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Abstract
Purpose The symptoms of sleep apnea, such as sleep frag-
mentation and oxygen desaturation, might be risk factors for
subsequent mood disorder (MD), but associations between
sleep apnea and MD remain unclear. This nationwide
population-based study thus aimed to identify the risk of
MD in patients with vs. without sleep apnea.
Methods This cohort study used data from the National
Health Insurance database. In total, 5415 patients diagnosed
with sleep apnea between 2000 and 2010 were evaluated, and
27,075 matched non-sleep apnea enrollees were included as a
comparison cohort. All subjects were followed until 2011.
The Cox proportional hazard ratio (HR) was used to investi-
gate the relationship between MD and sleep apnea while con-
trolling covariates and comorbidities of sleep apnea.
Results Of 5415, 154 patients with sleep apnea (2.84 %)
were diagnosed with MD during the follow-up period in
comparison with 306 of 27,075 individuals (1.13 %)

without antecedent sleep apnea. After adjusting for the
selected factors and comorbidities, we found that patients
with sleep apnea were from 1.82- to 2.07-fold greater risk
of MD than the comparisons. Of the three subcategories
of MD (major depressive disorder, bipolar disorder, and
unspecified MD), sleep apnea had the highest predispos-
ing risk with respect to major depressive disorder (adjust-
ed HR from 1.82 to 2.07) and bipolar disorder (adjusted
HR from 2.15 to 3.24).
Conclusions There is a greater likelihood of MD manifesting
in patients with a history of sleep apnea. Health professionals
are thus advised to carefully monitor the psychological im-
pacts of sleep apnea.

Keywords Sleep apnea .Mood disorder . Nationwide
population-based study .Major depressive disorder . Bipolar
disorder
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Introduction

Sleep apnea is a type of sleep disorder characterized by com-
plete or partial cessation of breathing during sleep. There are
three specific forms of sleep apnea, central sleep apnea, ob-
structive sleep apnea, and complex or mixed sleep apnea [1].
Obstructive sleep apnea is one of the best known and most
prevalent sleep disorders. A previous study reported that the
prevalence of sleep apnea is currently estimated between 5
and 10 % [2]. Sleep apnea can cause serious disturbances,
such as increased sympathetic activity and intermittent hyp-
oxemia. Previous studies have revealed that sleep apnea can
influence the quality of life and is associated with a number of
serious consequences, including fatigue and excessive day-
time sleepiness, endocrine and metabolic derangements [3],
hearing loss [4], and cardiovascular disease [5]. Besides these
physical effects, sleep apnea is associated with a higher prev-
alence of psychiatric comorbidities [6–8].

In biomechanism research, sleep fragmentation and oxygen
desaturation during sleep are suspected to be responsible for
mood disorder (MD) [9]; however, studies of sleep apnea and
MD remain unclear. A study found that women with severe
sleep apnea had higher anxiety and depression scores than
women with mild sleep apnea [10]. In addition, depression
has been reported to be associated with not only sleep apnea-
related symptoms (such as sleep problems, irritability, social
withdrawal, and sleepiness) but also the most common MDs
in sleep apnea [11]. The previous study showed that the patients
with obstructive sleep apnea experienced a higher risk of de-
pressive disorder than comparison group [12]. However, there
are two opinions regarding MD and sleep apnea in previous
studies; some scientists considered that there is strong correla-
tion betweenMD syndrome and obstructive sleep apnea [7, 13,
14], whereas other scientists advocated that although patients
with obstructive sleep apnea may clinically have depression-
related symptoms, they are not always related to MDs [15–17].

According to the previous studies, we found that MD and
sleep apnea might have some relevance as well as have causal
relationship, but the evidence is far from conclusive.
However, the inconclusive results with respect to non-
significant correlations might be because of the small sample
size, sample characteristics, lack of control groups, and the
respondents’ reaction bias [17]. The previous study only in-
vestigates the association between depressive disorder and
sleep apnea [12]. Considering this, a longitudinal study re-
garding the development of MDs in patients with sleep apnea
is required because such a study is currently lacking in the
literature. Therefore, this study aimed to investigate the risk
of MD (i.e., major depressive disorder, bipolar disorder, and
unspecified MD) for patients with sleep apnea using a nation-
wide population-based dataset in Taiwan. In this study, pa-
tients with sleep apnea in the follow-up longitudinal
National Insurance database were compared with the matched

control subjects during the same period, and adjustment sev-
eral comorbidities, such as psychiatric disorders, cardiovascu-
lar morbidities, and insomnia.

Methods

Database

The National Health Insurance (NHI) program was launched
by the Taiwanese government on March 1, 1995. The Taiwan
NHI database contains data related to prescriptions, diseases,
outpatient visits, vital status, and hospital admissions of 1
million beneficiaries randomly drawn from the national pop-
ulation of 23 million. The data used in this study were re-
trieved from the Taiwan Longitudinal Health Insurance
Database 2000 (LHID2000), which is a subset of the Taiwan
NHI Research Database (NHIRD) and contains complete re-
cords of all medical services provided to onemillion randomly
selected individuals from the national population. The Taiwan
National Health Research Institute confirmed that there was
no significant difference in population distribution between
the LHID2000 and NHIRD and that the LHID2000 is repre-
sentative of the Taiwanese population of 23.3 million people.
The study protocol was approved by the Chia-Yi Christian
General Hospital Research Ethics Committee.

Study sample

The database used in this study contains detailed inpatient and
outpatient records on every visit for each patient. Data from
the study cohort was identified by International Classification
of Diseases, 9th Revision Clinical Modification (ICD-9-CM)
codes registered in patient medical records. The medical re-
cords between 2000 and 2010 were used to recruit the sample,
which consisted of two cohorts, one is sleep apnea cohort and
the other is comparison cohort. The study flowchart is shown
in Fig. 1. For the sleep apnea cohort, individuals older than
18 years of age who received a major diagnosis of sleep apnea
(ICD-9-CM codes 780.51, 780.53, or 780.57) [12] as newly
diagnosed on two separate outpatient visits in 1 year, or one
diagnosis of sleep apnea during one session of inpatient care,
were recruited. To estimate the validation of ICD-9-CM codes
for the identification of sleep apnea, we recruited 50 partici-
pants who had of sleep apnea in claim database. In our previ-
ous study [18], the results found that the diagnosis of sleep
apnea is similar in our clinical database and NHIRD, a posi-
tive predictive value of 88 % (95 % confidence interval (CI)
79.0–97.0) for sleep apnea.

The comparison cohort was randomly selected from the
remaining insurants who were matched with the study subjects
across three age groups (18–34, 35–54, and >55 years), sex,
and index year in which the study case was first diagnosed as
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sleep apnea, with a comparison-to-case ratio of 5:1. None of the
comparison individuals received a diagnosis of sleep apnea
since the initiation of the NHI program in 1995.

MD was the main outcome followed by this study that
was identified based on the diagnosis codes presented in
outpatient or inpatient records in the following three
categories: major depressive disorders (ICD-9-CM codes
296.2 and 296.3), bipolar disorders (ICD-9-CM codes
296.0, 296.1, and 296.4–296.8), and unspecified episodic
MD (ICD-9-CM code 296.9). Subjects diagnosed with
MD before being diagnosed with sleep apnea or those
with dubitable basic data, such as incorrect subject ID
and erroneous gender, were excluded from analysis.
Each case in the study cohort was followed until 2011
or until a diagnosis of MD.

Covariates

We used living area, enrollee category (EC), monthly income,
and urbanization level as proxy measures representing health
care affluence and socioeconomic status in NHI database. In
living area, there are four geographic groups, north, central,
south, and east and offshore. In Taiwan, the rural-urban dispar-
ity exists in health care and social resources; northern Taiwan is
the most abundant area than other areas. The EC is divided into
the following four subgroups: EC I consisted of governmental
servants and public school teachers; EC II, employees of pri-
vate enterprises or institutions; EC III, the fishing and agrarian
populace or self-employed; and EC IV, low-income earners or
unemployed pensioners. In general, the familial house income
and social position are highest in EC I and lowest in EC IV. The
urbanization levels were into the following three categories:
urban, suburban, and rural areas. The categories were based

on the following five indices: population density, percent-
ages of residents who were agricultural workers, the num-
ber of physicians per 100,000 people, percentages of resi-
dents with college or higher education, and percentages of
residents aged 65 years or older. In general, the inhabitants
that live in urban and suburban areas have a higher socioeco-
nomic status.

Based on the clinicians’ opinions, several comorbidities of
sleep apnea were also selected for adjustment, including psy-
chiatric disorders, cardiovascular morbidities, and other co-
morbidities. The codes are shown as follow: schizophrenia
(ICD-9-CM code 295), attention deficit and hyperactivity dis-
order (ICD-9-CM code 314), alcohol/substance abuse (ICD-
9-CM codes 312 and 313), anxiety (ICD-9-CM code 300),
conduct disorder (ICD-9-CM codes 303–305), mental retar-
dation (ICD-9-CM codes 317–319), post-traumatic stress dis-
order (PTSD; ICD-9-CM codes 308 and 309), hypertension
(ICD-9-CM codes 401 to 405), diabetes mellitus (ICD-9-CM
codes 250), hyperlipidemia (ICD-9-CM code 272), chronic
obstructive pulmonary disease (COPD; ICD-9-CM codes
491.xx, 492.xx, 494.xx, 496.xx), obesity (ICD-9-CM code
278.0), asthma (ICD-9-CM code 493), coronary artery disease
(CVA; ICD-9-CM codes 430 to 438), heart failure (ICD-9-
CM codes 425.4, 425.9, 402.01, 402.11, 402.91, 404.01,
404.03, 404.11, 404.13, 404.91, 404.93, 428.xx), and insom-
nia (ICD-9-CM codes 307.41, 307.42, 780.52). The selected
comorbidity conditionwas defined as a diagnosiswithin 1 year
before or after a diagnosis of sleep apnea.

Statistical analysis

Baseline social demographic characteristics between patients
with and without sleep apnea were compared using the chi-

Fig. 1 Study flowchart. NHI
database National Health
Insurance database; ICD-9-CM
International Classification of
Diseases, 9th Revision Clinical
Modification; MD mood disorder
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squared test. Cox proportional hazard regression analysis was
used to calculate both the crude and adjusted hazard ratios
(HRs), with 95 % CIs, of developing MD after sleep apnea
during the follow-up period. Stratified analysis was performed
with respect to age groups, sex, and subcategories of MD. We
used two adjustment model; one was made for geographical
location, enrollee category, monthly income, urbanization lev-
el, and all selected comorbidities, and the other was excluded
the study subject with psychiatric comorbidities and adjust-
ments were made for geographical location, enrollee category,
monthly income, urbanization level, and other comorbidities.
All statistical analyses were conducted with SAS 9.3 statistical
software (SAS Institute Inc., Cary, NC, USA).

Sensitivity analysis

To assess the effect of other potential residual confounding
factors on the observed results, sensitivity analysis was per-
formed according to the R-package BobsSens^ [19]. First, an
additional hypothetical unmeasured confounding factor was
added to this analytical model. Then, the extent of how the
added factor confounded the observations with different prev-
alences was tested in the case and comparison groups.

Results

The total sample size was 32,490 individuals, which included
5415 patients (3613 men, 67 %) diagnosed with sleep apnea
from 2000 to 2010 (Table 1). The 27,075 matched comparison
patients were selected from the same LHID2000 database.
Almost half (46 %) of the patients with sleep apnea were aged
35–54 years, and 32 % were aged >55 years. In terms of geo-
graphical distribution, sleep apnea was more common in the
northern area of Taiwan (52 %) than in other areas. A high
percentage (48 %) of patients with sleep apnea was classified
as EC II. The largest proportion of patients with sleep apnea
(50%) resided in the most urbanized locations in Taiwan. After
matching by sex, age group, and index year, the patients with
sleep apnea were found to be more likely to have the comor-
bidities, such as cardiovascular morbidities, insomnia, and
some psychiatric disorders. Of the seven selected psychiatric
comorbidities of sleep apnea, anxiety was the most prevalent.

Table 2 summarizes the details of a total of 154 (2.84 %)
patients with sleep apnea who were subsequently diagnosed
with MD during the follow-up period up to 2011. Model 1
was all of the study subjects, and model 2 was excluded the
participants with psychiatric comorbidities. In the comparison
group, 306 (1.13 %) subjects without antecedent sleep apnea
were diagnosed as having MD during the follow-up period.
After adjusting for geographical location, monthly income, ur-
banization level, and comorbidities, sleep apnea remained a
significant predisposing factor, with a 1.82-fold (95 % CI of

adjusted HR 1.47–2.24) increased risk of MD within the
follow-up period in model 1 and with a 2.07-fold (95 % CI of
adjusted HR 1.60–2.68) increased risk of MD within the
follow-up period in model 2. Figure 2 compares the MD sur-
vival rates between the two cohorts. Further stratified by sex,
both male and female patients with sleep apnea were 1.55-fold
(95 % CI 1.15–2.10) and 2.12-fold (95 % CI 1.58–2.85), re-
spectively, more likely to be diagnosed with MD in model 1.
The similar results are shown in model 2. When the subjects
were stratified into three age groups, the adjusted HRs of being
diagnosed withMD after having sleep apnea were significantly
higher than in the comparison cohort in the 18–34-year-old
group (model 1 HR 1.93, 95 % CI 1.11–3.34; model 2 HR
2.48, 95 % CI 1.34–4.58) and 35–54-year-old group (model
1 HR 1.72, 95 % CI 1.25–2.35; model 2 HR 2.14, 95 % CI
1.46–3.13; Table 3). In men, the risk of MD associated with
sleep apnea was highest in those aged 18–34 years (model 1
adjusted HR 1.76; model 2 adjusted HR 2.28), and the highest
HR in womenwas observed for those aged 35–54 years (model
1 adjusted HR 2.32; model 2 adjusted HR 2.31).

A further analysis for MD subgroups stratified by sex re-
vealed HRs across the MD subgroups of major depressive
disorder, bipolar disorder, and unspecified MD among pa-
tients with sleep apnea (Table 4). The three categories of
MD had different risks of being diagnosed after sleep apnea.
The sleep apnea group showed significantly higher HRs than
the comparison cohort for major depressive disorder (model 1
adjusted HR 1.82; model 2 adjusted HR 2.04) and bipolar
disorder (model 1 adjusted HR 2.15; model 2 adjusted HR
3.24). Comparison of the survival rates of different MD sub-
groups vs. comparison groups is shown in Supplementary
Figs. S1, S2, and S3.

We next examined whether there was evidence for synergis-
tic effects of sleep apnea and insomnia on mood disorders
(Supplementary Table 1). The evidence of synergy was found.
The effect for insomnia alone was 3.15 in model 1 and 3.90 in
model 2 and for sleep apnea alone was 1.85 inmodel 1 and 2.02
in model 2. The combined effect (model 1 adjusted HR 4.31;
model 2 adjusted HR 6.34) was greater than the sum of these
individual effects. We also considered the interaction for sleep
apnea with psychiatric comorbidities (Supplementary Table 2)
and with other comorbidities (Supplementary Table 3) onmood
disorders. Moreover, we estimated association between treat-
ment of sleep apnea and the risk of mood disorder (Table 5).We
observed that the patients without continuous positive airway
pressure (CPAP) have higher risk of MD than those with CPAP
treatment in bothmodel 1 (HR= 2.02 vs. HR= 0.77) andmodel
2 (HR = 2.27 vs. HR = 0.98).

Sensitivity analysis was used to investigate the effect of
other potential residual confounding factors on the observed
results. Considering the estimated trends of the sleep apnea
group HR model with the add-on of a residual confounding
factor in model 1 (Fig. 3) and in model 2 (Fig. 4), the add-on
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Table 1 Demographic
characteristics of 32,490 patients
with sleep apnea and comparison
cohort in Taiwan from 2000 to
2010

Patients with SA Comparison cohort

(n = 5,415) (n = 27,075)

Variables Number Percent Number Percent p value

Male 3,613 66.72 18,065 66.72 1.0000

Age (years) 1.0000

18–34 1,165 21.51 5,825 21.51

35–54 2,504 46.24 12,520 46.24

55+ 1,746 32.24 8,730 32.24

Living area <0.0001

North 2,834 52.34 12,845 47.44

Central 1,421 26.24 6,266 23.14

South 1,065 19.67 7,150 26.41

East and offshore 95 1.75 813 3.00

Missing 0 0 1 0.01

Enrollee categorya <0.0001

I 667 12.32 2,891 10.68

II 2,589 47.81 11,968 44.21

III 1,681 31.04 9,584 35.41

IV 478 8.83 2,626 9.70

Missing 0 0 6 0.02

Monthly income <0.0001

≤NT$15,840 2,130 39.34 11,554 42.67

NT$15,841–25,000 1,790 33.06 10,393 38.39

≥NT$25,001 1,495 27.61 5,128 18.94

Missing 0 0 0 0

Urbanization level <0.0001

1 (most urbanized) 2,686 49.60 11,375 42.01

2 1,522 28.11 7,962 29.41

3 (least urbanized) 1,207 22.29 7,738 28.58

Missing 0 0 0 0

Comorbiditiesb

Schizophrenia 23 0.42 104 0.38 0.0836

ADHD 4 0.07 3 0.01 0.0156

Alcohol/substance 93 1.72 244 0.90 <0.0001

Anxiety 425 7.85 520 1.92 <0.0001

CD 2 0.04 4 0.01 0.2009

MR 6 0.11 19 0.07 0.1188

PTSD 59 1.09 119 0.44 <0.0001

Hypertension 1,868 34.50 4,244 15.67 <0.0001

Diabetes mellitus 710 13.11 2,006 7.41 <0.0001

Hyperlipidemia 1,101 20.33 2,147 7.93 <0.0001

COPD 654 12.08 976 3.60 <0.0001

Obesity 216 3.99 78 0.29 <0.0001

Asthma 419 7.74 645 2.38 <0.0001

Coronary artery disease 450 8.31 929 3.43 <0.0001

Heart failure 220 4.06 444 1.64 <0.0001

Insomnia 814 15.03 1,030 3.80 <0.0001

ADHD attention deficit hyperactivity disorder,CD conduct disorder,MRmental retardation, PTSD post-traumatic
stress disorder
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residual confounder (prevalence of the unmeasured confound-
er is 1.0), which was characteristic of the non-sleep apnea
group (prevalence of the unmeasured confounder is 0.0), the
effect of sleep apnea was a risk for MD (HR = 3.61, top line in
model 1; HR = 4.12, top line in model 1). It shows that in
almost all situations, patients with sleep apnea were at a higher
risk of MD occurrence than those without.

Discussion

This population-based cohort study might be the first to
reveal causality between sleep apnea and MD using a
nationwide dataset, after adjusting for sex, socioeconomic
characteristics, and comorbidities. There were several
significant findings of this study. First, the HR of patients
with sleep apnea diagnosed with MD was significantly
higher than that of the comparison cohort. Second, the
results indicated a significantly increased risk of MD in
patients with sleep apnea aged 18–34 years. Third, major
depressive disorder and bipolar disorder were most signif-
icantly associated with sleep apnea. These findings may
warrant monitoring of the substantial and persistent psy-
chological impact of sleep apnea on adult patients.

The epidemiology study showed that the prevalence of
obstructive sleep apnea is approximately 3–7 % [20].
However, the previous NHI database study with 2000–
2009 period showed that the incidence of sleep apnea is
only 0.7096 % [21], and our study with 2000–2010 period
showed that the incidence is 0.7363 %. The incidence rate
of our study was similar when compared with the previ-
ous study. We found that patients with sleep apnea had a
significant higher risk of MD than the comparison cohort
in Taiwan. A previous article reported an increased risk of
MD (OR 1.85) among patients with obstructive sleep ap-
nea associated with living in a facility and the severity of
obesity [22]. Another study also reported that 54.1 %T
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individuals with a diagnosis with bipolar I disorder were
at a higher risk for obstructive sleep apnea [23]. In con-
trast to the aforementioned studies, some previous results
found no association between sleep apnea and MD [16,
24]. However, there were some limitations to these two
studies, including a high attrition rate, small sample size,
and use of a less sensitive tool to predict mood distur-
bances. Our results and those of most previous studies
confirmed the existence of a significant risk of MD in
patients with sleep apnea.

We observed that major depressive disorder and bipolar
disorder were most associated with sleep apnea and MD.

Major depressive disorder is the most influenced disorder
caused by obstructive sleep apnea across all psychiatric
disorders [7, 25, 26]. Furthermore, some patients diag-
nosed with sleep apnea also complain of insomnia, which
may lead to significant social and personal problems,
resulting in depression [6]. A clinical study found that
the presence of depression symptomatology is often asso-
ciated with obstructive sleep apnea [27]. For bipolar dis-
order, a large-scale cohort study showed that sleep apnea
was associated with some psychiatric comorbidities, in-
cluding depression (21.8 %) and bipolar disorders
(3.3 %) [7]; the study also reported that 54.1 % patients
with bipolar I disorder were at a higher risk for obstruc-
tive sleep apnea [23]. The present study also found a
higher probability of major depressive disorder in both
men and women, which was particularly notable in wom-
en with sleep apnea. Previous studies reported that women
with sleep apnea tended to describe their main presenting
symptoms as insomnia, and many had a history of depres-
sion. Consistent with the previous findings, our large-
scale study implied that major depressive disorder may
be more common and more severe in women with sleep
apnea than in men.

Potential mechanisms explaining the association be-
tween sleep apnea and MD have not been clearly delin-
eated. However, a biological plausibility exists. With re-
spect to clinical symptoms, depression is associated and
may manifest as insomnia, snoring, and sleepiness [28].
Moreover, sleep fragmentation or oxygen desaturation
during sleep might influence the presentation of mood
symptoms in patients with sleep apnea. Treatment studies
[29, 30] found that hypoxia or hypoxemia in obstructive
sleep apnea might play a key role in affecting mood. On
the other hand, differences in underlying mechanisms of
sleep apnea between men and women also remain unclear.
Sleep apnea has been assumed to be predominantly

Table 5 Association between
treatment of sleep apnea and the
risk of mood disorder

SA patients without
CPAP (n = 4,576)

SA patients with
CPAP (n = 839)

Comparisons
(n = 27,075)

Number Percent Number Percent Number Percent

Mood disorders 142 3.10 12 1.43 306 1.13

Crude HR (95 % CI) 3.02 (2.48–3.69)*** 1.35 (0.76–2.41) 1

Adjusted HRa (model 1; 95 % CI) 2.02 (1.63–2.50)*** 0.77 (0.43–1.39) 1

Adjusted HRb (model 2; 95 % CI) 2.27 (1.75–2.95)*** 0.98 (0.48–2.02) 1

SA sleep apnea, CPAP continuous positive airway pressure, HR hazard ratio, CI confidence interval

***p < 0.001
aAdjustments are made for geographical location, enrollee category, monthly income, urbanization level, and
selected comorbidities
b Excluded the study subjects with psychiatric comorbidities, and adjustments are made for geographical location,
monthly income, urbanization level, and other comorbidities

Fig. 3 Sensitivity analysis with the add-on of an unmeasured residual
confounding factor in model 1. This figure shows the estimates trend of
the sleep apnea group hazard ratio of mood disorders on a multivariable-
adjusted Cox regression model
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associated with men, rather than women [31]. However,
previous studies showed that women with sleep apnea
were at a subsequent risk of depression. Our study also
found that women tend to have higher HRs than male in
both major depressive disorder and bipolar disorder.
Women with obstructive sleep apnea are reportedly more
prone to fatigue, tiredness, and lack of energy than men
[32]. An obstructive sleep apnea study also found that
depression, insomnia, morning headaches, and use of sed-
atives were more pronounced in women than in men [27].

In general, CPAP is the leading therapy for sleep apnea
that is a treatment, which uses mild air pressure to keep
the airways open [33]. The previous studies reported that
the depression scores are significantly lower after CPAP
treatment in patients with sleep apnea than a control group
[34–36]. The present study found the similar results,
which we observed that the sleep apnea patients without
CPAP have higher risk of MD compared with sleep apnea
patients with CPAP in both model 1 and model 2. The
original experiments with CPAP followed from the con-
cept that closure of the oropharynx in OSA syndrome
results from an imbalance of the forces that normally keep
the upper airway open. Detailed magnetic resonance im-
aging has confirmed that CPAP increases airway volume
and airway area and reduces lateral pharyngeal wall thick-
ness and the upper airway edema that result from chronic
vibration and occlusion of the airway [37]. Clinically,
quality of life and psychological status both got improved
after CPAP treatment was initiated for OSA patient ac-
cording to one prospective study [38]. Evidence from

meta-analysis article revealed that CPAP might be a use-
ful component of treatment of depressive symptoms in
individuals with OSA [39]. Thus, less incidence rate of
mood disorder in sleep apnea patient on CPAP treatment
in our study corresponded with above study findings.

The present study had some limitations that should be con-
sidered when interpreting the results. First, we retrieved infor-
mation only from insurance claims in the NHI database of
Taiwan, which includes only those patients who utilized
health care resources. Hence, a selection bias may exist, as
those with sleep apnea or mental illness may not access med-
ical services because of various individual factors, such as
personal unawareness, economic difficulties, or social stigma.
However, the accessibility of medical services has generally
improved for such individuals in Taiwan because of the ex-
tensive network of these services and the affordable
copayment system for medical expenses. Second, the
Taiwan NHI database included the treated patients. The MD
patients who have minor symptoms or did not seek medical
advice may not be included in the database. Thus, the present
study investigated the association between sleep apnea and
MD that may be severe symptoms. The association between
sleep apnea and MD with minor or mild symptoms would be
explored further. Third, diagnoses of the conditions examined
in this work may often be arbitrarily given by physicians
based on their clinical judgment and relevant clinical informa-
tion, including symptoms and signs, which is not accessible
from the delinked NHIRD. Misclassification of cases is pos-
sible because of individual variations in diagnoses of psychi-
atric symptoms. Finally, patients in Taiwan would receive a
formal report with apnea–hypopnea index (AHI) score after
they had PSG test performed overnight in sleep center.
However, the definite AHI score of each patient would be
documented only in medical chart but would not be included
in NHI database.

In conclusion, this population-based, retrospective, follow-
up study demonstrated that sleep apnea is associated withMD,
and a causal correlation between sleep apnea and subsequent
MD was clearly evident. According to the results, the adverse
psychological effects of sleep apnea should not be overlooked.
Health professionals should also carefully monitor and pro-
vide care for both the physical and psychological outcomes of
patients with sleep apnea, and such efforts may need to con-
tinue for many years, possibly even until old age.
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