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ARTICLE INFO ABSTRACT
Keywords: Coronary arterial disease (CAD) is the leading cause of mortality in the world. Hyperuricemia has
Hyperuricemia recently emerged as a novel independent risk factor of CAD, in addition to the traditional risk

Coronary arterial disease factors such as hyperlipidemia, smoking, and obesity. Several clinical studies have shown that

K:}llc aadl . hyperuricemia is strongly associated with the risk, progression and poor prognosis of CAD, as well
erosclerosis ps P . P . . . . . .

. as verifying an association with traditional CAD risk factors. Uric acid or enzymes in the uric acid
Pathophysiology

production pathway are associated with inflammation, oxidative stress, regulation of multiple
signaling pathways and the renin-angiotensin-aldosterone system (RAAS), and these pathophys-
iological alterations are currently the main mechanisms of coronary atherosclerosis formation.
The risk of death from CAD can be effectively reduced by the uric acid-lowering therapy, but the
interventional treatment of uric acid levels in patients with CAD remains controversial due to the
diversity of co-morbidities and the complexity of causative factors. In this review, we analyze the
association between hyperuricemia and CAD, elucidate the possible mechanisms by which uric
acid induces or exacerbates CAD, and discuss the benefits and drawbacks of uric acid-lowering
therapy. This review could provide theoretical references for the prevention and management
of hyperuricemia-associated CAD.

1. Introduction

Coronary arterial disease (CAD) is one of the common cardiovascular diseases in the world. CAD is mainly caused by coronary
artery narrowing and obstruction due to atherosclerosis, which eventually causes ischemic necrosis of the myocardium [1]. Numerous
studies have revealed the pathogenesis of coronary atherosclerosis and the prevention and treatment methods, but the number of
deaths from CAD is still increasing. As shown in the Global Burden of Disease (GBD) study, ischemic heart disease, a consequence of
coronary atherosclerosis, is the leading cause of cardiovascular death worldwide [2]. The Annual Report on Cardiovascular Health and
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Diseases in China (2021) projected that the number of people with cardiovascular disease in China is currently 330 million, more than
1/3 of the global number, and the highest mortality rate [3]. In order to reduce the risk level of CAD and improve the quality of life of
patients, more attention should be focused on the primary and secondary prevention of CAD. Comparing to the known causative
factors such as lipids and glucose in CAD prevention, little attention and investigation have been put on hyperuricemia in cardio-
vascular diseases [4]. Although some studies question the independent risk role of uric acid and more studies suggest that hyper-
uricemia has a negative impact on the onset, progression and prognosis of CAD [5-8]. There is also evidence that hyperuricemia is
inextricably linked to traditional risk factors for CAD, which may have jointly contributed to the onset and development of CAD
[9-11].

Uric acid is derived from endogenous and exogenous purine nucleotides depending on a variety of enzymes. 30% of the uric acid
synthesized in the body is excreted from the intestine and the other 70% from the kidney [12]. Uric acid is the end product of an
exogenous pool of purines and endogenous purine metabolism. When uric acid production in the body increases or uric acid excretion
in the kidneys and intestines decreases, resulting in an increase in uric acid concentration in the blood of more than 420 pmol/L, it will
cause hyperuricemia [12] (Fig. 1). Uric acid has been considered as an important antioxidant in the human body. Some studies found
that uric acid enhanced the antioxidant effect of red blood cells, which contributed more than 50% to the antioxidant effect of blood,
and also had an oxidative protective effect on the intestinal lumen. Uric acid in the intestinal lumen protects the intestine mainly by
regulating the composition of the intestinal flora and by binding to intestinal epithelial reactive oxygen targets, eliminating reactive
oxygen species (ROS) [13-15]. Appropriate concentrations of uric acid can reduce oxidized low-density lipoprotein (OX-LDL)-induced
vascular endothelial damage and similarly improve the oxidative stress response of endothelial cells, protecting them and thus
reducing atherosclerosis [16]. In addition, uric acid has the potential to have a protective effect on the DNA of lymphocytes, lysosomal
membranes, and mitigate the harmful effects of heavy metals on humans [13]. Therefore, uric acid at appropriate concentrations has
antioxidant effects and high concentrations appear to cause an imbalance in oxidative stress and thus has a pro-inflammatory effect on
clinical disease. In recent years, the prevalence of hyperuricemia has increased dramatically with the current occurrence rate of hy-
peruricemia in China at 13.3%, and hyperuricemia has become the second most common metabolic disease after diabetes [17].
Hyperuricemia is associated with several diseases such as CAD, metabolic syndrome, diabetes mellitus, and nephropathy since hy-
peruricemia can cause mitochondrial dysfunction, lipid accumulation, and insulin resistance in pancreatic p-cells [18-21]. Hyper-
uricemia has also been proposed to be a causative factor of CAD. Oxidative stress, inflammation, endothelial dysfunction, and
activation of the RAAS may also be pathological mechanisms of hyperuricemia-induced CAD [22-24]. At present, it is necessary to
clarify the degree of association and pathophysiological link between hyperuricemia and CAD. This review will discuss the potential
effects and mechanisms of hyperuricemia in CAD, in order to provide a reference for the prevention and treatment of CAD.
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Fig. 1. Synthesis and metabolism of uric acid. Abbreviations: AMP = Adenosine monophosphate, IMP = Inosine monophosphate, GMP = Guanosine
monophosphate, ADA = Adenosine deaminase, PNPase = Purine nucleoside phosphorylase.
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2. The correlation between hyperuricemia and CAD
2.1. Hyperuricemia is a potential pathogenic factor of CAD

The degree of coronary artery stenosis determines the severity of CAD which correlates to hyperuricemia [6,7,25]. Coronary
stenosis is caused by coronary atherosclerosis and coronary plaque formation, and is positively associated with the severity of cardiac
load and ischemia [26,27]. The relationship between subclinical coronary atherosclerosis and hyperuricemia has been assessed by
detecting the incidence of non-calcified coronary plaque, which confirms that the incidence of coronary plaque increases with higher
uric acid concentration [28]. Thus, it is controversial and confusing about the relationship between hyperuricemia and the progression
of coronary stenosis.

It has been found that the severity of coronary plaques assessed by optical coherence tomography correlates with the concentration
of uric acid, which in turn is positively associated with the calcification length, maximum lipid arc, and mean lipid arc of coronary
plaques [29]. A prospective study showed that the gensini score for assessing coronary stenosis increased significantly with increasing
uric acid levels [7], suggesting a possible concentration-dependent relationship between coronary stenosis severity and uric acid. This
notion is supported by reports from different researchers. For example, Ekici et al. reported that in a cohort of 705 patients who had
perfect coronary angiography and measured their pre-procedure patient’s serum uric acid levels, the severity of coronary stenosis
indexed by the SYNTAX score was increased as circulating uric acid concentrations increased, suggesting a positive correlation be-
tween SYNTAX scores and uric acid concentrations [30]. Another study also showed that SYNTAX scores and the number of coronary
stenoses were significantly higher in the hyperuricemia group than in the low uric acid group [31]. Elevated uric acid also increases the
risk of coronary calcium deposition in middle-aged and elderly people [32]. These data indicate that elevated uric acid concentrations
are associated with increases in coronary plaque formation, coronary calcium deposition, the number of coronary stenosis, and the
degree of coronary stenosis lesions, suggesting that hyperuricemia is a risk factor for the occurrence and progression of CAD, in
addition to many other risk factors of CAD including hypertension, diabetes mellitus, dyslipidemia, and obesity.

2.2. Hyperuricemia is closely related to the poor prognosis of CAD

Many studies have demonstrated that hyperuricemia is associated with the development of adverse cardiovascular events in pa-
tients with CAD although the degree of this association may vary between different genders and geographies [8,33,34]. Clinically, CAD
can be divided into two major categories, including acute coronary syndrome (ACS) and stable CAD [35]. ACS is further divided into
ST-segment elevation myocardial infarction (STEMI), non-ST-segment elevation myocardial infarction (NSTEMI), and unstable angina
[35]. For example, a retrospective study in women showed a statistical difference in hyperuricemia in patients with ACS compared to
non-ACS patients, but excluding the effect of confounding factors (e.g., hyperlipidemia, hyperhomocysteinemia, overweight, high
C-reactive protein, hypertension), hyperuricemia was not an independent risk factor in women with ACS [33]. However, it has also
shown that hyperuricemia is not associated with the degree of CAD in men [36]. Moreover, a prospective study conducted in Austria
showed that hyperuricemia was not associated with mortality in acute, subacute or chronic CAD [34]. In contrast, in a Polish study that
evaluated the relationship between uric acid levels and its long-term prognosis in patients with NSTEMI, the authors retrospectively
analyzed the association of uric acid in 549 patients hospitalized with NSTEMI and showed that uric acid was an independent risk
factor for NSTEMI [8].

In addition, by comparing the mortality rates of those followed up to 6 years, they found that the percentage of patients with
hyperuricemia was nearly doubled compared with patients with normal uric acid, leading to a conclusion that hyperuricemia is
associated with long-term mortality in NSTEMI [8]. A Meta analysis also showed that patients with STEMI in the presence of hy-
peruricemia had a significantly higher incidence of in-hospital cardiovascular events, in-hospital mortality, and 1-year post-discharge
mortality than the STEMI population with normal uric acid concentrations [37]. Analysis on a large number of STEMI patients and
their 1-month and 1-year post-infarction adverse cardiovascular events showed that hyperuricemia was an independent predictor of
30-day and 1-year mortality in STEMI patients [38]. Elevated uric acid also contributes to the development of complications in STEMI
patients. He et al. observed a strong correlation between hyperuricemia and the risk of acute kidney injury in STEMI patients [39]. Also
hyperuricemia was associated with CAD serious complications such as post-infarction ventricular arrhythmias, no-/slow-reflow
phenomenon, and heart failure [40-42]. It is of interest that the correlation between hyperuricemia and CAD varies across genders,
ethnicities, and geographies, which may be attributed to different hormone levels, physiological organization, dietary habits, envi-
ronment, and genetics. Although there are conflicting findings regarding the relationship between uric acid and CAD, emerging ev-
idence suggests that hyperuricemia is an independent predictor and an independent risk factor for the incidence of mortality and
complications of CAD.

2.3. Hyperuricemia is associated with traditional CAD risk factors

CAD has a variety of risk factors, and often reflected in clinical manifestations such as frequent episodes of angina pectoris,
intractable heart failure, and malignant arrhythmias [35]. Elevated uric acid levels are associated with traditional CAD risk factors,
including hypertension, diabetes mellitus, dyslipidemia, and obesity [9-11]. Previous prospective studies have shown a concomitant
increase in the risk of developing hypertension with increased circulating uric acid concentrations [43]. Hyperuricemia as both a risk
factor and a pathological state for the development of hypertension, since hyperuricemia causes vascular endothelial dysfunction,
along with activation of the RAAS and exacerbation of arterial stiffness [44]. Also hypertension can impair renal function and decrease
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glomerular filtration rate, which leads to hyperuricemia [45]. It has been suggested that uric acid levels in patients with essential
hypertension are J-shaped in relation to the risk of ACS [46]. This highlights the link between uric acid, hypertension, and CAD with
the three perhaps mutually predisposing and influencing each other. Similarly, hyperuricemia can also affect type 2 diabetes and its
comorbidities, such as diabetic kidney damage, diabetic retinopathy, and diabetic peripheral neuropathy [47-49]. A clinical
cross-sectional study proposed a positive correlation between serum uric acid levels in type 2 diabetic patients and their insulin
resistance substitutes [50]. Insulin resistance, in turn, is involved in the progression of CAD [51]. Another study on cardiac prevention
confirmed that serum uric acid concentrations could independently predict death in patients at high risk of cardiovascular disease, as
each 1 mg/dL increase in their serum uric acid concentrations increases the risk of cardiovascular death by approximately 40% [52].
Hyperuricemia is not only associated with hypertension and diabetes, but also has a strong correlation with visceral adiposity,
metabolic syndrome, and uric acid nephropathy [53]. More studies have concluded that hyperuricemia is not only an independent risk
factor for CAD, but also influences or exacerbates the development of CAD along with traditional CAD risk factors.

2.4. The potential pathophysiological association between hyperuricemia and CAD

Although hyperuricemia is widely recognized to be associated with CAD, the specific regulatory mechanisms between the two have
not been elucidated. However, as coronary atherosclerosis is the leading cause of CAD [54], uric acid-induced coronary atherosclerosis
is currently recognized as a major inducer of CAD. As such, several mechanisms governing coronary atherosclerosis have been are
proposed to regulate uric acid-associated CAD, including oxidative stress, inflammatory regulation, RAAS activation, endothelial
dysfunction, and uric acid metabolism.

3. Oxidative stress

Oxidative stress is a state of oxidative and antioxidant imbalance in the body, generally accompanied by a variety of injuries
(atherosclerosis, insulin resistance, inflammation, and neurodegeneration) [55-57]. Oxidative stress primarily induced by excessive
ROS is one of the main mechanisms of atherosclerosis [57]. Uric acid is produced by the breakdown of nucleotides in the body through
a variety of uricase enzymes and the consumption of adenosine triphosphate. During uric acid production, the activity of xanthine
oxidase (XO) increases, prompting the elevation of ROS [58]. Elevated ROS can induce the migration and proliferation of small arterial
smooth muscle cells and the production of monocyte chemotactic protein (MCP)-1, participating in the development of atherosclerosis
[58]. ROS causes oxidation of low-density lipoprotein to OX-LDL, inducing an inflammatory response in vascular endothelial cells.
Subendothelial macrophages can absorb OX-LDL to form foam cells, release chemokines and inflammatory factors, attract inflam-
matory cells, produce tumor necrosis factor-a (TNF)-a, etc., and aggregate fibroblasts to promote fibrous cap formation, thus
contributing to atherosclerotic plaque formation [22]. High concentrations of uric acid are involved in the activation of nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase as well as oxidative stress, promoting the production of ROS, which stimulate the
proliferation of smooth muscle cells and the expression of endothelin-1 through the activation of ERK/AP1 signaling pathway, thus
inducing vasoconstriction and fibroblast proliferation, causing vascular sclerosis and impaired endothelial function [59,60]. High
levels of uric acid also increases the expression level and activation level of NADPH oxidase, leading to mitochondrial dysfunction and
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Fig. 2. Uric acid and oxidative stress injury. Abbreviations: ROS = Reactive oxygen species, 0>~ = Superoxide anion, H,0, = Hydrogen peroxide.
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endoplasmic reticulum stress in liver cells and renal tubular epithelial cells, thereby increasing the production of ROS in mitochondria
and endoplasmic reticulum, increasing the formation of inflammatory cytokines, and inducing vascular endothelial cell senescence,
regulation and lipid accumulation through inhibition of AMP-dependent protein kinase (AMPK) or activation of Rho kinase, which in
turn affects the development of atherosclerosis [61-64] (Fig. 2).

4. Inflammation regulation

Atherosclerosis is an inflammatory disease [65]. Uric acid itself, and ROS induced by uric acid can activate the inflammasome and
multiple relevant signaling regulatory pathways, causing inflammatory factor production, vascular smooth muscle cell (VSMC) pro-
liferation and migration, and vascular endothelial dysfunction. For example, uric acid activates the EPK/p38 MAPK cascade reaction,
promoting the expression of cell adhesion molecules E-selectin, vascular cell adhesion protein-1 (VCAM)-1 and MCP-1, causing VSMC
proliferation and hypertrophy as well as promoting cardiomyocyte ROS production, leading to aortic valve calcification and car-
diomyocyte injury [66,67]. Activation of EPK/p38 MAPK cascade reaction induces VSMC migration and is involved in neo-
vascularization induction and atherosclerotic plaque formation; it also promotes immune cell adhesion through chemokine receptor
CXCR2 expression and inflammatory cytokine expression [68,69]. Uric acid also attenuates the activity of AMPK, a molecule that links
metabolism and inflammation, and inhibition of AMPK activity induces macrophage production of inflammatory cytokines and
activation of the NOD-like receptor protein (NLRP) 3 inflammasome, promoting the development of atherosclerosis [21]. Uric acid can
also cause disturbances in protein metabolism, gluconeogenesis and liver fat accumulation by inhibiting AMPK activity [19-21]. Uric
acid can also involve in the atherosclerotic process by regulating the Phosphatidylinositol-3 kinase (PI3K)-AKT pathway [70-72]. In
human monocytes, uric acid induces AKT phosphorylation and activates the PI3K-AKT pathway, which in turn induces migration of
monocytes and macrophages, lipid accumulation and endothelial dysfunction [71]. In addition, uric acid can also be involved in the
progression of atherosclerosis by inhibiting AKT and causing insulin resistance [70]. Some experiments have expressed other views,
and researchers have suggested that high concentrations of uric acid inhibit the PI3K/AKT signaling pathway, but the PI3K/AKT
signaling pathway may not be involved in the mechanism by which hyperuricemia inhibits cardiomyocyte viability in mice, and that
different cells have different regulatory pathways [66]. Relevant therapeutic targets have been proposed based on the relevant
signaling pathways, and histone deacetylase inhibitors attenuate uric acid accumulation-induced vascular endothelial disorders by
activating the PISBK/AKT pathway [73] (Fig. 3).

5. RAAS activation

Previous studies have confirmed that imbalance of the RAAS contributes the development of atherosclerosis, hypertension, and
diabetes [74,75]. Angiotensin II (AngII) is a key effector of the RAAS system, acting mainly on its receptors, causing vasoconstriction,
regulating acid-base homeostasis, modulating immune and inflammatory pathways (endothelial cells, renal tubular epithelial cells,
smooth muscle cells), and stimulating the release of chemokines from macrophages [76]. Uric acid may activate the RAAS, up-regulate
angiotensinogen (AGT), angiotensin-converting enzyme (ACE) and AnglI receptor expression levels, stimulate XO, NADPH-oxidase
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Fig. 3. Uric acid induces arteriosclerosis as a possible signal transduction pathway. Abbreviations: NF-kB = Nuclear factor-kB, ER Stress =
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and smooth muscle cell proliferation, and activate oxidative stress and inflammatory cascade responses [77-79]. An in vitro study
demonstrated that either uric acid or AnglI increased Toll-Like Receptor-4 (TLR4) expression and contributed to the production of
MCP-1 and NADPH oxidase 4 (NOX4) [23]. In this study, the addition of TLR4 inhibitors in the uric acid, AngII and uric acid + AngII
groups resulted in a decrease in the mRNA and protein levels of MCP-1 and NOX4 produced in the uric acid and AnglI groups, while no
significant inhibition was observed in the uric acid + AngII group [23]. Uric acid not only activates the RAAS involved in oxidative
stress and inflammatory response, but also can cause a more complex inflammatory and oxidative response in combination with AngII.

6. Endothelial dysfunction

Nitric oxide (NO) is considered an anti-atherosclerotic factor in the human body, possibly by regulating vascular tone, platelet
aggregation, and endothelial function [80,81]. Uric acid can reduce NO synthase (NOS) activity, reducing or depleting NO production,
but generates excess ROS, aggravating endothelial dysfunction [82]. Endothelial dysfunction is the initiating factor of atherosclerosis,
and high concentrations of uric acid lead to endothelial dysfunction through activation of inflammatory factors such as interleukin
(IL)-1, (IL-6) and TNF-p as well as several chemokines and adhesion molecules [24]. The roles of uric acid in inducing endothelial
dysfunction are supported by an in vitro observation that high concentrations of uric acid inhibited NOS expression and decreased NO
production in human umbilical vein endothelial cells [83]. High concentrations of uric acid also elevated expression of high mobility
group protein B1 (HMGB1), nuclear factor NF-kB, receptor for advanced glycosylation end products (RAGE), inflammatory cytokines,
and adhesion molecules, the interaction of HMGB1 with RAGE and inflammatory cytokines then triggers oxidative stress and
inflammation, which in turn leads to endothelial dysfunction [83]. High concentration of uric acid in the culture environment
significantly inhibits endothelial progenitor cell proliferation, reduce NO production, and decreases phosphorylation levels of AKT and
eNOS. Furthermore chronic hyperuricemia decreases tissue reperfusion, endothelial progenitor cell mobilization and neo-
vascularization in the ischemic hindlimbs of mice [84]. Besides, uric acid stimulates the upregulation of renal tubular macrophage
migration inhibitory factor (MIF) in rats, and MIF upregulation causes vascular inflammatory responses and inhibits vascular smooth
muscle cell dedifferentiation, thus causing vascular injury and dysfunction [85].

7. Uric acid metabolism

Uric acid, as an acidic substance, is prone to precipitate urate crystals mainly consisting of monosodium urate (MSU) during acid-
base imbalance in the body [86]. These crystals can directly deposit on the vascular wall damaging the endothelium, causing platelet
aggregation and contributing to coronary atheroma plaque formation [86]. Similarly, MSU crystals stimulate macrophage activation,
leading to the activation of NLRP-3 inflammatory vesicles and ultimately the production and release of IL-1f and IL-18, which can
mediate inflammation, apoptosis and necrosis and cause an inflammatory cascade response [87]. A clinical cross-sectional study
demonstrated a significantly higher incidence of severe coronary calcification in asymptomatic hyperuricemia patients with combined
MSU crystals than in patients with asymptomatic hyperuricemia alone and patients with normal uric acid, suggesting that more severe
CAD is associated with urate crystal deposition [88].

In summary, high concentrations of uric acid precipitate urate crystals that directly damage the vessel wall, or uric acid alters
various signaling pathways, causing oxidative stress, producing a variety of inflammatory factors, and even affecting NO production
and activating the RAAS, all of which processes may ultimately exacerbate coronary atherosclerosis production and progression, and
lead to more serious cardiovascular events.

7.1. Clinical evidence for treatment of anti-hyperuricemia on CAD

Uric acid levels have an overall U-shaped correlation with the prognostic risk of CAD. In addition to hyperuricemia, which increases
the risk of poor prognosis in patients with CAD, low uric acid level also increases this risk [89-91]. There are no specific criteria for a
precise hypouricemia, and a uric acid concentration of less than 2 mg/dL is generally considered as hypouricemia [92]. A cohort study
concluded that blood uric acid level reached a minimum risk of all-cause mortality in patients with CAD at 6.52 mg/dL in men and
5.83 mg/dL in women, with a subsequent increase in the risk of mortality regardless of whether uric acid concentrations increased or
decreased. The results of the study showed that CAD with serum uric acid level in the interval (5.59 mg/dL < SUA < 6.8 mg/dL) had a
better prognosis [93]. However, the result of the EPOCH-JAPAN study differed, with low uric acid levels (<4.6 mg/dL in men and
<3.9 mg/dL in women) increasing mortality from CAD, heart failure, and stroke [90]. The different low uric acid concentrations
obtained in these studies that cause an increased risk of poor prognosis in CAD may be related to the different subgroups, ethnicity,
geography, comorbidities, and exclusion criteria of the enrolled individuals. However, they share the common conclusion that when
uric acid levels are reduced to a certain extent, the risk of poor prognosis of CAD increases.

Current uric acid-lowering therapy is divided into two main categories: inhibition of uric acid synthesis (e.g., XO inhibitors:
allopurinol, febuxostat, etc.) and promotion of uric acid excretion (e.g., benzbromarone, etc.) [94]. However, uric acid-lowering drugs
have certain side effects and may increase the risk of death in CAD [95,96]. Meanwhile, uric acid-lowering therapy with small doses of
medication did not significantly correlate with the risk of death from CAD after treatment, or had a tendency to reduce the risk of death
in patients with CAD [97-99]. Most studies have shown that uric acid-lowering therapy is beneficial for the prognosis of CAD. Uric
acid-lowering therapy has a protective effect in patients with hyperuricemia with left ventricular hypertrophy and left ventricular
diastolic dysfunction, and also reduces the risk of CAD, stroke, and new-onset heart failure [100-103]. For example, the use of
allopurinol for the treatment of hyperuricemia showed a trend toward lower incidence and recurrence of nonfatal myocardial
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infarction as the dose of allopurinol was slowly increased and the duration of treatment was prolonged [104]. In addition allopurinol
may have concurrent effects in lowering blood pressure, increasing left heart ejection fraction, and improving left heart function in
heart failure [105,106]. Interestingly, benzbromarone seems to have similar results to allopurinol [107]. Recent studies suggest that
mice with pulmonary hypertension using benzbromarone have increased right ventricular systolic pressure and attenuated devel-
opment of occlusive lesions [108]. Febuxostat has a protective effect on cardiac and renal function in a murine CKD model with
hyperuricemia [109].

Is it the drug or the uric acid concentration that makes uric acid-lowering therapy effective in reducing the risk of poor prognosis in
CAD, given its effect on improving the risk of poor prognosis in CAD? Clinical studies have shown a U-shaped relationship between
serum uric acid and all-cause mortality in CAD in the group using uric acid-lowering drugs, with low and high levels of serum uric acid
still associated with increased long-term all-cause mortality in patients with CAD, and the use of uric acid-lowering drugs did not
reduce all-cause mortality [93]. Based on the available studies, it is believed that there are harmful effects of uric acid-lowering drugs
that increase the risk of death from CAD and that a sharp decrease in uric acid concentration may be responsible for the harmful effects
of uric acid-lowering drugs [110,111]. There are also side effects of the drugs themselves, such as febuxostat, which may increase the
risk of sudden cardiac death, benzbromarone, which has severe liver and kidney toxicity, and potent inhibition of cytochrome P450
(CYP) metabolic enzymes, and even the novel uric acid transporter protein inhibitors have significant toxicity on liver and kidney
[112]. This reveals that uric acid-lowering drugs may have a dual effect, and perhaps the increased risk of adverse prognosis for CAD
with uric acid-lowering drugs is influenced by the concentration of the drug used and the excessive reduction in uric acid levels.
Cardiovascular mortality after uric acid-lowering therapy is not linear but remains correlated with uric acid concentration, suggesting
the need to monitor uric acid concentration levels during the use of uric acid-lowering drugs and to adjust treatment regimens ac-
cording to uric acid levels. However, the results of the study are still deficient because uric acid-lowering drug therapy cannot be
administered to the normal population. In conclusion, rational uric acid-lowering therapy seems to reduce the risk of poor prognosis in
the CAD population with combined hyperuricemia to some extent.

According to the recommendations of multinational consensus, after the diagnosis of hyperuricemia or gout is confirmed, com-
plications or co-morbidities should be screened immediately and multidisciplinary combination therapy should be given. In China, the
consensus recommend that the uric acid concentration should be reduced to less than 360 pmol/L if there is one combined gout attack
or any combined cardiovascular high-risk disease; for those with frequent gouty arthritis, it is recommended to reduce the uric acid
concentration to less than 300 pmol/L; for patients with asymptomatic hyperuricemia, it is recommended to reduce the uric acid to
420 pmol/L [18]. The treatment opinion in the European national consensus favors an optimal uric acid level below 360 pmol/L for
patients with simple hyperuricemia, but for patients with at least two of the following cardiovascular risks (hypertension, diabetes,
dyslipidemia, target organ damage or previous cardiovascular events), the uric acid concentration should be less than 300 pmol/L
[94]. Neither Chinese nor European national consensus recommends lowering uric acid to less than 180 pmol/L. However, it is
important to note with caution that most of the clinical studies cited on the effects of uric acid-lowering therapy are of the same
ethnicity and in highly defined populations, and that large randomized controlled studies are lacking. Whether uric acid-lowering
therapy is effective in patients with more severe cardiovascular disease in different regions and ethnic populations, or in patients
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with more complex, long-term hypertensive disease, heart failure, or CAD is unknown and needs to be demonstrated by higher quality
evidence-based medicine. In addition, most patients have a short duration of uric acid-lowering therapy and may not have achieved
appropriate uric acid levels, which may be a possible difficulty in uric acid-lowering therapy studies [113]. The analysis of the po-
tential mechanism of action of drugs is mostly uncontrolled, non-randomized, and lacks actual clinical estimates for populations not
using uric acid-lowering drugs, which leads to some questioning of the pharmacological effects of drugs, and the next step might be to
focus on the targets of drugs from different populations to clarify the dual mechanism of action of drugs.

8. Conclusions

To date, the majority of researchers accept that hyperuricemia is an independent risk factor of CAD (Fig. 4). Because of the wide
range of risk factors for CAD, it is difficult to obtain a large amount of data on the presence of only a single comorbidity. The clinical
studies described above combine multiple factors of CAD and if we want to obtain a clearer association for a single factor, perhaps
animal studies are more likely to yield evidence. Higher uric acid concentrations (>420 pmol/L) can enhance coronary atherosclerosis
formation directly or indirectly through oxidative stress, inflammatory responses, triggering of multiple signaling pathways, and
activation of the RAAS. However, there is a lack of large clinical studies and disease awareness in China in this regard and the uric acid
management in patients with CAD in the absence of uric acid-related complications remains poor. We believe that early intervention of
abnormal uric acid levels can effectively reduce the incidence of CAD, improving the poor prognosis of the CAD population, and likely
reducing the economic burden on patients. This has led to the need to strengthen education on the prevention and treatment of hy-
peruricemia in CAD patients, to clarify the pathophysiological link between uric acid and CAD, and to conduct more comprehensive
drug studies to find the best therapeutic targets and prevention measures.
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