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Serum uric acid and its relation to adenosine 
deaminase, lipid profile and oxidative stress in 
Diabetes Mellitus type 2
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ABSTRACT
Aim/Background: Serum uric acid is an end product of purine catabolism. The relationship between the serum uric acid 
adenosine deaminase, lipid profile and oxidative stress in type 2 diabetes mellitus was studied to evaluate its role as one 
of the risk factor for coronary artery disease. Methods: The serum uric acid level in type 2 diabetes mellitus was compared 
with controls. The correlation between serum uric acid with adenosine deaminase (ADA), parameters of oxidative stress and 
serum lipids was also evaluated. Results: We observed serum uric acid level (5.74±0.49) mg/dl is significantly (p<0.001) 
increased in type 2 diabetes mellitus when compared to controls (4.38±0.41) mg/dl. Increase in serum uric acid level is 
significantly associated with increase in adenosine deaminase, malondialdehyde (MDA), total antioxidant capacity (TAC), 
serum triglyceride(TG), total cholesterol (TC) and low density lipoprotein cholesterol (LDL Cholesterol). Further we observed a 
significant negative correlation between HDL cholesterol and the serum uric acid level. Conclusion: We conclude that increase 
in serum uric acid level in type 2 diabetes mellitus acts as pro-oxidant. The endothelial dysfunction, proliferation of smooth 
muscle cells, oxidative stress will facilitate atherogenesis and its progression. A strong association between serum total 
cholesterol, LDL cholesterol, serum triglyceride, and the inverse relationship between the high density lipoprotein cholesterol 
and serum uric acid observed in the present study suggests that serum uric acid has a role in coronary artery disease.
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INTRODUCTION
Diabetes mellitus type 2 (type 2 DM) is a disorder of 
multiple aetiologies, which is characterized by chronic 
hyperglycaemia with disturbances of carbohydrate, fat and 
protein metabolism resulting from deficiency of insulin, 
deficiency in action of insulin or both. Type 2 DM affects 
more than 230 million people worldwide and this number 
is expected to reach 350 million by 2025. Type-2 DM is the 
most common form of diabetes accounting for 90% of the 
cases [1]. The chronic hyperglycemia of diabetes is associated 
with significant long-term sequel, particularly damage and/
or dysfunction of various organs, especially the heart, blood 
vessels, kidneys, eyes and nerves, [2].

Adenosine deaminase (EC 3.5.4.4) is an enzyme involved 
in the metabolism of purine nucleoside, catalyses the 
irreversible hydrolytic deamination of adenosine and 
2’- deoxyadenosine to inosine and 2’-deoxyadenosine, 

respectively. Further metabolism of these deaminated 
nucleosides leads to formation of hypoxanthine, which is 
later converted to uric acid by the action of xanthine oxidase. 
The enzyme is widely distributed in vertebrate tissues and 
plays a critical role in a number of physiological systems [3]. 

In diabetes mellitus the serum level of by-product of lipid 
peroxidation malondialdehyde (MDA) is increased and total 
antioxidant capacity (TAC) is decreased, which indicate the 
oxidative stress [4, 5]. There is a direct relationship between 
the serum adenosine deaminase activity and oxidative stress. 
[6, 7]

Uric acid is a diprotic acid. It is a product of the metabolic 
breakdown of purine nucleotides. Serum uric acid is one 
of the important contributors of antioxidant capacity and 
acts as antioxidant in the early stages of atherosclerosis [8]. 
However, during later stages of atherosclerosis when the uric 
acid level is elevated, it functions as pro-oxidant rather than 
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antioxidant. The antioxidant and oxidant function of uric 
acid mainly depends on various factors such as depletion of 
antioxidants, surrounding oxidant environment, acidity etc. 
All these factors which make uric acid act as a pro-oxidant is 
found in the accelerated atherosclerotic-vulnerable plaque of 
the intima of the arteries [9]. Various epidemiological studies 
with different study designs – prospective, retrospective, 
cross-sectional and meta-analysis had been used to examine 
the relation between the serum uric acid and coronary 
artery disease. Some of these studies have shown positive 
association and some others have not shown an independent 
relationship. The positive association is demonstrated in 
specific population with a high risk for coronary vascular 
disease, like type 2 DM [10]

Chronic hyperuricemia has been suggested as independent 
risk factor for hypertension, metabolic syndrome, chronic 
kidney disease and cardiovascular disease [11]. So 
hyperuricemia should be a red flag indicating the overall 
approach for reducing the risk by global risk reduction 
program [12] 

The present study compared the serum uric acid level 
between type-2 DM and control group. It also evaluated the 
correlation between the adenosine deaminase, MDA, TAC, 
and lipid profile with uric acid levels in type 2 DM.

MATERIALS AND METHODS
Study group consisted of 100 individuals between the age 
group of 35-65 years. Of which 50 individuals with type 2 
diabetes mellitus were considered as cases.  The cases consists 
of 60 individuals with diabetes mellitus on treatment without 
any known complications came to outpatient department. 
The age and sex matched control group consisted of 50 
healthy individuals, who came to hospital for general health 
check-up and found to have normal laboratory parameters 
and  no abnormal findings on physical examination. Their 
serum uric acid level was compared with the cases. Subjects 
with tuberculosis, leprosy, acute lymphadenitis, infectious 
mononucleosis, enteric fever, hepatitis A and B, chicken 
pox, hematopoietic malignancies like Hodgkin’s lymphoma 
and drug induced lymphadenitis were excluded from the 
study group. Study was approved by Institutional ethical 
committee.

After taking the informed consent, patient details were 
obtained and by aseptic precautions venous blood (5 ml) was 
collected in a plain vacutainer tube after eight to twelve hours 
of fasting. Blood was processed immediately to obtain serum.  

Serum adenosine deaminase estimations were done by using 
colorimetric method of Giusti and Galanti [13]. Serum uric 
acid was estimated by caraway method [14]. Serum MDA was 
measured by thiobarbituric acid method [15]. Serum TAC 
was estimated using FRAP (ferric reducing ability of plasma) 
assay [16]. Serum cholesterol [17], serum triglyceride 
[18], serum HDL cholesterol [19] were estimated by using 
commercially available kits and autoanalyser. Serum LDL 
cholesterol was calculated by using Friedwald’s formula [20].

Descriptive and inferential statistical analysis has been 
carried out in the present study. Results of continuous 

measurements are presented on Mean ± SD and results on 
categorical measurements are presented in Number (%). 
Student t test ( two tailed, independent)  has been used 
to find the significance of study parameters on continuous 
scale between two groups (Inter group analysis) on metric 
parameters. Pearson correlation between study variables in 
cases and controls is done 

RESULTS
Gender distribution and age distribution of the study 
population is shown in table 1 and table 2. Student t 
test had demonstrated that serum uric acid levels were 
significantly (p <0.001) increased in type 2 diabetes mellitus 
(5.74±0.49) mg/dl when compared to controls (4.38±0.41) 
mg/dl (table 3). Measured levels of ADA, MDA, TAC and 
serum lipids is shown in table 4.  Pearson correlation was 
used to find the correlation between the uric acid and the 
study parameters. In type 2 diabetes mellitus serum uric acid 
level had shown significant (p <0.001) positive correlation 
with serum adenosine deaminase and malondialdehyde. 
However significantly (p <0.001) negative correlation 
between serum uric acid and total antioxidant capacity was 
observed in type 2 diabetes mellitus. Serum triglyceride, total 
cholesterol, LDL cholesterol levels had shown statistically 
highly significant (p = <0.001) positive correlation with 
serum uric acid, whereas significant (p = <0.001) negative 
correlation was observed between HDL cholesterol and 
serum uric acid level (table 5).

Table 1. Gender distribution of patients studied

Gender Cases Controls Total

Female 26(43.3%) 27(54%) 53(48.2%)

Male 34(56.7%) 23(46%) 57(51.8%)

Total 60(100%) 50(100%) 110(100%)

Samples are gender matched with P=0.265 

Table 2. Age distribution of patients studied

Age in years Cases Controls Total

31-40 8(13.3%) 4(8%) 12(10.9%)

41-50 26(43.3%) 20(40%) 46(41.8%)

51-60 22(36.7%) 24(48%) 46(41.8%)

61-70 4(6.7%) 2(4%) 6(5.5%)

Total 60(100%) 50(100%) 110(100%)

Mean ± SD 49.53±6.84 51.12±6.63 50.25±6.76
Samples are  age matched with P=0.222

Table 3. Comparison of serum uric acid (U/L) between study groups

Groups Serum Uric acid mg/dl p value

1. Controls 4.38±0.41
<0.001

2. Cases 5.74±0.49

p value <0.05 – significant (Student t test ( two tailed, independent))
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DISCUSSION

Adenosine deaminase involved in the metabolism of purine 
nucleoside, catalyses the irreversible hydrolytic deamination 
of adenosine and 2’- deoxyadenosine to inosine and 
2’-deoxyinosine, respectively. Further metabolism of these 
deaminated nucleosides leads to hypoxanthine, which is 
transformed into uric acid by xanthine oxidase [3]. Present 
study was conducted to evaluate serum uric acid level in 
type 2 diabetes mellitus and its correlation with adenosine 
deaminase, parameters of oxidative stress and serum lipids. 
We observed significant (p<0.001) increase in serum uric 
acid in DM type 2 compared to control group. A significant 
(p<0.001) correlation between the serum uric acid and 
parameters of oxidative stress and lipid profile in cases.

Uric acid can act as a pro-oxidant and it may thus be a marker 
of oxidative stress, but it may also have a therapeutic role as 
an antioxidant [20]. We observed that uric acid level was 
increased in type 2 DM compared to controls. Our findings 
were in accordance to the study of Kaur A et al [21] which 
had shown that uric acid is increased in type 2 diabetes 
mellitus when compared to controls. Serum ADA showed 
positive correlation with uric acid, which indicates as serum 
ADA level increases uric acid level also increases. 

Xanthine oxidase has been localized in the atherosclerotic 
plaque. It allow the active purine metabolism on the surface 
of endothelial plasma membrane as well as in the cytoplasm. 
This would lead to overproduction of uric acid as well as 

excessive generation of reactive oxygen species [22]. Siddiqui 
S et al, showed that ADA was increased in type 2 diabetics 
when compared to controls and decreased after antioxidant 
therapy. ADA can be regarded as a strong indicator of reactive 
oxygen species production leading to oxidative stress in type 
2 diabetics and its level can be modulated by antioxidants. 
[7, 23].

A statistically significant positive correlation between serum 
uric acid and MDA as well as the statistically significant 
negative correlation between serum uric acid level and TAC 
in our study indicate the association between serum uric 
acid level and oxidative stress. Oxidative stress is a major 
factor in pathogenesis of complications in type 2 diabetes 
mellitus. Uric acid is known to be a pro-oxidant. Uric acid 
level above the upper 1/3rd of the normal range (>4 mg/dl) 
and the hyperuricemia (>7mg/dl) considered as one of the 
multiple factors that contribute to endothelial dysfunction 
[24, 25, 26]. 

Berezin AE  and Kremzer.A.A demonstrated the positive 
correlation between the serum uric acid, LDL cholesterol 
and serum total cholesterol with  CD14+CD309+ cell subset. 
There was a significant effect of cardiovascular risk factors 
(Type 2DM, serum uric acid, total cholesterol, hs-CRP, 
LDL-cholesterol) and Agatston score index on the combined 
dependent variable (CD45−CD34+, CD14+CD309+, 
and CD14+CD309+Tie2+ cell subsets). They postulated 
that a reduction in circulating CD14+CD309+ and 
CD14+CD309+Tei2+ endothelial progenitor cells  is related 

Table 4. The serum levels of ADA, MDA, and serum lipid levels in type 2 DM

Control Type 2 DM P value

Adenosine deaminase(ADA) (U/L) 17.86±4.04 50.77 ± 6.95 <0.001

Malondialdehyde (MDA) (nmol/dl) 239.32±23.97 512.13 ± 70.15 <0.001

Total antioxidant capacity(TAC) (mmol/l) 1.66±0.25 0.39 ± 0.15 <0.001

Serum triglyceride (mg/dl) 106.68±17.64 315.52±27.17 <0.001

Serum cholesterol (mg/dl) 162.26±8.28 280.92±45.89 <0.001

LDL cholesterol (mg/dl) 93.88±7.49 191.33±44.71 <0.001

HDL cholesterol (mg/dl) 47.02±4.88 26.63±6.57 <0.001

P<0.05 = significant (Student t test ( two tailed, independent)  )

Table 5.Pearson correlation  of study variables with uric acid  in cases and controls

Parameters correlated
Cases Control

r-value p-value r-value p-value

Serum adenosine deaminase vs uric acid 0.875 <0.001 -0.120 0.405

Serum malondialdehyde  vs uric acid 0.872 <0.001 0.026 0.860

Total antioxidant capacity vs uric acid -0.836 <0.001 0.110 0.448

TGL vs Uric acid 0.754 <0.001 -0.275 0.053+

Total cholesterol vs Uric acid 0.812 <0.001 -0.116 0.422

LDL vs Uric acid 0.825 <0.001 -0.016 0.914

HDL vs Uric acid -0.598 <0.001 0.013 0.929

p value <0.05 – significant
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to a number of cardiovascular risk factors in asymptomatic 
patients with known CAD [27].

Berezin AE et al had shown that in asymptomatic patients 
with coronary artery disease, serum uric acid mildly relates 
to metabolic factor (type two diabetes mellitus, total 
cholesterol, and creatinine). Depending on the quartiles 
of serum uric acid levels in subjects with CHF circulating 
level of proangiogenic MPCs declines. They suggested that 
mild elevation of SUA (31.5mmol/L) might be considered a 
predictor of decline in the number of proangiogenic MPCs 
in patients diagnosed with CHF [28].

The endothelial nitric oxide synthase (eNOS) enzyme 
produces nitric oxide (NO). The endothelium becomes a net 
producer of reactive oxygen species, especially superoxide, 
when eNOS is uncoupled. The dysfunctional endothelium 
associated with type 2 DM produces reactive oxygen species 
[12]. Vascular smooth muscle proliferation is promoted by 
uric acid. It also upregulate the expression of platelet-derived 
growth factor and monocyte derived chemotactic protein1 
[29, 30]. This would facilitate the atherogenesis and its 
progression. It was demonstrated that there is a decreased 
in excretion of uric acid due to reduced effect of insulin, as 
a result of insulin resistance. [31, 32].

We also observed statistically highly significant positive 
correlation between serum triglyceride, total cholesterol 
and LDL cholesterol (table 5). But serum uric acid and 
serum HDL cholesterol are negatively correlated, which is 
statistically highly significant (table 5). Li Qin et al have 
demonstrated that higher the serum uric acid levels were 
associated with higher levels of triglyceride, total cholesterol, 
LDL cholesterol and uric acid. Demonstrating the strongest 
positive correlation between triglyceride, total cholesterol, 
LDL cholesterol and uric acid. They have also shown that 
higher uric acid levels were associated with lower HDL 
cholesterol level, indicating the negative correlation between 
them [33, 34]. 

Tavil Y et al had shown that individuals with hypertension 
and hyperuricemia had increased carotid intima media 
thickness compared to individuals with normal uric acid 
levels. They have also demonstrated a strong relationship 
between carotid intima media thickness measurement, 
serum uric acid levels and other major determinants of 
the atherosclerosis [35]. Goncalves et al. had shown that 
there is a significant increase in the concentration of serum 
uric acid in adolescents at an increased risk of coronary 
vascular disease compared to those with lower risk. Serum 
total cholesterol and triglyceride levels increased as the uric 
acid level increased. But HDL cholesterol level decreased 
with increase in serum uric acid level. They have also 
demonstrated that for each 1mg/L of serum uric acid increase 
there is a 4% increased odds of having high cardiovascular 
risk in both genders [36]. 

CONCLUSION

From the present study it is concluded that there is a definite 
relationship between the activity of the purine catabolizing 

enzyme adenosine deaminase and end product of purine 
catabolism uric acid. Study also indicated the relationship 
between the oxidative stress and the serum uric acid level, 
indicating that serum uric acid acts as pro-oxidant. Since 
increase in serum uric acid is associated with significant 
increase in serum total cholesterol, LDL cholesterol and 
serum triglyceride and decrease in HDL cholesterol. It 
indicates that serum uric acid might facilitate the process of 
atherogenesis and coronary vascular disease in type 2diabetes 
mellitus. 

REFERENCES
1. Prajna K, Kumar JA, Rai S, Shetty SK, Rai T, Shrinidhi, et al. Predictive 

value of serum sialic acid in type-2 diabetes mellitus and its 
complication (nephropathy). J Clin Diagn Res. 2013;7(11):2435–7. 

2. Nayak BS, Roberts L. Relationship between inflammatory markers, 
metabolic and anthropometric variables in the Caribbean type-2 
diabetic patients with and without micro vascular complications. 
Journal of Inflammation. 2006; 17(3): 1-7. 

3. Ashok KJ, Pinto GJO, Kavitha AK, Palathra M. The Diagnostic And 
Prognostic Value Of Serum Adenosine Deaminase Levels In Head 
And Neck Cancer, Journal of Clinical and Diagnostic Research. 2008 
;(3)833-837

4. Slatter DA, Bolton CH, Bailey AJ. The importance of lipid-derived 
malondialdehyde in diabetes mellitus. Diabetologia 2000; 43: 550-
557.

5.  Jamuna Rani A, Mythili SV. Study on Total Antioxidant Status in 
Relation to Oxidative Stress in Type 2 Diabetes Mellitus. JCDR; 
2014:7603.  

6. Geetanjali G, Sudeep G, Neerja MG, Deepak A, Priyanka S. The effect 
of hyperglycaemia on some biochemical parameters in diabetes 
mellitus. Journal of clinical and diagnostic research. 2010; 4: 3181-86.

7. Dasegowda SM, Jeppu AK, Sushith KA. Serum adenosine deaminase 
as oxidative stress marker in type 2 diabetes mellitus. International 
Journal of Research in Medical Sciences. 2015; 3(5):1195-8.

8. Nyyssönen K, Porkkala-Sarataho E, Kaikkonen J, Salonen JT. 
Ascorbate and urate are the strongest determinants of plasma 
antioxidative capacity and serum lipid resistance to oxidation in 
Finnish men. Atherosclerosis. 1997;130(1):223-33 3

9. Naghavi M, John R, Naguib S, Siadaty MS, Grasu R, Kurian KC, 
van Winkle WB, Soller B, Litovsky S, Madjid M, Willerson JT. pH 
Heterogeneity of human and rabbit atherosclerotic plaques; a 
new insight into detection of vulnerable plaque. Atherosclerosis. 
2002;164(1):27-35.4

10. Kopel E. Serum Uric Acid and Cardiovascular Risk: An Early Wake-up 
Call. Journal of Adolescent Health. 2015; 56 (4):363-4.    

11. Borghi C, Rosei EA, Bardin T, Dawson J, Dominiczak A, Kielstein JT, 
Manolis AJ, Perez-Ruiz F, Mancia G. Serum uric acid and the risk of 
cardiovascular and renal disease. Journal of hypertension. 2015; 33 
(9):1729-41. 5

12. Hayden MR, Tyagi SC. Uric acid: A new look at an old risk marker 
for cardiovascular disease, metabolic syndrome, and type 2 diabetes 
mellitus: The urate redox shuttle. Nutrition & metabolism. 2004 
19;1(1):1 6

13. Giusti G, Galanti B. Soc. Ital. Biol. Sper 1966; 42: 1316-1320. 
14. Caraway T (1967), cited in Practical Clinical Biochemistry by Herold 

Varley, 3rd Edn, page: 205.
15. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal 

tissues by thiobarbituric acid reaction. Anal Biochem. 1979; 
95(2):351-358.53.

16. Benzie. F. F. Strain JJ. The ferric reducing ability of plasma (FRAP) 
as a measure of antioxidant power. The FRAP assay, Analytical 
Biochemistry, 1996; 239:70-76.

17. Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. Enzymatic 
determination of total serum cholesterol. Clin Chem 1974; 20:470-5. 

18. Buccolo G, David M. Quantitative determination of serum triglycerides 
by the use of enzymes. Clin Chem 1973; 19:476-82. 

19. Assmann G. Estimation HDL cholesterol. Clin Chem 1979; 20:559.50.
20. Patterson RA, Horsley E TM, Leake DS. The pro-oxidant and the 

anti oxidant properties of the human serum ultra filtrates towards 
LDL: the important role of uric acid. J Lipid Res. 2003; 44(3):512–21. 



Dasegowda, et al.: Serum uric acid in Diabetes Mellitus type 2

36  J Invest Biochem ● 2016 ● Vol 5 ● Issue 2

21. Kaur A, Kukreja S, Malhotra N. Serum Adenosine Deaminase Activity 
and Its Correlation with Glycated Haemoglobin Levels in Patients of 
Type 2 Diabetes Mellitus. Journal of Clinical and Diagnostic Research. 
2012;6(2):252-6.

22. Vickers S, Schiller HJ, Hildreth JE, Bulkley GB. Immunoaffinity 
localization of the enzyme xanthine oxidase on the outside surface of 
the endothelial cell plasma membrane. Surgery. 1998; 124 (3):551-60.

23. Siddiqi SS, Ahmad J, Islam N, Ashraf SM, Mishra SP. A Study on the 
Modulation of Adenosine Deaminase (ADA) Activity in Monocytes of 
Type 2 Diabetic Patients by Antioxidants. Journal, Indian Academy 
of Clinical Medicine. 2011 12(2):113- 116.

24. Fang J, Alderman MH. Serum uric acid and cardiovascular mortality: 
the NHANES I epidemiologic follow-up study, 1971-1992. Jama. 
2000; 283(18):2404-10.

25. Niskanen LK, Laaksonen DE, Nyyssönen K, Alfthan G, Lakka HM, 
Lakka TA, Salonen JT. Uric acid level as a risk factor for cardiovascular 
and all-cause mortality in middle-aged men: a prospective cohort 
study. Archives of internal medicine. 2004; 164(14):1546-51.

26. Hayden MR, Tyagi SC. Intimal redox stress: Accelerated 
atherosclerosis in metabolic syndrome and type 2 diabetes mellitus. 
Atheroscleropathy. Cardiovascular Diabetology. 2002; 1(1):3.

27. Berezin AE, Kremzer AA. Analysis of various subsets of circulating 
mononuclear cells in asymptomatic coronary artery disease. Journal 
of clinical medicine. 2013 Jul 30;2(3):32-44.

28. Berezin AE, Kremzer AA, Samura TA, Berezina TA, Martovitskaya 
YV. Serum uric Acid predicts declining of circulating proangiogenic 
mononuclear progenitor cells in chronic heart failure patients. Journal 
of cardiovascular and thoracic research. 2014;6(3):153.

29. Rao GN, Corson MA, Berk BC. Uric acid stimulates vascular smooth 
muscle cell proliferation by increasing platelet-derived growth 
factor A-chain expression. Journal of Biological Chemistry. 1991; 
266(13):8604-8.

30. Kanellis J, Watanabe S, Li JH, Kang DH, Li P, Nakagawa T, 
Wamsley A, Sheikh-Hamad D, Lan HY, Feng L, Johnson RJ. Uric 
acid stimulates monocyte chemoattractant protein-1 production in 
vascular smooth muscle cells via mitogen-activated protein kinase 
and cyclooxygenase-2. Hypertension. 2003; 41(6):1287-93.

31. Facchini F, Chen YD, Hollenbeck CB, Reaven GM. Relationship 
between resistance to insulin-mediated glucose uptake, urinary uric 
acid clearance, and plasma uric acid concentration. Jama. 1991; 
266(21):3008-11.

32. Matsuura F, Yamashita S, Nakamura T, Nishida M, Nozaki S, 
Funahashi T, Matsuzawa Y. Effect of visceral fat accumulation on 
uric acid metabolism in male obese subjects: visceral fat obesity is 
linked more closely to overproduction of uric acid than subcutaneous 
fat obesity. Metabolism. 1998 ;47(8):929-33.. 

33. Qin L, Yang Z, Gu H, Lu S, Shi Q, Xing Y, Li X, Li R, Ning G, Su Q. 
Association between serum uric acid levels and cardiovascular 
disease in middle-aged and elderly Chinese individuals. BMC 
cardiovascular disorders. 2014; 14(1):1.

34. Ford ES, Li C, Cook S, Choi HK. Serum concentrations of uric acid 
and the metabolic syndrome among U.S. children and adolescents. 
Circulation 2007;115:2526e32

35. Tavil Y, Kaya MG, Oktar SS, Sen N, Okyay K, Yazıcı HU, Cengel A. Uric 
acid level and its association with carotid intima–media thickness in 
patients with hypertension. Atherosclerosis. 2008; 197(1):159-63.

36. Gonçalves JP, Ramos E, Severo M, Wong MC, Ong KK, Dunger DB, 
Lopes C. Serum uric acid and cardiovascular risk among Portuguese 
adolescents. Journal of Adolescent Health. 2015; 56(4):376-81.

© SAGEYA. This is an open access article licensed under the terms
of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits 
unrestricted, noncommercial use, distribution and reproduction in any 
medium, provided the work is properly cited.
Source of Support: Nil, Confl ict of Interest: None declared


