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Purpose: In Korea, the results of bariatric surgery have not been compared with those of nonsurgical treatment. The purpose 
of this study was to evaluate the effectiveness and safety of bariatric surgery vs. conventional nonsurgical treatment in se-
verely obese Koreans. Methods: In this retrospective cohort study, we reviewed the medical charts of 261 consecutive subjects 
who underwent bariatric surgery and 224 subjects who were treated with weight control medication and lifestyle mod-
ification therapy between January 2008 and February 2011. Measures of clinical effectiveness, including change in weight (%) 
and comorbid diseases, and occurrence of complications, were investigated for 18 months after bariatric surgery. Results: 
Body mass index (BMI) was higher in the surgery group than in the conventionally treated group (mean ± standard devia-
tion, 39.0 ± 6.2 vs. 34.3 ± 3.8). Diabetes was more prevalent in the surgery group than in the conventionally treated group 
(39.1% vs. 12.9%). The change in weight (%) between baseline and 18 months posttreatment was significantly greater in the 
surgery group (22.6%) than in the conventional therapy group (6.7%). While 57%, 47%, and 84% of subjects recovered from 
diabetes, hypertension, and dyslipidemia, respectively, in the surgery group, 10%, 20%, and 24% of subjects recovered from 
these conditions in the conventional group. Fifty-one subjects (19.5%) in the surgery group reported 61 complications 
(23.4%). Conclusion: Bariatric surgery in Korea was significantly more effective than conventional treatment for weight loss 
and recovery from comorbidities such as diabetes, hypertension, and dyslipidemia, with a reasonable complication rate.
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INTRODUCTION

Obesity is an epidemic healthcare problem worldwide. 
In the United States, the prevalence of obesity, defined as a 
body mass index (BMI) ≥ 30 kg/m2, has increased, and 
now includes ＞30% of the population [1]. Data from the 
Korean National Health and Nutritional Examination 
Survey indicate that the prevalence of obesity in Korea, de-
fined as a BMI ＞ 25 kg/m2, increased from 26% in 1998 to 
31% in 2009 [2]. During the same period, the prevalence of 
severe obesity (BMI ＞ 30 kg/m2) increased markedly from 
2.4 to 4.7%. Although the prevalence of obesity in Korea 
has been increasing rapidly, it remains much lower than in 
Western countries. However, Asians are more predis-
posed to abdominal obesity than are Western individuals, 
and obesity comorbidities such as diabetes, high blood 
pressure, high plasma triglyceride (TG) level, and low 
high-density lipoprotein cholesterol level seem to occur at 
a BMI that is much lower than the World Health 
Organization recommended cutoff value for obesity in 
Asians [3]. Therefore, different criteria for obesity are ap-
plied depending on ethnicity and nationality. Whereas se-
vere obesity is defined as a BMI ≥ 35 kg/m2 in Western 
populations, the cutoff value for severe obesity has been 
lowered to a BMI ≥ 30 kg/m2 in Asians [4-6].

In Western society, bariatric surgery is recommended 
for individuals with a BMI ≥ 35 kg/m2 with comorbidities 
or a BMI ≥ 40 kg/m2 without comorbidities. The Asian- 
Pacific Bariatric Surgery Group recommends bariatric sur-
gery for obese Asians with a BMI ≥ 32 kg/m2 with comor-
bidities or a BMI ≥ 37 kg/m2 without comorbidities [7]. A 
survey of Korean bariatric surgeons found that the criteria 
for this recommendation in Korea are slightly lower than 
the Asian criteria (i.e., BMI ≥ 30 kg/m2 with comorbidities 
or BMI ≥ 35 kg/m2), which correspond to the cutoff values 
for severe obesity recommended by the Asian-Pacific 
Group.

The first bariatric surgery in Korea was performed in 
2003 [8], and about 1,000 bariatric surgeries have been per-
formed annually since 2011. Laparoscopic adjustable gas-
tric banding (LAGB), laparoscopic Roux-en-Y gastric by-
pass (LRYGB), and laparoscopic sleeve gastrectomy (LSG) 
are the three most common bariatric procedures per-

formed in Korea. However, the effect of bariatric surgery 
has not been compared with that of nonsurgical treatment 
in a Korean population.

Therefore, we conducted a comparative analysis of the 
results of bariatric surgery and conventional nonsurgical 
treatment in severely obese patients. The purpose of this 
study was to evaluate the effectiveness and safety of bari-
atric surgery vs. conventional nonsurgical treatment in se-
verely obese Koreans.

METHODS

Data source and patient identification
We used a retrospective cohort design with a medical 

chart review to investigate the effectiveness of bariatric 
surgery compared with that of conventional therapy. The 
surgery group included adults who underwent consec-
utive bariatric surgeries at the Departments of Surgery of 
seven Korean tertiary medical centers between January 
2008 and February 2011. The conventional group included 
adults who were treated with conventional therapies, 
such as weight control medication, lifestyle modification 
therapy, and educational program with dietician and ex-
ercise practitioner at the Departments of Family Medicine 
of two Korean tertiary medical centers during the same 
period. Patients who were ≤17 years old and/or had a BMI 
＜ 30 kg/m2 were not included in this study. The ethics re-
view board of each hospital and the National Evidence- 
Based Healthcare Collaborating Agency involved in this 
study approved the study protocol.

Data collection
Baseline height, weight, blood pressure, and laboratory 

data were collected by physical examination and labo-
ratory assessments within a few days before bariatric sur-
gery in the surgery group. These data were collected in the 
conventional therapy group at the first visit to start a 
weight loss program in the family medicine departments. 
Weight, blood pressure, and laboratory findings were col-
lected over time when the subjects visited the hospital. 
Medical history information before bariatric surgery or 
the first visit for conventional therapy was investigated 
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Table 1. Baseline patient characteristics

Characteristic Surgery group
(n = 261)

Conventional 
therapy group

(n = 224)
P-value

Male sex          64 (24.5)          97 (43.3) ＜0.001
Age (yr) 35.75 ± 10.75 40.58 ± 13.32 ＜0.001
BMI (kg/m2)  39.0 ± 6.2   34.3 ± 3.8 ＜0.001
 30 ≤ BMI ＜ 35         74 (28.4)        145 (64.7)
 35 ≤ BMI ＜ 40         95 (36.4)          65 (29.0)
 40 ≤ BMI         92 (35.3)          14 (6.3)
Smoking  50/241 (20.7)   47/166 (28.3) ＜0.001
Alcohol consumption  75/241 (31.1)   79/166 (47.6) ＜0.001
Unmarried 115/230 (50.0)   46/136 (33.8) ＜0.001
History of diabetes       102 (39.1)          29 (12.9) ＜0.001
History of hypertension       146 (55.9)        119 (53.1) ＜0.001
History of dyslipidemia       125 (47.9)        112 (50.0) ＜0.001
Follow-up period (day)   263 ± 204.3    234 ± 380.4 ＜0.001

Values are presented as number (%) or mean ± SD.
BMI, body mass index.

through a chart review. Descriptive information of the 
event, onset date, and hospitalization were collected to in-
vestigate complications related to bariatric surgery.

Clinical effectiveness
The clinical effectiveness of weight loss was investiga-

ted using two parameters. The first parameter was change 
in weight (%), calculated by dividing weight change from 
baseline by baseline weight. The second parameter was 
the percentage of excess weight loss (%EWL), calculated 
by dividing the weight change from baseline by excess 
weight, which was obtained by subtracting ideal body 
weight from actual baseline weight. Ideal body weight 
was calculated using height-adjusted weight, depending 
on sex, for a medium frame according to the 1983 Metro-
politan Life Insurance Company tables [9].

Recovery from comorbidities such as diabetes, hyper-
tension, and dyslipidemia was investigated over time. 
Diabetes was defined as the use of medication, fasting 
blood glucose level ≥ 126 mg/dL, or glycosylated hemo-
globin (HbA1C) concentration ≥ 6.5%. Hypertension was 
defined as the use of medication, systolic blood pressure 
≥ 140 mmHg, or diastolic blood pressure ≥ 90 mmHg. 
Dyslipidemia was defined as the use of medication, total 
cholesterol (TC) level ≥ 240 mg/dL, TG level ≥ 200 
mg/dL, or low-density lipoprotein cholesterol (LDL-C) 
level ≥ 160 mg/dL. Patients who did not meet the criteria 
for a given comorbidity were considered to have recov-
ered from that comorbidity after intervention.

Statistical analysis
We summarized the patient characteristics of the two 

groups, and compared the baseline characteristics be-
tween groups using a t-test for continuous variables and a 
chi-squared test for categorical variables. To investigate 
weight change, weight measurements obtained during 
routine visits were summarized at 3-month intervals. For 
example, if one patient’s weight was measured twice dur-
ing a 3-month period from baseline, the weight value at 3 
months was the mean value of the two measurements. 
Study outcomes such as change in weight (%) and %EWL 
were summarized at 0 (baseline), 3, 6, 9, 12, 15, and 18 
months, and 95% confidence intervals (CIs) were calcula-

ted. The t-test was used to compare study outcomes be-
tween the two groups at each time point. Matching and the 
generalized estimating equation (GEE) model were used 
to balance confounding factors at baseline between the 
two groups [10]. Three matching variables were consid-
ered: age (±5 years), BMI (±3 kg/m2), and sex. The depend-
ent variable for the GEE model was change in weight (%), 
and measurement time, age, and sex were included as in-
dependent variables. Measurement time and age were in-
putted as continuous variables. Two independent resear-
chers inputted data into the data collection forms. Then, 
data entry errors were checked using the SAS ver. 9.2 (SAS 
Institute Inc., Cary, NC, USA) and corrected. Data were an-
alyzed using the SAS software.

RESULTS

Clinical characteristics
We identified 261 subjects in the surgery group and 224 

subjects in the conventional therapy group. Patient charac-
teristics are shown in Table 1. The median follow-up peri-
ods were 9 months for the surgery group and 8 months for 
the conventional therapy group. BMI was higher in the 
surgery group than in the conventional therapy group 
(mean ± standard deviation, 39.0 ± 6.2 vs. 34.3 ± 3.8 kg/m2). 
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Fig. 2. Percentage of weight change in surgery and conventional therapy groups in subgroup analysis in terms of body mass index (BMI)  
(30 ≤ BMI ＜ 35 and BMI ≥ 35).

Fig. 1. Comparison of treatment outcomes between surgery and 
conventional therapy groups.

Mean age was lower in the surgery group than in the con-
ventional therapy group (36 ± 10.8 vs. 41 ± 13.3 years). In 
total, 75.5% of patients in the surgery group and 56.7% of 
patients in the conventional therapy group were female. 
Diabetes was more prevalent in the surgery group than in 
the conventional therapy group (39.1% vs. 12.9%). In the 
surgery group, 27.6% of procedures were LAGB, 28.0% 
were LRYGB, and 44.4% were LSG. Most subjects (95%) in 
the conventional group used antiobesity drugs. Phenter-
mine (26.3%) was the most frequently prescribed medi-
cine, followed by sibutramine (24.1%), fluoxetin (12.8%), 
mazindole (10.5%), bupropion (10.1%), and orilistat (4.9%). 

Sibutramine was withdrawn from the Korean market at 
the end of 2010.

Change in body weight
Treatment outcomes such as change in weight (%) are 

shown in Fig. 1. The change in weight (%) from baseline to 
18 months was significantly higher in the surgery group 
(22.6%; 95% CI, 19.1 to 26.0%) than in the conventional 
therapy group (6.7%; 95% CI, 4.4 to 9.1%). This pattern was 
consistent with %EWL. The %EWL of surgery group was 
61.4% whereas the %EWL of conventional therapy group 
was 20.6% at 18 months after treatment. The surgery 
group showed significant weight loss (P ＜ 0.001) at each 
time point throughout the 18-month follow-up period in 
the subgroup analysis in terms of BMI; 30 ≤ BMI ＜ 35 and 
BMI ≥ 35 groups (Fig. 2).

There was no significant difference of change in weight 
(%) from baseline to 18 months according to operative pro-
cedures (20.8% for LAGB, 26.6% for LRYGB, and 22.3% for 
LSG).

After age, sex, and BMI were matched between the two 
groups, the pattern of change in weight (%) was similar to 
that before matching. Weight change was greater in the 
surgery group, with a similar significance before and after 
matching (P ＜ 0.001).

Time and treatment effects for change in weight (%) 
from baseline using the GEE are described in Table 2. 
Change in weight (%) was 1.2% greater in the surgery 



Bariatric surgery in Korea

thesurgery.or.kr 339

Table 2. Results of generalized estimating equation analysis

Estimate (95% 
confidence interval) P-value

Observation time (mo)     0.098 (0.031－0.165)     0.004
Treatment method
  Surgery     3.239 (2.465－4.013) ＜0.001
  Conventional (reference)
Observation time and treatment method
  Observation time and surgery     1.226 (1.048－1.404) ＜0.001
  Observation time and
   conventional (reference)
Sex
  Female     0.840 (-0.124－1.803)    0.088
  Male (reference)
Age   -0.035 (-0.070－0.000)    0.051

Table 3. Recovery from diabetes, hypertension, and dyslipidemia 
in the surgery and conventional therapy groups

Surgery group
(n = 261)

Conventional 
therapy group

(n = 224)
P-value

Diabetes
 Prevalence   102/261 (39.1)      29/224 (12.9)   ＜0.001
 Remission       48/84 (57.1)          2/21 (9.5)   ＜0.001
Hypertension
 Prevalence   149/261 (57.1)    119/224 (53.1)       0.382
 Remission       40/85 (47.1)        17/86 (19.8)   ＜0.001
Dyslipidemia
 Prevalence     99/261 (37.9)      93/224 (41.5)       0.312
 Remission       52/62 (83.9)        23/60 (23.6)   ＜0.001

Values are presented as number (%).

Table 4. Postoperative complications in the surgery group

Postoperative 
complication

All 
procedures

LAGB 
(n = 72)

LRYGB 
(n = 73)

LSG 
(n = 116) P-value

Total   51 (19.5)a) 21 (29.2)  16 (21.9)a) 14 (12.1)     0.013
First 30 PODs  26 (10.0)a)  9 (12.5)    9 (12.3)a)   8 (6.9) NS
After POD30  32 (12.3) 16 (22.2)    9 (12.3)   7 (6.0) ＜0.001

Values are presented as number (%).
LAGB, laparoscopic adjustable gastric banding; LRYGB, laparo-
scopic Roux-en-Y gastric bypass; LSG, laparoscopic sleeve gastrec-
tomy; POD, postoperative day; NS, not significant.
a)One mortality case was included.

group than in the conventional therapy group over a 
1-month period. Thus, the difference in the percentage of 
weight change between the surgery and conventional 
therapy groups was 25.4% at 18 months. Age and sex did 
not significantly affect weight loss. 

Changes in comorbidities
Recovery from concomitant diseases such as diabetes, 

hypertension, and dyslipidemia was more frequent in the 
surgery group than in the conventional therapy group 
(Table 3). While 57.1%, 47.1%, and 83.9% of subjects recov-
ered from diabetes, hypertension, and dyslipidemia, re-
spectively, in the surgery group, 9.5%, 19.8%, and 23.6% of 
subjects recovered from these comorbidities in the con-
ventional group. 

Adverse events
Fifty-one (19.5%) of 261 subjects in the surgery group re-

ported 61 complications (23.4%). Complications occurred 
within 30 days after bariatric surgery in 26 patients (10%) 
and ＞30 days after bariatric surgery in 32 patients (12.3%). 
Wound complications were most frequent (3.4%) among 
complications that occurred within 30 days. Among com-
plications occurring after 30 days, port/band revision/re-
moval-related complications were most frequent (17/261, 
6.5%). Thus, total complication rate was higher in LAGB 
than other two procedures. One patient (0.38%) died due 
to aspiration pneumonia within 30 days of bariatric sur-
gery (Table 4).

DISCUSSION

In this retrospective study, we examined the records of 
patients who had undergone bariatric surgery to deter-
mine the effectiveness for weight reduction and improve-
ment in comorbid diseases, as compared with that of con-
ventional medical therapy. We showed that bariatric sur-
gery was more effective than conventional therapy for 
weight loss and treatment of comorbid diseases in se-
verely obese patients in Korea. Observed effects on weight 
loss were consistent after adjusting for major confounders 
such as BMI, age, and sex.

The effectiveness of bariatric surgery has been well es-
tablished in Western countries, where the prevalence of 
obesity is high. Bariatric surgery is the most effective op-
tion for weight loss in severely obese patients [11-13]. 
However, the first bariatric surgery was performed in 
Korea relatively recently, in 2003. About 1,000 bariatric 
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surgeries were performed last year. The most frequent 
bariatric procedure (about 70%) was LAGB performed in 
private clinics. Because the history of bariatric surgery in 
Korea is short, few long-term investigations or com-
parative analyses with conventional therapy have been 
reported. Additionally, whether the results of bariatric 
surgery in Korea are comparable with those in Western 
countries remains unknown. This study is the first report 
of the results of Korean multicenter consecutive bariatric 
surgeries.

Our weight loss findings are in agreement with those of 
retrospective studies [13,14]. Many studies have reported 
not only the weight reduction effect, but also the survival 
effect of bariatric surgery [13,14]. However, we could not 
demonstrate a favorable survival effect of bariatric sur-
gery in Korean obese patients because the observation pe-
riod was limited to 18 months after surgery. Nevertheless, 
the weight reduction pattern we observed was compar-
able to those reported in previous studies, including the 
early (18-month) results of the Swedish Obese Subjects 
(SOS) study [13], a large-scale multicenter cohort study. In 
contrast, the control group in our study showed 8% weight 
loss after 18 months, whereas the control group in the SOS 
study showed only 1% weight change. The reasons for this 
discrepancy may be that the mean BMI of the control 
group was lower in the present study than in the SOS 
study, and that conventional medical therapy in the pres-
ent study was actively conducted in tertiary hospitals.

Recovery from comorbidities such as diabetes, hyper-
tension, and dyslipidemia was better in the surgery group 
than in the conventional therapy group in the present 
study. The remission of diabetes was observed in 57.1% of 
subjects in the surgery group and 9.5% of subjects in the 
conventional therapy group. This result was consistent 
with those of previous studies [15-17].

Buchwald et al. [17] reported a large-scale meta-analysis 
of 22,094 patients. In that study, diabetes was completely 
resolved in 76.8% of patients. In two comparative cohort 
studies, the SOS study [13] and the Utah Obesity study 
[14], diabetes remission rates were 66% and 74%, respec-
tively, in the surgery groups, but ＜1% in the control 
groups.

Two prospective randomized trials assessing the results 

of surgical treatment of obese patients with diabetes have 
been published in the New England Journal of Medicine. 
Schauer et al. [18] evaluated the efficacy of intensive medi-
cal therapy alone versus medical therapy plus LRYGB or 
LSG in 150 obese patients with uncontrolled type 2 dia-
betes. The target HbA1C concentration of 6.0% or less at 12 
months was achieved in 12%, 42%, and 37% of patients in 
the medical therapy, LRYGB, and LSG groups, respecti-
vely. The remission rates, evaluated by achievement of the 
endpoint without the use of hypoglycemic agents, were 
0%, 100%, and 37%, respectively. Mingrone et al. [19] as-
signed patients to undergo RYGB, biliopancreatic diver-
sion, or standard medical therapy. After 2 years, complete 
remission rates of diabetes were 75% for patients who un-
derwent RYGB and 95% for those who underwent bil-
iopancreatic diversion, whereas no remission occurred in 
the medical therapy group. In contrast, diabetes remission 
was also observed in the conventional therapy group in 
the present study because these patients received inten-
sive medical treatment at a tertiary medical center.

Obesity remains a major cause of illness and death, and 
bariatric surgery appears to be the only intervention that 
consistently results in substantial, sustained weight loss. 
The surgical safety of bariatric surgery is an important 
consideration; many physicians and the general popula-
tion in Korea appreciate that bariatric surgery is a risky 
procedure. In our study, the postoperative mortality rate 
was 0.38% (one case) and the immediate postoperative 
complication rate was 10%. The mortality rate in our study 
was comparable with that of a previous report in which 
the 30-day death rate among patients who underwent 
RYGB or LAGB was 0.3% [20]. However, the reported fre-
quencies of adverse outcomes have varied and a direct 
comparison was not possible. In our study, the early post-
operative complication rate of 10% and the rate of 13% af-
ter 30 days were considered to be acceptable because they 
included minor wound complications in the early period 
and long-term band-related complications in the late 
period.

This study had several limitations. First, although about 
70% of bariatric surgeries in Korea are LAGBs performed 
in private clinics, this study included only those perfor-
med in tertiary hospitals. However, weight loss outcomes 
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did not differ among surgical groups. Thus, although we 
did not include data from private clinics, the results seem 
to be generalizable. Second, our study was not random-
ized or prospective, but was designed as a retrospective 
cohort study. Thus, baseline characteristics differed be-
tween groups. The surgery group was younger, female 
dominant, higher BMI, and more comorbidities. This is be-
cause younger female patient usually want to receive sur-
gery, and surgeons recommend bariatric surgery for pa-
tients who have higher BMI and comorbidities. To over-
come this limitation, we used various statistical methods 
such as matching and the GEE model to balance confound-
ing factors at baseline between the two groups. The results 
of these analyses were robust. Third, long-term outcomes 
and complications could not be examined because of the 
short follow-up period.

In conclusion, bariatric surgery had a significant effect 
on weight loss when compared with conventional medical 
therapy in severely obese Korean patients. The recovery 
from comorbidities such as diabetes, hypertension, and 
dyslipidemia was better in the surgery group than in the 
conventional therapy group. Our results suggest that bari-
atric surgery may be a favorable option for treating severe 
obesity in Koreans. Further studies are needed to elucidate 
the weight loss mechanisms of bariatric surgery, improve-
ment in comorbid diseases, and long-term outcomes of 
bariatric surgeries in Korea.
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