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Abstract: Elevated serum uric acid levels are frequently observed in individuals with obesity, 

hypertension, cardiovascular diseases (CVD), kidney diseases, and cardiorenal metabolic syndrome 

(CRS). The increased consumption of fructose-rich Western diets has contributed to the growing 

prevalence of CVD, obesity, and diabetes, particularly in industrialized countries. Emerging evidence 

suggests that high dietary fructose intake plays a causal role in elevating uric acid levels, thereby 

contributing to CRS. Animal and epidemiological studies support the notion that elevated serum uric 

acid levels play a key role in the development of insulin resistance and arterial hypertension, 

suggesting potential pathophysiological mechanisms that drive CVD, associated cardiovascular 

disorders, and chronic kidney disease (CKD). Elevated serum uric acid levels appear to disrupt nitric 

oxide production, endothelial function, arterial stiffness, and activate the renin-angiotensin-aldosterone 

system (RAAS). Additionally, oxidative stress and maladaptive immune and inflammatory responses 

contribute to vascular, cardiac, and renal fibrosis, leading to associated functional impairments. Small 

clinical trials have shown that uric acid-lowering therapy may benefit such patients; however, there is 

no consensus on treating asymptomatic hyperuricemia. Larger randomized controlled trials are 

necessary to critically evaluate the benefits of serum uric acid reduction in patients with heart failure, 

diabetes, and/or hypertension. 
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Introduction 

The prevalence of obesity continues to rise globally, with childhood and adolescent obesity becoming a 

significant public health issue. Obesity is associated with an increased prevalence of cardiorenal 

metabolic syndrome (CRS), a collection of interrelated risk factors for cardiovascular diseases (CVD) 

and chronic kidney disease (CKD). These factors include obesity, insulin resistance, metabolic 

dyslipidemia, hypertension, diastolic cardiac dysfunction, and kidney dysfunction, such as proteinuria. 

Over the past three decades, the consumption of high-fructose corn syrup (HFCS) has significantly 

increased, exceeding the changes in the intake of any other food product. Accumulating evidence 

indicates that hyperuricemia is a critical factor contributing to the development and progression of 

CRS. In 1776, Swedish pharmacist Carl Wilhelm Scheele identified uric acid in bladder stones. 

Subsequent reports have linked elevated serum uric acid levels with gout, hypertension, and CKD. 

Hyperuricemia has been associated with inflammation, oxidative stress, insulin resistance, 

dysglycemia, endothelial dysfunction, vascular stiffness, cardiac and kidney abnormalities, diastolic 

cardiac dysfunction, hyperfiltration, and proteinuria—all components of CRS. The role of a high-

fructose Western diet and hyperuricemia in CRS development is underscored by the relationship 

between excessive intake of sugar-sweetened beverages and elevated uric acid levels. 
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Methodology 

The production and metabolism of uric acid are complex processes regulated by various factors, 

including hepatic synthesis and renal and intestinal excretion. Uric acid is the end product of both 

exogenous purine intake and endogenous purine metabolism. The amount of exogenous purines 

depends significantly on dietary habits, with animal proteins contributing substantially to the purine 

pool. Endogenous uric acid production mainly occurs in the liver, intestines, muscles, kidneys, and 

vascular endothelium. The formation of uric acid from purine catabolism involves enzymatic reactions, 

with xanthine oxidase playing a key role. Inosine serves as an intermediate in this process, which is 

converted to hypoxanthine by purine nucleoside phosphorylase. Xanthine oxidase then converts 

hypoxanthine to xanthine and, subsequently, to uric acid. Approximately two-thirds of uric acid is 

excreted through the kidneys, while one-third is eliminated via the gastrointestinal tract. Almost all 

uric acid is filtered at the glomeruli, with post-glomerular reabsorption and secretion regulating the 

excreted amount. Proximal tubules play a crucial role in uric acid reabsorption and secretion, with 90% 

reabsorbed into the bloodstream. The primary transporters in proximal tubules exchange intracellular 

anions for uric acid. Elevated serum uric acid levels observed in obese individuals and those with renal 

impairment result from multiple mechanisms. Obesity, particularly with high HFCS intake, leads to 

increased hepatic uric acid production. As glomerular filtration rate (GFR) decreases, serum uric acid 

levels rise, with 50% of renal failure patients experiencing hyperuricemia by the time dialysis begins. 

Hyperuricemia is closely linked to hyperinsulinemia and insulin resistance, although the underlying 

mechanisms remain unclear. Insulin signaling affects renal tubular function, and urinary uric acid 

clearance decreases with reduced insulin-mediated glucose excretion. Recent studies suggest that 

adipose tissue may serve as an endogenous source of uric acid, promoting macrophage infiltration and 

inflammatory responses. Uric acid is a byproduct of unregulated fructose metabolism, mediated by 

increased fructokinase activity. Fructokinase lacks a feedback inhibition system, utilizing ATP for 

phosphorylation, depleting intracellular phosphate, and accelerating uric acid production via AMP 

deaminase activation. Serum uric acid levels rise rapidly after fructose ingestion, increasing by up to 2 

mg/dL within an hour. 

Results 

Epidemiological studies have confirmed a strong association between hyperuricemia and cardiorenal 

syndrome (CRS). A cross-sectional analysis of 1,370 adolescents aged 12–17 years using National 

Health and Nutrition Examination Survey (NHANES) data revealed that the prevalence of CRS was 

<1% in the lowest serum uric acid quartile, 3.7% in the second quartile, 10.3% in the third quartile, 

and 21.1% in the highest quartile. High-fructose diets were found to increase uric acid production and 

induce CRS components through mechanisms independent of energy intake or weight gain, effects not 

observed with glucose-rich diets. In a diabetes prevention study involving middle-aged individuals 

with impaired glucose tolerance, elevated baseline uric acid levels and their increase over time doubled 

the likelihood of developing type 2 diabetes (T2D). A meta-analysis of 154 studies reporting over 100 

T2D cases with follow-up periods of 2–13.5 years demonstrated a positive correlation between serum 

uric acid levels and T2D development, independent of study characteristics. Hyperuricemia has also 

been linked to arterial hypertension, with early research reporting elevated uric acid levels in 25–40% 

of untreated hypertension patients and 75% of those with malignant hypertension. A study of over 100 

participants in the Framingham Heart Study identified serum uric acid as an independent predictor of 

hypertension incidence and progression over four years. Among children referred for hypertension 

evaluation, serum uric acid levels correlated directly with both systolic and diastolic blood pressure. 

Dietary fructose-induced hyperuricemia was found to contribute to increased arterial pressure in 

randomized controlled trials. For instance, a placebo-controlled study involving 36 adolescents with 

untreated stage 1 hypertension and serum uric acid levels ≥6 mg/dL demonstrated that allopurinol 

therapy significantly reduced systolic and diastolic blood pressure compared to placebo. Similarly, in a 

study involving pregnant women, serum uric acid levels ≥5.5 mg/dL were predictive of preeclampsia 

risk. Meta-analyses have shown that hyperuricemia is associated with a higher risk of stroke incidence 

and mortality, highlighting its role in endothelial dysfunction, arterial stiffness, and cardiac 
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dysfunction. Randomized placebo-controlled trials have also demonstrated the efficacy of allopurinol 

in improving endothelial-mediated vasodilation and reducing cardiovascular disease incidence in 

patients with hypertensive nephropathy. 

Discussion and Conclusion 

It remains unclear whether uric acid is merely a marker or an independent risk factor for the onset and 

progression of chronic kidney disease (CKD). However, studies on animal models have shown that 

hyperuricemia accelerates kidney disease progression, including proteinuria and renal failure, 

accompanied by glomerulosclerosis and tubulointerstitial fibrosis. Epidemiological studies have linked 

hyperuricemia to declining renal function in the general population and among individuals with 

hypertension, diabetes, and CKD. Cardiorenal syndrome (CRS) is closely associated with CKD 

(defined as a glomerular filtration rate [GFR] <60 mL/min/1.73 m²) and microalbuminuria. The risk of 

CKD increases progressively with the number of CRS components. It has been hypothesized that 

excessive fructose consumption contributes to kidney disease through hyperuricemia, a hallmark of 

CRS. Recent studies have demonstrated that uric acid-lowering therapy can slow CKD progression. 

For instance, in a randomized trial involving patients with an estimated GFR <60 mL/min/1.73 m², 

allopurinol treatment significantly improved GFR compared to standard therapy. Additionally, in 

patients with hyperuricemic CKD, allopurinol reduced the incidence of renal failure and dialysis 

dependency compared to control groups. Hyperuricemia has been shown to induce endothelial 

dysfunction, vascular stiffness, and diastolic cardiac dysfunction. It exacerbates cardiovascular 

conditions through mechanisms such as nitric oxide depletion, oxidative stress, and maladaptive 

immune responses. These findings underscore the importance of uric acid as a therapeutic target in 

managing CRS and CKD. 

Conclusion 

Growing evidence suggests that uric acid plays a pivotal role in the pathogenesis of cardiovascular 

diseases (CVD), type 2 diabetes (T2D), CRS, and CKD. Potential mechanisms include inflammation 

driven by urate crystals, intracellular oxidative stress, RAAS activation, impaired nitric oxide 

availability, maladaptive immune responses, and insulin resistance. Although small-scale studies have 

demonstrated the benefits of uric acid-lowering therapy, there is currently no consensus on its routine 

use in hyperuricemic patients with asymptomatic conditions. Larger randomized controlled trials are 

required to determine whether lowering serum uric acid levels improves clinical outcomes, particularly 

in patients with CVD, T2D, or CKD. 

References 

1. Tairov D.R., Berdiev D.KH. "Gout: Immunological and genetic characteristics of the disease." 

Volume: 3, Issue: 12, Dec-2024. journals.academiczone.net. 

2. Tairov D.R., Berdiev D.KH. "Characteristics of Cardiohemodynamic Disorders in Gout Disease." 

SCIENTIFIC PROGRESS. Volume 2, Issue 3, 2021. ISSN: 2181-1601. 

3. Tairov D.R., Berdiev D.KH. "Medication and Non-Medication Methods to Eliminate 

Hyperuricemia in Gout." "Science and Education" Scientific Journal. Impact Factor 3.848. May 

2023, Volume 4, Issue 5. 

4. Tairov D.R., Berdiev D.KH. "Characteristics of Heart Functional Disorders in Gout Disease." 

GALAXY INTERNATIONAL INTERDISCIPLINARY RESEARCH JOURNAL (GIIRJ). ISSN 

(E): 2347-6915. Vol. 10, Issue 5, May 2022. 

5. Tairov D.R., Berdiev D.KH. "Cardiovascular Damage and Metabolic Syndrome Comorbidities in 

Patients with Gout Disease." 2nd International Congress on Multidisciplinary Studies. Indonesia. 

February 20th, 2021. conferencepublication.com. 

6. Nasonov E.L., Karateev D.E., Satibaldiyev A.M., et al. (2015). 

7. Adams P.F. "Current Estimates from the National Health Interview Survey, 1996." Vital Health 

Stat. Vol. 10, 1999. 



International Journal of Integrative and Modern Medicine 

 
Copyright © 2024 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium                                            266 
provided the original work is properly cited.  

8. Saag K.G., Mikuls T.R. "Recent Advances in the Epidemiology of Gout." Curr. Rheumatol. Rep. 

Vol. 7, 2005, pp. 235–241. 

9. Terkeltaub R.A. "Clinical Practice. Gout." N. Engl. J. Med. Vol. 349, 2003, pp. 1647–1655. 

10. Tairov E.S., Tairov D.R. "Metabolic Syndrome in Gout: Its Relationship with Renal Functional 

Disorders." Questions of Science and Education. No. 28 (77), 2019. 

11. Wallace K.L., Riedel A.A., Joseph-Ridge N. "Increasing Prevalence of Gout and Hyperuricemia 

Over 10 Years Among Older Adults in a Managed Care Population." J. Rheumatol. Vol. 31, 2004, 

pp. 1582–1587. 

12. Tairov D.R., Makhmudova H.D. "Cardiovascular Damage in Patients with Gout." Scientific 

Progress. Vol. 2, No. 2, 2021, pp. 242–249. 

13. Yarmukhamedova S.KH., Kamolova D.ZH. "Study of Myocardial Geometry in Hypertensive 

Patients Using Echocardiography." Achievements of Science and Education. No. 12 (53), 2019. 

14. Eliseev M.S., Barskova V.G., Nasonov V.A. "Clinical Significance of Metabolic Syndrome in 

Gout." Clinical Gerontology. Vol. 12, No. 2, 2006, pp. 29–33. 

15. Tairov E.S., Tairov D.R., Solovyev S.K. "Gout: Diagnosis and Treatment." Tashkent, Uzbekistan, 

2020. 

16. Sowers M.J., Whaley-Connell A., Hayden M.R. "The Role of Obesity in Cardiorenal Syndrome." 

Cardiorenal Medicine. Vol. 1, 2011, pp. 5–12. 

17. Hayden M., Tyagi S.K. "Uric Acid: A New Perspective on an Old Cardiovascular Risk Marker." 

Nutr Metab (London). Vol. 1, 2004, p. 10. 

18. Jalal D.I., Chonchol M., Chen W., Targher G. "Uric Acid as a Therapeutic Target in CKD." Am J. 

Dis., 2013, Vol. 61, pp. 134–146. 

19. Johnson R.J., Segal M.S., Sautin Y., Nakagawa T., Feig D.I., Kang D.H., Gersch M.S., Benner S., 

Sanchez-Lozada L.G. "Potential Role of Sugar (Fructose) in the Epidemics of Hypertension, 

Obesity, and Metabolic Syndrome." Am J Clin Nutr. Vol. 86, 2007, pp. 899–906. 

20. Steele T. "Human Urate Secretion: Pyrazinamide Suppression Test." Ann Intern Med. Vol. 79, 

1973, pp. 734–737. 

21. Suliman M.E., Johnson R.J., Garcia-Lopez E., et al. "J-Shaped Relationship Between Uric Acid 

and Mortality in CKD." Am J. Dis. Vol. 48, 2006, pp. 761–771. 

22. Kan D.H., Nakagawa T., Feng L., Watanabe S., Han L., Mazzali M., Truong L., Harris R., Johnson 

R.J. "The Role of Uric Acid in Kidney Disease Progression." J Am Soc Nephrol. Vol. 13, 2002, pp. 

2888–2897. 

23. Tseng C. "Correlation of Urinary Albumin Excretion Rate with Uric Acid Levels in Type 2 

Diabetes." Kidney Int. Vol. 68, 2005, pp. 796–801. 

24. Ono I., Hosoya T., Gomi H., et al. "Serum Uric Acid and Kidney Failure Prognosis in IgA 

Nephropathy Patients." Nephron. Vol. 87, 2001, pp. 333–339. 

25. Thomas G., Sehgal A.R., Kashyap S.R., Srinivas T.R., et al. "Metabolic Syndrome and Kidney 

Disease: A Systematic Review and Meta-Analysis." Clin J Am Soc Nephrol. Vol. 6, 2011, pp. 

2364–2373. 

26. Wright A.F., Rudan I., Hastie N.D., Campbell H. "The Complexity of Urate Transporters." Kidney 

Int. Vol. 78, 2010, pp. 446–452. 

27. Gutman A.B., Yu T.F. "Urate Nephrolithiasis." Am J Med. Vol. 45, 1968, pp. 756–779. 

 

 


