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Changes in lipid profile of obese patients undergoing sleeve gastrectomy with Transit Bipartition surgery.

The aim of this study was to investigate the short- and long-term changes in lipid profile caused by Sleeve Gastrectomy
with Transit Bipartition Surgery (SG+TBS), which is one of the current metabolic surgery techniques.
The study included patients who underwent SG+TBS between June 2015 and May 2019. The analyzed data includ-
ed patients’ demographic datas, obesity classification (Overweight, Class 1, 2, 3), and cardiovascular risk groups. Total
Cholesterol (TC), triglycerides, Low-Density-Lipoprotein-Cholesterol (LDL-C), High-Density-Lipoprotein-cholesterol (HDL-
C) serum concentrations of patients were measured at the time of admission to the outpatient clinic and at 3 and 12
months postoperatively. 
The study population consisted of a total of 499 patients, 263 males and 236 females, with a mean BMI of 34.86 ±
4.90 kg/m2 and a mean age of 53.84 ± 8.93 years, who underwent SG+TBS. There was a significant decrease in the
3-month and 12-month TC levels, in the 12-month triglyceride levels of all classification groups, compared to the base-
line value (p<0.001), There was also a significant decrease in the 3-month and 12-month LDL-C levels of overweight,
class 1 and 2 obese patients compared to the baseline values. Although the change in the 3-month value of class 3 obese
patients was insignificant, there was a significant decrease in the 12-month value, as in other obesity classification groups
(p<0.05) and a significant increase in the 12-month HDL-C values for all classification groups compared to both base-
line and 3-month values (p<0.05).
There were significant improvements in serum lipid profiles on SG+TBS patients, which are thought to be important
in reducing the risks of cardiovascular disease.
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risk factor for cardiovascular diseases, evidence that obe-
sity contributes to the development of other risk factors
such as hypertension is becoming stronger. The majori-
ty of diabetic patients have been reported to be over-
weight or obese in varying classes in terms of body mass
index (BMI), and it has been observed that obese patients
with a high BMI index are insulin-resistant and dyslip-
idaemic, as well as have a high risk of developing car-
diovascular disease 5. In recent years, many studies have
been published, suggesting that better glycaemic control
is achieved with metabolic surgery techniques in obese
patients with diabetes, and these operations improve the
dyslipidaemic picture in these patients, reducing the risk
of developing cardiovascular disease 6-8. Many bariatric
surgery techniques have been used for the treatment of
obese patients, and one of the most preferred and stud-
ied techniques today is laparoscopic sleeve gastrectomy
(SG) 9. Sleeve gastrectomy + transit bipartiton surgery

Introduction

A normal healthy adult synthesizes about 1 gram of
cholesterol per day and consumes about 0.3 grams 1.
A relatively constant level of cholesterol (150-200
mg/dL) in the body is maintained primarily by con-
trolling the level of de novo synthesis 1,2. Individuals
with hypercholesterolaemia have a much higher risk of
developing cardiovascular disease compared to normal
individuals. The risk of heart attack is higher than nor-
mal individuals 3,4. In addition to being an independent
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(SG+ TBS) is a bariatric surgery technique that has
been commonly used in metabolic surgery centres in
recent years and has an increasing popularity, and the
research results of metabolic changes caused by this
surgery are kept up-to-date in the literature 10, 11. In a
study by Bilecik, it was reported that no sign of mal-
nutrition was observed in any patient since SG+TBS
minimized the malabsorptive component in patients
with type 2 DM 12.
The expectation from these metabolic surgical procedures
is the long-term remission of hypertension or improve-
ment in obesity-related comorbidities such as hyperten-
sion and hyperlipidaemia, and accordingly a decrease in
cardiovascular risks. The aim of this study was to inves-
tigate the short - and long - term changes in lipid pro-
files of patients who were overweight or obese of different
classes after SG+TBS.

Materials and Methods

STUDY DESIGN AND POPULATION

The data of this study were obtained by receiving the
informed consent of consecutive patients, who preferred
to have SG+TBS and underwent this surgery among the
overweight class 1, class 2 and class 3 obese patients
admitted to the Private Samsun Buyuk Anadolu hospi-
tal for the treatment of excess weight and obesity
between June 2015 - May 2019. The ethics committee
approval for the study was obtained from the Private
Samsun Buyuk Anadolu Hospital and the study was pre-
pared in accordance with the Declaration of Helsinki. The
data of the study were collected from the electronic
record system of the hospital where the operation was
performed, as well as from the patient files. Overweight
obesity was defined as patients with a BMI of 25.0 to
29.9, Class 1 obesity as patients with a BMI of 30.0 to
34.9, Class 2 obesity as patients with a BMI of 35.0 to
39.9, and Class 3 obesity was defined as patients with
a BMI of ≥ 40.0 or above. The demographic data of
the patients included age, gender, body mass index (over-
weight, class 1, 2, 3), operations and interventions
(cholecystectomy, liver biopsy) performed in the same
session as the bariatric surgery, common channel length
(≤100 cm (60, 70, 80, 90, 100 cm), >100 cm (110,
120, 130, 140, 150, 160, 200 cm), the distance from
the first anastomosis to the pylorus (6, 8, 10 cm) and
cardiovascular risk groups (low, moderate, high). The
preoperative and post-TB 3-month and 12-month TC,
triglycerides, LDL-C, HDL-C values were analysed
according to the obesity classification of the patients. 

DATA EXTRACTION AND QUALITY ASSESSMENT

The study included patients aged 18 and over, while

patients under the age of 18 years were excluded from
the study. In addition, patients who underwent a dif-
ferent operation for the treatment of obesity other than
SG+TBS were excluded from the study. Moreover,
patients who were lost to the 3-, and 12- month fol-
low-ups and whose TC, triglycerides, LDL-C, HDL-C
data were not available or were incomplete were exclud-
ed from the study. Patients who smoked and had a pre-
vious smoking history were excluded from the study. The
patients were classified as low, moderate and high risk
using the risk scoring system of the European Society
of Cardiology to calculate the cardiac risk.

OPERATIVE TECHNIQUE

Following antibiotic and deep vein thrombosis prophy-
laxis, the patient is placed on the operating table. After
the induction of general anaesthesia, pneumoperitoneum
was established using a Veress needle. The first trocar
(15 mm) used for the optic camera insertion site is
placed 2 cm below the umbilicus and 3 cm left from
the right anterior axillary line, and the second trocar (10
mm) is placed 7 cm superior from the first trocar site
in the anterior axillary line and 2 cm away from the
costal arch. The third trocar (5 mm) is placed in the
epigastric region, below the xiphoid, the fourth trocar
(15 mm) is placed in the left midclavicular line, 6 cm
left lateral of the umbilicus, and finally the fifth trocar
(5 mm) is placed in the left midclavicular line, in the
middle of the xiphoid and the umbilicus (Fig. 1).
First, the omental bursa is opened, and then, the greater
curvature of the stomach is released by dissecting the
greater omentum up to the angle of his 2 cm proximal
to the pylorus. With the help of a laparoscopic linear

Fig. 1: Trocar entrances of the operation (aal: Anterior axillar line,
mcl: mid clavicular line).
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stapler, the stomach is divided into two at 6, 8 and 10
cm distance from the pylorus (depending on body mass
index, >40, 35-40, <35 respectively) and 0.5 cm close
to the angle of his using a 46 Forogastric tube so that
the remnant stomach remained along the lesser curva-
ture, and the specimen is removed out of the abdomen.
Bleeding in the stapler line is controlled with seromus-
cular sutures on all along staple line. 
Following sleeve gastrectomy, the ileocecal transition site
is identified. The small intestine is separated 250 cm
proximal to the ileocecal valve with the help of a laparo-
scopic linear stapler. The distal end of ileocecal transec-
tion is anastomosed to the gastric antrum. 
The diameter of the anastomosis, made with the help of
a stapler, is determined as 2.5~3 cm. The proximal end
of the ileocecal transition is anastomosed side-to-side to
the distal ileal segment with the help of a stapler by
deciding the length of the common channel from a dis-
tance to the ileocecal valve. The length of the common
canal leading to the ileocecal valve was planned as 80-
120 cm. Residual anastomosis defects are closed up using
3/0 absorbable sutures. After placing a drain near each
of two anastomoses, the trocar insertion sites are sutured
primarily and the surgery ended (Fig. 2). 

FOLLOW-UP

The short-term (3 months) and long-term (12 months)
changes in TC, Triglycerides, LDL-C, HDL-C of the
patients included in the study were analysed after
SG+TBS.  

STATISTICAL ANALYSIS

The SPSS version 25.0 (IBM Corporation, Armonk, New
York, United States) and PAST3 (Hammer, Ø. Harper,
D.A.T., Ryan, P.D. 2001. Paleontological statistics) soft-

ware were used in the analysis of variables. The nor-
mality of univariate data was evaluated with the
Lilliefors-corrected Kolmogorov-Smirnov test and homo-
geneity of variance was evaluated with Levene’s test,
while the normality of multivariate data was evaluated
with Mardia’s test (Dornik and Hansen omnibus) and
homogeneity of variance was evaluated with Box’s M
test. In the comparison of two independent groups
according to quantitative data, the Independent-Samples
T-test was used with Bootstrap results, while the Mann-
Whitney U test was used with the Monte Carlo simu-
lation technique. In the comparison of more than two
groups according to quantitative data, a One-way Anova
(Robust Test: Brown-Forsythe) test, one of the para-
metric tests, was used, while the Jonckheere-Terpstra test
was used with Monte Carlo simulation results.
Friedman’s Two-Way test was used to compare more
than two repeated measures of dependent quantitative
variables, while Dunn’s Test was used for Post Hoc
analyses.  In the comparison of categorical values,
Pearson’s chi-squared test was tested using Exact and
Monte Carlo results, the Fisher-Freeman-Halton exact
test was tested using Monte Carlo Simulation results,
and the column rates were compared with each other
and expressed according to Benjamini-Hochberg adjust-
ed p-value results. 
The quantitative variables were expressed as mean ± SD
(Standard Deviation) (Minimum-Maximum) and medi-
an ± IQR (Interquartile Range), while categorical vari-
ables were shown as n (%) in the tables. The variables
were analysed at a confidence level of 95% and a p-val-
ue of ≤ 0.05 was considered statistically significant.

Results

Between the dates of the study, a total of 499 patients,
of whom 52.7% (n=263) were male and 47.3% (n=236)
were female, underwent SG+TBS for the treatment of
excess weight or obesity. The mean age of the patients
was 53.84±8.93 years old, and the mean BMI was
34.86±4.90 kg/m2. Of the patients, 44.1% (n=220) had
a low risk, 52.9% (n=264) had a moderate risk, and 3%
(n=15) had a high risk in the preoperative cardiac risk
assessment. The most common procedure performed in
the same session as SG+TBS was cholecystectomy
(87.9%), which was performed on 124 patients, while
the second most common procedure was a liver biopsy
(12.1%), which was taken from 17 patients. Of the
patients, 54.3% (n=271) had a length of common chan-
nel longer than 100 cm, while 45.7% (n=228) had a
length of common channel shorter than 100 cm. Of the
patients, 43.3% (n=216) had a distance of 8 cm from
the anastomosis to the pylorus, 29.9% (n=149) had a
distance of 10 cm, and 26.9% (n=134) had a distance
of 6 cm. The distribution of the patients is given in
(Table I).   

Fig. 2: Sleeve gastrectomy with bipartition surgery.
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Of the patients who underwent TB surgery, 13.22%
(n=66) were overweight, 37.67% (n=188) were class 1
obese, 32.26% (n=161) were class 2 obese, and 16.83%
(n=84) were class 3 obese. 
Of the patients whose lipid data were available and who
were included in the study, 12.5% (n=47) were in the
overweight obesity group, 37.23% (n=140) in the class
1 obesity group, 33.24% (n=125) in the class 2 obesi-
ty group, and 17.02% (n = 64) were in the class 3 obe-
sity group, 376 patients in total. 
One-hundred and twenty-three (123) patients whose
lipid data could not be reached during the follow-ups
were excluded from the study.

TOTAL CHOLESTEROL

In the overweight obesity group, there was a significant
decrease in the 3-month (158±58) and 12-month
(148±41) TC levels compared to the baseline value
(192±80) (p<0.001, p<0.001). Although there was some
decrease in TC between the third and twelfth months,
the difference was statistically insignificant (p>0.05).
In the class 1 obesity group, there was a significant
decrease in the 3-month (154±53.50) and 12-month
(149.5±44) TC levels compared to the baseline value
(197.5±63.50) (p<0.001, p<0.001). There was a signifi-

cant decrease in the 12-month total cholesterol compared
to the 3-month value (p<0.001).
In the class 2 obesity group, there was a significant
decrease in the 3-month (167±42) and 12-month (149
± 44) TC levels compared to the baseline value (197±63)
(p<0.001, p<0.001). There was a significant decrease in
the 12-month TC level compared to the 3-month val-
ue (p<0.001).
In the class 3 obesity group, there was a significant
decrease in the 3-month (161±54.50) and 12-month
(156.5±44) TC levels compared to the baseline value
(191±49.50) (p<0.001, p<0.001). Although there was
some decrease in the 12-month TC level compared to
the 3-month value, the difference was statistically
insignificant (p>0.05). 
In addition, it was determined that the difference in dis-
tance from the anastomosis to the pylorus (6, 8, 10 cm)
and the difference in common canal length (<100 cm,
>100 cm) did not cause any difference in the TC val-
ues of the patients (p>0.05, p>0.05).

TRIGLYCERIDES

In the overweight obesity group, there was a decrease in
the 3-month (119±76) and 12-month (103±58) triglyc-
eride levels compared to the baseline value (145±149)
(p<0.023, p<0.003). Although there was some decrease
in triglyceride levels between the third and twelfth
months, the difference was statistically insignificant
(p>0.05).
Although there was a decrease in the 3-month triglyc-
eride (127.5±76) of the class 1 obesity group compared
to the baseline value (160.5±132), the difference was sta-
tistically insignificant (p>0.05). There was a significant
decrease in the 12-month value (115±68) compared to
the baseline (p<0.001). There was a significant decrease
in the 12-month triglyceride compared to the 3-month
value (p<0.001).
Although there was a decrease in the 3-month (144±80)
triglyceride of the class 2 obesity group compared to the
baseline value (169±164.50), the difference was statisti-
cally insignificant (p>0.05). There was a significant
decrease in the 12-month triglyceride (115±57.50) com-
pared to the baseline value (p<0.001). There was a sig-
nificant decrease in the 12-month triglyceride compared
to the 3-month value (p<0.001).
Although there was a decrease in the 3-month triglyc-
eride level (157±76) of the class 3 obesity group com-
pared to the baseline value (157±115), the difference was
statistically insignificant (p>0.05). 
There was a significant decrease in the 12-month triglyc-
eride (128±61) compared to the baseline value (p<0.003).
There was a significant decrease in the 12-month triglyc-
eride compared to the 3-month value (p<0.020).
However, the 3-month triglyceride value (119±76) of the
overweight obesity group was significantly lower than the

TABLE I - Distribution of demographic data of patients who underwent
SG+TBS.

N %

Gender
Female 236 47.3%
Male 263 52.7%

BMI
25.0–29.9 66 13.2%
30.0–34.9 188 37.7%
35.0–39.9 161 32.3%
40 84 16.8%

Additional Surgery 
Pouch 124 87.9%
Liver Bx 17 12.1%

Cardiac risk 
Low 220 44.1%
Moderate 264 52.9%
High 15 3.0%

Common Channel Length
<100 cm 228 45.7%
>100 cm 271 54.3%

Distance from the pylorus
6 cm 134 26.9%
8 cm 216 43.3%
10 cm 149 29.9%

Mean±SDMedian (Min/Max)
Age 53.84±8.9354 (27/77)
BMI 34.86±4.9034.8 (26/53.1)

SD: Standard Deviation, Min: Minimum, Max: Maximum
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TABLE II - Changes in serum lipids by classification groups

BMI
25.0–29.9 30.0–34.9 35.0–39.9 40 Pj

(Overweight) (Class 1) (Class 2) (Class 3)
Median±IQR Median±IQR Median±IQR Median±IQR 

Total Cholesterol n=47 n=140 n=125 n=64
baseline value (A) 192±80 197.5±63.50 197±63 191±49.50 0.602
3-month (B) 158±58 154±53.50 167±42 161±54.50 0.355
12-month (C) 148±41 149.5±44 149±44 156.5±44 0.299
Change 
(B-A) -35±55 -35.5±55.50 -33±46 -33.5±49 0.815
(C-A) -35±53 -46.5±60.50 -49±45 -40±50.50 0.849
(C-B) -4±31 -5±29.50 -6±30 -5±22 0.861
f p-value for intragroup <0.001 <0.001 <0.001 <0.001
Pairwise comparison A B <0.001 <0.001 <0.001 <0.001
A C <0.001 <0.001 <0.001 <0.001
B C 0.180 0.001 <0.001 0.190

Triglycerides n=47 n=138 n=124 n=65
baseline value (A) 145±149 160.5±132 169±164.50 157±115 0.479
3-month (B) 119±76 127.5±76 144±80AB 157±76 AB 0.001
12-month (C) 103±58 115±68 115±57.50 128±61 0.148
Change 
(B-A) -36±117 -32±120 -44.5±154 -18±114 0.669
(C-A) -51±119 -39±116 -53.5±154.50 -22±120 0.993
(C-B) -8±28 -11.5±40 -19.5±45.50AB -16±59 0.021
f p-value for intragroup 0.006 <0.001 <0.001 0.002
Pairwise comparison A B 0.023 0.174 0.052 0.999

A C 0.003 <0.001 <0.001 0.003
B C 0.470 <0.001 <0.001 0.020

LDL-Cholesterol n=50 n=147 n=125 n=66
baseline value (A) 105.5±53 107±56 108±57 102.5±55 0.416
3-month (B) 85.5±50 90±45 96±39 89±40 0.789
12-month (C) 85±31 79±41 82±38 80.5±29 0.662
Change 
(B-A) -16.5±41 -18±46 -11±46 -17.5±43 0.418
(C-A) -24.5±51 -21±49 -23±42 -16.5±52 0.344
(C-B) -7.5±22 -7±27 -10±26 -6±22 0.785
f p-value for intragroup <0.001 <0.001 <0.001 <0.001
Pairwise comparison A B <0.028 <0.001 <0.007 0.203

A C <0.001 <0.001 <0.001 <0.001
B C <0.008 <0.008 <0.001 0.110

HDL-Cholesterol n=50 n=147 n=129 n=64
baseline value (A) 39±12 40±13 42±12 40.5±14 0.113
3-month (B) 39.5±9 38±10 37±10 38±11.50 0.163
12-month (C) 44.5±13 44±13 45±12 45±11 0.651
Change 
(B-A) 1±11 CD -1±11 CD -2±8 -4±11 0.001
(C-A) 5.5±10 4±10 3±9 1.5±10 AB 0.025
(C-B) 5.5±6 4±7 5±8 6±8 0.101
f p-value for intragroup <0.001 <0.001 <0.001 <0.001
Pairwise comparison A B 0.881 0.062 <0.001 <0.001

A C <0.001 <0.001 <0.001 <0.005
B C <0.001 <0.001 <0.001 <0.001

J Jonckheere-Terpstra Test (Monte Carlo),  f Friedman Test (Monte Carlo);  Post-hoc Test: Dunn’s Test, IQR: Interquartile Range 

triglyceride value (144±80) of the class 2 obesity group
and the triglyceride value (157±76) of the class 3 obe-
sity group (p<0.028, p<0.006). 
Similarly, the 3-month triglyceride value (127.5±76) of

the class 1 obesity group was significantly lower than the
triglyceride value of the class 2 obesity group and the
triglyceride value of the class 3 obesity group (p<0.045,
p<0.005).    
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In the 3-month measurements of triglyceride values,
there was no statistical difference when those with a dis-
tance of 6 cm (149±80) and 8 cm (134±76) from the
anastomosis to the pylorus were compared, while there
was a significant decrease when those with a distance of
6 cm and 10 cm (118.5±80.5) were compared (p>0.05,
p<0.009). There was also a significant decrease when
those with a distance of 8 cm and 10 cm from the anas-
tomosis to the pylorus were compared (p<0.029). 
In the 12-month measurements of triglyceride values, it
was determined that the difference in distance from the
anastomosis to the pylorus (6, 8, 10 cm) did not cause
any difference in triglyceride values (p>0.05). 
In addition, it was found that the difference in com-
mon channel length (<100 cm, >100 cm) did not cause
any difference in the triglyceride values of the patients
(p>0.05).

LDL-CHOLESTEROL

In the overweight obesity group, there was a significant
decrease in the 3-month (85.5±50) and 12-month
(85±31) LDL-C compared to the baseline value
(105.5±53) (p<0.028, p<0.001). There was a significant
decrease in LDL-C between the third and twelfth months
(p<0.008).
In the class 1 obesity group, there was a significant
decrease in the 3-month (90±45) and 12-month (79±41)
LDL-C compared to the baseline value (107±56)
(p<0.001, p<0.001). There was a significant decrease in
LDL-C between the third and twelfth months (p<0.008).
In the class 2 obesity group, there was a significant
decrease in the 3-month (96±39) and 12-month (82±38)
LDL-C compared to the baseline value (108±57)
(p<0.007, p<0.001). There was a significant decrease in
LDL-C between the third and twelfth months (p<0.001).
Although there was some decrease in the 3-month LDL-
C (89±40) of the class 3 obesity group compared to the
baseline value (102.5±55), the difference was statistical-
ly insignificant (p>0.05). There was a significant decrease
in the 12-month LDL-C (80.5±29) compared to the
baseline value (p<0.001). The change between the 3-
month and 12-month LDL-C values was insignificant
(p>0.05).
In addition, it was found that the difference in distance
from the anastomosis to the pylorus (6, 8, 10 cm) and
the difference in common channel length (<100 cm,
>100 cm) did not cause any difference in the LDL-C
values of the patients (p>0.05, p>0.05).

HDL-CHOLESTEROL

In the overweight obesity group, there was no statisti-
cally significant difference in the 3-month HDL-C
(39.5±9) compared to the baseline value (39±12)

(p>0.05). There was a significant increase in the 12-
month HDL-C (44.5±13) compared to the baseline val-
ue (p<0.001). There was a significant increase in the 12-
month HDL-C compared to the 3-month value
(p<0.001).
In the class 1 obesity group, there was no statistically
significant difference in the 3-month HDL-C (38±10)
compared to the baseline value (40±13) (p>0.05). There
was a significant increase in the 12-month HDL-C
(44±13) compared to the baseline value (p<0.001). There
was a significant increase in the 12-month HDL-C com-
pared to the 3-month value (p<0.001).
In the Class 2 obesity group, there was a statistically sig-
nificant decrease in the 3-month HDL-C (37±10) com-
pared to the baseline value (42±12) (p<0.001). There
was a significant increase in the 12-month HDL-C
(45±12) compared to the baseline value (p<0.001). There
was a significant increase in the 12-month HDL-C com-
pared to the 3-month value (p<0.001).
In the Class 3 obesity group, there was a statistically sig-
nificant decrease in the 3-month HDL-C (38±11.5) com-
pared to the baseline value (40.5±14) (p <0.001). There
was a significant increase in the 12-month HDL-C
(45±11) compared to the baseline value (p<0.005). There
was a significant increase in the 12-month HDL-C com-
pared to the 3-month value (p<0.001).
In addition, it was found that the difference in com-
mon canal length (<100 cm, >100 cm) did not cause
any difference in the HDL-Cholesterol values of the
patients (p>0.05).  
In the 3-month measurements of HDL-Cholesterol val-
ues, there was no statistical difference when those with
a distance of 6 cm (37±12) and 8 cm (37±10) from the
anastomosis to the pylorus were compared, while there
was a significant decrease in the comparison between
those with a distance of 6 cm and 10 cm (39±8) (p>0.05,
p<0.013). 
There was also a significant decrease when those with a
distance of 8 cm and 10 cm from the anastomosis to
the pylorus were compared (p<0.003). In the 12-month
measurements of HDL-C values, it was determined that
the difference in distance from the anastomosis to the
pylorus (6, 8, 10 cm) did not cause any difference in
HDL-C values (p>0.05).
The baseline, 3- and 12- month changes in serum TC,
triglycerides, LDL-C, HDL-C by obesity classification are
shown in detail in (Table II).

Discussion

The high mortality rate caused by obesity, a metabolic
disease with increasing incidence worldwide, is attempt-
ed to be explained by dyslipidaemia, which is a cardio-
vascular risk factor. Dyslipidaemia refers to the plasma
lipoprotein levels out of normal ranges or functional dys-
function of lipoproteins. Increased postprandial triglyc-
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erides in overweight or obese patients with diabetes are
defined as dyslipidaemia with low HDL and slightly high
or high LDL concentration 13. 
Since dyslipidaemia and obesity increase the risk of devel-
oping atherosclerosis and myocardial infarction, positive
improvements in serum lipid levels can decrease the inci-
dence of cardiovascular diseases. An increased adipose tis-
sue mass in both obese and type 2 DM patients has
been shown to cause oxidative stress by increasing the
formation of reactive oxygen species. These free radicals
cause atherogenesis by inducing LDL-C oxidation 14. 
It is known that obesity, the prevalence of which is
increasing especially in developed countries, is associat-
ed with many comorbidities such as type 2 DM, meta-
bolic syndrome, development of some tumour types, and
cardiovascular diseases 15. 
In obesity and comorbid type 2 DM, there is an increase
in mortality rates due to low quality of life, dyslipi-
daemia, cardiovascular diseases, and metabolic syndrome.
Today, the use of metabolic surgery techniques as a treat-
ment tool with proven metabolic effects and efficacy in
eligible patients such as weight loss, glycaemic control,
and lipid profile has increased in many centres 16. In a
study evaluating the effect of metabolic surgery tech-
niques on cardiovascular risk factors, it was stated that
65% of patients achieved improvement in hyperlipi-
daemia 17. 
A study analysing the postoperative metabolic results,
preoperative and postoperative TC, triglycerides, LDL-
C, HDL-C concentrations of patients who underwent
laparoscopic sleeve gastrectomy for the treatment of obe-
sity reported that there were improvements in the dys-
lipidaemia state on postoperative day 7 and afterward 18.
In another study evaluating the metabolic results of
patients after sleeve gastrectomy, it was found that there
was a significant decrease in 3-month HDL-C levels,
while there was no significant change in LDL-C levels
19. In another similar study, no significant change was
observed in the comparison between preoperative and
postoperative first day LDL-C levels and LDL-C sub-
fractions 20.
Fukui and Hirano reported a significant increase in
HDL-C concentrations of patients in the early period
after sleeve gastrectomy, whereas Asztalos et al. reported
a significant increase in plasma HDL-C levels in the late
period (month 12) following significant weight loss in
the early postoperative period after metabolic surgery
21,22. Asztalos et al also reported a decrease in plasma
triglyceride levels in the postoperative first month, but
a significant increase above the baseline level at month
12 following the operation 22.
A study with metabolic surgery showed that there was
a decrease in cholesterol absorption along with less
absorption of cholesterol and bile salts by the intestine
thanks to the disabsorptive techniques, followed by sig-
nificant reductions in serum LDL-C levels. The same
study also reported an increase in hepatic cholesterol

catabolism, which contributes to the maintenance of low
serum LDL-C levels 23. 
Lira et al reported that LDL-C levels of patients who
underwent sleeve gastrectomy were significantly decreased
at 3 and 24 months during long-term follow-up 24. In
this study comparing sleeve gastrectomy and RYGB
metabolic surgery techniques, it was reported that there
was a greater decrease in total cholesterol levels with
sleeve gastrectomy according to the results obtained at
the end of 24-month postoperative follow-up24. 
According to the results obtained in other studies
analysing the metabolic results of patients who under-
went metabolic surgery, significant improvements have
been observed in TC and LDL-C levels, and sleeve gas-
trectomy management has been shown to be more effec-
tive than other metabolic surgery techniques, especially
in reducing LDL-C levels 25,26.
Despite the numerous positive effects of procedures such
as Roux-en-Y Gastric Bypass, biliopancreatic diversion,
mini-gastric bypass and sleeve gastrectomy, which are
some the surgical techniques used for the treatment of
overweight or obese patients, they have been reported to
cause nutritional restriction in patients and promote mal-
absorption, which may cause symptoms of poor nutri-
tion 12. The SG+TBS technique, which was first defined
by Santoro et al, is a bariatric surgery technique that
has been commonly used in metabolic surgery centres
and has an increasing popularity, and the research results
of metabolic changes caused this surgery to be kept up-
to-date in literature 10,11,27. In a study by Bilecik, it was
reported that no sign of malnutrition was observed in
any patient since SG+TBS minimized the malabsorptive
component in patients with type 2 DM 12. 
Nevertheless, the number of specific studies into what
short- and long-term changes it metabolically causes in
patient groups undergoing this procedure is limited.
When we reviewed the English online literature, we real-
ized that this study was one of the specific pioneering
studies on the lipid subfraction profile in which a large
patient population was analysed, including the preoper-
ative and postoperative periods of overweight or obese
diabetic patients who underwent SG+TBS.
In the present study, the SG+TBS technique, one of the
metabolic surgery techniques, was performed on all 376
diabetic patients included in the study, who were over-
weight or obese of different classes. 
As a result of the study, there was a significant decrease
in the 3-month and 12-month TC levels of all classifi-
cation groups compared to the baseline value (p<0.001).
However, the change between the 3-month and 12-
month TC levels varied according to the obesity classi-
fication. The change in the TC between these months
was insignificant in the overweight and class 3 obese
patients, while there was a significant decrease in the
values of the class 1 and 2 obese patients (p>0.05,
p<0.001). 
In addition, the difference in distance from the anasto-
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mosis to the pylorus and the difference in common chan-
nel length did not cause any difference in the TC val-
ues of the patients (p>0.05, p>0.05).
Although the change in the 3-month triglyceride levels
of the class 1, 2 and 3 obese patients was insignificant
compared to the baseline value, there was a significant
decrease in the values of the overweight patients (p>0.05,
p<0.001). Although the change in the 12-month triglyc-
eride level of the overweight patients was insignificant
compared to the 3-month value, there was a significant
decrease in the values of the class 1, 2 and 3 obese
patients (p>0.05, p<0.001). There was a significant
decrease in the 12-month triglyceride levels of all clas-
sification groups compared to the baseline value, regard-
less of the obesity class (p<0.001). Common channel
length did not cause any difference in the triglyceride
values of the patients (p>0.05). However, it was con-
cluded that the patients with a distance of 10 cm from
the anastomosis to the pylorus had a significant decrease
in the 3-month triglyceride level, which returned to the
preoperative values at 12 months, and the decrease was
not permanent.
There was also a significant decrease in the 3-month and
12-month LDL-C levels of overweight, class 1 and 2
obese patients compared to the baseline value. However,
although the change in the 3-month value of class 3
obese patients was insignificant, there was a significant
decrease in the 12-month value, as in other obesity clas-
sification groups. The difference in distance from the
anastomosis to the pylorus and the difference in com-
mon channel length did not cause any difference in the
LDL-C values of the patients (p>0.05).
Although there was no change in the 3-month HDL-C
levels of the overweight and class 1 obese patients com-
pared to the baseline value, there was a decrease in the
values of class 2 and 3 obese patients. However, there
was a significant increase in the 12-month HDL-C val-
ues of all classification groups compared to both base-
line and 3-month values. It was found that the patients
with a distance of 10 cm from the anastomosis to the
pylorus had a significant decrease in the 3-month HDL-
C compared to those with a distance of 6 and 8 cm,
but it was similar to the preoperative values at 12
months. 
Although the differences in distance from the anasto-
mosis to the pylorus led to significant changes in HDL-
C in the early postoperative follow-up (third month),
this was temporary and did not make any difference in
the long-term.

LIMITATIONS

The limitations of this study are short follow-up dura-
tion of the patients, not calculating the changes in body
mass indices, and different dietary habits of some patients
that may lead to a change in lipid profile. 

Conclusion

In conclusion, despite some partial differences in the
results obtained from obese diabetic patients undergoing
SG+TBS related to overweight and different classifica-
tion groups, there were significant improvements in
serum lipid profiles, which are thought to be important
in reducing the risks of cardiovascular disease. 
It was found that this technique was reliable and effec-
tive in diabetic patients with comorbid conditions who
were overweight and obese according to various classes,
and had positive health effects in terms of patient health.
Therefore, it was concluded that this technique should
be considered in bariatric surgery when planning the
treatment of the patient in order to control diseases with
a high cardiovascular risk and dyslipidaemia.
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Riassunto

Lo scopo di questo studio era di indagare i cambiamenti
a breve e lungo termine nel profilo lipidico causati dal-
la Sleeve Gastrectomy con Transit Bipartition Surgery
(SG+TBS), che è una delle attuali tecniche di chirurgia
metabolica.
Lo studio ha incluso pazienti sottoposti a SG+TBS tra
giugno 2015 e maggio 2019. I dati analizzati include-
vano dati demografici dei pazienti, classificazione dell’o-
besità (sovrappeso, classe 1,2,3) e gruppi a rischio car-
diovascolare. Le concentrazioni sieriche di colesterolo
totale (TC), trigliceridi, colesterolo delle lipoproteine™ a
bassa densità (LDL-C), colesterolo delle lipoproteine™ ad
alta densità (HDL-C) sono state misurate al momento
del ricovero in ambulatorio e a 3 e 12 mesi dopo l’in-
tervento.
La popolazione dello studio era composta da un totale
di 499 pazienti, 263 maschi e 236 femmine, con un
BMI medio di 34,86 ± 4,90 kg / m2 e un’età media
di 53,84 ± 8,93 anni, sottoposti a SG+TBS. C’è stata
una diminuzione significativa nei livelli di TC a 3 e 12
mesi, nei livelli di trigliceridi a 12 mesi di tutti i grup-
pi di classificazione, rispetto al valore basale (p <0,001),
C’è stata anche una diminuzione significativa nel 3 -
livelli di C - LDL al mese e 12 mesi di pazienti obesi
di classe 1 e 2 in sovrappeso rispetto ai valori basali.
Sebbene la variazione del valore a 3 mesi dei pazienti
obesi di classe 3 fosse insignificante, c’è stata una signi-
ficativa diminuzione del valore di 12 mesi, come in altri
gruppi di classificazione dell’obesità (p<0,05) e un
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aumento significativo dell’HDL a 12 mesi - C valori per
tutti i gruppi di classificazione rispetto ai valori basali e
a 3 mesi (p<0,05).
Ci sono stati miglioramenti significativi nei profili lipi-
dici sierici nei pazienti con SG + TBS, che si ritiene
siano importanti per ridurre i rischi di malattie cardio-
vascolari.
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