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Abstract
Background In South Korea, the number of severely obese
patients has increased. An economic study comparing bar-
iatric surgery with nonsurgical interventions has not been
published for Asia.
Objectives This study was conducted to evaluate the cost
effectiveness of bariatric surgery as compared to nonsurgical
interventions for severe obese Korean people.
Methods We used the Markov model to compare the life-
time expected costs and quality-adjusted life years (QALYs)
between bariatric surgery and nonsurgical interventions
from Korean Healthcare system perspectives. Our target
cohort consisted of severe obese people defined as having
a body mass index of 30–<40 kg/m2 in South Korea. The
starting age of the cohort was 30 years old, and the cycle
length was 1 year. Nonsurgical interventions included a
physician visit, exercise, diet, and pharmacotherapy. A dis-
count of 5 % was applied in cost and QALY. The incremen-
tal cost-effectiveness ratio (ICER) of bariatric surgery
compared to nonsurgery interventions was calculated.
Results The cost-utility analysis study indicated that bariatric
surgery had US$1,522 incremental costs and 0.86 incremental

QALYs as compared to nonsurgical interventions. Through
the base case analysis, ICER was US$1,771/QALY. The sen-
sitivity analyses were performed using a variety of assump-
tions, and the robustness of the study results was also
demonstrated.
Conclusion The study indicated that bariatric surgery was a
cost-effective alternative to nonsurgical interventions over a
lifetime, providing substantial lifetime benefits for severely
obese Korean people.

Keywords Bariatric surgery . Cost effectiveness . Obesity .

Quality-adjusted life years . Cost–benefit .Analysis .Gastric
bypass

Introduction

In South Korea, the number of adult patients with severe
obesity (body mass index ≥30 kg/m2) increased about 1.5
times from 2.4 % in 1998 to 3.9 % in 2007–2009 according
to the Korean National Health and Nutrition Examination
Survey IV (KNHANES IV) data, a national representative
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survey [1]. Severe obesity is defined as a body mass index
(BMI) of ≥35 kg/m2 in Western countries, but according to
Asian guidelines, the severely obese have a BMI of ≥30 kg/m2

[2, 3]. A different guideline by ethnicity is a cause for more
vulnerability for obesity related disease in Asians as compared
to Western persons. Generally, Asians have a higher preva-
lence for diabetes, hypertension, and dyslipidemia at a lower
BMI in comparison to Western people [4].

In addition, the societal costs of obesity are substantial in
South Korea. It estimated at about 1.8 billion, which is
3.7 % of health care costs and 0.22 % of the gross domestic
product (GDP) [5], even though the prevalence is lower,
with severe obesity (4 %) as compared with Western results
(30 %) [1, 6].

Bariatric surgery was a very popular option for Western
obese subjects as noted in the results of the National Insti-
tute of Health [7], which resulted in 220,000 subjects who
underwent bariatric surgery in the USA in 2008 [8]. Asians
including South Koreans have a very short history with
bariatric surgery, and relatively few subjects have undergone
bariatric surgery. In South Korea, the number of subjects
who underwent bariatric surgery increased by 622 % in
7 years (from 125 in 2003 to 778 in 2009) [9]. Thus far,
there has been relatively little data for the efficacy and safety
of this surgery for Asians [10, 11]. Furthermore, there are
numerous economic evaluations about bariatric surgery for
procedures performed in Western countries, but no study
exists in Asia, in particular Korea.

Thus, the present study aimed to evaluate the cost effec-
tiveness of bariatric surgery, which is comprised of laparo-
scopic adjustable gastric banding (LAGB), laparoscopic
Roux-en-Y gastric bypass (LRYGB), and laparoscopic
sleeve gastrectomy (LSG), to nonsurgical interventions in
severe obese Korean people.

Methods

Framework of Economic Model

We conducted a cost-utility analysis using lifetime expected
costs and quality-adjusted life years (QALYs) that compared
bariatric surgery with nonsurgical interventions. The Korean
Healthcare system perspectives, which consider only medi-
cal expenditure, were applied for this study. The surgery
group included adults who underwent bariatric surgery
(LAGB, LRYGB, and LSG); these three types of surgery
were almost 90 % of all bariatric surgeries in South
Korea [9]. The nonsurgical intervention group included
patients who were treated by conventional therapy such
as pharmacotherapy and lifestyle modification therapy
(exercise, diet, and etc.) at medical centers. Our target
cohort consisted of severe obese people defined as

having a BMI of 30–<40 kg/m2 with the starting age
of 30 years in the model.

The model was a combined decision tree and Markov
process model (Fig. 1). In the decision tree model, severe
obese patients were treated with bariatric surgery or a con-
ventional intervention, and then followed for 1 year. In the
surgery arm, patients underwent one of three types of obe-
sity surgery, and they could either die due to surgery com-
plication or survive. Some patients among the surviving
patients may have required corrective surgery within a year
of the initial surgery. For the second year, all patients moved
into the Markov transition model with a lifetime horizon.

The health status was comprised of five states such as no
comorbidity, mild/moderate comorbidity (diabetes and/or hy-
pertension and/or, dyslipidemia), severe comorbidity (myocar-
dial infarction and/or ischemic heart disease, and/or stroke),
death due to coronary vascular disease (CVD), and death due
to other cause. In this study, the comorbidities related to obesity
included diabetes, hypertension, dyslipidemia, myocardial in-
farction (MI), ischemic heart disease (IHD), and stroke
according to the reference of Korean Obesity Treatment
Guideline 2010 (level I, grade A) and previous studies [3,
12–16]. We assumed that a patient could simultaneously ex-
perience a maximum of three kinds of obesity-related
comorbidities according to the severity of the comorbidity.
Throughout the period, patients could die of an age-specific
death or obesity comorbidity-related death during their life-
time. The cycle length was 1 year. The incremental cost per the
additional QALY gained of bariatric surgery compared to
nonsurgery interventions was calculated.

The study was approved by the Investigation Review
Board of each hospitals and National Evidence-based
Healthcare Agency (NECA).

Weight Change of Obese People

The weight change over time after surgery or a nonsurgical
intervention was obtained from medical chart review from
eight medical centers [19]. Between 9 and 15 months after
the intervention, the mean BMI of the surgery group and
nonsurgery group was 26.39 kg/m2 (i.e., state of obesity
according to Korean guideline) and 31.74 kg/m2 (i.e., state
of severe obesity), respectively. In the Swedish Obese Sub-
ject (SOS) study, a mean weight change percentage from
baseline was observed for over 20 years [15]. The SOS
study showed that the change in weight was the biggest at
1 year, but it increased slightly and was maintained until
20 years after first year. Thus, the present study assumed
that the surgery group remained obese, while the nonsurgery
group and the band removal after surgery remained morbid-
ly obese. Revision surgeries such as sleeve gastrectomy or
gastric bypass after band removal were not considered in our
model. In addition, it was supposed that the people who got
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the reoperation due to the complication after bariatric sur-
gery or sleeve gastrectomy remained obese. We assumed
that the probability of having obesity-related comorbidities
is different whether patients were obese or severely obese.

Health-Related Quality of Life and Clinical Data

Model inputs including clinical data, transition probability
of comorbidities, and health-related quality of life are
presented in Table 1.

In the first year, the distribution of surgery type and the
reoperation rate were taken from a representative population
survey [9]. The probabilities of death during the operation,
band removal, and reoperation were obtained from a medi-
cal chart review of eight tertiary hospitals [17]. The transi-
tion probability of comorbidities and the utility weight for
each obese status was obtained gain using KNHANES IV
(2007–2009) data [1]. This survey included information on
BMI, comorbidities, and utility weights of EuroQol-5

dimension (EQ-5D) in the personal level. Using these data,
the transition probabilities of comorbidities for the severe
obese status (i.e., BMI of 30–<40 kg/m2) were calculated
using a logistic regression. Severe obese people had a 2.467
and 1.429 odds ratio for a mild/moderate comorbidity (MC)
and severe comorbidity (SC) when compared with obese
people (BMI of 25–<30 kg/m2) after an adjustment for age.
The transition probabilities of MC or SC in severe obese
people were calculated by multiplying the probabilities of
MC or SC in obese people in a given age by odds ratio. For
example, the probability of MC in obese people aged
30–39 years old was 0.058. The probability of MC in severe
obese people aged 30–39 years old was calculated by multi-
plying 0.058 by 1.429.

We calculated the utility weight for an obese and severely
obese state using tobit regression, which is generally used
for the analysis of utility weight [18, 19]. Obese patients had
utility weights of 0.901, and the utility weights for severe
obese patients were calculated by subtracting 0.029 from the

Fig. 1 Structure of the model.
a Decision tree. b Markov
model. CVD Cardio vascular
disease. Asterisk In the surgery
arm, patients underwent one of
three types of obesity surgery,
and they could die due to
surgery complication.
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utility weights of obese patients in KNHANES IV data [1].
Likewise, utility weights for MC and SC were obtained by
subtracting 0.012 and 0.123 from those of noncomorbid
patients.

EQ-5D was developed by EuroQol Group for estimating
the health states as general instrument [20]. The five di-
mensions consist of mobility, self-care, usual activity,
pain/comfort, and anxiety/depression. Each dimension was
answered with three levels of response, and total scores had
range from 0 (death) to 100 (perfect health) using the tariff
of Lee et al. [21, 22].

The rate of death due to CVD and other causes were
calculated in the Complete Life Table in 2010 published by
the Korean statistical office [23]. Death due to CVD includ-
ed death due to CHD or stroke.

Costs

The cost data were collected from the survey of bariatric
surgeons and family medicine doctors of nine medical cen-
ters and the Korean National Health Insurance Statistics
(Table 2) [17, 24]. The estimates for the first year time
horizon were based on health resource use and cost data
from a survey of physicians from nine medical centers. The
direct medical costs of the surgery group were associated
with the initial operation of three types of surgery, band
removal related operation, reoperation, and a regular check-
up for 1 year. Nonsurgical interventions, costs for physician
visits, counseling for exercise and diet, and pharmacothera-
py were considered for 1 year. After 1 year, the medical
costs related with weight control were not applied.

Table 1 Model input values and variances: base case and sensitivity analyses

Parameters Base case Ranges Sources

Clinical data

Distribution of three surgery type Lee [9]
LAGB 0.764 0.573–0.955

LRYGB 0.180 0.135–0.225

LSG 0.056 0.042–0.070

Death due to surgery Heo et al. [17]
Band removal 0.056 0.042–0.069

Reoperation of LRYGB 0.027 0.021–0.034

Reoperation of LSG 0.000 –

Transition probability KNHANS IV [1]
Mild/moderate comorbidity

BMI 30–<40 kg/m2 (BMI 25–<30 kg/m2)

30–39 years 0.142 (0.058) 0.083–0.148 (0.003–0.074)

40–49 years 0.432 (0.175) 0.303–0.397 (0.003–0.199)

50–59 years 0.774 (0.387) 0.715–0.797 (0.030–0.417)

60–69 years 1 (0.585) −(0.075–0.616)

70–79 years 1 (0.669) −(0.110–0.708)

Over 80 years 1 (0.705) −(0.054–0.797)

Severe comorbidity

BMI 30–<40 kg/m2 (BMI 25–<30 kg/m2)

30–39 years 0.002 (0.001) 0.003–0.005 (0.003–0.004)

40–49 years 0.012 (0.008) 0.003–0.017 (0.003–0.014)

50–59 years 0.050 (0.036) 0.030–0.058 (0.024–0.047)

60–69 years 0.110 (0.077) 0.075–0.058 (0.060–0.047)

70–79 years 0.164 (0.115) 0.110–0.058 (0.089–0.047)

Over 80 years 0.150 (0.105) 0.054–0.058 (0.043–0.047)

Utility weights

BMI 30–<40 kg/m2 (BMI 25–<30 kg/m2)

No comorbidity 0.872 (0.901) 0.654–1 (0.676–1)

Mild/Moderate comorbidity 0.860 (0.889) 0.645–1 (0.667–1)

Severe comorbidity 0.749 (0.778) 0.562–0.936 (0.584–0.973)

LAGB laparoscopic adjustable gastric banding, LRYGB laparoscopic Roux-en-Y gastric bypass, LSG laparoscopic sleeve gastrectomy, KNHANES
Korean National Health and Nutrition Examination Survey
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The costs of comorbidities were considered when they
moved to the Markov model for the second year. The costs
of comorbidities were obtained from the Korean National
Health Insurance Statistics [24]. The cost of MC and SC
comorbidities were considered to be the number of concom-
itant diseases based on KNHANES IV data [1]. For exam-
ple, severe obese people had more of a possibility of having
diabetes, hypertension, and hyperlipidemia as compared to
obese people. In other words, the cost for MC of severe
obese people is higher than MC of obese people. The costs
estimates are based on 2011 and adjusted for inflation using
the Health Care Component of the Consumer Price Index
for Korea, when necessary [25].

Cost-Effectiveness Analysis

The main result of the present study was an incremental
cost-effectiveness ratio (ICER) of bariatric surgery com-
pared with conventional therapy. The ICER was calculated
by dividing the incremental costs (i.e., difference in costs
between two treatments) by incremental QALY. In other
words, an ICER can be explained as the additional costs to
be paid in achieving the additional effectiveness of target
treatment with well-established previous treatment. In the
base case, analysis was determined to represent our best
scenario from literature and discussions with clinical and

methodological experts. A discount of 5 % was applied in
cost and QALY according to Korean pharmacoeconomic
guideline [26].

Sensitivity Analysis

We conducted one-way and probabilistic sensitivity analy-
ses to examine the impact of a variation in parameters on the
resulting ICER. Through one-way sensitivity analysis, the
impact of 1-year costs, utility weight, transition probabili-
ties, discount rate, and time horizon to see the weight control
effects were investigated. To quantify the comprehensive
effect of uncertainty, a probabilistic sensitivity analysis
was tested using a Monte Carlo simulation. The simulation
was recalculated 10,000 times, where each of the parameter
estimates was sampled from its distribution for each model
recalculation. Triangular distributions were used for utility
weights and transition probabilities. Normal distributions
were used for cost data because the present study estimated
the costs from the survey. The parameter values and their
ranges used in the sensitivity analysis are shown in Table 1.
The model was programmed in TreeAge Pro 2009 (TreeAge
Software Inc., Williamstown, MA, USA).

Results

Base-Case Analysis

The cost-utility study indicated that bariatric surgery was
more effective and more costly compared with non-surgery
treatment for severe obesity in South Korea. Bariatric sur-
gery had incremental costs of US$1,522 and Incremental
QALYs of 0.86 when compared with non-surgical interven-
tions over lifetime horizon (Table 3). Through the base case
analysis, ICER was US$ 1,771/QALY.

Sensitivity Analysis

The sensitivity analyses were performed using a variety of,
and robustness of the study results were also demonstrated
(Table 3). In the aspects of cost, two one-way sensitivity
analyses were conducted. First, continuous treatments when
patients remained in a severely obese status in the nonsurgical
intervention group make surgery dominant option. Second,
when costs of MC or SC in obese (i.e., surgery group) and
severe obese (i.e., nonsurgery intervention group) status were
applied in equal amounts, not considering the difference of the
number of comorbidities between obese and severe obese
status, ICER was about US$5,000/QALY.

Regarding utility weight, when we applied larger differ-
ence between obese and severe obese status than base-case
(0.085 vs. 0.029) based on utility value by BMI level in the

Table 2 Resource use and health states costs for model

Items US$
(based on
2011 costs)

Sources

Bariatric surgery

LAGB 7,042 Heo et al. [17]
LRYGBa 13,000

LSGa 9,511

Band removal 566

Follow-up during 1st year

LAGB 389

LRYGB 837

LSG 446

Conventional therapy during 1st year 2,603

Comorbidities for 1 year KNIS [21]
Diabetes 658

Hypertension 453

Dyslipidemia 205

Myocardial infarction 2,915

Ischemic heart disease 1,105

Stroke 2,157

LAGB laparoscopic adjustable gastric banding, LRYGB laparoscopic
Roux-en-Y gastric bypass, LSG laparoscopic sleeve gastrectomy,
KNHANES Korean National Health and Nutrition Examination Survey
a The cost of surgery was the same as the reoperation costs.
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literature [27], ICER increased by US$832/QALY. When
the transition probability of MC and SC in obese and severe
obese people was changed into a lower and upper level,
ICER was slightly decreased or increased (US$1,526/QALY
or US$2,707/QALY).

Bariatric surgery was dominance when discount rates of
0 and 3 % were applied. However, surgery had reduced
incremental QALY and increased ICER (US$17.639/QALY)
when the time horizon reduced by 15 years. ICER was
smaller as the time horizon expands. While ICER was
US$3,639/QALYwhen the starting age of cohort was 20 years
old, surgery became the dominant alternative when the
starting age was 40 years old.

The tornado diagram that presents a one-way sensitivity
analysis results indicated that time horizon and discount rate

were important parameters influencing ICER value (Fig. 2).
The probabilistic sensitivity analysis results showed that
surgery was a cost-effective alternative as compared to
non-surgery treatment if a willingness to pay was more than
about US$200 (Fig. 3).

Discussion

Through the cost-utility analysis, ICER of bariatric surgery
compared with nonsurgery treatment was US$1,771/QALY,
suggesting that bariatric surgery was cost-effective option when
considered the threshold of ICER in South Korea. The thresh-
old of ICER in South Korea was not officially determined, but a
guideline of cost effectiveness by WHO that recommended the

Table 3 Cost-utility analysis in base case and sensitivity analyses

Scenario Intervention Costs (US$) ΔC (US$) QALY ΔQALY ICER (US$/QALY)

Base case Nonsurgery 16,393 15.43

Surgery 17,914 1,522 16.29 0.86 1,771

Costs

Continuously treatment of severe obesity group
(BMI 30–<40 kg/m2)

Nonsurgery 25,218 15.43

Surgery 18,290 −6,928 16.29 0.86 (dominate)

The both group applied same comorbidity costs Nonsurgery 13,166 15.43

Surgery 17,777 4,611 16.29 0.86 5,365

Utility weight

Reduction in 0.017 utility weight according to a
unit in BMI26

Nonsurgery 16,393 14.41

Surgery 17,914 1,522 16.24 1.83 832

Transition probabilities1

Upper values Nonsurgery 17,633 15.43

Surgery 19,346 1,713 16.55 1.12 1,526

Lower values Nonsurgery 13,597 15.59

Surgery 16,574 2,977 16.69 1.10 2,707

Discount rate

0 % Nonsurgery 80,376 41.66

Surgery 69,069 −11,308 46.10 4.44 (dominate)

3 % Nonsurgery 28,572 21.38

Surgery 26,958 −1,614 22.87 1.48 (dominate)

7 % Nonsurgery 10,424 11.90

Surgery 13,776 3,352 12.46 0.57 5,933

Time horizon

15 years Nonsurgery 4,158 9.16

Surgery 9,699 5,541 9.47 0.31 17,639

20 years Nonsurgery 5,568 10.93

Surgery 10,311 4,743 11.33 0.40 11,982

30 years Nonsurgery 9,404 13.27

Surgery 12,374 2,971 13.82 0.54 5,464

40 years Nonsurgery 12,987 14.53

Surgery 14,861 1,874 15.19 0.66 2,818

ΔC Incremental costs, ΔQALY Incremental quality-adjusted life years
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one to three times the GDP per capital [28]. Therefore, it was
US$20,000 conservatively because the GDP per capital was
US$21,539 in South Korea in 2011, and the recent research
also found approximately US$19,000 as the threshold of ICER
in a South Korean representative population [29].

Our study results were likely to be consistent with previ-
ous studies which demonstrated cost effectiveness in West-
ern countries. In USA, Crag and colleagues performed a
cost-effectiveness analysis of gastric bypass in the treatment
of morbid obese patients (BMI, 40–45 kg/m2) from payer
perspective compared with no treatment [13]. As a result,

gastric bypass was not cost-saving but a cost-effective alter-
native over a lifetime. The ICERs were respectively
US$5,000–16,000/QALY and US$10,000–35,600/QALY
for woman and men, depending on age and initial BMI.
According to the type of surgery, the ICERs of LRYGB and
LAGB were respectively US$14,680–18,543/QALY and
US$8,878–11,604/QALY in the treatment of morbid obese
patients (BMI, 40 kg/m2) compared with nonsurgical inter-
vention [14]. Studies performed in Europe present that bar-
iatric surgery is more preferable in terms of cost
effectiveness from a payer perspective. The LRYGB and

Fig. 2 Tonado diagram at surgery versus nonsurgery. MC Mild/moderate comorbidity, NC no comorbidity, SC severe comorbidity

Fig. 3 Acceptability curves of
surgery versus nonsurgery.
QALY quality-adjusted life year
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LAGB were a dominant alternative in Germany and
France and cost-effective alternatives ( 1,517/QALY and
1,929/QALY in LRYGB and LAGB) in UK compared with
conventional treatment in severe obese patients (BMI,
≥35 kg/m2) with type II diabetes over the 5 years [30]. In
Finland, bariatric surgery was strong dominant compared with
ordinary treatment from a healthcare provider’s perspective
with a time horizon of 10 years [31].

Even though bariatric surgery is a cost-effective option
for severely obese patients, the result of cost effectiveness is
slightly different among countries. It is already known that a
cost-effectiveness analysis is affected by disease epidemiol-
ogy, availability of healthcare resources, variation in clinical
practice, and relative price or costs, which is challengeable
to generalize study results across countries [32].

Nonetheless, there are some explanations for the different
value for ICERs for further understanding. A US study had a
higher ICER than other studies (i.e., EU studies or our
study) [30]. This may be explained by the following rea-
sons. Subjects in the USA were severely obese without
chronic diseases, and the benefits of weight loss in the
USA seems to be smaller than our and EU studies. In
addition, the cost for bariatric surgery was higher in the
USA. Generally, the USA had much higher medical costs
[33]. The difference of cost between bariatric surgery and
nonsurgical treatment was much greater in the USA (i.e.,
about US$15,000–30,000 in USA vs. US$1,500 in Korea).

Although France, Germany, and UK applied the same
QALY in the study of Ackroyd et al. [30], the different cost
system among countries resulted in the various results of
ICER. Whereas bariatric surgery in France and Germany is
cost saving with a higher QALY than conventional therapy,
the UK had about 1,517/QALY. The difference of costs
among the three countries was caused by the different pay-
ment systems. While France and Germany used a diagnosis-
related group (DRG) to calculate bariatric surgery costs, the
UK used micro-costing method.

In Finland, bariatric surgery was a dominant option be-
cause the cost of nonsurgery treatment was considered over
10 years [31]. The difference in the result was caused due to
the cost of nonsurgical treatment was conservatively consid-
ered for only first year in our model. When patients with
severe obesity in nonsurgical intervention applied continuous
treatment in a sensitivity analysis, surgery was dominant.

In the present study, the combined model of the deci-
sion tree and Markov model has the strength to be able
to reflect at once the effects due to various comorbidities
and treatment pathway in surgery or conventional thera-
py option. Generally, a previous model considered to
limit single comorbidity in one state [12, 34, 35]. For
example, comorbidities were distinguished as two states
such as moderate and severe state, but they did not
consider a mixture of comorbidities (i.e., hypertension,

diabetes, and dyslipidemia). In our study, the percentage
of hypertension, diabetes, and dyslipidemia were differ-
ent by the state of obesity using the national representa-
tive data [1]. While patients with severe obesity
(BMI>30 kg/m2) had 88.3 % hypertension, 32.4 % dia-
betes, and 22.3 % dyslipidemia, patients with obesity
(25 kg/m2≤BMI<30 kg/m2) had 82.3 % hypertension,
29.7 % diabetes, and 20.8 % dyslipidemia. Thus, the
present model applied the mixture of diabetes and/or
hypertension and/or dyslipidemia in MC, MI, and/or
IHD and/or stroke in SC. Thus,this model could estimate
reliable results reflecting the best clinical reality.

In addition, it is the key achievement of this study esti-
mating the cost effectiveness of bariatric surgery in the
Asian population. The cost effectiveness of bariatric surgery
in patients with severe obesity (BMI, ≥35 kg/m2) is known
in USA or Europe, and not well known in Asia
(BMI≥30 kg/m2). Until now obesity, was considered a dis-
ease of the West, but recently, its occurrence is an increasing
issue for obese patients in Asia. Thus, it is necessary to
identify cost effectiveness of bariatric surgery of obese
people in Asia. In that regard, the present study is able to
make evidence in treatment of severe obese patients in Asia.

This study has some limitations. First, we used a cross-
sectional national representative data (i.e., KNHANES) to
calculate the utility weight and prevalence of concomitant
disease based on a BMI level. However, subjects with a
BMI of 30–<40 kg/m2 were relatively small (about 600
subjects, 3.5 %) in this database. Those values for utility
weight and the prevalence of concomitant disease of severe
obese people may not be representative for subjects who
have a BMI of 30–<40 kg/m2 due to small sample size.
Furthermore, we could not consider the impact of high BMI
during lifetime because we used cross sectional data. Youn-
ger people had a higher BMI than the elderly due to birth
cohort effects. Younger birth cohorts (i.e., people who were
born late) had a higher BMI than older birth cohorts (i.e.,
people who were born early) [36]. Elderly people may have
more concomitant disease even though they have lower
BMI level, and we used multivariable regression to see the
association between obesity and comorbidity after an ad-
justment for confounding factors such as age. Multivariable
logistic regression was used to calculate the prevalence of
concomitant disease, and multivariable tobit model was
used to calculate utility weight for the status of obesity
and severe obesity. Second, we considered only limited
concomitant diseases related with obesity. Obesity may be
related with not only those diseases but also several other
diseases such as asthma, several cancers, musculoskeletal
diseases, and mental diseases [2, 3]. Furthermore, we did
not consider nonmedical costs such as decreased productiv-
ity. Thus, these results may underestimate the cost of the
economic benefit of bariatric surgery. Lastly, the base
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analysis performed during lifetime, under the benefit of
weight reduction lasted lifetime in bariatric surgery in the
present study. However, the weight reduction of surgery
continues over 20 years in previous study [15]. Therefore,
a sensitivity analysis conducted with a 20-year time horizon,
additionally for 15, 30, and 40-year time horizon. When the
time horizon is longer, bariatric surgery is a more cost-
effectiveness alternative. It accounted for greater initial costs
of bariatric surgery and can impact comorbidities over the
lifetime. The improved comorbidities by surgery may re-
duce the lifetime medical costs to treat the comorbidities.
However, if time horizon was applied for short-term period
such as 5 or 10 years, the reduced costs due to the improved
comorbidity may not be substantial.

Conclusions

The present study showed that bariatric surgery is an esti-
mated cost-effectiveness alternative over a lifetime as com-
pared to conventional therapy from a healthcare system
perspective. Surgery was more costly than nonsurgery, but
it reduced the morbidity and mortality associated with obe-
sity and improved QALY. In conclusion, bariatric surgery of
severe obese patients (BMI, ≥30 kg/m2) was cost effective
in South Korea.
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