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Abstract

An association may exist between obstructive sleep apnea (OSA) and depression. However, results regarding this association are
inconsistent, and the direction of the association between OSA and depression remains unknown. Therefore, we used the Taiwan
National Health Insurance Research Database to investigate the bidirectional association between OSA and depression.
A total of 6427 OSA patients and 32,135 age and sex-matched control subjects were enrolled to analyze the risk of depression
among patients with OSA, where 27,073 patients with depression and 135,365 control subjects were enrolled to address the risk of
OSA among patients with depression. All subjects were followed to identify their outcomes of interest from January 1, 1997 to
December 31, 2012.
Cox proportional-hazards models, after adjusting for potential confounders, demonstrated that patients with OSA had an
increased risk (adjusted hazard ratio 2.48, 95% conﬁdence interval 2.20–2.79) of developing depression, whereas those with
depression were associated with an increased risk of future OSA (adjusted hazard ratio 2.30, 95% conﬁdence interval 2.11–2.50).
Our results suggested that a strong bidirectional relationship exists between OSA and depression, with each disease inﬂuencing
the development of the other. Health providers are recommended to ensure the early detection and management of depression
among patients with OSA and vice versa.
Abbreviations: CI = conﬁdence interval, HR = hazard ratio, ICD-9-CM = International Classiﬁcation of Diseases, 9th Revision,
Clinical Modiﬁcation, LHID = Longitudinal Health Insurance Database, NHI = National Health Insurance, NHIRD = National Health
Insurance Research Database, NTD = New Taiwan dollar, OSA = obstructive sleep apnea.
Keywords: bidirectional association, depression, obstructive sleep apnea

higher rates of depression among OSA patients.[3,4] Both OSA
and depression are associated with increased morbidity and
mortality, and decreased quality of life. Surely, both of them will
pose enormous challenges in the decades to come.[5–8] Therefore,
the association between OSA and depression deserves careful
examination.
Obstructive sleep apnea and depression have overlapping
symptoms,[9] such as fatigue, daytime sleepiness, and poor
concentration. In addition, they share various biological
mechanisms and risk factors suggesting a potential bidirectional
association between them.[10] Studies on the link between OSA
and depression are limited and inconsistent, with some
demonstrating a positive association between OSA and depression,[11,12] whereas others show no association at all.[13–15]
However, the existing literature is ﬂawed due to methodological
limitations, such as cross-sectional designs, small sample sizes,
and use of self-reported symptoms rather than diagnosis by a
certiﬁcated physician. Longitudinal follow-up studies have found
that patients with OSA had an increased risk of developing
subsequent depression,[16,17] but less attention has been given to
the investigation of whether the opposite direction also occurs.
Moreover, until now, there have been no studies that have
investigated the bidirectional relationship between OSA and
depression from individuals within the same population.
Therefore, the aim of this study was to investigate the
bidirectional temporal relationship between OSA and depression
using a large administrative database from the Taiwan National
Health Insurance (NHI) program. We hypothesized that patients

1. Introduction
Obstructive sleep apnea (OSA), one of the most clinically
important forms of sleep-related breathing disorders, is characterized by repetitive, partial, or complete collapse of the upper
airway during sleep, causing impaired gaseous exchange and
sleep disturbance. The prevalence of OSA has increased
dramatically during the past 2 decades.[1] On the contrary,
depression is one of the most common psychiatric illnesses, and is
expected to be one of the top leading causes of global
morbidity.[2] Some studies have demonstrated signiﬁcantly
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of onset of 22 years, whereas those with unipolar depression have
an average age of onset of about 30 years. We chose patients older
than 30 years for the study cases to focus on those with major
depression.[22] Finally, because this was considered a bidirectional
study for OSA and depression, we applied the same age exclusion
criteria for the 2 substudies. In addition to the age exclusion
criteria, patients with depression who had been diagnosed with
OSA (ICD-9-CM codes 780.51, 780.53, and 780.57) before the
diagnosis of depression were also excluded. The initial date of the
depression diagnosis was set as the index date. We selected
beneﬁciaries with no depression diagnosis from the LHID2005 as
the control candidate group and the cases were then matched 1:5
by age and sex to individuals from this group. Cases were only
matched to control candidates who were not diagnosed with OSA
before the index date of the corresponding cases. After matching,
the index date was assigned to the matched controls. The cohorts
were observed starting from the index date until the OSA diagnosis,
December 31, 2012, or death, whichever came ﬁrst.
In addition, medical comorbidities, including diabetes (ICD-9CM codes 250.x), hypertension (ICD-9-CM codes 401.x–405.x),
hyperlipidemia (ICD-9-CM codes 272.x), stroke (ICD-9-CM
codes 430.x–438.x), ischemic heart disease (ICD-9-CM codes 410.
x–414.x), chronic obstructive pulmonary disease (ICD-9-CM
codes 490.x–492.Xx), and obesity (ICD-9-CM codes
278.00–278.02) were investigated as potential confounding
factors in both study 1 and study 2. We also examined the level
of urbanization (levels 1–5: from the most urbanized region to the
most rural region) and insurance salary (<15,840 new Taiwan
dollar [NTD], 15,841–25,000 NTD, and >25,001 NTD). We also
adopted a disease- screening tool to quickly ﬁlter for the presence of
comorbidities and the association between OSA and depression.

with OSA would have an increased risk of subsequent depression
and vice versa.

2. Materials and methods
2.1. Data source
The NHI program in Taiwan was launched in 1995. This
mandatory health insurance program covers up to 98% of the
Taiwanese population. The National Health Insurance Research
Database (NHIRD) was extracted from the claims data from the
NHI program for research purposes. This anonymous database
contains comprehensive information on insured patients, such as
demographic data, dates of clinical visits, and disease diagnoses.
The diagnostic codes used were based on the International
Classiﬁcation of Diseases, 9th Revision, Clinical Modiﬁcation
(ICD-9-CM). The Longitudinal Health Insurance Database
(LHID)2005, a subset of the NHIRD, contains claims data for 1
million randomly sampled beneﬁciaries who were insured in 2005.
This dataset had been conﬁrmed as having no signiﬁcant difference
in age, sex, or healthcare cost from its whole population, which is
composed of all beneﬁciaries under the NHI program. The
requirement for informed consent was waived as all claims data in
the NHIRD were anonymized and de-identiﬁed at all times. This
study was reviewed by the Institutional Review Board of Mackay
Memorial Hospital (No. 15MMHIS222e).

2.2. Study population
Patients diagnosed with OSA (ICD-9-CM codes 780.51, 780.53,
and 780.57) between 1997 and 2009 were selected as the OSA
cohort. Patients younger than 30 years of age or older than 80
years of age were excluded. The age exclusion criteria were
selected because of the following reasons. First, OSA is a common
disease among adults. The prevalence of OSA increases steadily
during the middle age and reaches a plateau at about the age of 65
years.[18,19] Taking these epidemiological characteristics into
account, we included patients older than 30 years. Second, it
takes time after OSA onset to develop a subsequent depression,
and patients older than 80 years of age might have less chance for
this to occur. Hence, patients older than 80 years were excluded.
In addition to the age exclusion criteria, OSA patients diagnosed
with depression (ICD-9-CM codes 296.2x, 296.3x, 300.4, and
311) by a psychiatrist before the diagnosis of OSA were also
excluded. The initial date of OSA diagnosis was set as the index
date. We selected beneﬁciaries with no OSA diagnosis from the
LHID2005 as the control candidate group, and the cases were
then matched 1:5 by age and sex to individuals from this group.
Cases were only matched to control candidates who were not
diagnosed with depression before the index date of the
corresponding cases. After matching, the index date was assigned
to the matched controls. The cohorts were observed starting from
the index date until the diagnosis of depression by a psychiatrist,
December 31, 2012, or death, whichever came ﬁrst.
Patients diagnosed with depression (ICD-9-CM codes 296.2x,
296.3x, 300.4, and 311) by a psychiatrist between 1997 and
2009 were selected as the depression cohort. Patients younger
than 30 years of age or older than 80 years of age were excluded.
The age exclusion criteria were selected because of the following
reasons. First, prior research has shown that some patients with
bipolar disorders have major depression as their initial presentation before mania during the teenage years or early adulthood.[20,21] Second, patients with bipolar disorder have a mean age

2.3. Statistical analyses
Demographic data and covariates were expressed as mean± SD for
continuous variables and as proportions for categorical variables.
The chi-square test was used for categorical variables and the t test
was used for continuous variables. The Kaplan–Meier product-limit
method was used to compute cumulative incidence, and differences
in estimate were compared using the log-rank test. To examine the
relationship between OSA and future risk of incident depressive
disorder and vice versa, Cox proportional-hazard regression
analysis was used to calculate the crude and adjusted hazards
ratios (HRs) with 95% conﬁdence intervals (CIs). Three models
were constructed: model 1 estimated the crude association; model 2
was adjusted for age, sex, urbanization level, and insurance salary;
and model 3 was based on model 2 and additionally adjusted for
medical comorbidities, such as diabetes mellitus, hypertension,
hyperlipidemia, stroke, ischemic heart disease, chronic obstructive
pulmonary disease, and obesity. Stratiﬁed Cox regression analysis
(stratiﬁed according to sex, age groups [<65 years and ≥65 years])
was performed to examine the modifying effect of sex and age on the
bidirectional OSA–depression associations. All tests were 2-tailed,
and the level of signiﬁcance was set at P < 0.05. Analyses were
carried out using SAS, version 9.4 (SAS, Cary, NC).

3. Results
3.1. Study 1: OSA and the subsequent risk of depression
In study 1, we identiﬁed 6427 patients with OSA between 1997 and
2009, mean age 49.6 ± 12.3 years, and a male predominance
(64.6% vs 35.4%). Compared with those without OSA, patients
with OSA were more likely to have hypertension, diabetes mellitus,
2
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Table 1
Characteristics of participants with or without obstructive sleep apnea or depression.
OSA and the subsequent risk of depression

Depression and the subsequent risk of OSA

OSA
Demographic variables
Age, y
Sex
Female
Male
Social economical factors
Urbanization
1 (most urbanized)
2
3
4
5 (most rural)
Income (NTD/mo)
15,840
15,841–25,000
>25,000
Disease risk factors
Hypertension
Diabetes mellitus
Hyperlipidemia
Stroke
IHD
COPD
Obesity

Depression

No (N = 6427)

Yes (N = 32,135)

P

No (N = 27,023)

Yes (N = 135,365)

P

49.6 ± 12.3

49.6 ± 12.3

0.99
0.99

48.3 ± 12.9

48.3 ± 12.9

0.99
0.99

2273 (35.4)
4154 (64.6)

11,365 (35.4)
20,770 (64.6)

16,859 (62.3)
10,214 (37.7)

84,295 (62.3)
51,070 (37.7)

<0.001
2312
1983
1015
753
364

(36.0)
(30.9)
(15.8)
(11.7)
(5.6)

9997
9817
5008
4512
2801

(31.1)
(30.6)
(15.6)
(14.0)
(8.7)

<0.001
8378
8934
3551
3738
2472

(31.0)
(33.0)
(13.1)
(13.8)
(9.1)

42,720
41,439
20,233
18,860
12,113

(31.5)
(30.6)
(15.0)
(13.9)
(9.0)

<0.001
954 (14.8)
3046 (47.4)
2427 (37.8)
2690
1394
2365
951
1643
1974
292

(42.0)
(21.7)
(36.8)
(14.8)
(25.6)
(30.7)
(4.5)

4815 (15.0)
17351 (54.0)
9969 (31.0)
8238
4617
6945
2623
4238
6027
333

(25.6)
(14.4)
(21.6)
(8.2)
(13.2)
(18.8)
(1.0)

<0.001
5144 (19.0)
15566 (57.5)
6363 (23.5)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

7726
4629
6385
3329
5114
6033
401

(28.5)
(17.1)
(23.6)
(12.3)
(19.0)
(22.3)
(1.5)

19,706 (14.5)
79,715 (58.9)
35,944 (26.6)
28,685
16,468
22,982
9264
15,274
21,611
1339

(21.2)
(12.2)
(17.0)
(6.8)
(11.3)
(16.0)
(1.0)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Values are shown as mean ± standard deviation or n (%).
Each P value was calculated by the use of the t test for continuous variables and the chi-square test for categorical variables.
COPD = chronic obstructive pulmonary disease, IHD = ischemic heart disease, NTD = new Taiwan dollar, OSA = obstructive sleep apnea.

more likely hypertension, diabetes mellitus, hyperlipedimia,
stroke, ischemic heart disease, and chronic obstructive pulmonary disease comorbidities, and to be obese, to reside in nonrural
areas, and to have lower income than the those without
depression (all P < 0.001) (Table 1).
During the follow-up period (mean 8.27 years), there were 837
out of 27,073 (3.1%) patients with depression, and 1684 (1.2%)
out of 135,365 controls were diagnosed with OSA. Compared
with the controls, patients with depression were more likely to be
subsequently diagnosed with OSA. Furthermore, we noted a
shorter interval between the index date and OSA diagnosis date
(4.7 ± 3.6 vs 5.6 ± 3.3 years; P  0.001), and an earlier age at
diagnosis of depressive disorder (52.4 ± 11.2 vs 53.9 ± 11.2 years;

hyperlipedimia, stroke, ischemic heart disease, and chronic
obstructive pulmonary disease, and to be obese, to reside in
nonrural areas, and to have higher income (all P < 0.001) (Table 1).
During the follow-up period, there were 427 out of 6427
(6.6%) patients with OSA, and 840 (2.6%) out of 32,145
controls who were diagnosed with depression. In addition, a
shorter interval between the index date and OSA diagnosis date
was noted (3.1 ± 2.9 vs 4.5 ± 2.9 years; P < 0.001). However,
there was no signiﬁcant difference between the cases and the
controls in regards to the average age at the onset of depression.
The Kaplan–Meier survival analysis showed that patients with
OSA were associated with a higher risk of depression during the
follow-up period (log-rank test P < 0.001) (Fig. 1). Compared
with the controls, patients with OSA had more than 2 times the
risk of a subsequent depression (adjusted for demographic data
and medical comorbidities: HR 2.48, 95% CI 2.20–2.79)
(Table 2). Subanalyses stratiﬁed by sex showed that both males
and females had an increased risk for developing depression than
the controls (males: HR 2.36, 95% CI 2.00–2.79; females: HR
2.57, 95% CI 2.15–3.07). Furthermore, both the older (≥65
years) group and the younger (<65 years) group showed a
signiﬁcant risk for developing depression at a later time (older
group: HR 2.42, 95% CI 2.12–2.77; younger group: HR 2.95,
95% CI 2.17–4.02) (Table 3).
3.2. Study 2: Depression and the subsequent risk of OSA
In study 2, we identiﬁed 27,073 patients with depression between
1997 and 2009, mean age 48.3 ± 12.9 years, and a female
predominance (62.3% vs 37.7%). Patients with depression were

Figure 1. Survival curve of incident depression among patients with or without
obstructive sleep apnea.
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Table 2
Bidirectional risk of depression and obstructive sleep apnea.
Events/no. at risk
OSA and the subsequent risk of depression
Controls
840/32,145
Patients with OSA
427/6427
Depression and the subsequent risk of OSA
Controls
1684/135,365
Patients with depression
837/27,073

∗

Crude HR (95% CI)

Adjusted HR (95% CI)

Adjusted HR† (95% CI)

216,904
41,803

1 (reference level)
2.64 (2.35–2.96)

1 (reference level)
2.68 (2.38–3.01)

1 (reference level)
2.48 (2.20–2.79)

1,12,4179
219,721

1 (reference level)
2.55 (2.34–2.77)

1 (reference level)
2.58 (2.37–2.80)

1 (reference level)
2.30 (2.11–2.50)

Person-years of follow-up

CI = conﬁdence interval, HR = hazard ratio, OSA = obstructive sleep apnea.
∗
Adjusted for age, sex, income, and urbanization level.
†
Adjusted for model 1 covariates and diabetes, hypertension, hyperlipidemia, stroke, ischemic heart disease, chronic obstructive pulmonary disease, and obesity.

Table 3
Bidirectional risk of depression and obstructive sleep apnea stratiﬁed by age and sex.
Events/no. at risk
OSA and the subsequent risk of depression
Sex
Male
239/4154
Female
188/2273
Age, y
<65
354/5507
≥65
73/920
Depression and the subsequent risk of OSA
Sex
Male
431/10214
Female
406/16859
Age, y
<65
770/23116
≥65
67/3957

∗

Crude HR (95% CI)

Adjusted HR (95% CI)

Adjusted HR† (95% CI)

2.64 (2.26–3.08)
2.65 (2.22–3.15)

2.69 (2.30–3.16)
2.64 (2.21–3.15)

2.36 (2.00–2.79)
2.57 (2.15–3.07)

2.53 (2.23–2.88)
3.26 (2.44–4.37)

2.60 (2.29–2.95)
3.07 (2.29–4.13)

2.42 (2.12–2.77)
2.95 (2.17–4.02)

2.62 (2.33–2.94)
2.49 (2.21–2.81)

2.65 (2.36–2.98)
2.50 (2.22–2.82)

2.33 (2.07–2.62)
2.26 (2.00–2.55)

2.66 (2.44–2.91)
1.68 (1.28–2.22)

2.71 (2.48–2.95)
1.64 (1.25–2.17)

2.41 (2.21–2.63)
1.46 (1.11–1.94)

P, interaction
0.89

0.33

0.74

<0.001

CI = conﬁdence interval, HR = hazard ratio, OSA = obstructive sleep apnea.
∗
Adjusted for age, sex, income, and urbanization level.
†
Adjusted for model 1 covariates and diabetes, hypertension, hyperlipidemia, stroke, ischemic heart disease, chronic obstructive pulmonary disease, and obesity.

P = 0.002) in the case group. The Kaplan–Meier survival analysis
showed that patients with depression were associated with a
higher risk of OSA during the follow-up period (log-rank test P <
0.001) (Fig. 2). Patients with depression had more than 2 times
the risk of developing OSA (adjusted for demographic data and
medical comorbidities: HR 2.30, 95% CI 2.11–2.50) (Table 2).
Stratiﬁed by sex, both male and female with depression were
prone to subsequent OSA compared with those without
depression (P value for interaction 0.74). Furthermore, both

the older (≥65 years) group and the younger (<65 years) group
showed a signiﬁcant risk for developing OSA later (older group:
HR 1.46, 95% CI 1.11–1.94; younger group: HR 2.41, 95% CI
2.21–2.63). Compared with their counterparts without depression, patients with depression aged <65 years had more than 2
times the risk of developing OSA and patients with depression
aged ≥65 years had less than 2 times the risk of OSA (P value for
interaction <0.001) (Table 3).
In this bidirectional study, we revealed the strong association
between OSA and depression. Among patients with OSA, the risk
for subsequent depression increased more than 2-fold, and vice
versa.

4. Discussion
The present study is the ﬁrst to examine the bidirectional
temporal relationship between OSA and depression in the same
population. The results demonstrate that patients having OSA
increases the risk of subsequent physician-diagnosed depression,
and conversely, baseline depression was associated with an
increased risk of incident OSA at follow-up. All the associations
were independent of sociodemographic factors and medical
comorbidities.
Obstructive sleep apnea and depression commonly coexist.
Previous studies have supported that OSA was associated with an
increased risk of depression later in life. In a 4-year follow-up
study, Peppard et al found an association between the severity of

Figure 2. Survival curve of incident obstructive sleep apnea among patients
with or without depression.
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alterations accompanying OSA fosters the development of
depression.
Additionally, poor sleep quality and frequent arousals
associated with OSA could have a deleterious impact on both
emotions and mood, and result in an increased risk of
depression.[32] Benzodiazepines and certain antianxiety medication, commonly used to treat depression in patients, might
decrease the muscle tone of the upper airway dilator muscle,
blunt the response to hypoxia, and increase the risk of OSA.[33]
Our results are consistent with previous epidemiological studies
demonstrating that those affected by OSA are predominantly male
and those affected by depression are predominantly female.[34,35]
Some studies have suggested that there is a sex difference in regards
to the relationship between OSA and depression.[36] However, our
study found that the risk of subsequent depression among patients
with OSA or subsequent risk of OSA among patients with
depression was comparably increased in both men and women. In
addition, we found that both patients with depression aged <65
or ≥65 years had a higher risk of developing depression in
comparison with their counterparts without depression. But,
patients with depression aged <65 years had a higher risk of
developing subsequent OSA than those with depression aged ≥65
years. This might be explained by the higher prevalence of other
age-related comorbidities, such as stroke, heart failure, and cancer,
in older adults, which may preclude them from seeking medical
services for OSA. Longitudinal studies have also indicated a
plateau, or perhaps even a decline, in OSA prevalence in the older
population.[18] Future studies are warranted to investigate the
effects of sex and age on the relationship between OSA and
depression.
Our study has some potential limitations. First, our study was
limited by the data from the insurance claims database; this might
have led to an underestimation of the incidence of OSA and
depression because only those who actively sought healthcare
services were included in our study. Second, the diagnosis of sleep
apnea and depression were based on the ICD-9-CM coding, and
there are concerns regarding the accuracy of medical coding in
the claims data. However, coding of OSA from LHID2015 has
been found to have good validity in previous studies.[37] To
ensure the accuracy of the diagnostic codes for depression, only
patients diagnosed with depression by certiﬁed psychiatrists were
recorded. Nevertheless, coding errors could not be completely
ruled out. Sources of error may include misdiagnosis or
miscoding by the physicians and hospital billing staff. However,
the error might be equal between patients with OSA and
depression, and would not be expected to bias the associations.
Third, information about the severity of OSA and major
treatment modalities such as the apnea–hypopnea index and
continuous positive airway pressure treatment were not available
in the claims database. However, the inclusion of both patients
with mild OSA and OSA patients receiving treatment might result
in underestimation of the risk of depression in our study. In
addition, the medications used to treat depression were not
investigated in our study because such an analysis would be very
complicated in a study with such a long follow-up period. Thus,
further research is necessary to clarify the inﬂuence of these
factors on the bidirectional association between OSA and
depression.
Fourth, the claims data did not provide information on
lifestyle, dietary habits, social networks, and educational level,
which are important risk factors for OSA and depression. Finally,
residual unmeasured confounding factors may have been present,
as in any observational study.

OSA and subsequent risk of depression. Patients with mild OSA
had a 2-fold increased risk in developing depression later. The
risk for development of depression increased by 1.6-fold in
patients with minimal OSA, by 2.0-fold in patients with mild
OSA, and by 2.6-fold in those with moderate or severe OSA.[17]
However, the diagnosis of depressive symptoms has relied on selfadministered questionnaires rather than by a clinical diagnosis.
Similarly, a large population-based study that assessed depression-free survival in patients with OSA in comparison with
patients without OSA found a 2.3-fold higher risk of developing
depression in patients with OSA during follow-up.[16] However,
the follow-up time from OSA to depression was just 1 year,
raising the possibility of reversal causality or misdiagnosis.
Our study again conﬁrmed the results previously described,
such as the fact that OSA might be a risk factor for future
depression and that the effect sizes were markedly similar. None
of these studies examined whether a current depression diagnosis
was a risk factor for having OSA later in life or not. A novel
ﬁnding of our study is that depression was an equally strong risk
factor for incident OSA. We found that the direction of the link is
not predominately from OSA to depression, but, in fact, is equally
signiﬁcant from depression to future OSA. Thus, our results
suggested that the association between OSA and depression
might be bidirectional.
Although our study provided evidence to support a “reciprocal
link” between OSA and depression, the actual pathophysiological mechanisms involved in the link between these 2 diseases
remain unknown. OSA and depression have similar risk factors
and common pathophysiological mechanisms, which possibly
predispose an individual to the simultaneous development of
both diseases.
One possible common link is inﬂammation. Patients with OSA
also have shown to have a dysfunctional immune response and
abnormal activation of the inﬂammatory response system, along
with increased release of several pro-inﬂammatory cytokines.
Substantial evidence indicates that patients with OSA have
increased circulating concentrations of inﬂammatory markers
such as C-reactive protein, interleukin-6, circulating adhesion
molecules, and tumor necrosis factor-a.[23] Previous evidence has
also indicated that these pro-inﬂammatory cytokines may
mediate the response to various threats to the homeostatic
balance, and might play a signiﬁcant role in the initiation and
perpetuation of depression.[24] On the contrary, a similar immune
response, with increased pro-inﬂammatory cytokines, appears in
patients with depression.[25] Elevated inﬂammatory cytokines
might cause neural injury and alter homeostatic and circadian
processes underlying the sleep–wake cycle, which may increase
the risk of OSA and exaggerate OSA symptoms.[26]
Another possible common link between OSA and depression is
neurotransmitter dysfunction. Abnormalities in the neurotransmission of serotonin have been implicated as a potential cause of
major depression.[27] Serotonin also can directly affect the upper
airway dilator muscles and therefore reduce the upper airway
size,[28] which may increase the risk of OSA and exaggerate OSA
symptoms. Structural brain abnormalities in patients with OSA
occur in sites that are also affected in patients with depression.
Neuroimaging studies[29] have revealed signiﬁcant gray matter
reduction in brain regions that regulate mood and respiratory
function, including the hippocampus, anterior cingulate, amygdala, and frontal cortex, in both OSA and depression with
overlapping results.[30,31] This raises the possibility that depression may contribute to the development of the brain structural
abnormalities found in patients with OSA, or that the neural
5
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Notwithstanding these limitations, our study is the ﬁrst to
investigate the bidirectional relationship between OSA and
depression in the same population. The population-based sample
used in this study, which is highly representative, reduced the
possibility of selection bias. We followed a nationwide cohort
without any loss in participants, making a nonresponse bias
unexpected in our study. The large sample sizes used in our study
ensured sufﬁcient statistical power to investigate the link between
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4.1. Clinical implications
From a clinical perspective, it would be valuable to monitor the
sleep quality and sleep architecture in depressed patients, and also
mood status in patients with OSA. The reciprocal association
between OSA and depression found in this study stresses the
importance of early detection of each disease and the development of prevention and treatment strategies that can reduce the
risk of both diseases.

5. Conclusions
Our study supported a bidirectional association between OSA
and depression. Future studies are needed to conﬁrm our ﬁndings
in different populations and to investigate the potential
mechanism(s) contributing this association. Given the serious
burden that these 2 diseases have on the healthcare system, more
studies are needed to evaluate whether early screening and
collaborative care for patients with OSA or depression could
reduce the burden of both diseases.
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