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Background: Obstructive sleep apnea (OSA) is associated
with diverse health risks, including death. However, the role
of OSA as a risk factor for death has never been studied in
Asians. This study is aimed at evaluating the influence of OSA
on the mortality in Korean sleep clinic population.

Methods: A total of 2,240 patients who underwent in-labo-
ratory full-night polysomnography due to snoring or sleep
apnea were included. The patients were categorized based
on apnea-hypopnea index (AHI)/hour. Death records were
provided from the Statistics Korea. A Cox-proportional hazard
regression model and Kaplan-Meier survival curve were used
for analysis and demonstration of the all-cause mortality and
cardiovascular mortality.

Results: The all-cause mortality risk adjusted for age, sex,
body mass index, diabetes, hypertension, cardiovascular
diseases, and previous history of stroke was significantly
associated with the increased severity of OSA. The adjusted
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hazard ratio (HR) for all-cause mortality in the severe OSA
group (AHI = 30) vs. reference group (5 < AHI) was 2.47
(95% confidence interval [CI], 1.09-5.57) and the adjusted HR
for cardiovascular mortality was 4.66 (Cl 1.03-21.08). After
adjusting for whether the patients were treated or untreated,
the HR for all-cause and cardiovascular mortality in the severe
OSA group vs. reference group were 2.14 (p = 0.079) and
4.19 (p = 0.076), respectively.

Conclusions: The present study showed that the increased
mortality was also associated with the increased severity of
OSA in Koreans as shown in the studies performed in the
Western countries.
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bstructive sleep apnea (OSA) is a chronic condition
characterized by frequent episodes of upper airway
collapse during sleep. To date, epidemiologic studies have
estimated that the prevalence of adults with apnea-hypopnea
index (AHI) > 5 is 17% to 26%."* A population-based cohort
study performed in the U.S. showed that the prevalence of
mild (5 < AHI < 15), moderate (15 < AHI < 30), and severe
OSA (AHI > 30) in middle-aged adults was around 14%, 5%,
and 4%, respectively. After the high prevalence of OSA was
uncovered in adults, more attention was turned to its clinical
significance in health>>°; there have been population-based
and longitudinal studies to show its natural history and adverse
health effects.”>™ OSA has been shown to be an important
risk factor for many clinically important conditions, such as
cardiovascular diseases, cerebrovascular diseases, metabolic
syndrome, and even death.'®'* Moreover, if left untreated, it
may lead to excessive daytime sleepiness, impaired congnitive
function, depression, impaired work performance contributing
to motor vehicle crashes and job-related accidents, and decre-
ments in health-related quality of life.'s
While most of the epidemiologic studies have been
performed in Western countries, there have been just a few
epidemiologic studies in Asians. Although there was no signifi-
cant difference between Asians and Caucasians in regard to
prevalence, ethnicity might be a factor affecting comorbidi-
ties of OSA because there are differences, such as craniofacial

BRIEF SUMMARY

Current Knowledge/Study Rationale: There is a need to identify the
relationship between OSA and mortality in Asians. Evidence supporting
the influence of severe OSA on increased death risk is not sufficient,
even in Western population-based studies. Furthermore, Asians are dif-
ferent from Caucasians in several aspects such as body fat composition
and skeletal structure.

Study Impact: In our Korean cohort, we identified that all-cause and car-
diovascular mortality was significantly correlated with OSA severity. This
study suggests that more attention should be paid to Asians with OSA and
emphasizes the need for early detection of OSA and its efficient treatment.

morphology and body mass index (BMI).>'%!” Furthermore,
though the significance of OSA as an important risk factor for
several diseases is widely accepted, the evidence supporting the
association between OSA and mortality is not enough, even in
the studies of Western countries.'®** In the present study, we
conducted an observational cohort study to evaluate mortality
in the Korean sleep clinic population.

METHODS

Study Sample
An observational cohort in the Sleep Center of Seoul National
University Bundang Hospital consisted of patients who visited
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Table 1—General characteristics of the patients with OSA and controls

AHI category
Reference Mild OSA Moderate OSA  Severe OSA
(n = 440) (n=550) (n=537) (n=T713) p-value
Continuous variables, mean
Age, years 54.2 56.0 56.1 55.5 0.007
BMI, kg/m? 23.7 24.6 254 26.9 <0.001
Binary variables, n (%)
Sex, male 222 (55.5) 400 (72.7) 434 (80.8) 613 (85.9) <0.001
Hypertension 68 (15.4) 115 (20.9) 146 (27.2) 240 (33.6) <0.001
Diabetes 16 (3.6) 38(6.9) 38(7.9) 74 (10.3) <0.001
Cardiovascular disease or previous stroke history 31(7.0) 41(7.4) 32 (5.9) 51(7.1) 0.780

AHI, apnea-hypopnea index; BMI, body mass index; OSA, obstructive sleep apnea.

the center due to snoring or witnessed sleep apnea from January
2003 through January 2009, underwent a full-night in-labora-
tory polysomnography (PSG), and were > 40 years old. Subjects
with total sleep time <4 h were excluded from the present study.
Data regarding demographic parameters, daytime sleepiness
(Epworth Sleepiness Scale), and medical risk factors such as
hypertension, diabetes, cardiovascular diseases, previous stroke
history, and prescribed treatment were collected. Patients with
AHI > 5 underwent one of the following specific treatments:
continuous positive airway pressure (CPAP); mandibular
advancement device (MAD); upper airway surgery; or combi-
nation therapy of CPAP, MAD, or surgery. This study has been
approved by the Seoul National University Bundang Hospital
Institutional Review Board.

Full-Night In-Laboratory Polysomnography

All the subjects underwent a full-night in-laboratory PSG
using an Embla N7000 recording system (Embla; Medcare,
Reykjavik, Iceland) and standard electrodes and sensors with
the supervision of an experienced technician at the sleep center
as previously described.” PSG included the following param-
eters: electroencephalography, electrooculography, submental
electromyography, lower leg electromyography, electrocar-
diography, leg movement, chest and abdominal movement,
nasal airflow, mouth airflow (thermistor), pulse oximetry, and
body position. Based on the standard criteria, sleep stages were
scored in 30-sec epochs. Apnea was defined as absence of the
airflow > 10 seconds. Hypopnea was defined as a recogniz-
able reduction of the airflow with reduction of oxygen satu-
ration > 4% from the baseline or an arousal. Patients were
categorized into 4 severity groups based on AHI: no OSA
(reference, AHI < 5), mild OSA (5 <AHI < 15), moderate OSA
(15 <AHI < 30), and severe OSA (AHI > 30).

Mortality Status

Deaths in the cohort having occurred up to December 31,
2011, were identified by matching each subject’s Korean
Identification Number and name with death records from the
Statistics Korea, a national organization for statistics. The date
of death and primary cause of death were collected from the
national death statistics. The causes of death were categorized
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into 4 groups described in a previous report*: (1) cardiovas-
cular diseases and stroke, including acute myocardial infarc-
tion, acute ischemic heart disease, sudden cardiac arrest, and
cardiac dysrhythmias; (2) fatal events including accidents,
injuries and falls; (3) cancer; (4) others, including pneumonia,
gastrointestinal bleeding, end-stage renal disease, amyloidosis,
and so forth.

Statistical Analysis

Kaplan-Meier survival analysis methods were used to
compare survival rates according to the severity category with
a log-rank test to assess statistical differences. A Cox propor-
tional hazards regression analysis was used to estimate hazard
ratios (HR) and 95% confidence interval (CI) adjusted for sex,
age, BMI, and medical conditions such as diabetes, hyperten-
sion, cardiovascular diseases, previous history of stroke, and
treatment for OSA. All significance tests were two-sided, and a
value of p < 0.05 was considered statistically significant. SPSS
version 18.0 (SPSS Inc., Chicago, IL) software was used.

RESULTS

Baseline Characteristics

A total of 2,240 subjects (1,669 males and 571 females)
were included in the present cohort. The average observa-
tion period was 61.4 months (range, 34.0-106.0 months). Of
2,240 subjects, 1,800 patients had AHI > 5/h on PSG. The
average age was 55 years (range 40-87 years). Baseline char-
acteristics of the subjects are shown in Table 1. BMI increased
as OSA severity increased. The prevalence of hypertension and
diabetes mellitus was significantly higher in patients with OSA
than in those without OSA (p < 0.001). The initial status of
subjects in terms of cardiovascular diseases was not signifi-
cantly different according to the severity of OSA (p = 0.780).

Among 1,800 patients with OSA, 735 patients were treated
with CPAP (n = 227), MAD (n = 242), surgery (n = 203), or
combined treatment (n = 63). The other 1,065 patients were not
specifically treated because they were lost to follow-up, refused
such treatments, wanted to reduce body weight, and/or to try to
sleep in the lateral decubitus position.
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Table 2—Cause-specific mortality

AHI category
Total Reference Mild OSA Moderate OSA Severe OSA
(n =2,240) (n = 440) (n=550) (n=537) (n =713)
Cardiovascular disease or stroke 26 (1.16%) 2 (4.54%) 2(0.36%) 8 (1.49%) 14 (1.96%)
Injury 5(0.67%) 4 (0.90%) 2(0.36%) 3 (0.56%) 6 (0.84%)
Cancer 0 (0.89%) 2 (4.54%) 8 (1.45%) 6 (1.11%) 4 (0.56%)
Others 8 (0.36%) 0( 0 (0%) 2(0.37%) 6 (0.84%)
Total deaths 9 (3.08%) 8 (1.81%) 12 (2.18%) 19 (3.54%) 30 (4.20%)

AHI, apnea-hypopnea index; OSA, obstructive sleep apnea.

Figure 1—Kaplan-Meier survival curves for all-cause deaths
according to OSA severity
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When the patients were classified into 4 groups—none (AHI < 5), mild
(5 < AHI < 15), moderate (15 < AHI < 30), and severe (AHI = 30)—the
increased OSA severity was likely to be associated with a reduction
in survival (p = 0.054). AHI, apnea-hypopnea index; OSA, obstructive
sleep apnea.

Mortality According to the Severity of OSA

A total of 69 deaths (3.08%) were identified. The median age
at death was 66.8 years (range, 42-86 years). All-cause mortality
and cause-specific deaths are shown in Table 2. The mortality
rate was 1.81%, 2.18%, 3.54%, and 4.20% in no OSA, mild,
moderate, and severe OSA groups, respectively. Cardiovascular
diseases or stroke accounted for 37.7% (26/69) of all deaths.
Death from cardiovascular disease or stroke accounted for 25.0%
(2/8), 16.7% (2/12), 42.1% (8/19), and 46.7.0% (14/30) of deaths
in no OSA, mild, moderate, and severe OSA groups, respectively.

Survival Rate and Hazard Ratio

There was no significant difference between males and
females in the overall survival (p = 0.725). The increased
OSA severity was likely to be associated with a reduction in
survival probabilities (p = 0.054; Figure 1), and the difference

Figure 2—Kaplan-Meier survival curves for all-cause deaths
according to OSA severity
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When the patients were classified into 2 groups, there was a significant
difference in survival between the patients with AHI < 30 and those with
AHI = 30 (p = 0.030). AHI, apnea-hypopnea index; OSA, obstructive
sleep apnea.

was significant when patients with AHI < 30 were compared to
those with AHI > 30 (p = 0.030; Figure 2).

After adjustment for age, sex, and BMI, the trend analysis
revealed that OSA retained a statistically significant associa-
tion with death in a stepwise increasing pattern (Table 3). The
adjusted HR for all-cause mortality in the severe OSA group
vs. reference group was 2.47 (95% CI 1.01-5.55; p = 0.028).
After adjustment for age, sex, BMI, hypertension, diabetes,
cardiovascular diseases, and previous history of stroke, the
adjusted HR for all-cause mortality in the severe OSA group vs.
reference group was 2.47 (95% CI 1.09-5.57; p = 0.030). After
adjusting for whether the patients were treated or untreated,
the HR for all-cause mortality in the severe OSA group vs.
reference group was 2.14 (95% CI 0.91-5.03; p = 0.079).

The cardiovascular mortality adjusted for age, sex, BMI,
hypertension, diabetes, cardiovascular diseases, and previous
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Table 3—Hazard ratios for all-cause mortality

All-cause mortality?

All-cause mortality®

All-cause mortality®

Baseline AHI category Hazard Ratio (95% CI)  p-value Hazard Ratio (95% CI)  p-value Hazard Ratio (95% CI)  p-value
Reference Reference Reference Reference
Mild OSA 1.02 (0.41-2.53) 0.954 1.01(0.41-2.51) 0.974 0.91(0.36-2.28) 0.841
Moderate OSA 1.83(0.78-4.28) 0.161 1.86 (0.80-4.40) 0.144 1.73(0.73-4.10) 0.213
Severe OSA 2.47 (1.01-5.55) 0.028 2.47 (1.09-5.57) 0.030 2.14(0.91-5.03) 0.079

sAdjusted for age, sex, and BMI. *Adjusted for age, sex, BMI, hypertension, diabetes, cardiovascular disease, and previous history of stroke. cAdjusted for
age, sex, BMI, hypertension, diabetes, cardiovascular disease, previous history of stroke, and treatment. AHI, apnea-hypopnea index; BMI, body mass index;

Cl, confidence interval; OSA, obstructive sleep apnea.

Table 4—Hazard ratios for cardiovascular mortality

Cardiovascular mortality?

Cardiovascular mortality®

Cardiovascular mortality®

Baseline AHI category Hazard Ratio (95% CI)  p-value Hazard Ratio (95% CI)  p-value Hazard Ratio (95% CI)  p-value
Reference Reference Reference Reference
Mild OSA 0.65 (0.09-4.72) 0.677 0.65 (0.09-4.63) 0.675 0.32 (0.03-3.57) 0.354
Moderate OSA 3.03 (0.62-14.70) 0.168 3.15(0.65-15.08) 0.152 2.91(0.58-14.5) 0.193
Severe OSA 4.70 (1.03-21.44) 0.046 4.66 (1.03-21.08) 0.046 4.19 (0.85-20.4) 0.076

Adjusted for age, sex, and BMI. *Adjusted for age, sex, BMI, hypertension, diabetes, cardiovascular disease, and previous history of stroke. cAdjusted for
age, sex, BMI, hypertension, diabetes, cardiovascular disease, previous history of stroke, and treatment. AHI, apnea-hypopnea index; BMI, body mass index;

Cl, confidence interval; OSA, obstructive sleep apnea.

Table 5—Hazard ratios for all-cause death in subjects without cardiovascular diseases or history of stroke at baseline

All-cause mortality in subjects without cardiovascular
disease or stroke at baseline adjusted by age, sex, and BMI

Baseline AHI category n Hazard Ratio (95% Cl)
Reference 409 Reference
Mild OSA 509 0.84 (0.33-2.16)
Moderate OSA 505 1.63 (0.69-3.85)
Severe OSA 660 2.17 (0.95-4.96)

p-value

0.728
0.265
0.066

AHI, apnea-hypopnea index; BMI, body mass index; Cl, confidence interval; OSA, obstructive sleep apnea.

history of stroke was significantly elevated in the severe OSA
group vs. reference group (HR 4.66; 95% CI 1.03-21.08;
p = 0.046; Table 4). After prescription of treatment was added
as a covariate to the hazard model, the adjusted HR for cardio-
vascular mortality was 4.19 (95% CI 0.85-20.4; p = 0.076) in
severe OSA group vs. reference group.

The HR for all-cause death in OSA patients who did not
have cardiovascular diseases other than hypertension at enroll-
ment was analyzed. A total of 156 patients had cardiovascular
disease at baseline. The HR for mortality adjusted by age, sex,
and BMI was 2.17 (95% CI 0.95-4.96; p = 0.066) in the severe
OSA group vs. reference group (Table 5).

DISCUSSION

This is an observational cohort study conducted in a large
Korean sleep clinic population to investigate the influence of
OSA on mortality. To our best knowledge, the present study
showed a significant association between OSA and mortality in
Asians for the first time. The present study demonstrated that
OSA may be a significant risk factor for death in Asians as previ-
ously shown in the Western population.?>*® Asians are different
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from Caucasians in some aspects important for OSA. Firstly,
Asians are generally known to have a higher percentage of body
fat than the Western population at the same BMI level.”’ Previous
comparative studies of Asian and Caucasian male patients with
OSA demonstrated that Asians were less obese despite the pres-
ence of severe OSA,?% even when matched for risk factors such
as age, gender, and BMI. The higher central fat distribution was
found at a lower level of BMI in Asians than in Caucasians.***!
Secondly, Asians have smaller mandibles; therefore, the upper
airway may be more collapsible and have propensity for more
severe OSA. Cephalometric analysis revealed that the Asians
have maxillomandibular protrusion, narrower cranial base angle,
larger posterior airway space, and more superiorly positioned
hyoid bone compared with Caucasians.?**!' The narrower cranial
base in the Asian population may have an important implica-
tion in the pathogenesis of OSA because it affects particularly
the airway in the nasopharygneal and retropalatal regions. Thus,
epidemiologic data of OSA acquired from the Western popula-
tion cannot be directly applied to Asians, and independent inves-
tigations for Asians are mandatory.'6-2%3032

Our study indicated that the all-cause mortality risk was
2.47 times higher in subjects with OSA with AHI > 30 compared



to those with AHI < 5, independent of age, sex, BMI, and
other chronic diseases. After excluding patients diagnosed as
having cardiovascular disease at the time of enrollment, severe
OSA tended to be associated with increased all-cause mortality
compared to the reference group. In a large population-based study
performed in the U.S., the adjusted HR for all-cause mortality in
subjects with AHI > 30 in comparison to those with AHI <5 was
3.0, and it increased to 3.8 when the persons under treatment with
continuous positive airway pressure were excluded.”® An observa-
tional cohort study of a large population of the U.S. also showed
a significant association of OSA with stroke or death.? In the
above study, both OSA patients and controls were recruited from
the population referred to sleep centers. In another observational
cohort study conducted in Spain, patients with OSA enrolled from
a sleep clinic were compared to the general population. It was
shown that mortality was significantly higher in subjects with
untreated severe OSA than in healthy controls.

Our study also investigated the influences of cardiovascular
disease on the association between OSA and cardiovascular
mortality by including or excluding the initial status of cardio-
vascular diseases at baseline. Cardiovascular mortality was
significantly higher in the group with severe OSA compared to
the reference group. When the initial presence of cardiovascular
diseases was adjusted, the severe OSA group tended to be associ-
ated with increased all-cause mortality compared to the reference
group. This finding suggests that severe OSA may be an indepen-
dent risk factor increasing cardiovascular mortality in Asians. In
addition, an analysis in subjects without cardiovascular diseases
or stroke at baseline showed that OSA with AHI > 30 was likely
to be a risk factor for death in the above condition.

We also investigated the effect of OSA therapy on mortality
irrespective of therapeutic modalities as in the previous
studies,'"'*3538 by evaluating mortality according to whether
the patients were treated. Although the risk of death was signif-
icantly higher in the severe OSA group, there was no signifi-
cant difference in mortality between the severe OSA group and
reference group after adjusting for the treatment factor. These
may indicate the potential beneficial effects of treatment for
OSA on mortality associated with severe OSA. This finding is
consistent with the results of several other studies, revealing a
greater mortality in patients with untreated OSA.2!26%

Our study has some limitations. Firstly, as our study is not
population based, there could be a selection bias resulting in
overestimation of the mortality. Secondly, since our public health
insurance program does not reimburse the cost of PSG, it is likely
that the cohort consisted of patients with somewhat greater income
and access to medical service; thus our finding might underesti-
mate the real mortality risk of OSA. Thirdly, the average follow-
up period of 61.4 months may not be sufficient to determine the
association between OSA severity and mortality. This could lead
to underestimation of the risk. Fourthly, we could not exactly
assess the effects of treatment on the risk of death according to the
therapeutic modality because the adherence and compliance for
the treatment were not fully evaluated for all the patients.

CONCLUSION

The present study has a clinical implication that increased
mortality, shown in studies in Western countries, is also
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associated with increased severity of OSA in Asians. In partic-
ular, severe OSA (AHI > 30) was an independent risk factor for
death. These findings emphasize the need for early detection of
OSA and its efficient treatment and follow-up. Since this study
has a limitation of an observational cohort study, a longitudinal
randomized controlled study is necessary to show the associa-
tion between OSA and mortality in Asians in the future.
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