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Introduction: Obesity is a serious and widespread health concern, and while there is no universally effective pharmacological
treatment, endoscopic applications such as intraparietal gastric botulinum toxin-A injection have shown promise. This study aimed to
investigate the effects of intragastric botulinum toxin-A injection on weight loss and to evaluate the ratio of weight loss achieved.
Methods: This was a retrospective cohort study conducted between 2020-2022. 500 patients were included in this study who had
undergone gastric botulinum toxin-A application and completed at least 6 months of regular follow-up. Patients were injected
intramuscularly with 1000 U of botulinum toxin-A in the antrum and fundus regions of the stomach via endoscopy under sedation
anesthesia (midazolam and propofol). Patients were monitored for 2 hours after the procedure and were then discharged. A low-calorie
diet and active life support were provided under the guidance of a dietician for 6 months after the procedure.

Results: At the end of the third and sixth months, all subjects lost body weight, with mean weight loss of 10.54 + 3.36 kg (13.9 +
4.4%) (Group 1), 13.54 £4.57 kg (15.1 = 4.9%) (Group 2), 16.76 + 3.86 kg (16.0 £ 3.6%) (Group 3), and 20.6 £ 5.33 kg (16.4 + 4.2%)
(Group 4) at the third month; and 14.50 + 4.95 kg (19.2 + 6.6%) (Group 1), 18.39 + 6.49 kg (20.5 £ 7.0%) (Group 2), 23.37 £ 5.51 kg
(22.4 = 5.2%) (Group 3), and 29.17 + 7.96 kg (23.2 = 6.3%) (Group 4) at the sixth month, respectively. The differences between the
third and sixth months were statistically significant (p < 0.05). The body mass index values of the patients also showed significant
reductions at the end of the third and sixth months (p < 0.05). These results were statistically significant and reflect the primary
outcome of the study.

Conclusion: Intraparietal gastric botulinum toxin-A injection can lead to significant weight loss and may contribute to the
development of effective, minimally invasive approaches for the management of obesity. Further studies with larger sample sizes
and longer follow-up periods are needed to confirm these findings.
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Introduction

Obesity is a serious and widespread health concern with far-reaching consequences, including an increased risk of several
diseases such as diabetes, coronary artery disease, hypertension, hyperlipidemia, sleep apnea syndrome, and cerebral stroke.'
According to the World Health Organization, obesity is one of the most pressing global health challenges, contributing to
significant morbidity and mortality worldwide. The prevalence of obesity has been increasing steadily, with almost 40% of
adults worldwide now considered overweight.? While genetic, social, psychological, and behavioral factors all contribute to
obesity, the underlying mechanisms are complex and multifaceted.” Botulinum toxin, derived from the bacterium Clostridium
botulinum, is a potent inhibitor of muscle contraction that works by blocking the release of acetylcholine in the neuromuscular
area.>* Botulinum toxin type A (BTX-A) has been used successfully to treat a range of muscle contraction disorders, including
strabismus, dystonia, and tremors.”° It has also been used to treat achalasia, a disorder of esophageal motility in the
gastrointestinal tract.” Recent research has shown that injecting BTX-A into the stomach can slow gastric motility and
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delay gastric emptying, leading to increased feelings of satiety and potentially resulting in weight loss.® BTX-A inhibits
acetylcholine release at neuromuscular junctions, resulting in temporary paralysis of targeted gastric smooth muscles. When
injected into the antrum and/or fundus, this can slow gastric emptying and increase the sensation of fullness, thereby reducing
caloric intake.” There is currently no universally effective pharmacological treatment for obesity. Surgical interventions, while
effective, carry risks such as nutritional deficiencies and other long-term complications.'® As a result, endoscopic applications,
including intraparietal gastric Btx-A injection, have become an area of active research. The conflicting results in previous
studies may be attributed to variations in sample size, BTX-A dose, injection site, and methodological differences in study
design. In this study, we aimed to investigate the effects of intraparietal gastric Btx-A injection on weight loss in a patient
population and to evaluate the ratio of weight loss achieved.

Methods

Patient Selection and Ethical Considerations

Between 20202022, a total of 500 patients were included in this study, who had undergone gastric Btx-A application and
completed at least 6 months of regular follow-up. Ethics committee approval was received for this study from Dr.Nazif
Bagricak Kadikdy Hospital Ethics Committee (Approval No: 2020/045). Informed consent was obtained from all
participants. This study was conducted in accordance with the principles of the Declaration of Helsinki. The inclusion
criteria for the study were patients who could not effectively lose weight despite undergoing diet and exercise programs.
The endoscopic procedure was performed on all patients using the same technique. Under sedation anesthesia, patients
underwent endoscopy in the endoscopy unit. Sedation was achieved using intravenous midazolam (2.5-5 mg) and propofol
(50-100 mg) administered under anesthesiologist supervision. A total of 1000 U of BTX-A (Dysport™, Ipsen Biopharm
Ltd., Wrexham, United Kingdom) was diluted with 8 mL of 0.9% NaCl saline. The antrum region was injected
intramuscularly with 750 U to 30 spots, and the fundus region was injected intramuscularly with 250 U to 10 spots, with
1 mL at each spot using a sclerotherapy needle (Boston Scientific 23-G 5 mm; Interject™, Boston Scientific, Marlborough,
MA, USA). Starting from the pyloric region, patients were injected at 40 regions in the stomach. The same injection map
was used in all patients. Patients were monitored for 2 hours after the procedure and were then discharged.

Follow-up and Inclusion-Exclusion Criteria

The low-calorie diet was personalized according to basal metabolic rate (calculated using the Harris—Benedict formula)
with a target of 500-1000 kcal/day deficit. Macronutrient distribution was balanced (45% carbohydrate, 30% fat, 25%
protein). Adherence to the standardized post-procedure low-calorie diet and physical activity recommendations was
monitored through monthly in-person follow-up visits and direct interviews with the dietician. Patients were asked to
self-report their daily food intake and physical activity patterns, and these reports were reviewed during each visit. In the
6th month, patients were evaluated in terms of appetite and feelings of satiety after meals. This was a retrospective cohort
study conducted between 2020-2022. Patient data were recorded and analyzed retrospectively.

Inclusion Criteria
Patients aged 18—65 years who:

e Had no history of bariatric or major gastrointestinal surgery.

e Had failed to lose >5% of their baseline body weight despite at least 6 months of supervised diet and exercise
programs.

e Had no prior medical or herbal weight-loss treatment in the past 3 months.

Exclusion Criteria
Patients were excluded if they had:

e Chronic, endocrine, or autoimmune diseases.
e Pathologies of the esophagus, stomach, or duodenum confirmed by endoscopy.
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e Regular use of medications affecting weight or appetite.
e Pregnancy.

Metabolic diseases preventing weight loss.

History of gastrointestinal malignancy or alcohol abuse.
e Participation in any diet or medical/herbal weight-loss program within the past 3 months.

Failure to lose weight was defined as losing less than 10% of baseline body weight at the end of the 6-month follow-up
period, despite undergoing the standardized post-procedure diet and activity program.

The primary outcome parameters were changes in body weight, BMI, and subjective appetite levels. For subgroup
analysis, patients were divided into four groups based on baseline BMI:Group 1: <30 kg/m?, Group 2: 30-34.9 kg/m?,
Group 3: 35-39.9 kg/m?, and Group 4: >40 kg/m?. Physical activity status was also recorded, and patients were stratified
into two groups based on whether they reported regular exercise during the 6-month follow-up. Patients were followed
clinically at 1st, 3rd, and 6th months, and instructed to report any gastrointestinal symptoms. Routine follow-up
endoscopy was not performed unless symptoms such as epigastric pain, nausea, or vomiting occurred.

Statistical Analyses

Statistical analyses were performed using JASP version 0.17.1. The Shapiro—Wilk test was used to assess normality, and
Levene’s test was applied to evaluate the homogeneity of variances. For normally distributed data, means and standard
deviations (SD) were reported; for non-normally distributed data, medians and interquartile ranges (IQR) were presented.
Comparisons between two independent groups (eg, diet vs non-diet) were made using the independent samples #-test for
parametric data and the Mann—Whitney U-test for non-parametric data. Comparisons among more than two groups (eg,
BMI-based subgroups) were performed using one-way ANOVA for normally distributed variables or the Kruskal-Wallis
test for non-normally distributed variables. When ANOVA or Kruskal-Wallis tests indicated statistical significance,
Bonferroni or Dunn’s post hoc tests were applied to adjust for multiple comparisons. For categorical variables, results
were expressed as frequencies and percentages, and comparisons were made using the Chi-square test or Fisher’s exact
test as appropriate. A post-hoc power calculation indicated that a sample size of 500 provided >90% power to detect
between-group differences of >3% in weight loss at o = 0.05. A p-value of <0.05 was considered statistically significant.

Results

The study involved the application of gastric botulinum toxin-A (Btx-A) to 500 patients, comprising 413 females
(82.6%) and 87 males (17.4%), with a mean age of 37.93 + 10.11 years and a mean BMI of 34.59 + 6.09 kg/m2. The
initial weight and height of patients were 95.99 + 19.29 kg and 166.23 + 7.88 cm, respectively (Table 1).

Table | Baseline Characteristics of the Study
Population (n = 500)

Variables

Age (yearsxSD) 37.93£10.11
Female, n (%) 413 (82.6%)
BMI (kg/m2+SD) 34.59+6.09
Initial Weight (kg+SD) 95.99+19.29
Initial Height (cm%SD) 166.23+7.88
Diabetes mellitus n (%) 9 (1.8%)
Hypertension n (%) Il (2.2%)

(Continued)
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Tables 1-3 presented baseline BMI, baseline body weight, percentage of weight loss at the third- and sixth months
following treatment, and weight and BMI at the end of the sixth month for all patients. At the end of the third and sixth months,
all subjects lost body weight, with mean weight loss ratios of 13.9 + 4.4%, 15.1 +4.9%, 16% + 3.6% and 16.4 +4.2 at the third
month, and 19.2 + 6.6%, 20.5 £ 7.0%, 22.4 &+ 5.2%, and 23.2 + 6.3% at the sixth month for Groups 1, 2, 3, and 4, respectively.

Table 2 Weight Loss and BMI Reduction

Table 1 (Continued).

Variables

Polycystic ovary syndrome n (%) | | (0.2%)
Hypothyroid n (%) 15 (3%)
Psychiatric problems n (%) 2 (0.4%)

Notes: Continuous variables are presented as mean *
standard deviation, categoric variables are presented as
numbers and percentages.

Botulinum Toxin Type-A

Data in Subgroups at

the 3rd and 6th months After Intragastric Injection of

BMI Group | (n=109) Group 2 (n=172) Group 3 (n=143) Group 4 (n=76) P-value
<30 (kg/m?) 30-34.9 (kg/m?) 35-39.9 (kg/m?) >39.9 (kg/m?)
(Mean £ SD) (Mean £ SD) (Mean £ SD) (Mean £ SD)
Baseline weight 74.76 7.5 89.39 +9.27 104.6 £11.3 124.9 £14.3 <0.001
Baseline BMI 27.3 £1.98 32.38 +1.45 37.2 £1.33 44.98 491 <0.001
3rd month weight | 64.22 +6.59 75.85 +8.63 87.84 £10.0 104.3 £12.0 <0.001
3rd month BMI 23.54 +1.89 27.46 +1.78 31.22 £1.80 37.6 +4.61 <0.001
6th month weight | 60.26 6.9 71.0 £9.6 81.23 £10.98 95.73 £11.9 <0.001
6th month BMI 22.09 £2.13 25.68 +2.25 28.84 +2.28 34.49 +4.49 <0.001
Total Weight Loss (%/(kg))
3rd month 13.9+4.4/(10.54 + 3.36) | 15.1£4.9/(13.54 + 4.57) | 16+3.6/(16.76% 3.86) 16.4+4.2/(20.6 + 5.33) | <0.001
6th month 19.2+6.6/(18.39 + 6.49) | 20.5£7.0/(18.39 + 6.49) | 22.4+5.2/(23.37 £ 5.51) | 23.2+6.3/(29.17 + 7.96) | <0.001
Effects of Gastric Botox on Patient Appetite (n, %)
Decreased 99 (91%) 163 (95%) 140 (98%) 72 (95%) 0.099
Not changed Il (9%) 9 (5%) 3 (2%) 4 (5%)

Notes: Continuous variables were compared with one-way ANOVA and x” test was used for the categoric variables.

Table 3 Mean Weight and BMI Reduction 6th Months Post Botox Treatment in All
Patients (n = 500)

Mean + SD Mean £ SD | P value
Weight before gastric Botox vs after 6 months (kg) | 95.99 + 19.29 | 75.35 +15.06 | <0.001
BMI before gastric Botox vs after 6 months (kg/m?) | 34.59 % 6.09 27.1 £ 475 <0.001

Decreased appetite of patients after gastric Botox

474 (94.8%)

https:
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At the end of the sixth month, 319 (63.8%) of patients exercised regularly, while 281 (36.2%) did not. The proportion
of patients who exercised regularly and lost weight in six months was significantly higher than those who did not exercise
regularly (P = 0.05) (Table 4). Among patients who underwent a diet program, 433 (86.6%) did so regularly, while 67 did
not. The mean weight and BMI reduction for six months post-Btx treatment in patients undergoing regular diet were
significantly higher than those who did not undergo a regular diet program (Table 5). (P = 0.001 and 0.02, respectively).

The mean BMI and weight were significantly different from the baseline values at the end of the third and sixth
months for Groups 1, 2, 3, and 4. Mean body weight loss percentages were significantly higher in Groups 3 and 4 when
compared to Groups 1 and 2 at the second, third, and sixth-month time points. There was a decreasing trend in body
weight until the end of the third and sixth months for all subjects. Nearly all subjects reported feeling early satiety in
follow-up visits.

At the end of the six-month follow-up, the weight of patients decreased by a mean of 20.6 kg after Btx application (P =0.001).
When this comparison was made in terms of BMI, a mean decrease of 7.49 kg/m2 was detected in patients after six months (P =
0.001). Of the patients, 447 (94.8%) stated that their appetite decreased, and they felt satiated for six months, while the remaining
53 (5.2%) patients stated that there was no change in their appetite and duration of satiety (Table 3).

Out of the 500 patients who received gastric Btx-A treatment, 38 patients (7.6%) lost less than 10% of their body
weight, which was considered an unsuccessful treatment. On the other hand, 462 patients (92.4%) lost more than 10% of
their body weight, which was considered a successful treatment (P = 0.001). No acute side effects were observed
immediately following the endoscopic procedure. However, eight patients reported experiencing nausea and vomiting, 23
patients experienced abdominal cramps, and 55 patients experienced constipation during the follow-up period. No serious
adverse events or procedure-related mortality occurred (Table 6).

Table 4 Mean Weight and BMI Reduction for Patients with and without Exercise. Patients with Exercise
Program (n = 181), Patients without Exercise (n = 319)

Patients without Exercise Program | Patients with Exercise | P value
(n =319) (Mean £ SD) (n = 181) (Mean £ SD)
Weight before gastric Botox 95.29 +17.91 97.21 £21.52 0.287
Weight 6 months after gastric Botox | 76.24 +14.84 73.78 +15.35 0.05
BMI before gastric Botox 34.58 +5.92 34.61 +6.41 0.950
BMI 6 months after gastric Botox 27.64 +4.80 26.26 +4.54 0.002

Notes: T-test was used for the comparison of the groups. (Data are presented as mean * standard deviation (SD).

Table 5 Mean Weight and BMI Reduction 6th Months Post Botox Treatment for
Patients Undergoing Diet vs Those Not Following a Diet (Dieting Group: n = 433,
Non-Dieting Group: n = 67)

Not Dieting (n = 67) | Dieting (n = 433) | P value
(Mean * SD) (Mean £ SD)
Weight before gastric Botox | 90.98 +19.42 96.76 £19.18 0.022
Weight after gastric Botox 81.78 £17.45 74.35 £14.42 <0.001
BMI before gastric Botox 33.05 5.8 34.83 6.1 0.026
BMI after gastric Botox 29.64 +5.16 26.75 +4.57 <0.001

Notes: T-test was used for the comparison of the groups. (Data are presented as mean * standard

deviation (SD).
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Table 6 Complications Following
Endoscopic Procedures in Patients
(n = 500)

n (%)

Nausea and vomiting | 8 (1.6%)

Abdominal pain 23 (4.6%)

Constipations 55 (11%)

No complications 414 (82.8%)

Discussion

In this study, we investigated the effectiveness of intraparietal gastric Botox application in obese patient groups.
According to our study results, we found that 92.4% of our patients had a weight loss of more than 10% after intraparietal
gastric botox application, which we considered a success. In the subgroup analysis of our patient groups, we observed
significantly higher weight loss rates in patients who adhered to diet and exercise programs. Additionally, we found that
94.8% of our patient population had a decrease in appetite as one of the goals of the Botox treatment.

Botulinum toxin is now being used safely in almost all medical specialties, especially in the field of aesthetics.'!
Gastric BTX-A reduces acetylcholine-mediated smooth muscle contractions in the antrum/pylorus, slows gastric motility
and emptying, and increases postprandial satiation, thereby lowering caloric intake. Randomized data show BTX-A can
delay gastric emptying, although weight-loss efficacy has been inconsistent across trials.” The physiological effect of
gastric BTX-A depends on the injection site: intramural injections into the antrum and/or fundus can reduce antral
contractility and delay gastric emptying, thereby increasing satiation, whereas intrapyloric injections are intended to relax
the pyloric sphincter and may facilitate gastric emptying in selected contexts; randomized human data on pyloric
injection remain mixed.’ Accordingly, our protocol targeted the antrum and fundus rather than the pylorus.

The increasing prevalence of obesity and related complications, including mortality and morbidity, has made it
imperative to find new treatment options for obesity. Endoscopic BTX-A therapy may be a suitable option for obese
patients who are either not eligible for bariatric surgery due to high surgical risk, or who wish to lose weight prior to
undergoing bariatric surgery, given its potential reversibility and low intraoperative and postoperative risks. It also helps
to lose weight before surgery and control additional diseases such as type 2 diabetes, dyslipidemia, and hepatic steatosis,
reducing the risks that may occur post surgery.'* "

There are conflicting results in the literature regarding the use of intraparietal gastric Btx-A injection in the treatment
of obesity. A randomized controlled trial conducted by Park et al, which is one of the studies that demonstrated the
effectiveness of Btx, clearly showed that gastric Btx-A injections are effective in reducing body weight and preventing
gastric emptying. It was shown that body weight in the Btx-A group decreased significantly compared to the saline and
control groups.'® In another study by Rollnik et al, patients showed a significant decrease in food intake and an average
weight loss of 9 kg during a 4-month follow-up period after endoscopic intraparietal gastric Botox injection.'” In
contrast, Bustamante et al conducted a meta-analysis of randomized clinical trials and concluded that BTX-A was not
superior to placebo in achieving significant weight loss.'® Likewise, Topazian et al found that although antral BTX-A
injections delayed gastric emptying, they did not result in a significant reduction in body weight compared to placebo.’
These discrepancies may be related to variations in patient selection, injection sites, dosages, and concurrent dietary
interventions across studies. In our study, we observed a significant decrease in weight and BMI indices in our patients
compared to their initial weights, which is consistent with the studies conducted by Park and Rollnik in the literature.
Based on our results, we believe that gastric Botox application is effective in weight loss for obese patients.

In humans, lifestyle caloric restriction typically yields 5-10% total body weight loss (TBWL) by 6 months, with
variable longer-term maintenance.'® By contrast, evidence from randomized and meta-analytic studies for intragastric
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BTX-A is mixed: several RCTs show no superiority over placebo, while some protocols (antrum+fundus, higher dose/
multi-site) report signals of benefit.?

Metabolic/bariatric surgery provides the largest and most durable weight loss: contemporary guidelines and cohorts
report ~22-26% TBWL at 5 years for sleeve gastrectomy/Roux-en-Y, and >60% excess weight loss maintained long-
term.?' Various publications demonstrate that Btx-A injected into the antrum and fundus of the stomach slows gastric
emptying and changes gastric motility, leading to weight loss. Furthermore, studies on both animals and humans have
shown that Btx-A injections into the stomach wall decrease food intake and body weight.?*2*

Studies examining the effect of Btx-A injection at different doses on gastric emptying are available.”**° Topazian
et al compared the effects of different doses of Btx-A injection on gastric antral muscularis propria and found that low
doses were not associated with early satiety, changes in eating behavior, or weight loss, but higher doses (300 units)
resulted in delayed gastric emptying.” Similarly, Gracis et al suggested that the effect of Btx-A on the stomach could be
related to the width and number of areas injected into the organ.’! The dose and distribution of BTX-A within the
stomach may represent critical determinants of treatment efficacy. Notably, we found no published data on weight-
adjusted dosing of gastric BTX-A, and dose calculation based on body weight is also uncommon in other therapeutic
indications of BTX-A. In our study, all patients received a relatively high total dose of 1000 units, distributed across an
extensive treatment area involving 40 intramuscular injection sites in the antrum and fundus. We hypothesize that this
combination of higher dose and broader gastric coverage contributed to the greater weight loss observed in our cohort.
Importantly, patients also reported a marked decrease in hunger and an increase in satiety, which may further support the
potential value of optimized dosing and application area in enhancing clinical outcomes.

In other clinical applications, such as pharyngeal swallowing disorders, botulinum toxin typically has a limited
duration of action, often requiring repeat injections within 3—4 months.** In our cohort, sustained weight loss and appetite
reduction were observed up to 6 months without re-injection. We hypothesize that this prolonged effect may be due to the
higher total dose administered (1000 U Dysport™), the extensive injection mapping covering both the antrum (30 sites)
and fundus (10 sites), and the combined implementation of a low-calorie diet. These differences suggest that both the
injection protocol and adjunctive lifestyle interventions may influence the duration of clinical benefit.

Although a wide range of side effects such as fatigue, headache, and gastrointestinal symptoms have been reported
after Btx-A injection,® we observed gastrointestinal symptoms such as nausea and vomiting in 8 patients (1.6%),
abdominal pain in 23 (4.6%), and constipation in 55 (11%) of our patients in our study. Overall, no side effects were
observed in 82.8% of our patients. Based on these results, we can say that intraparietal gastric Botox injection is
a reliable method for treating obesity.

Diet is one of the most important issues in weight loss during obesity treatment.** In our study, all our patients were
enrolled in a low-calorie diet program after the procedure. We found a statistically significant difference in weight loss
between patients who followed the diet and those who did not (P < 0.01). The importance of appetite decrease in weight
loss is well known. One of the most interesting aspects of this study was the effect of Botox on appetite. After
intraparietal gastric Botox treatment, 447 out of 500 patients (94.8%) reported a decrease in appetite.

What sets our study apart from previous ones on intraparietal gastric BTX-A injection is that most prior studies were

conducted with small sample sizes, typically ranging from 13 to 24 patients,'”"

whereas our study represents one of the
largest case series in the literature, including 500 patients.

Our study has some limitations, including the absence of a placebo group, the relatively short follow-up period of six
months, and the inability to monitor ghrelin levels in patients who received gastric Btx-A injection. However, our results
suggest that gastric Btx-A injection is significantly effective for obese patients and may be a promising option for those
who cannot undergo surgery. Therefore, further prospective, placebo-controlled studies with longer follow-up periods
should be conducted to assess the long-term effectiveness and safety of gastric Btx-A injection therapy.

In conclusion, our study supports the effectiveness and safety of intraparietal gastric Botox injection for weight loss in
obese patients. Further studies are needed to establish optimal dosing strategies and to identify the patient population that

would benefit the most from this treatment.

Diabetes, Metabolic Syndrome and Obesity 2025:18 heeps: 3777



Bekin et al

Abbreviations
BTX-A, Botulinum Toxin-A; BMI, Body Mass Index.
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