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INTRODUCTION: Obesity drives type 2 diabetes (T2DM) development. Laparoscopic adjustable gastric banding (LAGB) has lower
weight reduction than other bariatric procedures. Liraglutide, a GLP-1 receptor agonist, improves weight and glycaemic control in
patients with T2DM. This study aimed to determine the efficacy and safety of liraglutide 1.8 mg in participants undergoing LAGB.
METHODS: GLIDE, a pilot randomised, double-blind, placebo-controlled trial, evaluated LAGB with either liraglutide 1.8 mg or
placebo in participants with T2DM and obesity. Participants were randomised (1:1) to 6-months therapy post-LAGB, with further
6 months off-treatment follow-up. The primary outcome was change in HbA1c from randomisation to the end of treatment,
secondary outcomes included body weight change. A sample size of 58 (29 per group) had 80% power to detect a 0.6% difference
in HbA1c between groups.

RESULTS: Twenty-seven participants were randomised to liraglutide (n = 13) or placebo (n = 14). Multivariate analysis showed no
difference between placebo and liraglutide arms in HbA1c at 6 months (HbA1c:0.2 mmol/mol, —11.3, 11.6, p = 0.98) however, at
12 months HbA1c was significantly higher in the liraglutide arm (HbA1c:10.9 mmol/mol, 1.1, 20.6, p = 0.032). There was no
difference between arms in weight at 6 months (BW:2.0 kg, —4.2, 8.1, p = 0.50), however, at 12 months weight was significantly
higher in the liraglutide arm (BW:8.2 kg, 1.6, 14.9, p = 0.02). There were no significant differences in adverse events between groups.
CONCLUSIONS: Our pilot data suggest no additional improvement in glycaemic control or BW with LAGB and liraglutide therapy.
However, this trial was significantly underpowered to detect a significant change in the primary or secondary outcomes. Further
trials are needed to investigate whether GLP-1 agonists, and particularly with more effective weekly agents (i.e. semaglutide or

tirzepatide), are of benefit following metabolic surgery.

CLINICAL TRIAL REGISTRATION: EudraCT number 2015-005402-11.
International Journal of Obesity (2023) 47:1132-1142; https://doi.org/10.1038/541366-023-01368-4

INTRODUCTION

Obesity is defined as excess adiposity causing a deterioration in
health [1]. Obesity is implicated in the development of cardiome-
tabolic complications including type 2 diabetes (T2DM), coronary
heart disease, non-alcoholic fatty liver disease and certain cancers
[2, 3]. Currently, 25% of adults in the United Kingdom are living
with obesity and the rise in obesity has significantly increased the
number of patients with T2DM [4-6]. Obesity management
involves lifestyle interventions [7], pharmacotherapy [8, 9] and
bariatric surgery [10]. Bariatric surgery, in combination with

additional pharmacotherapy, may be a therapeutic option to
address diabetes and obesity simultaneously [11].

Bariatric surgical procedures include laparoscopic adjustable
gastric banding (LAGB), laparoscopic sleeve gastrectomy (LSG)
and Roux-en-Y gastric bypass (RYGB) [6, 12—-15]. Bariatric surgery
can result in remission of T2DM, with a large meta-analysis
(n=22094) reporting more frequent resolution of diabetes in
patients undergoing RYGB (83.8%) than LAGB (47.8%) [16]. A likely
mechanism underpinning superiority of RYGB over LAGB on
diabetes remission is the enhanced gut hormone secretion,
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including glucagon-like peptide-1 (GLP-1) and peptide tyrosine
tyrosine [17, 18]. However, RYGB has higher operative mortality
(0.09% RYGB vs 0.03% LAGB) and is associated with longer
hospital stay, greater morbidity and vitamin deficiency [19].
Therefore, interventions which improve diabetes and weight loss
alongside minimising risks and associated morbidity are of
interest. Potentially, pharmacological enhancement of incretin
secretion could bridge the gap between RYGB and LAGB on body
weight and diabetes-related outcomes.

There is evidence underpinning adjunctive GLP-1 therapy post-
bariatric surgery [20]. Physiologically, RYGB improves glycaemic
control and gut hormone responses (GLP-1 and pancreatic
polypeptide) post-operatively compared to LAGB [21]. Similarly,
in individuals living with obesity and T2DM, RYGB causes a greater
enhancement of release of GLP-1 than LAGB [17]. Clinically, a
systematic review (n=7971 patients) reported that T2DM remis-
sion rates were greater following RYGB (66.7% RYGB vs 28.6%
LAGB remission rate) [10]. Therefore, GLP-1 agonist therapy may be
a potential therapeutic adjunct in patients undergoing LAGB with
diabetes, potentially improving glycaemic control, weight loss and
diabetes remission rate. Liraglutide (Victoza®, Novo Nordisk) is a
GLP-1 analogue emulating the human GLP-1 hormone [22, 23]. The
“LEAD (Liraglutide Effect and Action Diabetes) program” reported
that liraglutide significantly reduced weight and improved
glycated haemoglobin (HbA1c) compared to placebo/standard of
care [24-31]. This study aimed to determine whether the addition
of liraglutide 1.8 mg (Victoza®) to LAGB leads to clinically significant
improvements in HbA1c compared to LAGB alone. We hypothe-
sised that LAGB and Liraglutide 1.8 mg would improve glycaemic
control to a greater degree than LAGB alone.

METHODS

Trial design and oversight

We conducted a randomised, double-blind, placebo-controlled trial at
three sites in the United Kingdom. The study was prospectively registered
with EudraCT (Registration Number: 2015-005402-11) and overseen by the
sponsor, King's Health Partners. The study was conducted in adherence
with the Good Clinical Practice Guidelines and the principles of the
Declaration of Helsinki. The protocol was approved by London—
Westminster Research Ethics Committee (REC Reference: 16/LO/1144).

Participants

We recruited adults (age 18-70) with a body mass index (BMI) of 30-50 kg/m?
and T2DM (HbA1c = 48 mmol/mol and <97 mmol/mol at or before screening).
Participants were recruited from outpatient weight management services at
participating centres. All participants provided written informed consent. Key
exclusion criteria were type 1 diabetes, history of delayed gastric emptying,
diet-controlled T2DM, pregnancy or breastfeeding, history of pancreatitis and
personal or family history of thyroid cancer or multiple endocrine neoplasia.
Inclusion and exclusion criteria are provided in Supplementary Table 1.

Procedures

Participants underwent insertion of LAGB. Participants were randomised in
a 1:1 ratio to either subcutaneous liraglutide 1.8 mg (Victoza) or placebo
once daily within 6 weeks of surgery. Treatment allocation was fully
concealed. Liraglutide was titrated as recommended to a maximum
tolerated dose of 1.8 mg. The liraglutide/placebo intervention duration for
each participant was 6 months (including the titration phase). Participants
were followed up for 12 months and attended seven visits in total (Fig. 1).

Laparoscopic adjustable band procedures and follow up

This was a pragmatic trial. Although no specific surgical approach to LAGB
placement was specified, as far as possible, standardisation in clinical
approach was agreed upon amongst participating centres. The band’s
type, size and specifications and operative procedure were documented in
the clinical notes. When the gastric band was reviewed, this was recorded
in the Case Report Form (CRF) along with any adjustments’ date(s). The
participants’ follow-up was carried out according to clinical protocols, and
need, including appropriate nutritional and hydration advice and band-fill
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adjustments by specialist dieticians or other appropriately trained staff
blinded to the study arm, depending on local policy.

Randomisation

Randomisation was carried out by the King’s Clinical Trials Unit through a
web-based randomisation software utilising a minimisation algorithm.
Minimisation, including a random component (0.8), was carried out to
protect the balance between groups. Factors used in minimisation were
centre, BMI (<42 and >42), use of insulin and diabetes duration (<5 and >5
years). Participants were randomised to liraglutide or placebo. Once a
participant was randomised, the system automatically generated emails to
key staff within the study. Unblinded e-mails sent to site pharmacies
alerted them to a participant’s treatment arm. The investigational
medicinal product (IMP) was packaged with a unique dispensing unit
number (DUN), and the pharmacy had a copy of the Total DUN List (TDL)
which detailed the identity of each DUN. The pharmacy department used
email and TDL to cross-check the trial prescription to ensure that the
correct medication was being dispensed to the correct participant. The
TDL was not available to any other research team members who remained
blinded. Apart from pharmacy staff, all other site staff were blinded to the
treatment arm of the participants.

Endpoints

The primary endpoint was glycaemic control (change in HbA1c) as a measure

of the impact of the addition of liraglutide 1.8 mg once daily on the clinical

efficacy of LAGB in treating T2DM between randomisation and 6 months.
Secondary endpoints of interest (Change between randomisation and

6-12 months)

® Diabetes control

o Percentage of participants with remission of diabetes at 12 months
(HbA1c < 48 mmol/mol)

o Homeostatic model assessment — insulin resistance (HOMA-IR)

o Hypoglycaemic episodes

® Body Composition

Body Weight

BMI

Waist circumference
Neck circumference
Bioimpedance

o o o o o

® Cardiovascular Disease Risk

o Systolic Blood Pressure
o Diastolic Blood Pressure
o Lipid Profile — Total Cholesterol, HDL, LDL, TG

® Physical Activity Levels - GPAQ questionnaire
® Quality of Life and Psychological Measures - IWQOL-Lite, HAS, EQ-
5D-5L, EuroQol

Statistics
A statistical plan was drafted a priori and approved by the ethics
committee. A sample size of 58 (29 per group) had 80% power to detect a
0.6% difference in HbAlc (above the minimum clinically important
difference of 0.5%) between groups. This accounted for 20% drop-out or
loss to follow-up. All analyses followed the intention-to-treat principle and
significance was taken at the 5% level. The statistician was blinded to
treatment allocation until the last participant had completed follow-up.
Patient characteristics were summarised as mean and standard deviation
and/or median and interquartile range for each treatment arm and
compared between arms using Wilcoxon rank-sum or Kruskal-Wallis tests.
Multivariable linear regression models were used to test for a difference
in key outcomes between treatment arms while controlling for minimisa-
tion variables (centre, BMI (<42 and >42 kg/mz), diabetes duration (<5 and
>5 years), insulin (yes, no)) and baseline measures for the analysed
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Provide Consent
Screening for Eligibility
* Pre-Surgery g Key Research Measures
Surgery
* 6 weeks Post-Surgery Key Research Measures
r Randomisation 1
Liraglutide Placebo
L Titration J
* 10 weeks Post-Surgery ‘
Start of Study Clock ST ETEEEEEssssssnassrnaannuns ..
(Month1-12) «  Month3 | i Key Research Measures
Intervention Phase
* Month6 |: Key Research Measures
* Month9 | Key Research Measures
............... Y.... FollowUpPhase
* Month 12 Key Research Measures
* 58 weeks Post-Surgery End of Study
Fig. 1 Trial Flow Chart.

outcome. Outcomes investigated included differences in HbA1c at 6 months
(primary outcome) and all other time points (3, 9, 12 months) as well as
differences in body weight and % body weight at all time points (3, 6, 9,
12 months). Results are presented with 95% confidence intervals and
p-values testing the impact of each independent variable on the outcome.
A multivariable logistic regression model following the same principle as
the linear models was used to test for a difference in diabetes resolution
between treatment arms. Diabetes resolution is defined as the patient
achieving an HbA1c of <48 mmol/mol and off all diabetes medications.

RESULTS
Between 27/03/2018 and 25/03/2020, 66 participants were
screened for eligibility. Of these participants 39 were screen

SPRINGER NATURE

failures and 27 participants were randomly assigned to sub-
cutaneous liraglutide 1.8 mg once daily or placebo for 6 months.
Twenty-seven of the target 58 participants were therefore
randomised to this trial. Of the participants randomised two were
lost to follow-up (n=1 Liraglutide arm, n=1 placebo arm)
making a final sample of 25 participants for analysis (n=12
liraglutide, n = 13 placebo) (Fig. 2). We identified no differences at
randomisation between liraglutide and placebo, apart from a
marginally higher systolic blood pressure in the placebo arm at
randomisation (Table 1). T2DM was on average diagnosed 3 years
before consent; for liraglutide this was 4 years (IQR:1-8) and for
placebo this was 3 years (IQR:2-5). Supplementary Tables 2-4
provide participant medical history and concomitant medications.

International Journal of Obesity (2023) 47:1132-1142
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Excluded (n=39)

Screened for eligibility .

Participant no longer having LAGB (n=15)

n=66 * Participant no longer wished to take part
(n=5)
* Diabetes duration >10 years (n=4)
¢ Use of GLP-1 agonist after surgery (n=3)
Baseline visit * Not meeting multiple inclusion criteria
n=27 (n=2)

* Surgery not completed before
recruitment cut-off date (n=2)

Randomised .
n=27

Contraindication to intervention (n=1)
* Participant relocation (n=1)

¢ Undocumented reason (n=6)

A
Allocated to Liraglutide (n=13)

* Received liraglutide (n=13)

* Did not receive liraglutide (n=0)

c
)
i
S
E:

A
Lost to follow-up (n=2)
* Unable to locate (n=1)
* Participant no longer wished to
take part (n=1%*)

A

Analysed (n=12)
* Participants with missing data for
secondary outcomes (n=6*)

Analysis

l

Allocated to placebo (n=14)
* Received placebo (n=14)
* Did not receive placebo (n=0)

y
Lost to follow-up (n=1)
* Participant no longer wished to
take part (n=1)

Analysed (n=13)
* Participants with missing data for
secondary outcomes (n=6*)

Fig. 2 Trial CONSORT diagram. *Participant who no longer wished to take part from Liraglutide arm withdrew after 9 months of follow-up
and was consequently included in the analysis of the primary outcome (and some secondary outcomes). " Participants with missing secondary
outcome data may be missing data for different outcomes or different timepoints.

Primary outcome: HbA1c

HbATc. At screening, median HbAlc was 51 mmol/mol in the
liraglutide (L) arm and 58 mmol/mol in the placebo (P) arm (p = 0.26).
At randomisation, within 6 weeks of surgery, median HbAlc was
45.0 mmol/mol in the liraglutide arm and 55.0 mmol/mol in the
placebo arm (p=0.10), with no significant difference between
groups. At 6 months, there was no significant change in median
HbA1c from randomisation between groups (L:—0.5 mmol/mol, P
—3.0 mmol/mol, p=0.53, Table 2). At 12 months (and following
cessation of liraglutide at 6 months), the liraglutide arm had
significantly increased HbA1c compared to placebo (L:+ 8.0 mmol/
mol, P: —3.5mmol/mol, p=0.022, Table 2, Fig. 3, Supplementary
Fig. 1). Pre-specified multivariate analysis after adjusting for screening
HbA1c, BMI category (BMI > 42/<42), duration of T2DM (>5 years/<5
years), insulin use and study site showed no significant difference in
HbA1c at 6 months (0.2 mmol/mol, 95%Cl —11.3, 11.6 mmol/mol,
p = 0.98, Supplementary Table 5.2). Multivariate analysis of 12-month
HbA1c reported that HbA1c significantly increased after cessation of
liraglutide in the liraglutide group by ~10.9 mmol/mol when
compared to placebo (10.9 mmol/mol, 95%Cl: 1.1, 20.6 mmol/mol,
p =0.032, Supplementary Table 5.4). Both multivariate and univariate
analysis of HbAlc at 3 and 9 months showed no significant
differences between groups (Supplementary Table 5.1, Supplemen-
tary Table 5.3, Table 2) HbA1c values at 12 months were not collected
for 9/27 participants (33.3%) (Fig. 3, Supplementary Fig. 1,
Supplementary Fig. 5, Table 2, Supplementary Fig. 3.1, Supplemen-
tary Clinical Data 1).

Body weight. At screening, the groups had an equivalent body

weight of 107.4 kg (Table 2). At randomisation, the median body
weight was 101.0kg in the liraglutide arm and 103.1kg in the
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placebo. At 6 months, there was no significant change in median
body weight between groups (L:—2.6kg, P:—2.9kg, p=0.92,
Table 2). At 12 months, the liraglutide group tended to increase
body weight compared to the placebo (L:0.9kg, P:—7.7kg,
p=0.067, Table 2, Fig. 3, Supplementary Fig. 1). At 6 months
multivariate analysis demonstrated no significant difference
between groups (2.0 kg, 95%Cl:—4.2, 8.1 kg, p = 0.50, Supplemen-
tary Table 6.2). The multivariate analysis reported that body
weight at 12 months was 8.2 kg higher in the liraglutide group
than placebo (8.23 kg, 95%Cl: 1.6, 14.9 kg, p = 0.020, Supplemen-
tary Table 6.4). Multivariate and univariate analysis of body weight
at 3 and 9 months demonstrated no significant difference
between groups (Supplementary Table 6.1, Supplementary Table
6.3, Table 2). 22.2% (6/27) of 12-month body weight values were
missing (Table 2, Fig. 3, Supplementary Fig. 1, Supplementary Fig.
5, Supplementary Fig. 3.2, Supplementary Clinical Data 1). At all
time points there was no significant difference between groups
in % body weight change. (Table 2, Supplementary Tables 7.1-7.4,
Fig. 3) Body weight reduction at all timepoints was significantly
correlated with HbA1c reduction (Supplementary Fig. 4).

Supplementary Results Description 1 provides explanations
regarding participants cardiovascular risk factors, anthropometric
parameters and quality of life throughout the trial.

Diabetes remission and glycaemic control

On visual inspection of graphs depicting the distribution of T2DM
duration between groups, (Supplementary Fig. 2), those in the
liraglutide arm seemed to have longer duration of diabetes.
However, objective statistical analysis of the duration of T2DM
between groups did not show any significant difference (p = 0.23).
There was no significant difference between groups in remission of

SPRINGER NATURE
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Table 1. Demographics characteristics and physical examination at baseline.

Age at Randomisation
Female Gender
Ethnicity
White
Black
Smoker?
No
No, but did in the past
Yes, current smoker
Drinks alcohol?
No
No, but did in the past
Yes, current drinker
Height (cm)
Weight (kg)
Body Mass Index
Neck circumference (cm)
Hip circumference (cm)
Waist circumference (cm)
Systolic Blood Pressure across 3 sittings (mmHg)
Diastolic Blood Pressure across 3 sittings (mmHg)
Pulse across 3 sittings (bpm)
Fat free mass (kg)
Missing
Fat mass (kg)
Missing
Fat percentage (%)
Missing
Year of Diagnosis (median)

Total (n = 27)
52.30+8.38
21 (77.8%)

20 (74.1%)
7 (25.9%)

14 (51.9%)
10 (37.0%)
3 (11.1%)

10 (37.0%)

4 (14.8%)

13 (48.1%)

165.0 (160.0-174.0)
102.0 (91.7-123.3)
37.77 (33.20-43.66)
39.0 (37.0-4400)
118.0 (11200-139.0)
116.0 (107.0-137.0)

124.00 (114.00-127.00)

80.67 (73.67-86.00)
70.67 (66.00-79.67)
55.65 (49.70-68.30)
1

48.30 (38.10-61.00)
1

45.55 (40.50-48.80)
1

2015 (2011-2017)

Liraglutide (n = 13)
53.48 £8.31
10 (76.9%)

8 (61.5%)
5 (38.5%)

6 (46.2%)
6 (46.2%)
1 (7.7%)

7 (53.8%)

3 (23.1%)

3 (23.1%)

166.0 (160.0-174.0)
101.0 (94.3-128.5)
38.91 (35.18-46.11)
39.0 (37.0-45.0)
127.0 (112.0-146.0)
121.0 (108.0-140.0)

121.00 (111.33-124.67)

73.67 (71.67-85.00)
76.67 (68.67-82.00)
56.30 (49.70-67.50)
0

46.30 (42.80-61.00)
0

45.40 (43.20-47.50)
0

2015 (2010-2018)

Placebo (n = 14)
51.20 £ 8.59
11 (78.6%)

12 (85.7%)
2 (14.3%)

8 (57.1%)
4 (28.6%)
2 (14.3%)

3 (21.4%)

1(7.1%)

10 (71.4%)

164.5 (160.0-174.0)
103.10 (87.1-116.0)
34.76 (32.11-42.87)
39.0 (37.0-42.0)
116.50 (112.0-132.0)
113.0 (106.0-122.0)

125.67 (123.67-130.00)

82.17 (79.00-86.00)
70.17 (63.33-79.67)
54.80 (49.50-72.90)
1

50.30 (36.00-58.10)
1

47.40 (40.50-48.80)
1

2015 (2013-2017)

Time between T2DM diagnosis and consent (years, median) 3 (2-6)

4 (1-8) 3 (2-5)

There is no missing demographic data. Age is reported as Mean * SD. The remaining variables are reported as n(%).
Physical Examination at baseline: Variables with missing data are indicated. All variables are reported as Median (Interquartile Range) due to a number of non-

normally distributed variables.
kg kilogram, cm centimetre, n number.

diabetes at 6 months (L: 9.1%, P: 18.2%, p = 1.00) and 12 months
(L:27.3%, C:25.0%, p = 1.00). (Supplementary Table 8). Measures of
diabetes control (fasting glucose, fasting insulin, HOMA-IR) are
presented in Supplementary Table 9. Multivariate analysis of
fasting glucose showed that fasting glucose was lower in the
placebo arm at 12 months (2.2 mmol/L 95%Cl: 0.4, 4.1, p = 0.027)
but not at 6 months (1.4mmol/L, 95%Cl —1.1, 3.9, p=0.24)
(Supplementary Tables 10.1 and 10.2). One hypoglycaemic
event occurred in the placebo group. (Supplementary Clinical
Sequelae 1).

Concomitant medications

At randomisation, on average, individuals in both arms were
treated with one glucose-lowering agent. There were 14 recorded
medications for the liraglutide arm; all patients were treated with
metformin (13/13), and one was additionally treated with insulin
(Tresiba®/degludec insulin). For the placebo arm, there were 20
recorded medications, 100% (14/14) of patients were treated with
metformin, 14.3% (2/14) were on dapagliflozin, 7.1% (1/14) were
treated with either gliclazide, Humulin I®, Insulutard® or Victoza®.
During follow-up, 6 new glucose-lowering medications were used

SPRINGER NATURE

in the liraglutide group and 3 new glucose-lowering medications
in the placebo group. For the liraglutide group participants were
started on: 2 metformin, 2 empagliflozin, 1 canagliflozin,
1 semaglutide. For the placebo arm participants were started
on: 1 metformin, 2 dapagliflozin (Supplementary Table 4).

Adverse events

Forty-two adverse events (AE) occurred during the trial: 32 were in
the liraglutide arm, and 10 were in the placebo arm. There were
three serious adverse events (SAEs) during the trial: 2 in the
liraglutide arm and 1 in the placebo arm. The most serious occurred
in the placebo arm: cholecystitis requiring cholecystectomy.
Investigational medicinal product was stopped for 5 participants
in the liraglutide arm due to adverse events (5/13). Twenty-seven
gastro-intestinal symptom-related AEs occurred: 20 in the liraglu-
tide arm and 7 in the placebo arm. Gastric Band-related side effects
also occurred more commonly in the liraglutide arm (L: 15 band-
related AEs, P: 5 band-related AEs). 7 adverse events were ongoing
at the end of the study, all in the liraglutide arm. Gastrointestinal
side-effects occurred more frequently in the liraglutide arm, the
most frequent being vomiting (n = 6, 46.2%) (Table 3).

International Journal of Obesity (2023) 47:1132-1142
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Fig. 3 Graphs delineating body weight and HbA1c trend over 12
months. A - HbA1c, B - Body weight C - Percentage body weight
change.

Band adjustments

Four participants (two in each treatment arm) had no reported
band adjustments. On average participants had 3 band adjust-
ments during the trial, this number did not significantly differ
between groups (L:3.0, P:3.0, p = 0.39). Participants had two band
adjustments over first 6 months and one band adjustment over
the 6 month follow-up period (Supplementary Table 16). The
number of band adjustments significantly differed between sites
(p =0.016, Kruskal-Wallis test). However, this difference was not
specific to individual treatment arms. GSTT (n=16) tended to
perform 3.0 (0.5-3.5) adjustments per participant, whilst North
Bristol (n=7) performed more adjustments, 4.0 (3.0-6.0). BHH
performed two adjustments for each of their three participants.

DISCUSSION

The GLIDE trial aimed to assess the metabolic impact of the
addition of a GLP-1 receptor agonist in the form of liraglutide
1.8 mg once daily following a LAGB in patients with T2DM. We
hypothesised that the addition of a GLP-1 receptor agonist would
increase the efficacy of LAGB compared to LAGB alone. To our
knowledge, this is the first randomised, double-blind, placebo-
controlled trial investigating the impact of GLP-1 receptor agonist
treatment following LAGB insertion.

Our findings did not reveal significant differences in either
HbA1c or weight at 6 months between the LAGB and liraglutide
arm compared to LAGB and placebo. However, after cessation of
IMP at 6 months, those in the liraglutide arm experienced both a

SPRINGER NATURE

statistically significant rise in HbA1c and weight that was not seen
in the placebo arm. These results may be reflective of a
suppressant effect of liraglutide on weight and HbA1c in the
treatment arm. However, the trial’s target sample size was 58 in
total and was therefore underpowered to detect a significant
difference in the primary and secondary endpoints at all time
points.

Remission of T2DM in both the liraglutide and placebo arms was
similar, with three patients in both groups achieving full remission of
T2DM at 12 months as defined by HbA1c <48 mmol/mol and
stopping all diabetes medication. Weight loss of around 10-15%
leads to remission of T2DM in patients with early T2DM [32, 33]. In
the GLIDE trial, patients with a duration of T2DM greater than ten
years were excluded. Observational studies and clinical practice
suggest that these patients would benefit more from an LSG or RYBG
intervention than LAGB, although there are currently no published
randomised clinical trials showing the superiority of one procedure in
terms of long-term glycaemic control and remission of T2DM [10, 34].
Of note, the By-Band-Sleeve study is a pragmatic clinical trial
assessing LAGB, RYGB, and LSG. This trial is ongoing and the results
will provide robust evidence of the impact of various bariatric
surgical procedures on long-term glycaemic control and T2DM
remission [35, 36].

Importantly, whilst there was no significant difference between
groups in diabetes duration at screening, graphs showed that
seven participants in liraglutide arm had duration =5 years, but
only four participants in placebo had duration =5 years. In
addition, two participants in the liraglutide and seven in the
placebo arm had diabetes duration <2 years duration. Diabetes
duration affects chance of diabetes remission following weight
loss [37]. For instance, an observational study showed complete
remission of T2DM inversely correlated with duration of diabetes,
with remission rates highest in those with a more recent diagnosis
[34]. Duration of diabetes may, therefore, partly explain the
glycaemic findings reported in our study.

There were no other significant metabolic differences between
the two arms at 6 and 12 months, except for an improvement in
diastolic blood pressure in the placebo arm. This is likely to have
been driven by the additional weight loss in the placebo arm
compared to the relative weight gain after cessation of GLP-1
therapy in the liraglutide arm. No significant differences were
observed between the two groups in terms of quality-of-life
scores, indicating that additional liraglutide therapy is safe and not
detrimental to quality of life.

This randomised controlled trial had a target sample size of 58
(29 per group), however only 27 participants were randomised to
the trial. This trial was therefore significantly underpowered to
detect a difference between groups in the primary and secondary
endpoints. This principally relates to the change in practice over
time whereby the LAGB is now less popular, with RYGB and LSG
being the preferred procedures. However, this data does provide
important pilot data regarding adjuvant GLP-1 receptor agonist
therapy following bariatric surgery.

Our study showed no differences in HbAlc or weight at
6 months between the two arms. However given the treatment
duration of only 6 months, small sample size and the use of
relatively less powerful adjunctive therapy further evaluation may
be warranted post-metabolic surgery. A Study in rodents,
although without diabetes, revealed that the administration of a
GLP-1 agonist enhanced the effect of gastric banding [38].
Moreover, Miras et al.,, in the GRAVITAS randomised clinical trial
(n = 80), tested 26 weeks of adjuvant liraglutide 1.8 mg compared
to placebo in participants with persistent or recurrent T2DM post-
bariatric surgery (RYGB or LSG). The investigators reported
significant improvements in HbA1c versus placebo with adjuvant
liraglutide [39].

Additional observational and clinical studies have evaluated
liraglutide post-bariatric surgery [40-44]. In a longitudinal study
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Table 3. Adverse events.

Patient experiences

Average number of AEs

Patient with surgery-related AEs

Patient with gastric band related AEs
Across patients

Number of AEs

Number of SAEs
Severity of AE

Mild

Moderate

Severe
IMP Cause of AE

Not related

Unlikely

Possible

Probable
Dose stopped due to AE
Con Med commenced after AE
Number of surgery-related AEs
Number of gastric band-related AEs
Number of AEs with Gl symptoms

Average time (days) between randomisation and AE

Average duration of AEs (days)
Number of AEs ongoing at study end
Outcome of AE

Recovered

Resolved with sequelae

No recovery
Further Breakdown of Adverse Events

Number of patients with adverse events
Gastrointestinal Events

Nausea

Diarrhoea

Constipation

Vomiting

Abdominal discomfort

Gastro-oesophageal reflux

Loss of appetite

Bloating

Dry mouth
General Events

Cramps (not Gl)

Irritable legs

Sweating

Itching

Cough

Numbness/cold to extremities
Pain

Chest pain

Migraine

Sciatic Pain

Pain of right side flank

International Journal of Obesity (2023) 47:1132-1142

Total (n =27)

3.0 (2.0-4.0)
2 (16.7%)
8 (66.7%)

42
3

27

16

2

16

6

5

10

5

20

27

41.0 (1.0-201.0)
11.0 (3.0-43.0)
7

33

12 (44.4%)

6 (22.2%)
3 (11.1%)
1 (3.7%)
3 (11.1%)
3 (11.1%)
2 (7.4%)
2 (7.4%)
1 (3.7%)
1 (3.7%)

1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)
2 (7.4%)

1 (3.7%)
1 (3.7%)
1 (3.7%)
1 (3.7%)

Liraglutide (n =13)

3.5 (2.0-5.5)
2 (25.0%)
6 (75.0%)

32
2

21

15

20

6.0 (—16.0-45.0)
11.0 (2.0-35.0)
7

25
0

8 (61.5%)

6 (46.2%)
1 (7.7%)
1 (7.7%)
2 (15.4%)
2 (15.4%)
0

2 (15.4%)
1 (7.7%)
1 (7.7%)

1 (7.7%)
1 (7.7%)
1 (7.7%)
1 (7.7%)
0

2 (15.4%)

1 (7.7%)
1 (7.7%)
1 (7.7%)
0

Placebo (n = 14)

2.5 (1.5-3.5)
0 (0.0%)
2 (50.0%)

10
1

N U1 O W o = NN D

228.5 (154.0-230.0)
21.5 (7.0-43.0)
0

4 (28.6%)

0

2 (14.3%)
0

1 (7.1%)
1 (7.1%)
2 (14.3%)
0

0

0

(7.1%)

o = O ©O o o

0
0
0
1 (7.1%)

p value

0.39
0.52
0.55

n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
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Table 3. continued
Total (n =27)

Vascular events

Dizziness 11 (3.7%)
Infections

Thrush 2 (7.4%)

Urinary Tract Infection 1 (3.7%)
Serious adverse events

Cholecystitis 1 (3.7%)
Further Details: Underwent cholecystectomy

Pain of left upper quadrant 1 (3.7%)

Further Details: Started analgesia + anti-emetics. AE was related to gastric band.

Abdominal Pain 1 (3.7%)

Further Details: IMP stopped. AE potentially related to gastric band or IMP.

Liraglutide (n = 13) Placebo (n = 14) p value
1 (7.7%) 0

1 (7.7%) 1 (7.1%)

1 (7.7%) 0

0 1 (7.1%)

1 (7.7%) 0

1 (7.7%) 0

Average number of adverse events (AEs) per patient as well as average time to AE and duration of AE across patients is reported as median (interquartile
range). The number of patients with surgery-related and gastric band-related AEs is reported as n(%). Total number of AEs with differing severity categories,
outcomes, causes etc. across AEs is reported as the number of recorded entries. Difference between groups in average number of AEs per patient is examined
using a Wilcoxon rank-sum test. Differences between treatment groups in the number of patients with surgery-related and gastric band-related AEs is
examined using Fisher’s exact test. n/a=Differences between treatment groups were not examined.

(n=117) of post-bariatric surgery liraglutide at the higher dose of
3.0 mg, patients had significant weight loss irrespective of initial
surgery (RYGB —7.1 £8.7 kg, LAGB: —6.0 + 7.2 kg, LSG: —4.5 +3.5)
[41]. Similarly, a prospective study reported that =16 weeks of
liraglutide 3.0 mg therapy led to 6.4% median weight loss, with no
significant difference between groups in magnitude of weight loss
between non-surgical and bariatric surgical patients [42]. In a case-
matched study of adjuvant liraglutide following retrieval of the
intra-gastric balloon, there was significantly less weight regain in
the liraglutide group than the placebo (—1.2kg+0.9, —0.7 £ 1.0,
p =0.010). Notably, the effect size was very marginal, akin to the
negative findings reported in our study [43]. For endoscopic
procedures, a retrospective investigation reported endoscopic
sleeve gastrectomy (ESG) with adjuvant liraglutide led to
significantly greater 7 month total body weight reduction
(24.7% + 2.1, 20.5% + 1.7, p<0.001) than the ESG alone group
[45]. A RCT (n= 23, liraglutide between 6 weeks and 6 months
post-op) randomised participants to 3.0 mg liraglutide or placebo
after laparoscopic sleeve gastrectomy. The liraglutide arm had
significantly greater %-Estimated weight loss (liraglutide: 58.7% %
EWL, placebo: 44.5%, p = 0.043) and resolution of dysglycaemia
(liraglutide: 100% resolution, Placebo: 50%) than placebo. This trial
used a higher liraglutide dose [44]. Overall our data contradict
these previous findings, with the reasons underpinning likely
being related to the timing of GLP-1 initiation, dosing of
liraglutide, duration of treatment and the agent choice. It remains
to be determined through randomised controlled trials whether
novel agents like semaglutide or tirzepatide may be of utility post-
metabolic surgery.

The number of glucose-lowering therapies varied between trial
groups during follow-up. In the liraglutide arm six patients
commenced new medications, whereas only three patients in
the placebo arm did. This may be due to liraglutide being stopped
at 6 months following randomisation, and consequently glycae-
mic control worsened. In addition, as per the trial protocol, we
stopped metformin if HbA1c < 48 mmol/mol. In the intervention
arm the HbAlc at 6 months was on average 42.5 mmol/mol,
whereas in placebo was 52.0 mmol/mol. Finally, liraglutide was
stopped in five instances due to AE, this could have contributed
towards sub-optimal glycaemic response.

The study intervention was safe, with no statistical differences
reported in total adverse events between the placebo and
liraglutide arms. There was a numerically higher number of

SPRINGER NATURE

gastrointestinal AEs with liraglutide, in line with previous
experience with GLP-1 therapy.. There was a numerically higher
number of gastric-band-related AEs in the liraglutide arm vs
placebo, although unlikely to be related to GLP-1 therapy. The
number of band adjustments was similar in both groups, with an
average of 3 band adjustments over 12 months. This number is
generally lower than seen in routine clinical practice over
12 months and is likely to be related to a reduction in face-face
appointments and limited band adjustments during the Covid-19
pandemic. This may also explain the suboptimal response to
gastric band intervention in both groups in terms of body weight
and glycaemic response. Importantly, in terms of serious adverse
events there was one in the placebo arm (cholecystitis) and two in
liraglutide arm (left upper quadrant pain and abdominal pain). The
cholecystitis required cholecystectomy and hospital admission.
The left upper quadrant abdominal pain required analgesia and
anti-emetics, and the abdominal pain required cessation of IMP.
Overall, this shows the safety of liraglutide in combination
with LAGB.

Strengths and limitations
The GLIDE clinical trial has several strengths. It used a randomised,
double-blind, placebo-controlled design which increased the
validity of the results. The study mirrors routine clinical care to
reduce the patient burden taking part in the research. Finally the
study provides data to power further randomised controlled trials.
However, the trial has several limitations. Importantly, the study
did not achieve its estimated sample size, with several reasons
accounting for this. Firstly, we noted a change in clinical practice
over the time of the trial, with a general preference for a LSG or
RYGB procedure compared to LAGB, especially in participants with
T2DM. Secondly, inclusion criteria limited the duration of T2DM for
participants to <10 years, excluding many of our patients from the
trial who often present with a long duration of T2DM. Thirdly, the
COVID-19 pandemic significantly impacted the study, with the
majority of participants either randomised just before the
pandemic or reaching the critical 6 month and 12-month trial
milestones during the pandemic. This resulted in missing critical
primary and secondary outcome data for some participants,
including weight and HbA1c data, and restricted face-to-face
appointments for band adjustment. This may partly underpin the
sub-optimal metabolic and weight outcomes in both groups. A
further limitation was the study’s relatively short duration

International Journal of Obesity (2023) 47:1132-1142



(26 weeks) with liraglutide 1.8 mg. The GLIDE trial showed the
worsening effect of HbA1c and weight after cessation of therapy,
and it would have been of interest to determine the longer-term
impact of GLP-1 therapy beyond 6 months. As per its license for
the treatment of T2DM, participants were given liraglutide at a
maximum dose of 1.8 mg once daily. Evidence has shown more
significant weight loss with liraglutide 3 mg; at 6 months, some
patients may have not yet achieved their nadir weight [9].
Furthermore recent retrospective evidence suggests that 1.0 mg
semaglutide is superior to 3.0 mg liraglutide in management of
weight regain following metabolic surgery [46]. The study is also
limited by only following up patients to 1 year, excess weight loss
following LAGB may peak at 2 years follow-up [47]. The final
limitation is the low number of band adjustments performed
during the first 6 months which is likely to explain the much lower
than expected weight loss at 6 months and consequently the
attenuated reduction in HbA1c.

CONCLUSIONS

In conclusion, our pilot randomised controlled trial showed that
the addition of the GLP-1 agonist receptor liraglutide after LABG
did not significantly improve HbA1c or weight compared to
placebo at 6 months. Importantly this trial was underpowered to
detect a significant difference between groups in the primary and
secondary endpoints. Results are limited by the relatively small
sample size and the sub-optimal number of band-adjustments
which is, in part, related to the COVID pandemic and may
underpin the sub-optimal weight and glycaemic responses in both
groups. Future larger randomised controlled trials of longer
duration, more intensive LAGB follow-up and with more effective
agents (i.e. semaglutide, tirzepatide) are required to confirm
whether adjunctive GLP-1 agonist therapy and other gut hormone
therapies are beneficial post-metabolic surgery in patients
with T2DM.

DATA AVAILABILITY

Data for the trial are available upon reasonable request to the corresponding author.
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