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Effect of Laparoscopic Sleeve Gastrectomy on Metabolic 

Parameters – Data from A Two-Year Prospective Survey 

 

Abstract 

Purpose: Laparoscopic sleeve gastrectomy has proven 

effectiveness regarding weight reduction, but metabolic 

consequences, especially in the long-term, have not yet been 

adequately clarified. The aim of the present study is to 

examine metabolic changes after laparoscopic sleeve 

gastrectomy in a two-year prospective survey. 

Methods: Eighty-one patients were examined before 

laparoscopic sleeve gastrectomy and 3, 6, 12, 18, and 24 

months postoperatively. Different markers of metabolic 

diseases including blood lipids and liver enzymes, 

inflammation markers and markers of glucose metabolism 

were assessed.  

Results: Body weight was significantly reduced from 144.4 

± 23.0 kg before surgery to 101.3 ± 20.0 kg 24 months 

postoperatively. Excess weight loss  after 24 months was 58 

± 20 % in our study population. Besides body weight 

changes, significant improvements were found for 

triglycerides (p < 0.001), low density lipoprotein cholesterol 

(p < 0.01), and high density lipoprotein cholesterol  

(p < 0.001). Moreover, C-reactive protein and leukocytes, 

as well as the liver enzymes improved in the 2-years-

course (all p < 0.001). These changes resulted in a sharp 

reduction of the prevalence of the metabolic syndrome 

from 69 to 26 % (p < 0.001). Furthermore, the number of 

patients with hypertension and diabetes – assessed by 

fasting glucose and glycated hemoglobin –, were reduced 

to less than half. 

Conclusions: Laparoscopic sleeve gastrectomy 

improves lipid profile and liver enzyme status, and 

reduces signs of inflammation in obese patients within 2 

years. These changes suggest a significant risk reduction 

of metabolic diseases in obese patients undergoing 

laparoscopic sleeve gastrectomy. 

 
 Abbreviations: CRP: C-reactive protein; GGT: Gamma 

Glutamyl Transferase; GPT: Glutamate Pyruvate 

Transaminase; GOT: Glutamate Oxaloacetate 

Transaminase; FLI: Fatty Liver Index; FRS: Framingham 

Risk Score; LSG: Laparoscopic Sleeve Gastrectomy; 

RYGB: Roux-en Y Gastric Bypass 
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Introduction 

Obesity is associated with a number of comorbidities among 

which metabolic diseases play an outstanding role. Three major 

pathways have been identified that trigger obesity-associated 

metabolic diseases: dyslipidemia, insulin resistance and low-

grade inflammation. These may lead to nonalcoholic fatty liver 

disease, cardiovascular diseases and type 2 diabetes [1]. To 

estimate the risk of metabolic diseases associated with obesity, 

surrogate markers have been established such as triglycerides 

and cholesterol indicating dyslipidemia, C-reactive protein 

(CRP) and leukocytes indicating inflammation, and liver 

enzymes associated with nonalcoholic fatty liver disease if other 

liver diseases have been excluded.  

The aim of any obesity therapy is, besides body weight 

reduction, improvement or even avoidance of metabolic 

disorders. Different methods of bariatric surgery, which has 

become a major treatment option of severe obese patients, have 

already proven their success in improvement of lipid profile, 

inflammation status and liver damage [2, 3]. The relatively new 

bariatric procedure laparoscopic sleeve gastrectomy (LSG) 

leads to promising initial results regarding the effect on weight 

loss within the first postoperative years [4]. Furthermore, a 

randomized trial, comparing different strategies of obesity 

therapy has recently been published. It shows that LSG is more 

effective regarding glycemic control at 3 years postoperatively 

compared to intensive medical therapy, while Roux-en-Y 

gastric bypass still seems to be the most effective treatment 

option [5]. It remains to be seen which other metabolic effects 

can be achieved by LSG, in particular, when stable weight has 

been reached. Therefore, we assessed over a two-year period the 

postoperative changes of metabolic parameters and thus of 

metabolic risk in severely obese patients undergoing LSG. 

Material and Methods 

Patients and surgical procedure 

Eighty-one obese patients (18-65 years) of an ongoing 

prospective study, who underwent LSG between May 2009 until 

June 2012 in the Department of General, Visceral and 

Transplant Surgery of the University Hospital of Tuebingen, 

Germany, were included in the analysis. All study participants 

were consecutively enrolled and signed an informed consent 

form. This was established for the multicenter research project 

“Obesity and the gastrointestinal tract” (No.FKZ 01GI0843), 

which was approved by the ethical committees of the Medical 

Faculty and the University Hospital of Tuebingen. LSG was 

performed according to the surgical technique that has been 

previously described in detail [6]. It includes a 34-FR tube, 

which is build by stapling the greater curvature starting at 7-8 

cm prepyloric and using a 60-mm Endo-GIA (Ethicon Endo-

Surgery - a company of the Johnson & Johnson Medical GmbH, 

Norderstedt, Germany). The staple line is overstitched by 

simple sutures, not to prevent insufficiency but rather to prevent 

staple line bleeding.  All patients met the criteria of the national 

S3 guideline for surgery of obesity, which postulates a body 

mass index ≥ 40 kg/m2 without comorbidities or a body mass 

index between 35 and 40 kg/m2 with comorbidities, given that 

conservative weight loss therapies failed [7]. All sleeve 

gastrectomies were completed successfully laparoscopically 

with no conversion to open surgery. According to the inclusion 

criteria of the trial, the study participants were between 18 and 

65 years old. Subjects were excluded if they lost < 10 % of their 

initial body weight six months after start of intervention or if 

they did not participate in at least three consultations during the 

study period. 

Keywords: Laparoscopic sleeve gastrectomy, Bariatric 

surgery, Blood lipids, Inflammation, Metabolic diseases, 

Liver enzymes 
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Six examinations were conducted, 1 before surgery and 5 after 

surgery at 3, 6, 12, 18 and 24 months post-interventional. Data 

was collected at baseline in n=81 subjects, after 3 months in 

n=79 subjects, after 6 months in n=78 subjects, after 12 months 

in n=68 subjects, after 18 months in n=48 subjects and after 24 

months in n=47 subjects. In total, 401 out of 486 (83 %) study 

visits were attended by the patients.  

At every study visit body weight, body height, waist 

circumference and blood pressure were measured, body mass 

index was calculated and blood samples were taken to measure 

the blood lipids total cholesterol, high density lipoprotein 

cholesterol, low density lipoprotein cholesterol and 

triglycerides, the inflammation markers CRP and leukocyte 

count, and the liver enzymes glutamate pyruvate transaminase 

(GPT) and gamma glutamyl transferase (GGT). Metabolic 

syndrome was assessed. The Fatty Liver Index (FLI), which 

indicates a hepatic steatosis – provided that FLI is ≥ 60 – was 

calculated prior to surgery, and 12 and 24 months 

postoperatively as described previously [8]. Furthermore, the 

10-year risks of severe cardiovascular disease events were 

evaluated at these follow-up visits using the 10-year hard 

coronary heart disease Framingham Risk Score (FRS) [9]. All 

data were recorded in approved case report forms.  

Baseline characteristics 

The mean age of the study participants was 46 years, and most 

of the patients were women (79 %). Mean initial body mass 

index was 51.1 ± 7.1 kg/m2. Table 1 summarizes the 

anthropometric characteristics of the subjects prior to surgery. 

Table 1: Absolute values of anthropometric data and vital signs 

 

Pre-OP 

(n=81) 

3months 

(n=79) 

6months 

(n=78) 

12months 

(n=68) 

18months 

(n=48) 

24months 

(n=47) 

Body weight [kg] 144,4 ± 23,0 120,3 ± 19,5*** 109,4 ± 18,2*** 100,7 ± 18,2*** 100,6 ± 18,3*** 101,3 ± 20,0*** 

BMI [kg/m2] 51,1 ± 7,1 43,0 ± 6,4*** 38,9 ± 6,2*** 35,7 ± 5,9*** 35,5 ± 5,4*** 36,0 ± 6,4*** 

EWL [%]  - 34,0 ± 10,7 48,7 ± 14,4*** 61,0 ± 18,2*** 61,3 ± 15,8*** 58,4 ± 20,3*** 

WC [cm] 140,9 ± 14,5 124,6 ± 13,2*** 116,7 ± 12,5*** 110,7 ± 14,0*** 113,3 ± 12,7*** 112,6 ± 13,7*** 

Pulse [beats/min] 75,9 ± 10,7 70,1 ± 10,0*** 66,2 ± 9,8*** 63,2 ± 9,1*** 64,7 ± 8,6*** 67,5 ± 9,7*** 

SBP [mmHg] 137,7 ± 16,4 130,1 ± 15,6** 125,6 ± 13,0*** 125,9 ± 14,4*** 126,7 ± 12,2*** 127,0 ± 14,6*** 

DBP [mmHg] 83,6 ± 12,0 78,4 ± 10,3** 78,4 ± 11,2** 81,0 ± 8,9 84,0 ± 9,5 83,3 ± 12,7 

Results are expressed as mean ± standard deviation 

Abbreviations: BMI Body mass index, EWL Excess weight loss, WC Waist circumferrence, SBP Systolic blood pressure, DBP Diastolic 

blood pressure 

Statistics: *p<0.05, **p<0.01, ***p<0.001 = significant compared to preoperative values 
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Clinical and biological assessment 

Blood was collected by venipuncture between 07.30 and 09.00 

a.m. after an overnight fast. All parameters were detected in 

plasma samples, which were immediately sent to local 

laboratory for analysis. Total cholesterol, high density 

lipoprotein cholesterol and low density lipoprotein cholesterol 

were measured enzymatically. To detect triglycerides, an 

enzymatic color test using glycerol kinase was performed. GPT 

and GGT were measured photometrically, CRP by 

immunoturbidimetry and leukocytes were detected by using 

flow cytometry. Increased or decreased values were defined as 

concentrations above or under the following reference ranges: 

total cholesterol 130-190 mg/dl, high density lipoprotein 

cholesterol > 45 mg/dl, low density lipoprotein cholesterol ≤ 

160 mg/dl, triglycerides ≤ 200 mg/dl, CRP ≤ 0.50 mg/dl, 

leukocytes 4.0-9.5 tsd/µl, GPT ≤ 34 U/l, GGT ≤ 40 U/l. 

Definitions of obesity-related diseases 

Metabolic syndrome was defined (according to the National 

Cholesterol Education Program criteria) as the presence of three 

or more of the following criteria: blood pressure of  ≥ 130/85 

mmHg, waist circumference > 102 cm in men and > 88 cm in 

women, high density lipoprotein cholesterol < 40 mg/dl in men 

and < 50 mg/dl in women, triglycerides ≥ 150 mg/dl and fasting 

plasma glucose of ≥ 110 mg/dl [10]. 

The definition criteria of arterial hypertension followed the 

World Health Organisation recommendations [11]. It is defined 

as systolic blood pressure of ≥ 140 mmHg, diastolic blood 

pressure of  ≥ 90 mmHg, or both. 

Remission of type 2 diabetes was defined as a fasting plasma 

glucose level of less than 100 mg/dl and a glycated hemoglobin   

level of less than 6.5 % without active pharmacologic therapy 

[12]. 

Statistical Analyses 

Data analysis was performed using the statistical software 

SPSS, version 20.0 (IBM®SPSS®, Chicago, IL). Continuous 

variables are expressed as means ± standard deviation and 

categorical variables as numbers and percentages. Time courses 

were compared to baseline values by using linear mixed models 

for repeated measures. This statistical instrument has been 

recommended for analyses of data from repeated measurements, 

including missing data [13]. The analysis of the present study, 

using linear mixed models, considers missing values without 

performing listwise deletion and therefore losing too much data. 

Frequencies were compared using cross tables, according to the 

method of McNemar for time courses. P values < 0.001 were 

interpreted as statistically highly significant, p values between 

0.001 and < 0.01 as very significant and p values between 0.01 

and <0.05 as significant. 

Results 

Eighty-one patients (79 % women; 21 % men) were included in 

the analysis. They had a mean age of 45.8 ± 11.2 years and a 

mean overweight (initial body weight - (24.9 kg/m2 x size [m]2) 

of 74.3 ± 20.9 kg prior to surgery. Early complications occurred 

in 5 (6 %) patients, including staple line leaks in 3 (4 %) 

patients and wound healing dehiscence in 2 (2 %) patients. 

There was no mortality during follow-up. Anthropometric data, 

including body weight, body mass index, excess weight loss and 

waist circumference, was constantly improved during the first 

year after LSG and remained stable during the second 

postoperative year (Table 1). Additionally, pulse and systolic 

blood pressure could be reduced significantly (Table 1), which 

was not caused by antihypertensive drugs - the frequency of this 

medication use was reduced significantly over two years after 

LSG (Table 2).  

We observed changes in all lipid parameters except for total 

cholesterol. Mean level of total cholesterol changed from 200.5 

± 32.0 mg/dl prior to surgery to 188.2 ± 35.4 mg/dl 3 months 

after surgery, to 195.9 ± 42.1 mg/dl 6 months after surgery, to 

194.3 ± 35.2 mg/dl 12 months after bariatric intervention, to 

195.5 ± 33.4 mg/dl 18 months after surgery and to 186.9 ± 40.7 

mg/dl 24 months postoperatively (p > 0.05). Among the 

changes, the improvements in mean levels of high density 

lipoprotein cholesterol and triglycerides were already 
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statistically significant after one year (Figures 1a and 1b). The 

improvements remained stable during the second year after 

LSG.  

During the whole study period, mean low density lipoprotein 

levels were within the normal range of the general population. 

No changes were observed during the first 18 months after 

surgery, but 24 months postoperatively mean level of low 

density lipoprotein cholesterol decreased significantly compared 

to preoperative value (Figure 1c). These improvements in lipid 

profile were likely a result of LSG and not because of increased 

lipid lowering medications (Table 2).  

 

Table 2: Incidence [n, %] of comorbidities and medication use 

 

Pre-OP  
(n=81) 

3months 
(n=79) 

6months 
(n=78) 

12months 
(n=68) 

18months 
(n=48) 

24months 
(n=47) 

    Comorbidities 

Metabolic Syndrome1 56 (69) 43 (54) 26 (33)*** 14 (21)*** 13 (27)*** 12 (26)*** 

Hypertension2 53 (65) 40 (51)** 34 (44)*** 20 (29)*** 15 (31)*** 13 (28)*** 

CVD3 10 (12) 10 (13) 10 (13) 8 (12) 5 (10) 6 (13) 

Type 2 Diabetes4 28 (35) 19 (24)* 13 (17)*** 9 (13)*** 5 (10)*** 7 (15)** 

    Medication use 

Lipid lowering drugs 7 (9) 6 (8) 6 (8) 6 (9) 4 (8) 3 (6) 

Antihypertensive drugs 46 (57) 22 (28)* 22 (28)** 15 (22)*** 11 (23)** 10 (21)*** 

CVD medication 13 (16) 5 (6) 4 (5) 5 (7) 3 (6) 6 (13) 

Diabetes medication 15 (19) 12 (15)** 10 (13)** 8 (12)*** 5 (10)** 6 (13)** 

Frequencies are expressed as n (%). Abbreviations: CVD Cardiovascular Diseases. 

1according to the NCEP criteria; 2systolic blood pressure ≥ 140 mmHg, diastolic ≥ 90 mmHg, according to the World Health 
Organisation definition; 3according to the patients records and history; 4remission was defined as a fasting plasma glucose < 100 mg/dl 
and a glycated hemoglobin < 6.5 % without active pharmacologic therapy. 

Statistics: *p<0.05, **p<0.01, ***p<0.001 = significant compared to preoperative incidences. 

 

Before surgery, metabolic syndrome was consistent in 69 % of 

the patients (Table 2). After 24 months, only 26 % of the 

patients had a metabolic syndrome (p < 0.001). Accordingly, 

cases of arterial hypertension (Table 2) and mean waist 

circumference (Table 1) were reduced significantly after LSG 

during the first 24 months after surgery (p < 0.001). 

Furthermore, the prevalence of diabetes defined as fasting 

plasma glucose level of ≥ 100 mg/dl and/or a glycated 

hemoglobin  level of ≥ 6.5 % decreased from 35 % before LSG 

to 17 % after 6 months (p < 0.001, n=78), and to 10-15 % after 

12-24 months (all p < 0.01, n=47-68, Table 2).  
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Figure 1: Changes in laboratory values following laparoscopic 

sleeve gastrectomy (LSG). Means +/- standard deviation are 

shown before intervention (Pre-OP) and 3, 6, 12, 18 and 24 

months after intervention (Pre-OP: n=81, month 3: n=79, month 

6: n= 78, month 12: n=68; month 18: n=48, month 24: n=47). a: 

HDL-C High density lipoprotein cholesterol, b: TG 

Triglycerides, c: LDL-C Low density lipoprotein cholesterol, d: 

CRP C-reactive protein, e: Leukocyte number, f: GPT 

Glutamate pyruvate transaminase, g: GGT Gamma glutamyl 

transferase  
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Statistics: *p<0.05, **p<0.01, ***p<0.001 = significant 

compared to preoperative values 

The inflammation markers CRP and blood leukocyte numbers 

as well as the liver enzymes GPT and GGT improved 

significantly during the first 24 months after LSG compared to 

preoperative values (Figures 1d-1g). The mean FLI decreased 

from 99.2 ± 1.9 from baseline to 72.3 ± 26.8 at month 12 and to 

70.6 ± 27.6 at month 24 (all p < 0.001). Before LSG, 100 % of 

the patients had a FLI of ≥ 60. During the first postoperative 

year, the number of patients with a FLI ≥ 60 decreased to 69 %. 

The number remained stable during the second postoperative 

year (69 % at 24 months). 

The mean FRS was 3.7 ± 4.1 % before LSG. It was reduced to 

1.9 ± 2.5 % at 12 months after LSG (p < 0.01) and to 2.2 ± 2.6 

% at 24 months postoperatively (p < 0.05). 

Discussion 

Previous studies demonstrated that LSG, which is still 

considered a relatively new bariatric method, is highly effective 

regarding weight reduction [4, 14]. The present study confirms 

this by showing an excess weight loss of 58 ± 20 % within 24 

months after surgery and a corresponding reduction of body 

weight from 144.4 ± 23.0 kg prior to surgery to 101.3 ± 20.0 kg. 

There are only a few data available on the effectiveness of LSG 

regarding markers of metabolic risk. Compared to other major 

bariatric methods, changes of lipid profile, inflammation 

markers and liver enzymes after LSG have only been rarely 

studied and most of the previously published studies had a 

limited follow-up of at maximum 12 months [3, 15–19].  

RYGB, duodenal switch and laparoscopic adjustable gastric 

banding appear to improve blood lipids and thus reduce risk for 

undesirable cardiovascular events [20–23]. The effects of LSG 

in this respect are less clear and to some extent conflicting [16, 

17]. Our study shows that LSG improves glucose metabolism 

(fasting glucose and glycated hemoglobin) and systolic blood 

pressure. Mean resting pulse in our study was reduced by more 

than 8 beats per minute during 24 months after surgery. 

Elevated resting heart rate has turned out to be a risk factor for 

mortality independent of physical fitness and other major 

cardiovascular risk factors [24]. It is associated with an 

increased risk for mortality of 16% per 10 beats per minute 

increase in resting heart rate. Furthermore, lipid profile with 

respect to triglycerides, low density lipoprotein cholesterol and 

high density lipoprotein cholesterol was improved in our study 

population. Accordingly, the FRS could be reduced significantly 

in the postoperative period suggesting a decreased 10-year 

cardiovascular risk. Different results for lipid changes were 

found by Zhang et al. [16]. Mean levels of high density 

lipoprotein cholesterol and triglycerides also improved 

significantly after LSG, but beside total cholesterol, also low 

density lipoprotein cholesterol levels were preserved. This 

difference could be explained by the limited follow-up of one 

year in the study of Zhang et al., which might not include the 

delayed decrease of low density lipoprotein cholesterol, which 

has been shown in our study. Furthermore, controversial results 

are provided by the study of Hady et al. [17]. They found 

comparable results to the ones after RYGB. The study indicates 

improvements in all lipid parameters (total cholesterol, high 

density lipoprotein cholesterol, low density lipoprotein 

cholesterol and triglycerides) within 12 months after LSG. 

Beside the limited follow-up compared to the present study, 

Hady et al. did not include medication use, which could also 

affect blood lipid levels. Our results, which include 2 years 

follow-up data from 47 patients who underwent LSG and which 

consider medication use, extend the existing information 

regarding the influence of LSG on lipid profile, e.g. by our 

finding of a delayed improvement of low density lipoprotein 

cholesterol only 24 months after surgical intervention. However, 

it has to be considered that low density lipoprotein levels are 

highly variable among patients in such a cohort limiting 

statistical power. Additionally, our results are somehow limited 

by the decreasing number of patients during follow-up and 

therefore do not allow final conclusions. However, our pilot 

data suggest that lipid parameters improve following LSG, 

which has to be confirmed in future large-scale trials. Thus, not 

only RYGB as shown earlier, but also LSG as suggested by our 
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present data seems to reduce total cholesterol and low density 

lipoprotein levels [25–27].  

Low-grade systemic inflammation is associated with obesity 

and is emerging as a cardiovascular risk factor [28]. It has been 

shown, to be well reflected by CRP in plasma [29]. The impact 

of weight loss, achieved by bariatric surgery, especially RYGB, 

on plasma levels of CRP has been examined in different studies. 

They indicate a significant improvement in CRP levels and thus 

in systemic inflammation and associated cardiovascular risk 

[26]. Reports on the reduction of leukocyte count in blood 

following bariatric intervention confirm these findings [30, 31]. 

There are only a few reports on this topic regarding LSG [18, 

32, 33]. The results of these studies indicate LSG being 

successful regarding the reduction of chronic inflammation in 

obese patients; however, these studies had limited follow-up. 

There is no data on the long-term effects of LSG on 

inflammation, when patients reached stable weight. Our data on 

CRP and leukocytes suggest an improvement in chronic 

inflammation during the first year after LSG, which confirms 

the other reports on this topic. Moreover, it indicates an 

amelioration of CRP and leukocyte numbers during the second 

year postoperatively, although there were no changes in mean 

body weight. Finally, LSG reduced heart rate and systolic blood 

pressure in the patients within 24 months. These findings 

indicate that LSG leads to improvements in cardiovascular 

parameters not only during the major weight loss period within 

the first year, but also over the second year suggesting a 

sustaining effect when stable weight has been reached. 

The accumulation of lipids in the liver often accompanies and 

parallels weight gain and obesity [34, 35].  Nonalcoholic fatty 

liver disease and steatohepatitis negatively affect liver function 

and were found to be associated with the development of insulin 

resistance [36, 37]. GPT and especially GGT have proven to be 

good predictors of nonalcoholic fatty liver disease and liver 

damage [19, 38, 39]. Different reports on changes in 

histological and/or biochemical changes of nonalcoholic fatty 

liver disease suggest a notable improvement of liver status after 

RYGB and laparoscopic adjustable gastric banding [38, 40]. 

However, reports on outcome after LSG are scarce. Wang et al. 

examined the effect of sleeve gastrectomy on high-fat-induced 

obese rats [41]. They could demonstrate that body weight 

control caused by sleeve gastrectomy can relieve high-fat-diet-

induced steatohepatitis in rats. Karcz et al. investigated the 

influence of LSG on non alcoholic steatohepatitis [19]. They 

found a significant improvement in the hepatic transferases GPT 

and glutamate oxaloacetate transaminase (GOT), and liver 

histology in patients with nonalcoholic steatohepatitis after 

LSG. Our data on liver status are limited by the fact that we did 

not perform liver histology, because it is invasive and therefore 

not applicable because of ethical reasons. Instead, we examined 

transaminases as surrogate markers and calculated the FLI, 

which is a validated score and includes a combination of several 

parameters [8]. Present data of liver enzymes and FLI suggests 

that LSG supports improvement of the liver status in obese 

patients. 

Conclusions 

Our data suggest that LSG causes significant weight loss within 

24 months postoperatively and also improves markers of 

metabolic diseases such as lipid parameters (low density 

lipoprotein cholesterol, high density lipoprotein cholesterol and 

triglycerides), inflammatory parameters (blood leukocytes and 

CRP), liver enzymes (GPT and GGT) and systolic blood 

pressure. Based on calculation of the FRS, the 10 years 

cardiovascular risk seems to be reduced following LSG. Thus, 

LSG not only reduces body weight significantly but could also 

lower the metabolic risk in severely obese patients.  

Acknowledgements 

This work was supported by the “Competence Network of 

Obesity,” research group “Obesity and the gastrointestinal 

tract,” coordinated by SCB and funded by the Federal Ministry 

of Education and Research, Germany (No. FKZ 01GI08439). 

The funding source was not involved in study design, collection, 

analysis and interpretation of data, manuscript writing, and in 

the decision to submit the manuscript for publication.  

Volume 1 • Issue 1 • 102                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/OCOA-1-102


 
 http://dx.doi.org/10.14437/OCOA-1-102            Page 9 of 11 

 
 

Citation: Stephan C Bischoff (2014), Effect of Laparoscopic Sleeve Gastrectomy on Metabolic Parameters – Data from A Two-

Year Prospective Survey. Obes Control Open Access 1:102 

 

All authors declare that they have no conflict of interest. 

We thank Ruth Volland from the Pediatric Clinical Trial Unit of 

the Department of Pediatrics and Adolescents Medicine at the 

University Hospital Cologne, Germany, for her help regarding 

the statistical analysis of the data.  

References 

1. Blüher M (2012) Are there still healthy obese patients? 

Curr Opin Endocrinol Diabetes Obes 19:341–346. 

2. Buchwald H, Avidor Y, Braunwald E, Jensen MD, 

Pories W, Fahrbach K, Schoelles K (2004) Bariatric 

surgery: a systematic review and meta-analysis. JAMA 

292:1724–1737. 

3. Hafeez S, Ahmed MH (2013) Bariatric surgery as 

potential treatment for nonalcoholic fatty liver disease: 

a future treatment by choice or by chance? J Obes 

2013:839275. 

4. Puzziferri N, Roshek TB, Mayo HG, Gallagher R, 

Belle SH, Livingston EH (2014) Long-term follow-up 

after bariatric surgery: a systematic review. JAMA 

312:934–942. 

5. Schauer PR, Bhatt DL, Kirwan JP, Wolski K, 

Brethauer SA, Navaneethan SD, Aminian A, Pothier 

CE, Kim ESH, Nissen SE, Kashyap SR (2014) 

Bariatric surgery versus intensive medical therapy for 

diabetes--3-year outcomes. N. Engl. J. Med. 370:2002–

2013. 

6. Kueper MA, Kramer KM, Kirschniak A, Königsrainer 

A, Pointner R, Granderath FA (2008) Laparoscopic 

sleeve gastrectomy: standardized technique of a 

potential stand-alone bariatric procedure in morbidly 

obese patients. World J Surg 32:1462–1465. 

7. Runkel N, Colombo-Benkmann M, Hüttl TP, Tigges 

H, Mann O, Sauerland S (2011) Bariatric surgery. 

Dtsch Arztebl Int 108:341–346. 

8. Bedogni G, Bellentani S, Miglioli L, Masutti F, 

Passalacqua M, Castiglione A, Tiribelli C (2006) The 

Fatty Liver Index: a simple and accurate predictor of 

hepatic steatosis in the general population. BMC 

Gastroenterol 6:33. 

9. Murphy TP, Dhangana R, Pencina MJ, Zafar AM, 

D'Agostino RB (2011) Performance of current 

guidelines for coronary heart disease prevention: 

optimal use of the Framingham-based risk assessment. 

Atherosclerosis 216:452–457. 

10. Executive Summary of The Third Report of The 

National Cholesterol Education Program (NCEP) 

Expert Panel on Detection, Evaluation, And Treatment 

of High Blood Cholesterol In Adults (Adult Treatment 

Panel III) (2001) JAMA 285:2486–2497. 

11. Summary of 1993 World Health Organisation-

International Society of Hypertension guidelines for 

the management of mild hypertension. Subcommittee 

of WHO/ISH Mild Hypertension Liaison committee 

(1993) BMJ 307:1541–1546. 

12. Buse JB, Caprio S, Cefalu WT, Ceriello A, Del Prato 

S, Inzucchi SE, McLaughlin S, Phillips GL, Robertson 

RP, Rubino F, Kahn R, Kirkman MS (2009) How do 

we define cure of diabetes? Diabetes Care 32:2133–

2135. 

13. Pinheiro JC, Bates DM (2000) Mixed-effects models in 

S and S-PLUS. Springer, New York. 

14. Aggarwal S, Kini SU, Herron DM (2007) 

Laparoscopic sleeve gastrectomy for morbid obesity: a 

review. Surg Obes Relat Dis 3:189–194. 

15. Schauer PR, Kashyap SR, Wolski K, Brethauer SA, 

Kirwan JP, Pothier CE, Thomas S, Abood B, Nissen 

SE, Bhatt DL (2012) Bariatric surgery versus intensive 

medical therapy in obese patients with diabetes. N. 

Engl. J. Med. 366:1567–1576. 

16. Zhang F, Strain GW, Lei W, Dakin GF, Gagner M, 

Pomp A (2011) Changes in lipid profiles in morbidly 

obese patients after laparoscopic sleeve gastrectomy 

(LSG). Obes Surg 21:305–309. 

17. Hady HR, Golaszewski P, Zbucki RL, Dadan J (2012) 

The influence of laparoscopic adjustable gastric 

Volume 1 • Issue 1 • 102                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/OCOA-1-102


 
 http://dx.doi.org/10.14437/OCOA-1-102            Page 10 of 11 

 
 

Citation: Stephan C Bischoff (2014), Effect of Laparoscopic Sleeve Gastrectomy on Metabolic Parameters – Data from A Two-

Year Prospective Survey. Obes Control Open Access 1:102 

 

banding and laparoscopic sleeve gastrectomy on 

weight loss, plasma ghrelin, insulin, glucose and lipids. 

Folia Histochem. Cytobiol 50:292–303. 

18. Hakeam HA, O'Regan PJ, Salem AM, Bamehriz FY, 

Jomaa LF (2009) Inhibition of C-reactive protein in 

morbidly obese patients after laparoscopic sleeve 

gastrectomy. Obes Surg 19:456–460. 

19. Karcz WK, Krawczykowski D, Kuesters S, Marjanovic 

G, Kulemann B, Grobe H, Karcz-Socha I, Hopt UT, 

Bukhari W, Grueneberger JM (2011) Influence of 

Sleeve Gastrectomy on NASH and Type 2 Diabetes 

Mellitus. J Obes 2011:765473. 

20. Nguyen NT, Varela E, Sabio A, Tran C, Stamos M, 

Wilson SE (2006) Resolution of hyperlipidemia after 

laparoscopic Roux-en-Y gastric bypass. J. Am. Coll. 

Surg. 203:24–29. 

21. Dixon JB, O'Brien PE (2002) Health outcomes of 

severely obese type 2 diabetic subjects 1 year after 

laparoscopic adjustable gastric banding. Diabetes Care 

25:358–363. 

22. Dorman RB, Rasmus NF, al-Haddad BJS, Serrot FJ, 

Slusarek BM, Sampson BK, Buchwald H, Leslie DB, 

Ikramuddin S (2012) Benefits and complications of the 

duodenal switch/biliopancreatic diversion compared to 

the Roux-en-Y gastric bypass. Surgery 152:758-65; 

discussion 765-7. 

23. Illán-Gómez F, Gonzálvez-Ortega M, Orea-Soler I, 

Alcaraz-Tafalla MS, Aragón-Alonso A, Pascual-Díaz 

M, Pérez-Paredes M, Lozano-Almela ML (2012) 

Obesity and inflammation: change in adiponectin, C-

reactive protein, tumour necrosis factor-alpha and 

interleukin-6 after bariatric surgery. Obes Surg 

22:950–955. 

24. Jensen MT, Suadicani P, Hein HO, Gyntelberg F 

(2013) Elevated resting heart rate, physical fitness and 

all-cause mortality: a 16-year follow-up in the 

Copenhagen Male Study. Heart 99:882–887. 

25. Benaiges D, Goday A, Ramon JM, Hernandez E, Pera 

M, Cano JF (2011) Laparoscopic sleeve gastrectomy 

and laparoscopic gastric bypass are equally effective 

for reduction of cardiovascular risk in severely obese 

patients at one year of follow-up. Surg Obes Relat Dis 

7:575–580. 

26. Woodard GA, Peraza J, Bravo S, Toplosky L, 

Hernandez-Boussard T, Morton JM (2010) One year 

improvements in cardiovascular risk factors: a 

comparative trial of laparoscopic Roux-en-Y gastric 

bypass vs. adjustable gastric banding. Obes Surg 

20:578–582. 

27. Li J, Lai D, Ni B, Sun K (2013) Comparison of 

laparoscopic Roux-en-Y gastric bypass with 

laparoscopic sleeve gastrectomy for morbid obesity or 

type 2 diabetes mellitus: a meta-analysis of randomized 

controlled trials. Can J Surg 56:E158-64. 

28. Tzotzas T, Evangelou P, Kiortsis DN (2011) Obesity, 

weight loss and conditional cardiovascular risk factors. 

Obes Rev 12:e282-9. 

29. Pardina E, Ferrer R, Baena-Fustegueras JA, Rivero J, 

Lecube A, Fort JM, Vargas V, Catalán R, Peinado-

Onsurbe J (2012) Only C-reactive protein, but not 

TNF-α or IL6, reflects the improvement in 

inflammation after bariatric surgery. Obes Surg 

22:131–139. 

30. Chen S, Lee Y, Ser K, Chen J, Chen SC, Hsieh H, Lee 

W (2009) Serum C-reactive protein and white blood 

cell count in morbidly obese surgical patients. Obes 

Surg 19:461–466. 

31. Johansson H, Haenni A, Zethelius B (2011) Changes in 

erythrocyte sedimentation rate, white blood cell count, 

liver enzymes, and magnesium after gastric bypass 

surgery. J Obes 2011:273105. 

32. Hakeam HA, O'Regan PJ, Salem AM, Bamehriz FY, 

Eldali AM (2009) Impact of laparoscopic sleeve 

gastrectomy on iron indices: 1 year follow-up. Obes 

Surg 19:1491–1496. 

33. K, Alevizos L, Natoudi M, Dardamanis D, Menenakos 

E, Stamou K, Zografos G, Leandros E (2013) C-

reactive protein, white blood cells, and neutrophils as 

Volume 1 • Issue 1 • 102                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/OCOA-1-102


 
 http://dx.doi.org/10.14437/OCOA-1-102            Page 11 of 11 

 
 

Citation: Stephan C Bischoff (2014), Effect of Laparoscopic Sleeve Gastrectomy on Metabolic Parameters – Data from A Two-

Year Prospective Survey. Obes Control Open Access 1:102 

 

early predictors of postoperative complications in 

patients undergoing laparoscopic sleeve gastrectomy. 

Surg Endosc 27:864–871. 

34. Cai D, Yuan M, Frantz DF, Melendez PA, Hansen L, 

Lee J, Shoelson SE (2005) Local and systemic insulin 

resistance resulting from hepatic activation of IKK-

beta and NF-kappaB. Nat. Med. 11:183–190. 

35. Yuan M, Konstantopoulos N, Lee J, Hansen L, Li ZW, 

Karin M, Shoelson SE (2001) Reversal of obesity- and 

diet-induced insulin resistance with salicylates or 

targeted disruption of Ikkbeta. Science 293:1673–1677. 

36. Torres DM, Harrison SA (2008) Diagnosis and therapy 

of nonalcoholic steatohepatitis. Gastroenterology 

134:1682–1698. 

37. Marchesini G, Brizi M, Morselli-Labate AM, Bianchi 

G, Bugianesi E, McCullough AJ, Forlani G, 

Melchionda N (1999) Association of nonalcoholic fatty 

liver disease with insulin resistance. Am. J. Med. 

107:450–455. 

38. Dixon JB, Bhathal PS, O'Brien PE (2006) Weight loss 

and non-alcoholic fatty liver disease: falls in gamma-

glutamyl transferase concentrations are associated with 

histologic improvement. Obes Surg 16:1278–1286. 

39. Phillips ML, Boase S, Wahlroos S, Dugar M, Kow L, 

Stahl J, Slavotinek JP, Valentine R, Toouli J, 

Thompson CH (2008) Associates of change in liver fat 

content in the morbidly obese after laparoscopic gastric 

banding surgery. Diabetes Obes Metab 10:661–667. 

40. Tai C, Huang C, Hwang J, Chiang H, Chang C, Lee C, 

Yu M, Lin J (2012) Improvement of nonalcoholic fatty 

liver disease after bariatric surgery in morbidly obese 

Chinese patients. Obes Surg 22:1016–1021. 

41. Wang Y, Liu J (2009) Sleeve gastrectomy relieves 

steatohepatitis in high-fat-diet-induced obese rats. 

Obes Surg 19:921–925. 

 

Volume 1 • Issue 1 • 102                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/OCOA-1-102

	Effect of Laparoscopic Sleeve Gastrectomy on Metabolic Parameters – Data from A Two-Year Prospective Survey
	Abstract
	Purpose
	Methods
	Results
	Conclusions
	Abbreviations
	Keywords
	Corresponding Author
	Introduction
	Material and Methods
	Patients and surgical procedure
	Baseline characteristics
	Clinical and biological assessment
	Definitions of obesity-related diseases
	Statistical Analyses
	Results
	Discussion
	Conclusions
	Acknowledgements
	References
	Figure 1
	Table 1: Absolute values of anthropometric data and vital signs
	Table 2: Incidence [n, %] of comorbidities and medication use

