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Abstract

Study Objectives: In this nationwide study, we used the unique Danish registries to estimate the risk of suicide and
deliberate self-harm in patients with obstructive sleep apnea (OSA).

Methods: We identified all Danish citizens receiving a diagnosis of OSA between 1995 and 2015. As a reference cohort,
we randomly selected 10 citizens for each patient, matched by sex and birth year. Using the Fine and Gray competing
risk regression, we estimated the cumulative incidences of suicide, and Cox proportional regression analysis was used to
compare the risk of suicide and deliberate self-harm in patients with OSA with the reference cohort.

Results: We identified 48 168 patients with OSA. A total of 135 patients had died by suicide, compared with 999 suicides in
the reference cohort. Patients with OSA had an increased risk of dying by suicide when compared with the reference cohort
(hazard ratio, 1.29; 95% CI = 1.07% to 1.55%; and subhazard ratio, 1.23; 95% CI = 1.10% to 1.45%). We identified 1004 events of
self-harm among patients with OSA, and 5270 events in the reference group. The overall risk of self-harm was increased in
patients with OSA when compared with the reference group (hazard ratio, 1.28; 95% CI = 1.19% to 1.37%).

Conclusions: This is the first study to estimate the risk of suicide and deliberate self-harm in patients with OSA. We
found that patients with OSA have an increased risk of both suicide and deliberate self-harm when compared with a large
reference cohort, thereby highlighting the importance of a mental health screening in these patients.
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Statement of Significance

Suicide is a serious public health problem and one of the leading causes of death. In this nationwide study, we have for the
first time established that patients with obstructive sleep apnea have an increased risk of suicide and deliberate self-harm
when compared to a large reference cohort. As such, we believe that there must be a larger focus on mental health in the
evaluation of these patients. We hope that by bringing awareness to an increased risk of this fatal outcome, our novel
finding will assist physicians providing care for patients with obstructive sleep apnea.
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Introduction

Approximately 800 000 people die by suicide every year world-
wide [1, 2]. In Denmark, a country with 5.8 million inhabitants,
around 600 people die by suicide every year—a number three
times higher than the number of people who die in car acci-
dents. Suicidal behavior has consistently been linked to mental
illness; however, several somatic disorders is also correlated
with suicide deaths [3, 4]. Obstructive sleep apnea (OSA) is a
very common disease, affecting approximately 25% of adults
in the United States, with similar incidences in other western
countries [5, 6]. OSA have shown to increase the risk of various
organic diseases, including cardiovascular disease, stroke, and
diabetes [7-10]. In recent years, OSA have been associated with
an impact on mental health, as reports have shown a higher
risk of depression in this population [11]. Indeed, OSA, and sleep
disturbances in general, have been shown to be associated
with various psychiatric illness, including suicidal ideation and
self-harm [12-19]. The risk of suicide and deliberate self-harm
have never, nonetheless, been investigated in the OSA popula-
tion. In this present study, we used the unique Danish registers
to estimate the risk of suicide and self-harm in a nationwide co-
hort of patients with OSA, covering up to 25 years of follow-up.

Methods
Study population

We used several medical registries in this nationwide descriptive
cohort study (see overview in Figure 1). Registration and collec-
tion of data from all hospitals and outpatient clinics in Denmark
is mandatory, with linkage of different registers made possible
by the use of the unique personal identification number, the civil
registration number, assigned to all Danish individuals at birth
or immigration [20]. The Danish healthcare system is publicly
financed, with equal accessibility for all registered Danish resi-
dents. We used the Danish National Patient Registry (DNPR) to
identify all Danish citizens older than 15 years of age receiving
a diagnosis of OSA between 1995 and 2015 [21]. The DNPR con-
tains information on all hospital admissions in Denmark, dates
of admission and discharge, surgical procedures, and discharge
diagnoses coded according to the International Classification of
Diseases, Tenth Revision (ICD-10). To identify patients with OSA,
we used the ICD-10 codes DG473 and DG4732. To identify the
patients with OSA treated with continuous positive airway pres-
sure (CPAP), we used the code ZZ3915. As adjusting covariates, we
used Denmarks Statistics to get information on Socio-Economic
Classification from The Employment Classification Module for
both patients with OSA and the comparison cohort based on in-
formation on the main source of income and employment for
each individual. A random reference sample matched by sex
and birth year with the included patients with OSA was drawn
using the Danish Civil Registration System, ensuring a ratio of 10
citizens per patient. To eliminate the risk of immortal time bias,
date of diagnosis was used as the date of matching between pa-
tients with OSA and their references.

Assessment of suicide and self-harm

We linked the study population with the Danish Register of
Causes of Death using the civil registration number, to obtain
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Figure 1. Overview of data sources.

any information of suicide (using the codes X60-X84 from the
ICD-10 classification) and date of suicide, if any [22]. This register
contains information on all deaths in Denmark from 1970 to
2019. The legal regulation of death certification in Denmark
states that any case of sudden and unexpected death, thereby
including suicide, must be reported to the police. In these cases,
the death certificate will only be completed after a medicolegal
examination. We also linked the study population with the
Danish Psychiatric Central Register to obtain information about
deliberate self-harm [23]. This register contains data on all ad-
missions to Danish psychiatric inpatient facilities from 1969,
whereas data on outpatient visits to psychiatric departments
were included from 1995. We identified deliberate self-harm as
individuals fulfilling at least one of the following five criteria in
the DNPR or Danish Psychiatric Central Register: (1) reason for con-
tact code 4, (2) any psychiatric diagnosis (ICD-10 chapter F) and a
comorbid diagnosis of poisoning with medication and biological
compounds (ICD-10 codes T36 through T50) or nonmedical
compounds, excluding alcohol and poisoning from food (T52
through T60), (3) any psychiatric disorder (ICD-10 chapter F) and
comorbid diagnosis reflecting lesions on the forearm, wrist, or
hand (ICD-10 codes S51, S55, S59, S61, S65, or S69), (4) any contact
with a hospital because of poisoning with weak or strong anal-
gesics, hypnotics, sedatives, psychoactive drugs, antiepileptics,
and antiparkinsonian drugs or carbon monoxide (ICD-10 codes
T39, T42, T43, and T58), and (5) any somatic or psychiatric diag-
nosis X60 through X84. This algorithm of deliberate self-harm
has been described in previous studies [4, 24].

Statistical analysis

Categorical baseline variables were summarized by percent-
ages or frequencies. Comparisons of categorical characteristics
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between patients and the reference cohort were performed by
Fisher’s exact test. Similarly, continuous baseline variables were
reported as mean and standard deviation (SD). Comparisons of
means were performed by unpaired t test.

We followed patients with OSA from their first hospital contact,
inpatient or outpatient, with OSA until suicide, death from other
causes, or December 31, 2020 (whichever came first). Comparisons
of incidences of suicide/first episode of self-harm between patients
with OSA and their matched references were performed in our main
analysis by Cox regression with age as time scale. In each matching
cluster, individuals entered the risk set at the age of diagnosis of
the patient with OSA. SEs were calculated taking matching clusters
into account. The cause-specific hazard ratio is supplied with the
subhazard ratio, with death by other causes being the competing
risk, as suggested by Latouche et al [25]. Through the matching and
choice of time scale, the analyses are adjusted for sex, attained age,
and birth year. Furthermore, we adjusted for socioeconomic status.
We estimated the cumulative incidences of suicide in patients with
OSA and compared them with the reference cohort using the Fine
and Gray competing risk regression [26]. To illustrate the time vari-
ations of incidents rates, smoothed cause-specific hazard estimates
are presented for patients and references. Comparison between
patients with OSA treated with and without CPAP were addition-
ally adjusted for age and sex. Additionally, a subanalysis was made
comparing the risk of self-harm between patients diagnosed with
OSA before or after 40 years of age. Finally, we used Poisson regres-
sion to calculate the incidence rate ratio (IRR) for suicide and all
self-harm episodes (as one person can commit multiple events) in
patients with OSA and the reference cohort. Statistical significances
were defined as those with p-values below 0.05. All analyses were
performed using Stata 16 (StataCorp LP, TX). This study was ap-
proved by The Central Denmark Region Research Committee (1-16-
02- 558- 20). The requirement for informed consent was waived
given the nature of the study.

Results

The Danish cohort of patients with OSA diagnosed between 1995
and 2015 is composed of 48 168 patients (mean age, 64 years;
78% male). Baseline characteristics are presented in Table 1.
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Among patients with OSA, 7009 (14.6%) had died with a median
age of death of 69 years, compared with 64 515 (13.4%) deaths
in the reference cohort. Mean follow-up was 12.5 years, with a
maximum follow-up of 25 years. The reference cohort was com-
posed of 481 680 individuals from the general population (mean
age, 64 years; 78% male).

Risk of suicide

A total of 135 patients with OSA (1.93% of all deaths; median
age at suicide, 57 years) had died by suicide, compared with 999
suicides (1.55% of all deaths; median age at suicide, 59 years) in
the reference cohort. Patients with OSA had a significantly in-
creased risk of dying by suicide when compared with the refer-
ence cohort (hazard ratio, 1.29; 95% CI, 1.07-1.55; and subhazard
ratio, 1.23; 95% CI = 1.10% to 1.45%) (see Table 2). In Figure 2, the
cumulative incidence of suicide by time since the OSA diagnosis
is shown, demonstrating a clear difference between patients
and references. The smoothed cause-specific hazard estimates
illustrate the occurrence of suicide in patients with OSA com-
pared with the reference cohort (Figure 3). Additionally, the in-
cidence rate ratios of suicide differed significantly between the
two groups. There was a clear tendency to a higher occurrence
of suicide among patients treated without CPAP (2.1%) com-
pared with patients treated with CPAP (1.4%; p = .057), as shown
in Table 3. This tendency is also reflected in the incidence rate
ratio and hazard ratio when comparing the two groups.

Risk of self-harm

We identified 1004 events of self-harm among patients with OSA
after time of diagnosis, and 5270 events in the reference group.
For patients with OSA, the overall risk of deliberate self-harm
was significantly increased when compared with the reference
group (hazard ratio, 1.28; 95% CI = 1.19% to 1.37%; and subhazard
ratio, 1.20; 95% CI = 1.08-1.33) when only including the incident
event per individual (Table 2). The incidence rate ratio showed
a clear difference between the two groups (IRR: 1.58; 1.52-1.64).
A subanalysis demonstrated that the risk of self-harm was

Table 1. Characteristics of patients with OSA and matched references

Cases References
Variable n =48 168 n =481 680 P
Age, year, mean (SD) 64.2 (13) 64.2 (13) 0.9681
Sex, male (%) 77.7 77.7 —
Age at diagnosis, years, mean (SD) 53.5(12.9) — —
Follow-up, y (min-max) 12.5 (4-25) — —
CPAP, 1 (%) 12 875 (26.7) — —
Dead, n (%) 7009 (14.6) 64 515 (13.4) <0.0001
Age at death, years, mean (SD) 69.4 (11.3) 70 (10.7) <0.0001
Socioeconomic status
-Owner of business or employee with high income, n (%) 4870 (10.1) 64 654 (13.4) <0.0001
-Employee with middle or low income, n (%) 12 901 (26.8) 129 499 (26.9) 0.635
-Unemployed, social benefits, students or pensioners, n (%) 28,887 (60.0) 255,164 (53.0) <0.0001
-Other, n (%) 1326 (2,8) 30,077 (6.2) <0.0001
-Missing, n (%) 184 (0.4) 2286 (0.5) 0.004
Comorbidity
-Diabetes Mellitus, n (%) 5748 (11.9) 22172 (4.6) <0.0001
-Hypertension, n (%) 5913 (12.3) 26 284 (5.5) <0.0001
-Cerebrovascular events, n (%) 3736 (7.8) 26 165 (5.4) <0.0001
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Table 2. Risk of suicide and self-harm in patients with OSA compared with matched references

Variable No. of cases SHR (95% CI) HR (95% CI) IRR (95% CI)
Suicide

Patients with sleep apnea 135 1.23 (1.10-1.45) 1.29 (1.07-1.55) 1.34 (1.12-1.60)
Self-harm

Patients with sleep apnea 1004 1.20 (1.08-1.33) 1.28 (1.19-1.37) 1.58 (1.52-1.64)

SHR = subhazard ratio; HR = hazard ratio; IRR = incidence rate ratio (all events).
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Figure 2. Cumulative incidence of suicide by time of diagnosis among patients
with OSA.
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Figure 3. Smoothed cause-specific hazard estimate of suicide by time of diag-
nosis among patients with OSA.

similar regardless of patients being diagnosed with OSA before
or after 40 years of life.

The occurrence of self-harm was higher in the patients with
OSA treated without CPAP (2.4%) when compared with OSA pa-
tients treated with CPAP (1.2%; p < 0.001), see Table 3. The inci-
dence rates were significantly higher in patients treated without
CPAP; however, no differences were found when comparing in-
cidence of first event of self-harm.

Discussion

In this nationwide study, we estimated the risk of suicide and
deliberate self-harm in patients with OSA covering a long-term

follow-up of up to 25 years. We have demonstrated that the ab-
solute risk of both suicide and self-harm in patients with OSA is
significantly higher when compared to the risk found in a large
reference cohort. We also found that patients with OSA treated
with CPAP had lower incidence rate of self-harm when com-
pared to patients treated without CPAP.

Our data suggest the theoretical linkage between suicide and
self-harm and OSA to be true, emphasizing the importance of
sleep in the development of mental health issues. Our hypothesis
was created by the fact, that sleep disorders, several major phys-
ical health conditions, and all psychiatric disorders are associated
with increased risk of suicide [3, 4, 7, 19]. As mentioned previously,
psychiatric conditions are significantly more prevalent in indi-
viduals with diagnosed OSA. Studies have shown that especially
mood disorders (anxiety and depression) are common in patients
with OSA—disorders that are heavily associated with increased
risk of suicide [4, 11, 15, 27]. Additionally, OSA is associated with
cardiovascular disease, eq. heart failure, which again is associ-
ated with increased risk of suicide [7, 28, 29]. As such, our findings
were somewhat anticipated. Despite patients with OSA have sev-
eral evidence-based risk factors for suicide, the poor late outcome
demonstrated in the current study may reasonably be mainly
attributed to the association with mood disorders. As a conse-
quence, the clinical assessment of patients with OSA should in-
clude an evaluation of whether the patient would benefit from a
psychiatric consultation to identify individuals at risk of suicide.

Although the risk of suicide and self-harm in patients with
OSA had never been investigated before, there have been de-
scribed an increased risk of suicide attempts, suicidal ideation,
and planning [18, 30-32]. This association was highlighted in
a study by Bishop et al, who demonstrated that insomnia and
sleep-related breathing disorders, including OSA, were associ-
ated with suicide attempts among US veterans [32]. However,
after adjusting for several psychiatric comorbidities and obesity,
sleep-related breathing disorders were no longer positively as-
sociated with suicide attempt. This discrepancy in relation to
our study might be explained by the differences in analysis plan
or study design, given that Bishop et al had a retrospective ap-
proach, starting with the outcome (suicide attempts) and then
traced back to investigate exposures.

Another study by Bishop et al demonstrated that patients with
self-reported OSA were more likely to report suicidal thoughts
and behavior, thereby supporting our findings [31]. In disagree-
ment with our results, the authors report that suicide attempts
were not associated with self-reported OSA. The authors suggest
that they might lack power in their design to detect a difference as
only 12 suicide was attempted among people with self-reported
OSA. In contrast, the present study has sufficient power to de-
tect even small differences, as well as a completely different de-
sign more suited for establishing a potential association. Another
interesting explanatory suggestion by the authors is that patients
with OSA might lack the mental or physical energy to act on their
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Table 3. Characteristics of patients with OSA treated with or without CPAP and the risk of suicide and self-harm compared between the two

groups

CPAP No CPAP

n=12,875 n= 35,293 P
Dead, n (%) 1263 (9.8) 5746 (16.23) <0.0001
Age at death, years, mean (SD) 69.5 (11.3) 69.4 (11.29) 0.813
Suicide, n (% of deaths) 17 (1.4) 118 (2.1) 0.057
Self-harm, n (%)* 144 (1.2) 860 (2.4) <0.001
Variable No. of cases IRR HR
Suicide 135 0.61 (0.36-1.02) 0.62 (0.37-1.04)
Self-harm 1004 0.71 (0.59-0.84) 0.93 (0.69-1.27)

HR = hazard ratio; IRR = incidence rate ratio.
*Total number of events (one person can commit multiple events).

suicidal thoughts, ie, patients with OSA have poor executive func-
tion. Actual executive function, reflecting planning and execu-
tion, is found to be impaired in patients with OSA [33]. However,
the correlation between executive function and suicide is more
complex. In a systematic review, the authors could not make a
clear conclusion on executive function and suicide based on the
existing literature, whereas another paper actually indicated that
poor executive function was associated with increased with of
suicidal behavior [34, 35]. That said, executive function in patients
with OSA were not addressed in this study and a potential associ-
ation with suicide in this patient group is unknown.

Patients with OSA treated with CPAP had a lower incidence
ratio of deliberate self-harm, and, generally, there were a trend
toward a lower incidence ratio and risk of both suicide and
self-harm in these patients when compared to patients with
OSA not receiving CPAP treatment. We must expect that the pa-
tients receiving CPAP treatment are the ones with moderate to
severe OSA, whereas patients not receiving CPAP have mild OSA.
While speculative, this finding indicates that patients with mod-
erate to severe OSA treated with CPAP are less vulnerable than
patients with mild OSA not receiving CPAP treatment, perhaps
supporting the notion that even patients with mild OSA could
benefit from CPAP treatment.

Limitations

The validity of our estimates depends on the accuracy of the OSA
diagnosis, which again depends on the physicians generating
the data. The validity of the diagnosis in the DNPR is considered
moderate to high. To strengthen the validity of our data further,
we only chose to include patients with a primary diagnosis of
OSA, and by only including patients diagnosed after 1995, the
completeness of our cohort is higher as all patients diagnosed
in an outpatient clinic is included.

Regarding external validity of our findings, we cannot ex-
trapolate our findings to the large group of undiagnosed patients
with OSA in the general population. Additionally, our cases are
likely to suffer from clinical referral bias, given that many pa-
tients with OSA have other clinical conditions potentially as-
sociated with suicide and self-harm. This may consequently
account for the significance of the association demonstrated in
the present study.

Deliberate self-harm is, unfortunately, only correctly reported
with a contact code 4 in 37% [36]. As a consequent, we decided
to include codes covering methods often used for deliberate

self-harm. We are aware that this approach includes a risk of
including some incidents with accidental harm. The chosen
approach has, however, been validated as the best estimate for
self-harm. As we used same approach for both cases and refer-
ences, we believe that it would not influence the overall inter-
pretation of our data.

Lastly, given the nature of the registries, we do not have de-
tailed clinical information, eq. apnea-hypopnea index, man-
dibular advancement devices, or therapy adherence. Furthermore,
we were not able to include potential important confounding life-
style variables such as body mass index and smoking, as these
variables are unavailable in central national registries. These vari-
ables are, however, partly incorporated as obesity and smoking
are reflected by the socioeconomic status [37, 38].

Conclusion

With this nationwide study, we are the first to estimate of risk of
suicide and self-harm in patients diagnosed with OSA followed
up from time of diagnosis. Our results suggest that patients
diagnosed with OSA have a moderately increased risk of suicide
and deliberate self-harm when compared with a large reference
cohort. Although clinical referral bias may impact our results,
our data indicate the importance of monitoring for psychiatric
vulnerability and, hopefully, our results will assist physicians
providing counseling for patients with OSA.

Supplementary Material

Supplementary material is available at SLEEP online (see supple-
mentary figure 1)
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