [CrossRef]

39. Haba-Rubio, J.; Marti-Soler, H.; Tobback, N.; Andries, D.; Marques-Vidal, P.; Vollenweider, P.; Preisig, M.; Heinzer, R. Clinical
significance of periodic limb movements during sleep: The HypnoLaus study. Sleep Med. 2018, 41, 45–50. [CrossRef]

40. Allen, R.P.; Picchietti, D.L.; Garcia-Borreguero, D.; Ondo, W.G.; Walters, A.S.; Winkelman, J.W.; Zucconi, M.; Ferri, R.; Trenkwalder,
C.; Lee, H.B.; et al. Restless legs syndrome/Willis-Ekbom disease diagnostic criteria: Updated International Restless Legs
Syndrome Study Group (IRLSSG) consensus criteria—History, rationale, description, and significance. Sleep Med. 2014, 15,
860–873. [CrossRef]

41. Edinger, J.D.; Bonnet, M.H.; Bootzin, R.R.; Doghramji, K.; Dorsey, C.M.; Espie, C.A.; Jamieson, A.O.; McCall, W.V.; Morin, C.M.;
Stepanski, E.J.; et al. Derivation of research diagnostic criteria for insomnia: Report of an American Academy of Sleep Medicine
Work Group. Sleep 2004, 27, 1567–1596. [CrossRef]

42. Hein, M.; Lanquart, J.P.; Loas, G.; Hubain, P.; Linkowski, P. Insomnia with short sleep duration as risk factor for type 2 diabetes:
A systematic review of the literature. Rev. Med. Brux. 2020, 41, 98–104. [CrossRef]

43. Castillejos, M.C.; Huertas, P.; Martín, P.; Moreno Küstner, B. Prevalence of Suicidality in the European General Population: A
Systematic Review and Meta-Analysis. Arch. Suicide Res. 2021, 25, 810–828. [CrossRef]

44. Cao, X.L.; Zhong, B.L.; Xiang, Y.T.; Ungvari, G.S.; Lai, K.Y.; Chiu, H.F.; Caine, E.D. Prevalence of suicidal ideation and suicide
attempts in the general population of China: A meta-analysis. Int. J. Psychiatry Med. 2015, 49, 296–308. [CrossRef]

45. Favril, L.; Yu, R.; Uyar, A.; Sharpe, M.; Fazel, S. Risk factors for suicide in adults: Systematic review and meta-analysis of
psychological autopsy studies. Evid. Based Ment. Health 2022, 25, 148–155. [CrossRef]

46. Luo, G.; Li, Y.; Yao, C.; Li, M.; Li, J.; Zhang, X. Duration of untreated illness and clinical correlates in first-episode and drug-naïve
patients with major depressive disorder. Psychiatry Res. 2023, 320, 115056. [CrossRef] [PubMed]

47. McClellan, C.; Ali, M.M.; Mutter, R. Impact of Mental Health Treatment on Suicide Attempts. J. Behav. Health Serv. Res. 2021, 48,
4–14. [CrossRef]

https://doi.org/10.1093/sleep/zsab286
https://www.ncbi.nlm.nih.gov/pubmed/34888700
https://doi.org/10.3390/ijerph182413416
https://www.ncbi.nlm.nih.gov/pubmed/34949031
https://doi.org/10.1093/aje/kwx138
https://doi.org/10.1093/sleep/zsac069
https://doi.org/10.1207/s15327752jpa6703_13
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1016/j.ijpsycho.2021.05.001
https://doi.org/10.3390/jcm11226611
https://doi.org/10.3390/brainsci13071065
https://doi.org/10.1093/sleep/28.4.499
https://www.ncbi.nlm.nih.gov/pubmed/16171294
https://doi.org/10.5664/jcsm.2172
https://www.ncbi.nlm.nih.gov/pubmed/23066376
https://doi.org/10.1016/j.sleep.2016.05.014
https://www.ncbi.nlm.nih.gov/pubmed/28341521
https://doi.org/10.1155/2006/627096
https://doi.org/10.1016/j.sleep.2017.09.014
https://doi.org/10.1016/j.sleep.2014.03.025
https://doi.org/10.1093/sleep/27.8.1567
https://doi.org/10.30637/2020.19-059
https://doi.org/10.1080/13811118.2020.1765928
https://doi.org/10.1177/0091217415589306
https://doi.org/10.1136/ebmental-2022-300549
https://doi.org/10.1016/j.psychres.2023.115056
https://www.ncbi.nlm.nih.gov/pubmed/36680911
https://doi.org/10.1007/s11414-020-09714-4


J. Clin. Med. 2024, 13, 5907 14 of 16

48. Toll, A.; Pechuan, E.; Bergé, D.; Legido, T.; Martínez-Sadurní, L.; El-Abidi, K.; Pérez-Solà, V.; Mané, A. Factors associated with
suicide attempts in first-episode psychosis during the first two years after onset. Psychiatry Res. 2023, 325, 115232. [CrossRef]
[PubMed]

49. Al Faker, M.; Wacquier, B.; Willame, H.; Point, C.; Dosogne, M.; Loas, G.; Hein, M. The association between type 2 diabetes and
major depression in apnoeic individuals. Sleep Biol. Rhythm. 2022, 20, 219–228. [CrossRef] [PubMed]

50. Draelants, L.; Point, C.; Wacquier, B.; Lanquart, J.P.; Loas, G.; Hein, M. 10-Year Risk for Cardiovascular Disease Associated with
COMISA (Co-Morbid Insomnia and Sleep Apnea) in Hypertensive Subjects. Life 2023, 13, 1379. [CrossRef] [PubMed]

51. Hein, M.; Wacquier, B.; Conenna, M.; Lanquart, J.P.; Point, C. Cardiovascular Outcome in Patients with Major Depression: Role of
Obstructive Sleep Apnea Syndrome, Insomnia Disorder, and COMISA. Life 2024, 14, 644. [CrossRef]

52. Hein, M.; Lanquart, J.P.; Mungo, A.; Loas, G. Cardiovascular risk associated with co-morbid insomnia and sleep apnoea (COMISA)
in type 2 diabetics. Sleep Sci. 2022, 15, 184–194. [CrossRef]

53. Sweetman, A.; Lack, L.; Bastien, C. Co-Morbid Insomnia and Sleep Apnea (COMISA): Prevalence, Consequences, Methodological
Considerations, and Recent Randomized Controlled Trials. Brain Sci. 2019, 9, 371. [CrossRef]

54. Sweetman, A.; Lack, L.; McEvoy, R.D.; Smith, S.; Eckert, D.J.; Osman, A.; Carberry, J.C.; Wallace, D.; Nguyen, P.D.; Catcheside, P.
Bi-directional relationships between co-morbid insomnia and sleep apnea (COMISA). Sleep Med. Rev. 2021, 60, 101519. [CrossRef]

55. Hein, M.; Hubain, P.; Linkowski, P.; Loas, G. Support for insomnia: Recommendations for practice in general medicine. Rev. Med.
Brux. 2016, 37, 235–241. [PubMed]

56. Riemann, D.; Benz, F.; Dressle, R.J.; Espie, C.A.; Johann, A.F.; Blanken, T.F.; Leerssen, J.; Wassing, R.; Henry, A.L.; Kyle, S.D.; et al.
Insomnia disorder: State of the science and challenges for the future. J. Sleep Res. 2022, 31, e13604. [CrossRef] [PubMed]

57. Woznica, A.A.; Carney, C.E.; Kuo, J.R.; Moss, T.G. The insomnia and suicide link: Toward an enhanced understanding of this
relationship. Sleep Med. Rev. 2015, 22, 37–46. [CrossRef]

58. Lopez-Castroman, J.; Jaussent, I. Sleep Disturbances and Suicidal Behavior. Curr. Top. Behav. Neurosci. 2020, 46, 211–228.
[PubMed]

59. Vgontzas, A.N.; Fernandez-Mendoza, J.; Liao, D.; Bixler, E.O. Insomnia with objective short sleep duration: The most biologically
severe phenotype of the disorder. Sleep Med. Rev. 2013, 17, 241–254. [CrossRef] [PubMed]

60. Fernandez-Mendoza, J. The insomnia with short sleep duration phenotype: An update on it’s importance for health and
prevention. Curr. Opin. Psychiatry 2017, 30, 56–63. [CrossRef]

61. Nyhuis, C.C.; Fernandez-Mendoza, J. Insomnia nosology: A systematic review and critical appraisal of historical diagnostic
categories and current phenotypes. J. Sleep Res. 2023, 32, e13910. [CrossRef]

62. Mournet, A.M.; Kleiman, E.M. A systematic review and meta-analysis on the efficacy of sleep interventions to treat suicidal
ideation. J. Sleep Res. 2024, 33, e14133. [CrossRef]

63. McCall, W.V.; Benca, R.M.; Rosenquist, P.B.; Youssef, N.A.; McCloud, L.; Newman, J.C.; Case, D.; Rumble, M.E.; Szabo, S.T.;
Phillips, M.; et al. Reducing Suicidal Ideation Through Insomnia Treatment (REST-IT): A Randomized Clinical Trial. Am. J.
Psychiatry 2019, 176, 957–965. [CrossRef]

64. McCall, W.V.; Mercado, K.; Dzurny, T.N.; McCloud, L.L.; Krystal, A.D.; Benca, R.M.; Rosenquist, P.B.; Looney, S.W. The effect
of zolpidem-CR on the suicide item of the Hamilton Rating Scale for Depression in outpatients with depression, insomnia and
suicidal ideation: Lessons learned. Psychiatry Res. 2023, 330, 115576. [CrossRef]

65. Lavigne, J.E.; Hur, K.; Gibbons, J.B.; Pigeon, W.R. Associations between insomnia medications and risk of death by suicide. Sleep
Med. 2023, 111, 199–206. [CrossRef] [PubMed]

66. Gandotra, K.; Chen, P.; Jaskiw, G.E.; Konicki, P.E.; Strohl, K.P. Effective Treatment of Insomnia with Mirtazapine Attenuates
Concomitant Suicidal Ideation. J. Clin. Sleep Med. 2018, 14, 901–902. [CrossRef] [PubMed]

67. Riemann, D.; Espie, C.A.; Altena, E.; Arnardottir, E.S.; Baglioni, C.; Bassetti, C.L.A.; Bastien, C.; Berzina, N.; Bjorvatn, B.; Dikeos,
D.; et al. The European Insomnia Guideline: An update on the diagnosis and treatment of insomnia 2023. J. Sleep Res. 2023, 32,
e14035. [CrossRef] [PubMed]

68. Arnold, M.J. Behavioral and Psychological Treatments for Chronic Insomnia Disorder: Updated Guidelines from the American
Academy of Sleep Medicine. Am. Fam. Physician 2022, 105, 97–98. [PubMed]

69. Hein, M. Prise en charge des troubles du sommeil. EMC Psychiatr. 2021, 37, 1–12.
70. Hein, M.; Mungo, A.; Hubain, P.; Loas, G. Excessive daytime sleepiness in adolescents: Current treatment strategies. Sleep Sci.

2020, 13, 157–171.
71. Trockel, M.; Karlin, B.E.; Taylor, C.B.; Brown, G.K.; Manber, R. Effects of cognitive behavioral therapy for insomnia on suicidal

ideation in veterans. Sleep 2015, 38, 259–265. [CrossRef]
72. Kalmbach, D.A.; Cheng, P.; Ahmedani, B.K.; Peterson, E.L.; Reffi, A.N.; Sagong, C.; Seymour, G.M.; Ruprich, M.K.; Drake,

C.L. Cognitive-behavioral therapy for insomnia prevents and alleviates suicidal ideation: Insomnia remission is a suicidolytic
mechanism. Sleep 2022, 45, zsac251. [CrossRef]

73. Meira E Cruz, M.; Kryger, M.H.; Morin, C.M.; Palombini, L.; Salles, C.; Gozal, D. Comorbid Insomnia and Sleep Apnea:
Mechanisms and implications of an underrecognized and misinterpreted sleep disorder. Sleep Med. 2021, 84, 283–288. [CrossRef]

74. Ragnoli, B.; Pochetti, P.; Raie, A.; Malerba, M. Comorbid Insomnia and Obstructive Sleep Apnea (COMISA): Current Concepts of
Patient Management. Int. J. Environ. Res. Public Health 2021, 18, 9248. [CrossRef]

https://doi.org/10.1016/j.psychres.2023.115232
https://www.ncbi.nlm.nih.gov/pubmed/37146463
https://doi.org/10.1007/s41105-021-00359-0
https://www.ncbi.nlm.nih.gov/pubmed/38469256
https://doi.org/10.3390/life13061379
https://www.ncbi.nlm.nih.gov/pubmed/37374161
https://doi.org/10.3390/life14050644
https://doi.org/10.5935/1984-0063.20220018
https://doi.org/10.3390/brainsci9120371
https://doi.org/10.1016/j.smrv.2021.101519
https://www.ncbi.nlm.nih.gov/pubmed/28525221
https://doi.org/10.1111/jsr.13604
https://www.ncbi.nlm.nih.gov/pubmed/35460140
https://doi.org/10.1016/j.smrv.2014.10.004
https://www.ncbi.nlm.nih.gov/pubmed/32852730
https://doi.org/10.1016/j.smrv.2012.09.005
https://www.ncbi.nlm.nih.gov/pubmed/23419741
https://doi.org/10.1097/YCO.0000000000000292
https://doi.org/10.1111/jsr.13910
https://doi.org/10.1111/jsr.14133
https://doi.org/10.1176/appi.ajp.2019.19030267
https://doi.org/10.1016/j.psychres.2023.115576
https://doi.org/10.1016/j.sleep.2023.08.016
https://www.ncbi.nlm.nih.gov/pubmed/37801864
https://doi.org/10.5664/jcsm.7142
https://www.ncbi.nlm.nih.gov/pubmed/29734995
https://doi.org/10.1111/jsr.14035
https://www.ncbi.nlm.nih.gov/pubmed/38016484
https://www.ncbi.nlm.nih.gov/pubmed/35029927
https://doi.org/10.5665/sleep.4410
https://doi.org/10.1093/sleep/zsac251
https://doi.org/10.1016/j.sleep.2021.05.043
https://doi.org/10.3390/ijerph18179248


J. Clin. Med. 2024, 13, 5907 15 of 16

75. Carter, S.G.; Eckert, D.J. Effects of hypnotics on obstructive sleep apnea endotypes and severity: Novel insights into pathophysiol-
ogy and treatment. Sleep Med. Rev. 2021, 58, 101492. [CrossRef] [PubMed]

76. Fu, W.; Li, L.; Zhang, S.; Liu, S.; Liu, W. Effects of CPAP and Mandibular Advancement Devices on depressive symptoms
in patients with obstructive sleep apnea: A meta-analysis of randomized controlled trials. Sleep Breath. 2023, 27, 2123–2137.
[CrossRef] [PubMed]

77. Edwards, C.; Mukherjee, S.; Simpson, L.; Palmer, L.J.; Almeida, O.P.; Hillman, D.R. Depressive Symptoms before and after
Treatment of Obstructive Sleep Apnea in Men and Women. J. Clin. Sleep Med. 2015, 11, 1029–1038. [CrossRef] [PubMed]

78. Franklin, J.C.; Ribeiro, J.D.; Fox, K.R.; Bentley, K.H.; Kleiman, E.M.; Huang, X.; Musacchio, K.M.; Jaroszewski, A.C.; Chang, B.P.;
Nock, M.K. Risk factors for suicidal thoughts and behaviors: A meta-analysis of 50 years of research. Psychol. Bull. 2017, 143,
187–232. [CrossRef]

79. Klonsky, E.D.; May, A.M.; Saffer, B.Y. Suicide, Suicide Attempts, and Suicidal Ideation. Annu. Rev. Clin. Psychol. 2016, 12, 307–330.
[CrossRef]

80. Sher, L.; Oquendo, M.A. Suicide: An Overview for Clinicians. Med. Clin. N. Am. 2023, 107, 119–130. [CrossRef]
81. Ryan, E.P.; Oquendo, M.A. Suicide Risk Assessment and Prevention: Challenges and Opportunities. Focus 2020, 18, 88–99.

[CrossRef]
82. Sarkhel, S.; Vijayakumar, V.; Vijayakumar, L. Clinical Practice Guidelines for Management of Suicidal Behaviour. Indian J.

Psychiatry 2023, 65, 124–130. [CrossRef]
83. Norris, D.R.; Clark, M.S. The Suicidal Patient: Evaluation and Management. Am. Fam. Physician 2021, 103, 417–421.
84. Weber, A.N.; Michail, M.; Thompson, A.; Fiedorowicz, J.G. Psychiatric Emergencies: Assessing and Managing Suicidal Ideation.

Med. Clin. N. Am. 2017, 101, 553–571. [CrossRef]
85. Baldaçara, L.; Rocha, G.A.; Leite, V.D.S.; Porto, D.M.; Grudtner, R.R.; Diaz, A.P.; Meleiro, A.; Correa, H.; Tung, T.C.; Quevedo, J.;

et al. Brazilian Psychiatric Association guidelines for the management of suicidal behavior. Part 1. Risk factors, protective factors,
and assessment. Braz. J. Psychiatry 2021, 43, 525–537. [CrossRef] [PubMed]

86. Baldaçara, L.; Grudtner, R.R.; da S Leite, V.; Porto, D.M.; Robis, K.P.; Fidalgo, T.M.; Rocha, G.A.; Diaz, A.P.; Meleiro, A.; Correa, H.;
et al. Brazilian Psychiatric Association guidelines for the management of suicidal behavior. Part 2. Screening, intervention, and
prevention. Braz. J. Psychiatry 2021, 43, 538–549. [CrossRef] [PubMed]

87. Bin Heyat, M.B.; Akhtar, F.; Sultana, A.; Tumrani, S.; Teelhawod, B.N.; Abbasi, R.; Amjad Kamal, M.; Muaad, A.Y.; Lai, D.; Wu, K.
Role of Oxidative Stress and Inflammation in Insomnia Sleep Disorder and Cardiovascular Diseases: Herbal Antioxidants and
Anti-inflammatory Coupled with Insomnia Detection using Machine Learning. Curr. Pharm. Des. 2022, 28, 3618–3636. [CrossRef]
[PubMed]

88. Tripathi, P.; Ansari, M.A.; Gandhi, T.K.; Mehrotra, R.; Bin Heyat, M.B.; Akhtar, F.; Ukwuoma, C.C.; Muaad, A.Y.; Kadah, Y.M.;
Al-Antari, M.A.; et al. Ensemble Computational Intelligent for Insomnia Sleep Stage Detection via the Sleep ECG Signal. IEEE
Access. 2022, 10, 108710–108721. [CrossRef]

89. Akhtar, F.; Bin Heyat, M.B.; Sultana, A.; Parveen, S.; Zeeshan, H.M.; Merlin, S.F.; Shen, B.; Pomary, D.; Li, J.P.; Sawan, M. Medical
intelligence for anxiety research: Insights from genetics, hormones, implant science, and smart devices with future strategies.
WIREs Data Min. Knowl. Discov. 2024, e1552. [CrossRef]

90. Bin Heyat, M.B.; Akhtar, F.; Munir, F.; Sultana, A.; Muaad, A.Y.; Gul, I.; Sawan, M.; Asghar, W.; Iqbal, S.M.A.; Baig, A.A.; et al.
Unravelling the complexities of depression with medical intelligence: Exploring the interplay of genetics, hormones, and brain
function. Complex. Intell. Syst. 2024, 10, 5883–5915. [CrossRef]

91. Tang, H.; Miri Rekavandi, A.; Rooprai, D.; Dwivedi, G.; Sanfilippo, F.M.; Boussaid, F.; Bennamoun, M. Analysis and evaluation of
explainable artificial intelligence on suicide risk assessment. Sci. Rep. 2024, 14, 6163. [CrossRef]

92. Bazoukis, G.; Bollepalli, S.C.; Chung, C.T.; Li, X.; Tse, G.; Bartley, B.L.; Batool-Anwar, S.; Quan, S.F.; Armoundas, A.A. Application
of artificial intelligence in the diagnosis of sleep apnea. J. Clin. Sleep Med. 2023, 19, 1337–1363. [CrossRef]

93. Ingle, M.; Sharma, M.; Kumar, K.; Kumar, P.; Bhurane, A.; Elphick, H.; Joshi, D.; Acharya, U.R. A systematic review on automatic
identification of insomnia. Physiol. Meas. 2024, 45, 03TR01. [CrossRef]

94. Verma, R.K.; Dhillon, G.; Grewal, H.; Prasad, V.; Munjal, R.S.; Sharma, P.; Buddhavarapu, V.; Devadoss, R.; Kashyap, R.; Surani, S.
Artificial intelligence in sleep medicine: Present and future. World J. Clin. Cases. 2023, 11, 8106–8110. [CrossRef]

95. American Academy of Sleep Medicine. International Classification of Sleep Disorders, 3rd ed.; Text Revision (ICSD-3-TR); American
Academy of Sleep Medicine: Darien, IL, USA, 2023.

96. Goldstein, C.A.; Berry, R.B.; Kent, D.T.; Kristo, D.A.; Seixas, A.A.; Redline, S.; Westover, M.B.; Abbasi-Feinberg, F.; Aurora, R.N.;
Carden, K.A.; et al. Artificial intelligence in sleep medicine: An American Academy of Sleep Medicine position statement. J. Clin.
Sleep Med. 2020, 16, 605–607. [CrossRef] [PubMed]

97. Hawton, K.; Lascelles, K.; Pitman, A.; Gilbert, S.; Silverman, M. Assessment of suicide risk in mental health practice: Shifting
from prediction to therapeutic assessment, formulation, and risk management. Lancet Psychiatry 2022, 9, 922–928. [CrossRef]

98. Terra, M.; Baklola, M.; Ali, S.; El-Bastawisy, K. Opportunities, applications, challenges and ethical implications of artificial
intelligence in psychiatry: A narrative review. Egypt. J. Neurol. Psychiatry Neurosurg. 2023, 59, 80. [CrossRef]

99. Briganti, G.; Le Moine, O. Artificial Intelligence in Medicine: Today and Tomorrow. Front. Med. 2020, 7, 27. [CrossRef] [PubMed]
100. Huang, A.A.; Huang, S.Y. Use of machine learning to identify risk factors for insomnia. PLoS ONE 2023, 18, e0282622. [CrossRef]

[PubMed]

https://doi.org/10.1016/j.smrv.2021.101492
https://www.ncbi.nlm.nih.gov/pubmed/33965721
https://doi.org/10.1007/s11325-023-02829-w
https://www.ncbi.nlm.nih.gov/pubmed/37119355
https://doi.org/10.5664/jcsm.5020
https://www.ncbi.nlm.nih.gov/pubmed/25902824
https://doi.org/10.1037/bul0000084
https://doi.org/10.1146/annurev-clinpsy-021815-093204
https://doi.org/10.1016/j.mcna.2022.03.008
https://doi.org/10.1176/appi.focus.20200011
https://doi.org/10.4103/indianjpsychiatry.indianjpsychiatry_497_22
https://doi.org/10.1016/j.mcna.2016.12.006
https://doi.org/10.1590/1516-4446-2020-0994
https://www.ncbi.nlm.nih.gov/pubmed/33111773
https://doi.org/10.1590/1516-4446-2020-1108
https://www.ncbi.nlm.nih.gov/pubmed/33331533
https://doi.org/10.2174/1381612829666221201161636
https://www.ncbi.nlm.nih.gov/pubmed/36464881
https://doi.org/10.1109/ACCESS.2022.3212120
https://doi.org/10.1002/widm.1552
https://doi.org/10.1007/s40747-024-01346-x
https://doi.org/10.1038/s41598-024-53426-0
https://doi.org/10.5664/jcsm.10532
https://doi.org/10.1088/1361-6579/ad2059
https://doi.org/10.12998/wjcc.v11.i34.8106
https://doi.org/10.5664/jcsm.8288
https://www.ncbi.nlm.nih.gov/pubmed/32022674
https://doi.org/10.1016/S2215-0366(22)00232-2
https://doi.org/10.1186/s41983-023-00681-z
https://doi.org/10.3389/fmed.2020.00027
https://www.ncbi.nlm.nih.gov/pubmed/32118012
https://doi.org/10.1371/journal.pone.0282622
https://www.ncbi.nlm.nih.gov/pubmed/37043435


J. Clin. Med. 2024, 13, 5907 16 of 16

101. Lin, G.M.; Nagamine, M.; Yang, S.N.; Tai, Y.M.; Lin, C.; Sato, H. Machine learning based suicide ideation prediction for military
personnel. IEEE J. Biomed. Health Inform. 2020, 24, 1907–1916. [CrossRef]

102. Roy, A.; Nikolitch, K.; McGinn, R.; Jinah, S.; Klement, W.; Kaminsky, Z.A. A machine learning approach predicts future risk to
suicidal ideation from social media data. NPJ Digit Med. 2020, 3, 78. [CrossRef]

103. Dosogne, M.; Wacquier, B.; Al Faker, M.; Willame, H.; Point, C.; Loas, G.; Hein, M. Risk of current suicidal ideations associated
with lifelong anhedonia and recent change of anhedonia in individuals with insomnia: A cross-sectional study. J. Psychiatr. Res.
2022, 150, 338–345. [CrossRef]

104. Koponen, H.; Kautiainen, H.; Leppänen, E.; Mäntyselkä, P.; Vanhala, M. Cardiometabolic risk factors in patients referred to
depression nurse case managers. Nord. J. Psychiatry 2015, 69, 262–267. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1109/JBHI.2020.2988393
https://doi.org/10.1038/s41746-020-0287-6
https://doi.org/10.1016/j.jpsychires.2021.11.034
https://doi.org/10.3109/08039488.2014.972451

	Introduction 
	Materials and Methods 
	Selection of Apneic Individuals 
	Method 
	Medical and Psychiatric Assessment of Apneic Individuals 
	Sleep Assessment of Apneic Individuals 

	Statistical Analyses 

	Results 
	Polysomnographic Data (Table 2) 
	Univariate Analyses (Table 3) 
	Multivariate Analyses (Table 4) 

	Discussion 
	Limitations 
	Future Prospects 

	Conclusions 
	References

