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ABSTRACT

Objective: We aimed to evaluate the effectiveness of laparoscopic sleeve gastrectomy (LSG) as a treatment method for morbid obesity
and its impact on reducing the incidence of metabolic syndrome and its components.

Patients and Methods: This retrospective and a single-center study included patients with obesity who underwent LSG and were
followed up at an endocrinology and metabolism outpatient clinic for at least one year. Anthropometric measurements, blood pressure,
and blood examinations including fasting plasma glucose and lipid profile were assessed before the surgery and one year after the
surgery. The presence of metabolic syndrome and related comorbidities was documented.

Results: The study included 62 patients, with a mean age of 38.2 + 8 years and a female predominance (88.7%). At one year post-surgery,
significant improvements were observed in body weight, waist circumference, blood pressure, and metabolic parameters (P<0.001 for
all). The prevalence of metabolic syndrome decreased from 66.1% to 6.5% (P<0.001). The prevalence of diabetes, hypertension, and
hepatosteatosis also decreased significantly (P<0.05).

Conclusion: Laparoscopic sleeve gastrectomy demonstrates substantial weight loss and positive effects on metabolic syndrome
components. The procedure appears to be an effective intervention for obese patients with obesity-related comorbidities. Longer-term

prospective studies are needed to further validate these promising results.
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1. INTRODUCTION

Obesity, with its multifactorial nature and complex pathogenesis,
is notably recognized as a major risk factor for cardiometabolic
diseases [1,2].

The widespread adoption of technological advancements and
Western lifestyles, the shift towards high-calorie diets combined
with a decrease in physical activity and the transition from rural
to modern urban living have all contributed to a global rise in
obesity prevalance across all age groups [3].

The most recent epidemiological findings reveal concerning
patterns, with over 30% of the global population currently
classified as overweight or obese. Based on the observed increase
in obesity rates, projections suggest that approximately 38% of
the population will be overweight and an additional 20% will be
obese by the year 2030 [4].

Contemporary medical understanding views obesity not merely
as a standalone condition but also as a component and a catalyst
of metabolic syndrome, as outlined in the American Heart
Association and the National Heart, Lung, and Blood Institute
(AHA-NHLBI) joint consensus report of 2009 [5]. Metabolic
syndrome is considered a pandemic affecting approximately
20% to 30% of the adult population in many countries, and it
is frequently associated with obesity [6]. In our country, the
prevalence of metabolic syndrome in the general population has
been reported to be 32.9% [7].

Obesity treatment involves employing diverse methods,
including diet, exercise, behavioral therapy, medical
interventions, and bariatric/metabolic surgery. As obesity is a
significant risk factor for cardiometabolic comorbidities such
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as diabetes, hypertension, and coronary artery disease, the
methods used in obesity treatment should not only lead to
anthropometric improvements but also provide benefits for
these comorbidities. One of the bariatric surgery techniques,
laparoscopic sleeve gastrectomy (LSG) has shown to be effective
in achieving lasting weight loss and improving obesity-related
comorbidities [8]. In this study, we aimed to compare the
anthropometric measurements and metabolic parameters of
obese patients who underwent LSG before the surgery and one
year after the procedure.

2. PATIENTS and METHODS

Study population

This is a single-center, cross-sectional, and retrospective
study conducted on patients who were under follow-up in the
endocrinology and metabolism department of our hospital and
underwent LSG between January 2018 and January 2022 with
a body mass index (BMI) over 40 kg/m? or a BMI between
35 and 40 kg/m® with serious comorbidities, according to the
International Federation for the Surgery of Obesity (IFSO)
criterion [9].

Patients between the ages of 18 and 65 years who attended
regular appointments at our endocrinology and metabolism
outpatient clinic for at least 6 months before the surgery and at
the 12th months after the surgery were included in the study.

Patients under the age of 18 and over the age of 65, those who
did not attend regular appointments at the endocrinology
and metabolism outpatient clinic beyond the postoperative
1-year follow-up period, individuals using medications that
could affect body weight and metabolic parameters during this
time, patients with newly diagnoed endocrinological diseases,
and those with incomplete anthropometric measurements
or missing information about metabolic parameters in their
medical records were excluded from the study.

The study was conducted in accordance with ethical principles
outlined in the Helsinki Declaration with the approval of
the local ethics committee (Number: 2022/0617). The study
protocol ensured the confidentiality of patient information.

Clinical assessment

The data of the participants included in the study were collected
through a retrospective examination of the hospital’s central
information system, e-nabiz (electronic health records system),
and patient files.

During the pre - and post-operative appointments at the
endocrinology and metabolism clinic, each participant
responded to a standardized questionnaire, providing details
about their sociodemographic background, personal and family
medical history (including hypertension, diabetes, coronary
artery disease, and hyperlipidemia), and smoking habits.

The participants’ height (in centimeters) and weight (in

kilograms) were measured using a height scale and weight
machine (SECA 799+220, seca GmbH & Co, Germany). The BMI

was calculated using the formula: weight in kilograms divided
by height in meters squared. Waist circumference was measured
with a non-flexible measuring tape at the narrowest point of the
abdomen between the lower part of the last rib and the top of
the hip at the end of expiration, while hip circumference was
measured at the widest part of the hips.

Laboratory examinations were performed after 8-12 hours
of overnight fasting, including triglycerides, high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL)
cholesterol, hemoglobin A1C (HbA1C), and thyroid function
tests, using the American AU480 automatic biochemical
analyzer.

Blood pressure was measured using an electronic
sphygmomanometer (HEM-7155, Omron, Japan), after the
patients rested for 5-10 minutes.

Individuals with and without metabolic syndrome were identified
based on the criteria outlined in The US National Cholesterol
Education Programme Adult Treatment Panel III (NCEP-
ATP III) [10]. Diagnoses of hypertension, diabetes mellitus,
hyperlipidemia, and hepatosteatosis were also documented.

Liver imaging

Before the surgical procedure and at the 12 months post-surgery,
an abdominal ultrasound (US) was performed. Hepatosteatosis
in the US was classified using the following grading system:

Grade 1 (mild): A slight and diffuse increase in liver echogenicity
with normal visualization of the diaphragm and portal vein wall.

Grade 2 (moderate): A moderate increase in liver echogenicity
with slightly impaired appearance of the portal vein wall and the
diaphragm.

Grade 3 (severe): Marked increase in liver echogenicity with
poor or no visualization of the portal vein wall, diaphragm, and
posterior part of the right liver lobe.

Statistical Analysis

Statistical Package for Social Sciences (SPSS) 28.0 software was
used forall theanalyses. Descriptive statistics of the characteristics
measured in the study participants were tabulated as mean,
standard deviation (SD), number and % frequencies. The
compatibility of the numerical characteristics with the normal
distribution was examined with the Kolmogorov-Smirnov test.
For the analysis of dependent quantitative data, paired sample
t-tests and Wilcoxon tests were used. The McNemar test was
used for the analysis of dependent qualitative data. P<0.05 was
considered statistically significant.

3. RESULTS

In this study, we conducted a retrospective review of 144 patients
with obesity who underwent LSG surgery at our hospital.
Among these patients, 22 did not attend regular endocrinology
and metabolism outpatient clinic appointments after the
surgery, and 50 could not be reached by phone to obtain their
consent, leading to their exclusion from the study. Additionally,
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8 patients were excluded from the study due to the diagnosis of
hypothyroidism during follow-up, and 2 died after the surgery.

Finally, the study included 62 patients, with a mean age of 38.2
+ 8 years and a predominance of females (88.7%). During the
preoperative period, the patients had a mean BMI of 45.7 + 4.9
kg/m?, a mean waist circumference of 136.6 + 14.4, and 66.1%
of them were diagnosed with metabolic syndrome. Additionally,
22.6% had hypertension, and 12.9% were being followed up for
diabetes mellitus. Hepatosteatosis was observed in 77.4% of
patients based on US imaging.

When examining Table I, there is a significant decrease in BMI,
waist circumference, systolic, and diastolic blood pressure at
postoperative 1 year compared with the preoperative period
(P<0.001). The frequency of obesity-related comorbidities
before the surgery and one year after the surgery is presented
in Figure 1. According to the data, the frequency of metabolic
syndrome decreased from 66.1% to 6.5% (P<0.001). The
prevalence of diabetes (P=0.039), hypertension (P=0.039), and
hepatosteatosis (P<0.001) also significantly decreased one year
after the surgery compared with the preoperative period.

Table I. Comparison of anthropometric measurements and blood pressure
measurements before and 1 year after LSG

Pr rati P rati
Varible OMenssd  OMemnssd
Systolic blood pressure (mmHg) | 129.4 +18.9 117.6 £ 16.8 <0.001
Diastolic blood pressure (mmHg) | 81.6 + 12.10 72.8+10.4 <0.001
Weight (kg) 1226+182 | 7904147 | <0.001
Body mass index (kg/ m?) 457+49 29.6+53 <0.001
Waist circumference (cm) 136.6 + 14.4 954+ 13.4 <0.001

Table II. Comparison of laboratory values before and 1 year after LSG

surgery
. Preoperative  Postoperative

Variable (Mewntsd)  (Mean £5d) P
Fasting glucose (mg/dl) | 99.2+16.7 86.5 +10.6 <0.001
HOMA-IR 43+23 1.6£15 <0.001
Triglyceride (mg/dl) 166.2 + 77 103.8 + 42.5 <0.001
HDL-cholesterol (mg/dl) | 44.3 +10.5 623 £10.5 <0.001
LDL-cholesterol (mg/dl) |110.8 +32.8 106.2 £ 35.2 <0.001
AST(U/L) 24.7 £ 15.8 152+3.8 <0.001
ALT (U/L) 312+24.1 123+7.8 <0.001
GGT (U/L) 26.5+25.9 114 + 6.3 <0.001
ALP (U/L) 742 £18.7 65.4 £20.0 <0.001
Creatinine (mg/dl) 0.8+0.7 0.7+0.5 0.002
Uric acid (mg/dl) 50+ 1.6 40+1.1 <0.001
Sodium (mmol/L) 1393+ 1.8 140.6 +2 0.001

HOMA-IR: Homeostatic Model Assessment of Insulin Resistance, AST: Aspartate
Aminotransferase, ALT: Alanine Aminotransferase, ALP: Alkaline Phosphatase,
GGT: Gamma-Glutamyl Transferase

Laboratory values before the surgery and one year after
the surgery are presented in Table II. When comparing the
laboratory findings related to metabolic syndrome, there was a
significant decrease in fasting blood glucose and triglycerides,
as well as a significant increase in HDL-cholesterol (P<0.001).
Further biochemical test results are provided in Table II for
comparative analysis.

When evaluating postoperative complications, 1 (1.6%) patient
had anastomotic leakage, 1 (1.6%) had fever, and 1 (1.6%) had
haemorrhage. There was no detection of stenosis in any of the
patients.

Course of comorbidities after LSG
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Figure 1. Comparison of comorbidity prevalence before and after
laparoscopic sleeve gastrectomy (LSG)

4. DISCUSSION

In this study, patients with obesity who underwent LSG at our
hospital and followed up by the endocrinology and metabolism
clinic were retrospectively evaluated. After a 1-year follow-up
period, improvements were observed in anthropometric
measurements, blood pressure, and metabolic parameters
compared with the preoperative period. Additionally, the
frequency of patients being followed up for hepatosteatosis,
metabolic syndrome, diabetes, and hypertension decreased.

Obesity is a chronic, systemic disease that requires a
multidisciplinary approach for both diagnosis and treatment. It
rarely resolves spontaneously and is associated with increased
morbidity, mortality, and decreased quality of life [11].

The initial treatment typically includes diet modifications,
behavioral adjustments, regular exercise, and, if necessary,
medical interventions [12]. However, a significant number of
patients who lose weight through these methods tend to regain
weight over time. A meta-analysis of 29 long-term weight loss
studies found that more than half of the lost weight was regained
within two years, and by five years, more than 80% of the lost
weight was regained [13].

Bariatric surgery is widely recognized as the most effective
method for the sustainable weight loss today. Among the various
bariatric surgical techniques, LSG is considered the most
commonly used approach due to its ease of application from a
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surgeon’s perspective, minimal impact on nutrient absorption,
and absence of dumping syndrome induction [14].

In our study, a significant reduction in body weight was observed
after 1 year postsurgery, consistent with previous studies [15,16].
However, the aim of bariatric surgery is not only to achieve
weight loss but also to reduce obesity-related cardiometabolic
risks. Therefore, in our study, we examined the effects of LSG on
metabolic syndrome components. Before the surgery 41 patients
(66.1%) had metabolic syndrome, while in our postoperative
1-year evaluation, only 4 patients (6.5%) were found to have
metabolic syndrome (P<0.001). In a study by Péquignot et al.,
where they evaluated 241 patients with a preoperative BMI mean
of 47.2 kg/m?, they observed metabolic syndrome in 36 patients
before LSG, and at postoperative 1 year, 17 patients had metabolic
syndrome, showing a significant difference [15]. Similarly, in
the retrospective study conducted by Wojciak et al., involving
211 patients, it was observed that one year after LSG, there was
improvement in all metabolic syndrome parameter [17].

In our study, the preoperative prevalence of diabetes mellitus was
12.9%, which dropped to 1.6% (P=0.039). In a study conducted
by Smeu et al., on early glycemic control after LSG, they found
a significant improvement in glycemic control from 6 months
postoperatively compared with the preoperative period [18].
These findings provide support for the therapeutic effect of LSG
on type 2 diabetes.

Systolic and diastolic hypertension are components of metabolic
syndrome. According to the NCEP/ATP-III criteria, having
a blood pressure of >130/85 mmHg is a diagnostic criterion
for metabolic syndrome. Therefore, a decrease in blood
pressure is expected as an outcome of obesity treatment. In
our study, it was observed that the prevalence of hypertension
significantly decreased one year after the surgery compared
with the preoperative period. In a review by Graham et al,
involving 14 studies and a total of 3550 patients, the prevalence
of hypertension among patients in the preoperative period was
36.5%, which decreased to 14.79% in the 5th postoperative year
[19]. In the study conducted by Samson et al. with 870 patients
who underwent LSG, they observed a significant decrease
(P<0.001) in both diastolic and systolic blood pressure levels
during the postoperative period compared with the preoperative
period, which is consistent with the findings of our study [20].
Considering these results together, it becomes evident that LSG
is an effective intervention for obese people with hypertension.

Dislipidemia is an atherosclerotic risk factor, making it an
important component of metabolic syndrome. In our study, a
significant decrease in triglycerides and a significant increase
in HDL-cholesterol were observed, but no significant changes
were found in LDL-cholesterol. Sharma et al., conducted a
study involving 134 patients with similar characteristics, out of
which 71 underwent LSG, while the remaining 63 were followed
up as the control group. After a 3-year follow-up, they found
a significant (P<0.01) decrease in plasma triglyceride levels
and a significant (P<0.001) increase in HDL-cholesterol levels
among those who underwent LSG compared to the control
group [21]. In a systematic review involving 3997 patients,
Shabbir et al., demonstrated that LSG had a significant effect on

HDL-cholesterol and triglyceride levels, while it did not show a
significant impact on LDL-cholesterol levels [22].

Hepatosteatosis is frequently associated with obesity and
is evaluated using USG in clinical practice. In our study,
hepatosteatosis was detected at various stages in 48 patients
(77.4%) during the preoperative period. At the end of the first
year postoperatively, hepatosteatosis was not observed in 17 of
these patients. Additionally, none of the patients who had normal
US imaging during the preoperative period were found to have
hepatosteatosis in the postoperative period. In a study involving
67 morbidly obese patients, Salman et al., found a significant
reduction in the degrees of hepatic steatosis, hepatocellular
ballooning, and lobular inflammatory changes following LSG
[23]. In a study conducted by Elyasinia et al., it was demonstrated
that in 50% of the patients who underwent LSG, the levels of
hepatosteatosis significantly decreased [24]. These findings
support the therapeutic effect of LSG on hepatosteatosis.

The Fourth International Consensus Summit on Sleeve
Gastrectomy, involved a survey of 46133 cases, which revealed
favorable complication rates, including a 1.1% incidence of high
leaks, 1.8% for hemorrhages, and 0.9% for stenosis [25]. In our
study, among the 62 patients who underwent LSG, leakage was
recorded at a rate of 1.6%, bleeding at a rate of 1.6%, and fever
at a rate of 1.6%. There were no cases of stenosis observed as a
postoperative complication. When compared to the literature,
our complication rates were found to be at an acceptable level.
While two patients excluded from the study due to mortality
were known to have experienced postoperative complications,
further detailed information could not be obtained.

The main limitation of our study is the relatively short follow-up
period, which was limited to 1 year after the LSG procedure.
However, data collection is still ongoing for many patients who
participated in this study and newly recruited patients, which
will be assessed in future studies. Another limitation of our
study is the retrospective design, which resulted in the inability
to access the data of some patients who underwent surgery at
the 1-year follow-up. As a consequence, the number of eligible
patients included in the study was relatively small.

In conclusion, LSG proves to be an effective treatment for
morbid obesity. Our study results suggest that LSG is promising
also in reducing the incidence of metabolic syndrome and
its components. Nevertheless, further studies with a longer
follow-up period and prospective design are required to validate
the findings of this study.
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