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Abstract
Background Bariatric surgery may be beneficial in mildly
obese patients with poorly controlled diabetes. The optimal
procedure to achieve diabetes remission is unknown. In 2011,
we published the short-term results of a pilot study designed to
evaluate the efficacy of diabetic control and the role of duo-
denal exclusion in mildly obese diabetic patients undergoing
laparoscopic sleeve gastrectomy (SG) vs. a laparoscopic sin-
gle anastomosis (mini-) gastric bypass (SAGB). This study
analyzes the 5-year results and evaluates the incretin effect.
Methods A double-blind randomized trial included 60 partic-
ipants with a hemoglobin A1c (HbA1c) level higher than
7.5 %, a body mass index (BMI) between 25 and 35 Kg/m2,
a C-peptide level ≥1.0 ng/mL, and a diagnosis of type 2
diabetes mellitus (T2DM) for at least 6 months. A SAGBwith
duodenal exclusion or a SG without duodenal exclusion was
performed.
Results The 5-year results of the primary outcome were as an
intention-to-treat analysis for HbA1c ≤6.5 % without glyce-
mic therapy. Assessments of the incretin effect and β cell
function were performed at baseline and between 36 and
60 months. The patients were randomly assigned to SAGB

(n=30) and SG (n=30). At 60 months, 18 participants (60 %;
95% confidence interval (CI), 42 to 78%) in the SAGB group
and nine participants (30 %; 95 % CI, 13 to 47 %) in the SG
group achieved the primary end points (odds ratio (OR), 0.3;
95%CI, 0.1 to 0.8 %). The participants assigned to the SAGB
procedure had a similar percentage of weight loss as the SG
patients (22.8±5.9 vs. 20.1±5.3 %; p>0.05) but achieved a
lower level of HbA1c (6.1±0.7 vs. 7.1±1.2 %; p<0.05) than
the SG patients. There was a significant increase in the incretin
effect before and after surgery in both groups, but the SAGB
group had a higher incretin effect than the SG group at
5 years.
Conclusions In mildly obese patients with T2DM, SG is
effective at improving glycemic control at 5 years, but
SAGB was more likely to achieve better glycemic control
than SG and had a higher incretin effect compared to SG.

Keywords Sleeve gastrectomy . Gastric bypass . Type 2
diabetesmellitus . Randomized trial . Incretin effect

Introduction

Bariatric surgery is the most effective treatment for morbidly
obese patients (body mass index (BMI) >35 Kg/m2) for pro-
moting weight loss and managing obesity-related comorbidi-
ties [1–3]. The majority of morbidly obese diabetic patients
display a dramatic improvement in their type 2 diabetes
mellitus (T2DM), and this group benefits the most from
bariatric surgery [4, 5]. For this reason, bariatric surgery has
been proposed as a new treatment modality for mildly obese
diabetic patients who do not have satisfactory control with
current medical treatment [6–10]. It has been hypothesized
that changes in gastrointestinal hormone secretions would
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favor an early improvement of T2DM in gastric bypass sur-
gery, which bypasses the duodenum and upper jejunum (the
foregut theory) [11–13]. Elucidating the role of duodenal
exclusion in diabetes remission is important for clinicians to
understand the mechanism, to choose the appropriate proce-
dures, and to develop novel treatments in the future [14]. This
study aims to test the foregut hypothesis. We reported the 1-
year results of this study and demonstrated that gastric bypass
surgery was more effective than sleeve gastrectomy; we pro-
posed that duodenal exclusion does play a role in the mecha-
nism of diabetes remission [15]. We reported the second year
results and studied the post-meal changes in the gut hormones
between the two procedures [16]. We also studied insulin
secretion and adipocytokines in this group of patients [17].
This article reports the 5-year results of our randomized trial
comparing laparoscopic sleeve gastrectomy with gastric by-
pass surgery for the treatment of mildly obese T2DM patients
and evaluates the changes in the incretin effect.

Methods

The study was conducted in the Department of Surgery of
Min-Sheng General Hospital, National Taiwan University.
The institutional review board (IRB) approved the study, and
written informed consent was obtained from each patient.

The interventions included two components: half of the
participants had laparoscopic single anastomosis (mini-) gas-
tric bypass (SAGB) and the other half had laparoscopic sleeve
gastrectomy (SG). The interventions were provided without
charge. Compensation ranged from $50 to $200 for the yearly
visit and function studies. The trial was registered with
clinicaltrials.gov identifier: NCT00540462.

Patient Eligibility and Enrollment

Between September 2007 and June 2008, 60 patients partic-
ipating in the study were randomized to receive SAGB (n=30)
or SG (n=30). The patients were recruited through mass
media advertisements, contact with professional groups, and
a practice-based database. The patients were included if they
were 30 to 60 years old, had been receiving treatment for
T2DM for at least 6 months before recruitment, had a hemo-
globin A1c (HbA1c) level higher than 7.5 %, and had a serum
C-peptide level higher than 1.0 ng/mL. The participants had a
BMI of 25.1 to 34.9 Kg/m2 and were willing to accept ran-
domization to either surgical group and follow the full
treatment.

The randomization assignment was double-blinded until
1 month after surgery. The randomization schedule used per-
muted blocks for every ten patients. The investigators, data
collectors, and outcome adjudicators were blinded to aggregate
outcomes until the final patient completed the yearly follow-up.

Surgical Technique

The surgical team performed both types of surgical procedures
and had broad experience with both techniques. For SAGB, a
simplified “laparoscopic single anastomosis (mini-) gastric
bypass” was performed as previously described [18, 19].
Briefly, through a standard 5-port laparoscopic technique, a
long-sleeved gastric tube was created by the EndoGIA stapler
(Tyco, United States Surgical Corporation, Norwalk, CT,
USA) approximately 2.0-cm wide along the lesser curvature
from the antrum to the angle of His. A Billroth II type loop
single gastroenterostomy was created with the small bowel
about 120 cm distal to the ligament of Treitz, using the
EndoGIA stapler.

SG, the other procedure had been performed at our center
since 2005 and is described elsewhere [20]. In brief, a vertical
gastrectomy was performed by resecting the greater curvature
from the distal antrum (4 cm proximal to the pylorus) to the
angle of His including the complete fundus, using a 28 Fr size
gastroendoscopy as a calibration tube. The remnant stomach
tube was approximately 2-cm wide along the lesser curvature.
The resected portion of the stomach was extracted from the
extended periumbilical trocar site. A running absorbable
seromuscular suture was applied to the staple line with cali-
bration tube in the side to prevent hemorrhage and leakage.

Follow-Up and Medical Management

All the patients attended monthly postoperative visits for the
first 3 months, then every 3 months for the first year, and
yearly thereafter. All the patients were given routine tests for
nutritional deficiencies, and multivitamins and supplements
were prescribed accordingly. All patients were followed by
the same endocrinologist (K. Chong) and referred back to
their primary physician for continued management of their
conditions.

Outcomes

The primary outcome was considered successful if patients
achieved anHbA1c ≤6.5%without glycemic agents at the 60-
month visit. Secondary outcome measures included the per-
centage of weight loss and resolution of the metabolic syn-
drome defined by the National Cholesterol Education
Program Adult Treatment Panel III criteria [21]. Any adverse
events and revision surgeries were recorded.

Measurement and Data Collection

Collected data included the height, weight, blood pressure,
pulse rate, medications used, and adverse events. Laboratory
measurement included a complete blood cell count, blood
levels of HbA1c, fasting lipid profile, hepatic panel, ferritin,
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iron, calcium, parathyroid hormone, fasting glucose, insulin,
and C-peptide concentrations. Change in the indirect mea-
sures of insulin resistance using the homeostasis model as-
sessments (HOMA) was measured [22].

Incretin Effect

The patients were studied at 2 days before surgery and again
after surgery for more than 56 months. The incretin effect was
defined as the difference in insulin secretion (area under curve
(AUC)) in response to an oral glucose tolerance test (OGTT)
and to an isoglycemic intravenous glucose test (IsoG IVGT).
The OGTT and the IsoG IVGTwere administered on separate
days.

The patients first underwent a 3-h OGTT. For this test, the
patients consumed 50 g of glucose (in a total volume of
300 mL). Blood samples were collected 15 min prior to the
oral glucose load; immediately before the load; and at 15, 30,
60, 90, 120, 150, and 180 min afterwards to measure blood
glucose, C-peptide, and insulin levels. For the IsoG IVGT,
glucose (sterile 50 % dextrose solution in water) was infused
intravenously over 3 h using an infusion pump. A blood
sample was collected every 5 min using a contralateral
antecubital intravenous catheter, and the glucose level was
measured from this sample at the patient’s bedside. The glu-
cose infusion rate was adjusted to match blood glucose con-
centrations obtained at each time point for the same patient
during the earlier 3-h OGTT.

The differences in the B cell responses (insulin AUC) to the
oral and isoglycemic IV glucose stimuli represented the
incretin effect. The action of the incretin factor is expressed
as a percentage of the physiological response to oral glucose
using the following formula: incretin effect=Insulin AUC
(OGTT)− Insulin AUC (isoG IVGTs) / Insulin AUC
(OGTT)×100 %.

Statistical Design and Analysis

The 5-year results of the primary outcomes were as an
intention-to-treat analysis for HbA1c ≤6.5 % without glyce-
mic therapy. For participants who did not have data for the
metabolic syndrome at 60 months, the methods of multiple
imputation were based on all prior data [23]. Logistic regres-
sions were used to compare proportions of success in the two
groups (SAS PROC MI and SAS PROCMIANALYZE, SAS
9.2, SAS institute Inc.).

Estimates of the sample size were based on the following
assumptions: a two-sided significance level of P<0.05 and a
standard superiority trial design, 95 % power, and an alterna-
tive hypothesis of success rates of 80 % success rate in the
gastric bypass group vs. 40% in the sleeve gastrectomy group.
These estimates were derived from our previous study [2].

This alternative hypothesis resulted in a sample size estimate
of 56 participants (28 in each group).

Multiple imputations were used to address the issue of
missing outcome data [23] for participants missing the 5-
year visit with PROC MI in SAS. The following baseline
covariates were used: age, sex, HbA1c, low-density lipopro-
tein (LDL), high-density lipoprotein (HDL), total cholesterol,
triglycerides, systolic and diastolic blood pressures, blood
glucose, weight, and waist circumference. Information regard-
ing the crossover status was used, but no other post-crossover
information was used. Analysis of the imputed data set was
based on a logistic regression carried out using PROC
MIANALYZE in SAS. The graphs indicate the means and
the 95 % confidence intervals (CIs).

Results

Participant Characteristics

The methodology of recruitment and screening is summarized
in Fig. 1. A total of 219 candidates for the study were screened
to attain 60 randomized patients. The patient characteristics at
baseline are summarized in Table 1. The participants had
T2DM for an average of 6.4 years (95 % CI, 4.2–8.5 years)
at enrollment. The mean (SD) BMI was 30.6 Kg/m2 (25.1–
34.7), the mean age was 45 years (34–58), and the mean
HbA1c was 10.0 % (7.5–15.0). The baseline characteristics
were similar across the randomized groups except a slight
difference in high-density lipoprotein and C-peptide. Before
surgery, all the patients (100 %) had oral medications, 18.3 %
of them had insulin usage and 55 % of the patients took lipid-
lowering or antihypertensive medication; no difference be-
tween the SAGB and SG group was observed.

Twelve (20 %) of the 60 enrolled participants were lost to
follow-up at 5 years; this included six patients from each
group. There were four crossovers: four participants random-
ized to the SG group underwent revision Roux-en-Y gastric
bypass because of persistent diabetes in three and intractable
acid reflux esophagitis in one.

Treatment Effects

At 5 years, 18 participants (60 %; 95 % CI, 42–78 %) in the
SAGB group and nine participants (30 %, 95 % CI, 13–47 %)
in the SG group achieved the primary end points (odds ratio
(OR), 0.3; 95 % CI, 0.1–0.8; Table 2). The mean reduction of
HbA1c was 2.8 in the SG group and 3.9 in the SAGB group
5 years after surgery. There was an approximately 30 %
discrepancy between the groups (Fig. 2)

At 5 years after surgery, both groups had a marked reduc-
tion of body weight and improvement of other associated
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metabolic disorders including reduction of waist size, blood
pressure, insulin, C-peptide, and blood lipids (Table 2). The
weight losswas similar between the groups through the 5 years
(Fig. 2). The mean (SD) weight loss after SAGB was 22.8 %
(5.9 %) of the starting weight at 5 years without a significant
difference when compared to the 20.1 % (5.3) reduction after
SG. SAGB achieved a significantly lower mean BMI than SG
(23.3 (2.0) vs. 25.1 Kg/m2 (2.4)] at 5 years after surgery.
SAGB also had significantly lower levels of blood lipids and
blood pressure than SG (Table 2). Twenty-four patients (80%)
in SG still had metabolic syndrome compared with only eight
patients (26.7 %) after SAGB (OR, 4.1; 95 % CI, 1.5–11.5).
SAGB had lower levels of albumin and iron than SG at
5 years.

At 5 years after surgery, 39.6 % of them (16.7 % in SAGB
and 62.5 % in SG, p=0.002) had used oral medication and

4.2 % (0 % in SAGB and 8.3 % in SG, p=0.150) had insulin
usage. In addition, significantly lower percentage of patients
were still receiving lipid-lowering and antihypertensive med-
ication in the SAGB group than in SG group (8.3 and 16.7 vs
45.8 and 45.8 %, p=0.005 and 0.037) (Table 2).

Oral Glucose Tolerance Test and Insulin Secretion

The AUC of glucose during the OGTTsignificantly improved
in both groups without difference at 5 years after surgery,
SAGB 2,232 ± 1,300 uIU.min/mL and SG 2,399 ±
1,118 uIU.min/mL. Insulin resistance measured by the
HOMA index was dramatically reduced after bariatric surgery
without differences between the groups, 10.6 (23.2) after
SAGB and 9.1 (9.6) after SG groups, and it decreased to 0.9
(0.6) and 1.1 (0.5), respectively, at 5 years.

Fig. 1 Flow diagram of patients
in the study
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Incretin Effect

Data in both groups were combined to look at the incretin
response to intravenous (IV) glucose and the isoglycemic
glucose tolerance tests. In the patients before bariatric surgery,
the insulin responses to oral glucose were not significantly
higher than the responses to IV glucose, indicating a blunted
incretin effect with a preoperative level of 19.8±21.9 %
(Fig. 3). After bariatric surgery, the incretin effect increased
dramatically in both groups at 3 months and persisted up to
5 years with a mean effect of 58.7±21.4 %. The incretin effect
on C-peptide also increased significantly after metabolic sur-
gery (from 12.0±17.2 % at baseline to 38.2±14.8 % at 5 years
after surgery). When evaluated separately, the SAGB group
had a significantly higher mean (SD) incretin effect than the
SG at 5 years in insulin (65.2 % (17.2 %) vs. 46.8 % (24.5 %);

difference 18.4 %, 95 % CI −33.1 to −3.8) and in C-peptide
(44.2 % (11.6 %) vs. 27.1 % (14.4 %); difference 17.1 %,
95 % CI −26.3 to −7.9] (Fig. 4).

Adverse Events and Crossover

In total, five (10.4 %) patients had major adverse events
possibly related to diabetes during the follow-up. One patient
in the SAGB group died at 54 months after surgery due to
acute myocardial infarction. Another patient had acute myo-
cardial ischemia but only required stent treatment. One patient
in the SG group developed end stage kidney disease and
received regular hemodialysis 2 years after surgery. One pa-
tient in the SG group developed a minor stroke with left
hemiparesis 2 years after surgery. One patient in the SAGB
group received a left lower leg amputation after a traffic

Table 1 Baseline data by treatment group

Variables SAGB (n=30) SG (n=30) P value

Demographic

Age, mean (SD), years 44.6 (8.6) 46.4 (8.1) 0.391

Women, no. (%) 22 (73.3) 22 (68.8) 1.000

General medical, mean (SD)

Body mass index (Kg/m2) 30.2 (2.2) 31 (2.8) 0.221

Waist circumference (cm) 99.9 (8.7) 102.1 (8.5) 0.308

Blood pressure (mmHg)

Systolic 130.3 (9.3) 128.7 (5.0) 0.528

Diastolic 76.4 (8.6) 80.1 (7.8) 0.083

Duration of diabetes, years 5.8 (5.7) 6.9 (5.3) 0.438

Medication usage, no. (%)

Oral hypoglycemic 30 (100) 30 (100) 1.000

Insulin usage 4 (3.3) 7 (23.3) 0.317

Antihypertension 16 (53.3) 17 (56.7) 0.795

Lipid lowering 16 (53.3) 17 (56.7) 0.795

Laboratory values, mean (SD)

HbA1c (%) 10.0 (1.8) 9.9 (1.8) 0.906

Cholesterol (mg/dL) 200.9 (76.6) 230.6 (85.3) 0.414

LDL (mg/dL) 137.3 (37.8) 142.9 (44.6) 0.611

HDL (mg/dL) 47.9 (9.6) 42.8 (6.3) 0.017*

Triglycerides (mg/dL) 195.2 (128.3) 262.2 (152.8) 0.067

Creatinine (mg/dL) 0.66 (0.15) 0.72 (0.25) 0.346

Fasting C-peptide (ng/mL) 2.5 (1.1) 3.2 (1.5) 0.041*

Fasting glucose (mg/dL) 200.9 (76.6) 230.6 (85.3) 0.155

Alanine aminotransferase (U/L) 42.5 (35.3) 40.7 (21.1) 0.809

Serum albumin (g/dL) 4.4 (0.4) 4.3 (0.3) 0.198

Calcium (mg/dL) 9.0 (0.5) 8.9 (0.5) 0.556

Hemoglobin (g/dL) 14.6 (1.4) 13.9 (1.5) 0.071

Iron (μg/dL) 86.3 (64.5) 85.5 (32.8) 0.106

Incretin effect by insulin (%) 17.3 (12.5) 26.3 (16.3) 0.833

HbA1c hemoglobin A1c, LDL low-density lipoprotein, HDL high-density lipoprotein
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accident at 4 years after surgery. One patient (4.2 %) had
marginal ulcer in SAGB. There were two patients (8.4 %) in
both SAGB and SG group still required proton pump inhibitor
treatment at 5-year after surgery.

Five (10.4 %) patients required revision operations. One
patient in the SAGB group was converted to Roux-en-Y
gastric bypass (RYGB) because of intractable bile reflux

esophagitis at 4 years after surgery. Four patients in the SG
group had undergone crossover to RYGB. One patient
underwent conversion from SG to RYGB after 2 years be-
cause of aggravation of her diabetes. Her initial HbA1c was
9.1 %. Two years after the SG, she had a 12.8 % weight loss
and her HbA1c dropped to 8.4 % then increased to 9.1 %.
After revision to gastric bypass, her weight loss increased to

Table 2 Five-year outcomes

Dichotomous outcomes

SAGB, no. (%) of patients SG, no. (%) of patients OR (95 % CI) p value

HbA1c ≤6.5 % 18 (60.0) 9 (30.0) 0.3 (0.1–0.8) 0.022a

HbA1c <6.0 % 8 (26.7) 2 (6.7) 0.2 (0.04–1.0) 0.050a

Metabolic syndrome 8 (26.7) 24 (80.0) 4.1 (1.5–11.5) 0.007a

Oral hypoglycemic agents 4 (16.7) 15 (62.5) 6.5 (1.8–23.2) 0.005a

Insulin usage 0 2 (8.3) 0.5 (0.4–0.6) 0.150

Antihypertension agent 4 (16.7) 11 (45.8) 3.8 (1.1–13.6) 0.037a

Lipid-lowering agent 2 (8.3) 11 (45.8) 8.1 (1.6–40.8) 0.005a

Continuous outcomes

SAGB, mean (SD) SG, mean (SD) Difference (95 % CI) p value

Glycemia

HbA1c (%) 6.1 (0.7) 7.1 (1.2) 1.0 (0.2–1.6) 0.016a

Fasting glucose (mg/dL) 107.2 (31.8) 122.4 (11.9) 15.2 (−3.0–33.4) 0.098

Serum lipids (mg/dL)

Cholesterol 158.7 (32.8) 202 (37.4) 43.3 (16.9–69.8) 0.002a

LDL 98 (16.6) 128.6 (48.2) 30.6 (−4.5–65.7) 0.081

HDL 51.9 (4.9) 53 (8.6) 1.11 (−7.7–9.9) 0.798

Triglyceride 67.7 (16.9) 104.3 (28.5) 36.6 (20.1–53.1) 0.000a

Blood pressure

Systolic 116.0 (17.9) 125.7 (17.0) 9.7 (−3.7–23.1) 0.148

Diastolic 70.7 (10.7) 84.8 (10.3) 14.2 (6.1–22.2) 0.001a

Weight

BMI (Kg/m2) 23.3 (2.0) 25.1 (2.4) 1.8 (0.4–3.1) 0.010a

Percent weight change (%) 22.8 (5.9) 20.1 (5.3) −2.7 (−0.06–0.01) 0.102

Waist circumference (cm) 81.6 (7.9) 85.8 (3.9) 4.1 (−0.2–8.4) 0.103

Incretin effect

Insulin 65.2 (17.2) 46.8 (24.5) −18.4 (−33.1–−3.8) 0.015a

C-peptide 44.2 (11.6) 27.1 (14.4) −17.1 (−26.3–−7.9) 0.001a

Insulin, mean (SD), uIU/mL 3.0 (2.0) 3.5 (1.4) 0.5 (−0.9–1.9) 0.497

HOMA, mean (SD) 0.9 (0.6) 1.1 (0.5) 0.2 (−0.0–0.7) 0.291

Glucose AUC, mean (SD) 24,126 (6,827) 28,058 (6,102) 3,931 (−1,350–9,213) 0.138

Insulin AUC, mean (SD) 2,232 (1,300) 2,399 (1,118) 167 (−824–1,157) 0.731

Albumin (g/dL) 4.2 (0.2) 4.4 (0.2) 0.2 (0.1–0.4) 0.010a

Calcium (mg/dL) 9.0 (0.4) 9.7 (1.3) 0.7 (−0.8–2.2) 0.106

Creatinine (mg/dL) 0.68 (0.06) 0.85 (0.27) 0.17 (−0.01–0.34) 0.060

Hemoglobin (g/dL) 11.8 (2.1) 12.5 (1.8) 0.7 (−0.8–2.2) 0.342

Iron (μg/dL) 42.0 (35.3) 97.5 (26.0) 55.6 (31.5–79.6) 0.027a

HbA1c hemoglobin A1c, LDL low-density lipoprotein, HDL high-density lipoprotein, BMI body mass index (calculated as weight in kilograms divided
by height in meters squared), HOMA homeostasis model assessments, AUC area under curve
a ORs, Differences, and the 95 % CIs are computed using multiple imputations
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22 % and her HbA1c decreased to 6.9 %. Another patient
received a revision bypass surgery at 3 years after SG. Her
initial HbA1c was 8.3 % but it increased to 9.5 % at 3 years
with a weight loss of 12.1 %. After the revision surgery, her
weight loss increased slightly to 12.9 % and her HbA1c was
7.9 %. One patient received a revision bypass after 1 year
because of inadequate weight loss. Her weight loss was
17.8 % with a BMI dropped from 34 to 28 and her HbA1c
decreased from 9.6 to 6.9 %. After the revision surgery, her
BMI decreased to 27 Kg/m2 and her weight loss increased to
22 %, but her HbA1c remained at 6.8 %. The last patient
received a revision RYGB surgery at 4 years after SG because
of intractable acid reflux esophagitis. He had a 28.3 % weight
loss before the revision surgery and his HbA1c decreased
from 7.7 to 6.5 %. After the revision surgery, his weight loss
increased to 34.2 % and his HbA1c dropped to 6.2 %.

Discussion

The current evidence suggests that bariatric surgery is associ-
ated with better short to intermediate weight loss and glycemic
control outcomes than non-surgical therapy in patients with
diabetes and a BMI <35 Kg/m2 [24–26]. Until now, the data
on the long-term control from randomized clinical trials were
insufficient [27, 28]. This study provides the first evidence
from a randomized trial showing persistent improved glucose
outcomes as measured by the HbA1c up to 5 years after
metabolic surgery in previously poorly controlled T2DM
patients with a BMI <35 Kg/m2. Of the patients with poorly
controlled T2DM and a BMI of 25.1–34.9 Kg/m2 who
underwent bariatric surgery, the mean HbA1c decreased from
10.0 to 6.6 %, and 45 % of the patients achieved the primary
goal of an HbA1c <6.5 % at 5 years after surgery. Five

A) BMI change from baseline

B) Percent weight change from baseline

C) Hemoglobin A1c

D) LDL cholesterol

Fig. 2 Outcomes over time of a BMI change from baseline, b percent weight change from baseline, c hemoglobin A1c, and d LDL cholesterol. Error
bars indicate 95 % CIs; *p value for difference is <0.05
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(10.4 %) patients developed diabetes-related serious adverse
events, and there was one (2.1 %) death in 5 years, but this
incidence is lower than an expected 35 % incidence of serious
events in 10 years from an observational study in Asia [29].
We reported a significant reduction of UK Prospective
Diabetes Study 10-year cardiovascular risk up to 40 % in this
group of patients [17]. This study supports an increased usage
of gastric bypass surgery in the treatment of non-severely
obese (BMI <35 Kg/m2) T2DM who are poorly controlled
with their current treatments.

To our knowledge, this is the first trial comparing different
metabolic procedures to treat T2DM in mildly obese subjects.
Several researchers have reported that sleeve gastrectomy had
a similar efficacy with gastric bypass in the treatment of
morbidly obese patients with T2DM [30–32]. In non-
morbidly obese patients, we found that the overall glycemic
control was improvedmore in the SAGB group than in the SG
group since the first year [15] and persistent up to 5-year
follow-up in this study. In addition, more patients in the SG
group still required medication for hypoglycemic, lipid-

Before bariatric surgery    After bariatric surgery            

Fig. 3 Changes of glucose, insulin, and C-peptide levels during OGTT and IsoG IVGT before and 5 years after bariatric surgery. Error bars indicate
95 % CIs; glucose (to convert from mg/dL to mmol/L); C-peptide (to convert from ng/mL to nmol/L); *p value for difference is <0.05
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lowering, and antihypertension than in the SAGB group.
These findings were similar to the Schauer et al. study [25].
In the Schauer et al. study, the diabetes remission rate was
similar between RYGB and SG groups, but 30 % of the SG
patients were on glycemic agents but none in RYGB patients
were on these agents. A recent meta-analysis also supported
the superior of gastric bypass over sleeve gastrectomy for
T2DM treatment [33].

The patients who received SAGB achieved a lower HbA1c
and had a lower total cholesterol, triglyceride, and diastolic
blood pressure than the patients who received SG. Gastric
bypass surgery had a special advantage in treating the meta-
bolic syndrome compared with sleeve gastrectomy. In our
previous study, bariatric surgery had a 95.6 % cure rate of
the metabolic syndrome in morbidly obese patients, but no
difference was observed between the gastric bypass and the
restrictive type procedure [2]. The remission rate of the met-
abolic syndrome after bariatric surgery was only 47 % and
was significantly different between SAGB and SG groups in
this study. These findings highlight the difference of the nature
of metabolic syndrome and diabetes between morbidly obese
and non-morbidly or mildly obese patients.

The underlying mechanism for the superiority of SAGB
than SG on diabetes remission is intriguing. The most well-
known important mechanism is a rapid decrease of insulin
resistance after bariatric surgery. The effect of the bariatric
surgery-induced insulin resistance decrease has been evaluat-
ed in a large number of studies. Calorie restriction and subse-
quent weight loss contribute to the majority of the effect. In
this study, SAGB and SG had a similar effect of a 20%weight
loss and a significant reduction of HOMA-IR without differ-
ences between the two methods at 5 years. Other mechanisms

may be important in the differing glycemic control between
SAGB and SG.

One possible mechanism is the bypass of the hormonally
active foregut. We investigated this theory by designing this
study comparing the duodenal exclusion SAGB surgery with
a control group of SG without duodenal bypass. This study
demonstrated a better glycemic control with SAGB than SG
but did not observe a significant role of duodenal exclusion.
No dramatic improvement in the glycemic control was found
by adding duodenal exclusion to the SG in this study. The
possible duodenal factor related to diabetes remission
remained unknown, but we demonstrated an eliminated
post-meal response of cholecystokinin in the SAGB subjects
comparing with the SG subjects in our previous report [16].
An associated advantage of SAGB is the better control of
blood lipids and blood pressures, which is believed to be
related to the duodenal exclusion and the malabsorption ef-
fect. More elaborate studies to elucidate the role of duodenal
exclusion in the mechanism of T2DM remission after gastric
bypass are needed.

Another possible mechanisms involved is the rapid recov-
ery of the incretin effect after bariatric surgery [34]. A reduced
or absent incretin effect has been demonstrated in patients
with type 2 diabetes [35] and is considered a consequence
rather than a cause of diabetes [36]. In the present study, we
found that SAGB and SG can rapidly augment the blunt
incretin effect, and this effect persists up to 5 years. We
demonstrate that SAGB had a significantly better incretin
effect than SG at longer follow-up. The improvement of the
incretin effect can be explained by the increase of incretin,
glucagon-like-peptide-1 (GLP-1). We investigated the gut
hormone changes of the same group at 2 years after surgery

Fig. 4 Incretin effect compared
between groups at 5 years after
surgery. Error bars indicate 95 %
CIs
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and found a robust increase in insulin secretion and elevated
post-meal GLP-1 responses in the SAGB and SG groups, but
the SAGB patients were found to have a slightly higher GLP-
1 response than the SG patients, which corroborates with the
current finding [16]. Other studies also had similar findings
[37–40]. The difference in the incretin effect did not corre-
spond with the overall insulin secretion measured by the AUC
method. The SG and SAGB groups had the same amount of
insulin secretion, but the SAGB group had a higher early peak
of insulin secretion [16]. This early insulin response effect
may contribute to the improved incretin effect found in this
study.

The underlying mechanism of diabetes remission after
SAGB and SG is still unclear, but weight loss is definitely a
deciding factor for diabetes remission after bariatric/metabolic
surgery. In previous studies, weight loss was the most impor-
tant independent predictor of diabetes remission after surgery
[4, 24, 41, 42] even in normal weight gastric cancer patients
[43]. In this study, the weight loss was a little higher in SAGB
group although statistically no significance, but the SAGB
patients achieved a significantly lower BMI than the SG
patients at 5 years. Patients who received a crossover bypass
surgery following SG were interesting to observe. No dramat-
ic improvement in the glycemic control can be expected by
adding duodenal exclusion to the SG, and the improvement of
glycemic control was always associated with some degree of
weight loss. No matter how intriguing the mechanism of
diabetes remission after bariatric/metabolic surgery may be,
weight loss is still the cornerstone of diabetes remission.

The gastric bypass surgery had a better glycemic control
for type 2 diabetes, but we need to be careful of the disadvan-
tage of long-term micronutrient malnutrition after gastric by-
pass. In this study, the SAGB patients had significantly lower
iron and calcium levels than the SG patients at 5 years. These
side effects may cause long-term malnutrition complications,
such as chronic iron deficiency anemia and osteoporosis.
Purely restrictive type procedure, such as laparoscopic adjust-
able banding, may be considered in patients with newly onset
diabetes [44], and SG procedures may be considered in pa-
tients with good islet cell preservation and high C-peptide
levels [45].

The strengths of this study include the randomized design,
the long-term follow-up, and the intention-to-treat compari-
son. A relatively high level of participant follow-up was
obtained. The weaknesses include the relatively small sample
size and the use of estimated end points for serious adverse
events outcome. A long-term follow-up for more than 10 years
is indicated.

In summary, both laparoscopic gastric bypass and sleeve
gastrectomy are effective metabolic surgeries for the remis-
sion of non-morbidly obese diabetic patients with inadequate
control by current medical treatment. SAGB had better gly-
cemic, blood lipid, and blood pressure control than SG. The

superior effect of SAGB over SG on T2DM remission might
be attributed to a higher incretin effect.
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