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INTRODUCTION

Obstructive sleep apnea (OSA) is a disease in which hy-
popnea or apnea is repeated for more than 10 seconds during 
sleep due to stenosis or obstruction of the upper airway and 
is accompanied by frequent arousal and decreased blood ox-
ygen saturation [1]. Its prevalence in middle-aged men and 
women are considerably high, at 9.1% and 4.0%, respective-
ly, and are gradually increasing with the rising obese popu-

lation [1]. OSA causes symptoms such as fatigue, daytime 
sleepiness, and headache, and increases not only diseases 
such as coronary artery diseases, heart failure, stroke, depres-
sion, and diabetes, but also vehicle and workplace-related ac-
cidents, and ultimately increases mortality [1].

Treatment methods for OSA include body weight loss, 
lifestyle improvement, surgery, an mandibular advancement 
device, and positive airway pressure (PAP) [1]. PAP was de-
veloped for the first time by Dr. Sullivan of Australia in 1981 
[1]. It opens the closed upper airway by injecting air into the 
nose using an air pump [1]. Although PAP is the most effec-
tive treatment for OSA, its use is limited because its adher-
ence rate is low and the patient’s cost burden is high. Howev-
er, its use rapidly increased as it was started to be covered by 
National Health Insurance in 2018 [2]. On contrary to the in-
crease in the use of PAP, the proportion of surgical treatment 
is gradually decreasing. In the case of uvulopalatopharyngo-
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plasty (UPPP) which is the most representative procedure, 
3,958 cases were performed nationwide in 2013, but it has 
gradually decreased to 2,644 cases in 2021 [3]. Although com-
plications such as severe pain and persistent foreign body 
sensation were also a problem with UPPP, the low treatment 
success rate was a bigger problem. According to a meta-anal-
ysis published in 1996 by Sher et al. [4], the treatment success 
rate was only about 40%. However, subsequent study report-
ed that the success rate of UPPP was over 60%, and consider-
ing the low adherence rate and irregular use time of PAP, 
UPPP was a more effective treatment [5].

Recently, cost-effectiveness analysis has become a very im-
portant concern across all fields of medicine. If a new treat-
ment method is a little more effective than the existing treat-
ment but its cost is too high, it is socially unacceptable as the 
cost-effectiveness is consequentially low [6]. On the contrary, 
if the effect is much superior to the existing treatment meth-
od and the cost is increased only a little or if the effect is sim-
ilar but the cost is reduced, the cost-effectiveness is increased 
[6]. Although PAP is certainly beneficial to an OSA patient as 
it could reduce complications [1], a study argued that its cost-
effectiveness is not satisfactory considering treatment cost [7]. 
While the treatment costs of UPPP could be measured, it was 
impossible to carry out cost-effectiveness analysis as there 
were no clear data related to the preventive effect of complica-
tions from UPPP. However, as data from the National Health 
Insurance were released for research purposes in Korea, it was 
possible to perform the cost-effectiveness analysis of UPPP 
[8,9]. Although PAP is mainly used for the treatment of OSA 
patients recently in Korea, UPPP may be a more cost-effective 
treatment method. If so, this study can help patients choose 
treatment options and influence the establishment of insur-
ance policy. 

The purpose of the present study is to perform a cost-ef-
fectiveness analysis of PAP and UPPP in South Korea.

METHOD

Participants
Patients with moderate to severe OSA were assumed be-

cause many patients who come to hospital are at a moderate 
to severe stage than a mild stage, and most complications are 
known to occur in moderate to severe cases [1,7]. Among the 
complications of OSA, only coronary artery diseases, heart 
failure, stroke, depression, and diabetes were considered be-
cause these diseases are most highly related to OSA and their 
importance is great in the aspect of disease severity, preva-
lence, and medical expense [1,7,10].

Treatment model

PAP treatment group
Participants who use PAP after polysomnography were de-

fined as the PAP Treatment group [7]. It was assumed that 
both the prescriptions of polysomnography and PAP are is-
sued at clinics since most of the treatments for OSA are ex-
pected to take place at clinics in the future since the introduc-
tion of polysomnography equipment into clinics is rapidly 
increasing [7,11]. It was assumed that after using PAP, they 
would visit a clinic once every 3 months to receive an extend-
ed PAP prescription, and additionally visit a medical institu-
tion in case of complications or accidents. PAP was assumed 
to be the most frequently prescribed automatic type [12,13].

Surgery group 
Participants who have UPPP after polysomnography were 

defined as the Surgery group. Since 63.6% of UPPP was car-
ried out at clinics in 2021 and since the comparison with PAP 
Treatment group, both polysomnography and UPPP were as-
sumed to be carried out at clinics [3]. These patients were as-
sumed to visit a medical institution only when a complication 
or accident occurred after surgery. 

No treatment group 
Participants who do not undergo polysomnography, PAP, 

or UPPP were defined as the No Treatment group [7]. Based 
on the fact that more than 80% of OSA patients do not un-
dergo any diagnosis, the patients were assumed not to under-
go even polysomnography [1] and to visit a medical institu-
tion only when a complication or an accident occurs. 

Cost-effectiveness analysis
Although the PAP Treatment group and the Surgery group 

spend medical expenses of diagnosis and treatment, there 
also are factors that reduce medical expenses because the oc-
currence of complications and accidents is reduced compared 
to the No Treatment group. In this study, we intended to carry 
out a cost-effectiveness analysis by comparing the treatment 
costs for the PAP Treatment group and the Surgery group with 
the treatment costs of complications and accidents reduced 
from those for the No Treatment group. A cost analysis for 10 
years was performed for the two treatment models from the 
insurer’s point of view, and the reason for selecting a 10-year 
period was because it was thought to be sufficient to reflect 
the effect of the occurrence of various complications. An anal-
ysis from the Insurer’s point of view means a method that in-
cludes only the medical expenses and does not take into ac-
count non-medical expenses or productivity-loss cost such 
as transportation expenses, time cost, and nursing expenses. 
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For the expenses to be incurred in the future, 5% discount rate 
was applied [6].

Assumptions made for cost analysis
As to the probabilities for complications to occur in the 

PAP Treatment group and No Treatment group, the study re-
sult reported by Streatfeild et al. [10] was referred to [7], in 
which the authors put together the results of several studies to 
present the probabilities for coronary heart diseases, heart 
failure, stroke, depression, diabetes, vehicle accidents, and 
work-related accidents to occur in the patients with moder-
ate to severe OSA. It was assumed that complications and ac-
cidents would occur at the same probabilities also in the case 
of Korea [7]. The probabilities for complications to occur in 
the Surgery group were calculated referring to various UPPP 
[8,9]. As to the complications on which no detailed study was 
conducted in relation to UPPP, it was estimated that 44.4% 
would decrease from that of the No Treatment group because 
the meta-analysis recently reported by He et al. [5] presented 
a long-term UPPP success rate of 44.4%. The probabilities for 
complications to occur in the three groups calculated by the 
above method are summarized in Table 1. 

Medical expenses
In the case of the PAP Treatment group, the expenses for 

receiving polysomnography and continuously using PAP were 
calculated [7]. In the case of the Surgery group, since the pa-
tients were not required to regularly visit the hospital, only 
the expenses for polysomnography and surgery were calcu-
lated. In addition, to calculate the expected annual expenses 
for the treatment of each complication or accident, the aver-
age treatment cost based on various data was multiplied by 
occurrence probability. 

Expense of polysomnography
As of 2022, when polysomnography was performed in 

clinics, the medical expense was KRW 525,718 [2].

Expense of PAP Treatment 

Rent for PAP 
As of 2022, the monthly rent for an automatic PAP was 

KRW 89,000 [12]. 

PAP mask 
A mask can be purchased every year and KRW 95,000 is 

supported as of 2022 [12].

Diagnosis and treatment fee 
As of 2022, the first medical examination fee at a clinic was 

KRW 16,970, and the re-examination fee was KRW 12,130. It 
was assumed that polysomnography was performed during 
the first medical examination and the patient would visit the 
clinic to extend the rental of PAP once every 3 months [2,7].

Expenses of UPPP
The total amount of diagnosis and treatment expenses was 

divided by the number of patients who underwent surgery at 
the clinic level and the result was considered as the expense of 
UPPP per person. The total amount of the diagnosis and treat-
ment expense was KRW 392,123,000 and the number of pa-
tients who underwent surgery was 1,156, therefore, the UPPP 
expense per person was KRW 339,207 [3].

In addition to this, the pre-operative examination expense 
was also taken into account. There is no agreement on the 
list of pre-operative examination items, and each medical in-
stitution provides a wide variety of examinations [14]. In the 
present study, a whole blood test, general chemical test, bleed-
ing-related test, infection test, urinalysis, ECG, and simple 
chest radiography were assumed to be performed, and the 
total examination expense was KRW 60,170.

The treatment costs of complications occurring during or 
immediately after surgery were not taken into account be-
cause there were no clear domestic data on the incidence rate 
of complications and it was impossible to make cost estima-
tion. However, it was presumed that the expected expense 
per person would be very insignificant as the treatment costs 
of most complications were not great because they were sim-
ple bleeding and the incidence rates of these complications 
were not high. 

Treatment costs of complications and accidents caused by OSA 

Treatment costs of complications
After visiting the Healthcare Bigdata Hub, the average 

complication treatment cost per person was calculated by di-

Table 1. Probability of complications and accidents for 1 year in pa-
tients with obstructive sleep apnea

PAP 
Treatment [10]

Surgery
No

Treatment
Coronary 
  heart disease

0.0185 0.0290 [9] 0.0310

Heart failure 0.0019 0.0022 [9] 0.0034
Stroke 0.0064 0.0051 [5] 0.0091
Depression 0.0186 0.0239 [8] 0.0264
Diabetes 0.0117 0.0102 [5] 0.0183
Vehicle accident 0.0033 0.0039 [5] 0.0071
Work accident 0.0009 0.0012 [5] 0.0021
PAP, positive airway pressure



J Rhinol 2023;30(1):15-2218

viding the total amount of medical expenses for coronary ar-
tery diseases, health failure, stroke, depression, and diabetes 
in 2021 by the number of patients [3,7].

Treatment costs of vehicle accidents 
To obtain the treatment costs of vehicle accidents, the sta-

tistical data of diagnosis and treatment costs in 2020 related 
to vehicle insurance was searched. The average treatment cost 
per person was calculated by dividing the total medical ex-
pense by the numbers of patients with severe injury and mi-
nor injury [7,15]. Compensation, shutdown loss, loss in earn-
ing, and lawsuit and other expenses were not included in the 
treatment costs of vehicle accidents. 

Treatment costs of workplace accidents 
To obtain the treatment costs of workplace accidents, the 

2020 annual report of the Industrial Disaster Insurance was 
searched and only the healthcare benefits that fall under the 
direct treatment costs among the industrial disaster insurance 
benefits were included [7,16].

The average treatment cost of workplace accidents per per-
son was calculated by dividing the total amount of healthcare 
benefits by the number of beneficiaries. The result is summa-
rized in Table 2.

The present study did not require approval from the Insti-
tutional Review Board since it was a study that analyzed only 
indirect data, not a study that directly targeted patients. 

RESULT

Cost estimation

Estimation of the PAP Treatment group expenses 
for 10 years 

The diagnosis and treatment costs for the PAP Treatment 
group include the expense for polysomnography performed 
in the first year, rent for a PAP respirator to be paid monthly, 

outpatient diagnosis and treatment fee incurred once every 3 
months, and the cost of a PAP mask incurred once a year. When 
all these expenses for 10 years are added up applying a dis-
count rate of 5%, the total is KRW 10,246,948. A treatment 
cost of KRW 108,209 is expected to be incurred by the treat-
ment of complications and accidents every year and, when 
these expenses are added up for 10 years applying a discount 
rate of 5%, the total is KRW 867,836.

Estimation of the Surgery group expenses for 10 years 
In the case of the Surgery group, an expense of KRW 925,095 

is expected to be incurred by polysomnography and UPPP 
as the diagnosis and treatment cost in the first year, and there 
is no additional cost since the patients are not required to re-
ceive a regular diagnosis. A treatment cost of KRW 141,228 is 
expected to be incurred by the treatment of complications 
and accidents every year and, when these expenses are added 
up for 10 years applying a discount rate of 5%, the total is 
KRW 1,132,649.

Estimation of the No Treatment group for 10 years 
In the case of the No Treatment group, no cost of diagnosis 

and treatment is expected to be incurred and only the treat-
ment costs of complications and accidents are expected to be 
incurred. As the probability for complications or accidents to 
occur in this group is higher than that of the PAP Treatment 
group or the Surgery group, the expected annual treatment cost 
is KRW 178,369. When these expenses are added up for 10 
years applying a discount rate of 5%, the total is KRW 1,430,519.

The detailed figures are presented in Table 3. 

Cost-effectiveness analysis of the PAP Treatment 
group and the Surgery group 

In the case of the PAP Treatment group, while expected 
treatment costs of KRW 562,683 for complications and acci-
dents have been saved for 10 years from those of the No 
Treatment group, the diagnosis and treatment cost used for 
PAP treatment amounts to KRW 10,246,948. In other words, 
KRW 18,210 should be spent to save KRW 1,000 of the com-
plication and accident treatment costs. On the other hand, in 
the case of the Surgery Group, while expected treatment costs 
of total KRW 297,870 for complications and accidents have 
been saved for 10 years from those of the No Treatment group, 
which is a little smaller than the amount saved by the PAP 
Treatment group, it has used only KRW 925,095 for the diag-
nosis and treatment. Accordingly, the Surgery group should 
spend only KRW 3,106 to save KRW 1,000 of the complication 
and accident treatment cost. Therefore, the Surgery group is 
overwhelmingly more cost-effective than the PAP Treatment 
group in terms of saving the treatment costs of complications 

Table 2. Average cost of treatment in case of complications and ac-
cidents

ICD-10 Cost (KRW)
Coronary 
  heart disease [3]

I21, 22 3,123,230

Heart failure [3] I50, 099, 110, 130, 132, 971 904,986
Stroke [3] I60–64 3,871,109
Depression [3] F32, 33 519,828
Diabetes [3] E10–14 292,166
Vehicle accident [15] 1,895,195
Work accident [16] 5,104,263
ICD, International Classification of Diseases, 10th version
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and accidents. 

DISCUSSION

Most cost-effectiveness analyses of PAP have been con-
ducted in Western countries [17-20]. The results are very dif-
ferent for each study, but to enjoy one unit of quality-adjusted 
life year, which means one year of perfect health, it costs be-
tween KRW 4 million and KWR 60 million [6,7,17-20]. How-
ever, when analyses are conducted from a social point of view, 
the cost is significantly reduced [6,17-20], because PAP is a 
more cost-effective treatment when non-medical expenses 
and productivity-loss cost resulting from diseases or accidents 
are taken into account. Cost-effectiveness analyses are greatly 
influenced by the medical environment of the relevant coun-
try or society [6]. It is because medical service costs for the 
same treatment are different, and non-medical expenses and 
productivity-loss cost are also calculated differently. In West-
ern countries, since the treatment costs of complications or 
accidents resulting from OSA were overwhelmingly higher 
than the PAP costs, the cost-effectiveness of PAP could have 
been evaluated to be high in general. On the other hand, in 
Korea, since medical expenses are very low, there may be no 
significant benefit in terms of cost-effectiveness because the 
treatment costs of complications or accidents are low and the 
treatment costs of PAP are relatively high [7].

According to our result, KRW 925,095 has been used for 
10 years in the case of UPPP to reduce KRW 297,870, the 
treatment costs of complications and accidents. On the other 
hand, KRW 10,246,948 of diagnosis and treatment costs were 
used to reduce complications and accident treatment costs 
by KRW 562,683 won for 10 years when receiving PAP treat-
ment. Therefore, UPPP is overwhelmingly more cost-effective 
than PAP. When the study of Català et al. [18] is applied to 
our study, in the case of PAP treatment, KRW 10,977,403 is 
required to be spent to enjoy one unit of quality-adjusted life 
year [7]. It is difficult to make a direct comparison because 
there is no data of quality-adjusted life year for UPPP. How-
ever, based on the reduction in the treatment costs of com-
plications and accidents calculated in this study, as the differ-
ence in quality-adjusted life year between the Surgery group 
and the No Treatment group is estimated to be 0.53 times the 
difference between the PAP Treatment group and No Treat-
ment group, KRW 1,219,006 is required to be spent to enjoy 
one unit of quality-adjusted life year in the case of UPPP [18]. 
UPPP is overwhelmingly more cost-effective than PAP treat-
ment from a quality-adjusted life year perspective.

One of the most astonishing results of this study was that 
PAP or UPPP had very little effect on reducing the expected 
treatment costs of complications or accidents of OSA. It is be-

cause the incidence rate of complications or accidents in OSA 
patients is not high [10]. As shown in Table 1, in the No Treat-
ment group of patients with moderate to severe OSA, the 
probability of having a stroke was 0.91% but, when using PAP, 
it decreased to 0.64%. In other words, it can be said that PAP 
treatment reduces the incidence of stroke by about 30%, which 
may be thought to be a great effect, but the absolute value of 
reduction is as small as 0.27%. In addition, the effect of OSA 
on the incidence of such a complication is also insignificant. 
The concept that reflects the contribution of a certain risk fac-
tor to the incidence of a specific disease is a population-attrib-
utable fraction [21], and the population-attributable fractions 
of OSA for complications are very small showing a value of 
4.8% for coronary heart disease, 1.5% for heart failure, 4.8% 
for stroke, 3.6% for depression, 1.7% for diabetes, 3.8% for ve-
hicle accidents, and 1.3% for work-related accidents [7,22]. 
Accordingly, even when OSA is actively treated, the benefit 
that can be obtained by reducing actual complications or ac-
cidents may be not very large. Although various other com-
plications are known to occur, as their population-attributable 
fractions are lower than those of the representative complica-
tions included in this study, their effects on the reduction of 
the treatment costs are presumed to be not large. In addition, 
as the treatment costs are very low even when a complication 
or an accident occurs because the medical expenses in Korea 
are very low, the preventive effects of PAP or UPPP also de-
crease. When the expected treatment cost for 1 year is ob-
tained by multiplying the probability of the incidence of com-
plications or accidents and the average treatment cost, it is 
KRW 108,209 in the case of the PAP Treatment group and 
KRW 178,369 in the case of the No Treatment group, and 
the difference is only KRW 70,160. This means that PAP 
treatment only has the effect of reducing medical expenses 
by KRW 70,160 for a year. If medical expenses were 10 times 
higher than the current expenses, the savings would have in-
creased 10 times to KRW 701,600. 

Another noteworthy finding is that UPPP has an effect of 
reducing the incidence of complications [8,9]. Although it 
was presumed that UPPP would reduce the incidence of com-
plications also in the past, direct evidence was not sufficient. 
This was because it was difficult to conduct long-term moni-
toring of the patients who had undergone UPPP. However, as 
the National Health Insurance data were released for research 
purposes in Korea, the long-term result of UPPP could be ob-
served, and the preventive effect on some complications could 
be proven, at least indirectly [8,9]. Although it was difficult to 
directly compare it with PAP, it was confirmed that the treat-
ment costs of complications and accidents were reduced from 
those of the No Treatment group. However, the reduction was 
smaller than that of the PAP Treatment group and, as this also 
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corresponds to the result expected, various assumptions of 
the present study are thought to be appropriate. In addition, 
it was far more cost-effective than PAP, and this was because 
the surgical expense is very low although the effect of UPPP 
was not superior to PAP. 

In a cost analysis, the viewpoint of the cost analysis is very 
important [6]. The present study analyzed costs from the in-
surer’s point of view, and only official medical expenses, mean-
ing only the expenses that fall under insurance benefits and 
non-insurance benefits were taken into account. In the case of 
healthcare system viewpoint, non-medical expenses such as 
transportation expenses, time cost, and nursing expenses are 
included and the social viewpoint is the most comprehensive 
concept that includes even the productivity-loss cost [6,7]. 
However, since data were not sufficient in the case of the 
healthcare system viewpoint or social viewpoint, calculation 
could not be made in the present study. If the harmful effects 
of OSA are investigated from a wider point of view as in the 
cases of other countries, PAP treatment will be found to be 
more cost-effective than in the result presented by this re-
searcher as the expenses required for the treatment of com-
plications or accidents will increase and productivity loss will 
be included. 

This cost-effectiveness analysis has limitations [7]. First, the 
analysis was conducted using a simple model, not the diag-
nosis and treatment records or billing data of actual OSA pa-
tients. However, it is difficult to take into account very diverse 
diagnosis and treatment realities and a reasonable model may 
help in more clearly understanding the real situation. Second, 
as there were no data related to the incidence probabilities of 
complications or accidents in Korea, foreign country data were 
used. Third, PAP treatment had a high dropout rate, which 
was not taken into account for simple analysis. Fourth, although 
it is required to take into account not only the expenses but 
also the quality of life, it could not be performed due to the 
lack of data. Fifth, as the effects of UPPP were analyzed under 
somewhat unreasonable assumptions for the items that did 
not have clear data, the result may be different from the real 
situation. In addition, as no sufficient matching was achieved 
for the two groups, the accurate incidence rate of complica-
tions may be different. Lastly, it should be also taken into ac-
count that the treatment effects of PAP and UPPP may vary 
depending on the patients group. 

In conclusion, it is presumed that UPPP is far more cost-ef-
fective for the treatment of OSA patients in the Korean medi-
cal environment. 
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