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Laparoscopic Sleeve Gastrectomy (LSG) is the most common bariatric procedure worldwide. However,
the influence of preoperative factors on weight loss outcomes remains incompletely understood.
We investigated the effects of preoperative weight, height, and age on total weight loss percentage
(%TWL) following LSG using advanced statistical modeling. 2014 LSG patients were analyzed and
stratified by preoperative weight (7 categories: <90 kg to > 160 kg) and age (5 groups: 14-25 to 256
years). %TWL was calculated at 1 week, 1, 3, 6, and 12 months post-surgery. A Generalized Additive
Model (GAM) was used to calculate Adjusted Total Weight Loss percentage (%ATWL), accounting for
height and preoperative weight confounding effects. The population (mean age: 38.0+11.4 years,
BMI: 42.9 + 8.2 kg/m?) showed weight-dependent %TWL at 12 months, from 32.2%2+10.0% (<90 kg)
to 39.8%=x7.5% (>160 kg) (p<0.001). GAM-adjusted %ATWL revealed superior outcomes in younger
cohorts. The 14-25 and 26-35 year groups had comparable 12-month %ATWL (38.2% vs. 37.0%,
p=0.222), significantly exceeding older groups (p <0.001). Early postoperative %ATWL (1-week) was
similar across ages (4.6-5.7%), with progressive differentiation at 3, 6, and 12 months. Preoperative
weight and age significantly influence LSG weight loss outcomes. Younger patients and those with
higher pre-op weights achieved greater 12-month %TWL.

Keywords Laparoscopic sleeve gastrectomy, Weight loss outcomes, Age-stratified outcomes, Preoperative
weight, Generalized additive model

Obesity has become a global health crisis, with more than one billion people living with overweight or obesity
as of 2022'-3. This rise in obesity prevalence has led to an increase in obesity-related complications, such as
hypertension, coronary artery disease, congestive heart failure, and cerebrovascular disease®”.

Laparoscopic Sleeve Gastrectomy (LSG) has emerged as an effective treatment option for severe obesity,
demonstrating significant weight loss®8. Previous studies have suggested that preoperative weight and age may
influence weight loss outcomes after metabolic and bariatric surgery (MBS)°-''. However, the extent of weight
loss following LSG can vary considerably among patients, with recent long-term studies revealing significant
heterogeneity in clinical responses. Research has shown that while some patients maintain satisfactory weight
loss over time, others experience suboptimal clinical response or recurrent weight gain. A recent 13-year follow-
up study identified the first postoperative month and the fifth postoperative year as critical periods that may
determine long-term clinical outcomes, with significant decreases in excess weight loss particularly observed
after the fifth postoperative year!2. This variability in outcomes highlights the critical need to better understand
the interplay between preoperative weight, age, height, and other potential confounding factors in determining
long-term success.
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To address these limitations, we used advanced statistical method to calculate an adjusted total weight loss
percentage (%ATWL) metric that accounts for the confounding effects of preoperative height and weight. Using
a generalized additive model (GAM), we analyzed weight loss patterns. The GAM was fitted for each time point
at 1 week and 1, 3, 6, and 12 months post-operatively with age, height, and pre-op weight as explanatory variables
and %TWL as the response variable.

Our study aims to examine the effects of preoperative weight, height, and age on both %TWL and %ATWL
in patients who underwent LSG at our general surgery clinic between 2013 and 2023. By analyzing data over a
12-month follow-up period, we aim to determine weight loss patterns for various patient subgroups, considering
factors such as preoperative weight, age, and height.

Materials and methods

Study design and participants

This retrospective single-center study included a total of 2014 patients who underwent LSG between May 2013
- November 2023 at the Istanbul Aydin University Obesity Surgery Center, Istanbul, Turkey. Eligibility criteria
included body mass index (BMI) > 30 kg/m? or obesity with associated comorbidities (type 2 diabetes mellitus,
hypertension, obstructive sleep apnea, dyslipidemia). Exclusion criteria included: (1) history of previous
metabolic and bariatric surgery (re-operations were excluded); (2) active peptic ulcer disease; (3) pregnancy
or planning pregnancy within one year; (4) inability to obtain psychiatrist approval; (5) endocrine obesity
(Cushing’s syndrome); (6) malignancy (abdominal, bone, or lung cancer).

All patients underwent a comprehensive preoperative evaluation, including anesthetic, endocrine, and
psychiatric examinations. Routine preoperative esophagogastroduodenoscopy (EGD) was performed on all
patients to identify any underlying gastrointestinal conditions, such as cancer, polyps, or other pathologies, that
may contraindicate surgery or require intervention prior to LSG. These examinations provided a comprehensive
baseline record of the patients’ gastric health before the surgery.

Weight loss outcomes were analyzed using multiple approaches to account for various factors affecting weight
loss trajectories. Postoperative follow-up was conducted at 1 week, 1 month, 3 months, 6 months, and 12 months.
The study protocol was approved by the Istanbul Aydin University Non-Interventional Clinical Research Ethics
Committee Decision No. 77/2024, and written informed consent was obtained from all participants.The study
was conducted in accordance with the Declaration of Helsinki.

Surgical techniques

The standardized surgical technique, including anesthetic protocol, patient positioning, and trocar placement,
was performed according to our previously published methods'. Briefly, patients received 3 mg intravenous
midazolam before surgery. During induction, 200 mg 1% propofol, 500 ug/kg rocuronium, 1 mg/kg
methylprednisolone, 1 mg/kg fentanyl, 10 mg metoclopramide, 20 mg hyoscine-n-butyl bromide, 50 mg
ranitidine, 100 mg tramadol and 2 g paracetamol were administered. Following induction, patients were placed
in the reverse Trendelenburg position with their legs in abduction. The surgical team positioning included the
surgeon between the patient’s legs, assistant surgeon on the right side, and operating room nurse on the left
side. An 11 mm camera port was placed to the left of the midline, approximately 10-12 cm below the xiphoid
process, without establishing pneumoperitoneum. CO, insufflation was initiated to achieve and maintain an
intra-abdominal pressure of 14-15 mmHg. Two additional ports were placed on the right side of the abdomen:
one 5 mm port and one 12 mm port. A third 5 mm port was placed on the left side of the abdomen. Under
camera guidance, a bilateral transversus abdominis plane (TAP) block was performed using Petit’s triangle as an
anatomical landmark. Each side of the abdomen was infiltrated with 20 ml of 0.5% bupivacaine hydrochloride
solution, equivalent to 100 mg of bupivacaine per side.

The greater curve of the stomach was dissected using LigaSure™ (Medtronic, Minneapolis, Minnesota,
USA). The stomach was dissected and mobilized, starting from the pylorus to the hiatus. The esophagus was
carefully mobilized and retracted within the diaphragmatic hiatus, allowing for clear visualization of the right
and left crura of the diaphragm. The esophageal hiatus was narrowed using 2 -0 silk with a Z suture, ensuring
an approximately 0.5 cm gap between the crural fibers and the esophageal wall. A 36 F orogastric bougie was
passed through the esophagocardial junction to ensure no stenosis was present. The gastric sleeve procedure
was initiated 2 cm above the pylorus using Tri-Staple™ (Medtronic, Minneapolis, Minnesota, USA). During
resection, patients received 20 mg tenoxicam and 8 mg ondansetron. After completing the gastric transection,
a single suture omentopexy (2-0 silk) was performed between the lateral side at the level of the gastrocolic
ligament and the stomach incisura angularis. A 10 mm soft silicone drain was placed next to the remaining
stomach.

Postoperatively, patients received 0.5 mg/kg pethidine hydrochloride. Within the first 12 h after surgery and
on the first postoperative day, patients were given 20 mg tenoxicam twice a day, 50 mg tramadol four times a
day, and 1 g paracetamol three times a day, with additional tramadol administered when necessary. Drains were
removed on the first postoperative day. At discharge, oral paracetamol syrup was prescribed for analgesia and
discontinued after the 7th postoperative day.

Weight loss patterns

Weight loss patterns were analyzed using a systematic approach to evaluate 1 week and 1, 3, 6, and 12
months outcomes. Total weight loss (%TWL) was defined as the primary outcome measure and calculated as
[(preoperative weight - current weight) / preoperative weight] x 100. An Adjusted Total Weight Loss percentage
(%ATWL) was calculated to account for potential confounding effects of age, height, and preoperative weight
on weight loss trajectories.
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Patients were stratified into seven preoperative weight categories (<90, 90-100, 100-110, 120-130, 140-150,
150-160, > 160 kg) to analyze weight loss trajectories across different baseline weights. Age stratification includes
five groups (14-25, 26-35, 36-45, 46-55, > 56 years) to evaluate age-speciﬁc response patterns.

Statistical analysis

Statistical analyses were performed using Python (Version 3.12.4) in Jupyter Lab (Version 4.2.5). The normality
of data distribution was assessed using the Shapiro-Wilk test. For between-group comparisons, independent
t-tests were used for normally distributed data and Mann-Whitney U tests for non-normally distributed data.
One-way ANOVA followed by Tukey’s Honestly Significant Difference (HSD) post-hoc tests were employed to
compare outcomes across age groups. The statistical significance of weight loss differences between groups was
evaluated using pairwise comparisons, with p-values adjusted for multiple comparisons using the Bonferroni
method.

Weight loss patterns were conducted using a systematic approach to evaluate 1 week and 1, 3, 6, and 12
months outcomes. The combined analysis approach allowed for comprehensive assessment of weight loss
trajectories while accounting for potential confounding factors and ensuring robust statistical validation of
observed differences between groups.

To adjust for the potential confounding effects of height and pre-op weight on total weight loss, we calculated
an adjusted total weight loss percentage (%ATWL) using a Generalized Additive Model (GAM) in Python. The
GAM was fitted for each time point (1 week, 1, 3, 6, and 12 months post-surgery), with age, height, and pre-op
weight as explanatory variables and TWL percentage as the response variable. The partial dependence of height
and pre-op weight on TWL was calculated using the GAM, and the effects of these confounding variables (height
and pre-op weight) were then removed from the original TWL percentage to obtain the ATWL percentage. This
adjustment allowed for a more accurate comparison of weight loss across different age groups by accounting
for the potential confounding effects of height and pre-op weight. The %ATWL was then used in subsequent
analyses, including one-way ANOVA and Tukey’s HSD post-hoc tests, to determine if there were significant
differences in weight loss between age groups.

Results are presented as mean + standard deviation unless otherwise specified. Statistical significance was
set at p<0.05. A power analysis was conducted using the effect sizes, a desired statistical power of 0.95, and a
significance level (a) of 0.05, confirming adequate sample sizes for detecting clinically meaningful differences at
each time point.

Results

Baseline characteristics

A total of 2,014 patients underwent MBS at our institution from February 2013 to November 2023. The
mean age was 38.0+11.4 years, with preoperative measurements showing mean height 167.1+9.2 cm, weight
120.3+27.3 kg, and BMI 42.9 + 8.2 kg/m?. The study population consisted of females (73.5%) and males (26.5%).
Common comorbidities included diabetes mellitus (34.5%), hypertension (31.1%), sleep apnea (34.5%),
osteoarthritis (13.1%), dyslipidemia (6.3%), and coronary artery disease (2.3%) (Table 1).

Analysis of TWL% over time for various preoperative weight groups

Figure 1 demonstrates the progression of % TWL across different preoperative weight categories over a 12-month
postoperative period. Preoperative weight appeared to influence the magnitude of %TWL, with a general trend
toward higher %TWL achievement in patients with greater initial weights. At 12 months post-surgery, patients
with preoperative weights < 90 kg showed the lowest %TWL (32.2% + 10.0%), while higher preoperative weight
categories achieved greater % TWL, ranging from 36.5 to 39.9%. This trend was particularly evident in patients

Variables Units Values
Demographics

Total patients Number 2014

Age (Mean+SD) Years 38.0+11.4
BMI (Mean +SD) Kg/m? 429+8.2
Weight (Mean +SD) Kg 120.3+27.3
Height (Mean +SD) Centimeters | 167.1+9.2
Female % 73.5

Male % 26.5
Comorbidities

Diabetes Mellitus % 345
Hypertension % 311

Sleep Apnea % 34.5
Osteoarthritis % 13.1
Dyslipidemia % 6.3
Coronary Artery Disease | % 2.3

Table 1. Preoperative patient’s characteristics. BMI, Body Mass Index; SD, Standard Deviation.
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Fig. 1. Total weight loss percentage (%TWL) trajectories following laparoscopic sleeve gastrectomy stratified
by preoperative weight categories. Line graphs showing progression of %TWL at 1 week, 1 month, 3 months,

6 months, and 12 months post-surgery across different preoperative weight categories: (A) <90 kg, (B)

90-100 kg, (C) 100-110 kg, (D) 110-120 kg, (E) 120-130 kg, (F) 130-140 kg, (G) 140-150 kg, (H) 150-160 kg,
(I) > 160 kg, and (J) all patients combined. Data points represent mean values with error bars indicating
standard deviation.
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weighing > 120 kg preoperatively, who consistently achieved %TWL>38% at 12 months. All weight cohorts
show rapid weight loss patterns between 1 and 3 months post-surgery, followed by a gradual deceleration
between 6 and 12 months.

Total weight loss (kg) and postoperative weight at 12 months stratified by preoperative
weight categories

Figure 2 illustrates the 12-month postoperative weight outcomes and total weight loss across nine preoperative
weight categories. Analysis revealed a consistent pattern of increasing postoperative weight with higher
preoperative weight categories, ranging from 57.4 £ 8.5 kg in the <90 kg group to 106.4 £16.5 kg in the > 160 kg
group. Total weight loss at 12 months demonstrated a similar progressive increase, from 27.3+8.5 kg in the
lowest weight category to 70.5+15.4 kg in the highest weight category. Statistical analysis showed significant
differences between most adjacent weight categories (p <0.01 to p <0.0001). Groups separated by larger weight
intervals demonstrated particularly strong significance (p <0.00001). The comprehensive statistical comparisons
depicted by the significance bars demonstrated that heavier preoperative weight categories achieved greater total
weight loss while maintaining proportionally higher postoperative weights.

Association between preoperative weight and 12-Month total weight loss percentage

Figure 3 illustrates the relationship between preoperative weight and %TWL at 12 months post-surgery. The
data reveals a clear trend of increasing weight loss percentage as the preoperative weight increases. Analysis of
2014 patients demonstrated a positive correlation between preoperative weight and %TWL at 12 months post-
surgery. Patients with preoperative weight <90 kg achieved the lowest %TWL (32.2% =+ 10.0, with significantly
lower outcomes compared to all other groups (p<0.01 to p<0.001). Those>160 kg experienced the highest
%TWL (39.8% + 7.5). These findings suggest that preoperative weight significantly influences post-surgical
weight loss outcomes, with higher pre-op weights associated with greater %TWL at 12 months.

Analysis of preoperative weight and height by age groups
In Fig. 4A, pre-operative weight analysis revealed that mean weights ranged from 119.2 kg in the 14-25 age
group to 123.8 kg in the 56 + age group. Significant differences in weight were observed between the youngest
and oldest cohorts (14-25 vs. 56+, p <0.05) and between middle-aged and older adults (36-45 vs. 56+, p <0.05).
In Fig. 4B, height measurements demonstrated a gradual decreasing trend with advancing age, from 168.3
in the 14-25 age group to 165.5 cm in the 56 + group. Statistically significant differences in height were found
between between the 14-25 age group and both the 46-55 and 56 + groups (p <0.05 for both comparisons), as
well as between the 26-35 and 56 + groups (p <0.05).

%ATWL analysis using GAM

To adjust for the potential confounding effects of height and pre-op weight on total weight loss, we calculated
an ATWL percentage using a GAM. The GAM was fitted for each time point (1 week and 1, 3, 6, and 12 months
post-surgery), with age, height, and pre-op weight as explanatory variables and ATWL percentage as the
response variable.

The partial dependence of height and pre-op weight on ATWL was calculated and subtracted from the original
TWL percentage to obtain the ATWL percentage. This adjustment allowed for a more accurate comparison of
weight loss across different age groups by accounting for the potential confounding effects of height and pre-op
weight. The %ATWL was then used in subsequent analyses, including one-way ANOVA and Tukey’s HSD post-
hoc tests, to determine if there were significant differences in weight loss between age groups.

Age-Dependent patterns in %ATWL: longitudinal analysis
Figure 5 illustrates % ATWL distribution and mean trends across age groups through box plots and trend lines,
demonstrating an age-dependent weight loss pattern.

Figure 5A and B present early postoperative outcomes (1 week and 1 month), showing similar box plot
distributions with %ATWL ranging from 4.6 to 5.7%. The mean trend line reveals higher values in younger
groups (14-25 and 26-35 years), with significant differences compared to older cohorts (p <0.05).

Figure 5C shows 3-month outcomes with widening box plot distributions (range: 13.6-17.6%). The mean
trend line demonstrates comparable outcomes between 14 and 25 and 26-35 age groups (17.5% and 17.6%,
p=0.749), both significantly exceeding older groups’ performance (p <0.01).

Figure 5D depicts 6-month outcomes, with box plots showing increased variability and %ATWL (range:
15.9-22.5%). The downward slope of the mean trend line emphasizes the age-dependent pattern, with 14-25
years achieving peak values (22.5%).

Figure 5E demonstrates 12-month outcomes through box plots showing the widest distribution (27.7-38.2%).
The mean trend line maintains the age-dependent pattern, with comparable outcomes between the two youngest
cohorts (38.2% vs. 37.0%, p=0.222) and significant differences versus older groups (p <0.001).

This study revealed significant patterns in LSG outcomes across preoperative weight and age categories.
Analysis of %ATWL demonstrated superior outcomes in younger patients (14-25 years), emphasizing the
importance of both age and preoperative weight as key determinants of LSG outcomes.

Discussion

In this retrospective study, we analyzed the effects of preoperative weight, height, and age on the %TWL and
%ATWL in patients who underwent LSG at our institution between 2013 and 2023. Our findings demonstrate
that preoperative weight and age significantly influence weight loss outcomes, with younger patients and those
with higher pre-op weights achieving greater % TWL at 12 months post-surgery.
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Fig. 2. Postoperative weight outcomes and total weight loss at 12 months stratified by preoperative weight
categories. Bar graph illustrating mean postoperative weight (kg) at 12 months across nine preoperative weight
categories (< 90 kg to > 160 kg). Error bars represent standard deviation. Horizontal bars with p-values indicate
statistical significance between groups. The table below displays precise values for postoperative weight and
total weight loss at 12 months for each weight category.
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Fig. 3. Association between preoperative weight and total weight loss percentage at 12 months post-
laparoscopic sleeve gastrectomy. Bar graph illustrating mean total weight loss percentage (%TWL) at 12
months across nine preoperative weight categories (< 90 kg to > 160 kg). Error bars represent standard
deviation. Horizontal bars with p-values indicate statistical significance between groups. The table below
provides %TWL values and standard deviations for each preoperative weight category.

Our analysis of %TWL following LSG showed increasing weight loss, with the highest %TWL at 12 months
post-surgery across all preoperative weight categories, consistent with previous studies'*. Higher preoperative
weights were associated with greater %TWL, indicating that pre-op weight is a key factor in post-surgical
weight loss. This finding aligns with Sczepaniak et al., who reported that pre-op weight was the most important
factor in weight loss and predictability of outcomes after Roux-en-Y gastric bypass’. Our study extends these
findings to LSG, highlighting the critical role of preoperative weight in shaping post-bariatric surgery weight loss
trajectories. These findings align with recent long-term evidence from Verras et al. (2023), whose 10-year follow-
up analysis of 490 patients confirmed that excess weight remains a significant predictor of enhanced weight loss

outcomes even after a decade’.
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Fig. 4. Comparison of preoperative weight and height measurements across different age groups. (A) Bar
graph illustrating mean preoperative weight (kg) across five age categories (14-25, 26-35, 36-45, 46-55, and
56 +years). (B) Bar graph showing mean preoperative height (cm) across the same age categories. Error bars
represent standard deviation. Horizontal bars with p-values indicate statistical significance between age groups.

In our study, the examination of preoperative weight and height by age groups revealed significant differences,
with older patients generally presenting with higher weights and lower heights compared to younger patients. To
account for these confounding factors, we calculated a %ATWL using a GAM. The analysis of %ATWL by age
groups demonstrated superior weight loss outcomes in the youngest age group (14-25 years) compared to older
age categories. This finding aligns with the growing evidence suggesting age-dependent variations in weight loss
outcomes following MBS!%:11,

A comprehensive study stratifying patients into five age groups (<30 years, 30-39 years, 40-49 years, 50—
59 years, and =60 years) demonstrated significantly higher weight loss in younger patients compared to older
individuals at multiple post-operative time points'®. This age-related difference can be attributed to several
physiological factors. Notably, Pannemans and Westerterp have shown that older individuals typically exhibit a
lower basal metabolic rate and reduced physical activity levels, which may contribute to less pronounced weight
loss outcomes in this population’®. These findings provide a biological basis for the age-dependent variations
observed in our study and others!®!®!”. The continuation of this age-dependent pattern has been further
validated by Verras et al. (2023), whose 10-year follow-up analysis of 490 patients confirmed that younger age
remains a significant predictor of enhanced weight loss outcomes even after a decade'®, suggesting that these
early predictive patterns are maintained long-term.

Beyond demographic factors, the physiological mechanisms underlying weight loss after LSG involve
hormonal changes through gastric fundus resection'®!’. The gastric fundus is the primary site of ghrelin
production, a hormone that regulates appetite and glucose homeostasis. The removal of the gastric fundus
during LSG leads to significant reduction in ghrelin levels, contributing to both early metabolic benefits and
weight loss over time'®. The underlying hormonal changes due to the fundus resection represent an important
physiological mechanism supporting postoperative weight loss'®. These hormonal changes may contribute to
the progressive weight loss patterns observed in our results. This mechanism provides additional context for
interpreting our findings regarding postoperative weight loss trajectories.

Our results align with findings from Contreras et al., who found that patients younger than 45 years old
lost a greater amount of excess BMI than older patients (=45 years) after MBS!?. Similarly, Yoshihiro Nagao et
al,, in their analysis of 308 patients divided into young (18-29 years), intermediate (30-49 years), and senior
(50-68 years) groups, demonstrated that the young group consistently achieved statistically significant higher
percentage of excessive weight Loss (YEWL) compared to the intermediate and senior groups at both 6 and 12
months post-surgeryl.

However, our findings contrast with those of Wozniewska et al., who found no statistically significant
differences between patients <45 years old and >45 years old in terms of %TWL during their two-year
observation period?. This discrepancy might be attributed to their binary age categorization, which could have
masked the more nuanced age-related differences revealed by our five-group analysis. Our study provides a more
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Fig. 5. Age-dependent patterns in adjusted total weight loss percentage (%ATWL) following LSG. Box plots

illustrating distribution of % ATWL across five age groups (14-25, 26-35, 36-45, 46-55, and 56 + years) at
different postoperative time points:(A) 1 week, (B) 1 month, (C) 3 months, (D) 6 months, and (E) 12 months.
Blue boxes represent interquartile range, horizontal lines indicate median values. Green dotted line depicts the
mean trend across age groups.
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detailed analysis of age stratification, combined with the use of GAM to adjust for confounding factors, offering
a comprehensive understanding of the relationship between age and post-operative weight loss outcomes.

LSG is a non-malabsorptive type of MBS with a lower risk of developing postoperative nutritional deficiencies
compared to RYGB, which is a malabsorptive procedure?!~2*. The resection of the gastric fundus during LSG leads
to a reduction in parietal cells and decreased intrinsic factor production, which can impair the absorption of key
nutrients such as vitamin B12 and iron?"?*2*, Recent long-term data demonstrates that by 6 years post-surgery,
patients developed significant deficiencies in several micronutrients, particularly ferritin (43.3%, p<0.001)
and vitamin B12 (11.7%, p=0.019), while iron deficiency (25%, p=0.625) showed no significant change from
baseline?!. These nutritional complications can be attributed to multiple factors, including postoperative nausea
and vomiting, reduced food intake, and subsequent poor food choices?!"?>. This understanding emphasizes the
importance of regular nutritional monitoring and supplementation in the post-operative management.

While our study focused primarily on weight loss outcomes, it’s important to acknowledge that postoperative
complications, particularly staple line leaks, remain a significant concern in sleeve gastrectomy. Recent evidence
demonstrates leak rates ranging from 2.2 to 6.46%, representing the second leading cause of mortality after
MBS?. Several risk factors have been identified, including smoking, diabetes mellitus, and sleep apnea. Current
evidence supports a multimodal approach to leak management, with studies showing success rates of up to 73%
with percutaneous drainage and 53.8% with endoscopic stenting, while early detection through measures such as
drain amylase monitoring has shown promise in improving outcomes!>. While intraluminal endoscopic stenting
is utilized for managing staple line leaks at our institution, we identify the need for future prospective studies
examining our institutional outcomes regarding leak management strategies. This represents an important
future direction, as comprehensive understanding of both weight loss dynamics and complication management
is crucial for optimizing patient outcomes in MBS.

Our study has several strengths, including a large sample size, a comprehensive analysis of weight loss
outcomes over a 12-month follow-up period, and the advanced analysis using GAM to adjust for potential
confounding factors. However, there are also limitations to consider. As a retrospective single-center study, our
findings may be subject to selection bias and confounding factors not accounted for in the analysis. Additionally,
we did not assess the impact of other potential factors of weight loss outcomes, such as obesity complications,
patient’s compliance on dietitian’s instructions and postoperative lifestyle factors, which may have influenced
the results. Future prospective studies should consider these factors and incorporate longer follow-up periods to
provide a more comprehensive understanding of the determinants of weight loss following LSG.

In conclusion, our study demonstrates that preoperative weight and age significantly influence weight
loss outcomes following LSG, with younger patients and those with higher pre-op weights achieving greater
%TWL at 12 months post-surgery. The use of a GAM to adjust for potential confounding factors allowed for
a more accurate comparison of weight loss outcomes across different age groups. These findings highlights the
importance of considering both preoperative weight and age when evaluating weight loss outcomes following
MBS. The results of this study may help guide patient selection, counseling, and expectation management in
clinical practice.
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