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Abstract
Background:Hyperuricemia and gout have become public health concerns; many important guidelines have recommended xanthine
oxidase inhibitors (XOIs) as the first-line urate-lowering therapies (ULTs) to treat chronic gout with hyperuricemia. However,
whether treating hyperuricemia and gout with ULTs modifies cardiovascular risks remains controversial. The aim of this study was
to assess the incident risk of cardiovascular (CV) events (CVE) in hyperuricemia population, assess the cardiovascular benefit-risk of
ULTs in hyperuricemia patients with or without gout in diverse cardiovascular risk sub-groups, and specify the safety of different
ULTs.
Methods: We searched PubMed, Embase, the Cochrane Library, Wanfang, Chongqing VIP (CQVIP, en.cqvip.com), and China
National Knowledge Infrastructure Database for prospective cohort studies and randomized controlled trials (RCTs) in English and
Chinese. Potential medications includedXOIs, and uricosurics. RCTswere divided into sub-groups analysis based on blinding status
and patients’ history of CV diseases. Risk ratios (RRs) were calculated and were reported with corresponding 95% confidence
intervals (CIs) by fixed-effects or random-effects model.
Results: Seven prospective cohort studies and 17 RCT studies were included. The risks of both major adverse cardiovascular events
(MACE) (RR= 1.72, 95% CI 1.28–2.33) and CVE (RR= 1.35, 95% CI 1.12–1.62) were higher in the hyperuricemia population
than non-hyperuricemia one. In seven RCT studies where XOIs were compared with no-treatment or placebo, the results of five low
CV risk studies showed that XOIs lowered the risks of both MACE (RR= 0.35, 95% CI 0.20–0.62) and CVE (RR= 0.61, 95% CI
0.44–0.85); whereas two high CV risk studies showed that XOIs lowered the risk of CVE (RR = 0.69, 95% CI 0.54–0.88) rather
than MACE (RR= 0.62, 95% CI 0.29–1.35). In nine RCT studies where the cardiovascular safety between febuxostat and
allopurinol were compared, no statistical difference was found in the risk of MACE or CVE.
Conclusions: The hyperuricemia population does have a higher incidence of CVE, and the results suggested that XOIs might reduce
the incidence of MACE and total CVE. In addition, from the perspective of cardiovascular safety, febuxostat equaled allopurinol in
our meta-analysis.
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Introduction

Gout is the most common form of inflammatory arthritis
involving the joints characterized by urate crystal deposi-
tion. Hyperuricemia is prerequisite in developing gout
which is curable by keeping serum uric acid <6 mg/dL in
most instances.[1] Many important guidelines, including
the 2007 British Society for Rheumatology guidelines,[2]

the 2011 Japanese guideline,[3] the 2012 American College
of Rheumatology guidelines,[1,4] the 2014 3e guidelines
issued by multinational experts[5] and the 2016 European
League Against Rheumatism gout treatment guidelines,[6]

and so on, have recommended xanthine oxidase inhibitors
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(XOIs) as the first-line urate-lowering therapy for treating
chronic gout with hyperuricemia. Besides gout, hyperuri-
cemia is considered to cause vascular endothelial dysfunc-
tion resulting in complications of cerebral, cardiovascular,
renal dysfunction, and non-alcoholic fatty liver disease.
Therefore, uric acid lowering was widely noted in these
related studies.[3,7] However, it remains controversial
whether treating hyperuricemia and gout with urate-acid
lowering therapies (ULTs) including XOI or uricosuric
modifies cardiovascular risks.

Allopurinol and febuxostat are two most widely used
XOIs. Compared with allopurinol (approved since
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1965),[8] febuxostat is a novel urate-lowering agent (ULT)
and was first approved in European Union in April 2008,
followed by USA and later in Japan, for the treatment of
chronic hyperuricemia where urate deposition occurred
(including a history or presence of tophus and/or gouty
arthritis).[9,10] In contrast to allopurinol (a purine analog),
febuxostat inhibits both the oxidized and reduced forms of
xanthine oxidase and decreases the formation of uric acid
as a non-purine inhibitor of xanthine oxidase.[11] Febuxo-
stat provides highly selective and potent inhibition of
xanthine oxidase and greater hypouricemic activity than
commonly used doses of allopurinol.[12] However, there are
concerns about more heart-related deaths with febuxostat
compared with allopurinol, and drug safety alerts were
released by Health Canada on 1 April 2016 and American
Food and Drug Administration (FDA) on November 15,
2017.[13,14] Hyperuricemia and gout were reported to be
linked with an increased risk of cardiovascular disease, that
complicated the interpretation of cardiovascular side effects
of ULTs in hyperuricemia/gout patients.[15,16]

With the concerns of cardiovascular safety in hyperurice-
mia patients, especially in those using ULTs, we conducted
this study to compare the incident risk of cardiovascular
(CV) events (CVEs) between hyperuricemia and non-
hyperuricemia population, assess the cardiovascular
benefit-risk of ULTs in hyperuricemia patients with or
without gout, and specify the safety of different urate-
lowering drugs in patients with diverse cardiovascular risk
background in CVE.

Methods

This meta-analysis was performed according to the
Cochrane Handbook for Systematic Reviews of Inter-
ventions[17] and was reported according to the preferred
reporting items for systematic reviews and meta-analyses
statement.[18] The protocol for this meta-analysis is
available in PROSPERO (CRD42018090238).

Data sources and search strategy

We searched the PubMed, Embase, the Cochrane Library
for the Cochrane Database of Systematic Reviews and the
Cochrane Central Register of Controlled Trials, Wanfang,
Chongqing VIP (CQVIP, en.cqvip.com), and China
National Knowledge Infrastructure (CNKI) Database
using the keywords “hyperuricemia,” “gout,” “cardiovas-
cular,” “uric acid lowering,” “allopurinol,” “febuxostat,”
“benzbromarone,” and the corresponding Chinese words
for studies published until October 2019. After the initial
electronic retrieval, we manually screened the identified
literature.

Inclusion criteria: patients, outcomes, and study design

We used two main outcomes to assess the inclusion
criteria. The primary outcome was major adverse
cardiovascular events (MACEs), including cardiovascular
death, non-fatal myocardial infarction, non-fatal stroke,
and unstable angina with urgent coronary revasculariza-
tion. The secondary outcome was all new-onset CVE,
including arrhythmia, heart failure, coronary heart disease
(CHD), peripheral vascular disease, and MACE.
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To compare the incident risk of CVE between hyper-
uricemia and non-hyperuricemia population, studies were
eligible for inclusion if they (1) were prospective cohort
studies of adults, (2) with longer than one year of follow-
up, (3) with a sample size of at least 100 subjects, (4) with
an inception cohort free of CHD or ongoing ULTs, and (5)
reported CVE. Studies reporting interventional and
secondary prevention trials were excluded.

To assess the cardiovascular benefit-risk of ULTs in
hyperuricemia patients with or without gout, and to
specify the safety of different urate-lowering drugs, trials
were selected based on the following inclusion criteria: (1)
studies of hyperuricemia adults with or without gout, (2)
randomized controlled trials (RCTs), (3) eligible trials have
to report cardiovascular safety of a ULT, (4) potential
medications including allopurinol, febuxostat, and benz-
bromarone, (5) any dosing regimen and sample size were
allowed, (6) with longer than one week of follow-up, and
(7) the comparative group can use placebo or another
ULT.
Study selection, quality assessment, and data extraction

Three reviewers (Zhao L, Cao L, and Zhao TY) separately
reviewed all identified records in duplication. Full text was
retrieved if either reviewer thought that a certain study
definitely met the criteria or featured possible eligibility. All
the reviewers processed subsequent global screening
independently, and adequate discussion was held to
resolve any disagreement or question about the inclusion
during the procedure.

Three reviewers independently assessed the methodologi-
cal quality of eligible studies using the Cochrane Risk of
Bias tool[17] for RCTs or using the Newcastle-Ottawa scale
for prospective cohort studies.[19] The Cochrane Risk of
Bias tool mainly evaluated the methodological quality of
studies from the following aspects: random sequence
generation, allocation concealment, blinding of partici-
pants or personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other
bias factors. The quality of each item was divided into low
risk of bias, unclear, high risk of bias. And any
disagreement between reviewers was solved through
discussion. Final map of judgments of studies was
synthesized by Review Manager 5.3 software (Copenha-
gen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014). The Newcastle-Ottawa scale mainly
assessed the quality from three domains: the selection of
cohorts (including representativeness of the exposed
cohort, the selection of the non-exposed cohort, ascertain-
ment of exposure, and demonstration with outcome of
interest absent at the start of study); comparability of
cohorts on the basis of the design or analysis; outcome
status (including assessment of outcomes, whether the
follow-up long enough for outcomes to occur, and
adequacy of follow-up of cohorts).

One reviewer (Zhao L) was responsible for extracting data
from the original literature into the form, and other
reviewers (Cao L and Zhao TY) verified the data
independently. The data was extracted in five domains:
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general information including title, authors, publication
year, and country; design characteristics of the study such
as blinding, group settings; baseline characteristics of the
study population as follows: number, sex, cardiovascular
risk hierarchy (assessed according to criteria mentioned in
the next paragraph), diagnosis; intervention details such
as medicine, dose, frequency of administration, as well as
duration of treatment; details of outcome measures as
mentioned above and results.
Stratification of cardiovascular risk

To better illustrate the cardiovascular benefit-risk of ULT
in different population with different cardiovascular risk,
we evaluated studies according to patients’ previous CVE,
those with any of the following belonged to high CV risk:
heart failure, atrial fibrillation, chronic heart disease,
myocardial infarction, cerebrovascular accident, or tran-
sient ischemic attack.
Planned sub-group, data analysis and synthesis

To illustrate the correlation between outcomes and
intervention more clearly and observe the influence of
blinding, we conducted a sub-group analysis according to
whether double-blinding was exerted.

We performed meta-analysis to calculate risk ratios (RRs)
and 95% confidence intervals (CIs) using the Mantel-
Haenszel statistical method with Review Manager 5.3
software. Based on the practice recommendation of the
Cochrane Handbook,[17] studies with zero event in both
the intervention and the control groups were not included
in the meta-analysis when RRs were calculated.

Statistical heterogeneity between summarized data was
evaluated using the I2 statistic. A fixed-effects model was
used to process the data if the I2 value was less than 50%,
otherwise, a random-effects model was utilized to reduce
errors due to heterogeneity.
Sensitivity analysis and publication bias test

Sensitivity analysis was processed by using Stata MP 14
software (StataCorp LP, College Station, Texas, USA) to
exclude each study in turn. To test bias of publication, we
performed Begg rank correlation test and Egger linear
regression test[20] in Stata. All the data entered into the
software and the results of the calculation were verified by
all the reviewers independently.
Results

Selection and description of studies

We obtained 3733 records from Pubmed, Embase,
Cochrane Library database, and 3013 records from
Wanfang, CQVIP, CNKI database for a total of 6746
citations [Figure 1]. Of these, 2768 citations were excluded
for duplication. 3890 publications were excluded because
they did not fulfill the inclusion criteria based on their titles
and abstracts after the separate screening by all three
reviewers. For further screening, we obtained full-text
984
articles of the remaining citations. In scrutinizing the
articles, we finally identified seven prospective cohort
studies[21-27] and 17 RCTs[11,28-43] eligible for meta-
analysis. The other 64 publications were excluded for
the following reasons: eight were reviews, 15 were not CV
or ULT related, 35 failed to present both primary and
secondary outcomes, one shared the same queue of articles
published by same authors 5 years ago,[44] five were
retrospective studies.

Finally, seven prospective cohort studies and 17 RCTs
were included in our study. The seven prospective cohort
studies were described according to exposure degree as
shown in Table 1. All of these studies reported MACE
while three of them[21,22,27] failed to clarify CVE. All
studies were grouped according to the method of
stratification of exposure factors (serum uric acid). To
facilitate statistics, we combined the groups whose
serum uric acid exceeded the diagnostic criteria into the
hyperuricemia group.

The 17 RCTs from four countries were included in our
meta-analysis [Table 2]. The publication years varied from
2014 to 2019, 11 among them were double-blinded.
According to the previously mentioned CV risk, only three
RCTs recruited subjects fulfilled high CV risk standard,
and the rest were described as low CV risk. Then these
RCTs were divided into two groups for different analysis
purpose, XOIs vs. placebo/non-XOIs and febuxostat vs.
allopurinol. There was no eligible study about uricosurics
included.
Methodological quality assessment

Different standards of judgement were utilized to assess the
methodological quality of prospective cohort studies and
RCTs as mentioned previously. The result was presented in
Supplementary Table 1, http://links.lww.com/CM9/A177
and Supplementary Figure 1, http://links.lww.com/CM9/
A177.
Hyperuricemia and cardiovascular risk

Seven prospective cohort studies were included in which,
inception cohorts were free of cardiovascular diseases or
ongoing ULTs. In comparison between hyperuricemia and
non-hyperuricemia based on seven prospective cohort
studies [Figure 2], the risk of MACE was higher in the
hyperuricemia population (RR= 1.72, 95%CI 1.28–2.33)
with a significant heterogeneity (I2= 88%, P< 0.001)
[Figure 2A]. Moreover, the pooled RR for CVE cased on
four studies[23-26] was 1.35 (95%CI 1.12–1.62) also with a
significant heterogeneity (I2= 81%, P= 0.001) [Figure 2B].

Comparison between XOIs and non-XOIs/placebo on
cardiovascular risk

The pooled RR of MACE in comparison between XOIs
and non-XOIs/placebo with all five low CV risk studies
was 0.35 [Figure 3A] (RR = 0.35, 95%CI 0.20–0.62), and
a mild heterogeneity was calculated (I2= 0%, P= 0.43).
Interestingly, whenwe performed a sub-group analysis, the
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Figure 1: Flow diagram of the selection of randomized controlled trials (RCTs) and prospective cohort studies treating hyperuricemia and gout with urate-lowering therapies. CQVIP:
Chongqing VIP; CNKI: China National Knowledge Infrastructure; CV: Cardiovascular; ULT: Urate-lowering agent.
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pooled estimated RR indicated no significant difference of
MACE incidence between the two groups in double-
blinded trials (RR = 0.66, 95% CI 0.22–2.03, I2= 16%)
based on three RCTs,[11,30,32] while the MACE risk of
ULTs was reduced by 70% in non-double-blinded sub-
group (RR = 0.30, 95% CI 0.16–0.56, I2= 0%) based on
two RCTs.[34,36]

When came to risk of CVE with low CV risk [Figure 3B],
the trend seemed to be the same, the reduction of CVE
incidence only presented in XOIs groups of non-double-
blinded studies (RR= 0.48, 95% CI 0.32–0.74, I2= 71%)
and the whole RCTs (RR = 0.61, 95% CI 0.44–0.85,
I2= 9%) rather than double-blinded trials (RR = 0.82,
95% CI 0.49–1.37, I2= 0%).

In addition, two high CV risk studies[35,42] which carried
out on hyperuricemia subjects with chronic heart failure or
stage 3 chronic kidney disease was included. In the analysis
of these studies, the RR exhibited divergence between
MACE and CVE. Specifically, XOIs lowered the risk of
985
CVE by 31% but failed on MACE (RR = 0.69, 95% CI
0.54–0.88; RR= 0.62, 95% CI 0.29–1.35, respectively)
[Figure 4A and 4B].

Comparison between allopurinol and febuxostat on
cardiovascular risk

The pooled estimated RR based on five trials indicated no
significant difference in comparison between allopurinol
and febuxostat on MACE of low CV risk population
(RR = 0.51, 95% CI 0.21–1.24) regardless of blinding
with a mild heterogeneity (I2= 0%, P = 0.56) [Figure 5A].
Similarly, there was no significant difference between the
two medications on CVE of low CV risk subjects
(RR = 0.84, 95% CI 0.65–1.09) regardless of blinding
[Figure 5B].

Only one high CV risk study[28] which involved subjects
with established cardiovascular comorbidities at baseline,
was included. The results were statistically insignificant in
both MACE and CVE (RR = 1.05, 95% CI 0.89–1.23;
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Table 2: Characteristics of included randomized controlled trials treating hyperuricemia and gout with urate-lowering therapies.

Included studies Country
Double-
blinding

CV
risk

Follow-up
duration (months)

Intervention Control

Treatment
Sample
size (n)

MACE
(n)

CVE
(n) Treatment

Sample
size (n)

MACE
(n)

CVE
(n)

XOIs vs. placebo or
non-XOIs
Dalbeth, 2017[31] USA Yes Low 24 Febuxostat 157 3 5 Placebo 157 2 6
Goicoechea, 2015[35] Spain No Low 84 Allopurinol 57 4 16 Non-XOIs 56 12 23
Schumacher, 2008[12] USA Yes Low 7 Febuxostat 670 3 11 Placebo 134 0 1

Allopurinol 268 0 1
Saag, 2016[33] USA Yes Low 12 Febuxostat 64 1 5 Placebo 32 3 4
Tuta, 2014[37] Romania No Low 12 Allopurinol 52 6 6 Non-XOIs 63 26 26
Givertz, 2015[36] USA Yes High 6 Allopurinol 128 5 52 Placebo 125 7 67
Kimura, 2018[43] Japan Yes High 27 Febuxostat 219 5 15 Placebo 222 9 29
Saag, 2019[71] USA Yes Low 3 Febuxostat 1427 0 32 Placebo 356 0 10

Febuxostat vs. allopurinol
Lu, 2016[34] China No Low 6 Febuxostat 41 1 1 Allopurinol 41 5 5
Jiang, 2014[39] China Yes Low 6 Febuxostat 40 1 1 Allopurinol 20 0 0
Nong, 2018[30] China No Low 5 Febuxostat 68 0 0 Allopurinol 68 0 1
Wang, 2013[40] China Yes Low 6 Febuxostat 315 0 20 Allopurinol 159 0 13
Tang, 2017[32] China No Low 2 Febuxostat 44 0 1 Allopurinol 44 0 12
Becker, 2010[41] USA Yes Low 6 Febuxostat 1513 4 76 Allopurinol 756 4 45
Huang, 2014[38] China Yes Low 7 Febuxostat 344 0 0 Allopurinol 172 1 1
Becker, 2009[42] USA No Low 40 Febuxostat 1288 95 95 Allopurinol 178 9 9
White, 2018[29] USA Yes High 32 Febuxostat 3098 335 560 Allopurinol 3092 321 525

CV: Cardiovascular; CVE: Cardiovascular events; MACE: Major adverse cardiovascular events; XOIs: Xanthine oxidase inhibitors.

Table 1: Characteristics of included prospective cohort studies treating hyperuricemia and gout with urate-lowering therapies.

Included studies Country

Exposure grouping:
serum urate acid

(male/female) (mmol/L)
Sample
size (n)

Gender
(male)

MACE
(n) CVE (n)

Sciacqua, 2015[22] Italy <270 (only female) 215 0 21 Not described
270–360 (only female) 215 0 27 Not described
>360 (only female) 215 0 42 Not described

Franse, 2000[27] USA 80–290/80–240 1160 486 135 155
300–340/250–280 1058 494 126 147
350–390/290–330 1092 434 141 168
400–670/340–610 1017 445 131 168

Zalawadiya, 2015[23] USA <420 2800 308 111 Not described
420–510 2579 921 130 Not described
520–610 2977 1789 186 Not described
>620 2653 2048 208 Not described

Turak, 2014[24] Turkey �288 239 128 9 127
294–324/294–312 259 141 8 134
330–384/330–360 213 118 36 153

>384/>360 210 113 50 165
Kanbay, 2012[25] Turkey �420/�360 89 55 1 13

>420/>360 214 96 32 100
Ekundayo, 2010[26] USA <420/<360 1181 529 104 312

≥420/≥360 1181 510 121 369
Fang, 2000[28] USA <321/<238 1525 666 75 Not described

321–363/238–280 1472 674 77 Not described
364–416/281–333 1500 700 105 Not described

>416/>333 1429 662 164 Not described

MACE: Major adverse cardiovascular events; CVE: Cardiovascular events.
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Figure 2: Comparison between hyperuricemia and non-hyperuricemia in MACE (A, P value in Begg test= 0.764, in Egger test= 0.765) and in CVE (B, P value in Begg test= 0.734, in Egger
test = 0.402). CVE: Cardiovascular events; MACE: Major adverse cardiovascular events.
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RR= 1.08, 95% CI 0.95–1.23, respectively) [Figure 6A
and 6B].

Sensitivity analysis and publication bias

We conducted a sensitivity analysis by observing whether
estimated RRs pooled after excluding each study in turn at
previous 95% CIs. There were no significant changes
[Supplementary Figures 2–4, http://links.lww.com/CM9/
A177]. The results of Begg rank correlation test and Egger
linear regression test calculated to assess the publication
bias were attached to descriptions of each figure. Egger
publication bias plots, indicated that there was no
significant publication bias.
Discussion

Many studies have shown that hyperuricemia was
associated with CVE such as hypertension, CHD,
peripheral vascular disease, heart failure, metabolic
syndrome, and stroke. However uric acid as an anti-
oxidant has evolutionary advantages to protect human
from oxidative damage and prolong life span, which is in
conflict with many epidemiologic studies.[45-52] In our
meta-analysis, we included seven prospective cohort
studies, which were inception cohorts without cardiovas-
cular diseases or ongoing ULTs. Our result showed that
hyperuricemia increased the risk of MACE by 72%
compared with that of non-hyperuricemia patients
(RR = 1.72, 95% CI 1.28–2.33). This result was in
consistency with the meta-analysis conducted by Kim
et al, which indicated that hyperuricemia was associated
with an increased risk of CHD incidence (RR= 1.34, 95%
CI 1.19–1.49) and mortality (RR = 1.46, 95% CI 1.20–
1.73).[53] Whether hyperuricemia directly or indirectly
increases the risk of cardiovascular disease remains
987
uncertain. However current data suggested more aggres-
sive uric acid management in hyperuricemia patients with
potential cardiovascular risk. There was a certain limita-
tion in this part of analysis. Based on the current
understanding of biology and pathophysiology of hyper-
uricemia and gout, it was inappropriate to analyze a mixed
population of individuals with gout and asymptomatic
hyperuricemia. Although the two have many conditions in
common, the impact of gout on cardiovascular disease is
different from that of hyperuricemia. All of these studies
did not give the information of exclusion of gout in the
enrolled population except one study.[42] We believed they
were more likely to be a mixed population, and
unfortunately we were unable to separate these data into
gout vs. asymptomatic hyperuricemia.

Substantial literature reported that the mechanism of
hyperuricemia contributing to cardiovascular risk may be
linked to vascular endothelial dysfunction.[3,7] The
production of uric acid by xanthine oxidase also generates
free radicals that might adversely affect mitochondrial
function and production of adenosine triphosphate (ATP)
which leading to endothelial dysfunction. XOIs are thus
supposed to be capable of reducing free radicals’
production and the risk of CVE.[8,51,54-58] In several
studies, allopurinol treatment significantly reduced the risk
of CV diseases and improved endothelial functions.[59-61]

These encouraging clinical data have led to the increased
use of allopurinol for these diseases.[62] However, it
remains controversial, whether XOIs might improve CV
outcomes in hyperuricemia patients. A meta-analysis done
by Zhang et al[54] in 2014 suggested that XOIs might
improve outcomes of patients with cardiovascular disease
but more evidence was required. Then in 2016, the same
team updated their meta-analysis in which new studies
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Figure 3: Comparison between XOIs and non-XOIs/placebo in MACE with low CV risk (A, P value in Begg test= 0.462, in Egger test= 0.275), in CVE with low CV risk (B, P value in Begg test
= 0.851, in Egger test = 0.687). CV: Cardiovascular; CVE: Cardiovascular events; MACE: Major adverse cardiovascular events; XOIs: Xanthine oxidase inhibitors.
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with large sample size were added.[63] However, the results
remained similar to the previous one that XOIs (allopuri-
nol or oxypurinol) did not exert a large reduction in
mortality but also could not exclude the possibility of
substantial harm or benefit. Our meta-analysis included
eight RCTs (six studies in low CV risk patients and two
studies in high CV risk patients), potential medications
were XOIs (allopurinol or febuxostat), and comparator
group used placebo or received no treatment. To avoid
investigator bias, we stratified these studies into double-
blinded and non-double-blinded sub-groups. Interestingly,
analysis of the blinding sub-group came to opposite results.
988
Non-double-blinded RCT studies showed that XOIs
lowered the risk of bothMACE and CVE in hyperuricemia
patients (RR = 0.30, 95% CI 0.16–0.56; RR= 0.48, 95%
CI 0.31–0.74, respectively), whereas double-blinded
studies showed that XOIs neither lowered the risk of
MACE, nor the CVE (RR = 0.66, 95% CI 0.22–2.02;
RR= 0.82, 95%CI 0.49–1.37, respectively). Total 13,468
and 1995 patients were included in double-blinded and
non-double-blinded studies, respectively. The follow-up
time of double-blinded studies varied from 6 to 24 months,
while follow-up time of non-blinded studies varied from 2
to 84 months. No significant difference was seen between
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Figure 4: Comparison between XOIs and non-XOIs/placebo in MACE with high CV risk (A), in CVE with high CV risk (B). CV: Cardiovascular; CVE: Cardiovascular events; MACE: Major adverse
cardiovascular events; XOIs: Xanthine oxidase inhibitors.
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the baselines of two sub-groups. Our results resemble the
results of Zhang et al’s study to some extent. XOIs might
have their protection properties in lowering cardiovascular
risk. However, in the double blinded studies the relative
results were not statistically significant due to being
underpowered based on only 28 MACE. More double-
blinded RCTs are still needed to address this issue.

Would the CV protection properties differ between XOIs?
Would this difference exactly lead to the contrary results
from the hypothesis? Since early in 2009, the febuxostat’s
drug labels have already carried a warning and precaution
about CVE because the pre-approval clinical trials showed
a higher rate of CVE in patients who were treated with
febuxostat compared to allopurinol.[12,13,64] The Cardio-
vascular Safety of Febuxostat and Allopurinol in Patients
with Gout and Cardiovascular Morbidities (CARES) trial,
was; therefore, conducted as an FDA requirement to better
understand these differences. The 2017 FDA drug alert
mentioned in the beginning of this article was just due to
the preliminary results of this safety trial which was
conducted in over 6000 gout patients treated with either
febuxostat or allopurinol. The results showed that in
patients with gout and major cardiovascular coexisting
conditions, febuxostat was non-inferior to allopurinol
with respect to rates of adverse CVE. However all-cause
mortality and cardiovascular mortality were higher with
febuxostat than with allopurinol.[28] This article was
published on March, 2018 and was included in our study.
Since it was the only one eligible study focused on high CV
risk patients, it was analyzed separately, and the result of
febuxostat vs. allopurinol was statistically insignificant in
both MACE and CVE (RR = 1.05, 95% CI 0.89–1.23;
RR= 1.08, 95% CI 0.95–1.23). Choi et al[71] published a
review article which talked about the implications of the
CARES trial and associated it with the FDA public safety
alert, that may help us to understand deeply. CARES
did not prove that febuxostat raises CV mortality risk;
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however, it suggested greater risk with febuxostat than
allopurinol. CARES results did not support first line use of
febuxostat, and raised questions on febuxostat placement
at various pharmacologic ULT decision tree branches. The
FDA safety alert highlighted the need for sharing ULT
medical decision with gout patients, including discussion
of CV safety of febuxostat.[67]

The effect of urate-lowering drugs was different between
XOIs and uricosuric. For benzbromarone, there was no
eligible study included in our study. Recently, Kim et al[65]

sought to examine the effect of ULTs with either
probenecid or allopurinol on cardiovascular risk in older
patients with gout. Using Medicare to claim data of over
a 6-year period, the authors identified a total of 9722
probenecid initiators propensity score-matched to 29,166
allopurinol initiators with mean age of 76 ± 7 years.
Treatment with probenecid appeared to be associated with
a modestly decreased risk of CV events including MI,
stroke, and HF exacerbation compared with allopurinol.
From a mechanic view, probenecid was not only a
uricosuric, but also an inhibitor of pannexin 1 channels
(an ATP release channel) which involved in inflammasome
activation and interleukin (IL)-1b release.[66] IL-1b was
also known to play a pivotal role in the pathogenesis of
gout inflammation and atherosclerosis.[67] Therefore, it
was plausible to meet the conclusion that probenecid may
have cardioprotective effects in gout patients and this
conclusion might challenge the first line choice of XOIs
as ULTs. However, it should be considered that only
prospective RCTs can prove causality; retrospective
analysis can only suggest associations.

There were still several limitations in this analysis. The
CVE rates were low. Most RCTs were single-center, which
are more prone to investigator bias. There was a highly
variable length of follow-up (2 to 84 months). The meta-
analysis could be underpowered, as studies were not
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Figure 5: Comparison between febuxostat and allopurinol in MACE with low CV risk (A, P value in Begg test= 0.994, in Egger test= 0.888), in CVE with low CV risk (B, P value in Begg test=
0.348, in Egger test = 0.605). CV: Cardiovascular; CVE: Cardiovascular events; MACE: Major adverse cardiovascular events.
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powered to report CVE. Since the follow-up durations
were largely different among the studies, we did a sub-
group meta-analysis based on short-term (<12m) and
long-term (≥12m), separately [Supplementary Figure 5,
http://links.lww.com/CM9/A177]. Compared with no-
treatment or placebo, XOIs lowered the risk of CVE
(RR = 0.52, 95% CI 0.38–0.73) and MACE (RR = 0.38,
95% CI 0.23–0.62) in long-term sub-group, but not in
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short-term sub-group (CVE: RR= 0.79, 95% CI 0.61–
1.01; MACE: RR= 0.73, 95% CI 0.26–2.08). When
comparing febuxostat and allopurinol, febuxostat slightly
lowered CVE (RR = 0.74, 95% CI 0.56–0.99) in short-
term sub-group; however, no significant difference was
seen in MACE and long-term sub-group. In addition, the
doses of XOIs might also be important in their
cardiovascular effects. Doses of allopurinol ranged from
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Figure 6: Comparison between febuxostat and allopurinol in MACE with high CV risk (A), in CVE with high CV risk (B). CV: Cardiovascular; CVE: Cardiovascular events; MACE: Major adverse
cardiovascular events.
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100 to 600 mg/day and doses of febuxostat ranged
from 40 to 120 mg/day. There might be a dose-dependent
relationship between XOIs and cardiovascular effects.
However, we were unable to do dosage sub-group analysis
since there were less studies and no detailed information as
well. Moreover, the CV safety evaluation of XOIs in high
CV risk patients is the priority. Unfortunately, there were
only two trials with high CV risk patients. The outcomes
showed that XOIs lowered the risk of CVE with high CV
risk rather than MACE with high CV risk (RR = 0.69,
95% CI 0.54–0.88; RR= 0.62, 95% CI 0.29–1.35,
respectively). Inflammation was the key role in developing
CVE in hyperuricemia and gout. Recurrent acute gout
attack, chronic gouty arthropathy, and uncontrolled high
serum uric acid are three major elements which contribut-
ed to inflammation. Most of the studies have been not only
too small in sample size but also too short to show CV
benefits by controlling gout attacks and lowering uric acid.
There was some substantive heterogeneity in comparison
between hyperuricemia and non-hyperuricemia in MACE
and CVE due to large range of population.

Because of the uncertainty, larger clinical trials with a
longer follow-up period are needed to determine the
cardiovascular safety and efficacy of XOIs in hyperurice-
mia and gout. Two large RCTs are now underway. The
PRIZE study is a multi-center randomized study for
evaluating vascular function under uric acid control using
febuxostat in 500 patients with asymptomatic hyperurice-
mia (uric acid >7.0 mg/dL). Participants will be centrally
randomized to receive either febuxostat (10–60mg/day) or
non-pharmacological treatment. Follow-up will be contin-
ued for 24 months. The PRIZE study will be the first study
to provide important data on the effects of febuxostat on
atherosclerosis in patients with asymptomatic hyperurice-
mia.[69] The FAST study is a cardiovascular safety study
using the prospective, randomized, open, blinded endpoint
design. Recruited patients are aged over 60 years,
randomized to either allopurinol or febuxostat. It plans
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to randomize 5000 patients with at least 3 years of
follow-up. The primary endpoint is Anti-Platelet Trialists’
Collaboration composite cardiovascular endpoint of non-
fatal myocardial infarction, non-fatal stroke or cardio-
vascular death.[70] The Febuxostat for Cerebral and
caRdiorenovascular Events prEvEntion stuDy was a study
to compare febuxostat with allopurinol on the effect of
preventing cerebral, cardiovascular, and renal events in
patients with hyperuricemia. 1070 patients were followed
for at least 3 years.[68] In this study the non-febuxostat
group included 533 hyperuricemia patients and 27% of
which accepted allopurinol; however, no detailed infor-
mation was available for the allopurinol sub-group, which
made our further analysis impossible. Thus, we excluded it
from our study regretfully. The results of these two trails
are worth waiting. We are keeping focus on their progress
and will update our meta-analysis as soon as these results
are available.
Conclusions

Our meta-analysis indicates that patients with hyperurice-
mia do have an increased risk of CVEs, and XOIs may
reduce the incidence of MACE and total CVE. In addition,
CV safety between allopurinol and febuxostat has no
significant difference; however, all-cause mortality and
cardiovascular mortality were higher in patients with
febuxostat than allopurinol. Because of the limitations of
the previous studies, data of large and long-term ongoing
trials are worth waiting.
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