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Abstract 

Background: Bariatric surgery is an effective treatment for morbid obesity and 

metabolic dysfunction. 

Objectives: The aim of this work was to examine the early temporal effects of 

laparoscopic sleeve gastrectomy (LSG) on adipokines (adiponectin, leptin), 

inflammatory cytokines (IL6, CRP, IL10), and global plasma measures of oxidative 

stress (thiobarbituric acid reactive substances [TBARS] and total antioxidant status 

[TAOS]) in a sample of 55 participants pre-operatively, and 1 month and 6 months 

post-operatively. The focus was on a sample of patients with impaired glucose 

tolerance and type 2 diabetes, which is associated with increased low-grade systemic 

inflammation and oxidative stress. 

Setting: University Hospital, United Kingdom. 

Methods: This was a prospective study comprising of 55 participants with impaired 

glucose homeostasis and type 2 diabetes undergoing LSG (mean body mass index 

[BMI] 50.4kg/m2, mean glycated hemoglobin [A1c] 7.4%). Serial measurements of 

the above markers were made pre-operatively, 1 and 6 months post-operatively (43 

had measureable cytokines and oxidative stress at 1 and 6 months follow-up).  

Results: We observed a significant reduction in IL6, CRP, leptin and TBARS; along 

with an increase in adiponectin 6 months post-operatively.  

Conclusions: To our knowledge the effects of LSG on inflammatory cytokines and 

plasma markers of oxidative stress have not been examined temporally in a sizeable 

sample of participants who have undergone LSG. This current study supports the 
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role of LSG for the treatment of the pro-inflammatory and pro-oxidant status 

associated with obesity-related glucose dysregulation. 

 

Keywords: Type 2 diabetes, Impaired glucose tolerance, Inflammation, Oxidative 

stress, Laparoscopic sleeve gastrectomy.  
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Introduction 

Obesity and its related metabolic complications are associated with chronic low-

grade systemic inflammation, abnormalities in adipokines and increased oxidative 

stress. Bariatric surgery results in improvements in metabolic dysfunction, including 

type 2 diabetes mellitus (T2D), and its associated complications and cardiovascular 

risk factors [1]. This beneficial effect occurs through a reduction in adipose tissue 

mass, improvement in cardiovascular and endothelial function, and is likely to be 

modulated by improvements in the inflammatory milieu [2, 3]. Within the available 

literature relating to chronic low-grade systemic inflammation, the most studied 

obesity-related inflammatory markers include: the adipokines, leptin and 

adiponectin, which are cytokines secreted by adipose tissue that modulate the 

immune response, insulin sensitivity and energy balance; and the obesity-related 

inflammatory cytokines interleukin-6 (IL6), interleukin-10 (IL10) and C-reactive 

protein (CRP) [4-6]. The plasma levels of these obesity-related inflammatory 

biochemicals are associated with adipose tissue mass [7, 8]. Whilst the available 

literature has examined the effects of bariatric surgery on metabolic outcome, there 

remains a deficit in published studies examining the effects on inflammation, 

adipokines and plasma markers of oxidative stress. Previous reports have shown that 

Roux-en-Y gastric bypass (RYGB) [9-11] is associated with improvements in metabolic 

inflammatory markers. With respect to laparoscopic sleeve gastrectomy (LSG) and its 

effects on obesity-related inflammatory cytokines, the available literature contains 

limited information with small study numbers [12-15]; or with a single measure of 

inflammation [16]; or where LSG has been analyzed in combination with other 
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bariatric procedures [17]. With respect to plasma markers of oxidative stress, 

controversy exists within the available literature. Catoi et al, observed no change in 

global measures of oxidative stress (nitrite and nitrate [NOx], total oxidant status 

[TAOS/TOS], total antioxidant response [TAR], and oxidative stress index [OSI]) 6 

months after LSG [18]. Banazadeh et al, observed a significant reduction in pro-

oxidant antioxidant balance (PAB), 6 months after RYGB [19]. Similarly, Schmatz et al 

reported a reduction in the concentrations of lipid peroxidation, as well as increased 

superoxide dismutase (SOD) and catalase (CAT) activity following RYGB [20]. 

Our aim was to examine the early temporal effects of LSG on adipokines 

(adiponectin, leptin), inflammatory cytokines (IL6, CRP, IL10), and global plasma 

measures of oxidative stress (thiobarbituric acid reactive substances [TBARS] and 

total antioxidant status [TAOS]) in a sample of 55 participants temporally at 1 month 

and 6 months post-operatively. The focus was on a sample of patients with impaired 

glucose tolerance and T2D, which are associated with increased low-grade systemic 

inflammation and oxidative stress [21].  

 

Methods 

Study participants 

Approval for the study was obtained from the Local Research Ethics Committee. 

Participants were identified and recruited from patients undergoing a planned 

bariatric surgical procedure at our locality. Entry criteria at the outset of the study 

included:- both sexes, age 20-60 years, body mass index (BMI) >40kg/m2 and 
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physically fit for surgery. Participants with any acute concurrent illness were 

excluded. Participants with pre-existing T2D treated with diet, oral agents, GLP-1 

analogues or insulin were included. Participants with impaired glucose regulation 

were those with either impaired fasting glycaemia (5.6-6.9 mmol/L) or impaired 

glucose tolerance (2-hour glucose 7.8-11.0 mmol/L) [22]. Participants with normal 

fasting glucose values or a normal glucose tolerance test prior to recruitment were 

excluded. This study was an extension of a previous study [13] where 22 participants 

were recruited. The current study included 55 participants.  

 

Study design 

Participants with a planned LSG were recruited prospectively and consecutively from 

the bariatric surgical clinic. LSG was a standard sleeve i.e. sleeve fashioned around a 

32F bougie taken from 5cm proximal to the pylorus and up to the left crus. All 

participants were recruited pre-operatively and followed up post-operatively at 1 

and 6 months. All participants, with the help of the research nurse, completed a 

baseline questionnaire and all clinical measurements were documented during the 

visits. All blood samples were collected after stopping any prescribed insulin or oral 

hypoglycaemic agent for 24 hours prior to an oral glucose tolerance test (OGTT) 

performed with 75g of glucose (122mL Polycal; 61.9g/100mL glucose, Nutricia 

Clinical Care, Trowbridge, UK). 

 

Baseline clinical and biochemical information 
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At the time of first study visit the following clinical information was ascertained: age, 

gender, past medical history, treatment and duration of diabetes. Baseline clinical 

measurements consisted of weight, height, BMI, waist circumference, systolic and 

diastolic blood pressure. Baseline biochemical measurements (glucose, total 

cholesterol, low density lipoprotein-cholesterol [LDL-C], high density lipoprotein-

cholesterol [HDL-C] and triglycerides) were analyzed within the local hospital 

accredited laboratory (Roche Modular P800 Analyzer). Insulin was measured using 

an Invitron Insulin luminescence immunometric assay. The analytical sensitivity of 

the assay was 0.02mU/L with a dynamic range of 0.02-250mU/L. The inter-assay 

coefficient of variation was ≤7.1%. Cross reactivities of related proteins were as 

follows: 1.2% with intact proinsulin and 0% with C-peptide. 

The Homeostasis Model Assessment (HOMA) was used to estimate steady state beta 

cell function (%B) and insulin sensitivity (%S). These were calculated using the Oxford 

University on-line calculator (http://www.dtu.ox.ac.uk/homacalculator, accessed 1st 

June 2015).[23] HOMA-insulin resistance (IR) is the reciprocal of HOMA-%S. The 

HOMA-%B and HOMA-%S represent values of 100% in normal young adults when 

using currently available assays for insulin, specific insulin or C-peptide. The accuracy 

of these measures has been validated and they have been shown to correlate with 

clamp-derived indices of insulin sensitivity and secretion.[24] They estimate steady 

state function. 

 All blood samples were collected on ice, centrifuged and separated within one hour 

of collection and subsequently stored at -80oC until analysis. Fasting EDTA samples 

http://www.dtu.ox.ac.uk/homacalculator/
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were collected for the measurement of cytokines and markers of oxidative stress 

during the OGTT at baseline, 1 and 6 months. 

 

Measurement of total cytokines 

Fasting plasma levels of IL6, IL10 and leptin were measured with high sensitivity 

ELISA kits (R&D Systems). Intra-assay and inter-assay variability coefficients were as 

follows: IL6 ≤4.2% and ≤6.4%; IL10, ≤5.0% and ≤7.5%; leptin, ≤3.3% and ≤5.4%.  

Fasting plasma levels of total adiponectin and CRP were measured with high 

sensitivity ELISA kits (Immundiagnostik AG). Intra-assay and inter-assay variability 

coefficients were as follows: adiponectin, ≤3.4% and ≤6.3%; CRP, ≤6.0% and ≤13.8%. 

All samples were assayed in duplicate. 

 

Measurements of plasma markers of oxidative stress 

Measurement of lipid peroxidation (TBARS) 

Plasma malondialdehyde (MDA) concentration, as a product of lipid peroxidation, 

was measured using a commercially available TBARS Assay (thiobarbituric acid 

reactive substances assay) (Caymen Chemical, MI, USA). Using an MDA standard 

curve, concentrations in plasma samples were calculated. A higher concentration of 

MDA is indicative of higher levels of lipid peroxidation, and therefore higher 

oxidative stress within the sample. Intra-assay and inter-assay variability coefficients 

were 5.2% and 16.2% respectively. All samples were assayed in duplicate [25, 26]. 
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Measurement of plasma total anti-oxidant status (TAOS) 

Plasma total anti-oxidant status (TAOS) [27, 28], which is inversely related to oxidative 

stress, was measured by Sampson’s modification of Laight’s photometric microassay 

[29]. Previously, it has been shown that plasma TAOS has a good correlation with 

plasma F2-isoprostanes [27]. The TAOS of plasma was determined by its capacity to 

inhibit the peroxidase-mediated formation of the 2,2-azino-bis-3-

ethylbensthiazoline-6-sulfonic acid (ABTS+) radical. The difference in absorbance 

(control [saline] minus test [plasma sample]) divided by the control absorbance 

(expressed as a percentage) was used to represent the percentage inhibition of the 

reaction. Intra-assay and inter-assay variability coefficients were 4.3% and 10.1% 

respectively. All samples were assayed in duplicate.  

 

Statistical methods 

Statistical analysis was performed using SPSS (version 25, SPSS Inc., Chicago). Results 

for continuous variables are presented as mean and standard deviation and in 

graphical representation as median and interquartile range. Continuous variables 

that did not have a normal distribution (HDL-C, triglyceride, fasting plasma glucose, 

2-hour plasma glucose, A1c, fasting insulin, 2-hour insulin, HOMA measurements, 

CRP, IL6, IL10, adiponectin, leptin, TBARS, TAOS) are described with the median and 

interquartile range. For continuous variables, the mean temporal changes were 

compared between baseline and 1 or 6 months using a paired t-test. The Wilcoxon 

signed-rank test was used to compare the temporal changes in variables that did not 
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have a normal distribution. Of the 55 participants, 43 had measureable results of 

plasma cytokines and oxidative stress at 1 and 6 months follow-up. The losses were 

due to inadequate sample collection during venesection or failure of analytical 

analysis of samples from 1 or 6 months. Correlations were performed using 

Spearman correlation. In all cases a p<0.05 was considered statistically significant.  

 

Results  

Participant characteristics 

A total of 55 participants (31 females and 24 males) with impaired glucose 

homeostasis (n=13) or T2D (n=42) and underwent LSG, completed the study with a 

mean age of 46±8 years. The baseline characteristics, along with the changes in 

anthropometric and clinical measures, are summarised in Table 1. As can be 

observed, significant reductions were observed at 1 and 6 months following LSG for 

measures of obesity, plasma triglyceride and a significant increase in HDL-

cholesterol. In addition, significant reductions were observed in fasting plasma 

glucose, 2-hour plasma glucose, A1c, fasting, 2-hour insulin levels along with HOMA-

IR and HOMA-%S. 

 

Temporal changes in adipokines, inflammatory cytokines and plasma markers of 

oxidative stress following LSG 
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As shown in Figure 1, we observed a significant reduction in median leptin of 

approximately 26% at 1 month and 53% at 6 months. There was an approximate 44% 

increase in adiponectin levels observed at 6 months. We also observed a significant 

reduction in IL6, 1 month following surgery, with a continued decrease at 6 months. 

CRP also showed a linear decrease post-operatively with a significant reduction at 6 

months. No change was seen in IL10. With respect to plasma markers of oxidative 

stress, there was a temporal linear decrease in TBARS with a significant reduction 

observed at 6 months (Table 2).  

 

Discussion 

Bariatric surgery reduces morbidity and mortality in severely obese individuals with 

favorable effects on T2D, hypertriglyceridemia and hypertension. There is growing 

evidence to support the hypothesis that this is likely to be related to an 

improvement in the inflammatory profile caused by the rapid and significant 

reductions in fat mass following surgery [30]. LSG has gained recent popularity as an 

independent bariatric procedure [30, 31]. We observed significant improvements in 

CRP, IL6, adiponectin and leptin, 6 months following LSG. Circulating levels of IL6 are 

raised in insulin resistant states such as obesity [32], impaired glucose tolerance [33] 

and T2D [34-36]. We observed no difference in IL10, which is in line with our previous 

study [13] and a study demonstrating that changes in IL10 mRNA expression were not 

observed until 12 months following LSG [37]. 
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We also examined the correlations between the change (Δ values) in measures of 

obesity and inflammatory biomarkers. Of interest we observed no significant 

correlations between the changes in weight and BMI with inflammatory cytokines 

(BMI with CRP [r=0.25, P=0.13], IL6 [r=-0.03, P=0.85], adiponectin [r=-0.16, P=0.33], 

leptin [r=0.13, P=0.41]). This observation is consistent with the findings of Catoi et al 

[18]. We did observe correlations between the Δ values for HOMA-%S and leptin (r=-

0.37, P=0.03) and CRP (r=-0.48, P=0.006). As expected Δ CRP and Δ IL6 had a 

significant correlation (r=0.45, P=0.003). 

With respect to plasma markers of oxidative stress, there was a temporal linear 

decrease in TBARS with a significant reduction observed at 6 months. No significant 

change was observed in plasma TAOS. This result has been observed previously by us 

[38] and other authors [18, 39, 40].  Plasma TAOS is a measure of global plasma 

antioxidant status and reactive oxygen species (ROS). There has been considerable 

debate within the literature in relation to the biochemical measurement of plasma 

oxidative stress. By definition, ROS are highly reactive and are thus difficult to 

measure in any biological sample, especially in easily accessible ex-vivo specimens 

such as serum or plasma [21]. Published studies utilize different techniques such as 

measuring a marker of global damage (TAOS, TAS), or a marker of end-damage such 

as TBARS or specific antioxidant molecules (SOD, glutathione). These observations 

suggest that measuring markers of global antioxidant status may not be the best 

measure of plasma oxidative stress in subjects with morbid obesity and where a 

relatively high BMI remains present. A recent study examining the measurement of 

urinary F2-isoprostanes demonstrated a reduction following LSG in 21 participants, 
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however it should be noted that this measurement requires considerable effort and 

skill [41].  

One limitation of the study was that the participant group comprised of those with 

impaired glucose tolerance and type 2 diabetes, however our aim was to examine 

changes in plasma markers of oxidative stress in a sample of subjects with glucose 

dysregulation, which is itself associated with increased oxidative burden [21, 29]. One 

further limitation is that we did not have a control non-surgical group to compare 

the effects of LSG on the variables measured. To our knowledge, the effect of LSG on 

inflammatory cytokines and plasma markers of oxidative stress has not been 

examined temporally in 55 participants previously. This current study contributes to 

the available literature supporting the role of LSG for the treatment of impaired 

glucose regulation and pro-inflammatory conditions associated with morbid obesity. 

 

Conclusion 

To our knowledge the effects of LSG on inflammatory cytokines and plasma markers 

of oxidative stress have not been examined temporally in a group sizeable sample of 

participants who have undergone LSG. This current study supports the role of LSG 

for the treatment of the pro-inflammatory and pro-oxidant status associated with 

obesity-related glucose dysregulation. 

 

Acknowledgements 



 14 

We would like to thank to Dr Rachel Still and the staff of the Department of Clinical 

Chemistry for their assistance and collaboration in measuring glucose, A1c and lipids; 

and Jane Griffiths, Kathie Wareham, Nia Jenkins, Scott Caplin and James Morgan for 

subject recruitment and data collection.  

 

Disclosures 

None of the authors have any conflict of interest or financial disclosure relating to 

this study or manuscript.  

 

Author contributions 

JS and TM developed the study design, ensured the approval process were in place, 

and undertook participant recruitment. GD, RC and SP undertook sample analysis for 

cytokines and markers of oxidative stress. JB supported participant recruitment and 

performed the routine operations. JS and SP analysed the data. All authors 

contributed to the creation of the manuscript. 

 

References 

1. Buchwald H, Avidor Y, Braunwald E, et al. Bariatric surgery: a systematic 

review and meta-analysis. JAMA. 2004;292:1724-37. 



 15 

2. Cottam DR, Mattar SG, Barinas-Mitchell E, et al. The chronic inflammatory 

hypothesis for the morbidity associated with morbid obesity: implications and 

effects of weight loss. Obes Surg. 2004;14:589-600. 

3. Esposito K, Giugliano G, Scuderi N and Giugliano D. Role of adipokines in the 

obesity-inflammation relationship: the effect of fat removal. Plast Reconstr Surg. 

2006;118:1048-57; discussion 1058-9. 

4. Rabe K, Lehrke M, Parhofer KG and Broedl UC. Adipokines and insulin 

resistance. Mol Med. 2008;14:741-51. 

5. Hotamisligil GS, Shargill NS and Spiegelman BM. Adipose expression of tumor 

necrosis factor-alpha: direct role in obesity-linked insulin resistance. Science. 

1993;259:87-91. 

6. Hotamisligil GS and Spiegelman BM. Tumor necrosis factor alpha: a key 

component of the obesity-diabetes link. Diabetes. 1994;43:1271-8. 

7. Freeman DJ, Norrie J, Caslake MJ, et al. C-reactive protein is an independent 

predictor of risk for the development of diabetes in the West of Scotland Coronary 

Prevention Study. Diabetes. 2002;51:1596-600. 

8. Kaptoge S, Di Angelantonio E, Pennells L, et al. C-reactive protein, fibrinogen, 

and cardiovascular disease prediction. N Engl J Med. 2012;367:1310-20. 

9. Miller GD, Nicklas BJ and Fernandez A. Serial changes in inflammatory 

biomarkers after Roux-en-Y gastric bypass surgery. Surg Obes Relat Dis. 2011;7:618-

24. 

10. Illan-Gomez F, Gonzalvez-Ortega M, Orea-Soler I, et al. Obesity and 

inflammation: change in adiponectin, C-reactive protein, tumour necrosis factor-

alpha and interleukin-6 after bariatric surgery. Obes Surg. 2012;22:950-5. 



 16 

11. Rao SR. Inflammatory markers and bariatric surgery: a meta-analysis. 

Inflamm Res. 2012;61:789-807. 

12. Shimizu H, Hatao F, Imamura K, Takanishi K and Tsujino M. Early Effects of 

Sleeve Gastrectomy on Obesity-Related Cytokines and Bile Acid Metabolism in 

Morbidly Obese Japanese Patients. Obes Surg. 2017;27:3223-3229. 

13. Mallipedhi A, Prior SL, Barry JD, Caplin S, Baxter JN and Stephens JW. Changes 

in inflammatory markers after sleeve gastrectomy in patients with impaired glucose 

homeostasis and type 2 diabetes. Surg Obes Relat Dis. 2014;10:1123-8. 

14. Bueter M, Dubb SS, Gill A, et al. Renal cytokines improve early after bariatric 

surgery. Br J Surg. 2010;97:1838-44. 

15. Gumbau V, Bruna M, Canelles E, et al. A prospective study on inflammatory 

parameters in obese patients after sleeve gastrectomy. Obes Surg. 2014;24:903-8. 

16. Randell EW, Twells LK, Gregory DM, et al. Pre-operative and post-operative 

changes in CRP and other biomarkers sensitive to inflammatory status in patients 

with severe obesity undergoing laparoscopic sleeve gastrectomy. Clin Biochem. 

2018;52:13-19. 

17. Kelly AS, Ryder JR, Marlatt KL, Rudser KD, Jenkins T and Inge TH. Changes in 

inflammation, oxidative stress and adipokines following bariatric surgery among 

adolescents with severe obesity. Int J Obes (Lond). 2016;40:275-80. 

18. Ctoi AF, Parvu AE, Mironiuc A, et al. Chemerin, Inflammatory, and 

Nitrooxidative Stress Marker Changes Six Months after Sleeve Gastrectomy. 

Oxidative medicine and cellular longevity. 2018;2018:1583212. 



 17 

19. Banazadeh V, Nematy M, Ghayour Mobarhan M, Tavallaie S, Esmaily H and 

Jangjoo A. The relation between pro-oxidant antioxidant balance and glycolipid 

profile, 6 months after gastric bypass surgery. Surg Obes Relat Dis. 2018;14:361-367. 

20. Schmatz R, Bitencourt MR, Patias LD, et al. Evaluation of the biochemical, 

inflammatory and oxidative profile of obese patients given clinical treatment and 

bariatric surgery. Clin Chim Acta. 2017;465:72-79. 

21. Stephens JW, Khanolkar MP and Bain SC. The biological relevance and 

measurement of plasma markers of oxidative stress in diabetes and cardiovascular 

disease. Atherosclerosis. 2009;202:321-9. 

22. Standards of medical care in diabetes--2013. Diabetes Care. 2013;36 Suppl 

1:S11-66. 

23. Levy JC, Matthews DR and Hermans MP. Correct homeostasis model 

assessment (HOMA) evaluation uses the computer program. Diabetes Care. 

1998;21:2191-2. 

24. Uwaifo GI, Fallon EM, Chin J, Elberg J, Parikh SJ and Yanovski JA. Indices of 

insulin action, disposal, and secretion derived from fasting samples and clamps in 

normal glucose-tolerant black and white children. Diabetes Care. 2002;25:2081-7. 

25. Draper HH, Squires EJ, Mahmoodi H, Wu J, Agarwal S and Hadley M. A 

comparative evaluation of thiobarbituric acid methods for the determination of 

malondialdehyde in biological materials. Free radical biology & medicine. 

1993;15:353-63. 

26. Yagi K. Simple assay for the level of total lipid peroxides in serum or plasma. 

Methods in molecular biology. 1998;108:101-6. 



 18 

27. Stephens JW, Gable DR, Hurel SJ, Miller GJ, Cooper JA and Humphries SE. 

Increased plasma markers of oxidative stress are associated with coronary heart 

disease in males with diabetes mellitus and with 10-year risk in a prospective sample 

of males. Clin Chem. 2006;52:446-52. 

28. Dhamrait SS, Stephens JW, Cooper JA, et al. Cardiovascular risk in healthy 

men and markers of oxidative stress in diabetic men are associated with common 

variation in the gene for uncoupling protein 2. Eur Heart J. 2004;25:468-75. 

29. Sampson MJ, Gopaul N, Davies IR, Hughes DA and Carrier MJ. Plasma F2 

isoprostanes: direct evidence of increased free radical damage during acute 

hyperglycemia in type 2 diabetes. Diabetes Care. 2002;25:537-41. 

30. Gumbs AA, Gagner M, Dakin G and Pomp A. Sleeve gastrectomy for morbid 

obesity. Obes Surg. 2007;17:962-9. 

31. Deitel M, Crosby RD and Gagner M. The First International Consensus Summit 

for Sleeve Gastrectomy (SG), New York City, October 25-27, 2007. Obes Surg. 

2008;18:487-96. 

32. Mohamed-Ali V, Goodrick S, Rawesh A, et al. Subcutaneous adipose tissue 

releases interleukin-6, but not tumor necrosis factor-alpha, in vivo. J Clin Endocrinol 

Metab. 1997;82:4196-200. 

33. Muller S, Martin S, Koenig W, et al. Impaired glucose tolerance is associated 

with increased serum concentrations of interleukin 6 and co-regulated acute-phase 

proteins but not TNF-alpha or its receptors. Diabetologia. 2002;45:805-12. 

34. Pickup JC, Mattock MB, Chusney GD and Burt D. NIDDM as a disease of the 

innate immune system: association of acute-phase reactants and interleukin-6 with 

metabolic syndrome X. Diabetologia. 1997;40:1286-92. 



 19 

35. Fernandez-Real JM and Ricart W. [An increased proinflammatory activity is 

inherent in insulin resistance]. Med Clin (Barc). 2000;115:185-9. 

36. Vozarova B, Fernandez-Real JM, Knowler WC, et al. The interleukin-6 (-174) 

G/C promoter polymorphism is associated with type-2 diabetes mellitus in Native 

Americans and Caucasians. Hum Genet. 2003;112:409-13. 

37. Trachta P, Dostalova I, Haluzikova D, et al. Laparoscopic sleeve gastrectomy 

ameliorates mRNA expression of inflammation-related genes in subcutaneous 

adipose tissue but not in peripheral monocytes of obese patients. Mol Cell 

Endocrinol. 2014;383:96-102. 

38. Prior SL, Bain SC, Stephens JW, Alam I and Baxter JN. Total antioxidant status 

before and after bariatric surgery for type 2 diabetes mellitus. Metabolism. 

2009;58:1366; author reply 1367. 

39. Catoi AF, Parvu A, Galea RF, Pop ID, Muresan A and Catoi C. Nitric oxide, 

oxidant status and antioxidant response in morbidly obese patients: the impact of 1-

year surgical weight loss. Obes Surg. 2013;23:1858-63. 

40. Tinahones FJ, Murri-Pierri M, Garrido-Sanchez L, et al. Oxidative stress in 

severely obese persons is greater in those with insulin resistance. Obesity (Silver 

Spring). 2009;17:240-6. 

41. Monzo-Beltran L, Vazquez-Tarragon A, Cerda C, et al. One-year follow-up of 

clinical, metabolic and oxidative stress profile of morbid obese patients after 

laparoscopic sleeve gastrectomy. 8-oxo-dG as a clinical marker. Redox biology. 

2017;12:389-402. 

 



 20 

Figure 1 legend 

Figure 1: Temporal changes in inflammatory biomarkers following laparoscopic 

sleeve gastrectomy 

Median and interquartile shown. *P<0.05: Significant changes relative to baseline. 

Figure 1a: C-reactive protein (CRP)  

Figure 1b: Interleukin-6 (IL6) 

Figure 1c: Interleukin-10 (IL10) 

Figure 1d: Adiponectin 

Figure 1e: Leptin 
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Table 1: Baseline, 1 month and 6 months clinical and biochemical measurements 

 

Measurement Baseline 1 month aP  6 months bP  

Weight (kg)  148.3 (27.7) 128.8 (26.6) <0.001 114.4 (24.1) <0.001 

BMI (kg/m2) 50.4 (7.2) 43.7 (6.7) <0.001 38.7 (6.4) <0.001 

Waist (cm) 140 (16) 126 (16) <0.001 117 (17) <0.001 

Systolic BP (mmHg) 128 (18) 121 (13) 0.02 124 (17) 0.13 

Diastolic BP (mmHg) 76 (12) 73  (9) 0.09 72 [12] 0.06 

Cholesterol (mmol/L) 4.2 (1.0) 4.2 (1.0) 0.85 4.5 (1.0) 0.10 

LDL-C (mmol/L) 2.3 (0.8) 2.5 (0.9) 0.26 2.7 [0.9] 0.02 

HDL-C (mmol/L)c 1.1 [0.9-1.3] 1.0 [0.9-1.2] 0.002 1.2 [1.0-1.4] <0.001 
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Triglyceride (mmol/L)c 1.5 [1.1-2.4] 1.4 [1.1-1.9] 0.10 1.2 [0.9-1.6] 0.002 

A1c (mmol/mol)c 57.0 [46.0-89.3] 46.0 [38.5-56.0] <0.001 40.0 [36.0-49.0] <0.001 

A1c (%)c 7.4 [6.4-10.3] 6.3 [5.6-7.3] <0.001 5.8 [5.4-6.6] <0.001 

Fasting glucose (mmol/L)c 7.1 [5.9-11.7] 5.6 [4.6-6.8] <0.001 5.2 [4.5-5.8] <0.001 

2-hour glucose (mmol/L)c 13.4 [9.2-18.4] 8.8 [5.2-12.7] <0.001 5.8 [4.2-9.4] <0.001 

Fasting insulin (mU/L)c 21.8 [13.7-29.5] 12.0 [8.9-19.3] <0.001 5.4 [9.0-14.1] <0.001 

2-hour Insulin (mu/L)c 52.8 [27.4-102.4] 47.1 [27.7-122.6] 0.21 29.7 [16.2-56.9] 0.01 

HOMA-IRc 3.1 [1.9-4.1] 1.61 [1.22-2.56] <0.001 1.33 [0.83-1.91] <0.001 

HOMA-%Bc 90.1 [36.2-131.6] 110.0 [73.0-147.0] 0.34 99.5 [81.0-150.2] 0.29 

HOMA-%Sc 32.4 [24.5-52.3] 62.3 [39.0-81.7] <0.001 75.5 [52.3-121.0] <0.001 

 



 23 

Mean and standard deviation shown for continuous variables. aP-value comparing baseline with 1 month. bP-value comparing baseline with 6 

months. cMedian and interquartile values shown as data did not have a normal distribution. BMI= Body mass index; LDL-C= Low density 5 

lipoprotein-Cholesterol; HDL-C= High density lipoprotein-Cholesterol; A1c= Glycated hemoglobin; BP=blood pressure. HOMA-IR=HOMA insulin 

resistance; HOMA-%S: HOMA insulin sensitivity; HOMA-%B: HOMA-beta cell function. 
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Table 2: Inflammatory cytokine and oxidative stress measurements 
 20 

Measurement Baseline 1 month aP  6 months bP  

CRP (ng/mL) 6.9 [4.1-17.0] 5.0 [2.3-14.3] 0.183 4.4 [1.9-9.9] <0.001 

IL6 (pg/mL) 4.2 [2.4-8.0] 3.8 [2.3-8.0] 0.032 3.1 [1.7-7.3] 0.002 

IL10 (pg/mL) 4.1 [2.3-8.1] 5.1 [2.9-8.7] 0.158 4.9 [2.7-7.7] 0.484 

Adiponectin (ng/mL) 7.6 [5.2-10.5] 7.1 [5.0-11.6] 0.07 11.0 [7.0-14.3] 0.003 

Leptin (pg/mL) 41.7 [26.7-61.9] 31.0 [15.1-43.4] <0.001 19.5 [10.9-38.3] <0.001 

TAOS (%) 41.7 [36.1-47.8] 41.4 [33.5-50.2] 0.798 41.0 [35.6-47.3] 0.831 

TBARS (ng/mL) 58.6 [33.4-99.2] 46.9 [33.1-72.7] 0.053 46.8 [33.8-66.9] 0.007 

Median and interquartile ranges shown. aP-value comparing baseline with 1 month. 

bP-value comparing baseline with 6 months. CRP=C-reactive protein; IL6=Interleukin-

6; IL10=Interleukin-10; TAOS=Total Antioxidant status; TBARS= Thiobarbituric acid 

reactive substances. 
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Figure 1a: C-reactive protein  
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Figure 1b: Interleukin-6 
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Figure 1c: Interleukin-10 
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Figure 1d: Adiponectin 
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 40 

Figure 1e: Leptin 
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