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Mechanisms by which elevated uric acid promotes components of the
cardio-renal and metabolic syndrome
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Urate genetic score: association of genetically raised
urate with cardiometabolic outcomes

Outcome OR 95% Cl p valoo

Type 2 Blabetes "1' (8= (086, 1.05%) 028

Coronary Heart Disease i Loz {0.92,1.13) 073

tschamic Stroke - 0.59 (088, 1.0 0.93

Heart Failure e 1.47 (0,88, 130] (Y

Gout : —a— 5.84 (4.56, 749) 4.2E-44
05 10 = 50 100

Of per 5D increase in Serum Urate Conferred by Genetic Score

Keenan, T. et al. 1 Am Caoll Cardicl. 20016; &7 (4)-407-16.

A genetic soore was created using single nucleotide polymorphisms exclusively assodated with serum urate levels. For a1 5D increase in semum
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Substantial evidence suggests that chronic hyperuricemia is an in-
dependent risk factor for hypertension, metabolic syndrome, chronic
kidney disease and cardiovascular disease [1,2]. However, whether
lowering serum UA can improve cardiovascular and renal outcomes, and
what therapeutic mechanism of action could provide more clinical
benefits to patients, is still a matter of discussion. Evidence from
observational studies suggests possible cardiovascular benefits associ-
ated with ULT, in particular for the XO-inhibitors, while the evidence
from randomized controlled trials is scarce and somewhat conflicting
[2]. These discr ies could be explained by the exi of different
phenotypes across hyperuricemic patients with a non-homogeneous
distribution of clinical benefits from ULT.

1. In the beginning there were dium urate crystals

The relationship between gout and cardiovascular disease has been
supported by epidemiological observations demonstrating a significant
increase of the risk of death from cardiovascular disease and coronary
artery disease in patients with gout [2,3]. From a pathophysiological
point of view this association could be explained by the precipitation of
MSU crystals within the vessel wall leading to a chronic vascular [4] and
systemic inflammation that characterizes both acute and chronic gout
[5]. The observed increase in coronary calcium score described in pa-
tients with hyperuricaemia and the asymptomatic joint urate deposition
could explain the increased cardiovascular risk in patients with

“symptomless gout” [2].

Thus, a first phenotype of interest might include patients with
increased cardiovascular risk related to either overt or subclinical MSU
crystal deposition (Fig. 1). In patients with this phenotype, a guideline-
based ULT aimed at promoting the dissolution of MSU deposits and at
preventing the formation of new accumulations has also the biological
possibility to exert a cardiovascular protection by reducing both
vascular and systemic inflammation.

2. Then, was the time for uric acid

The inflammation promoted by the deposition of MSU crystals
cannot entirely explain the relationship between UA and cardiovascular
disease which is already evident when UA levels are in the normal to
high range (5.0-5.5 mg/dL), largely below the precipitation threshold of
MSU that occurs at 6.4 mg/dL (aqueous solution, 37 °C, pH 7.4) [6].
From a pathophysiological point of view, UA can modify its biological
properties based on the concentrations reached in the biological fluids
and the presence of concomitant environmental conditions. In partic-
ular, the antioxidant properties described for low serum UA levels can
turn into pro-oxidant properties for high-normal serum UA levels [1,2].
Some evidence describes a direct vascular damage caused by UA because
of oxidative stress leading to endothelial activation and dysfunction [1,
2].

Thus, at this point we should consider a second phenotype of patients
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Pathophysiological mechanisms linking uric acid

metabolism with cardiovascular disease.
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Cross-lagged panel analysis models of serum uric
acid, Blood Pressure and urinary
albumin/creatinine ratio
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Uric Acid and Hypertension: a Review of
Evidence and Future Perspectives for the Basehos TIA

Management of Cardiovascular Risk “ R

Follow-up UA
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Claudio Borghi®, Davide Agnoletti®, Arrige Francesco Giuseppe Cicera'™, Empar Lurbe(™, Agostino Virdis

ABSTRACT: Uric acid is the final product of purine metabolism, and its increased serum levels have been directly involved in
the pathogenesis and natural history of hypertension. The relationship between elevated uric acid and hypertension has
been proven in both animals and humans, and its relevance is already evident in childhood and adolescent population.
The mechanism responsible for blood pressure increase in hyperuricemic subjects is implicating both oxidative stress and
intracellular urate activity with a primary involvement of XOR (xanthine-oxidoreductase activity). An increase in the relative 7
risk of hypertension has been confirmed by genetic data and by large met: ly of epidemiols | data. The effects 7

of urate-lowering treatment on blood pressure control in patients with elevated serum uric acid has been investigated in

a small number of reliable studies with a large heterogeneity of patient populations and study designs. However, 2 large 4
meta-analyses suggest a significant effect of urate-lowering treatment on blood pressure, thus confifming the significant 7
relationship between high serum urate and blood pressure. The future research should be focused on a more appropriate ' ra
identification of patients with cardiovascular hyperuricemia by considering the correct cardiovascular threshold of serum 7
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urate, the time-course of uricemia fluctuations, and the identification of reliable markers of urate overproduction that could

significantly clarify the clinical and therapeutic implications of the interaction beh

serum uric acid and hypertension.
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death across the world." A remarkable proportion

of this clinical burden of disease can be prevented
by an effective control of cardiovascular risk factors?
Among cardiovascular risk factors, hypertension plays
a primary role because of its large prevalence (about
400% of the adult population), its association with other
risk factors, and its impact in terms of major cardiovas-
cular events.®

In the last century, a large body of evidence has been
published supporting the direct involvement of elevated
serum uric acid (SUA) in the pathogenesis and natural
history of HTN.

The effect of SUA on blood pressure (BP) con-
trol was hypothesized in the 19th century by Frederick
Akbar Mahomed who postulated a causal role for ele-
vated SUA.* Since this historical observation, an increas-
ing number of articles have been published reporting a

c ardiovascular disease is the most comman cause of

llar disease B hypertension B uric acid B xanthine-oxi et

growing consensus of a close interaction between uric
acid and HTNE Here, we review the current state of the
evidence relating SUA and hypertension with the primary
goal to discuss both the facts and some of the major
controversies that have complicated the interpretation of
this challenging topic.

BIOLOGY OF URIC ACID PRODUCTION
AND EXCRETION

Uric acid is the final product of the metabolism of purines
mainly generated from degradation of amino acids, diet
(alcohol or fructose consumption) or DNA and RNA
breakdown (tumor lysis syndrome)® SUA increases
with age and is usually lower in premenopausal women
than in age-matched men. Other factors contribute to
increase the levels of SUA as high salt and glucose-rich
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Hazard ratio

Age and BP-adjusted HR for the associations between
serum uric acid and cardiovascular disease:
The Rotterdam Study
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American From: Association of Serum Uric Acid With All-Cause and Cardiovascular
Diabetes Mortality in Diabetes

. Association.

Forest-plot and metanalysis of SUA and All-cause and CVD mortality
in patients with DM (HR per 1 mg/dL)
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Mendelian randomization analysis of 37
clinical factors and coronary artery disease
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Fig. 5 MVMR analyses of 10 significant clinical factors on CAD. A Independent effect estimates by joint analysis of six cardiometabolic factors. B
Independent effect estimates for each of RBC, Hb, Ht, and UA after adjusting for six cardiometabolic factors in panel A. Effect sizes are represented
by OR per SD increment in the exposure. The horizontal bars represent 95% Cls. P < 0.05 are highlighted in red
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ORIGINAL RESEARCH

Association of Normal Serum Uric Acid
Level and Cardiovascular Disease in People
Without Risk Factors for Cardiac Diseases
in China

¥ue Tlan, PhD% Penglian Wang, MD% Shuchua Chen &, MD* Yiun Zhang, PhD; Xlaoli Zhang, BS; QinXu©, PhD;
Yarxla Luo @, PhD; Shouling Wu &, MD; Anxin Wang &, PhD

Cardiovascular disease

Reclassification and Discrimination Statistics
for Cardiovascular Disease by SUA

Framingham score 0.71 (0.69-0.72) Reference Reference

Framingham score +SUA 0.72 (0.71-0.74) 0.0003 0.07 (0.01,013) 0.0198 11.78 (5.30-18.25) 0.0004
Stroke

Framingham score 0.71 (0.69-0.72) Reference Reference

Framingham score+SUA 0.72 (0.70-0.73) 0.0040 0.04 (-0.01-0.09) 0.1408 11.10 (4.00-18.21) 0.0022
Myocardial infarction

Framingham score 0.70 (0.67-0.74) Reference Reference

Framingham score +SUA 0.74 (0.70-0.77) 0.0056 0.04 (-0.01-0.09) 0.1428 18.91 (4.24-33.57) 0.0117

IDI, indicates integrated discrimination improvement; NRI, net reclassification index; and SUA, serum uric acid.

J Am Heart Assoc. 2023
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Plasma Xanthine Oxidoreductase Activity Is Associated with a

High Risk of Cardiovascular Disease in a General
Japanese Population

Yuka Kotozaki !, Mamoru Satoh 1%#, Kozo Tanno '3, Hideki Ohmomo (%, Ryo Otomo !, Fumitaka Tanaka 1%,
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Table 6. Multivariate adjusted ORs for the high risk for CVD (FRS > 15) by XOR quartiles.

XOR Quartiles OR 95% CI p Value
Q1 Reference
Q2 1.56 0.56-4.35 0.396
Q3 1.68 0.63-4.50 0.298
Q4 2,93 1.16-7.40 0.023

Statistical significant (p < 0.05). OR, Odd ratios; 95% CI, 95% confidence intervals. Covariates: BMI, Log10UA.
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Editorial Commentary

Urate-Lowering Drugs and Prevention of
Cardiovascular Disease
The Emerging Role of Xanthine Oxidase Inhibition

Claudio Borghi, Giovambattista Desideri
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Forest plot of randomized controlled trial estimates for change in mean systolic
BP in patients receiving urate-lowering therapy or placebo/no treatment.
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MENDELIAN RANDOMIZATION

Urate, Blood Pressure, and Cardiovascular
Disease

Evidence From Mendelian Randomization and Meta-Analysis of Clinical Trials
Dipender Gill®; Alan C. Cameron®®; Stephen Burgess, Xue Li, Daniel J. Doherty®, Ville Karhunen, Azmil H. Abdul-Rahim

Martin Taylor-Rowan, Verena Zuber, Philip S Tsao®, Derek Klarin®, VA Milion Veteran Program, Evangelos Evangelou,
Paul Elliott, Scott M. Damrauer®, Terence J. Quinn®, Abbas Dehghan, Evropi Theodoratou,t Jesse Dawson,t loanna Tzoulaki®1
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Forest plot of RCT estimates for risk of major adverse cardiovascular events in all
patients receiving urate-lowering therapy or placebo/no treatment.
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The Impact of Urate-Lowering Therapy in
Post-Myocardial Infarction Patients: Insights
from a Population-Based, Propensity
Score-Matched Analysis

Chi-Jung Tai"*?, Chin-Chung Wu?, Kun-Tai Lee*, Tzyy-Guey Tseng', Hui-Chun Wang®>®7,

Fang-Rong Chang2’5’6’7’* and Yi-Hsin Yangs’g’*

Table 2 Comparison of all-cause mortality and cardiovascular outcomes between patients with and without ULT

ULT (+) ULT (=)
Adjusted HR? Bootstrap adjusted HR
(n =963) (n =963) (95% CI) P value? (bootstrap 95% CI)b
Primary end points
All-cause mortality 86 (8.9%)  245(25.4%)  0.67 (0.51-0.87) W 0.003" 0.66 (0.48-0.90)
Secondary end points
Composite CV outcomes® 315 (32.7%) 376 (39.0%) 0.90 (0.76-1.08) 0.26 0.90 (0.75-1.10)
Recurrent Ml with revascularization by 138 (14.3%) 188 (19.5%) 0.67 (0.53-0.86) N 4 0.001" 0.69 (0.53-0.90)
PCl or CABG
Recurrent MI with revascularization by 190 (19.7%) 245 (25.4%) 0.79 (0.64-0.97) 0.02" 0.81 (0.64-1.01)
heparinization
Heart failure hospitalization 160 (16.6%) 157 (16.3%) 1.25 (0.97-1.60) 0.09 1.40 (1.08-1.83)
Stroke hospitalization 35 (3.6%) 69 (7.1%) 0.60 (0.38-0.96) ¥ 0.03" 0.58 (0.35-0.95)
Cardiac arrhythmias hospitalization® 47 (4.9%) 68 (7.1%) 0.86 (0.55-1.34) 0.51 0.91 (0.57-1.51)
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Lowering Uric Acid May Improve Prognosis in Patients With Hyperuricemia
and Heart Failure With Preserved Ejection Fraction -
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Comparison of urine 8-hydroxy-20-deoxyguanosine (8-OHdG) levels
at 3 years between allopurinol and febuxostat
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SUA and drug treatment




Effects of non urate-lowering drugs on SUA in randomized
controlled trials in cardiovascular disease
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Serum Uric Acid and CVD:
Facts, Evidence and Future targets of research

® Hyperuricemia (H-SUA) is highly prevalent in the population
and contributes to the new-onset HBP and cardiovascular
morbidity and mortality.

MEDICAL CPINION:
i h Rhe
s of

® The risk of persists after adjustment for all confounding RF’s
and can be prevented by controlling SUA

® The negative impact of H-SUA on BP and CV risk is
dependent on some integrated mechanism primarily
involving the activity of XO and leading to oxidative stress,
and functional vascular damage.

®* The negative prognostic effect of H-SUA in patients with HTN
and CVD can be improved by ULT particularly in patients
with high XO activity (genetic, CAD, HF, CKD, etc)




