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Abstract
Background Laparoscopic sleeve gastrectomy (LSG) is an
effective stand-alone bariatric procedure with favorable
short-term results on weight reduction and comorbidity reso-
lution. This study aims to evaluate the long-term results of
LSG to see if weight reduction and diabetic improvement
are sustainable.
Methods We conducted a prospective observational study on
patients receiving LSG as an index stand-alone bariatric oper-
ation in our unit.
Results Between 2006 and 2014, there were 140 patients (91
females) aged 37.9±10.5 years with a body mass index of
41.0±7.0 kg/m2. At 1-year (n=123), 2-year (n=99), 3-year
(n=77), 4-year (n=52), and 5-year (n=44) follow-ups, the
mean percentages of excess weight loss (%EWL) were 70.5,
65.2, 60.2, 53.2, and 57.2 %, respectively, while the

corresponding proportions with failed weight loss (%EWL
<30 %) were 7.3, 9.1, 13.0, 25.0, and 22.7 %. Weight regain
(>25 % rebound in %EWL) was evident with time as 0, 1.0,
11.6, 19.2, and 29.5 % in the first 5-year follow-ups. In 65
patients with type 2 diabetes mellitus, remission (complete
and partial) was achieved in 34.5 % at 1-year, 52.7 % at 3-
year, and 70.6 % at 5-year follow-ups. Proportions of patients
having optimal glycemic control (HbA1c <7 %) increased
significantly from 26.2 % preoperatively to 80.9 % at the first
year and maintained at 78.6 % at the fifth year (P<0.001).
Conclusions LSG was effective in achieving substantial
weight reduction and improved diabetic control for morbidly
obese patients. Although weight regain was possible with
time, majority of patients could maintain sustainable weight
loss, diabetes remission, and glycemic improvement in the
long run.
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Introduction

Laparoscopic sleeve gastrectomy (LSG) is a restrictive bariat-
ric procedure that works by reducing the gastric reservoir vol-
ume to limit food intake and induce satiety. The effect of
surgical weight loss can also be attributed to the reduction of
ghrelin production after the resection of ghrelin-producing
cells in the gastric fundus and the upregulation of incretin
hormone secretion by LSG [1–3]. With these combined re-
strictive and hormone modulation effects, LSG has been
shown to be an effective stand-alone bariatric operation with
favorable short-term results on weight reduction and comor-
bidity resolution [4]. To date, there was only a limited number
of studies reporting the long-term results of LSG in the
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literature [4–10]. It remains unclear if LSG can produce sus-
tainable weight loss and comorbidity improvement in long-
term follow-up.

Type 2 diabetes mellitus (T2DM) is a global epidemic that
is closely related to obesity. Bariatric surgery has been proven
to be more effective than nonsurgical therapies for weight loss
and glycemic control in diabetic patients [11–14]. Systematic
reviews on short-term follow-up data suggested that diabetic
patients experienced a high T2DM resolution rate of over
60 % after LSG [15]. However, the impact of LSG on long-
term diabetic control still remains undefined. It is unclear if
this high remission rate can be sustained and if recurrent
T2DM may occur in longer-term follow-up.

The objective of this study was to evaluate the long-term
results of LSG on weight control and T2DM improvement to
see if these effects were sustainable in the long run.

Materials and Methods

Patients

This was a prospective observational study on consecutive
patients who received LSG as a stand-alone bariatric operation
in the Prince of Wales Hospital. We performed LSG since
2006 to treat obese patients who met the eligibility criteria
for bariatric surgery according to the Asia-Pacific Bariatric
Surgery Group consensus guidelines 2005 [16]. After 2012,
we changed the eligibility criteria by following the Interna-
tional Federation for the Surgery of Obesity and Metabolic
Disorders (IFSO)—Asian Pacific Chapter consensus state-
ment 2011 [17]. Patients with a body mass index (BMI) great-
er than 35 kg/m2 regardless of the existence of comorbidities
or BMI greater than 30 kg/m2 and having inadequately con-
trolled T2DM or metabolic syndrome were included for LSG.
We excluded patients who received LSG as a revisional pro-
cedure from other types of bariatric surgery. The study proto-
col was approved by our institutional research ethics commit-
tee. Informed consent was obtained from all patients included
in this study.

Operative Technique

Our operative technique was previously described [18]. The
entire greater curve was first taken down starting from 6 cm
proximal to the pylorus up to the angle of His until the left
diaphragmatic crus was exposed. With an orogastric bougie
inserted for size calibration, a gastric sleeve was created from
the antrum to the angle of His using sequential firings of
laparoscopic linear staplers. All LSG procedures were per-
formed by one of the three bariatric surgeons in our unit.
The decision on bougie size and staple line reinforcement
was chosen upon surgeons’ discretion.

Follow-up

All LSG patients were prospectively followed up at 1-month,
half-year, 1-year, 1.5-year, 2-year, and then annually in an
outpatient basis. Measurements of body weight, BMI, per-
centage of body fat (%fat), and waist circumference (WC)
were conducted, and these results were collected in our pro-
spective bariatric surgery database. For patients who did not
turn up for follow-up assessments, telephone contacts were
conducted individually to locate them. After getting the pa-
tients’ consent, medical records of these patients from their
own healthcare providers or other hospitals were retrieved to
review their body weight, body composition parameters, and
other obesity-related comorbidity status at different follow-up
time points. The relevant data were then entered into our bar-
iatric surgery database. For patients with T2DM, the fasting
blood glucose (FBG) and glycosylated hemoglobin (HbA1c)
levels were measured at each follow-up. Since January 2010,
fasting insulin and fasting C-peptide levels were also mea-
sured in T2DM patients at 6 weeks, 6 months, and 1 year after
LSG.

Outcome Measures

The percentage of excess weight loss (%EWL) was used to
represent the extent of weight reduction, and it was estimated
using a BMI value of 25 kg/m2 as the ideal body weight.
Successful weight loss was defined as having %EWL greater
than 50 %, and failed weight loss was defined as having
%EWL less than 30 %. Alternatively, the proportions of pa-
tients successfully reverting to the nonobese category after
LSG (BMI <30 kg/m2) were evaluated. During follow-up as-
sessment, rebound in body weight was also estimated. The
percentage of rebound in excess weight loss (%REWL) was
calculated as the percentage difference between the %EWL
measured and the best %EWL achieved during postoperative
follow-up. %REWL was zero if the best %EWL was not yet
reached. Weight regain (WR) was defined as positive if
%REWL was greater than 25 %. In addition, the proportions
of patients having BMI rebound to 35 kg/m2 or above were
also estimated.

For patients with T2DM, the changes in HbA1c levels and
the T2DM remission rates during follow-up were used as out-
come measures. Type 2 diabetes mellitus was defined using
the World Health Organization 1999 diagnostic criteria (FBG
≥7.0 mmol/L or 2-h postprandial plasma glucose ≥11.1 mmol/
L) [19]. The glycemic control was defined as optimal if the
HbA1c level was less than 7 %. Remission of T2DM was
defined using the American Diabetes Association 2009
criteria [20]. Complete remission was defined as a FBG of
<5.6 mmol/L and HbA1c of <6.5 % for at least 1 year without
using active pharmacologic therapy. Partial remission was
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defined as FBG of 5.6–6.9 mmol/L and HbA1c of <6.5 % for
at least 1 year without using active pharmacologic therapy.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statis-
tics® version 22 (IBM, New York, USA). Continuous vari-
ables were presented as mean and standard deviation while
nominal and categorical data were reported as count and per-
centage. Parametric data was compared using t test while data
changes over the follow-up period were compared using
ANOVA test. Differences between nonparametric outcomes
were analyzed using chi-square test andMann-WhitneyU test
where appropriate. A P value of <0.05 was regarded as
significant.

Results

Between May 2006 and June 2014, 140 patients (49 males
and 91 females) underwent laparoscopic sleeve gastrectomy
as a stand-alone operation in our unit. The mean preoperative
body weight and BMI were 112.3±20.0 kg and 41.0±7.0 kg/
m2, respectively. The mean waist circumference was 124.4±
14.1 cm. Majority of them (131 patients, 93.6 %) had obesity-
related comorbidities including dyslipidemia (n=48), hyper-
tension (n=75), obstructive sleep apnea (n=75), osteoarthritis
(n=70), and gastroesophageal reflux disease (n=20). Sixty-
five patients (46.4 %) were suffering from T2DM at presen-
tation while metabolic syndrome was present in 94 patients
(67.1 %).

Perioperative Data

All sleeve gastrectomy procedures were performed by the
laparoscopic approach. There was no conversion to open pro-
cedure. The mean operating time was 134.8±45.9 min.
Orogastric bougie was used in all patients, with 82 patients
(58.6 %) having a bougie size below 40Fr and 58 patients
(41.4 %) having a bougie size of 40Fr or above. The median
hospital stay was five (2–39) days. There was no operative
mortality. Early major morbidities occurred in five patients
(3.6 %). There were two early staple line leakages (1.4 %) at
postoperative days 5 and 14. One of them was treated with
endoscopic clipping while the other was managed successful-
ly with the insertion of self-expandable metal stent. There
were three patients (2.1 %) suffering from postoperative
bleeding and were all treated with conservative measures.
For late morbidities, sleeve stricture was evident in five pa-
tients (3.6 %). All were managed with endoscopic balloon
dilatation, but two patients required operative revision to lap-
aroscopic Roux-en-Y gastric bypass. One patient (0.7 %)

developed proximal pouch dilatation and was treated with
laparoscopic pouch resection.

Weight Control

The mean follow-up duration was 37.8±26.3 months. At 1, 2,
3, 4, and 5 years, a total of 123, 99, 77, 52, and 44 patients
completed follow-up, and the respective lost-to-follow-up
rates were 6.1, 8.3, 13.4, 20.0, and 15.3 %. The mean
%EWL was 70.5 % at 1 year, 65.2 % at 2 years, 60.2 % at
3 years, 53.2% at 4 years, and 57.2% at 5 years (Table 1). The
proportions of patients having successful weight loss (%EWL
>50 %) were 79.7, 71.7, 58.4, 55.8, and 54.5 % from 1 to
5 years respectively while the corresponding proportions of
patients having failed weight loss (%EWL <30 %) were 7.3,
9.1, 13.0, 25.0, and 22.7 % (Fig. 1). At 1, 2, 3, 4, and 5 years,
the proportions of patients successfully reverting to the
nonobese category (BMI <30 kg/m2) were 51.2, 47.5, 40.2,
28.8, and 34.1 %, respectively (Table 1).

Weight Regain

During the postoperative period, the best %EWLwas estimat-
ed and rebound in %EWL was assessed. Similar to the trend
of drop in %EWL over time, rebound in %EWL also in-
creased progressively during follow-up (Fig. 2). The overall
mean %REWL were 0.7 % at 1-year, 4.9 % at 2-year, 11.0 %
at 3-year, 17.4 % at 4-year, and 18.9 % at 5-year follow-ups
(Table 1). Weight regain (defined as %REWL >25 %) was not
evident in the first year but was present in 1.0 % at 2 years,
11.6 % at 3 years, 19.2 % at 4 years, and 29.5 % at 5 years
(Fig. 1). The proportions of patients having BMI rebound to
≥35 kg/m2 were 0.8 % at 1 year, 8.1 % at 2 years, 10.4 % at
3 years, 13.4 % at 4 years, and 9.1 % at 5 years (Table 1).

Revisional Surgery

During postoperative follow-up, eight patients (5.7 %) re-
ceived revisional laparoscopic Roux-en-Y gastric bypass from
LSG, one for intractable gastroesophageal reflux symptoms,
two for sleeve stricture, and five for poor weight control. In the
latter five patients, four had failed weight loss with their mean
%EWL of only 24.6 % prior to revision. One patient received
revision because of weight regain from %EWL >50 % to
%EWL <30 %, and his %REWL prior to revision was
25.4 %. There was no revision to other types of bariatric sur-
gery in this cohort.

Type 2 Diabetes Mellitus and Glycemic Control

Sixty-five patients (24 males and 41 females) with a mean age
of 40.9±10.0 years had T2DM for a median duration of
4.5 years (range 1–32years) before LSG. The mean body
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weight and BMI were 110.2±20.8 kg and 40.6±6.2 kg/m2,
respectively. Their mean preoperative HbA1c was 8.2±1.8 %,
and only 17 (26.2 %) of them were under optimal glycemic
control (HbA1c <7 %). A total of 21 patients (32.3 %) were
using insulin therapy while 44.6 % (n=29), 23.1 % (n=15),
and 16.9 % (n=11) of the patients were using one, two, and
three or more oral anti-diabetes agents (OADs), respectively.
Preoperative fasting C-peptide was measured in 42 patients
(64.6 %). Their mean fasting C-peptide level was 3.4±
2.0 ng/ml, and 57.1 % of them had a fasting C-peptide level
<3 ng/ml.

The mean follow-up duration was 31.2±24.4 months.
During 1-year, 2-year, 3-year, 4-year, and 5-year follow-

ups, there were 55 patients (98.2 %), 45 patients (93.8 %),
36 patients (92.3 %), 23 patients (92.0 %), and 17 patients
(89.5 %) completed follow-up, respectively. The mean
HbA1c levels dropped significantly from 8.2±1.8 % pre-
operatively to 6.3±0.8 % (P<0.001) over the 5 years
(Table 2). The proportions of patients with optimal glyce-
mic control (HbA1c <7 %) increased significantly from
26.2 % preoperatively to 80.9, 76.7, 74.2, 68.8, and
78.6 % at each successive follow-up year (P<0.001). At
1 year, the overall T2DM remission (complete and partial)
was achieved in 34.5 % of patients. This figure rose to
53.3 % at 2 years and maintained at 52.7 % at 3 years,
60.9 % at 4 years, and 70.6 % at 5 years. At the last

Table 1 Changes in weight and body composition parameters with time

Preoperative
(n=140)

1 year
(n=131)

2 years
(n=108)

3 years
(n=89)

4 years
(n=65)

5 years
(n=52)

No. of follow-up patients (%) – 123 (93.8) 99 (91.7) 77 (86.5) 52 (80.0) 44 (84.6)

BW (kg)a 112.3±20.0 83.1±17.0 84.5±18.6 86.8±18.8 91.0±20.5 89.1±18.3

BMI (kg/m2)a 41.0±7.0 30.7±5.2 31.4±5.7 32.4±5.8 34.4±7.2 33.7±6.8

% fat (%)a 48.8±11.1 33.6±9.1 34.7±9.3 37.2±11.0 39.2±11.8 39.7±10.8

WC (cm)a 124.4±14.1 101.0±12.7 102.8±14.3 103.9±16.5 107.9±13.8 107.7±12.6

%EWL (%)a – 70.5±29.1 65.2±30.0 60.2±25.0 53.2±26.8 57.2±30.4

No. of patients having BMI <30 kg/m2 (%) – 63 (51.2) 47 (47.5) 31 (40.3) 15 (28.8) 15 (34.1)

%REWLab – 0.7±2.3
0 (0–19.0)

4.9±6.5
2.4 (0–28.6)

11.0±11.6
8.3 (0–52.6)

17.4±14.2
13.5 (0–55.9)

18.9±18.3
10.3 (0–75.8)

No. of patients having BMI rebound to ≥35 kg/m2 (%) – 1 (0.8) 8 (8.1) 8 (10.4) 7 (13.5) 4 (9.1)

BW body weight, BMI body mass index,% body fat percentage of body fat,WCwaist circumference,%EWL percentage of excess weight loss,%REWL
rebound in percentage of excess weight loss
a Data are mean±standard deviation
bData are median (range)

Fig. 1 Proportions of patients
with successful weight loss
(%EWL >50 %), failed weight
loss (%EWL <30 %), and weight
regain (%REWL >25 %) during
postoperative follow-up
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follow-up (mean duration 31.2±24.4 months), the propor-
tion of patients with optimal glycemic control increased
from 26.2 to 78.9 % (P<0.001). The overall T2DM remis-
sion rate was 55.4 % (50.8 % complete remission and
4.6 % partial remission), and 14 patients (66.7 %) stopped
using supplemental insulin therapy.

In patients who had previously achieved T2DM remission,
two patients (3.1 %) developed recurrent T2DM during fol-
low-up. There was no recurrent T2DM at 2 and 4 years, but
one respective patient (one male and one female) developed
recurrent T2DM at 3 and 5 years. Both of them did not require
insulin therapy. One was treated by an OAD while the other
was managed with diet control. Weight regain was not evident
in both patients throughout the follow-up period.

Other Comorbidity Improvements

In a mean follow-up of 37.8±26.3 months, 60 (63.8 %) out of
94 patients had metabolic syndromes resolved. Improvement
in disease control was observed for dyslipidemia in 45.8 %,
hypertension in 49.3 %, obstructive sleep apnea in 70.0 %,
and osteoarthritis in 40.0 % of patients.

Discussion

LSG was initially developed as a bridging procedure to the
duodenal switch for super obese high-risk patients. Short-term
results from various studies demonstrated that LSG was a

Fig. 2 Changes in percentage of
excess weight loss (%EWL) and
rebound in %EWL (%REWL)
during postoperative follow-up

Table 2 T2DM control and remission rates after LSG (n=65)

Preoperative
(n=65)

1 year (n=56) 2 year (n=48) 3 year (n=39) 4 year (n=25) 5 year (n=19)

No. of follow-up patientsb – 55 (98.2) 45 (93.8) 36 (92.3) 23 (92.0) 17 (89.5)

HbA1c (%)a 8.2±1.8 6.3±1.7 6.5±1.6 6.7±1.9 7.0±2.2 6.3±0.8

Patients with HbA1c <7 % (%) 26.2 80.9 76.7 74.2 68.8 78.6

Complete remissionb – 19 (34.5) 24 (53.3) 17 (47.2) 14 (60.9) 11 (64.7)

Partial remissionb – 0 (0) 0 (0) 2 (5.5) 0 (0) 1 (5.9)

Overall remissionb 19 (34.5) 24 (53.3) 19 (52.7) 14 (60.9) 12 (70.6)

No remissionb – 36 (65.5) 21 (46.7) 17 (47.2) 9 (39.1) 5 (29.4)

Recurrent T2DMb – 0 (0) 1 (2.8) 0 (0) 1 (5.9)

T2DM type 2 diabetes mellitus, LSG laparoscopic sleeve gastrectomy, HbA1c glycosylated hemoglobin
a Data are mean±standard deviation
bData are count (percent)
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technically less complex stand-alone bariatric operation with a
safer complication profile and lower mortality [21]. We had
previously reported the early results of our first 29 LSG pa-
tients as combined data with another collaborative hospital
and showed that the early %EWL achieved was up to
63.5 % at 1 year [18]. In the current study, we had conducted
a long-term observational analysis on our own patients. Re-
sults from the present study suggested that LSG was effective
in achieving substantial weight reduction over short-term, me-
dium-term, and long-term follow-ups. Although weight re-
bound was evident with time, the mean %REWL remained
acceptably low at medium- and long-term assessment. Major-
ity of patients did not have remarkable weight regain in me-
dium follow-up, but weight regain was observed in about
30 % of patients in long-term follow-up. Apart from weight
control, our results also showed that T2DM remission was
sustainable in medium- and long-term assessment. The pro-
portions of patients with optimal glycemic control (HbA1c<
7 %) maintained almost well above 70 % throughout the post-
operative period after LSG.

Our data supported the role of LSG in achieving substantial
weight reduction as a stand-alone bariatric operation for mor-
bid obesity. In this study, a highmean%EWLwas achieved as
early as 1 year and then maintained well above 50 % through-
out the postoperative period. The vast majority of published
data on LSG concluded its merits in achieving promising
weight reduction in terms of %EWL at short-term follow-up.
As for long-term follow-up data, a recent systematic review on
492 patients by Diamantis et al. found a 5-year mean %EWL
of 62.3 % [22]. Earlier studies from the western population by
Bohjiadian et al. [5], Sarela et al. [6], and Rawlins et al. [7]
revealed that the %EWL was 57–73 % at early- (1 year), 60–
77 % at medium- (3 years), and 55–81 % at long-term
(≥4 years) follow-ups. In this study representing the Chinese
population, the %EWL was 70.5 % at early- (1 year), 60.2 %
at medium- (3 years), and 57.2 % at long-term (5 years) fol-
low-up. Despite the difference in ethnic origin, the %EWL
achieved by Chinese patients after LSG were largely similar
to that of the western population.

With regard to the trend of postoperative %EWL change,
our data suggested a slow progressive drop in %EWL and a
similar trend of increasing %REWL over time. Results from
literature publications about the change in %EWL were het-
erogeneous. While Bohjiadian and Sarela reported a peak
%EWL at 3 years [5, 6], Rawlins demonstrated an unusual
rising trend of %EWLwith time that reached a peak at 4 years
[7]. As for the present study analyzing 140 patients, the best
%EWLwas achieved at early follow-up at 1 year as 70.5 %. It
dropped gradually to 60.2 % at 3 years but maintained at
57.2 % at 5 years. These findings were similar to a recent
Chinese study by Zachariah et al. who reported the dropping
trend of %EWL of 72.3 % at 1 year, 71.9 % at 3 years, and
63.7 % at 5 years [9]. In the survey on LSG at the Fourth

International Consensus Summit on Sleeve Gastrectomy
2012, the %EWL at 1, 3, and 5 years were lower at 59.3,
54.7, and 52.4 %, respectively [23]. Our results on %EWL
similarly demonstrated a progressively falling trend over time.
Such declining results of %EWL implied the tendency of
weight regain with time after LSG.

Bariatric surgery was traditionally believed to be effective
in achieving sustainable weight reduction. Our results showed
that weight rebound after LSG was evident with time but the
mean %REWL was well below 20 % throughout the five
postoperative years. Looking at the %REWL, our patients
were regaining only 11.0 % at 3 years and 18.9 % at 5 years.
Only 9.1 % of patients were having BMI rebound to ≥35 kg/
m2 by 5 years after LSG. The proportions of patients achiev-
ing successful weight loss (%EWL >50 %) were 79.7 % at
short-term, 58.4 % at medium-term, and still 54.5 % at long-
term follow-ups. The proportions of patients with failed
weight loss (%EWL <30 %) were low at 13.0 and 22.7 % at
respective medium- and long-term follow-ups. By 5 years af-
ter LSG, 29.5 % of patients developed weight regain
(%REWL >25 %). These results reflected that regain in body
weight and fall in %EWL were possible after LSG in long-
term follow-up. Although majority of patients could achieve
sustainable weight loss, remarkable rebound in %EWL
(%REWL >25 %) was present in about 30 % of patients.

There were several postulations for weight regain. First,
weight regain might be attributed to anatomical factors. As
the size of the gastric sleeve was directly related to the extent
of weight loss, sleeve dilatation after LSG might potentially
account for gradual weight regain. Secondly, a previous study
by Bohdjalian et al. suggested the importance of hormonal
factors in weight regain and showed that the plasma ghrelin
levels were higher in weight regain patients as compared to
those who experienced appropriate weight loss or mainte-
nance after LSG [5]. Besides, a recent systematic review by
Karmali et al. also reported the factors of dietary noncompli-
ance, physical inactivity, and mental health disorders as po-
tential causes of weight regain [24].

In the literature, results on T2DM remission after LSG
were variable. In a systematic review of 673 patients receiving
LSG, the short-term T2DM remission rate was 66.2 % at
13 months [15]. However, the long-term diabetic control after
LSG was yet to be elucidated because of the lack of long-term
follow-up data. Zachariah et al. reported a T2DM resolution
rate of 86 % at 1 year, 71 % at 3 years, and 66 % at 5 years
while Sieber et al. and Rawlins et al. both stated a consider-
ably higher T2DM remission rate at 5 years (85 and 100 %,
respectively) [7–9]. However, the definitions of T2DM remis-
sion were not well stated in these reports and were believed to
be heterogeneous and arbitrary. In this study, we adopted the
stringent American Diabetic Association criteria to define
T2DM remission using FBG values, HbA1c levels, and med-
ication profiles. We believed our results were a good reflection
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of T2DM remission rates in Chinese population. In addition,
the postoperative T2DM remission rate was largely affected
by the duration and severity of preoperative T2DM status. It
was presumable that patient cohorts from different studies
were different and so a direct comparison of the T2DM remis-
sion rates among different studies was deemed impossible.

Compared to the literature results on T2DM remission, our
data revealed more stable T2DM remission rates throughout
the postoperative follow-up period. Despite the progressive
drop in mean%EWL and the increase in %REWL, the overall
T2DM remission (complete and partial) rates were maintained
at 52.7–70.6 % from medium- to long-term follow-ups. Re-
gardless of the remission status, the respective mean HbA1c
levels at both medium- and long-term follow-ups improved
significantly from 8.2 to 6.7 and 6.3 %. There was excellent
improvement in glycemic control with almost over 70 % of
patients being able to achieve HbA1c <7 % from early- to
long-term follow-ups. Recurrent T2DMwas possible but only
developed in a small minority of patients at long-term evalu-
ation. Even with recurrence, such patients did not require in-
sulin therapy for disease control. All these results supported
that LSG was able to produce sustainable glycemic improve-
ment in the long run.

To overcome the common limitation of high lost-to-follow-
up [5–7, 10], we had conducted a robust strategy to retrieve
the missing follow-up data. For patients who did not turn up
for follow-up assessments, we performed repeated individual
telephone contacts to locate the patients. Once these patients
were reached, we obtained their consents to retrieve their med-
ical records from other healthcare providers or hospitals for
data related to weight control and co-morbidity change. Rele-
vant data at different follow-up time points were then re-
entered into our bariatric surgery database. This effectively
helped to minimize our lost-to-follow-up rates to only 6.1 %
at short-term, 13.4 % at medium-term, and 15.3 % at long-
term follow-ups. We believe that the available data in this
study could make a representative contribution to the under-
standing of the long-term effects of LSG on weight loss,
weight regain, and diabetic remission in Chinese patients.

In conclusion, laparoscopic sleeve gastrectomy is ef-
fective in achieving substantial weight loss and glyce-
mic improvement of type 2 diabetes mellitus in morbid-
ly obese Chinese patients. While weight regain was ev-
ident with time, the extent of rebound in %EWL was
not remarkably high. T2DM remission and significant
glycemic improvement are sustainable in long-term fol-
low-up.
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