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Abstract

Background: Gastrointestinal electromodulation therapy is a novel alternative for achieving diabetes control
without traditional bariatric surgery. We compared the efficacy of a meal-initiated implantable gastric con-
tractility modulation (GCM) device with that of insulin therapy in obese Chinese type 2 diabetes (T2D) patients,
for whom oral antidiabetes drugs (OADs) had failed.
Patients and Methods: Sixteen obese (body mass index, 27.5–40.0 kg/m2) T2D patients with a glycated
hemoglobin (HbA1c) level of >7.5% on maximal doses of two or more OADs were offered either insulin
therapy (n = 8) or laparoscopic implantation of a GCM (n = 8). We compared changes in body weight, waist
circumference (WC), and HbA1c level 1 year after surgery.
Results: The GCM and insulin groups had similar baseline body weight and HbA1c. At 12 months, body weight
(-3.2 – 5.2 kg, P = 0.043) and WC (-3.8 – 4.5 cm, P = 0.021) fell in the GCM group but not in the insulin group
(P < 0.05 for between-group difference). At 6 and 12 months, the HbA1c level fell by 1.6 – 1.1% and 0.9 – 1.6%
(P = 0.011), compared with 0.6 – 0.3% and 0.6 – 0.3% (P = 0.08) for the insulin group (P = 0.15 for between-group
difference). The mean 24-h systolic blood pressure (BP) fell by 4.5 – 1.0 mm Hg in the GCM group (P = 0.017)
but not in the insulin group. The GCM group required fewer antidiabetes medications (P < 0.05) and BP-lowering
drugs (P < 0.05) than the insulin group. A subgroup analysis showed that patients with a triglyceride level of
<1.7 mmol/L had a tendency toward a lower HbA1c level (P = 0.090) compared with the controls.
Conclusions: In obese T2D patients for whom OADs had failed, GCM implantation was a well-tolerated
alternative to insulin therapy, with a low triglyceride level as a possible predictor for glycemic response.

Introduction

In 2011 there were 366 million people with type 2
diabetes (T2D), and the figure is expected to rise to 522

million by 2030.1 Obesity accounts for about 60% of the risk
of developing diabetes,2 and more than 60% of T2D patients
are obese.3 The metabolic disturbances in these patients,

mediated by varying degrees of insulin resistance and im-
paired insulin secretion, are amplified by coexisting obesity. In
2010, a national survey in China reported the prevalence of
prediabetes, obesity, and diabetes in the population to be 50%,
50%, and 11.6%, respectively.4 Only 30% were receiving
treatment, and among those, 40% had a glycated hemoglobin
(HbA1c) level of <7%. Controlling hyperglycemia without
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weight gain is a major unmet need in T2D due to the weight-
promoting effects of many oral antidiabetes drugs (OADs),
notably, sulfonylureas, thiazolidinedione, and insulin.5 Al-
though intensive lifestyle modification can cause weight loss
with improved glycemic control,6,7 such intervention is labor-
intensive, and its long-term effects on diabetes-related mor-
bidity, such as cardiovascular disease, are yet to be confirmed.8

Bariatric surgery, gastric electrical stimulation, and en-
doscopic duodenal sleeve placement have been shown to
cause weight reduction and to improve diabetes control.9–11

The success of these operations has led to increasing recogni-
tion of the importance of dysregulation of the neuroendocrine
function of the gastrointestinal tracts in modulating satiety and
energy metabolism. In animal studies, nonexcitatory antral
electrical stimulation increased the antral contraction am-
plitude and vagal afferent firing to the central nervous sys-
tem.12 Chronic gastric electrical stimulation reduced food
intake and induced weight loss in a canine model.13 In human
studies, gastric electrical stimulation caused weight loss in
obese individuals, although the sample size was small with
variable effects.14

The DIAMOND (TANTALUS� II) (MetaCure, Kfar-
Saba, Israel) is a new gastric stimulatory device that uses
gastric contraction modulation to enhance gastric antral
contractility during food ingestion.15,16 In open-label con-
trolled trials, the TANTALUS II improved glycemic control
and caused weight loss in T2D patients without OADs.15,16

The device maintains the intrinsic rhythm of the stomach by
sensing the native slow-wave activity and synchronizing the
delivery of the gastric contraction modulator (GCM) stimu-
latory signal. The result is an increase in the force of the
contractions while the stomach distends. Enhancement of
stomach contractility with a GCM was shown to increase
vagal afferent activity in animals. In open-label controlled
trials, TANTALUS II improved glycemic control and caused
weight loss in T2D patients uncontrolled with OADs.15,16

Despite these encouraging data, the efficacy of this device has
not been directly compared with that of insulin therapy, a
popular treatment option after OAD failure. In addition, the
effectiveness of this device in the Chinese population has not
been evaluated. In this pilot study, we compared the effect of
GCM stimulation to insulin therapy in obese Chinese T2D
patients for whom OADs and standard lifestyle modification
were unsuccessful.

Patients and Methods

Inclusion and exclusion criteria

This was a single-center study conducted at a university
teaching hospital in Hong Kong. Between January 2010 and
May 2012, we used a diabetes registry to identify Chinese
patients with T2D between 18 and 60 years of age with a
disease duration of at least 2 years, a body mass index (BMI)
of 27.5–40 kg/m2, and HbA1c level of >7.5% treated with
two or more OADs. We invited them for an interview at the
Diabetes Centre for consideration of treatment intensifica-
tion, including GCM implantation. Patients with an HbA1c
level of > 10% or a fasting serum C-peptide level of <0.5 lg/L
were excluded and referred for initiation of insulin. Patients
treated with thiazolidinedione or a dipeptidyl peptidase-4
inhibitor were allowed to participate if their body weight had
been stable in the previous 6 months. However, patients

taking a glucagon-like peptide-1 agonist were excluded from
study. Patients with significant thyroid, renal, or hepatic
diseases, advanced malignancies, active psychiatric illnesses,
or substance abuse problems and those enrolled in weight loss
programs or treated with anti-obesity drugs were excluded.

Upon recruitment, all of the patients were reviewed for
optimization of the dosages of their OAD regimens, com-
plication screening, reinforcement of medication com-
pliance, and self-care, including self-monitoring of blood
glucose (SMBG). Diabetic sensory neuropathy was accessed
by clinical assessment and quantitative sensory testing of
proprioception, vibration, and monofilament sensation, and
autonomic neuropathy was assessed by reviewing symptoms
of sexual dysfunction and gastroparesis. Patients were jointly
interviewed by endocrinologists and surgeons, and the nature
of GCM implantation as an alternative to insulin therapy for
glycemic control was explained to them (study arm). Patients
who refused GCM implantation were given insulin therapy
(INS group). In the latter group, we selected subjects on a 1:1
basis, matched for age and HbA1c level, as the control arm
for comparison with the GCM group. All of the patients gave
written informed consent. The study was approved by the
Chinese University of Hong Kong Clinical Research Ethics
Committee.

Intervention

The implantation of the TANTALUS II system has been
described previously.15 In brief, it consists of three pairs of
bipolar electrodes and a rechargeable pulse generator, which
are implanted with an external telemetry charger. The pulse
has unique characteristics (nonexcitatory signal), which are
set by a programmer during the initial installation of the
device.

The bipolar electrodes were implanted by laparoscopic
surgery, with one pair positioned in the fundus to detect food
ingestion and the other two pairs positioned on the anterior
and posterior antral areas to provide electrical stimulation to
the antrum. The electrodes were connected to the pulse
generator, which was implanted in a surgically created pocket
in the anterior abdominal subcutaneous fat depot. Food in-
gestion was detected by the fundal electrode followed by
activation of the pulse generator to provide an electrical pulse
to the antral electrodes.

Following pre-assessment, the patients were admitted 1
day before implantation for preoperative preparation and
optimization of glycemic control using insulin infusion, if
necessary. Surgery was performed with the patient under
general anesthesia. The patients were allowed to resume their
normal diet the following morning and were discharged when
they became fully ambulatory with satisfactory pain control.

Treatment initiation and verification

The GCM device was activated 1 week after the operation,
when the pulse generator was programmed to deliver the
appropriate signal triggered by the fundal electrode, which
detected food intake. Food-mediated stimulation continued
for 90 min after activation. After pre-assessment, the patients
in the INS group were taught by the nurse educator and in-
structed to start insulin 1 week later, at a starting dose of 0.1–
0.2 units/kg/day. The patients in both groups returned 4
weeks after treatment initiation to ensure that they were
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taking insulin or that the device was functioning. All of the
patients had access to the research nurses via telephone, for
early review as needed.

The patients in both intervention groups were asked to
perform SMBG and measure their fasting blood glucose and
predinner blood glucose at least twice weekly during the study.
They were also requested to perform a four time-point blood
glucose profile (fasting, prelunch, predinner, and bedtime)
once during the week prior to the scheduled clinic visits.

After treatment initiation and verification at Week 4, all of
the patients returned at 3, 6, 9, and 12 months for review of
their clinical status and treatment by the nurses and endo-
crinologist fellows at the Diabetes Centre. For the INS group,
dosages were individually titrated to avoid excessive weight
gain and risk of hypoglycemia, taking into consideration
patients’ preferences. Both SMBG (aiming at a fasting blood
glucose level of <7 mmol/L and 2-h postprandial blood
glucose level of <10 mmol/L) and laboratory results (HbA1c
and fasting plasma glucose) were used to individualize
treatment. For the GCM group, the patients were reviewed by
the programmer regarding adjustment of the device. Insulin
was started as rescue therapy in patients with an HbA1c level
of ‡9.0% after 3 months of GCM implantation. The insulin
dosage was individualized as described for the INS group.

Outcome measures

All of the patients underwent a baseline assessment within a
4-week period before GCM implantation or insulin interven-
tion. For the GCM group, the device was activated 1 week after
the operation. All patients were subsequently reviewed at 3, 6,
9, and 12 months by evaluation of anthropometric indices,
including body weight, BMI, waist circumference (WC), and
body fat percentage as measured by bioimpedance (model
TBF-300A body composition analyzer; Tanita Corp., Tokyo,
Japan), with patients wearing light clothing. Fasting blood
samples were collected to assess glycemic (HbA1c and fasting
plasma glucose) and lipid (total cholesterol, triglyceride [TG],
and high-density lipoprotein cholesterol) controls. All of the
patients also undertook 24-h ambulatory blood pressure (BP)
monitoring (Oscar 2�; SunTech Medical, Morrisville, NC)
before and 12 months after the intervention.

Statistical analyses

A statistical analysis was performed using IBM Statistical
Package for Social Sciences Program version 21.0 software
(SPSS, Chicago, IL). As this was a pilot study of GCM im-
plantation without previous comparative data for the Chinese
population, the sample size was not calculated. Nominal or
categorical variables were presented as count with per-
centage per category and compared between groups using the
v2 test or Fisher’s exact test, as appropriate. Continuous
data were presented as mean and SEM. We used the Mann–
Whitney U test and the Wilcoxon signed-rank test for
between-group comparisons for unpaired and paired data,
respectively. The effects of different treatments on changes
in body composition and metabolic control over time were
compared using repeated-measures analysis of variance
(rANOVA). The Greenhouse–Geisser and Huynh–Feldt es-
timates were used as correction factors according to the es-
timates (e) of sphericity. A value of P < 0.05 was considered
statistically significant.

Results

Between 2009 and 2012, 318 patients who fulfilled the
inclusion criteria were identified and invited for interview. Of
these, 294 patients were excluded because of commencement
of insulin treatment prior to the interview (n = 115), use of
submaximal dosages of OAD (n = 135), HbA1c level of
>10% (n = 10), advanced malignancy or significant co-
morbidities (n = 21), active psychiatric problems (n = 7), an-
ticipated magnetic resonance imaging examination (n = 1), or
refusal of insulin and surgical treatment (n = 10). Of the re-
maining 19 patients, eight patients agreed to GCM implan-
tation, and the remaining 11 patients opted for insulin
therapy.

In the GCM group, five men and three women (mean – SE
age, 43.9 – 3.7 years) underwent laparoscopic implantation of
a GCM. Their mean body weight was 80.4 kg, their BMI was
29.4 kg/m2, and their disease duration was 14.2 – 2.0 years.
The fasting plasma glucose level was 10.8 – 0.9 mmol/L, and
the HbA1c level was 9.1 – 0.3%. Of the 11 patients treated
with insulin, we selected eight patients, matched for age,
HbA1c, fasting C-peptide levels, and diabetes complication,
as the control group (Table 1).

Table 1. Baseline Clinical and Biochemical

Characteristics of Obese Type 2 Diabetes

Patients Treated with Supplementary

Insulin or Implanted with a Gastric

Contractility Modulator

GCM
group
(n = 8)

INS
group
(n = 8) P value

Male (%) 5 (63%) 6 (75%) 1.000
Age (years) 43.9 (3.7) 49.3 (2.6) 0.382
Body weight (kg) 80.4 (4.0) 86.0 (4.3) 0.279
Body mass

index (kg/m2)
29.4 (0.7) 30.8 (1.6) 0.202

Waist
circumference (cm)

98.9 (0.8) 104.5 (3.0) 0.234

Body fat (%) 33.5 (2.4) 28.6 (1.5) 0.105
Duration of

diabetes (years)
14.3 (2.0) 11.0 (2.4) 0.279

Fasting C-peptide
(lg/L)

2.9 (0.5) 2.9 (0.3) 0.959

HbA1c (%) 9.1 (0.3) 8.9 (0.3) 0.798

DM drug usage
Sulfonylureas 7 (88%) 5 (63%) 0.569
Metformin 8 (100%) 8 (100%) 1.000
Thiazolidinedione 0 (0%) 2 (25%) 0.467
a-Glucosidase

inhibitors
2 (25%) 3 (37.5%) 1.000

DPP-4 inhibitors 0 (0%) 1 (13%) 1.000

DM complications
Retinopathy 1 (13%) 2 (25%) 0.467
Neuropathy 0 (0%) 0 (0%) 1.000
Cardiovascular 1 (13%) 0 (0%) 1.000
Nephropathy 0 (0%) 0 (0%) 1.000

Data are mean (SEM) values or number (%), as indicated.
DM, diabetes mellitus; DPP-4, dipeptidyl peptidase-4; GCM,

gastric contractility modulator; HbA1c, glycated hemoglobin;
INS, insulin.
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Body composition

During the 12-month study period, there were significant
between-group differences for absolute weight loss (P = 0.027,
rANOVA) in favor of the GCM group (Fig. 1). In the GCM
group, there was a significant reduction in the absolute (6
months, - 4.1 – 1.8 kg; 12 months, - 3.2 – 1.9 kg; P = 0.045,
rANOVA) and percentage change in body weight (6 months,
- 5.3 – 2.1%; 12 months, - 4.2 – 2.3%; P = 0.058, rANOVA).
The percentage excessive weight loss and the percentage ex-
cessive BMI loss at 12 months were 43.8 – 24.5% and
45.0 – 25.7%, respectively. The INS group showed an increase
in absolute body weight (6 months, + 1.0 – 0.9 kg; 12 months,
+1.4 – 1.1 kg; P = 0.289, within-group rANOVA) and per-
centage change in body weight (6 months, + 0.7 – 1.1%; 12
months, + 1.2 – 1.3%; P = 0.558, rANOVA). There were also
significant between-group differences in the changes of WC
(P = 0.016) and fat percentage (P = 0.055) in favor of the GCM
group (Fig. 1).

Glycemic control

In the INS group, the mean starting dose of insulin was
8.3 – 0.6 units/day at baseline, which was increased to
18.9 – 3.2 units/day at 6 months and 28.0 – 6.8 units/day at 12
months (P = 0.052). This was accompanied by a decrease in
the HbA1c level from 8.9 – 0.3% to 8.3 – 0.5% at 6 months
and to 8.4 – 0.5% at 12 months (P = 0.080, rANOVA). In the
GCM group, the HbA1c level fell from 9.1 – 0.3% to
7.5 – 0.3% at 6 months and to 8.2 – 0.5% at 12 months
(P = 0.012, rANOVA). No patients required rescue insulin at
6 months, and two patients (25%) required it at 12 months.
Although the HbA1c level in the GCM group fell signifi-
cantly (P = 0.011) by 1.6 – 0.4% at 6 months, there was a
rebound to 0.9 – 0.6% at 12 months with similar HbA1c
levels between the two groups at month 12 (GCM group vs.
INS group, 8.2 – 0.5% vs. 8.4 – 0.5%; P = 0.959) (Table 2),
and no significant difference was observed in the HbA1c
change between the two groups (P = 0.150, rANOVA) (Fig. 1).

FIG. 1. Changes in body composition and glycated hemoglobin (HbA1c) in obese Chinese type 2 diabetes patients before
and after treatment with supplementary insulin (open squares) or a gastric contractility modulator (TANTALUS II) (solid
circles): (A) body weight, (B) waist circumference (WC), (C) body fat percentage, and (D) HbA1c. The P value represents
the estimated difference between the two groups by repeated-measures analysis of variance (rANOVA).

286 WONG ET AL.



There was a significant increase in the number of antidiabetes
drugs used in the INS group (P = 0.018), with only two pa-
tients in the GCM group requiring additional insulin, and
there were significant differences between the insulin dos-
ages of the two groups at month 12 (Table 2).

Lipid and BP control

At 12 months, both groups had similar (P = 0.080 for
between-group difference) and significant reductions in TG
levels, with no changes in serum total cholesterol and high-
density lipoprotein cholesterol levels (Table 2). The 24-h mean
systolic BP was reduced from 129.0 – 2.9 mm Hg at month 0 to
124.5 – 3.8 mm Hg at month 12 (P = 0.017) in the GCM group,
compared with from 130.6 – 2.7 mm Hg to 132.9 – 1.8 mm Hg
(P = 0.325) for the INS group. The reduction in systolic BP in
the GCM group ( - 4.5 – 1.0 mm Hg), compared with an in-
crease in the INS group ( + 2.3 – 2.6 mm Hg), was significant
(P = 0.038). The 24-h mean diastolic BP did not change sig-
nificantly in either group. At 12 months, the number of anti-
hypertensive drugs was reduced by 0.8 – 0.2 (P < 0.05) in the
GCM group and increased by 1.6 – 0.3 (P = 0.050) in the INS
group (P = 0.05 for between-group difference) (Table 2).

Adverse events

There were no major adverse clinical events, and the GCM
implantation was well tolerated. Three patients in the GCM
group and one patient in the insulin group experienced symp-
tomatic hypoglycemia during the study period, but none re-
quired assistance or hospitalization. All three patients from the
GCM group developed hypoglycemia within the first 2 months
after TANTALUS II implantation. None of these patients had a
repeat hypoglycemia episode after discontinuation or reduction
in the dosage of sulfonylureas. One patient in the INS group
experienced hypoglycemia at 8 months with a basal insulin
dosage of 8 units. This was subsequently reduced to 4 units.

Hypertriglyceridemia and treatment responses

At baseline, three (37%) patients in the GCM group had
high TG levels ( ‡ 1.7 mmol/L). Compared with the INS
group, the low TG group had greater and more sustained
weight loss, with a significant between-group difference in
favor of the GCM group (P = 0.007, between-group rANO-
VA). In the high TG group, weight changes were similar to
those in the INS group (P = 0.105, between-group rANOVA)
(Fig. 2). Indeed, two patients returned to their original weight
after 12 months and required rescue insulin. The low TG
group also had a tendency for the HbA1c level to be lower
than that in the INS group (P = 0.090, between-group
rANOVA), with no between-group difference in the high
TG group (P = 0.438, between-group rANOVA) (Fig. 2).

Discussion

Insulin treatment is currently a standard therapy in patients
who failed OADs, but weight gain after insulin therapy re-
mained a challenge for most endocrinologists, especially in
obese T2D patients. Gastrointestinal electrical stimulation has
emerged as a new approach for weight loss and improving
glycemic control. Data from animal models and preliminary
data from human trials suggest that the gut–brain axis plays a
role in the gastrointestinal electrical stimulation mechanism.
To date, several different types of gastrointestinal electrical
stimulation have been developed for weight reduction. The
most widely known commercial ones are the DIAMOND
(TANTALUS II) system, the Transcend� implantable gastric
stimulator (IGS�) (Medtronic Transneuronix, Minneapolis,
MN), and VBLOC� vagal blocking therapy (EnteroMedics,

Table 2. Changes in Glycemic, Lipid, and Blood

Pressure Control in Obese Type 2 Diabetes

Patients Before and After Treatment with

a Gastric Contractility Modulator or Insulin

Glycemic control GCM group INS group P value

FPG level (mmol/L)
Before 10.8 (0.9) 9.7 (0.9) 0.574
6 months 7.2 (0.6) 8.6 (0.7) 0.105
12 months 8.4 (0.8)a 8.7 (0.1) 0.798

HbA1c level (%)
Before 9.1 (0.3) 8.9 (0.3) 0.798
6 months 7.5 (0.3) 8.3 (0.5) 0.130
12 months 8.2 (0.5)a 8.4 (0.5) 0.959

Number of antidiabetes drugs
Before 2.0 (0.2) 2.4 (0.2) 0.279
6 months 1.9 (0.3) 3.0 (0.2) 0.007b

12 months 1.9 (0.4) 3.5 (0.3)a 0.005b

INS dose (units/day)
0 month 0 8.3 (0.6) < 0.001b

6 months 0 18.9 (3.2) < 0.001b

12 months 6.0 (2.0)a 28.0 (6.8) 0.178

Lipid control

Triglycerides (mmol/L)
Before 2.0 (0.3) 2.3 (0.4) 0.721
6 months 1.4 (0.2) 1.9 (0.4) 0.574
12 months 1.8 (0.3)a 1.7 (0.4)a 0.645

Total cholesterol (mmol/L)
Before 5.0 (0.3) 4.9 (0.3) 0.798
6 months 4.7 (0.3) 4.3 (0.3) 0.328
12 months 4.8 (0.3) 4.2 (0.2) 0.195

HDL-cholesterol (mmol/L)
Before 1.05 (0.04) 1.10 (0.09) 0.798
6 months 1.11 (0.09) 1.08 (0.10) 1.000
12 months 1.11 (0.10) 1.07 (0.10) 1.000

24-h ambulatory BP

24-h systolic BP (mm Hg)
Before 129.0 (2.9) 130.6 (2.7) 0.721
12 months 124.5 (3.8)c 132.9 (1.8) 0.065
Systolic BP change - 4.5 (1.0) + 2.3 (2.6) 0.038b

24-h diastolic BP (mm Hg)
Before 78.8 (1.5) 78.8 (1.5) 0.721
12 months 77.0 (1.3) 79.1 (2.1) 0.442
Diastolic BP change - 1.9 (0.8) + 0.4 (1.3) 0.105

Number of anti-HT drugs
Before 1.0 (0.2) 1.6 (0.3) 0.798
12 months 0.8 (0.2)c 1.6 (0.3) 0.050b

Data are mean (SEM) values.
aP < 0.05 within groups was estimated by repeated-measures

analysis of variance.
bP value between groups was estimated by the Mann–Whitney U test.
cP < 0.05 within groups was estimated by the Wilcoxon signed-

rank test.
BP, blood pressure; FPG, fasting blood glucose; GCM, gastric

contractility modulator; HbA1c, glycated hemoglobin; HDL, high-
density lipoprotein; HT, hypertension; INS, insulin.
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St. Paul, MN). These devices have different target organs,
different electrical stimulation patterns, and different locations
for implantation of stimulation electrodes. Unlike VBLOC,
DIAMOND (TANTALUS II) and Transcend IGS stimulate
the stomach instead of the vagus nerve. The pattern of stim-
ulation of DIAMOND (TANTALUS II) is also different from
that of Transcend IGS, in which the train of short-wave
stimulation in Transcend does not alter gastric contractility.
Sample size for most of these studies was small, and there were
no direct comparisons among these devices. However, almost
all studies in each device group achieved statistically signifi-
cant weight loss during the first 12 months, but weight loss
over a longer follow-up period was rarely reported. Significant
changes in reduction of Hb1Ac levels as well as BP were
evident in most GCM studies15 and in one IGS study.17

In this study, we aimed to compare the effect of GCM in
obese T2DM patients with suboptimal glycemic control with
that of traditional insulin therapy. We included class I obesity
(Asia-Pacific World Health Organization guideline definition
of BMI as >27.5 kg/m2) as the degree of obesity in these
patients does not fulfill current bariatric surgery criteria.
However, we also like to exclude superobese subjects (BMI
>40 kg/m2) as they are more suitable for aggressive weight
loss by bariatric surgery. We also excluded patients on glu-

cagon-like peptide-1 agonist therapy as we do not like to
include another injection therapy such as glucagon-like
peptide-1 agonist when we are comparing GCM with insulin
injection therapy. Moreover, the incretin effect on appetite of
glucagon-like peptide-1 agonist may also affect the outcome
in the two study groups. We defined suboptimal glycemic
control when the HbA1c level exceeded 7.5% as this cutoff
point is commonly used to indicate of failure of first-line
OAD treatment before initiation of insulin therapy. In this
12-month pilot study, obese Chinese T2D patients for whom
OADs had failed and who had GCMs implanted had greater
reductions in body weight, WC, HbA1c, and 24-h mean BP
than those treated with insulin. This was achieved using
fewer medications for lowering blood glucose and BP. Al-
though two of the eight patients in the GCM group required
rescue insulin therapy, the dosage was considerably lower
than that in the INS group (6 units vs. 28 units).

One important factor in diabetes management that needs to
be addressed is the control of glycemia without weight gain.
This therapeutic challenge is particularly difficult in obese
T2D patients with long disease durations, who often require
insulin treatment because of the failure of OADs. These
obese patients often need high-dose insulin due to obesity-
associated insulin resistance, which can lead to further weight

FIG. 2. Changes in body weight and glycated hemoglobin (HbA1c) in obese Chinese type 2 diabetes patients implanted
with a gastric contractility modulator (TANTALUS II) (solid circles) stratified by baseline plasma triglyceride (TG),
compared with the insulin treatment group (open squares): (1a and 1b) body weight and (2a and 2b) HbA1c between the
insulin group and (1a and 2a) the low TG TANTALUS group or (1b and 2b) the high TG TANTALUS group. The P value
represents the estimated difference by repeated-measures analysis of variance (rANOVA).
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gain and worsening of cardiometabolic risk factors, notably
BP.18 Although bariatric surgical procedures, such as ad-
justable gastric banding, sleeve gastrectomy, or gastric by-
pass, were effective in improving glycemic control in T2D in
randomized controlled trials,19–21 these operations were as-
sociated with significant, albeit small, operative morbidities.
In insulin-requiring obese T2D patients who often have co-
morbidities, these invasive procedures can have a narrow
risk–benefit ratio. For bariatric procedures with restrictive
components, gastrointestinal symptoms and discomfort after
feeding can further compromise the quality of life of these
patients, who are already coping with multiple demands, such
as lifestyle changes, injections, and SMBG.22,23

The results from this pilot study suggested that the delivery
of nonexcitatory GCM signals using the TANTALUS II system
was safe and well tolerated, with meaningful reductions in body
weight, HbA1c, and BP in Chinese patients with T2D and
moderate obesity. In these patients, the maximum weight loss of
5% occurred at 6 months, which was comparable to the expe-
riences in white populations.14–16 The concomitant reduction in
WC and body fat percentage supported the effects of GCM on
body composition. By augmenting the food-stimulated gastric
contraction, GCM has been shown to improve satiety and re-
duce food intake in both canine13 and human16 models.

In the Look AHEAD study, intensive lifestyle modification
resulted in changes in body weight ( - 8.6%), HbA1c
(-0.64%), and BP ( - 6.8 mm Hg) similar to those observed in
the GCM group.6,7 However, these intensive lifestyle modi-
fication programs, which entailed weekly counseling sessions
for 6 months and monthly reviews, were difficult to imple-
ment in non–clinical trial settings. To ensure that our results
can be generalized to real-world practice, insulin-treated
patients were managed in the usual manner with reinforce-
ment of diabetes education and SMBG, along with insulin
titration using an individualized approach. In light of the
potential risk of severe hypoglycemia associated with in-
tensive lowering of the blood glucose level24,25 and the fact
that some of these patients already had cardiovascular and
renal complications, the insulin dosage was increased grad-
ually with additional oral drugs, to avoid excessive weight
gain and hypoglycemia associated with high-dose insulin.

In this pilot study, the baseline HbA1c level was 9.1% and
8.9% in the GCM and INS groups, respectively. After 6
months, the insulin-treated group achieved a 0.6% reduction
in HbA1c, although this was accompanied by weight gain and
increased BP. In contrast, patients with a GCM implantation
had a 1.6% reduction in HbA1c at 6 months without insulin.
In white T2D patients with a baseline HbA1c of 8.4%, the
HbA1c level fell by 1.1% 6 months after GCM implanta-
tion.15 In this study, the rapid fall in body weight and HbA1c
level resulted in three of eight patients experiencing hypo-
glycemia, although none required assistance from a third
person or hospitalization. Thus, it would be prudent to reduce
the dosages of insulin or insulin secretagogues in patients
with GCM implantation, to prevent hypoglycemia due to
increased insulin sensitivity secondary to rapid weight loss.

After 6 months, glycemic control worsened in the GCM
group, with two patients having returned to their original
body weight and all of the patients requiring rescue insulin
because of high HbA1c levels. Interindividual variation in
treatment responses is one of the challenges of GCM therapy.
Effect of GCM may be affected by underlying diabetic

neuropathy, especially in our study group, when their mean
duration of diabetes is 14.2 years. Some of our non-
responders may suffer from undiagnosed autonomic neurop-
athy and hence reduced the satiety response after stimulation.
However, none of them reported clinical evidence of neu-
ropathy during preoperative screening tests. On the other
hand, Lebovitz et al.26 recently reported increased HbA1c
responses to GCM therapy in patients with low TG and
proposed that TG-associated lipotoxicity might interfere with
gastric/neural-mediated pathways in the regulation of gly-
cemic control in T2D. In support of these findings, we also
found that patients with GCM implantation and a low TG
level had a greater and more sustained reduction in body
weight and HbA1c than those with high TG levels.

By 12 months, although the reduction in HbA1c level was
similar between the INS and GCM groups, the difference in
body weight and BP in favor of the GCM group was main-
tained. Of note is that the 5 mm Hg reduction in systolic BP in
the GCM group and 3 mm Hg increase in the INS group, if
maintained over time, are expected to translate into reduced
numbers of cardiovascular events.27

Limitations

The major limitation of this study was the small sample
size. In Hong Kong, the history of bariatric surgery is rela-
tively limited,28 and most patients would not consider inva-
sive therapy for obesity and/or diabetes.29 Our primary
objective was to identify patients with clinical needs not met
by conventional treatment. Although we were able to identify
a large group of obese T2D patients who might benefit from
GCM therapy, only 2.5% of patients who underwent screen-
ing and interview opted for GCM implantation. A random-
ized study design was preferred to avoid selection bias,
although this would further increase the challenge of re-
cruitment. In this study, we carefully matched the control
group with the GCM group using age, gender, BMI, b-cell
function as indicated by disease duration, and fasting C-
peptide level, although it remains plausible that our results
might be confounded by unmeasured variables. That said, the
modest effects on weight gain and BP following GCM ther-
apy, despite the small sample size, are encouraging, calling
for the use of a larger sample size for validation.

Conclusions

In this pilot study, we have demonstrated the safety, effi-
cacy, and acceptability of the GCM therapy through im-
plantation of the TANTALUS II device. Furthermore, in
obese T2D patients for whom OADs had failed, GCM ther-
apy was able to achieve a meaningful reduction in HbA1c
level with minimal use of insulin and OADs. It is important
that, in contrast to the use of insulin, which tended to increase
body weight and BP, GCM therapy was associated with a
moderate reduction in these cardiovascular risk factors. The
possibility of identifying patients with durable glycemic
control for GCM treatment based on low TG will need to be
verified using long-term and mechanistic studies.
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