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Previous research has investigated whether hyperuricemia serves as an indepen-
dent risk factor for cardiovascular and renal diseases. Hyperuricemia is defined
as an abnormally high level of uric acid (UA; i.e., serum urate level > 6.8 mg/dL).
Hyperuricemia has been considered a complication of chronic kidney disease
(CKD). However, it seems to play a pathogenic role in the progression of renal dis-
eases. There has been increasing focus on the link between hyperuricemia and
CKD. The results of randomized controlled trials have implied independent asso-
ciations between hyperuricemia and the progression of cardiovascular and renal
morbidities. These associations may be mediated by renin-angiotensin system
activation, nitric oxide synthase inhibition, and macrovascular/microvascular
disease development. There remains controversy regarding the use of serum UA
level as an indirect index of renal vascular disease. This literature review focuses
on the role of asymptomatic hyperuricemia in the progression of CKD, as well as
the association between hyperuricemia and cardiovascular disease. It also pro-
vides a general overview of the physiological metabolism of UA.

Keywords: Hyperuricemia; Xanthine oxidase; Febuxostat; Cardiovascular diseas-
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INTRODUCTION

independently associated with the progression of CKD.
A s5-year follow-up study of 7,078 individuals in Japan

There is ongoing controversy regarding the associa-
tion between hyperuricemia and cardiovascular dis-
ease (CVD). In the year 2020, CVD is considered one
of the most common non-communicable diseases and
the major cause of mortality in most developing coun-
tries [1]. Uric acid (UA) was discovered in the early 1700s
during an investigation of a bladder stone. Serum UA is
generally elevated in patients with chronic kidney dis-
ease (CKD) but has not received substantial attention in
such patients. However, in recent years, the results of
many studies have implied that hyperuricemia may be
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found that baseline levels of UA were independent risk
factors for CKD after adjusting for age, sex, body mass
index, blood pressure (BP), and plasma glucose level
[2]. CKD is an important global public health problem.
Without early intervention, it progresses to end-stage
renal disease. Therefore, factors that aggravate the de-
terioration of renal function must be identified. The
relationship between hyperuricemia and CVD has been
established since the early 1900s. In patients with high
BP and CVD, high serum UA is a common finding. Fur-
thermore, UA as a cardiovascular risk factor has been
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addressed in numerous randomized trials and prospec-
tive cohort studies [3]. In recent decades, there has been
areappraisal of the relationship between elevated serum
UA levels and an increased risk of cardiovascular and re-
nal injuries [4,5].

The prevalence of hyperuricemia has increased sig-
nificantly with the increasing incidence of CKD. More-
over, the incidence of hyperuricemia has gradually in-
creased in younger individuals and is closely associated
with a westernized lifestyle and environment as well as
an unhealthy diet [6-8]. Hyperuricemia typically accom-
panies metabolic syndrome, hypertension (HTN), and
CKD. Serum UA levels are considerably dependent on
dietary habits, lifestyle, sex, and the use of medications
and diuretics [9]. Previous epidemiologic studies sug-
gested that earlier stages of CKD were linearly related to
all-cause and cardiovascular mortality [10].

The physiological solubility of UA occurs at approxi-
mately 6.4 mg/dL. Before reaching the point of supersat-
uration, UA-binding proteins act to increase solubility
to near 7.0 mg/dL. At this point, serum UA can crystallize
within the human body, leading to the development of
hyperuricemia [11]. Possible mechanisms by which high
serum UA may exacerbate renal injury include oxidative
stress, an inflammatory reaction, renin-angiotensin sys-
tem activation, nitric oxide synthase inhibition, and epi-
thelial-to-mesenchymal transition [12,13]. These changes
may induce renal vascular lesions and tubulointerstitial
injury. Specific renal pathological changes include renal
arteriosclerosis, glomerular HTN, glomerulosclerosis,
interstitial lesions, and acute renal injury. Notably, kid-
ney damage caused by hyperuricemia is often associated
with HTN and insulin resistance (IR) [14,15].

Febuxostat is a nonpurine xanthine oxidase (XO) in-
hibitor and a UA-lowering agent widely used in the con-
trol and management of hyperuricemia. Multiple stud-
ies have shown that febuxostat is not inferior at reducing
serum UA, compared to allopurinol (the most common-
ly used serum UA-lowering agent) [16]. In the Cardiovas-
cular Safety of Febuxostat and Allopurinol in Patients
with Gout and Cardiovascular Morbidities (CARES) trial,
which enrolled more than 6,000 patients to evaluate the
cardiovascular safety of febuxostat compared with allo-
purinol [17], the results showed no differences between
the two drugs in terms of cardiovascular events. Howev-
er, aslightly elevated risk of cardiovascular mortality was
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present in the febuxostat group. Recent clinical studies
have shown that early management of hyperuricemia in
patients with CKD facilitates the regulation of BP and
postponement of renal function decline [6].

Febuxostat was first discovered by scientists at the
Japanese pharmaceutical company Teijin (Tokyo, Japan)
in 1998. In November 2017, the Food and Drug Admin-
istration released a warning alert regarding febuxostat
and cardiovascular safety, due to an increased risk of
cardiac-related death associated with the use of febux-
ostat [18]. Another warning by the Food and Drug Ad-
ministration was released in 2019 to discourage the use
of febuxostat as a UA-lowering agent [19)].

URIC ACID METABOLISM

Because hyperuricemia may act as a CVD risk factor,
there is a need to clarify the metabolic process and mech-
anisms underlying serum UA production. An under-
standing of the fundamental processes that contribute to
the production of UA may provide insight regarding the
association between UA and CVD [11]. Notably, UA is the
final product of purine nucleotide metabolism. A distur-
bance in purine metabolism or abnormal renal excretion
of UA can affect serum UA level. According to Alegria-Di-
az et al. [20], the normal range of plasma UA in men is
237.9 t0 356.9 nmol/L, equivalent to 4 to 6 mg/dL. In wom-
en, this range is 178.4 to 297.4 nmol/L, equivalent to 3 to
5 mg/dL. Importantly, UA has antioxidant properties,
enhances immunity, and maintains BP [21]. Therefore,
serum UA levels are much higher in humans than in oth-
er mammals. However, excessive UA levels may induce
gout, HTN, and other diseases. Thus, UA plays contradic-
tory roles in the body. Uricase is an enzyme that helps to
degrade UA into allantoin, which leads UA to aggregate
with adenine and guanine (purine components of DNA
and RNA). Furthermore, UA is the product of xanthine
metabolism via xanthine oxidoreductase activity. Xan-
thine dehydrogenase and XO are two inter-convertible
forms of xanthine oxidoreductase [22].

Xanthine can be degraded into UA and superoxide
anion by XO, which may lead to elevated levels of intra-
cellular superoxide anions and subsequent cell envelope
damage, as well as enhanced mutagenesis [23]. Xanthine
dehydrogenase is the most common form of xanthine
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Figure 1. Uric acid metabolism. XO, xanthine oxidase; XDH,
xanthine dehydrogenase; NADH, nicotinamice-adenin dinu-
cleotide.

oxidoreductase in vivo and generates the reduced form
of nicotinamide adenine dinucleotide. However, xan-
thine oxidoreductase can be converted to XO when it
is in a hypoxic environment (Fig. 1) [24]. Moreover, the
excessive production of initial reactive oxygen species
caused by various stimuli may activate XO, which re-
mains the main source of reactive oxygen species. An
experimental study showed that the initial production
of mitochondrial reactive oxygen species activated XO
in cultured human primary glomerular endothelial cells
exposed to a high-glucose environment. Compared with
allopurinol, XO is the major source of reactive oxygen
species and causes both endothelial dysfunction and
activation [25]. Therefore, UA has a dual antioxidant/ox-
idant role, depending on its environment. The process
of UA production in patients can thus promote the pro-
gression of CKD.

Most energy in the human body is stored in the ad-
enosine triphosphate structure. This structure centers
on adenine, which passes through multiple conversion
processes to produce hypoxanthine, xanthine, and then
UA through the activation of XO and the production
of reactive oxygen species during metabolism. These
reactive oxygen species tend to bind with nitric oxide,
a vasodilator substance, and inhibit its function. This
is considered a key factor in the development of seri-
ous cardiovascular injury (i.e., arteriosclerosis). During
the metabolism of fructose, a large amount of adenos-
ine triphosphate is consumed, resulting in elevated
amounts of UA. Recent increases in the rates of HIN
and CVD are primarily caused by the elevated intake of
sugars including fructose [26]. Ross et al. [27] found that
in pathological conditions such as heart failure, oxygen
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shortage tends to increase the levels of serum lactic acid,
which leads to aggravated anaerobic metabolism in tis-
sues. This elevates the lactic acid level and enhances the
reabsorption of UA in the kidney, which subsequently
increases the serum UA level [27]. Serum UA levels are
also influenced by excretion from the kidney and di-
gestive tract. Thus, an increased serum UA level due to
the aggravated production of UA could be a marker of
systemic circulatory failure. Medications such as XO in-
hibitors (i.e., allopurinol and febuxostat) are effective for
the treatment of hyperuricemia due to aggravated UA
production [11].

Research regarding urate transporters

Approximately 60% of UA is biosynthesized in the
body and metabolized through the kidney. Therefore,
the kidney is the main organ involved in UA excretion.
According to Maiuolo et al. [28], abnormal secretion or
reabsorption of UA is presumed to contribute to hyper-
uricemia. Regulation of serum UA levels occurs mainly
through glomerular filtration, renal tubule secretion,
and reabsorption [28]. Approximately 90% of the UA fil-
tered by the kidney is reabsorbed by proximal tubules,
through a process regulated by specific transporters.
Several transporters are involved in the renal proximal
tubule transport of UA, including glucose transport
protein 9 (GLUTY9), organic anion transporter, and urate
anion transporter 1 (URAT1) [29]. In 2002, Enomoto et
al. [30] first discovered the SLC22A12 gene encoding
URAT1, a new member of the organic anion transport-
er family. This protein exhibits unique substrate speci-
ficity, compared with other organic anion transporters
[30]. URAT1 is an anion-exchanging uptake transport-
er localized in the apical membrane of renal proximal
tubular cells [30,31]. It mediates the reabsorption of UA
from the proximal tubule, thereby playing a key role in
UA homeostasis. The proximal tubules are responsible
for reabsorbing 85% of the filtered UA, and UA trans-
port thus plays an important role in the metabolism
of UA [30,32,33]. URAT1 is only expressed at the apical
brush edge of renal tubular epithelial cells. The driving
force for the transport of UA by URAT1 is the exchange
of anions in the cell with UA in the lumen. The accu-
mulated anions in the cells are exchanged with UA in
the lumen through the affinity with URAT1. This elec-
trochemical gradient enables UA to complete the reab-
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sorption process. Anions that enter the lumen then pass
through glomerular filtration via the lumen membrane
and enter the perivascular capillaries by means of or-
ganic anion transporters in the basolateral membrane,
thus completing cellular metabolism [34,35]. Therefore,
a drug with an affinity for URAT1 can promote the ex-
cretion of UA via the lumen. By contrast, when such a
drug acts on cells in the endothelium, UA reabsorption
is promoted and UA excretion is inhibited, thereby reg-
ulating the serum UA level. Unlike other ion transport-
ers, URAT1 exhibits specific substrate selectivity and has
thus become a new target for regulating the reabsorp-
tion of UA. This may offer a new approach for future
treatment of hyperuricemia.

Circulation of UA is necessary to protect against ox-
idative damage, whereas excess serum UA can cause
CVD. UA handling by the kidney is complex. Briefly,
UA is first eliminated into the proximal tubule by glo-
merular filtration and/or active uptake via organic an-
ion transporter 1 and elimination from proximal cells
by urate channels (e.g., SLC17A3). It is then reabsorbed
from the proximal tubule into the cells by URAT1 and
(possibly) organic anion transporter 4. Reabsorbed UA
is returned to the blood by means of another transport-
er, GLUT9, or SLC2A9. The accumulated anions in the
cells are exchanged with UA in the lumen by means of
URAT1 affinity. This electrochemical gradient enables
UA to complete the reabsorption process [34,35]-

Several factors are involved in the secretion and pro-
duction of UA. Medications have a considerable impact
on changes in UA levels, thus complicating efforts to
identify whether fluctuations in serum UA levels are due
to UA overproduction or underexcretion. UA and other
creatinine clearance tests can be used to determine the
cause of underlying disease.

EFFECTS OF UA ON CKD INCIDENCE AND
RISK FACTORS

Elevated levels of UA may cause gout, HIN, CVD, and
kidney disease, whereas reduced levels of UA are asso-
ciated with neurodegenerative diseases (e.g., multiple
sclerosis, Parkinson’s disease, and optic neuritis) [22].
When UA levels are reduced, the ability to clear a large
amount of oxygen free radicals generated by exercise is
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also reduced, which can damage renal function. Tra-
ditionally, renal diseases caused by hyperuricemia are
presumed to include acute and chronic UA nephropathy
and kidney stones. However, there is considerable evi-
dence that hyperuricemia itself may be associated with
the progression of CKD and risk factors for CKD (e.g.,
HTN and IR) [36].

Hyperuricemia and HTN

In recent years, there has been an increasing number
of studies supporting the close relationship between
hyperuricemia and cardiovascular events (e.g., HIN). A
prospective cohort study by Sundstrom et al. [37] found
that hyperuricemia increased the risk of UA one-fold,
the risk of HTN 1.17-fold, and the risk of BP progression
1.11-fold. Mellen’s > g-year follow-up study also showed
that serum UA level was positively correlated with HTN
[38]. The presumed mechanism was renin-angioten-
sin system activation, inflammatory reaction, oxidative
stress, vascular smooth muscle cell proliferation, and IR.

Activation of the renin-angiotensin system by UA
An animal model study by Mazzali et al. [39] suggested
that hyperuricemia-induced activation of the renin-an-
giotensin system is closely related to the pathogenesis
of HTN. Recent clinical studies by Doehner et al. [40].
have also shown that hyperuricemia ultimately leads to
HTN by activating the renin-angiotensin system. The
uric acid and insulin sensitivity and risk of incident hy-
pertension (ONATA) study [41] indicated that serum UA
levels were negatively correlated with insulin sensitivity.
Hyperuricemia is often accompanied by IR, which also
causes hyperactivity of the renin-angiotensin-aldoste-
rone system and sympathetic nervous system, eventual-
ly leading to sodium retention, increased blood volume,
and high BP.

Inflammation and oxidative stress induction by UA

Hyperuricemia is accompanied by an elevated level of
serum high-sensitivity C-reactive protein [42], which
is an important marker of inflammation. This associ-
ation with an elevated level of serum high-sensitivity
C-reactive protein strongly suggests that hyperuricemia
is closely related to inflammation and oxidative stress.
Soluble urate can participate in vascular inflammation
and oxidative stress reactions by increasing low-densi-
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ty lipoprotein oxidation and lipid peroxidation, as well
as the high-sensitivity C-reactive protein level. Notably,
high-sensitivity C-reactive protein can mediate vascular
endothelial necrosis by activating the complement sys-
tem, causing macrophages and other inflammatory cells
to enter the vascular endothelium. This leads to vascu-
lar endothelial injury and ultimately promotes the onset
and progression of HTN [43].

Effect of UA on the biological behavior of vascular
smooth muscle cells

Price et al. [44] showed that although vascular smooth
muscle cells do not express UA receptors, they express
URAT?1, which can facilitate the uptake of UA. Urate can
enter into smooth muscle cells through a UA transport
channel protein; it then activates specific mitogen-ac-
tivated protein kinase and induces cyclooxygenase 2
expression [45]. These proteins stimulate the formation
of local thrombus and upregulate the expression of
platelet-derived growth factor, which enhances vascu-
lar smooth muscle cell proliferation and migration [46].
The influence of hyperuricemia on vascular smooth
muscle cell biological behavior can lead to vascular re-
modeling, which contributes to the onset, progression,
and resolution of HIN.

Hyperuricemia and IR

IR is the main cause of type 2 diabetes, as well as an im-
portant risk factor for HTN, dyslipidemia, and coronary
heart disease [47]. Hyperuricemia may also be involved
in the development of IR. A study of7,483 patients with-
out diabetes showed that, following adjustments for the
levels of hyperlipidemia, HTN, obesity, and blood sugar,
serum UA levels were positively correlated with hyper-
insulinemia and the IR index. IR rat model experiments
showed that IR rats exhibited increased reabsorption of
urate via the upregulation of URAT1 gene expression
in the renal cortex. In these rats, the secretion of urate
was also reduced through the downregulation of the ex-
pression of the urate transporter gene. Treatment with
rosiglitazone was able to improve both effects on urate
metabolism [48]. A possible mechanism is that elevated
serum UA directly damages pancreatic f-cells, resulting
in reduced insulin synthesis, diminished receptor sen-
sitivity, and IR. These changes lead to enhanced insulin
compensatory secretion. Insulin stimulates the synthe-
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sis and secretion of endothelin-1 in aortic endothelial
cells [49]. Endothelin-1 is the most potent vasoconstric-
tor currently known; it can enhance peripheral vascular
resistance, promote renal tubular reabsorption of water
and sodium, and promote smooth muscle and myocar-
dium proliferation, thus causing cardiovascular remod-
eling and elevated BP.

Hyperuricemia and CKD progression

Many epidemiologic studies have suggested a role for
hyperuricemia in the increased rates of mortality and
renal disease, but published data regarding the effects
of hyperuricemia on CKD are limited. Hyperuricemia
is prevalent in patients with CKD, which may lead to
reduced UA excretion during renal functional decline.
In recent years, CKD has become a global public health
problem because of its high prevalence and the ac-
companying increased risk of end-stage renal disease.
Emerging evidence suggests a pathogenic role for hy-
peruricemia in the development and progression of
CKD [50]. Notably, untreated hyperuricemia is consid-
ered a risk factor for the onset of CKD [51,52].

The prevalence of hyperuricemia in patients with
CKD in China is 36.6% to 50% and is significantly high-
er with progression of CKD [7,53]. Patients with stage 4
or 5 CKD require the initiation of dialysis and exhibit a
gradual increase in the risk of death. Recent studies have
shown that hyperuricemia is actively involved in renal
dysfunction [54]. In a 25-year follow-up study of 177,570
patients with nephropathy in the United States, Chon-
chol et al. [52] found that the risk of CKD in patients
with the highest UA level was 2.14-fold greater than the
risk in non-CKD patients with normal UA levels. The
mechanism by which hyperuricemia contributes to
CKD involves renal inflammation, endothelial dysfunc-
tion, and activation of the renin-angiotensin system [s5].
Moreover, several epidemiological studies have linked
hyperuricemia with an increased risk of CKD. Briefly,
hyperuricemia is presumed to stimulate the renin-an-
giotensin system and inhibit the release of endothelial
nitric oxide, which leads to renal vasoconstriction and
elevated BP. Concurrently, a high UA level plays a patho-
genetic role in the onset of inflammation and contrib-
utes to the progression of renal disease [56,57].

Urate deposition in renal tubules and renal intersti-
tium can reduce the expression of nitric oxide synthase
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Figure 2. Hypothetical mechanisms of renal damage caused
by hyperuricemia. NOS, nitric oxide synthase; RAS, renin-an-
giotensin system; COX-2, cyclooxygenase 2; VSMC, vascular
smooth muscle cell; EMT, epithelial-to-mesenchymal transi-
tion.

in the kidney. Nitric oxide plays an important role in
regulating the relaxation activity of vascular endothelial
cells, maintaining consistent renal vascular tension, and
modulating renal tissue blood flow, renin secretion, and
tubuloglomerular feedback [58]. Nitric oxide synthase is
inhibited by hyperuricemia. In particular, endothelial
cells can upregulate angiotensin-converting enzyme ac-
tivity [59], thus increasing the production of angiotensin
II and superoxide anions, which triggers vasoconstric-
tion and the onset of HTN. UA also directly acts on en-
dothelial cells, resulting in reduced nitric oxide levels.
This affects vascular smooth muscle cell proliferation,
extracellular matrix deposition, and macrophage adhe-
sion and migration, which leads to arterial resistance
and remodeling, followed by renal dysfunction and re-
nal fibrosis (Fig. 2).

Multiple recent studies have suggested that treatment
of hyperuricemia may delay or prevent the onset of CKD.
Feig et al. [60] conducted a randomized double-blinded
study, which showed that treatment of hyperuricemia in
adolescents with newly diagnosed HTN was effective in
controlling BP. However, there is no evidence to support
CKD treatment for asymptomatic hyperuricemia in pa-
tients with HTN. Although animal experiments suggest
that UA causes non-crystalline and crystal deposition
damage to the kidney, there is insufficient evidence for
human patients. The results have differed among obser-
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vational studies, and there is a lack of large-scale ran-
domized controlled trials to confirm the benefits of UA
reduction. The Febuxostat versus Placebo Randomized
Controlled Trial Regarding Reduced Renal Function in
Patients with Hyperuricemia Complicated by Chron-
ic Kidney Disease Stage 3 (FEATHER) trial showed no
positive results for febuxostat compared with a placebo,
but this finding was only for a small number of sub-
groups without proteinuria and low serum creatinine
[61]. Nonetheless, most studies suggest that UA-lower-
ing therapy can delay CKD progression. A single-center
double-blind, randomized, parallel placebo-controlled
study indicated that, compared with a placebo, UA re-
duction was able to slow the decline of glomerular fil-
tration rate in patients with stage 3 and 4 CKD [62]. Siu
randomly divided 54 patients with both CKD and hyper-
uricemia into two groups. The experimental group was
treated with allopurinol to reduce serum UA levels. At
the 1-year follow-up, four of the 26 patients in the treat-
ment group exhibited renal functional deterioration,
whereas 46.1% of patients in the control group exhibited
renal functional deterioration [63]. Although the results
did not differ significantly between the two groups, the
reduction of serum creatinine levels tended to be great-
er in the treatment group than in the control group. In
another small-scale study, the investigators concluded
that UA-lowering therapy reduced inflammation and
slowed the progression of renal disease in patients with
both CKD and hyperuricemia [64]. These studies’ find-
ings suggest that UA reduction may improve renal func-
tion. The clinical trials of UA-lowering therapy are listed
in Table 1 [61-71]. The question raised by the findings
of these studies is whether the benefit of UA-lowering
therapy is related to the reduction in UA itself or to the
inhibition of XO. The results of two additional trials in-
dicate that both benzbromarone and febuxostat could
reduce the risk of CKD progression and lower serum UA
levels in patients with CKD [65,66]. We suspect that the
benefit of UA-lowering therapy mainly arises from the
reduction in UA itself, although the inhibition of XO
may amplify this effect and should be evaluated by cred-
ible experimental studies.

Although there has been increasing evidence to sup-
port hyperuricemia as a true risk factor for CKD, there
remains no agreement regarding whether treatment of
asymptomatic hyperuricemia with UA-lowering therapy
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Table 1. Randomized controlled trials of uric acid-lowering therapy for the recovery of renal function.

Study At isk Uric acid-lowering . Finding e Limitations
therapy kidney function
Siu et al. [63] SCr 1.35—4.50 12 months of Slowed progression  Limited by the concomitant use of
(2000) mg/dL(n=54) allopurinol of CKD antihypertensive drugs
Kanbay et al. [67] eGFR>G6omL/ 3 months of Increased eGFR from Small sample size and relatively short
(2007) min (n = 69) allopurinol 79 to 92 mL/min follow-up
Goicoecheaetal. CKD3(n=113) 24 monthsof Slowed decline in Not designed in a double-blinded fashion,
[64] (2010) allopurinol eGFR all patients were advised about the dietary
composition, concomitant use of statins,
antiplatelet, and RAAS blocker drugs.
Momeni et al. [68] T2DM (SCr<3.0 4 months of Reduced proteinuria Small sample size and relatively short
(2010) mg/dL) (n=40) allopurinol follow-up
Pai et al. [69] CKD 3,4 (n=183) 2yearsof Reduced blood Not designed in a randomized
(2013) allopurinol pressure and control, double-blinded fashion.
progression of CKD  Limited by the concomitant use of statins,
antiplatelet and RAAS blocker drugs.
Sezer et al. [70] CKD (n = 96) 6 months of Decrease in GFRin  Patients were advised about the dietary
(2014) allopurinol control patients composition of their food.
Sircaretal. [62] CKD3,4(n=093) 6monthsof Slowed the decline in Small sample size and short duration
(2015) febuxostat eGFR of follow-up, a relatively homogeneous
population.
Chou et al. [66] CKD (n = 874) Treatment with Lower risk of ESRD  Single tertiary medical center, differential
(2018) either allopurinol, with febuxostat or prescription practices for urate-lowering
febuxostat, or benzbromarone agents, insufficient to yield statistically
benzbromarone reliable information
Yu et al. [65] (2018) eGFR 20-60 6 months of Maintain renal Open-labeled, small sample size and
mL/min febuxostat or function relatively short follow-up
(n=66) benzbromarone
Kimuraetal. [61] CKD3(n=467) 108 weeksof NO decline in kidney GFR was estimated rather than measured,
(2018) febuxostat function and patients with stages 4 and 5 CKD were
excluded.
Liu et al. [71] (2019) CKD 3-5 6 months of Slowed progression ~ Small sample size, few female patients, and
(n=208) febuxostat or of renal function short duration of follow-up
allopurinol

SCr, serum creatinine; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; RAAS, renin-angiotensin-
aldosterone system; T2DM, type 2 diabetes mellitus; GFR, glomerular filtration rate; ESRD, end-stage renal disease.

will offer greater renal protection. Large trials are need- vestigated the relationship between hyperuricemia and

ed to clearly evaluate this issue. CVD. This relationship was originally established in the
early 1900s. Elevated serum UA has been linked to an in-
creased risk of HTN and CVD [72]. In those studies, se-
HYPERURICEMIA AND CVD rum UA levels were frequently elevated in patients with
high BP, obesity, and IR. Higher levels of hyperuricemia
CVD is a complex disease with multiple underlying were strongly associated with various macrovascular
mechanisms, for which hyperuricemia could be con- and microvascular diseases in a recent study of 15,773

sidered a contributing factor. Many studies have in- participants, which revealed that the rates of mortality
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and cardiac mortality gradually increased with increas-
ing levels of serum UA [73].

There remains debate regarding whether UA is an
independent predictor of CVD. Hyperuricemia is pre-
sumed to be an independent risk factor for the incidenc-
es of both HTN and CVD. Many epidemiologic studies
have confirmed an association between hyperuricemia
and CVD, which has been further addressed in numer-
ous prospective studies [3]. Notably, it appears more ac-
curate to regard hyperuricemia as a consequence of the
existence of previously related cardiovascular risk fac-
tors [74]-

UA increases BP through endothelial cells and vascu-
lar smooth muscle cells [11]. Hyperuricemia can contrib-
ute to renal vasoconstriction and elevated BP levels by
stimulating the renin-angiotensin system and inhibit-
ing the release of endothelial nitric oxide [56]. A previ-
ous study of patients with HTN showed that when the
serum UA levels exceeded 7.5 mg/dL in men and 6.2 mg/
dL in women, the CVD risk increased significantly [75].
A subanalysis by Alderman [76] showed that a 1 mg/dL
increase in serum UA level could potentially increase
cholesterol levels by 20 mg/dL and elevate systolic BP
by 10 mmHg. More common findings were reported
in the Relation Between Serum Uric Acid and Risk of
Cardiovascular Disease in Essential Hypertension (PIU-
MA) study: when serum UA levels exceeded 6.2 mg/dL in
men and 4.6 mg/dL in women, the CVD risk increased
significantly [77]. The National Health and Nutrition
Examination Survey (NHANES) III study findings were
similar, in that CVD risk increased significantly when
the serum UA level exceeded 6.0 mg/dL in both sexes
(78]

A large number of observational studies revealed that
an increasing UA level was an independent risk factor
for the risk of HTN. Among studies of CVDs other than
HTN, a 3-year cohort study (J-CAD) was conducted in Ja-
pan, involving patients with coronary artery disease. The
findings were similar to the NHANES III findings, in
that an increasing risk of CVD events (including death)
was observed in patients with serum UA > 6.8 mg/dL
[79]. Serum UA has also been linked with the incidences
of atrial fibrillation [80,81], coronary artery disease [82],
and heart failure mortality [83]. Notably, in patients with
both acute and chronic heart failure, morbidity, and
mortality rates were significantly elevated concomitant-
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ly with serum UA levels [84].

The current evidence and studies demonstrated that
approximately 40% of patients with heart failure exhib-
ited elevated levels of serum UA. This was previously
linked to pro-inflammatory heart failure and oxidative
stress, which might have led to worsened clinical symp-
toms. Furthermore, a substantial proportion of patients
with both heart failure and hyperuricemia reported re-
nal functional decline. Most of these trials suggested
that the cardiovascular effects associated with UA levels
are related to its intracellular effects [85]. Thus, the use
of XO inhibitors for treatment was presumed to be most
potentin the reduction of intracellular UA because these
agents block intracellular production and diminish ex-
tracellular levels. Furthermore, febuxostat (a nonpurine
XO inhibitor) was confirmed to substantially reduce the
levels of serum UA in patients with hyperuricemia [86].
However, this treatment involves a risk of CVD.

Sex differences regarding the associations of serum
UA have been reported in multiple previous studies
[87,88]. In particular, women of premenopausal age tend
to have lower serum UA levels than men, presumably
due to the uricosuric effects of estrogens [89]. Serum
UA levels tend to increase in women of postmenopausal
age, due to the influence of sex hormones [9o]. These sex
differences contribute to differences involving metabol-
ic syndrome, CVD, and cancer [89].

Previous studies have analyzed the associations be-
tween serum UA and cardiovascular events in the con-
text of sex differences involving serum UA. Some stud-
ies showed that the serum UA level is an independent
risk factor for cardiovascular mortality, regardless of sex
[91,92]. Other studies revealed a clear difference in car-
diovascular mortality between men and women [93,94].
Finally, Niskanen et al. [95] reported that the level of se-
rum UA is a strong predictor for cardiovascular mor-
tality in middle-aged men. Thus, there remains debate
regarding the effects of sex on the association between
serum UA and cardiovascular mortality.

In a recent retrospective observational study in Gun-
ma, Japan [96], 12,029 participants were enrolled to eval-
uate the association between UA level and HTN risk
according to age and sex. The results showed that old-
er men had lower UA levels, whereas older women had
higher UA levels, compared with younger participants.
Moreover, in men < 50 years of age, there was a signifi-
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cant association between UA level and HTN incidence,
but not in men = 50 years of age. By contrast, in women
= 4o years of age, there was a significant association be-
tween UA level and HTN incidence, but not in women
< 4o years of age. These data suggest that UA level is an
independent indicator of HTN among men = 50 years of
age and women = 40 years of age.

In another recent observational study that assessed
the sex-specific association between serum UA and all-
cause mortality in 4o-year-old patients [97], 27,490 par-
ticipants were enrolled. The results showed that a lower
serum UA level was an independent risk factor for all-
cause mortality in men but not in women. Furthermore,
serum UA levels were lower in women than in men.
With increasing age, serum UA significantly increased
in women and declined in men, consistent with the
findings of other studies [88,98].

CONCLUSIONS

Hyperuricemia is a clinically important factor for the
onset of CKD. Many studies have suggested that UA
itself may harm patients with CKD by enhancing in-
flammation and promoting the progression of CKD.
Additionally, a high serum UA level may cause kid-
ney damage through a crystal-dependent pathway and
non-crystal-dependent mechanisms such as inflam-
mation, oxidative stress, and hemodynamic alterations.
Most clinical studies have suggested that early treat-
ment of hyperuricemia is beneficial for the control of
CKD, HTN, and other chronic diseases. Because hy-
peruricemia represents a nontraditional risk factor for
CKD, the close association between hyperuricemia and
CKD requires more intensive inquiry. Hyperuricemia
and the prevention of both CKD progression and car-
diovascular events is an important research field, with
large studies expected in the near future. Pre-existing
CVD in patients with both hyperuricemia and CKD de-
mands urgent attention. In particular, levels of serum
UA should be carefully assessed in patients at high risk
of CVD. Diet, polypharmacy, and lifestyle issues are very
important aspects to discuss with patients, especially in
countries where medications can be bought without a
prescription, as UA can be altered by many medications.
Special attention is needed for specific contraindica-
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tions to certain drugs. Febuxostat is the drug of choice
for the treatment of patients with hyperuricemia and is
effective at preventing CKD progression, but its adverse
effects on the cardiovascular system require careful at-
tention. Although several studies focused on UA and
CVD have been recently reported, future large-scale
studies are expected.

Conflict of interest
No potential conflict of interest relevant to this article
was reported.

Acknowledgments
We are grateful to Prof. Sun Dong our director of the
postgraduate course, at the Xuzhou medical universi-
ty, Xuzhou Medical Affiliated Hospital, Department of
Nephrology for sharing his knowledge and guiding and
caring, and our second commendations go to our dear
collogues and the staff of our department with their
great support and assistance.

This study was supported by funding from a project
of Jiangsu Provincial Post Graduate Innovation Plan
(SJCX17_0560).

REFERENCES

1. Celermajer DS, Chow CK, Marijon E, Anstey NM, Woo
KS. Cardiovascular disease in the developing world: prev-
alences, patterns, and the potential of early disease detec-
tion. ] Am Coll Cardiol 2012;60:1207-1216.

2. Sonoda H, Takase H, Dohi Y, Kimura G. Uric acid levels
predict future development of chronic kidney disease.
Am J Nephrol 2011;33:352-357.

3. Rakic MT, Valkenburg HA, Davidson RT, et al. Observa-
tions on the natural history of hyperuricemia and gout.
I. an eighteen year follow-up of nineteen gouty families.
Am ] Med 1964;37:862-871.

4. Grayson PC, Kim SY, LaValley M, Choi HK. Hyperurice-
mia and incident hypertension: a systematic review and
meta-analysis. Arthritis Care Res (Hoboken) 2011;63:102-
110.

5. Kang DH, Nakagawa T, Feng L, et al. A role for uric acid
in the progression of renal disease. ] Am Soc Nephrol
2002;13:2888-2897.

6. Song P, Wang H, Xia W, Chang X, Wang M, An L. Preva-

www.Kjim.org 1289


www.kjim.org

KJIM™

10.
11.

12.

13.

14.
15.
10.

17.

18.

19.

lence and correlates of hyperuricemia in the middle-aged

and older adults in China. Sci Rep 2018;8:4314.

. LiZ, Liu Q, Mao H, Li Z, et al. Gender difference in the

association of hyperuricemia with chronic kidney disease
in southern China. Kidney Blood Press Res 2012;36:98-

100.

. Japanese Society of Gout and Nucleic Acid Metabolism.

Guideline for the Management of Hyperuricemia and
Gout. 2 ed. Tokyo (JP): Medical Review, 2010.

. Gavin AR, Struthers AD. Hyperuricemia and adverse out-

comes in cardiovascular disease: potential for therapeutic
intervention. Am ] Cardiovasc Drugs 2003;3:309-314.
Madero M, Sarnak MJ, Wang X, et al. Uric acid and long-
term outcomes in CKD. Am J Kidney Dis 2009;53:796-803.
Kuwabara M. Hyperuricemia, cardiovascular disease, and
hypertension. Pulse (Basel) 2016;3:242-252.

Kumagai T, Ota T, Tamura Y, Chang WX, Shibata S, Uchi-
da S. Time to target uric acid to retard CKD progression.
Clin Exp Nephrol 2017;21:182-192.

Ryu ES, Kim MJ, Shin HS, et al. Uric acid-induced phe-
notypic transition of renal tubular cells as a novel mech-
anism of chronic kidney disease. Am ] Physiol Renal
Physiol 2013;304:F471-F480.

Nundain-Gonzalez Al, Gimeno-Orna JA, Saenz-Abad D,
Pons-Dolset ], Cebollada-Del Hoyo J, Lahoza-Perez MDC.
Impact of uric acid levels on the risk of long-term cardio-
vascular mortality in patients with type 2 diabetes melli-
tus. Endocrinol Diabetes Nutr 2018;65:335-341.

Johnson RJ, Bakris GL, Borghi C, et al. Hyperuricemia,
acute and chronic kidney disease, hypertension, and car-
diovascular disease: report of a scientific workshop orga-
nized by the National Kidney Foundation. Am J Kidney
Dis 2018;71:851-8065.

Faruque LI, Ehteshami-Afshar A, Wiebe N, Tjosvold L,
Homik J, Tonelli M. A systematic review and meta-analy-
sis on the safety and efficacy of febuxostat versus allopu-
rinol in chronic gout. Semin Arthritis Rheum 2013;43:367-
375-

White WB, Saag KG, Becker MA, et al. Cardiovascular
safety of febuxostat or allopurinol in patients with gout.
N Engl ] Med 2018;378:1200-1210.

U.S. Food and Drug Administration. Uloric (febuxostat)
Drug Safety Communication: FDA to Evaluate Increased
Risk of Heart-related Death. Geneva (CH): FDA, 2018.

U.S. Food and Drug Administration. FDA adds Boxed

Warning for increased risk of death with gout medicine

1290 www.kjim.org

20.

21.

22.

23.

24.

25.

20.

27.

28.

29.

30.

31.

32.

The Korean Journal of Internal Medicine Vol. 36, No. 6, November 2021

uloric (febuxostat) [Internet]. Geneva (CH): FDA, 2019 [cit-
ed 2021 Jan 12]. Available from: https://www.fda.gov/drugs/
drug-safety-and-availability/fda-adds-boxed-warning-
increased-risk-death-gout-medicine-uloric-febuxostat.
Alegria-Diaz A, Valdez-Ortiz R, Murguia-Romero M, et al.
Clinical significance of serum uric acid levels in Mexican
young adults. Contrib Nephrol 2018;192:125-134.

Kutzing MK, Firestein BL. Altered uric acid levels and
disease states. ] Pharmacol Exp Ther 2008;324:1-7.

Kang DH, Ha SK. Uric acid puzzle: dual role as anti-oxi-
dantand pro-oxidant. Electrolyte Blood Press 2014;12:1-6.
Carvalho LAC, Lopes JPPB, Kaihami GH, et al. Uric acid
disrupts hypochlorous acid production and the bacteri-
cidal activity of HL-60 cells. Redox Biol 2018;16:179-188.
Kaplan JM, Sharma N, Dikdan S. Hypoxia-inducible fac-
tor and its role in the management of anemia in chronic
kidney disease. Int ] Mol Sci 2018;19:389.

Eleftheriadis T, Pissas G, Antoniadi G, Liakopoulos V, Ste-
fanidis I. Allopurinol protects human glomerular endo-
thelial cells from high glucose-induced reactive oxygen
species generation, p53 overexpression and endothelial
dysfunction. Int Urol Nephrol 2018;50:179-186.

Johnson RJ, Segal MS, Sautin Y, et al. Potential role of
sugar (fructose) in the epidemic of hypertension, obesity
and the metabolic syndrome, diabetes, kidney disease,
and cardiovascular disease. Am J Clin Nutr 2007;86:899-
900.

Ross EA, Perloff JK, Danovitch GM, Child JS, Canobbio
MM. Renal function and urate metabolism in late survi-
vors with cyanotic congenital heart disease. Circulation
1986;73:396-400.

Maiuolo J, Oppedisano F, Gratteri S, Muscoli C, Mollace
V. Regulation of uric acid metabolism and excretion. Int J
Cardiol 2016;213:8-14.

Andrade Sierra J, Flores Fonseca MM. Renal handling of
uric acid. Contrib Nephrol 2018;192:1-7.

Enomoto A, Kimura H, Chairoungdua A, et al. Molecular
identification of a renal urate anion exchanger that regu-
lates blood urate levels. Nature 2002;417:447-452.

Tkarashi R, Shibasaki K, Yamaguchi A. Immunohisto-
chemical studies of organic anion transporters and urate
transporter 1 expression in human salivary gland. Acta
Odontol Scand 2013;71:312-316.

Wallace C, Newhouse SJ, Braund P, et al. Genome-wide
association study identifies genes for biomarkers of car-

diovascular disease: serum urate and dyslipidemia. Am J

https://doi.org/10.3904/kjim.2020.340


www.kjim.org

Waheed Y, et al. Role of hyperuricemia in CKD and CVD

33

34.

35-

36.

37

38.

39-

40.

41.

42.

8.

44.

45.

Hum Genet 2008;82:139-149.

Wright AF, Rudan I, Hastie ND, Campbell H. A ‘complexi-
ty’ of urate transporters. Kidney Int 2010;78:446-452.

Otani N, Ouchi M, Hayashi K, Jutabha P, Anzai N. Roles
of organic anion transporters (OATS) in renal proximal
tubules and their localization. Anat Sci Int 2017;92:200-
206.

Xu L, ShiY, Zhuang S, Liu N. Recent advances on uric
acid transporters. Oncotarget 2017;8:100852-100862.

Seki S, Tsutsui K, Fujii T, Yamazaki K, Anzawa R,
Yoshimura M. Association of uric acid with risk factors
for chronic kidney disease and metabolic syndrome in
patients with essential hypertension. Clin Exp Hypertens
2010;32:270-277.

Sundstrom J, Sullivan L, D’Agostino RB, Levy D, Kannel
WB, Vasan RS. Relations of serum uric acid to longitudi-
nal blood pressure tracking and hypertension incidence.
Hypertension 2005;45:28-33.

Mellen PB, Bleyer AJ, Erlinger TP, et al. Serum uric acid
predicts incident hypertension in a biethnic cohort: the
atherosclerosis risk in communities study. Hypertension
20006;48:1037-1042.

Mazzali M, Kanbay M, Segal MS, et al. Uric acid and
hypertension: cause or effect? Curr Rheumatol Rep
2010;12:108-117.

Doehner W, von Haehling S, Anker SD. Uric acid as a
prognostic marker in acute heart failure: new expecta-
tions from an old molecule. Eur | Heart Fail 2007;9:437-
4309.

Forman JP, Choi H, Curhan GC. Uric acid and insulin
sensitivity and risk of incident hypertension. Arch Intern
Med 2009;169:155-162.

Moriel P, Sevanian A, Ajzen S, et al. Nitric oxide, choles-
terol oxides and endothelium-dependent vasodilation
in plasma of patients with essential hypertension. Braz J
Med Biol Res 2002;35:1301-1309.

Jossa F, Farinaro E, Panico S, et al. Serum uric acid and
hypertension: the Olivetti heart study. ] Hum Hypertens
1994;8:677-681.

Price KL, Sautin YY, Long DA, et al. Human vascular
smooth muscle cells express a urate transporter. ] Am Soc
Nephrol 2006;17:1791-1795.

Oguz N, Kirca M, Cetin A, Yesilkaya A. Effect of uric acid
on inflammatory COX-2 and ROS pathways in vascu-

lar smooth muscle cells. J Recept Signal Transduct Res

2017;37:500-505.

https://doi.org/10.3904/kjim.2020.340

46.

47.

48.

49.

50.

51.

52.

53.

54.

55-

56.

57-

58.

59-

60.

KJIM™

Kirca M, Oguz N, Cetin A, Uzuner F, Yesilkaya A. Uric acid
stimulates proliferative pathways in vascular smooth
muscle cells through the activation of p38 MAPK, p44/42
MAPK and PDGFR@. J Recept Signal Transduct Res
2017;37:167-173.

Kohjimoto Y, Iba A, Sasaki Y, Hara I. Metabolic syndrome
and nephrolithiasis. Hinyokika Kiyo 2011;57:43-47.

Huang Y, Lei Y, Zheng Z, et al. Rosiglitazone alleviates in-
jury in rats with adenine-induced chronic kidney disease.
Mol Med Rep 2013;8:1831-1835.

Coresh J, Selvin E, Stevens LA, et al. Prevalence of chronic
kidney disease in the United States. JAMA 2007;298:2038-
2047.

Iseki K, Ikemiya Y, Inoue T, Iseki C, Kinjo K, Takishita
S. Significance of hyperuricemia as a risk factor for de-
veloping ESRD in a screened cohort. Am J Kidney Dis
2004;44:642-650.

Weiner DE, Tighiouart H, Elsayed EF, Griffith JL, Salem
DN, Levey AS. Uric acid and incident kidney disease in
the community. ] Am Soc Nephrol 2008;19:1204-1211.
Chonchol M, Shlipak MG, Katz R, et al. Relationship of
uric acid with progression of kidney disease. Am ] Kidney
Dis 2007;50:239-247.

Lin B, Shao L, Luo Q, et al. Prevalence of chronic kidney
disease and its association with metabolic diseases: a
cross-sectional survey in Zhejiang province, Eastern Chi-
na. BMC Nephrol 2014;15:36.

Hsu CY, Iribarren C, McCulloch CE, Darbinian J, Go AS.
Risk factors for end-stage renal disease: 25-year follow-up.
Arch Intern Med 2009;169:342-350.

Kang DH. Hyperuricemia and progression of chronic
kidney disease: role of phenotype transition of renal tu-
bular and endothelial cells. Contrib Nephrol 2018;192:48-
55-

Feig DI, Kang DH, Johnson RJ. Uric acid and cardiovas-
cular risk. N Engl ] Med 2008;359:1811-1821.

Johnson RJ, Kang DH, Feig D, et al. Is there a pathogenet-
ic role for uric acid in hypertension and cardiovascular
and renal disease? Hypertension 2003;41:1183-1190.

Cai W, Duan XM, Liu Y, et al. Uric acid induces endotheli-
al dysfunction by activating the HMGB1/RAGE signaling
pathway. Biomed Res Int 2017;2017:4391920.

Zhang JX, Zhang YP, Wu QN, Chen B. Uric acid induces
oxidative stress via an activation of the renin-angiotensin
system in 3T3-L1 adipocytes. Endocrine 2015;48:135-142.
Feig DI, Soletsky B, Johnson R]J. Effect of allopurinol

www.Kjim.org 1291


www.kjim.org

KJIM™

61.

62.

63.
64.
65.

66.

67.

68.
69.

70.

71.

on blood pressure of adolescents with newly diag-
nosed essential hypertension: a randomized trial. JAMA
2008;300:924-932.

Kimura K, Hosoya T, Uchida §, et al. Febuxostat ther-
apy for patients with stage 3 CKD and asymptomatic
hyperuricemia: a randomized trial. Am ] Kidney Dis
2018;72:798-810.

Sircar D, Chatterjee S, Waikhom R, et al. Efficacy of
febuxostat for slowing the GFR decline in patients with
CKD and asymptomatic hyperuricemia: a 6-month, dou-
ble-blind, randomized, placebo-controlled trial. Am J
Kidney Dis 2015;66:945-950.

Siu YP, Leung KT, Tong MK, Kwan TH. Use of allopuri-
nol in slowing the progression of renal disease through
its ability to lower serum uric acid level. Am ] Kidney Dis
20006;47:51-59.

Goicoechea M, de Vinuesa SG, Verdalles U, et al. Effect of
allopurinol in chronic kidney disease progression and
cardiovascular risk. Clin J Am Soc Nephrol 2010;5:1388-
1303.

Yu H, Liu X, Song Y, et al. Safety and efficacy of benzbro-
marone and febuxostat in hyperuricemia patients with
chronic kidney disease: a prospective pilot study. Clin
Exp Nephrol 2018;22:1324-1330.

Chou HW, Chiu HT, Tsai CW, et al. Comparative effec-
tiveness of allopurinol, febuxostat and benzbromarone
on renal function in chronic kidney disease patients with
hyperuricemia: a 13-year inception cohort study. Nephrol
Dial Transplant 2018;33:1620-1627.

Kanbay M, Ozkara A, Selcoki Y, et al. Effect of treatment of
hyperuricemia with allopurinol on blood pressure, creat-
inine clearence, and proteinuria in patients with normal
renal functions. Int Urol Nephrol 2007;39:1227-1233.
Momeni A, Shahidi S, Seirafian S, Taheri S, Kheiri S. Ef-
fect of allopurinol in decreasing proteinuria in type 2
diabetic patients. Iran ] Kidney Dis 2010;4:128-132.

Pai BH, Swarnalatha G, Ram R, Dakshinamurty KV. Allo-
purinol for prevention of progression of kidney disease
with hyperuricemia. Indian J Nephrol 2013;23:280-286.
Sezer S, Karakan S, Atesagaoglu B, Acar FN. Allopurinol
reduces cardiovascular risks and improves renal function
in pre-dialysis chronic kidney disease patients with hy-
peruricemia. Saudi ] Kidney Dis Transpl 2014;25:316-320.
Liu X, Wang H, Ma R, et al. The urate-lowering efficacy
and safety of febuxostat versus allopurinol in Chinese pa-

tients with asymptomatic hyperuricemia and with chron-

1292 www.kjim.org

72.

73

74.

75

76.

77-

78.

79-

8o.

81.

82.

83.

84.

The Korean Journal of Internal Medicine Vol. 36, No. 6, November 2021

ic kidney disease stages 3-5. Clin Exp Nephrol 2019;23:362-
370.

Gagliardi AC, Miname MH, Santos RD. Uric acid: a
marker of increased cardiovascular risk. Atherosclerosis
2000;202:11-17.

Stack AG, Hanley A, Casserly LF, et al. Independent and
conjoint associations of gout and hyperuricaemia with
total and cardiovascular mortality. QJM 2013;106:647-658.
Messerli FH, Frohlich ED, Dreslinski GR, Suarez DH, Ari-
stimuno GG. Serum uric acid in essential hypertension:
an indicator of renal vascular involvement. Ann Intern
Med 1980;93:817-821.

Alderman MH, Cohen H, Madhavan S, Kivlighn S. Serum
uric acid and cardiovascular events in successfully treated
hypertensive patients. Hypertension 1999;34:144-150.
Alderman MH. Serum uric acid as a cardiovascular risk
factor for heart disease. Curr Hypertens Rep 2001;3:184-
189.

Verdecchia P, Schillaci G, Reboldi G, Santeusanio F, Por-
cellati C, Brunetti P. Relation between serum uric acid
and risk of cardiovascular disease in essential hyperten-
sion. The PITUMA study. Hypertension 2000;36:1072-1078.
Ward H]J. Uric acid as an independent risk factor in the
treatment of hypertension. Lancet 1998;352:670-671.
Okura T, Higaki J, Kurata M, et al. Elevated serum uric
acid is an independent predictor for cardiovascular
events in patients with severe coronary artery stenosis:
subanalysis of the Japanese Coronary Artery Disease
(JCAD) Study. Circ J 2009;73:885-891.

Tamariz L, Hernandez F, Bush A, Palacio A, Hare JM. As-
sociation between serum uric acid and atrial fibrillation:
a systematic review and meta-analysis. Heart Rhythm
2014;11:1102-1108.

Tamariz L, Agarwal S, Soliman EZ, et al. Association of
serum uric acid with incident atrial fibrillation (from the
Atherosclerosis Risk in Communities [ARIC]| study). Am ]
Cardiol 2011;108:1272-1276.

Jun JE, Lee YB, Lee SE, et al. Elevated serum uric acid
predicts the development of moderate coronary artery
calcification independent of conventional cardiovascular
risk factors. Atherosclerosis 2018;272:233-239.

Tamariz L, Harzand A, Palacio A, Verma S, Jones ], Hare
J. Uric acid as a predictor of all-cause mortality in heart
failure: a meta-analysis. Congest Heart Fail 2011;17:25-30.
Thanassoulis G, Brophy JM, Richard H, Pilote L. Gout,

allopurinol use, and heart failure outcomes. Arch Intern

https://doi.org/10.3904/kjim.2020.340


www.kjim.org

Waheed Y, et al. Role of hyperuricemia in CKD and CVD

8s.

86.

87.

88.

89.

90.

91.

92.

Med 2010;170:1358-1364.

Schlesinger N. Management of acute and chronic gouty
arthritis: present state-of-the-art. Drugs 2004;64:2399-
2416.

Becker MA, Schumacher HR Jr, Wortmann RL, et al.
Febuxostat compared with allopurinol in patients with
hyperuricemia and gout. N Engl ] Med 2005;353:2450-2461.
Beberashvili I, Sinuani I, Azar A, et al. Serum uric acid as
a clinically useful nutritional marker and predictor of
outcome in maintenance hemodialysis patients. Nutri-
tion 2015;31:138-147.

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;131:7-13.
Jee SH, Lee SY, Kim MT. Serum uric acid and risk of
death from cancer, cardiovascular disease or all causes in
men. Eur ] Cardiovasc Prev Rehabil 2004;11:185-191.
Gordon T, Kannel WB. Drinking and its relation to
smoking, BP, blood lipids, and uric acid. The Framing-
ham study. Arch Intern Med 1983;143:1366-1374.

Fang J, Alderman MH. Serum uric acid and cardiovas-
cular mortality the NHANES I epidemiologic follow-up
study, 1971-1992. National Health and Nutrition Examina-
tion Survey. JAMA 2000;283:2404-2410.

Ndrepepa G, Cassese S, Braun §, et al. A gender-specific

https://doi.org/10.3904/kjim.2020.340

93.

94.

95-

90.

97

98.

KJIM™

analysis of association between hyperuricaemia and car-
diovascular events in patients with coronary artery dis-
ease. Nutr Metab Cardiovasc Dis 2013;23:1195-1201.

Tuttle KR, Short RA, Johnson R]. Sex differences in uric
acid and risk factors for coronary artery disease. Am J
Cardiol 2001;87:1411-1414.

Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF, Al-
bert DA. Hyperuricemia and coronary heart disease: a
systematic review and meta-analysis. Arthritis Care Res
(Hoboken) 2010;62:170-180.

Niskanen LK, Laaksonen DE, Nyyssonen K, et al. Uric acid
level as a risk factor for cardiovascular and all-cause mor-
tality in middle-aged men: a prospective cohort study.
Arch Intern Med 2004;164:1546-1551.

Ohyama Y, Imai K, Obokata M, et al. Impact of uric acid
on incident hypertension: sex-specific analysis in differ-
ent age groups. Int ] Cardiol Hypertens 2019;2:100009.
Kang E, Hwang SS, Kim DK, et al. Sex-specific relation-
ship of serum uric acid with all-cause mortality in adults
with normal kidney function: an observational study. J
Rheumatol 2017;44:380-387.

Conen D, Wietlisbach V, Bovet P, et al. Prevalence of hy-
peruricemia and relation of serum uric acid with cardio-
vascular risk factors in a developing country. BMC Public

Health 2004;4:9.

www.kjim.org 1293


www.kjim.org

