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Study Objectives: Empirical findings on the prospective link
between obstructive sleep apnea (OSA) and subsequent de-
pression are mixed. This nationwide, population-based study
thus aimed at assessing the risk of depressive disorder within
the first year following a diagnosis with OSA. Gender effects
were further examined.

Design: Cohort study.

Setting: Taiwan.

Patients: This study used data from the Longitudinal Health
Insurance Database 2000. A total of 2,818 patients diagnosed
with OSA between 2002 and 2008 were evaluated, and 14,090
matched non-OSA enrollees used as a comparison cohort.
Measurements and Results: Each patient was followed for
one year to identify subsequent depressive disorder. We found
that during the one-year follow-up, the incidence of depressive
disorder per thousand person-years was about twice as high
among patients with OSA (18.10, 95% ClI = 13.62-23.61) as
those without OSA (8.23, 95% Cl = 6.83-9.84). The Cox pro-
portional hazards model revealed that patients with OSA were
independently associated with a 2.18 times (95% Cl = 1.55-
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3.08) increased risk of subsequent depressive disorder within
a year, compared to those without OSA. As epidemiological
studies have consistently documented an increased risk for
depression in women, we hypothesized and confirmed higher
risks of depressive disorder among female patients with OSA
(2.72,95% CI = 1.68-4.40) than their male counterparts (1.81,
95% ClI =1.09-3.01).

Conclusion: A prospective link between OSA and subsequent
depressive disorder within one year was confirmed by the cur-
rent study. The risk was particularly evident among women.
Regular psychiatric screening among patients with OSAis sug-
gested to prompt the timely detection of depression.
Keywords: Obstructive sleep apnea, depressive disorder,
prospective link

Commentary: A commentary on this article appears in this
issue on page 425.
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bstructive sleep apnea (OSA), the most common subtype

of sleep breathing disorder, is characterized by sleep-re-
lated decreases (hypopneas) or pauses (apneas) in respiration.!
The prevalence of OSA increases with age and is higher among
males than females. Among the population between 30 to 65
years of age, 24% of men and 9% of women have been demon-
strated to suffer from OSA.?

Depression is prevalent in people with OSA, ranging from
5% to 63% in clinical and community studies.’ In a large and
retrospective review study, a significantly higher prevalence of
depression was identified in people with OSA (21.8%) com-
pared to those without OSA (9.43%).* While this higher preva-
lence of depression among OSA points toward an underlying
association, some OSA and depressive symptoms may overlap
(e.g., fatigue, loss of interest, poor concentration),’ thus making
it difficult to determine whether OSA contributes to the follow-
ing occurrence of depression.

Although prior studies have addressed the link between OSA
and depression, results in the literature are mixed. Some studies,
including two large-scale studies,” have reported no association

BRIEF SUMMARY

Current Knowledge/Study Rationale: Depression is prevalently ob-
served in people with obstructive sleep apnea (OSA). However, although
prior studies have addressed the link between OSA and depression, the
results in the literature are mixed.

Study Impact: A prospective link between OSA and subsequent de-
pressive disorder within one year was confirmed by the current study.
Regular psychiatric screening among patients with OSA is suggested to
prompt the timely detection of depression.

between the disorders, while one longitudinal study reported an
increased risk of consequent depression that exhibited a dose-
response relationship with OSA severity.® Two retrospective
studies also observed OSA to be linked with depression.®!
Inconsistencies in previous findings may be attributable to
inadequate control of confounders (e.g., obesity, hypertension,
diabetes, alcohol consumption), biases (e.g., self-reported data),
and other measurement issues (e.g., different study populations,
questionnaires, and scales).!*!" Based upon the heterogeneity
of these data and numerous confounding factors, follow-up
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studies of patient populations have been suggested to better ad-
dress the link between OSA and depression.' In addition, while
males are more frequently diagnosed with OSA,? higher rates
of depression have been found in female patients with OSA."?
Previous findings have rarely examined the modifying effects
of gender, as most studies are unable to enroll sufficient num-
bers of both males and females to report sex-stratified risks of
consequent depression.'” We hypothesized that risks of depres-
sive disorder (DD) among female patients with OSA are higher
than their male counterparts.

Thus, the objective of this nationwide population-based
study was to assess the risk of DD in one year following a di-
agnosis of OSA. The association between OSA and DD was
further be examined by sex.

METHODS

Database

We retrieved the data from the Longitudinal Health Insur-
ance Database 2000 (LHID2000), which is derived from Tai-
wan’s Bureau of National Health Insurance (NHI) records and
released by the Taiwan National Health Research Institute
annually. The LHID2000 includes the registration files and
medical claims data for the reimbursement of 1,000,000 benefi-
ciaries under the NHI program. These 1,000,000 beneficiaries
were randomly selected from the year 2000 Registry of Benefi-
ciaries (n = 23.72 million) of the NHI by the Taiwan National
Health Research Institute. Prior studies have validated the com-
pleteness and accuracy of the claims data of NHI research data-
base.'*!* Hundreds of researchers have employed the data from
the Taiwan NHI to perform and publish their studies in peer-
reviewed journals. In particular, 3 recent studies have employed
the LHID2000 to explore the relationships between OSA and
psoriasis, autoimmune diseases, and sudden hearing loss.'>!”

The LHID2000 consists of de-identified secondary data re-
leased to the public for research purposes and was therefore ex-
empted from full review, following consultation with the Taipei
Medical University’s Institutional Review Board.

Study Sample

This retrospective cohort study included a study cohort and
a comparison cohort. For the study cohort, we first identified
individuals who had been diagnosed with OSA (ICD-9-CM
codes 327.23, 780.51, 780.53, or 780.57) after receiving poly-
somnography during ambulatory care visits between January 1,
2002, and December 31, 2008 (n = 3,292). Since administrative
datasets are often criticized for poor diagnostic validity, this
study included only patients who had received OSA diagnoses
following polysomnography to better ensure diagnostic valid-
ity. To include only newly diagnosed cases and to avoid the
potential effects of chronicity, we excluded those individuals
who had received a diagnosis of OSA prior to 2002 (n = 212).
As OSA in children is distinct from OSA in adults,'®" we fur-
ther excluded individuals younger than 18 years (n = 103) to
increase the homogeneity of our study sample. Finally, we as-
signed the date of their first ambulatory care visit in which they
received a diagnosis of OSA following polysomnography as the
index date. We excluded those individuals who had received a
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diagnosis of DD (ICD-9-CM codes 296.2, 296.3, 300.4, and
311) schizophrenia, or bipolar disorder prior to their index date
(n = 159). As a result, a total of 2,818 individuals with OSA
were included in the study cohort.

For the selection of the comparison cohort, we likewise ex-
tracted the individuals from the LHID2000. We first excluded
all the individuals who had ever been diagnosed with OSA since
the initiation of the NHI program (from 1995 to 2009) from our
consideration. Then we randomly selected 14,090 beneficiaries
(5 for each patient in the study cohort) matched with the study
cohort in sex, age (18-34, 35-39, 40-44, 45-49, 50-54,55-59, 60-
64, 65-59, and > 69), urbanization level (5 levels, with 1 referring
to the most urbanized and 5 referring to the least), and year of
index date, using the SAS program proc SurveySelect (SAS Sys-
tem for Windows, Version 8.2). For the study cohort, the index
date was defined as the year in which the cases received their
first diagnosis of OSA; index date for the comparison cohort
was simply a matched year in which the comparison individu-
als had used medical services. For the comparison cohort, we
assigned their first use of medical care occurring in the year of
index as their index date. In addition, we matched the variable of
urbanization level of the patient’s residence to help control for
error variables, namely unmeasured neighborhood socioeco-
nomic characteristics between the study cohort and comparison
cohort. According to a prior study, all 359 cities/towns in Tai-
wan were stratified into 5 groups ranked by urbanization level.'¢
We further ensured that patients selected for the comparison co-
hort had never been diagnosed with DD, schizophrenia, or bipolar
disorder prior to their index date.

We individually followed up each sampled individual
(n=16,998) for a one-year period starting from their index date
to identify those individuals who subsequently received a diag-
nosis of DD (ICD-9-CM codes 296.2, 296.3, 300.4, and 311).

Statistical Analysis

The SAS statistical package (SAS System for Windows, Ver-
sion 8.2, Cary NC, USA) was used to perform all statistical analy-
ses in this study. We used y” tests to compare differences in monthly
income, geographic region, and prevalence of hypertension, dia-
betes, coronary heart disease (CHD), hyperlipidemia, obesity, and
alcohol abuse/alcohol dependency syndrome between the study
cohort and the comparison cohort. We calculated the one-year
DD-free survival rates by the Kaplan-Meier method, with the
log-rank test also being used to examine differences in DD-free
survival rates between cohorts. Stratified Cox proportional haz-
ards regressions (stratified on sex, age group, urbanization level,
and index date) were performed to compute the risk for DD dur-
ing the one-year follow-up period between the study cohort and
the comparison cohort. In this study, we have also examined the
proportional hazards assumption and found this assumption to be
satisfied because the survival curves for both strata (individuals
in the study cohort and comparison cohort) had hazard functions
that were proportional over time. A two-sided p-value < 0.05 was
considered statistically significant for this study.

RESULTS

The distribution of demographic characteristics and co-
morbidities between the study cohort and the comparison



OSA and Depressive Disorder

Table 1—Demographic characteristics for the sampled Taiwanese patients stratified by the presence/absence of obstructive

sleep apnea, 2002-2008 (n = 16,908)

Patients with obstructive sleep apnea

Comparison patients

(n=2,818) (n =14,090)
Variables n % n % p value

Sex 1.000

Male 1,879 66.7 9,395 66.7

Female 939 33.3 4,695 33.3
Age (years) 1.000

<35 396 14.1 1,980 14.1

35-39 319 1.3 1,595 1.3

40-44 329 1.7 1,645 1.7

45-49 356 12.6 1,780 12.6

50-54 357 12.7 1,785 12.7

55-59 249 8.8 1,245 8.8

60-64 161 57 805 57

65-69 1M 39 555 39

270 540 19.2 2,700 19.2
Urbanization level 1.000

1 (most urbanized) 1,046 37.2 5,230 37.2

2 818 29.0 4,090 29.0

3 506 17.9 2,530 17.9

4 278 9.9 1,390 9.9

5 (least urbanized) 170 6.0 850 6.0
Monthly Income <0.001

NT$1-15,840 1,098 39.0 6,063 43.0

NT$15,841-25,000 854 30.3 4,998 355

= NT$25,001 866 30.7 3,029 215
Geographic region 0.053

Northern 1,460 51.8 7,172 50.9

Central il 25.2 3,480 24.7

Southern 613 21.8 3,170 22.5

Eastern 34 1.2 2,68 1.9
Obesity 10 39 96 0.7 <0.001
Hyperlipidemia 802 28.5 2,233 15.9 <0.001
Diabetes 427 15.2 1,534 10.9 <0.001
Hypertension 994 35.3 3,176 225 <0.001
Coronary heart disease 457 16.2 1,338 9.5 <0.001
Alcohol abuse/alcohol dependence syndrome 9 0.3 61 0.4 0.391
Insomnia 449 15.9 1,179 8.4 <0.001

cohort is shown in Table 1. Of the total of 16,908 individu-
als, the mean age was 46.4 years (SD 15.7 years); only one-
third were females. It also shows that individuals with OSA
had a higher prevalence of hypertension (p < 0.001), diabetes
(p <0.001), CHD (p < 0.001), hyperlipidemia (p < 0.001), obe-
sity (p < 0.001), and insomnia (p < 0.001) than comparison in-
dividuals. However, no significant difference in the prevalence
of alcohol abuse/alcohol dependency syndrome (p =0.391) and
restless legs syndrome (p = 0.527) was observed between the
study cohort and the comparison cohort.

Table 2 presents the incidence of DD during the one-year
follow-up period after the index date for the sampled individu-
als. The incidence of DD during the one-year follow-up period
was 18.10 (95% CI = 13.62-23.61) and 8.23 (95% CI = 6.83-
9.84) for individuals with and without OSA, respectively. The
log-rank test revealed that individuals with OSA had signifi-
cantly lower one-year DD-free survival rates than comparison

individuals. Figure 1 compares the DD incidence rates between
these 2 cohorts.

Table 2 also presents the hazard ratio (HR) of DD between
the study and comparison cohort. After adjusting for monthly
income, geographic region, hypertension, diabetes, CHD, hy-
perlipidemia, obesity, and alcohol abuse/alcohol dependency
syndrome, stratified Cox proportional hazards regressions
(stratified on sex, age group, urbanization level, and the year
of index date) revealed that the HR for DD among individuals
with OSA was 2.18 (95% CI = 1.55-3.08, p < 0.001) times that
of comparison individuals.

As the interaction between OSA and sex reached a level of
significance (p < 0.1) sufficient to suggest the inclusion of sex
in the model, we further present the HR of DD stratified by sex
in Table 3. We found that among females, the adjusted hazard
of DD during the one-year follow-up period was 2.72 (95% CI
= 1.68-4.40) for individuals with OSA when compared with the
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Table 2—Hazard ratios of depressive disorder among the sample patients during the one-year follow-up periods (n = 16,908)

Total Patients with obstructive Comparison patients
Depressive disorder (n=16,908) sleep apnea (n =2,818) (n=14,090)
n (%) 167 (0.99) 51(1.81) 116 (0.82)
Incidence rate per 1,000 person-years (95% ClI) 9.88 (8.46-11.46) 18.10 (13.62-23.61) 8.23 (6.83-9.84)
Crude HR (95 % ClI) - 2.22*** (1.59-3.10) 1.00
Adjusted HR (95 % Cl)® - 2.18** (1.55-3.08) 1.00

HR, hazard ratio. HR was calculated by stratified Cox proportional hazard regressions (stratified by sex, age group, urbanization level, and the year of index
date). ***p < 0.001. 2Adjustments are made for patient’s monthly income, geographic region, hyperlipidemia, diabetes, hypertension, coronary heart disease,
obesity, alcohol abuse/alcohol dependence syndrome, and insomnia.

Table 3—Hazard ratios of depressive disorder by gender among the sample patients during the one-year follow-up periods

Male Female
Patients with Comparison Patients with Comparison
Depressive disorder obstructive sleep apnea patients obstructive sleep apnea patients
n (%) 23(1.22) 66 (0.71) 28 (2.98) 51(1.05)
Incidence rate per 1,000 person-years (95% CI) ~ 12.24 (7.95-18.08) 7.08 (5.52-8.95) 29.82 (20.20-42.52)  10.70 (8.05-13.96)
Crude HR (95 % ClI) 1.74* (1.08-2.80) 1.00 2.90%** (1.82-4.63) 1.00
Adjusted HR (95 % Cl)? 1.81* (1.09-3.01) 1.00 2.72*** (1.68-4.40) 1.00

HR, hazard ratio. HR was calculated by stratified Cox proportional hazard regressions (stratified on sex, age group, urbanization level, and the year of index
date); *p < 0.05, ***p < 0.001. 2Adjustments are made for patient's monthly income, geographic region, hyperlipidemia, diabetes, hypertension, coronary heart
disease, obesity, alcohol abuse/alcohol dependence syndrome, and insomnia.

Figure 1—Depressive disorder-free survival rates for
patients with obstructive sleep apnea and comparison group
in Taiwan
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These are the incidence rates of depressive disorder among patients with
and without obstructive sleep apnea during the one-year follow-up periods.

comparison cohort. However, among males, the adjusted HR of
DD among OSA individuals was only 1.81 (95% CI=1.09-3.01)
times that of matched comparison individuals.

Table 4 further presents the HR of DD stratified by age group.
We found that among patients < 40 and 40-64 years old, the
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adjusted HR of DD during the one-year follow-up period was
2.64 (1.22-5.69) and 2.41 (95% CI = 1.52-3.82), respectively,
for individuals with OSA when compared with the comparison
cohort. However, among patients older than 64 years, there was
no significant relationship between DD and OSA.

DISCUSSION

We found that during a one-year follow-up, the incidence of
DD per thousand person-years was about twice as high among
patients with OSA than as those without OSA. Within one
year following their diagnosis, patients with OSA were also
independently associated with a 2.18 times increased risk of
consequent DD, after taking confounders into consideration,
including monthly income, geographic region, hypertension,
diabetes, CHD, hyperlipidemia, obesity, and alcohol abuse/
alcohol dependency syndrome. After further examining the
modifying effects of gender, higher risks of consequent DD
occurrence were observed among female patients with OSA
than their male counterparts. While increased risks of subse-
quent DD were observed for patients younger than 40 and 40-
64 years old with OSA, no significant relationship between
DD and OSA was observed among those with OSA older than
64 years.

Many previous studies exploring the link between OSA and
DD have been cross-sectional or retrospective. For example,
Aloia et al. conducted a retrospective study and recruited 93
patients from sleep clinics and found apnea severity (percent
of sleep time < 90% oxygen saturation) to contribute to de-
pressive symptomatology in OSA.° Another study conducted
on this association was a population-based prospective study
with 1,408 community participants designed to assess OSA
as a longitudinal predictor of depression. Compared with
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Table 4—Hazard ratios of depressive disorder by age among the sample patients during the one-year follow-up periods

Age (years)
40 40-64 > 64
Patients with Patients with Patients with
obstructive sleep  Comparison obstructive sleep  Comparison obstructive sleep  Comparison

Depressive disorder apnea patients apnea patients apnea patients

n (%) 10 (1.40) 20 (0.56) 29 (2.00) 64 (0.88) 12 (1.84) 32(0.97)

Incidence rate per 1,000  13.99 (7.10-24.93) 5.61 (3.52-8.51) 19.97 (13.63-28.31) 8.84 (6.83-11.21) 18.43 (9.99-31.34) 9.74 (6.78-13.59)

person-years (95% Cl)

Crude HR (95 % ClI) 2.51* (1.17-5.39) 1.00 2.29"** (1.47-3.56) 1.00 1.91(0.98-3.73) 1.00

Adjusted HR (95 % CI)? 2.64* (1.22-5.69) 1.00 2.41***(1.52-3.82) 1.00 1.72 (0.84-3.52) 1.00

HR, hazard ratio. HR was calculated by stratified Cox proportional hazard regressions (stratified on sex, age group, urbanization level, and the year of index
date); *p < 0.05, ***p < 0.001. 2Adjustments are made for patient's monthly income, geographic region, hyperlipidemia, diabetes, hypertension, coronary heart
disease, obesity, alcohol abuse/alcohol dependence syndrome, and insomnia.

those without OSA, the odds of developing depression during
a 4-year interval were increased by 1.6-, 2.0-, and 2.6-fold
for participants with minimal, mild, and moderate or worse
OSA, respectively.® Nevertheless, a null association between
OSA and DD was observed in two retrospective studies.”*
Methodological variation (e.g., different populations, study
designs, disease definitions, and assessment instruments) or
limitations (e.g., inappropriate consideration of confounding
effects) may render comparison between investigations dif-
ficult. After considering confounding factors, we confirmed a
prospective link between OSA and subsequent DD within the
first year following OSA diagnosis in this nationwide popu-
lation-based study.

Regarding the modifying effects of gender, Enright et al. ex-
amined 5,201 community adults aged 65 years and older and
observed apneas to be associated with depression in women but
not in men.'® Consistent with previous findings,'>?""*> our large-
scale study identified women as having higher risks of subse-
quent DD within the first year following OSA diagnosis. This
might reflect a more general finding that depression is more
prevalent in women than in men.?

The underlying mechanisms explaining the association be-
tween OSA and DD are not clearly delineated. Yet, a biological
plausibility exists. First, sleep fragmentation or oxygen desatu-
ration during sleep in OSA patients may impact the presenta-
tion of mood symptoms, although the results regarding this
possibility are mixed. In a randomized controlled trial, hypoxia
in OSA was shown to potentially associate with depression, as
a significant reduction of depressive symptoms was observed
for patients with OSA receiving oxygen therapy.* Recent pre-
liminary imaging data also suggested that hypoxemia linked
with OSA might play a part in affecting mood.! On the other
hand, sleep fragmentation, mainly causing excessive daytime
sleepiness in OSA was proposed to contribute to the depres-
sive symptomatology of OSA.»* Nevertheless, depression was
also not found to be associated with either sleep fragmentation
or hypoxia in OSA.? This issue will need to be further clari-
fied in the future with studies utilizing larger sample sizes and
the appropriate consideration of confounders (e.g., body mass
index, hypertension).

Second, it is possible that there is a shared signaling path-
way possibly involving proinflammatory markers, neurotrans-

mitters, or undisclosed underlying factors between the two
conditions. While OSA was associated with increased levels of
IL-6 and tumor necrosis factor,”” an immune response impli-
cating proinflammatory cytokines IL-1, IL-6, and interferons
was observed among patients with DD.?® Several excitatory
and inhibitory neurotransmitters, such as serotonin, norepi-
nephrine, and y-aminobutyric acid (GABA), may also be
involved in both the sleep/wake cycle and mood regulation.
Shared common risk factors (e.g., obesity, cardiovascular dis-
ease, metabolic syndrome) are another plausible explanation.
Finally, as depression was prevalently observed in patients
with chronic medical diseases,” OSA may decrease patients’
quality of life, further leading to other chronic diseases includ-
ing depression. '3

Our study contributes to the emerging findings regarding
the association between OSA and DD. As comorbid DD was
found to exacerbate OSA and to have a negative impact on
self-management and treatment adherence of chronic medial
illness such as OSA,*¥ it is possible that prompt detection
and appropriate treatment of DD can aid in the management
of OSA. We suggest that clinicians should be more aware of
the frequently observed link between OSA and DD. Since pa-
tients with OSA might not voluntarily voice mood symptoms
in the context of a sleep evaluation, regular screening and
monitoring of psychiatric condition among patients with OSA
are needed, especially among women. Proper and timely refer-
ral for assessment and treatment of mood symptoms, not just
the treatment of OSA itself, might assist in promoting patients’
well-being and reducing the detrimental health consequences
that might follow.

Our study has several strengths. Important confounders
were carefully addressed. Both OSA and DD have indepen-
dently been reported to associate with metabolic syndrome
and cardiovascular disease.*** Potential confounding factors
(e.g., obesity, hypertension, diabetes) that may impact the
connection between OSA and DD were taken into consid-
eration in our analysis. In addition, as consideration of the
modifying effects of gender was felt to be of great importance
in elucidating the prospective link between OSA and depres-
sion,'" we used a nationwide population-based dataset with
ample sample size to clarify this issue. Finally, established
clinical diagnostic criteria were used for the identification of
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DD and OSA, with the diagnosis of the latter stipulating the
confirmatory results of polysomnography to ensure for diag-
nostic validity. Furthermore, in Taiwan a diagnosis of DD can
only be made by psychiatrists.

However, four limitations merit attention. First, the
LHID2000 database represents patients who had sought
treatment for OSA and DD. OSA is a highly prevalent but
underdiagnosed illness.* While the diagnosis of DD is based
on DSM-IV criteria,® certain factors, such as socioeconomic
status and social stigma might lead some psychiatric patients
to decline healthcare services. Moreover, the symptoms of
these illnesses are often overlooked, potentially leading to
underappreciation, underdiagnosis, and undertreatment.*¢*’
Secondly, although our study only included newly diagnosed
cases to avoid potential effects of chronicity, it should be kept
in mind that some of them may not be newly developed OSA
cases. Patients might have had undetected OSA for years
before being diagnosed. Thirdly, the subsequent risk of de-
pression could not be analyzed or compared between patients
with treated and untreated OSA in our study. As treatment for
OSA is not covered under the National Health Insurance Pro-
gram, this information is unavailable in our claims dataset.
However, to the best of our knowledge most OSA patients
are left untreated. Currently, the most effective treatments for
OSA are devices (e.g., continuous positive airway pressure
[CPAP]) that may be uncomfortable to use. Therefore, be-
cause of out-of-pocket costs and difficulties becoming accus-
tomed to using these devices, most patients are left untreated.
Finally, referral bias should be of concern for studies inves-
tigating clinical populations. It is possible that the frequent
medical consultation of patients with OSA might prompt re-
ferrals and boost the detection of DD. Meanwhile, due to the
overlap of symptoms in OSA and DD, we are not able to rule
out the possibility that symptoms of DD might be attributed
to a prior diagnosis of OSA and work to reduce further iden-
tification of DD.

A prospective link between OSA and subsequent DD within
the first year following OSA diagnosis was confirmed in our
study. Further studies should seek to elucidate the underlying
pathophysiological mechanisms for this link. Studies on the ef-
fect of appropriate management of OSA on the subsequent risk
of DD might help yield strategies for more effective prevention
and intervention programs.
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