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OBJECTIVE

To determine whether silastic ring laparoscopic Roux-en-Y gastric bypass (SR-
LRYGB) or laparoscopic sleeve gastrectomy (LSG) produces superior diabetes
remission at 5 years.

RESEARCH DESIGN AND METHODS

In a single-center, double-blind trial, 114 adults with type 2 diabetes and BMI
35–65 kg/m2 were randomly assigned to SR-LRYGB or LSG (1:1; stratified by
age-group, BMI group, ethnicity, diabetes duration, and insulin therapy) using a
web-based service. Diabetes and other metabolic medications were adjusted accord-
ing to a prespecified protocol. The primary outcomewas diabetes remission assessed
at 5 years, defined by HbA1c <6% (42 mmol/mol) without glucose-lowering medica-
tions. Secondary outcomes included changes in weight, cardiometabolic risk factors,
quality of life, and adverse events.

RESULTS

Diabetes remission after SR-LRYGB versus LSG occurred in 25 (47%) of 53 vs. 18
(33%) of 55 patients (adjusted odds ratios 4.5 [95% CI 1.6, 15.5; P 5 0.009] and
4.2 [1.3, 13.4; P5 0.015] in the intention-to-treat analysis). Percent body weight
loss was greater after SR-LRYGB than after LSG (absolute difference 10.7%; 95%
CI 7.3, 14.0; P < 0.001). Improvements in cardiometabolic risk factors were simi-
lar, but HDL cholesterol increased more after SR-LRYGB. Early and late complica-
tions were similar in both groups. General health and physical functioning
improved after both types of surgery, with greater improvement in physical func-
tioning after SR-LRYGB. People of M�aori or Pacific ethnicity (26%) had lower inci-
dence of diabetes remission than those of New Zealand European or other
ethnicities (2 of 25 vs. 41 of 83; P < 0.001).

CONCLUSIONS

SR-LRYGB provided superior diabetes remission and weight loss compared with
LSG at 5 years, with similar low risks of complications.
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It is well established that bariatric sur-
gery is an effective treatment for peo-
ple with obesity and type 2 diabetes.
Diabetes remission is associated with
reduction in long-term vascular com-
plications (1) and mortality (2) and
represents a key driver of bariatric
surgery cost effectiveness (3). Ran-
domized trials comparing the two
most common bariatric procedures,
Roux-en-Y gastric bypass (RYGB) and
sleeve gastrectomy (SG), have shown
mixed results for diabetes remission
and weight loss (4–6), with a paucity
of long-term results (6–8).

Both RYGB and SG procedures reduce
stomach size, but only RYGB includes
bypass of the duodenum. Duodenal
bypass is thought to enhance diabetes
remission through stimulating incretin
hormone production (9) and inducing
greater improvements in bile acids (10)
and gut microbiota (11). Furthermore,
the banded modification of the RYGB
involves placing a silastic ring (SR)
around the gastric pouch to limit stomal
dilation and is designed to limit weight
regain over time (12). Given the benefi-
cial impact of weight loss on diabetes
remission (13), the additional weight
regain–limiting effects of SR-RYGB may
provide metabolic superiority over SG in
the longer term.

This assessor and patient-blinded ran-
domized trial compared SR-laparoscopic
RYGB (SR-LRYGB) with laparoscopic SG
(LSG) among people with obesity and
type 2 diabetes to test the hypothesis
that SR-LRYGB would produce superior
diabetes remission at 5 years. Compara-
tive changes in weight loss, blood pres-
sure, lipid levels, renal function, adverse
events, and quality of life were also
evaluated.

RESEARCH DESIGN AND METHODS

Study Design
This single-center, prospective, parallel,
two-arm, randomized, double-blind supe-
riority trial compared SR-LRYGB with LSG
conducted at a single hospital center in
Auckland, New Zealand. All participants
provided written informed consent. The
study was approved by the Northern A
Health and Disability Ethics Committee,
Ministry of Health, New Zealand. The
detailed trial design protocol has been
published (14).

Participants
Eligibility criteria included age 20–55
years, type 2 diabetes of at least 6
months duration, a BMI of 35–65 kg/m2

for at least 5 years, being suitable for
either of the two surgical procedures,
able to provide written informed con-
sent, and committed to follow-up. Exclu-
sion criteria included C-peptide < 350
pmol/L, pregnancy, type 1 diabetes or
secondary diabetes, chronic pancreatitis,
oral steroid therapy, current smoking,
and not suitable for general anesthesia.

Randomization and Blinding
Computer-generated random number
codes (Minim, London, U.K.) were used
to randomly assign participants 1:1 to
either SR-LRYGB or LSG, with stratification
according to age category (20–39 years,
40–55 years), BMI category (35–44.9
kg/m2, 45–54.9 kg/m2, 55–65 kg/m2),
ethnicity (M�aori, Pacific, New Zealand Euro-
pean, other), duration of diabetes diagnosis
(<5 years, 5–10 years, >10 years), and the
presence of insulin therapy. The operating
surgeon entered the participant’s baseline
data into a secure web-based randomiza-
tion system on the day of surgery, following
induction of general anesthesia, to deter-
mine whether the allocation was to SR-
LRYGB or LSG. To maintain allocation con-
cealment and blinding of the patients and
all other research and clinical team mem-
bers, both operations were performed
using identical incisions with a four-port
laparoscopic technique. An emergency
unblinding system was available and
designed so that anyone involved in out-
come assessments remained masked to
treatment allocation.

Procedures
Participants were prescribed a very-
low-calorie diet with three servings of
OPTIFAST (Nestl�e, Vevey, Switzerland)
containing �150 calories plus vegeta-
bles for 2 weeks before surgery. All
operations were performed under the
direct supervision of an experienced
bariatric surgeon (M.W.C.B.) by bariatric
surgical fellows. For LSG, a sleeve was
fashioned starting 2 cm proximal to the
pylorus using serial applications of an
Echelon Flex 45 stapler (Ethicon) over a
36-Fr orogastric bougie. Staple heights
ranged from 1.8 to 2 mm, with gener-
ally two cartridges of 2-mm staple fir-
ings across the antrum followed by four
to five cartridges of 1.8-mm staple firings

to the body and fundus of the stomach.
Staple line buttressing was not used. For
SR-LRYGB, a lesser curve-based gastric
pouch was fashioned over a 32-Fr oro-
gastric tube, with a 50 cm biliopancreatic
limb, 100-cm antecolic Roux limb with
hand-sewn single-layer gastrojejunostomy
over a 32-Fr orogastric tube. A 6.5-cm
open-ended SR tube was passed posteri-
orly to the pouch and then the ends
secured together around the gastric
pouch with a prolene luminal suture. The
ring was then secured to the gastric pouch
2–3 cm above the gastrojejunostomy
anastomosis using serosal sutures. Postop-
eratively, all patients were prescribed a
twice-daily multivitamin (Centrum Plus;
Pfizer; New Zealand) containing 200 mg
elemental calcium and 600 IU vitamin D3.

Trial Outcomes
The primary outcome was a glycated
hemoglobin A1c (HbA1c) level of <6%
(42 mmol/mol) without any glucose-
lowering medications at 5 years as
defined by American Diabetes Associa-
tion criteria for complete remission of
type 2 diabetes (15). Prespecified sec-
ondary outcomes included proportions
achieving alternative glycemic thresh-
olds of HbA1c levels of <7% (53 mmol/
mol), <6.5% (48 mmol/mol), or #5.6%
(38 mmol/mol), each without the need
for any glucose-lowering medication.

The secondary outcome of weight
loss at 5 years was calculated from both
the baseline weight at the initial bariat-
ric surgery evaluation visit and weight
immediately presurgery. Percent abso-
lute weight loss was calculated as
([baseline weight – follow-up weight]/
[baseline weight]) × 100, and percent
excess weight loss was calculated as
([baseline weight – follow-up weight]/
[baseline weight – ideal weight for BMI
25 kg/m2]) × 100.

Other secondary outcomes assessed at
5 years included blood pressure, lipid lev-
els, renal function, quality of life (as eval-
uated using the RAND 36-Item Health
Survey [16], and the Hospital Anxiety and
Depression Scale [HADS] [17]). Mortality,
revisional surgery, and postoperative
complications were also assessed up to
5 years and classified as major or minor
and occurring early (<30 days) or later
(>30 days) after the surgery. Any compli-
cations that resulted in a prolonged
hospital stay (>7 days) or required
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reoperation, reintervention, or administra-
tion of an anticoagulant were classified as
major, in accordance with standard out-
come reporting guidelines (18).

Follow-up
Postoperative care and follow-up were
identical for both groups. All pharmaco-
logical agents for diabetes were stopped
at the time of surgery. Glucose-lowering
therapy was restarted if mean postoper-
ative capillary glucose was >12 mmol/L.
All patients were reviewed by an endocri-
nologist (D.D.W.K., R.C.) for adjustment
of metabolic medications according to a
prespecified adjustment protocol (14).
They were blinded as to the procedure
performed.

Power Calculation and Statistical
Analysis
The trial was designed to provide 80%
power to detect 29% greater diabetes
remission in the SR-LRYGB group than
in the LSG group at a two-sided a of
0.05 after 5 years follow-up (assuming
88% diabetes remission after SR-LRYGB
and 59% after LSG on the basis of previ-
ous studies and data derived from an
audit of our institution’s outcomes) (14).
An expected loss to follow-up rate of 20%
required at least 53 patients per group.
Normally distributed continuous vari-

ables are reported as means and SDs
and not normally distributed variables
as medians and interquartile ranges. For
the primary analysis, the difference in
proportion of participants achieving dia-
betes remission was compared between
SR-LRYGB and LSG at 5 years, adjusting
for stratification variables using logistic
regression. Based on a multiple imputa-
tion procedure, this included all patients
randomly assigned according to the
treatment assignment at randomization
(intention-to-treat population). Within-
group changes and between-group dif-
ferences are reported with point esti-
mates and 95% CIs. For HbA1c and BMI
assessed at baseline and on multiple
occasions over 5 years, a repeated-meas-
ures mixed-effects model with adjust-
ment for stratification variables was used
to compare changes from baseline in the
two groups. Least squares means with
SEs were plotted graphically. Use of
anxiety or depression medications was
examined using generalized mixed-effects
model analysis. Two-sided P < 0.05
was considered to indicate statistical

significance. Analysis was performed using
SAS 9.4 statistical software (SAS Institute,
Cary, NC).

RESULTS

Patients
From 20 September 2011 to 20 August
2015, 114 patients (52% women) were
recruited and randomly assigned to
undergo SR-LRYGB (n 5 56) or LSG (n 5
58) (14,19). Baseline characteristics are
summarized by treatment allocation in
Table 1. Overall, mean age was 46.0 (SD
6.6) years, mean BMI was 42.8 (SD 6.5)
kg/m2, and mean HbA1c was 7.9% (SD
1.4%) (63.4 [SD 15.6] mmol/mol). Twenty-
eight percent of participants had diabetes
for >10 years, and 30% were treated
with insulin. There were two deaths over
the 5-year follow-up period (one as a
result of malignancy and one as a result
of a car accident), and four patients were
not contactable (Fig. 1). At 5 years, diabe-
tes status and dispensed medications
were available for 108 (95%) of the 114
participants; however, only 99 (87%) of
the 114 participants attended other sched-
uled clinical assessments.

Primary Outcome
An intention-to-treat analysis was per-
formed for all 114 patients randomly
assigned, including the 6 patients (3 after
SR-LRYGB, 3 after LSG) with missing
HbA1c values at 5 years. The multiple

imputation approach yielded remission
rates of 48% after SR-LYRGB and 31%
after LSG, with an adjusted odds ratio
(OR) of 4.2 (95% CI 1.3, 13.4; P 5 0.015)
as defined by a measured HbA1c of <6%
(42 mmol/mol) at 5 years without any
glucose-lowering medications (Table 2).
As shown in Table 2, for the available
data analysis, diabetes remission at
5 years, using the same criteria, was
more likely after SR-LRYGB at 47% (25 of
53 participants) compared with 33% (18
of 55 participants) after LSG (adjusted OR
4.5; 95% CI 1.6, 15.5; P 5 0.009). There
was no difference by sex. People of M�aori
or Pacific ethnicity had a lower incidence
of diabetes remission at 5 years than
those of New Zealand European or other
ethnicity (2 [8%] of 25 vs. 41 [49%] of 83;
P< 0.001).

Nadir HbA1c was reached by 24 months
after both SR-LRYGB and LSG and main-
tained through to 5 years (Supplementary
Fig. 1A) on fewer diabetes medications
(Supplementary Table 1). Diabetes remis-
sion was related to the magnitude of
weight loss: for every 1 kg of total body
weight loss, the adjusted odds of diabetes
remission increased by 8% (P5 0.001).

Weight Loss
Participants who received the SR-LRYGB
had a greater percent body weight loss
from baseline than those who received
LSG (26.9% vs. 16.3%; absolute difference

Table 1—Baseline characteristics of patients

Characteristic SR-LRYGB (n 5 56) LSG (n 5 58)

Age (years), mean (SD) 46.6 (6.7) 45.5 (6.4)

Female, n (%) 33 (59) 26 (45)

Ethnicity, n (%)

New Zealand European 34 (61) 38 (66)
M�aori 11 (20) 9 (16)
Pacific 6 (11) 4 (7)
Other 5 (9) 7 (12)

Duration of diabetes (years), n (%)

<5 26 (46) 24 (41)
5–10 13 (23) 19 (33)
>10 17 (30) 15 (26)

Use of insulin, n (%) 17 (30) 16 (28)

HbA1c, mean (SD)

mmol/mol 64.5 (18.1) 61.9 (12.8)
% 8.1 (1.7) 7.8 (1.2)

Body weight (kg), mean (SD) 123.4 (21.3) 126.7 (24.5)

BMI (kg/m2), n (%)

35–44.9 43 (77) 41 (71)
45–54.9 9 (16) 15 (26)
55–65 4 (7) 2 (3)
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10.7%; 95% CI 7.3%, 14.0%; P < 0.001)
(Table 2). The difference in the absolute
weight change from baseline between
those who received LRYGB versus LSG
was 12.2 kg (95% CI 6.9, 17.5 kg; P <
0.001). Similar patterns of superior per-
cent excess weight loss or weight loss
from presurgery were observed after
SR-LRYGB (Table 2). Nadir body weight
was reached at 12 months after SR-
LRYGB and at 9 months after LSG, after
which there was steady mean weight
regain to 5 years. The weight difference
widened over time (time-surgery interac-
tion P < 0.001) (Supplementary Fig. 1B).

Cardiovascular Events, Risk Factors,
and Medication Use
In the SR-LRYGB group, there was one
nonfatal myocardial infarction that
occurred 1 year after surgery. In the LSG
group there was one admission for
angina, and one transient ischemic
event. SR-LRYGB resulted in a greater
increase in HDL cholesterol than after
LSG (P 5 0.03), although both proce-
dures resulted in similar changes in total
cholesterol, triglycerides, and LDL cho-
lesterol (Table 2) in the presence of less
lipid-lowering therapy (Supplementary
Table 1). Changes in systolic and diastolic
blood pressure were not significantly dif-
ferent at 5 years (Table 2), although
there was lower antihypertensive medi-
cation use 5 years after both SR-LRYGB
and LSG (Supplementary Table 1). Most

antihypertensives were from the ACE
inhibitor class for the indication of persis-
tent microalbuminuria.

Renal Function
At 5 years, there were no significant
changes from baseline in urinary albu-
min-to-creatinine ratio after either SR-
LRYGB or LSG. While there were statisti-
cally significant increases in serum cre-
atinine and decreases in estimated
glomerular filtration rate after 5 years
in both groups (using the MDRD equa-
tion), these were clinically insignificant
in magnitude (Supplementary Table 2).

Quality of Life
There were significant improvements
from baseline in physical functioning
and general health domains after both
types of surgery (Table 2). Physical role
limitations improved only among those
who received SR-LRYGB, and overall
physical functioning improved more
after SR-LRYGB. HADS anxiety scores
were unchanged after both types of
surgery, while depression symptoms
declined in the LSG group (Table 2).
Changes in the proportion of people
taking anxiety and/or depression medi-
cations (18–23% [10 of 56 to 12 of 52]
after SR-LRYGB and 14–21% [8 of 58 to
11 of 53] after LSG) did not differ
between the groups (P 5 0.54) and
were not significant overall (P 5 0.11).

Surgical Adverse Events
Detailed early complications (<30 days)
and late complications (>30 days until the
5-year follow-up) are reported in Table 3.
The early minor morbidity rate was 12.5%
(n 5 7) for SR-LRYGB and 5.2% (n 5 3)
for LSG (P5 0.20), while early major mor-
bidity rate was 3.6% (n 5 2) for SR-LRYGB
and 8.6% (n 5 5) for LSG (P 5 0.44).
There was no surgery-related mortality.
Late minor and major complications were
19.6% (n 5 11) and 12.5% (n 5 7) after
SR-LRYGB vs. 12.1% (n 5 7) and 3.4%
(n 5 2) after LSG (P 5 0.31 and P 5
0.09, respectively). SRs were replaced for
significant food intolerance in three partic-
ipants (5.4%) between 3 and 12 months
after the index procedure. A standard 6.5-
cm SR was replaced for a larger size tai-
lored to sit loosely around the gastric
pouch in the original position. There was
no involvement of the SR in the three par-
ticipants with anastomotic perforation.
These perforated ulcers were related to
resumption of smoking and taking contra-
indicated medications (nonsteroidal anti-
inflammatory drugs). There was one par-
ticipant in whom the LSG was converted
to RYGB because of severe reflux symp-
toms at 16 months after LSG.

CONCLUSIONS

In this double-blind (patient and assessor)
randomized trial of adults with obesity
and type 2 diabetes, SR-LRYGB produced
significantly greater diabetes remission
compared with LSG after 5 years, using
the threshold HbA1c of <6% in the
absence of glucose-lowering therapy.
Alternative thresholds of achieving an
HbA1c of <6.5%, according to the more
recent expert consensus definition (20),
produced similar results. The SR-LRYGB
resulted in greater weight loss, greater
improvement in HDL cholesterol, and bet-
ter physical functioning than LSG, with a
similar low prevalence of complications
after both procedures. Similar HbA1c,
blood pressure, renal function, and non-
HDL cholesterol measurements achieved
after both types of surgery, in the pres-
ence of lower medication use after SR-
LRYGB, is likely due to equally aggressive
protocol-driven adjustments to metabolic
medications made by the blinded endo-
crinologist investigators.

We previously reported no difference
in type 2 diabetes remission after SR-
LRYGB compared with LSG at 1 year yet

221 Pa�ents assessed for eligibility

107 Excluded
90 Did not meet inclusion criteria 
17 Declined to par�cipate

56 Randomized to undergo
laparoscopic silas�c ring Roux
-en-Y gastric bypass
56 Underwent silas�c ring Roux

-en-Y gastric bypass as
randomized

58 Randomized to undergo
laparoscopic sleeve gastrectomy
58 Underwent sleeve

gastrectomy as randomized

3 Lost to follow-up at 5 years
2 Unable to contact
1 Death

3 Lost to follow-up at 5 years
2 Unable to contact
1 Death

56 Included in the primary analysis 58 Included in the primary analysis

114 Randomized

Figure 1—Patient flow through the SR-LRYGB versus LSG trial.
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Table 2—Primary and secondary end points at 5 years

SR-LRYGB LSG

OR or absolute
difference
(95% CI)*

Primary end point
HbA1c (without diabetes medication) n 5 56 n 5 58

<6.0% (42 mmol/mol) 27 (48) 18 (31) 4.23 (1.33, 13.42)†

Secondary end points

HbA1c (without diabetes medication) n 5 53 n 5 55
<6.0% (42 mmol/L) 25 (47) 18 (33) 4.50 (1.55, 15.52)†
#5.6% (38 mmol/mol) 17 (32) 13 (24) 2.90 (1.01, 9.42)†
<6.5% (48 mmol/mol) 33 (62) 28 (51) 4.69 (1.52, 16.62)†
<7.0% (52 mmol/mol) 37 (70) 32 (58) 3.43 (1.20, 10.83)†

Body weight n 5 50 n 5 49
Baseline (kg), mean (SD) 123.1 (22.1) 124.4 (23.5)
Presurgery (kg), mean (SD) 113.8 (19.5) 116.9 (21.9)
Year 5 (kg), mean (SD) 89.8 (18.1) 103.3 (16.8)
Difference (kg), mean (95% CI)
Baseline to 5 years �33.3 (�37.0, �29.6) �21.1 (�25.0, �17.2) �12.2 (�17.5, �6.9)‡
Presurgery to 5 years �24.0 (�26.9, �21.0) �13.6 (�16.8, �10.3) �10.4 (�14.8, �6.0)‡

Difference, mean % (95% CI)
Baseline to 5 years �26.9 (�29.3, �24.5) �16.3 (�18.6, �13.9) �10.7 (�14.0, �7.3)‡
Presurgery to 5 years �21.1 (�23.5, �18.6) �10.9 (�13.1, �8.7) �10.1 (�13.4, �6.9)‡

BMI (kg/m2), mean (SD) n 5 50 n 5 49
Baseline 42.2 (6.0) 42.6 (6.2)
Year 5 30.7(5.3) 35.4 (4.7)
Difference (baseline to 5 years), mean (95% CI) �11.4 (�12.7, �10.2) �7.2 (�8.4, �5.9) �4.3 (�6.0, �2.6)‡

Excess weight loss, mean % (95% CI) 69.7 (63.0, 76.4) 40.3 (35.0, 45.7) 29.4 (20.9, 37.9)‡
Total cholesterol (mmol/L), mean (SD) n 5 50 n 5 53

Baseline 4.6 (1.2) 4.4 (1.0)
Year 5 5.1 (1.0) 5.1 (1.0)
Difference (baseline to 5 years), mean % (95% CI) 14.7 (6.2, 23.3) 20.2 (11.1, 29.4) �5.5 (�17.9, 6.9)‡

HDL cholesterol (mmol/L), mean (SD) n 5 50 n 5 53
Baseline 1.1 (0.3) 1.1 (0.3)
Year 5 1.6 (0.4) 1.4 (0.4)
Difference (baseline to 5 years), mean % (95% CI) 42.3 (33.3, 51.3) 29.8 (23.2, 36.4) 12.5 (1.6, 23.4)‡

LDL cholesterol (mmol/L), mean (SD) n 5 50 n 5 53
Baseline 2.6 (1.0) 2.4 (0.9)
Year 5 2.9 (0.9) 2.9 (0.9)
Difference (baseline to 5 years) mean % (95% CI) 25.1 (8.7, 41.6) 40.6 (18.9, 62.2) �15.4 (�42.4, 11.6)‡

Triglycerides (mmol/L), mean (SD) n 5 50 n 5 53
Baseline 1.9 (1.2) 2.1 (1.3)
Year 5 1.2 (0.5) 1.6 (0.7)
Difference (baseline to 5 years), mean % (95% CI) �22.9 (�34.3, �11.5) �10.5 (�23.3, 2.3) �12.4 (�29.4, 4.6)‡

Systolic blood pressure (mmHg), mean (SD) n 5 42 n 5 44
Baseline 135.6 (15.2) 136.5 (13.9)
Year 5 132.8 (14.7) 135.5 (15.4)
Difference (baseline to 5 years), mean % (95% CI) �1.2 (�5.4, 3.1) �0.0 (�4.1, 4.0) �1.1 (�6.9, 4.7)‡

Diastolic blood pressure (mmHg), mean (SD) n 5 42 n 5 44
Baseline 85.9 (10.3) 85.2 (12.1)
Year 5 83.3 (11.1) 84.8 (10.6)
Difference (baseline to 5 years), mean % (95% CI) �2.1 (�6.8, 2.7) 0.9 (�3.8, 5.7) �3.0 (�9.6, 3.6)‡

HADS (difference, baseline to 5 years), mean (95% CI) n 5 49 n 5 48
Anxiety �0.21 (�1.42, 1.00) �0.85 (�2.25, 0.55) 0.64 (�1.18, 2.46)‡
Depression �1.10 (�2.22, 0.02) �1.07 (�2.12, �0.02) �0.03 (�1.54, 1.49)‡

RAND 36-Item Health Survey domains
(difference, baseline to 5 years), mean (95% CI)

n 5 49 n 5 48

Physical functioning 21.2 (14.1, 28.3) 10.9 (3.7, 18.0) 10.4 (0.4, 20.3)‡
Physical role limitations 12.8 (0.7, 24.9) 5.3 (�8.8, 19.4) 7.4 (�10.9, 25.7)‡
Bodily pain 8.4 (�0.5, 17.3) 6.8 (�2.5, 16.1) 1.6 (�11.2, 14.3)‡
General health 22.8 (16.4, 29.1) 19.7 (12.4, 27.1) 3.0 (�6.5, 12.6)‡
Energy/fatigue 6.4 (�0.2, 13.0) 5.0 (�1.8, 11.8) 1.4 (�8.0, 10.7)‡
Social functioning �5.1 (�14.7, 4.5) �1.6 (�9.6, 6.5) �3.5 (�15.9, 8.8)‡

Continued on p. 1508
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significantly greater weight loss after SR-
LRYGB (19). Here, we report the propor-
tions of people with type 2 diabetes remis-
sion who remained stable between 1 and
5 years after SR-LRYGB (52% and 47%,
respectively) and those who declined
between 1 and 5 years after LSG (49%
and 33%, respectively), concurrent with
mean weight increasing after LSG yet
remaining stable after SR-LRYGB over

time. After correcting for weight change
at 5 years, there was no significant differ-
ence in diabetes remission after SR-LRYGB
relative to LSG (P 5 0.14), suggesting
that the greater diabetes remission after
SR-LRYGB was mostly accounted for by
the greater weight loss maintenance after
this type of surgery (21–23).

None of the three other randomized
studies comparing standard RYGB and

SG has detected a significant difference in
type 2 diabetes remission at 5 years, and
only one of these demonstrated greater
weight loss after RYGB. In the single-
institution, nonblinded Surgical Treat-
ment and Medications Potentially Erad-
icate Diabetes Efficiently (STAMPEDE)
study, 22% (11 of 49 participants) after
LRYGB vs. 15% (7 of 47 participants)
after LSG achieved a diabetes remission

Table 3—Complications for SR-LRYGB and LSG

Event SR-LRYGB (n 5 56) LSG (n 5 58)
Absolute difference,

% (95% CI)

Early minor: total 7 (12.5) 3 (5.2) 7.3 (�3.0, 17.7)
Anastomotic leak* 1 (1.8) 0
Neuropraxia 2 (3.6) 0
Colonic serosal injury† 1 (1.8) 0
Pulmonary atelectasis 2 (3.6) 0
Constipation and urinary retention 0 1 (1.7)
Stricture/stenosis requiring dilation 1 (1.8) 0
Vomiting 0 1 (1.7)
Nonspecific abdominal pain 0 1 (1.7)

Early major: total 2 (3.6) 5 (8.6) �5.1 (�13.8, 3.7)

Pneumonia‡ 1 (1.8) 0
Hemorrhage§ 1 (1.8) 1 (1.7)
Prolonged hospitalization|| (>7 days) 0 1 (1.7)
Wound infection requiring debridement 0 1 (1.7)
Incisional hernia requiring return to theater 0 1 (1.7)
Stenosis requiring prolonged hospitalization 0 1 (1.7)

Late minor: total 11 (19.6) 7 (12.1) 7.6 (�5.8, 20.9)

Food bolus obstruction 1 (1.8) 0
Symptomatic cholelithiasis 1 (1.8) 4 (6.9)
Stricture/stenosis requiring dilation 6 (1 0.7) 3 (5.2)
Marginal ulcer 2 (3.6) 0
Negative re-exploration¶ 1 (1.8) 0

Late major: total 7 (12.5) 2 (3.4) 9.1 (�0.8, 18.9)

Anastomotic ulcer perforation# 3 (5.4) 0
Dysphagia requiring change of SR** 3 (5.4) 0
Stricture requiring conversion to RYGB 0 1 (1.7)
Death†† 1 (1.8) 1 (1.7)

Data are n (%) unless otherwise indicated. *Radiologic leak, managed conservatively with intravenous antibiotics. †Colonic serosal injury rec-
ognized intraoperatively, converted to open because of adhesions. ‡Required admission to intensive care and a prolonged hospital stay.
§Participant with SR-LRYGB required return to theater for mesenteric bleed; participant with LSG required blood transfusion and endoscopy
for staple line bleed. ||Poor oral intake, cause not identified. ¶Diagnostic laparoscopy for pain, cause not identified. #One patient had two per-
forations, 3 years apart. **One patient also had resection of afferent part of Roux limb. ††One death was a result of malignancy and one as
a result of a car accident.

Table 2—Continued

SR-LRYGB LSG

OR or absolute
difference
(95% CI)*

Emotional role limitations �4.8 (�14.7, 5.2) �0.7 (�12.2, 10.7) �4.1 (�19.0, 10.9)‡
Emotional well-being �4.7 (�10.1, 0.6) �1.4 (�7.7, 4.8) �3.3 (�11.4, 4.8)‡

Data are n (%) unless otherwise indicated. The ORs were obtained using logistic regression adjusting for the randomization stratification varia-
bles (age category: 20–29, 30–39, or 40–55 years; BMI category: 35–44.9, 45–54.9, and 55–65 kg/m2; ethnicity: M�aori, Pacific, New Zealand
European, and other; duration of diabetes diagnosis: <5, 5–10, and >10 years; presence of insulin therapy). *The 95% CIs were not adjusted
for multiple comparisons. †OR. ‡Mean absolute difference between groups.
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threshold of HbA1c #6% at 5 years with-
out the use of diabetes medications (P 5
0.34). This was despite greater reduction
in body weight after LRYGB compared
with LSG (mean weight loss 23% vs. 19%,
respectively; P 5 0.01) (34). In the non-
blinded Swiss Multicentre Bypass or
Sleeve Study (SM-BOSS), no significant dif-
ference in diabetes remission was seen
between LRYGB (68%, 19 of 28 partici-
pants) and SG (62%, 16 of 26 partici-
pants), while percent excess BMI loss was
also similar (68% vs. 61%) (35). In the
multicenter, nonblinded Sleeve vs. Bypass
(SLEEVEPASS) study of 240 obese patients,
of whom 101 (42%) had type 2 diabetes
at baseline, diabetes remission at 5 years
(defined by HbA1c <6% and fasting glu-
cose<5.6 mmol/L in the absence of med-
ications) was seen in 25% (10 of 40
patients) after LRYGB compared with 12%
(5 of 41 patients) after LSG (P > 0.05),
while mean percent excess weight loss at
5 years was 57% after LRYGB and 49%
after LSG (36). The marked differences in
the proportions of diabetes remission
seen across these studies (12–68%) most
likely reflect clinical heterogeneity in the
characteristics of patients with type 2 dia-
betes included in each study. Our study
used stratified randomization to prevent
imbalance between treatment groups for
known factors that influence the likeli-
hood of type 2 diabetes remission, such
as age, BMI, duration of diabetes, insulin
treatment, and ethnicity. Most of these
variables are used in clinical scoring tools
to predict the likelihood of diabetes remis-
sion after surgery (37).
Both weight-dependent and weight-

independent glucose-lowering effects of
RYGB compared with SG have been pro-
posed. More favorable changes in gut
peptides, bile acids, gut microbiota, and
small intestine glucose utilization may
contribute to maintaining a longer-term
reduction of weight and/or type 2 dia-
betes to a greater extent after RYGB
than SG procedures (24). However, the
more durable mechanical restriction of
caloric intake afforded by the banded
version of the RYGB over SG is the most
likely driver of greater weight reduction
and associated diabetes remission. The
importance of the band in providing supe-
rior long-term weight loss has been dem-
onstrated in several studies comparing
primary banded versus unbanded RYGB
or SG. Of the three randomized studies

that have compared outcomes from pri-
mary banded RYGB versus RYGB (21–23),
there was similar weight loss at 1 and 2
years postoperatively, but increased
weight loss maintenance at 3 years after
banded RYGB (21) and 5 years after
banded RYGB in a nonrandomized pro-
spective study (25). No difference in dia-
betes remission was noted in a systematic
review and meta-analysis of banded ver-
sus nonbanded RYGB, although numbers
were low beyond 2 years follow-up (26).
Primary banded SG provided better
weight loss at 3 years compared with
unbanded SG in a randomized trial but
was underpowered to detect differences
in diabetes remission (27).

Supporting the importance of gut
restriction to achieving and maintaining
weight loss is the observation of gastric
pouch dilation after SG or dilation of
both the gastric pouch and gastrojeju-
nostomy after RYGB among people with
insufficient weight loss or weight regain
(28–31). Hence, surgical interventions that
improve gut restriction (such as revision
of SG to RYGB), endoluminal interventions
for gastrojejunostomy reduction (32), or
salvage banding (33) as treatment for
weight regain after RYGB have been
shown to be effective.

People of M�aori or Pacific ethnicity,
who represented 26% of the trial popu-
lation, had significantly lower diabetes
remission at 5 years than those of New
Zealand European or other ethnicities. It
remains to be investigated whether eth-
nicity is a significant independent pre-
dictor of diabetes remission in the
presence of other factors, such as socio-
economic determinants of health, that
assist with maintaining weight loss after
surgery. There have been conflicting
reports on differences in diabetes remis-
sion in the few studies that have exam-
ined interethnic differences in bariatric
surgery outcomes (39,40). Even fewer
studies have evaluated the comparative
efficacy and safety outcomes from bariat-
ric surgery among indigenous and nonin-
digenous people (38).

Several studies indicated significantly
reduced levels of anxiety and depression
symptoms after surgery, with potential for
reappearance or worsening of symptoms
later (41,42). In this study, anxiety scores
were unchanged 5 years after both types
of surgery. The proportion of people pre-
scribed psychotropic medications from

baseline to 5 years did not change signifi-
cantly after either type of surgery in this
study.

Most bariatric surgeons do not per-
form SR-RYGB, perhaps because of cost
and time spent to insert the band or
fear of complications. We have previ-
ously reported a significant increase in
theater time (�80 min) for performing
SR-LRYGB compared with LSG (43),
which is an important cost consider-
ation in addition to the cost of the
band. The need for postoperative endo-
scopic intervention was similar between
the two groups, but diagnostic endos-
copies were more prevalent after SR-
LRYGB. Complications of SR placement
involving erosion and migration have
been reported to require band removal
in �2% patients (26,44) but were not
seen in our study. Rather, band replace-
ment occurred in three participants
(5.4%) for food intolerance, which has
been reported to occur more frequently
with banded RYGB (45). Despite the
potential for a learning curve effect
from several surgical fellows performing
the SR-LRYGB, the early and late major
surgical complications were comparable
to what has been reported in other
studies comparing nonbanded RYGB
and SG (34–36).

This study has several key strengths. It
was a double-blind (assessor and patient),
randomized study powered for detecting
a clinically important difference in the pri-
mary outcome of diabetes remission at 5
years. Double-blinding is essential to pre-
vent bias in reporting and assessment of
outcomes, especially in adjustment of glu-
cose-lowering medications, which under-
pins the definition of diabetes remission.
Randomization should ensure balance of
recognized and unrecognized participant
characteristics that may be correlated
with the outcome of diabetes remission
in a large clinical trial. However, stratified
randomization by recognized baseline par-
ticipant characteristics associated with
long-term diabetes remission, such as
age, diabetes duration, and insulin treat-
ment (46–48), is a way of achieving this
in relatively small trials such as this one.
This trial was embedded in our center’s
health care delivery system and thus
reflects usual care for the multiethnic
patients referred for bariatric surgery and
enhances the external validity and gener-
alizability of the findings.

diabetesjournals.org/care Murphy and Associates 1509

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/7/1503/685187/dc212498.pdf by guest on 19 M
ay 2023



Our study also had some limitations.
First, the single-center design, while
reducing variation in operative and peri-
operative procedures, may make the
study results potentially less generalizable.
However, given that the procedures were
performed by several bariatric surgical
training fellows, these results are likely to
be more generalizable to routine surgical
practice. Second, in the absence of a non-
banded RYGB comparative group in this
study, we do not know whether the supe-
rior diabetes remission after SR-LRYGB
compared with LSG also applies to non-
banded RYGB. On balance, given that dia-
betes remission is related to weight loss
and that there is less weight regain seen
after banded RYGB, it is likely that band-
ing contributes to the long-term superior-
ity of RYGB over LSG in both diabetes
remission and weight loss. Finally, 5% of
the participants were lost to follow-up at
5 years, which is similar to most other
studies.

Among patients with type 2 diabetes
and obesity, SR-LRYGB produced signifi-
cantly greater long-term remission of type
2 diabetes, weight loss, and improve-
ments in physical functioning with mini-
mal additional complications or surgical
morbidity compared with LSG. These
results suggest an important role for this
type of metabolic surgery.
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