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Short Communication

Serum uric acid as a metabolic
regulator of endothelial function in
heart failure
Abstract
The development of heart failure (HF) associated with elevated level of serum uric acid (SUA).
Additionally, the majority of individuals with traditional cardiovascular risk factors contributing in HF
risk exhibited increased levels of SUA. Although SUA lowering drugs are widely used in patients with
symptomatic hyperuricemia and gout beyond their etiologies, there is no agreement of SUA below target
level 6.0 mg/dL in asymptomatic individuals with kidney injury and CV disease and data of ones in heart
failure (HF) are sufficiently controversial. First SUA plays an important role in inducing oxidative stress,
inflammation, neurohumoral activation, and endothelial dysfunction. Secondary, SUA may act as antioxidant
contributing in restoring of vascular function. Moreover, SUA is able to epigenetically regulate a survival of
endothelial precursors, mediate their mobbing and differentiation, as well as coordinate a turn-over effect of
metabolic memory phenomenon into repair capability of cell precursors. However, elevated SUA level was
found a predictor of adverse clinical outcomes of HF. The short communication is depicted the importance
of new clinical data to confirm the emerging reparative ability of SUA in HF and its role as promising target
for treatment in cardiac failure.

Short Communication

Fourth, age and metabolic comorbidities including diabetes

There is a large body of evidence regarding the role of
serum uric acid (SUA) in pathogenesis of cardiovascular
diseases (CVD) including heart failure (HF). Although SUA
levels above the current international reference limit equal
6.0 mg/dL are highly prevalent in chronic kidney disease
(CKD), hyperuricemia strongly associates with in-hospital CV
mortality independently from CKD etiology and renal function
in individuals admitted to the hospital due to several causes, i.e.
acute myocardial infarction, stroke, hypertensive emergencies,
acute / chronic heart failure, arrhythmia, shock and sepsis.
In contrast, hypouricemia did not associate with increased
mortality rate in patient populations with established CVD [1].

insufficiency prior to HF manifestation and worse nature

mellitus, rheumatic diseases, hypertension may lead to kidney
evolution of HF [4].
There is a large body of evidence regarding that the SUA
may be valuable and powerful biomarker of kidney injury,
oxidative

stress,

asymptomatic

atherosclerosis,

insulin

resistance and inflammation [1,2]. Therefore, recent clinical
studies have shown that SUA through accumulation of reactive
oxygen species in vasculature corresponds to a development
of endothelial dysfunction prior to arterial hypertension [6,7].
Although uric acid lowering drugs (allopurinol, febuxostat)
are widely used in patients with symptomatic hyperuricemia
and gout beyond their etiologies, there is no agreement of

In HF an elevated SUA level was found due to several
mechanisms including an increased activity of xanthine
oxidase (XO), which is a key enzyme in uric acid synthesis
and is under control of inflammatory cytokines / chemokines,
some growth factors, and intermediates (blood glucose).
Secondary, decreased kidney clearance of uric acid associated
with ACE inhibitor, angiotensin-II receptor blockers or
angiotensin-receptor-neprilysin inhibitor (ARNI) [2]. Third,
nature evolution of HF related to target organs damage
including kidney, fluid retention, and electrolyte disturbance
and associated with declined glomerular filtration rate [3].

SUA below target level 6.0 mg/dL in asymptomatic individuals
with kidney injury and CV disease and data of ones in HF are
sufficiently limited.
Whether SUA could be an independent predictor of HF
development is not fully clear. Recent clinical studies and
some meta-analysis have shown that elevated SUA levels were
associated with an increased risk of incident HF, observed in
majority of patients with established chronic HF and relate to
adverse clinical outcomes in HF [8-11]. However, the impact
of uric acid on all-cause mortality and HF-related death was
027
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insured by co-existing disease predominantly hypertension,
abdominal obesity, prediabetes / diabetes mellitus, kidney
disease as well as female sex [9,12-14]. Moreover, there
are data clarifying that even asymptomatic hyperuricemia
associated strongly with long-term survival of CVD patients
and individuals with chronic kidney disease throughout predialysis period and whose who undergoing hemodialysis
procedures. In the Rotterdam Study high quartiles of normal
rages of SUA and mild increased SUA level were more closely
related to early-phase mechanisms of insulin resistance and
diabetes mellitus rather than CV complications due to target
organ damage progression [8]. Thus, predictive value of SUA
in different patients at risk of HF is controversial and requires
to be elucidated.
The potential molecular mechanisms that explain the role
of SUA in development and advance of HF are traditionally
structured in follow schematic consequences that are appeared
to be counter directed. On the one hand, the hyperuricemia
causes inflammation due to direct vascular injury and a
production of various inflammatory cytokines and monocyte
chemoattractant protein-1, inducing oxidative stress and
activation of the local rennin-angiotensin system [15,16].
Additionally, all these factors lead to endothelial dysfunction by
a reduction in endothelial levels of vasodilator substances such
as nitric oxide, inducing cellular proliferation, accelerating
atherosclerosis, activating insulin resistance and microvascular
inflammation [17]. On the other hand, urates are physiological
substrate for myeloperoxidase acting as regulator of oxidative
stress, but molecule of uric acid may act as intracellular
scavenger of free radicals diminishing pro-inflammatory
effect and increasing cell survival [18]. Thus, SUA links in
vascular damage, endothelial dysfunction and oxidative stress
that play important role across all stages of HF development
and contributes in an impact of co-morbidities on risk of HF

are associated with reduced survival in in-patients and outpatients with several phenotypes of chronic HF, as well as in
acute / actually decompensated HF [27-29].
In contrast, in recent meta-analysis lowering SUA levels
under treatment did not predict improved surrogate clinical
outcomes in HF [30]. Moreover, there was not convincing
evidence regarding associations of SUA levels with increased
risk of HF and other disease at higher risk of HF and HF
mortality [31].
All these facts clarify that uric acid is multiple player
with controversial activities that concurrently contribute
in HF pathogenesis [32]. The modalities of uric acid cannot
be discussed as unconditionally harmful effects supporting
inflammation and cell death, but they may produce a favorable
result on reparative activity of endothelium and restoring
endothelium function and vascular integrity [33]. Whether
SUA is a therapeutic target to reduce HF risk in vulnerable
population is not fully clear and requires to be explained in the
large clinical trials.
In conclusion, there was no strong and available evidence
regarding only harmful effect of uric acid in vulnerable
population patients at higher risk of HF as well as in individuals
with established HF irrespective to left ventricular ejection
fraction or isolating diastolic abnormality. The importance
of new clinical data that confirm the emerging reparative
ability of uric acid and its antioxidant activities across HF
development require to be cleared in large investigations. The
results of these trials would be intriguing and could open new
perspective to use xanthine oxidase inhibitors as adjuvant care
in HF management.
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onset and advance.
Another way that could probably explain the role of
uric acid in pathogenesis of HF relates to an ability of uric
acid to epigenetically regulate a survival of endothelial
precursors, mediate their mobbing and differentiation, as
well as coordinate a turn-over effect of metabolic memory
into repair capability of cell precursors [19,20]. Indeed, SUA
levels independently and inversely associated with number
of circulating endothelial progenitor cells in HF individuals
[21]. Moreover, uric acid contributed in shaping of altered
ability of endothelial precursors to activate by several stimuli,
release cell secretome, regulate endothelial reparation and turn
into mature endothelial cells [22,23]. Consequently, uric acid
may consider as an endogenous regulator of vascular repair
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various comorbidities on a risk of HF manifestation. As an
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which confirm higher predictive value of elevated SUA in HF
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traditional risk factors and estimated glomerular filtration
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028
Citation: Berezin AE (2017) Serum uric acid as a metabolic regulator of endothelial function in heart failure. Arch Clin Hypertens 3(1): 027-029.
DOI: http://dx.doi.org/10.17352/ach.000016

9.

Berezin AE (2015) Biological markers of cardiovascular diseases. Part 4.
Diagnostic and prognostic value of biological markers at risk stratification
among patients with heart failure. LAMBERT Academic Publishing GmbH,
Moskow 329.

10. Huang H, Huang B, Li Y, Huang Y, Li J, et al. (2014) Uric acid and risk of heart
failure: a systematic review and meta-analysis. Eur J Heart Fail 16: 15-24.
Link: https://goo.gl/tRVGWV
11. Wang J, Qin T, Chen J, Li Y, Wang L, et al. (2014) Hyperuricemia and risk
of incident hypertension: a systematic review and meta-analysis of
observational studies. PLoS One 9: e114259. Link: https://goo.gl/qboijG
12. van der Schaft N, Brahimaj A, Wen KX, Franco OH, Dehghan A (2017) The
association between serum uric acid and the incidence of prediabetes and
type 2 diabetes mellitus: The Rotterdam Study. PLoS One 12: e0179482. Link:
https://goo.gl/GLZHmw

chronic heart failure. Diabetes & Metabolic Syndrome: Clinical Research &
Reviews 8: 138-144. Link: https://goo.gl/AMnM6y
22. Berezin AE, Kremzer AA, Samura TA, Berezina TA, Kruzliak P (2015) Impaired
immune phenotype of circulating endothelial-derived microparticles in
patients with metabolic syndrome and diabetes mellitus. J Endocrinol Invest
38: 865-874. Link: https://goo.gl/Sk1FGJ
23. Berezin A (2015) Impaired Phenotype of Circulating Endothelial-Derived
Microparticles: Novel Marker of Cardiovascular Risk. J Cardiology and
Therapy 2: 273-278. Link: https://goo.gl/Sk1FGJ
24. Berezin AE, Kremzer AA (2015) The predictive role of circulating microparticles
in patients with chronic heart failure. J Extracell Vesicles 4: 97.
25. Berezin AE (2016) Prognostication in different heart failure phenotypes:
the role of circulating biomarkers. J Circulating Biomarkers 5: 01. Link:
https://goo.gl/uKXGRm

13. Berezin AE, Kremzer AA (2013) Serum uric acid as a marker of coronary
calcification in patients with asymptomatic coronary artery disease with
preserved left ventricular pump function. Cardiology Research and Practice.
129369: 7. Link: https://goo.gl/L6u7zX

26. Perticone M, Tripepi G, Maio R, Cimellaro A, Addesi D, et al. (2017) Risk
reclassification ability of uric acid for cardiovascular outcomes in essential
hypertension. Int J Cardiol 243: 473-478. Link: https://goo.gl/fFJvh4

14. Petreski T, Bevc S, Ekart R, Hojs R (2017) Hyperuricemia and long-term
survival in patients with chronic kidney disease undergoing hemodialysis.
Clin Nephrol 88: 69-72. Link: https://goo.gl/egQLSs

27. Szygula-Jurkiewicz B, Szczurek W, Skrzypek M, Zakliczyński M, Siedlecki Ł,
et al. (2017) One-year survival of ambulatory patients with end-stage heart
failure: the analysis of prognostic factors. Pol Arch Intern Med 127: 254-260.
Link: https://goo.gl/XC2pdm

15. Khosla UM, Zharikov S, Finch JL, Nakagawa T, Roncal C, et al. (2005)
Hyperuricemia induces endothelial dysfunction. Kidney Int 67: 1739–1742.
Link: https://goo.gl/ZUHP7U
16. Kang DH, Park SK, Lee IK, Johnson RJ (2005) Uric acid-induced C-reactive
protein expression: implication on cell proliferation and nitric oxide
production of human vascular cells. J Am Soc Nephrol 16: 3553–3562. Link:
https://goo.gl/grBBLA
17. Feig DI, Kang DH, Johnson RJ (2008) Uric acid and cardiovascular risk. N Engl
J Med 359: 1811–1821. Link: https://goo.gl/J8xAW5
18. Berezin AE (2014) Serum uric acid as a metabolic regulator of endothelial
reparative processes in heart failure patients. Stem Cell and Translation
Investigation 1: 1-5. Link: https://goo.gl/CpCvru

28. Berezin AE, Kremzer AA, Martovitskaya YV, Samura TA, Berezina TA (2014)
Serum Uric Acid Predicts Declining of Circulating Proangiogenic Mononuclear
Progenitor Cells in Chronic Heart Failure Patients. J Cardiovasc Thorac Res 6:
153-162. Link: https://goo.gl/unEZzC
29. Yang LT, Kado Y, Nagata Y, Otani K, Otsuji Y, et al. (2017) Timing on
echocardiography and blood laboratory test is important for future outcome
association in hospitalized heart failure patients. J Cardiol pii: S09145087(17)30114-4. Link: https://goo.gl/xRM133
30. Li X, Meng X, Timofeeva M, Tzoulaki I, Tsilidis KK, et al. (2017) Serum uric
acid levels and multiple health outcomes: umbrella review of evidence
from observational studies, randomised controlled trials, and Mendelian
randomisation studies. BMJ 357: j2376. Link: https://goo.gl/pqUEH7

19. Berezin A (2016) Epigenetics in heart failure phenotypes. BBA Clin 6: 31-7.
Link: https://goo.gl/3rSXNB

31. Pasalic D, Marinkovic N, Feher-Turkovic L (2012) Uric acid as one of the
important factors in multifactorial disorders - facts and controversies.
Biochem Med 22: 63-75. Link: https://goo.gl/y8bV5v

20. Berezin AE, Kremzer AA (2013) Analysis of various subsets of circulating
mononuclear cells in asymptomatic coronary artery disease. Journal of
Clinical Medicine 2: 32-44. Link: https://goo.gl/qyLRrp

32. Hsieh CH, Lin JD, Wu CZ, Hsu CH, Pei D, et al. (2014) Is lower uric acid level
better? A combined cross-sectional and longitudinal study in the elderly.
Endocrine 47: 806-815. Link: https://goo.gl/dznBXN

21. Berezin AE, Kremzer AA (2014) Relationship between circulating endothelial
progenitor cells and insulin resistance in non-diabetic patients with ischemic

33. Berezin AE (2016) Biomarkers for cardiovascular risk in diabetic patients.
Heart 102: 1939-1941. Link: https://goo.gl/2JiLAi

Copyright: © 2017 Berezin AE. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

029
Citation: Berezin AE (2017) Serum uric acid as a metabolic regulator of endothelial function in heart failure. Arch Clin Hypertens 3(1): 027-029.
DOI: http://dx.doi.org/10.17352/ach.000016

