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Abstract
Background Laparoscopic greater curvature plication (LGCP)
is an emerging bariatric procedure that reduces the gastric
volume without implantable devices or gastrectomy. The aim
of this study was to explore changes in glucose homeostasis,
postprandial triglyceridemia, and meal-stimulated secretion of
selected gut hormones [glucose-dependent insulinotropic poly-
peptide (GIP), glucagon-like peptide-1 (GLP-1), ghrelin, and
obestatin] in patients with type 2 diabetes mellitus (T2DM) at 1
and 6 months after the procedure.
Methods Thirteen morbidly obese T2DM women (mean age,
53.2±8.76 years; body mass index, 40.1±4.59 kg/m2) were
prospectively investigated before the LGCP and at 1- and 6-
month follow-up. At these time points, all study patients
underwent a standardized liquid mixed-meal test, and blood
was sampled for assessment of plasma levels of glucose, insulin,
C-peptide, triglycerides, GIP, GLP-1, ghrelin, and obestatin.

Results All patients had significant weight loss both at 1 and
6 months after the LGCP (p ≤0.002), with mean percent
excess weight loss (%EWL) reaching 29.7±2.9 % at the 6-
mon th f o l l ow-up . Fa s t i ng hype rg ly cemia and
hyperinsulinemia improved significantly at 6 months after
the LGCP (p <0.05), with parallel improvement in insulin
sensitivity and HbA1c levels (p <0.0001). Meal-induced glu-
cose plasma levels were significantly lower at 6 months after
the LGCP (p <0.0001), and postprandial triglyceridemia was
also ameliorated at the 6-month follow-up (p <0.001). Post-
prandial GIP plasma levels were significantly increased both
at 1 and 6 months after the LGCP (p <0.0001), whereas the
overall meal-induced GLP-1 response was not signifi-
cantly changed after the procedure (p >0.05). Postpran-
dial ghrelin plasma levels decreased at 1 and 6 months
after the LGCP (p <0.0001) with no significant changes
in circulating obestatin levels.
Conclusion During the initial 6-month postoperative period,
LGCP induces significant weight loss and improves the met-
abolic profile of morbidly obese T2DM patients, while it also
decreases circulating postprandial ghrelin levels and increases
the meal-induced GIP response.
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Introduction

Obesity plays an important role in the pathogenesis of insulin
resistance and type 2 diabetes mellitus (T2DM). Morbidly
obese patients are at higher risk of T2DM, hypertension,
hyperlipidemia, and cardiovascular disease. Bariatric surgery
is currently the most effective treatment for weight loss and is
also shown to lead to rapid and prolonged improvement in
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insulin resistance and hyperglycemia in the majority of mor-
bidly obese T2DM patients [1].

Laparoscopic greater curvature plication (LGCP; also re-
ferred to as laparoscopic gastric plication, total gastric vertical
plication, or gastric imbrication) is an emerging bariatric pro-
cedure, introduced as a relatively less invasive restrictive tech-
nique compared to sleeve gastrectomy since no gastric or
intestinal resection is required [2–8]. LGCP reduces the stom-
ach volume by laparoscopic plication/infolding of the greater
gastric curvature through placement of one or two rows of
nonabsorbable sutures or staples. Thus, LGCP results in elim-
ination of the greater curvature and formation of a gastric tube,
achieving a restrictive effect without utilizing implantable de-
vices (e.g., band), gastrectomy, or intestinal bypass. In addition,
LGCP is potentially reversible, if required.

Current reports have shown that LGCP results in effective
weight loss in the short and medium term [2–8], with percent
excess weight loss (%EWL) reaching up to 32 % at 6 months
and almost 50 % at 18 months postoperatively in a recent series
of 244 patients [2]. Notably, in this study, 96.9 % of patients
with T2DM exhibited significant improvement or resolution of
their diabetic status at 6 months after the procedure [2]. Fur-
thermore, LGCP is also shown to have a good safety profile
without major safety concerns in the short- and medium-term,
as low complication rates have been reported so far; however
more evidence is required in order to establish the long-term
efficacy and safety of this novel bariatric procedure [2–8].

To date, there is a lack of studies focusing on the effects of
LGCP in T2DM patients. Particularly, there are no reports
regarding the metabolic and hormonal changes that are asso-
ciated with improvement of T2DM following LGCP. The aim
of this study was to explore changes in glucose homeostasis,
postprandial triglyceridemia, and meal-stimulated secretion of
selected gastrointestinal hormones [namely, glucose-
dependent insulinotropic polypeptide (GIP), glucagon-like
peptide-1 (GLP-1), ghrelin, and obestatin) in T2DM patients
at 1 and 6 months after LGCP.

Methods and Materials

Study Cohort and Protocol

The study cohort included Caucasian adult women with mor-
bid obesity [body mass index (BMI) ≥35 kg/m2] and T2DM
who were operated at the OB Clinic, Prague, Czech Republic,
between 2009 and 2012. The study was approved by the
Ethics Committee of the Institute of Endocrinology, Prague,
Czech Republic, and informed consent was obtained from all
study participants, in accordance with the Declaration of
Helsinki. For the purposes of this study, all patients
were prospectively investigated before the LGCP (baseline)
and at 1 and 6 months following the procedure. Women on

incretin mimetics and/or insulin for T2DM treatment were
excluded from this study.

Anthropometric measurements were performed for all pa-
tients at the three study time points (baseline, 1 month post-op,
and 6 months post-op), as per protocol. Body weight was
measured to the nearest 0.5 kg and height to the nearest 1 cm.
BMI was calculated as body weight in kilograms divided by the
square of the height in meters. Percent excess weight loss
(%EWL) and percent of excess BMI lost (%EBL) were
calculated according to the following equations: (1)
%EWL=[(preoperative weight−follow-up weight)/preoperative
w e i g h t − i d e a l b o d y w e i g h t ] × 1 0 0 ; a n d ( 2 )
%EBL=[(preoperative BMI−follow-up BMI)/(preoperative
BMI−25)]×100; as previously described [2, 9–11]. Body fat
mass was also assessed using a standardized calibrated
bioimpedance instrument (Tanita TBF-300; Tanita Corporation).

For the purposes of this study, all patients underwent a
standardized liquid mixed-meal test [300 ml; 375 kcal;
1,581 kJ; 30 % (28.2 g) protein, 25 % (10.5 g) fat, 45 %
(42 g) carbohydrate] at each of the three time points of the
study, namely, at baseline (exam 1), at 1 month (exam 2), and
at 6 months (exam 3) after the LGCP. All patients were
examined in the morning after an overnight fast, and venous
blood was sampled for assessing GIP, GLP-1, ghrelin, and
obestatin levels at 0, 30, 60, 90, 120, and 180 min after the
liquid meal ingestion. These blood samples were collected
into chilled ethylenediaminetetraacetic acid (EDTA) contain-
ing tubes with aprotinin. Dipeptidyl-peptidase-4 inhibitor
(Millipore, Billerica, MA, USA) was also added immediately
after blood sampling. Blood samples were also collected into
chilled EDTA containing tubes without aprotinin for assess-
ment of glucose, insulin, and C-peptide levels at −15, −10, 0,
15, 30, 45, 60, 90, 120, 150, and 180 min. All samples were
immediately cooled, and plasma was prepared, aliquoted, and
stored at −80 °C until assayed. Plasma levels of blood glucose,
insulin, C-peptide, HbA1c, and triglycerides were measured
using the Cobas 6000 analyzer. Plasma concentrations of GIP,
GLP-1, and total ghrelin were assessed using a multiplex
assay (Bio-Plex ProTMHuman Diabetes Assay Panel, BioPlex
200 System, Bio-Rad Laboratories). Obestatin levels were
also determined by a commercially available RIA kit (Phoenix
Pharmaceuticals, Inc., California, USA) according to the man-
ufacturer's protocol. Finally, the homeostatic model assess-
ment (HOMA) method was used to assess insulin resistance
(HOMA-IR), as previously described [12], according to the
following equation: HOMA-IR=[fasting glucose (mmol/L)×
fasting insulin (mIU/L)]/22.5.

Surgical Technique

All study participants underwent a LGCP procedure for
weight loss, as previously described [2]. Briefly, our technique
consisted of dissection of the greater gastric curvature;
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beginning 3–5 cm proximally from the pylorus, proceeding
towards the angle of Hiss, and stopping approximately 2 cm
below the angle of Hiss, thus preserving the first one to two
short gastric vessels. Through this dissection, the fundus and
gastric body were mobilized, allowing the greater curvature to
be infolded and secured with continuous polypropylene su-
tures into two plication rows, one on top of the other. A 36-F
bougie was used for calibration during suturing in order to
maintain a standardized stomach lumen under its guidance.
None of the patients in our study cohort exhibited any major
intraoperative and/or postoperative complications.

Statistical Analysis

Results are presented as median (lower confidence limit and
upper confidence limit) or mean±standard error, unless oth-
erwise stated. Due to skewed distribution in most variables,
these were transformed by a power transformation in order to
stabilize the variance and obtain normal distribution, while the
homogeneity of the transformed data was verified using re-
sidual analysis, as previously described [13, 14]. Values for
the area under the curve (AUC) were calculated using the
trapezoidal rule. For statistical analyses, end points were com-
pared by repeated measures analysis of variance (ANOVA)
consisting of subject factor and within-subject factor tests
(StatGraphix Centurion XVI, 2009), or by the Wilcoxon test
(NCSS, 2004), as appropriate. Statistical significance was set
at p <0.05.

Results

Weight Loss Outcomes

Thirteen morbidly obese T2DM women were recruited into
this study [age,55 (47, 60)years]. The duration of T2DM for

the study cohort was 3 (1.8, 10)years. All study participants
had statistically significant weight loss both at 1 and 6 months
following the LGCP compared to baseline, exhibiting signif-
icant reductions in body weight, BMI, %EWL, and %EBL
(p ≤0.002). Table 1 presents the weight loss outcomes for our
study cohort, including the significant reductions noted in
body fat mass and in waist and hip circumference.

Glucose Homeostasis and Triglycerides

Figure 1 presents the statistically significant improvement in
fasting hyperglycemia and hyperinsulinemia at 6 months after
the LGCP (p <0.0001), and the parallel improvement in insu-
lin resistance as expressed by the significant reduction in
HOMA-IR (p <0.003). Of note, HbA1c significantly declined
in the period after the operation (p <0.0001) (Fig. 1), with only
one of the 13 patients not achieving statistically significant
reduction in HbA1c during the study follow-up.

Furthermore, both at 1 and 6 months after the LGCP a left
shift of the postprandial glucose curve was noted in response
to the liquid mixed-meal test, exhibiting an earlier peak (at
45 min) compared to the postprandial glucose curve at base-
line (peak at 60 min) (Fig. 2). Overall, the total AUC for
plasma glucose levels in response to the liquid mixed-meal
test was also significantly reduced at 6 months after the LGCP
(p <0.05). In addition, at 1 month after the LGCP, higher
postprandial levels of insulin at 30 min and C-peptide at 30,
45, and 60 min were noted (p <0.05), but not at 6 months
(Fig. 2). Moreover, although the total AUC for C-peptide
significantly increased at 1 month after the LGCP (p <0.05),
the total AUC for insulin postprandial levels was not signifi-
cantly changed both at 1 and 6 months after the operation
compared to baseline (p >0.05) (Fig. 2).

Finally, significant improvement in postprandial
triglyceridemia was also noted at 6 months after the LGCP,
with significantly lower plasma triglycerides in response to

Table 1 Weight loss outcomes for the study cohort (n =13) at 1 month and 6 months after laparoscopic greater curvature plication (LGCP)

Baseline 1-month after LGCP 6-months after LGCP

Absolute values Change from baseline Absolute values Change from baseline

Body weight (kg) 106.2 (98.5, 122.5) 99.5 (89.6, 108.7)* −7.8 (−5, −10.4)* 95.5 (90.5, 107.6)*‡ −12.5 (−8.2, −14.9)*‡

BMI (kg/m2) 37.7 (36.9, 46.2) 36.1 (34.1, 42.5)* −2.9 (−1.7, −3.6)* 34.9 (32.2, 41.4)*‡ −4.7 (−2.7, −5.4)*‡
Body fat mass (kg) 52.5 (44.9, 61.8) 49.2 (39.1, 54.9)* −5.2 (−3.4, −7.2)* 42.9 (34.2, 50.9)*‡ −10.7 (−5.2, −11.1)*‡

Waist circumference (cm) 115 (112, 119) 112 (99.5, 116)* −5.3 (−4, −12)* 106 (98, 110)*‡ −6.8 (−4, −14)*‡

Hip circumference (cm) 131 (125, 141) 125 (116, 132)* −5.7 (−4, −10)* 120 (106.5, 129.5)*‡ −9.8 (−8.5, −14)*‡

%EWL (%) 19.1 (13.1, 23.9)* 30.2 (22.6, 34.2)*‡

%EBL (%) 18.7 (13.1, 23.9)* 30.2 (18.4, 35.4)*‡

Data are expressed as median (95 % lower confidence limit, LCL; and 95 % upper confidence limit, UCL)

LGCP laparoscopic greater curvature plication, BMI body mass index, %EWL percent excess weight loss, %EBL percent of excess BMI lost

*p <0.05 compared to baseline; ‡ p<0.05 compared to 1-month after LGCP; comparison performed by Wilcoxon test
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the liquid mixed-meal test compared to baseline levels
(p ≤0.001) (Fig. 3).

Gastrointestinal Hormones

Higher meal-stimulated GIP levels were noted after the LGCP
(p <0.0001), with (1) the total AUC for GIP at 1 month (exam
2) being significantly higher compared to baseline (exam 1);
and (2) the total AUC for GIP at 6 months (exam 3) being
significantly higher compared to both baseline and 1 month
values (Fig. 4a). Of note, postprandial GIP levels at 1 and at
6 months after the operation exhibited an earlier peak (at
30 min) compared to the meal-stimulated GIP response at
baseline, which peaked at 60 min. Furthermore, the drop of
postprandial GIP levels following the corresponding peak was
more rapid at baseline (exam 1) and at 1 month (exam 2)
compared to 6 months (exam 3) after the LGCP (Fig. 4a).

GLP-1 plasma levels peaked at 60 min after meal ingestion
during the 1 month meal-test, whereas at 6 months, the post-
prandial GLP-1 levels reached a peak at 30 min, as was also
noted for the postprandial GLP-1 response at baseline
(Fig. 4b). However, contrary to GIP, the total AUC for the
meal-stimulated GLP-1 response at 1 and 6 months after the
LGCP did not significantly change compared to the baseline
value (p >0.05) (Fig. 4b).

In addition, significantly decreased postprandial ghrelin
plasma levels were observed during the mixed-meal test at
1 month after the LGCP, with more pronounced reduction at
6 months compared to the preoperative baseline levels (p <

0.0001) (Fig. 5). Overall, the total AUC for the postprandial
ghrelin response tended to decrease at the 1 month follow-up
and was significantly lower at 6 months compared to the
baseline value (p <0.05) (Fig. 5). Contrary to ghrelin, there
were no significant changes in circulating obestatin levels in
response to the ingested meal preoperatively at baseline, and
this lack of postprandial obestatin response remained both at 1
and 6 months after the LGCP (figure not shown).

Discussion

The objective of this study was to report novel data regarding
the effects of LGCP in T2DMpatients, focusing on changes in
fasting and postprandial plasma levels of glucose, insulin,
triglycerides, and selected gastrointestinal hormones at 1 and
6 months after the procedure. In accord with the existing
literature, our results showed that LGCP induces significant
weight loss in morbidly obese T2DM patients during the
initial 6-month postoperative period. Based on published data,
including series with nondiabetic and T2DM obese patients,
the mean %EWL following LGCP is reported to reach 32–
66 %, 50–79 %, and 60–74 % at 6, 12, and 24 months,
respectively [2–8]. Indeed, in our cohort of T2DM women,
the %EWL reached 30.2 % (22.6, 34.2) at 6 months after the
LGCP, approaching the reported range of 6-month %EWL
outcomes.

Weight loss following LGCP is considered to bemainly the
result of restricted food intake, due to reduced volume

Fig. 1 Improvement in fasting hyperglycemia, hyperinsulinemia, ho-
meostatic model assessment-insulin resistance (HOMA-IR), and glycated
hemoglobin (HbA1c) levels at 1 month (exam 2) and 6 months (exam 3)
after laparoscopic greater curvature plication (LGCP), compared to base-
line (exam 1) [Full, gray, and empty circles represent retransformedmean

values with their 95 % confidence intervals at baseline, 1 month, and
6 months, respectively. Comparison performed by repeated-measures
analysis of variance (ANOVA); exam, influence of time after LGCP;
Subj, subject factor. *p <0.05]
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capacity of the plicated stomach. Thus, LGCP can be classi-
fied as an alternative restrictive bariatric procedure, which, to
a certain extent, simulates the effects of laparoscopic sleeve

gastrectomy (LSG) [2–8]. Importantly, mounting evidence
indicates that LSG is not merely a restrictive procedure but
also affects the secretion of several orexigenic (e.g., ghrelin)
and anorexigenic (e.g., PYY) gut hormones inducing appetite
suppression and other metabolic/endocrine effects [15–17]. In
LSG, the resection of the gastric fundus, where most of the
ghrelin-secreting cells of the gastric mucosa are located, leads
to marked and sustained reductions in circulating ghrelin
levels [15–17]. Furthermore, LSG is also shown to increase
the secretion of certain gastrointestinal hormones that exert
potent satiety effects (e.g., PYY), presumably due to faster
gastric emptying and/or less well-digested chyme entering the
duodenum [15–17].

Contrary to LSG, LGCP preserves the gastric mucosa since
the greater gastric curvature is imbricated/infolded into the
body of the stomach. However, it may be hypothesized that
the devascularization and infolding of the highly vascular
gastric fundus as part of the LGCP may result in decreased
vascular perfusion of the mucosal cells, potentially affecting
their endocrine function and leading to ghrelin hyposecretion.
Accordingly, in our study, we documented decreased post-
prandial plasma levels of ghrelin during the initial 6-month
postoperative period after the LGCP compared to preoperative
levels (Fig. 5). In contrast, we observed no significant changes
in circulating obestatin levels, either basal or postprandial,
before and after the LGCP. Obestatin, which shares a common
precursor with ghrelin, i.e., preproghrelin, was initially de-
scribed as an anorexigenic peptide opposing the effects of
ghrelin [18]. Although the secretion pattern of obestatin and
its physiological role in appetite regulation remains contro-
versial, it has been proposed that the circulating ghrelin/

Fig. 2 Plasma glucose, insulin, and C-peptide levels in response to a
standardized liquid mixed-meal test at baseline (exam 1), 1 month (exam
2), and 6 months (exam 3) after laparoscopic greater curvature plication
(LGCP) [Full, gray, and empty circles represent retransformed mean
values with their 95 % confidence intervals at baseline, 1 month, and

6 months, respectively. Comparison performed by repeated-measures
analysis of variance (ANOVA); exam, influence of time after LGCP;
time, influence of time during the meal test; exam×time, interaction of
time after LGCP and time after meal ingestion; Subj, subject factor. AUC
area under the curve. *p <0.05]

Fig. 3 Plasma triglyceride levels in response to a standardized liquidmixed-
meal test at baseline (exam 1), 1 month (exam 2), and 6 months (exam 3)
after laparoscopic greater curvature plication (LGCP) [Full, gray, and empty
circles represent retransformed mean values with their 95 % confidence
intervals at baseline, 1 month, and 6 months, respectively. Comparison
performed by repeated-measures analysis of variance (ANOVA); exam,
influence of time after LGCP; time, influence of time during the meal test;
exam×time, interaction of time after LGCP and time after meal ingestion;
Subj, subject factor. AUC area under the curve. *p<0.05]
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obestatin ratio may be implicated in the regulation of feeding
behavior and body weight [18]. Thus, the marked decrease in
circulating ghrelin levels, and the corresponding decrease in
the ghrelin/obestatin ratio, noted in our cohort after the LGCP,
may also account for the postoperative weight loss through
enhanced appetite suppression. Notably, ghrelin has also been
shown to exert various diabetogenic effects [15, 19, 20], and
so decreased circulating ghrelin levels may additionally con-
tribute to improved glucose homeostasis after the LGCP.

In parallel with weight loss, all but one patient in our study
(92.3 %) achieved significant reductions in HbA1c during the
6-month postoperative follow-up. This agrees with published
data by Fried et al. [2] reporting that 96.9 % of T2DM patients
exhibited at least improvement of their preoperative diabetic
status at 6 months after LGCP. In our cohort, the amelioration
of glucose homeostasis was characterized by markedly de-
creased fasting glucose and insulin plasma levels and in-
creased insulin sensitivity as assessed by HOMA-IR
(Fig. 1). In addition, our results show that the postprandial
plasma levels of glucose also peaked earlier (peak at 45 min)
at 1 and 6 months after the LGCP, with the AUC for the meal-
induced glucose response being significantly lower at
6 months compared to baseline (Fig. 2).

Changes of the incretin response in T2DMpatients after the
LGCPmay also improve glucose homeostasis. GIP is secreted

postprandially from enteroendocrine cells of the small intes-
tine (K cells; located mainly in the duodenum and upper
jejunum) and rapidly stimulates insulin secretion from the
pancreatic beta-cells, while it also exerts multiple effects in
other organs (e.g., adipose tissue, brain) promoting glucose
and lipid storage [21, 22]. Importantly, the incretin effect of
GIP is deficient in T2DM due to relative beta-cell GIP resis-
tance [22]. Our results document a significant rise in postpran-
dial GIP levels at 1 month after the LGCP, which was even
more pronounced at 6 months (Fig. 4). Interestingly, Romero
et al. [23] have reported increased postprandial GIP levels in
morbidly obese T2DM patients at 6 weeks after LSG. It is also
noteworthy that, although reports on fasting and postprandial
GIP levels after Roux-en-Y gastric bypass (RYGB) are also
inconsistent, there are data suggesting that meal-induced GIP
levels in T2DM patients may be increased early (1 month)
following RYGB and decreased in the longer-term [15]. Re-
garding the mechanism that could induce the higher meal-
induced GIP levels after LGCP noted in our study, it can be
hypothesized that this GIP response may reflect over-
stimulation of the K cells in the duodenum due to either
accelerated gastric emptying or/and contact with less well-
digested chyme, as it has also been hypothesized for LSG.
However, this hypothesis remains to be elucidated, and addi-
tional long-term studies will be required in order to explore

Fig. 4 Plasma levels of a glucose-dependent insulinotropic polypeptide
(GIP) and b glucagon-like peptide-1 (GLP-1) in response to a standard-
ized liquid mixed-meal test at baseline (exam 1), 1 month (exam 2), and
6 months (exam 3) after laparoscopic greater curvature plication (LGCP)
[Full , gray, and empty circles represent retransformed mean values with
their 95 % confidence intervals at baseline, 1 month, and 6 months,

respectively. Comparison performed by repeated-measures analysis of
variance (ANOVA); exam, influence of time after LGCP; time, influence
of time during the meal test; exam×time, interaction of time after LGCP
and time after meal ingestion; Subj, subject factor. AUC area under the
curve. *p <0.05]
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whether the rise in postprandial GIP levels that we noted
during the initial 6-month period following the LGCP is
sustained in the longer term.

GLP-1 is secreted from the enteroendocrine L cells (located
mainly in the distal small bowel) in response to the presence of
nutrients in the lumen of the small intestine, particularly of
carbohydrates and fat [21]. In addition to its insulinotropic
actions, GLP-1 also suppresses glucagon secretion, delays
gastric emptying, increases satiety, and may improve insulin
sensitivity. GLP-1 postprandial secretion is markedly de-
creased in T2DM; however, its insulinotropic effect is pre-
served [21, 22]. In our study, postprandial GLP-1 levels
exhibited a higher peak at 60 min after meal ingestion
at 1-month following the LGCP, but this finding was
not preserved at the 6-month follow-up (Fig. 4b). More-
over, we found no change in the total AUC of the
meal-stimulated GLP-1 response both at 1 and 6 months
following the procedure. Contrary, several reports have
shown increased meal-stimulated GLP-1 secretion early
after LSG, which is also sustained in the longer term
[16, 23–27]. However, this effect after LSG may be less
pronounced than the well-documented rise in postpran-
dial GLP-1 levels after RYGB [15]. Recently, it has
been suggested that additional mechanisms other than
faster gastric emptying may account for the changes in

GLP-1 levels after LSG (e.g., increased secretion of
foregut hormones such as cholecystokinin) [16, 28,
29]. Whether such additional mechanisms play a role
in the meal-stimulated GLP-1 response after LGCP
needs to be further studied.

Finally, the improved metabolic profile of our T2DM
patients after the LGCP was also characterized by ame-
liorated postprandial hypertriglyceridemia, which is rec-
ognized as an independent risk factor for early athero-
sclerosis, ischemic heart disease, myocardial infarction,
and death [30–32]. Indeed, we noted a decrease in
postprandial triglyceride levels that was apparent at
1 month and achieved significance at 6 months after
the LGCP (Fig. 5). This is in accord with the available
evidence showing that LSG results in improved circu-
lating triglyceride levels in T2DM patients [27, 33, 34].
Notably, Stefater et al. [35] have demonstrated that
sleeve gastrectomy in rats improves postprandial
lipidemia in a weight-independent manner due to re-
duced intestinal secretion of triglycerides following in-
gestion of a lipid meal.

In conclusion, our results show that LGCP in morbidly
obese T2DM women leads to significant weight loss during
the initial 6-month postoperative period. During this
follow-up period, our study patients also achieved sig-
nificant improvement in glucose homeostasis and post-
prandial hypertriglyceridemia, reflecting primarily the
result of the significant weight loss due to the restrictive
effect of the operation on food intake. Importantly, we
further demonstrated that postprandial plasma levels of
ghrelin are decreased at 1 and 6 months after the LGCP,
a finding that has also been noted after other bariatric
operations such as sleeve gastrectomy, vertical banded
gastroplasty and biliopancreatic diversion with duodenal
switch [15, 36], whereas increased circulating ghrelin
levels have been shown following gastric banding and
with diet alone [15, 36, 37]. Finally, it is of note that
meal-induced GIP secretion was also increased after the
LGCP in our study, a change that has also been report-
ed after certain bariatric operations such as sleeve gas-
trectomy and gastric bypass and cannot be attributed to
caloric restriction and weight loss alone [15, 38].

Bearing in mind the limitations of our study, such as
the relatively limited size of our cohort, the lack of a
controlled comparison group and the relatively short
duration of follow-up, our study suggests that LGCP
can offer an effective addition to the arsenal of bariatric
surgery with effects that may extend beyond gastric
volume restriction. Larger and long-term studies are
required to further explore the spectrum of metabolic/
hormonal effects of LGCP and establish the role of this
bariatric technique in the treatment of obesity and
T2DM.

Fig. 5 Plasma levels of ghrelin in response to a standardized liquid mixed-
meal test at baseline (exam 1), 1 month (exam 2), and 6 months (exam 3)
after laparoscopic greater curvature plication (LGCP) [Full, gray, and
empty circles represent retransformed mean values with their 95 % confi-
dence intervals at baseline, 1 month, and 6 months, respectively. Compar-
ison performed by repeated-measures analysis of variance (ANOVA);
exam, influence of time after LGCP; time, influence of time during the
meal test; exam×time, interaction of time after LGCP and time after meal
ingestion; Subj, subject factor. AUC area under the curve. *p<0.05]
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