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Study Objectives: This study has investigated the risk of major adverse cardiovascular events (MACEs), including acute myocardial infarction, coronary 
artery disease, peripheral artery disease, and acute stroke, among children and adolescents (age younger than 20 years) with obstructive sleep apnea (OSA).
Methods: In this study, the population-based National Health Insurance Research Database of Taiwan was used to identify patients in whom OSA had been 
first diagnosed between 2000 and 2015. Children and adolescents with OSA (n = 6,535) were included with 1:3 ratio by age, sex, and index year of control 
participants without OSA (n = 19,605). The Cox proportional regression model was used to evaluate the risk of MACEs in this cohort study.
Results: After a 15-year follow-up, the incidence rate of MACEs was higher in the OSA cohort when compared with the non-OSA control cohort (15.97 
and 8.20 per 100,000 person-years, respectively). After adjusting for covariates, the risk of MACEs among children and adolescents with OSA was still 
significantly higher (hazard ratio = 2.050; 95% confidence interval = 1.312–3.107; P = .010). No MACEs were found in the children and adolescents with OSA 
who received continuous airway positive pressure treatment or pharyngeal surgery.
Conclusions: This study found a significantly higher risk of MACEs in children and adolescents with OSA. These findings strongly suggest that clinicians 
should provide careful follow-up and medical treatment for children and adolescents with OSA.
Keywords: cohort study, major adverse cardiovascular events, National Health Insurance Research Database, sleep apnea
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INTRODUCTION

Obstructive sleep apnea (OSA) is a common disorder charac-
terized by repeated partial or complete collapse of the upper 
airway with episodes of apnea and hypopnea during sleep.1,2 
The prevalence of pediatric OSA in children ranges from 1% to 
4% according to the varying criteria of diagnostic studies, with 
a male predominance,3 and one systematic review reports that 
sleep-disordered breathing is estimated at 4% to 11%.4 Previ-
ous studies had reported that OSA in children and adolescents 
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(younger than 20 years) is associated with an increased risk of 
atopic dermatitis,5 depressive disorders,6 nocturnal enuresis,7 
and postsurgical complications.7

In this study, we defined the major adverse cardiovascular 
events (MACEs) as acute myocardial infarctions (MIs), coro-
nary artery disease (CAD) combined with stent implantation 
and/or percutaneous transluminal coronary angioplasty, pe-
ripheral artery disease (PAD) combined with percutaneous 
transluminal angioplasty, and acute stroke. Previous studies 
have reported that adult patients with OSA are associated with 

BRIEF SUMMARY
Current Knowledge/Study Rationale: To address a gap in knowledge, we investigated the association between obstructive sleep apnea (OSA) in 
children and adolescents, and the risk of major adverse cardiovascular events (MACEs) on the population database. In a nationwide, matched cohort 
study, the selection bias could be minimized.
Study Impact: OSA in children and adolescents is associated with increased MACEs on the population database. The children and adolescents 
with OSA were more likely to experience MACEs (hazard ratio = 2.050; 95% confidence interval = 1.312–3.107; P = .010) when adjusting for sex, age, 
monthly income, urbanization level, geographic region, and comorbidities.
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CAD, such as acute MI,8 stroke,9 PAD,10 and heart failure.11 
One study found that OSA is associated with the risk of other 
MACEs, including heart failure (HF), and cardiometabolic 
mortality,12 However, the association between OSA in children 
and adolescents (younger than 20 years) and MACEs has not, 
as yet, been clarified. We hypothesize that the population-based 
study using a national representative database could examine 
as to whether OSA in children and adolescents is associated 
with the risk of MACEs. Therefore, we carried out this study 
to determine whether OSA in children and adolescents is as-
sociated with MACEs.

METHODS

Data Sources
The National Health Insurance (NHI) Program was launched 
in Taiwan in 1995, and as of June 2009, included contracts with 
97% of the medical providers with approximately 23 million 
beneficiaries, or more than 99% of the entire population.13 The 
National Health Insurance Research Database (NHIRD) con-
tains all the claims data of the beneficiaries; that is, approxi-
mately 23 million beneficiaries are registered in the NHIRD, 
including the NHI medical claims database that comprises 
ambulatory care, inpatient care, outpatient care, and prescrip-
tion drugs. This database uses the International Classification 
of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) 
codes, based on the World Health Organization’s Ninth Revi-
sion, International Classification of Diseases, as the official 
system of assigning codes to diagnoses and procedures asso-
ciated with hospital utilization in Taiwan. In order to protect 
individual privacy, the identities of individuals included in this 
database all were encrypted. The details of the program have 
been documented in previous studies.14–20

A subset of the NHIRD, the Longitudinal Health Insurance 
Database (LHID) of a randomized sample population of two 
million between 2000 and 2015, was used to study the associa-
tion between OSA and the risk of MACEs. The current study 
used this subset from the NHIRD to identify patients younger 
than 20 years with a diagnosis of OSA, based on the ICD-9-CM 
codes, including 327.23, 780.51, 780.53, and 780.57, during 
the years 2000–2015. In Taiwan, nocturnal polysomnography 
(PSG) is used to confirm the diagnosis of OSA; therefore, PSG 
within 1 year before, or within 1 year after the index day of 
OSA diagnosis, could be used to make the diagnosis of OSA, 
with reference of one previous study.21 Furthermore, one re-
cent study has validated the diagnosis of OSA recorded in the 
NHIRD. Briefly, in one sample from one hospital-based da-
tabank from a medical center, single or repeated polysomno-
graphic data have confirmed that 3,333 of 3,363 patients with 
sleep apnea (99%) also have OSA.22,23 The Institutional Review 
Board of the Tri-Service General Hospital approved this study 
and waived the need for individual written informed consent 
(IRB No. 2-105-05-040).

Study Design and Sampled Participants
This study was of a population-based, matched-cohort de-
sign. Patients younger than 20 years in whom OSA was 

newly diagnosed (ICD-9-CM codes: 327.23, 780.51, 780.53, 
and 780.57) were selected from the LHID from January 1, 
2000, to December 31, 2015. The patients with OSA before 
the year 2000 were excluded. In addition, the patients in 
whom congenital heart diseases or MACEs were diagnosed, 
including acute MI, CAD combined with stent implantation 
and/or percutaneous transluminal coronary angioplasty, PAD 
combined with percutaneous transluminal angioplasty, and 
acute stroke, before the year 2000, or before the first visit 
for OSA were also excluded. The definition of MACEs has 
been modified from previous studies.11,24 A total of the pa-
tients who were enrolled, including 6,535 patients with OSA 
and 19,605 controls participants without OSA, were matched 
for age, sex, and index date (Figure S1). The index date was 
defined as the date at which the patient received a diagno-
sis of OSA, or the corresponding index date for the matched 
comparison cohort members enrolled.

Covariates
The covariates included sex, age groups (0–11, and 12–19 
years), geographical area of residence (north, center, south, and 
east of Taiwan), urbanization level of residence (levels 1 to 4), 
and monthly income (in New Taiwan dollars [NT$]; < 18,000, 
18,000–34,999, ≥ 35,000). The division of the age groups is 
according to the laws in Taiwan.25 The urbanization level of 
residence was defined according to the population and vari-
ous indicators of the level of development. Level 1 was defined 
as a population less than 1,250,000, and a specific designation 
as political, economic, cultural, and metropolitan develop-
ment. Level 2 was defined as a population between 500,000 
and 1,249,999, and as playing an important role in the politics, 
economy, and culture. Urbanization levels 3 and 4 were de-
fined as a population between 149,999 and 499,999, and less 
than 149,999, respectively.

In Taiwan, the continuous positive airway pressure (CPAP) 
for the patients with OSA is not reimbursed in the NHI policy. 
However, nocturnal PSG testing 6 months after the CPAP us-
age is needed for the CPAP titration for adequately testing the 
response among patients. Therefore, repeated PSG, which was 
recorded 6 months after the first PSG, could confirm that the 
CPAP treatment has been used, with details documented in a 
previous study.21 The pharyngeal surgery including the tonsil-
lectomy, adenoidectomy, adenotonsillectomy, or uvulopalato-
pharyngoplasty were also recorded.

Comorbidity
Comorbidities were assessed using the Charlson Comorbid-
ity Index (CCI), which categorizes the comorbidities using 
the ICD-9-CM codes, scores each comorbidity category,26–28 
and combines all the scores to calculate a single comorbid-
ity score. A score of zero indicates that no comorbidities 
were found, and higher scores indicate higher comorbidity 
burdens.29 Other comorbidities included hypertension (ICD-
9-CM codes 401–405), diabetes mellitus (DM, ICD-9-CM 
codes 250), insomnia (ICD-9-CM code 307.4, and 780.5), 
attention deficit hyperactivity disorder (ADHD, ICD-9-CM 
codes 314), asthma (ICD-9-CM codes 493), and obesity (ICD-
9-CM code 278.0).D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

49
.1

45
.2

34
.1

86
 o

n 
M

ar
ch

 2
0,

 2
02

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

2 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



277Journal of Clinical Sleep Medicine, Vol. 15, No. 2� February 15, 2019

NS Tzeng, CH Chung, HA Chang, et al.� Obstructive Sleep Apnea and Cardiovascular Events

Major Outcomes
All of the study participants were followed from the index 
date until one of the following events occurred: the diagno-
sis of the onset of acute MI (ICD-9-CM codes 410.xx), CAD 
combined with stent implantation and/or percutaneous translu-
minal coronary angioplasty (treatment codes 33076A, 33076B, 
33077A, 33077B, 33078A, 33078B), PAD (ICD-9-CM codes 
440.2x, 440.3x, 444.2x, 444.8x,) combined with percutaneous 
transluminal angioplasty (treatment codes 33074A, 33074B, 
33115B), and acute stroke (ICD-9-CM codes 430.xx-436.xx), 
withdrawal from the NHI program, or the end of 2015.

Statistical Analysis
All statistical analyses were performed using SPSS for Win-
dows, version 22.0 (IBM Corp., Armonk, New York, United 
States). χ2 and t tests were used to evaluate the distributions of 
the categorical and continuous variables, respectively, with a 
Fisher exact test. The multivariate Cox proportional hazards 
regression analysis was used to determine the risk of MACEs, 
and the results were presented as a HR with a 95% CI. The dif-
ference in the risk of MACEs, between the study and control 
groups, was estimated using the Kaplan-Meier method with 
the log-rank test. A two-tailed value of P < .05 was considered 
to indicate statistical significance.

RESULTS

Baseline Characteristics of the Study Population
Baseline characteristics of the study population are as depicted 
in Table 1. There were 6,535 individuals in the OSA group and 
19,605 in the control group without OSA, with a similar distri-
bution of sex, age, and monthly insured premiums. The mean 
CCI (standard deviation, [SD]) for the study participants was 
0.02 (0.18), and 0.077 (0.040) for the OSA and controls groups, 
respectively. The OSA group tended to have higher rates in 
insomnia, ADHD, and obesity, and a lower rate in asthma. The 
study participants had more medical visits in the summer and 
winter, with residences in northern and middle Taiwan, living 
in level 1 urbanization, or seeking help in medical centers and 
regional hospitals than the control group.

Table S1 depicts the sample characteristics at the end of the 
study. The study participants with OSA tended to have higher 
rates of insomnia, ADHD, and obesity, and a lower rate of 
asthma. The rate of asthma had increased from 0.93% to 1.44% 
in the OSA cohort, with that of the control group increasing to 
3.41%, at the end of the study.

OSA Associated With MACEs
Of the study participants, MACEs developed in 13 (0.199%, or 
15.97 per 100,000 person-years) compared to 20 (0.102%, or 
8.20 per 100,000 person-years) in the control group, after the 
15-year follow-up. We have also examined the risk of MACEs 
associated with OSA: after adjusting for age, sex, CCI scores, 
and all the covariates listed in Table 1, the Cox proportional 
hazards regression analysis revealed that the adjusted HR for 
MACEs was 2.050 for the study participants (95% CI = 1.312–
3.107; P = .01) when compared with the control group (Table 2). 

Figure 1 shows the Kaplan–Meier analysis for the cumula-
tive incidence of MACEs in the study participants and con-
trol groups (log-rank test, P < .001). Furthermore, each single 
increased score of CCI was associated with a 14.2% increased 
risk of MACEs, and the study participants who sought medical 
help in summer (adjusted HR: 2.161, P = .018) and winter (ad-
justed HR: 3.172, P = .023) were associated with a lower risk 
of MACEs, than those in the spring. Study participants who 
sought medical help in the medical centers (adjusted HR: 4.153, 
P < .001), and regional hospitals (adjusted HR: 2.555, P = .011) 
were associated with a lower risk of MACEs than those in local 
hospitals. It took a mean of 2.57 years (SD = 3.01) for the study 
participants with OSA, and a mean of 6.49 years (SD = 5.37) 
to the MACEs for the control group without OSA, respectively 
(Table S2).

Association Between OSA and Risk 
of Different MACEs
We have analyzed the association between the OSA and the 
different MACEs, and found that the OSA in children and ad-
olescents was associated with an increased risk of acute MI 
(adjusted HR = 7.945, P = .003), CAD combined with stent 
implantation and/or percutaneous transluminal coronary an-
gioplasty (adjusted HR = 2.108, P = .015), and acute stroke 
(adjusted HR = 1.577, P = .047) (Table S3).

Table 3 showed the distributions of treatment or surgery 
that the patients with OSA received in this study. In these pa-
tients with OSA, 42.41% received neither CPAP nor pharyn-
geal surgery. The rate of CPAP usage was 0.72% (n = 47). Most 
of the treatments that the patients with OSA received were 
pharyngeal surgery only (n = 3,716, 56.87%), and surgery for 
the removal of tonsils or adenoids predominated. Among those 
patients who underwent CPAP, pharyngeal surgery, or both, no 
MACEs were found (data not shown).

Table S4 depicts the subgroup analysis between the OSA 
cohort and the risk of MACE, in comparison with the cohort 
without OSA. In addition, in our study, the patients with OSA 
and who had obesity did not experience MACE at the end of 
the follow-up period.

DISCUSSION

Association Between OSA and the Risk of MACEs
In this study, we examined the association between OSA and 
the risk of MACEs. After adjusting the covariates, the adjusted 
HR was 2.05 for the study participants (95% CI = 1.312–3.107; 
P = .01) when compared with the control group. In other words, 
the youth patients with OSA had a 2.05-fold increased risk of 
developing MACEs. The Kaplan-Meier analysis revealed that 
the study participants had a significantly higher 15-year cumu-
lative MACE incidence rate than the control group. Further-
more, for the cohort with OSA who underwent CPAP treatment 
or pharyngeal surgery, no MACEs were found. Previous 
studies on the treatments for mental health diagnoses, such 
as antipsychotic agents,30 antimanic agents,31 and antidepres-
sant agents32 in children and adolescents, are associated with 
the risk of cardiovascular events. However, in this study, no D
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Table 1—Characteristics at baseline.
OSA

PWith Without
Variables n % n %
Total 6,535 25.00 19,605 75.00 
Sex .999 

Male 4,442 67.97 13,326 67.97 
Female 2,093 32.03 6,279 32.03 

Age (years), mean ± SD 9.86 ± 4.83 9.81 ± 4.25 .427 
Age group (years) .999 

< 12 4,555 69.70 13,665 69.70 
≥ 12 1,980 30.30 5,940 30.30 

Insured premium (NT$)  < .001
< 18,000 6,528 99.89 19,441 99.16 
18,000–34,999 5 0.08 127 0.65 
≥ 35,000 2 0.03 37 0.19 

Hypertension .840 
Without 6,526 99.86 19,581 99.88 
With 9 0.14 24 0.12 

Diabetes mellitus .999 
Without 6,527 99.88 19,581 99.88 
With 8 0.12 24 0.12 

Insomnia .003 
Without 6,519 99.76 19,589 99.92 
With 16 0.24 16 0.08 

ADHD  < .001
Without 6,447 98.65 19,604 99.99 
With 88 1.35 1 0.01 

Asthma  < .001
Without 6,474 99.07 19,045 97.14 
With 61 0.93 560 2.86 

Obesity  < .001
Without 6,491 99.33 19,602 99.98 
With 44 0.67 3 0.02 

CCI_R, mean ± SD 0.02 ± 0.18 0.077 ± 0.40  < .001
Season  < .001

Spring (March-May) 1,435 21.96 5,182 26.43 
Summer (June-August) 2,443 37.38 5,277 26.92 
Autumn (September-November) 1,017 15.56 4,499 22.95 
Winter (December-February) 1,640 25.10 4,647 23.70 

Location  < .001
Northern Taiwan 2,938 44.96 8,230 41.98 
Middle Taiwan 2,152 32.93 5,490 28.00 
Southern Taiwan 1,199 18.35 4,559 23.25 
Eastern Taiwan 245 3.75 1,153 5.88 
Outlets islands 1 0.02 173 0.88 

Urbanization level  < .001
1 (highest) 3,130 47.90 7,596 38.75 
2 2,525 38.64 8,141 41.53 
3 253 3.87 1,356 6.92 
4 (lowest) 627 9.59 2,512 12.81 

Level of care
Medical center 3,783 57.89 6,383 32.56 
Regional hospital 2,584 39.54 7,137 36.40 
Local hospital 168 2.57 6,085 31.04 

P values are chi-square or Fisher exact test on category variables and t test on continuous variables. ADHD = attention deficit hyperactivity disorder, 
CCI_R = Charlson Comorbidity Index, dementia removed, NT$ = New Taiwan dollars, OSA = obstructive sleep apnea, SD = standard deviation.
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MACEs were found in the OSA children and adolescents who 
underwent CPAP treatment or pharyngeal surgery. This study 
therefore showed that CPAP and pharyngeal surgery could be 
helpful for children and adolescents with OSA. Recent stud-
ies have shown doubtful effects of the CPAP treatment on the 

prevention of cardiovascular diseases in adults.33 Several stud-
ies on the outcomes of adenotonsillectomy might improve the 
autonomic functions in children with OSA. We recommend 
that long-term follow-up studies for the children and adoles-
cents with OSA with CPAP or pharyngeal surgery might well 

Table 2—Factors of major cardiovascular adverse effects by using Cox regression.
Crude Adjusted

Variables HR 95% CI P HR 95% CI P
OSA

Without Reference Reference
With 1.551 1.046–2.406 .002 2.050 1.312–3.107 .010 

Sex
Male 0.855 0.576–1.269 .436 0.857 0.578–1.271 .442 
Female Reference Reference

Age group (years)
< 12 Reference Reference
≥ 12 0.231 0.146–0.365  < .001 0.831 0.274–1.935 .159 

Hypertension
Without Reference Reference
With 2.622 0.356–19.342 .344 2.174 0.288– 16.428 .452 

Diabetes mellitus
Without Reference Reference
With 1.247 0.172–9.047 .827 1.244 0.170–9.097 .830 

ADHD
Without Reference Reference
With 4.029 0.547–29.674 .171 3.668 0.500– 26.917 .201 

Asthma
Without Reference Reference
With 0.187 0.026–1.350 .096 0.185 0.026–1.343 .094 

CCI_R 1.138 1.002–1.291 .046 1.142 1.004–1.298 .043 
Season

Spring Reference Reference
Summer 1.336 0.997–1.794 .053 2.161 1.293–3.362 .018 
Autumn 1.024 0.468–1.348 .785 1.457 0.579–1.972 .853 
Winter 2.051 1.116–2.980 .011 3.172 1.408–5.915 .023 

Location
Northern Taiwan Reference Multicollinearity with urbanization level
Middle Taiwan 1.125 0.707–1.788 .620 Multicollinearity with urbanization level
Southern Taiwan 1.406 0.879–2.239 .156 Multicollinearity with urbanization level
Eastern Taiwan 1.073 0.481–2.409 .857 Multicollinearity with urbanization level
Outlets islands 0.000 – .950 Multicollinearity with urbanization level

Urbanization level
1 (highest) 0.462 0.237–0.997 .042 0.466 0.241–1.004 .052 
2 0.565 0.317–1.010 .054 0.568 0.318–1.015 .056 
3 0.363 0.123–1.069 .066 0.374 0.127–1.101 .074 
4 (lowest) Reference Reference

Level of care
Medical center 4.188 1.914–9.165  < .001 4.153 1.896–9.098  < .001
Regional hospital 2.570 1.248–5.289 .010 2.555 1.241–5.259 .011 
Local hospital Reference Reference

ADHD = attention deficit hyperactivity disorder, adjusted HR = adjusted variables listed in the table, CCI_R = Charlson Comorbidity Index, dementia 
removed, CI = confidence interval, HR = hazard ratio, NT$ = New Taiwan dollars, OSA = obstructive sleep apnea.
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be needed to evaluate the effects of these treatments in the pre-
vention of cardiovascular diseases, especially after they have 
become adults. To the best of our knowledge, this is the first 
study on the topic for new-onset OSA in children and adoles-
cents that is associated with an increased risk of the develop-
ment of MACEs.

Comparison of this Study to Previous Literature
In comparison to the previous studies about OSA in adults and 
the risk of cardiovascular or cerebrovascular diseases in Tai-
wan, the incidence of MACEs, for example, acute stroke, 7.23 
per 100,000 individual-years, is lower than that in the adult 
patients, being 546 per 100,000 individual-years.34 The overall 
incidence of MACEs (0.126%) is also lower than that in an-
other study (6.3%).11 This finding could be due to the shorter 

durations (maximum 15 years, or those near age 35 years) be-
tween new-onset OSA and MACEs, and the age of the study 
participants who were far younger than the mean of the onset of 
MACEs. In one previous study, OSA in adults was associated 
with PAD,10 but in this study, the association was insignificant. 
Furthermore, OSA in patients with obesity was not associated 
with the risk of MACEs; however, studies have consistently 
shown that OSA is associated with an increased cardiovascular 
mortality, independent of obesity.35

Possible Mechanisms for the Increased Risk of MACEs 
in Patients With OSA
The mechanisms underlying the association between OSA 
in children and adolescents and the risk of MACEs remain 
unclear. Scholars have summarized that chronic, intermit-
tent hypoxia from OSA in adults would induce damage to 
the vascular endothelium, and consequent cardiovascular and 
cerebrovascular diseases, through oxidative stress, inflamma-
tory responses, platelet activation, cell apoptosis, insulin re-
sistance/neuroendocrine disruptions,36 increase in sympathetic 
tone, cortical arousal, and changes in the adipokine levels.37 
However, further study is needed for the clarification of the 
mechanisms underlying OSA in children and adolescents and 
the risk of MACEs.

Additionally, we have included several psychosocial fac-
tors in the analysis, such as monthly insurance premiums, ur-
banization level, and residence. In comparison to the patients 
with OSA who sought medical help in the medical centers and 
regional hospitals, the patients with OSA who sought medi-
cal care in the local hospitals were associated with a higher 
risk of MACEs. In addition, even though people younger than 
20 years pay fewer insurance premiums in Taiwan’s NHI sys-
tem,38 there was still a statistical difference in monthly insur-
ance premiums, and the OSA cohort had a slightly higher rate 
in the subgroup of NT$ < 18,000. These findings suggest that 
socioeconomic factors might well contribute to the risk of 
MACEs. Furthermore, one Taiwanese study has shown that 
the burden of diseases, including ischemic heart disease and 

Figure 1—Kaplan-Meier analysis for cumulative incidence 
of MACEs in individuals younger than 20 years stratified by 
sleep apnea with log-rank test.

MACE = major adverse cardiovascular event.

Table 3—Distribution of treatment surgery.
With OSA

CPAP or Pharyngeal Surgery n %
Total 6,535 25.00 
Without any CPAP or pharyngeal surgery 2,771 42.41 
CPAP 47 0.72 

CPAP only 44 0.67 
Pharyngeal surgery 3,719 56.92 

Pharyngeal surgery only 3,716 56.87 
Tonsillectomy, adenoidectomy, or adenotonsillectomy 3,659 56.00 
Tonsillectomy, adenoidectomy, and adenotonsillectomy only 3,468 54.67 

Uvulopalatopharyngoplasty 248 3.80 
Uvulopalatopharyngoplasty + tonsillectomy, adenoidectomy, or adenotonsillectomy 188 2.88 
Uvulopalatopharyngoplasty only 60 0.95 
CPAP + tonsillectomy, adenoidectomy, or adenotonsillectomy 3 0.08 

CPAP = continuous positive airway pressure, OSA = obstructive sleep apnea.
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stroke, was attributable to ambient fine particulate matter ex-
posure in Taiwan, and these air pollutants were higher in mid-
dle and southern Taiwan, and in the current study, the patients 
in the OSA cohort lived in northern and middle Taiwan, but 
the Cox proportional regression model revealed that there were 
no significant differences in the risk of MACE in the areas in 
Taiwan (Table 2). However, the influences of socioeconomic 
factors, such as monthly insured premiums, urbanization, and 
areas of Taiwan, on the risk of MACE in the patients with OSA 
require additional study.

Potential Effect of Nonadherence to CPAP
One review article reported that, using a minimum of 4 hours 
per night to define adherence, 29% to 83% of patients are non-
adherent with CPAP therapy,39 and one study in Taiwan found 
that only 53% of the patients were in the good adherence group, 
defined as adherence rates higher than 50%.40 One study sug-
gested that surgical interventions such as maxillomandibular 
advancement and uvulopalatopharyngoplasty should be the 
surgical treatment option of choice for most patients with mod-
erate to severe OSA who are unable to adequately adhere to 
CPAP.41 However, the records of the preference of patients or 
the consideration of surgeons were not included in the NHIRD.

Potential Effect of Asthma and OSA
Previous studies report the association between asthma and 
OSA,42–44 but the OSA cohort had a lower rate of comorbidity 
of asthma than the control group without OSA, in the current 
study. The reasons for this discrepancy remain unclear. How-
ever, at the end of the study, the rate of asthma had increased 
from 0.93% to 1.44% in the OSA cohort, though that in the 
control group increased to 3.41% (Table S1). Because one re-
view article revealed that the relationship between OSA and 
asthma could be bidirectional,45 and one study found that 29% 
of patients have had the initial diagnosis of asthma at the age 
of 25 to 44 years, and asthma developed in 21% of patients age 
45 to 65 years old in Taiwan,46 more than 15 years of follow-up 
may be required for the patients with OSA to catch up, or even 
have higher rates of asthma, than the control group. In addi-
tion, perhaps this finding also reflects the behaviors of phy-
sicians in coding only one diagnosis at one time. Additional 
studies are needed to clarify the association between OSA and 
asthma in the patients younger than 20 years in Taiwan.

Potential Effect of Obesity in the Risk of MACEs 
Associated With OSA
In Taiwan, the International Obesity Task Force criteria were 
used to determine normal, overweight, and obesity classifica-
tions at each age and for each sex.47 Nonetheless, in this study, 
the rate of obesity is less than 1%, which is lower than the 7.2% 
obesity rate in adolescents.48 This observation is similar to 
that in other studies using the NHIRD,14,49–52 and this might be 
related to the fact that physicians seldom code obesity in the 
medical records. The actual reason why they undercode obe-
sity is not known, but we speculate that body image issues and 
even obesity discrimination in our society might be one of the 
reasons.53 Previous studies have shown that the highest cardio-
vascular risk was found in patients with OSA and obesity, but 

OSA plays a role in the development of cardiovascular disor-
ders.54,55 Some studies also found that patients without obesity 
and with OSA are at a risk of the development of cardiovas-
cular diseases.54,56,57 In addition, in our study, in the patients 
with OSA and obesity MACEs did not develop at the end of 
the follow-up period (Table S4). Therefore, the findings in the 
current study are related to OSA, not only obesity.

Limitations of This Study
The current study has several limitations that warrant consid-
eration. First, similar to previous studies using the NHIRD 
on OSA as mentioned, not all the data were recorded in the 
NHIRD, and we were unable to evaluate the severity, weakness 
severity, laboratory parameters, or lung function examinations 
in the patients with apnea. Second, other factors, such as body 
mass index and genetic, psychosocial, and environmental fac-
tors, were not included in the dataset. The lack of data of the 
severity of OSA would limit the generalization of the results of 
this study. Although the diagnosis of OAS requires overnight 
PSG to detect the frequency of apneic and hypopneic events,58 
the NHIRD does not contain the records of overnight oxim-
etry screening prior to deciding about PSG, which may pro-
duce a 17% false-negative rate.59 Third, the CPAP treatment 
is not reimbursed in the NHI policy; we therefore could only 
use indirect methods to confirm the usage of the CPAP treat-
ment. Fourth, although the adherence of CPAP,60,61 smoking,62 
and the severity of OSA63,64 play important roles in the risk of 
the development of MACE or mortality in the patients with 
OSA, and alcohol consumption may aggravate sleep apnea,65–67 
the records of these factors were not available in the NHIRD. 
Fifth, the use of oral appliances, such as the mandibular ad-
vancement devices, is not reimbursed in the NHI program; 
therefore, we could not evaluate the effects of these appliances 
on the MACEs in the children and adolescents with OSA. 
Sixth, one study reported that among middle-aged people, 
snoring and not OSA predicted hypertension, but the records 
of snoring were not included in the NHIRD.68 Finally, the NHI 
program started in 1995, but in this study, the NHIRD we used 
contained a database of 15 years only. We highly recommend 
that a longer follow-up study is needed in the future.

CONCLUSIONS

We have evaluated the risk of MACEs in association with OSA 
in Taiwan’s population, using the representative population-
based data. We have demonstrated that the children and ado-
lescents with OSA are at a twofold risk of MACEs than the 
control group. We sincerely hope that this study will provide 
information for the earlier intervention of patients with OSA.

ABBRE VI ATIONS

CAD, coronary artery disease
CCI, Charlson Comorbidity Index
CPAP, continuous positive airway pressure
ICD, International Classification of DiseasesD
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MACE, major adverse cardiovascular event
MI, myocardial infarction
NHI, National Health Insurance
NHIRD, National Health Insurance Research Database
OSA, obstructive sleep apnea
PAD, peripheral artery disease
PSG, polysomnography
SD, standard deviation
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