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Abstract. - OBJECTIVE: Obesity is a glob-
al public health problem with rapidly increasing
prevalence in many countries, including Turkey,
and different treatment modalities have been
used. This study aimed to compare the effect
of intragastric botulinum toxin A (BTA) injection
and BTA injection combined with low-dose lira-
glutide in patients with obesity.

PATIENTS AND METHODS: Records of 701
patients (female/male, 660:41; mean age, 45.6
+ 6.2 years) who received an intragastric injec-
tion of BTA for weight loss between November
2019 and May 2020 were reviewed retrospective-
ly. The patients were divided into the BTA group,
which included patients who received BTA injec-
tion alone, and BTA + liraglutide, which included
those who used liraglutide after BTA injection.
The demographic characteristics and comorbid
diseases of the patients and follow-up results 6
months after the procedure were evaluated.

RESULTS: In the comparison of the 3-month
and 6-month weights of the patients, weight
measurements were significantly lower in the
BTA + liraglutide group than in the BTA group (p
< 0.001 and p <0.001, respectively). Adverse ef-
fects were observed in 212 (30.2%) of the study
participants, of which 25% were observed in the
BTA group and 31.8% in the BTA + liraglutide
group, with no significant difference.

CONCLUSIONS: The intragastric injection of
BTA combined with liraglutide is a safe meth-
od that provides more effective weight loss than
BTA alone, which is minimally invasive without
any serious adverse effects.

Key Words:
Obesity, Botulinum toxin type A, Liraglutide, Gas-
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Introduction

Obesity is globally endemic, and its prevalence
has been increasing rapidly worldwide. Accord-
ing to the World Health Organization, it is the ep-
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idemic of the century. In 2016, 650 million adults
had obesity globally, and it has doubled since
1980"2. In the study of conducted in Turkey, Dia-
betes, Hypertension, Obesity, and Endocrinolog-
ical Diseases Prevalence Study II (TURDEP II),
two-thirds of the adult population are overweight
or have obesity’. Obesity is an important disease
that increases the risk of cardiovascular problems
and deaths from all other causes. Additionally, it
is an important risk factor that increases the fre-
quency of hypertension, dyslipidemia, type 2 dia-
betes mellitus (DM), stroke, gallbladder diseases,
osteoarthritis, sleep apnea syndrome, and some
cancer types. Obesity and the diseases it causes
have not only biological but also psychosocial and
economic effects on human and social life. Pa-
tients with obesity are associated with 30% more
hospital admissions, 50% more hospitalizations,
and 80% more drug costs than the population of
normal weight. In the USA, health expenditures
related to obesity are approximately 190 billion
annually®. As a result, the prevention and treat-
ment of obesity are not only a public health issue
but also a socioeconomic problem.

The treatment of obesity is mainly based on
lifestyle management, dietary counseling, psy-
chiatric consultation, and exercise. However, with
the rapid increase in incidence, various treatment
options have been made available in the last 10
years, such as pharmacotherapy (orlistat, gluca-
gon-like peptide-I analog), bariatric surgery, gas-
tric balloon, and intragastric injection of botuli-
num toxin A (BTA)". According to these data,
it is very important to prevent and treat obesity,
which is one of the serious global health prob-
lems. Surgical treatment options possess some
disadvantages, such as anatomical changes, com-
plication risks, and longer postoperative hospital
stay. Therefore, it is very important to find other
interventional treatment methods that do not re-
quire further medical treatment or hospitaliza-
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tion. Moreover, there is a huge need to investigate
the effectiveness of these new methods, which
will contribute to the prevention and treatment of
obesity.

This study aimed to compare the effect of in-
tragastric botulinum toxin A (BTA) application
with dietary changes and the use of BTA with
low-dose liraglutide [glucagon-like peptide (GLP-
1) agonist] in patients with obesity.

Patients and Methods

Study Design and Sampling

Records of patients followed up by a dietitian
at the outpatient clinics of Internal Medicine and
General Surgery between November 2019 and
May 2020 were reviewed retrospectively. These
records included 160 patients who underwent in-
tragastric BTA injection in addition to diet and
541 patients who were started on low dose liraglu-
tide after intragastric BTA injection in addition to
diet. In total, 701 patients (female/male, 660:41;
mean age, 45.6 = 6.2 years) who met the inclusion
criteria were included in the study.

Selection Criteria

Patients in both groups were evaluated by
the same dietitian and given a similar low-cal-
orie medical diet that was appropriate for their
comorbidities. Pen training of the patients who
started liraglutide was provided by the same di-
abetes nurse. While the patients continued their
dietary programs, they were treated by the same
physician with either an intragastric BTA injec-
tion alone (BTA group) or an intragastric BTA
injection with low dose liraglutide therapy (BTA
+ liraglutide group). The age, sex, weight, body
mass index (BMI), comorbid diseases of the pa-
tients, and the follow-up results at 6 months after
the interventions were evaluated.

Patients aged 18-60 years with or without any
comorbidities and BMI > 30 kg/m?were included
in the study. Patients who presented with the fol-
lowing criteria were excluded: endocrine-related
obesity; recent (< 3 months) anti-obesity treat-
ment, including GLP-1 analogs; active gastroin-
testinal disease (endoscopy-diagnosed esophagi-
tis, peptic ulcer, cancer, etc.) or history of gastric
surgery, gastrointestinal motility dysfunction
caused by opioid treatment, anticholinergics, or
other drugs; history of intolerance to liraglutide
therapy or withdrawal of the therapy in 6 months;
and pregnancy or breastfeeding.
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Endoscopy

An upper gastrointestinal tract endoscopy was
performed on all patients. For the gastric BTA in-
jection, 500 U abobotulinumtoxinA (Dysport®™;
Ipsen Biopharm Ltd, Wrexham, UK) was diluted
in 25 mL of physiological saline solution. Then,
I mL of this solution was injected into 25 points
of the stomach muscle layer using an endoscopic
needle. Injections were performed in a circular
distribution: five injections were performed in
circles at a distance of 3, 5, 7, and 9 cm from the
pyloric ring with equal distance in a fifth circle at
the fundus level.

Patient Follow-up

Each patient was scheduled for three visits: af-
ter the endoscopy, at 3 months, and at 6 months.
Physical examination was performed in all visits
with the assessment of weight, height, and BMI.
With the patients not wearing clothes and shoes,
weight and height were measured using an elec-
tronic scale (SECA 665, Hamburg, Germany). At
each follow-up visit, the patients were asked about
any adverse effects.

Dosage and Administration
of Liraglutide

A prefilled, multi-dose 6 mg/mL liraglutide
pen (Saxenda, Novo Nordisk®, Bagsverd, Den-
mark) that delivers doses of 0.6 mg, 1.2 mg, 1.8
mg, 2.4 mg, or 3 mg (6 mg/mL, 3 mL) was used
in the BTA + liraglutide group, which was ad-
ministered subcutaneously once a day indepen-
dent of meals. Patients were trained for the injec-
tion in different body sites, such as the abdomen,
thigh, or upper arm. The application started with
0.6 mg/day, and the dosage was increased to 1.2
mg/day 1 week later. Liraglutide treatment was
continued for 6 months for all patients at the
same dosage.

Statistical Analysis

Data that fit into a normal distribution were
analyzed by the Kolmogorov-Smirnov test.
Categorical variables are presented as percent-
ages, whereas continuous variables are present-
ed as mean + standard deviation. Categorical
variables were analyzed using the Chi-square
test, whereas continuous variables in two-way
groups were analyzed using the #-test. All data
were tested by using the IBM SPSS Statistics
for Windows, version 20.0 (IBM Corp., Ar-
monk, NY, USA), and values of p < 0.05 were
considered significant.
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Results

The demographic characteristics and comor-
bidities in the studied groups are shown in Table
I. No remarkable difference was found between
the two groups regarding age, sex distribution,
smoking status, and comorbidities.

Changes in weight and BMI at the 6-month
follow-up are presented in Table II. In the BTA
group, the initial weight was 97.8 + 23.3 kg (BMI,
36.7 + 4.7 kg/m?), whereas in the BTA + liraglu-
tide group, it was 100.1 +23.9 kg (BMI, 36.8 =4.9
kg/m?), with no difference between the groups.
When the 3-month and 6-month weights were
compared, the weight was significantly lower in
the BTA + liraglutide II than in the BTA group
(p <0.001 and p < 0.001, respectively) (Figure 1).
The mean weight loss in the first 3 and 6 months
was 7.6 £ 2.7 kg and 9.8 + 4.5 kg in the BTA group,
whereas it was 16.8 + 5.1 kg and 24.9 + 8.2 in the
BTA + liraglutide group, respectively, which was
also significant (p < 0.001) (Figure 2).

The summary of safety data and adverse ef-
fects on the study population are shown in Table
III. Side effects were observed in 212 (30.2%)
of all study participants, of which 25% were ob-
served in the BTA group and 31.8% in the BTA
+ liraglutide group, with no remarkable differ-
ence. The side effects and the number and per-
centage of the patients were as follows: nausea
66 (9.4%), vomiting 49 (7%), abdominal pain 12
(1.7%), flatulence 55 (7.8%), diarrhea 7 (1%), and

Table I. Demographic characteristics and comorbidities of
the study population.

Groupl Group Il P
(BTA) (BTA+
(n=160) Liraglutide)
(n=541)

8 Age (years) 458+59 455+6.2 0.598
Gender (female) 150 (93.8) 510 (94.3) 0.848
Smoking 47 (29.4) 155 (28.7) 0.671
Comorbidities
Hypertension 60 (37.5) 208 (38.5) 0.854
Diabetes mellitus 33 (20.6) 115 (21.3) 0.913
Hyperlipidemia 30 (18.8) 99 (18.3) 0.908
CVD 74.4) 27 (4.9) 0.837
OSAS 13 (8.1) 39(7.2) 0.731
PCOS 5@3.1) 21 (3.8) 0.814

BTA, botulinum toxin A; CVD, cardiovascular disease;
OSAS, obstructive sleep apnea syndrome; PCOS, polycystic
ovarian syndrome.

Table Il. Changes in the weight and BMI in 6-month follow-
up of the study population.

Group | Group Il P
(BTA) (BTA+
(n=160) Liraglutide)
(n=541)

0-month 97.8+233 100.1+23.9 0.301
weight (kg)

0-month BMI 36.7+4.7 36.8+4.9 0.830
(kg/m?)

3-month 90.2+21.2 833+198 <0.001
weight (kg)

3-month BMI 339+44  306+43 <0.001
(kg/m?)

The change of -7.6 2.7 -16.8+5.1  <0.001
weight between

0-3 months

6-month weight 88.1 £20.6 751+179 <0.001
(kg)

6-month BMI 329+43 27.6+39  <0.001
(kg/m?)

The change of 9.8+45 -249+82 <0.001
weight between
0-6 months

BMI, body mass index; BTA, botulinum toxin A.

constipation 66 (9.4%). No patients had serious
side effects, including hypoglycemia or severe
hypoglycemia.

Discussion

This study demonstrated that patients who
received intragastric BTA injection and liraglu-
tide lost more weight at the 3-month and 6-month
follow-up than patients who only received BTA
injection. No significant difference was found be-
tween those patients with respect to adverse ef-
fects.

To prevent obesity globally, there is a huge
need for the use of more cost-effective methods
with lower side effects than bariatric surgery
and shorter hospitalization time, combined with
pharmacotherapy and lifestyle changes®’. Cur-
rent guidelines recommend lifestyle and dietary
changes as a priority in the struggle to lose exces-
sive weight®. However, in case of failure, bariatric
surgery is still accepted as the gold standard treat-
ment, especially for patients with class III (BMI
> 40 kg/m?) and class 1T (BMI 35-40 kg/m?) obe-
sity with obesity-related comorbidities’; however,
there is no consensus about the weight loss of pa-
tients with class I (BMI 30-35 kg/m?) and class
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Figure 1. Body weight averages of the groups at 0, 3, and 6 months.

IT obesity with obesity and healthy patients. Such dietary changes as the initial treatment, support-
patients benefit from minimally invasive treat- ive alternative methods will help patients with
ments such as endoscopic methods'’. Since the this condition, which will make it easier to follow
current guidelines still recommend lifestyle and their diet and decrease the need for surgery.
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Figure 2. Average of changes in body weights of the groups between 0-3 months and between 0-6 months.
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Table Ill. Demographic characteristics and comorbidities of
the study population.

Group |l Group Il P
(BTA) (BTA+
(n=160) Liraglutide)
(n=541)
Participants with 40 (25) 172 (31.8) 0.117
any AEs

Nausea 10 (6.3) 56 (10.4) 0.126
Vomiting 8(5) 41 (7.6) 0.295
Abdominal pain 2(1.3) 10 (1.8) 0.608
Flatulence 10 (6.3) 45 (8.3) 0.503
Diarrhea 3(1.9) 4(0.7) 0.199
Constipation 13 (8.1) 53 (9.8) 0.644
Hypoglycemia 0 0
Severe hypoglycemia 0 0

AE, adverse effects; BTA, botulinum toxin A.

BTA is a neurotoxic protein produced by Clos-
tridium botulinum, a gram-positive anaerobic
bacterium.

Eight serotypes are known and identified as
serotypes A, B, C1, C2, D, E, F, and G. BTA in-
hibits the release of acetylcholine at the neuro-
muscular junction, preventing the contraction of
smooth and striated muscles. BTA has been used
in clinical practice for many years to treat inap-
propriate and long-term muscle contractions''.

Studies'*" have shown positive results with
BTA application in the treatment of diffuse
esophageal spasms, achalasia, oropharyngeal
dysphagia, anismus, anal fissures, and rectocele.
The injection of BTA into the gastric wall is a
newly developed endoscopic treatment for obesi-
ty. The toxin inhibits the release of acetylcholine
in cholinergic neuromuscular junctions.

BTA delays gastric emptying and leads to ear-
ly satiety by acetylcholine-mediated inhibition
of gastric antral motility". The effect gradually
disappears in 3-6 months and does not cause per-
manent damage''. The most attractive feature of
BTA treatment is the absence of serious adverse
effects and procedural complications regardless
of the technique, dose, or injection site'>!”. In a
randomized, double-blind, placebo-controlled
study by Sanchez et al'®, 52 patients with obesi-
ty who underwent BTA were followed up for 24
weeks and lost an average of 4.6 kg, whereas in
our study, the BTA group lost approximately 9.8
kg at the 6- month follow-up.

GLP-1 is secreted from the L cells of the distal
intestinal mucosa following food intake. GLP-1
dipeptidyl peptidase-IV enzyme (DPP-1V) causes

GLP-1 to lose its effect in less than 2 min, which
limits its action". Some studies® have revealed
that many GLP-1 analogs resistant to DPP-IV
have been developed. Liraglutide has 97% struc-
tural homology with human GLP-1 with a half-
life of 10-14 h. In 2010, the daily use of 1.8 mg
liraglutide was approved by the Food and Drug
Administration for the management of type 2
DM?!. Many clinical studies** have shown the ef-
fects of GLP-1 analogs on weight loss. Liraglutide
delays gastric emptying, but this effect decreased
significantly following long-term (14 days) treat-
ment. Therefore, the delay only on gastric emp-
tying does not contribute significantly to weight
loss*. Neuroanatomical and behavioral evidence
has shown that GLP-1 analogs probably reduce
the intake of high-fat and sugary foods by reduc-
ing their flavors**. In a meta-analysis, Zhang et
al® included 4,754 patients without DM but hav-
ing obesity and using liraglutide and observed
6-8.4 kg of weight loss in their follow-up at 14-
56 weeks. In our study, patients who used BTA
with liraglutide lost approximately 24.9 kg at the
6-month follow-up and lost more weight than pa-
tients who received BTA alone.

A study in rats showed that the combination
of low doses of leptin and liraglutide provides
greater weight loss than its single use®. In addi-
tion, combined therapy in obese rats treated with
liraglutide and melanocortin-4 receptor agonist
provided greater weight loss and better glycemic
control with enhanced cholesterol metabolism?*".
Similar to our study, in the literature has been
shown that combined therapies are more effective
than single-use liraglutide. Thus, the 6-month
cost of liraglutide treatment, which is higher for
countries with low purchasing power, can be
lowered by BTA combination, and a synergistic
effect can be created with the combination. Ac-
cording to these findings, combined therapies and
appropriate nutrition protocols can be much more
effective in the achievement of fewer side effects,
lower costs, and better results.

Limitations

This study has some limitations. First, the re-
sults of this study cannot be generalized to the
general population because of its cross-sectional
design, single-center setting, and non-inclusion of
patients aged < 18 and >60 years. Second, it can-
not provide long-term weight changes because the
follow-up lasted only for 6 months. Finally, the
majority of our patients were female; thus, studies
with a greater number of both sexes are needed.
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Conclusions

Compared with a single BTA injection, intragas-
tric injection of BTA combined with liraglutide is a
safe method that provides a more effective weight
control in patients, is minimally invasive, and had
no serious side effects. Further studies are needed to
clarify the mechanisms related to patients’ respons-
es and their advantages in clinical practice.
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