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Introduction  

 The prevalence of the MetS is increasing rapidly throughout the 
world, in parallel with the increasing prevalence of diabetes and 
obesity; thus, it is now considered as a major public health 
problem  

 

 

 Existing evidence suggests that the incidence of MetS is rising in 
developed countries and in developing countries such as Brazil 

 

 

 Metabolic syndrome (MetS): 

 

 Insulin resistance, arterial hypertension, visceral adiposity and 
dyslipidemia; 

 

King H, Aubert RE, Herman WH. Diabetes Care 1998;21:1414-31. 

Grundy SM. Arterioscler Thromb Vasc Biol 2008;28:629–636. 

Reaven GM. Diabetes, 1988;37:1595–607. 
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Introduction  

 The harmful effects of free radicals, mainly reactive 

oxygen species (ROS) and/or reactive nitrogen 

species, have been implicated in the 

physiopathology of obesity, hypertension, 

endothelial dysfunction, and MetS 

 

 

 Some reports have suggesting that oxidative stress 

may be the underlying mechanism of dysfunctional 

metabolism in obese subjects 

Ohmori K, et al. Ann Epidemiol 2005;15:80–84. 

Urakawa H, et al. J Clin Endocrinol Metab 2003;88:4673–4676. 

Abdilla N, et al. J Hum Hypertens 2007;21:68–75. 

Ceriello A, Motz E. Arterioscler Thromb Vasc Biol 2004;24:816–823. 

Lee, K-U. Diabetes Res Clin Pract 2001;54 (Suppl 2):29–33. 



Occup Environ Med 2003;60:612-616 



Introduction  

Hopps E et al. Nutrition, Metabolism & Cardiovascular Diseases (2010) 20, 72-77 



Introduction  

  The imbalance between pro-oxidant and 

antioxidant mechanisms has been considered one 

of the most important pathophysiological 

mechanisms of chronic diseases;  

 

 There are consistent evidences in the literature to 

support the hypothesis that oxidative stress could 

be considered an early event in MetS 

pathophysiology rather than merely a 

consequence 
Yubero-Serrano EM, et al. Exp Mol Med 2013;45:e28-34. 
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Introduction  

 Advanced oxidation protein products (AOPPs) 

are an oxidatively modified form of proteins 

(mainly albumin) created as the result of 

excessive generation of ROS and reactive 

chlorine species (mainly chloramine produced 

by myeloperoxidase in activated neutrophils). 

 

 AOPPs have been reported as the most appropriate 

parameter for determination of oxidative stress (OS) 

 

Piwowar A. Pol Merkur Lekarski 2010;28:166–169 

Venturini D. et al Nutrition Research, 2015;35:759-765 



Introduction  

 AOPPs have been studied in several 

metabolic conditions, such as 
 Overweight subjects (Krzystek-Korpacka et al 2008, 

Venturini et al, 2012),  

 Patients with obesity (Atabek et al, 2006, Koçak et al, 2007, 

Krzystek-Korpacka et al 2008),  

 Type 1 diabetes mellitus (Kalousová et al., 2002, Martin-

Gallán et al 2003),  

 Type 2 diabetes mellitus (Kalousová et al., 2002, Catakay 

2005, Piwowar et al 2007),  

 Metabolic syndrome (Korkmaz et al 2013,  Zurawska-

Plaksej et al, 2014, Venturini et al 2015).  



Introduction  

 Alterations in the total antioxidant capacity 

also appear to play a significant role in the 

MetS 

Venturini D, Simão AN, Scripes NA, et al. Obesity (Silver Spring) 2012;20:2361–6. 

Bahadoran Z, Golzarand M, Mirmiran P, et al. Nutr Metab (Lond) 2012;9:70. 

Faienza MF, Francavilla R, Goffredo R, et al. Horm Res Paediatr 2012:158–64. 



Introduction   

 

 The use of the total antioxidant capacity (TRAP) 

has been proposed to explore plasma 

antioxidant capacity due to known and unknown 

antioxidants present in the sample as well as 

their cooperation. 

Skalicky J,. Et al. Clin Chem Lab Med  2008;46:499–505. 



Introduction  

 The measurement of TRAP in conditions 

associated with hyperuricemia, as in subjects 

with MetS, may be inaccurate because uric 

acid concentration is responsible for 60% of 

total plasma antioxidant capacity.  

 Some reports have verified an unexpected 

increase in TRAP in MetS subjects. 

  Thus, a correction of TRAP based on uric 

acid concentration is needed. 
Skalicky J, et al. Clin Chem Lab Med 2008;46:499–505. 

Simão AN, et al. Nutrition 2008;24:675–681. 



Aim  

 

 The objective of the present study was to 

correlated two biomarkers of OS with 

metabolic features in MetS patients 



Materials and Methods 

 This study evaluated 48 women, aged 32-58 

years recruited from University Hospital of 

Londrina, Paraná, Brazil. 

 The groups were divided according to MetS 

components in 3 groups 

 G1 (with 3 components)  

 G2 (with 4 components)  

 G3 (with 5 components) 

 Adult Treatment Panel III (ATP III) criteria. 

NCEP ATP III Circulation 2005;112(17):2735-2752 



Materials and Methods 

 After fasting for 12 h, the subjects underwent 

the following laboratory blood analysis: 

glucose, total cholesterol (TC), high density 

lipoprotein cholesterol (HDLc), low density 

lipoprotein cholesterol (LDLc), triacylglycerol 

(TG), uric acid and C reactive protein (CRP) 

which were evaluated by a biochemical auto-

analyzer (Dimension Dade AR, Dade 

Behring, Deerfield, IL, USA), using Dade 

Behring kits. 



Materials and Methods 

 AOPP, as markers of protein damage, and 

total antioxidant capacity (TRAP) as 

antioxidant were evaluated by the 

semiautomated method described by Witko-

Sarsat et al and chemiluminescence, 

respectively.  

 Pro-oxidant-antioxidant imbalance (PAI) was 

calculated divided AOPP/TRAP. 



Statistical analysis 

 

 

 Data are expressed as medians and inter quartile 

range (25%-75%). Wilcoxon test with post hoc 

Dunn was performed. The results were 

considered significant when p < 0.05. A statistical 

analysis program (Graph Pad Instat; Graph Pad 

Software, Inc, California, CA, USA) was used for 

evaluations.  



Results  

a: p<0.05 (G3 vs G1) b: p<0.0001 (G3 vs G1) c: p<0.0001 (G3 vs G2)  

d: p<0.05 (G3 vs G2) e: p<0.05 (G2 vs G1) f: p<0.0001 (G3 vs G2) 

Table 1: Anthropometric, biochemical and oxidative stress parameters according the number of 

metabolic  syndrome components  



Discussion   

 In a recent study conducted by me and 

colleagues, protein oxidation was more related to 

MetS components than lipid peroxidation 

 

 In this study, AOPPs showed a positive correlation with 

WC (r = 0.318, P < 0.01), fasting glucose (r =0.250, P< 

0.05), HOMA-IR (r = 0.043, P < 0.01), TG (r = 0.713, P 

<0.0001), hsCRP (r = 0.275, P < 0.05), and uric acid (r = 

0.356, P < 0.01),whereas there was an inverse correlation 

with HDL-c (r = −0.399, P < 0.001). 
Venturini D. et al. Nutrition Research, 2015; 759-765.  



Discussion  

 



Discussion  

 Our findings are consistent with other investigations 

regarding protein oxidation in patients with metabolic 

syndrome. 

  

 Caimi et al. observed higher  concentration of 

carbonyl groups in these patients 

 

 Korkmaz et al. found increased AOPP levels and 

pro-oxidant/antioxidant balance (PAB) values. 

Hopps E, Caimi G. Clin Invest Med 2013;36:E1–E8 

Caimi G, Hopps E, Noto D et al. Diabetes Metab Syndr 2013;7:38–41 

Korkmaz GG, Altınoglu E, Civelek S et al. Metabolism 2013;62:828–835 



Discussion  

 Fujita et al. (2006) demonstrated that 

oxidative stress values increased with the 

number of MetS components. 

 

 More recently, some studies have also shown 

that AOPP levels increased progressively 

with the number of MetS components 

Yubero-Serrano EM, et al. Exp Mol Med 2013;45:e28–34. 

Zurawska-Plaksej E, et al. J Endocrinol Invest 2014. http://dx.doi.org/10.1007/s40618- 

014-0111-8 [Published on line June, 24th]. 

Fujita K, et al.  Circ J 2006;70:1437–1442. 



Discussion  

 Piwowar et al evaluated the components of 

the oxidative/antioxidative status in 94 

patients with type 2 diabetes and 

demonstrated that AOPPs enhanced 

progressively with increasing BMI. 

Piwowar A, Kordecka MK, Warwas M. Diabetes Res Clin Pract 2007;77:188–92. 



Discussion  

 

 Corroborating to this study, in a short 

communication, we demonstrated that  serum 

levels of AOPP were elevated with increasing 

BMI in obese women. 

 

Venturini D. et al., Diabetes and Obesity International Journal , 2016 



Discussion  

The objective of this study was to verify the influence of metabolic syndrome 

 (MetS)  on oxidative stress and antioxidant defense in overweight subjects. 



Discussion  



 

 

 

 

 

 

Figure 1: Spearman’s correlation between total radical-trapping antioxidant parameter (TRAP) and uric acid concentrations in 

overweight subjects (O + OMS) (r=0.3400, p=0.0181). O, overweight subjects without metabolic syndrome; OMS, overweight 

subjects with metabolic syndrome. 

Uric acid is involved in cardiovascular disease risk and is also responsible for ~60% of 

plasma TRAP; therefore, TRAP status may be overestimated in subjects with  

hyperuricemia. 
                   Simão AN, et al. Nutrition 2008;24:675–681. 

Discussion  



Figure 2: Total radical-trapping antioxidant parameter (TRAP) / uric acid rate in control (C) and 

overweight subjects without (O) or with metabolic syndrome (OMS). * C vs. OMS (p < 0.001). 

 



Limitations  

 

 The current study has some limitations to be 

considered.  

 

 First is the small number of participants;  

 

 Second, this cross sectional study is unable to 

determine causality between metabolic 

abnormalities and oxidative stress. 



Conclusion  

 

 This study showed that the metabolic 

disorders were determinant for the redox 

imbalance, characterized by increased 

plasma oxidation and reduced antioxidant 

capacity. 



     

 

 

  


