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Biliopancreatic diversion with duodenal switch
leads to better postprandial glucose level and beta
cell function than sleeve gastrectomy in individuals
with type 2 diabetes very early after surgery
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Objective. The aim of this study was to compare the short-term effect of sleeve
gastrectomy (SG) and biliopancreatic diversion with duodenal switch (DS) in order to
determine if exclusion of the upper gastrointestinal tract confers greater metabolic
improvement, independent of weight loss.

Methods. Standard meals were administered before and on day 3 and 4 after SG to assess
insulin sensitivity, β-cell function and gastrointestinal hormone responses in matched
normoglycemic (NG) and type 2 diabetes (T2D) participants. A third group of matched T2D
participants who underwent DS with the same meal test administered prior to and 3 days
after surgery was also recruited.

Results. Despite significant metabolic improvement, T2D participants failed to fully
normalize insulin resistance and β-cell dysfunction 3 and 4 days after SG. Our results
demonstrate the superiority of DS over SG in terms of short-term improvement in
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postprandial glucose excursion and β-cell function 3 days after the surgery, with similar
improvement in hepatic insulin sensitivity.

Conclusion. Our findings support the notion that caloric restriction represents an
important mechanism to explain the very early anti-diabetic effects observed after bariatric
surgery. However, exclusion of the upper gastrointestinal tract also provides further
metabolic improvements, possibly mediated by gastrointestinal hormonal responses and
altered postprandial glucose absorption.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Patients with class II and III obesity (body mass index (BMI)
≥35 kg/m2) display twice the risk of developing type 2 diabetes
(T2D) compared to individuals with lower BMI [1]. The
increased risk of T2D conferred by obesity may be explained
by adipose tissue dysfunction [2], peripheral insulin resis-
tance [3] and excess hepatic glucose production [4]. However,
β-cell dysfunction is essential for the development of
impaired glucose tolerance and fully-installed T2D [5]. β-cell
dysfunction is better captured by the insulin disposition index
(DI) [6]. This index is based on the hyperbolic relationship
between insulin secretion and sensitivity; a decline in DI
reflects a reduction in insulin secretion for any given degree
of insulin resistance and characterizes patients with pre-
diabetes or T2D.

Substantial improvement in glucose metabolism has been
observed after bariatric surgery, but the degree of glycemic
improvement varies depending on the type of procedure.
Procedures combining restriction of food intake and exclusion
of the proximal intestinal track such as the Roux-in-Y gastric
bypass (RYGB) and biliopancreatic diversion with duodenal
switch (DS), achieve greater weight loss and higher T2D
remission rates compared to restrictive procedures without
intestinal exclusion, such as the sleeve gastrectomy (SG)
[7,8]. It has been proposed that one of the mechanisms
explaining the anti-diabetic effect of bariatric surgeries is the
exclusion of the proximal gut and/or the rapid delivery of food
to the distal jejunum with ensuing increase in intestinal
incretin hormones [9]. One of the most consistent observa-
tions across studies remains the exaggerated postprandial
secretion of glucagon like peptide-1 (GLP-1) after RYGB [10–12]
and DS [13,14]. Some studies also reported modified gastric
emptying half-time [15], glucose absorption dynamics [16]
and secretion of gastrointestinal hormones [13,17] after SG.
However, a few studies reported higher postprandial secre-
tion of GLP-1 after RYGB compared to SG 3 days to 1 week
post-surgery [18,19].

Interestingly, RYGB, SG [16] and gastric banding [20] have
similar effects on muscle insulin sensitivity and β-cell
function after 20% excess weight loss, suggesting that the
reduction in body weight itself is the main mechanism for
long-term T2D remission [21]. However, fasting and post-
prandial plasma glucose levels and hepatic insulin resistance
are quickly reduced after SG, RYGB and DS [22–24], suggesting
that weight loss-independent mechanisms take place after
these surgeries. Our group [14] and others [25] have previously
shown that caloric restriction recapitulated the short-term

effects of bariatric surgery on insulin sensitivity and β-cell
function, independently of modifications in fasting or post-
prandial secretion of gastrointestinal hormones.

We designed the present study to compare the short-term
effect of SG and DS in order to test the hypothesis that
exclusion of the upper gastrointestinal tract would confer
greater metabolic improvement in patients with T2D under-
going bariatric surgery, independent of weight loss. We thus
administered standardized test meals prior to and on the
third and the fourth postoperative days after SG or DS in
participants with T2D. This timeline has been selected
because we showed significant improvement in insulin
resistance and β-cell function as early as 3 days after the DS
procedure in participants with T2D [14].

2. Material and Methods

2.1. Participants Recruitment

Participants were recruited through the elective surgery
schedule of the Centre de recherche de l'Institut universitaire de
cardiologie et de pneumologie de Québec (CRIUCPQ). The study
sample included nine T2D and nine NG participants with
severe obesity who underwent SG as well as nine T2D
participants with severe obesity who underwent DS. The
three groups of patients were matched for age (42.7 ± 7.1 yr),
sex and BMI (46.5 ± 5.3 kg/m2). The indications for surgery
followed the National Institutes of Health guidelines [26].
Exclusion criteria were the following: 1) participants with
kidney, hepatocellular, thyroid, or cardiovascular disorders
or poorly controlled lipid disorders; 2) treatment with insulin,
thiazolidinedione, GLP-1 agonist or dipeptidyl peptidase-IV
inhibitor, beta-blocker, anti-psychotic medications or gluco-
corticoids; and 3) participants having any uncontrolled
medical, surgical or psychiatric condition. The duration of
T2Dwas validated frommedical records. The Research Ethics
Committee of the CRIUCPQ approved the study. All partici-
pants provided written informed consent to participate in
the study.

2.2. Surgical Procedures

Allparticipants received intravenousantibiotics (antibioprophylaxis)
and subcutaneous heparin (thrombo-prophylaxis) 2 h
before surgery. A 250 cm3 SG starting 7–8 cm proximal to
the pylorus was performed in all participants using a 34-44 Fr
Bougie for calibration, as previously described [27]. A
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