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Introduction
Obesity is a major public health problem; it is associated with 

Metabolic Syndrome (MetS) and high cardiovascular risk as well as 
factor of the risk to premature death [1]. Many of baseline risk factors 
for Coronary Heart Disease (CHD) such as serum level of Total 
Cholesterol (TC), High-Density Lipoprotein Cholesterol (HDL-C), 
Triglyceride (TG), age, systolic and diastolic blood pressure, Body 
Mass Index (BMI), Waist Circumference (WC), and diabetes are 
linked with obesity [2]. The TG/HDL-C index is an independent 
predictor for CHD and can identify cardiometabolic risk [3]. 
Deposition of TG in adipose tissue is associated with macrophages 
accumulation and proinflammatory cytokines (interleykin-6 (IL-6), 
tumor necrosis factor alpha (TNF-alpha)) production, which leads 
to a stimulation of inflammation, adipose tissue macrophages are 
elevated in obesity and perpetuate inflammatory pathways [4]. It 
has been shown 111 genes, associated with inflammation, that were 
differentially expressed in subcutaneous and visceral adipose tissue [5]. 
The expression of critical pro-inflammatory genes (IL-6, IL-8 etc.) in 
adipose tissue of the individuals with morbid obesity is substantially 
higher [6]. Proinflammatory cytokines, NADPH oxidase activation 
and Reactive Oxygen Species (ROS) overproduction, local hypoxia 
of adipocytes, viruses and microorganisms such as Cytomegalovirus 
(CMV), Helicobacter Pillory (HP), Chlamydophyla Pneumonia (CP) 
might induce an inflammation in adipose tissue [7,8]. Data of meta-
analysis that suggested CMV infection is associated with an increased 
risk for CHD, especially among Asian populations [9]. Triggering 
of inflammation in adipose tissue occurs through innate immunity 
receptors-Toll-Like Receptors (TLR); they can be activated by bacterial 
lipopolysaccharide, free fatty acids, products of lipids degradation [10]. 
Elevated circulating lipopolysaccharide binding protein (LBP) was 
associated with obesity, metabolic syndrome, and type 2 diabetes in 
apparently healthy Chinese, that suggested a role of lipopolysaccharide 
via initiation of innate immune mechanisms in metabolic disorders 
[11]. Activation of TLR triggers different intracellular signaling 
pathways involving NFkB and transcriptional factors for various 
proinflammatory cytokines, chemokines and regulatory molecules 
[12]. Inflammation in obesity causes proatherogenic effect. Because 
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obesity, MetS and atherosclerosis are considered chronic inflammatory 
states, proinflammatory factors such as C-reactive protein (CRP), IL-6 
might be involved in the pathogenesis of obesity and MetS as well as 
oxidative stress and endothelial dysfunction and should be reduced 
in obese patients. Bariatric surgery is the most effective treatment of 
obesity and cardiovascular risk reduction, but it is associated with 
inflammation in post operative period, which can contribute to 
deterioration of treatment results in obese patients [13]. There are 
3 types of bariatric surgical procedures: Restrictive, malabsorptive, 
and combined operations. Gastric bypass surgery is a combination 
of restriction and malabsorption and has been shown to achieve a 
significantly higher degree of weight loss than restrictive bariatric 
surgery [14]. Not only weight loss and lipidomic profile normalization, 
but inflammation reduction can provide decreasing of cardiometabolic 
risk. Whether metabolic risk factors modify this association is unclear. 
We aimed to study Laparoscopic Sleeve Gasterectomy (LSG) effect on 
cardiometabolic risk factors, proinflammatory cytokines and oxidative 
stress markers at obese patients. 

Material and Methods
Between January 2015 and September 2016 25 women with morbid 

obesity were identified in AS “Republican Specialized Center of Surgery 
named after academician V. Vakhidov”. Limitations of current study: 
Including criteria were-sex (only women), age (only 18-44 years), 
morbid obesity (BMI>40.0 kg/m2), nonsmoking. All of 25 women with 
morbid obesity were treated by LSG. Duration of observation was 6 
months after LSG. For each patient up to 10 controls were matched by 
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pre-surgery BMI, WC, age, laboratory tests. Laboratory tests included 
CRP and routine biochemical tests (lipidomic panel, total protein, 
albumin, glucose, uric acid (UA)), which were made in automatic 
biochemical analyzer “VITROS-350” (Ortho Clinical Diagnostics, 
USA). IL-6, TNF-a, marker of endothelial proliferation and migration-
vascular endothelial growth factor (VEGF), antibodies to CMV, CP, HP 
were measured in the blood serum using commercially available ELISA 
kits (VECTOR-BEST, Russia) in immunoassay analyzer ST-360, (China). 
General blood count was made by automatic hematological analyzer 
BC 5800 (Mindray, China). Malondialdehyde (MDA) was analyzed 
according to procedure of Ohkawa on reaction with thiobarbituric acid 
in Al-Gayyar’s modifications [15]. Catalase activity was determined by the 
speed of hydrogen peroxide degradation in the semi-automatic analyzer 
“Screen Master Plus” (Hospitex Diagnostics, Italy). LSG was performed on 
laparoscopic track (Karl Storz, GMBH & CoKG and Germany) with energy 
platform Force Triad and technology Liga Sure (USA) and endoscopic 
staplers (Ethicon Endo Surgery,USA). The results are presented as the 
M ± m, independent Student t-test was applied to find out the statistical 
significant difference (p<0.05) between the groups. 

Results and Discussion
In morbid obesity group an average age was 34, 25 ± 1.7; WC=110, 

1 ± 1.7; BMI=45, 4 ± 2.0 kg/m2. 10 controls were women-volunteer at 
age 38, 4 ± 1.9 without obesity, BMI=23, 4 ± 0.3 kg/m2, WC=76, 1 ± 
1.0 sm. Level of TC, TG, HDL-C levels were increased in obese women 
versus to the control in 1.2 (p>0.05); 2.7 (p<0.05) and 1.5 (p<0.05) times 
respectively; TG/HDL-C ratio was increased in 3,9 times (p<0.05); 
100% of obese women have 3 from 5 criteria’s of MetS-TG level more 
1.69 mmol/l; HDL-C level below 1.3 mmol/l, WC more 80 sm, that 
indicates high cardiometabolic risk. Proinflammatory cytokines levels: 
IL-6, TNF-alpha and CRP were increased exactly versus to the control 
(p<0.05) in 2,7; 5,3 and 3,5 times respectively as well as UA, which was 
above the control in 2,5 times (p<0.05). The WBC were within referents 
interval (4-9 × 109/l), however was exactly above the control (p<0.05); 
the contents of monocytes were increased in 2,0 times versus the control; 
MDA concentration was increased in 1,3 times (r<0.05), but catalase 
activity and VEGF concentration did not differs from the control 
(Table 1). Monocytes are precursors of tissue macrophages, increasing 
of monocytes amount indirectly shows inflammatory reaction. Anti-
CMV IgG was increased above the cut off both at control and Morbid 
Obesity (MO) groups. This data indicates high seropositivity for CMV 
in observed population. 96% of women with MO were seronegative to 
CP, 76% were seronegative to HP and there were no difference between 
control and MO groups. This data suggests, that CMV, CP and HP 
are equally comes to light both in normal weight and morbid obesity 
women. The role of infection factor in morbid obesity is speculative. 
General seropositivity to CMV revealed in our search does contradict 
with results of population study in California (2010), when more than 
95% of population were seropositive to human CMV and Kaplan-
Meier survival curves suggested worse cardiovascular disease survival 
for individuals in the highest quartile of human CMV IgG antibody 
titers over 9 years of follow up [16]. 

Early postoperative period after LSG (7th day) characterized by 
significant decreasing TG, TC and TG/HDL-C ratio (p<0.05) versus 
pre-surgery level. This changes took place long before weight loss and 
may be caused by positive changes in Adipose Tissue (AT) metabolism 
after LSG due to decreasing of inflammation and TG accumulation 
in AT. This hypothesis is confirmed by IL-6 and CRP concentrations 
decreasing exactly on the 7th day after LSG. 

LSG provides effective weight loss, reduction WC and visceral 
adipose tissue 3 months after the surgery. BMI and WC were reduced on 

25% and 15% respectively versus pre-surgery level 3 months after LSG. 
IL-6 and TNF-alpha decreased in 1,6 and 2,2 time versus level before 
surgery, TG, CRP and MDA was not differ from the control (p>0.05); 
HDL-C, TC, TG/HDL-C ratio and UA were exactly (p<0.05) differ 
versus data before LSG. We believe that reduction of adipose tissue 
mass and inflammation in it, as well as normalization of its metabolism, 
caused these positive changes in lipidomic profile. It is considered that 
decreasing of TNF-alpha is favorable for insulin resistance reduction 
and carbohydrates and lipids metabolism optimization [17]. Oxidative 
stress after LSG reduced too: Concentration of MDA and catalase 
activity were corresponded to control, UA decreased on 68% after 
LSG, that indicates reduction of antioxidant system mobilization, 
because UA has 50% of total antioxidant capacity of blood at levels as 
high as 285 μmol/L; it does act against peroxynitrite, peroxides, and 
hypochlorous acid [18]. 

Level of anti-CMV IgG decreased in 1,9 times versus pre-surgery 
level 3 months after LSG. Decreasing of anti-CMV IgG after LSG is 
beneficial, because anti-CMV IgG have homology to heart shock 
proteins, which leads to a stimulation of TLR-4, thereby initiating 
inflammation and disrupting normal adipocytokine profile, as well as 
endothelial dysfunction and atherogenesis. 

LSG is restrictive bariatric procedure, which provides strong 
decreasing of volume of the belle (gaster) to 60-150 ml. Surgical 
technique of LSG includes removing the major curvature of belle, saving 
of cardiac gastric sphincter and forming the narrow gastric tube along 
small curvature of belle, whose volume is 60-150 ml. Strong decreasing 
of the belly’s volume causes reduction of meal’s portion, thereby 
patient can eat only small amount of meal (30-60 ml) 5-6 times a day. 
LSG does not cause malabsorbtion and digestive tract reconstruction, 
but it causes elevation of incretines secretion. Incretines provides 
insulinocytes activation and early secretion of the insulin as a response 
to hit of the food in gastrointestinal tract. Some of incretines, such as 
glucagon-like peptide-1 (GPP-1) can inhibited gluconeogenesis and 
glycogen degradation in liver, raises the consumption and salvaging 

Group of patients Control 
group n=10

Before LSG 
n=25

After LSG 7th 
day n=25

After LSG 3 
month n=12

WC, sm 76.1 ± 1.0 110.1 ± 1.7* 109.2  ± 1.4* 88 ± 2.1*. ** 

BMI, kg/m2 23.4 ± 0.3 45.4 ± 2.0* 42.1 ± 1.7* 35.2 ± 1.4*. **

TC, mmol/l 4.4 ± 0.1 5.1 ± 0.3* 4.1 ± 0.3** 3.1 ± 0.1*. **

TG, mmol/l 0.93 ± 0.19 2.55 ± 0.19* 1.8 ± 0.21*. ** 1.3 ± 0.11**

HDL-C, mmol/l 1.34 ± 0.03 0.91 ± 0.12* 0.90 ± 0.04* 1.11 ± 0.06*

TG/HDL-C ratio 0.7 ±  0.1 2.8 ±  0.1* 2.0 ± 0.2*. ** 1.2 ± 0.1*. **

Glucose, mmol/l 4.7 ± 0.1 5.8 ± 0.2* 6.1 ± 0.1* 5.0 ± 0.2**

IL-6, pg/ml 8.7 ± 1.1 23.5 ± 3.9* 16.6 ± 3.2*. ** 15.0 ± 1.4*. **

TNF, pg/ml 4.3 ±  1.2 23.1 ±  4.2* 27.9 ± 2.7* 10.8 ± 1.0*. **

CRP mg/l 4.4 ± 0.8 15.5 ± 0.2* 11.0 ±  0.4** 5.0 ± 0.5**

UA, mkmol/l 156 ± 6 389 ± 20* 359 ± 31* 268 ± 13*. **

MDA, nmol/mg 
protein × min 4.7 ± 0.3 6.3 ±  0.2* 5.9  ± 0.3* 5.1 ± 0.2**

Catalase, E/l 19.2 ±  1.8 23.3  ± 1.1 24.1 ± 0.8 22.1 ±  0.5
VEGF, pg/ml 112  ± 15 156.2  ± 68 164  ± 22 168  ± 16
WBC, 109/l 4.9 ± 0.4 7.03 ± 0.56* 7.60  ± 0.15 5.60 ±  0.44**

Monocytes, % 3.5 ± 0.3 7.0 ± 0.2* 9.0  ± 0.7** 7.8 ± 1.0*

Lymphocytes, % 35.6 ± 5.0 34.6  ± 2.2 32.1 ±  1.9 35.3 ± 1.9
Total protein, g/l 68.4 ± 2.1 71.0 ± 2.2 72.1 ± 1.5 74.0 ± 1.8

Albumin, g/l 46.2 ± 1.1 44.6 ± 1.3 45.2 ± 1.8 48.0 ± 1.1
Anti CMV IgG, Е/ml 
(cut off=0.41 ± 0.05) 8.1 ± 2.1  7.23 ± 0.5 4.01 ±  0.11* 3.75 ± 0.22*. **

*р<0.05: Versus control; **р<0.05: Versus baseline level before LSG
Table 1: Cardiometabolic risk factors before and after LSG. 
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the glucose in skeletal musculature. Hypothalamus and pituitary gland 
have receptor to GPP-1 too, stimulation of these receptors decreased 
appetite [19]. 

Our data showed that total protein, albumin concentrations and 
total lymphocytes amount were corresponded to the control group both 
7th day and 3 month after LSG that proves absence of malabsorbtion and 
immunodeficiency state after LSG. In spite of using small portion of the 
meal after LSG, patients did not feel discomfort, they felt themselves 
subjective better. 

The advantages of LSG are that it is mini-invasive, without radical 
reconstruction of digestive tract. LSG was not accompanied with 
inflammation both at early and last period after surgery, in contrast, 
proinflammatory markers levels decreased after LSG. In particular, it 
has been shown in our previous experience that after bilio-pancreatic 
diversion concentrations of CRP, IL-6 ware increased [20]. After 
LSG there were no activation of inflammation, in contrast, there was 
reduction of proinflammatory cytokines and CRP. 

Conclusion
LSG was not accompanied by activation of the system 

inflammation both at early periods and at 3 months after surgery. LSG 
promotes liquidation of the inflammation and metabolic disorders in 
patients with morbid obesity. LSG causes body mass index and waist 
circumference decreasing on 25% and 14% after 3 month post-surgery 
versus data before treatment, that approve visceral fat reduction. LSG 
reduces cardiometabolic risk by normalizations of lipidomic profile 
and optimizing the visceral fat tissue metabolism by reduction of 
inflammation and oxidative stress. 
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