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Introduction

Laparoscopic sleeve gastrectomy (LSG) is a restrictive 
bariatric surgical technique that was first introduced in 
1988 as an integral part of biliopancreatic diversion with 
duodenal switch (1-3). Because of the advantages of lower 
technical complexity, limited complication profiles and 
remarkable efficacy on weight reduction (4,5), LSG has 
quickly established its popularity worldwide as a standalone 
bariatric procedure (6-8). It has now become one of the 
first-choice options for many morbidly obese patients in the 
bariatric surgery armamentarium (6,7). 

Type II diabetes mellitus (T2DM) is a global epidemic 
that is strongly linked with obesity. More than 60% of 
diabetic people live in Asia (9,10). Due to the ethnic 
differences, Asians are more predisposed to higher 
percentage of body fat at a given body weight and the 
onset of T2DM occurs at lower levels of body-mass-index 

(BMI) (11-13). In the literature, the efficacy of LSG on 
hormonal modulation and disease remission of T2DM had 
been extensively investigated. Systematic reviews on short-
term and long-term follow-up data suggested that LSG was 
highly effective and durable in maintaining high T2DM 
remission rates of approximately 60% (14,15). Yet, majority 
of these evidences was originated from North America, 
Latin America or Europe. The long-term impact of LSG 
on Asian T2DM patients was poorly investigated. This 
review aims to analyze the current literature evidence about 
the long-term results of LSG on weight loss and diabetic 
remission in Asian T2DM patients. Specific focus was made 
on the 5-year follow-up outcomes. 

Asian studies on long-term data

The long-term follow-up data of LSG in Asia was lacking 
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in the literature. In an earlier systematic review evaluating 
the long-term data of 492 patients in 16 studies, only 6 cases 
(1.0%) were from Asia (5,16). In another recent systematic 
review analyzing 1,626 patients in 20 studies, 74 patients 
(4.6%) from 2 studies were Asians (4,17,18). In the present 
review, the literature was further examined to identify 
the long-term follow-up data of LSG from Asian centers. 
Altogether, 11 studies were identified, including 4 studies 
from Taiwan (16,19-21), 2 studies from India (22,23), and 
one respective study from China, Japan, Korea, Hong 
Kong and Malaysia (17,18,24-26). The main characteristics 
of these studies are summarized in Table 1. All except 
two studies were retrospective analyses on prospectively 
collected databases that were subjected to compliance 
problem on follow-up. Similar to other long-term studies on 
bariatric surgery, the lost-to-follow-up rates at 5 years were as 
high as 15.3% to 70.0%. Only two studies were prospective 
randomized trials (17,19). Their lost-to-follow-up rates were 
therefore acceptably lower (6.4% and 20.0% respectively). 
Almost all studies had a female predominance in the recruited 
patients. The mean age of patients was 20.3 to 46.4 years. 
Their mean BMI varied from 30.6 to 43.3 kg/m2. 

Weight loss outcomes

The long-term weight loss outcomes after LSG in 11 Asian 
studies are presented in Table 2. Based on the assumption 
of using BMI 25 kg/m2 as the ideal body weight, the mean 
percentage of excess weight loss (%EWL) achieved at 5 years 
was sustained at >50% in all Asian studies (16-26). Three 
studies were able to achieve a high %EWL at >70% at  
5 years (24-26). 

Seki et al. reported the largest Japanese LSG study on 
179 patients (24). They produced the best weight loss 
outcomes of LSG among all Asian studies. Their %EWL 
was 83.5% at 1 year (n=132), 91.2% at 3 years (n=32), and 
77.3% at 5 years (n=19). Despite some weight rebound, 
their percentages of excess weight loss (EWL) were 
maintained at above 75% over the 5-year postoperative 
period. In another Japanese survey including 831 patients 
from 9 Japanese centers, Haruta et al. concluded the 
percentage of excess BMI loss (%EBMIL) in a total of 501 
LSG patients (27). The %EBMIL was 72.0% at 1 year, 
71.0% at 3 years, and 63% at 5 years. Yet, the number of 
patients and the follow-up rate at each follow-up time point 
were not described.

Excellent long-term weight loss outcomes were also 
achieved in a Korean study by Hong et al. (25). They 

presented their 5-year results on 75 LSG patients with 
low BMI (BMI 30–35 kg/m2). Similar to the Japanese data 
from Seki et al. (24), their weight loss outcomes were excellent 
and durable in long-term follow-up. Their %EWL was 
84.1% at 1 year (n=63), 79.8% at 3 years (n=46), and 78.5% 
at 5 years (n=27). In a study of 669 Malaysian patients 
by Pok et al., LSG was also found to have excellent and 
sustainable weight loss outcomes in long-term follow-
up (26). Their percentages of EWL were similarly 
maintained at above 70% throughout the postoperative 
period till 7 years. Their % EWL was 76.0% at 1 year 
(n=289), 77.3% at 3 years (n=66), 71.6% at 5 years (n=61), 
and 70.0% at 7 years (n=12).

A vast majority of the long-term results of LSG on Asian 
patients was generated from Taiwan (16,18-21). Lee et al. 
reported the long-term results of LSG in three Taiwanese 
studies (19-21). All these studies were comparative 
analyses between LSG and gastric bypass and one of 
them was prospective randomized comparison. In their 
randomized trial, the percentage of total weight loss 
(%TWL) was maintained throughout the postoperative 
period for 5 years and their %TWL at 5 years was 
20.1% (n=24) (19). In another comparative study by the 
same group, the mean %TWL at 5 years for 34 LSG 
patients was 25.9% (21). In their other comparative study 
analyzing 519 LSG patients, their %TWL was 24.6% at 
1 year (n=419), 30.0% at 3 years (n=309), and 28.8% at 
5 years (n=116). Their %EWL at 5 years was 68.7% (20). 
In a Taiwanese study on 228 LSG patients by another 
group, Zachariah et al. reported a high %EWL of 72.4% 
at 1 year (n=129) (16). Their %EWL was maintained at 
71.9% at 3 years (n=33) but dropped to 63.7% at 5 years 
(n=6). Although the long-term weight loss outcomes were 
reported, their long-term sample size was considered too 
small for interpretation.

In many studies, a gradual decline in weight loss 
over time was observed during long-term follow-up 
(17,18,23). Despite a decline in the extent of weight loss, 
many studies could still achieve a %EWL at above 50% 
at 5-year follow-up. In a prospective randomized study 
comparing LSG and Roux-en-Y gastric bypass (RYGB), 
Zhang et al. reported the long-term follow-up data of 
32 LSG patients with a relatively younger mean age of  
20.3 years (17). With a low lost-to-follow-up rate of 6.3%, 
their results showed a gradual decline in %EWL over 
time. Their %EWL was 73.9% at 1 year (n=32), 68.0% at 
3 years (n=32), and 63.2% at 5 years (n=30). Besides, our 
group had investigated the long-term outcomes of LSG 
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on 140 Chinese patients (18). A similar trend of decline in 
the extent of weight loss was also observed. Our %EWL 
was 70.5% at 1 year (n=123), 60.2% at 3 years (n=77), and 
57.2% at 5 years (n=44).

One comparative study from India by Kular et al. had 
reported a declining trend of weight loss during long-
term follow-up on 118 LSG patients (23). Their %EWL 
was 69.0% at 1 year, 61.0% at 3 years, and 51.2% at 
5 years. However, the lost-to-follow-up rates at each 
follow-up time point were not specified. In the other 
Indian study by Jammu et al. on a subset of 339 LSG 
patients, the %EWL achieved was 53.6% in a mean 
follow-up duration of 53.5 months (22). Only about 13.3% 
(45 out of 339) of patients failed to achieve a %EWL >50% 
during postoperative follow-up. Nevertheless, the trend 
of %EWL change, the details of weight rebound, and the 
lost-to-follow-up rates were not explicitly described. The 
durability of LSG on weight loss outcomes was therefore 
unable to be determined in this study. 

Based on all the above findings, LSG was effective in 
achieving good weight loss outcomes in morbidly obese 
Asian patients. The %EWL achieved at short-term and 
medium-term follow-up was as high as 70% to 90%. 
Despite a gradual decline in the extent of weight loss over 
time, the mean %EWL achieved at 5 years was well above 
50% among all the available data. These suggested that 
LSG was effective in maintaining durable weight loss in 
morbidly obese Asian patients. 

Remission of T2DM

Among all studies, the remission rates of T2DM at 5-year 
follow-up were reported in six studies (Table 3). Due to 
the differences in their preoperative age, BMI, duration 
of T2DM, glycemic control, and background pancreatic 
reserve of the patient cohorts, the reported rates of T2DM 
remission were highly variable between 35.3% and 81.0%. 
More importantly, the available Asian data were invariably 
heterogeneous and were associated with three major 
weaknesses. First, the reported number of T2DM patients 
at 5-year follow-up in many available studies was relatively 
small (16). Such results might inevitably be associated with 
selection bias and became non-representative. Second, 
the measurement of T2DM remission was not clearly and 
objectively defined in many studies (16,19,20,22). In some 
studies that had specified their modes of measurement 
for T2DM remission, their definitions were often 
heterogeneous (17,18,21,23). While some studies regarded 

cessation of anti-diabetic medical therapy as remission, 
others adopted a strict criteria of glycosylated hemoglobin 
(HbA1c) <6.5% or <6.0% as their definitions. Some studies 
also failed to report their individual T2DM remission rate 
at a specific follow-up time point (23). Direct comparison 
on the T2DM remission rates among different studies 
was thus difficult and impossible. Third, majority of the 
available studies did not analyze the changes in glycemic 
control after LSG. Although the crude T2DM remission 
rate was one of the key parameters to measure, it is also 
equally important to elucidate the improvement of glycemic 
control in patients without T2DM remission.

In the Hong Kong study on 65 T2DM patients by 
our group, our T2DM remission rates were found to be 
sustainably high throughout the postoperative period (18). 
Using the American Diabetes Association 2009 criteria to 
define T2DM remission (28), our T2DM remission rates 
were 34.5% at 1 year (n=55), 52.7% at 3 years (n=36), and 
70.6% at 5 years (n=17). Using HbA1c <6.0% to define 
T2DM remission, Lee et al. reported a T2DM remission 
rate of 35.3% at 5 years in a cohort of 34 LSG patients (21). 
Yet, the trend of changes was not shown. Kular et al. reported 
a T2DM remission rate of 81% on 61 T2DM patients 
after LSG (23). However, their timing of measurement was 
missed. Although a definition of T2DM improvement or 
remission was provided, Zhang et al. did not report their 
T2DM remission rate at 5 years (17). Instead, they reported 
a crude rate of 88.9% for both T2DM resolution and 
improvement at 5 years.

Zachariah et al. had analyzed the T2DM remission 
rate on 30 T2DM patients without clearly defining 
their mode of measurement for T2DM remission (16). 
There was a progressive drop in T2DM remission rate 
from 86.7% at 1 year (n=15) to 71.4% at 3 years (n=7) 
and 66.7% at 5 years (n=3). Yet, the number of patients 
analyzed at 5-year follow-up was considered too small to be 
representative. In a mean follow-up of 53.5 months on 23 
LSG patients with T2DM, Jammu et al. reported a T2DM 
remission rate of 56.5% (22). However, their definition of 
T2DM remission was not provided. 

Improvement in glycemic control for T2DM patients 
was only demonstrated in two Taiwanese studies by Lee 
et al. and the Hong Kong study by our group. Although 
the T2DM remission rates were not reported, Lee et al. 
found that the mean HbA1c of 30 T2DM patients reduced 
from 9.9% preoperatively to 7.1% at 5 years (19). Such 
improvement was sustained throughout the 5 postoperative 
years. Up to 30% of T2DM patients could maintain optimal 
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Table 3 Glycemic outcomes at 5-year follow-up

Author/year
No. of T2DM 
patients (%)

Mean HbA1c (%) Mean FBG (mg/dL)
Mean fasting 

C-peptide (ng/mL) Definition of  
T2DM remission

T2DM 
remission 
rate† (%)

T2DM 
recurrence 
rate† (%)Baseline 5 years Baseline 5 years Baseline 5 years

Lee et al., 
2016 (21)

109 (100.0) 8.8 5.9 184.4 103.6 4.8 1.7 HbA1c <6.0% 35.3 (n=34) NR

Jammu et al., 
2016 (22)

83 (24.5) NR NR NR NR NR NR NR 56.5 (n=23) NR

Liu et al., 
2015 (18)

65 (46.2) 8.2 6.3 NR NR 3.4 NR American Diabetes 
Association 2009 

criteria (28)

70.6 (n=17) 5.9 (n=17)

Lee et al., 
2015 (20)

NR 6.4 5.7 108.0 90.5 NR NR NR NR NR

Zhang et al., 
2014 (17)

NR NR NR NR NR NR NR Discontinuation of 
T2DM drugs

88.9* NR

Kular et al., 
2014 (23)

61 (51.7) NR NR NR NR NR NR Discontinuation of 
T2DM drugs

81.0 (n=NR) NR

Lee et al., 
2014 (19)

30 (100.0) 9.9 7.1 230.6 122.4 3.2 27.1 NR NR NR

Zachariah  
et al., 2013 (16)

30 (13.2) NR NR NR NR NR NR NR 66.7 (n=3) NR

†, data are rates and reported number of T2DM patients at 5-year follow-up in bracket; *, only improvement in T2DM control was reported. 
T2DM, type 2 diabetes mellitus; HbA1c, glycosylated hemoglobin; FBG, fasting blood glucose; NR, not reported. 

glycemic control with HbA1c ≤6.5%. In another study of 
109 LSG patients with T2DM by Lee et al., 34 patients 
completed follow-up for 5 years (21). Their mean HbA1c 
levels dropped from 8.8% at baseline to 6.1% at 1 year and 
maintained at 5.9% at 5 years. Hence, such improvement 
in HbA1c levels was durable in long-term follow-up. As 
for our study on 65 T2DM patients, the trend of HbA1c 
change was also illustrated (18). Our mean HbA1c levels 
were 8.2% at baseline (n=65), 6.3% at 1 year (n=55), 6.7% 
at 3 years (n=45), and 6.3% at 5 years (n=17). Regardless 
of the T2DM remission rates, our results showed that 
the glycemic control of T2DM patients was more or less 
sustained throughout the postoperative period. After LSG, 
there was no worsening of glycemic control over time in 
long-term follow-up. 

Despite the significant heterogeneity in the reported 
T2DM remission rates, remarkable improvement in 
glycemic control was observed in Asian diabetic patients 
after LSG. The available long-term follow-up data 
suggested that the glycemic improvement from LSG was 
sustainable in long-term follow-up at 5 years. 

Recurrence of T2DM

Recurrent T2DM after initial remission during long-
term follow-up was evaluated in one Asian study only (18). 
That was a study conducted by our group on 65 T2DM 
patients after LSG. After initial remission, two patients 
(3.1%) developed recurrent T2DM at 3 years and 5 years 
respectively. Based on the strict criteria, one patient 
fell into recurrent T2DM status at 3 years but she was 
managed by diet therapy alone. Out of 17 patients, another 
patient (5.9%) developed recurrent T2DM at 5 years but 
was treated solely by oral anti-diabetic drugs. Based on 
these available evidences, the long-term recurrence rate 
of T2DM after initial remission in Asian patients was not 
high. Even with recurrent T2DM, the glycemic control of 
the recurrent patients was not difficult. Nevertheless, the 
current evidence on the recurrence rate of T2DM in Asian 
diabetic patients after LSG was disappointingly inadequate. 
Further observational studies are desperately needed before 
unequivocal conclusions can be drawn.

In the global literature, analyses on the long-term 
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Table 4 Revisional surgery after LSG

Author/year
No. of patients 

undergoing LSG

No. of patients 
undergoing 

revision

Revision 
rate (%)

Reasons for revision†

Failed 
weight 

loss

Weight 
regain

Leakage Stricture
Intractable 

GERD

Persistent T2DM 
or inadequate 

control

Seki et al., 
2016 (24)

179 6 3.4 5 (2.8) 0 (0) 0 (0) 0 (0) 1 (0.6) 0 (0)

Pok et al., 
2015 (26)

669 18 2.3 0 (0) 6 (0.9) 0 (0) 2 (0.3) 8 (1.2) 2 (0.3)

Lee et al., 
2015 (20)

519 16 3.1 0 (0) 6 (1.2) 0 (0) 1 (0.2) 8 (1.5) 1 (0.2)

Liu et al., 
2015 (18)

140 8 5.7 4 (2.9) 1 (0.7) 0 (0) 2 (1.4) 1 (0.7) 0 (0)

Lee et al., 
2014 (19)

30 4 13.3 1 (3.3) 0 (0) 0 (0) 0 (0) 1 (3.3) 2 (6.7)

Kular et al., 
2014 (23)

118 16 13.6 0 (0) 13 (11.0) 0 (0) 0 (0) 3 (2.5) 0 (0)

Total 1,655 68 4.1 10 (0.6) 26 (1.6) 0 (0) 5 (0.3) 22 (1.3) 5 (0.3)

†, data are count (percentage) in the whole cohort. LSG, laparoscopic sleeve gastrectomy; GERD, gastroesophageal reflux disease; T2DM, 
type 2 diabetes mellitus. 

recurrence rate of T2DM after LSG were also extremely 
limited (18,29). Apart from our study, one American study 
evaluating a subset of 23 LSG patients had also reported 
the recurrence rate of T2DM (29). In their study, Brethauer 
et al. identified an overall T2DM recurrence rate of 19% 
for 217 patients undergoing metabolic surgery in a median 
follow-up of 6 years. For LSG in particular, the recurrence 
rate was as high as 38%. Despite such a high recurrence 
rate, the glycemic control and cardiovascular risk of those 
recurrent patients were significantly improved compared 
with their baseline status. Hence, it is noteworthy that 
recurrence of T2DM may be a concern in long-term 
follow-up. Nevertheless, the major improvement in 
glycemic control even after recurrence still supports the 
role of LSG in treating T2DM patients. 

Revisional surgery

Revision of LSG to other bariatric procedures was 
generally indicated in patients with failed weight loss, 
weight regain, intractable complications, and inability 
to control comorbidities (30-37). The need of revisional 
surgery after LSG in Asian patients was discussed in  
6 studies (Table 4) (18-20,23,24,26). In a total of 1,655 cases 

reported, 68 patients (4.1%) required revisional surgery 
after LSG. While 27 conversions (39.7%) were related 
to intractable complications, 26 (38.2%) and 10 (14.7%) 
revisions were attributed to postoperative weight regain 
and inadequate weight loss respectively. Almost all of these 
patients were converted to gastric bypass or duodenal 
switch. Interestingly, 5 patients (7.4%) were converted 
to gastric bypass due to persistent T2DM or inability to 
achieve optimal glycemic control. For the three converted 
patients reported by Lee et al. and Pok et al., all of them had 
improvement in HbA1c levels after revision and one patient 
could achieve T2DM remission at 1 year after conversion 
to RYGB (19,26). 

Conclusions

In conclusion, LSG was an effective bariatric and metabolic 
surgery for morbidly obese Asian patients. In terms of 
weight loss, LSG could achieve sustainably good %EWL of 
50–78% at 5-year follow-up. As for Asian diabetic patients 
in particular, remarkable improvement in glycemic control 
was observed from 1 year till 5 years after LSG. Despite 
significant heterogeneity in the study populations and 
definitions, the reported T2DM remission rates were highly 
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durable and were maintained at about 56–81% at 5 years 
after LSG. Long-term recurrence of T2DM after initial 
remission in Asian T2DM patients was not common.
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