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Abstract
Background The correlation between resected gastric volume (RGV) and neuro-humoral changes (ghrelin and GLP-1) after
laparoscopic sleeve gastrectomy (LSG) and their effects on type 2 diabetes mellitus (T2DM) has been evaluated.
Materials Ninety-eight patients were divided in two groups: RGV <1200 mL (group A: 53 pts) and RGV >1200 mL (group B:
45 pts). Insulin secretion (insulin area under the curve (AUC)), insulinogenic index (IGI) and insulin-resistance (homeostasis
model assessment, HOMAIR) were assessed before and after surgery (at the 3rd day and 6, 12 and 24months after LSG) using the
oral glucose tolerance test (OGTT). At the same time, ghrelin and GLP-1 levels were determined.
Results A significant difference in T2DM resolution rate was observed after 6, 12 and 24 months in favour of RGV >1200 mL.
Group B performed better than group A at the 3rd day and at the 6th, 12th and 24th months with regard to AUC, IGI and
HOMAIR. In both groups, OGTT resulted in decreased ghrelin values and a significant increase in GLP-1 values for group B at
the 3rd day and at the 6th and 12th months with no difference at the 24th month.
Conclusion Ghrelin and GLP-1 changes play a role in the regulation of glucose metabolism during the 1st year after LSG. RGV
influences ghrelin and GLP-1 plasma levels after LSG, with a significant improvement in the T2DM control.

Keywords Obesity . Sleeve gastrectomy . Volume resected .

Bariatric surgery . Diabetesmellitus type 2

Introduction

Obesity and type 2 diabetes mellitus (T2DM) are closely
related and represent the two most common metabolic

disorders in the world.1,2 During the last decade, bariatric
surgery has emerged as an effective treatment for
obesity-associated T2DM, especially if compared to
medical therapy alone.2–4

Among the various kinds of surgery, laparoscopic sleeve
gastrectomy (LSG) proved to be a valuable procedure for
treating obesity complicated by T2DM with similar results
to those achieved with Roux-en-Y gastric bypass.3,5,7 The
mechanism of T2DM resolution after LSG is not yet clearly
defined. Various studies showed that LSG achieves diabetes
improvement independently of the amount of weight loss and
caloric restriction, suggesting that hormonal mechanisms
could also be involved.6,7 The removal of gastric fundus and
the rapid gastric emptying have been proposed to justify hor-
monal changes, thus highlighting the role of the stomach in
the regulation of glucose metabolism.8,9

Several authors have recently documented a relationship
between resected gastric volume (RGV) and weight loss and
the resolution of comorbidities after sleeve gastrectomy. This
evidence suggests a significant improvement in LSG results
for an RGV greater than 1200 mL.10–12 No previous study has
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compared RGV with postoperative gut hormone levels in-
volved in glycaemic control.

The aim of this study was to determine the effect of RGV
on ghrelin and glucagon-like peptide-1 (GLP-1) plasma levels
and the impacts on insulin secretion and insulin resistance in
obese diabetic patients who have undergone LSG.

Materials and Methods

Study Design

This is a prospective observational study including morbidly
obese patients who underwent LSG during the period from
April 2012 to September 2013 at our University Hospital.
According to the National Institute of Health, all patients with
a body mass index (BMI) ≥40 or ≥35 kg/m2 with at least one
coexisting obesity-related comorbidity were eligible for the
study. Other inclusion criteria were diabetes duration less than
10 years13,14, diagnosis of poorly controlled DM2 after ad-
ministration of hypoglycemic drugs for 6 months, glycated
haemoglobin A1c (HbA1c) levels ≥6.5 %, age between 30
and 60 years and no immunosuppressive therapy.

Before surgery, each patient was evaluated for at least
6 months by a multidisciplinary team including a psycholo-
gist, an internist, a gastroenterologist and a nutritionist. All
surgical operations were performed at the Surgical Unit of
San Salvatore Hospital in L’Aquila (Italy), by a single surgeon
experienced in bariatric surgery.

During the period considered, 98 patients met the inclusion
criteria and completed 2 years of follow-up. Patients were
divided into two groups, according to the RGV, measured at
the end of surgery. In group A, 45 patients were enrolled with
an RGV lower than 1200 mL; in group B, 53 patients with an
RGV greater than 1200 mL (Fig. 1).

The end-points of the study were the evaluation of T2DM
resolution, insulin secretion response, insulin resistance and
changes in ghrelin and GLP-1 plasma concentrations, after
LSG and according to the RGV.

Surgical Procedure and Postoperative Management

All procedures were performed laparoscopically, using a
four-port technique. The greater omentum was sectioned
close to the gastric wall using an ultrasonic dissector
(Ethicon Endo-Surgery). Sleeve calibration was obtained
by a 36-Fr gastric bougie, pushed toward and along the
lesser curvature, and the stomach was transected with se-
quential firings of linear green and blue GIA reloads
(Echelon® 60 mm, Ethicon Endo-Surgery). Gastric transec-
tion started 6 cm from the pylorus and ended 1 cm lateral to
the esophago-gastric junction. The resected stomach was

placed in a plastic bag and pulled out intact from the abdo-
men by enlarging the right subcostal incision.

In order to measure the RGV and pressure leak, a 16-Fr
Foley catheter was inserted in the specimen through the gas-
tric antrum, and a saline solution was manually injected using
a 50-mL syringe until leakage was detected on the staple line.
A purse string suture was used to close the hole around the
catheter, and a manometric glass tube was used to evaluate the
leak pressure in each specimen.

All patients were double-checked with a methylene blue
test and upper gastrointestinal transit on the 2nd postoperative
day, and, if no leakage was detected, a liquid diet was started
on the 3rd postoperative day. The patients were discharged on
the 5th postoperative day after eating mashed foods. The post-
operative follow-up was conducted by a bariatric surgeon of
our team 1, 3, 6, 12, 18 and 24 months after the operation and
yearly thereafter.

Laboratory Analysis

An oral glucose tolerance test (OGTT) with 75 g of glucose
(in a total volume of 400 mL) was administered in the morn-
ing after a 12-h overnight fast in the absence of antidiabetic
drugs. The plasma glucose level (PGL) was measured using
the glucose oxidase method (YSI 2300 Stat Plus, Yellow
Springs, OH, USA). Patients with basal PGL over
200 mg/dL were excluded from the study. The OGTT was
performed in all patients 48 h before surgery and 3 days and
6, 12 and 24 months postoperatively. After the test PGL,
insulin secretion, HbA1c, ghrelin and GLP-1 were mea-
sured and compared in both groups. HbA1c levels were
determined by a direct turbidimetric inhibition immunoas-
say that determines HbA1c as a percentage of total hemo-
globin (%HbA1c) (Thermo Fisher Scientific). Assays were
performed on an Indiko Plus (Thermo Fisher Scientific)
automated biochemistry analyser, and results were reported
as %HbA1c. Plasma insulin level (PIL) was measured as
radioimmune insulin (IRI) with radioimmunoassay INSI-
CTK (Dia Sorin Saluggia Italia). Insulin secretion, calculat-
ed by insulin total area under the curve (AUC), was assessed
1, 30, 60, 90 and 120 min after oral glucose load. The early
insulin secretory response to specific glycaemic response
was measured by Binsulinogenic index^ (IGI) [Insulin
Rad io immune( IRI ) 3 0m i n − IRI f a s t i n g / PGL30m i n −
PGLfasting],

15 while insulin-resistance was measured with
the Bhomeostasis model assessment^ (HOMAIR) [IRIfasting
(mU/mL) x PGLfasting (mmol/L)/22,5)].16 Ghrelin and GLP-
1 levels were evaluated preoperatively and postoperatively
before and 15 min after the OGTT. Plasma ghrelin was
measured using a commercially available RIA kit (Phoenix
Pharmaceuticals Inc., Phoenix, AZ, USA). GLP-1 was mea-
sured using a commercially available ELISA kit (Linco
Research, St. Charles, MO, USA). These samples were
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collected in tubes containing DPP-IV inhibitor (Millipore,
Billerica, MA, USA). The diabetologists on our team mon-
itored the patients every 3 weeks. A PGL <100 mg/dL and
HbA1c level <6.5 % without hypoglycaemic drugs were
considered as resolution of diabetes.

Statistical Analysis

This study was designed as a prospective observational,
parallel group trial to compare two clinical entities.
Calculations were based on a power value of 1 − β = 0.90,
alpha set at 0.05, a type II error of 0.10 and correlation
between follow-up measurements of 0.700 using a two-
tailed test (Software Stata/IC 12.1: sampsi—sample size
and power for means and proportions). The data were
analysed for normality of distribution with Shapiro-Wilk
test. Because the data were distributed not normally, mean
values of overall differences were compared among the
groups, by a non-parametric analysis of variance, Kruskal-
Wallis test and post hoc analysis for comparisons of pairs of
mean values with Mann-Whitney test with Bonferroni ad-
justment for multiple comparisons, and thus significance for
the univariate analyses was assessed at p < 0.0167.
Categorical variables, expressed as percentage, were

compared by chi square and t test. Comparisons between
groups were analysed on an intention-to-treat basis.

Linear and logistic regression modelling was performed to
determine the association between VGR and T2DM resolu-
tion at 24 months postsurgery, respectively. All regression
models were adjusted for gender, age, initial obesity level
(BMI) and RGV (Table 1)

Fig. 1 Study design

Table 1 Adjusted logistic regression of resolution of DM2 in the 24-
month follow up

O.R. 95 % C.I. p value

Sex 1.31 0.41; 3.21 p = 0.77

Age 1.12 0.83; 1.22 p = 0.06

Initial BMI 1.37 0.81; 1.15 p = 0.13

RGV 5.77 4.84; 4.98 p = 0.04

Hypoglycaemic drug use 1.43 0.54; 2.13 p = 0.62

Insulin use 1.85 0.74; 1.48 p = 0.21

Duration of diabetes 2.07 0.87; 1.32 p = 0.41

The multivariate logistic modelling regression modelling of T2DM reso-
lution shows that RGV was the only one parameter significantly associ-
ated withT2DM (95% CI: 4.84; 4.98 p=0.04).

p > 0.05 no statistically significant difference between each group

BMI body mass index, RGV resected gastric volume
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Results

Patients’ demographic characteristics are shown in Table 2.
Two patients were excluded because of a PGL greater than
200 mg/dL, and eight patients were lost at the follow-up. No
statistical difference was found between groups in terms of
age, preoperative BMI, pressure leak, sex and diabetes char-
acteristics. RGV was not correlated to preoperative BMI and
biochemical parameter of insulin sensitivity and resistance:
the values of HbA1c, PGL, IGI and HOMAIR were compara-
ble in both groups (Table 2). Diabetes treatments, as insulin
and hypoglycaemic drugs, were similar between the groups:
48.8 and 51.1 % for insulin and 88.7 and 81.6 % for
hypoglycaemic drugs respectively.

%Excess Weight Loss and Diabetes Remission

The overall %EWL on the 3rd day and at the 6th, 12th and
24th months was 8.4, 38.9, 45.6 and 51.8 %, respectively. A
statistically significant difference in favour of group B was
found at 24 months (Fig. 2).

No significant differences in PGL were reported at 48 pre-
operative hours. During the OGTT, PGL levels were signifi-
cantly improved in group B compared with group A at the 3rd
day and at the 6th and 12th months. No difference was record-
ed at 24 months (Fig. 3).

The mean preoperative %HbA1c level was 8.4 ± 1.5 with-
out significant difference between groups (p = 0.17) (Table 2),
while the mean rate at 6, 12 and 24 months was 6.4, 6.8 and

5.7 % respectively, with a significant reduction during the
whole follow-up in favour of group B (Table 3A).

The resolution rate of DM2 at the 3rd day and at 6, 12 and
24 months in the two groups was 8.5, 44.7, 59.7 and 68.1 and
9.7, 58.5, 73.2 and 78.0 % respectively, with an overall reso-
lution of 72.7 % at 24 months: a significant difference in the
proportion of patients experiencing T2DM resolution was ob-
served at the 6th, 12th and 24th months in favour of group B
(Table 3B).Furthermore, the results from the multivariate lo-
gistic regression modelling of T2DM resolution, controlling
for the effects of sex, age, initial BMI and RGV, are shown in
Table 1.

Insulin Secretion and Insulin Resistance

No significant difference concerning AUC was found preop-
eratively. Therefore, during OGTT, PIL levels were signifi-
cantly increased in group B compared with group A during
the whole follow-up period (Fig. 4). The mean IGI before the
operation was 0.021 ± 0.03, with no difference between
groups (0.025 ± 0.012 vs. 0.019 ± 0.009, p = 0.183). The IGI
increased significantly more in group B compared to group A
at the 3rd postoperative day (0.073 vs. 0.032, p = 0.042), at the
6th month (0.193 vs. 0.092, p = 0.024) and at the 12th month
after surgery (0.248 vs. 0.191, p = 0.035). At the 24th month
of follow-up, our data showed similar results (0.252 vs. 0.248,
p = 0.081) (Fig. 5a). Before the operation, the mean HOMAIR

index was 9.4 ± 8.7, with no difference between groups (9.5 ±
9.2 vs. 9.2 ± 7.7, p = 0.074). During the postoperative period,

Table 2 Characteristic of the patients

Groups p value

Group A (RGV <1.200 mL) n = 41 Group B (RGV >1200 mL) n = 47 Total n = 88

Age, mean ± SD 40.9 ± 12.5 39.8 ± 11.7 40.5 ± 11.9 p = 0.674

BMI, mean ± SD 45.8 ± 6.9 46.2 ± 6.3 45.9 ± 6.7 p = 0.571

Pressure leak (cm H2O) 26.5 ± .9.8 27.1 ± 10.8 26.6 ± 10.3 p = 0.623

RGV, mean ± SD (mL) 954 ± 183 1486 ± 205 1232 ± 195 p = 0.039

Sex, n (%) female 27 (65.8 %) 30 (63.8 %) 57(64.8 %) p = 0.514

Duration of diabetes (months) 55 ± 18 51 ± 21 53 ± 20 p = 0.487

Insulinogenic index 0.025 ± 0.03 0.019 ± 0.02 0.021 ± 0.03 p = 0.182

HOMAIR 9.5 ± 9.2 9.2 ± 7.7 9.4 ± 8.7 p = 0.093

%HbAc1 ± SD 8.2 ± 1.7 8.6 ± 1.5 8.4 ± 1.5 p = 0.176

PGL ± SD (mg/dL) 179 ± 54 186 ± 47 181 ± 49 p = 0.127

Hypoglycaemic drug use (%) 94 (88.7 %) 97 (81.6 %) 191 (84.9 %) p = 0.341

Insulin use (%) 20 (48.8 %) 24 (51.1 %) 44 (50 %) p = 0.235

The general caracteristics of the group are similar. only significant difference are showed in term of RGV ( the initial Hypothesis of the study)

p > 0.05 no statistically significant difference between each group

BMI body mass index, RGV resected gastric volume, SD standard deviation, HbAc1 glycated hemoglobin A1c, PGL plasma glucose level, HOMAIR
homeostasis model assessment
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the HOMAIR showed significantly better results in group B at
the 3rd day (5.7 ± 5.6 vs. 7.4 ± 6.7, p = 0.046), at the 6th
month (3.1 ± 3.8 vs. 5.8 ± 4.1, p = 0.032), at the 12th month
(2.2 ± 3.6 vs. 3.4 ± 2.4, p = 0.041) and at the 24th month after
surgery (1.4 ± 1.9 vs. 2.3 ± 2.6, p = 0.041) (Fig. 5b).

Ghrelin and GLP-1 Changes

Basal ghrelin plasma (BGP) concentrations, similar in both
groups preoperatively, decreased significantly more in group
B at the 3rd day and at the 6th and 12th months after LSG
(Fig. 6a).

During OGTT, ghrelin values diminished before and after
LSG in both groups compared to basal ghrelin level
(Fig. 6a, b). Ghrelin levels after 15 min (ghrelin-15) were
significantly decreased in group B at the 3rd postoperative
day (84.7 ± 39.8 vs. 108.5 ± 42.6 pg/ml, p = 0.031) and at
the 6th (87.4 ± 27.9 vs. 111.5 ± 31.5 pg/ml, p = 0.026) and
12th months after surgery (92.2 ± 52.5 vs. 115.1 ± 51.3 pg/
ml, p = 0.028) (Fig. 6b). Furthermore, BGP and ghrelin-15
were significantly increased at the 24th postoperative month
compared to the values recorded on the 3rd day after LSG
(Fig. 6a, b).

Basal GLP-1 plasma concentrations, similar in both groups
preoperatively, increased significantly more in group B com-
pared to group A after LSG. Figure 6c shows the increase
between the 3rd postoperative day and the 12th month after
surgery. During OGTT, at 15 min GLP-1 (GLP-1-15), values
diminished before and after LSG in both groups compared to
basal GLP-1 (Fig. 6d). The GLP-1 levels after 15min (GLP-1-
15) were significantly decreased in group B at the 3rd postop-
erative day (3.77 ± 2.9 vs. 3.40 ± 3.7 pg/ml, p = 0.043) and 6
(3.75 ± 4.1 vs. 3.31 ± 4.5 pg/ml, p = 0.046) and 12 months
after surgery (3.68 ± 2.7 vs. 3.31 ± 5.3 pg/ml, p = 0.046). As
for ghrelin, GLP-1 and GLP-1-15 were significantly increased
at the 24th month compared to the values at the 3rd day after
LSG (Fig. 6).

Discussion

The literature data regarding diabetes remission following
LSG are extremely variable, ranging from 60 to 80 % depend-
ing on the patient population and the length of follow-
up.8,17–21 Gill et al. in a recent meta-analysis concerning 673
patients reported 66.2 % of diabetes remission and 26.9 % of

* Statistically significant difference between each group using Kruskal Wallis test

%EWL, percentage excess weight loss
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Fig. 2 %EWL during the follow up
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T2DM improvement.21 In comparison to purely restrictive
bariatric procedures such as gastric banding, glycaemic con-
trol is often achieved before significant weight loss after
LSG.13,22 This evidence suggests that the control of the
glycaemic status may be a direct effect of metabolic surgery
rather than a secondary effect of the weight loss.23,24

Several authors have explained this LSG weight-
independent antidiabetic effect as stemming from reduced
plasma ghrelin concentrations and increased levels of GLP-
1, highlighting a role of the stomach in the regulation of glu-
cose metabolism.10,13,17–27 The metabolic consequence of
LSG is the decrease of plasma ghrelin concentrations closely
related to the amount of ghrelin-secreting cells removed by the
surgery.26 Moreover, GLP-1 is produced by the transit of nu-
trient materials in the distal ileum: a greater amount of food
intake determines a greater secretion of GLP-1.27 According
to the Bhindgut theory ,̂26 the rapid transit of undigested nu-
trients to the distal gastrointestinal tract, caused by the

increased gastric emptying after LSG, up-regulates the pro-
duction of GLP-1 from intestinal L cells in the distal
bowel.24,26,27

Ghrelin has been demonstrated to be suppressed by insulin
and to inhibit glucose-induced insulin release. Furthermore,
ghrelin infusion is reported to increase insulin resistance
and, finally, the removal of the gastric fundus might contribute
to improve insulin sensitivity.24 Increased GLP-1 production
by enteroendocrine L cells, lining in the distal gastrointestinal
tract, can normalize blood glucose and regulate insulin syn-
thesis and pro-insulin gene expression, as well as the secretion
of glucagon and somatostatin.22,27

Our results showed an overall increase of plasma ghrelin
concentrations and an overall reduction of GLP-1 in both
groups during follow-up (Fig. 6).

Moreover, we hypothesized that the amount of RGVmight
directly affect the plasma concentrations of gut hormones in-
volved in postoperative weight-independent T2DM control.

A) PGL 48 hours before LGS 

B) PGL 3 days after LGS 

* Statistically significant difference between each group using Kruskal Wallis test
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Fig. 3 PGL preoperation and early postoperation
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Table 3 HbA1c level and postoperative resolution of DM2 during the follow-up period

(A) HbA1c level
Preoperative 6th month 12th month 24th month

Group A (RGV<1.200)
n = 47

8.2 ± 1.7 7.4 ± 1.6 6.9 ± 1.7 6.4 ± 1.4

Group B (RGV >1.200)
n = 41

8.6 ± 1.5 6.1 ± 1.7 5.7 ± 1.5 5.7 ± 1.4

Overall
N = 225 8.4 ± 1.5 6.4 ± 1.7 5.9 ± 1.6 5.7 ± 1.6
p value p = 0.75 p = 0.023 p = 0.035 p = 0.048
(B) Resolution of DM2
Follow-up period Groups p value

Group A (RGV <1.200 mL) n = 47 n. pts (%) Group B (RGV >1200 mL) n = 41 n. pts (%) Total n = 88 n. pts (%)
3rd day 4 (8.5) 4 (9.7) 8 (9.1) p = 0.835
6th month 21 (44.7) 24 (58.5) 45 (51.1) p = 0.043
12th month 28 (59.7) 30 (73.2) 58 (65.9) p = 0.031
24th month 37 (78.7) 32 (78.0) 64 (72.7) p = 0.027

The mean preoperative HbA1c level was similar between the groups (p= 0.75). A reduction of Hb1Ac is showed (bold entries in table 3A) during the
entire follow up period.

A significant difference in the proportion of patients experiencing T2DM resolution was observed at the 6th , 12th , 24th month (bold entries in table 3B)
in favour of Group B
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Two anatomical results of LSG could play an important role in
this antidiabetic effect. First of all, a larger RGV could remove
a higher number of oxyntic cells, thus reducing ghrelin plasma
levels, and secondly, the increase of gastric emptying could
up-regulate GLP-1 plasma levels.

In order to measure RGV, we manually injected a
saline solution using a 16-Fr Foley catheter inserted in
the gastric antrum, until leakage of the staple line was
detected.11,28–30 We noted no difference between the leak
pressures in both groups. Causey et al.31 reported similar
results about the leak pressure generated by the saline
solution injection, suggesting the accuracy of this method
of measurement with no significant prevalence in the
location of the leak.

The positive correlation between RGV and weight loss is
still a matter of debate.10–12,31 Some authors found a positive

relationship between RGV and weight loss,10,12,31 while for
others weight loss results were independent of RGV.11 Weiner
et al. reported that the resection of ≤500 mL of stomach vol-
ume was a prediction of weight loss failure or early weight
regain.31 Our findings about %EWL after LSG were consis-
tent with those reported in literature (Fig. 2). Contrary to
Obeidat et al.,11 we recorded a significant positive correlation
between VGR and %EWL starting 1 year after surgery and
confirmed at 24 months of follow-up in patients with a higher
RGV.

Our multivariate logistic regression modelling of
T2DM resolution showed that gender, age and baseline
BMI did not play a role in diabetic remission: only the
RGV seems to be crucial in achieving significant re-
sults. This could be demonstrated by the evidence that
during OGTT all indicators of insulin secretion (AUC

A) Insulinogenic Index

B) homeostasis model assessment - HOMAIR – 

* Statistically significant difference between each group using Kruskal Wallis test
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and IGI) and insulin resistance (HOMAIR) were better
in group B than in group A (Figs. 4 and 5). These
results seem to justify the significant differences in the
proportion of patients experiencing better glucose ho-
meostasis and T2DM resolution in RGV >1200 mL dur-
ing the follow-up period (Table 3b).

Moreover, our results suggest that RGV affects glucose
homeostasis through two time-related pathways. During
the 1st year after surgery, a higher RGV may promote a
favourable change in hormonal plasma levels with posi-
tive effects on insulin secretion and insulin resistance, as
shown by the early improvement in glycaemic control and
insulin response at the 3rd day after LSG (Fig. 6). On the
contrary, although during the 2nd postoperative year no
difference in ghrelin and GLP-1 concentrations was found
between groups, a better glucose metabolism control was
achieved in group B. In our opinion, this result is not
related to hormonal changes but rather to the greater
weight loss recorded in patients with a greater RGV
(Fig. 2). At a longer-term follow-up, the positive effect
of weight loss that improves insulin sensitivity and de-
creases insulin resistance has already been reported11,23,25

and suggests that the fat mass participates in the modula-
tion of glucose metabolism.32

This study involved several limitations, including the
lack of randomisation and the impossibility of measur-
ing the residual gastric volume after sleeve resection.
There is no conclusive evidence regarding the way to
determine the optimal size of the gastric sleeve with
precision.10,11,31 As proposed by other authors, we as-
sumed that the standardization of a technique performed
by only one surgeon would yield similar results in
terms of sleeve size.12,33

In conclusion, postoperative LSG metabolic effects
result in a high T2DM remission rate. The positive ef-
fect of RGV seems to be related to increased insulin
secretion and to the improvement of insulin resistance
during the first 2 years of follow-up. We suggest that
RGV could affect glucose homeostasis through two
time-related pathways: during the first 12 months after
surgery, the positive effects on glucose homeostasis oc-
curred in the group with higher RGV due to a more
favourable change in ghrelin and GLP-1 plasma levels;
during the 2nd year, these effects seem to be related to
improved insulin resistance, which results in improved
weight control. Further studies with a larger cohort of
pat ien ts are needed to conf i rm this Btwo-s tep
hypothesis^.
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