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According to the Nutrition and Health Survey in Taiwan (NAHSIT) 1, the 

prevalence of hyperuricemia in men (sUA >7.0 mg/dl) and women (sUA >6.0 mg/dl) 

were as high as 42.1% and 27.4%, respectively. Both the mean sUA levels and 

prevalence of hyperuricemia were higher in the Taiwanese population compared to 

those of other ethnic groups 2-4. The prevalence of gout in Kin-Men 1996 –97 was 

estimated as 1.7% for the general population from the reported gout prevalence 

among hyperuricemic subjects 5. NAHSIT 1993 –96 also reported the prevalence of 

gout as 3.3% in men and 1.1% in women 1. These data were higher than those of 0.16, 

0.67, and 0.67% among rural, suburban, and urban areas, respectively, in Taiwan prior 

to 1994 6.  

Known risk factors for gout include hyperuricemia, male gender, hypertension, 

renal insufficiency, obesity, diuretic use, lead exposure, and family history 7. The 

Normative Aging Study suggests the annual incidence of gout increases with 

increasing sUA levels, especially sUA above 9 mg/dl 8. However, most gout-related 

reports studied men as contrasted to the limited description on women. Previous 

research indicates women not only tend to develop gout later in life, but also use more 

diuretics, and have more co-morbidity of obesity, hypertension, dyslipidemia, 

cardiovascular disease (CVD), peripheral artery disease, diabetes mellitus, renal 

insufficiency, and habitual alcoholic intake 9. The gender-specific risk of gout in 

relation to abnormalities of various metabolic risk factors, including sUA, cholesterol, 

triglyceride, glucose, blood pressure and overweight is noted 10. Gender-specific risk 

thresholds of serum uric acid (sUA) levels for gout development are provided for the 

optimal sUA levels to prevent gout attack.  

Elevated sUA level has been associated with cardiovascular disease (CVD) in 

high-risk subgroups, including patients with gout. The population-based study of 

NHANES I (First National Health and Nutrition Examination Survey) further 

demonstrated an independent relationship between sUA and CVD mortality 11-12. In 

Taiwan, sUA is claimed to be a significant risk for incident stroke in women (hazard 

ratio [HR], 1.3) 13-14. We recently reported hyperuricemia (sUA >7mg/dl) as an 

independent predictor for CVD and ischemic stroke with respective HR of 1.39 (p < 

0.001) and 1.35 (p = 0.02) in subjects aged >35 years after a mean follow-up of 8.2 

years 15. These estimates are parallel to those derived from recent meta-analysis for 

stroke and coronary heart disease 16-17.  



Phagocytosis of monosodium urate crystals activates Toll-like receptor and 

inflammasome-NALP3 to release interleukin-1 and to initiate gouty arthritis 18. In 

vitro, uric acid may be a signal of danger, and can act as an adjuvant of the damaged 

cells, when it was presented by the dendritic cells to T lymphocytes 19. In vivo, uric acid 

shows an antioxidant capacity with reduction of singlet oxygen consumption 20. In 

response to reduced ascorbic acid synthesis, the urate level increases 20 which may stop 

the stress-induced cell transformation and prevent oxidant-induced cardiac and renal 

toxicity 21. On the other hand, synthesis of uric acid may result in the generation of 

superoxide 22 and offset the anti-oxidant effect 23. The pro-oxidant effect of uric acid 

may increase oxygen radical formation in circulation, in-turn promote the lipid 

oxidation, lead to vascular endothelial dysfunction, inflammation, impaired nitric oxide 

production, atherosclerosis, and thrombogenesis 21. In response to increased sUA level, 

systolic blood pressure increases through the activation of renin-angiotensin system 24 

which further results in increase of sodium resorption 21. In animal models, the 

pro-inflammatory and proliferative effect of soluble uric acid influences vascular 

smooth muscle cells and inhibits the nitric oxide synthesis from vascular endothelium 
25. Hypertension develops thereafter in association with both direct effect from urate on 

the endothelium and renal injury from intra-renal vascular diseases 21, 26.  

The commonly used urate lowering therapy (ULT) for symptomatic 

hyperuricemia and chronic gouty arthritis, includes allopurinol, probenecid, 

sulphinpyrazone, benzbromarone and uricase 27; however, the role of urate lowering 

in preventing CVD is still inconclusive. A randomized control trial of allopurinol, a 

xanthine oxidase inhibitor, in hypertensive adolescents has demonstrated its effect in 

reducing systolic and diastolic blood pressure 28. Allopurinol can reduce oxygen 

consumption in the myocardium and improve systolic function of congestive heart 

failure (CHF), with which sUA has been associated as a poor prognostic factor 29.  

Therefore, this talk will focus on defining the role of sUA on CVD through 

exploring the risk of sUA on CVD mortality and discussing if controlling sUA with 

ULT can improve this outcome. 

 

 

References 

1. Chang HY, Pan WH, Yeh WT, Tsai KS. Hyperuricemia and gout in Taiwan: 

results from the Nutritional and Health Survey in Taiwan (1993-96). J Rheumatol. 

2001;28(7):1640-6. 

2. Culleton BF, Larson MG, Kannel WB, Levy D. Serum uric acid and risk for 

cardiovascular disease and death: the Framingham Heart Study. Ann Intern Med. 

1999;131(1):7-13. 



3. Klemp P, Stansfield SA, Castle B, Robertson MC. Gout is on the increase in New 

Zealand Ann Rheum Dis. 1997;56:22-6. 

4. Conen D, Wietlisbach V, Bovet P, Shamlaye C, Riesen W, Paccaud F, et al. 

Prevalence of hyperuricemia and relation of serum uric acid with cardiovascular risk 

factors in a developing country. BMC Public Health. 2004;4:9. 

5. Lin KC, Lin HY, Chou P. The interaction between uric acid level and other risk 

factors on the development of gout among asymptomatic hyperuricemic men in a 

prospective study. J Rheumatol. 2000;27(6):1501-5. 

6. Chou CT, Pei L, Chang DM, Lee CF, Schumacher HR, Liang MH. Prevalence of 

Rheumatic Diseases in Taiwan: A Population Study of Urban, Suburban, Rural 

Differences. J Rheumatol. 1994;21:302-6. 

7. Roubenoff R. Gout and hyperuricemia. Rheum Dis Clin North Am. 

1990;16(3):539-50. 

8. Campion EW, Glynn RJ, DeLabry LO. Asymptomatic hyperuricemia. Risks and 

consequences in the Normative Aging Study. AM J Med. 1987;82(3):421-6. 

9. Harrold LR, Andrade SE, Briesacher BA, Raebel MA, Fouayzi H, Yood RA, et al. 

Adherence with urate-lowering therapies for the treatment of gout. Arthritis Res Ther. 

2009;11(2):R46. 

10. Chen JH, Yeh WT, Chuang SY, Wu YY, Pan WH. Gender-specific risk factors for 

incident gout: a prospective cohort study. Clinical Rheumatology. 2011;Accepted. 

11. Freedman DS, Williamson DF, Gunter EW, Byers T. Relation of serum uric acid 

to mortality and ischemic heart disease. The NHANES I Epidemiologic Follow-up 

Study. Am J Epidemiol. 1995;141(7):637-44. 

12. Fang J, Alderman MH. Serum uric acid and cardiovascular mortality the 

NHANES I epidemiologic follow-up study, 1971-1992. National Health and Nutrition 

Examination Survey. JAMA. 2000;283(18):2404-10. 

13. Chien KL, Hsu HC, Sung FC, Su TC, Chen MF, Lee YT. Hyperuricemia as a risk 

factor on cardiovascular events in Taiwan: The Chin-Shan Community Cardiovascular 

Cohort Study. Atherosclerosis. 2005;183(1):147-55. 

14. Chuang SY, Chen JH, Yeh WT, Wu CC, Pan WH. Uric acid independently 

predicts events of ischemic heart disease in a large Chinese cohort. International 

Journal of Cardiology. 2011;In press. 

15. Chen JH, Chuang SY, Chen HJ, Yeh WT, Pan WH. Serum uric acid level as an 

independent risk factor for all-cause, cardiovascular, and ischemic stroke mortality: a 

Chinese cohort study. Arthritis Rheum. 2009;61(2):225-32. 

16. Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF, Albert DA. Hyperuricemia 

and risk of stroke: a systematic review and meta-analysis. Arthritis Rheum. 

2009;61(7):885-92. 



17. Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF, Albert DA. Hyperuricemia 

and coronary heart disease: a systematic review and meta-analysis. Arthritis Care Res 

(Hoboken). 2010;62(2):170-80. 

18. Martinon F. Mechanisms of uric acid crystal-mediated autoinflammation. 

Immunol Rev. 2010;233(1):218-32. 

19. Shi Y, Evans JE, Rock KL. Molecular identification of a danger signal that alerts 

the immune system to dying cells. Nature. 2003;425(6957):516-21. 

20. Ames BN, Cathcart R, Schwiers E, Hochstein P. Uric acid provides an 

antioxidant defense in humans against oxidant- and radical-caused aging and cancer: a 

hypothesis. Proc Natl Acad Sci U S A. 1981;78(11):6858-62. 

21. Johnson RJ, Kang DH, Feig D, Kivlighn S, Kanellis J, Watanabe S, et al. Is there 

a pathogenetic role for uric acid in hypertension and cardiovascular and renal disease? 

Hypertension. 2003;41(6):1183-90. 

22. Kanellis J, Feig DI, Johnson RJ. Does asymptomatic hyperuricaemia contribute 

to the development of renal and cardiovascular disease? An old controversy renewed. 

Nephrology (Carlton). 2004;9(6):394-9. 

23. Khosla UM, Zharikov S, Finch JL, Nakagawa T, Roncal C, Mu W, et al. 

Hyperuricemia induces endothelial dysfunction. Kidney Int. 2005;67(5):1739-42. 

24. Corry DB, Eslami P, Yamamoto K, Nyby MD, Makino H, Tuck ML. Uric acid 

stimulates vascular smooth muscle cell proliferation and oxidative stress via the 

vascular renin-angiotensin system. J Hypertens. 2008;26(2):269-75. 

25. Kanellis J, Kang DH. Uric acid as a mediator of endothelial dysfunction, 

inflammation, and vascular disease. Semin Nephrol. 2005;25(1):39-42. 

26. Mazzali M, Hughes J, Kim YG, Jefferson JA, Kang DH, Gordon KL, et al. 

Elevated uric acid increases blood pressure in the rat by a novel crystal-independent 

mechanism. Hypertension. 2001;38(5):1101-6. 

27. Pea F. Pharmacology of drugs for hyperuricemia. Mechanisms, kinetics and 

interactions. Contrib Nephrol. 2005;147:35-46. 

28. Feig DI, Soletsky B, Johnson RJ. Effect of allopurinol on blood pressure of 

adolescents with newly diagnosed essential hypertension: a randomized trial. JAMA. 

2008;300(8):924-32. 

29. Anker SD, Doehner W, Rauchhaus M, Sharma R, Francis D, Knosalla C, et al. 

Uric acid and survival in chronic heart failure: validation and application in metabolic, 

functional, and hemodynamic staging. Circulation. 2003;107(15):1991-7. 

 

 


